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JHepreTuyeckoe obopygoBaHue

000 «TennoaHepreTH4ecKas KOMNaHUAx:
* NapoBble BEpPTUKansHO-BOAOTPYGHbIE
AryxbapabaHHele koTnkl cepun E
naponpowasoguTensHocTeio 1,0; 1,6: 2,5 T/4 npw
HOMWHaNLHOM OaBneHuH HacklleHsoro napa 0,8MMa
Temnepartypoi 175°C (tonnueo — xugkoe, Teé&pgoe,
razoobpasHoe, Bknovan nponax-GyTax);

* NapoBbie BEpPTHKansHO-BOAoTPYGHbIE
Aeyx6apabaHHbie koTnel cepun MNMKH,
naponpou3soguTensHocTeio 1,0 T/4 NpM HOMWHaNLHOM
AaeneHuw HacelweHHoro napa 0,8 MMa
Temnepatypoi 175°C (Tonnueo — ceipas HediTe,
MasyT);

* NapoBbieé BOAOTPYDHbIE UMNMHAPWYBCKHE
BEpTHKanbHbie KOTNel ceput M3K
naponpou3eoguTensHocTeo 1,0 T/4 Npu HOMMHaNEHOM
[aBeneHuM HacslweHHoro napa 0,8 MIMa

ol Temnepatypoid 175°C (Tonnueo — xuakoe wnun
razoobpasHoe);

| - BOAOrpeiHbie ra3oBbie KoTnkl cepun KCBa « 3KO»
Tennoeoi mowHocTe 0,63; 1,0; 2,0; 3,15 MBT;

* BNoYHo-MoAYNLHLIE BOAOTPEAHLIE [A30BLIE
KOTenbHLIe YCTAHOBKM TENNONPOU3BOAMTENLHOCTLIO
ot 0,63 go 12,6 MBT ans BuipaboTku ropsyeil soasl
Temnepatypoi 70-115°C (Ha oTonneHue) u
Temneparypoi 60 °C (ha MBC);

* TpaxncnopTabentHble KOTeNbHbIE YCTaHOBKM,
npeaHasHayeHsl Ana BeipaboTkM HacLILEHHOTD napa
pabounm gasneqwem 0,8 MMa u Temnepartypoi 175°C,
M0 }enaHuio 3akazqnka MoryT NOCTABNATLCA C
TENNOBbLIM Y3NOM [NA BuipaboTkM ropaYei sBoabl AnNA
OTONNEHWA ¥ ropAYero eofocHabmxeHua (Tonnuso —
ras, nponas-6yTan, MasyT, yrons, Au3ensHoe TONNMeo,
HedTs);

* BogonoAroToBUTENEHOE 0BopyaoBaHMe
nponasoguTensHocTeio 1,0; 2,5; 5,0 m3/y;

* BCNOMOraTensHoe KoTensHoe obopyaoeaHue.

\T OMIMQAHUA |

000 «TennoanepreTuyeckas KomnaHnas
144002, Mockoeckas obnacTs,

r. 3nekTpocrans, yn. Nopekoro, g. 38,
Ten./dakc: (496) 573-6324,

573-8373, 572-4876,
info@te-company.ru,
www.te-company.ru
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[l POV3BOAOCTBO BOAOLPEUNHBIX
A

KONEJIbHO=BCIIOMOATESIbHOIO Gﬁ@pyﬂ,GBaHHH

* CKnagckon 3anac nocraBnsaemMoro
obopynoBaHMs UMeeT YCTONUYMBYIO
TEHAEHLUMIO KONMMYECTBEHHOIo M
Ka4eCTBEHHOro pacluMpeHus.

*OpraHu3auus QocTaBKu
obopynoBaHusa BCeMn BUOaMM
TpaHcnopTta no Poccuun u CHI.

*MbI ucnonb3yem pasnuyHbie
c¢opmMbl COTPYyAHUYECTBA C HALLMMK
KNUeHTaMu, BKIo4as
pa3HooOpa3Hblie CXxeMbl onnarthbl
ycnyr (Hanpsimyio u yepe3s
NA3UHTOBbLIE KOMNaHWUM) U rubkyro &
cUCTEeMY CKMAOK ANS NOCTOAHHbIX U
KPYNHbIX 3aKa34uKOB.,

*[apaHTUAHbIE YCNOBUA Ka4yecTBa
noaTBepXaeHbl cepTudukaTammn
COOTBETCTBUA U
paspewmTenbHbIMA JOKYMEHTaMM.
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ABTOPCKUE TMPABA: 3a cogepxaHue peknamHbiXx maTepuanoB U OObSABNEHWA pegakuusi OTBETCTBEHHOCTb He HeceT. Becb peknamupyembiii ToBap
noanexvT obsizatenbHoit ceptudmkauum (NMOC). MHeHne peaakuum He Bcerga coBnagaeT ¢ MHEHUEM aBTOpoB. MaTepuarnbl He peLieH3NpyoTCst U He BO3BpaLLaroT-
cs. Jlloboe ncnonb3oBaHne maTepuarnos XypHarna JonyckaeTcsl TONbKO C pa3peLleHns peaakuum.

CBUAETENBLCTBO: XypHan 3apeructpmpoBaH 27 wuiona 2006 roga MU Ne ®C77-25309 depepanbHoi cnyxboii no Hapsopy 3a cobniogeHvem
3akoHoAaTenbCTBa B chepe MacCoBbIX KOMMYHUKALIMIA U OXpaHe KyIbTYpPHOro Hacneaus.

PACMPOCTPAHSAETCSA MO FOPOAAM: Anmatbl, AnbMeTbeBck, AcTpaxaHb, Bonrorpan, EkatepuHbypr, Wxesck, WpkyTck, Kues, KpacHosipck, Mocksa, Habe-
pexHble YenHbl, HwkHeBapToBCk, HimkHekamck, Hosiopeck, Openbypr, Mepmb, Camapa, CaxkT-lNetepbypr, Capato, Coum, CypryT, Tomck, TiomeHb, Yda, YxTa,
YCUHCK.

PACTMPOCTPAHSAETCSA NO BbICTABKAM: BK «HoBoe Thicsuenetuey, ITE, BBLL «Pernon», Bl «3kcno-Kamay, BL, «Ypan3kcno», 3AO  «Anekc», «MockoBckue
HedpTerasoBble koHepeHUuuny», OAO «JleHakcnoy», BK «EBpo3kcno», 3A0 «3kcnotpoHukar, BLL «BBK», « TexHolMapk», BLL «KpoycOkcnox», «Papakcno», 3A0 UBK
«3kcnoueHTp», PoHa nm. BepHaackoro, BL| «KasaHckas spmapkay, « TiomeHckas spmapkay, Bl «3PM», MVK, OBL| «kOropckue koHTpakTbi», BLL «Codut-Okenoy,
BL, «Yamyptus», OAO «LM3», BLL «Mepmckas spmapkay, «Accoy», «dkcno-Bonray, 3A0 «MexayHaponHasi BblcTaBoyHas komnaHnusi», BL| «bawdkeno», 3A0 BBL,
«MPOMBILLNIEHHOCTb U CTPOUTENBLCTBOY, «Ypanbckue BbicTaBkn 2000».

OMNPOBEPXEHUA: B cneuuanesnpoBaHHoM xypHane lNMpeanoxenue pervioHoB Jkcnosvums Ned/H (69) 3a asryct 2008 roga Ha ctpaHuue 49 B pybpuke

OHepretrika, KUMMA B Hay4HO-TexHUYeCKoM cTaTbe «HoBast knaccyvikay, astop A.B. XKecan 3AO HIM® «Jlorvikax, 6biro oLwmnbo4HO oryonmnkoBoHo: r.KasaHb;
npasunbHO: . CaHkT-MNeTepOypr. Pegakums xypHan NPUHOCUT CBOU M3BMHEHWS! 3@ AOMNYLLEHHYHO OLLIMOKY.
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3A0 «HMN® «Cucrema-CepBuc» paspabarbiBaeTt, M3roTaBnmBaeT U BHeAPSAET CUCTEMbl aBTOMaTU3aLMU Ha oObeKkTax HedhTerazoBom
NPOMBILINEHHOCTU U Mariol 3HepreTuku. OCHOBHOI yrop B cBoeil paGoTe dhMpMa AernaeT Ha KOMMEKCHYH aBTOMaTU3aLunio KpYynHbIX
TEXHONMOrMYeCcKU CNOXHbIX 06 bEKTOB, COCTOSILLMX M3 GOMNbLIOro KONMYecTBa NOACUCTEM U OTAENbHbIX ycTaHOBOK. OCHOBHas 3aAaya
Npu 3TOM 3aKmnYaeTcs B opraHM3aumm ynpaBsneHusi BCeMmu noacMcTteMamm o6eKkTa ¢ eAMHOro OAQHOPOAHOrO NynkbTa 6e3 NOCTOAHHO-

ro NPpUCyTCTBUA NepcoHana B TeXHONMOrm4eCckux uexax.

3A0 «HIID «CHCTEMA-CEPBUC»
CHCTEMbI KOMILIEKCHOIM ABTOMATH3AIINN

Joint-stock research & production company
«System-Service» designs, produces and intr-
oduces automation systems at oil-and-gas and
small-scale power generation plants. Complex
automation of large, technologically complicated
objects comprising a large number of subsyste-
ms and separate units is the main emphasis of
the company’s activity. In this regard the main
task is to organize the control of all subsystems
of an object from the unified homogeneous cont-
rol panel without the permanent presence of staff
in technological workshops.

JOINT-STOCK RESEARCH & PRODUCTION
COMPANY «SYSTEM-SERVICE»
COMPLEX AUTOMATION SYSTEMS

The company puts in its products the knowled-
ge and experience gained for over three decades
of intensive work:

1976 — «GSKB SKA» (State Union Design
Bureau of Control and Automation Means) des-
igned automatic control system (ACS) A705-15
for gas turbine compressor GTK 10-1, produced
by Nevsky Plant for the needs of the Soviet gas
industry.

For its time the system was a true break-thro-
ugh in the field of technological processes auto-
mation. It was developed for 20 years and it still
keeps functioning at some of JSC «Gazprom»
units.

1982 — «GSKB SKA» (reorganized to the Sc-
ientific Production Association «Electromash»)
designed a new generation of the system - A705-
15-M. (i.e. «microprocessor-based»). A705-15M
passed the tests and became the country’s lead-
ing automation system for a long time. The total
number of A705-15 and A705-15M accounted for
thousands of systems.

1992 — MSKU - control and operation mult-
iple-processor system for gas compressor unit
(GCU) was designed. For the first time the syst-
em was placed in the instrument block box. This
helped to place the automation facilities in the
immediate proximity to the automatically operat-
ed object and minimized the failures due to con-
nection faults, simplified the mounting and made
the system more independent and stable.

1994 — large-scale tests of MSKU were cond-
ucted at Sergievskaya compressor station («Sa-
maratransgaz»). The system was recognized as
potentially productive and accepted for the auto-
mation of JSC «Gazprom» units.

1994 — the research & production company
«System-Service» JSC was established.

1996 — «System-Service» designed the adva-
nced MSKU released under the brand of «MSKU
4510». It was tested at «Igrinskaya» compressor
station («Permtransgaz»).

MSKU 4510 used the hardware produced by
Octagon, Analog Device, Grayhill companies, and
its own original designs. Due to the more pow-
erful processor, complicated control algorithms

B npogykumto cprpMbl BMOXEHbI 3HAHWS U
ObIT, HAKOMIIEHHbIE 3a TPU C MULLIHUM AecsATure-
TV MHTEHCVIBHOM paboTb!:

1976r. — B «[CKb CKA» (locygapctBeHHoe
COHO3HOE KOHCTPYKTOpCKOe Btopo CpeacTB KOHTPO-
NS 1 aBTOMaTU3aLMM) paspaboTtaHa cricTema aBTo-
Matudeckoro yrnpaenenus A705-15 ans rasotyp-
GuHHoro komnpeccopa 'K 10-1, nponssoaymoro
HeBckvmM 3aBOOOM AN HY>KO, COBETCKOW ra3oBom
NpoMbILLIIEHHOCTU. CrcTEMa SiBUNAach Arsi CBOEro
BPEMEHW HaCTOSILLMM MpOpbLIBOM B obractv as-
ToMaTtu3aumm TexHornordeckux npouecco. OHa
npouseoaunack B TedeHne 20 neT 1 o cvx nop
paboTtaeT Ha psine 0bbekToB OAO «lasnpom».

1982r. — B 'CKB CKA (k ToMy BpemeHm npe-
obpasoBaHHoe B HIMO  «3nekTpoHmMalLl») pas-
pabotaHo HoBOe rMokoreHne cuctembl  A705-
15-M. (Te. «mmkponpoueccopHas»). A705-15M
npoLuna ucrnbiTaHUst ¥ Hagonro cTana BeadyLuei
cucTemoli aBTomatvki B ctpaHe. CymMapHbIii
Tnpax A705-15 n A705-15M coctaBun Tbics4m
cUCTeM.

1992r. — paspaboraHa MCKY — mynsrunpo-
LieCCOpHasi CcuCTeMa KOHTPOMS W ynpaBneHus
rasoriepekaqnBaroLMmn - arperatamu.  Cuctema
BriepBble pa3MeLLeHa B NpubopHom Briok-6okce.
3OTO NO3BONMIIO PACMONOXUTL CPEACTBa aBTOMa-
TVKU B HEMOCPELCTBEHHOWN Grn3ocTy OT aBTOMa-
T3npyemoro obbekTa 1 CBEMNo K MUHUMYyMY OT-
Kasbl aBTOMaTVKV Mo 0bpbIBamM CBA3M, YPOCTUIO

r. CaHkT-lNeTepbypr

MOHTaX, cenaro cvictemy 6onee aBTOHOMHOMN U
XUBYYEN.

1994r. — Ha komnpeccopHon cTaHummn Cep-
rmeBckasi B «CamaparpaHcraze» npoLunm  mac-
wtabHble ucnbitaHus MCKY. Cructema npusHaHa
NMepCnekTVBHON 1 NpYHATa ANA aBToMatv3aumn
obbektoB OAO «[asnpomy.

1994r. — cosgaHa Hay4YHO-MPOV3BOACTBEHHASA
duvpma 3A0 «Cuctema-Cepsuicy.

1996r. — B «Cucreme-CepBucy paspaboraHa
mMoaepHuanposaHHast MCKY, Bbillealas B ceeT
nop, mapkort «kMCKY4510». MposeaeHs! ucnbita-
HUSA Ha KOMMPECCOPHOM CTaHLmK «MrpuHckasy» B
«[MepmTpaHcrase».

MCKY4510 wcnonb3oBana TexHUYeckvie
cpeagctea dmpm  Octagon, Analog Device,
Grayhill n cobcTBeHHble opurMHarnbHble paspa-
6otkv. Bornee MoLHBIM NpoLeccop Mo3BONMAM
peanv3oBbIBaThL COXHbIE anropUTMbl ynpasre-
HUSA 1 06BEANHUTL B OOHOW CrCTEME ynpaBneHme
TEexXHomNormyeckum obopyaoBaHVeM U ynpasne-
HWe razoTypbuHHbIM ABurateniem. B MCKY4510
6bINn NPYMEHeHa aHTUNOMMNAXKHAsA 3aLLMTbI KOM-
npeccopa, paspaboTtaHHas cneupanuctamm «Cu-
cTembl—-CepBucy. C 3TOro MOMeHTa pasBuTie cu-
CTeM ynpaBrieHns MoLLNO B OCHOBHOM B CTOPOHY
HayKkoeMKux TexHonorvin. CoBepLLeHCTBOBanach
camoAmarHocTuka CUCTEMBI, C MOMOLLIbIO CrieLm-
anbHbIX anropuMTMOB MOBbILLIANACE HAAEXHOCTb
BXOOHbIX KaHarioB, COBEPLUEHCTBOBanacb P
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nporpaMmMa ynpaBreHusi ra3oTypouHHbIMK [BV-
raTensiMu, yBenuuMBarncsa napk Mogernei raso-
nepekadvBatoLyx arperatoB. C 1998r. B MCKY
VHTErpupoBaHa oyHKLMST SEKTPOHHOMO TONMMB-
HOrO perynMpoBaHUsi rasoTypOuHHBIM ABuWraTe-
neM, BbINonHsemMasi 40 3TOro OTAENbHON Hesa-
BMCMMOM CUCTEMOM, MOCTaBMNSIEMOWN KOMMIEKTHO
C ABvraTenem.

MonyTHo dhmpmoii ocBavBanock Harmpas-
fieHne cucTem noxapo- u razobesonacHocTn. B
1997r. 6bIn paspaboTaH 1 cepTUPULMPOBaH KOH-
Tponnep aBTOMAaTU4ECKON CUCTEMbI MOXapoTy-
weHms NK4510-01. KoHTponnepbl, TOCTPOEHHbIE
Ha annapaTHo-MporpamMMHoi Gase, MOMHOCTBO
YHUMLMPOBaHHOW ¢ anmnfpaTHo-NporpamMMHON
6a3ort MCKY, BbICTYnUmM fOrM4HbIM JOMOMHEHN-
eM K nocrneaHen.

MornHOCTLIO OCHACTVB HECKOIBbKO KOMMpEC-
COpPHbIX LIEXOB arperaTtHon aBToMaTukon, dovpmMa
coenana cregyowmin war — ocBouna BbiMycK
cucTeM  aBToMatvsaumMy  Ans  obLLeLexoBoro
obopynoBaHust  (yanbl MOOKIHOYEHNS, YCTaHOB-
KN OYUCTKW ra3a, MOArOTOBKW rasa, OXIaXOeHu st
rasa v T.n.). ns atov 3agaym Gbina paspabora-
Ha mogudmkaums MCKY 4510 — «MCKY 4510
KL». OaHHas moandmkaums ucnons3osana Bce
apXWUTEKTYPHbIE, annapaTtHble U MporpaMmHble
Hapabotkn MCKY 4510 gns [TIA, Ho B otindmne
OT rocreaHel oHa yuuTbiBana ¢yHKLUVOHabHO-
1 reorpadpyHecku-pacnpeneneHHbli  xapaktep
obbekTa ynpaBneHusi. 3a Kaxaylo OTAenbHyto
TEXHOMOTMYECKYH0 YCTaHOBKY (y3ern) oTBevarna oT-
JernbHas nokarnbHas UHTEMNNeKTyanbHas CTaHLms
(MNC). B cosokynHocTu, Habop JINC obecneum-
Ban MonHogyHKLUMOHaNbHOE YrpaBrieHMe BCeM
KOMIIEKCOM 06LLIeLIEXOBOrO 060PYA0BaHMS.

MogkntoveHne CAY TTIA n CAY KU k egw-
HOMY LieHTparnbHOMY NynsTy yrnpaeneHust no-
3BOMUIO ODECNEeYUTb MOMHYK OOHOPOAHOCTL U
3aBEpLUEHHOCTb BCEMO KOMMIEKCa aBToMaTv3a-
umn obbekta. B 2000r. Ha KC «ChblspaHckasi» B
«CamapartpaHcrase» Obina 3anyLieHa 1 npoLuna
UCMbITaHUS1 KOMIIIEKCHasi cucTeMa aBToMaTtyi-
YECKOro YMpaBieHVst KOMMPECCOPHbIM  LIEXOM.
BriepBble B «[@3npomMe» ynpaeneHne BCEM KOM-
MPECCOPHbIM LIEXOM OCYLLECTBIANOCH €ANHbIM
KOMMIIEKCOM, MOCTPOEHbI Ha Ba3e ogHol cucTe-
Mbl C €4UHOTO MyrkTa YrpaBneHust.

B coctaB dpyHkumia, ncnonHsiembix CAY KL,
BOLUMA (PYHKLMSI LIEXOBOTO PeryrmpoBaHus, T.e.
COITIaCOBaHHOIO YMNpaBreHns pexvmammn paboTbl
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Bcex [TIA B uexy ana obecrieveHuss 3agaHHbIX
TEXHOMOTMYECKUX napameTpoB paboTsl (pacxos,
[aBrieHne rasa) Bcero obbekta B LeroM. [lpu
3TOM obecrneuvBaeTcsl paBHOMEPHOE pacripe-
[OereHve Harpysku mexay pabdotatowymm TTIA,
ONMTUMU3NPYETCSI PACcXo, TOMIIMBHOIO rasa.
MapannensHo ¢ pa3suTMeM (yHKUMOHArb-
HocTn MCKY, «Cuctema-CepBuc» npogorkana
pa3BuBaTb 1 ee 6asoBble annapaTtHO-Nporpam-
MHble peLleHusi. 3HauuTenbHas Bexa B 3TOM
obnacTu 6bina yctaHoBneHa B 2002r. Ha ucnbl-
TaHuax CAY [TIA Hoeoro nokonexuss — MCKY
5000. 310 Gonee coBpeMEHHOE WCMOMHEHWE
MCKY 6a3supoBanocb Ha nporpaMmHo-anna-
patHoi 6a3e coupmbl SIEMENS. NepeHsiB Becb
anropuTMUYECKUIA U MaTeMaTyeckuin annapar
ot MCKY 4510, HoBasi cucteMa nosy4una 60o1b-
LuMe MHGOPMaLMOHHbIE BO3MOXHOCTH, Bonee
TMOKYIO MHTErpauuio C ApYrMMKM CUCTEMaMMU,
nornHee COOTBETCTBOBasia MVPOBbLIM CTaHAap-
TaM B YacTu Bcex 6a3oBbIX peLueHnin. B TecHom
B3aumogencteum ¢ dupmonn SIEMENS cran-
[apTHble 6a3oBble peLleHusl, NpuUHaanexaLume
nocnegHen, 6biMn aganTMpoBaHbl Nog, UCMorb-
30BaHVe Ansi Hyx[ aBToMaTu3aumy CrOXHbIX
TEXHOOMMYECKUX OOLEKTOB HedTerasoBo OT-
pacnu. ®vpma SIEMENS kpaiiHe BbICOKO OTMe-
TUMa MacTepcTBO U ONbIT MHXEHEPHBIX Npopa-
6oTok «Cuctembl-Cepaucy. Poccuiickasn dompma
NpYHMMAaET BOrbLLIOE y4acTUE B BbINyCKe HOBbIX
nporpaMmmHbIx npoaykToB SIEMENS. A conwxa-
€T CoTpyaAHuYecTBO T, YTo SIEMENS BCTYnUn B
YMCIO aKkuMoHepoB «Cuctembl-CepBucy.
HaunHasa ¢ 2002 roga «Cucrema-Cepsuc»
[ernaeT OCHOBHOW yrop Ha pasBuTMe U pacrpo-
ctpaHeHne MCKY 5000. Ha MCKY aBtomatuau-
pOBaHbl OECATKU TUMOB ABUraTenen (aBnaumoH-
HbIX, Cy[O0BbIX, CTaLMOHapHbIX) B COCTaBE COTEH
TUMOB Pa3nYHbIX TEXHOMOTMYECKMX YCTAHOBOK.
3a 2000-2007 rogbl «Cwuctema-CepBucy» BHe-
Opvna KOMMIeKCHbIe CUCTEMbl aBTOMaTU3aLmm
Oonee yeM Ha 80 obbekTax. ObLuee KonNMYecTBoO
06bekToB, rae YycraHoBreHbl cuctembl MCKY,
nepeanuno 3a 250. A KONMYECTBO OTAENBbHbIX
nokanbHbix CAY ITIA, JIUC u MK npubnvkaet-
cs k 2,5 Tbicadam eguHul. MCKY BHegpsitoTcst B
Poccuu, Benopyccum, Kazaxcrane, Typuun, Vipa-
He. Kpome ra3oKoMnpeccopHbIX LIEXOB Ha Cpen-
ctBax MCKY ©6binv aBToMaTvanpoBaHbl CTaHLmn
oxnaxaeHusi rasa (COI), razogo6biBatoLLme 1 ra-
3onepabaTbiBatoLLe KOMMIEKChI, MOA3EMHbIE B>
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could be realized, and processing equipment
control and gas turbine engine control could be
united in a single control system. Anti-surge co-
mpressor protection, created by the specialists
of «System-Service», was used in MSKU 4510.
From that moment the ACS development beca-
me focused mainly on science intensive techn-
ologies. The self-diagnostics of the system was
enhanced; special algorithms contributed to the
increased inlets reliability, the program of gas tu-
rbine engine control was improved, the park of
GCU models was enlarged. Since 1998 MSKU
integrated the function of electronic fuel regula-
tion of the gas turbine engine which was earlier
implemented by a separate independent system
supplied with the engine.

At the same time the company developed a
line of fire and gas safety systems. In 1997 the
automatic fire fighting system controller PK4510-
01 was designed and certified. The controllers
produced on the hardware and software basis,
fully unified with MSKU 4510, became a logical
supplement to the latter.

After the company equipped completely sever-
al compressor workshops (CWS) with GCU ACS,
it made the next step — the mastering of the pro-
duction of ACS for general workshop equipment
(junction points, gas treating and cooling plants,
etc.). For this task a new modification of MSKU
4510, «MSKU 4510 CS», was designed. This
modification used all MSKU 4510 architectural,
hardware and program best practice for gas co-
mpressor units, but unlike the latter, it consider-
ed the functional and geographically distributed
mode of a control object. The separate local in-
tellectual station (LIS) was responsible for each
separate processing plant (unit). The aggregated
LIS set provided a full-range control of the whole
general workshop equipment complex.

The linking up of the GCU ACS and the CWS
ACS to the unified central control panel ensured
the full uniformity and completeness of the whole
object automation complex. In 2000 a complex
compressor workshop automatic control system
was launched and it passed tests at «Syzrans-
kaya» compressor station («Samaratransgaz»).
For the first time in «Gazprom» the whole com-
pressor workshop was controlled by a common
complex produced on the basis of one system
from the unified control panel.

The functions fulfilled by the CWS ACS incl-
uded that of the workshop regulation, i.e. coo-
rdinated control of the operating regimes of all
GCU in the workshop to provide the set process
variables (consumption and pressure) of the wh-
ole object. At the same time an even load distri-
bution between the running GCU is ensured, the
consumption of fuel gas is optimized.

Along with the development of the ACS funct-
ionality, «System-Service» continued developing
its basic hardware and software solutions. The
year 2002 was marked by an important milestone
in this field in the tests of MSKU 5000, a new ge-
neration of GCU ACS. This more modern modifi-
cation of MSKU rested on hardware and software
basis by SIEMENS. Comprising all the algorit-
hmic and mathematical tools from MSKU 4510,
the new system had more powerful intelligence,
more flexible integration with other systems, hig-
her compliance with international standards with
regard to all basic solutions. In close cooperation
with SIEMENS, the standard basic solutions, be-
longing to the latter, were adjusted for the needs
of automation of complicated processing units of
oil and gas industry. SIEMENS highly apprecia-
ted the skills and experience of engineering by
«System-Service». The Russian company takes
an active part in the production of new SIEMENS
software products. And the fact that SIEMENS
has become one of «System-Service» sharehol-
ders makes the cooperation even closer.

Starting from 2002 «System-Service» plac-
es the main emphasis on the development and

o N0 HE Bl R R R Rl Rl e



9KCNO3UUUA 5/H (73) okTsi6pb 2008 .

distribution of MSKU 5000. MSKU has become
the basis for automation of dozens of engine typ-
es (air, marine and stationary engines) within the
hundreds of types of different GCU. For the per-
iod from 2000 to 2007 «System-Service» introd-
uced complex automation systems at more than
80 objects. The total number of objects where
MSKU are installed exceeds 250. The number of
separate local GCU ACS, LIS and PK approach-
es 2,500 units. MSKU are introduced in Russia,
Belorussia, Kazakhstan, Turkey, and Iran. Apart
from gas compressor workshops, MSKU means
were used for the automation of a gas cooling
station, gas producing and gas processing com-
plexes, underground gas storage facilities, gas
stations and other objects.

Besides, since 2004 MSKU 5000 started to ap-
pear on the small-scale power generation plants.
The experience of CWS automation was succe-
ssfully used for the complex automation of pow-
er stations with gas turbine power units with the
capacity of 2.5 — 6 MW. The following tasks were
fulfilled: control of active and reactive load; sup-
port of concurrent power unit operation; synchro-
nization of power units with the external network.
The development of ACS of power stations and
separate power units is one of the development
priorities for «System-Service».

«System-Service» is actively developing sup-
ervisory control systems allowing to control large
processing plants comprising many workshops
and units. At the same time, apart from the qu-
estions of the automation of technological proc-
esses, the company seeks for the ways of ACS
integration with the supervisory solutions suppo-
rt systems and the enterprise resource planning
and management systems. Supervisory control
systems of this level of development by «Syst-
em-Service» are used in Mostransgaz, Samarat-
ransgaz and Volgogradtransgaz.

Today, along with further development of the
control systems for compressor shops and ele-
ctric power stations, «System-Service» is active
in developing dispatcher control systems which
allow control over a large technological enterpri-
se consisting of many shops and facilities. In the
meantime, apart from the issues of automating
a production process proper, the Firm is search-
ing for ways of integrating the automatic control
system with the systems supporting dispatcher
decision making, with the systems for planning
and managing the enterprise’s resources. The
dispatcher systems of such a level of developm-
ent by «System-Service» are being introduced at
«Mostransgas», «Samartransgas», «Volgogradt-
ransgas». Further development of these systems
is associated by the Firm with ensuring regul-
ation (of the load distribution) among separate
shops, both in terms of technological criteria (pe-
rformance of the plan assignment) and in terms
of economic criteria (cutting back on the use of
resources, i.e. production cost, with fulfillment of
the plan assignment).

Today «System-Service» Scientific Production
Firm has organized a powerful serial production
facility which manufactures automation systems.
The focus on boosting the production volumes
has required rigid standardization and commo-
nization of the software and hardware solutions
used, strict functional operation-by-operation de-
marcation of duties within the Firm. However, at
the same time, the Firm is constantly taking care
that its products are developed in line with scie-
ntific and technical challenges. Research is bei-
ng pursued to create automatic control systems
using the components made by other manufac-
turers (including Yokogawa, Alan Bradley, etc.).
Promising work is being done to integrate control
systems with a system of parameter diagnostics
for the manufacturing equipment. Intensive res-
earch is being carried out into the possibility of
using MSKU developments in related industries,
i.e. petrochemical industry, «big time» energy
sector, etc.

xpaHunuua rasa (MXr), aBTomobunbHble ra-
3o03anpasoyHble ctaHumm (AFHKC) n gpyrve
0BBEKTHI.

Kpome Toro, yxe ¢ 2004r. MCKY 5000 Hava-
N MOSIBNSATLCS HA OGBEKTaX Maron 3HepreTUKu.
OnbIT aBTOMaTM3aLMM KOMMPECCOPHBIX LIEXOB
ObIN C ycriexoMm MpUMEHeH AfS KOMMIIEKCHOW
aBTOMaTV3aLMmM AMEKTPOCTaHLMI € ras3oTypouH-
HbIMK 3HeprobriokaMmn MoLLHoCTbIO 2,5-6 MBT.
PeanusoBaHbl 3agaqn ynpaBneHns akTuBHOM U
peaKTUBHON Harpyskow, nogaepxaHust napar-
nenbHon paboTbl 3HeprobrnokoB, CUHXPOHW3a-
Ly aHeprobrnoka ¢ BHeLUHeN ceTbto. Pa3sutue
CAY aneKkTpocTaHumMii U OTAENbHbIX 3Heprobro-
KOB SIBMSIETCH OOHWUM W3 MPUOPUTETHBIX Hanpas-
neHwn pa3sutus ansa «Cucrembl-CepBucy.

CerogHs, Hapsgy € AanbHENWnM passBuTu-
€M CVICTeM YMpaBrieHWsi KOMMPECCOPHbIMU Lie-
XaMmu v anekTpocTaHumsamu, «Cuctema-CepBrcy
BEAET aKTUBHYIO pa3paboTKy cucTem aucrneTyep-
CKOTO yrpaBrieHunsi, MO3BONSAOLLMMMN YNPaBNATb
KPYMHbIM ~ TEXHOMOTVYECKUM  NpeanpuUsTUEM,
COCTOSILLMM U3 MHOMMX LiexoB 1 06bekToB. MNpn
3TOM, KpOMe BOMPOCOB COOCTBEHHO aBTOMATU3a-
LM TEXHOMOTMYECKOro npoLecca, upma mLet
nyTn uHterpaumm CAY ¢ cuctemamm noaaepkv
MPUHATWS AUCNETYEPCKUX PELLEHMIA, C cucTeMa-
MW MIaHMPOBaHUA W ynpaBreHus pecypcamu
npeanpusTus. [incnetyepckne CUCTEMbI Takoro

YPOBHs1 paspaboTkn «CucteMbl-CepBuUC» BHE-
apstotest B «MocTtpaHcrase», CamaprpaHcrase,
«BonrorpagtpaHcrase». [JanbHelwee passuTtme
3TVX cucTeM chrpma BUAUT B obecneyeHnn pe-
rynupoBaHvs (pacnpeneneHnst Harpysku) Mexay
OTAEnNbHbIMY LieXaMu KaK Mo TEXHOMNOMMYeCcKUM
KpUTEPUSIM (BBINOMHEHWE MIIAHOBOrO 3a4aHus),
TakK 1 MO 3KOHOMWYECKVM KPUTEPUAM (CHIDKEHVE
pacxoAa pecypcos, T.e. cebeCTOMMOCTH, NPU Bbl-
MOMHEHWM NIAHOBOTO 3afjaHus).

CerogHa B HIN® «Cuicrema-Cepsucy» opra-
HM30BaHO MOLLHOE CepuIiHOE MOTOYHOE MpOou3-
BOACTBO MO BbIMYyCKy CYCTEM aBTOMatv3aLmu.
[oroHs 3a o6bemamy Npou3soacTBa NoTpebosa-
na XeCTKoW CTaHAapTM3aLMM 1 yHUdMKaLMn nc-
Morb3yeMbIX MPOrpaMMHO-anMapaTHbIX PeLLeH,
XECTKOro  oyHKLMOHArbHOMO  MoomnepaLivioHHOro
pasnenenns BHYTpY ¢vpmbl. Ho BMecTe ¢ Tem
hvpMa NoCTOsIHHO 3a00TUTCS M O Hay4HO-TEXHU-
YECKOM pa3BUTUM CBOEN Npoaykumn. BegyTes npo-
pabotkn CAY ¢ NpUMEHEHVEM 3reMeHTHON Gasbl
OpyrviX npovsBoaumTenei (B Tom yncre Yokogava,
Alan Bradley n gp. Begetcs nepcrnexktusHas pa-
60Ta Mo MHTErpaLun cUCTeMbI YrpaBreHns C cu-
CTeMOI NapaMeTPUYECKON AMArHOCTUKW TEXHONO-
rmyeckoro obopynosaHusl. BeayTcsi HTEHCMBHbIE
npopaboTKN BO3MOXXHOCTW WCTONb30BaHNS Hapa-
6otok MCKY B cMexHbIX cdpepax MPOMBbILLINIEHHO-
CTN — HedbTeXVIMUM, BOIBLLION SHEepreTuKe 1 Ap. |
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ﬂ 3aBop siBnsieTcs pa3paboTynkoM 1 BedyLLMM NPOU3BOAUTENEM U3AENUIN U3 BbICOKOKPEMHUCTOrO YyryHa (dheppocu-
I&_-m_'e;! nvpaa) mapok YC-15, YC-17. MNpeanpusTyvie BbinyckaeT credytoLLye naaenvsi us oeppocunmaa:
. * Tpy6bl;
PENEPANILHOE KASEHHOE 0, | 1S nepekayky arpeccuBHbIX Cpes;
NPEAMNPUATUE «KASAHCKUA | 00 i crorikyio 3aropHyto apmarypy:
FOCYIAPCTBEHHbIN KA3EH- PP Ky PHYIO apMaTypy,

g v * (hacoHHble n3nenus;
HBIV NIOPOXOBOW 3ABOA» dheppocnnnaosbIi aHoa — 3asemnuTers Mapku SAXKK: npeaHasHavueH Ans SNeKTPOXMMHECKON 3almMTbl NoA3eM-
420032,Poccus,Pecny6nuka

T K HbIX TPYBONPOBOAOB, 06CAAHBIX KONIOHH, CKBEMH, BHYTPEHHEN 1 HAPYXKHOM (QHWLLA) MOBEPXHOCTEN, BEPTUKAMBHBIX
arapcraH,r.Rasahb, pesepByapoB Tuna PBC, Hapy»HOii MOBEPXHOCTM MOA3EMHbIX PE3EPBYapOB, BHYTPEHHE! NMOBEPXHOCTMV FOPU3OHTArTb-

yn.1 Mas, 14 ~ -

T o A% 554.34.32 HbIX PE3EPBYaAPOB 1 OTCTOMHIKOB OT KOPPO3UI, a TaKKe AN Paboqnx 3a3eMrieHN aneKTponepenaq NoCTOSHHOM 1

Ee”' ‘_':‘T("c' (843) A - k' nepeMeHHoro Toka. Cpok cryx6bl aHoaa cocTasnseT Goree 50 net (naHHbe HosomockoBckoro dounmana MXTUN);
-mail:kazanpowder@kgts.ru * noBble U3NENVS Mo YepTexam 3aKasduka.

www.kazanpowder.ru

00O «AKPUIMOIT» nponssoguT nonvmMepbl akpunaMmnaa, BoOHbIE akpyUroBble 3MYTbCUM, akpUIIoBble Maku,
AucnepraTopbl, aueTar Xpoma, NonvMeHon 1 apyrne XMMUYECKE peareHTb!.

[ns HedpTerazoBom OTpacnn NOCTaBNAOTCA NONMMEpPbI akpunaMmmnaa:
» BogopacTBopuMble, cepumn AK 631 Ans perynMpoBaHus 3aBogHeHWs NnacToB, OypoBbIX PacTBOPOB;
* BogopacTteopumble, cepumn AK 642 ons nsonsiyum BOAONOIOLLAIOLWLIMX 30H, BblpaBHUBAHUSA NMPOHULI@EMO-
410059, r. Caparos, CTW HEOAHOPO/HOTO MNAcTa; NOBbLILIEHNS HedTeoTaauu nnacTos; PUP B ckBaWHaX, TOHHENsX; BypoBbix
nn. CoBeTcko-4exocnoBaukon  pacreopos;

Apyx6bl, Mpom3oHa, alsn 4142, « cepua AK 640 — cTabunmsatop rMMHACTLIX PACTBOPOB NpU BypeHun Ha 6onbLuyIo FyBUHY;

Ten./dakc: (8452) 92-97-54, « Bogonornowiatowue, cepum AK 639 ans TexHonornv noBblLLeHNs HedpTeoTAauM TPELLMHOBATbLIX NacToB.,
(8452) 92-06-06 PUP B ckBaxunHax, TOHHENSAX, M30MNSLMU BOSOMOITOLAOLNX 30H, OYUCTKU BHYTPEHHEN MOBEPXHOCTU TPY-
E-mail: sdv@acrypol.ru GonposozioB;

www. acrypol.ru * auerart xpoma — peareHT MNIC.

3AO IMTK «ToutexHuka» — gunep OO0 «XonguHrosasi komnaHus Mukpon» (. Ogecca) npegrnaraet K nocTaBke:
-ﬂ' * Kanmbpbl HedTsHOrO copTameHTa pe3bboBble U MMafkve, O KOHTPOIs 3aMKoBoW pesbbbl (P3, '3), Tpeyronb-
Hou pe3bbbl HKT (PHK, MHK), TpaneuevnaansHon pessbbl HKT (HKM), TpaneuenaansHoi pesbbbl ob6cagHbix Tpyo
Tnl‘ITEHHH HA (OTTM), anst ynopHoli pe3s6bl (BTC). Kanubpbl MOryT M3roTaBnnBaThCs MO TEXHUYECKOMY 3a[aHu1I0 UM YepTexam

3aKasqmka.
3AO NTK «TOYTEXHUKA» | Kanmbpb! 0bLLeMallMHOCTPOUTENBHOTO Ha3HaYeHWs!, Orsi KOHTPONSE  METPUYECKOW TPYOHOW LMIMHAPUYECKON,
125368 r. Mockga, Tpy6HOI KOHUYECKON, TpaneLenaansHomn 1 ap. pessb.
yn. Bapbiwnxa, 4.19. * LLlapukoBble BUHTOBbIE Nepeaaqn (LLIBIT) (no ctaHaapTam 3aBofa 1 Mo YepTexam 3akasquka).
Ten./dakc:(495)921-05-16, * VIHCTpyMEHT 06LLeMaLLMHOCTPOUTENBHOTO Ha3HaYEHNS (PEXKYLLMIA, CNIECAPHO-MOHTXKHbIA, MEPUTENbHDIN).
coT. 8-926-267-75-48 * CTaHK/ yHUBEpCaribHble Arst AMHammyeckol GanaHcumposku cepum OMM901.
$ E-mail: tochteh@mail.ru * YHuBepcanbHble dpesepHble cTaHku cepit OMM.
OAO «Bopx1umMmalL» ABMSIETCS OOHUM U3 CTapeiLLVX NpeanpysTUiA B 06nacTu XMMUYECKOrO MaLLMHOCTPOEHMS.
OcyLuecTtnset pa3paboTKy 1 Mpon3BOACTBO 060pyAOBaHWA ANS NpeanpuaTnin Hedte- 1 rasonepepabarbiBaro-
LLero KOMMIEKCoB, NPEANPUATAN MeTannypriuieckomn, IHepreTMHecKon, XMMUYECKON MPOMBILLIIEHHOCTY.
1869 Beinyckaet cneaytolume Buabl 060pynoBaHNS:
000 «BOPXMMMALL» + Annapatbl Bo3ayLlHoro oxnaxaexus (ABM, AB3, 2AB3-[], ABI, 2ABI, ABO-BM, 6ro4Ho-MoayrbHOro
397164 r.Bopucorne6ck, TUna c peumpkynsiumen Harpetoro Bo3gyxa BMP, 1ABI-BBI1, ABI'-B, 1ABI-BB, 2ABI-75C (100C), 1ABI-
BopoHexckasi o6n., 25C, ABI-160P, 1ABI-160BKP, ABI5C-83(100) 1 ap.).
yn. MpoxoaHas, 4a * Annapartbl TennoobMeHHble (KoXXyXoTpybyaTble C HEeMOABMXKHON TPyOHON peLueTKoN, ¢ NnaBatoLwen ro-

Ten./dakc:(47354)6-05-14,
(47354)4-18-02; 4-41-29

E-mail: sales@bhm.ru; info@bhm.ru
www.oaobhm.ru

noskoW, ¢ U-obpasHbiMun Tpybkamu, Tuna «Tpyba B Tpybe», ncnaputenu, XonoausbHUKA, KOHAEHCaTopsl,
nogorpesartenv v ap.).
» EmkocTu (8o 50 m®), Bo3ayxocO60opHUKY, UnbTpbI.

Poccuiickas komnanms «MHpaCodt» ycnelHo paboTaeT Ha pblHKE NPOMBbILLIIEHHOM aBToMaTu3aumm ¢ 1996 .

< - “HﬂAcnﬁT Ha cerogHsawWHNA AeHb KOMNaHUst UMEET ceMb npeactaBuTenscTB B Poccun, ctpaHax CHIC u BanTtum, a
TaKkKe LUMPOKYH CEeTb CUCTEMHbIX MHTErpatopoB. OCHOBHbIE HamnpaBeHNs AesTENbHOCTY:

000 «MHOACO®T» * [ncTpmbyLms nporpamMmmHoro obecrieveHns 1 0bopyaoBaHUs (NocTaBka MporpamMmMHoro obecrnedeHus n obopyao-

BaHWISA, TEXHUYECKas NoAAepKKa, MepeBo NPorpaMMHOro obecrneveHmst U JoKkyMeHTaumm, obydeHre cneuyanmcToB

3akasquka). «MHoaCodpt» sBnsieTcs AMCTPUMOBIOTOPOM 1 NMapTHEPOM MUPOBbLIX NIMAEPOB PbiHKA NMPOMbILLIEHHOM

:#g:;( T;aoccm, asTomartnsauum — GE Fanuc, OSlsoft, MPDV, Motorola, SATEC. PelueHus Ha 6ase MO aTux KoMnaHui [aBHo yxe
yn. MpodcotozHas, 65, oconc 247  CTaIM KOPMOPATUBHBLIM CTAHAAPTOM A1 MHOMVX OTPACTIeBbIX NPEANpUATUA.
Ten./cpakc: +7(495) 580-70-20 * BHegpeHue komnrekcHbIX cuctem asTomatmsaumn : ot ACYTI ao MES B pasnnyHbIX OTPacnsix NPOMBbILLIIEHHOCTU.
info@indusoft.ru * Paspabotka nporpammHoro obecneveHns (CneumannsnpoBaHHoOe NporpammHoe obecneveHve, apanse-
www.indusoft.ru pbl 1 OPC-cepBepbl).
Hedmecuat 000 «HedrecHab-KomnnekT» — coBpeMeHHas MHOronpodunbHas KOMNaHusl, OCHOBHOW BUA, AeATENbHOCTU:
- KOMIMMeKCHble NMOCTaBKM CTarnbHbIX HAPe3HbIX TPYy6 HedTSIHOrO COPTUMEHTa 1 BCero cnekTpa HedTsHoro obopy-

[0BaHUs!, KOMNMEKTYHOLLMX YaCTEN, pacXOdHbIX MaTepUaroB, XMMUYECKVX peareHToB, MeTarnsonpokara.

OO0 «HedtecHab-KomnnekT» okasbiBaeT TPaHCMOPTHO-3KCNEAULIMOHHbIE YCIyTI:

* MPeOoCTaBIeHVe CBOUX /4 NOAbE3AHbIX MyTel A5 NepeBarku rpysa co ctaHumm MucbmsHka, KynbbiweBckon
/A, Ko, cTaHummn — 674604;

Kot
000 «HedrecHab-Komnnekr»

423250, PT, r. lleHnHoropcxk, * MOIHbIA KOMMEKC CKNaACKUX YCryr Ha COGCTBEHHON 6a3e (OTKpbITbIe MIIOLLaAKY, KpbIThle HeoTannmBaemble
yn. BenuHckoro, 28 A cKnagbl);

Ten.: (85595) 2-42-40, 2-40-41 * JOCTaBKa rpy30B aBTOTPAHCMOPTOM, M0 PEKBM3UTAM 3aKasqmka.

e-mail: neftesnab.rt@mail.ru [ononHutenesHble ycrnyrn, npegnaraemble HalwmM NpeanpusTiem:

NnocTaBKa 3J'|eKTpOO60py,ElOBaHVIF|; Ka6eJ'IbHO-I'IpOBO,D,HVIKOBaF| npoayKuma; CTpouTenbHble Martepuanbl.
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TPIGONPOBON
PIPELINE

cneunanusnpoBaHHOE  n3AAHUE Nog /HT okTsiepb 2008

WHdopMauuoHHaa NoAAepHKa npousBoauTeNeH U
NnocTaBLLMKOB TpyoONpoBOAHONW apMaTypbl, TPYOHOM
NPOAYKLUUKN, Pa3NIMYHBIX BUAOB U3ONALMOHHDBIX W
aHTUKOPPO3MOHHbIX MaTepuanoB. TexHuyecKas
HHgopMaLMA 0 BCeX MaTepuanax, Heo6XoAUMbIX
ana 6ecnepe6osHoro yHKLMOHMPOBAHUA BCei
TPyoonpoBOAHON CUCTEMbI.
Informational Support by the Pipeline Componentry
Suppliers and Producers, Pipe Producers and Suppliers
of Pipe Products, Different Types of Insulation and Anti-
Corrosion Materials. Teghnical Information About All the

) Materials Necessary for Trouble-Free Operation of All
the Pipeline System.

VLN3IOVIU

Dvid

I W B B B B B B B B E



KOPPO3UA

1 2 CORROSION

5/H (73) okTtsi6pb 2008 r.  AKCMO3ULUA

MbI ’kMBeM B yCrOBUsSIX MOCTOsIHHOTO BbiGopa. Kaxkablii AeHb HaM NPUXOAUTCSA M3 Yero-To BbIGUPaATh: YTO KYNUTb, YTO HaAeTb, rae
NpoBecTH oYepeAHON OTNYyCK. XOPOLLO, eCriu UMeeTCsl BO3MOXHOCTb BbliGopa. Mpy Hanmunmn 4oCTaToOUYHbIX CPEACTB 3TO AAaeT BHYTPEH-
Hioto cBo6oAy. Bo3MoxkHOCTbL BbiGOpa 3acTaBnsieT HAaC U3 HECKONbKUX BO3MOXHbIX BapMaHTOB NpUHMMaTL Haunbornee npogymaHHble
M nparmaTuyeckue pelieHus. Bonpocbkl BbiGopa akTyanbHbl U B TOM criyyae, Korga pedb UAET O MOKPbLITUSIX, MCNONb3yeMbiX Ans
NPOTUBOKOPPO3UOHHOM 3alUnUThl TPY60NPOBOAOB U 060PYAOBaHUA.

IIPUMEHEHHUE COBPEMEHHDbIX

MATEPHAJIOB U TEXHOJIOTUH
JUUTS 3AIIIATHI TPYBOITPOBOJIOB 1 OBOPY JIOBAHUS
HE®TSIHOU U TA30OBOU ITPOMBINNIJIEHHOCTHU

N.A.NMOHUKAPOBA

3a Oonee 4em BeKOBYK UCTOputo Tpybo-
NPOBOAHOIO CTPOMTENBLCTBA [Afs  M30NALMU
Tpy6onpoBoaoB MNPUMEHSANUCL CaMble pas-
JINYHble MaTepuasnbl U CUCTEMbl 3aLLUUTHBIX
MOKpbITMIA Tpy6onpoBoaoB U oGopynoBaHUs
— OT KAMEHHOYromNbHOro AerTs 1 6utyma Ao no-
TIMMEPHbIX, MONMMaMUAHBIX NOKPbITUNA. Kaxxaoe
13 NPUMEHSIEMbIX 3aLLUUTHBIX MOKPLITUIA UMEET
CBOW MpenMyLLEeCcTBa, HO BMECTe C TEM Mpak-
TUYECKM Kaxaoe MOKpbiTUe TpyGonpoBoaoB
MMEEeT 1 CBOU HedoCTaTKW, TemnepaTtypHble
WM 3KCMyaTaunoHHble orpaHuyeHus. [pu
BCEM MMeloeMcs MHoroobpasumn  3awmT-
HbIX MOKPbITUIA Ha CErogHsILLHUA OeHb HelMb-
39 caenaTtb BbIBOA, B MOSb3y TOMbKO OAHOrO,
YHUKaNbHOTO W YHVBEPCAnbHOTO MOKPbITUS,
KOTOpoe Bbl OTBEYano BCeM NpeabsSBMNEHHbIM
TpeboBaHuaM M obecneumBano 3awuTy ot
KOPPO3UM B PasnuyHbIX YCIOBUSIX 3KCMya-
Tauun. M ato BrnonHe obbsAcHMMO. Begb co-
BpPEMEHHbIE ra3oHedTenpoBoAbl  SABMSATCH
CNOXHBIMW ~ UHXXEHEPHBIMU  COOPYXKEHUSIMM,
MPOTSPKEHHOCTb KOTOPbIX COCTaBISIET COTHU U
ThICAYM KMNOMeTpPoB. TpybonpoBoabl Mpoxo-
OST Yepe3 pasfivyHble KIMMaTU4eckne 30Hb,
Ha 1X MyTu BCTpeYarTcst peku 1 Gonota, Bey-
Has MepanoTa W MycTbiHW, aBTOMOGWMbHbIE
N xenesHble goporn. OTAenbHble yyacTku
Tpy6onpoBOoAOB MOryT NPOXOAUTb MOA BOOOW,
Hap 3emnei, NpoknagpliBaTbCs B CKBaXMHaXx
npu cTpouTenbcTBe. TpybonpoBoabl — 3TO He
TONbKO CBApEHHbIE B OfHY HUTKY CTarnbHble
Tpy6bl. B coctaB Tpy6onpoBofoB BXogsiT co-
edVHUTENbHble AeTany (OTBoAbl, TPOWHWKM,
3arnyLk1), 3anopHas apmartypa (kpaHoBble
y31bl, 3a4BUXKKM), y3nbl BPE30K, OTBETBIEHWN
1 gp. Yepes onpepneneHHble NMPOMEXYTKU B
TpyGonpoBoabl BCTpauBakoTCs  KOMMPeCccop-
Hble, HaCcOCHble MepekayMBalolMe CTaHLMUU.
Bce aTn anemeHTbl TpyGONpPOBOAOB [AOMKHbI
ObITb 3aLUKLLEHBI OT KOPPO3UM Ha NMPOAOITKM-
TenbHbIA Nepuos aKcnyaTaumm.

Yxe 6onee 50 net B EBpone npumeHsieTcs
nonuamugHoe nokpbitne RILSAN ansa aHTu-
KOPPO3NOHHON N aHTUMPUKLMOHHOM 3aLLnTbl
B HedpTerasoBoi NPOMbILLSIEHHOCTU, B aBTOMO-
6UNecTpoeHun 1 B cucTemMax BOAOCHabXeHMs.

YTO TAKOE NONMMMAMUOHOE NMNOKPbLITUE
RILSAN?

MonnamuaHbIv nopoluok (nonvnamuail) c
ToproBbiM HasaHueMm «RILSAN» npencrtas-
nsiet coboi NOpoLUOK TEpPMOMNIacTUYHOro
NPOVNCXOXAEHUS (CblpbEM AN HEro CryxuT
KacTOpPOBOE Macso), YTo obycrnaBnuBaeT ero

000 «TIK «AnTuKoM»

HEeTOKCMYHOCTb. OTCYyTCTBME OTBEpAMUTENEN,
pacTBopuTENen U KaTanusaTopoB, TEpPMO-
nnacTuyHble CBOWCTBa oGecneunBatoT YHU-
KarnbHble CBOWCTBA MOKPLITUI HA Er0 OCHOBE,
a OTCyTCTBME BpedHbIX npumecei cospaeT
BO3MOXHOCTb MPUMEHEHNS MPU KOHTaKTe C
nvLeBbIMK npoayktamu. [lopolukoBble Ma-
Tepvanbl, NPeACTaBneHHble Ha pblHKe B Ha-
cToslllee BpeMmsi, He MO3BOMSAT MonyyaTb
MOKPBITUSI C aHamnorMyHbiMM cBolcTBamMu. B
3aBMCUMOCTY OT BblGpPaHHOW TEXHOMOMK BO3-
MOXHOCTb MOSTyYE€HUsI MOKPbITUS MAEHKU OT
150Mkm o 1000 MKMm.

CBOWCTBA MNOKPbITUN RILSAN

* OTNIUYHAs YCTOMYMBOCTb K KOPPO3UK;

* XOpOoLUasi XMMmmMyeckasi CTOMKOCTb, aTmocde-
POCTOMKOCTb;

COMPOTUBIEHWE U3HOCY U CTUPAHWIO;

* pOBHasi ¥ rmagkasi NoBEPXHOCTb (LLEepOXoBa-
TocTb 0,4....0,8 MKkm);

* 9N1aCTUYHOCTD;

* HETOKCUYHOCTDb;

* YCTONYMBOCTb K rpadddontit n UF-nyyam u ap.

OTNNYMA OT APYITMX NOPOLLUKOBbIX
MOKPbLITUI

MokpbiTne RILSAN npuHagnexur K rpynne
KOHCTPYKLMOHHBIX MI1IacTMacce 1 no onanyeckum
N XMMNYECKMM CBOMNCTBaM MPEBOCXOAUT Takvie
mMarepuarnbl, Kak aMoKCUAHbIe, MonuacupHbie,
a Takke nonvorneduHbl (cM.Tabnuy).

OpgHUM  ©3  HefocCTaTKoB MHOMMX Mpea-
CTaBfIeHHbIX B HacTosilLee BpeMs Ha PblHKE
nopowukoBbix JIKM aBnsieTca nnoxas okpacka
KPOMKM n3genuii. TonwwmHa NokpeITUA Ha TOH-
KOW 1 y3KON KPOMKE MOXET COCTaBMSATb BCErO
HECKOmMbKO MUKPOH, M 3TO CTaHOBMUTCS «CrnabbiM
MECTOM» MOKPbITWS, [4e BO3MOXHbI CKObI, UC-
TUpaHMe U BO3HMKHOBEHME O4aroB KOPPO3UM.
MokpbiTve RILSAN no3sonseT nonyyarb Xopo-
LLIO 3aLLMLLEHHbIE KPOMKU U3AEMUA.

Y[aponpoyHOCTb M YCTOWYMBOCTb K MC-
TUPaHWIO SIBNSIOTCH B BONbLUMHCTBE CryvaeB
OCHOBHbIMN KpUTEPUAMW JOMTOBEYHOCTN OKpa-
LLEHHbIX N3AENUIA N CHUXKEHNS MOTepb Mpu Npo-
M3BOACTBE U NEPEeBO3Ke U3AENUIA.

YnaponpoyHocTb nokpbiTust RILSAN okono
3 Ik (mpw TonwwHe nokpbitis B 300 MKM), 4TO
noyTV B 2 pasa MpeBblLLAEeT 3TOT nokasaTteflb
ANst CTaHAAPTHBIX 3MOKCUAHBLIX — MOKPLITUA 1
Ha 50% BblILe, Yem AN CTaHAAPTHbIX — Monuv-
3MpHBIX MOKpbITUIA. MNMokpbiTust RILSAN  06-
NafatoT AOCTATOMHO BbICOKOM YCTOMYMBOCTBIO K
MCTUpaHuto: notepsi maccbl npy 100 umknax »

M. cneunanunct no NosIMMepHbIM NOKPbITUAM

r. HabepexHble YenHbl

USE OF MODERN MATERIALS AND
TECHNOLOGIES TO PROTECT THE PIPELINES
AND EQUIPMENT FOR OIL AND GAS INDUSTRY

For more than one century long history of pipeline
construction, very different materials and systems of
protective coatings for pipelines and equipment have
been used for pipeline insulation — from coal tar and
bitumen to polymer and polyamide coatings. Each of
the protective coatings used has its own advantages,
however at the same time practically every coating
for pipelines has its own drawbacks, temperature and
operational limitations. With all the available variety of
protective coatings today, one cannot commit oneself
to only one fully, a unique and universal coating whi-
ch would meet all the requirements applying to it and
would provide anti-corrosive protection under various
operating conditions. This is quite easy to explain. The
reason is that modern gas and oil pipelines constitute
sophisticated engineering designs whose length am-
ounts to hundreds and thousands of kilometers. The
pipelines run through various climatic zones, they cross
rivers and marshes, perm frost and deserts, roads and
railways. Some sections of the pipeline may pass und-
er water, underground, may be laid in the wells during
construction. Pipelines are not just steel pipes welded
together into one line. Connecting pieces are also part
of the pipelines (diversions, T-pipes, plugs), valve gear
(valve assemblies, blast gates), incuts, branches, etc.
At a definite interval, compressor stations and pump st-
ations are built into the pipeline. All these components
of the pipeline must be protected from corrosion for a
lengthy period of operation.

For more than 50 years already the RILSAN polya-
mide coating for anti-corrosive and anti-friction protecti-
on has been in use in oil and gas industry, in automobile
industry and in water supply systems.

WHAT IS RILSAN POLYAMIDE COATING?

Polyamide powder (polyamide11) with the RILSAN
trademark constitutes a powder of thermoplastic 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 thermoplast-
ic 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 ma-
terials, now available in the market, do not allow coat-
ings with similar properties to be obtained. Depending
on the technology chosen, it is possible to obtain film
coatings from 150 microns to 1000 microns
PROPERTIES OF RILSAN COATINGS
» Excellent resistance to corrosion
* Good chemical resistance, atmospheric resistance
» Wear and abrasive resistance
« Level and smooth surface (roughness from 0.4 to

0.8 microns);
< Elasticity
« Lack of toxicity;
 Resistance to graffiti and UF rays, etc.
DIFFERENCE FROM OTHER POWDER COATINGS

RILSAN coating belongs to a group of structural pla-
stics and, in terms of physical and chemical properties,
it exceeds such materials as epoxy, polyester as well as
polyolefin (ref. table).

One of the weaknesses of many of the powder lac-
quer and paint materials, available in the market at the
present time, is poor painting of the product edges. The
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thickness of the coating on thin and narrow edge may am-
ount 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
protected edges of the products to be produced.

Impact strength and abrasive resistance are, in the
majority of cases, the key criteria for durability of the pai-
nted products and loss reduction in the manufacture and
transportation of the products.

The impact strength of the RILSAN coating is app-
roximately 3 joules (with coating thickness being 300
microns) which is almost twice that indicator for the
standard epoxy coatings and 50% higher than for sta-
ndard polyester coatings. The RILSAN coatings have
a sufficiently high resistance to abrasion: loss of mass
at 100 abrasion cycles, using standard method with the
help of Taber abrasive machine, amounts to 5-25 mg
(depending on the coating grade) 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 static and 0.05-0.20 dyna-
mic) makes them unique in cases where self-lubricating
coatings are required, for example, when manufacturing
the guides for vehicle doors, monorails for heavy wago-
ns and other similar parts.

Another advantage of the RILSAN powder coatings
over the standard powder materials is very high elastici-
ty and elongation of the films.

Elongation at break of 80% allows the RILSAN materia-
Is to restore without damaging the film. Pipes, metallic sect-
ions and other RISLAN coated products can be bent 90° or
180° without damaging the coating (provided R> 30D).
THE CHARACTERISTICS OF THE QUALITY COATIN-
GS ARE PRESENTED IN THE NORMATIVE ACTS:

» European Standard EN10310;
* American Standard C-224-01

For the material (product) itself imported by the man-
ufacturer (ARKEMA) — safety passport No. 01095 (920-
91 Paris La Defense Cedex)

The products comply with Technical Requirements
TU 1390-001-52-637818-2006.

Technical Requirements (TU  1390-001-5263-
7818-2006) have sanitary epidemiological opinion No.
77.99.02.139.7.002 050.10.06 dated 27.10.2006.

The products (steel pipes, pipeline components) San
PiN 2.1.4. 1074-01 «Drinking water. Hygienic Requirem-
ents to the Water Quality in the Drinking Water Supply
System. Quality Control», GN 2.1.5. 1315-03 «Limited
Permissible Quantities of Chemical Agents in the Water
of the Water Facilities for Industrial and Drinking Needs
as Well as Cultural and Household Use’. Sanitary and
Epidemiological Opinion No. 77.99.02.139.D.01060-
9.11.06 dated 14.11.2006 issued by the Federal Service
for Supervision in the Sphere of Protecting Consumers’
Rights and Human Well-Being.

Expert Opinion No. 03-02/06-188 dated 18.09.2006
by the State Run Institution «Scientific and Research
Institute for Labor Medicine of the Russian Academy for
Medical Sciences»

For the material (powder) as products imported into
the territory of the Russian Federation (Polyamide 11
Grade Rilsan Fine Powder) — sanitary epidemiological
opinion No. 7701.12.229.P.02068.02.4 dated 05.02.04.
by the State Sanitation and Epidemiology Service of the
Russian Federation.

THE USE OF RILSAN IN OIL AND GAS SECTOR
1. Pipes and pipeline components. Coatings (both inner
ones and outside ones) are applied onto longitudinally or
spirally welded pipes, seamless steel pipes and their fitti-
ngs (pipe grade as per GOST State Standards 3262, 10-
704, 8732, 8734, 8696, 550, 20295, diversions with an
angle of 900, 600 and 450 per GOST State Standards
17378, Plugs per GOST State Standards 17379, etc.).
Methods of connection: flange type, threaded connect-
jon, by means of couplings (welding of coated products
is not allowed without using protected bushings in the
seam area).

2. Oil and gas equipment springs.

3. Work wheel TSNS 63-1400.

4. Impellers of the Oil Accounting Sensors (Turbine).

5. Valve Rods of the drilling tongs.

6. Plunger (rods) of the SIN-32 Type, SIN-46 Type Pu-
mps and other mating elements (slide bearings, guide
rings, support rings, castellated nut).

7. Seal Bushings (BAKER CAC type) instead of bronze,
steel can be used for manufacture with RILSAN coating.
8. Filters.

9. Different types of impellers, etc.

10. Housing and Parts of the Valve Gear.

NCTVPaHWSA CTaHAaPTHLIM METOAOM MPW NOMO-
LM abpasvBHOM MaluuHbl Taber coctaBnser
5-25 mr (B 3aBUCUMOCTM OT MapKu NOKPbITUS)
no cpaBHeHWto ¢ 40Mr Anst 3MOKCUAHOrO Mno-
KpbITUSI U okono 60Mr Anst NonnacupHoro no-
KpbITUsi. O4eHb HU3KMIN KOIPDULIMEHT TPEHUSI
nokpbiTuii RILSAN (0,15-0,30 cratuctnyeckuii
n 0,05-0,20 guHamunyeckuii) aenaeTr Ux yHu-
KanbHbIMU B cryvae, korga TpebyroTcs camoc-
MasblBaloLLMECH MOKPbITUSA, Hanpumep npwu
M3rOTOBMEHUW HanpaBnsloWmMX Ang ABepen
aBTOMOOWINS, MOHOPENbCOB ANs TSHXKEMbIX Ba-
FOHETOK M APYINX aHaNorMyHbIX AeTanen.

Ewe ogHVM npeumyLlecTBOM MOpPOLLKO-
BbIX nokpbiTuii RILSAN nepen craHgapTHbI-
MV MOPOLLKOBBIMM MaTtepuanamm sBnseTcs
OYeHb BbICOKast ANMacTUYHOCTb W YAJIMHEHWE
MIEHOK.

YonuHeHve o 80% no3sonsieT maTtepu-
anam RILSAN BoccraHaenuBaTtbcs 6e3 no-
BpeXaeHust NneHkn (Ha Tpybax, metannuye-
CKMX NPOCUNAX U APYTUX N3AENUAX, MOKPbITHIX
RILSAN, npv n3rnée Ha 90°...180° nospexae-
HUI MOKPLITUS HEe NMpoucxoauT (npu cobnoge-
Hun ycnosuii R=30D).

XAPAKTEPUCTUKU KAYMECTBEHHOIO
NOKPbITUA NPEACTABIJIEHbLI B
HOPMATUBHbBIX AKTAX:

» EBponewckuin ctaHgapt EN10310;

* AmepukaHckuii ctaHgapT C-224-01

Ha cam matepuan (NpoaykT), BBO3UMbIiA
KOMnaHuen-nponssoguTenem (ARKEMA)
— nacnopT 6esonacHoct Ne 01095 (92091
Mapwx La Defense Cedex).

Mpoaykumnsa cootsercTByeT TY 1390-001-
52637818-2006.

TexHuueckne ycnosusa (TY 1390-001-52-
637818-2006) vMmetoT CcaHWTapHO-aNUAEMU-
onornyeckoe 3aknodeHne Ne 77.99.02.139.
T.002 050.10.06 ot 27.10.2006r.

Mpoaykums (Tpy6bl cTanbHble, 3neMeH-
Tbl Tpy©OMNPOBOAOB) COOTBETCTBYIOT CaHW-
TapHbIM npasunam) Can MuH 2.1.4. 1074-01
«MutbeBas Bopa. MrmeHuuyeckme Tpebosa-
HWSA K KavyecTBY BOAbl LEHTPANM3oBaHHbIX
CUCTEM NUTbLEBOrO BoAocHabxeHus. KoH-
Tponb kayectBay, H 2.1.5. 1315-03 «MOK
XMMMUYECKMX BELLECTB B BOAE BOAHbIX 0OBbek-
TOB XO3AWCTBEHHO-MUTLEBOIO U KYNbTYPHO-
6bITOBOrO BOAOMOMbL30BaHWA». CaHUTapHO-

Mokasatenb RILSAN
MnoTHocTb cpeaHsis
YCTONYMBOCTb K UCTUPaHWIO BblcOKasi
Yhaponpo4HoCTb Bblcokas
Koppo3noHHasi CToKoCTb BblCOKas
XUMCTOMKOCTb BblCOKas
CTONKOCTb K AAENCTBUIO
t-40°C BblCcOKas
Agresus (gonrocpoyHas) cpeaHsas
BbiCOKasi
M30nsumnoHHble cBOMCTBA Bblcokas
Oxkpacka KpoMok BblCcOKas
ATMOCHEPOCTONKOCTD cpegHas
Skonormyeckne xapakTepucTukM | Bbicokast
BO3MOXHOCTb KOHTaKTa BbiCOKasi
C NULLEBBLIMU NPOAYKTaMM

KOPPO3UA
CORROSION

ANVMAEeMUoNoruyeckoe  3akrnveHne Ne
77.99.02.139.1.010609.11.06 ot 14.11.20-
06r. depepanbHoit cryx6bbl No Hag3opy B
cdepe 3awWwmTbl NpaB notpebutenen n bna-
rornonyyus YenoBeka.

SkcnepTHoe 3akntoyveHne Ne 03-02/06-
188 ot 18.09.2006r. locyaapcTBeHHOro
YUYPEXOEHUS Hay4YHO-MUCCreaoBaTeNnbCKOro
WHCTUTYTa MeauumHbl Tpyda Poccuiickon
akageMum MeauLMHCKMUX Hayk.

Ha matepuan (nopoLuok) kak Ha npogyk-
LMo, BBO3MMYIO Ha TeppuTopuio Poccuinckon
®epnepaumu (Monnamug 11 mapku Rilsan Fine
Powder) — caHuTapHo-anugemuonormyeckoe
3akntodeHne Ne 7701.12.229.M1.02068.02.4
o1 05.02.04r. l'ocynapCTBEHHOW CaHUTapHoO-
anugemuonornveckon cnyxoel Poccuinckon
denepauyun.

NPUMEHEHUE NOKPbLITUA

RILSAN B HE®TAHOW U TA30BOM

NPOMbILUNEHHOCTU:

1. Tpybbl 1 anemeHTbl TPybonpoBoaos.
[MokpbITMe (Kak BHyTpeHHee, Tak 1 HapyX-
HOEe) HaHOCUTCS Ha MPOAOSIbHO MMM CMu-
panbHO cBapeHHble Tpy6bl, GeclloBHble
cTanbHble TPYObl U MX (DUTUHIOBbIE 3ne-
MeHTbl (copTameHT Tpy6 no MOCT 3262,
10704, 8732, 8734, 8696, 550, 20295, ot-
BoAbl ¢ yrnom 90°,60° n 45° no MOCT 173-
78, 3arnywku no NOCT 17379 n ap.).
Cnocobbl coeavHeHus: driaHueBoe, pesb-
60BOE€, C NoMoLLb My(T (CBapka nsgenui
C NOKPbITUEM He fonyckaetcst 6e3 npume-
HeHWs1 3aLUMTHbBIX BTYIIOK B 30HE LLUBA).

2. MNpyxunHbI HehTErasoBoro 06opya0BaHMUS.

3. Koneco pa6oyee LIHC 63-1400.

4. Kpbinb4aTtku gatynkoB yveta Hedd T (Typ-
6uHKa).

5. LUToku knanaHoB oT 6ypoBoro Krtova.

6. Mnyrxepsbl (LWTOKM) HacocoB Tnna CUH-32,
CWNH-46 n ocTanbHble COMPsXeHHble are-
MEHTbI (MOALIMMHUK CKOMbXEHWs, Hanpas-
nsoLwye Konbla, KonbLa OnopHble, KOPOH-
yaTas ravika).

7. Brynku canbHukoBble (Tna BAKER CAC)
— BMECTO GPOH3bl BO3MOXHO U3roTOBMEHWE
13 ctanu ¢ nokpbiTnem RILSAN.

8. duneTpbI.

9. KpbInbyaTkn pasnuyHbIX TUMOB U T.A4.

10. Kopniyca 1 getanv 3anopHon apmatypbl. m

Monuachvp 3SnokcuaHbI  AKpUIOBLIN

nonumep cononumep

HU3KadA HU3Kaa BblCOKasA
HU3Kas cpeaHasn cpenHsAa
cpenHaa HU3Kas HU3Kas

HU3Kas HN3Kas HN3Kas

HU3Kas cpeaHasn cpeaHasn
cpenHaa cpeaHasn BbICOKas
BbICOKas HU3Kad cpenHaa
cpeaHasn HU3KaaA BbICOKas
HU3Kas HU3Kad HU3Kad

BbICOKas HU3KaaA cpeaHasn
cpenHaa cpeaHasn cpenHaa
cpenHasa cpeaHaa BbICOKasA
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5/H (73) okTtsi6pb 2008 r.  AKCMO3ULUA

OGBLEKTOM MccreaoBaHUA ABMAKOTCS GunnacTtmaccoBble TPyObl, BHELUHUIA CUIIOBOW CrOW KOTOPbIX M3rOTOBIIEH U3 CTEKNONNacTum-
Ka, a BHYyTPEHHUN repMeTU3UPYIOLLUIA CIIOM — U3 NONUITUIIEHA HU3KOTO AaBneHusi. AHaNnM3upyTCA CIlyYyau XpPYNKoOro paspyLueHusi no-
NUaTUNeHoBoro cnosi Tpy6 npu HU3KUX TemnepaTypax. MpoBeaeH pacyeT HanpsKeHHO-AeOPMUPOBAHHOIO COCTOAHUSA MONUaTUNe-
HOBOrO Crosi GunnacTMaccoBbIX TPY6 Npu TemnepaTypHOM nepenage. YCTaHOBMEHO, YTO NPUYMHOM pa3pyLueHUsi ABNSETCA BbICOKUNA
YPOBEHb TeMMepaTypHbIX YU TEXHONOTMYECKUX HaNPSXKeHUN, a TaKKe CIIOXXHOe HanpsXKeHHOe COCTOsIHUE NMOJIM3TUIIEHOBOTO CHOS.

PACYHETHO-OKCIIEPUMEHTAJIbHAS

OIIEHKA ITPOYHOCTH
KOMITIO3UTHBIX BUINIACTMACCOBBIX TPYB
[IPU UX DKCIUIYATALIMU B YCJIOBUSX
HU3KUX TEMIIEPATYP

A.T.H., npodeccop kadeapbl MEXaHWKM KOMMO3WULMOHHbLIX MaTepuaros u

A.H. AHOLUKWH
A.B.NMOCMNENOB

B HacTosilee Bpemsi ocTpeniien npo-
6nemoli HedpTerazogobbiBatoLLe  OTpacnu
CTpaHbl ABNSIETCS BbICOKas aBapuiHOCTb TpY-
60MpPOBOAHbIX CUCTEM U OCOBEHHO MPOMbIC-
noBbIx TpybonpoogoB. OgHa M3 OCHOBHbIX
NPUYNH aBapuii — KOPpPO3Mnsi, CKOPOCTb KOTO-
pon 3a nocriegHue NSTb NeT yBenuuunachb
B Tpuauatb pa3 BCNeACTBUE WHTEHCUBHOM
aKcnnyaTauMm U O6BOAHEHHOCTU GOMbLUMH-
CTBa poccuickux MectopoxaeHui [1-3]. Mo
AaHHbIM paboThbl [2] 6onee 40% konuyecTBa
aBapuiil Ha TpybonpoBoaax NPONCXoAMT U3-3a
Koppo3un meTanna. KapguHanbHbIM pelue-
HVYeM npobrnembl KOPPO3UOHHOW 3aLUUThl He-
dTenpombicroBbix TPy6ONpoBOAOB SBMSETCA
NPUMEHEHNE HOBbIX HEMETaNIM4yeckux mare-
pvanoB B KOHCTpyKUuK Tpy6 [2, 3].

OcCHOBHblE MEPCMNEeKTUBbI Pa3BUTUS He-
drerasonobbium B Poccun cBsizaHbl ¢ ocBOe-
HMEM CeBEepHbIX U 3anafiHOCUBUPCKMX MecTo-
poxaeHuin. CTpoutenbcTBO Tpyb6onpoBoaoB
Ha 3ab0MoYeHHbIX M TYHAPOBBIX Yy4acTkax,
XapaKkTepHbIX Ansl AaHHbIX MECTOPOXAEHUN,
OCYLLECTBMSAETCS, Kak MpaBwuno, B 3VMHWIA
nepuvog npu Temnepatypax ao -50°C. Mpu-
MEHEHME KOPPO3MOHHOCTOMKMX TPy6 K3 no-
TNIMMEPHBIX KOMMO3ULMOHHBIX MaTepuanos B
OaHHbIX ycrnoBusAX TpebyeT noaTBepXAeHUst
X paboToCnocobHOCTU C Y4ETOM pPasnNYHbIX
Harpysok 1 bakTopoB OKpyXatloLlen cpefbl.
[locToBepHasi oueHKka HagexHon paboTtocrno-
COBGHOCTM KOHKPETHOro Tuna HemeTannuye-
CKMUX Tpy6 Ha HedTENpPOMBbICNIax CEBEPHbIX U
3anagHOCMONPCKUX MECTOPOXOEHUA MOXET
ObITb MOMy4YeHa TONbKO Ha OCHOBE KOMMIIEKca

cTeknonnacTukosas
obonoyka

KOHCprKLlVIIZ Mepmckoro rocyaapCTBeHHOro TeXxHM4ecKoro yHmBepcuTeTa

r. Mepmb

HavanbHuk otaena pas3sutus OO0 «TpybonpoBogCneuCTpoii»

pacyeTHbIX U 3KCNepPUMEHTanbHbIX Uccrne-
[OBaHUiA U CUCTEMATUYECKOrO aHanmaa onbl-
Ta WX 3KCnnyaTauuun.

B HacTosilen cratbe paccmarpuBatoT-
Csi OBYXCrOWHble GunnacTmaccoBble TpyObl
(puc. 1-2), paspabotaHHble B OOO «Tpy-
6onpoBoaCneuCtpon» (r. Mepwmb) [4]. Ha-
PYXHbIM CUINOBbIM crioem Tpybbl siBnsieTcs
cTeknonnactukoBas obornodyka, B KayecTBe
BHYTPEHHEro  repMeTu3MpyloLwero  crnos
NPUMEHEH TMONUITUINEH HU3KOro [aBneHus
(M3HA). Aoresvs mexay CTEKNONNacTUKOM
1 NonuatuneHom obecneyvBaeTcs BBEAEHW-
€M [OMNOMHUTENBHOIO MPOMEXYTOYHOIO Crost
cornonumepa 3TUfleHa C BUHUNALETaToM
(coaBuneHa). Kpome Toro, onsa 3awuTtbl cTe-
KIOnnacTUKOBOW 0BOMOYKM OT BO3AENCTBUSA
BHELUHeN cpeabl M HepernameHTMpyeMon
BMaXHOCTW B KOHCTPyKuUMO Tpy6bl BBedeH
Hapy>XHbI1 CMOnsiHOW crnoit. Takum obpa3som,
6unnactmaccoBble TpyObl CcoOYeTalT Bbl-
COKYI0 MPOYHOCTb M XeCTKOCTb Gnaropaps
BEPXHEN CUMOBOIN CTEKNoNnacTukoBon obo-
NoYKe, a Takke HaOeXHyl repMeTU4YHOCTb
BNSOTb JO paspyLleHuss BCNeACcTBUe repme-
TUYHOCTU BHYTPEHHEro MONINM3TUIIEHOBOIO
cnos.

Bvnnactmaccosble Tpybbl xopowo 3a-
pekomeHaoBanu cebs Ha HedTenpomMbicnax
Ypanbcko-loBomKcKoro permoHa [5-7] un Ha-
Yanu akTMBHO BHeApSiTbCH Ha HedTenpo-
Mbicnax 3anagHon Cubupu B painioHax ¢
pe3Ko KOHTUHEHTanbHbIM KnumaTtoMm, Gonee
OTNVHHBIM MEePUOAOM U HU3KUMUW 3HAYEHUSAMM
xonogHbix Temneparyp (puc. 2). OgHako P

3aLUMTHBIV
NONU3TUNEHOBLIN CrOW

Puc. 1. KoHcTpyKkuusa 6unnactMaccoBou TpyGbl
Fig. 1 Bi-Plastic Pipe Design

The object of this study is the bi-plastic pipes
whose external power layer is made from fiber
glass while the internal sealing layer is made
from low pressure polyethylene. Cases are
analyzed where the polyethylene layer of the
pipes becomes brittle and is destroyed at low
temperatures. A calculation is made of the stra-
in and stress condition of the polyethylene layer
of the bi-plastic pipes at a temperature drop. It
has been established that the destruction is ca-
used by a high level of temperature related and
process related stresses as well as by complic-
ated stress condition of the polyethylene layer.

CALCULATION AND EXPERIMENTAL
EVALUATION OF THE STRENGTH OF
THE BI-PLASTIC PIPES WHEN THEY ARE
OPERATED UNDER LOW TEMPERATURE
CONDITIONS

At the present time, one of the most acute
problems of the country’s oil and gas industry is
the high accident rate on the pipeline systems
and especially on the infield pipelines. One of
the key causes of such wrecks is corrosion wh-
ose speed, in the recent five years, has increa-
sed thirty times due to intensive operation, and
the fact that most of the Russian oil fields are
water cut [1-3]. According to the data obtained
as a result of the research [2], more than 40%
of the number of the pipeline wrecks is caused
due to metal corrosion. The radical resolution
of the oil field pipeline corrosion protection pro-
blem is the use of new non-metallic materials in
the pipe structures [2,3].

The main prospects for the development of
oil and gas production in Russia are linked with
the development of Northern and Western Sib-
erian oil fields. Construction of pipelines in the
water-logged and tundra areas, characteristic
of such oil fields, is carried out, as a rule, du-
ring the winter period at temperatures reachi-
ng minus 50°C. The use of corrosion resistant
pipes from polymer composite materials under
such conditions requires that their operational
capacity be confirmed, given various loads and
environmental factors. Reliable evaluation of
the operational capacity for a specific type of
non-metallic pipes to be used in the oil fields of
Northern and Western Siberia, can be obtain-
ed only on the basis of a set of calculation and
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experimental research and systematic analysis
of the experience in operating them.

This article is a review of double layer bi-
metallic pipes (Fig. 1-2), developed by OOO
«TruboprovodSpetsStroy» (Perm) [4]. The ex-
ternal power layer of the pipe is the fiber glass
reinforced plastic envelope, while low pressure
polyethylene is used as the internal sealing lay-
er. Adhesion between the fiber glass reinforced
plastic and polyethylene is ensured by introduc-
ing an additional layer of ethylene and vinyl ac-
etate (savylene) co-polymer. Besides, in order
to protect the glass fiber reinforced plastic env-
elope from environmental effects and unregul-
ated moisture, an external resin layer has been
introduced into the pipe design. Therefore, bi-
metallic pipes combine high strength and rigid-
ity due to their top power glass fiber reinforced
plastic envelope as well as reliable sealing qua-
lities until they are destroyed due to the sealing
capacity of the inner polyethylene layer.

The bi-plastic pipes have distinguished the-
mselves when used in the oil fields of the Urals
and Volga Region [5-7] and are now actively
coming into use in the oil fields of Western Si-
beria in the areas with harsh continental clim-
ate with a longer period of low temperatures
and where temperatures drop to lower levels
(Fig. 2). However, during the transportation of
bi-metallic pipes, installation and testing of the
pipelines at temperatures below -30°C, cases
of brittle destruction of the pipes’ polyethylene
envelope have been recorded. Such failures
had not been previously encountered during
the operation of such pipes, therefore in order
to ascertain the causes of destruction and in
order to develop action plans aimed at preclu-
ding such failures from happening, a program
of calculation and experimental research was
carried out.

This article presents an analysis of stre-
ss and strain condition and a calculation and
experimental evaluation of the bi-plastic pipe
structures in the sub-zero temperature area.
The difference in the linear thermal expansion
coefficients of the materials of the power fiber
glass reinforced plastic envelope and the inte-
rnal polyethylene sealing layer of the bi-plastic
pipes leads to them developing temperature
related stresses when they are heated up or
cooled. Specifically speaking, such stresses
occur during transportation, storage and ins-
tallation of the pipeline from such pipes and
reduce when such pipelines are commission-
ed into service.

In order to compute temperature related st-
resses, let us consider a section of the middle
part of the pipe (Fig. 1). The temperature dif-
ferential, when the pipe is cooled from +20°C
down to -40°C, amounts to 60°C, borderline
conditions on the pipe section edges corresp-
ond to hinge support conditions or free surface
conditions. It is of interest to evaluate the stre-
ssed deformed state of the structure given two
scenarios of the conditions on the surface bet-
ween the polyethylene layer and the fiber glass
reinforced plastic layer. In the first case — ideal
adhesion and occurrence of local ring type lam-
ination (adhesion disruption) between polyeth-
ylene and fiber glass plastic. The dimension of
the ring type area of lamination was assumed to
equal 50 mm. Such disruptions had been perio-
dically experienced on volume produced pipes.
Such laminations had occurred as a result of
the technological shrinkage of the polyethylene
layer and the insufficient strength of the adh-
esive linkage between polyethylene-fiber gla-
ss plastic; in their turn, the level of shrinkage
and adhesive strength are influenced by the

npu  TPaHCMOPTMPOBKE OunnacTMaccoBbiX
TpyO, MOHTaxe M wuchbITaHMAX Tpybonpo-
BOJOB B YCrnoBusX Temnepatyp Hwxe -30°C
6bInn 3adUKCMPOBaHbI CryyYam Xpynkoro pas-
pyLEHNs MONMUaTUIEHOBOW 060moYkM Tpyo.
Mopo6Hble oTkasbl paHee He BCTpevanuch
npu 3Kcnnyatauun AaHHbIX TpyO, moatomy
ONS onpefeneHvs MpUYuH paspyLueHns 1
pa3paboTky MeponpusTUin, npegoTBpaLlla-
OLLUX BO3HUKHOBEHME MOAO0GHbBIX OTKAa30B,
6bIn NpoBedeH KOMMMEKC pac4eTHO-3KCne-
pYMeHTarnbHbIX UCCNEAOBaHUN.

B paHHOW cTaTbe npeacTaBneH aHanus
HanpsKeHHO-Ae(OPMUPOBAHHOTO  COCTOSA-
HMS 1 pacyeTHO-3KCNEPUMEHTaNbHas OLieHKa
MPOYHOCTU KOHCTPYKLMKM BunnacTtmMmaccoBbix
Tpy6 B obnactu oTpuuaTenbHbiX Temnepa-
Typ. OTnNnune ko3PULMEHTOB NUHENHOTO
TEPMMYECKOro  paclUMpeHns maTtepuanos
CUIOBOW CTEKMOMNIacTUKOBOM 0BO0MOYKN ©
BHYTPEHHEro MonMaTUIIEHOBOIO repMeTu3u-
pytoLero cros bunnacTtmaccoBbix Tpy6 npu-
BOAWT K MOSIBMEHWNIO B HUX TemnepaTypHbIX
HanpsKeHU NPy HarpeBe N oXnaxaeHuw.
B yacTHOCTW, Takue HanpspkeHusl BO3HMKa-
0T BO BpeMs TPaHCMOPTUPOBKW, XpaHEHUs
N MoHTaxa TpybonpoBoaa n3 AaHHbIX Tpy6
N CHWXalTCS Npu 3anycke Tpybonposoga B
aKcnnyaraumio.

[Ons pacdeta TemnepaTypHbIX HanpsHKeHWN
paccMOTPVIM OTPE30K CpeaHelt YacTn Tpyobl (puc.1).
TemnepaTypHbI Nepenaz, Npy OXIaKaeHN TyObl
ot +20°C go — 40°C cocragnsiet 60°C, rpaHuyHble
YCIOBUS Ha Kpasix oTpeska TpyObl COOTBETCTBYHOT
YCIOBVSIM LLAPHVPHOTO OnMpaHus Ui cBoGOAHOM
noBepxHocTu. Mpencrarnser nHtepec oueHka HOC
KOHCTPYKLMM NMpU ABYX BapuaHTax YCrioBUin Ha no-
BEPXHOCTU MEXy CIIOSMIN MOMMSTUNEHa U CTEKIOo-
nractvka. B nepeom cryyae — vaearnbHol agresvn
1 MOSIBMEHMS FTOKarbHOMO KOTbLIEBOTO PacCroeHNst
(HapyLLeHVs aare3nn) Mexay MOonM3TUIIEHOM U CTe-
KrionnacTvkoM. Paamep KorbLEeBoW 30Hb! paccrioe-
HUS MPVHUMAany paBHbIM 50 MM. Takvie HapyLLIeHst
nepvoanyeckv GoVKCMpOBarniuCb Ha CEpPUIAHO U3Mo-
TaBnuBaembIx Tpybax. [JaHHble paccrioeHust Bo3-
HUKarnM BCreaCcTBME TEXHONOMYECKOW YCaaKn Mo-
TMSTUNEHOBOTO CIIOA Y HEAOCTATOYHOW MPOHHOCTM
2[re3VoHHO CBSI3V MOMNMSTUNEH-CTEKMONIACTUK, B
CBOHO 0Mepeb, Ha BENUUMHY YCAZKV M 8Are3VOHHOW
MPOYHOCTU BIVSIKOT FEOMETPUYECKE NapameTpbl
AKCTPYAMPYEMBIX MOMMUSTUNEHOBBIX OBOMoYeK 1
TEXHOIOMMYECKNE PEXMMbI TepMoobpaboTkn Bu-
MriacTMaccoBbIX TPYD.

Penakcauns HanpsbkeHUn 1 HENMHENHbIA Xa-
pakTep AecopMVpOBaHUSA MOMMATUIIEHA HE Ydn-
ThIBA/Cb, MOCKOSbKY MPOLIECCHI penaKkcaLyv npu
HU3KVIX TEMMEepaTypax MpovcXoasT HECOM3MEPUMO
MefrieHHee, YeM CKOpOCTb OXMakaeHus. Takum
0bpasom, 3aaya pacdeTa TemrnepaTypHbIX Hanps-
JKEHWI B NMPOLECCe TPaHCTIOPTUPOBKU, XPaHEHMS 1
MOHTaka GunnactmaccoBbiXx Tpyo 6e3 pedekta
1 C AedheKToM peluanacs B Yrpyrol MocTaHOBKe.
Marematnyeckasi MoCTaHOBKa — acMMETPUYHOM
337a4M TEOpWM YMPYroCcT B LIUIMHAPUHECKON Cit-
creme koopauHar O, MpefCTaBreHa CrieaytoLLei
M3BECTHOW cycTeMoi ypasHeHwi [10, 11].

YpaBHeHVA paBHOBECHS:
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Puc.2a BeiBoa 6unnactmaccoBoro
Tpy6onpoBoAa Ha NOBEPXHOCTb
(r.YepHyLuka, Mepmckas o6n.) Fig. 2a Bi-
Plastic Pipeline Coming Out Onto the Surface
(Town of Chernushka, Perm Region)
S — .
e

Puc.26 Tpy6onpoBoa u3 6unnacTMaccoBbIX
Tpy6 (r. KoranbiM, TromeHckas 06n.)

Fig.2b Bi-Plastic Pipeline (Town of
Kogalym,Tyumen Region)

Puc. 4 lMons HanpsbkeHun 0, (a), 0, (6),

0,,(B) B 30He NOKanbLHOro OTCII0eHUs!
MON3TUIIEHOBOTO CFIOS OT CTEKIONIIACTUKOBOM
o6ornoyku GunnactmaccoBoi Tpy6bi D=130 Mm
npu TemnepaTtypHoM nepenape ot +20°C Ao
-40°CFig. 4 Stress Fields o, (a), 0,, (b),

0,(c) in the zone of local lamination of

the polyethylene layer from the glass fiber
reinforced plastic envelope of the bi-plastic
pipe D=130 mm at a temperature drop
from+20°C to -40°C

Puc. 5. PaspylueHne nonuatuneHoBoro cnos
Tpy6bl TCK190 (MakcumanbHas Temnepartypa
nonumepusauun 118°C) Fig. 5 Destruction

of the Pipe Polyethylene Layer TCK190
(maximum polymerization temperature 118°C)
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leomeTpuyeckme cooTHoleHns Kowwm:

ou ou u
£ === g ==z g =-"L
" ar ) ©zz au » “60 r)
1 (0 d @
= (9U,_, oU,
bn = 2’(62 ar )

dusnyeckune ypaBHeHns [dioamens-Henvana:
&(rT) =S,(rT)o,+ a(r T)AT(rY). (3)

KommnoHeHTbI TeH3opa nogatnneoctu S,
paccyMTbiBanMCb 4epe3 TeXHUYecKkue ynpy-
rme nocTosiHHble matepuanos [12]. TexHuue-
cKkvie ynpyrme nocCTOSIHHbIE OfHOHanpaBrieH-
HOrO CTEKINONMNacTUKOBOrO CIOS B JTIOKanbHOW
cucteme koopamHat OX, X, X, , rae ocb OX
HanpaBneHa BAOMb BOMOKOH, MPUHUManNuchb
no AaHHbIM paboTsl [14]:

E,=E,,=13400MIla,E,=59220MTIla,
v,,=0,272, v ,=v,,0,26

G,,=2495 Mfa, G,,= G,;=3175 Mlla

237

KITP a,=a,,=2,7 10-5, a,,=0,68 10°;

CBoWcTBa NonuaTuneHa HU3Koro Aasre-
HUSA Mapku 273-79 onpenensanu akcrnepumeH-
TanbHoO npu ncnbeitTanmsax no NOCT Ha obpas-
uax-ronaTtkax B Auana3oHe Temnepatyp oT
+60 go -60°C. B pacyetax npuHMmanuch cre-
Oylolme TEeXHUYECKe yrpyrme MnoCTOsiHHbIE
nonnaTuneHa, COOTBETCTBYOLLME TeMNepaTy-
pe vcnbiTaHwin -40°C: E=2273 MIa (cooTtBeT-
CTBYET CKOPOCTW HarpyxeHus 50 mMm/MuH),
n=0,3, G=874,2 MIlla, K/ITP a=12 10°
(KINTP cooTtBeTcTBYEeT cBOGOAHOMY COKpa-
LEHMIO MONUITUIEHOBOW TPyObl MCXOOHOWM
OnuHbl 6M Ha 43,2 MM Npu TeMmnepaTypHOM
nepenage -60°C).

KoMnoHeHTbl TeH30pa nogaTtnmBoCTeW
ANSA KaXOoro Crosi CTeKnonnacTukoBown 06o-
TNOYKM BbIYMCIISNWUCL MO CBOWCTBaM OfHO-
HanpaBiEHHOro Crosi C Y4eTOM TMPUHATOW
cxembl apmupoBaHust Tpybbl [15]. PelueHune
3a7a4uM OCyLLEeCTBMANOCL METOAOM KOHEYHbIX
arnemMeHToB. [lony4yeHHble 3aBMCUMMOCTW Ha-
nNpsKeHUn 1 gedopmMaunii No TOMNLMHE TPy-
Obl NpuBeaeHbl Ha puc. 3 n 4.

PesynbtaTthl pac4eToB MokKasbiBaloT, YTO
npu TemnepatypHom nepenage -60 °C Bcnea-
CTBME pasnuunsg Ko3PULNEHTOB NUHENHO-
ro TEepMWUYeCKOro paclUMpeHns CcTeknonna-
CTVKa W MOnuaTWreHa B Croe nonuatuneHa
BO3HMKAOT 3HaYMTENMbHbIE pacTArBaoLime
HanpsikeHus. Npu 3TOM MakcumarnbHble Ha-
NPSPKEHUs1 UMEIOT MECTO Ha rpaHuvue pasaena
nonnMaTuneHa n cTeknonnacTuka.

Ona cnyvyas c waeanbHow agresven
(puc. 3) mexgy crnossMu AaHHbIX MaTepwu-
anoB OCeBble W OKPYXHble HanpshkeHus
(0,1 0, ) B MONUITUIIEHOBOM CrlO€ Npu-
HUMalT 3HadveHua nopsgka 20, 23 Mlla,
a papuvarbHble HanpsXkeHus o, — nopaaka
1,5 MMa. B cny4yae Hanuunsa KonbLEBOro
aedekTa 3T HanpskeHus elle yBenuuu-
BatoTca. Ha puc. 4 nokasaHbl nons Hanps-
XeHun n gedopmaumin B obpasue bunnact-
MaccoBOn TPyObl C KoMbLEeBbIM AedeKTOM
npu oxnaxaeHun. Kak BWMOHO W3 PUCYH-
KOB, B 30He BO30OHOBMEHMSA KOHTakTa no-
NUaTUNEeHa co CTEKMNOoMnacTUKOM OcCeBble

nonuaTUneH creknonnactuk

nonuaTUneH cTenonnactuk

o | ob b T 27 T de | ds | se 63 72 81 9
045 138 225 315 405 ags 585 675 765 855

nonuaTMnen cTeknonnacTuk

Puc. 3 PacnpepeneHune HanpsiXeHui B

Mna o, (a), o, (6), 0,, (B) no ceyeHuto
ounnactmaccoBou Tpy6bl D=130 mm npu
TemnepaTypHom nepenage ot +20°C po -40°C;
TOopLUbl TPYObl CBOGOAHBLI

Fig. 3 Distribution of

stresses in MPa ¢ _(a), o, (6), 0,, (B)

through the cross section of the bi-plastic
pipe D=130 mm at a temperature drop from
+20°C to -40°C; the pipe ends are free

HanpskeHus o, pocturalot 34 Mrla,
OKpYXHble g,, ~ 40 MMMa, n ocobeHHo cy-
LLIeCTBEHHO B MaroW fokanbHOl 30He yBe-
NUYMBAIOTCA paananbHble HanpsXKeHusa g, ,
pocturas yposHsi 30 MIMa.

CnenyeTt yyecTb BO3MOXHOE Hanuyune
TEXHOMOrMYeCcKNX HanpsXKeHUn B crosix 6u-
nnactmaccoBbix Tpy6 [8, 9, 14], uTo moxeT
NpMBECTU K [OMONHUTENbHOMY YBeENuYe-
HUIO pacTArMBaLWmMX HanpsXKeHn B Nonu-
3TUNEHOBOM crioe. 3agaya OLeHKU YPOBHSA
TEXHOSOMMYECKUX HANPSKEHWUIA B TAKUX TPY-
6ax B aTOW cTaTbe He paccmaTpuBaeTCs.

Takum 06pa3oM, UMEHHO Hanuyue no-
KanbHbIX 30H HEMNPOKMes Mexay MnonuaTtu-
TNEHOBbLIM M CTEKIONNacTUKOBbLIM CIOEM
MOXET MPUBECTU K BO3HUKHOBEHUIO BbICO-
KUX pacTArnMBaroLMX HanpsbkKeHun U, Kak
cneacTeme, NOSIBMEHUI0 XPYNKUX TPELLMH B
NonuaTUINeHOBOM Crioe.

Ons 3KCNepUMeHTanbLHOro noa-
TBEPXAEHUSA pe3ynbTaToB pacyeToB
Obln NpoBeAeH KOMMMEKC WUCMbITaHUA Ha
XNaAoCTONKOCTb HaTypHbIX obpasuoB 6u-
nnacMaccoBbIX Tpy6 npu TemnepaTypHOM
nepenage B MOpPO3WUNbHON kKamepe. AHa-
nun3unpys pesynbTaThl UCNbITaHUI 06pa3LoB
6unnactmaccoBbix Tpy6 Ha XxnagocTon-
KOCTb MOXHO caenaTtb BblBOAbI, YTO Xpyn-
KOe paspyllueHue npoucxogut B Tpybax,
KoTOpble noaBepranuce TepmoobpaboTke
npv MOBbILWEHHbLIX TemnepaTypax (puc. 5),
a TaKkke MMELMX HayvanbHOEe HarpsiKeH-
HO-AedOopMUpOBaHHOE COoCTosiHMEe. 310 B
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geometrical parameters of the extruded poly-
ethylene envelopes and the process modes of
the bi-plastic pipe heat-treatment.

Stress relaxation and non-linear nature of
the polyethylene deformation were not taken
into consideration, since relaxation processes
at low temperatures occur at an immeasurab-
ly slower rate than the cooling rate. Therefore,
the problem of computing temperature related
stresses during transportation, storage and in-
stallation of the bi-plastic pipes without defect
and with defect was resolved with elastic app-
roach. The mathematical approach of the asy-
mmetrical problem of elasticity in the cylindrical
coordinates system OzrB is represented by the
following known system of equations [10, 11].

Equilibrium equation: see the formula (1)

Cauchy Geometric Relations: see the form-
ula (2)

Duhamel Neumann Physical Equations:

see the formula (3)

The compliance tensor components Sijkl
were calculated via technical elastic constants
of the materials [12]. The technical elastic con-
stants of the uni-directional fiber glass reinforc-
ed plastic layer in the local coordinates system
OX1 X2 X3 where OX3 axis is directed along
the fibers were assumed according to the data
of this work [14]:

E, =E,,=13400Mrla,E,,=59220MITa,
v,,=0,272, v,,=v,,0,26

G,,=2495 Ma, G,,= G,,=3175 MIlla
KITP a,,=a,,=2,7 10-5, a,,=0,68 10

The properties of low pressure polyethylene,
Grade 273-79, were determined experimental-
ly in the tests per GOST State Standards usi-
ng blade type samples within the temperature
range from +60 up to -60°C. In the calculations
the following technical elasticity constants of
polyethylene were used which corresponded
to the test temperature of -40°C: E=2273 MPa
(corresponding to the speed of loading equal to
50 mm/min.), n=0.3, G=874.2 MPa, LTEC (line-
ar temperature expansion coefficient) a=12 10-5
(LTEC corresponds to free contraction of the po-
lyethylene pipe with initial length of 6 m by 43.2
mm at a temperature differential of - 60°C).

The compliance tensor components for each
layer of the fiber glass reinforced plastic envel-
ope were calculated based on the properties of
the uni-directional layer, taking into considera-
tion the pipe reinforcement scheme [15]. The
problem was solved using finite elements met-
hod. The dependencies between stresses and
strains obtained throughout the thickness of the
pipe are given in Fig. 3 and 4.

The calculation results indicate that at a tem-
perature differential of -60°C, due to a differen-
ce in linear temperature expansion coefficients
of the fiber glass reinforced plastic and polye-
thylene, in the polyethylene layer there occur
significant tension stresses, with maximum st-
resses taking place at the line of demarcation
between polyethylene and glass fiber reinforc-
ed plastic.

In the case involving ideal adhesion (Fig. 3),
between the layers of these materials the axial
and circular stresses (06zz 0g66 ) in the poly-
ethylene layer take on the values in the region
of 20, 23 MPa, while the radial stresses oorr
reach 1.5 MPa. In the case of a ring-like defect,
these stresses increase still more. Fig. 4 shows
the fields of stresses and strains in a sample of
a bi-plastic pipe with a ring-like defect during
cooling. As one can see from the figures, in the
zone where the contact between polyethylene
and glass fiber reinforced plastic is resumed,
axial stresses cozz reach 34 MPa, circular
ones 0066 ~40 MPa, while radial stresses oorr
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increase particularly significantly in the small lo-
cal zone, reaching the level of 30 MPa.

It would be appropriate to take into consid-
eration the existence of process strains in the
layers of the bi-plastic pipes [8, 9, 14] which
may lead to an additional increase in tension st-
resses in the polyethylene layer. The problem of
evaluating the level of process stresses in such
pipes is not considered in this article. Therefo-
re, it is the existence of local low quality gluing
zones between the polyethylene layer and gla-
ss fiber reinforced plastic layer that may cause
high tension stresses to occur resulting in de-
velopment of brittle cracks in the polyethylene
layer. For the purpose of experimental corrob-
oration of the calculation results, a set of tests
were conducted for low temperature resistance
of the actual samples of bi-plastic pipes at a te-
mperature drop in a freeze chamber. Analyzing
the test results of the samples of the bi-plastic
pipes for low temperature resistance, it can be
concluded that brittle destruction takes place in
the pipes which were subjected to heat treatm-
ent at elevated temperatures (Fig. 4) as well as
which have a initial stress and strain condition.
This bears out the hypothesis of the significant
influence of process stresses on the low tempe-
rature resistance of the bi-plastic pipes.

High temperature treatment of the bi-plastic
pipes obviously causes great residual process
stresses to develop in the layers. In the seco-
nd case the process stresses were simulated
with the initial stressed condition of the pipe’s
polyethylene layer. At the same time, the axial
deformation of the pipe’s polyethylene envelo-
pe led to the development of initial stresses in
the region of 33 MPa in it.

The cooling of the sample down to the tem-
perature of -40°C results in developing axial st-
resses in the polyethylene layer up to the level
of 50 MPa.

It is noteworthy that the tests do not confirm
the predominating importance of the defects of
the low quality gluing type or adhesion disrup-
tion for the brittle destruction of the pipe’s po-
lyethylene layer. This can be explained by the
errors in the calculation evaluation of the stress
and deformation condition in the vicinity of the
area where contact between polyethylene and
glass fiber reinforced plastic is resumed, where
there happens a change in the borderline con-
ditions, and as a result, there occurs singularity
of stresses. Of greater importance is the level of
process stresses in the design of the bi-plastic
pipes, to evaluate which it is necessary to form-
ulate and solve an appropriate problem.

Conclusion. Therefore, the results of the cal-
culation and experimental research into the low
temperature resistance of the bi-plastic pipes
show that two-axial stressed condition with the
stress level higher than 50 MPa is potentially
dangerous from the point of view of brittle de-
struction of the polyethylene layer in the pipes.
The danger of brittle destruction is increased
given existence of process stresses caused by
the heat treatment of the pipes.

The principal method which reduces cumula-
tive stresses in the polyethylene layer, and he-
nce prevents brittle destruction of the bi-plastic
pipes is to reduce the process residual stresses
at various stages of pipe manufacture as well
as to relax such stresses at the stage of sto-
rage of these pipes prior to placing them into
operation. A complete action plan, aimed at re-
ducing the residual stresses in the layers of the
bi-plastic pipes, was successfully implemented
during the pipe manufacture which enabled the
low temperature resistance of the bi-plastic pip-
es to be increased to minus 40-45°C.

noaTBepXaaeT rmnotesy O CyLlecTBEHHOM
BNUAHUM TEXHOMOTMYECKUX HAaNPsKeHUA Ha
XNafoCTOMKOCTb  BunnacTmaccoBbix  TpyoO.
BbicokoTemnepaTypHas obpaboTtka bunnact-
MaccoBblX TpyO 3aKOHOMEpPHO NpPUBOAWUT K
BO3HMKHOBEHMWIO B Crosix 60MbLIMX OCcTaTou-
HbIX TEXHOMOrMYeCckMX HanpsixeHu. Bo BTO-
poOM criy4ae TEXHOMNOrn4yeckne HanpskeHus
UMUTMPOBANUCb HayanbHbIM HaNPsHXEHHbIM
COCTOSIHUEM MOMMITUNEHOBOrO Crosi TyObl.
[Mpn atom HavanbHas ocesas gedopmaunsi
nonnaTuneHoson obonoyku Tpybbl Npyeena K
BO3HMKHOBEHMIO B HEW HavamnbHbIX Hanpske-
HuI nopsigka 33 MlMa. OxnaxaeHne obpasua
Ao Temnepatypbl -40°C NpuBOAMT K BO3HUK-
HOBEHWIO OCEBbIX HaNPSXKEHUI B NONMITUNE-
HOBOM cnoe o ypoBHs 50 MMMa.

WHTepecHO OTMEeTUTb, YTO 3Kcrepu-
MEHTbl He MoATBEPXKAalT onpefensiowero
3HaveHns OedekToB Tvna Henpoknes unm
HapyLUeHUs aaresnn Ha ycrioBue XpynKoro
pa3pyLleHnsi MONUITUIIEHOBOrO Ccrosi Tpy-
Obl. OTO MOXHO OOBACHUTb MOrPELLHOCTHIO
pacyeTHOM  OUEHKM  HanpskeHHo-aedop-
MWPOBaHHOTO COCTOSIHUSI B OKPECTHOCTU
BO30OHOBINEHNSA KOHTaKTa MONMuaTUrneHa co
CTEeKNonnacT1KoM, rge MmMeeT MecTo CMeHa
rPaHUYHbIX YCIMOBUIA U, Kak CreacTBue, CUH-
ryNnspHOCTb HanpsbkeHu. bonee BaxHoe
3HaYeHVe UMeeT YpOBEHb TEXHOMOMMYEeCKUX
HanpsXKeHW B KOHCTPYKUMKM BunnacTmacco-
BbIX TyD, ANs OLEHKM KOTOpbIX Heobxoauma
MOCTaHOBKa W peLleHWe COOTBETCTBYOLLEN
3agauu.

BaknoueHune. Takum obpasom, pesyrnbsra-
Tbl PACYETHO-3KCMEPUMEHTaNbHbIX UCCMEeno-
BaHWU XNagoCTOMKOCTM ©GunnacTMaccoBbiX
Tpy6 MokKasbIBaloT, YTO MOTEHLMAanbLHO onac-
HbIM C TOYKW 3PEHUST XPYNKOro paspyLueHus
MONM3TUIIEHOBOTO cros Tpy6 sABnsieTca AByX-
OCHOE HanpsikeHHOe COCTOSIHWE C YPOBHEM
HanpsbkeHnn Bbiwe 50 MIMa. OnacHocTb
XPYMKOro paspyLUeHUst NOBbILLAEeTCs Npu Ha-
NNYUN TEXHONOTUYECKUX HaMpPsKeHU, BO3-
HYKaloLWMX Npu TepMmoobpaboTke Tpyo.

OCHOBHbBIM  CMOCOGOM, YMEHbLUAKLWUM
CyMMapHble HanpsKeHWs B MOMMITUIIEHOBOM
crnoe, acnefoBaTenbHO, MpeaoTBpaLLaloLLMm
Xpynkoe paspylleHue BunnacTtMaccoBbIX
TpyO, ABNAETCA CHUKEHNE TEXHOMOrNYeCcKUX
OCTaTOYHbIX HANPSXXEHUI Ha Pa3NNYHbIX 3Ta-
nax M3roToBneHus Tpyo, a Takxe C NOMOLLbIO
penakcaumMn AaHHbIX HanpspkKeHWn Ha aTtane
XpaHeHusi JaHHblx TPy6 nepen 3anyckom B
akcnnyaTtaymio. MNonHbIN NNaH MeponpuATUia
MO CHWDKEHWIO OCTaTOMHbIX HanpshkeHun B
cnosix éunnctmaccoBbix Tpy6 Obin ycneLHo
peanu3oBaH NpW M3roToBNeHUu Tpyo6, 4TO
MO3BOMNWIMO MOBBLICUTL XMaAOCTOMKOCTb 6u-
nnactMaccoBbix Tpy6 [0 MuHyc 40-45°C. m
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CBAPKA

1 8 WELDING
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B 2005 rogy rpynnou cneunanucToB No cucteMaMm aBToMaTu3auMyM CBapOYHbIX NPOLIECCOB, KOMIMIIEKCOB aBTOMATU4E€CKOW CBapKu
1 po6oTu3aumm 6bina cosgaHa komnaHusa «Fpynna kcnepToB No cBapkey. Lilenbio co3gaHns kKOMNaHMM ABUNOCL OCBOEHME U BHe-
ApeHVe afanTUBHbIX KOMMIIEKCOB aBTOMaTM4eCcKon cBapku. locpeACTBOM MeXAYyHapoAHOW MHTErpaLun u NpUMeHeHUs UHHOBaLm-
OHHbIX TEXHONOrMM U 060pyA0BaHUA CO3[aEeTCH COBEPLUEHHbIN, HE MMEIOLLMIA aHanoroB B MUpe 1 BOCTPe6oBaHHbIN Ha BHYTPEHHEM
M BHELUHEM pbIHKe KOMMIEeKC aBTOMaTU4eCKon CBapKMu.

AJTAIITUBHBIE KOMIIJIEKCBHI
ABTOMATHYECKOU

CBAPKH

HasHauyeHve komnnekca 1 OCHOBHbIE WH-
HOBaLMOHHbIE PELLIEHUs], 3aNOXEHHbIE B AaH-
HOM MnpoekTe:

* [NonHas aBTOMaTuM3aumMsi U MexaHu3auus
npoLleccoB [OyroBoW CBapku Ha npea-
nNpuATAM 3akasynka, WUHTErpUpOBaHHas B
eOMHbIA  CBapOYHbIN LIEHTP, peLuaroLmmn
3a4a4v CBapKuM KOSMbLUEBbLIX, NPOAOSbHbIX,
YIMNOBbIX, CMOXHOW KOHdpurypauum LBOB
B M3OENUM UMK Mo y3nam, ynpasnsieMbIM
eauHbIM onepaTopomM.

» [NonHas agantauusi K peanbHbIM YCMOBU-
SIM COOPKM 1 FeOMETPUUN COOPOYHbIX Y3rMOB.
Mpepnaraemeint LeHTp 6e3 yyactusi onepa-
TOpa BO BPEMSI CBapKM KOMMEHCUPYET BCE
norpeLwHocTn cbopkm u reometpumn. Her
TpeboBaHui K MoAepHU3aL MmN 1 Heobxoau-
MOCTW OTPOMHbIX KanuTarnbHbIX BOXEHWUI
B 3aroTOBMEHHOE NPOU3BOACTBO.

A.B. APLLMHOB

+ 3HauuTenbHOEe  yBENWYEeHUEe  CKOpPOCTU
CBapKkM B CpaBHeHWW C oOLen cpeaHen
CKOPOCTbIO CBapku Ha npeanpusitum, wmc-
X0 U3 peanbHoro obbema npons3sBoacTsa
6e3 yBenunyeHus KonnyecTea CBapLLMKOB.

* 3HauuTenbHOE CHWXEHVE TPYLOEMKOCTU
Ha NoAroTOBMTENBHOM U 3aKMOYNTENIbHOM
atanax (Ha 35%-40%) 3a c4eT ncKnYeHust
nepefaToyHbIX LIMKMOB.

+ [lonHoe uckIoYeHVe BNUSHUA YenoBeye-
cKkoro haktopa (NMYHOCTW cBapLuvKa) Ha
npoLiecc CBapKy.

 [lonHbIA KOHTPONb 3a BCEMW CUCTEMaMu
KOMMMeKca W LKINom CBapkn vepes VIHTep-
HeT. [JnarHocTuka, KOHTPOSlb OTKa30B OCY-
LecTBNsAETCA NpeanpusTMeM U3roToBUTENSI.

[na peleHns CoXHbIX TEeXHUYECKUX
peLleHnn No BHEOPEHWUI0 AAaHHOW TEXHOIO-

M Ha Tepputopun Poccum Gbin 3anyLueH

CBapoYHbIN poboT
FANUC ArcMate 50iB

MonyaBToMaT: CBao4HasA cuctema PowerWave
455M/STT + PowerFeed 10M DVAL

00O «I'pynna akcnepToB Mo cBapKe»

r. ToMeHb

«TiomeHckui 3aBog CoBpeMeHHbIXx CBapouy-
HbIX TexHonoruiny. Takoe NpoM3BOACTBO He
MMEEeT aHanoroB B Hallei CTpaHe U No3Bo-
nAeT VHXeHepaMm KoMnaHuu pellaTb Npoun3s-
BOACTBEHHbIE 3a4ayn npakTuyeckn nobon
oTpacnu Halen MNPOMBbILMIEHHOCTU. JTO
npeanpuaTUA  atoMHOW, 3HepreTu4eckon,
MalunHocTpouTensHon otpacnu, TOK, cy-
[OCTPOEHMEe, MalUMHOCTPOEHME, arpornpo-
MBbILUMNEHHBIA KOMMMEKC U MHOrve apyrue.
MnaHupyembiMn OCHOBHbLIMW MOTpebutens-
mu npoaykumm TCCT gasndawTca npeanpu-
ATUA  MaLUMHOCTPOUTENBHOrO KOMMMeKca,
cneunanuanpyoLMecs Ha eMKOCTHOM, He-
HTEXMMUYECKOM, Fa30BOM, XMMWUYECKOM,
KoTrnoannapaTtHoOM MPOW3BOACTBE YUCHEH-
HocTbio oT 100 paboTaroLmnx Yenosek.

Ha 6ase «TiomeHckoro 3asoga Co-
BpeMeHHbIX CBapoyHbiXx TexHomornm» B
Npon3BOACTBE MHOTOMYHKLMOHANbHbIX
KOMMIIEKCOB ~ aBTOMaTU4eCcKOW  CBapku
nnaBneHneM WCMNonb3ylTCA TOMNbKO ca-
Mble COBPEMEHHble UHHOBALMOHHbIE TeX-
Honorum obopynoBaHus OT BeAYLMX UHO-
CTpaHHbIX NPOV3BOAMTENEN.

KoHdurypauma kaxpgoro  komnnekca
paspabaTbiBaeTca NoA KOHKPETHOro 3akas-
4yMKa, HO COCTOMT M3 CTaHAAPTHbIX Y3MOB,
YacTb KOTOPbIX MOCTynaeT Mo MexayHa-
poaHON koornepaumm ¢ OUHULLIHBIM W3ro-
TOBMEHNEM, NPUBS3KON, COOPKO, HacTpoWi-
Ko Ha 6asoBom npeanpuatTun TCCT B
r.TiomeHn. Komnnekc umeet MoAynbHYH cXxe-
My NMOCTPOEHUS, BKtoYatoLLyto B cebsa moay-
nn gyrv, NO3NLMOHNPOBAHNA UCMONHUTENb-
HbIX MEXaHU3MOB, TEXHUYECKOro 3peHus,
HecyLleln cucTemel.

Takke ucnonb3oBaHWe afanTUBHbLIX
komnnekcoB 3aBoga TCCT yBenuuuBaer
Ha 150%-200% cpeaHIo0 CKOpOCTb CBapKu
Ha npeanpuaTun 6e3 kanuTanbHON mMoaep-
HU3aLMN 3aroTOBUTENbHOIO MPOU3BOACTBA
1 BbICOKMX TpeboBaHuin k cbopke.

PasButne pgaHHOro HanpasneHus no-
3BonseT 06ecnevnTb TEXHOMOrMYECKNIA Npo-
pblB B 0bnacti aBTomMaTm3anm cBapo4Horo
npou3BoACTBa. m

@ BN B B BB OB EFE OB OB OB E



ERTS

www.wexperts.ru
e-mail: weg@wexperts.ru

Ten.(3452) 21-25-26
21-43-69

VLN3IOVU

I W B B B B B B B B E



l APMATYPA
20 comPONENTS 5/H (73) okTsi6pL 2008 r. IKCTIO3ULIMS

MIYAWAKI agnaetc ofgHUM M3 BegyLMX ANOHCKHMX NPOM3BOAMTENeH KOHOEHCATOTBOAYMKOR M apMaTyp ANa napa ¢
onbitom pabotel Gonee 70 net. TexHWyeckHe HOBALMW, HOY-Xay W BLICOKOE KayecTBO MPOMAYKUWM NO3BONAET
3aHUMaTh NMOUPYIOWME NO3KLMK H3 MUPOBOM PhIHKE KOHAEHCATOTEOQUMKOE.

MIYAWAKI GmbH Mpeacrasutens B Poccud:
Bimbaumsmiihle 65: 15234 Frankfurt (Oder) DEUTSCLAND OO0 «BTO «lpomMbiwneHHbIe TeXHONOrMmM»

Ten.: +49-335-4007-0097 (98); ®axc: +49-335-4000-122 127299, r. Mockea, a/a 41; Ten./dakc: (495) 225-62-98
E-mail: info@miyvawaki.de E-mail: ptehi@ooo-plech.com;
www.miyawaki.ru www.ooo-plech.ru

° KOMITAHUS]
” '.’Il'. METAJIIIMHBECT

QENLEPANbHBIA NOCTABWMK METANNONPOKATA

BCErQA B HAITUYUM:

BAIKA, CBAPHAS! BATIKA, LUBENTEP,
YIOMNOK, APMATYPA, JIUCT, TPYBA,
PENbChI, KPYT, MONOCA, KBALIPAT

_ * UTHOUBUAYAIIbHAA CKUOOYHASA MONUTUKA
1_4 P - PE3KA METAJIJIA NO PASMEPAM
* JOCTABKA X/ U ABTOTPAHCIOPTOM

%

r. HwxHauu Tarun, yn. NaseTtHas, g. 34
Ten.: (3435) 495-777

www.m-invest.ru
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A OTKPOWUTE C HAMU! OTKPOWTE/AYMLLEE!
= TPYBONPOBOOHA
><| APMATYPA

- JOABHMKH CTOABHBIE 30cdTnx Ay 50-Ay 500; (Py 1.6 MNa) = ’
- JOABHMXKHM CTOAbHBIE 30cT41Hx Ay 50-Ay 250; (Py 1.6 MNa) -

- JOABMMKH CTOAHBIE 30Ac41HXUA Ay 50-Ay 250 (Py 1,6 MNa) ;

- JGABHMKH cTaAbHBIE 30ACT4THaXA Ay 50-Ay 250 (Py 1.6 MNa) E

+ JOABHMKH CTOAkHBIE 30cTTHx, AY 50-250 (Py 25) 1 \"L \

Kpome TOro, NPEANPHATHE MITOTABAMBOET AOBYIO AMTEHHYID NPOAYKLMHIO £\
paleecom oT 100 rp. Ao 150 kr, raGapuTtamu Ao 700 x 700 x 700 mm k3 kL
KOHCTRYEUHOHHBIX HEABTHROBROHHBIX, ABFTHPOBOHHBIX M AEI’HﬂﬂIﬂHHHK co
CNeUHOALHEIMK CBORCTEOMH MOPOK CTOARH, CEPOTO H BLICOKONPOYHOTO HYryHO.
BOIMONMHO POCCMOTPEHME JORBOK HO OTAMBKW GoabluKx rabopHToR li‘MHEEH. "
Bce npeasaroembie HIABAHE HIFOTOBAHEGKTCA METOAOM TOMHOTD AHTER

(Mo BEINACBAREMBIM MOABARM),

(03158, reilHuxHvn HopropoA
n. CRopremescKig, 12

rea (831) 241-12-74, chano! |

w.nzllogu emall nziidEneilo

AUANAK

NMocraBka npuGopos
Hepa3pywaloLero KOHTPona:

- ANA AaKYCTUKO-IMUCCUMOHHOW AMATrHOCTUKW;
- ANA YyNbTPA3BYKOBOFOJHOHTPONA;
-ann Buﬁponuarﬁcﬂ:br A
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NEPEPAGOTHA
REFINING

cneunanusnposaHHoe  n3paHne Nog /H" oktsspe 2008

WHdopMaLUoHHaA noAAepHKa KOMNaHWi,
3aHWMalOLLUXCA BONPOCAaMK nepepadoTHH HedhTH,

d TaKM{e npepnaraioLLuX ceoe 060pyaoBaHue,
KOMNOHEHTbI U TeXHONOrUM.

Informational Support by the Companies Which are in
the Business of Oil Refining as well as Those Which
Offer their Equipment, Components and Technologies.
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Bonpoc o6ecneyeHns AOPOXHO-CTPOUTENbHBLIX KOMNaHUi KasaxcTaHa co6CTBEHHbIM Ka4eCTBEHHbIM AOPOXHbLIM GUTYMOM siBRsieTcs
BeCbMa aKkTyanbHbIM. BUTYM — 3TO 0AUH U3 OCHOBHbLIX KOMMOHEHTOB acanbTO6eTOHHbLIX CMeceil, OT KOTOPOro CyLEeCTBEHHO 3aBUCUT
Ka4yeCcTBO AOPOXHOIO MOKPLITUS, @ 3HAYUT - U NPOAOIIKUTENBHOCTbL €ro 6e3pPeMOHTHON 3KCNyaTauun.

NCTOYHUKU CbIPbA

JJIA ITPOU3BO/CTBA J1OPOKHbBIX bBUTYMOB

B KA3AXCTAHE

3.I. TEJIALLEB
W.P. XAMPYOMHOB
10.A. KYTbWH

rA. OPA3SOBA
C.K. BYKAHOBA

B cootBetcTBMM C lNMporpammolt pa3sutus
aBTOOPOXHOW oTpacnm Ha 2006-2012 rr. no-
TpebHocT KasaxctaHa B JOPOXHOM GUTyme
TONbKO AN AOPOr pecnybnmnkaHCcKoro 3Have-
HUs cocTaeaT nopsigka 350 ThiC. TOHH. B nep-
cnekTvBe 40 2012 1. AOPOXKHOE CTPOUTENBCTBO
pecnybnuku B LenoM nnaHvpyeT notpebnatb
0o 700 Tbic. TOHH BUTyma exerogHo. B panb-
HelLwen nepcrnekTnBe 3T nNoTpeGHoCcTM B 6u1-
TyMme elle 6onee BO3pacTyT.

OCHOBHbIM MocTaBLyMkoM 6utyma B Ka-
3axcTaH siBnsieTcs Poccus, oTkyaa exerogHo
BBO3uUTCst 6onee 300 ThIC. TOHH AOPOXHOrO
6utyma. B KasaxctaHe e cobcTBeHHoe ro-
[0BO€ NPoM3BOACTBO BMTyMa He npeBbiaeT
70 TbIC. T/rog. CnepyeT Takke y4vuTbiBaThb,
4YTO KayecTBO BBO3MMOIO U3BHe GUTymMa He
BCerga cooTBeTcTByeT TpeboBaHusM coBpe-
MEHHOTO [JOPOXHOro CTpoUTEnbCTBa pecny-
6nvkn, xapakTepusylllerocs pasHoobpa-
3MeM [OPOXHO-KNMMMaTM4eckmMx 30H. Bcero
Takux 30H 5.

Bce aT0 ykasbiBaeT Ha HeobGXoAMMOCTb
CO3[aHUsi HOBOTO COBPEMEHHOTO KPYMHOTOH-
HaXXHOro GuTymMHOro npovssBoacTsa B Pecry-
6nvke KasaxcTtaH, koTopoe Hanpsimyto 6yaet
CBsi3aHO € noTpebuTenem, yaoBneTBopss ero
BCe BO3pacTarLume NoTpebHOCTU He TOMNbKO B
KONMUYECTBE, HO U B perynmpyemMom kadyecTtse
LeHHoro npoaykta [1].

O6wen3secTHo, 4YTo KazaxctaH obnapa-
€T HemarnbIMu 3anacamu HeddTen, NPUFOAHBLIX
[Onsi NPON3BOACTBA BbICOKOKA4YeCTBEHHOW Ou-
TYMHOW npoaykumn. MNostomy 3agavent uccrne-
[oBaTtenei siBNseTcs BblsBNeHWe Havbornee
npeanoYTUTENbHBIX Ans Npov3BOACTBa 6u-
TYMOB HedpTel, n3ydeHne mx CBOUCTB U pas-
paboTka paunoHanbHbIX TEXHOMOrniA nepepa-
60TKM 3TUX HedTell B BbICOKOKAYECTBEHHbIN
[OPOXHBIA BUTYM [2].

B paHHOM paboTe npencTtaBneHbl pe-
3ynbTaTbl UCCNEA0BaHNN HedTEeNn MECTOPOX-
nenun KapaapHa, Kapcak n KapaxaHnbac,
OCTaTKOB aTMOC(EPHOW MEPEroHkn 3TUx
HedTeln U JOPOXKHBIX BUTYMOB, NOMYy4YeHHbIX
okucrneHnem octaTkoB [3]. [poBeaeHa kaye-
CTBEHHas oLleHka nabopaTopHbIX BUTYMHbIX
obpasuos. VccnepoBaHns 6GutymoB npoBo-
ounu B YN «UHCTUTYT HedTexumnepepa-
6oTkn PB» (. Yopa).

4. T. H., npodheccop
4. X. H., npodeccop
K. T. H.

ATbIpaycKuii MHCTUTYT HedTun 1 raza (ANHIT)

B tabn. 1 npeacTaBneHbl xapakTepUCTUKM
HedTen. Hedptn mectopoxaeHu KapaapHa n
KapaxaHbac cnegyeTt OTHECTU K YACNY Tshxe-
NbIX BbICOKOCMOSMUCTbIX BbICOKOCEPHUCTBIX.
HedTb MecTopoxaeHusi Kapcak B otnuuune
OT [BYX ApYrux xapakTepusyeTcs KkpanHe ma-
nbIM copepXxaHnem cepbl 1 napaduHos. 1o
cogepxaHuo napadguHa Hedtn KapaapHa u
Kapcak oTtHocATCA K ManonapaduHUCTbIM,
HambomnbLlUMA MoKasaTenb 3HaYeHus cogep-
XaHus napaduHos B H1X — 1,84 % macc.

Mo dopmyne BawHWUW HI, xapakTtepu-
3yloLlent NpUrogHoOCTb TON UM UHOW HedTH
ana npoussoactea 6uTymoB, HedTM MecTo-
poxaeHuin KapaapHa, Kapcak n KapaxaHbtac
SIBMNSIOTCA MOMHOCTbIO NpurogHbiMu [5]. 3Ha-
YeHus nokasaTenei, xapakTepuayLLmx npu-
roAHOCTb Hed T ANA NPoM3BoACTBa GUTYMOB
ans KapaapHuHckon HedpTn, HedTeln mecTo-
poxaeHuin Kapcak n KapaxaHn6ac coctaens-
toT 14,95, 18,5 1 21,5, COOTBETCTBEHHO.

B Tabnuue 2 npeacrasneHbl xapakTtepu-
CTVKM OCTaTKOB MEepPeroHkU uccrnenoBaHHbIX
HedTen.

Bce ocTaTkm xapakTepusyloTcs BbICO-
KAMWU 3HaAYEHUAMMW NINOTHOCTU B AManasoHe
950-1020 Kr/m%, BBLICOKMMU BbIXOAAMU Ha
HedTb 1 BbICOKMMUN 3HAYEHUSIMU TemnepaTy-
pbl Benblwwky — 6onee 200°C.

B tabnuue 3 npuBeaeHbl cBoiicTBa bUTy-
MOB, MOMyYeHHbIX N3 OCTaTKOB MCCreaoBaH-
HbIX HedTen NyTem NPSIMOro OKUCNEHUS.

MpoayKkTbl OKMCREHUs masyTa ABMSHOT-
CS BbICOKOKA4YeCTBEHHbIMY [OPOXHbIMU 6U1-
Tymamu, npu4yeM M3 OaHHOTO Cbipbs MOTYT
ObITb MOMyYeHbl MpPakTUYeCKn BCe Mapku
[OPOXHbIX  BMTYMOB, MpeayCMOTpPeHHble
aencTeylowmmy ctangaptamm Poccun n Ka-
3axcTaHa. OcobeHHOCTblO GUTYMOB, nomny-
YEeHHbIX U3 UCCNefoBaHHbIX HedoTel, ABNAeT-
CS HM3KasA TemnepaTypa XpynKkocTu, koTopas
CYLLIECTBEHHO HIKe HOpPMaTuBHbIX TpeboBsa-
HUI — MUHYC 26-28°C NpOTVMB HOPMAaTUBHbIX
15-17°C. 3710 04eHb BaXXHOE NPenMyLLECTBO,
YyUYNTBIBas CMOXHble [OOPOXHO-KMUMaTnye-
CKue ycrioBus pecnybnuku.

Takum obpasom, nccnegoBaHust HedTemn
mecTtopoxaeHun KapaapHa, Kapcak n Kapa-
*aHbac KasaxctaHa nokasanu, 4To u3 ocrart-
KOB X aTMOCChepHOI NeperoHkn —ma3syTos b

YN «MHCTUTYT HedTexumnepepaboTtku PBE»

r. Yoa

r. ATbipay

The issue of providing road constructi-
on companies in Kazakhstan with their own
high quality road bitumen is rather topical.
Bitumen is one of the principal components
of the asphalt and concrete mixes on which
the quality of road surface depends a great
deal and hence the duration of its repair-
free service.

SOURCES OF RAW MATERIALS FOR PR-
ODUCTION OF ROAD BITUMENS IN KA-
ZAKHSTAN

Under the Program for the development
of auto road sector for 2006-2012, Kazakh-
stan’s requirement for road bitumen for the
roads of Republican status, will amount to
some 350 thousand tons. In the long term
until 2012 the Republic’s road construction
as a whole is expected to use up to 700 th-
ousand tons of bitumen annually. In the lo-
nger term this requirement for bitumen is to
grow still more. The key supplier of bitumen
to Kazakhstan is Russia from where more
than 300 thousand tons of road bitumen is
imported every year. In Kazakhstan, its own
annual production of bitumen does not exc-
eed 70 thousand tons a year. It is notewort-
hy that the quality of bitumen imported from
the outside does not always measure up to
the requirements of the Republic’s modern
road construction which is typified by a va-
riety of road and climate zones. All in all,
there are 5 such zones.

All this emphasizes the need for a new
modern high tonnage bitumen production
facility to be set up in the Republic of Kaz-
akhstan which would be directly interfaced
with the customer, meeting the customer’s
ever growing requirements, not in terms of
quantity only, but also in terms of the regul-
ated quality of this valuable product [1].

It is common knowledge that Kazakhs-
tan owns considerable reserves of petrole-
ums suitable for production of high quality
bitumen products. Therefore, the task for
researchers is to identify the petroleums
most preferable for bitumen production, to
study their properties and to develop ratio-
nal technologies to refine such petroleums
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into high quality road bitumen [2].

This work presents the results of rese-
arch into the petroleums of the Karaarna,
Karsak and Karazhanbas oil fields, the resi-
dues of the atmospheric distillation of these
petroleums and the road bitumens produc-
ed by oxidizing the residues [3]. Quality ev-
aluation of the laboratory bitumen samples
has been made. The bitumens were tested
at the State Run Unitary Enterprise “Petro-
chemical Refining Institute of the Republic
of Bashkortostan” (Ufa).

Table 1 lists the characteristics of the
petroleums. The petroleums from the Ka-
raarna and Rarazhanbas oil fields should
be referred to heavy high resin content and
high sulfur content petroleums. The oil from
the Karsak oil field, unlike the other two, is
characterized by extremely low content of
sulfur and paraffins.

In terms of paraffin content, the petrol-
eums of the Karaarna and Karsak oil fields
are classified as low paraffin content petr-
oleums with the maximum index of paraffin
content in them being 1.84% by mass.

According to the formula of BashNIl NP
which characterizes the suitability of this or
that petroleum for bitumen production, the
petroleums of the Karaarna, Karsak and
Karazhanbas oil fields are fully suitable [5].
The value of the indices which characterize
the suitability of petroleum for bitumen pro-
duction for the Karaarna oil, the petroleums
from the Karsak and Karazhanbas oil fields
amounts to 14.95, 18.5 and 21.5 respecti-
vely.

Table 2 gives the characteristics of the
distillation residues of the petroleums inve-
stigated. All the residues are characterized
by high values of density within a range of
950-1020 kg/cubic m, high yield and high fl-
ash point temperatures — more than 200°C.

Table 3 gives the properties of the bi-
tumens produced from the residues of the
petroleums investigated by means of direct
oxidizing.

The products of furnace oil oxidization
are high quality road bitumens, and this raw
material can produce practically all the gra-
des of road bitumens envisaged by the exi-
sting standards of Russia and Kazakhstan.

The peculiar feature of the bitumens
produced from the petroleums investigat-
ed is the low brittleness temperature whi-
ch is significantly lower than the normative

HaunmeHoBaHve nokasatenen,
€OVHULbI U3MEpPEeHns

1. Bbixog Ha HedTb, % mMacc
2. MnotHocTb npu 20°C
3. CogepxaHue cepbl, % macc
4. Temnepartypa, °C:

- BCTIbILLKN

- 3aCTbIBaHUSA

5.YcnoBHas BaskocTb npu 80°C, E°

6. KokcyemocTtb, %

HaumeHoBaHWe nokasatenen, eguHuLbI
13MepeHus

1. MnotHocTb npu 20°C, kr/m®

2. KuHemaTumyeckasi BSI3KOCTb, MM?ceK
npu:

20°C

50°C

3. Temnepatypa 3acTbiBaHWUs C TEPMOOG-
paboTkoi, °C

4. Temnepartypa BCMbILLKM B 3aKpbITOM TUrMe, °C
5.CopepxxaHue, % macc:

- obLew cepbl

- napacuHa/Temnepatypa nnasneHus °C
- acchansTeHoB

- CMOI cuUnuKareneBbixX

6. A+C-25T1>0"*

7. KokcyemocTtb, %

8. PpakuUMoHHBIN cocTaB, % 06. HK
OTroHsieTcsl Ao Temnepartypbl 200°
OTroHsieTcs Ao Temnepatypbl 220°
OTTOHseTCS A0 TemnepaTtypbl 240°
OTroHsIeTCs A0 Temnepartypbl 260°
OTrOHsAETCs A0 TemnepaTtypbl 280°

oTroHsieTcs Ao Temneparypbl 300°

CbIPbE
RAW MATERIALS

HedTn mecTtopoxaeHuii:

KapaapHa Kapcak KapaxaHb6ac
963,8 9477 936,5
79,5 255 135,5
-22 -21 -26
- 132 108
2,6 0,27 2,18
1,84/59 0,6 1,42/42
4,6 1,7 53
14,95 18,3 18,3
14,95 18,5 21,5
6,56 3,35 7,3
242 198 96
- - 1,5
- = 1,5
0,5 1,0 1,5
2,5 2,0 2,0
8,0 3,0 3,0
17,5 6,0 6,0

Ta6n. 1. Du3uko-xMMM4ecKasa xapakTepuctTuka Hecpten mectopoxaeHun KapaapHa, Kapcak

n KapaxaH6ac.

* nokasaTternb OLEHKN NPUrogHOCTU HeddTH ANA NpousBoAcTBa 6MTyMoB no metoauke BawHWUN HIM.
Table 1 Physical and Chemical Characteristics of the Petroleums from the

Karaarna, Karsak and Karazhanbas Oil Fields

— MOXHO mnory4aTb BbICOKOKAYECTBEHHbIE
OUTYMbI LLMPOKOrO accopTUMEHTa Mo Map-
KaM 1 HasHay4eHuHo.

B kavecTtBe ogHOro 13 Bngos 6MTYMHOro
CbIpbsi ANs UCMONb30BaHUsi B GUTYMHOM MNpo-
n3sogcTee PK MOXHO Takke paccmaTpuBath
mag3yT Nasnogapckoro HI3.

OCHOBHblE XapakTepucTuKku MasyTa cre-
aywoume:

* MNOTHOCTb (P,2°) — 971,2 kr/m3;

* Temnepartypa BCMbILLKMA B OTKPbITOM TUrne
- 162°C;

* ycnosHas BaskocTb npu 80°C (BY, ) -5 c.

DpaKLUMOHHbIN COCTaB:

Hauano kunenusa — 280°C;

npu 300°C Bobikunaet 3 %);

npu 350°C Bbikunaet 11 %;

npu 400°C Bbikunaet 22 %;

npu 450°C Bbikunaet 34 %;

npu 500°C Bbikvnaet 53 %;

[MpsAMbIM OKMCNEHMEM Ma3yTa MOXHO Mo-
NyYnTb JOPOXHbIA BUTYM C XapakTepucTuka-
MW, NpeacTaBneHHbIMM B Tabn. 4 (okucne-
Hue 1).

[MonyyYeHHbI GUTYM He COOTBETCTBYET
TpeboBaHuam MOCT 22245-90 Ha BUTYM He-
PTAHON AOPOXKHBIA BA3KMA mapku BHIO 60/
90. Butym xapakTtepusyeTcs O4eHb HU3KUM
3HayYeHneMm nokasaTenst «pacTsHKUMOCTb Npu
25°C» — 19 cM Npu MUHUManNbLHOM HOPMUPY-
€MbIM CTaHAapTOM 3HayeHun 55 cm.

OnbIT paHHUX UccnefoBaHUA NOA0OHbIX
HedTENPOAYKTOB NoKasbiBaeT, YTo ANd pea-
nM3aumm BO3MOXHOCTU MPUMEHEHUs MasyTa
B KayecTBe Cbipbs ANS NPOV3BOACTBA TOBap-
HbIXBUTYMOBErocneayeTnpeaBapuTenbsHO B>

HedTn mectopoxaeHuin:

KapaapHa Kapcak

KapaxxaH6ac

OcTaTku neperoHkn, BblkMnatrLime:

p. > 350
73,3
960,0
2,46

dp. > 350 dp. > 320
61,7 83,5
1018 946,5

2,8 0,6
203 216
20 MUHYyC 4
16,0 15,8
12,6 8,5

262
9
12
7,3

Tabn. 2. ®U3nko-xMMmn4eckne CBOMCTBA OCTATKOB, NOJy4YeHHbIX U3 HedpTen mecTopoxaeHurn KapaapHa, Kapcak, KapaxaH6ac
Table 2. Physical and Chemical Properties of the Residues Produced from the Petroleums of the Karaarna, Karsak, Karazhanbas Oil Fields
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CbIPbE
RAW MATERIALS

HaumeHoBaHue no- TpeboBa- EN SKcneprMeHTanbHble JOPOX-
Kasarteneu, eauHNULbI Hus CT 12591, Hble BUTYMbI U3 HedpTeln
n3MepeHus PK Mapka
707100 KapaapHa Kapcak Kapa-
XaHbac
BHO BHO BHO
60/90 60/90 60/90
1. MMy6uHa npoHuka-
Hus umbl, 0,1 Mm
npu 25°C 61-90 61-90 70-100 87 83 84
0°C He/m 20 He/m 20 - 45 36 32
2. Temnepatypa pa3- | He HUXe | He Hmxe 43-51 48,2 49,5 471
Mardexus, °C 47 47
3. PactskumocTb, CM | He MeHee | He MeHee Gonee Gonee Gonee
npu 25°C 55) 655 He HOpM. 100 100 100
npu 0°C 815 B85 5,0 41 3,8
4. Temnepatypa He /B. He /B.
xpynkocTtu, °C -15 -18 -10 -26,7 -23 -25,3
5. NaweHenne T He 6ornee | He bonee | He/ M. 45 4,0 41 4,3
nocre nporpeea, °C 5) 5

Tab6n. 3. PM3NKO-XMMMUYECKUe XapaKTePUCTUKN AOPOXKHbIX GUTYMOB, NONMYYEHHbIX U3 OCTATKOB
aTMmocdepHom NneperoHkn HedTen U3 mectopoxaeHun KapaapHa, Kapcak, KapaxaH6ac
1 TpeGoBaHUA AeNCTBYIOLWMX CTAaHAAPTOB Ha AOPOXHbIE GUTYMbI

Table 3. Physical and Chemical Characteristics

of the Road Bitumens Produced from the

Atmospheric Distillation of the Petroleums from the Karaarna, Karsak, Karazhanbas Oil Fields and

the Requirements of the Existing Standards on

NoABEPrHyThb ry6oKOBaKyyMHOWN NeperoHke.
MasyT nogBeprnu rny6okoBakyymMHOWN nepe-
rOHKe [10 NOmnyYeHusi ocTaTka, BbIKUMatoLWEero
Bbilwe 480°C.

[Monyy4eHHbI OCTaTOK MMeeT creayto-

e XapakTepUCTUKM:

* MNOTHOCTb (p,2°) — 994,2 kr/m?,

* ycroBHast BA3KoCTb Npun 80°C (BY,,) — 39,8cex;
* Temneparypa BCMbILLKA B OTKPbITOM TUrmne
—-310°C.

[aHHbIN ocTaToK cooTBeTcTBYyeT Tpebo-
BaHWAM TEXHUYECKMX YCNOBUIA Ha Cblpbe Ans
npowv3sofAcTea GUTYMOB AOPOXHbLIX Mapok. Ta-
Koe Cbipbe Oblno HanpaeneHo Ha OKUCHeHe.

B pesynkrate okcneHus nonyynnm 6utym c
Ka4eCTBEHHbIMW XapakTepPUCTUKaMu, NpeacTaB-
NEHHbIMM B Tabn. 4 (okvcneHve 2).

[MonyyeHHbIA BUTYM MO BCEMy KOMMIeK-
Cy nokasarterien COOTBETCTBYeT TpebGOoBaHWSIM
[OCT 22245-90 Ha 6UTyM HedTSIHON JOPOXKHbI
mapku BH[ 90/130.

my6buHa npoHuka-

Hus urnbl, 0,1MM

npu 25°C 61-90
npu 0°C He meHee 20
Temnepatypa pasmsr- He Hxe 47
YeHua,’C

PactsxumocTb, cm

npu 25°C He meHee 55
npu 0°C He meHee 3,5
Temneparypa xpynko- He Bbllle
ctu, 0°C t°xpyn. -15

Road Bitumens

Takum obpasom, MokasaHo, 4TO masyT
Maenogapckoro HIM3 mMoxHO paccmaTtpuBaTh
KaK OOMOMHUTENbHBIA UCTOYHUK CbIpbs Mpu
opraHusaummn npoussoacTea 6utymos B Pe-
cnybnuke KasaxctaH. m
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91-130 90 102
He MeHee 28 44 32
He Huxke 43 51 44,6
He MeHee 65 19 74
He meHee 4,0 3,0 4,2
He Bbille -21,7 -26,4
-17

Ta6n. 4. KauecTBeHHble XapaKTEePUCTUKMN IKCNEPUMEHTalbHbIX JOPOXHbLIX GUTYMOB B
conocTaBIieHUM C HOpMaMu AeNCTBYOLero cTaHaapTa
Table 4. Qualitative Characteristics of the Experimental Road Bitumens As Compared with the

Norms of the Existing Standard
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requirements, - minus 26-28°C against the
normative 15-17°C. This is a very importa-
nt advantage, taking into consideration the
Republic’s severe road and climate cond-
itions.

Therefore, the investigation of the petr-
oleums from the Karaarna, Karsak and Ka-
razhanbas oil fields in Kazazhastan shows
that from the residues of their atmospheric
distillation, i.e., furnace oils, one can prod-
uce high quality bitumens highly varied by
grade and application.

It would also make sense to consider
the furnace oil of the Pavlodar Oil Refinery
as one of the types of bitumen raw materi-
als to be used in the bitumen production of
the Republic of Kazakhstan.

The principal characteristics of the furn-
ace oil are as follows:

* density (p,*°) — 971.2 kg/cubic m;

« flash point temperature in an open cruci-
ble - 162°C;

* funnel viscosity at 80°C (FV,;) — 5 sec.

Fraction composition:

Initial boiling point - 280°C;

at 300°C, 3% boils out;

at 350°C, 11% boils out;

at 400°C, 22% boils out;

at 450°C, 34% boils out;

at 500°C, 53% boils out;

By direct oxidization of furnace oil, one
can produce road bitumen with the charact-
eristics given in Table 4 (oxidization 1).

The bitumen produced does not comply
with the requirements of the GOST 22245-
90 Standards on petroleum viscous road
bitumen, grade BND 60/90. The bitumen
is characterized by a very low value of the
«stretchability at 25°C» index, which equals
19 cm against the minimum value of 55 cm
prescribed by the standard.

The experience of early research into
similar petroleum products goes to show
that in order to be able to use furnace oil
as raw material for production of market-
able bitumens, it has to be first subjected
to deep vacuum distillation. The furnace oil
was subjected to deep vacuum distillation
to result in a residue boiling out at the tem-
perature high than 480°C.

The residue produced has the following
characteristics:

* density (p,*°) — 994.2 kg/cubic m;

* funnel viscosity at 80°C (FV,)) —
sec.

» flash point temperature in an open cruci-
ble - 310°C.

This residue complies with the technical
requirements on raw materials for the pro-
duction of bitumens of road grades. Such
raw material was sent for oxidization.

As a result of oxidization, bitumen with
the quality characteristics shown in table 4
(oxidization 2) was produced.

The bitumen produced, throughout the
whole list of indices, complies with the reg-
uirements of the GOST 22245-90 Standar-
ds on petroleum bitumen, road grade BND
90/130.

Therefore, it has been proved that the
furnace oil of the Pavlodar Oil Refinery can
be regarded as a source of raw material for
organization of a bitumen production facility
in the Republic of Kazakhstan.
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HanbGonee BaXHbIM U CNOXHbIM Ha CEroAHsALWHUA AeHb HanpaBneHveM B cdepe aBToMaTU3aumMm HecTerasoBo NPOMbILLIIEHHOCTHU
fAIBNSAETCA aBTOMaTM3aLmMsa NPoM3BOACTBEHHOrO npoulecca. B ycnoBusx xecTkon KOHKYPEHTHOW 60pb0Obl U OLICTPO MeHsoLWEeNCs pbi-
HOYHOM CUTYaLUN KNoYEBbIM KOHKYPEHTHbLIM NMPEeMMyLLEeCTBOM, TPeOYyHLWMM NPUCTanbHOro BHUMaHUA, CTaHOBUTCA 3¢hheKTUBHOCTbL
npousBoAcTBa. B naHHOM cTtaTbe noMAaeT peyb O cMcTEMax aBTOMaTU3aLuMu, HanpaBneHHbIX Ha NoBbIWeHUe 3¢ (PEeKTUBHOCTH NPOU3-
BOACTBa B He(hTerazoBow NpPOMbILLIIEHHOCTH.

OPOEKTUBHOE YIIPABJIEHHE ITPOU3BO/ICTBOM
B HE®TEI'A30BOU I[TPOMBIIIJIEHHOCTH

Today the automation of a production process
is the most important and complicated activity in
the area of oil and gas industry automation. Agai-
nst the backdrop of fierce competition and rapidly
changing market situation, production efficiency
becomes the key competitive advantage, requir-
ing undivided attention. This article will deal with
the automation systems, aimed at raising the pro-
duction efficiency in oil and gas industry.

EFFICIENT MANAGEMENT OF PRODUCTION
IN THE OIL AND GAS INDUSTRY

PRODUCTION EFFICIENCY

As a rule, production efficiency means achie-
ving optimum indicators which sometimes may
seem mutually excluding: product cost reducti-
on, simultaneous compliance with all norms and
target dates and continuous quality improvem-
ent. For these purposes, modern means, syst-
ems and technologies of automation are used
in oil and gas sector, the so called automation
systems, MES class (Manufacturing Execution
System).

There exists a «standard» definition of MES
as an automated system of managing and optim-
izing production activities which, in the real time
mode, initiates, tracks, optimizes and documen-
ts the production processes from the beginning
of the order fulfillment to the output of a finished
product (definition of MESA International).

Without belittling this definition, we shall permit
ourselves to define MES in the oil and gas sector
as an information system which supports the fulfi-
liment of all the functional tasks in planning, con-
trol, accounting and analysis of all the production
process at all its phases and aimed at achieving
maximum economic result from the production
activities of an oil and gas enterprise.

During more than 10 years’ record of success
in implementing the projects for creation of effic-
ient production management systems at oil and
gas enterprises, the company «Indusoft» has
developed a concept consisting in automating sp-
ecific business processes of production control,
management and analysis. The list of the isolated
business processes of efficient production mana-
gement looks as follows:

« Operating dispatching management

* Production accounting for and coordinating
material balances

* Quality control

« Accounting for and analyzing the produc-
tion and consumption of heat and energy
resources

* Production equipment control

Production planning

Actual analysis of production process

PRODUCTION PLANNING
Any type of production activities begins from
plan formulation. Specialized production models

3. 0. CloY

SPPEKTUBHOCTb NPOU3BOACTBA

Kak npaBuno, noa adpdeKTMBHOCTLIO
NpoV3BOACTBA MoApa3yMeBaeTCs [OOCTUXE-
HVe ONTMManbHOCTM B MoOKasaTensx, nopou
COBEpLUEHHO MNpOTMBOpEeYaluMx Apyr nApy-
ry: CHwxeHune cebecToMMocTu npoayKuuu,
OOHOBPEMEHHO cobntogeHVe Bcex HopmaTu-
BOB W CPOKOB W HEMpepbiBHOE MOBbILLEHNE
kavectBa. [na aTux uenei UCMonb3ykoTcst
COBpEMEHHble CPEeACTBa, CUCTEMbI U TEXHO-
norn asToMaTtusaumm B HedTErasoBomn npo-
MbILUNIEHHOCT — TaK Ha3blBaeMble CUCTEMbI
aBTomMaTtmsaumn knacca MES (Manufacturing
Executing System).

CyLuecTBYyeT «CTaHAAPTHOE» onpefeneHme
MES kak aBTOMaTV3MpOBaHHON CUCTEMbI yNpaB-
neHns n  ONTMMM3auuM  MPOU3BOLCTBEHHON
[esiTenbHOCTH, KOTopasi B peXuMe pearibHoro
BPEMEHN WHULMMPYET, OTCREXVBAET, ONTUMM-
3UpyeT U OOKYMEHTUPYeT NPOM3BOACTBEHHbIE
rpoLecchbl OT Havarna BbIMOSHEHWS 3aKasa [0
BbiNycka rOTOBOW MpOAyKuMn (onpepenexHue
MESA International). He ymansas gaHHoe onpe-
neneHve, nossonum cebe onpegenuts MES B
HedTerasoBo NPOMBbILLIIEHHOCTU KaK MHGOp-
MaLVOHHYIO CUCTEMY, MOOAEPXKMBAIOLLYIO Bbl-
nonHeHue Bcex (OYHKUMOHamNbHbLIX 3agavy Mo
NraHMPOBaHWIO, KOHTPOIIO, y4YeTy U aHanuay
BCEro MPOV3BOACTBEHHOMO MpoLecca Ha BCex
€ro aTanax W HanpaeneHHY Ha JOCTUXEHWE

aunpektop no passutuio 6usHeca OO0 «NHaaCodT»

r. MockBa

MaKCMMarbHOro 3KOHOMMYECKOro adpdpekta ot
NPOV3BOACTBEHHON AEATENbHOCTU HedbTeraso-
BOIO MPeAnpusTUs.
3a Oonee 4em 10-NeTHIO UCTOPUIO
YCMELLHOW peanu3aumy NpPOEeKTOB CO3daHus
cncteM adhPEKTUBHOTO ypaBneHns IPOU3BOA-
CTBOM HedbTerasoBbIX NPEANPUATUIA KOMNAHWS
«MnpaCodb» BblpaboTana KoHUenuuio, 3a-
KIHO4aKoLLYyCs B aBTOMaTU3aLUmuy KOHKPETHbIX
6GU3Hec-NpoLEeccoB KOHTPOMS, YnpaBrneHus u
aHanusa npou3soacTea. Cnncok BblAeNeHHbIX
6usHec-npoueccoB aekTMBHOIO ynpasrne-
HWS MPOU3BOACTBOM BbIMSANUT CriedyloLwmym
obpasom:
» OnepaTvBHO-AMCNETYEPCKOE YNpaBneHne
* [Npoun3BOACTBEHHBIN yYeT U corfiacoBaHue
MaTtepuanbHbIx 6anaHcoB
» KoHTpornb kavecTBa
* Y4yeT 1 aHanu3 NpousBOACTBa U notpebne-
HUWSI TENMO3HEPreTUYECKNX PECypcoB
* KoHTpomb COCTOSIHUSI  TEXHONOTMYECKOro
obopynoBaHus
 [naHypoBaHue nponsBoacTBa
* ®dakTnyeckuii aHanm3 npou3BOACTBEHHOIO
npovecca

NNAHUPOBAHUE NPOU3BOOCTBA
Jlloboi BMA NpPOM3BOACTBEHHON fe-

SATENbHOCTM HA4YMHAETCA C COCTaBfeHus

nnaHoB. [ins aTux uenew ucnonb3yTcs P
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Puc. 1. OnepaTuBHoe nnaHupoBaHue npousBoAcTBa Fig. 1. Operating Planning of Production
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crneunanv3npoBaHHble  NPOW3BOACTBEHHbIE
mogenu. [naHuMpoBaHWe  OCyLLEeCTBMSET-
ca B nporpammHom mogyne |-OPP. B coort-
BETCTBUM C OOBEMHBIM MMIAHOM Ha Mecs,
orpaHV4eHnsMn no cBoboAHbBIM EMKOCTAM B
pesepByapHbIX Napkax U ¢ TEKyLLUM COCTOS-
HVEM TEXHOINOrM4eckux YCTaHOBOK paccyu-
TbIBAETCH CYTOYHbIN MPOM3BOACTBEHHbIN NMaH
BbIPabOTK/M KOMMOHEHTOB M FOTOBOW MPOAYK-
LMKM MO KaXKOoW TEXHOMOrMYEeCKOn yCTaHOBKe
(puc.1). Mogynb onepaTtMBHO-AUCIETHEPCKO-
ro ynpasneHusi Npov3BoAcTBOM obecnevnsa-
€T CBOEBPEMEHHYI0 [OCTaBKy MHdOpMaLum o
MPOUCXOAALLMX CODLITUAX WU OTKIIOHEHUSIX OT
COCTaBMEHHOro onepaTuMBHOMO nnaHa. B pe-
3ynbrate Bce MpoLecchl, Npoucxogsiime Ha
NPOU3BOACTBE, CTAHOBSATCS NPO3PaYHbIMU.

OMNEPATUBHO-OUCNETYEPCKOE

YNPABINEHUE

AsTOMaTM3aLmMa busHec-npoLlecca onepa-
TUBHO-AVCMNETHEPCKOro ynpasrneHusi obecne-
YMBAET BbINONHEHME CReayoLWmX OYHKLNIA:

* MOHMWTOPWHr  3arpy3kn  TEXHOMOTUYECKUX
MOLLIHOCTEN, perucTpaums U OrnoBeLleHne
06 OTKIMOHEHUSIX TEXHOMOTM4ECKOro NpoLec-
ca OT 3a4aHHbIX PEXVIMOB 1 HOPMATVIBOB.

» PacueT OTKNMOHeHMsA akTa OT MpPOV3BOA-
CTBEHHOIO MrfiaHa B Pexume peasibHoro
BpPEMEHMW.

* Y4yeT ABMXEHUS Cbipbs, NonydabprkaTos u
rOTOBOW NPOAYKLMN MO NPeAnpUaTuLo.

» KoHTponb ocTaTkoB B pe3epByapHbIX Napkax.

* 3anucb 1 KOHTPOMb BbINOSIHEHUS Pacnops-
XEeHUW gucneTyepa.

» dopmypoBaHNe NPOU3BOACTBEHHON OTYeT-
HOCTW.

Ons peanusauuu npuBeAeHHbIX
dyHKUUN 6as3oBbIi MOAYMb AUcneTyep-
CKOro ynpaBneHus akkymMynupyeT npous-
BOACTBEHHYIO WHMOPMaUWUO C HU30BO-
ro ypoBHA aBTOMaTu3aLuum B peanbHOM
macwTabe BpemeHu n npeobpasyeT ee B
MMeloLne CMbIC NPOU3BOACTBEHHbIE CO-
6biTMA.  CneunanusnMpoBaHHbI  MOAYMb
yyeTa ABmxeHus Hedrenpoayktos I-OMS
obecneynBaeT AUMHaAMUYEcKUid Y4&T Ha-
npaBneHWn M MOTOKOB Nepefavn Cblpbs,

M st i+ im0, [ [aSan 4

nonycgabpukaTtoB M roToBOW NpOAYKLMU
no NpeanpuaATUIO, AMHAMUYECKUIA YYET COo-
CTOSIHUSA pe3epByapHbIX NMapKoB U npefo-
CTaBneHne CBEAEHUN O He3aBepLUeHHOM
npoun3BoacTBe.

Moaynb KOHTpPONsS TEeXHONMOrnYecKmx
pexumoB |-PDM peanunsyeT aHanu3 Bcex
3aperucTpupoBaHHbIX OTKIMOHEHUI PEXU-
MOB OT 3ajaHHbIXx U obecneynBaeT pas-
OeneHne OTKITOHEHUIN Ha «3HavyuMblie» U
«He3Hauumble» (puc. 2). OnpegeneHue
3HAYMMOCTM OTKIIOHEHWIA OCYLLIeCTBMsieTCA
no CTeMeHn ux BO3LENCTBUS Ha KINOYEBbIE
nokasatenu npousBoacTBa. Kniouesble
nokasaTenu Nnpou3BOACTBa onpeaensaoTcs
NPOM3BOACTBEHHbIM OTAENOM U BO BpeMsi
aKcnnyartaymm cuctembl MOryT 6biTb U3me-
HeHbl. K kntoyeBbIM MokasaTensm npowus-
BOACTBa OTHOCATCS:

» KoapdpuumeHTbl oT60pa NpoayKToB U3 Cbi-
pbs MO yCTaHOBKaM.

* [nmybuHa nepepaboTkn MO NpeanpusATuio,
Npou3BOACTBaM, LieXxaM.

» OTknoHeHune BbipaboTky nonydabprkaTos
1 FOTOBOW MPOAYKUUM OT NnaHa.

* CKOpOCTb U3MEHEHMSI OCTATKOB CbIpbsi, MO-
nycgabprKaToB 1 rOTOBOI NPOAYKLMN.

* YpgenbHoe noTpebrneHne Bcex BUOAOB Te-
NI03HEPreTUHECKNX PECYPCOB.

» OTKINOHEHNe KayecTBa BbIMycKaeMbIX Mo-
nycabprkaToB 1 roTOBOWN NPOAYKLUNN.

» 3anac kayecTBa No rotToBOW NPOAYKLMN.

* BennunHa 6e3B03BpaTHLIX NOTEPD.

I-RS — cneumanuanpoBaHHbIi cepBep
oT4yeToB, obecrneunBaoLnit hopMrpoBaHme
NPON3BOACTBEHHOW OTYETHOCTW Ha OCHOBE
co3gaHHbIX LWwabnoHoB. Bce oTuyeTbl aBTo-
MaTuyeckm obHOBNSATCS C HAacTpavBaemom
anckpeTHocTblo. CylecTBytolme LLabrnoHbl
OTYETOB:

* PeXuMHble NUCTbI.

» CBopgHble oTYeTbl 0 paboTe NpeanpusTUs.

* OcraTku Ha cknagax.

* OTKINOHEHNs1 OT MrfaHa Mo TexHororuye-
CKUM MOLLIHOCTSIM.

» CBOOKM NO Ka4yecTBy.

» JllobGble cneunanu3MpoBaHHblE OTYETbI
NPOn3BONbHON hopMbl. B>
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Puc. 2. KoHTponb HapyLlueHWI TEXHONOrMYEeCKMX PEXNMOB
Fig. 2. Control over Breaches of Technological Modes
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are used for such purposes. The planning is done
in [-OPP program module. Depending on the vo-
lume plan for the month, the limitations on spare
capacity in tanks farms and the current status of
the production units, the daily production plan for
components and finished products for each pro-
duction unit is computed (Fig. 1). The Operating
and Dispatcher Module ensures timely delivery
of information about the ongoing events and va-
riances from the formulated operating plan. As a
result, all the processes occurring in production,
become transparent.

OPERATING AND DISPATCHER
MANAGEMENT

Automation of the business process of oper-
ating and dispatcher management ensures the
performance of the following functions:

* Monitoring the loading of the production facilit-
ies, registration and notification of the product-
ion processes variances from the pre-determi-
ned modes and standards

Calculating the variance of the actual perfo-
rmance from the production plan in real time
mode

» Accounting for the movement of raw materials,
semi-finished products and finished products
through the enterprise

Controlling balances in the tank farms

» Recording and controlling performance of the
dispatcher’s orders

Putting together production reports

In order to implement the above mentioned fu-
nctions, the basic dispatcher management mod-
ule accumulates production information from the
bottom automation level in real time scale and
transforms it into meaningful production events.
The specialized I-OMS module for accounting
for the movement of the petroleum products
ensures the dynamic accounting for directions
and flows of moving raw materials, semi-finish-
ed products and finished products through the
enterprise, dynamic accounting for the status of
the tank farms and provision of information abo-
ut work-in-progress.

The process mode control module |-PDM
analyzes all the registered variances of the mo-
des from the set ones and ensures that these
variances are divided into «significant» and «in-
significant» (Fig. 2). The significance of the va-
riances is determined according to the degree
of their impact on the key production indicators.
The key production indicators are determined
by the production department and during the
system operation they can be changed. The
following is referred to the key production in-
dicators:

» Coefficients of sampling products from raw
materials unit by unit

» Depth of processing for the enterprise, facility,
shop

» Variance of semi-finished products and finish-
ed products output from plan

» Rate of change in the raw materials balances,
semi-finished products balances and finished
products balances

« Specific consumption of all the types of heat

and energy resources

Variance of the quality of the semi-finished and

finished products

Quality margin for finished products

 Level of non-returnable losses

I-RS is the specialized server of reports which
ensures the preparation of production reports on
the basis of the templates created. All the reports
are automatically updated with adjustable discre-
teness. The existing report templates:

* Mode sheets

« Consolidated reports on the enterprise opera-
tion

« Balances in the warehouses

« Variances from plan in terms of production ca-
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pacity
* Quality reports
* Any specialized reports of arbitrary format

PRODUCTION ACCOUNTING AND AGREEI-
NG MATERIAL BALANCES

Implementation of the functionality of product-
ion accounting consists in continuous tracking of
production plan performance, agreeing the inco-
ming data and calculating material balances as
well as in preparing plan/actual reports incorpor-
ating automatic analysis of the causes of varian-
ces for the shift, day, month. (Fig. 3). Apart from
that, the following functions are carried out:
« calculation of agreed material balances for
the day, ten days’ period, month, etc.
calculation of volume and energy balances
» determination of actual losses
determination of measurement errors of com-
mercial accounting instruments
planning optimum modernization of the acco-
unting instruments
providing agreed balance for the appropriate
modules of the business system

QUALITY CONTROL

The quality of the finished products along with
production cost is the most efficient competit-
ive advantage. For the purpose of continuous
quality control and quality analysis, the Labo-
ratory Information System ILDS module (Fig.
4) is used. I-LDS ensures:

« Automation of the business processes of the
laboratories’ activities in keeping with the foll-
owing requirements:

- requirements to the competence of the test la-
boratories (GOST R ISO/MEK 17025-2000);

- requirements to the accuracy (correctness
and precision) of the methods and measure-
ment results (GOST R ISO 5725-2002, part
1-6, including MI 2335-2003).

» Creating one single source of true and operat-
ing data on product quality control transmitted
to various levels of the enterprise manageme-
nt, based on the automatic database.

» Automating the management of the laboratory
control data:

» Cutting back on the time spent by the labo-
ratory staff to determine and to process the
test results, reducing the probability of errors
when carrying out these operations.
Accelerating the process of transmitting the
laboratory control data to the users of different
levels.
Reducing the laboratory staff’s labor intensity
in maintaining laboratory journals and prep-
aring internal reports as well as eliminating,
by doing so, the distortion of the information
when transferring it from document to docum-
ent.

Reducing the labor intensity of the laboratory

personnel in preparing periodic report docu-

ments which are to contain quality data and
eliminating duplication of reporting forms.

Increasing the reliability of storing quality co-

ntrol data and the operating access to them,

minimizing inefficient paper-courier type and
telephone exchange of information between
the enterprise’s divisions.

» Providing information about the quality of ot-
her sub-systems including Automatic Control
System for Production process and Automatic
Control System for the Enterprise.

ACCOUNTING FOR AND ANALYZING PROD-
UCTION, HEAT AND ENERGY RESOURCES
CONSUMPTION

At the present time the cost of heat and ener-
gy resources in the cost structure of finished pr-
oducts is coming to play an increasing role and
this is exactly why the automation of business
processes to account for and analyze production

NMPOW3BOOCTBEHHbIW YYET U
COITMACOBAHUE MATEPUATIBbHbIX
BANNAHCOB
Peanuzauma  gyHKUMOHANbLHOCTM Mpo-
M3BOACTBEHHOMO y4yeTa 3aKMyaeTcs B He-
NPepbIBHOM  OTCMEXMBaHWN  BbINOSHEHUS
NMPON3BOACTBEHHbIX MJIaHOB, COracoBaHUN
NocTynawLMX AaHHbIX U pacyeTe MaTepu-
anbHbIX 6anaHcoB, a Takke B hOPMMPOBaHMK
OTYETOB NJlaH/(aKT, BKIOYALLMX aBTOMAaTH-
3MPOBaHHbIN aHanu3 NPUYNH OTKIOHEHWUI 3a
CMeHy, cyTku, mecsu. (puc. 3). Kpome atoro
BbIMOMHATCA crieaytowmne pyHKUUm:
* Pacuyer cornacoBaHHbIX MaTepuanbHbIX
GanaHCcoB 3a CyTku, Aekaay, Mecsil 1 T.4.
* PacueTr 0ObEMHBbIX U 3HEPreTUyYeckmx
6GanaHcoB.
» OnpegeneHune akTnyeckmx notTepb.
* O6GHapyxeHve MnorpeLHocTe N3MepeHus
KOMMepYeckux npubopos yyeTa.
* lnaHupoBaHue onTumanbHOW ModepHU3a-
uum NpuGopoB yyeTa.
» O6ecrieyeHue corrnacoBaHHbIM 6anaHcom co-
OTBETCTBYHOLLMX MOAYNeNn BU3HEC-CUCTEMBI.

KOHTPOIb KAYECTBA
KavecTBO rotoBoW npoayKkuuMn Hapsigy c
cebecToumocTblo sBnseTcad Haubonee ad-

PEKTMBHBIM KOHKYPEHTHbBIM NPEVUMYLLECTBOM.

[Ins uenei HenpepbIBHOTO KOHTPOMS U aHa-

nu3a kayecTBa WCMonb3yetcss Moaynb nabo-

paTopHO-MHOPMaLMOHHOM cuctembl |-LDS

(puc. 4.) I-LDS obecneunBaet:

+ ABTOMatM3aumio OGu3HEc-MpoLeccoB Aest-
TENbHOCTM nabopaTopuini B COOTBETCTBUM C
TpeboBaHUSIMU:

* K KOMMNETEHLUMN UCnbITaTeNbHbIX Nnabopa-
Topuit (TOCT P MICO/M3K 17025-2000);

* K TOYHOCTW (MpaBWUMBbHOCTVM W Mpeumnsu-
OHHOCTM) METOAOB W pe3yrnbTaToB U3Me-
penuir (TOCT P NCO 5725-2002, . 1-6,
Bkrtodast M 2335-2003).

+ Co3paHvie eVHOro NCTOYHMKA JOCTOBEPHbIX

TEXHONoruum
TECHNOLOGIES

N onepaTuBHbIX AaHHbIX MO KOHTPOMIO Ka-
YecTBa NpoayKuuW, NnepefaBaemblix Ha pas-
NMYHblE YPOBHU YNpaBrieHns NpeanpusaTu-
€M, Ha OCHOBe aBTOMaTu3MpoBaHHON 6a3bl
OaHHbIX.

* ABTOMaTM3aumio ynpaBneHns AaHHbIMU
nabopaTopHOro KOHTPOs.

» CokpallleHne BpeMEHHbIX 3aTpaT CcoTpya-
HVMKOB nabopaTopuii Ha onpeaeneHue wu
06paboTKy pe3ynbraToB WCMbITAHWIA, CHU-
»KEeHMe BEepOSITHOCTY OLIMBOK Npu NnpoBeae-
HMK 3TUX Onepauuii.

* YckopeHue npouecca nepegadu AaHHbIX
nabopaTopHOro KOHTPOrs Nonb3oBaTensiM
pasnu4yHbIX YPOBHEN.

» CHwxeHne Tpygo3aTpar nepcoHana nabo-
paTopuil Ha BegeHWe nabopaTopHbIX Xyp-
HanoB U OPMUPOBaHWE BHYTPEHHMX OT-
4YeTOB, a TakkKe UCKII0YEHVEe 3a CHET JTOro
BEPOSITHOCTU UCKaXEeHNS1 UHpopMaLu npu
nepeHoce ee U3 JOKyMeHTa B JOKYMEHT.

» CHwxeHne Tpygo3aTpar nepcoHana nabo-
patopuin Ha ¢opmMMpoBaHue nepuognye-
CKWUX OTYETHbIX AOKYMEHTOB, CoAepKaLLnx
[OaHHble MO KavyecTBYy, W UCKMOYeHWe ay-
GrnMpYOLLIMX OTYETHBIX POPM.

* [NoBbileHVe HaAOEXHOCTU XpaHeHWs AaH-
HbIX MO KOHTPOSO KayecTBa W onepaTus-
HOCTW [OCTyna K HUM, MUHUMU3ALUSI He-
appekTnBHOTO 6yMaxKHO-KypbepCKoro
n TenedoHHoOro obmeHa UWHdopMaLmnen
Mexay noApasfeneHvsiMy npeanpusTus.

» Ob6ecneyeHne gaHHbIMK O KaYecTBe ApYrux
noacuctem, skrnrodas ACYTI n ACYTI.

YYET U AHATTU3 NPOU3BOACTBA
N NOTPEBNEHUA
TEMNNO3HEPTETUYECKUX PECYPCOB

B HacTosALee BpeMsi CTOMMOCTb TeMnso-
3HEepreTMYecknx pecypcoB B CTPYKTYype ce-
6€CTOMMOCTM TOTOBOM MPOAYKLUW UrpaeT
BCe 6OMbLY Pofib, UMEHHO MO3TOMY aB-
TomMaTu3auns GU3Hec-NPoLEeccoB yyeTa P

T F R L L D T A1, 40

) - [51X)

B Bra  Mepmod cofnaconmsns  HaCTpom  OTeTe CW-&'
@l |z|e] v|alel

B raren| Sprepne

MirsimasTe: ROTDEGASIE

Puc. 3. npOMSBOAcTBeHHI:IVI y4eT u cornacoBaHne matepuanbHbIX 6anaHcoB

[
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Fig. 3. Production Accounting and Agreeing Material Balances
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TEXHONormu
TECHNOLOGIES

W aHanusa npousBoAacTBa W noTpebneHus
TENMO3HEepPreTUYeckux  pecypcoB  HeceT
OrPOMHbIN 3KOHOMUYeckuit adhdekT. Mogynb
I-EMS peanusyeT cnepytowime yHKLMK:

* WHTerpaumio pasHOPOAHBIX U TeppuTto-
puanbHO pacnpegeneHHbIX WCTOYHUKOB
nHdopmaLmmn o NnoTpebneHnn TennoaHep-
reTM4ecKknx pecypcos.

* PyyHon BBOA WH(popmauuu no notpe-
OrneHnto TennoaHepreTM4ecknx pecypcos
(nnaHvmMeTpupoBaHue).

* MoHuTOpUWHr NpousBofcTBa v notpebne-
HMSA 9HEpPropecypcoB B pexume pearnbHo-
ro BpeMeH!.

* YyeT noTpebneHns TennosaHepreTMHecknx
pecypcoB Mo BuAaM W TEXHOMOTNYECKUM
obbekTam.

» PacyeT cornacoBaHHOro CyTOYHOrO U Me-
cAYHoro GanaHca no BuMaaM TennosHep-
reTM4ecKknx pecypcos.

» [naHunpoBaHune NoTpebneHns TennoaHep-
reTM4ecKknx pecypcos.

* BegeHne HoOpMaTMBHO-CNpPaBOYHOW WH-
dopmaunn.

* ABTOMaTM3MpPOBaHHOE
OTYETOB.

» lNpepocTtaBneHne onepaTuBHLIX U AOCTO-
BEPHbIX AaHHbIX B BM3Hec-cuctemy.

dopmMupoBaHme

KOHTPOJlb COCTOAHUA
TEXHOJIOM'MYECKOIo
OBOPYOOBAHUA
3apaya KOHTPONsSt COCTOSIHUSI OCHOBHOTO
TEXHOMOrM4Yeckoro 0bopyAOBaHNA BKIOYAET B
cebs1 BbINONMHEHWE CrieayoLLmxX OyHKLWIN:
* Y4yeT HapaboTkn 0b6opyaoBaHKs (MOToYachl),
KOMMPECCOPOB, HACOCOB, KOMOHH 1 Ap.
* Y4eT npuumH npocTtosi 06opyaoBaHus
* AHanu3 npefaBapuiiHbIX COCTOSIHWI 0Bopy-
[0BaHNS MO KOCBEHHbLIM MPU3HaKam
» lMepemavy WCXOOHbIX Aa@HHBIX ANS pacyeTa
nnaHa peMOHTOB B MOZyrnv GU3HEC-cUcTEMBbI
PelueHvne aToit 3agayuv nomoraeT npubnu-
3UTLCS! K MPOBEAEHNIO PEMOHTOB W TEXHUYECKOTO
obcnyxvBaHUs 060PYAOBaHUS MO COCTOSIHUION»,
YTO Takke MPYHOCKT OLLYTVMbIA SKOHOMUHECKUI

adpdexT.
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®AKTUYECKUA AHANN3
NPON3BOACTBEHHOIO NPOLIECCA
Haubonee 3HauMmon yHKUMOHAIb-

HOCTblO pelueHnst komnanum «HaaCodpt»
SIBMAETCA aHanuMThKa B PeXume pearnbHo-
ro BpeMeHW, NPOXOASALLAs CKBO3HOW HUTbIO
Yepe3 Bce MoAynu u dyHkumm. Bo Bcex
npoektax «MHpaCodpT» wucnonbsyetr noa-
XO[, K yrnpaBneHunio Npon3BoACcTBOM Ha base
KIoyeBbIX nokasaTtenen 3dhdeKTUBHOCTY,
MO3BOSMSOLMX MO HECKONBbKUM COBOKYMHbBIM
KpUTEpPUSIM CneauTb 3a TeKyLWMMMW TeHOEH-
LMAMUM BO BCex 06nacTsix NPOM3BOACTBEHHO-
ro npouecca. Tak, Hanpumep, Ans OCyLecT-
BrneHusi oMHaAHCOBOro aHanusa 3aTpaT Ha
BbINOMHEHWe MNPOW3BOACTBEHHbIX MNpoLec-
coB komnanus «MHgaCodT» ycnewHo npu-
meHsieT meTog Activity Based Costing (ABC),
CYTb KOTOPOro COCTOWUT B TOM, YTO pPacxodbl
npeanpusaTUS  MNpUBA3LIBAIOTCA K TOYKaMm
ero akTMBHOCTW. MpPUMEHUTENbHO K Npous-
BOACTBY 9TO O3HA4aeT NPVBA3KY M3depxek
K KOHKPETHbIM MPOU3BOACTBEHHBIM MpoLec-
caM (KOHTposb kadecTBa nonydgabpukaTos
N rOTOBOW MPOAYKUMWU, WX TPaHCMOPTUPOB-
Ka, TexHorornyeckme orepauuun, KOHTPOnb
yAenbHbIX nokasartenen). CTpoutcst TovHas
AVHaMuyeckasi MoAenb NpousBoacTea, obe-
crneyvBalllas [aHHble ANS  KanbKynsuun
TEKyLUMX 3aTpaT Kak B NPUBSA3Ke K KOHKpeT-
HbIM paboynMm MecTam, Tak 1 B paspese OT-
OernbHbIX BbIMOMHAEMbIX 3aKa30B.

3AKNKOYEHUE

YcnewHoe AOCTMKEHWE KOHEYHOro pe-
3yneTata — MOBbIWEHWE 3KOHOMUYECKON
3PPEKTUBHOCTMN MPON3BOACTBEHHOIO MpPO-
Liecca, KOToporo MOXHO A0BWTbCH, TONbKO
KOMMMEKCHO aBTOMaTU3npysi BCE acneKTbl
NPOM3BOACTBEHHON AeAaTenbHocTU. OuveHb
Ba>KHO B TaKOM Cry4yae npaBuibHO BbIGpaTh
CUCTEMBbl W TEXHOMOrMM aBToMaTU3aLMuU.
Takke He MeHee 3Ha4YMMbIM ABMNSETCH Bbl-
60p OMbITHOrO CUCTEMHOrO UHTErpaTopa, 3a
nneyamm KOTOPOro MHOFOMETHUI yCNeLHbIN
onbIT BHeAPEHUS NoJobHbIX NPOEKTOB B He-
dTerasoBor oTpacnu. m
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Fig. 4. Laboratory and Information System
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and heat/energy resources consumption yields

a huge economic result. The I-EMS module imp-

lements the following functions:

« Integrating heterogeneous and territorially dist-
ributed sources of information about the use of
heat and energy resources.

¢ Manual input of the information about consum-

ption of heat and energy resources (computat-

ion of area).

Monitoring production and consumption of en-

ergy resources in the real time mode.

« Accounting for heat and energy resources by

the type and process facility.

Calculating agreed daily and monthly balance

by the type of heat and energy resources.

« Planning consumption of heat and energy res-
ources.

« Maintaining normative and reference informat-

ion.

Automated preparation of reports

Providing operating and true data to the busin-

ess system.

CONTROL OF THE PROCESS
EQUIPMENT STATUS

The task of process equipment control includ-
es the performance of the following functions:
* Accounting for the equipment running hours
(motor-hours), those of compressors, pumps,
columns, etc.
Accounting for the reasons for equipment dow-
ntime
Analyzing pre-emergency status of the equip-
ment based on indirect signs
Transmitting initial data to calculate repair pla-
ns to the business system modules.
The solution of this problem helps to approx-
imate a scenario whereby repairs and technical
service of the equipment will be carried out bas-
ed on its “status” which also yields an economic
saving.

ACTUAL ANALYSIS OF
THE PRODUCTION PROCESS

The most meaningful functionality of the so-
lution proposed by the «Indusoft» Company is
the analytics in the real time mode permeating
all the modules and functions. In all the proje-
cts “Indusoft” uses the approach to production
management based on the key indicators of
efficiency which allow current trends in all the
fields of the production process to be tracked
using several cumulative criteria. Thus, for ex-
ample, in order to make a financial analysis of
the costs incurred in carrying out the production
processes, the «Indusofty Company is succes-
sfully using Activity Based Costing (ABC) met-
hodology, underlying which is the idea that the
enterprise’s expenditures are traced and linked
to its activity points. In application to producti-
on, this means allocating costs to specific pro-
duction processes (quality control of semi-finis-
hed and finished products, their transportation,
technological operations, control over specific
indices). An accurate dynamic production mod-
el is structured which provides data to calculate
current costs both allocating them to specific
workplaces and as a cross section of individual
orders being filled.

CONCLUSION

Successful achievement of the final result
means improving the economic efficiency of the
production process which can be achieved only
by automating in a comprehensive way all the as-
pects of production operations. In this case it is
very important to select correctly the automation
systems and technologies.

It is also crucial to select an experienced sy-
stem integrator who has a track record of many
years’ success and experience in implementing
such projects in oil and gas industry.
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NEPEPABOTKA
REFINING

. Tepmuueckas o6paboTka yrnemn, cnaHueB, OCTaTKOB HethTU ABMSIETCA NPOLLECCOM C OKOHYaTesIbHbIM pe3yNkTaToM
nonyyeHus yrnepoaa pasnuyHbIix MoauduKaumin: rpacduTa, TeXHUYECKOrO yrrepoaa, KOKCOB, Yrisi cneunanbHoro

P.I. TFANIUEB

Ha3HayeHus U Ap. Npu 3TOM TepMopasnoXeHUe OCYLUEeCTBSIETCS B TeYeHUe HECKONbKUX OAMHAKOBLIX CTaaMiA:
CyLIKa, MePBUYHOE BblAESIEHNE HAaTUBHBLIX YrNeBOAOPOAOB, Pa3rioXeHUe TSHKENbIX YrNeBoAOPOAOB, OCTaTOMHOE
razoo6pa3oBaHue, nonyyeHne KOKCOB U yrrei. PaznuyHble 3Tanbl U NPOAYKTLI KaXA0ro 3tana 3aBUCAT OT kap6o-
HU30BaHHOCTU KOMMOHEHTOB ChIpbsi, TEMNepaTypbl U BpeMeHU Nporpesa.

B aToM cTaThe GyayT paccCMOTPEHbI YCIOBUS U Pe3yribTaThl KOKCOO6Pa3oBaHUS B NPOLIECCEe HU3KOTEMMEePaTyPHOro
KPEKMHra XXuaKux, BA3KUX OCTAaTKOB HedrTenepepaboTku.

K TEXHOJIOI'MHU ITEPEPABOTKH
HEOTAHBIX OCTATKOB

Mo mHeHuio A.T.H. B.A. lMpockypsikoBa
n kT.H. A.E. [pabkuHa, TepmopasnoxeHue
acansTeHOB M CMOS OCYLLIECTBMSETCS MO
crnegytoLLen cxeme:

A——> A +R°

R+A —> A® +RH

A% +A —> A A°

AA* —> M+A A,

A A +A —> A AN,
rae A — monekyna acgansreHa (Cmornbl) B

FYAPOHE;

RH, R, A%, A°, A°, — paukansl;

M — HedpTenpoayKT HN3KOMONEKYNSPHBINA;

A, A, A’ — KOKCOBble arperatbl 1 arperarbi

pagukanos.

VccneqoBaHns KMHETUKM KOKCOOBpaso-
BaHWs nokasanu, 4To Kokc obpasyeTcsi Tor-
fAa, Korga KOKCOBble arperaTtbl BblAensalTcs
B OTAenbHyto dasy. Ecnu xxe acdanbreHbl n
paguvkansl MOMEKYNsIPHO AWCNEPrMpoBaHbl B
HedTenpoaykTe, TO KOKC He obpa3syeTcs.

B HacTosLweM 0630pe paccMOTpeHbl Npo-
6nemMbl perynmpoBaHnsi TepMonu3aa Tskernbix
HedTSAHbIX OCTaTKOB B YCIOBUSIX >XWUOKON
cpegbl U «KreTtovHoro» addpekta npu mu-
HMUManbHOM ra3oobpa3oBaHWM U Temnepa-
Typax 380°-430°C. 3Tu ycnoBus sSBNSOTCA
OCHOBHbIMW B Cry4ae noryyYeHusi TONo4YHOro
masyTa mapku M-100 13 ryapoHoB 1 acdanb-
TOB, 4YTO MOATBEPXAAETCs pesynbratamu
TepMoobpaboTkM ryapoHa, BbIMONIHEHHOMO B
OAO «BHWUW HIM», koTopkle npunaratoTcs.

[maBHble  3aTpyaHeHVs  opraHv3auuu
YyCTOWYMBOrO U perynupyemMoro npotecca

P.I. TAJIUEB, A.T.H
A.A. BABbIHVH
W.10. MAKAPOBA

reH.gup. OAO «BHUW HIM»
reH.gnp. OAO «TancpHK»
3aB. nabopatopumn Ne7 OAO «BHUW HIM»

r. MockBa
r. HuxHekamck
r. Apocnaenb

H0.M. FONbALWTEWH, K.TH.  CTapLUnil Hay4HbI COTPYAHMK
nabopatopun Ne7 OAO «BHNW HIM»

Tepmornu3aa (BUCOpeKMHra, nerkoro KpekvHra)

— CMOHTaHHOE KOKCOBaHWe, 3aKOKCOBbIBaHUSA

obopynoBaHusi, KOMMYHUKaUWA, U3MEHEHUSI

ceveHun TpybonpoBOAOB W, Kak CrieacTBue,

NoBbILLEHNE BS3KOCTWM OCTaTka W CHUXEHWe

BblXO[a rasowvineson cpakuyun. bonee Toro,

€o3aloTca  YCroBUSt  NpexaeBpPeMEHHOro

OCTaHOBa YCTAHOBOK BMCOpekuHra us-3a

3aMEeTHOro  Hea(EKTUBHOTO  TOPMOXKEHUSI

npouecca v npegaBapyiHOrO COCTOSIHUS an-
naparypbl.

Mpexne Bcero Lenecoobpas3Ho paccMo-
TPeTb SIBMEHUs1 KOKCOOOPa3oBaHWsi C TOYKU
3peHus:

* XUMM3Ma NOCTEMNEHHOro PasfnoXeHUs yrne-
BOLJOPOAOB;

* KUHETUYECKUX W XMMWUYECKUX YCrnoBUW
pocTa NMOTHbIX Macc (arpermpoBaHus
KOMMNMEeKcoB 13 paaukanoB yrnepoaa
N yrnepoAHbIX ManblX 4actul (MUKpo-
KOKCa) yCrnoBUAMW UX COEANHEHUN C MNO-
BEPXHOCTAMU 06OpPYAOBaHNUA U KOMMY-
HUKaLWNA.

CnepyeT ncnonb3oBaTh 3TOT aHanu3 Ans
pa3paboTkn TEXHUYECKN OBOCHOBAHHbLIX Me-
PONPUSATUI, UCKIIOYAIOLWMX Heperynmpyemoe
KokcoobpaszoBaHue.

O6pasoBaHne KOKCOBbIX arperaTtoB npwu
TEPMUPOBAHNN YINIeBOAOPOAOB) 3aBUCUT OT
Temneparypbl NpoLecca U BpEMEHU KOHTaKTa
yrneBofoposa + TennoHOCUTENb.

ArpervpoBaHvie pagvikanos 13-3a WX BbICO-
KOV XMIMUY€ECKOWN HepaBHOBECHOCTN CTaHOBUTCS
cTagven coBMmeLleHus paspylieHns YIB n »

The heat treatment of coals, shales, petroleum
residues is a process involving production of carbon
of various modifications as the ultimate result: grap-
hite, technical carbon, cokes, special purpose coal,
etc. At the same time, the heat decomposition takes
place during several similar stages: drying, primary
release of native hydrocarbons, decomposition of
heavy hydrocarbons, residual gas formation, produ-
ction of cokes and coals. Various stages and the pr-
oducts of each stage depend on the carbonization of
the raw material components, the temperature and
the period of heating.

This article will review the conditions and the
results of coke formation during the process of low
temperature cracking of liquid, viscous residues of
oil refining.

ON THE SUBJECT OF PROCESSING

OIL RESIDUES

In the opinion of V.A. Proskuryakov, Doctor, En-
gineering and A.E. Drabkin, Candidate, Engineering,
the heat decomposition of asphaltenes and resins
proceeds along the following lines:

A———> AV +R®

R+A —> A? +RH

A% +A—> A A°

A A ——> M+A A°)

AA%+A—> A AN,

where A is an asphatene (resin) molecule in tar;

RH, RO, A01, AO2 are radicals;

M is a low molecular oil product;

A1 A2 A0 are coke aggregates and radicals ag-
gregates.

The investigation into the kinetics of coke forma-
tion has shown that coke forms when coke aggregat-
es are isolated into a separate phase. If asphaltenes
and radials are molecularly dispersed in the oil prod-
uct, coke does not form.

The present review considers the problems of
regulating thermolysis of heavy petroleum residues
under the conditions of liquid medium and «cellul-
ar» effect, when producing furnace oil Grade M-100
from tars and asphaltenes which is corroborated by
the results of tar heat treatment carried out by OAO
«VNII NP», which are attached hereto. The princip-
al difficulties with organizing steady and regulated
thermolysis process (viscosity breaking, primary cr-
acking) are the spontaneous coke formation, coked
equipment, coked communications, change in the
cross section of the pipelines and, as a consequen-
ce, increased viscosity of the residue and the yield of
the gasoil cut. Moreover, conditions are created for a
premature shutdown of the viscosity breaking units
due to noticeably inefficient deceleration of the proc-
ess and pre-emergency status of the equipment.
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First of all, it would be appropriate to consider
the coke formation phenomena from the point of
view of:

« chemistry of the gradual decomposition of hydro-
carbons;

« kinetic and chemical conditions of the dense ma-
sses growth (aggregating carbon radicals comp-
lexes and small particles of carbon (micro-coke),
the conditions of their associations with the equ-
ipment surfaces and communications.

This analysis should be used to develop tec-
hnically justified action plans which would exclude
unregulated coke formation.

Formation of coke aggregates, when heat treat-
ing hydrocarbons, depends on the process tempera-
ture and the time of the contact between a hydrocar-
bon and heat transfer medium.

The aggregating of the radicals due to their high
chemical non-equilibrium becomes the stage of co-
mbining the hydrocarbon destruction and completion
through small carbon particles (micro-coke) of a new
product, i.e. coke. The ratio between the speeds of
these processes is to be recognized to be the key
indicator of the coke formation regulation and stable
sticking of the coke onto the surface of the equip-
ment.

In order to calculate the expected aggregating,
it is necessary that the phases of transformation of
hydrocarbons into carbon be formulated which con-
sist of the following:

« the phase of «birth» (formation) of the simplest
radicals RH, RO, A01 in the heat-treated tar (as-
phalt) depending on the temperature;

« their concentration depending on the temperatu-
re of the radicals solution (A1, A2, A0) in hot tar
(asphalt);

» XRH* the onset of the critical mass (compared to
M, where ZRH are radicals and micro-cokes; M
is the mass of the petroleum product; in the me-
antime, the size of each particle ZRH more than
the critical mass is to be regarded as the beginn-
ing of increase in the content of mechanical imp-
urities more than 0.01%, i.e. the commencement
of aggregating of the micro-coke into cokes).

The proposed scheme allows the technology of
heat decomposition of tars or other carbon containi-
ng mixtures (for, example, asphalt) to be formulated
and implemented, while regulating and reining in the
aggregating of micro-coke and coke. At the same
time, micro-coke is a «raw material» for subsequ-
ent coke formation. Destruction of the tar (asphalt)
hydrocarbons is known to depend on the energy of
the linkage, the system heating temperature and the
time during which resins are heated in the viscosity
breaking material.

The higher the content and the molecular weight
of asphaltenes, the lower the temperature at which
decomposition commences. Asphaltenes (MB>500)
are known to destroy beginning from 300°C. As the
temperature rises in the hydrocarbon solution, there
occur the conditions for coke to be produced from
small size coke formations (micro-coke). The size
of these particles must not exceed 10 microns while
the content of coke inclusions in the solution of new
hydrocarbon residues (mechanical impurities) must
not be more than 0.05-0.1%.

The worked out steps of hydrocarbon heating
are confirmed in the description of thermal cracking
gas oil production, coke production, furnace oil pro-
duction, production of the raw material for technical
carbon. When integrating such notions as the temp-
erature, time during heating continues, hydrocarbon
composition of the raw material and its change dr-
iven by the heating, one can arrive at the optimum
requirements for the heat treatment mode.

Discussed below are the measures and exam-
ples associated with the speed of the carbon aggr-
egating and reaction capable carbon, depending on
the temperature and time of the viscosity breaking
reaction. In other words, the merger of the carbon
radicals into coke is to be regulated by the speed

5/H (73) okTtsi6pb 2008 r.  AKCMO3ULUA

l'yapoH A-1 66 0,014 0,997
l'yopoH A-2 80 0,005 1,002
l'yapoH B 166 0,041 1,012

Ta6.1 UcxopHble aaHHbIe ryapoHoB ABT

KOMMMeKTaLumn Yepes Marnble yrnepogaHble Ya-

CTULbI (MMKPOKOKC) HOBOTO NMpOoAyKTa — KOKca.

CooTHoOLLEHME CKOpPOCTENM 3TUX NPOLEeCCOB

cnefyeT npu3HaTb Kak rraBHbI MokasaTtenb

perynMpoBaHus KokcoobpasoBaHUst U Npou-

HOrO HarnunaHus KoKca Ha NoBEPXHOCTU 060-

pynooBaHus.

[ina pacuyeta oxmgaemoro arpervposa-
HUsi Heobxoammo cdopmynupoBaTb 3dTanbl
npeBpaLLeHnin  yrneBoAopOaoB B yrrepos,
KOTOpble COCTOSIT U3:

e 9Tana «poxageHus» (obpas3oBaHusi) MNpo-
cTenwux pagukanos RH, R%, A% B Tepwmo-
obpabaTbiBaeMoM ryapoHe (acdanste) B
3aBUCKMOCTU OT TEMMEPATYpB;

* WX KOHLEHTpauuu B 3aBUCUMOCTM OT TeM-
nepaTypbl pacTeopa paaukanos (A,, A,, A%)
B ropsiyem ryapoHe (acansre);

* XRH* BO3HVMKHOBEHWE UX KPUTUYECKO MacChl
(no cootHoweHnuto M, roe *RH- pagukansl

1 MUKPOKOKChI; M — Macca HedbTenpoaykTa;
npu 3TOM pa3mep Kaxzgon vactuubl 2RH
bonee KpUTUYECKOM Macchbl cregyeT cuu-
TaTb HavanoMm YBENWYeHUs coaepaHus
mex. npumecei 6onee 0,01%, T.e. Ha4anom
arpervpoBaHuns MUKPOKOKCa B KOKCb!).
Mpepnaraemas cxema no3sonseT cop-
MynMpoBaTb W OCYLLEeCTBUTb TEXHOOrunio
TEPMOPAa3NOXeHUs1 TYAPOHOB WNU ApYyrux
yrnepogcogepxalunx (Hanpvmep, acdans-
Ta) cMecen, perynupys v caepxvsasi arpe-
rMpoBaHMs MUKPOKOKCca M Kokca. B To xe
BPEMSI MUKPOKOKC SIBMSETCA «CblpbeM» ANSA
nocnepyoLiero oopasoBaHus Kokca.
M3BecTHO, 4TO paspyLueHune yrneBodopo-
[0B ryapoHa (acdansToB) 3aBUCUT OT SHEPrum
CBSI3M, TemrnepaTypbl HarpeBa CUCTEMbI U Bpe-
MeHW HarpeBa CMOM B Cbipbe BUCOPeKuHra.
YeMm BblLLEe copepxaHve 1 MONeKynapHbIA
Bec achansTeHOB, TEM HWXe Temnepatypa »

1 BapuaHT 1
l'yapoH A-1
onbIT 1/1 430 30 2,8-3,0
onbIT 1/2 405 30 3,0
onbIT 1/3 380 30 3,0
l'yapoH b
(yTsk.) 430 30 3,0
onbIT 1/4 405 30 3,0
onbIT 1/5
2 BapuaHT 2
l'yapoH A-1 3atm
onbIT 2/1 430 30 20%pamuc.
onbIT 2/2 405 30 20%pmuc.
onbIT 2/3 380 30 20%pauc.
l'yapoH b
(yTsK.) 3atm
onbIT 2/4 430 30 20%pmuc.
onbIT 2/5 405 30 20%pauc.
onbIT 2/6 380 30 20%pmuc.
3 BapuaHT 3
l'yopoH A-1
onbIT 3/1 430 30 asot1n/n
onbIT 3/2 405 30 asot1n/n
onbIT 3/3 380 30 asot1n/n
l'yapoH B
(yTsxK.)
onbIT 3/4 430 30 asot1n/n
onbIT 3/5 405 30 asot1n/n
l'ynpoH A-2
onbIT 3/6 430 25 asot1n/n
onbIT 3/7 405 30 asot1n/n
4 l'yapoH A-1 WUHIMOUT Ha
onbIT 3/8 430 30 Bxoge 0,01%
onbIT 3/9 405 30 NHIMOMT
onbIT 3/10 430 30 Ha Bbixoge
onbIT 3/11 405 30 0,01%
MpumeyaHwue:

0,965 4 0,17 HaneToB
0,967 8 0,13 Kokca
0,908 10 - HeT Ha
obopyno-

0,955 7 0,077 BaHWUn
0,976 9 0,07
0,938 4 0,017
0,944 4 0,0075

- -
0,945 4 0,019
0,974 8 0,024
0,957 5 0,012
0,971 8 0,013

_l -
0,971 5 0,013
0,972 8 0,012
0,971 6 0,017
0,977 7 0,05
0,965 4 0,01 no
0,971 7 - NyHKTY 3
0,970 14 - C a30ToM
0,972 14 -

1.A30T ucnonb3ayeTcs Ans akTUBHOIO ropsiyero nepemeLLnBaHus.
A30T HarpeBancsa fo 460°C. B npon3BOACTBEHHOWM TEXHOMOMMU MOXET UCMONb30BaTLCS NErkuin ra-

30nb.

2.Tepmoo6paboTka ryapoHa npu 380°C MmanoadekT1BHa.
3.NHrmbuTop Ha Bxoge GA-860. Avcneprupytowmii areHT CHIMEC 3531, nopgaeTcs B cbipbe.
MHrmbuTtop Ha Bbixoge GA-862. Aucneprupytowmii areHT CHIMEC 5330.

Ta6.2 Tepmoo6paboTka ryapoHa ABT
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Bnok Tepmoo6paboTtku accansra:

1, 6,7, 13 — Hacochbl;

2,14 — cMecuTenbHbIE Y3nbl;

3,5 — Tennoo6meHHUKH; 4 — peakTop;

S — HarpeBaTenbHas neyb; 9,12 — cenapartopbl;
15 — xonogunbHUK

| — accpanbT (MnK ero cmecu ¢ pasbasutenem);
Il - AaucTUNNATHLIE NPOAYKTLI;

Il - TepmoocTaTtok; |V — nerkum AUCTUNNAT,

V - Taxenbin ras; VIl — ras;

VIl — KOMNOHEHT TAXenoro TonnuBea unNu
CbIpbfA ANA Texyrnepoaa

Havana pasnoxeHusi. 13aBecTHo, YToacansre-

Hbl (MB>500) paspyLuatotesi, HaumHas ¢ 300°C.

Mo mepe nogbema TemnepaTypbl B pacTBope

yrneBofopoaa BO3HUKALOT ycrioBus obpasosa-

HWS KOKCa M3 MarnbIX Mo pa3amepy KOKCOBbIX 00-

pa3oBaHuii (MUKPOKOKC). Pa3mep aTux yactu

He pormkeH npesbiwaTte 10 MkM, a copepxa-

HMe KOKCOBbIX BKMIOYEHWI B PacTBOPE HOBbIX

YIrNeBOAOPOAHBIX OCTATKOB (MeX. Mpumecent) —

He 6onee 0,05-0,1%.

PaspabotaHHble wary Harpesa yrne-
BOLOPOAOB MOATBEPXKOATCA B OMUCAHUN
nony4yeHus Tepmorasomnen, Kokca, TONoYHoro
MasyTa, Cblpbsl AN NoyyYeHns Texyrnepoaa.
[Mpy o6beaMHeHUN Taknx MNOHSATUIA, KaK Tem-
nepatypa, BpeMsi NpoTekaHus Harpesa, yrne-
BOJOPOAHbIN COCTaB CbIPbsA U €r0 NU3MEHEHNS
no Mepe Harpesa, BO3HUKAKOT ONTUMasbHble
TpeboBaHUs K pexumy TepMoobpaboTKu.

Hwke paccmaTtpusaloTcs MeponpuaTus
1 NpUMepbl, CBA3aHHbIE CO CKOPOCTbIO arpe-
rMpoBaHus yrnepoga v peakuMoHHO-cnocob-
HOro yrrneBogopoAa B 3aBUCHMOCTU OT TeM-
nepaTtypbl U BpEMEHW peakLmu BUCOPEKUHra.
WHauve, cnusiHue pagukanos yrnepoaa B KOKC
[OMKHO perynmpoBaTbCsl CKOPOCTLIO NpeBpa-
weHna RH B yrmepog. Yewm ckopee RH npe-
BpaTUTCA B yrnepog, TeM MeHblwum OyaeT
Yyactuua yrnepoaa (kokca). pu nameHeHun
KoHUeHTpaumn RH n mukpokokca gocturaet-
CA 3adaHHbIl pasmep KOKCOBbIX 0bpa3oBa-
HWI, a KOKC Marnblx pa3mepoB (MeHee 10 MK)
CTaHOBUTCSI PacTBOPEHHbIM KOMMOHEHTOM B
ocTaTke TepMopasoXeHus.

lMpeanaraemblii MexaHU3sm MOXeT ObITb
paccMOTpeH Ans MobbIX XKUAKUX YrIeBoaopo-
[0B 1 ANS NonyyYeHust pasnmyHbIx HedTenpo-
[YKTOB (KOKCOB, apoMaTuKu1, TepMorasonne,
rasoB BTOPWUYHOIO MPOUCXOXAEHNS) U NO3BO-
nsieT o6oCcHoBaTh:

* COBMECTHOEe CyLleCTBOBaHWe HecTabunb-
HbIX pajWKanos, BO3HVKHOBEHUE KOTOPbIX
coyetaeTcsi C OAHOBPEMEHHBIM BO3HUKHO-
BEHMEM MWKPOKOKCa BO BpeMs Tepmonuvaa
TYAPOHOB;

* COXpaHeHue MarblX pasmMepoB MMUKPOKOKCA,
B pe3yrbTaTe CHWXKaeTCs Ux npespaLleHvie B
6ornee emMKkue NPOAYKTbl KOKCOOOPa3oBaHWS;

* CTaHOBATCS MOHATHBIMU PEXMUMbI BO3HUK-
HOBEHMWS KOKCOBbIX 0Opa3oBaHWii B 0Ob-
emax YrneBoAOPOAHbIX KMAKOCTEeN Tuna
«FyOopoH» Mpu TeMnepaTypax oT:

300° go 380°C — | pexum

380° no 430°C — Il pexxum

npu Temnepatype 6onee 430°C — lll pexxum

| pexum. PaspyleHuio noaseprarTcs
camble HemnpoyHble Tshkenble acdarnbsTeHbl
(monekynsipHbin Bec 500-1000); B pe3ynb-
TaTe BSSKOCTb OCTaTka BUCOPEKUHra CHU-
xaetcst Bcero B 1,2-1,3 pasa oTHOCUTENbLHO
ryapoHa. JUCTUnnaToB U ra3oB NpakTUYecku
He obpasyeTcs.

Il pexxum. Hactynaet maccoBoe «poxae-
HMe» pacTBopa (OCTaToK+ra3oiinb), B KOTOPOM
cogepXaTcs MUKPOKOKC M pafuKanb! yrneBo-
nopoaHbIx octatkoB. o Mepe M3MeHeHus
BpeMeHu npebbiBaHNs HapacTaeT UX KOHLEH-
Tpauus n HabnogaeTcs pocT KOKCOBbIX arpe-
raToB (iBneHne KokcoobpasoBaHus).

ABsTopamu ctatby 6binu anpobupoBaHbl
pasnuyHble YCNoBUSI NPOTEKAHWS peakumn
npeBpaLleHnsi ryapoHa B TOMOYHbIA MasyT,
nony4YyeHne MUKPOKOKCa U KOKCOOBpa3oBaHusl.
Mpun 3TOM OH BbIN JOCTUrHYT 3a cYeT BbIGopa
pexuma noryyeHnss MUKPOKOKCa U OfHOBpe-
MEHHOIO YrHEeTEHUsI pocTa pa3mMepoB KOKCOB
nx obpasoBaHuii He 6onee 10 MK.

3T0 «caepxuBaHMe» pocTa MUKPOKOKCa
BO3MOXHO 3@ CYET CHWXKEHMUS KOHLEHTpaLun
acgpansTeHOB M CMON U YCUIEHNS nepeme-
LUMBAHUS C MOMOLLBI HEKOTOPOro Bo3Bpara
OUCTURNATOB, KUNALWMX B npeaenax go 430°-
460°C, BckunaHue KOTOPbIX HE COMPOBOXAA-
eTCcs KoKCoobpas3oBaHUEM.

Il pexum. TlloBbieHe TemnepaTypbl
ryapoHoB unu asota 6onee 430°C npueogut
Nno Mepe MOBbILWEHUS TemrepaTypbl Bhbille
430°C k kokcoobpasoBaHuIo pacTBopa CyMMbl
OCTaToK + rasoiinb ¥ Ha cTeHkax obopyaoBa-
Hus. MpeogoneHne nopora Harpesa ryapoHa
6onee 430°C TpebyeT yTOUHEHHbIX Uccneno-
BaHUN.

Hwxke npencraBneHbl AaHHble O pe3yrb-
Tatax TepMonusa ryapoHa B YCMOBUSIX yKa-
3aHHbIX BblLLE PEXUMOB.

Bbinu ncnbitaHbl pexvmel TepmoobpaboT-
KV yApOHOB pasnuyHo BA3KOCTU. BeibpaHHble
pPEeXMMbl COOTBETCTBYIOT 3aflaHHbIM, yKa3aH-
HbIM B MpVBEAEHHbIX Tabnmuax.

Pesynstatbl  TepmMoo6paboTkM ryapoHa
npu 380°C 30 MUHYT okasanucb Headdek-
TUBHbIMY (BA3KOCTb ycnoBHas — 10 cek).

Bornee nonoxutensHo npoTekaeT npo-
uecc Tepmoobpabotkn npu 405°C 30 MUHYT
(Bsi3KOCTb ycrnoBHasd — 7-8 cek) B YCNoOBUSIX
BO34eNCcTBUst akTBaTopa (as3oT). CoaepxaHue
MexaHuyeckux npumecen He 6Gonee 0,13%
(npn Hopme masyTta M-100 — 1,0 %).

Ho Hanbonee onTumansHoO crnegyeT pac-
cMaTpuBaTb PeXuM TepmMoobpaboTku npu
430°C B TeueHue 30 MUHYT. YCrnoBHas Bsi3-
KOCTb CMecu ocTaToK + rasonnb — 4-5 cek.
ConepxaHue MexaHU4eckux npumeceit He
npesbiwano 0,17 % 6e3 akTuBaTopa, a ¢ ak-
TuBatopoM — 0,017 %.

[ononHuTtensHo  crnegyeT  obpatutb
BHUMaH/We Ha 3aMeTHOe CHWXKEHWE MexaHu-
YeCcKMX MpUMeceit C UCMOofb30BaHUEM aKTu-
BatopoB. [lo-BuaMMOMY, [OOMOMHUTENBHOE
nepemMellViBaHNe pasnararoLlerocs ryapoHa
pe3Ko CHUXKaET «pOoXAeHue» Kokca (cyas no
MexaHU4eckuM npumecsim). »
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at which RH is transformed into carbon. The sooner

RH is converted into carbon, the smaller the carbon

(coke) particle will be. When the RH and micro-coke

concentration changes, the pre-determined size of

the coke formations is achieved while smaller size
coke (less than 10 microns) becomes a dissolved
component in the heat decomposition residue.

The proposed mechanism can be contemplated
for any liquid hydrocarbons and for production of va-
rious petroleum products (cokes, aromatics, thermal
cracking gas oil, secondary origin gases) and makes
it possible to justify the following:

« co-existence of unstable radicals, whose rise co-
mbines with simultaneous rise of micro-coke duri-
ng the thermolysis of tars;

« retention of the micro-coke small sizes which re-
sults in reducing their transformation into more
capacious coke formation products;

« the modes of coke formations in the volumes of
hydrocarbon liquids of the tar type at the tempera-
tures between 300° and 380°C — Mode I, between
380° and 430°C — Mode I, at the temperature of
higher than 430°C - Mode lIl, become understan-
dable

Mode |. The most unstable heavy asphaltenes
(molecular weight of 500-1000) are subjected to
destruction; as a result, the viscosity of the viscosity
breaking residue decreases only 1.2-1.3 times co-
mpared to tar. Practically no distillates or gases are
produced.

Mode II. There occurs a massive «birth» of the
solution (residue + thermal cracking gas oil) which
contains micro-coke and radicals of the hydrocarbon
residues. As the time of stay changes, their concen-
tration increases and growth of coke aggregates is
observed (the coke formation phenomenon).

The authors of the articles have tested different
conditions for the reaction of transforming tar into fu-
rnace oil, micro-coke production and coke formation.
In the meantime, this was achieved by selecting the
mode of micro-coke production and simultaneous
suppression of the growth of coke and their forma-
tions no more than 10 microns.

This «holding-back» of the micro-coke growth
is possible through reduction in the concentration
of asphaltenes and resins and through increase in
mixing with the help of certain return of the distillates
boiling within the range of up to 430°C-460°C, which
is not accompanied by coke formation.

Mode IlI. The rising of the tar or nitrogen tempe-
rature above 430°C leads, as the temperature rises
above 430°C, to coke formation in the solution of the
sum residue + gas oil as well as on the walls of the
equipment. The surpassing of the tar heating thre-
shold above 430°C requires updating the research
data. Listed below are the results of the tar therm-
olysis under the conditions of the above mentioned
modes. Heat treatment modes of the tars of different
viscosity have been tested. The modes selected co-
rrespond to the specified modes stated in the given
tables.

The results of the tar heat treatment at 380°C
30 minutes proved to be ineffective (funnel viscosity
—10 sec.).

The heat treatment process progresses more
positively at 405°C 30 minutes (funnel viscosity —
7-8 sec.) under the conditions of activator effect (ni-
trogen). The content of mechanical impurities — no
more than 0.13% (with normal level for Furnace Oil
M-100 — 1.0%).

However, the heat treatment process at 430°C
for 30 minutes should be considered as being the
most optimum. The funnel viscosity of the residue +
gas oil mixture is 4-5 sec. The content of mechanical
impurities was no more than 0.17% without activator
while with activator it was 0.017%.

In addition, it is worth mentioning the noticeable
reduction in mechanical impurities when activators
are used. It appears that additional mixing of the
decomposing tar drastically reduces the «birth» of
coke (judging by the mechanical impurities).
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When this work was done, one could guara-
ntee that Furnace Oil M-100 would be produced
from tar. It has been established that to reduce
coke formation, the time of radicals and micro-coke
agglomeration should be decreased by changing
the concentration of these thermolysis products, by
reducing their contacts. In favor of these findings,
it is appropriate to evaluate the reasons for coke
deposition (coke formation) in the tar heating pipes,
in the equipment in which coke deposition is obse-
rved. The flow speeds of the hot tar mass, heated
up to the decomposition temperature, decrease
down to zero in the vicinity of the walls. Increased
turbulence reduces the spontaneity of the coke de-
positions formation.

The laboratory tests of the tars and asphalts
thermolysis have found that a change in the conce-
ntration of asphaltenes and resins is accompanied
by a reduction in coke formation in the viscosity br-
eaking products (coke yield — no more than 0.01-
0.1%), while in order to reduce coke depositions in
the communications, it is necessary to adjust the
homogeneity of the temperature conditions of the
raw materials flow and maintenance in the heating
zone.

The table attached sets out the results of produ-
ction of the residue and gas oil from tar A-1 with the
viscosity of 66 sec. and tar B with the viscosity of 166
sec. It can be seen from the data obtained that:

« the sum of residue and gas oil corresponds to the
quality of Furnace Oil M-100 (mode Il and Ill);

« content of mechanical impurities did not exceed
0.2%.

The key conclusion to be drawn from the present
report is as follows:

« the viscosity breaking process of the oil refinery
residues requires that the parameters be adjusted
depending on the initial viscosity and the content
of asphltenes and resins for each of the viscosity
breaking stages;

< the customary viscosity breaking process should
be added to by introducing activators.

Mpu BbINONMHEHNUW 3TON paboTbl rapaHTu-
POBaHHO U3 ryApoHa MOMny4ancst TOMOYHbIN
masyT M-100.

YCTaHOBNEHO, YTO AN CHWXEHWUS KOK-
coobpasoBaHusi Hago Bpems armomepauuv
paguvKanoB U MWKPOKOKCA CHU3WUTb 3a CHeT
N3MEHEHUs1 KOHLEHTpauumn 3TWX NpoAyKTOB
TEPMOIN3a, CHMKEHUS UX KOHTaKTOB.

B nonb3y aTvx BbIBOAOB LienecoobpasHo
OLIEHUTb MPUYMHBI OTMIOXEHUS KOKCa (KOKCO-
obpasoBaHuit) B Tpybax Harpesa rygpoHa, B
obopynoBaHuu, B KOTOPOM HabnogaeTcs Kok-
cooTnoxeHune. CKOPOCTN UCTEYEHMS ropsYen,
HarpeTov 40 TeMnepaTypbl pasnoXeHns Mac-
Cbl NYAPOHa CHWKAIOTCA B pailoHe CTEHOK A0
Hynsi. YBenuueHve TypOyneHTHOCTW Ccokpa-
LL|aeT CMOHTaHHOCTb 06pa3oBaHNsA KOKCOBbIX
OTNOXEHWN.

B nabopaTopHbIx nccnenoBaHuax Tepmo-
nm3a ryapoHoB 1 acdansToB ObiNno ycTaHoB-
NeHO, YTO M3MEHEeHME KOHLIeHTpaLuun acdanb-
TEHOB ¥ CMOJ COMPOBOXAAETCA CHUXEHNEM
KokcoobpasoBaHUii B NPOAYKTax BUCOpeknHra
(BbIXOA KOKCa — He Bonee 0,01-0,1%), a Ans
CHVDKEHUS OTINOXEHWI KOKCa B KOMMYHMKaLM-
AX HeobXoAVMMO OTKOPPEKTUPOBAaTb FOMOreH-
HOCTb TemnepaTypHbIX YCIOBUI MpOTeKaHns
N HaXOXEHUS Cbipbsl B 30HE Harpesa.

B npunaraemon Tabnuue npeacrtasne-
Hbl pesynbTaTbl MOMYyYEHWs CyMMbl OCTaT-
Ka u rasowns u3 rygpoHa A-1 ¢ BA3KOCTbIO
66 cek. 1 ryapoHa b ¢ BA3KocTbio 166 cek. M3
NONyYeHHbIX AaHHbIX BUAHO, YTO:

* CymMMa ocTaTka W ra3onns cooTBeTCTByeT
KayecTBy TOmno4Horo masyta M-100 (pe-
xum 1l wn ll;

* codepxaHue MexaHW4eckux npumecen He
npesbiwano 0,2%.
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Ir' 1

Bnok Tepmoo6paboTku ryapoHa:

1 — cbipbeBOM Hacoc;
2 - neyb; 3 — peKkTU(MKaLIMOHHAs KONOHHA;
4 — COKMHT- Kamepa..
Nunum: | - rygpoH; |l — rasbi+6eH3uH;
Il - rasonnb; IV — KpeKUHr-ocTaToK;
V — 3akano4Hoe oxnaxgeHue
OcHOBHOW BbIBOf, KOTOPbIV BbITEKAET U3
HacTosALwero COO6IJ.l,eHMHZ
* npouecc BucbpeknHra octaTkoB HedTe-
nepepaboTkn HyxXZaeTcs B KOPPEKTU-
poBKe napameTpoB B 3aBUCUMOCTU OT
MCXOOHON BSIBKOCTU W coaepxaHuna ac-
¢anbTeHOB M CMONM ANst KaXaoro 13 aTa-
noB BMC6peKMHFa;
. Tpa,ClVILI,VIOHHbIVI npouecc BVIC6peKVIHI'a cne-
OyeT JOMONMHUTL BBEAEHNEM aKTUBATOPOB. |

CMNUCOK NNUTEPATYPbI:

1. Xumusi HedpTn n rasa. MNMop pegakumen o.x.H.
MpockypsikoBa B.A.; k.T.H. [dpabkuHa A.E.,
I1. «Xumusi», 1981 r,;

2. Xumuns Hedptu. CroHsieB 3.U., 1989r.

OTKPbITOE AKULMOHEPHOE OBLLECTBO

«Becepocennekmm HayYHo-ncemnenoBatenbCK/

NHETUTYT No.nepepadorke HEMMN»

TEXHONOIMNA TEPMOOBPABOTKN HE®TAHBLIX OCTATKOB
HA3HAYEHWE W OBNACTb NPUMEHEHMS

[Mpennaraemas TexHomnorusi npegHasHadeHa aAns nepepaboTkn TsHKENbIX BbICOKOBA3KUX HE(TSHLIX OCTATKOB
C NOMNyYeHMEM KOMIMOHEHTOB HE(OTSIHOTO TOMSIMBA UMW ChIpbst ANs TEXYTNepoaa U MOXeT BbiTb peanu3oBaHa B He-
hTenepepabaTbiBatoLLieii MPOMBILLIIEHHOCTY C LieMNbto MOBbILLEHNS rMyBuHbI nepepaboTkn Hed T, TEXHUKO-3KOHO-
MUYeECKVX nokasaTeneit pabotel npounssoacTs HIM3, a Takke NS yTUNM3aUMM OCTaTKOB, SIBMSIOLLMXCSH OTXO4aMu

npounsBoacTBa.

B kayecTBe TsxenbIx HeTSAHbIX OCTATKOB UCMONb3YOT acansT AeacdansTu3aumm ryapoHa, ryapoH Unm cme-
CU BblLLEHA3BaHHbIX OCTATKOB C TSXKENbIMY AUCTUINATaMMU 1 Ap. NonynpoaykTamu HedptenepepaboTku (IKCTPaKTbI

mMacern, BTOPUYHbIE ra3onnu u ap.)

Briok TepMoo6paboTky HepTAHBIX OCTAaTKOB MOXKET ObITh BKIIOYEH B COCTaB AENCTBYIOLLMX NPOU3BOACTB B OT-
pacnu HedbTenepepaboTky, Hanpumep Ha yctaHokax AB T, BT, B npou3BoacTBe Macen (YCTaHOBKM BUCOPEKUHTa).

COCTAB U TEXHUYECKUE N AHHbIE
B oCHOBY TeXHOMorumn TepMooBpaboTki HETSHbIX OCTATKOB 3arioXeHa OpraHN3aLyst IHTEHCUBHOTO Macco-
TennoobMeHa 3a C4eT Mofdadn B peakTop akTMBaTopa, HarpeToro 40 TEMMEPaTypbl Hauarna pasnoxeH!s OCTaTKoB, 1

noaAepxaHusa 3afaHHoM Temneparypbl.

B kavecTtBe aKTMBaTopa UCMNonb3yrT MHEPTHLIE UMW YITMEBOAOPOAHbIE rasbl, nobble AMCTUNNATHbIE C'.)paKLI,VIVI,

B T.4. COGCTBEHHOIO NPOU3BOACTBA, BTOPUYHbIE MPOLIECCHl HedbTenepepaboTku 1 ap.

OnTtumankeHble PeXnmMbl NpoLiecca 1 TeEXHOINornyeckas cxema OTpaGOTaHbI Ha OMbITHOW YCTaHOBKE HenpepbiB-

HOro AENCTBUS NPOM3BOANTENBHOCTBIO MO ChiPbio A0 1 M/4.

Cxema brnoka TepM006p860TKI/I TSXKernbIX HerTFIHbIX OCTaTKOB, NpeacTaBrieHHasa Ha PUCYHKe, BKITHOYaeT B Kade-
CTB€ OCHOBHOIO OﬁOpy,D,OBaHVIH HarpesaTeribHyo NneYb, peakTop, yaribl CMeLleHUs MCXOOQHOro octatka C pa36aBMTe—

namu nepen nogayen B neYb 1 TSHKENOro AUCTUNNSTa C TEPMOOCTaTKOM nepen BbIBOAOM U3 6noka.

PeakTop oﬁopy,qosaH cneuyanbHbIMKU YCTPOCTBaMU ANsi BBOAA akTMBaTopa W BblIBOAA TEpMOOCTaTka U3 pe-

aKTopa pPasnoXXeHus CbipbA.

Appec: Poccus,111116,r. Mocksa, yn. ABuamoTopHasi, 4oM 6

Ten.(495) 261-52-02, dpakc (495) 361-12-85.
e-mail: omsvniinp@inetm.ru

NMPEMMYLLECTBA
Mpeanaraemas TexHonorms obnagaet cregyoLy-
MM MpeuMyLLECTBaMM:

¢ TMpakKTU4eckn MnofiHaa yTunm3aunsa BbICOKOBA3KUX

HedTsIHbIX OCTaTKOB C MONyYEHNEM TOBaPHbIX Mpo-
[yKTOB
yrnepoaa, a Takke COMyTCTBYHOLLUMX AUCTUNMSATOB,
KOTOpble MOryT GbITb MCMOMb30BaHbI Kak pasbaBuTe-
T TEPMOOCTaTKOB UM KOMIMOHEHTbI TOMNMB;
* VCKIIOYEHWEe 3aTpaT Ha CBETNble  AWUCTUNMSTHI,
Hanpumep Au3enbHble  dpakumun, Ucnonbayemble
Ans pasbaBneHus HeTsHbIX OCTATKOB;
* BbICOKWI BbIXOA TOBAPHOW NPOAYKLINK;
* peskoe COKpalleHne KOKcoobpas3oBaHusi 3a CYeT
aKTUBMPOBAHMUSI CbIpbsi HarpeTbiM aKkTUBaTOPOM U
YMeHbLUEHVE KOKCOBbIX OTNOXEHWi B obopyaoBa-
HUW Y KOMMYHMKaLMSAX;
* CHWXeHUe CceBecToMMOCTU MNPOAYKUMU W BbICO-
kas 3dEKTUBHOCTb TEXHOMOIMN; SKOHOMNYECKUI
acbdpekT coctaBnsietT He meHee 2 000 py6./T. TepmMo-
obpaboTtaHHoro ocTaTka.

(OAO «BHUW HIM»)

3a JononHuTenbHol MHopMaLmen obpallatbcs o aapecy:

Poccusa, 150023, r.Apocnaens, MockoBckoe Lwwocce, Aom 122.

Ten/dakc (4852) 44-12-92

e-mail: vniinp@yaroslavl.ru

MPABOBASA 3ALWMNTA: MATEHT POCCUNCKON ®EOEPALINA
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OTKkpbITOE akuuoHepHoe obuiectBo «MeTtadpake»

KOMMNOHEHTbI
COMPONENTRY

npouseoauT nonuamug ¢ 1970 roga, koraa B 3KcnnyaTtauuio 6bina 3anyleHa

OMNbITHO—-MNPOMbIWIEeHHasa yCTaHOBKa nonmmMmepusauumn Kanponakrama. MepBon npop.yl(uueﬁ, nOﬂy‘-leHHOﬁ Ha HOBOW yCTaHOBKe, Obin
6noyHbIV Nnonuamua. 3ateM Hayanocb pacwupeHue nponsBoacTBa U yBeriu4eHMe aCCopTUMeHTa n3aenvn. BnepBble B cTpaHe ocBO-
WU TeXHOMOrnK npuMeHeHus LleHTpOGE)KHOrO nnTbAa Ona nonyYveHus prnHoraGaperblx BTYJNOK. [OaHHbIA cnocob no3Bonun uc-
KNMHO4YUTb 6paK oT oSpasoBava TPeLmH U OTNIUBHBLIX UCKaXXeHU hopMbl BcneacTBMe NpoBUCaHUA 6e3 YCINOXHEeHUA KOHCTPYKLUUN.

CneaylowWwmm WwaroM 6b1110 BHeAPEHUE TEXHOMOMUM NoryYeHus cTepXHeBoro nonvamuaa. B HacTosilee BpeMs acCOPTUMEHT COCTOUT
13 GrnoKoB, KpyroB, BTYNOK, CTepXHel. Takxke BbiNyckaeTcs rpacoMToHanonHeHHast KOMNO3ULUA NnonuaMmmaa-6: BTYNKWU, CTEPXKHU, KPYT

aHaNornM4HbIX pasmMmepos.

CTPATEI'USA PA3ZBUTHA -
VBEJIMYEHUE MOIITHOCTH IMOJIMAMU/TA

«Metafrax» Open Joint Stock Company has been pro-
ducing polyamide since 1970 when an experimental indust-
rial unit for caprolactam polymerization was commissioned
into operation. The first products turned out on the new unit
were polyamide blocks. Then production was expanded
and the range of products was widened. For the first time
in this country the centrifugal casting technology was lau-
nched to produce large size bushings. This method made it
possible to eliminate scrap caused by crack formation and
shape casting distortions resulting from sagging without
complicating the design. The next step was to introduce the
technology to produce polyamide rods. At the present time,
the range consists of blocks, circles, bushings, rods. Also
the graphite filled composite of polyamide 6 is produced:
bushings, rods, circles of similar dimensions.

DEVELOPMENT STRATEGY IS TO INCREASE
POLYAMIDE PRODUCTION CAPACITY.

For many years, the scourge of production has been a high
percentage of wastes when producing and machining blocks.
This problem was sorted out when the granulation unit was sta-
rted up. Production of PA-6 granules enabled the product range
to be expanded with products being manufactured by precision
casting method on automatic molding machines.

With a view to further expanding the product line and impr-
oving the quality of the products made, a new unit to produce po-
lyamide 6 of granulated grades PA 6-210/310 and PA 6-210/311
turned out its first products.

OAO «Metafrax» tries to mark every year with new techn-
ological achievements and by improving the product quality. For
the purpose of increasing production capacity and expanding the
polyamide product range, in 2008 construction of a new install-
ation was started to the project and using the technology of the
Italian company Persico.

The new production facility, worth 6.5 million Euros, is sch-
eduled to be put into operation in the autumn of 2008. The proje-
cted capacity of the installation will amount to 1.55 thousand tons
per year which will enable «Metafrax» to double the polyamide
production capacity.

The project is being implemented within the framework
of the Company’s strategic development program until the
year 2010.

Among the indisputable advantages of the new installation
are modem technologies and equipment, process automation,
production safety, quality improvement and increased output of
the finished products.

Broad application of polyamide 6 requires that the producer
should improve its physical and mechanical qualities. This is ac-
hieved by using various inoculating additives, such as graphite,
glass fiber, pigments. In order to produce polyamide with fillers
on the new installation, an additional mixing unit is provided. The
polyamide installation is also equipped with a cutting machine to
cut rods and bushings to customer’s requirements.

Special consideration is given to production safety on the
new installation. Specifically, along its perimeter, protection is
provided by square honeycomb panels, which makes all the
machine and equipment visible, while all the movable parts are
protected by metallic panels or a wire net. The installation will be
designed and constructed in accordance with CE standards and
Russian standards and will have appropriate certificates. At the
present time, the polyamide facility produces the following types
and sizes: blocks — 22, circles — 22, sheets - 5, rods — 10, bushi-
ngs — 19. With the placement into service of the new installation,
the number of types and sizes, for example, in terms of bushings,
will increase to 44, in terms of sheets, it will increase to 22, in
terms of rods, it will increase to 61 items. The project capacity of
the new installation of 1550 tons per year will make it possible to
increase the output of rods from 345 to 773.4 tons, that of bush-
ings — from 80 to 368 tons per year. This will enable the market
demand to be met which is currently suffering from a shortage
of these items.

Honrve rogbl 6uyom npousBogcTBa OcCTa-
Baricsl BbICOKMIA MPOLIEHT OTXOO0B MpY U3roTOoB-
TNIEHNN 1 MexaHu4ecko obpaboTtke Griokos. ATta
npobrnema paspelunnace C BBOAOM B AeViCTBUE
YCTaHOBKM rpaHynnpoBaHusi. [MonyyeHve rpa-
Hyn [MA-6 No3BONMNO pacLUMpUTL aCCOPTUMEHT
NpOoaYyKLWW, U3rOTABNMBAEMON METOLO0M TOYHOMO
NUTbS Ha TepMonacTaBToMarax.

C uenbio JarnbHewILLEero pacluMpeHns accop-
TUMEHTA W MOBbILLEHVSI Ka4eCTBa BbIMyCKaeMoM
npogykumn B mapte 2002 roga Bbligana nepeyto
NPOZYKLMIO HOBas YCTaHOBKA MO BbiMycKy nosva-
Mmaa-6 rpaHynuposaHHoro mMapok A 6-210/310
nMA 6-210/311.

OAO «MeTtadbpake» Kaxkabli  rof paboTbl
CTapaeTcsl OTMETUTb HOBBIMU TEXHONOMMYECKUMMU
OOCTVXKEHUSIMA 1 MOBbILLEH/EM KadecTBa Mpo-
oykuyn. C uenbio yBENUYEHWsT NPOU3BOACTBEH-
HbIX MOLLHOCTE W AarbHEenWero pacluMpeHunst
accopTMMeHTa BbIMyckaemoro nonmvamvga B
2008 rogy HadaTo CTPOMTENILCTBO HOBOW yCTa-
HOBKM MO MPOEKTY U TEXHOMOTMM UTarbsHCKOM
komnaHum Persico.

HoBoe npon3BoacTBO CTOMMOCTBIO 6,5 MITH.
€BpO MIaHMpyeTCs caaTb B SKChlyaTaumio oce-
Hbto 2008 1. MNpoekTHas MOLLHOCTb YCTaHOBKM
coctaBuT 1,55 TbIC. TOHH B rog, YTO MO3BONUT
«MeTtadppakcy» yBennuMTb B ABa pasa MOLLHO-
CTM MO NPOV3BOACTBY MonMammaa.

MpoekT peanuayetcsi B paMkax nporpaMmbil
CTpaTern4eckoro passutus komnaHum 4o 2010 r.

K HECOMHeHHbIM MpeuMyLLECTBAM HOBOW
YCTAHOBKN OTHOCSITCS COBPEMEHHbBIE TEXHONOMN
1 0bopyaoBaH1e, aBTomaT3aums npoecca, 6es-
OMacHOCTb MPOU3BOACTBA, YIyYLIEHWE KadYecTBa
1 yBENUYEHWE BbiMycka roTOBOM NMPOAYKLWN.

Mpouecc npousBoacTBa nomvamupa-6 Ha
HOBOW YCTaHOBKE MOSHOCTLI0 aBTOMaTU3MpOBaH
N COCTOUT M3 HECKONMbKUX MOZyren OT 3arpy3ku
Karnponaktama [0 BbIrpy3Kk/ U XPaHEHWS TOTOBbIX
NINTbEBbLIX (HOPM.

CucTema KOHTPOIsSt U YMpaBneHns MaLlmH-
HbIM 00OpYyJOBaHMEM HOBOW YCTAHOBKU MOpPY-
YeHa MNpOrpaMMHO-NOTMYECKOMY KOHTPOIEPY,
BbIBE,EHHOMY Ha NaHerb onepatopa. B pabovem
pexume ByayT otobpaxarbcs pasfnmyHble pabo-
Yne napameTpbl, BKIKOHas crHarbl O BO3MOXKHbIX
nedpexrax.

LLinpokas obnactb MpYMEHeHVs1 nonvamm-
0a-6 TpebyeT OT npousBoauTEns YMy4LleHUs
ero (PM3MKO-MEXaHNYECKNX CBONCTB. OTO Mpo-
MCXOOUT MpY UCMOSb30BaHUM PasfivyHbIX MO-
ovdmumpyrowmx Ao6aBoK, TakvxX Kak rpadwr,
CTEKITOBOSIOKHO, NUrMeHTLI. st npousBoacTea
nonvaMuaa C HarorHUTENSIMU B HOBOW YcCTa-
HOBKE MPEAyCMOTPEH [OMOSHUTENbHBIA y3er
CMELLMBaHWSI.

Tawke YyCTaHOBKa MonmvaMuga OcCHalleHa
pesatenbHON MaLUMHON At HAPE3KU CTEPXKHEN
W BTYIOK B COOTBETCTBUM C TpebGoBaHUsMK 3a-
Kasumka.

Ocoboe BHMMaHe Ha HOBOW YCTaHOBKe yae-
neHo Bonpocam 6e30MacHOCTM NPOV3BOACTEA.

B yactHocTK, 3alwmTa no nepuMeTpy BbIMNor-
HSIETCS U3 KBAOpaTHbIX SHEUCTbIX MaHernen, Yto
[ernaet BUAHOW BCe MaluMHHOe 0bopyaoBaHue,
BCE MOABWKHbIE A€TarnM 3allMLLeHbl MeTanm-
YECK/MM NaHEeNsiMM UM MPOBONOYHOM CETKOW.
YcraHoBka ByaeT crnipoekTMpoBaHa 1 NocTpoeHa
cornacHo craHgaptam CE u poccuiickum cTak-
naptam u Byner MeTb COOTBETCTBYHOLLME CEp-
TUUkaTbI.

B HacTosiLee Bpems NpousBOACTBO Norva-
MMZa BbINycKaeT criedyliye Tunopa3mepsbl: Gro-
Kn — 22, kpyrvt — 22, nuctbl — 5, ctepxnn — 10,
BTYnku —19.

C BBOOOM B [O€eVICTBME HOBOW YCTAHOBKU KO-
NMYeCTBO TUMOPa3MeEPOB, HampuMep Mo BTYr-
Kam, yBenuuutcs 4o 44, no nuctam — o 22, no
CTEPXHSIM — 10 61 HaMMEHOBaHWS.

[poekTHasi MOLLHOCTb HOBOW YCTaHOBKM
1550 TOHH B rog NO3BOMUT YBENUYUTL BbIMyCK
cTepxHen ¢ 345 go 773,4 TOHH B rod, BTYIOK —
¢ 80 oo 368 ToHH B ro,. 310 NO3BONUT YAOBMET-
BOPUTL CMPOC pbIHKA, KOTOPbLIA B HacTosiLlee
BPeMs UCTbITbIBAET AeULMT MO Ha3BaHHbIM
no3nLUAM.

YaEtacnac

OAO «MeTtadhpakc»

r. y6axa, Mepmckuin kpaw, 618250
Ten.: (34248) 4-08-98, cp.: 4-71-21
www.metafrax.ru
metafrax@permonline.ru
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OBOPY1OBAHME
EQUIPMENT
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AMUVHOBbIe CMCTEMbI NOABEPXKEHbI Pa3NIMYHbIM KOPPO3UOHHBIM hakTopaM. B cTtaTbe paccmaTpuBaloTcs NPUYNHBLI U MeToAbl 60pLObI
C Koppo3uen, yaensietcsa oco6oe BHMMaHue 3alyuMTe OT KOPPO3uMM MeToAaMM ra3oTepMuyeckoro HanbineHus. MayyaeTtcs ycnewHbin
onbIT OO0 «lMa3npom po6biya AcTpaxaHb» (paHee OOO «AcTpaxaHbrasnpom») no 3awuTte agacop6epoB OT KOPPO3MU C NMOMOLLbLIO

MeTanIM4eCKnxX 3alUTHbIX I'IOKprTI/Iﬁ.

BOPBBA C KOPPO3UENA

B AMHUMHOBBIX CUCTEMAX

B noTtokax yrneBogopoaHbIx rasos, o6pa-
3ylOLLMXCS Npy nepepaboTtke HedTH, a Takke
B NMPUPOAHBIX rasax 1 NomnyTHbIX rasax HedpTs-
HbIX MECTOPOXAEHUA MOTyT MPUCYTCTBOBaTb
Takue coeauHEHUs!, Kak CEpOBOAOPOA U yrie-
KMcroTa, KoTopble Heobxoaumo yaansTb U3
rasos. Hambonee LwMpPOKO NpuUMeEHAeMbIMU
ABNSAOTCH abCOPOLMOHHbIE MPOLIECCHI O4UCT-
K1 yrnesogopoaHbix rasos ot H,S n CO,, B
KOTOPbIX UCMOSb3YHTCH XUMUYECKUE U pusm-
Yeckne abcopbeHTbI U NX KOMBUHaLUK.

N3 xemocopbeHTOoB Haubonee LWMPOKO
NMPUMEHSIIOTCS arikaHoNamuHbl.

Hanbonee n3BeCTHbIMK ankaHonamuHa-
MW, UCMOMb3yeMbIMM B MpOLECcCcax OYUCTKU
rasa ot H,S n CO, , asnawoTcs:

* MOHO9TaHonamuH (M3A),
* anataHonamuH (O3A),
* MeTunamataHonamux (MO9A).

OuncTka NPou3BOAUTCS BOAHBLIMW PacTBO-
pammn atux abcopbeHToB. KoHueHTpauusa amu-
Ha B pacTBOpPe MOXET U3MEHSITbCS B LUMPOKUX
npegenax. Ee BbiGupatoT Ha OCHOBaHWM OMbITa
paboTbl. [Npy 3TOM 0BBIMHO KOHLIEHTPaLMs amui-
Ha B pactBope coctaensieT 15-20% aons MOA,
20-30% anst A9A n 35-50% anst MOJA.

Kopposusi TexHonoruyeckoro obopyaosa-
HUSI IBNSIETCA OOHOWN 13 Npobnem, ¢ KOTopoi
NpUXoANTCS CTankuBaTbCs NPY 3KCMyaTaumm
aMWHOBbIX YCTAaHOBOK OYMCTKU rasa.

Koppo3usi 3aBUCUT OT MHOTUX (haKTOPOB:
oT KoHueHTpauun H,S n CO, B ouuiaemom
rase, CTeNeHW HacbIEHUS amMuHa KMUCTbIMU
rasamu, KOHUEHTpauuuM amuHa, KadyecTBa
NOrnoTUTENBLHOIO  pacTBopa, TemnepaTypbl
TexHorornveckon cpegbl U T.4. Kopposwus
yCKOpsieTCsl Mof OeWCTBUEM MPOAYKTOB [fe-
rpagauuyM amuHa, KoTopble B3avMOAEWCTBY-
10T C MeTasnsiom.

B xome ouncTKM rasoB MpoTekawT peak-
Luun ¢ obpasoBaHMEM NMOGOYHbIX COEAUHEHWI
(dbopmamMuabl, aMUHOKUCHOTLI, OKCasonuao-
Hbl, MOYEBWHA, AUAMUHBI).

[a3bl, noaBepraembie OYUCTKE pacTBO-
pamMy 3TaHONaMWHOB, MOFyT coaepXaTb
GonblUoe KONMMYECTBO PasfiUYHbIX MNpume-
cel, HeobpaTMMO pearmpyLmnx ¢ amuHa-
MU CEPHUCTbIX COoeaWHEeHW, KapboHOBbIX
kucnot u ap. Co BceMu 3TMMK coeauHe-
HUSIMU aMUHbl 06pa3syT NpocTblie TepMu-
YecKM CTOWKME COMu, Hanpumep Takue, Kak
TMocynbgaTbl, BO3HMKAaOWMNE Npu B3auMO-
AeNCTBMY pacTBOPOB 3TaHoNamunHoB ¢ H,S;
N-okcnatunTnokapbammHoBasi kucnoTa, siB-
nsLanca NpodykToM peakuuu pacTBopa
M3A c cepookucbio yrnepoga; oKcasonu-

C. H. LLNPOKOB
B.U. TEPACbKUH
B.A. EMEJIbKMHA
M.C. ATUMOBA
E.A. MUPOBCKAA

O0O0«TC3IM»

AOHbI, AnamuHbl (N-(2-oKcnaTun)-aTuneH-
AVMaMVH), KOTopble Mony4valTcsi B pe3yrb-
Tate HeobpaTUMON peakuun pacTBOPOB
aTaHonamuHos u CO,. Ha obpasoBaHue ok-
Ca30nu1AoHOB BNUSAIOT pasnunyHbie hakTopsbl:
KOHLIEHTpaumnsa YrrneKkMcnoTbl B WUCXOLHOM
rase, HacblleHne pacTBopa, KOnM4ecTBO
pactBopa, obpaliatlieecs Ha yCcTaHOBKe,
paboyve ycnosusa u T.4.

Koppo3ann obopynoBaHus Takke crnocob-
CTBYyeT HaKoMneHne B pacTBOpe TBepAbIX
YyacTul, KOTOpble paspylialT  3aluUTHble
NMEHKK, BbI3bIBAOT 9p03Ut0 MeTanmna. Takumm
TBEPAbIMU YacTuLaMu SIBASIOTCA Cynbdug
Xenesa, OKUCb XXernesa, Nblfb, NeCoK, NpokKaT-
Hasi OKanuHa, koTopble nonazgatoT B abcopbep
BMeCTe C NMOTOKOM rasa.

MHTEHCMBHOCTL  KOPpO3WUM BO3pacTaeT B
psiay: NepBUYHbIE ankaHOMaMUHbI-BTOPUYHbIE-
TPETUYHbIE; TaK Kak Gornee peakLMOoHHOCNOCco6-
Hble NepBUYHbIE Y BTOPUYHbIE aMUHbI TpebytoT
Goree BbICOKVX TemnepaTyp Ans aecopoummn
KUCMbIX ra3oB, OCTATOMHOE CcoAepXaHue Kuc-
NbIX ra3oB B pereHepnpoBaHHbIX pacTBopax Ta-
KX aMMHOB Takxke Bbille. Ha rpaHuLe pasgena
a3 cyLlecTBeHHbIM (PaKTOpoOM paspyLUeHus
CTaHOBWTCS KaBUTaLWSA.

Ewé opgHum Buaom kopposum obGopy-
[IOBaHVS1 YCTAHOBOK CEPOOYUCTKM ABMSIETCS
paccrnoenune (HIC) yrmepoamucTbix 1 HuU3kone-
TMPOBaHHbIX CTarnein nop AeicTBUEM BOOHbIX
cepoBofopoacoAepXaLLmx cped, 0bpasytoLmx-
CsA B pesynbrare AecopbLmnmy KUCTbIX ra3os.

O0bopynoBaHMe YCTAaHOBOK —aMWHOBOW
OYMCTKM ra3oB MOMUMO OOLLein Kopposuu
nofBepraeTca U Apyromy Buay paspyLlleHus
— KOPPO3MOHHOMY PacTPeCKUBaHWIO HU3Kose-
TMPOBaHHbIX W YrMepoancTbIX cTanen B pere-
HepMPOBaHHbBIX N HACbILLLEHHbIX CEPOBOAOPO-
[IOM W YINEeKNCNbIM ra3oM (U OAHUM U3 3TUX
rasoB) aMWHOBbLIX pacTBopax. BeposiTHOCTb
pacTpecKMBaHVsA BO3pacTaeT C MNOBbILLEHNEM
Temnepatypbl. 3aperucTpuMpoBaHbl criydav
NOSIBNEHNSI KOPPO3NOHHbIX TPeLH B abcop-
6epax, Aecopbepax, TennoobMeHHuKax, Tpy-
6onpoBoaax.

OppekTMBHBIM  cnocobom  3alnThI
06opyAoBaHNSA YCTAaHOBOK CEPOOYUCTKN OT
KOPPO3MOHHOTO pacTpeckMBaHUsi B aMUHO-
BblX pacTBopax siBnsietcss TepmoobpaboTka
annapaToB W3 YrnepoamncTbiX W HU3KoMe-
TMPOBaHHbIX CTanen Anst CHATUS OCTaTou-
HblX, B TOM 4MClle MOCMNeCBapOYHbIX, Ha-
NPSXEHUN.

BoToenbHbIxBraaxobopynoBaHusycTa-
HOBOK CEPOOYMUCTKN MpU WU3rOTOBNEHUN P>

000 «lascepTak»

r. MockBa

OAO «BHUNHE®TEMALL»

Amine systems are subjected to various corrosive fact-
ors. The article considers the causes and methods of com-
bating corrosion, making a special mention of corrosion pro-
tection using gas thermal spraying methods. Success story
of OO0 «Gasprom dobycha Astrakhan» (formerly OOO
«Astrakhangaspromy) protecting adsorbers from corrosion
using metallic protective coatings is under study.

COMBATING CORROSION IN AMINE SYSTEMS

In the flows of hydrocarbon gases, produced in oil refi-
ning as well as in the natural gases and petroleum associ-
ated gases of the il fields, there may be such compounds
present as hydrogen sulphide and carbon dioxide which
have to be removed from gases. The most commonly
used are the absorption processes of cleaning hydroca-
rbon gases from H,S and CO, which utilize chemical and
physical absorbents and their combinations. From among
chemical absorbents alkanolamines are used most widely.
The most well-known alkanolamines used in the proce-
sses of cleaning gas from H,S and CO, are: monoetha-
nolamine, methyldiethanolamine. The cleaning is carried
out using water solutions of these absorbents. The amine
concentration in the solution may vary within a wide ran-
ge. ltis selected based on the working experience. In the
meantime, the amine concentration in the solution usually
amounts to 15-20% for monoethanolamine, 20-30% for
diethanolamine and 35-50% for methyldiethanolamine.

Corrosion of the production equipment is one of the
problems one has to grapple with when operating the
amine units for gas cleaning. Corrosion depends on many
factors: H,S and CO, concentration in the gas to be pur-
ified, degree of amine saturation with acid gases, amine
concentration, the quality of the absorbing solution, the
temperature of the process medium, etc. Corrosion is ac-
celerated under the effect of amine degradation products
which interact with the metal.

During the cleaning of gases there occur reactions
which result in formation of side compounds (formamides,
amino acids, oxazolidones, urea, diamines). The gases
subjected to cleaning by means of ethanolamines may
contain a great quantity of various impurities which irrev-
ersibly react with amines: sulphur compounds, carbonic
acids, etc. With all these compounds amines form simple
thermally stable salts, for example, such as thiosulfates,
resulting from interaction of ethanolamine solutions with
H,S; N-oxyethyithiocarbamino acid which is a product of
the reaction between monoethanolamine and carbon su-
Iphooxide; oxazolidones, diamines (N-(2-oxyethyl)-ethyle-
nediamine) which are produced as a result of irreversible
reaction of ethanolamines with CO,. Different factors affe-
ct the formation of oxazolidones: concentration of carbon
dioxide in the initial gas, solution saturation, amount of the
solution which circulates through the unit, operating con-
ditions, etc. Corrosion of the equipment is also facilitated
by accumulation of solid particulates in the solution which
destroy protective films, cause metal to erode. Such solid
particulates are: iron sulfide, iron oxide, dust, sand, rolling
scale which penetrate into the absorber together with the
gas flow. Corrosion intensifies in the following row: primary
alkanolamines-secondary-tertiary ones as the most reac-
tive primary and secondary amines require higher tempe-
ratures for acid gases desorption, the residual content of
acid gases in the regenerated solutions of such amines is
also higher. On the borderlines of phase separation cavita-
tion becomes an essential factor of destruction.

Another type of equipment corrosion on the suphur cle-
aning installations is the lamination (HIC) of carbon and low
alloy steels as affected by water hydrogen sulfide containing

oy @ BN B B BB BB OB OB OB E



9KCNO3UUUA 5/H (73) okTsi6pb 2008 .

media resulting from acid gases desorption. The equipm-
ent of amine gas cleaning units, apart from general corro-
sion, is subjected to another type of destruction, i.e. corro-
sive cracking of low alloy and carbon steels in regenerated
and hydrogen sulfide and carbon dioxide saturated amine
solutions (or saturated with one of these gases). The likeli-
hood of cracking increases with rising temperature. Cases
of corrosive fractures have been recorded which appear-
ed in absorbers, desorbers, heat exchangers, pipelines.

An efficient method of protecting the equipment of the
sulphur cleaning units from corrosive cracking in amine
solutions is the heat-treatment of the units made from car-
bon and low alloy steels to relieve residual stresses, inclu-
ding post-welding stresses. In certain types of the equipm-
ent on the sulphur cleaning units when such equipment is
manufactured from carbon and low alloy steels the speed
of electrochemical corrosion is so significant that the pr-
oject service life of such units cannot be ensured due to
the thinning walls This applies to column hot-water boilers
(reboilers), desorbers, separators and some other appar-
atuses, operated in the acid gas medium coming from the
desorber. It is recommended that the above mentioned
apparatuses or their individual components be manufact-
ured from alloy steels (X18H10T; X17H13M2T, etc.). The
cost of the equipment in this case increases several times.
When cleaning gas with water amine solutions, corrosion
occurs throughout the whole route of the absorbing soluti-
on. The most intensive corrosion is observed in the areas
with maximum concentration of acid gases and maximum
temperature. The aforesaid factors have led to a situation
where certain countries have switched over to producing
the equipment entirely from stainless steel despite huge
initial costs. In Russia, as a rule, the principal equipment
of the gas cleaning units is manufactured from carbon st-
eel and only corrosion prone items and assemblies (pipe
clusters of the heat-exchangers, boilers, refrigerators) are
made from stainless steel whose speed of corrosion is lo-
wer than that of the carbon steel.

Due to high cost of stainless steel, the manufacture from
it of the entire apparatus is economically unfeasible. The
standard methods of extending the service life of the appa-
ratuses is widely known, i.e. their manufacture from carbon
steel with an allowance for corrosion, using bi-metals. Ho-
wever, each of these solutions has its own limitations. Allow-
ance for corrosion leads to a much higher weight of the ap-
paratuses, problems with delivery and welding. Bi-metallic
structures are complicated to assemble and to weld.

In 2003 the Russian company «Technology Systems of
Protective Coatings» came up with a new solution to protect
the inner surface of the absorber by applying anti-corrosive
coating using gas thermal spraying. With that in view, in a
joint effort with «VNIIGas», work was done to determine
corrosion strength of a number of materials applied, using

€ro 13 yrnepoancTbIX N HU3KOMErmpoBaHHbIX
cTanew CKoOpoCTb 3NEKTPOXMMUYECKOIN KOPPO-
31N CTOMb 3HAYUTENbHA, YTO HE MOXET ObiTb
obecneyveH MNPOEKTHLIN CPOK CRyXObl Takux
annapaTtoB M3-3a YTOHEHWUSI CTEHOK. JTO OT-
HocUTCS K KkunsiTunbHUkam (peboiinepam)
KOMOHH, Aecopbepam, cenapatopam U HeKo-
TOpbIM ApYrMM annapartam, 3KCryaTupyto-
LMMCSA B Cpefe KUCMbIX ra3oB, MOCTYNatoLLmxX
n3 pecopbepa. lNepeuncneHHble annapatbl
UV OTAENbHbIE UX 3MEeMEHTbl PEKOMeHAyeT-
€S U3roTaBnMBaTh U3 NErvpoBaHHbIX cTanen
(X18H10T; X17H13M2T u gp.). CtommocTb
obopynoBaHusi B 3TOM Cryyae BO3pacTaeT B
HecKomnbKo pas.

lMpn ouncTke rasa BOAHBIMW pacTBOpa-
MW aMUHOB KOPPO3US MPOUCXOAUT MO BCEMY
TPakTy MmornoTuTensHoro pacteopa. Haun6o-
nee MHTEHCMBHAas KOppo3usi HabniogaeTcs B
30HaX C MaKCUMaribHOMN KOHLIEHTpaLunen Kuc-
NbIX ra3oB 1 MakCcUManbHON TemmnepaTypo.

BblweonucaHHble dakTopbl npusenu K
TOMY, 4YTO B HEKOTOPbIX CTpaHax nepeLunu
Ha wuaroToBrneHne obopysoBaHUS LENMKOM
M3  HepxaBeloLWen cTanu, HecMoTps Ha
OrPOMHbIE MepBOHaYanbHble 3aTtpaTtbl.. B
Poccun, kak npaBuno, ocHoBHoe obopyao-
BaHWe YCTaHOBOK O4YUCTKM ra3a N3rotoBnsoT
13 YyrnepoaucTon cTanu, u nuwib Hanbonee
noABEepPXEeHHble KOPPO3nWU yanbl (TpyOHble
My4Ykn TennooOMeHHUKOB, KUNSATUMbHUKOB,
XONoAWNbHWKOB) — U3 HepXaBelwlLlen cTa-
1K, CKOPOCTb KOPPO3WK KOTOPOW HUXE, YeM
y YrnepoaucTon ctanm.

M3-3a BbLICOKOM CTOMMOCTU HepXXaBeto-
Lew cTanu M3roToBrneHne u3 Hee annapara
LIeNIMKOM  9KOHOMWYECKN HeaddeKTNBHO.
LLinpoko wn3BeCTHbl CTaHAapTHble MeToAbl
NpoANeHNs pecypca annapaTtoB: U3roToBre-
HVe X U3 yrnepoancTon cTanu ¢ npubaskow
Ha KOMMEHcauuio KOoppo3uu, NpUMeHeHne
6umertannoB. OfHaKo Kaxpoe U3 3Tux pe-
LUEeHUI UMeeT cBou orpaHuyenus. MNpnbaska
Ha Koppo3uto obycnaBnmBaeT CyLeCTBEHHO

OBOPYOBAHME
EQUIPMENT

6Gonee BbICOKMIN BeC annapaTtoB, Npobnembl
npu goctaBke, cBapke. bumertannuuyeckue
KOHCTPYKLUMM XapaKTepusyTcs MOBbILLEH-
HOW CMOXHOCTbIO Npu cbopke, NpoBeaeHUn
cBapKu.

B 2003 rogy poccuickass KomnaHus
«TexHonoruyeckne Cuctembl 3alMTHbIX
[MokpbITUA» Npepnoxuna HoBOe pelueHune
ANst 3aWUThl BHYTPEHHEW NOBEPXHOCTU ab-
copbepa nytemMm HaHeceHUsl aHTUKOPpPO3u-
OHHOTO M3HOCOCTOMKOTO NMOKPbLITUS METOAOM
rasoTepMMYECKOro HanmbineHus. Ona atoro
coBMmecTHo ¢ BHUMITASom 6bina nposege-
Ha paboTa no onpeneneHno KOPPO3NOHHOM
CTOMKOCTU psifja MaTepuarnos, HAHECEHHbIX
pasnu4YHbIMKU MeToAamMu HanbineHus. No pe-
3ynbTataM ucnbiTaHui Gbina BbibpaHa Bbl-
COKOIerMpoBaHHasi HepxxaBetollas crarb,
HaHeceHHass MeTOAOM BbICOKOCKOPOCTHO-
ro rasonnameHHoro HanbeineHuns (HVAF).
MpuHuMn paboTbl yCcTaHOBKM OCHOBaH Ha
CXWraHvum Tonnuea B creunanbHon Kamepe
CropaHusi ¢ NoryYeHnem Ha BbIXoAe ra3oBow
CTpyu, nmetoLen ckopoctb Ao 2500 m/cek.
[NopoLKoBbI MaTepuan, nogaBaeMblii B ra-
30BbIl MOTOK, pa30rpeBaeTCsi U pa3roHsieTcs
po ckopoctenn ~700...800 m/cek. Monagas
Ha wu3genve, 4YacTuubl nopolka, obnapa-
IolLMEe BbICOKOM KUMHETUYECKOW 3JHepruen,
06pasyoT NIOTHOE MOKPbITUE C BbICOKUMMU
aAresnMoHHbIMKM - xapakTepuctukamu. O6b-
eMHas [ons Bo3dyxa B MOKPbITUM COCTaB-
nsieT He 6onee 1%, a NPOYHOCTb CLENNEHNS
Cc ocHoBoM npesbliwaet 80MMMa. MNokpbiTne
SABNSETCA MHOrOCMOMHbIM, MO3TOMY CKBO3-
Hasi nmopucTtocTb oTcyTcTBYeT. lNpenmyuie-
CTBO [aHHOrO MeToda Takxke 3aknoyaeTcs
B TOM, YTO METOZ YCIIOBHO MOXHO Ha3BaTb
«XOMOAHbIMY», T.€. NPWU HaHEeCeHWW MOKpbI-
TUA He NPOMCXOAUT HarpeBa MaTepuana
kopnyca Bbiwe 120...150°C. 310 no3sonser
n3bexartb Kaknx-nmbo as3oBbix NpeBpaLle-
HUA B OCHOBHOM MeTanne npu HaHeceHuu
NOKPbITUIA. P>

CpaBHuTErNbHbIE 3aTpaTbl Ha NpnobpeTeHne 1 aKCnyaTaumo
abcopbepos 3a 20 net
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OBOPYOBAHME
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B pamkax koHTpakta TC3I1 ¢ AcTpaxaHb-
rasnpomMoM Obina paspaboTaHa TexHororust u
M3rOTOBMEH  YHWKamnbHbIA  poBOTU3NPOBaHHbI
KOMMIIEKC NSt HAHECEHUS! 3aLLUTHOTO MOKPbITHS
METOZIOM BbICOKOCKOPOCTHOIO Fra30TepPMUYECKOrO
HanbINeHNs BHYTPEHHWX MOBEPXHOCTEW KOMOHH
0e3 VX JeMoHTaxa.

Mo pesynbraTtam KoHTporns 3a nepuog 6o-
nee 4Yem TpexmneTHeW aKcrnyaTauum KOMoHH-
abcopbepoB, OTPEMOHTUPOBAHHBLIX METOAOM
razoTepMUYECKOro HarblneHus, 6bin caenaH
BbIBOA, O 3HAYNTENBHOM CHUKEHUWN CKOPOCTM
npotecca KOPpPO3MOHHO-3PO3NOHHOTO W3HO-
ca, kotopas coctaBnsetr meHee 0,1 mm/roa
no cpaBHeHMto ¢ 8-10 mm/rog  Anst KONMOHH
6e3 MoKpbITUS.

B npouecce pabotbl abcopbepa npoBoasiT-
¢Sl HabnoaeHVs 3a NoBeaeHVIEM MOKPbLITUS, 1 MO
pesyrnsrataM paboTbl MEPBbIX KOMIOHH Obina Bbl-
SIBIEHa BO3MOXHOCTb Pa3BUTUS MOAMIIEHOYHON
KOpPPO3WM B HWKHEN YacTW KOMOHHbI — B pario-
He XuaKkon asbl. B cBsI3M ¢ 3TUM Hamu Gbinm
npoBefeHbl  [OMOSHUTENbHbIE  UCCTEN0BaHMS
Bo BHNWNIA3e, no pesynsratam koTopbix 6bina
npennoXxeHa HoBasi KOMMNO3WLMS, KoTopast Npes-
cTaensieT cobon ABYCMNONHOE NOKPbITHE (Tabn.1)
C NoAcrnoem, MEHee CKIMOHHbBIM K pa3BUTMIO Nog-
nreHoYHou kopposuu. lNpuMeHeHve OByCrow-
HOrO MOKPbITUSI MO3BOMUIIO YBENUYUTE MEXKpPEe-
MOHTHbIV MHTEPBAN NOKPbITUA ¢ 3 40 5 NeT.

HecmoTpst Ha TO YTO TEXHOMOMUS BbICOKO-
CKOPOCTHOIO ra3orniaMeHHOro HarblirieHust obe-
CMeYVBaeT nornyyeHre MOoKpbITUS 6e3 CKBO3HOW
MOPUCTOCTU, CyLLIECTBYET OObEMHAs MOPUCTOCTb,
KOTOPYIO XenaTterbHO 3aKpbiTb. [ra aTon uenv
MPUMEHSIIOT  PasfnYHble MPONUTLIBAlOLLME CO-
CTaBbl HA 3MOKCUAHOW, aKpUIOBOW U gToprno-
TIMMEPHOI OCHOBE, UMEIOLLIYE HU3KYH) BSI3KOCTb
1 BbICOKYHO MPOHUKaIOLLYH CrocobHocTb. [Mponi-
ThIBaOLWIA COCTAB HAHOCHT MOCHE HarbleHus
BCEll MOBEPXHOCTU KWCTbHO, BAariMKOM UMW pac-
MbInMTENeM.

Ha cerogHsILLHWIA OeHb, N0 UMEHOLLIEACS UH-
hopmaLmy, 3aLUTHbIE MOKPLITUSI, paspaboTaH-
Hble OO0 «TC3IMy, NpUMeHsItOTCA NS 3aLUmUThI
OT KOppOo3un abcopbepoB aMMHOBOW CEPOOMMCT-
km OO0 «[asnpom gobbiva AcTpaxaHb.

OKOHOMMYecKkMn 3dhdpeKT 3akasdmka cocTa-
BUIT HECKONMbKO COTEH MWINMOHOB pybren 3a
yeTblpe roga paboTbl. ApdekT cknaabiBaeTcs U3
crefytoLmx hakTopoB:

« CokpalLieHne 3atpaTt Ha npruobpeTeHne HOBbIX
KOMOHH (paHee KOMOHHa Moarexarna 3ameHe
Kaxkgble 6 rer).

» CokpalleHve 3atpar Ha MOHTaKHble/AEeMOH-
TaXHbIE 1 MyCcKOHarnafo4Hble paboTbl.

[ns ycnewHoro npuMeEHeHWs MeTanmu-
3aUVMOHHbIX HambINSeMbIX MOKPbITUIA Ha 06o-
pyooBaHuWM HedpTenepepabaTbiBatoLLelt Npo-
MbILLMEHHOCT HeobXoOMMO pelleHve psiaa
BOMPOCOB MO NoAroToBke 060pyAoBaHUs nepeq,
HaHeceHMeM nokpbITUA. B uvactHocTh, obe-
crneyeHne KOppPO3NOHHOCTONKOTrO UCMONTHEHUS

Mogcnon

TC3I1-BC-016.45

[etanen crnoxHon gopMbl U Marnoro amame-
Tpa: WTyLepbl, KOHCTPYKTVBHbIE 3a30pbl U T.A.

B HacTosiLLee Bpemsi NpeacTaBnsieTcs Lene-
coobpasHbIM HaHEeCEeHWe MOKPbLITUIA C LENbio 3a-
LLTBI OT KOPPO3UM Ha ANEMEHTbI annaparoB OTHO-
cUTenbHO NPOCTor GhopMbl: Hanpumep, TpyoHbIe
peLLéTkv peboinepoB, COEONHEHHBIX C Aecopbe-
pamu. OfHUM 13 CrocoboB 3aLLWTLl OT KOPPO3Wn
Taknx PeLéToK W3 HU3KOMervpoBaHHbIX cranen
SIBMNSIETCS HaMmaBka UX HEPXKaBEHOLLWYIMU MEKTPO-
[aMn CO CTOPOHbI arpeccuBHOM Cpefbl, a 3ateM
ToKapHasi 06paboTka oGnMuUoBKK. HaHeceHre Ha-
MbLIISIEMOrO METaN3aLIWOHHOTO MOKPbITVSI MOXET
VIMETb MPEeVMyLLECTBA B OTHOLLEHUWN TEXHOMOMY-
HOCTM U B OTHOLLIEHUN CTOMMOCTW SKCTIyaTaLym
[eTanei C 3aLmUTHBIM MOKPbITUEM.

Ha ycraHOoBKax aMWHOBbBIX CEpPOOYMCTOK
0OCBOEHVe METOAA ra3oTepMUYECKOro HarbINeHUs
METannM3aLMOHHbIX MOKPBITUM C LiENbHO 3aLLmTbI
OT KOpPPO3WK MOXET ObITb NPOBEAEHO Ha pesep-
Byapax AMsl XpaHeHus aMWHOBbLIX PacTBOPOB
(PBC-ax), MetoLLMX OTHOCUTENBHO NPOCTYHO reo-
MeTpUYeckyto hopMy 1 GonbLuol 06bEM. VimeeT
3HaYeHWe TalKe To, YTO MpoBedeHNe Tepmoob-
paboTky 3TVX annapaToB NpeacTaBnseT onpeae-
NEHHble TPYOHOCTU. m
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cofepxallmx cpeq,.

Tesncbl AN MeXOyHapOAHOW Hay4YHO-TEXHU-
Yyeckon koHdpepeHuun 2006., bangaes J1.X.
K.T.H. («TC3IM»)

3. 3awmTta TexHonoruveckoro obopynoBa-
HWSI ra30BOW NPOMBILLNIEHHOCTU OT KOPPO-
3MOHHOTO M3HaLUMBaHUSA.

CTtaTbsl B XypHarne «XvMuyeckasi TEXHU-
ka» Ne1 2003, ctp.8-10

JN1.X. banpaes, A.B. bbikoB, B.M. TuwuH
(«TC3IM»); B.N. lepacbkuH, A.A. 3apy-
neHckmn, H.®. Huszamos, B.A. XXunses
(OO0 «AlTI»)

4. MNepcnekTuBbl  UCMONb30BaHUS  MeToda
ra3oTepMMYEcKOro HarnblneHuss npu  pe-
MOHTax M npoussoacTee obopyaoBaHus B
3HEpreTM4ecKon, XMMUYECKON N HedTera-
30BOW NPOMBILLIIEHHOCTW.

Cratbs B XypHane «XvMuyeckasi TEXHUKa»
Ne8 2002, ctp.14-15 J1.X. bangaes, H.I.
Wectepkun (HAN 3 «TC3M-CatypH»),
M. CenesHeB (FocroptexHaasop Poccun).

OCHOBHOE MOKpbITUE
TC3M-BC-013.45

XuM. cocTaB MOKpbITHSA Fe CrNiBSiC Fe CrNiMo Si C
TonwmHa 100+20 MKk™m 100+20 MKk™m
MopucTocTb MeHee 1% MeHee 1%
MwkpoTBepaoCTb 650...800 HV 500...570 HV

[MpoyHOCTL cuenneHunst

Bonee 70 Mlla

Bonee 70 Mlla

Tabn. 1 XapakTtepucTuka 3awmtHoro nokpbitus / Table 1 Specification of the Protective Coating
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various spraying methods. Using the test results, a high
alloy stainless steel was selected to be applied by high sp-
eed gas plasma spraying (HVAF). The operating principle
of the unit is based on burning the fuel in a special combu-
stion chamber producing a gas jet at the output which has
a velocity of 2500 m/sec. The powder material fed into the
gas flow is heated up and accelerated up to a velocity of ~
700...800 m/sec. Landing on the product the particles of
the powder, possessed of high kinetic energy, form a sol-
id coating with high adhesive characteristics. The volume
of air in the coating accounts for no more than 1%, while
the adhesion strength with the substrate is more than 80
MPa. The coating is a multi-layer coating that is why there
is no through porosity. The advantage of this method also
consists in the fact that the method can be referred to, with
certain reservations, as «a cold method», i.e. when apply-
ing the coatings, no heating-up of the body material takes
place above 120...1500 C. This helps avoid any phase
transformations within the basic metal when coatings are
applied.

Within the framework of the contract between «TSZP»
and «Astrakhangasprom», a technology was developed
and a unique robotized complex was manufactured to
apply protective coating, using high velocity gas thermal
spraying of the columns’ inner surfaces without disasse-
mbling them.

Judging by the control results for a period of more than
three years’ operation of the absorber columns repaired
using the gas thermal spraying method, it was concluded
that the speed of corrosive and erosive wear process was
slower and equaled less than 1.0 mm/year compared with
8-10 mm/year for the uncoated columns. During the abs-
orber operation, observations of the coating behavior are
conducted, while based on the operating results of the first
columns, it was found possible for under-film corrosion to
develop in the bottom part of the column, i.e. in the area of
the liquid phase. In this connection, we undertook additio-
nal tests at «VNIIGAS», which resulted in a new composi-
tion constituting a double layer coating (Table 1), featuring
a sub-layer which is less prone to developing sub-film
corrosion. The use of the double layer coating allowed in-
between repair period for the coating to be extended from
3to 5 years.

Despite the fact that high velocity gas plasma spraying
process makes it possible to produce a coating without
through porosity, there is volume porosity which it would
be desirable to close up. For this purpose, various impreg-
nating compounds on epoxy, acryl or fluoropolymer basis,
possessing low viscosity and high penetrating capacity,
are used. The impregnating agent is applied after spraying
the entire surface with a brush, roller or sprayer.

Today, according to the available information, protective
coatings developed by OO0 «TSZP» are used to protect
the amine sulphur cleaning absorbers of OO0 «Gasprom
dobycha Astrakhan» from corrosion. The customer’s sav-
ing has amounted to several hundreds of millions of Rub-
les for four years of operation. The saving is composed of
the following factors:

* Reduction in the cost for the purchase of new col-
umns (previously the column had had to be repla-
ced every 6 years).

« Reduction in the cost of installation/dismantling,
start-up and commissioning.

For successful application of metallized sprayed coati-
ngs on the equipment of the oil refining industry it is nece-
ssary that a number of issues conceming the preparation
of the equipment for the application of the coating be res-
olved. Specifically speaking, making sure that the parts of
complex shape and small diameter are produced corros-
ion resistant: such as a union, design clearances, etc. At
this time it is believed to be appropriate to apply coatings
for the purpose of corrosion protection to the components
of the apparatuses with a relatively simple shape: for exa-
mple, pipe grilles of the re-boilers connected to the desor-
bers. One of the methods of protecting such low alloy steel
grilles from corrosion is deposition on them using stainless
electrodes from the side of the aggressive medium to be
followed up by turning the facing. The application of the
sprayed metallized coating may have advantages in terms
of technological practicality and operating cost of the parts
with protective coating. On the amine sulphur cleaning ins-
tallations, the gas thermal spraying process for metallized
coatings for the purpose of corrosion protection can be
launched into use on the vessels for storage of amine so-
lutions (PBC-ax) which have a relatively simple geometric
shape and a large volume. An important consideration is
also the fact that these apparatuses present certain diffic-
ulties with their heat-treatment.
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WHdopMaLUoHHAA NoAAepHKa KOMNaHWiA,
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OGy4eHue 1 NoBbIleHNe KBanuduKaLum cneuuanucToB B HacTosiLLiee BpeMsi NpuobpeTaeT ocoboe 3HavyeHue. ATO CBA3AHO C BbICO-
KUMU TPe6OoBaHMAMU K 3HAHUSAM PabOTHUKOB U YPOBHIO UX NpodheccCuoHanbHOM NOAroTOBKW, NPOAUKTOBaHHbIMMU YCITIOBUSIMU PbIHKA.
HecmoTpss Ha onpepeneHHble pacxoAbl, CBA3aHHble C O0Oy4YeHMeM, NOoBbiWeHNneM KBanudukauuu, nepenogrotoBKOW cneuyma-
nucToB, paboTtogaTteniu NOHMMAIOT, YTO TONbKO BbliCOKONpodecCcuoHanbHbi PpabOTHMK MOXET o6ecneunTb ycnewHoe pa3BuTue

npeanpusaTus.

OBYYEHHE CHEIIUAJINCTOB MATHCTPAJIbHBIX
TPYBOIIPOBO/IOB - I''TABHBIN ®AKTOP
BE3ABAPUMHOMUN PABOTHI DTUX OB bEKTOB

M.A. TU33ATOB
B. P. CMETAHUH

Cuctembl MarMcTpanbHbIX TpybonpoBo-
0B CKNagplBalOTCH  Ha MPOTSHKEHUU Onn-
TENbHOrO Mepvofa BpeMeHW. OTU CUCTEMbI
He SIBMSAOTCS 3aBepLUeHHbIMK obbekTamu, a
HaxoAsaTCA B COCTOSIHUW MOCTOSIHHOTO U3Me-
HeHus 1 pa3sutus. Npuyem passuTne npowc-
XOAMUT He TOMbKO B HaNpaBneHnn yBenuyeHus
TEXHWYEeCKMX nokasaTenen, Takux Kak npots-
XKEHHOCTb, AnameTpbl TpybonpoBoaos, Konu-
YeCTBO pe3epByapoB, HACOCHbIX CTaHUUA U
T.AO., HO U B HanpaBfeHU! AeMOoHTaxa U 3a-
MeHbl HEKOTOPbIX Y4acTKOB Tpyb6onpoBoaoB,

KOHCepBauuM, nepeocHalleHns, nepesoaa
Ha Apyrue npoayKThbl U T.4.
Kpome Toro, u ycrosusi aKkcrinyatauum

MarucTpanbHbIX TPy6onpoBoaoOB HEMOCTOSIH-
Hbl. C Te4eHneM BpeMEHU WU3MEHSITCSA 00b-
eMbl nepekadkun, TpeboBaHns HGesonacHocTH,
NPOUCXOAUT ECTECTBEHHOE CTapeHve Maru-
cTpanbHbIX TpybonpoBoaos. V3HalumBaeTtcs
1 yctapeBaeT obopygoBaHue, B TOM 4ucre
3anopHasi apmatypa, Hacocbl, CTaHUuUW Ka-
TOAHOW 3alUmMThl U Op.

HopmaTtuHo-TexHn4Yeckass 6a3a Haxo-
OWTCSt B COCTOSIHUM MOCTOSIHHBIX U3MEHEHUIA.
MosiBnsitoTCA HOBble TPpebOBaHUSI MO HaOeX-
HOCTM 1 6e30MacHOCTU.

[MpomblwneHHas fobblva HedTn Hava-
nacb okono 150 net Hasag, B 1859 roay, korga
Obina npobypeHa nepBasi B MUpPE CKBaXuHa.
B atom rogy B Poccum 6b1no gobbiTo 5 Thicay,
a B CLUA okono 300 ToHH HedTh. Bckope, B
1865 rogy, B CLUA 6bin nocTpoeH NepBbi He-
dTenpoBog AnvHOM 6 kunomeTpos. B Poccun
nepBbI HedTeNpoBo Gbin coopyxeH B 1878
rogy oT bakmHCKMX NMpOMbICIIOB 4O MECTHbIX
HedTenepepabaTbiBatoLLMx 3aBOA0B. B gope-
BONIOLIMOHHOI Poccum 6bino noctpoeHo 1147
KMMOMETPOB MarmcTparnbHbIX TpybonpoBogos
o6Luen NponyckHOM CnocobHOCTbIO 2,5 Mun-
NoHa TOHH B rof. [Nocne peBonioLmmy OCHOB-
Hble 3anacbl HedpT ObINM CoCPeaoTOUEHb! Ha
KaBkase (baky, [po3HbIn, Mawikon).

K 1941 rogy B NPOMBILNIEHHON 3KC-
nnyataumMnm  Haxo4uINUCb  MarucTparnbHble
HedTenpoBodbl U HedTenpoayKTONpoBOabl
o6Len npoTskeHHoCTblo okono 4100 kuno-
METPOB C MakcumanbHbiM guametrpom 300
MM. B HacTosiliee Bpems B 3Kkchnyatauuu

HOY «MexoTpacneBomn NHCTUTYT»

HaxofaTCsl AECHATKU ThICAY KUIIOMETPOB Ma-
rMcTpanbHbIX TPy6ONpoBOAOB ANAaMETPOM [0
1400 mm, KoTOpble 0ObeanHEHbl B CUCTEMBI
Tpyb0onpoBOAOB 1 0OPa3yoT CROXHbIE LUMPO-
KO pa3BeTBMIEHHbIE CETW, MPOTSHYBLUMECS B
TOM 4Yucre B 3apyOexHble CTpaHbl.

B HacTosiLee Bpemsi yepes marucTparsbs-
Hble HedTenpoBodbl TpPaHCMOPTMPYyeTCs Mo-
Tpebutenam Gonee 99,5% pobbiBaemon Ha
TeppuTtopun Poccun HedTw.

VIHTeHCMBHOE coopyxeHue HedTenpo-
BOOOB B pavioHax [obblum HedTn B Ypa-
no-NMosomkbe M 3akaBkasbe ObINO HayaTo
B cepeguHe 60-x rogos npownoro Beka. B
3TOT Mepuvof, B YacTHOCTW, GbiNu mocTpoe-
Hbl TPaHCKOHTUHEHTarbHblE HedTenpoBoabl
Tyima3sbl-OMck (BnepBble NpyMeHeHbl TpyObl
avametpom 530mm), Tymasbl-Omck-HoBocu-
oupck-pkyTck anametpom 720 MM 1 ANMHOWM
3662 kM, HedpTenpoBoabl AnNbMeTbEBCK-Opb-
KU 1 ap.

B 1964 r. 6bin BBeAeH B aKchnyatauuo
KpyMHENWniA B MUpe MO MPOTSHKEHHOCTU
(5500 kM BMecCTe C OTBETBMEHUSMU) TpaHC-
beBponenckun  Hedtenposog  «[pyxbax,
COEAMHALWMIA MecTopoxaeHusa Hedptn B Ta-
Tapum n KynbeilweBckon obracTtu ¢ BOCTOYHO-
eBponenckumm ctpaHamm (Hexums, Crnosakus,
BeHrpus, MNonblua, Fepmanus).

OTKpbITE KPYMHEWLLIMX MECTOPOXAEHWN
HedTM B 3anagHon Cnbupu B KOpHE M3Me-
HWUMO MpUOpPUTETHI TPYBONPOBOAHOMO CTPOM-
TenbCcTBa.

OceHblo 1967 roga Hayato M B anpe-
ne 1969 r. 3aBepLlUEHO CTPOUTENBLCTBO He-
drenpoBofa HwxHeBapToBCK — YcTb-banbik
anametpom 720 MM M NPOTSXKEHHOCTbIO
252 km. B nocnepytowme rogpl Ha 6a3e 3a-
nagHOCUBMPCKNX ~ MeCTOPOXAeHWn  Bbinu
NMOCTPOEHbI TPAHCKOHTUHEHTarbHblE HedTe-
npoBoapbl YcTb-banbik — AHxepo-CymkeHck
— KpacHosipck — Wpkytek (1973 1), Hwux-
HeBapToBck — KypraH — Kynbbiwes(1976)-
,CypryT — lopbkuit — Monouk (1979 r.) n ap.
HedrtenpoBogHas cuctema  npoporkaet
pas3BuBaTbCH U B HacTosiee Bpewmsi. Ha-
npaBreHns pa3BuTUsl, B MEPBYI OYepenb,
CBsi3aHbl CO CTPOUTENBCTBOM HedTenpoBoaa
BocTtouHasi Cubupb —Tuxuii OkeaH (BCTO). B

K. T. H., 3aB. kadpegpoit «MarucTparnbHble Tpybonposoabl u A3C»
npenofasarenb kadeapbl «MarucTtpanbHble Tpybonposoasl u A3C»

r. Ycpa

TRAINING TECHNICIANS OF THE MAINSTREAM PI-
PELINES IS CENTRAL TO MAKING THE OPERATION
OF THESE FACILITIES TROUBLE-FREE

The systems of mainstream pipelines have been taking
shape during a long period of time. These systems are not
complete and are in the process of constant change and
development. However, the development does not only
go on along the lines of improving technical performance,
such as length, pipeline diameter, number of vessels, pu-
mping stations, etc., but also along the lines of dismantling
and replacing certain sections of the pipelines, conserv-
ation, re-equipment, re-orientation to other products, etc.
Besides, the operating conditions of the mainstream pipel-
ines are not constant, either. As time goes by, the pumping
volumes change, as well as safety requirements, there
occurs a natural ageing of the mainstream pipelines. The
equipment becomes worn-out and out-dated, including
valves, pumps, cathodic protection stations, etc.

The normative and technical framework is in the proce-
ss of constant change.

New reliability and safety requirements are instituted.

The industrial oil production began about 150 year ago,
in 1859, when the world’s first well was drilled. That year
Russia produced 5 thousand, while the USA produced
approximately 300 thousand tons of oil. Shortly thereafter,
in 1865, the USA built the first oil pipeline which was 6
km long. Russia built the first oil pipeline in 1878 from the
Baku il fields to the local oil refineries. In pre-revolutionary
Russia a total of 1147 kilometers of mainstream pipelines
with a total throughput of 2.5 million tons a year were con-
structed. After the revolution, most of the oil deposits were
concentrated in the Caucasus (Baku, Grozny, Maikop).

In 1941, about 4100 kilometers of mainstream oil pipe-
lines and petroleum products pipelines with the maximum
diameter of 300 mm were in industrial operation. At the pr-
esent time, dozens of thousands of kilometers of mainstr-
eam pipelines, diameter up to 1400 mm, are in operation,
which have been grouped into systems of pipelines and
form intricately and widely ramified networks, extending
to foreign countries as well. More than 99.5% of the oil
produced in the territory of Russia is currently transported
through mainstream pipelines to users.

Intensive construction of oil pipelines in the areas of oil
production in the Urals-Volga Region and Trans-Caucasi-
an Region got underway in mid-1960s. During that period,
the trans-continental oil pipelines Tuymazi-Omsk (which
was the first to use the 530 mm diameter pipes), Tuyma-
zi-Omsk Novosibirsk-Irkutsk, 720 mm diameter pipes and
3662 km long, Aimetyevsk-Gorky oil pipelines, etc. were
constructed. 1964 saw the commissioning of the world’s
largest, 5500 km long, including all the branches, trans-
European oil pipeline «Druzhba», which connected the oil
field in Tatarstan and the Kuybyshev Region with the East
European countries (Czech Republic, Slovakia, Hungary,
Poland, Germany).

The discovery of major oil deposits in Western Siberia
radically changed the priorities in pipeline construction.

The autumn of 1967 saw the commencement of, and
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April 1969 saw the completion of the oil pipeline Nizhne-
vartovsk-Ust-Balyk, pipe diameter 720 mm, 252 km long.
During the subsequent years, on the basis of the Wes-
temn Siberian oil fields, the trans-continental oil pipelines
Ust-Balyk — Anzhero-Sudzhensk — Krasnoyarsk — Irkutsk
(1973), Nizhnevartovsk — Kurgan — Kuybyshev (1976),
Surgut — Gorky — Polotsk (1979), etc. were constructed.
The oil pipeline still continues to develop. Primarily the de-
velopment projects are associated with the construction of
Eastern Siberia — Pacific Ocean oil pipeline. An emerge-
ncy situation on the mainstream pipeline for oil transport-
ation is known to be a sudden discharge or leakage of oil
as a result of full or partial destruction of the oil pipeline, its
components, vessels, equipment and devices accompan-
ied by one or several of the following events:

1. Ignition or explosion of the oil vapors.

2. Contamination of any water dumping areas, river, lake,
water reservoir or any water resources above the levels
established by the water quality standard, causing discol-
oration of the water surface or the banks or resulting in the
formation of an emulsion located below the water level or
resulting in its precipitation onto the bottom or the banks.
3. The volume of oil leakage amounts to 10 cubic m and
more, while for inflammable liquids the volume of leakage
exceeds 1 cubic m per day.

The technical condition of the mainstream oil pipelines is
controlled by special dedicated checks, inspections, audits,
measurements using diagnostics instrumentation as well
as by performing scheduled maintenance and repair work.

Any malfunctions on the oil pipeline are undesirable
from the point of view of its operational safety, therefore
the mainstream pipelines are monitored by both external
and in-pipe inspection instruments: ultra-sonic and magn-
etic defectoscopes; acoustic, emission and radio-graphic
diagnostics is also used. This allows timely identification
of the weakened spots and elimination of various types of
defects, either by replacing the section of the pipeline or
by repairing it. In the first instance, the defective section
is completely replaced during the scheduled shutdown of
the pipeline, in the second case — the functions of the sect-
ion are restored using state-of-the-art technologies without
shutting down the pumping operation.

With a view to eliminating the consequences of emer-
gency situations on the mainstream pipelines (unauthori-
zed access, damage caused to the line equipment, efc.),
apart from the mobile teams of the security service, there
are also special emergency crews, equipped with modern
devices, equipment and materials to isolate emergencies
and eliminate the consequences of ail spillage including
those on the under-water passes.

Efforts are to be made to maintain the pipeline network in
operating and properly running condition during a long peri-
od of time and to minimize the likelihood of emergencies.

Therefore, the issues relating to safe operation of the
mainstream pipelines are central to making sure that their
operation is trouble free.

Human factor, in this context, assumes paramount im-
portance, and its role consists in making sure that such
enormous and complicated systems as mainstream pipe-
lines are professionally and safety operated.

The aim of training, re-fresher training for technicians,
is to improve the level of awareness of the industrial safety
requirements, the knowledge of procedures and schedule
of actions under specific operating conditions, to prevent
the risk of emergencies arising and the risk of industrial
accidents and injuries.

The facilities of the mainstream pipelines are under
constant control and policing of the Federal Service for
Environmental, Technological and Nuclear Supervision
(Russian Technical Supervision). Control and supervision
over the mainstream pipelines are exercised, among oth-
er things, by certification of technicians in line with their job
positions, in industrial safety matters.

At the present time, this validation is carried out purs-

uant to the «Terms of Reference on the Organization of
Work Aimed At Training and Validating the Technicians of
the Organizations Supervised by Russian Technical Sup-
ervision Authority», approved by Order of the Russian Te-
chnical Supervision Authority No.37 dated January 29-th
2007 (RD 03192007). The certification of the technicians
is preceded by their course of training in the teaching pro-
grams agreed with the Federal Service for Environmental,
Technological and Nuclear Supervision (Russian Technic-
al Supervision) or its territorial branch.
In the Department of «Mainstream Pipelines and Filling
Stations» of the Inter-Industry Institute, hundreds of exec-
utives and technicians of the organizations operating the
mainstream pipeline facilities, undergo training every year.

M3BecTHO, 4TO aBapus Ha obbekTe maru-

CTpanbHOro TpybonpoBOAHOrO TpaHcropTa

HedT — 3TO BHEe3anHbI BbIIMB UMK UCTe-

YeHne HedTN — B pesynbraTe MOMHOro Mnn

YaCTUYHOrO paspyLleHusi HedTenpoeoaa, ero

3MeMeHTOB, pesepByapoB, 06OPyAOBaHUS K

YCTPOICTB,CONPOBOXAAaeMble OAHUM VI He-

CKOMbKMMM 13 CriegyoLwmnx cobbITU:

1. BocnnameHeHveM unu B3pbiBOM MNapoB
HedTH.

2. 3arpsisHeHnMeM nbOro BOOOCTOKA, PeEKM,
osepa, BogoxpaHunuwa unu nboro Bo-
[oema cBepx MpeaernoB, YCTAHOBMEHHbIX
CTaHAapTOM Ha KavyecTBO BOAbl, Bbl3BaB-
lee MW3MEHeHVWe OKpacku MOBEPXHOCTM
BOAbl UnNn Geperos, unu nNpueepLLlee K oob-
pPa3oBaHWio AMYNbCUMN, HaxoasLencs Huke
YPOBHS BOABI, UMW K BbINaAEHWIO OTIIOXe-
HWUIA Ha AHO unmn Gepera.

3. 06bem yTeykn HedTn coctaBun 10 M3 n
bonee, a AnNs nerkoBoCNNaMeHSOLWMXCS
XugkocTtein obbem yTeuku npesbicun 1 m3
B CYTKM.

TexHW4eckoe COCTOSIHME  MarucTparnb-
HbIX HedpTenpoBOoAOB KOHTPONMpyeTcs cre-
LpanbHbIMK LieneBbIMU NpoBepkamu, obcre-
[OBaHUAMKW, OCMOTpPaMW, W3MEpPEHUAMU C
NPUMEHeHeM CPefCTB TEXHUYECKOW ANarHo-
CTVKM, @ TaKke Npv NPOBEAEHNMN MNAHOBbIX U
PEMOHTHbIX paborT.

JTiobble HencnpaBHOCTM Ha HedTenpo-
BOAE HexenaTtenbHbl C TOYKM 3peHust Ges-
OMacHOCTM ero  aKcnnyaTtauuu, noaTomy
npoBoAATca  obcnefoBaHWs  MarvcTparnb-
HbIX HedTenpoBOAOB KaK Hapy>XHbIMW, Tak
N BHYTPUTPYOHBIMA WMHCNEKLUMOHHBIMU MpU-
6opamu:  ynbTpasBYKOBbIMM U MarHUTHbI-
My gedeKTockonamu; NpUMeHsieTcsl Takke
aKyCTUKO-OMUCCUOHHast U  paauorpadguye-
cKasi AuarHocTvka. OTO MO3BOMSET BOBPEMS
BbISIBUTb OCnabneHHble MecTa M yCTpaHsTb
pasnuyHble TuNbl AedekToB nNMbo 3ameHow
yyacTka, nnbo pemoHTOoM. B nepBom criyyae
nedeKTHbIN y4acTOK MOMIHOCTBIO 3aMEHSII0T BO
BpPeMsi NNaHOBOW OCTaHOBKW HedTenpoBoaa,
BO BTOPOM — (PYHKLMM y4acTka BOCCTaHaBMM-
BalOT NP1 NOMOLLIY COBPEMEHHbIX TEXHOMOrUiA
6e3 oCcTaHOBKW nepekayku.

[na nukBMaaumMm NOCneacTBui HeluTaT-
HbIX CUTyauui Ha MarucTpasnbHbiX HedTe-
npoBofax (HeCaHKLMOHMUPOBAHHbIN [OCTY,
noBpexaeHne  TpaccoBoro o6opyaoBaHUs
N T.A4.), KPOME MOOUIbHBIX OTPSIAOB CRyXObl
6e30nacHoOCTW, eCcTb CrneunanbHble aBapuii-
Hble noApasfeneHns, OCHalleHHble COBpe-
MeHHbIMW cpeAcTBaMu, obopydoBaHueM W
maTtepuanamu Ans nokanu3auuu aeapuii u
NVKBUAALMKU MOCNEACTBUI pasnunea HedTH, B
TOM 4KcCre Ha NoABOAHbIX Nepexoaax.

HeobxoanMo CTpeMuUTbCs K CoXpaHeHUto
TpybONpoBOAHON CeTU B WCMpaBHOM U pa-
60TOCNOCOOHOM COCTOSIHAM B TeYeHue Afn-
TenbHOro Nepuoaa M CHKEHWIO BEPOSATHOCTM
aBapuy [0 MUHUMYMa.

BE3OMNACHOCTb
SAFETY

[MoaTtomy Bonpockl besonacHou akcnnya-
Tauum MarucTparnbHbIX TpyOonpoBoaoB ABNS-
toTCA BaXkHbIMK Anst obecneyeHust nx besasa-
pVIHOW paboTbl.

Bonbluoe 3HayYeHne B CBA3N C 3TUM Npu-
obpeTaeT YenoBeyeckuii hakTop, ponb KOTo-
pOro 3aKryaeTcd B TOM, YTOObl TEXHUYECKM
rpaMoTHO 1 6e3onacHo BECTU IKCMryaTaLmio
TaKvX OrPOMHbIX U CMIOXHBIX CUCTEM, Kak Ma-
rcTparnbHble Tpy6onpoBoabl.

Llenbto 06y4eHnsi — noBbILLEHMS KBAaNngu-
KaLmu cneumanucToB — IBNSIETCA NOBbILLEHNe
YPOBHS 3HaHWI TpeboBaHU NPOMBILLIIIEHHON
6e3o0nacHOCTH, 3HaHUI nopsiaka AEVUCTBUN B
KOHKPETHBIX YCIOBUSIX NPOW3BOACTBA, Npea-
ynpexaeHve pucka BO3HUKHOBEHWS aBapuii 1
NPOU3BOACTBEHHOTO TpaBMaTnama.

O6bekTbl MarucTpanbHbIx TpybonpoBo-
[OB HaxoAaTCs noj NOCTOSIHHBIM KOHTPONeMm
1 Hagsopom PegepanbHol ciyX0bl No 3KONo-
rM4eckoMy, TEXHONOTMYECKOMY U aTOMHOMY
Hapsopy (PoctexHaasop). KoHTponb u Hag-
30p 3a MarucTpanbHelMKM TpyGonposogamm
OCYLLECTBMSAETCS B TOM Yucre v nyTem npo-
Be[leHVs aTTecTaumn CneyuanucTos, B COOT-
BETCTBUM C 3aHMMAeMbIMU JOMKHOCTAMMU, NO
BOMpPOCaM NPOMbILLNIEHHON 6e30NacHOCTY.

B HacTosllee Bpems aTa aTTecTauusi npo-
BOAMTCHA B COOTBETCTBUMN C «[lonoxeHnem ob
opraHusaumMn paboTbl MO MoArotoBke W ar-
TecTauuy CreuvanucToB OpraHv3auui, nog-
Haf30pHbIX PocTexHaas3opy», YTBEPKOEHHbIM
npukasom PoctexHagsopa Ne37 oT 29 sHBaps
2007 roga (PO 03192007). Attectauun cnie-
LManucToB MpefLlecTByeT MX MOAroToBKa Mo
y4ebHbIM nporpamMmMam, CornacoBaHHbIM ¢ Pe-
[AeparbHol crny>6oi Mo 3KONorn4yeckomy, Tex-
HOMornyeckomy 1 atoMHoMy Haasopy (PocTex-
Haf30p) UMK ero TeppuUTOpUarbHLIM OPraHoOM.

Balukvpckuii - MeXoTpacneBo  UHCTUTYT
MOBbILLEHMS KBanudvkaumm B obnactu oxpa-
Hbl Tpyda, NpPOMbILLNEHHOW ©esonacHocTy,
6e30MacHOCT [OPOXHOTO [ABVDKEHUS!, noxap-
Hom GesonacHoCcTW, anekTpobesonacHOCTU
OCYLLECTBNSAET MOATOTOBKY PYKOBOAWTENEWR U
CMeumanvicToB OpraHusauvi, MoAHaA30PHbIX
PoctexHagsopy. WHCTUTYT akkpeautoBaH B
EanHol cucteme oLieHKN COOTBETCTBUS B Kave-
cTBe HesaBucumoro arrectauMoHHO-MeToAW-
YecKoro LieHTpa, MMeeT rocyaapCTBEeHHYo ak-
kpeautauuo MuHuctepcTea obpasosanus Pb.

Ha kadeape «MaructpanbHble Tpy6o-
nposogbl 1 A3C» MexoTpacrneBoro NHCTUTY-
Ta eXerogHo npoxoaaT obyyYeHne COTHU py-
KoBOAMTENEN 1 crneumanucToB opraHv3auuni
00ObEeKTOB MarucTparnbHbiXx TpyOonpoBoAoB.
Hanbonbliee konuyecTBo obyyaemblx — 3TO
cneunanuctel  OAO «YpancubHedTenpo-
BoAY». [10 OkOHYaHUKM 0By4YeHMs cneunanmncTbl
NPOXOAsT KOHTPOMb 3HaHW B BUAE TECTUPO-
BaHWS C MCNonb3oBaHWeM NporpaMMHoro obe-
cneyeHus «ATTectaums» u cuctembl «Onumn:
OKC» 1 3aTem aTTecTauyumio B KOMUCCUSIX Op-
raHvM3auui unu B KOMUCCUU CyX0bl. m

TexHUYecKoe COCTOSIHUE MarmcTpanbHbIX
HedpTENPOBOAOB KOHTPOAUPYETCA CrneLuarbHbIMU
LLleAeBbIMU MPOBEPKAMU, 0OCAEAOBAHUAMMU,
OCMOTPaM1, U3MEepPEeHUANM C NPUNMEeHEeHUueM
CPEeACTB TeXHHYECKOW AMArHOCTMKH, a TaKKe npu
npoBeAeH!M NAAaHOBbIX H PEeMOHTHbIX paboTt
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Monumepbl akpunamupga M akpUIoBOM KUCHOThbI NOJyYUIv B NocneAHue AecATUNETUS LUMPOKOe pacnpocTpaHeHue. BaxHoe 3Have-
HUe NpuoGpeTaloT NONMMepbI ANsi pelleHus 3afa4m NoBbileHUst 3P PeKTUBHOCTU UCMONb30BaHUs HEBO30GHOBNAEMbIX MPUPOAHbIX
pecypcoB B AobbiBatowen razoHedTsiHONM oTpacnu. lepcnekTMBHOe NpMMeHeHUe B NPOMBICIIOBbIX YCIOBUAX NMpoLeccoB HedTe- 1
rasofo6bI4n aKpuroBbIX COMONIMMEPOB MO3BONAET 3HAYUTENBLHO COKPaTUTL CPOKU BOPLOBLI C OCNOXHEHUSAMMN NPU GypeHun 1 o0CcBO-
€HUM CKBaXVH U YCNELIHO NPOBOAUTL U30MNSALMOHHBbIE PaboThl B ckBaxuHax [1-5]. AccopTumeHT pa3pabaTbiBaemMon U BbiNycKkaeMou
nonumMepHoONn NpoAyKuMU AN NpoLeccoB raso- u HedTeAo6bIYN, COOTBETCTBYIOLIEN MO Ka4eCTBY MMPOBLIM CTaHAApTaM, NOCTOSIHHO
obHoBnsiercs. K takum paspaborkam OO0 «AKPUMOJI» oTHOCATCSA UccnefoBaHUSA TEXHONOIMMU CUHTE3a U (hU3MKO-XMMUYECKUX U TeX-
HOJOrMYeCcKUX CBOMCTB BOAOPACTBOPUMMbIX M BOAOMNOIMNOLaLWMNX NONIMMePOB akpunamuaa Ans npuMeHeHus B Ka4yecTBe repMeTUKOB
npu 6ypeHun, CTpouTenbLCTBE U 3KCNIyaTauumn He(PTAHbIX U Fa30BbIX CKBaXWH.

IIOBEJIEHUE ' IPOTEJIEHN

ITOJIMMEPOB AKPUJIAMHUJA B BOJIHbBIX CUCTEMAX

T.A. BANBYPOB

n.n. CTYNEHbKOBA
.. BONOTOBA

B 3aBucumocTu oT rmy6uHbl pacnonoxe-
HWUS 1 NPOHMLIAEMOCTW 30HbI MOrMOLEHNS B
TpeLmHoBaTbIX MracTtax MCMosnb3ylT nonu-
MepHble TaMMOHaXHble COCTaBbl, OTNNYalo-
LLiecs CKOPOCTbIO M CTENEHbLIO BOAOMOITOLLE-
HUA nonMmepoB. MNpu 3BECTHbIX MapameTpax
nnacta noadupaeTcs MONMUMEPHbIA COCTaB
no 3aBUCMMOCTN «BpeMs reneobpasoBaHus
— KOHUeHTpauus». B pesynbrate npumMeHe-
HUSI MONMUMEPHbIX COCTaBOB Ha MOBEPXHOCTH
NPUCTBONBbHOIO CTBOMNA CKBaXWHbI 0bpasyeT-
CS M3ONMPYIOLLNIA 3KpaH repMETUYHOro rene-
obpasHoro nonumepHoro crnosi Tpebyemoro
obbema B 3aBMCMMOCTU OT MPOHULIAEMOCTMN
NMOBEPXHOCTUN FOPHON NOPOAbI.

Tpebyemasi ckopocTb reneobpasoBaHus
BOAOPaCTBOPMMbBIX MOMMMEPOB akpunamuaa
[OCTUraeTcs U3MEHEHUEM XMMUYECKOro CO-
CcTaBa W KOHLEHTpauuM BOAHbLIX PacTBOPOB
nonMMepoB akpunamuga B 3aBUCUMOCTU OT
MUHepanusauum n Temneparypbl NnacToBbIX
Bof [6].

Tpebyemasi ckopocTb reneobpasoBaHus
NMOPOLLKOOOPa3HbIX  BOAOMOMMOLLAIOLMX MO-
numepoB akpunamuaa (BHIM) pocturaetcs
MN3MEHEHNEM  KOHLEHTpauuu  MonmMepHon

AUCnepcumn, pasmepom MOSIMMEPHBIX YacTuLy
N CKOPOCTbIO HabyxaHusi ux B Boae. AHanu3
[OaHHbIX  HayYHO-TEXHUYECKOW nuTepaTtypbl

Ne Pasmep yactuy,  CteneHb aHu-
obpasua MM OHHOCTU

(a), % monb

1 0.5-1.5 0

2 0.5-1.5 0

3 0.5-1.5 0

4 0.5-1.5 0

5 0.5-1.5 0.1

6 0.5-1.5 0.1

7 0.5-1.5 0.1

8 0.5-1.5 0.1

9 0.5-1.5 0.3

10 0.5-1.5 0.3

11 0.5-1.5 0.3

12 0.5-1.5 0.3

K. X. H., anpekTop 3aBoga OO0 «CapaToBCkuii 3aBOA

akpunosbix nonumepoB «AKPUMOS»

K. X. H., Ha4anbHuk HAL|
Hay4HbIn coTpyaHuk HALL

rokasbIBaeT, YTo ANs Kaxaon obnacTtu npume-
HEeHVs B 3aBMCMMOCTM OT BO3AENCTBUS BHELL-
HUX hakTopoB (BLICOKVX TemnepaTyp, cogep-
»KaHus B BOOHONM CUCTEME OKUCTUTENen, conen
1 Ap.) CyLiecTByeT CBOW onTumanbHbii BHI,
XapaKkTepu3ayloLmMincs 3agaHHbIMY  CTeNeHbIo
BOZIOMOITIOLLEHUS], CKOPOCTbIO BOAOMOrTOLLe-
HWSA, NPOYHOCTHIO U POPMOYCTONUMBOCTBLIO Ha-
Byxwwx rpaHyn BHI. Kak npaBwuno, Tpebyetcs
coveTaHne hopMOyCTONUNBOCTU (COXPaHEHUS
reomeTpuyeckmx chopm) rugporens ¢ AfocTa-
TOYHO BbICOKOW CTEMeHblo BOAOMOIMOLLEHNS.
MpeunmyLlecTBamy ncnonb3oBaHWUs nonnMep-
HbIX TaMMOHaXHbIX COCTABOB SBMSAIOTCS:
e [OOCTYMHOCTb WM 3Komornyeckasi Gesonac-
HOCTb peareHToB;
* UCMONb30BaHWe cTaHAapTHoro obopyAdo-
BaHUS;
* COKpallieHne CpOKOB 6OpbObI C OCMOXHe-
HUAMY Npu BypeHnn;
* CeNeKTUBHOCTb;
* BbICOKasi unbTpaLMoHHasa crnocobHOCTb;
* BO3MOXHOCTb WCMOMb30BaHWA ANA Bpe-
MEHHOW M30MALUN B NPOAYKTUBHBIX TOpU-
30HTax.

[MonumepHble TaMMoHaXHble cocTaBbl ANs
BPEMEHHOW M30MSALMN NO3BOMSAOT U3MEHATb
NPOHULL@EMOCTb MPOAYKTUBHOrO nnacta B
LULMPOKOM  Auanas3oHe perynupyemoro b

CTteneHb MaccoBas gons PaBHoBecHoe
CLUMBKMN OCHOBHOIO BOJOMOMIOLLEe-
(B ),% monb BellecTBa, % Hue, 1/t
0,01 97.1 740
0,02 97.0 365
0,1 97.2 130
0,15 97.9 59
0.01 92.6 730
0.02 94.7 370
0.05 94.8 250
0.1 91.1 186
0.01 92.0 1292
0.02 91.5 1177
0.05 90.3 841
0.1 94.3 645

Ta6n. 1 dusnko-xmuMmmu4eckne CBOMCTBA NOPOLLUKOOGpa3HbIx Bogonornowarwowmx MAA
Table 1. Physical and Chemical Properties of Powder Water Absorbing Polymers

r. CapaToB

Acrylamide and acryl acid polymers have become
widely common in recent decades. Polymers assume
important significance in dealing with the task of im-
proving the effective use of unrenewable natural re-
sources in gas and oil producing industry. Promising
application of acryl co-polymers under the production
conditions of oil and gas extraction processes allows
the period of dealing with complications in drilling and
developing the well to be shortened significantly and
insulation work in the wells to be carried out succe-
ssfully [1-5]. The range of the polymer products de-
veloped and manufactured for gas and oil extraction
processes, compliant with the quality stipulated by
the world standards, is constantly updated. Referr-
ed to such developments of OO0 «AK-RIPOLyis the
research of the synthesis technology as well as phy-
sical/chemical and technological properties of water
soluble and water absorbing acrylamide polymers
to be used as sealants in drilling, construction and
operation of oil and gas wells.

BEHAVIOR OF THE ACRYLAMIDE POLYMER HY-
DROGELS IN WATER SYSTEMS

Depending on the depth of location and permeabi-
lity of the absorption zone in the fractured reservoirs,
polymer backfill compounds are used, which differ in
the speed and degree of polymer water absorption.
When the formation parameters are known, the pol-
ymer composition is selected based on the «jellying
time versus concentration» dependence. As a result
of using polymer compounds on the surface of the
well bore, there forms an insulating screen of sealed
jelly-like polymer layer of the required volume, dep-
ending on the permeability of the geological material
surface.

The required speed of gelation of the water solub-
le acrylamide polymers is achieved by changing the
chemical composition and concentration of acrylami-
de polymer water solutions depending on the minera-
lization and temperature of the formation waters [6].

The required speed of gelation of the powder wat-
er absorbing acrylamide polymers is achieved by ch-
anging the concentration of the polymer dispersion,
the size of the polymer particles and the speed of
their swelling in water. Analysis of the data contained
in the scientific and technical literature shows that for
every application, depending on the effect of outside
factors, (high temperature, content of oxidizers, salts,
etc. in the water system), there exists its own opti-
mum water absorbing polymer, characterized by the
pre-determined degree of water absorption, speed of
water absorption, strength and shape stability of the
swollen granules of the water absorbing polymer. As
a rule, a combination of shape stability of the hydro-
gel (retention of geometrical shapes) with a sufficie-
ntly high degree of water absorption is required. The
advantages of the use of backfill compounds are as
follows:

« accessibility and environmental friendliness of the
agents;
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+ use of standard equipment;

« shortening of the period during which complicatio-
ns in drilling have to be dealt with;

« selectiveness;

« high filtration capacity;

« possibility to use for temporary insulation in prod-
uctive horizons.

Polymer backfill compounds for temporary insulat-
ion allow the permeability of the productive formation
to be changed within a board range of regulated time,
temperature and degree of formation waters minera-
lization with subsequent restoration of the formation
permeability. Research has shown that the water ab-
sorbing acrylamide co-polymer in concentrated water
system (water : polymer = 3:1) at a high temperature
(150°C) deteriorates to form water solutions of low
molecular acrylamide co-polymers.

The present work investigates changes in the vo-
lume concentration of the water absorbing polymer
hydrogels in water system under the influence of high
temperature and by visual evaluation of the shape
stability. Water absorbing polymer hydrogels in a wa-
ter system were researched when held at 95°C dur-
ing the time sufficient to destroy the hydrogel to the
polymer water solution. In the experiments we used
the hydrogels with weight content of water absorbing
polymer equal to 0.05%, obtained as a result of equal
weight swelling of the water absorbing polymers in
water for 16 hours under normal conditions. The des-
truction of water absorbing polymer hydrogels in wa-
ter systems was evaluated as the function of crossli-
nk density (B), sodium acrylate link content (a), ionic
strength of the solvent, the concentration of peroxide
compounds. In the experiments, various specimens
of the water absorbing polymers were used, which di-
ffered in chemical analysis (sodium acrylate link con-
tent), crosslink density, synthesized under laboratory
conditions at OO0 «ACRYPOL». As is evident from
the data of table 1, the equal weight degree of water
absorption of the polymer specimens rises with the
increase in the sodium acrylate link content. With the
same polymer crosslink density (b= 0.1), the degree
of water absorption of the anionic water absorbing
polymer, containing 30% mol sodium acrylate links,
is 6 times higher than the degree of water absorption
of the non-anionic water absorbing polymer. Fig. 1
presents kinetic curves of the change in the degree
of water absorption of the water absorbing polymer in
water system, which have the same crosslink density
and which differ in the sodium acrylate content. Dep-
ending on the magnitude of the polymer charge, the
behavior of hydrogels in water system changes at a
high temperature. The change in the degree of water
absorption of the water absorbing polymers at a high
temperature passes through the maximum point. The
volume of the hydrogel of the anionic water absorb-
ing polymer which has a=0.3, practically doubles in
50 hours, while the swollen polymer particles lose
their shape. When the maximum degree of water ab-
sorption equal to 1200 g/g is achieved, the volume
concentration of the hydrogel in water system which
during this period of time has grown from 0.3 to 0.6,
begins to diminish. Complete destruction of the hyd-
rogel until water solution of the co-polymer is produ-
ced, takes place within 140 hours. After filtration, no
swollen polymer particles remain on the filter. When
crosslink density is reduced in the anionic water abs-
orbing polymer, the kinetic destruction parameters of
its hydrogels change. The kinetic curves of the chan-
ge in the degree of water absorption of anionic water
absorbing polymers which have a=0.3, are shown in
Fig. 2. The hydrogel of the anionic water absorbing
polymer (specimen No.9) which has b=0.01 and eg-
ual weight degree of water absorption equal to 1300
g/g, loses shape and the volume concentration in the
water system as early as the first hours. The hydrog-
el deteriorates to form water solution of the co-poly-
mer within 20 hours.

Increase in the crosslink density in the anionic
water absorbing polymer to 0.02 (specimen No.10)
facilitates an insignificant increase in the period of
hydrogel destruction (up to 30 hours). With the inc-
rease in b>0.05, the equal weight degree of water
absorption of anionic water absorbing polymer dec-
reases (specimens No.11 and No.12), however the
stability of their hydrogels in water system rises. As
can be seen from Fig.2, during the initial period there
occurs an increase in the degree of water absorption

BPEMEHU, TeMnepaTypbl U CTEMNEHU MUHepa-
nu3auuyM NnacToBblX BO4 C MOCMeyHLnM
BOCCT@HOBIEHWEM MNPOHMLIAEMOCTU MnacTa.
WccnepoBaHusa nokasanu, YTO  BOAOMOrIO-
LaKLWMA COMONMMEpP akpunamvaa B KOH-
LIeHTpUpOBaHHON BOAHOW cucteme ( Boga :
nonumvep = 3:1) Mpu BbICOKOW TemmnepaTtype
(150°C) paspyliaetcst 4o o6pa3oBaHus BO-
[OHbIX PacTBOPOB HWU3KOMOSEKYMSPHbBIX COMO-
NMMEpPOB akpunaMmuaa.

B HacTosiwen pabote uccrnenosanu us-
MeHeHusi obbemHon gonu rugporenein BHI
B BOOHOW cucTeMe nop AeNCTBMEM BbICOKOW
Temneparypbl U Mo BU3yanbHOW oueHke dop-
mMoycTonumsocTu. Mmaporenn BHIT B BogHOM
cucTemMe mccnegoBany npy Bblgepkke Mpu
95°C B TeYeHMe BpeMeHM, JOCTaTOMHOro Ans
paspyLueHusi rnaporens 4o BOAHOMo pacTBopa
nonumepa. B akcnepvmeHTax ucnonb3osanu
rmagporenu ¢ MaccoBbiM cogepxaHvem BHIT,
paBHom 0,05%, nonyyeHHble B pesynerate
paBHoBecHOro HabyxaHuns BHI B Boge B Te-
YeHue 16 yacoB Npu HOpMasbHbIX YCNOBUSX.

Paspywenue rmgporenet BHIM B BoAHbIX
cucTtemax OLeHMBanM Kak yHKUMIO NIOTHO-
CTU CLUMBKK (), cogepxaHns 3BEHbEB akpu-
nata HaTpus (a), MIOHHOW CUIbl pacTBOPUTENS,
KOHLIEHTPALMN NEPEKNCHBIX COEQNHEHUIA.

B akcnepumeHTax Gbinu  MCNonb30BaHbI
pasnuyHble obpasubl BHI, otnuuatowmxcs
XMUMUYECKMM COCTaBOM (CodepXKaHuem 3Be-
HbEB aKpunaTa HaTpusl), NMOTHOCTLHIO CLUMBKM,
CMHTE3UPOBaHHbIE B NabopaTopHbIX YCroBu-
ax 000 «AKPUIMOJT». Kak BUAHO 13 AaHHbIX
Tabnuupl 1, paBHOBeCHasi CTeneHb BOAOMO-
rrnoLleHns o6pasLoB NoNMMEPOB Bo3pacTaeTt
C YBENUYEHVEM COOEPXKaHUS 3BEHbEB aKpu-
narta Hatpus. [Npy ognHaKkoBOM MNNOTHOCTU
cwmsku nonumepoB (b= 0,1) cTeneHb Bogdo-
nornoLeHns aHuoHHoro BHI, copgepxate-
ro 30 % Momb. 3BEHbEB akpunara HaTpus,
B 6 pas BbllLle CTENEHN BOAOMOIMOLLEHNS He-
noHoreHHoro BHI. Ha puc. 1 npeactaBneHsl
KMHETUYECKME KPUBbIE U3MEHEHUS CTEMNeHU
BOAOMOIMOLEHNs B BodHon cucteme BHI,
MMELLNX OONHAKOBYIO NIMOTHOCTb CLUMBKU U
OTNUYaLLNXCS coaepXKaHNeM 3BEHLEB aKpu-
nata Hatpus. B 3aBUCMMOCTM OT BENWYMHbI
3apsiga nonvMepa U3MeHsieTcs U noBegeHne
rmgporenev B BOOHON CUCTEME MPU BbICOKOM
Temnepatype. VIameHeHue cTeneHn BOAOMO-
rnowennsa BHI  npw BeicokoW TemnepaTtype
NpoXoauT Yepes MakCUMyM.

O6bem rngporenst aHnoHHoro BHI, nme-
towero a=0,3, yBenuumMBaeTca B TeyeHue
50 yacoB npakTu4ecku BABOe, NpU 3TOM Ha-
OyXLUMe nonuMepHbIe YacTuLbl TEPSIIOT CBOIO
dopmy. MNpy 4OCTUKEHNN MaKCUManbHON CTe-
neHu BogonormnolleHus, pasHoi 1200 r/r, 06b-
eMHasi fons rugporenst B BOAHOW cucTeme,

Ne a, %
obpasua

B, %
Morb

[MC], %
Morb
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BblpOCLUasi 3a JaHHbIA NPOMEXYTOK BPEMEHU
o1 0,3 go 0,6, HaumHaeT ymeHbluaTbces. [on-
Hoe paspylueHue ruaporenst 40 MNonyvyeHus
BOOHOrO pacTBopa CornofMMepa npovcxoauTt
B TedeHune 140 yacos. [Nocne unbTpaumnm Ha
unbTpe He ocTaeTcd HabyXLux nonMmep-
HbIX YacTuy. [pu yMeHbLUeHUM MIOTHOCTU
CLUMBKM B aHWOHHOM BHIT nameHsitotca ku-
HeTM4ecKnme napameTpbl pa3pyLUEHUS ero rm-
pporenei. KuHetnyeckue KpvBble U3MEHEHNS
CTeneHn BOAOMOINOWEHNs aHUMOHHbIX BHI,
mmetowmnx a=0,3, npeacTaBneHbl Ha puc.2.
maporenb aHvoHHoro BHI (o6pasew, Ne 9),
nmetowero b=0,01 n paBHOBECHYIO CTeneHb
Bofono-rmolleHus, pasHyto 1300 r/r, yxe B
nepBble Yacbl TepsieT hopMy U OOGbLEMHYIO
Oonto B BOAHOM cucTeme. [mgporensb paspy-
LwaeTtca fo obpasoBaHUs BOOHOMO pacTBopa
cononvMepa B TedeHne 20 4acos.

YBenmyeHne nnoTHOCTU CLUMBKM B @HWUOH-
HoM BHIT go 0,02 (o6pasey, Ne 10) cnocob-
CTBYET HE3HAYUTENbHOMY YBENMYEHUIO Nepu-
opa paspyLueHus rugporens (go 30 vacos). C
yBenuyeHuvem b>0,05 paBHoBecHas cTeneHb
BOOOMOMMOLLEHUsT aHWOHHbIX BHIT ymMeHbLua-
etcs (o6pasubl Ne 11 1 Ne 12), Ho cTtabunb-
HOCTb WX rMaporenein B BOAHOW CUCTEME BO3-
pactaeT. Kak BUOHO Ha puc.2, B HavarbHbI
nepuvos MNpPOUCXOAUT YBENMUYEHUE CTemneHu
BogonornoLeHust BHIN. O6bemHoe paclumpe-
HWe rmaporenen CONpoBOXAAETCsl NoTepen
opMbl 1 06pa3oBaHMEM «KUCENENOA0OHON»
Macchl. CKOpOCTb paspyLleHusi ruaporenem
yBenuumBaetca nocne 30-50 uvacos, npwu
3ToM obbemHasi Jons rugporenst B uccre-
OyemMol cucTemMe HayvHaeT YMeHbLUaTbCS.
CKkopoCTb paspyLUeHus rmgporenen 3aBucut
OT MMAOTHOCTU CLUMBKM aHWOHHbIX BHIT — ¢
yBenuyeHvem b B 2 pasa (ot 0,05 go 0,1)
BpeMs MOJSIHOMO pa3pyLUeHust Ux rmgporenem
yBenuymaeTtca ot 50 go 150 vacos. Hau-
6onbLuein cTabunbHOCTbIO 3 aHUOHHBLIX BHI
¢ a=0,3 xapaktepusyetrcsi obpaser, Ne 12,
umetowmii b=0,1. Mpu obbemMHOM pacLuu-
pPeHUW AaHHbIA rnaporenb AOCTUraeT Mak-
CUManbHOW CTeneHn BOJOMNOrMOLEeHUs
1250 r/r, paBHOW paBHOBECHOW CTeneHun
BogonornoweHus aHnoHHoro BHI (obpa-
3ey Ne 9), umetrowero b=0,01.

C yMeHbLLEHVMEM cOAepXKaHUsi akpunat-
HbIX 3BEHbEB B aHWMOHHbIX BHI1 paBHOBecHas
CTeneHb BOOOMOMMOLLEHNS YMEHbLIAeTCsl, a
CTabunbHOCTb UX ruaporenent B BOAHbIX CU-
cTemax Bo3pacTtaet (cm. Tabn.1 n puc.1). Ha
puc. 3 npeacTaBrneHbl KMHETUYECKME KpUBblE
MN3MEHEHUsI CTEMEHN BOAOMOIMOLWEHNST aHWUOH-
Hbix BHI1, umetowmx a=0,1 n otnuyaromxcs
cTeneHbto clwmeku. C yBennyeHnem b ot 0,01
po 0,1 paBHOBecHasi CTeneHb BOOOMOrMOLLEe-
Husa BHI ymeHblaetcsa ot 700 go 200 r/r »

Tabn. 2 Bnusinme KoHLUEeHTpaLumn nepekucHoro coeanHenus (MC) B BoaHoW cucteme
Ha KUHETUKY M3MeHeHUs cTeneHun Boaonornowenusa BHIM (W)
Table 2. Effect of the Peroxide Compound Concentration in Water System on the Kinetics of

Change in the Degree of Water Absorption (W)
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(obpasubl NeNe 5-8). U3 npepcrtaBneHHbIX
[OaHHbIX BUOHO, YTO B MPOLIECCE UCMbITaHUS
npouncxoauT obbeMHoe pacluvpeHue ruapo-
rene. ObbemHass gons ruaporens BHIT,
nmetowero b=0,01, ysenuuuaetcs ot 0,36 o
0,55, Ho Mpu aTOM  rMAporens TepsieT opmy.
Mpn [OOCTWXKEHUM MaKCMMaInbHOW CTeneHu
Bogonornowenus ( B npegenax 1000-1100 r/
r) obbemas gons rmaporenent Takke yMeHb-
waetcsa. Npu yBennyeHMn nNaoTHOCTU CLUMB-
ku (b) BHIM ot 0,01 go 0,05 nepuog nonHoro
paspyLueHusl rmaporenen yBenmumBaetcs ot
120 po 310 vacos, T.e. NpumepHo B 3 pasa.
Mmaporenb aHmoHHoro BHIT ¢ b=0,1 (o6pasey,
Ne 8) otnuyaetca cpaBHUTENBHO HU3KOM
CKOPOCTbIO OOBEMHOIO pacLUMpPeHnst rmapo-
rensi B HavasnbHbIi NEPUOL  3KCNepUMEHTa.
Mpy Bu3yanbHOM HabnOEHUUN K3MEHEHWe
dopMbl HaunHaeTcsa nocne 50 yacos. B Teve-
Hue 200 yacoB o6beM rmgporens B cMcteme
yBenuynBaeTcst npumMepHo B 4 pasa (ot 0,1
no 0,4). MNpyn JOCTWXKEHUM MakcUmarbHON
cTteneHn BogonornoweHuss (okono 800 r/r)
CKOPOCTb PaspyLUEHUsi ruaporens yBenuyu-
Baetcs. B TeueHne nocnegytowmx 150 yacos
NpOVCXOAMUT MOMHOEe paspyLUeHUe ryaporens
[0 BOAHOrO pacteopa nonumepa.

CornacHo gaHHbIM Tabn.1, ¢ yBenunyeHnem
b ot 0,01 go 0,15 paBHOBecHas cTeneHb BOAO-
NOrMOLLEHNS HeMOHOreHHbIX BHI ymeHbLuaeT-
cs ot 700 pgo 60 r/. Ha puc. 4 npeacraeneHbl
KUHETUYECKME 3aBUCUMOCTU U3MEHEHUs! CTe-
NeHn BOOOMOIMOLLEHNss HenoHoreHHbIx BHI,
OTNNYAIOLLMXCA  MIOTHOCTBIO  CLUMBKKM,  MpU
BblCOKOWM Temnepatype. C yBenuyeHvem nnot-
HocTy cumBkn BHIT ctabunbHoOCTb rugporenei
Bo3pacTaeT. CKopoCTb yBeNnYeHust 06beMHOM
[0nn rMaporenst B BOQHOW CUCTEME MPU BbICO-
KOW TemnepaType yMEeHbLUAETCS C yBENUYEHN-
em rnoTHocTu cmeku BHI. Mpu goctuxennn
MaKCUMasibHOM  CTEMeHU  BOAOMOMIOLLEHNS
okoro 900-1000 r/r ckopoCTb paspyLUEHUs Y-
aporenen yBenuuvaetcs. C  yBenudeHnem b
ot 0,01 go 0,1 nepuog paspyLueHuss rngpore-
new Bo3pacTtaet Bagoe — ot 100 go 220 yacos.
C yBenuueHneM nnotHocTu cwmekn BHIM go
0,15 nepvog paspyLueHusi rmgporens yBenu-
umsaetca Ao 500 yacos. CornacHo AaHHbIM,
npuvBeAEeHHbIM Ha puc. 5, B TedeHre 300 Yacos
obbeMHas gons rmaporens B BOAHOW cucteme
yBenuumBaetcs B 15 pas (o1 0,025 o 0,37). Mpu
3TOM Habyxwumin rmgporefis Xapakrtepusyercst
[OCTaTOMHO BbICOKOW CTaburnbHOCTbLIO, COXpa-
HSIS MaKcUMarbHyto CTeneHb BO4OMOMOLLEHNS
(okono 700 r/r) B TedeHne nocnegytowwmx 100
YyacoB Bbiaepxkn. Yepes 400 yacoB cTeneHb
BOZOMOITOLLEHNS rMaporenst HaYMHaeT yMeHb-
watbces. MNepuog NonHoro paspyLueHust rmapo-
rensi HemoHoreHHoro BHI, umetowero b=0,15,
coctasun 500 yacos.

Ne a, % B,% [NaCl],
0,

obpasua %

3 0 0,1 0
0 0,1 1

12 0,3 0,1 0
0,3 0,1

CpaBHeHve noBefieHVs ruaporenen no-
KasbiBaeT, 4Tto ruagporenu BHI1, unmetowmx
b%0,1 n a£0,1, obnanaT 3Ha4YMTENBHO GOMb-
e cnocobHOCTbIO K HabyxaHuio B BOAHOM
cucteMe v 6onbLUMM NepUoaoM paspyLLEHNs
npy BbiOEpPXKKe NpU BbICOKOW Temneparype.
OcobeHHast HecTabuNbHOCTb XapakTepHa
ans rmaporenen aHWoHHbIXx BHI, nmetowmx
b<0,02 n a=0,3.

M3 npoBegeHHbIX uUcCCnedoBaHWN MOX-
HO caenaTtb BbIBOA, YTO CTabWIbHOCTb Mpw
BbICOKOW TemnepaType ruaporenen ClmnTbIX
BOJOHabyxaloLWwmx COoMnorMMepoB akpunamu-
[a B BOOHON cHCTeMe 3aBUCUT OT NIIOTHOCTM
cwmBku (b) 1 cogepxaHuns 3BeHbeB akpunarta
HaTpus (a).

[MonyyeHHble pe3ynbraTbl MOXHO OOb-
ACHWUTb  paspylleHneM  NpOCTPaHCTBEHHOM
CTPYKTYpbl CLUMTOrO MOnMMepa Mo CBS3W -
C-C un no umugHon ceBasn  N,N' metuneH
— Ouc-akpunamuga, npudeM ecnu  paspbiB
no C-C - cBsi3n MNpeuMmyLLECTBEHHO MOXET
NPOVCXOAMT 3a cHET 06pa3ytoLLIMXCs CBOBOAHbIX
pagukarnos, TO paspbiB MO UMUOHOW CTPYKTYpe
MOXET MPOVCXOAUTL 3@ CYET ruaponuaa npu
BbICOKOW Temneparype.

[Mepvoa nonHoro paspyLlueHus
renen BHIM npu  Temnepatype 95°C B
NPUCYTCTBUM  MEPEKUCHOTO CoeaNHEHUs
(NC) B konuyectee 0,01 n 0,5% ot mac-
cel BHIM ymeHblwaetca B 2,5 pasa cooT-
BETCTBEHHO. PesynbraThl 3KCNEPUMEHTOB
npeacTaBneHbl B Tabn. 2. CtabunbHOCTb
rugporenet BHI B onpeneneHHon crtene-
HW 3aBUCMT OT MNPOTEKaHWsi MpWU BbICOKOW
TemnepaTtype peakuuu rugponusa amug-
HbIX 3BeHbeB C obpasoBaHuem  kapbok-
cunbHbIX rpynn. Kak oTmevanoch Bbile, C
yBenuyeHnemMm [onm KapbokcunbHbIX rpymnn
(mnopobHo kapbokcunaTHbIM) B nonvumepe
MoBbILLAETCA CTerneHb BOAOMOrMOLWEHUS U,
COOTBETCTBEHHO, YyBenunynBaetcs obbem-
Hasi Jons ruaporens B npoLecce aKcnepu-
MeHTa

lMpouecc  paspylleHuss  NONMMEPHbIX
CBSi3el  MPeuMyLLeCTBEHHO MpoTekaeT no
oBepxHocTW. CrnegoBaTesnibHO, CriefyeT OXu-
fAaTb, YTO B MPUCYTCTBUM HU3KOMOIEKYNsip-
HbIX 3NEKTPONMTOB B BOAHOW CUCTEME KUHe-
TUYeckasi KpUBasi UBMEHEHWS! KOHLEHTpaLuu
obbemHomn gonu ryaporens GyaeT oTnnyaThb-
cs.  OKcrnepuMeHTanbHO nokasaHo (Tabnu-
ua 3), 4To nepuop paspylleHus rugporens
B npucytcteun 1% NaCl ysenuuvBaetcs
B 2-4 pasa Mo CpaBHEHWIO C AaHHbIMW, MO-
NyYeHHbIMW B OTCYTCTBME COMWU. Takum
obpa3om Mbl BUAUM, YTO Ha CTabUNbLHOCTb
rMaporens CyLeCTBeHHOe 3HayeHue okasbl-
BaeT U KOH(OpMaLMOHHOE COCTOsIHME — Ma-
Kpomonekyr. »
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of the water absorbing polymer. Volume expansion
of the hydrogels is accompanied by a loss of shape
and the formation of «a jelly like mass». The speed
of hydrogel destruction increases after 30-50 hours,
while the volume concentration of the hydrogel in the
investigated system begins to decrease. The speed
of the hydrogel destruction depends on the crossli-
nk density of the anionic water absorbing polymers
— with b doubling (from 0.05 to 0.1), the time of co-
mplete destruction of their hydrogels increases from
50 to 10 hours. Maximum stability, out of the anio-
nic water absorbing polymers with a=0.3, is typical
of specimen No. 12, which has b=0.1. With volume
expansion this particular hydrogel reaches maximum
degree of water absorption in the amount of 1250 g/g,
equal to equal weight degree of water absorption
of the anionic water absorbing polymer (specimen
No.9) which has b=0.01.

With a decrease in the content of acrylate links in
anionic water absorbing polymers the equal weight
degree of water absorption diminishes while the st-
ability of their hydrogels in water systems rises (see
table 1 and fig.1). Fig.3 presents kinetic curves of the
change in the degree of water absorption of the anio-
nic water absorbing polymers which have a=0.1 and
which differ in the crosslink degree. With b increasing
from 0.01 to 0.1, the equal weight degree of water
absorption of the water absorbing polymers decrea-
ses from 700 to 200 g/g (specimens Nos. 5-8). It is
obvious from the data presented that during the proc-
ess of testing there occurs a volume expansion of the
hydrogels. The volume concentration of the hydrogel
of the water absorbing polymer which has b=-.01, in-
creases from 0.36 to 0.55, however at the same time
the hydrogel loses shape. When the maximum deg-
ree of water absorption is reached (within a range of
1000-1100 g/g), the volume concentration of the hy-
drogels also reduces. When the crosslink density (b)
of the water absorbing polymers increases from 0.01
to 0.05, the period of the hydrogels complete destru-
ction increases from 120 to 310 hours, i.e. approxim-
ately 3 times. The hydrogel of the anionic water abs-
orbing polymer with b=0.1 (specimen No.8) is typified
by comparatively low speed of hydrogel volume ex-
pansion during the initial period of the experiment.
During visual observation, the change of the shape
begins after 50 hours. During 200 hours, the volume
of hydrogel in the system increases approximately
4 times (from 0.1 to 0.4). Upon achievement of the
maximum degree of water absorption (approximately
800 g/g), the speed of hydrogel destruction increas-
es. During the subsequent 150 hours there occurs a
complete destruction of hydrogel to a water solution
of the polymer. According to the data of table 1, as
a result of increase of b from 0.01 to 0.15, the equ-
al weight degree of water absorption of non-anionic
water absorbing polymers decreases from 700 to 60
g/g. Fig. 4 shows kinetic dependence of the change
in the degree of water absorption of non-anionic wat-
er absorbing polymer, differing in crosslink density, at
a high temperature. With the increase in the crosslink
density of the water absorbing polymers, the stability
of the hydrogels rises. The speed of the increase in
the hydrogel volume concentration in water system
at a high temperature slows down with an increase
in the crosslink density of the water absorbing po-
lymers. Upon achievement of maximum degree of
water absorption of approximately 900-1000 g/g, the
speed of hydrogels destruction increases. With an
increase in b from 0.01 to 0.1, the period of hydrogel
destruction doubles — from 100 to 220 hours. With an
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Ta6nuua 3. BnnsHue KOHUEHTpPaLUUKU HU3KOMoneKynspHoro anektponuta (NaCl)
B BOAHOW CMCTeMe Ha KWHeTMKY M3MeHeHus obbemHon aonu BHI (W/W) Table 3. Effect of the Low Molecular Eelectrolyte Concentration (NaCl) in
Water System on the Kinetics of the Change in the Volume Concentration of the Water Swelling Polymer (Wt/W0)
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increase of crosslink density of the water absorbing
polymers to 0.15, the period of hydrogel destruction
increases to 500 hours. According to the data given
in Fig. 5, during 300 hours, the volume concentration
of the hydrogel in water system increases 15 times
(from 0.025 to 0.37). In the meantime, the swollen
hydrogel is characterized by sufficiently high stability,
retaining maximum degree of water absorption (app-
roximately 700 g/g) during the subsequent 100 hours
of delay. 400 hours later, the degree of the hydrogel
water absorption starts to decline. The period of the
hydrogel complete destruction of the non-anionic wa-
ter absorbing polymer with b=0.15 amounted to 500
hours. Comparison of the hydrogels indicates that
the hydrogels of the water absorbing polymers which
have b=0.1 and a=1.0, possess much greater capa-
city for swelling in water system and a greater period
of destruction when held at a high temperature. Sp-
ecial instability is characteristic of the hydrogels of
the anionic water absorbing polymers with b> 0.02
and a=0.3. Based on the research performed, one
can conclude that the stability at a high temperatu-
re of the hydrogels of the crosslinked water swelling
acrylamide co-polymers in water system depends on
the crosslink density (b) and sodium acrylate links
content (a). The results obtained can be accounted
for by the destruction of the spatial structure of the
crosslinked polymer along the —C—C- link and alo-
ng the imide link N,N’ — methylene — bis- acrylamide,
besides, while the rupture of the—C—C- link primarily
may take place at the expense of the free radicals
which are produced, the rupture of the imide struct-
ure may take place at the expense of hydrolysis at a
high temperature.

The period of full destruction of water swelling poly-
mer hydrogels at a temperature of 95°C in the presen-
ce of a peroxide compound in the quantity of 0.01 and
0.5% of the mass of the water swelling polymer, decre-
ases 2.5 times respectively. The test results are set out
in table 2. The stability of the water swelling polymer
hydrogels, to a certain extent, depends on the progre-
ss at a high temperature of the hydrolysis reaction for
amide links with the formation of carboxylic groups. As
mentioned above, with the increase in the portion of ca-
rboxylic groups (similar to carboxylated groups) in the
polymer, the degree of water swelling increases, and,
correspondingly, so does the volume concentration of
the hydrogel during the experiment.

The process of polymer links destruction proceeds
primarily on the surface. Consequently, one should ex-
pect that in the presence of low molecular electrolytes
in water system, the kinetic curve of the change in the
volume concentration of the hydrogel will vary. It has
been experimentally shown (table 3) that the period of
hydrogel destruction in the presence of 1% NaCl incr-
eases 2-4 times compared to the data obtained in the
absence of the salt. Therefore, we can see that the co-
nformational state of the macromolecules also plays an
important role in the hydrogel stability.

CONCLUSIONS

The investigation of the behavior in water syste-
ms of weakly crosslinked and heavily water swelling
acrylamide (co) polymers at a high temperature have
shown that the speed of change in the volume con-
centration of the water swelling polymers increases
with a reduction in the crosslink density and with an
increase in the portion of sodium acrylate links. The
period of achieving the maximum degree of water
absorption of the water swelling polymers increases
with an increase in the crosslink density and a dec-
rease in the sodium acrylate link content. The water
swelling polymers for changing the permeability of
the formation with crosslink density of 0.01-0.15 in
water systems produce shape stable hydrogels with
a spatial network structure which are subsequently
destroyed to form water solution of the co-polyme-
rs. The destruction processes of the hydrogels are
accelerated by increased concentration of peroxide
compounds and are decelerated in the presence of
the low molecular electrolyte in water system. When
selecting a water swelling polymer with optimum pro-
perties to restrict water influx into a well or to insulate
the absorption zones when drilling, one has to take
into consideration the specific oil field application
conditions (depth of location and permeability of the
absorption zone in the formation, temperature, com-
position of the formation waters, etc.).

BbIBOObI

WccnenoBanusi  moBefeHUss B BOAHbIX
cuctemax rugporenen cnabocwnTbiX Cunb-
HOHabyxatLwux (Co)nonnMepoB akpunaMmuaa
npu BbLICOKOW TeMmrepaType nokasanu, 4To
CKOPOCTb U3MEHEHMS1 0ObEeMHOM JoNW rMapo-
renev BHI yBenuunBaeTcsi ¢ yMeHbLUEHVEM
NMOTHOCTU CLUMBKU U C YBENWYeHWeM [0nuv
3BeHbeB akpunarta Hatpus. lNepuog  gocTu-
KEHUSI Mak-CMMarbHOW CTeneHn BOAOmMo-
rnoweHna BHIN BospacTaeT ¢ yBennyeHnem
NAOTHOCTU CLUMBKM U YMEHbLUEHNEM Coaep-
aHusl 3BEHbEB akpunara HaTpusi.

BHIM gna uameHeHus npoHuLaemocTn
nnacta ¢ nnotHoctelo cwwmekn 0.01-0,15
B BOAHbIX cucTtemax obpasyT ¢opmo-
yCTOMYMBbIE TMAPOrenn C MNpPOCTPaHCTBEH-
HOW ceT4yaTol CTPYKTYpOW, KOTOpble B MO-
cnepytolleM paspyLiarTcs Ao obpasoBaHus
BOAHbIX pacTBOpOB cononumepos. lNpouec-
Cbl paspyLleHusi TMaporenen yckopsitoTcs ¢
YBEMUYEHNEM KOHLEHTPaLUW MepPeKnCHbIX
coeVHEHUIA M 3aMegnsawTcsa B NPUCYT-
CTBUM HU3KOMOIEKYISIPHOrO 3MekTponuTa B
BOJHOW cUCTEME.

Mpu BbIGOpe BHI1 ¢ onTMManbHbIMK
CBOWCTBaMU ANl OrpaHuyeHnst BOAONpUTOoKa
B CKBaXXWHY UMW ANs U30MNsiLUM 30H NormoLue-
HVMA npu OypeHun HeobXxoaMMoO Y4YMTbiBaTb
KOHKPETHbIE MPOMbICIOBbIE YCIOBUS MpUMe-
HeHus ( rnybuHa pacrnonoXeHus 1 nNpoHuLa-
€MOCTb 30HbI MOrMOLLEeHWS B NracTax, Temne-
paTypy, COCTaB NyacToBbIX Bo4 M Ap.). m
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Puc.1 KuHetnuyeckue KpuBbie M3MeHeHUsA
cTeneHu BogonornoiieHus oépasuos 3, 8,12
( B=0,1) B AaucTUNnNupoBaHHOM BoAe Npu
T=95°C

Fig. 1 Kinetic Curves of the Change in

the Water Absorption Degree in Specimens 3,
8, 12 (B=0.1) in distilled water at T=95°C
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Puc.2 KuHetuyeckue KpuBble USMeHeHUs
cTeneHy BOAONOrNOLEHUs 06pa3LoB
cononumepoB AA n AH (0=0,3) c pasnuyHon
cTeneHbIo CLUMBKM (B) B AUCTUNNNPOBaHHOWM
Boge npu T =95°C

Fig. 2 Kinetic Curves of the Change in the
Water Absorption Degree in Co-polymer
Specimens AA and AH (a=0.3) with Different
Cross-link Degree (B) in Distilled Water at
T=95°C
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Puc.3 KuHetuueckune kpuBbie n3meHeHUs
cTeneHW BoAonornoLeHns obpasuos
cononumepoB AA u AH (0=0,1) c pasnuyHon
cTeneHbo CLUMBKM (B) B AUCTUNNUPOBAHHOM
Bope npu T =95°C

Fig. 3 Kinetic Curves of the Change in the
Water Absorption Degree in Co-polymer
Specimens AA and AH (a=0.1) with Differen
Cross-link Degree (B) in Distilled Water at
T=95°C
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Puc.4 KuHetuueckune KpuBbie M3MeHeHUs1
cTeneHy BOAOMNOITOWEHUs CLUNTbIX
nonumepoB akpunamupaa (a=0,1) ¢ pa3nuyHomn
CTeneHbIo CLIMBKY (B) B ANCTUNNUPOBAHHON
Boge npu T =95°C

Fig. 4 Kinetic Curves of the Change in the
Water Absorption Degree in Cross-linked
Acrylamide Polymers (a=0.1) with Different
Cross-link Degree (B) in Distilled Water at

T=95°C
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Puc.5 BnusiHve cTeneHu CLUMBKU Ha KNHETUKY
M3MeHeHUs cTeneHn BOAONOrmnoLweHus ans
o6pasuoB BHIM Ne3,4 B aoucTunnupoBaHHOMU
BoAe npu T =95°C

Fig. 5 Influence of the Cross Link Degree on
the Kinetics of Change in the Water
Absorption Degree for Water Swelling
Polymer Specimens No. 3, 4 in Distilled Water
at T=95°C
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B ctaTtbe paccMoTpeHO BNUsiHWE CUN 3NEeKTPUYECKOW NpupoAbl Ha MPOHMKHOBEHME U B3aUMOAENCTBUE C KOMNJEKTOPOM cunbsTparta
6GypoBoro pacteopa u xuakoctu nepdgopaumm. OTMeyeHa HeOGXOANMOCTL yYeTa NeKTPOKMHETUYECKMX SIBMIeHUIA NpY BCKPbITUK Nna-
CTOB U cAenaH BbIBOA O BO3MOXHOCTU YMEHbLUEHUA 3arpA3HeHUs Npu3aboiiHO 30HbI NnacTa NPy BCKPbITUKU MYTEM perynupoBaHus
3NEeKTPOKUHETUYECKUX XapaKTEPUCTUK PacTBOPOB.

O HEOBXO/IUMOCTHU YYETA
SJIEKTPOKMHETUYECKUX SBJIEHUN
[IPA BCKPBITHUHU TPOJTY KTUBHOI'O ILTACTA

[Mpn BCKPBITUM MPOAYKTUBHOrO nnacta
aencteyeT psig hakTopoB (MPOHMKHOBEHME
duneTpaTta OypoBOro pactesopa M XWAKOCTU
nepdgopaumn B nNnact, Konbmatauus nop
KONmeKkTopa U CTEHOK CKBaXWHbI TBEPAbIMU
YacTuuaMn U3 pacTBOPOB, 3nekTpuyeckoe
nore, 3aBucslliee OT 3HaKa 3apsAo0B rOPHbIX
nopogd, GypunbHbix Tpyb, GypoBoro u LUe-
MEHTHOro pacTBOPOB W ApP.), YXYALIAKOLWMNX
UNBETPaLMNOHHbIE  XapaKTEPUCTUKN  Npu-
CTBOMIbHON YacTu nnacta. B cBA3m ¢ Bbille-
CKa3aHHbIM HeobXoAMMO MpUHMMaTL Mepbl
ONS YMEHbLUEHUst OTpULATENbHOrO BO3AEW-
CTBUS KaXgoro dakropa.

Mo rpynne ckBaxuH OQHOMO U3 MeCTO-
poxageHuin 3anagHon Cubupw, BCKpbIBLUEW
MONMMMUKTOBBIN MecyaHbli nnacTt BB, Gbinun
paccymTaHbl MO AaHHLIM NPOMbICIIOBbIX WC-
CrnedoBaHUi napameTpbl, oTpaxarlume Ka-
YeCTBO BCKPbITUSI U CTEMeHb 3arpsi3HeHus
npr3abonHon 30HbI Nnacrta (cM. Tabn. 1).

B 1abn. 1 OK = k /k  — oTHOLWeHwe npo-
HULAeMOCTN 3arpsiBHEHHON 30HbI K, K npo-
HUL@eMOoCTN yaaneHHol 3oHbl nnacTa k.,
on = Kd)/Kn — OTHOLWEHWe aKkTu4yeckomn
NPOAYKTUBHOCTU CKBaXKWHbI, KqD M3/cyT - aT K
noTeHUManbHoi npoaykTueHocTu,K M*/cyT -
at. Kak BugHO 13 Tabnuubl 1, 3arpsasHeHune

nocrne BCKPbITUA MPONCXOOUT HA 3HAYNUTENb-
HYO I'J'Iy6VIHy, npu 3ToM NPOHULAEMOCTb 3a-
Fpﬂ3HeHHOI7I 30Hbl OWYTUMO YMEHbLUIaeTCA.

I.c. QYBUHCKUA
C.A. BIMHOB

YMeHbLUEHMEe NPOHMLIAEMOCT MOXET AOCTUraThb
94,8% no cpaBHEHWNIO C €CTECTBEHHOW, a NPOAYK-
TVBHOCTb CKBAXWH MOXET CHUXaTbCS B 2 pasa 1
6onee No OTHOLLIEHUIO K MOTEHLManbHON Npoayk-
TUBHOCTW. [NepdpopaTopbl N0 CBOUM TEXHUHECKMM
BO3MOXHOCTSIM He Bceraa obecneuvsatot npobu-
TVe 3arpsa3HEHHO 30HbI Nnacra. [oatomy nHTe-
PECHO PacCMOTPETb CHIKEHIE (OUMNBTPALIMOHHBIX
CBOVCTB KomnrekTopa, obycroBneHHoe rnyouHom
NMPOHUKHOBEHWS 1 B3aMMOZECTBUEM chursTpaTa
6ypoBoOro pacteopa U XuakocTu nepdopauym ¢
nopucTon cpegoil. B nnacToBbIX yCrioBusix He-
BCKPbITOTO NMPOAYKTVIBHOTO NiacTa HacklLwatoLLyie
ero drnonabl HAXOASTCA B TEPMOAUHAMUYECKOM
paBHoBecuu. [TnacT uveet onpeaeneHHyto cob-
CTBEHHYHO nonapusaumio. lNoBepxHOCTb Mop nve-
€T onpefeneHHbIN 3apsag us-3a Hanuyus OBon-
Horo anekTpudeckoro cros (3C) u rpaHMyHoro
cnosi /1,2/. Mpwv BCKpbITAM NPOAYKTUBHOTO MriacTa
NPOUCXOOUT €ro MexaHuyeckast aedopmauysi,
B MOPbl MPOHMKAIOT MEXaHWYeckue YacTuLbl U
dunTpat rmuHUCToro pacteopa. MNpu nepdopa-
LMK MPOUCXOOUT  [OMOINHUTENBHOE  MexaHuye-
cKkoe BO3ENCTBME W MPOHUKHOBEHWE >KMAKOCTU
nepdopaLmm B MOPOBOE NMPOCTPaHCTBO.

Ona usydeHnss mexaHu3Ma B3avMoaen-
CTBUS ITIMHUCTBIX KOMMEKTOpPOB € chunsrparamm
TEXHOIMOTMYECKNX PacTBOpOB ObINO  paccmo-
TpeHo cocTtosHne [3C Ha nOBEpPXHOCTU
YacTuy, nopoppl. BaxHoW KonmyecTBeH-
HOW xapakTepuctukon ctpoenus O3C, »

OAO «A3nMyT»

r. Yopa
LIXMH AH PB ®

The article reviews the influence exercised by the fo-
rces of electric nature on penetration and interaction
with the header of drilling fluid filtrate and the perfor-
ation fluid. The need for electro-kinetic phenomena to
be taken into consideration when drilling in is pointed
out and it is concluded that it is possible to reduce the
contamination of the bottom-hole formation zone when
drilling in by adjusting the electro-kinetic characteristics
of the solutions.

ON THE NEED TO TAKE INTO CONSIDERATION
THE ELECTRO-KINETIC PHENOMENA WHEN DRI-
LLING INTO THE PRODUCTIVE FORMATION

When drilling into the productive formation, there are
a number of factors in operation (penetration of the dril-
ling solution filtrate and perforation fluid into the format-
ion, the clogging of the header pores and the well walls
with hard particles from the solutions, the electric field
which depends on the polarity of the mining material
charges, drill pipes, drill fluid and cement slurry, etc.),
which deteriorate the filtration characteristics of the
near well portion of the formation. In view of the above,
it is necessary that measures be taken to alleviate the
negative impact of each of the factors.

With regard to a group of wells in one of the oil fields
of Western Siberia, where the polymictic sand formation
was drilled in, based on the oil production data, param-
eters have been calculated which are reflective of the
quality of drilling in and the degree of contamination of
the bottom-hole formation zone (see table 1). In table 1
OK=k*/kpl- ratio between the permeability of the contami-
nated zone of the formation k* and the permeability of the
formation remote zone knn., O = Kf/Kl — ratio between
the well actual productivity, Kp m*/day at and the potential
productivity, Kn m*day at. As one can see from table 1, co-
ntamination, after drilling in, occurs to a significant depth,
while the permeability of the contaminated zone tangibly

NeNe Koacbdpu-  Koadbdmum- OK=k3/knn Of=Kd/Kn Pagnyc Koadp-eHT MepdopaTop
CKBaXVH LIMEHT NO-  €HT NPOHM- 3arpsis- NPOHU- [nametp Fry6uHa
p1cToCcTU LaemMocTu HEHHON  LaemocTu BXO[HOTO npo6uTUs
nnacra nnacrta knn, 30HbI 3apsi3HEH- oTBEpCTUS [
m,% MKM2 R3, M HOM 30HbI dn. mm :
nnacta k3, :
MKM?

1124 0,201 0,167 0,306 0,700 0,4 0,051 Mnc-112 15,0 0,055
1125 0,210 0,195 0,062 0,444 0,08 0,012 MK-105 15,0 0,410
1131 0,202 0,169 0,473 0,766 0,1 0,080 Mnc-112 15,0 0,055
1135 0,193 0,140 0,688 0,884 0,7 0,096 MK-105 15,0 0,410
1146 0,192 0,121 0,140 0,500 0,3 0,017 MK-105 15,0 0,410
1148 0,194 0,143 0,266 0,491 0,8 0,038 nc-112 15,0 0,055
1149 0,212 0,200 0,155 0,665 0,1 0,031 Mnc-112 15,0 0,055
1151 0,306 0,177 0,240 0,554 0,6 0,020 Aj 11,7 0,602
1156 0,183 0,109 0,065 0,454 0,1 0,007 MK-105 15,0 0,410

Ta6n.1 MapameTpbl kayecTBa BCKPbLITUSI U 3arpsi3HeHUs nnacta npu BekpbiTum [Table 1. Parameters of the Quality of Drilling In And Formation mination When Drilling In
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reduces. Reduction in permeability may reach as much
as 94.8% compared with the natural one, whereas the
productivity of the wells may decrease twice and more,
compared to potential productivity. The perforators, due
to their technical performance features, do not always
make sure that the contaminated zone of the formation
is bored through. Therefore, it is interesting to consider
the reduction in filtration properties of the header, pre-
dicated by the depth of penetration and interaction of
the drilling fluid filtrate and the perforation fluid with the
mining material. Under the formation conditions of the
undrilled-in productive formation, the fluids, that satur-
ate it, are in thermodynamic equilibrium. The formation
has a certain polarization of its own. The surface of the
pores has a certain charge due to the existence of the
double electric layer and the borderline layer. During
the drilling-in of the productive formation, there occurs
mechanical deformation; mechanical particles and clay
fluid filtrate penetrate into the pores. During perforation,
there occurs an additional mechanical impact and pen-
etration of the perforation fluid into the porous space.

For the purpose of studying the mechanism of inter-
action between the clay headers and the process fluid
filtrates, the state of the double electric layer on the mi-
ning material particles surface was considered. An im-
portant quantitative characteristic of the double electric
layer structure, which determines the behavior of the
dispersion phase and the surface in various physical
and chemical processes, is the electro-kinetic potenti-
al (g — potential). ¢ — potential is the potential between
the border of the hydraulically immobile layer and the
capillary axis. The closer the values of the ¢ — potential
to zero are, the more pronounced are the processes
of structure formation and the thinner are the sheaths
of solvent molecules (hydration sheath) on the clay
particles. The ¢ — potential determines the intensity of
the electro-kinetic phenomena, the value of the filtration
electro-motive force and electroosmotic pressure.

In order to study the ¢ — potential on the surface of
the particles of the mining material under investigation,
the electrophoretic method was employed under which,
by way of trials, the speed at which the charged parti-
cles of the dispersion phase are moving in a constant
electric field is determined, then from the Helmholtz-
Smoluchowski equation /2/ the electro-kinetic potential
(¢ — potential) is determined:

G =4 mmueffal g,

where veff is electrophoretic mobility;

n — viscosity of the medium;

¢ — dielectric permeability of the medium;

a — conversion factor;

m=3.14

The tests were carried out at 20°C

Fraction 0.05— 0.1 mm disintegrated polymictic sand
of the productive formation was used as dispersion ph-
ase. The test results are given in Fig.1.

The analysis of the results indicates that there oc-
curs a recharging of the sand surface within a range
between pH = 5.5 - 6.5. During the transition from the
salting liquid to fresh water, the dependency curve ¢
— pH shifts to the left.

The fact that the surface recharges and that the ele-
ctro-kinetic phenomena depend on pH of the dispersion
medium causes different interaction between the dispe-
rsion phase (sand) and the dispersion medium (water)
when pH of the latter changes which in its turn influen-
ces the intensity of the capillary processes. Due to this,
it was necessary to evaluate the value of the capillary
imbibition at various pH which also means at various
values of the ¢ potential at the sand rock surface.

The tests for capillary imbibitation and evaluation of
wettability of the porous channels of the oil bearing hea-
ders were carried out with the same disintegrated sand.
The tests were run in the glass columns, 40 cm long
and 0.5 cm in diameter. The wettability parameter was
determined, i.e. — tangent of the angle of incline of the
straight line area in H coordinates (height of the liquid
elevation) - vt (time of the liquid elevation). For a single
capillary, expression /3/ is valid:

R,=r*cose/2*n,

where B is tangent of the angle of incline of the stra-
ight line areain H - \t coordinates;

r, — radius of a capillary;

o — surface tension coefficient;

e - contact angle of wetting;

n — viscosity of the fluid.

It can be seen from formula (2) that the parameter

onpegensiowien noBegeHMe OUCMEPCHON

asbl M NOBEPXHOCTU B Pa3fnYHbIX (OU3UKO-

XUMUYECKUX NpoLeccax, SBMSAETCS 3MeKTpo-

KMHETUYECKUA noTeHuman (¢ — noteHuman).

¢-noTeHuman — 3TO MOTeHuMan mexay rpa-

HULEN rmapaBruYecku HermoaBMXKHOIO Crost

1 ocblo Kanunnsapa. Yem 6nuxe K Hymto 3Ha-

YeHus ¢-noTeHumana, TeM cusibHee Bblpaxe-

Hbl NPOLECChl CTPYKTYpOoobpa3oBaHns U TeM

TOHbLLE cofbBaTHble (rMapaTHble) 060M0oYKM

Ha YacTuuax MMuHbL. ¢-MoTeHuman onpege-

NSIET UHTEHCUBHOCTb 3NEKTPOKUHETUYECKUX

ABMEHUN,  BENUYUHY  3NEKTPOABMXKYLLEN

cunbl uneTPaLMM U 3MEKTPOOCMOTNYECKOTO

[OaBreHus.

[na n3yyeHns ¢-nmoteumana Ha NoBepx-
HOCTW yYacTul, Wccreayemon nopogpl u1c-
nonb3oBasncs anekTpoopeTuyecknii MeToa,
npu KOTOPOM OMbITHLIM MyTEM OnpeaensoT
CKOPOCTb MepeMeLLeHNs 3apsXKeHHbIX YacTuLy
ancnepcHon gasbl B NOCTOSHHOM 3reKTpuye-
CKOM rone, 3aTeM 13 ypaBHeHus [enbMronb-
La -CMonyxoBCcKOro /2/ onpenensioT aMneKkTpo-
KMHETUYECKMI NoTeHuman (¢-noteHuman):

¢=4mnU,,alkg,

e U, " — anekTpodhopeTnyeckast MoABWKHOCTb;
n — BA3KOCTb Cpefbl;
€ — AManekTpuyeckas

cpenbl;

a— nepeBogHON KO3 ULMNEHT;

m=3,14.

Wccnenosanus nposogunv npu 20°C. B ka-
YecTBe AMCnepcHoM dasbl MCronb3oBany dpak-
o 0,05 - 0,1 MM Ae3nHTErpMpoBaHHOrO Nonu-
MVKTOBOMO MNecyaHvka MpPOAYKTMBHOMO nnacTta.
Pesynbratbl 3KCNepuUMEHTOB NPenCcTaBneHb! Ha
puc.1.

AHanm3 pesynsratoB MoKasbIBaET, YTO Mpo-
MCXOOMT Mepesapsiika MOBEPXHOCTU MecyaHuka
B mHTepBane pH = 5,5 - 6,5. lNpu nepexone ot
COIeBOro pacTBopa K MPEeCHOW Bode KpuBas 3a-
BMCMMOCTY ¢ — pH cmeLLaeTcs BneBso.

PaKT nepesapsiokv NOBEPXHOCTU 1 3aBUCU-
MOCTV 3rEeKTPOKMHETUYECKMX SBINEHWI OT pH auc-
NMEePCUOHHOM cpenbl 0OyCroBMBAET pasnMyHoe
B3aMMoaeicTB1E ANCTIEPCHON chasbi(necyaHmka)
C OVCrepCUOHHOM cpedov (BodoM) Mpu U3MeHe-
HUM pH nocregHen, Y4To B CBOKO ovepeab BIMsieT
Ha VMHTEHCVBHOCTb KarnumnsipHbIX npoueccos. B
CBSA3U C 3TVIM ObINI0 HEOOXOAMMO OLIEHUTL BEM-
YMHY KanunispHOM NPOMNMTKM NPy pasinyHbIx pH,
a 3HauWT, ¥ pasnuyHbIX BENUYMHAX ¢ -NMoTeHuma-

npoHMUaeMoCTb

BYPEHMUE
DRILLING

OKCnepMMeHTbl MO KanunSpHON MPonuTKe
N OLEHKe CMayvMBaemMOoCTU MOPOBbIX KaHaroB
HedpTeHOCHbBIX KOMNMeKTopoB Obinv NpoBedeHb!
C TeM >e [AE3VHTErpyvpoBaHHbIM MEeCHaHUKOM.
OnbITbl MPOBOAVIN B CTEKMSAHHBIX KOTIOHKaX A
How 40 cm n guametpom 0,5 cm. Onpegensnu
napameTp CMa4vMBaeMoCTu 3 — TaHreHe yrma Ha-
KIMOHa NMPSIMONMHENHOTO y4acTka B KOOpAMHaTax
H (BbICOTa MOAHSITUS KUAKOCTW) — vt (BpeMsi nof-
HATUA XMUaKOCTW). [ANa ogyHOYHOro Kanunnsipa
CMpaBeanBO BbipaxeHue /3/:

B?=r *Cosé/2"n,

rae B — TaHreHc yrna HaknoHa npsamonu-

HeMHoro yyacTka B koopaunHatax H - Nt
.. — paauyc kanunnspa;

0 — K03(hPULIMEHT MOBEPXHOCTHOIO Ha-
TSXKEHWS;

6 — KpaeBoOW Yron cMavnMBaHus;

N — BSA3KOCTb XUAKOCTK.

W3 dpopmyrnbl (2) BMAHO, YTO nNapameTp xa-
paKTepu3yeT CMayMBaemoCTb MecqaHuka uc-
CcriefyemMon KMOKOCTbIO.  Pesynbrarhbl  OnbIToB
npeacTaBneHbl Ha puc.2. Heoxogumo oTMeTUTb
MPUHLMNMAnbHYI0  BO3MOXHOCTb  perynmpoBarh
CMauvBaeMocCTb M3MeHeHneM pH cpeabl 1 MuHe-
panusauver Bofpl.

Cnepyet 06paTuTb BHUMaHWe Ha To, YTO Mpu
pH = 6 cMauMBaeMoCTb  KornekTopa 1 NpecHon
BOMOW, U COMEBbIM PACTBOPOM HaMMeEHbLLIAs, TO
eCTb CTeneHb B3aUMOIENCTBUS KOmmekTopa C
pacTBOpaMu MpW TakoN KUCIOTHOCTU cpefbl M-
HUMarnbHa. 3aBucMocTb B-pH HoCUT CRoXHBIV
xapakTtep, npudem copma 3aBvCMMOCTU [Anis
MPECHOW 1 CONeHoM BoAbl COXPaHSET-CS, TO eCTb
He 3aBMCUT OT MuHepanmsaumun. MNpu HesHauw-
TeNbHOM OTKIIOHeHUM oT pH = 6 B GorbLLyto Unn
MEHbLLYI0 CTOPOHY CMaqvBaeMOCTb Pesko BO3-
pacTaet.

Bbino npoeegeHo wccniepoBaHue Habyxa-
HUSA MIMHUCTON YacTW KOMneKTopa B pacTBopax
C pasHoW BenuumHon pH. B pesyntate onpene-
nmnw, YTo npy pH= 7,6 B npecHoi Boae Habyxa-
HUWe MUHMManeHOe, a B CONIEBOM pacTBope Mpu
pH = 8 HabyxaHvie npekpaiiaetcs. Mpn pH =5
HabyxaHve B NpecHO Bofe MaKcymarbHoe, a B
coneBoM pactsope npu pH = 6. To ecTb Habyxa-
HMe MaKCvIMarnbHO B 00MacTy 303MEKTPUHECKOM
Toukm (MNST) nmpu nepesapsigke MOBEPXHOCTU
TBEpaon dhasbl. Takum 0bGpasom, NMpoBeaeHHbIe
nabopaTopHble  WCCriefoBaHMs  MOKa3bIBakoT,
YTO ArEKTPOKMHETMYECKasi COCTaBMsOLas U
3MEKTPOKUHETUYECKME SIBMEHWSI UMPatoT 3Hauu-
TerbHyHo posib B MpoLeccax B3avMOAEVCTBUS B

0,6

na 'y noBepxHOCTU NnecHaHuKa.
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Puc.1. 3aBucumocTb f—no-reuuuana yacTuy aucnepcHon casbl oT pH AncnepcuoHHom cpeabl
1 - Mopgenb coneBoro chunsTpaTa, 2 — NpecHas Boaa.

Figure 1. Dependency of ¢ Potential of the Dispersion Phase Particles on pH of the Dispersion
Medium 1 — Model of the Salting Filtrate, 2 — Fresh Water
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B, cm/ c®5 6e3 NCM

4,1 0,558
6,0 0,320
8,9 0,574

B.cm/ c®® cICM
0,527
0,535
0,531

Ta6n.2 3aBucumocTtb napametpa . ot pH B npucytcteum MCM u 6e3 Hero /Table 2. Dependency of
B Parameter on pH in the Presence of Metal Peroxide Compound and Without It

HacblILLaloLLel cpeabl U KOMmnekTopa, npuyem B
CWINBbHOW CTeNeHW OonpenensitoT Takve SBMeHVs,
KaK HabyxaH1e 1 CMa4vBaeMoCTb NONMMUKTOBO-
To KOmnrekTopa.

YunTbiBasi cunbHOE BMVsSHUE 3neKkTpocTa-
TUYECKON COCTaBMSIOLLEN U SNEKTPOKUHETU-
YeCKUX SBMEHWN Ha B3aMMOOENCTBUE UcCre-
ayemoro unbstpaTta C KOMeKTopoM, MOXHO
nonpo6oBaTk UCMonb30BaThk J06aBKM BELLECTB,
yMeHbLUAIoLLMeE 3MeKTPOCTaTUYECKyto CocTaB-
NSAOLLYI0, HAaNpUMep NepekvCHble HeopraHuye-
CKne coeguHeHus. B conesol pacteop Aobasu-
v nepekucHoe coeauHeHne metanna (NMCM) un
NPOBENM OLIEHOYHbIE OMbITbl, PEe3ynbTaThl KOTO-
pbIX cBeAeHbI B Tabn. 2.

Pesynbrarbl OLEHOYHbIX  OMbITOB MOKa3bl-
BatoT, YTo AobaBka MNCM nossonsieT «noracuTby
3MEKTPOKMHETUYECKN aKTMBHbIE obractv Ha no-
BEPXHOCTU KOIMeKTopa M CUIMbHO YMEHBLUMTL
3aBMCMMOCTb CMAYMBaEMOCTUN OT BeNWUMHbI pH.
Hpyrumn cnosamu, npumeHenve NMCM nossons-
€T YMeHbLUWTb aKTUBHOCTb MpoLiecca B3auMo-
[encTenst ounsTpata pactBopa C KOMneKTopom,
TeM camblM yMeHbLLasi ero aacopoLvio 1 NoBbl-
LLas MOABWKHOCTb.

NS oueHKN BNUAHWUA KUCNOTHOCTU Ha
BA3KOCTHbIE CBOWCTBa chunbsTpata 6ypoBoro
pacTBopa 6binu npoBeeHbl NabopaTtopHble
nccnepgosaHusa. B kavectBe mopenu uc-
nonb3oBanu BOAHLIN pacTBop kap6okcun-
metunuennonossl (KMU) un deppoxnop-
nurHocynbegoHata (PXIC). PesynbraThl
npeAcTasneHsbl B Tabn. 3.

M3 tabnuubl 3 BUAHO, YTOo dpunstpar by-
poBoro pacteopa 1 npu 20°C, n npu 80°C mak-
cuMarnbHyto BA3KOCTb MeeT npu pH = 6, npu-
yeM B LUenovHou cpede (pH >7) BA3KOCTb ero
MeHblle, YeM B Kucnoii. lNoBblleHe Temne-
paTypbl NPUBOAUT K PE3KOMY CHVDKEHUIO BSI3-
KOCTU U YMEHbLUEHUIO ee 3aBUCUMOCTH OT pH.

PaccmatpuBas pesynetatbl nabopartop-
HbIX OMbITOB, OTMETUM:

B

* yccrenoBaHHas cucteMa «dunsrpar 6yposo-
ro pacTBopa — KOMINeKTop» NMofABEpKeHa OLLy-
TUMOMY BIIMSIHUIO CUIT BNEKTPUYECKON NpUpO-
[bl, B YaCTHOCTUN SMNEKTPOKUHETUHECKMX;

» Bo6nactn V3T, npu pH = 6, dunstpaT obna-
[aeT MaKcMMarbHOW BSA3KOCTbIO, KOMNEKTOP
MMeeT HaumborbLUyl cTeneHb HabyxaHus,
3Ha4WT, crnefyeT OXuaaTb HaUMeHbLLYH
NOABWXHOCTb punkTpata, NoABMKHOCTL By-
[€eT yBEenuuMBaThbCs NpU OTKMOHeHUn pH B
6OnbLLYIO UMM MEHbLLIYIO CTOPOHY;

* MOXHO NpeanonoxuTb 6onee nerkue ycro-
BMS BbITECHEHUA unbTpaTa B LENOYHOM
cpene npu pH = 8;

» pobaBka B GypoBoOI pacTBOP UMK XUAKOCTb
nepcopaumn BeLLECTBa, YMEHbLUAKLLErO
X B3aUMOZeNCTBME C rOpHON NOpOLOoN, No-
3BONUT 06NerynTb NocneaytoLlee n3sneye-
HVe unbTpaTa pacTtBopa M3 KonnekTopa
MpU OCBOEHWNMW CKBaXMH.

Takum 06pa3om, NpU BCKPLITUM MPO-
OYKTVBHbIX MNacToB crnegyeT  yuuTbiBaTb
3MNEKTPOKMHETMYECKNE SIBMEHUS B MOPUCTbIX
cpegax v UCnosb3oBaTh UX AN NMOBbILLEHUS
Ka4yecTBa BCKPbITUS; ANt COXPaHEHUs1 Kor-
TNIEKTOPCKMX CBOWCTB MIacToB MpWU BCKPbITWM
3a CYET YMEeHbLUEHNS MPOHUKHOBEHUS PUSb-
TpaTa U YMEHbLUEHWsI ero B3auMOoAenCTBuUS
C TOpHbBIMU MOpoAaMU XenaTenbHO perynu-
poBatb pH GypoBbIX PacTBOPOB U XMAKOCTEW
nepcopaumu 1 gobasnsTb B HUX crieyuanbs-
Hble peareHTbl, HanpuMmep, NepeKkUCHbIe He-
OpraHvyeckue CoeIMHEHUs. m
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pH 4 5
BsiskocTb 20°C 56,65 66,46
dunbrparta
Byp. pact-pa, 80°C 14,36 11,06
mlMa*c

[§ 7 8 9
138,34 21,03 18,83 17,89
18,05 11,61 15,07 8,55

Tabn.3 U3meHeHue BsiskocTU cpunbTpaTa 6ypoBoro pactBopa (pacteop KML, + ®XJIC)
B 3aBucumocTu ot pH /Table 3. Change in the Drilling Fluid Filtrate (solution of carboxylmethylecellulose

+ ferrochlorlignosulfonate) Depending On pH
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characterizes the wettability of the sand with the fluid

under consideration. The test results are given in Fig. 2.

It has to be pointed out that it is possible in principle to

adjust wettability by changing pH of the medium and by

means of water mineralization.

It is noteworthy that at pH = 6, the wettability of the
header both with fresh water and with salting fluid is
minimum, that is the degree of interaction between the
header and the fluids at such acidity of the medium is
minimum. The R — pH dependence is of complex na-
ture, besides, the form of dependence for fresh water
and salting fluid is retained, i.e. it does not depend on
mineralization. With insignificant deviation from pH = 6
for greater or lesser value, the wettability rises dram-
atically.

A test was run to investigate the swelling of the clay
portion of the header in the solutions with different pH
value. As a result, it was established that at pH = 7.6
in fresh water, the swelling is minimum while in salting
fluid at pH = 8, the swelling stops. At pH = 5, the swell-
ing in fresh water is maximum, while in salting fluid it is
maximum at pH = 6. That is, the swelling is maximum
in the region of the isoelectric point, when the surface
of the solid phase recharges. Thus, the laboratory tests
conducted show that the electro-kinetic component and
the electro-kinetic phenomena play a significant part in
the interaction processes between the saturating me-
dium and the header, besides, to a great extent, such
phenomena are determined both by swelling and wett-
ability of the polymictic header.

In view of the strong influence, exercised by the elec-
trostatic component and electro-kinetic phenomena on
the interaction of the filtrate under investigation and the
header, it may be worth trying to add the substances
which reduce the electrostatic component, for examp-
le, peroxide inorganic compounds. Metal peroxide co-
mpound was added to the salting fluid and evaluation
tests were conducted whose results are summed up
in table 2.

The results of the evaluation tests indicate that ad-
dition of a metal peroxide compound makes it possible
to “extinguish” the electro-kinetic active fields on the
surface of the header and to drastically reduce the dep-
endence of wettability on the pH value. In other words,
the use of metal peroxide compounds makes it possible
to reduce the activity of the process of interaction bet-
ween the solution filtrate and the header, thus lowering
its adsorption and raising mobility.

To evaluate the effect of acidity on the viscosity prop-
erties of the drilling fluid filtrate, laboratory research was
carried out. As a model the water solution of carboxylm-
ethylecellulose and ferrochlorlignosulfonate was used.
The results are given in table 3.

It is evident from table 3 that the drilling fluid filtrate,
both at 20°C and at 80°C, has maximum viscosity at pH
= 6, besides in alkaline medium (pH>7) its viscosity is
less than in the acid medium. Increased temperature le-
ads to a sharp reduction in the viscosity and a decrease
in its dependence on pH.

While examining the results of the laboratory tests,
let us note that:

« the drilling fluid filtrate — header system investig-
ated is subject to tangible influence of the forces
of electric nature, specifically, electro-kinetic;

« in the area of isoelectric point, at pH = 6, the fil-
trate possesses maximum viscosity, the header
has the greatest degree of swelling, that means,
one has to expect the least mobility of the filtr-
ate; the mobility will increase when pH deviates
for greater or lesser values;

« one can anticipate lighter conditions for filtrate
expulsion in the alkaline medium at pH=8;
addition to the drilling fluid or the perforation flu-
id of a substance which reduces their interaction
with mining material will help facilitate subsequ-
ent extraction of the fluid filtrate from the header
when the well is completed.
Therefore, when productive formations are drill-
ed in, one has to take into consideration the elect-
ro-kinetic phenomena in the porous media and use
them to improve the quality of drilling in; in order
to retain the header properties of the formations
when drilling in by reducing the penetration of the
filtrate and reducing its interaction with mining ma-
terial, it is desirable that pH of the drilling fluids and
perforation fluids be adjusted and that special ag-
ents, for example, peroxide inorganic compounds
be added to them.
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TpexmunnuapaHasa ToHHa HedTH, no6biTas Ha npomMbicnax Pecnyﬁnuku TaTtapcTaH, o4eBMAHO, 3aCTaBUT MHOMUX uccnenoBarenen
n3y4yaTtb Te cpeacTtBa, MHCTPYMEHTbl U TeXHOJTIONMKn, KoTopbie caenanu BO3IMOXHbIM OCTUXEeHUe HerTiIHI/IKaMVI CTOJIb 3HaMeHaTesnb-
Horo nokasarens. Ho yxe cenyac MOXHo 6e3 npeyBenuyeHns CKkasaTb, YTO OOHMM U3 OCHOBHbLIX CrlaraeMbIiX 3TOro ycnexa aBndaeTtcs
rpamoTHoe u achcheKTUBHOE MCNONb3oBaHMe NPU peLleHUU NPOU3BOACTBEHHbIX 3aAay UHTeNnneKTyarnbHbIX peCcypcoB npeanpuAaTUus.

CHUCTEMA YIIPABJIEHUA
HHTEJIJIEKTYAJIbHBIMHA PECYPCAMHU
KAK COCTABJISIOIIAS PA3BUTHS HE®TSHOM OTPACJIH

l0.A. BOJIKOB
N1.B. 3UHOBbLEB
Nn.B. KAPMYHUH

Tlioboe npennpusiTve, ecnv OHO XUBET He
TONBbKO CEerofHAWHUM AHeM, OOMmKHO 3abo-
TUTbCA O MOMOMTHEHUN CBOEN WHTENNeKTy-
anbHol 6asbl, NpeacTaBnstowen cobon Bco
COBOKYTMHOCTb TE€X 3HaHWUI 1 OMbITa, KOTOPbIE
BOBMEKATCA B MPOU3BOACTBEHHBIA MNpO-
uecc. OTO AENCTBUTENbHO TOT CaMblii He-
OLEHUMbIN  MHTENmneKTyarnbHbI Kanutan,
KOTOPbIM HaA0 y4MTbCH yNpaBnsaTh Tak, YTo-
Obl OH NpeyMHoOXancs. Ecnu roBopuTb KOH-
kpeTHo 06 OAO «TaTHedTb», TO BbICOKUWA
TEXHUYECKMN N TEXHOMOrMYECKUIn YpOBEHb
pa3paboTok 1 M306peTeHnin ToN KoMMaHUm
HeogHoOKpaTHO oTMeuvancst Bcepoccuiickum
obuiecTBoM un3obpeTaTtenent u paunoHanu-
3atopoB: 6onee 50% exerogHo nogaBae-
MbIX paunpeanoxeHuin n 40% salmiEHHbIX
naTteHTaMm 1M306peTeHnt NpuxoanTcsa B pe-
cnybnuke Ha [OMO 3TON OAHON U3 BEAyLLMX
HedTSAHbIX KOMMNaHu Poccun; akoHoMuye-
ckas aPPEKTUBHOCTb paunpeanoxXeHuin un
n306peTeHni TaTapCTaHCKUX He(PTAHMKOB 3a
nocnegHve 4 roga Bo3pocrna He MeHee YeM
B nATb pa3. OCHOBHbIM «KaTanuM3aTopom»
NPeyMHOXeHWSA 3TOro «Kanutana» siBnsetcs
nocTtosiHHas 6opbba Bcex cnyxb n nogpas-
AeneHnin KOMMaHUW 3a CHWXEHWe npous-
BOACTBEHHbIX 3aTpaTt. Kasanock Obl, NyTb K
3TOMY OAMH — COKpaLlaTb YWCMEHHOCTb CO-
TPYAHUKOB. HO Mbl y)xe JaBHO MOHANN, YTO
3TO He Nny4wun BapuaHT. lNog cokpalleHue,
Kak mpaBuno, nonagarTt npexae BCero Te,
KTO AOCTUr MEHCMOHHOTO BO3pacTa, TO ecTb
caMble OMbITHbIE U YaLle BCero eLlé TBopye-
CKW aKTUBHblE creumanuncTtbl. AcHo, YTo Ta-
KMX cneumnanucToB, HaobopoT, Hago Kak-To
noagaepxuBaTtb, co3gasaTtb UM YCnoBus Ans
NnogoTBOpHON  paboTkl, cnocobcTBoBaTh
TOMY, 4YTOObl OHW [Onblle HaxoAunuchb B
CTpOI0 1 nepeaaBany mMonoaéxu ceon 6o-
ratbli ONbIT.

Mbl 3HaeMm, YTO cocTosiHWe Aen C pauno-
Hanusauven n nsobpetartenscTeom B Poccuu,
no cpaBHeHuto, Hanpumep, ¢ CLUA, paneko
He camoe nydwee. He cekperT, 4YTO 1 HOBbIV
NaTeHTHbIV 3aKOH Takxke He cnocobCcTByeT Ux
pa3BuTuio. [103aTOMy Mbl €KErogHo NpoBOANM
KOHKYpCbl NpodeccroHanbHOro MactTepcTaa,
KOH(bepeHLUMn n3obpeTatenein n paumoHanu-
3aTOpOB, SipMapKkyM HOBbIX MAen. 3aHsABLUMX
npu3oBble  MecTa Harpaxgaem LEeHHbIMU
nogapkamu, nosblllaeM B AOMKHOCTU, BHe-
apsiem nx paspabotku B nponssoacteo. Cos-
Aanu BO BCEX CTPYKTYPHbIX MoAapasaeneHnsx
cny0y Hay4YHO-TEXHWYECKON WHdopMaLmK,

avpektop OO0 «L|CMPHedTE»

KoTOpasi M30 AHS B AE€Hb 3aHWMaeTcsi BCEM
3TUM. Y3Ke HecKosbKo neT Ha 6a3e MHCTUTyTa
TatHUMNHedTb akTMBHO paboTaeT Ha NpuH-
uunax camookynaemoctn OOO «HAYKAy,
rae MoryT npogorkatb paboTtaTb Te, KTO Bbl-
XOOUT Ha neHcuto, U T.4. VMeHHo Bcé ato u
3acTaBrsieT HallMxX CrneuuanvcToB packKpbl-
BaTb CBOW TanaHThl.

Mpobnema addeKTVBHOrO ynpaBrneHns
WHTENMeKTyanbHbIM Kanutanom Heu3BbexHo
3aTparvBaeT AenvKaTHbIN U CIOXHbI BOMPOC
nHTennekTyansHon cobecteeHHoctn (UC). Ho
WCKIMHYMTENBHOE NpaBo OpraH13aumm 1 aBTo-
poB Ha ntobble pe3ynbTaTbl MHTENMNEKTyanb-
Holn AeatenbHocTn (PU[) BO3HWMKaET TOnbKo
nocrne ux ocuumansHoi permctpaumn. Cne-
[oBaTenbHO, 3afaya NpeanpusTUS COCTOUT B
TOM, 4TOObI CBOEBPEMEHHO 0hOPMAATb Tpe-
ByemMble fIOKyMeEHTbI U Aanee paboTatb ¢ UC
n PV, cobniogas Bce npenycMOTPEeHHble
3aKOHOM npoLieaypbl.

He mMeHee BaxHoW 3agadein npu pabo-
Te ¢ IC gaBnsieTca eé koMMepumanusaums.
B npeanbHom cnyvae goxogbl ot C gonx-
Hbl CYLUECTBEHHO MpeBbIWaTh 3aTpaTbl Ha
eé odopmneHue u nopaepxaHve. 3apjava
npeanpusiTust — caenatb AnNs 3TOro BCe BO3-
MOXHOE.

Takvum o6pasom, peHTabenbHoe ynpaene-
HVWe WHTENneKTyarnbHbIMM pecypcamv umeet
CBOK KOHKpeTuky. OdopmneHne naTeHTHO-
ro npaea 1M €ero rpaMoTHOE MCMonb30BaHue,
cbop, aHanu3 1 cuctemaTusaLlusa camoro pas-
HOro martepuana, NpuHATUE pEeLLIEeHWIn O no-
cTaHoBke, Tpebyembix HVOKP, n MoHUTOpUHF
MX VCMOSTHEHUS!, Pa3fNYHble KOHKYPCbl U Bbl-
cTaBku, obyyeHue n nepeobyyeHne nepcoHa-
na — BCE 3TO JOSMKHO ObITb MO NMOCTOAHHBIM
KOHTpOremMm M B 06GO3pPMMOM MPOCTPAHCTBE.
EcTecTBeHHO, MpW OCYLUECTBEHUN TaKomn
06beMHON 1 pasHonnaHoBoW paboTbl npea-
npusTnio 6e3 cpeacTB e€ aBToMaTu3auum He
o6onTuCh.

Ewe c 1999r. npu nomowm paspaboTkum
cneumnanbHbIX JoKarbHbIX MoZyrnen B nog-
pasfeneHnsix KOMMaHuW Havanu BHeapsiTb
aBTOMaTU3NpOBaHHblE METOAbI yyeTa U aHa-
nun3a pesynsratoB ucnonb3oBaHusa UC. Tex-
Huyeckum otaenoM OAO «TaTHedTb» Obina
npeanoxeHa naes nepexofa OT pa3po3HEH-
HOIN CeTW K eQuHON KOpnopaTuBHOW cucteme
ynpaBneHnsi MHHOBALIMOHHON, paLMoHanu3aa-
TOPCKOW, n306peTaTenbCKON U BHEAPEHYECKO
pesTenbHoCTbio. Takum obpasom, B 2004r.
NosIBUNCS NEPBbIA BapuaHT KOMMIEKCHON B>

3amecTuTenb AMpekTopa no astomartusauyun HAP
HavanbHWK TexHu4eckoro otaena ynpasneHnss OAO «TaTHedTb»

r. KaszaHb
r. KaszaHb
r. ANbMeTbeBCK

The third billion ton of oil, produced in the Republic of
Tatarstan, will obviously force a lot of researchers to inves-
tigate those means, instruments and technologies, which
led to such a significant achievement of the oil industry.
Although even today we won't be wrong saying that one
of the main factors that contributed to this success is the
effective use of the company’s «brainpower» for the salv-
ation of production tasks.

INTELLECTUAL ASSETS
MANAGEMENT SYSTEM AS AN INTEGRAL PART
OF THE OIL SECTOR DEVELOPMENT

Any enterprise, should it prognosticate its future devel-
opment, must think of its «intellectual assets», comprising
the total of its knowledge and experience, which are invol-
ved in the production process. This is in fact that invaluab-
le brain capital, which needs to be managed to provide its
increase. Speaking particularly about JSC «Tatneft», the
company’s high technical and technological level of crea-
tions and inventions has been praised many times by the
Russian Society of Inventors and Innovators: more than
50% of annual rationalization proposals and 40% of pat-
ented inventions in the Republic, belongs to the one of the
leading oil producing companies in Russia. For the last 4
years the economic efficiency of the Tatarstan’s rationaliz-
ation proposals and inventions increased at least 5 times.
The main «catalyst» for the increase of this «capital» is
the constant struggle of all divisions and departments for
cost reduction. It would seem that, there is only one way
to achieve that- redundancy. As a rule, the first group of
staff that is usually reduced is those, who reached the age
of retirement, i.e. the most experienced and, often enou-
gh, creative specialists. It is clear that a company should,
on the contrary, support such specialists, provide them
with effective work conditions, motivate them to transfer
their rich experience to the newcomers.

We are all aware of the fact that the state of innovation
and inventions development in our country, in comparison
with the USA, for example, is far from the best. It won’t be
a secret to say that the new patent law does not contribu-
te to their development. Therefore we established annual
contests of professional skills, conferences of inventors
and innovators, fair for new ideas.

The prize winners are awarded with valuable presents,
promoted, and their proposals are implemented in the pr-
oduction process. As a responsible body for these tasks,
we created the STI (scientific and technical information)
service in all our departments. Moreover, several years
ago we created LLC «Nauka» on the basis of TatNIPIneft
institute, which successfully operates upon the self-rep-
ayment approach. «Nauka» gives an opportunity for the
retired staff to continue their work. All of these measures
«make» our specialists reveal their talents»

The problem of effective management of intellectual
assets inevitably touches upon a sensitive and difficult is-
sue of intellectual property (IP). But the exclusive right of
the company and the author for any results of intellectual
activity (RIA) arouses only after their formal registration.
Consequently, it is the company’s task to compile all ne-
cessary documents and to proceed working with IP and
RIA, observing all procedures, provided for by law.

Ano less important task in the IP management is its
commercialization. Ideally, the profit from IP must by far
exceed the expenses on its formalization and support.
The company’s mission is to make it possible.
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Thus, the profitable management of intellectual assets
is quite specific. The formalization of patent rights and its
efficient use, collection, analysis and ranging of various ki-
nds of material, making decisions to organized necessary
R&D activities and its monitoring, different contests and
exhibitions, training and reeducation of the personnel- all
of these must be under constant control and take place in
the near future.

Itis natural, that to fulfill such big and diverse work, the
company cannot do without special automation means.

Since 1999 the company departments started the impl-
ementation of automated calculation methods of IP usage
results, due to the development of special local modules.
The technical department of JSC «Tatneft» proposed an
idea to replace discrete network with the integrated ente-
rprise system of innovative, rationalization, inventive and
implementation activity management. Thus, in 2004 the
company presented the first version of the integrated aut-
omated system (IAS), called «kEDISON» - effective circul-
ation of IP documents for oil production organization.

Organizational methodology database of the Technic-
al department provided the description of intellectual and
commissioning activity business processes and allowed
to effectively set the mission of software solution devel-
opment.

In 2004 «EDISON» received «Rospatent» certificate,
and its pilot production has been ever since performed
exclusively by the developers, supported by the special-
ist of research and technology division of JSC «Tatneft»
Engineering Centre.

The developer of IAS «EDISON» is the Centre of
Oil-field Development Methods Improvement under
the Academy of Science in the Republic of Tatarstan
— LLC «CSMRneft».

Reference: Centre of Oil-field Development Methods
Improvement was created by the decision of the meeting
with Chief Geologist of «Tatneft» R.Kh.Muslimov (Minutes
of meeting dd. 26.01.1993) with the purpose of «... join-
ing the efforts of structurally and officially diverse speciali-
sts to bring the resullts of their activity to implementation».
The Centre registered as juridical person since November
1994. — Since March 1996 it has been working under sys-
tematic supervision of Physics, Energetic and Earth Scie-
nces Branch of the Academy of Science in the Republic of
Tatarstan. In 2001 the Centre passed state accreditation
as the scientific body of the Academy of Science in RT.

The use of this development is aimed at the enhan-
cement of management effectiveness in such business-
processes as motivation of intellectual property creation,
control of their implementation in the production process,
formation of commercial register, performance analysis of
the implemented activities, aimed at making logic mana-
gement decisions, efficiency estimation of means, com-
mitted in R&D.

In the process of IAS exploitation, it is constantly being
upgraded, and at the present moment, JSC «Tatneft» em-
ploys its second version — «kEDISON+».

This version consists of 4 subsystems: «RATIONALIZ-
ATION», «PATENTS», «<R&D» and «IMPLEMENTATION
OF NEW EQUIPMENT». Each of those automates a
logically finalized set of functions and can be used both
independently, and as part of IAS.

Currently, the integrated information space of enterpr-
ise network employs over 400 of client positions through
IAS «EDISON+», those cover 136 production divisions,
233 shops of 20 departments in JSC «Tatneft».

Itis important to note, that in 2008 the company started
commercialization of IAS «EDISON+» in 9 of those depa-
rtments, thus the whole process of new ideas «birth» and
their implementation in production will be even more «tra-
nsparent». Of course, it is still a difficult matter to manage
this process, but the efficiency of managerial decisions is
growing rapidly. All subsystems of IAS «EDISON+» have
a common unified user’s interface, which provides not
only efficient and reliable information on different aspects
of company operation, but also beautifully-made, legible
reports.

This invention has become a system in demand and
meeting the daily needs of the specialists, involved in the
process of the intellectual assets implementation of the
company. From this point of view, the experience of JSC
«Tatneft» in matters of automation of innovative, rationali-
zation, inventive and implementation activity management
could be useful not only for other oil producing enterprises,
but for the Republic as a whole, when we speak of the an-
alysis and commercialization of IP, created at the expense
of budgeting funds.

aBTOMaTm3upoBaHHoi cuctembl (KAC) nog
HasBaHvem «OONCOH» — addeKkTBHbIN
[OKYMEHTOO60pOT MHTENnNeKTyanbHon cob-
CTBEHHOCTW MpW opraHusauun HedTeno-
6blun.  OpraHusauMoHHO-MeTodoNorMYeckas
6a3a TexHMYecKkoro otaena Mo3Bonunia onu-
caTb Ou3Hec-npouecchl UHTeNnneKTyansHown
BHepEHYeCcKon [esiTenbHOCTWM  Mnpeanpu-
ATUS U rPaMOTHO TMOCTaBWUTbL 3afayv Ans
pa3paboTkv nporpammHoro npogykra. B
2004 ropy Ha «3OMCOH» nony4yeHo cBu-
fdetenbctBo PocnateHta, a ero onbiTHas
aKcnnyatauma n «obkatka» Ha mecTax ocy-
LeCTBNANMCL B AanbHeWlleM Henocpea-
CTBEHHO paspaboTyvMkamu npu  aKTUBHOWM
nogaepXke  CneunanuctoB  Hay4YHO-TEXHW-
yeckoro otaena WrxenepHoro Lientpa OAO
«TaTHedTb». OpraHu3auunen-paspaborTyvkom
KAC «3ONCOH» sBnsietca LleHTp cosep-
LLIEHCTBOBaHWSI MeToAoB pa3paboTku HedTs-
HbIX MecTopoxaeHui npyu Akagemun Hayk PT
— 000 «LICMPHedTb».

CIMPABKA: LleHTp coBeplLueHCTBOBa-
HUA MeToA0B pa3paboTku HedpTAHbLIX Me-
CTOPOXAEHUW CO3AaH No pelleHnto coBe-
LaHUA y rMaBHOroO reoriora o6LeANHeHUs
«TaTHedTb» P. X. MycnumoBa (npoTtokon
oT 26.01.1993r.) c uenbio «... o6beanHe-
HUSA YCUNUIA CTPYKTYPHO U BeJOMCTBEHHO
pa3po3HeHHbIX cneuuanucToB AnNs Ao-
BeleHUs1 nonyyYaeMbiX UMW pe3ynbLTaToB
[0 npakTuyeckoro BHeapeHusi». Odopm-
rneH Kak camocTtosTeNnbHoe opuanyeckoe
nuuo — ¢ HosA6psi 1994 ropa. C mapTa 1996
— pa6oTaeT noAa MeToAMYEeCKUMM PYKOBOA-
cTBoM OTaeneHus pu3nku, IHepreTUkn m
Hayk o 3emne AH PT. B 2001 roay npo-
lWen rocyAapCcTBEHHYH aKKpeauTauuio
KaK Hay4yHas opraHusauusa npu AH PT.

Mcnonb3oBaHne pa3paboTkn OpUEeHTU-
poBaHO Ha noBbieHWe 3MDEKTUBHOCTU
ynpaBneHus Takumu BusHecc-npoueccamu,
Kak CTUMynNuWpoBaHWe CO3[aHusi OObeKkToB
WHTeNneKkTyanbHoW COBGCTBEHHOCTM,  KOH-
Tponb 3a WX BHeApPEHUEM B MPOU3BOACTBO,
dopmMupoBaHMe KOMMEpPYecKoro peecTpa,
aHanu3 apdeKkTUBHOCTU BHeOpsSieMbIX Me-
PONpUATUIA ANA MPUHATAS OBOCHOBAHHbIX
ynpaBrneH4Yecknx pelleHn, oueHka adpdek-
TMBHOCTM BrOXeHHbIX cpeacTts B HNOKP.

YHAHUMPOBaHHEIA
NONLI0OBATENLCKHA

HHTEhERE

,/F PaunoHanmiaUpm \

MareHTs \“-...___...-"/
Eannoe
XpaHWnHwe
>_ DAHHBIX
HUOKP

NHO®OPMALIMOHHBIE TEXHOJIOUN
INFORMATION TECHNOLOGY

B npouecce onbITHOM akcnnyaTtaummn KAC
NMOCTOSIHHO MOAEPHU3UPYETCS U B HacTosi-
wee Bpems B OAO «TaTHedTb» akcnnyaTu-
pyetcsi ee BTOopas Bepcust — «OQVCOH+».
OTa Bepcusi COCTOUT U3 YETbIPEX NOACUCTEM:
«PAUMOHATIUSALINA», «MATEHTbI»,
«HWNOKP» n «BHEOPEHWE HOBOW TEX-
HWKW». Kaxpgasa u3 HUX aBTOMaTusvpyet
FNIOrMYECKM 3aKOHYEHHbIN Habop yHKUMIA 1
MoOXeT ObITb MCMonb3oBaHa kak caMocTos-
TenbHo, Tak 1 B cocTtaBe KAC.

Ha cerogHawHun peHb 4vepes KAC
«3ONCOH+» B eguMHOM WHGMOPMAaLMNOH-
HOM MNPOCTPAHCTBE KOPMOPATMBHOW CETU
3agencTBoBaHo cBblle 400 KNUEHTCKUX
MecCT, oOxBaTblBawwWwmux 136 npoussoa-
CTBEHHbIX oTenoB 1 233 uexa 20-Tn CTpyk-
TypHbix nogpasgeneHnn OAO «TaTtHedTby.
CyuiectBeHHo, 4To B 2008 rogy B 9-T u3
3TUX CTPYKTYPHbIX MNoApasgeneHnin Ha-
yaTo npomblwneHHoe BHegpeHne KAC
«3OQNCOH+», Takum obpas3om, BeCb MNpo-
Lecc poXaeHUs HOBbIX MOen un ux BHegpe-
HUS B MPOWM3BOACTBO CTaHeT ewgé OGonee
npo3payHbiM. KoHeuyHo, ynpaBnsiTe 3TUM
npoLLeccoM MO-NpeXHEMY Hernerko, Ho ag-
(PEKTUBHOCTb MPUHATUS  yNpaBreHYeCKMX
pelleHUn Heuamepumo Bo3pacTaeT. Bce
noacuctembl KAC «3QNCOH+» nmetot yHu-
PULMPOBaHHbIM NHTEPdENC Nonb3oBaTens.
A 3TO He TONbKO onepaTuBHbIE U JOCTOBEP-
Hble CBEEHMs O pasfnMyHbIX acnekTax pa-
60Tbl KOMNaHUKU, HO U KpacuBo O0POPMIIEH-
Hble, yaobo4ynTaemMble OTHEThI.

Paspabotka crtana BocTpeGOBaHHOW W
oTBevarwllell HacyLlHbIM NnoTpebHocTsM co-
TPYAHVKOB, 3afelCTBOBaHHbIX B npoLecce
OpMMPOBaHUS 1 ONEpPaTMBHOIO BHEOPEHUS
B MpaKTUKy WHTEMNEKTyanbHbIX pPecypcoB
KoMMnaHmu.

C atowt Toukm 3penns onblt OAO «Tart-
HedTb» B YacTu aBTOMaTM3auuu ynpaene-
HVWS  MHHOBALMOHHOW, W3006peTaTenbCKow,
pauMoHann3aTopcko U BHeOpeHYecKon ae-
SITENbHOCTLIO KOpropauun  BriofiHe Mor Obl
NPUroanTbLCSt He TOMNbKO APYrM npeanpu-
ATUSIM HeTAHON oTpacnn, HO 1 pecnybnuke
B LIENoMm, korga pedb UAET 06 y4éTe u KOoM-
mepumanusaumm MIC, cosnaBaemoli 3a CHéT
OloOXKETHbIX CpeacTB. m

l\\b Honan TexHien J
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Y>e HEeoOQHOKPaTHO roBOPUIIOCL O pacTyluei NMoTPeGHOCTM B [A03MPOBOYHbLIX Hacocax C LUMPOKMM AMana3oHOM peryrupoBaHus
nogauun. Bbino oTmeyeHo, YTO NpuMMeHeHMe B Bbifyckaembix KomnaHuen «Rinar Masinbuve» (r. Pura) no3ampoBouYHbIX Hacocax
Tuna HO npuBopa Varicon dmpmbel «Hanning» (FepmaHus) BaBoe yBenuuuBaeT Auanas3oH perynupoBaHus nopayu. Cneumnanucrbl
000 «Mmpgpomaw — HopHaTt» (r. MockBa), koTopoe siBnsieTcs npeacraButenem komnaHum «Rinar Masinbuve» B Poccuu, npogomkunu

pa60Ty B 3TOM HanpaBrieHUU.

JTO3UPOBOYHDBIE HACOCBHI
C PET'YJIMPYEMBIM IIPUBO/IOM «VARICON>

W.E. NATPAU

B.B. CAOOLLEHKO
B.A. YHEPHABCKUHN

Bbin  ucnbiTaH  [O3VPOBOYHBLIA  HAcoC
HO P 160/3,5 C13 ¢ npuBogom Varicon ¢ osu-
ratenem CCD-8C4-1-550 c¢ napameTtpamu:
U=220V,N=0,37 kBT, nge.max. = 2500 06/MVH.
(puc.4). HanomHmm, 4to npusog, Varicon npea-
CTaBMsieT aMeKTpoABUraTenb CO BCTPOEHHbLIM
npeobpasoBaTenem 4acToTbl U HEe3aBUCUMOW
BEHTUNsAUMe, Bnarogaps Yemy obecrnednsa-
eTcsl oxnaxaeHve apuratenst Ha MUHUMarbHbIX
obopoTax. Ha nuueByto naHenb gBuratenst Bbl-
BefdeH noteHunomeTp co wkanow 0.....100 %,
C MOMOLLIbIO KOTOPOTO Nerko 1 yaobHo perynu-
poBaTb 00OpOTHI ABUraTtensi, a Takke, COOT-
BETCTBEHHO, YacTOTYy XO0B MIlyHXepa Hacoca.
Kpome Toro, nprBof, 0OCHaLLEH BbIHOCHBIM MyIb-
TOM YMpaBMeHUs C MHAUKAUMEN NPSMbIM Tek-
CTOM (Ha PYCCKOM $3bIKe), KOTOPbIN NMO3BONSET
BbICTPO 1 NPOCTO NapameTpupoBaTh Npueod. B
YaCTHOCTU, BO3MOXHbI YCTaHOBKA >KenaembIxX
PEXMMOB pasroHa U OCTaHOBKW ABWUratensi (u,
COOTBETCTBEHHO, Hacoca), Bblbop Temnepa-
TYPHOTIO pexvMa ABuraTernsl, a Takke BHeLLIHee
ynpaeneHvue obopoTamu ABuraTernsi B COOTBET-
CTBWM C aHanoroBbIM curHanom 4-20 mMA.

M'popounnuHpp Hacoca HO P 160/3,5 C13
BbINOSIHEH W3 CTEKMa, a MIyHXEePOM CryXuT
cunboH 13 dtoponnacra 4.

HomuHanbHble napameTpbl Hacoca c ce-
PUINHBIM TpexdasHbiM ABUratenem MOLLHOCTbIO
N = 0,25 KBT 1 CMHXPOHHBLIM YMCIIOM 060POTOB
n = 1500 o6/MuH
MakcumMarnbHoe AaerneHne:pmax = 3,5 krc/cm?;
HOMWHarbHas nogada: QH = 200 n/y;
BaKyyMMeTpUYecKasl BbICOTa BCacbiBaHUS:3 M
KoadppuumeHT nogaudun: He meHee 90 %.

McnblTaHnst NpOBOAMNUCL Ha CTeHZe Wc-
MbITaHWA  [JO3MPOBOYHBIX  HacocoB  OAO
«HIMO «lvgpomaw» (r. MockBa) Ha Boge
T = +18° C npu makcvmanbHOM [aBrieHun
pmax = 3,5 krc/cm?

Mpexae Bcero 6bINO peLLeHo onpenenuTb
CKOPOCTHYIO XapaKTepUCTUKy Hacoca: 3aBuCK-
MOCTb 4acTOTbl XOOOB h MIyHXepa Hacoca oT

160

140
n_. =115 xoa/manq

reHeparnbHbI AupekTop komnaHun «Rinar Masinbuve»
reHepanbHbIi gupektop OOO»Imgpomalu-HopHat»
rnaeHbIn nHxeHep OO0 «lMmapomatu-HopHat»

nokasaHus N Ha Lkane noTeHUMOMETpa ABU-
ratens. MNpeacraeneHHble Ha puc. 1 KpuBble
NnoKasbIBalT, 4TO (hakTUyeckasi CKOpPOCTHasi
XapaKTepucTVKa Hacoca HenuHerHa u oTnu-
YaeTcsa OT MaeanbHOW, UCXOAsLWEN U3 Hadana
koopauHat B Touky: 1 max = 100 %, n max =
n max aB. / k =161,3 xog/mMuH., rge n max aB.
= 2500 o6/MuH., k = 15,5 — koadbprumeHT pe-
OyKUMM YepBsiHOTO pepykTopa Hacoca. Oco-
OEHHO pacxoXaeHWs yBENMYMBAIOTCA NpU Ma-
NbIX 3Ha4YeHusx I, %, 4To gano ocHoBaHue Ans
BblGopa paboyero AnanasoHa perynmpoBaHust.
[Onsa Hacoca HO P 160/3,5 C13 pabounii gna-
nasoH orpaHnyeH 3HadeHusamm M =20 + 75 %
Kak obrnacTb HaeXHOW 1 yCTON4MBON paboTbl
Hacoca, rae BbINomnHATCA TpeboBaHUst K TOY-
HOCTU JO3MPOBaHUs, a Takke K HaIEXXHOCTU U
KaBUTaLMOHHBbIM CBOMCTBaM Hacoca. [aHHbin
OvanasoH COOTBETCTBYET YacToTaM XO[oB
nnyHxepa n = 20 + 115 xog/muH. 3HaveHue
M =62 % onpeneneHo kak HOMWHaNbHOe BBU-
[y €ero CoOTBETCTBMSA YacToTe N = 92 xoa/MuH.
— HOMUHArbLHOW YacToTe XOA0B NIyHXepa Ha-
cocoB H[ ¢ cepuiiHbIMu gBuratensiMm MoLLHOC-
Tot0 N = 0,25 KBT 1 CUHXPOHHBIMU 06opoTaMu
n = 1500 06/MWH.

[anee 6bina onpegeneHa 3aBUCUMOCTb
NoAayn Hacoca OT YacToTbl XOAOB MyHXepa
npu MakCcUMarnbHOW ANWHE Xoda MnyHxepa
S = 32 MM. JIMHenHbI XapakTep 3ToW 3a-
BMCUMOCTW (puC. 2) CBMOETENbCTBYET O
TOM, YTO eAnHMYHbIN 06bem Hacoca V (no-
Java 3a OAMH [BOVHOW XoA MNiyHxepa)
NMOCTOSIHEH, HE 3aBMCUT OT YacTOTbl XOAOB N
1 paBeH
Vv,=Q,, /n,, =365cm.
BblbpaHHoMy pabovemy AvanasoHy XodoB CO-
OTBETCTBYET AManasoH mogad: Q.. = 45 nh,
Q,., = 252 n/4, oTkyaa nonyyaem rnyGuHy pery-
TIMPOBaHVS Nogaym Npu YacTOTHOM pPerynnpoBa-
HAY, paBHyto Q  / Q. =5,6. Ha HoMWHanbHOM
yacToTe XofoB NiyHxkepa n, = 92 XoA/M1H. no-
Aava Hacoca pasHa Q,, = 200 n/4. »

Woean bHaAR

n, Xea/M1H
Ll ZE

2B o @ P
o 8 o 2 &

n_=20 xon/min

20 Pabouwnn auanalomn
. 10 20 an 40 50 60
n. %

Puc. 1 CKkopocTHasi xapakTepucTumka

n__=02 xog/Mun /

Daktuyeckan

o, ni

N = YACTOTE XOOO0R
nAyH#apa

M - nokazaHme no
weana npuopa

YO B0 S0 100

r. Pura
r. MockBa
r. Mockea

DOSING PUMPS
WITH THE VARICON REGULATING DRIVE

The growing requirement for dosing pumps with a wide
range of delivery regulation [1] has been talked about on
many occasions now. It has been also pointed out that
the use of Varicon drive manufactured by Hanning (Ger-
many) in the HD type dosing pumps manufactured by the
«Rinar Masinbuve» Company (Riga) doubles the range
of delivery regulation [2]. The engineers of LLC «Hydro-
mash — Nornat» (Moscow) which represents the «Rinar
Masinbuve» Company in Russia are carrying on with the
work in this area.

The ND R 160/3.5 C13 dosing pump with Varicon drive
and CCD-8C4-1-550 motor whose parameters are as foll-
ows: U=220 V, N = 0.37 kWt, n pressure max. = 2500 rpm
(Fig. 1), was tested. Let us remind you that the Varicon dr-
ive constitutes an electric motor with an in-built frequency
transducer and independent ventilation, by virtue of which
the motor is cooled at minimum rpm. On the front panel
of the motor there is a potentiometer with a scale from
0...100% which easily and conveniently regulates the mo-
tor rpm as well as, correspondingly, the stroke frequency
of the plunger pump. Apart from that, the drive is equipped
with a remote control panel with direct text indication (in
Russian) which allows one to load the parameters into the
drive quickly and easily. Specifically speaking, it is possible
set the desired modes of acceleration and shutting down
the motor (and, correspondingly, the pump), to select the
motor’s temperature conditions as well as the motor rpm
external control subject to the analog signal of 4-20 mA.
The ND R 160/3.5 C 13 pump hydraulic cylinder is made
from glass while the bellows from fluoroplastic ®4 serve
as a plunger.

The rated parameters of the pump with volume produced
three phase motor, power rating N=0.25 kWt with synchr-
onous rpm n = 1500

Maximum pressure: pmax = 3.5 kgf/sq cm;

Nominal feed: Qn = 200 I/hr;

Vacuum gage suction lift: 3 m

Delivery rate: no less than 90%.
The tests were conducted on the test stand for dosing
pumps of JSC «NPO «Hydromash» (Moscow) using wat-
er T=+18°C at maximum pressure pmax = 3.4 kgf/sq.cm.
First of all, it was decided to determine the speed char-
acteristic of the pump: dependence of the pump plunger
stroke frequency n on the I reading on the motor poten-
tiometer scale. The curves presented in Fig. 2 show that
the actual speed characteristic of the pump is non-linear
and is different from the ideal one, originating from the co-
ordinate origin to point: N max = 100%, n max = n max

Puc. 2 PerynnpoBoyHas xapakrepuctuka
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motor / k = 161.3 strokes per minute, where n max motor
= 2500 rpm, k = 15.5 — reduction ratio of the pump worm
gear. Variations especially increase at low values of ', %
,which was the reason why the working range for regul-
ation was chosen. For the ND R 160/3.5 C13 pump, the
working range is restricted to the following 1 values M= 20
—75% as the range of reliable and stable operation of the
pump, where the dosing accuracy requirements are met
as well as the reliability and pump cavitation properties re-
quirements. This range corresponds to the plunger stroke
frequency of n = 20 — 115 strokes per min. The M=62%
value is determined as nominal due to it corresponding
to the frequency n=92 strokes per minute —the nominal
frequency of plunger strokes for the ND pumps with serial
motors, power rating N=0.25 kWt and synchronous rpm
n =1500 rpm
Then the dependence of the pump delivery on the pl-
unger stroke frequency was determined with the ma-
ximum plunger stroke length of S = 32 mm. The linear
nature of this dependence (Fig. 3) shows that a single
pump volume VO (delivery per one double stroke of
the plunger) is constant and does not depend on the
frequency of strokes n and equals VO = Qnom. / n
nom. = 36.5 cubic cm. The selected working range of
strokes corresponds to the range of deliveries: Q min
= 45 liters per hour, Q max = 252 liters per hour from
which we obtain the depth of delivery regulation with
frequency regulation, equaling Qmax / Q min = 5.6.
At nominal frequency of the plunger strokes n nom.
= 92 strokes per minute, the pump delivery equals
Q nom = 200 liters per hour.
And, finally, a range of pump regulation characteristi-
cs was determined with change both in the frequency
of strokes (1, %) and the length of the plunger stroke
(S, mm). One can see (Fig. 4) that with minimum values
of both regulation parameters:
Smin =8 mm and Nmin = 20% we have
Q min = 12 liters per hour from which it follows that the
delivery regulation depth: Q max / Q min = 252/12 = 21.
When choosing the type of regulation: by changing the
frequency of strokes or by changing the stroke length,
one has to bear in mind that from the perspective of the
pump operation reliability it is desirable that the plunger
stroke length should be as great as possible. For exa-
mple, when adjusting the pump delivery from maxim-
um value to the minimum, it is desirable to change the
delivery as follows: within the range Q = 252 — 45 liters
per hour — by changing the frequency of strokes I = 75
— 20% with maximum stroke length S = 32 mm, while in
the range Q = 45 — 12 liters per hour, with the stroke fre-
quency M=20%, by changing the stroke length S 32 - 8
mm. This means that the preference should be given to
the adjustment of motor rpm, i.e. frequency regulation.

It is interesting to determine the accuracy category of
the ND R 10/3.5 C13 dosing pump for which one has to
compare the value of the actual VO and the ideal VVOide-
al of the pump single volumes.

For the plunger of the bellows type:
D(outside) = 47 mm and D(inside) = 31 mm — the

outside and inside diameters of the bellows respectively.

For the ND R 160/3.5 C 13 pump we have: VO ideal
=38.2 cubic cm, VO = 36.5 cubic cm from which it fo-
llows that the delivery rate equals n 0 = VO / VO ideal
= 0.95 which corresponds to the dosing accuracy ca-
tegory 1.0.

CONCLUSIONS

1. The use of the Varicon drive in the ND R 160/3.5 C
13 dosing pump has made it possible to increase
the regulation range of the pump delivery up to
such values as 252 — 12 liters per hour.

2. The connection dimensions of the Varicon drive
coincides with the motor dimensions installed on
serial Type ND dosing pumps manufactured by
«Rinar Masinbuve». The installation of Varicon
drives increases the delivery regulation range as
well as the regulation quality and the life span of
the pump.

Note.

The latest development of the Company Rinar
Masinbuve is a 3 plunger electric dosing sealed me-
mbrane pump (Fig 5) with the following parameters:
- capacity — 300 liters per hour (100 liters per hour

each cycle)
- boost pressure — 160 kgf/sq cm

OBOPYONOBAHUE

EQUIPMENT
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Puc. 3 CeMeCTBO perynmpoBOYHbIX
XapaKTepucTuK

M, HakoHeLl, 6bI10 onpeaeneHo cemMencTBo
PEeryrnMpoBOYHbIX XapakTepuCcTK Hacoca npu
n3aMeHeHun kak yvactotbl xogos (I, %), Tak
W OnvHbl Xoga nnyHxepa (S, mm). BugHo
(puc. 4), 4TO NMPU MUHUMATBHBIX 3HaYEHUSIX
060u1X perynmpoBoYHbIX NapamMeTpoB:

S, =8mmunll =20 %, umeem:
Q,,, = 12 n/4, otkyaa rny6uHa perynnposaHuns
nogaqn: Q. /Q . =252/12 =21.

[Mpw BbIGOPE TNa perynnpoBaHnst U3MeHe-
HVMEM YacCTOTbl XO0B WU U3MEHEHVEM LNUHbI
xofa criegyet UMeTb B BUAY, YTO C TOYKU 3pe-
HUS HagEeXXHOCTN paboThl HAcoca enaTenbHo,
YTOGObI ANMHA Xoda NiyHxepa Obina Kak MoX-
Ho Gonblue. Hanpumep, npu perynuposaHum
nogayM Hacoca OT MakCMMasbHOro 3HaYeHust
00 MVHVMAnbHOTO KenaTeslbHO U3MEHeHWe
nojayv npou3BoAWTb CriegytolmM obpasoMm:
B gnanasoHe Q = 252 + 45 n/y — 3a cyeT u3-
MeHeHus YacToTbl xofdoB 1 =75 + 20 % npu
MakcumanbHon anvHe xoga S = 32 MM, a B
ananasoHe Q = 45 + 12 n/4 — npu YacToTe
xonoB M = 20 % 3a cyeT U3MEHEHUs AnvHbI
xoga S = 32 + 8 MM. 3HauuT, npegnoyTeHve

Puc. 4 flo3mpoBo4HbIi Hacoc HO P 160/3,5 C13

a0 50 B0 70 80
n, %

crieqyeT oTdaBaTh PErynvMpoBaHUIO YUCIIOM
000pOoTOB ABUraTens, T.e. YaCTOTHOMY perynu-
poBaHUIo.

MpeacraBnseT MHTepec onpeaeneHue kKa-
TEeropuv TOMHOCTW [03MpoBaHusa Hacoca HL.
P 160/3,5 C13, gns 4ero HeobxoauMo cpas-
HeHue 3HadeHun pakTnyeckoro VO n ngeans-
Horo VOua. eanHnYHbIX 00bEMOB Hacoca.

[ns nnyHxepa cunbOHHOro TMna:

plls
v T o5,

o= A+

rae, OH = 47 mm v [IBH = 31 MM — HapyXHbIn
1 BHYTPEHHWIA AnameTpbl CUbdoHa COOTBET-
CTBEHHO.

Onsa Hacoca HO P 160/3,5 C13 umeem:
VOM. =38,2¢cm?, V, = 36,5 cm®, oTKyaa koadh-
uLMeHT noaaqu paseH n, =V, / V= 0,95,
4YTO COOTBETCTBYET KaTeropum TOYHOCTU A0-
3nposaHua 1,0.

BbIBOAbI

1. MNpvMeHeHMe B [03MPOBOYMHOM Hacoce
HO P 160/3,5 C13 npuBoga Varicon gano
BO3MOXHOCTb YBENUYUTbL AManasoH pery-
NYPOBaHMA NMofdayn Hacoca [0 3HavYeHui
252 + 12 n/u.

2. MNpucoegnHuTenbHble pa3mepbl nNpusoaa
Varicon coBnagalT ¢ pasmepamu ABura-
Tenewn, yCTaHaBMNMBAaEMbIX Ha CEPUNHbIX
O03MPOBOMHbIX Hacocax Tuna HIO npous-
BoAacTBa komnaHum «Rinar Masinbuve».
YcTtaHoBKa npuBoAdoB Varicon no3BonuT
YBENUYUTbL AManas3oH perynupoBaHusi no-
Aaun, a Takke Ka4ecTBO perynupoBaHusi 1
Cpok cnyx6bl Hacoca.

NMPUMEYAHUE

MocnegHsia pa3paboTka KOMMaHu1
«Rinar Masinbuve» — 3-x nnyHXepHbI arperat
3MEeKTPOHACOCHbIN [O3MPOBOYHLIA repMeTnY-
HbIi MeMbpaHHbIN (puc. 5) ¢ napameTpamu:
* npousBogutenbHoctb — 300 n/yac

(100 n/yac kaxgoro r/u)

*  paBneHue HarHetaHust — 160 krc/cvm? m

CMUCOK NUTEPATYPbI:

1. J1. H. MuHervH. O npumeHeHnn JO3MPOBOY-
HbIX 9NEeKTPOHACOCHbIX arperatos Tuna HA.
«Hacocbl&obopyaosaHue», Ne 2, 2006 r.

2. J1. H. TvHernH. [1031poBOYHbIE 3MEKTPO-
HacocHble arperatbl U3 JlatBun. «Hacochbl-
&obopynoBaHue». 2007 .
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Oupektop OO0 HMN® «CuHTE3»
BALUKWH NaBen OneroBu4

CenvacHMN® «CuHTE3» cTanakomnakT-
HbIM, MOOUIbHBIM MpeanpUATUEM, YyTKO
pearupyrlUnM Ha KOHBLIOHKTYPY PbIHKA,
OTNIMYHO 3HAKLWUM 3TOT PbIHOK — OT ca-
MbIX KPYMHBIX POCCUIACKUX U 3apyBexHbIX
npoussogutenen obopygoBaHus OO He-
6onbluMx 3aBoAoB. Hawummn napTHépamu
ABNSAOTCS KaK KpyrnHble HedTAHbIe KOM-
naHum (Hanpumep, THK-BP, Wnom6Gepxe
Nopxenko WHk, TaTHedpTb, KpacHone-
HUHckun, Capatosckun HIM3 n gp.), Tak
N Mernkue cepBUCHble, BypoBble, HedTe-
rasopgobeiBatowme npegnpuatTus. leorpa-
¢u1a NnocTtaBok oveHb o6WMpHas — pupma
nocTaBnsieT MNPOAYKUUIO NpeanpusaTusm
Cubwupu, bawknpun, TatapctaHa M MHO-
MM OPYTrUM, pacrnofioXeHHbIM Ha Teppu-
Topumn ot XabapoBcka go KanuHuHrpaga.
[ocTaToyHO [aBHO CMNUCOK 3aKa3yYuKoB
nononHuncs KasaxctaHom. ®dupma Bbl-
lina Ha MexayHapoaHblii pbIHOK, Hanagus

5/H (73) okTsi6pb 2008 r.  AKCMO3ULUA

HayuHo-npousBoacTBeHHas pupMa «CuHTe3» opraHusoBaHa B 1991r. B HayanbHbIN nepuopg
coupma 3aHMManacb Hay4HOW AesATeNnbHOCTLI0, NOCTaBKOW M NPOU3BOACTBOM 060pyAOBaHUSA
B obnacTu reornoruu, 6ypeHusi, peMoHTa CKBaXWH, Ao0bluM HechTu 1 rasa. Mocne 1998 r. (rop
pedbornTa) MHTepec NPeAnpPUATUIA K HayKe pe3ko ynan. HedTsaHble npeanpusaTHA NnpakTU4ecku
nepecTtanu pMHaHCMpPOBaTb Hay4YHO-UCCreoBaTeNnbCKMe U ONbITHO-KOHCTPYKTOPCKUe pabo-
Tbl. Moatomy HIM® «CuHTE3» NpuLnoch yaenuTb Gonbluee BHUMaHWE ABYM NocriefgHUM Ha-
npaBreHnsiM AeATeNbHOCTU: MOCTABKE U NPOU3BOACTBY He(pTerasoBoro o6opyaoBaHusl.

00O HII®D «CUHTE3»-
HAJIEKHBIN ITAPTHEP
HA PBIHKE HE®TET'A30OBOTO
OBOPYJIOBAHU S

KOHTaKT Cc THOMEHCKUM npeacTaBUTENb-
ctBom  Poccuncko-EBponenckoro  He-
dTeraszosoro ueHTpa. HIM® «CuHTesd»
SIBNSIETCH  YNEHOM  TOProBO-MPOMbILL-
neHHou namnaTtbl TioMeHcKkon obnacTu.
B uucne 3akas3ymkoB He TONbKO HedTe-
rasoBble KomnaHuu, pabotaem u no 3a-
Kasam npeanpusaTUiA yronbHOW MNPOMBbILL-

NEeHHOCTU, PEMOHTHbIX Ccnyx6 Apyrux
oTpacnei. [locTaBnAnuM Hacocbl Jaxe
otpagy noaBoAaHukoB. HM®  «CwuHTe3d»

MOXeT MOCTaBUTb NpakTuyecku noboe He-
dTerazoBoe obopynosaHue. B tex cnyya-
SX, KOrga HaweMmy 3akasuuky Tpebyetcs
HecTaHgapTHoe ob6opyaoBaHue, dupma
NPOEKTUPYET €ro U opraHum3yeT U3roToB-
nexHve. KpynHble MallMHOCTpOMTENbHbIE
3aBoAbl He bepyTcsa 3a pa3paboTky u npo-
M3BOACTBO €4MHWUYHOWN NpoayKUUn, Hanpu-
Mep TakoW, Kak cneuuduyeckas obBsaska
CKBaXWH, MaHudonbgHas cuctema, KOM-
NakTHbIN MNPEBEHTOP, PaCCYUTaHHbIA Ha
700 aTtM., NPOMbIBOYHbI BEPTIOr C yANU-
HEHHbIM CTBOITIOM, KOBaHble KPECTOBUHbI C
VHOMBUAYANbHBIMU  XapakTepUCcTUKaMm U
ap. B Takux cnyvasx HM® «CuHTtes» Bbi-
CTynaeT Kak KOOPAUHATOp TBOPYECKUX W
npou3BOACTBEHHbIX cun. VMcnonb3ys Hana-
)KEHHble CBSA3W C KOHCTPYKTOPCKMMM Glopo
1N 3aBogamu, Hamu cobupaetcs TBopue-
CKkasi  KOHCTPYKTOPCKO-MPOU3BOACTBEHHAs
KOMaHAa, KOHCTpyupyeTcsi HyxHoe o060-
pyAoBaHve 1 pasmellaeTcs ero W3rotos-
neHne Ha OOHOM, a Yalle Ha HEeCKOIbKUX

3aBogax. HIM® «CuHTe3» npopabaTtbiBa-
€T BOMpPOChI 3aKIMOYeHNs OOroBOpPOB C ps-
OOM 3anagHblX KOMMaHWi, 3aHUMatoLnXCs
NoCTaBKON peaKkoro Ans OTe4ecTBEHHOro
pbiHka obopyaoBaHus. Ta xe THK-BP Bcé
Yalle obpallaeT BHMMaHNe Ha NoCTaBKu U3-
3a pybexa gaxe TOW NPOAYKUUW, KOTOPYHO
MOXHO MPUOBPECTN Ha POCCUNCKOM PbIHKE.
MokynaTtb obopynoBaHue Ha 3anage npea-
noynTaeT n psa ApPYrux KPYynHbIX HEPTAHLIX
KOMMNaHWi. B cBA3M C 9TUM, HEMHOrO onepe-
OMB cobbITUS U 3aKITOYMB JOrOBOPLI C 3apy-
6exHbiMn noctaBlmkamu, HMP «CuHTe3d»
npeanaraeT WMPOKMI acCopTUMEHT obopy-
noBaHusa. HemanoBaxHo v T0, YTo cupma
SIBNSAETCH y4aCTHUKOM BHELLUHE3KOHOMUYe-
CKOW AeATENbHOCTU, UMEET LUMPOKUIM ONbIT
paboTbl C TAMOXHEN, UMEET Psifi BantoTHbIX
cyeToB. B aTom nnaHe pupma moxeT 6bITb
nonesHa pPOCCUNCKMM U 3apybexHbim P

LLC «SYNTHESIS» SCIENTIFIC AND PRODUCT-
ION FIRM IS A RELIABLE PARTNER IN THE MARK-
ET OF OIL AND GAS EQUIPMENT

«Synthesis» Scientific and Production Firm was
established in 1991. Initially the firm was concerned
with research, supplies and manufacture of equipment
in the area of geology, drilling, well repair, oil and gas
production. After 1998 (year of the financial crisis in Ru-
ssia) the companies’ interest in science and research
flagged. Oil companies had practically discontinued
funding for scientific research, testing and design en-
gineering work. Therefore «Synthesis» Scientific and
Production Firm had to give more consideration to the
last two activities, i.e. supply and manufacture of oil and
gas equipment.

Now «Synthesis» Scientific and Production Firm has
become a compact, mobile company, quickly respondi-
ng to the market situation and an excellent expert of this
market — fully familiar with the full spectrum of suppliers,
from the largest Russian and international producers of
equipment to the small plants. Our partners are both la-
rge oil companies (for example, TNK-BP, Schlumberger
Logelco Inc., Tatneft, Krasnoleninsky, Saratov Oil Refi-
neries, etc.) and small service, drilling, oil and gas pro-
ducing companies. The supply geography is very vast
—the Firm supplies its products to companies in Siberia,
Bashkortostan, Tatarstan and many others situated in
the territory, ranging from Khabarovsk to Kaliningrad.
Quite recently Kazakhstan has been added to the list of
the customer base. The Firm has gained access to the
international market, having established contacts with
the Tyumen based representative office of the Russian-
European Oil and Gas Center. «Synthesis» Scientific
and Production Firm is a member of the Commerce
and Industry Chamber of the Tyumen Region. Among
our customers are not only oil and gas companies, we
work on orders placed by the coal industry, repair ser-
vices of other sectors. We even supplied our pumps to
a detachment of submariners. «Synthesis» Scientific
and Production Firm is in a position to supply virtually
any oil and gas equipment. In those cases where our
customer requires non-standard equipment, the Firm
designs it and organizes its manufacture. Large mach-
ine building concerns do not undertake to develop and
produce one-off products, for example, such as special
piping for wells, a manifold system, a compact prev-
enter, rated for 700 atmospheres, a washover swivel
with an elongated stem, forged crossheads with custo-
mized characteristics, etc. In such cases, «Synthesis»
Scientific and Production Firm acts as a coordinator
of creative and production effort. Taking advantage of
the established ties with design offices and plants, we
assemble a creative design and manufacturing team,
the required equipment is designed and an order for
its manufacture is placed with one, or more, often with
several plants. «Synthesis» Scientific and Production
Firm explores the possibility of entering into agreemen-
ts with a number of Western companies who are in the
business of supplying the equipment which is rare for
the domestic market. TNK-BP, mentioned above, more
often than not, pays attention to sourcing from abroad
even those products that are available in the Russian
market. A number of other foremost oil companies also
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prefer buying their equipment in the West. In this resp-
ect, having somewhat anticipated such course of eve-
nts and concluded agreements with foreign suppliers,
«Synthesis» Scientific and Production Firm now offers
a broad range of equipment. It is no less important that
the Firm is a player in the foreign purchasing market, is
experienced in dealing with customs and has a number
of foreign exchange accounts. In this context, the Firm
may be of help to Russian and foreign machine building
companies by acting as their foreign trade representati-
ve, «Synthesis» Scientific and Production Firm is capa-
ble of ridding them of the burden of customs clearance
and hence the burden of dealing with tax authorities.
Therefore, we invite both equipment manufacturers and
equipment users to cooperate with us. It is noteworthy
that certain companies have already used our services.
The role of the firms, such as «Synthesis» Scientific
and Production Firm, in promoting the manufacturers’
products in the market, is increasing with Russia’s entry
into the WTO. This has something to do with the fact
that the competition put up by foreign companies will
become much fiercer. The companies operating in the
oil and gas machine building sector as well as all the
national industry as a whole will need to rethink the sc-
hemes which they use to sell their products. At present,
more often than not, producers of oil and gas equipm-
ent, are unwilling to develop their dealer network and
rely on their own distribution department. How are they
going to stand up to the powerful dealer networks of
foreign companies? These operations are most likely
to go bankrupt in the new market — given the inevitable
rise in manufacturing costs for their products and small
sales volumes. Our Firm’s prospects are linked with th-
ose local producers who have a sober understanding
of the situation and who are now hard at work and busy
establishing a sales network for their own products.
«Synthesis» Scientific and Production Firm is a dealer
of a dozen and a half of plants. «Synthesis» Scientific
and Production Firm is a reliable partner in the market
of oil and gas equipment, efficiently filling the orders for
the supply of modern, high quality products.

O0O0 «Hay4Ho-npou3eodcmeeHHas!
¢pupma «CuHmes»

OBOPYOBAHME
EQUIPMENT

MalUMHOCTPOUTENSAM: BbICTYNas UX BHeLU-
HeToproBbIM NnpeacTasutenem, HM® «Cut-
Te3» crnocobHa un3baBUTb NpeanpusaTUs
OT XJIOMOT C TaMOXEHHbIMU U, Kak crnega-
CTBMe, C HanoroBbiMu fernamu. [oaTomy
npurnawaemM K COTPYAHMYECTBY Kak Mpo-
n3sogutenen obopynoBaHus, Tak u noTpe-
outenen. Cneayer oTMETUTb, HEKOTOpbIE
NpeanpusiTUs y>ke BOCMOMb30Banncb 3TuM
CEpBUCOM C Hallen cTopoHbl. Ponb npea-
npuaTumn, Takmx kak HM® «CuHTes», B npo-
OBVXKEHUM nNpoAayKuMuM npousBoauTenen
Ha pblHKe ¢ BcTynneHnem Poccumn B BTO
pe3ko Bo3pacTaeT. OTO CBSA3A@HO C TeM,
YTO 3HAYUTENbHO YBEMNUYUTCS KOHKYpEH-
LMsi CO CTOPOHbI 3apyBeXHbIX KOMMaHWUN.
Mpeanpuatuam HedTerasoBoro Malluu-
HOCTPOEHMS, Kak U BCel OTe4YeCTBEHHOM
NPOMbILUIIEHHOCTH, NpuUaeTcss nepecMo-
TpeTb OTHOLWIEHME K CXxemaM peanusauuu
cobcTBeHHOW npoaykuun. B HacTosiwee

BpeMS OOCTaTOYHO 4acTO NPOM3BOAUTENM
HedTeraszoBoro o6opyaoBaHUA He xenarT
pa3BMBaTb [OUINEPCKYl CeTb, a HagewT-
CS TONbKO Ha COOCTBEHHbIN oTAaen cbbl-
Ta. Kak oHu cobupalTcsa NpoTUBOCTOATb
MOLLHBIM OUNEPCKUM ceTsaM 3apybexHbix
koMmnaHun? Ckopee Bcero, 3T MpoOM3BOA-
cTBa 0DaHKPOTATCS HAa HOBOM pblHKE — Mpwu
Hen3bexxHOM MOBbLILLEHUN 3aTpaT Ha MNpowu3-
BOACTBO WX MPOAYKUMW M Manbix obbemax
peanusauun. NepcnekTuBbl Hawen upmbl
CBsi3aHbl C TEMU OTEYECTBEHHbLIMW MPOU3BO-
OVUTENnsMU, KOTopble TPE3BO OCO3Hanu CUTY-
auul 1 yxXe cervac Cepbe3HO 3aHUMAarTCs
co3fjaHMeM CeTu peanu3aumm CoBCTBEHHOW
npogykumun. HM® «CuHTe3» asnsieTcs gune-
pOM MPUMEPHO MOoNyTopa AECATKOB 3aBOJOB.
HMN® «CuHTe3» — HagexHbld napTHep Ha
pblHKe HedTerazoBoro obopyaoBaHus, one-
pPaTMBHO BbIMOSTHSIOLLMIA 3aKa3bl MO NOCTaBKe
COBPEMEHHOM Ka4eCTBEHHOM NPOoAYKLUUA. m

000 «HMN® «CuHtes» npeanaraet HedTerazosoe obopyaosaHue B obnacti
CTPOUTENLCTBA, PEMOHTA CKBaMMWH, pa3seakn u Aobbiun HedTH 1 rasa.

Ecnu Bbl He ob6Hapyxunu Heobxogumoro obopyaocBaHuA
Ha Halluem cawTe, TO No Ballemy 3anpocy Mbl HalgéM ero
NPOU3BOAUTENEN U OPraHW3yem NocTasky B Ball aapec.

Brumanuw npousscdumenell obopydosaHus u
as/mopos Ho8bIX, 3ghgheKmueHbBIX MexHonoaul e
ykasaHHbIX ebllue HanpasneHusx npoussodcmea!

Ecnu ebl Xenaeme pacuwiupums peiHok cbeima
gawed npodykyuy, Mol noMoxem. JKoem
saluux npednoxeHud.
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Kpome aToro, npegnaraercs 6onbLUoi BeIGOp KOTNOB, HACoCoB 0OLLENPOMBILLIEHHONO,

BLITOBOrO Ha3HaYeHUR, aKKyMynAaTOPOB U Apyroro obopyaoBaHuA.
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Moutosel agpec:

625000, r. TromeHb,
Mnaenoyramr, a/a 763.
Ten./dakc:

(3452) 41-78-20, 32-36-86,
32-39--78, 32-34-14

mob. 73-16-83

Email: sintez1@newmail.ru

yn. 50 net Okra6ps, 118, k.
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JMIOBASA CEPUMHASA
CMNEUTEXHUKA HA LULACCU KAMA3

HE®TETA3OAOBbLIBAIOLAA TEXHUKA

« Arperatel ANA pEMOHTE HedTenpoMbICnoBoro oGopyaoBaHMA * KonmoGWHroBan ycTaHoeka
Arperarsl AnA HCCNenoBaHMA HEMTAHBIX CKBAMHH * CedcmopassegoqHan enGpaynoHHan ycTaHoBKa
NaBopatopuK * YoTaHoBKa cTATHYECKOro J0HAWPOEAHWA MPYHTOR
NaBopaTtopuA ANA TepMooGpatoTiM CBapPHLIX COBOMHEHWRA JapRAHO-CMECHTENLHAR MALLKWHAE
BYpHUNBHO-KPAHOBLIE MALLWHBI * KoMnpeccopHeE CTAHLWK
YHWBBpCcaANEHAA KONPOBAR YCTAHOBKA * ArperaTil ANA cBAPOYHO-MOHTaMHEN paboT

* Arperatel ANA PEMOHTE HETErazo8bixX CKBAMMHH MepegBuKHOR MOTOPHLIA NogorpeBsaTent

+ YoTaHOBKM ANA KMCNOTHOR 0BpaboTin CREAMHWH * ArperaTel HACOCHBLIE

* Arperat gna AoGu4m HedTH * [pyaonepepoIvnkm

+ [MepenewxHan kanwbpoBoYHaA YCTaHOBKE « Metannoeoasl

o N0 HE Bl B R R Rl R EE e



HE®TEMA30OJOBbIBAIOLWAA TEXHUKA

VLN3IOVIW NVAD

1. Hacoc yemexnTHpoBodHEA H N L - 32 (asanor 8T)

2. Hacoc GypoBod HE-125

3. Hacoc TpexnopwHesod H3M - 25 anA yetadoskw YHP- 320-250

4. Arperar nogaY TEXHONOrMYECKH) KUOKoCTER
423800, P®, TP, r. HabepexHbie YenHsbl,
6yneeap Caigalwesa, aom. 6, oo 68.

O00 «TexHOPeAn» +(8552)70-59-67, cor.8-927-457-0668
8-917-256-9200
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5/H (73) okTsi6pb 2008 r.  AKCMO3ULUA

TuTtaH paclumpsieT ciepbl npumeHeHus. MepBbI U OCHOBHOW NOTpebuTens TUTaHa — 3To aBuauus. BoeHHas aBMaTexHuka LWMPOKO
nucnonb3yeT TUTaH, KOTOPbIA paccMaTpuBaeTCA Kak cTpaternyeckui matepuan. OgHako cerogHs oTMe4YaeTcsl NMONoXUTernbHas TeH-
AEHLMSA NO paclUMPEeHU0 NPUMEHEHUsI CNIaBOB HA OCHOBE TUTaHa B MPaXXAaHCKMX OTPacnAX NPOMbILIIEHHOCTU, TakKMX Kak aToMHast
1 TennoBasl 3HepreTuka, wenbgoBas HedTeao6bIbYa u ap. CerogHa nNpeabABNAOTCA bonee xecTkue TpeboBaHUA K 6e3onacHOCTU
rpaxaaHckux o6bekToB. PeaeparnbHble LienieBble NPOrpaMMbl NpeAycMaTpUBaloT MHTEHCUBHOE pa3BUTHUE TOMNJIMBHO-3HEPreTM4Yecko-
ro KoMnnekca — npeanpPUATUIA No HedpTeAoGbIYe, 0GBHLEKTOB UCMONBb30BaHMA aTOMHOM 3Hepruu. Mo3aToMy oueHb BaxHO Npu hopmMupo-
BaHMM NpPorpaMm oCBOeHUA GloAKeTHbIX CPeACTB B MOMTHOW Mepe y4YecTb CyLIeCTBYOLWUIA MUPOBOW U OTe4YEeCTBEHHbLIW OMNbIT B 4acTn
KOHCTPYKTUBHbIX pa3paboTok 1 BbIOOpe COBPEMEHHbIX KOHCTPYKLIMOHHbIX MaTepuanos.

COBPEMEHHBIE U ITEPCIIEKTUBHbBIE
HAITPABJIEHHUA ITPUMEHEHUSA THTAHA
U TUTAHOBDBIX CIIJIABOB

B POCCHH EJJUHCTBEHHBIM IIPOU3BOJUTEJEM I'VBYATOI'O TUTAHA U TUTAHOBBIX HU3IEJIUIA
ABJSIETCS KOPIOPAIIUS «BCMIIO-ABUCMA». 3TO KPYIHEHIIASL B MUPE TUTAHOBAS KOMITAHUSA

0. LWALLKOBA

KAKOW MATEPWAT
HAUWBONEE 3®®EKTUBEH
AnA HE®GTENPOMbICITOBOIO
OBOPYAOBAHUA?

Poccuiickne HEPTAHUKN aKTUBHO
ocBamBaloT HedTefobbldy Ha MOPCKMUX
wenbgax. dTo npoekTbl Ha Kacnun, «Ca-
xanuH — 1», «CaxanuH — 4,5». OTaenbHo
CTOUT OTMeTUTb CcTpouTenbcTBo (a 60-
nee TOMHO — nepeocHalleHune) nnaByyen
OypoBOM CTaHUMM [Ans  MecTOPOXAEeHMUS
«[MpupasnomHoe».

HavyanbHWK YNpasneHus npogax B MalIMHOCTPOEHUU

r. BepxHsas Canga

OAO «Kopnopauusi BCMINO-ABUCMA».

Benytca paboTbl Mo CTpoOUTENbCTBY
cTaHuun ans O6ckoi rybbl, MPOEKTHble
pabotbl no MJICI ansa LUTokmaHoBCKOro
MecTopoXaeHus. [NanbHenwmne nporHosbl
no wenb@oBon [06blYe TakKe [4OCTaTOYHO
ONTUMUCTUYHBI.

Ycnosus akcnnyataumMn HedTenpombic-
noBoro ob6opyaoBaHUS 4OCTATOYHO JKECTKUE:
BblCOKasi CTeneHb MuHepanu3auuMm nna-
CTOBOW BOAbl, Hanmuume B paboumx cpepax
CcepoBodOpoda W YrMeKUCnoro rasa, Hamu-
yne aspobHbIX M aHadpObHbLIX (0COBEeHHO P>

P

LB RN A

CrteHp Kopnopauun «BCMMNO-ABUCMA» Ha NaHHOBepckow sipmapke, FepmaHus, 2007 rof
Stand of VSMPO-AVIASMA Corporation at Hanover Fair, Germany, 2007

MODERN AND PERSPECTIVE APPLICATION
AREAS OF TITANIUM AND TITANIUM ALLOYS

The only producer of sponge titanium and titani-
um products in Russia is VSMPO-AVISMA Corpor-
ation. Itis the world largest titanium company.

Titanium is Expanding Application Areas

The first and the major titanium consumer is av-
iation. Titanium, which is considered as a strategic
material, is widely used in military aircraft engine-
ering. However today a positive trend is noted in
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expanding the titanium based alloy application in
commercial industries such as nuclear and thermal
power, offshore industry, etc. Today stricter require-
ments are specified for safety of civil objects.
Federal target programs provide for intensive de-
velopment of fuel-and-power sector — oil production
facilities and nuclear energy users. Thus it's very
important to consider the existing global and national
experience with regard to design study and selection
of modern structural materials to the full extent when
creating budgetary fund development programs.

What Material is the Most Efficient
for Oil Field Equipment?

Russian oil-well experts are actively developing
offshore industry. This work includes the Caspian
Sea projects, «Sakhalin — 1», «Sakhalin —4.5». Co-
nstruction (and to be more precise — reequipment)
of the floating drilling station for the «Prirazlomno-
ye» deposit shall be specially noted.

Work is performed on the station construction for
the Gulf of Ob, design work on off-shore ice-resis-
tant platform for the Shtockman deposit. Further
forecasts for offshore industry are quite optimistic.

Oil-field equipment operation conditions are quite
severe: high salinity level of produced water, pre-
sence of sulphurated hydrogen and carbon dioxide
in operating environments, presence of aerobic and
anaerobic (especially sulfide forming) components
in the output and environment, elevated tempera-
tures and high pressure of the operating environ-
ments, low atmosphere temperatures of down to
minus 40-50C, possibility of salt and paraffin wax
type deposits on the surfaces, presence of abrasive
components in the transported products.

In this connection development of the major
design and construction principles for offshore rigs
and material selection is today the fundamental is-
sue for both Russian design companies and engin-
eering companies. And the experience of foreign
companies will be of great support in this issue.

And What About Them?

The most extensive experience in applying titan-
ium alloys in offshore industry has been accumulat-
ed in Norway and Great Britain. Experience of ap-
plying alloyed stainless steels in offshore industry in
the North Sea (Norse and Britain sector) has been
gained for more than 30 years.

The first experience in applying titanium alloys
at the Norse floating well rigs refers to 1986, when
Mobil Exploration Norway Inc. decided to use tit-
anium instead of steel in the ballast water system
of the Statfjord A platform (Norway). The operating
life was 5.5 years. In the following years the similar
replacement was completed for the Statfjord-B and
Statfjord-C platforms after 3-4 years of the steel st-
ructure operation.

The Heidran and Troll platforms commissioned in
1994-1995, contain 300 and 400 tons of titanium corr-
espondingly. The Troll platform design life is 70 years.
This choice shows that finally the acceptable balance
between the operation life of platforms (deposits) and
equipment for these platforms was achieved.

Deeper and Deeper
Most companies forecast achievement of the oil

production depth level of up to 2.5 km by 2010! As
such deep see offshore systems are created the ne-
cessity for titanium alloy application in manufacture
of subsea equipment is growing. There are several
reasons for it:

« Anumber of subsea equipment components require
the use of alloys with high ultimate strength and low
elasticity modulus;

« Weight saving of equipment at the platform is requ-
ired. According to the Shell Oil Company, weight re-
duction of the subsea equipment by 1 ton allows the
reduction of the support equipment weight by 3 tons;

« Titanium and its alloys are of high reliability including
high corrosion resistance in sea water and in operati-
ng environments in the course of oil production.

Cenapartop. Matepuan — TutaH
Separator. Material — Titanium

cynbdraoobpasyoLmx) COCTaBMSALLMX
B npoAdykTax Ao6bluM 1 OKpyxalowen cpe-
e, NOBbILIEHHbIE TeMrnepaTypbl U BbiICOKOE
[aeneHne pabounx cpep, MOHWKEHHbIe TEM-
nepatypbl atMocdepbl 4o MuHyc 40-50°C,
BO3MOXHOCTb COMeBbIX U napadguHooobpas-
HbIX OTIIOXXEHWUI Ha MOBEPXHOCTSIX, Hanmuune
abpasvBHbIX KOMMOHEHTOB B TPAHCMOPTUPYye-
MbIX MPOAYKTaX.

B cBa3n ¢ atum paspaboTka OCHOBHbIX
MPVHLMUMOB MPOEKTUPOBAHWUSA U CTpOUTENb-
CTBa MOPCKMX YCTAHOBOK, Bblibopa maTtepua-
OB SABMNSIETCH CErofjHs OCHOBOTMOaraLLmMm
BOMPOCOM KaK Ansi MPOEKTHbIX POCCUNCKUX
opraHusauun, Tak U Anst MawMHOCTPOUTENb-
HbIX. VI B aTOM Bompoce Gonbluyio NMOMOLLb
OKadKeT OMbIT 3apybexHbix oupm.

A KAKY HUX?

HanbonbLumin onbIT NPUMEHEHNS TUTaHO-
BbIX CNnaBoB B 0pdLIOPHON NPOMbILLNIEHHO-
CTuHakonneH B Hopserunu v Benvkobputanuu.
Bonee 30 neT onbITy NpUMeHeHWs nermpo-
BaHHbIX HepXaBetowmx cTtanen B oddLiop-
HOM npombilneHHocT B CeBepHOM Mope
(HopBexckuin 1 BputaHckmn cektopsl).

HasHauyeHne

Tpy6onpoBoaa

(Pipeline Use)

Cuctema Bce Tpy6onpoBoabl | TutaH copt 2 TutaH BT 1-0
3abopTHOM BOAbI (All pipelines) (Titanium Grade 2) | (Titanium
(Sea water system) Vt 1-0)
XpaHeHune HedTn 3abopTHas Boga TuTaH copt 2 TutaH BT 1-0
(Ol storage) OTtrpyska HedpTn Yrnep. ctanb 09rac
(Sea water +3MM Ha kopposuto | (Titanium
Oil shipment) (Titanium Grade 2 | Vt 1-0
Carbon steel +3 | 09G2S)
mm for corrosion)
O6paboTka [lo rmapoumKnoHoB Yrnep. ctanb 09rac
nnactoeonn Boabl (Produced | (Before the hydraulic | +6mMm Ha koppo3uto | (09G2S)
water treatment) cyclones) (Carbon steel +6
mm for corrosion)
Cuctema npoTvBonoxapHoro | Bce TpybonpoBoasl | TutaH copt 2 Twtan Bt 1-0
BogocHabxeHnusa (Fire water | (All pipelines) (Titanium Grade 2) | (Titanium Vt
supply system) 1-0)

OBOPYOBAHME
EQUIPMENT

MepBbI OMbIT NPUMEHEHWS HA HOPBEXCKUX
[MBY TutaHoBbIX cnnaBoB OTHocuTcA K 1986
rogy, korga dmpma Mobil Exploration Norway
Inc. pelwmna vncrnonb3oBaTh TUTaH B3aMeH CTa-
M B cucTeMe GannactHou BoAbl Mnatdopmbl
Statfiord A (Hopserus). Cpok akcnnyataumu
coctasun 5,5 net. B nocneaytowmne rogpl aHa-
norMyHas 3aMeHa BbIMosiHeHa Ans nnatgopmbl
Statfjord-B n Statfjord-C nocne 3-4 net akcnny-
ataumm cranbHbIX KOHCTPYKLWIA.

Ha BBedeHHbIX B aKcnnyatauuio B
1994-1995 rr. nnatcdopmax Heidran u Troll
ncnonbdyetca 300 n 400 TOHH TMTaHa co-
OTBETCTBEHHO. PacyeTHbIN Cpok akcnnyarta-
umm nnatdopmel Troll coctaBnsaet 70 ner.
OT0T BbIGOP yKa3blBaeT Ha TO YTO, HaKOHeLl-
TO, MOXeT ObITb YCTAHOBIIEHO NpuemMnemoe
COOTHOLLIEHNE MEXAY CPOKOM 3KCMnnyatauum
nnatgopm (MecTopoxaeHus) U CPOKOM 3KC-
nnyatauum obopyaoBaHns aTUX nNnatgopm.

BCE MMYBXE U MYBXE

BonblUMHCTBO KOMNaHui npeackasbiBa-
et goctuxeHne k 2010 rogy ypoBHS rryOuH,
roe Oyoet BecTch HedhTenobbiva, Ao 2,5 km!
Mo mepe cosgaHust Takmx rny6oKOBOAHbLIX P>

Poccuiicknin
3KBUBANEHT
(RUSSEND
Equivalent)

Matepuwan
((WEICHED)

Tabn.1 Matepuanbl ansa Tpy6onpoBoaoB (pekomeHpaaumumn KBR ansa MpupasnomHoi)
Table 1. Materials for Pipelines (RBR recommendations for Prirazlomnaya)
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OBOPYOOBAHUE
EQUIPMENT

cucTeM MOpCKoV HedhbTeaobbIuM pesko Bo3pac-

TaeT HeOBXOAMMOCTb NMPUMEHEHUS TUTAHOBBIX

CNnaBoB AJ1s1 M3rOTOBMNEHWS NMOABOAHOrO 060-

pyaoBaHus. MNpUYMH 3TOMY HECKOSTBKO:

» Pap anemeHTOB NofBoAHOrO 06opyaoBaHus
TpebyeT MUCMoNb30oBaHUsI CMaBoB C BbICO-
KOV yAenbHOM MPOYHOCTLIO M MarnbiM Moay-
niem ynpyrocTtu.

» TpebyeTcsi akoHOMMsi Macchl obopyaoBa-
HYs Ha nnatgopme. o AaHHBIM KOMMaHUK
Shell Oil, cHwxeHMe wmaccbl NoABOAHO-
ro obopynoBaHusi Ha 1 TOHHY no3BonsieT
YMEHbLUNTL Maccy OnopHoro obopyaosa-
HWUSI Ha 3 TOHHbI.

* TuTaH n ero cnnaebl obnagalT BbICOKOW
HaEXHOCTbIO, B TOM YMCIE U BbICOKOI KOP-
PO3MOHHOW CTOMKOCTbIO B MOPCKOM BoAe U
B paboyunx cpegax npu Hedtenobblye.

Mo mHeHuio Bepywwmnx cdupm, B rnyboko-
BOAHOW HedTenobblye TUTaH M ero crnnasbl
[OOIKHbI CTaTb OAHVMM M3 OCHOBHbIX KOHCTPYK-
LIMOHHbIX MaTepuaros.

B CTOMKOCTU K KOPPO3UWN TUTAHY
HET PABHbIX

Bonblio uHTepec npeacTaBnsloT pe-
3ynbTaThl UCCNedoBaHW MO KOPPO3MOHHOM
YCTOMYMBOCTU PasnnYHbIX MaTepuanos, Mno-
nyyeHHble BeAyLMM MaTepuanoBenYecKkum
MHCTUTYTOM AnoHun «KOB3 CTUN, NTO».

Ecnn cpaBHUTL CKOPOCTb 3PO3NOHHOM
KOpPPO3MUN MEeAHbIX CMnaBoB U TUTaHa B Mop-
CKOW BOfE C coaepKaHuem necka, To obHa-
PY>KUTCS1, YTO CKOPOCTb KOPPO3MM TUTAHA HU-
4YTOXHa Mana.

McknountenbHo BbiCOKa KOPPO3MOHHas
CTOVKOCTb TUTaHa Aaxe B CUMbHO 3arpsi3HeH-
HOW Mopckon Boae. MNoBepXHOCTU TUTaHa He
noaBepPKeHbl KOPPO3WUU 1 3PO3UN B TEX YCrO-
BVSIX, KOTOPbIE BbI3bIBAOT ObICTPOE paspyLue-
HWe OpyrMx MeTannoB U crnnaeoB. TUTaH cTo-
€K K LLierneBoi Koppo3un B MOPCKOW BoAe npu
Temneparypax go 80°C, B To Bpems kak ans
HEKOTOPbIX HEPXXaBEHLLMX CTanen npeaenom
asnsaetcs 10°C.

Ona  HedTerazopobbiBaOWNX  CUCTEM
KOHTUMHEHTarbHOro Lenbga ocobo cTouT oT-
METUTb YHMKamNbHYI CTOMKOCTb TUTaHa K pas-
pyLUEHMIO B Cpefie CepOBOAOPOAaA, KOTOPbIV B

MaHopama BCMIMNO
Panorama of VSMPO

TOW UNW MHOW KOHLUEHTpaLun Bcerga npucyT-
CTBYET B CMeCU HeddTerasoBblX MPOAYKTOB,
nonyvaembix U3 nnacra.

Takke cnenyer OTMETUTb UCKMYUTENb-
HYl0 CTOMKOCTb TWUTAHOBbLIX CMIIaBOB B MO-
BbILLEHHbIX KOHLEHTpaLMsX XMnop-uoHa (a B
NIacToBOWM BOAE KOHLEHTpauusi JaHHOro pe-
areHTa B [iBa pasa Bbllle, YeM B 3a60pTHOM
MOpCKOW BOAg).

Bce atm Bompocbl HEOOXOOMMO Y4UTbI-
BaTb Npu pa3paboTke KOHCTPYKTOPCKOW AOKY-
MeHTauuu 1 Bbigade TpeboBaHuin kK NpUMEHS-
eMbIM MaTtepuanam.

Ona npumepa B Tabnuue 1 npuBeneHsbl
pekomeHaaumm NpoekTHon opraHnsaumm KBR
B 3aJaHuUW, BblJAHHOM ANS PEKOHCTPYKUUK
nnargopmbl «HUTTON» ans MIICIT «[pu-
pasnomMHas». AHanuaupys 3TM pekomeHaa-
U1K, HenMb3a He 06paTUTb BHUMaHWsI, YTO Ha
cTanbHbIX TpybonpoBodax 3aknafblBaeTcs
NpuMyck Ha Koppo3uio B pa3mepe 6 MM Ha
CTOpPOHY. Ecnun yyecTb pasHuly B yAenbHOM
Bece TUTaHa W cTanu, To oBHapyXuTcsi, YTo
mMacca 1 n.m. Tpybbl Ha [1y200 13 TuTaHa co-
ctaBuT 12,2 kr, a n3 ctanu 09r2C — 51,78 kr.

OTcioga KpaTkuil BbIBOA: TUTaH He Tpe-
OyeT mpunycka Ha KOppo3uio, NoaTomy o6o-
pygoBaHue MOXeT OblTb CMpPOEKTUPOBAHO
Tak, YTobbl YAOBNETBOPSNNCE MUHUMATbHbIE
TpeboBaHNsi K MexXaHUYEeCKon MPOYHOCTU U K
BO3MOXXHOCTW MaHWNynupoBaHus UM. Beibop
C CaMOro Havana TuTaHa B COMeTaHuu C pa-
LMOHanNbHbIM MPOEKTUPOBaHNEM, U3rOTOBME-
HMEM, MOHTaXOM W 3KCMNiyaTauuen Cryxut
npeanocbInkol ans 6esonacHon n HagexHowm
paboTbl 06opyaoBaHMs. JTO kacaeTcs Kak Ccy-
[0B, Tak U MOPCKUX NNatopM C NaHOBbIMU
cpokamu cnyx6bl 4o 70 net. m

624760, CBepanoBckasi o6n.,

r. BepxHssa Canaa, yn. Napkosas, 1
T/cp.: (34345) 21795
shashkova@vsmpo.ru
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According to the leading companies titanium and
its alloys shall become one of the major structural mate-
rials in deep see oil production.

Titanium Has no Equal in Corrosion Resistance

Results of the corrosion resistance study of differ-
ent materials, obtained by the leading physicometa-
llurgical institute of Japan «COBE STEEL LTD» are
of great interest.

If one compares the erosion corrosion rate of
copper alloys and titanium in sea water with sand
content it will be discovered that titanium corrosion
rate is negligibly small.

Titanium corrosion resistance is extremely high
even in heavily contaminated sea water. Titanium
surfaces are not corrodible or erodible in the conditi-
ons which cause short life of other metals and alloys.
Titanium is resistant to crevice corrosion in sea wa-
ter at the temperatures of up to 80°C, while the limit
for some stainless steels is 10°C.

For oil-and-gas offshore systems the unique ti-
tanium strength in the environment of sulphurated
hydrogen which in a varying concentration is always
present in the mixture of oil and gas products obtai-
ned from the bed.

One shall also mention the exceptional resistance
of titanium alloys in elevated chlorine ion concentrat-
ions (and in produced water concentration of this re-
agent is twice as high as in the outside sea water).

All these issues shall be taken into account when
developing design documentation and issuing requ-
irements for the applied materials.

As an example Table 1 contains recommendati-
ons of the design company KBR in the assignment
issued for the HUTTON platform reconstruction for
the off-shore ice-resistant platform «Prirazlomna-
ya». When analyzing these recommendations one
cannot but note that on steel pipelines the corrosion
allowance is 6 mm per side is used. If one considers
difference in the specific weight of titanium and steel
it is detected, that the weight of 1 running meter of
pipe with the nominal diameter of 200 from titanium
is 12.2 kg, and from 09G2S steel — 51.78 kg.

Hence the short summary is as follows: titanium
requires no corrosion allowance, thus equipment
may be designed so that the minimum requirements
for mechanical strength and the possibility of its op-
eration are met.  Choosing titanium from the very
beginning in conjunction with intelligent design, ma-
nufacture, assembly and operation is a prerequisite
for the safe and reliable equipment operation. This
concerns both ships and offshore platforms with the
planned operation life of up to 70 years.
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000 «3acnoun» ABNAETCA oPUUMANLHLIM OWNEPOM 33BOA0B:
OAQO «FTA3ANNAPAT», @Y «HMNMN «Anmaz» HIL «Faszarpox-Cx,
000 3ason «POCMNPOMIA3», 000 «Fa3ssnepronpom»

<) KomnnexkcHaa nocragka NPpOMbIWNEHHOIO

¥ BbiToBOro rasosoro obopygoBaHma
O PerynaTopbl AaBneHwns rasa
mHﬂthhl raloBbie
> CyeT4yMk#M rasa NpoMbllUNEeHHbIE K bbiTOBBLIE
L MyHKTLI ra3operynATopHbie WKapHbIe
MasoropenouHbie ycTpoMcTBa
EHI’HEHHEETDPH JaraioBaHHOCTH
Kpa Hil ra3oBkie

T./dh.: (8452)

28-78-97 23-50-78
23-62-01 23-52-31

VLNIDVIlW NVAD

410030, r. Caparos, yn. Cokonosas, 0.108, k8. 2
zaslon@renet.ru zaslon@san.ru www.ooozaslon.ru
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000 «A3CTPACTCTPOW» ceroaHa — 3710 6onee 9 neT ycnelHoi paboTsl Ha pbiHKe TOBa-
POB W ycnyr, CBA3aHHbIX ¢ obopyaosaHWeM ANA CNWBa, HaNWBa, yyeTa, NepeKayku 1 name-
PeHWA CBETIbIX U TEMHbIX HE¢TE'TIPDA},IKTDB, CHWAEHHDBIX Yrnesoaopogos 1 arpeccs-

HbiX cpep.

L]

ITO — Cr/IOYeHHbIA KONNeKTuB
A3 CT PACTCTPO M CNeunannucToB, NpoLwegunx
npodeccuoHansHoe obyyeHne
M NOCTOAHHO CTaXUpPYHOLWMXCA
Kommepyeckuin otaen (846) 277-82-60 (61) Ha NpeanpuATUAX-Npon3Boan-
SNeKTPOHHaA NoyTa azs@sama.ru Tenax obopyaoBaHWA ana Hed-
Canrt www.azstraststroy.ru TErasoBoro KoMnnekca.

Hawa komnaHma npennaraer ceoe yyacTue B peanu3saunmn Balnx NpoeKTos B 4acTh CTPo-
WTenbCTBa M MOAEepHU3aLK HedTeHanMBHbIX MYHKTOB, pe3epByapHOro napka, y3/os yye-
Ta ¥ NepeKaYky, cnonbayembix NPU XpaHeHn 1 TpaHCNopTUpoBKe HedTenpopykTos, CYI
v apyrve. Mbl pabotaem B Poccuu, cpadax bnwxHero v faneHero 3apybexbs.

& MpoekTMpoBaHWe oNacHbIX NPOU3BOACTBEHHbEX OOBEKTOB.
lNposegeHre IKCNEPTU3LI NPOMBILINEHHONDe30NaCHOCTH,
Mocraeka, MoHTaX, NycKo-HanagouHble paboTel, TEXxHUUecKkoe obcnyKuBaHWe:
— obopyaoBaHWa ANA HANWBa, CNWBA U XPaHEHWA CBETMLIX K TEMHbIX
HedTepoaykTos, CYT;
— ABTOMaTW3NPOBaHHbIX CUCTEM YYeTa;
— CUCTEM M3MEPEHNA ANA YUETa N PErMCTPaLMM TOBAPHBIX NOTOKOB Ha
HedTebazax, A3C, Ar3C;
— YCTaHOBOK Pa30rpesa W C1Ba BA3KWX He#rrenpaaymns (HedTh, mazyT),
HanMBa arPeccuBHbIX l.’uucmu, LWenoiu) M NILEBbIX [maﬂnaj mmm%:
— CMCTeM ynaBnuBaHuA nerkvx Gpaxumi HedrenpoaykTos (YD) ¢
YCTaHOBKOW peKynepauni AnA pesepeyapHbix Napkos n obbektos




MockoBckue HedTerasoBbie KOHhepeHuumn
EHIEFOHHHE BCTpe4n H'E(b'I'HH MKOB U ra30BMKOB

Oxrabps HEQTEFA3CEPBUC Hedrerasossiit cepeuc g Poccum

TpaguuWoHHaA NNoWanKka Ans BCTpeY pyKoeoaouTeneid reotuanyeckmx, Bypo-
BbIX NPeanpuATHA, 8 TaloKe KOMNaHWH, 3aHATLIX PEMOHTOM CKBaMMH. Ha KoH-
thepeHuvKn oHK B HedropMansHoit oficTaHoBke ofcywaaloT akTyankHLie BoM-
POCHl CO CBOMMM 3aKaz{MKamMu - HedbTerasoBbiMK KOMNaHWAMK

Yuacrumon: Bypras, Enpaoun, CCK. PH-Byposme, PH-Coposic, Muterpa, THE-BP. Cyprytedimoras,
Faanpownecditanka, Japyfesmadims, TMK, TH-Tpynn, NeTpoAnuanc, PUTIE, OTO, M-1 Swaco,
Baker Hughes, Shiumberger, Halliburion

Oexabpes HEQOTETASWENL® OGopypoeaxue ana paborsl Ha wensche

3akazqukamu BeicTynaioT OAQ «lasnpom», HK «PocHedtes, HK «TYKOW»

W PAA WHOCTPaHHLIX kKoMnaHwA. Ha kondepeHumin «Hedreraswensd» npencra-

BneHk! Take dupmbl Hopeenaw, BenukoGputadum v CLUA, wmetowwe Gonbluoi @
npakTu4eckid onbiT pabor Ha HediTerasoeom Wenbde

Yuactummn: Faanpom, Fasxdnor, CenmopHedimonms, Pockedms, MYKOAN | KCMK, aeanoura, Cepva,
Ypanwaw-fypoaoca ofopygosasme, Shell, Total, StaioliHydro, ExxonMobil, Aker Kvaemar,
Sun Capital Partners, FMC Technolsgies

Mapr HE@TEFA3CHAE Cuabxeuue B HethrerasoroMm Komnnexkce

YyacTHuKM KoHbepeHuwk «HedmeraacHabn - pykosoguTeny cnyxb MTO kpyn-
HbiX HedTerasosbiX Komnaswi. CneuranucTsl oBCyWOanT KOHKYPChI, BONPOCH!
npueMky obopyaoBadwA, NYTH COBEPLIEHCTBOBaAHWA npouegyp otbopa
NoCTABLWMKOB, coanaHwe Gas gaHHbixX

YuacTeMxm: pysoaonurend Maaomnnecmamnzss, Toprosono Qoma «TYKOMM, pycostmrans cryst
MATEPUANEHD-TExHWYec0M ofecneveHin PocHedms, CyprytHedimeraa, Cnaswedims, THE-BP, TatHedms,
CHEYP Crpodfitparcras, Faanpom Hedime, PUTIK, PyccHadms, HOBATIK

VLNIDVIlW NVAD

www.n-g-k.ru

Tenedchonbi: (495) 514-4468; 514-5856
®akc: (495) 788-7279; info@n-g-k.ru
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OIIBIT ITPUMEHEHMUA OI1H
C IOHU>XXEHHOU CKOPOCTHBIO
COJIEOTJIOXXEHUA

OcHoBHbIM MeToAoM Gopbbbl C comneoTsio-
YKEHUSIMN Ha CETOOHSLLHWIA AeHb AN HedTsHbIX
KOMMaHUi, SBMSIETCS MPYMEHEHUE UHMMOUTOPOB
corneotrnoxeHus. OnbIT NPUMEHEHUSI B pa3nny-
HbIX HE(TAHBIX KOMMaHKSX NMOKa3bIBaAET MONOXU-
TernbHbI 3hdEKT OT BHEOPEHUsI MeEToAA UHMMOK-
POBaHVIsi COMEOTIOKEHUIN: HapaboTka Ha OTKa3 B
coneBoM hoHAe BblpacTaeT Ao 2 pas, 3HaunUTenb-
HO CHWxaeTcs oTka3 OLIH no npuynHe coneotno-
»eHusi. Ho nmeetcs 1 psi CyLLEecTBeHHbIX He[o-
CTaTKOB, KOTOPblE OrpaHUYMBAIOT BO3MOXHOCTM
[aHHOro MeToda:

* CMOXHOCTb NpUW noabope MHrMbruTopa K KoH-
KPETHOMY COCTaBy NMacTOBOW XUAKOCTU
(To, uTO XOpOLWO Npu 6opbbe ¢ cynbdara-
MW, aBCOMOTHO He NoaXoauT Ans kapboHa-
TOB U T.A4.) — COCTaB MacToOBOW XWAKOCTU
MOCTOSIHHO AMHAMUYECKU U3MEHSIETCS;

* B GOMbLUMHCTBE CBOEM MHIMOUTOPBI CONEOT-
NOXEeHNs NPeACcTaBnAtoT cCOOOM KNCMOTHbIE
pacTBOpbl, 4YTO CMNOCOGCTBYET pa3BUTUIO
KOPPO3MOHHBIX NPOLIECCOB;

* OTCYTCTBME [OCTOBEPHbIX METOAOB MpO-
rHO3UPOBaHUS  ANUTENBHOCTU  [EUCTBUS
MHrMGUTOpa M NO3TOMYy HEobXoAUMOCTb B
MOCTOSAHHOM [JO3VPOBaHHOM MPUCYTCTBUM
MHMMBUTOpa B MIACTOBOMN XXMOKOCTU — MpU
npekpaLleHun nogadm uHrmbuTopa npowmc-
XOAUT HeobpaTUMoe OTIOXEHUE COonet;

* BbICOKME 3aTpaThl Ha yCTbeBoe obopynoBa-
HVe (mo3aTop, EMKOCTb), HEeNocpeaCcTBEHHO
Ha UHrMBbUTOp, Ha paboTbl MO AOCTaBKe WH-
rméutopa, Ha NpoBedeHNEe WHIMOUTOPHBLIX
obpaboTok npu 3agaBke B NNacT v T.4.;

* CIIOXXHOCTb B OMNpeAeneHnn AMHaMn4eckoro
YPOBHS! Npy 3akayke MHrMbuTopa B 3aTpyo-
HOe NPOCTPaHCTBO;

* OrPaHNYEHHOCTb MCMONb30BaHNSA MHIMBUTO-
POB NpU HU3KKX TemnepaTtypax;

* CHWXKEHWe Ka4ecTBa TOBapHOW NPOAYKLUN;

* 3KOMOrMYyecKne acnekTbl.

[NoaToMynpyMeHeHNe UHIMOUTOPOBHEBCET-
[a 3KOHOMMYECKV onpaBfdaHo, a, Kpome Toro,
He Bcerga onpaeApiBaeT oxugaHus. [ns cHu-
KEHUSI PUCKOB COMEOTNOXEHU, Heobxoamma

onTMMM3aumnsi U BbIGOP MPUOPUTETOB NpUMe-
HSIEMbIX TEXHOMOTWA, MO3TOMY HapsiQy C npu-
MEeHEeHNeM MHrMbuTopoB Heobxoaumbl SLUH ¢
OTIIMYHBIMU KOHCTPYKTUBHBLIMU OCOBEHHOCTAMM
1 NPUMEHSIEMBIMM MaTepuanamu, Hexenu Bbl-
nyckaemble B HacTOSILLMA MOMEHT BeayLLUMU
3aBOAMU-U3rOTOBUTENSIMU.

OCHOBbIBasACb Ha MHOTOIETHEM OrbITE MO-
CTaBOK HaLLMM MPeanpuUsiTMeM MOMUMEPHBIX pa-
604Mx opraHoB (pabo4unx Komnéc, HanpaBnstOLLMX
annaparoB, BTYIoK, Lwarb) B BCe HETAHbIE KOM-
naHum Poccun, anst peMoHTHbIX cpoHaos 3LIH,
paboTatolmx B 0OBOAHEHHO-COMNEBbLIX POHAAX
CKB2)KMH, HaMn ObInM OMUCaHbl TEOPETUYECKME
acrnekTbl oTnoxeHus conen B ALH. Ha ocHoBa-
HUM 3Toro Gbina paspaboTaHa Knaccudukaums
obopynoBaHms, chopMynMpoBaHbl TPEOOBaHMSA K
KOHCTPYKTMBHOMY WCMOMHEHMIO U NMPUMEHSIEMbIM
matepuanam SLH ¢ NOHWKEHHOM CKOPOCTLIO CO-
TEOTIOXEHWS U acdarnsTo-CMoro-napadrHOBBIX
otnoxenun (ACIO).

B cooTBeTcTBUM C MPUHATON Kraccudu-
kaumen, ¢ 2005 roga OO0 «WxHedpTrennacT»
Npou3BOAUT Hacockl 0bbiyHOro, a ¢ 2007 roga
N KOPPO3MOHHO-N3HOCOCTOMKOIO  UCMOSTHEHUS
C TOHWKEHHOW CKOPOCTBK COJIEOTNIOKEHUST C
NoNMMEpPHbIMM paboummy Konécamm n Komou-
HMPOBaHHBIMW HaMpaBnsLWMMK  annapatamu.
BbinornHeHHble B AaHHbIX ucnonHeHusx SLH
MMEIOT CKOPOCTb OTIOXEHUS COMnen Ha pabodmx
opraHax B cpegHeM Ha 50 %, a B 6orbLUMHCTBE
criyyaeB B 1,5-2 pasa HUxe, YeM Ha MeTannuye-
CKUX aHarnorax.

B HacToawmin momeHT 3LH aaHHoro umc-
MOJSIHEHWS NOCTaBSIOTCA HA TEHAEPHOW OCHO-
Be B OAO «JTYKOWIT 3anagHas Cubupby,
«JIYKOWI Komuy», «JTYKOWI Mepmby», OAO
«CamapaHedTerad». Takke npoBedeHbl WU
NpOBOAATCA OMbITHble 3kcnnyatauum OLUH B
OAO «CamotnopHedterazy, OAO «PH-tOran-
ckHedpTeras», OAO «TOMCKHedTb» 1 OpYrUX He-
PTAHBIX KOMMAHMSIX.

Pesynbratbl pabotbl ALIH ¢ noHmkeHHoM
CKOPOCTbLIO COMNEOTNOXEHNS B HEPTAHBIX KOM-
naHuax: »

EXPERIENCE IN USING ESP
WITH REDUCED SPEED OF SCALING

Today, the principal method of combating scaling, empl-
oyed by oil companies, is the use of scaling inhibitors. Inhibit-
ion is carried out using the following techniques: pressing the
inhibitor into the formation, feeding the inhibitor into the ann-
ular space dozers, feeding the inhibitor through special tubes
to the pump input and by suspending a container with solid
inhibitor under the submersible electric motor. Experience in
using this by various oil companies is indicative of a positive
benefit from the implementation of the scaling inhibition me-
thod — mean time between failures in the salt wells doubles,
the failure rate of the ESP for reasons of scaling significantly
goes down. However, there are a number of essential disad-
vantages which impair the capabilities of this method:

- difficulties with selection of the inhibitor for a specific co-
mposition of the formation fluid (what is good for combat
against sulfates is absolutely unsuitable for carbonates,
etc.) — the composition of the formation fluid is constantly
changing and changing at a fast speed;

- in the majority of cases, scaling inhibitors are acidic sol-
utions which are conducive to development of corrosive
processes;

- lack of reliable methods of forecasting the duration of the
inhibitor effect and, hence, the need for constant dozed
presence of an inhibitor in the formation fluid — when the
feed of the inhibitor ceases, there occurs an irreversible
deposition of salts;

- high costs for the well head equipment (dozer, vessel),
costs directly incurred for the inhibitor, the work to deliver
the inhibitor, inhibitor treatments when pressing into the
formation, etc.;

- difficulties with determining the dynamic level when pum-
ping the inhibitor into the annular space, etc.;

- limited use of inhibitors at low temperatures;

- reduced quality of the products for sale;

- environmental aspects.

Therefore, the use of inhibitors is not always econom-
ically viable and, apart from that, it does not always live up
to your expectations. To reduce the scaling risks, it is nece-
ssary to optimize and to select priorities for the technologies
used, that is why, along with the use of inhibitors, ESP with
excellent design features and the materials used are neces-
sary compared to those currently produced by the foremost
manufacturing works.

Basing ourselves on many years’ experience and our
company’s track record of supplying polymer working dev-
ices (impellers, diffusers, shaft bore protectors, pads) to all
oil companies in Russia, for repair stock of ESP, operating
in water flooded and salt wells, we have described the th-
eoretical aspects of scaling in ESP. Based on the above, a
classification of equipment was worked out, the requirements
applicable to the design execution and the materials used for
ESP with reduced scaling speed and asphalt — resin — paraff-
in sedimentation were laid down.

Under the adopted classification, since 2005 LLC «lzh-
nefteplast» has been producing pumps of regular execution
and, since 2007, it has been producing a corrosion and wear
resistant option with reduced scaling speed using polymer
impellers and combined diffusers. These options of ESP
have the scaling speed for salt deposition on working devices
which is on the average 50% lower, and in most cases, 1.5-2
times lower than on metallic equivalents.
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At the present time, ESP in the above mentioned op-
tion are being supplied, on tender basis, to JSC «LUKOIL
Western Siberia», «LUKOIL Komi», «LUKOIL Perm», JSC
«Samaraneftegas». Also test operation of ESP is underway
at JSC «Samotlomeftegas», JSC «RN-Yganskneftegas»,
JSC «Tomskneft» and other oil companies.

The performance results of ESP with reduced speed of
scaling achieved by oil companies:

JSC «RN-Yuganskneftegas»

Data as at 18.08.08, based on the operation of 9 ESP
on the salt wells:

- Cumulative operation between failures of the previous
equipment — 927 days.

- Cumulative current operation of ESP produced by LLC
«lzhnefteplast» — 1692 days.

- Cumulative operation between failures has increased by
83% and continues to increase as three pumps continue
to operate.

JSC «Samaraneftegas»

Data as at 3.09.08, based on 82 wells.

- Cumulative operation between failures of the previous
equipment is 18123 days.

- Current cumulative operation between failures of ESP
with polymer working devices is 19229 days.

- 42 ESP are in operation, increasing the cumulative opera-
tion between failures.

Customer opinion:

«Where a number of wells fail after operating for 300
days, polymer working devices display no wear and are used
repeatedly in the production process of repairing ESP».

LLC «LUKOIL-Western Siberia»

Data as at 13.03.08.

A total of 114 ESP have been installed. Out of those,
14 have been installed, in line with their purpose, on the salt
wells on which the total operation between failures of the pr-
evious equipment was 1450 days, with the current operation
between failures of ESP produced by «Izhnefteplast» is 2584
days, 12 ESP continue operating.

JSC «LUKOIL-Komi»

Data as at 1.03.08.

4 ESP have been installed. Of those 3 pumps have
been installed on the salt wells. On 1 ESP the current oper-
ation has not yet exceeded 124 days; 1 — current operation
between failures is 105 days (operation between failures in
the well of the previous three ESP which failed for reasons of
salt deposition is 26, 52, 33 days).

JSC «Samotlorneftegas».

Extracts from the report on the operation results of 10
ESP dated 07.07.08:

«Average operation of the equipment between failures
amounted to 507.8 days for 5-30 pumps; 608.6 days for 5-
50 pumps, with the average operation between failures of
the previous equipment equaling 164.3 days and 306 days
respectively».

«... no complaints have been lodged regarding the op-
eration of the equipment erected».

«Besides, during the period from 2005 through 2008 in
the wells of JSC «CIS» ESP after repairs, 3-rd group option,
featuring two support point design, where polymer structural
materials were used, have been in service. The average op-
eration between failures equaled 428 days for 5-30 pumps;
336 days for 5-50 and 5-80 pumps with the average operati-
on between failures of the previous equipment being 195 and
237 days respectively».

JSC «Tomskneft»

Data as at '9.08.08. based on 19 wells.

- Cumulative operation between failures of the previous eqg-
uipment (ESP which failed for reasons of salt deposition)
is 2455 days.

- Cumulative current operation of the ESP produced by
LLC «Izhnefteplast» with polymer working devices is 6752
days.

- Six ESP are in operation.

LLC «lzhnefteplast» has developed ESP in the corr-
osion and wear resistant option, featuring reduced scaling
speed and capability to operate at a high gas factor (up to
45% of gas content at the input). At the present time, they are
undergoing stand tests.

OAO «PH-FOFAHCKHE®TEIA3»
[aHHble Ha 18.08.08r. no pesynbratam aKc-
nnyataumn 9 3LIH Ha comneotnaratowem
OHAE CKBaXMH:

* CymmapHasi Hapabotka
obopynoBaHusa — 927 cyTokK.

» CymmapHas TekyLas Hapabotka SLH npouns-
Boactea OO0 «WbxHedTennacT» 1692 cyTok.

* CymmapHasi HapaboTka yBenuuunacb Ha
83 % w npopomkaeT yBenuuuBaTbCH, Tak
KaK TpW Hacoca npogormkatoT paboTtaThb.

npeablayLero

OAO «CAMAPAHE®TEIA3»
[aHHble Ha 3.09.08r. no 82 ckBaxknHawm.

* CymmapHaa HapaboTka npenpblgyLLero
obopynosaHus 18123 cyTku.

» Texywas cymmapHas Hapabotka OLIH ¢ nonw-
MepHbIMM paboummu opraHamm 19229 cyTok.

* 42 BLH HaxogaTca B pabote, yBenunyneas
CyMMapHyto HapaboTky.

M3 oT3biBa:

«[pn oTkase No psiQy CKBaXUH C HapaboT-
koi 6onee 300 cyTok NonMMepHble paboune op-
raHbl 6e3 M3HOCa 1 UCMONb3YHTCS MOBTOPHO B
NPOV3BOACTBEHHOM MpoLiecce peMoHTa SLIH».

000 «JIYKOWUI-3ANMAOHAA CUBUPb»

[anHble Ha 13.03.08r.

Bcero ycraHoBneHo 114 3UH. U3 Hux 14
YCTQHOBJIEHO MO Ha3HaYEHWIO B COMEBOV hOHA
CKBaXWH, MO KOTOpbIM 06LLas HapaboTtka npeabl-
noywero obopyaosaHusi coctaBuna 1450 cyTok,
Tekylas Hapabotka OLH «/bkHedTennacty —
2584 cytkun — 12 SUH npogomkatoT pabotatb.

000 «JTYKOWMN-KOMU»

[OanHble Ha 1.03.08r.

YctaHoBneHo 4 SLIH. M3 Hux B coneBoi hoHa
3 Hacoca. 1 OLH — Tekywan HapaboTka eLLé He
npeBsbicvna npedbiayLuee obopynosaHue; 1 — Te-
KyLLilee npeBbllleHve Ha 124 cyTku; 1 — TekyLlast
Hapabotka 105 cyTok (HapaboTkM B CKBaXUHE

OBOPYAOBAHUE
EQUIPMENT

Tpéx npedpioyumx SLH, Bblweawmx 13 crpos
no npuynHe corneotrnoxeHus 26, 52, 33 cytku).

OAO «CAMOTJIOPHE®TEIA3».
Bblaepxxku 3 akta ot 07.07.08r. no pesynb-
Taram akcnnyartauum 10 SLIH:

«CpegHsa Hapabotka obopynoBaHus Co-
cTaBuna ansa Hacocos 5-30 — 507,8 cyTok; Ans
HacocoB 5-50 — 608,6 cyTok, Npu cpegHen Ha-
paboTke npeabiayLLero 060pyaoBaHNs COOTBET-
CTBEeHHO 164,3 cyTok 1 306 CyTOK».

«...3aMeYaHu No JKcnryarauum CMOHTU-
POBaHHOMO 060PYAOBaHNS HE 3aPUKCUPOBAHOY.

«Kpome TOro, 3a nepuog 2005-2008rr. B
doHpe ckBaxkuH OAO «CHI» akcnnyartupo-
Bammcb OLIH nocne pemoHTa 3-e rpynmbl
VCTMOMHEHNS! CO CTYMEHSIMM [BYXOMOPHOW KOH-
CTPYKLMW, B KOTOPbIX MPUMEHSIIUCL MOnMmep-
Hble KOHCTPYKUMOHHbIe MaTepuarnbl. CpeaHsis
HapaboTka aaHHoro obopydoBaHUs cocTaBuna
ana HacocoB 5-30 — 428 cyTok; Ans HacocoB
5-50 1 5-80 — 336 cyTok, Npu cpeaHert HapaboT-
Ke npegblayLiero obopyaosaHus 195 n 237 cy-
TOK COOTBETCTBEHHOY.

OAO «TOMCKHE®Tb».

[anHble Ha 19.08.08r. no 19 ckBaxkMHaMm.

» CymmapHas HapaboTtka npegbigyLiero obo-
pynoBaHus (SLIH oTkasaBLmMX MO MpuynHe
corneoTnoxeHns) — 2455 cyTok.

» CymmapHas TekyLuas HapaboTka SL|H npous-
Bogctea OO0 «WxHedTennacT» ¢ nonumep-
HbIMW paboyrmm opraHamm 6752 CyTok.

» LUectb BLUH c nonumepHbIMM paboimmm op-
raHamMu HaxopaTcs B paboTte.

00O «WbxHedrennacT» paspaboraHbl SLIH
KOPPO3NOHHO-M3HOCOCTOMKOTO  UCMOSNHEHWST  C
MOHWKEHHOW CKOPOCTBIO CONEOTNOKEHWS N BO3-
MOXHOCTbIO paboThbl C BbICOKVM ra3oBbiM dhak-
TopoMm (o 45 % copepxaHusi rasa Ha Bxoge).
B HacTosiLLee BpeMsi OHU NPOXOAAT CTEHAOoBbIE
UCMbITaHUS. m

W MIKHEQTENNACT

VWL LEHNEF TEFLAST.RL

65

VLNIDVIlW NVAD

) o) At

I W B B B B B B B B E



. Hawe KayecTso
VBEPEHHOCTh !

HUI.'IL'I‘IIIHH' .'Il‘?-l.!l:‘.'['-li.i‘i KOMIT3AHHA II|1\1P|iEil’_lIII H DCYIMECTRARET MOCTABKH
:'[1‘:\ ﬁl'lljslﬁﬂlli'l;l:lilfj‘. .I'|‘-'l.r.ll'~'|"'i.|

JABOJ BHOYCKAET H PeATHIYeT: JaJBHKKH KIHHOBEE CTAbHEIE, KIANaHE
NPeOXpaHETENLHEE NPYHRHHHLE, YOTPOcTil Oeperkmovammue, GnoxH
NPEeAOXPAHMTENEHEX KIANMIHON, 3aTBOpel obpaThhie (Knamannl o0paTHbe
NORBOPOTHEIE ) KAAMAHEl IaTOpHEE (BeHTHAH), Kranmanw o0paTHLE
NOILEMHEIE, KPAHE MAPOBLIE, 3CI0HKEN JHCKOBRIE

Bee wnagenws ceprnduunporanm occranpgaprom PP, umewTcH
FHITHEHHYECKHE CEPTHHKATH

Mmeetca paspemense Poctexuanaopa P4,

Poccin, 450077, PecnyGanka Banrkoprocran, r.¥da, yi.Mycran Kapinaa, 41, e-mail: kontakt@vark.rm, www.vark.ru

Daxc: (347) 279-80-50; renedons: (347) 279-80-50, 292-73-42 - cOmiT
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9KCNO3UUUNA 5/H (73) okTsi6pb 2008 1. EQUIPMENT

N ruororom

WEmanuli
EYPOBbIE PYKABA ) WJ

cobcTBeHHOro npoussogacTea 50 u 76 mm
¢ thutuHramm NKT 60x2.5 u BSPT 4" no
FMOCT 286018-90 pnuuon ot 1M o 36m

r’MAOPABJITMYMECKUE
PYKABA

¢ thuTUHramm, B TOM yncne
Mopo3socTonkue (go -55°C)

OBOPYOOBAHUE

WU KOMNNeKTywmne aAns
npou3sogcTea PBM]

Poccun, 193148, Cankr-TNetepbypr.

Oxrabpsckan Hab, 0.74, kop. 2

(812) 334-33-T3 (MHOrOKaHANbLHEIA)

Mo, +7 801-301-3363, +7 801-300-6605
+7 901-301-3356

info@hydrocomplant.ru
www.hydrocomplant.ru
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OBOPYANOBAHUE, CTPOUTEJIbCTBO
68 EQUIPMENT, CONSTRUCTION 5/H (73) okTa6pL 2008 . AKCMO3ULINA

\ .,

000 «KAMbILLIVIHCKI/IM OMNbITHbIX 3ABO»
- HE@TEHAJ’IMBHOE OBOPYOOBAHUE

1 HaHii cnve x/g Barovoe YCH-150, 175, 200
C NPYHWHHRIM KOMNEeHcaTopoMm, € NapoBoW
pyGalwkon, rugpopeyuprynauguen. WapHupob
OBYXpAOHEIE, 3ameHa mMawseT Gez paizbopkn
WapHHpoB, NPHHWM JaxXBaToBR HEZABMCHMLIH,

2 BepxHWA Hanue (cnWB) x/a BaroHoB YHX
6-100 ¢ aBTOMATHYECKMM H pPYUYHbLIM Npekpa-
wWeHWeM HanWwea, © UWenNbHOW WNW TeENecKo-
NAYECKOW onyckHoW TpyGoW, C repmeTHinpo-
BaHHbLIM HANKWBOM W OTEOOOM NapoB, ONCPHLIA
WAPHUP CNapeHHbLIM,

3 TlepmeTHIWpoRaHHLIW HANWE B aBTO-
uncTepHiLl ACH-80-02, ACH-100A

4 CHeTHOOO3MPYIOWMA komnneke COK

5 Hanue (cNUB) B pevHbie W MOPCHKHE TaHKepk
CP-250 RBB; 12; 15 m

B deThipeXxpAOHLIX WAPHHPaX JaMeHa MaHMeT
npousBoanTcA Ges geMoHTaKa MagenuA M Ges
pazBopky WapHUpoB,

W
¢
i~

403888, Bonrorpagckas obn.,
r.KambiwmH-18, noc. Hecprebasa
1./cb.: (844-57) 9-20-60, 9-61-32 S
www.koz.ru o S— =

ICTPONMBI

Cranhn oM
Asn KaHaTbl
TdKeJldX

453500, r. Benopeuk
yn. Maskoeckoro, a. 43
Ten./cpakc: (34792) 4-19-00

e Odchuchl npopan:

Exarepuubypr (343) 378-73-74 Yennbumnck (351) 247-70-57
Ycpa (347) 229-42-07

Cypryr (3462) 24-80-50 TwmeHs (3452) 21-47-24

q www.steel-prom.ru

NPOU3BOACTBO CTPOM U rPY303AXBATHbBIX MEXAHU3MOB
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9KCNO3UUUA 5/H (73) okTsi6pb 2008 .

Konorua
ENVIRONMENT CONTROL

OCHOBHbIMM 3agayYamu B obnactu oxpaHbl NpUpoabl NpU cTpouTenbcTBe HeTENPOMbICIOBbLIX 06bEKTOB sBNsieTcA obecneyeHne

COXpPaHHOCTU BOAHbIX pecypcoB U No4B.

OaHuM U3 Takux 06 bLEKTOB siBnsieTcsi OpeHOyprckas o6nacTb, OTHOCSALAACA K FrA30HOCHbIM MPOBUHLMSM C Pa3BUTbIMU 06 beKTamMmun
[o6blun, nepepaboTku, TPAHCMOPTUPOBKM U XpaHeHUst HedpTenpoayKTOB, YTO He MOXET He OKa3blBaTb BIiUsiHAe Ha 3arpsA3HeHue He

TOJIbKO BOA, HO U NOY4B.

BaxHbIM HanpaBneHueM ANs 3aWnTbl OKpYXKatoLien cpeabl (BoAbl U NOYBbI) OT HePTAHLIX 3arpsAA3HEHUN ABNAETCA co34aHne MeTOA0B
MX OYUCTKW, ANSi OYUCTKU BOAbI — GUONOrMyeckux MeToaoB.

OYUCTKA CTOYHbLIX BO/I,

3ATPS3HEHHBIX HE®THIO U HEGTEIIPOIYKTAMMU,
U METO/IbI UX UHTEHCHUDOUKAILINN

r. OpeHbypr

E.B. NEBUH K.(p.-M.H,reHepanbHbin gupektop OO0 «HUMNIM» .
I.B. NACTYXOBA K.6.H., TexHoror OO0 «HUMN3M»
E.A. IEBUHA HaJ. oTaena MapKeTuHra

HedpTe n HedTenpogykTbl nonagatT B
MoYBY M BoAHblE 6acceiiHbl pasHbIMK NYTAMU:
3TO TPaHCMOPTUPOBKA, KOPPO3Usi E€MKOCTEMN,
aBapuu npu GypeHnn 1 obblde HedTH, Bbl-
Opocbl 0TX0A0B HedTenepepabaTbiBatoLLmX
npeanpuaTUA 1 T.4.

PacTtekasicb Mo NOBEPXHOCTU MOYBbI U
BOZbl, HeTb 0OpasyeT NreHKy, KoTopas sSBMs-
€TCH He TOMbKO MepBbIM 3BEHOM TPOUYECKON
uenun, HO n oceoboxaaeT Bomnbluoe Konuye-
CTBO aTMOCepHOro kucrnopoga. 3To 0cobeH-
HO BaXHO, T.K. KOMMYECTBO NIeCOB — BTOPOrO
rocrne okeaHa Mo 3HAYMMOCTWU MPOoAyLEeHTa
KMcnopoga B Mupe — B nocriegHue roapl 3Ha-
YMTENbHO COKPAaLLAeTCs, a B HEKOTOPbIX peruv-
OHax coBCeM OTCyTCTBYeT. MUnnmoHsl ocoben
pbl6 1 NTUL exerogHo normbarT us-3a 3a-
rpsA3HeHnst Bog HeddTenpoaykTaMun n HedThio.
Apomatunyeckre yrneBoaopoab!, ABNSoLLMecs
KaHLepOreHHbIMU, HaKannMBakTCs B OpraHus-
Me pblb, pakoobpasHbIX U MOMMIOCKOB, MOTyT
nonaaaTb B OPraHn3M Yernoseka ¢ 3TUMU Npo-
ayktamu. HedTb MoXeT nonafath B MUTbEBbIE
BOZbI C MS10XO0 OYULLEHHBIMW CTOKaMK, 1 B 3TOM
cnyyae YenoBeK TakkKe MOXET CTaTb XepTBON
HeTSHOro 3arpsasHeHUs.

Ceii4ac B Mvipe NpeasiokeHo MHOro cro-
CcobOOB OYMCTKM 3arpsisBHEHHbIX BOA OT HedTw.
Mpepnaraetca ee Guonormyeckoe pasnoxe-
HVe, Tak Kak 3ToT nyTb Gonee addeKkTUBeH,
YeM TPyAOEMKOe W [0porocTosiee nssneve-
HVe HedTn C 3arps3HeHHON MOBEPXHOCTU U
CcXuraHue.

MoaToMy 0coGO BaxHbIM HamnpaBneHnem
ABNSIETCS U3blCkaHne 61onorn4ecknx MeToA0B
OYNCTKMN BOAbI OT HETAHBIX 3arpA3HEHUN.

M3 mukpoopraHmamoB Haubornbluee 3Ha-
YeHue B buogerpagauny HedpT NpUHaANEXUT

Puc. 1 O6wumn Bug
Fig. 1 General view

yrnesogopoaokucnsiowmm bakrepusm. Obbiy-
HO WX KOSIMYECTBO HEBEMNWKO (OKOMO 2-X MUKPO-
opraHnamoB Ha 100 mn cpefbl), HO Npu 3apa-
YKEHUN HeddThIO KX KONMYECTBO BO3pacTaeT [0
108-109 Ha 1 mn.

EcTecTBeHHas ouucTka BOAbl MMKPOOp-
raHu3Mamy OT HedTENPOAYKTOB MpOMCXoaUT
MeareHHO, MO3TOMY MPOLIECC OYUCTKM CTOYHbIX
BOA, HEOOXOAMMO MHTEHCUMLIMPOBATL: yBENW-
yMBaTb Temrnepatypy CTokoB. Buornornyeckas
O4MCTKa CTOYHbIX BOA HedbTenepepabaTbiBato-
LLIMX 3aBOAOB MNpY MOBLILLEHHBIX TeMrepaTypax
(30-37°C) npovicxoauT Boriee MHTEHCUMBHO, YEM
npu HU3kMx (18-20°C), npu 3TOM KONMYECTBO
HeOTEOKUCTISIOLLMX  MUKPOOPraHM3MOB  yBe-
NM4MBaeTcs, MnpeobnagakT  HUTPUUKATOPbI.
VHTeHCnuLmpoBaTh MPOLIECC OYUCTKU MOXKHO
C MOMOLLbIO BBELEHVSI B aKTUBHbIA UM Cerek-
LIMOHHbIX MWKPOOPraHW3MOB WM C MOMOLLbHO
MWKPOBHOro MeToaa, B MPOLIECCe KOTOPOTo KOH-
LieHTpaums HedpTenpoayKToB CHIpKaetcs ¢ 50-
30 0 3-5 Mr/n. MUKpOGHBI METO O4YUCTKM AaeT
BO3MOXHOCTb MOSlydaTb MUKPOOHYHO U ApOX-
JKEBYIO GroMaccy npu HempepbIBHOM KyIsTUBU-
pPOBaHUM MUKPOOPraHM3MOB Ha YITeBOAOPOaaX
HeddTW, UCTONb3yeMylo B Ka4yecTBe KOPMOBOIO
npoayKTa B paLMoHe NTULL U XKUBOTHBIX.

CTouHble Bogbl HedTe- 1 rasonepepaba-
ThIBaOLLMX MPOU3BOACTB, HECMOTPS Ha Cylle-
CTBEHHYIO0 pasHuLly, UMeIT Lienbiv psig obLmnx
KOMMOHEHTOB:  KUCMOpofocodepxaiwe u
asoTcoAepXalume COeAUHEHWs, pasnnyHble
yrnesogopoas! 1 T.4.

B cTouHbIX Bofjax razonepepabarbiBatoLLmx

3aBOOB K TOKCUMYHbIM BELLECTBaM OTHOCSTCS:
IVKONKW, MOHO3TUNEeHrmmKkons (M3r7), amuH-
avataHonamuH (O3A), metaHon, nUpuaMHCO-
nepxatume coeamHerus (I3, . OpeHbypr). »

Puc. 2 Bnok mexaHM4ecKux 1 COpGLIMOHHBIX
cdunsTpoB
Fig. 2 Battery of Mechanical and Sorption Filters

The pivotal challenges faced in the area of enviro-
nmental protection during the construction of oil field
projects consist in the need to make sure that water
resources and soils are conserved.

One of such projects is the Orenburg Region,
which is among gas rich provinces, with established
facilities for production, refining, transportation and
storage of petroleum products and which cannot but
influence contamination of not only waters but also
soils.

An important activity aimed at protecting the envi-
ronment (water and soil) from oil contamination is to
create the methods of cleaning them, the methods of
cleaning water, i.e. biological methods.

CLEANING AFFLUENTS
CONTAMINATED WITH OIL

AND PETROLEUM PRODUCTS

AND METHODS OF INTENSIFYING THEM

QOil and petroleum products find their way into soil
and water basin via different routes: these are tra-
nsportation, vessel corrosion, emergency situations
in drilling for oil and oil production, discharge of oil
refinery wastes, etc.

Spilt on the surface of soil and water, oil forms a
film which is not only the first link of the food chain but
also releases a large amount of atmospheric oxygen.
This is especially important as the number of forests
— producers of oxygen in the world, second only to
ocean in terms of importance — has been significantly
diminishing in recent years while in certain regions
they are lacking altogether.

Millions of species of fishes and birds perish ann-
ually as a result of petroleum contamination of wate-
rs. Aromatic hydrocarbons, which are cancerigenic,
accumulate in the organisms of fishes, crustacean
and shellfish and may find their way into the human
system when eaten as food. Oil may penetrate into
drinking water with poorly cleaned affluent and in
this case a human may also fall victim to oil cont-
amination.

Now many methods of purifying oil contaminated
water have been proposed worldwide. It is proposed
that it should be biologically decomposed since this
method is more effective than the labor intensive and
costly removal of oil from the contaminated surface
and incineration. Therefore, a particularly important
activity is the quest of biological methods of cleaning
water from oil contamination. Out of micro-organisms
the greatest role in bio-degradation of oil is played
by hydrocarbon-oxidizing bacteria. Usually their nu-
mber is not great (approximately 2 micro-organisms
per 100 ml of medium), however in the case of oil
contamination, their number increases to 108-109
per 1 ml.

Natural purification of water by micro-organisms
from petroleum products is slow, therefore the affl-
uent cleaning process needs to be intensified by
increasing the affluent temperature. The biological
cleaning of refineries’ affluent at elevated temp-
eratures (30-37°C) occurs more intensively than
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at lower (18-20°C) temperatures, while the nu-
mber of oil oxidizing micro-organisms increa-
ses and nitrifiers predominate. The cleaning
process can be intensified by introducing sele-
ctive micro-organisms into active silt or by me-
ans of the microbe method which reduces the
concentration of oil products from 50-30 down to
3-5 mg/l. The microbe cleaning method helps prod-
uce microbe or yeast bio-mass with continuous cult-
ivation of micro-organisms on petroleum hydrocarb-
ons used as fodder in the diet of birds and animals.

The affluent of oil and gas processing facilities,
despite significant difference, has a number of co-
mmon components: oxygen containing and nitrogen
containing compounds, various hydrocarbons, etc.
Among the toxic substances in the affluent of the gas
processing facilities are the following: glycols-mono-
ethyleneglycol, amine-diatanolamine, methanol, pyri-
dine containing compounds (Gas Processing Facility,
Orenburg).

The most challenging task in the cleaning of the
affluent of the Gas Processing Facility is the purifi-
cation from organic substances which are difficult to
decompose, such as methanol, diatanolamine, mo-
noethyleneglycol, pyridine containing compounds,
corrosion inhibitors, hydrogen sulphide, mercaptans,
etc. There is evidence confirming the possibility of
degrading monoethyleneglycol, diatanolamine, met-
hanol by means of complex biocenosis of active silt,
however this is only possible if these substances are
contained in comparatively low concentrations, i.e.
no more than 0.1-1.5 g/l. It is not possible to clean
the water from high concentrations of these substa-
nces using active silt. The process of local microbe
cleaning based on the use of selective highly acti-
ve destructor-cultures may serve as the only way of
destroying. Very little is known about destruction of
ethyleneglycols. There is evidence proving that they
can be decomposed by acetic acid bacteria, under
anaerobic conditions — by bacteria of clostiridium
species while the dominating forms are bacteria of
pseudomonad species. There is still less evidence of
diatanolamine being destroyed, though the latter is of
critical importance. Previously there had been a sc-
hool of thought about diatanolamine being a biologi-
cally stable substance, however subsequently it was
ascertained that it could be decomposed by destr-
uctor-microorganisms of the pseudomonad species.
So far as methanol is concerned, it is decomposed
much easier by destructor-microorganisms as well
as by yeasts. In the meantime the biomass can be
used as food, fodder u1082, medical and industrial
material. In the national or world practice there did
not exist any methods of microbiologically cleaning
highly concentrated methanol containing affluent
with production of bio-mass. It was only at the Or-
enburg Gas Processing Facility that the researchers
developed a bio-technology to purify such affluent
using destructor-bacteria and yeasts. The affluent of
gas, oil and petrochemical facilities is highly toxic and
given existing volumes of water removal it poses a
serious environmental hazard. The cleaning of such
affluent to meet the parameters envisaged by the
current normative requirements, using conventional
methods, is virtually impossible. Apart from that, in
certain cases, high contamination of water, used in
technological processes, results in considerable eco-
nomic losses which is a necessity. Lack of return wa-
ter supply affects the costs associated with the use of
fresh water. Scientific Research and Projects Institute
for Environmental Problems, Orenburg, analyzes the
existing affluent cleaning systems of the gas proces-
sing facilities, oil refineries, issues recommendations
on optimization of the technological process as well
as develops and installs sealed cleaning system and
affluent removal system or a return water supply pro-
ject. Thus, the cleaning process can be intensified by
using new technologies, new facilities. A rational path
in this direction is micro-biological bio-destruction.
Knowledge of ecology, physiology and biochemistry
of microorganisms — destructor-cultures, justification
for the leading role played by bacteria in destroying
highly concentrated organic substances, creation of
local cleaning facilities allow us to say that the local
microbe process based on the use of isolated effecti-
ve destructors of the subject organic substances can
serve as the only way of cleaning the affluent from
ethylene glycol, methanol and diethylene glycol.

Hanbonee TpygHOW 3agavent B OYMCTKE
CcTouHbIX BoA T13 sABnsieTcs oumcTka oT Tpya-
HopasnaraeMblX OpraHN4YeCKMX BELLECTB, Takmx
kak metaHon, O3A, M3T, MAB, uHrMbuTopbI
KOppO3uK cepoBodopoaa, MepKanTaHoB U Ap.
B nutepaType ecTb AaHHble O BO3MOXHOCTU
perpagaummn M3I, O3A, meTaHona CnoxHbIM
6MOLIEHO30M aKTUBHOIMO Wfla, HO 3TO BO3MOX-
HO TOMbKO €cnv 3TW BeLLecTBa copepXaTcst
B CPaBHUTEMbHO HU3KUX KOHLIEHTpaUUsiX, He
6onee 0,1 —1,5 r/n. O4ncTKa *e Boabl OT Bbl-
COKMX KOHLIEHTpaLWIA 3TUX BELLECTB aKTUBHbIM
WIIOM HEeBO3MOXHa. EAMHCTBEHHbIM MyTEM
ONs1 AeCTPYKLUMU MOXET CMYXWUTb NPOLEece No-
KanbHOW MUKPOBHOWM OYMCTKM, OCHOBAHHBI Ha
NPUMEHEHUN CENEKLMOHHBIX BbICOKOAKTUBHbIX
LLITaMMoB-4ECTPYKTOPOB.

OuyeHb Marno M3BEeCTHO O AeCTPYKLMN 3TW-
neHrnukonen. Ectb AaHHble, YTO OHU MOryT
pasnaraTbCsi YKCYCHOKUCTbIMU  BakTepusimu,
B aHa3pobHbIX ycrnoBusix — 6aktepusiMu poga
KNOCTPUANIA, @ AOMUHMPYOLWLMMKU hopMamu
ABNAOTCA GakTepun poaa ncesgomMoHas,.

Elle MeHblUe AaHHbIX O AECTPYKLMU Ona-
TaHOMNaMWHa, XOTS NOCNeaHUA umeeT bornbLuoe
3HayeHue. PaHee cyLlecTBoBaro MHeHMe, YTo
[OOA-6uonornyeckn ycTonumBoe BeLLECTBO,
nosgHee ObiNO YCTAHOBMEHO, YTO OH MOXET
pasnaratbCsi MUKpPOOpraHM3MamMu-0ecTpyKTo-
pamu pofa nceeBaomMoHas.

YUrto kacaetcsi MeTaHona, TO OH ropasgo
rierye pasnaraeTcsi MUKpOOpraHu3mMamu-ge-
CTpyKTOpamu, a Takxke apoxokamu. [Mpu atom
Bromaccy MOXHO MCMOMNb30BaTh Kak MULLIEBON,
KOPMOBOW, MEAWLMHCKUA 1N MPOMbILLNIEHHbIV
matepwuarn.

B oTeyecTBeHHOM M MWPOBOWN MpaKTUKe
He cyLlecTBoBarno crnocoboB MUKpoGUOnoru-
YECKOM OYUCTKN BbICOKOKOHLIEHTPUPOBaHHbIX
METaHOMNCoAEePXaLlX CTOKOB C MOMyY4eHUeM
6uomaccsl. Tonbko Ha OpeHbyprckom rasone-
pepabatbiBatoLLEeM 3aBOfE YHEHbIMU-MUCCIIEA0-
BaTensmu Obina paspaboTaHa GuoTexHonorus
OYNCTKU TaKMX CTOKOB C MOMOLLbI GakTepuii-
[OECTPYKTOPOB U APOXOKEN.

CToyHble BOAbI NpeAnpusTU rasoHed-
TEXVIMUYECKMX MPOU3BOACTB BbICOKOTOKCUY-
Hbl 1 NpU CyLlecTBytoLWMX ob6bemax BOAoOT-
BEAEHUs1 NPeaCcTaBnstoT COOON CepbesHyto
3KOMOrMYeckyto onacHocTb. OuucTka 3TUX
CTOKOB 1151 MapaMeTpoB, NPeayCMOTPEHHbIX

—

#
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Puc. 3 3ganue ctaHuum NABC
Fig. 3 Building of the PDVS Station

OENCTBYOWMUMI B HacTosiLlee BpPeMsi Hop-
MaTMBHbIMK TpeboBaHUsIMU, TpaAWLMOHHbI-
MW crnocobamu MpakTUYeckn HEBO3MOXHA.
Kpome Toro, B HEKOTOPbIX Cryvasix BbiCOKast
3arpsi3HEHHOCTb BOA, WUCMOMb3yeMbiX B TeX-
HOMormMyeckux npoueccax, NpuBOAMT K 3Ha-
YUTENbHBIM 3KOHOMUYECKUM MOTEPSIM, YacTo
HeobpatumbiM. OTCyTCTBME OBOPOTHOrO BO-
[OCHabXeHus ckasblBaeTCH Ha 3aTpaTtax, CBs-
3aHHbIX C UCMOSIb30BAHUEM MPECHON BOAbI.

Hay4Ho-mccrnenoBaTtenbCKui U NPOEKTHLIN
WHCTUTYT 3Konorndecknx npobnem (HAMK-
Orl, . OpeHOBypr) BLINOMHSET aHanu3 cylle-
CTBYIOLLIMX CUCTEM OYUCTKM CTOYHBIX BO, ra3o-
, HedTenepepabaTbiBalOLLMX MNPOU3BOACTB,
BblJaeT pekoMeHaauum no onTuMmu3aLum Tex-
Homoruyeckoro npouecca v paspabatbiBaet
N MOHTUPYET repMeTU3NPOBaHHYI0 CUCTEMY
OYUCTKU U OTBEOEHMUS CTOYHbIX BOA UMK Mpo-
eKT 060pOTHOro BogoCHabXeHNS!.

Takum 06pa3om, NPoLECC OYMNCTKN MOXKET
ObITb MHTEHCUUUMPOBAH MyTeM MpUMEHe-
HUS HOBbIX TEXHOMOINIA, HOBbLIX COOPYXKEHWA.
PauvoHanbHbIi NyTb B 3TOM HanpasneHuu
— MuKpobuonoruyeckast buogecTpykuums.

3HaHve akonoruu, pusmonorum n euoxu-
MWUU MMKPOOPraHM3MOB LUTaMMOB—AECTPYKTO-
poB, obocHOBaHMe Beayllel pornu Gaktepuii
B paspyLUEHUN BbICOKOKOHLIEHTPUPOBAHHbIX
OpraHnYeckyx BELLECTB, Co3aHne nokarnbHbIX
OYUCTHBIX COOPYXXEHUIA MO3BONSIET YTBEPX-
AaTb, 4YTO EAMHCTBEHHbIM MyTEM OYUCTKU
CTOYHBIX BOA 3TWUINEHITIUKONSA, MeTaHona u
[OVSTUNEHITIMKONS MOXET CMYXWUTb NOKarbHbIN
MWKPOOBHBIV NpoLiecC, OCHOBaHHbIN Ha Npume-
HEHVUW BblOENEeHHbIX 3(EKTUBHBIX OECTPYK-
TOPOB YKa3aHHbIX OPraHN4YeCcKNX BELLECTB. m

- — C

Puc. 4 dunsTpaunoHHo-¢noTaunoHHas ycTaHoBKa
Fig. 4 Filtration and Flotation Unit
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NPOMIBONCTBEHHD

DELECTED C OMPAHWMEHHOA OTBETCTEBEHHOCTRID
- KOMMEPSYECKAR OHPMA

FTEOAKYCTUYECKUE U3SMEPEHUA
— HOBbIA MeToA MccrnenoBaHust HedpTe-
rasoBbIX CKBaXXWH, OCHOBaHHBbIN Ha U3y4eHun

XapaKTePUCTUK eCTECTBEHHbIX reoakycTnye-

CKUX CUTHArOB B CKBaXMHE, OTpaXKaroLimx

npoueccol dnongorasoguHaMukm B oobeme

reonornyeckont cpefbl. (OBWXEHWE BoOAbl,

HedTH, ra3a u gp.).

MeTtoa nsmepeHusi reoakycTU4ecKmx cur-
HarloB UCMOMb3yeTCst AN peLLeHus crnegyto-
LMX 3a4au:

1. BblaeneHune nHTepsarnos ABMXEHUS donto-
MOOB MO He BCKPbITbIM nNepdopaumen
nnacTam-KornekTopam C OLEHKOW Ha Ka-
YeCTBEHHOM YPOBHE WX OTHOCUTEMbHOM
NPOHULL@eMoCTH (BpYrummn reonanyeckn-
MW MeTogamMm He onpeaensieTcs).

2. OueHka Ha Ka4eCTBEHHOM YpPOBHE xapak-
Tepa HaCbILLEHHOCTU ABWKYLLMXCS MO He-
nepdopupoBaHHOMy nnacty  dnionaos
(HedbTb, BOAa, ras).

3. OnpepeneHne 3aKkOMOHHbIX MEPETOKOB B
YCroBusiX, Koraa nHTepnperauus pesynb-
TaToB CTaHAapTHOW TepMOMETpUM Heopn-
HO3HayHa.

4. KoHTpOsb repMeTU4HOCTM U30NALun npo-
OYKTVBHbIX MracToB.

LM®POBAS AMMAPATYPA
— OCYLLIECTBMSAET M3MepeHue Tpex Co-

CTaBMSAOLWYMX reoakyCTU4ECKUX CUrHamnoB B

CKBaXkMHe v pa3paboTaHa B AByX BapuaHTax:

1. KabenbHbI (MCMONb3yeTCst OAHOXWUIbHbINA
OpoHMpPOBaHHbIN Kabenb A0 6 km).

2. ABTOHOMHBI (MCMOMnb3yeTcs MPOBOJIOKaA).
3anucb AaHHbIX NPOVM3BOAMTCA B TBEPAO-
TEnNbHYH NamsaTb.

YcnoBusi akcnnyaTauum:

* lNpepenbHasa Temnepatypa B CKBaXuHe
+120°C;

* [napoctatnyeckoe aasnexHve go 70 MMa.

CkBaXviHHas MarHUTOMEeTPUS NO3BONSET

NpoBOAWTb FNUTONOrMYECKOEe pacyreHeHne

pa3pe3oB HedTerazoBblX CKBaXMWH MO KOH-

TPACTHOCTN MarHUTHbIX CBONCTB NNacToB.

NEPMb / 28-31 OKTABPA 2008

" A\ 7 L HOBBLIE AIIIIAPATYPHO-METOAUYECKHE
HE = - PA3PABOTKH JJI UCCJIEJJOBAHUA
HE®TEI'A30BbIX CKBAXHH

KOMMMNEKCHBbIA CKBAXXWUHHbIN

MArHUTOMETP-UHKITUHOMETP

— No3BonsieT 04HOBPEMEHHO NPOBOAUTL
HemnpepbIBHbIE TPEXKOMMOHEHTHbLIE MArHUTO-
METPUYECKUE N UHKITMHOMETPUYECKUE U3MeE-
peHust B CKBaxuHax rnybuHoin go 6 km. B 3a-
BUCMMOCTU OT YCIOBUI U3MepEHWIA, Npubop
MOXET ObITb MOMELLEH B KOPMNYC AMaMETPOM
oT 38 go 70 MM. Mcnonb3yeTcs OQHOXMUIb-
HbI kabenb. Bo3moxHa cTbikoBka npubopa
C KapOoTaXkHbIMWU cTaHUuusiMKU Tuna «FekTop»
n «BynkaH».

YcnoBusi akcnnyataumm:
+ Temnepartypa ot -10 go +120°C;
* [NaeneHune go 100 Mla.

NK® «Heppa-C»
414045, r. AcTpaxaHb,
yn. Mo3pgokckas, a. 62
Ten. (8512)30-12-32
nedras@astranet.ru

WHcTtuTyT reocpmsnkm YpO PAH
620016, r. EkaTepuHOGYypr,

yn. AmyHaceHa, A.100
1.:(343)267-95-68

cp.: (343)267-88-72
skvgeoph@mail.ru

HEDTb.
FA3. XM

10-a mexpayHapoaHas BbiCTaBKa TexHoNoruh M obopynoBaHHa
ANA Hed)TAHOH, ra30BOH W XMMHUYECKOW NPOMbILWNEHHOCTH

MeHepanbHBLIR
MHDOpMBLIMOHHBIA CNoOHCOP

TEPPWMNTOPIWSA

HE®TENA3

WindropmaumoHHeId cnodcop

- &
COEPA L.

HE®TETA3

NEPMCKAA @ APMAPKA

- BLICTABOYHBIA LEHTP a—

614077, r. Mepms, Bynseap FarapunHa, 65,
renedon (342) 262-58-58, www.expoperm.ru
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N3yyeHne noasemMHbIX ra3oBbIX XpaHUIMLL B Npouecce UX 3KCniyaTauumn ABRSETCA BeCbMa CIIOXXKHOW 3apayvein ¢ y4YeTOM MOTeHLu-
anbHOBO3MOXHOIO M3MEHEeHUsi CBOWCTB pa3pe3a M OTAeNbHbIX €ero MHTepBarnoB B MpoLiecce MHOrOKPaTHOro NOBTOPEHUS LIMKIOB
3aKauku. [py 3TOM BaXHbIM ABNSAETCA He TONbKO MOHMTOPWUHI, peanusyembii Ha 6a3e AaHHbIX TUC B KOHTPONBHBLIX CKBaXXWHaX, HO
M BbINONHeHMUe 3Tux pabort no Bcen nnowaau MNXI ¢ npuBneyeHnem Komnrnekca CeMCMUYECKUX HabnoaeHUN, peanmsyeMblX Kak Ha
OHeBHoM noBepxHocTn (MOB-OI'T), Tak 1 Bo BHyTpeHHuX Toukax cpenbl (MM BCH). Bei6op nonspusaumoHHon mopudmkauuu BCI
[1] npu Takux nccnegoBaHUAX ABNAETCA €ANHCTBEHHO BepPHbIM, NockonbKy Tonbko MM BCI1 o6ecneunBaeT AOCTOBEPHbLIVM NPOrHO3
CBOMCTB reoriorm4yeckoro paspesa, BblerieHne KONNeKTOPoB U OLeHKY UX MOTEHLNanbLHOro U pakTMyeckoro HacblLEeHUs Ha OCHOBe
perncTpauuu nonHoro BekTopa konebaHui. MapameTpusaums 3TUX COCTaBMAIOLWMX Yepe3 MOHOMapaMeTpbl U Nepexoa K ynpyro-ae-
chopmMaLMOHHBLIM MOAYNAM cpefbl MOXeT cTaTb OCHOBOM pelueHus 3agay moHuTopuHra MXI. Co3pgaHve onTMManbHOW TeXHONOruu
AN MOHUTOPUHra € NMO3ULUKN NPoBeAeHUs KOMMNeKCHbIX HabmoaeHun MM BCM n MOI'T u ux nocnenytoulent o6paboTkn aABnAeTcs
akTyanbHON Npo6nemMon.

O BOSMOZKHOCTH H3YYEHUA KOMIIJVIEKCOM
I'nC, iM BCII1 1 MOB OI'T PACIHIPEIEJIEHHU A
I'ABOHACBIIIIEHHUA B IIXT.!

A.C. BAPAIoB A.I.-M.H., 3aM. reHeparnbHOro AMpekTopa no fobblye 1 pa3paboTtke
000 «lrasnpom-CraBpononb-TpaHcraz»O00 «KaBka3TpaHcras»
K.T.H., reHepanbHbIi aupektop OO0 «MHreosekTop»

K.F.-M.H., rmasHbIn reodumsnk OO0 «MHreosekTop»

HavanbHuk HTL, OO0 «KybaHbraznpom»

rnasHbin reonor CYBP OO0 «[lasnpom - MXM»

10.0. MUP30AH
A.l KYPOYKHMH
B.M. Xonogunos
B.C. HOFOTKOB

r. KpacHogap

O.M. COBOJIEB
B.C. MAHYKOB

1. OBLUWME CBEJEHWUS1 O PAMOHE
Habntogernus MM BCI1 npoBegeHbl B
CraBpononbckom Kpae B 4-x ckBaxuHax Ce-
Bepo-CTaBpononsLCKoro Nog3eMHOro rasoBo-
ro xpaHunuwa Ha lNenarvagmMHCKOM yvacTke
C UCMONb30BaHWEM paHee BbIMOMHEHHbIX UC-
cneposaHui NTMC n MOB OIl' T.lMocTtaHoBKa 1
npoBefeHne Taknx paboT sABnseTcs, Mo cyTu,
HayanbHbIM 3TaroM B 3TOM HanpaeBneHuu.
[eonormyeckuin  paspe3  npeacrasrneH
naneo3onckUMN, Me3030MCKUMN U KanHO30M-
CKUMU OTIIOKEHUSIMU, CITOXKEHHBIMU TTIMHUCTO-
aneBponuToBoM haumen ¢ 4YepegoBaHUEM

anpektop OO0 «[Mpomcenic»
HayanbHuK oTaena Lird MuH. npom.

nnacToB necvaHuka, aprunnnTos, anesBponu-
ToB, oboralleHHbIX kapboHaTHbIM MaTepua-
oM.

B paspese 3TUX OTNOXEHUM MPUCYTCTBYIOT
Ha pasHbIX YPOBHSAX MMUHbI, aprumnnTbl, SBMsO-
LLMECS XOpOLLEN MOKPLILLKON. B BepxHen vactu
uccnegyemon cpefbl UMEIOTCS Takke NpoHuLa-
eMble MnacTbl — TPELWMHOBATOCTb U3BECTHSIKOB,
Harmn4ve GroKoB OMnpedenstoT passuUTMe Mpo-
LIeCCOB J1OKarbHOro rpaBUTALIMOHHOMO WX nepe-
MelLLieHVs BAOb CKIMOHOB PasBUThLIX Ha MioLaan
6arnok, py4beB, MEXIy KOTOpbIMW HabnoaatoTes
pBbl, 4OCTUraOLLME LUMPWHBI OT 3 A0 5M.

r.CapaToB
r. Mocksa

OTnoxeHnst B BEpXHEN YacTu paspesa Ha-
XOASATCS B COCTOSIHUM HEYCTONYMBOIO paBHO-
BECUs U Mpy OOUMBHOM BbINAZEHUM OCafKOB
nepemMeLLatoTCcs Mo CKIoHaM, co3aaBasi Onorna-
HeBble siBNeHusi. B aTyx ycrnoBusix OCHOBHblE
3aa4v 6bIny CBA3aHbI C OLEHKOM BO3MOXHOCTU
MCMNONb30BaHNsi CENCMUYECKUX UCCneaoBaHni
ONs AeTanbHOro usyyeHust pacnpegenexuns YB
B NMOA3EMHOM ra3oBOM XpaHunuile.EctecteeH-
HO, YTO ofpegerneHne CKOpOoCTeln cencMuye-
CKMX BOITH, ynpyro-aedopMaLyoHHbIX Mogyren
cpendpbl, cTpaturpaduyeckasl npuesiska BOMH
SBMNANUCL YacTbto 0bLLEel NporpaMMbl. B>
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2. ANNAPATYPA U METOOUKA PABOT

[Mpn noneBbix paboTax Mcnonb3oBancs
KoMnnekc undpoBor annapartypbl (KOMMblo-
Tep, CKBaXWHHblE YeTbIPEXKOMMOHEHTHbIE
npubopsbl ¢ 24x pa3psgHeim ALM).B kayectse
CENCMOMNPUEMHUKOB MPUMEHSINNCL  3NEKTPO-
avHamuyeckne Tuna  20-DG KOHCTpyKuum
ydumekoro 3aBofa. lpu nccrnegoBaHnsax Bce
HabnogeHuns MM BCIT B pasHbIx CKBaxkuHax
BbINOMHeHbI 13 npogonbHoro [MB. Bo3byxae-
HVe KonebaHuii NPOM3BOAMIIOCH C MOMOLLBIO
nHeBmartuyeckoro uctodHuka MUK-1 ¢ pabo-
yum gasnenvem ot 40 o 100 atm npu pabo-
Yem obbeme 1.0n. MMyBuHa norpyxeHns ncTouy-
HVKa B cneumarnbHO NPoGypeHHbIX CKBaXKMHAX
coctaensna 15-17 m. KoHTponb 3a ka4ecTBOM
CefcMMYecKoro martepuvana BbINOMHANCA Ha
MOHUWTOPE PErMCTPUpPYHOLLEN CUCTEMBI annapa-
Typbl. [INsi NOBbILIEHNS COOTHOLLEHUsT curHarn/
LIYM Ha KaXgon TOYKe MPOW3BOAMIIOCH Haka-
nnuBaHne 3x Bo3gencTBuin Ha kaHan.llar Ha-
OnoAeHNA MO CTBOMY UCCREAYEMbIX CKBaXWH
COOTBETCTBEHHO COCTaBIIS:

*ckB. 2 — NenarviaguHckas (3aboi 835m) — 5 m;
°ckB. 5pn — (3a6oit 485 m) — 5 wm;

*CKB. 2pn — (3a6ou 240 m) — 3 wm;

*CKB. 6pn — (3a6oit 98 M) — 2 M.

BblbpaHHble onTuMarnbHble YCroBUSi BO3-
Oy>XOeHMs 1 npuemMa Ans KaXKOon KOHKPETHOMN
CKBaXKMHbI COXPaHSNUCb HEU3MEHHbIMU. Ka-
4YecTBO MOJy4YEHHOro MepBMYHOTO Matepuana
cpaBHUTENBHO xopoluee.llogaenstoLee 6onb-
LUMHCTBO 3anucelt NPUroAHO Kak Anst KUHema-
TUYECKOW, TaK 1 ANHaMUYeCKon o6paboTku.

3. OBPABOTKA AAHHbIX MM BCN
pad o6paboTkm AaHHbIx M BCI1 6bin

OPVIEHTMPOBAH Ha BbIAEMEHNEe PasnUYHbIX

TUMNOB BOJH C UCMOMNb30BaHWeM PUKCUPOBaH-

HbIX COCTaBMSALMNX BEKTOPHOTO BOMHOBOIO

nons. 3ToT rpad obpaboTkv MOXHO pasge-

n1Tb Ha ABa aTana:

* NPEnPOLIECCUHT AaHHbIX,

* NapaMeTpu3aLuo Mogenen n ctpaturpadu-
YeCKyH NPUBA3KY.

MpenpoueccyHr BKkNoYan crepytoLne oCHOB-
Hble npoLeaypbl:

* hbopMMpoBaHME U peaakumo UCXOLHOW UH-
copmauuu;

* BBOJ W KOPPEKLIMIO CTaTU4ECKNX MOMpPaBoK;

* MonyyYeHve COCTaBMSOWMUX B NOKarnbHON
(P.R.T) n npocTpaHCTBEHHOI cUCTeMax Ko-
OpAMHaT;

e - 5
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Puc. 3 BonHoBoe none BCI no oByM ckBaxuHam ¢ AaHHbIMu NMC

L

* NMOMOCOBYO OUMLTPaLMIO;

* BOCCTAHOBIEHME aMMUTYA C UCMOMb30Ba-

HMEM 3KCMOHEHLManbHOW 3aBUCUMOCTY;

* [EKOHBOMIOLUMIO C LuaroM mnpeackasaHus

2 MC C nocrnegyloLen KOppeKkTUpyHLLen

dunsrpaument;

* ceneKuuo BonHoBoro nons. BeiaeneHve no-

nen nagatowmx (P, S) n otpaxeHHbix (PP, SS

n PS) BonH.

* napameTpusaumio Mofenu;

* KOpPEensiunio UccneaoBaHHbIX rogorpados

P un S BonH;

* pacyeT NpUBEAEHHOrO (K YCTbK CKBaXXMHbI

1 BepTuKanu) BepTuKanbHOro rogorpadga, a

TaKkKe CpegHuX, MracToBblX U MHTEPBanbHbIX

CKOpOCTEW NPOAOIbHBIX U NONEPEYHbIX BOMH;

*OLIEHKY MOMAPU3aLMOHHBLIX CBOWCTB 3anuncy;

sonpegeneHne KoapdULMEHTOB MOMOLLEHNS

o onopHou Tpacce 1 B Lenom 3anucu BCIT;

*pacyeT ynpyrux napamMeTpoB B hopme:
*KOMIMIEKCHOrO NapameTpa y;
*koadppuunenTa lNMyaccoHa o;

*Mofyns cxKatus K;

*Moayns caBura U.

* BBOJ KMHEMaTU4ecKMxX nonpasok v cTpa-
TUrpaUYeckmx NpMBSI30K rpaHunL B pas-
pe3e M yBA3KY MX C MOBEPXHOCTHbIMU
HabnaeHnamMu;

* MPOTrHO3HYI0 OLEHKY aKyCTUYECKOWN XKEeCTKO-
CTU HIXe 326051 CKBAXWHBI;

* MPOrHO3HYI0 OLEHKY NPOAYKTUBHOCTU Ha
6ase CAD3-aHanmsa.

OnpeneneHve XxapakTepUCTUK  BOJTHOBOIO
nonsi u NnapaMeTpoB MOAENW Cpeabl.

lMpoBeneHHble Habniogenuss MM BCI
obecneunnu BblOenNeHNe U NpocrexunBaHue

He TOMbKO MPOAOIbHbBIX, HO M 0BMEHHbIX U No-

NnepeYHbIX BOJH, YTO CyLLIEeCTBEHHO pacLUMpsi-

€T BO3MOXXHOCTUN NPOrHO3HOMN OLEHKM CBONCTB

paspesa 3a cyeT nepexofa OT aKyCTUYeCKOW

K ynpyron mogenu cpefbl, obecneynsarLLmnx

BO3MOXHOCTb pasgeneHns addeKkToB, CBsi-

3aHHbIX C U3MEHEHWEM MOPUCTOCTM NMTOTUNA

1 C XapaKTepOM HacChbILLEHNS1 KOJIIIEKTOPOB.

OnpefeneHne KOMMMIEKCHbIX MapameTpoB

1 ynpyro-aedopMaLMoHHbIX Mogynen cpeabl

NPOBOAMIIOCH MO COOTHOLUEHUSAM:

y=Vs/Vpp; o=(1-y)/(2(1-y*));

rae o — koadpduumeHT lNyaccoHa, ¢ nc-
nonb3oBaHWEM W3BECTHbIX 3aBUCUMOCTEW
koacpcmumeHTta lNyaccoHa ot ckopoctn Vp

% i e e e
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(MysblpeBa n Mperopu), KOTOpble NO3BOMSAT
rOBOpPUTb O XapakTepe NUToTuna, ero eMKOCT-
HbIX CBOWCTBaX, XapakTepe HacbILLEHUS.

HesaBucvMbIM  napameTpoM, KOTOpbI
MOXeT ObITb MCMONb30BaH AN aHanu3a u
NPOrHO3HOMN OLIEHKN CBOWCTB paspesa, siBNs-
ercs KoahdUUMeHT nornoweHnsi. N3yyerHne
3(hPEKTUBHOIO MOTMOLLEHNSI MPOBOANIIOCH MO
CNeKTPY NPOAOMbHOM BOSHbI, 3aperMcTpupo-
BaHHOM Ha npopgonesHoM B Ha Z-cocTaBng-
IOLLEN, @ TaKke No Ha3eMHbIM HabraeHusM
MOB OI'T ¢ npeactaBneHMem pesynsraToB B
hopme cxeM, oxBaTbIBalOLMX UcCcreayemblin
MOMUIoH Anst TPeX UHTEPBAaroB: HagMalKon-
CKOro, MavKomnckoro n nogmarikonckoro. Npo-
FHO3 aKyCTMYEeCKOW XEeCTKOCTU Huxke 3abos
NpoOBOAWICS C MEPEKpbITUEM MHTEpBana BO
BCKPbITOM 4acTu paspesa. WMHTepBanbl npo-
FHO3HON OLEHKM AMA KaXxOoW mccnegyemom
CKBaXXWHbI ObINN MHONBUAYANbHbI.

CTPATUITPA®PUYECKAA NMPUBA3KA
BOJIH

OaHOM 13 OCHOBHbIX 3afa4 HabnogeHuin
BCI siBnsieTcs cTpaturpadmyeckas npuesiaka
rpaHvL, B paspese 1 yBA3Ka UX C Ha3eMHbIMU
HabnogeHusMu. JTa npoueaypa peanv3osa-
Ha C MCMonb3oBaHUEM CMPSMIIEHHOrO nons
He TOmNbKO MPOAOSbHBIX BOCXOASALUMX BOIH,
HO M nonepeyHbix BomnH. Ctpaturpadude-
cKkasi NpMBsA3Ka NPOAONbHbBIX BOMH C AaHHbIMU
'NC, paclumpeHHol napameTpusaument Mo-
Oenun n oparMeHTaMu BPEMEHHbIX paspe3oB
NpUBELEHbI HUXE.

FEOCEMCMUYECKOE
MOAENNPOBAHUE

[nsa yBA3KM AaHHbBIX CKBaXXWHHbIX U NO-
BEPXHOCTHbIX HabnoaeHnn Ncnonb3oBaHo
Takke reocericMuyeckoe MoAenupoBa-
HMe, 4TO MO3BONSAET MnpoaHanunanposaTb
0COBGEHHOCTM (POPMUPOBAHNSI BOMHOBbIX
nakeToB [ANs TOHKOCMOMCTOW Mogenwu
cpedbl M YTOYHWUTb 3IEMEHTbl MPUBA3KK
BOJTHOBbIX NaKeTOB K pa3pe3y CKBaXWHbI.
MopenupoBaHne BONHOBLIX MakeToB pea-
NN30BaHO TONMbKO AMNS CKBaXWHbl 5pn, no
KOTOpOW GbiN BbINOMHEH aKyCTUYECKMI Ka-
potax. MogenvpoBaHue BbINOMHEHO AN
pas3HOCMNeKTpanbHOro cocTaBa MCXOAHbIX
CWUTHanNoOB C Lenbl paclimpeHns npea-
cTaBrneHun 06 N3MeHeHNAX BOMHOBBLIX Na-
KeToB B NOAOOHbIX cMTyaunsax. »

Puc. 5 Pesynsratr CA33-aHanu3a no npodunbHbIM HabnoAeHUAM:

a) ncxoAHbIW BpemeHHoW paspes; 6) pesynstat CA93-aHanu3a
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Obpabotka HabnogeHun BCIM n MOB
OI'T no TexHonornn CAS3-aHanu3aa.

C uenblo NpoBefeHns NPsSIMOro MporHo-
3MpOBaHUS a30HAaCbILLEHUS WCCrenyemMoro
pa3pe3a Hapsfy C TexHomoruew onpegene-
HUSA XapaKTepuCTUK MOrMOLLEeHUs cericmnye-
CKOI 3anucu Obina peanusoBaHa Ka4eCcTBEH-
HO HOBasi TEXHOSOMMS, OPUEHTUPOBaHHAsA Ha
BblfjEeNeHre CencMoakyCTMHeckMx aHomanumn
SHTPOMUINHO-3HTaNbMUAHOIO XapakTepa [4,5].
Mpuyem ata obpaboTka Gbina peanusoBaHa
HEe3aBMCUMO A5 CKBAXMHHBIX UM Ha3eMHbIX
npouUnbHbIX HabriogeHun. YBsidka uX yxe
CMYXWT [OOMOMHUTENBbHLIM KpUTEpUEM Ha-
AEeXHOCTM U [OCTOBEPHOCTU BblAeNsemMbIX
aHoManun, Takke Kak U conocTaBneHue ux
C pe3yneratamMu [AMHaMW4ecKoro aHanusa,
OPVEHTUPOBAHHOTO Ha OLEHKY MOrMoLeHns
CEeNCMUYECKON 3anncu B PasnnyHbIX UHTEp-
Basax reonormyeckoro paspesa.

4. KOMNNEKCHAA UHTEPNPETALIUA
AAHHbIX MM BCM X1 MOB O T

KomnnekcHas uWHTepnpeTaumsi AaHHbIX
MM BCI1 BbinonHeHa N0 BCEM YeTbIPpEM
(2nn, 2pn, 5pn n 6pn) ckBaxuHam U paHee
oTpaboTaHHbIM Tpem npodunam MOB OIT
(40101, 40102 n 40106), npoxoaAwmM uye-
pe3 yKasaHHble CKBaXWHbI. Vcnonb3oBaHue
psga HecTaHO4apTHbIX NpueMoB 06paboTky,
MMELLMX PasnuyHyo husndeckyo npupoay
1 MaTemaTtuyeckyto 6asy peanusaumm B KOM-
NneKce Co CKBaXMHHbLIMW NONSAPU3ALIMOHHBIMM
HabnofeHsiMn  cnocobCTBYET  MOBbILLEHUIO
HaeXHOCTN 1 [OCTOBEPHOCTU MPSIMOro Mpo-
rHO3MPOBaHUSA ra30HACHILLEHHbIX HTEPBAanoB
pa3pesa, MMEILMX PasfMYHYIO MPUYpPOYEH-
HocTb. [NepBoe — peanuayertcsi Lenbii Habop
pasnuyHbIX NPUEeMOB perucTpauuvM v Bblde-
TeHUs1 He TONbKO NPoaorbHbIX PP, 06MeHHbIX
PS un nonepeyHbix SS-BomnH, obecnevvBato-
LMX MCMONb30BaHNE MOHO- W KOMMIIEKCHBIX
6e3pa3mepHbIX NapameTpoB (y U O) cpeapl.
BTopoe — 370 oLieHKa NornoLLatoLLMX CBOVCTB
paspesa Anst pasnuyHbIX MHTEPBAmNoB W Crek-
TpanbHbIX AYANa3oHoOB 3anucu, koTopas Ans
CUTyauWin NpodyKTUBHOTO HacblleHus Oyaert
XapaKTepn3oBaTbCsl  30HaMW  aHOMarbHOro
nposiBneHns chakTopa MornoLeHust.

TpeTbe — 3TO UCMONb30BaHME TEXHOMOMM
HTPOMNUIHO-3HTanbMNMHoro aHanusa (CA39),
OPUEHTUPOBAHHON Ha BbISIBNIEHUE «MNPSIMbIX
3ahheKTOB» MPOAYKTUBHOTO HACLILLEHUSI 30H
pasBUTVS KOMIEKTOPOB, KOTOpast MpuUMeHeHa

—
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Puc. 4 Pesynsrat CA33-aHanu3a no AaHHbim BCIN

NH®OPMALIMOHHBIE TEXHOJTIOIMKA

Kak k matepuanam BCI1, Tak n MOB OI'T.
BONMHOBOE NONE NO AAHHbLIM NM BCH.

[ins aHanusa BOMHOBOrO MoOns W nocre-
OyloLero onpeeneHns napameTpoB cpedbl
6bIMM  MpoaHanuaMpoBaHbl  PUKCUPOBAHHbIE
KOMMOHeHTbI B nokanbsHol (PRT) 1 npocTpaH-
CTBEHHON (23 cocTaBnsoWmMe) cuctemax
KoopAvHaTt. Hucxoasiume n Bocxoasiume npo-
[onbHble, OOMeHHble M nonepeyHble BOSHbI
npvBedeHbl K BepTukanmu (T.e. K [ABOMHOMY
BPEMEHW OTPaXXeHHOW BOMHbI), KOTOPbIE B CO-
YeTaHUM C  nMTOMNOro-cTpaTurpadyeckumMm
KOINOHKaMun obecrneumnBatoT NPUBS3KY 3TUX OT-
paxeHwii K rpaHuuamM B paspese. B kavectse
npumepa JaHa cTpaturpaduyeckas npuesaska
MPOAOSbHBIX BOMH, PErMCTPUPYEMbIX B CKBa-
XWHe U Ha pgHeBHOW nosepxHocTW Ha Cese-
po-CtaBpononbckom XTI Ne 5pn (puc. 1) ¢
paclUVMpeHHON napameTpusaumnen CTPyKTypbl
nonsi.

CkBaXvHa 2nn xapakTepusyercst Hanborb-
wewn rnybuHon, ogHaKo M3-3a BAMSAHWUA TPyO-
HbIX BOIH Ka4eCTBEHHbI MaTepuan oxsaTbiBa-
€T WHTepBan TOMbKO MAaMKOMCKUX OTMOXEHUN
[0 XadyMCKuX BKIOYUTenbHO. 3aeck criepyet
OTMETUTb, YTO 3annCb CENCMUYECKON MHAOP-
Mauum JocTaTtodHo AvdpdepeHumpoBaHa, a
Hanbonee MHTEHCUBHbIE COCTaBMSAOLLME BOM-
HOBOIO MOMsi Kak NPOAOSbHBIX, Tak U nonepey-
HbIX BOIH MPUYpPOYeHbl K BEPXHEN 1 OTHacTu
cpeqoHen 4acTu MaKKOMCKOro KOoMMnekca, a
TaKkke K rpaHvuaM xagyma u soueHa. Hanbo-
nee WHTEHCUBHbIE OTPaXKEeHWUs MPUypoYeHbl K
necyaHukam B paspese, HO AnddepeHUnpo-
BaHHbIN XapakTep MMMHUCTON TOMLWM Maikona
Takke obycnasnmsaeT (hopMUPOBaHUE rpaHuLy
OTPa)KEeHHbIX BOMH BHYTPM 3TOTO KOMIeKca.

Ons  ckBaxuHbl S5pn MHOpMauns Mo
BEPXHEN HaZAManKOMNCKOM YacTu paspesa [o-
CTaToyHO npeactaBuTenbHa. OgHako Hambo-
nee WHTEHCUBHbIE OTPaXKeHWUs MpuypoYeHbl K
WHTepBany KaparaH-4oKpakCkux W noactuna-
IOLUMX UX OTIIOXEHWUN, a TaKkKe K MHTepBany
XaflyM-30LeHOBOro KOMMIeKca, 3areraroLlero
3HAYUTENBHO HUXKE BCKPLITOrO MHTEpBana.

M3 conocTaBneHusi ctpaturpacduyeckon
NPWBSI3KN BOMHOBBIX MOMeN NPoAonbHbIX U Mo-
NepeYHbIX BOSTH O4EBMAHA UX MPUYPOYEHHOCTb
K OOHVM 1 TEM Xe rpaHvLam.

CTpyKTypa BOSIHOBOrO MOrsi MO CKB. 2pMn BO
MHOTOM CXOfHa C XapaKTepoM NpeaLlecTByto-
e CKBaXMHbl 5pn, AOCTAaTOMHO HacbllieHa
BOMHaMM pa3nnyHon npupoasl 1 Tunos (PP, PS
n Op.). Xapaktep BOMHOBOIO Mons Mo Cks. 6pn

INFORMATION TECHNOLOGY

nonoGeH BbILLEMPYBEAEHHBIM, XOTsi €r0 aHanma
[IOCTaTOMHO CIIOXEH W3-32 OrpaHUYEHHOrO WH-
TepBana oTpaboTku ckBaxuHbl (~100 M) 1 Tonb-
KO CrylleHviem Luara Habnogenus oo 2v obe-
Crie4eHOo YBEpPEeHHOE BblaeneHne NpoaoribHbIX U
rnonepeyHbIX BonH. Heobxogumo oTMeTuTb, YTo
MoNepeYHbIE OTPaXEHHbIE BOMHbI  BbIAENSIOT-
Csi MO BCeM OTpaboTaHHbIM CKBaXVHAM BECbMa
YBEPEHHO U VX PETUCTPaLUS CYLLECTBEHHO MOBbI-
LaeT MHPOPMATUBHOCTL 3apEervicTPUPOBAHHBIX
MaTepuarnoB He TOMbKO C MoK BbiAENeHNs!
rPaHuILL U NPUBS3KW MPOAOCIBHBIX U MOMepeqHbIX
BOJH K OOHUM ¥ TEM e OTPaXatoLLMM rpaH1Liam,
HO W M3yYeHUs MapaMeTpoB BOIHOBOIO MOSIs U
cpenbl.

NAPAMETPU3ALUUA MOOENU CPEAObI

Mo Bcem oOTpaboTaHHbIM CKBaXMHaM
ObINMY M3yYeHbl yrnpyrue napameTpbl Cpefp:
CKOPOCTU MPOAOMbHbIX M NOMEPEYHbIX BOSH,
normoLieHne 1 nonsipusauust  konedaHun,
a Takke ynpyro-aeopMauMOHHblE Xapak-
TEPUCTMKM pa3pe3a, B 4YacCTHOCTM MoAynu
caBura — W, pacTtshkeHus — K, y=Vs/Vp u
0 —koapuumeHT lNMyaccoHa. 3aBepLuaroLm
3MEeMEHTOM SIBMSINOCH ONpeaeneHne no npo-
OOrMbHbLIM BONHaM adeKTOB CEeNCMOaKyCTu-
YeCKOMN SHTPOMNWUM U SHTAmMbNNMN, CBA3AHHBIX C
Hanuynem ra3oHacbILEeHHbIX MHTEPBANoB U
obecneuynBaloLLMX NPsIMOe NPOrHo3npoBaHne
dnomaoHachILEeHNs B pa3pese.

CouyeTaHue 3TUX NapamMeTpoB, UX KOM-
NMeKCHOe MCnonb3oBaHMe MO3BONseT Ka-
YeCTBEHHO MO-HOBOMY OLIEHWUTb MNpouecc
MHTEepnpeTauun, BKIYas Takxe acnek-
Tbl reogmHamuyeckoro aHanusa. [lpuBe-
OeHHbI Habop napameTpoB [3] aBnAeTcs
ONTUMU3NPOBAHHBLIM,  XapakTepusyLwum
pasHbIi TUMN BOMH, OTpaxatoLlmx pasnuyune
B MHOpMaLNn, KOTOPYIO OHU HECYT: CBOM-
CTBa NMUTOTUMOB M UX EMKOCTHbIE Ka4ecTBa,
xapaktep crniongoHacbiweHns.  3gech
onpefensawwWmMm  crnyxat KOMMIEKCHbIe
napaMmeTpbl y U O C YY4ETOM CYLIECTBYHO-
wmx obobueHun (Mperopu n gp.) o=f(Vp)
AN pasnnyHbIX NUTOTUMOB HAaCbILLEHHOrO
N HEeHacbILWLEeHHOro cocTosiHus. MapHble co-
yeTaHns MmoHonapameTpoB Vp un Vs, u u K,
O W Y N UX KOMMMEKCHbIN aHanu3 cryxar
OCHOBOW NapameTpu3auun Moaenu cpeabl.

Mo ckBaxuHe 2nn HagManKoNCKUn
KOMMNMEKC OT/IOXEHUN OTnMyaeTca He-
CKOMbKO  CrNaXeHHbIMW  napameTpami,
4YTO CBSI3aHO C BblAeNeHneM Nones3Hom nH-
dopmaumm Ha doHe TpyOHbIX BOMH. [Ans
MHTepBana ManKkomnckMx U NOACTUNALLNX
XagyMCKUX OTNOXEHUIN NpuBeAeHHbIE rpa-
dUKN Mo pasnMyHbiM NapameTpamMm MMetT
[OCTaToMHO AndpdepeHUMpoBaHHbIA Xa-
pakTep, oTpaxasi M3MEHEHUs CBOWCTB B
paspese gaxe B NPeUMYLLECTBEHHO M-
HUCTBLIX OTNOXEeHusX Maikona. Hanuyune
rpaHuL, B WHTepBane ManKomncKux OTno-
XEHW CBA3aHO He TONbKO C U3MEHEeHMU-
€M CBOWCTB NUTOTWUMA, HO U C U3MEHEHU-
eM CBOWCTB M MapameTpoB OTIIOXEHWUA B
pamkax ofgHoro nutoTuna. [lononHeHnem
K aToMy sBnstTcsa AaHHble TVIC n kepHo-
Boro matepuana. ConocraBneHune pasHbix
XapaKTepuUCTUK MoKa3blBaeT, YTO Mepexos
K MHOXECTBEHHOW OLleHKe U KOMMIeKc-
HbIM napametpam — Vp n Vs, oy, uu
K W Ap. — NO3BONSAeT BblAENUTb U3MEHe-
HUe CBOWCTB B pa3pes3e B 3aBMCUMOCTU P>
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OT MOPUCTOCTU U Apyrux dpakTopos.OyeBUa-
HO, YTO BO3MOXHbI Pa3fiNyHbIEe KONIMYECTBEH-
Hble COOTHOLUEeHUA MnapHbIX MapamMeTpoB.
[MosToMy orpaHuyeHne ux Habopa TOnbKo
naHHbiMn Vp 1 Vs HepgocTatodHo. Lleneco-
0o6pasHo Mcnonb3oBaHue ynpyro-gedopma-
LIMOHHBIX MOAYNEW Cpefbl, B YACTHOCTU, K, U
N KOMMIEeKCHbIX 6Ge3pa3mepHbIX NnapameTpoB
O 1 y, KOTOpble JaloT HarnsgHoe pasgene-
HUE NUTOTUMOB W COCTOSIHME HAacChbILLEHUS.
O hEKTMBHOCTL  KOMMIIEKCHOIO Moaxona
rnokasaHa Mo CKBa)KuHe 2nn B nHTepesarne
MaWKOMCKUX OTIMOXEHWUN, KOTOpblE MOXHO
pasgennTb Ha [OBe 4acTu: BEPXHI — OT
YPOBHSA ~470 M [0 YOKPaKCKOrO ropu3oHTa;
HVKHIOK — OT YPOBHS XayMCKUX OTNOXEHUIA
0o 470 m.

BepxHsas 4acTb xapakTepusyeTcsi onpe-
[OeneHHbIM TPEHOO0BLIM YBENUYEHNEM CKOPO-
CTU W NMOTHOCTU C rNyBWHON, YTO OTpaxaeT
0COBEHHOCTUN CMEHbI CeANUMEHTAaLMOHHOM 06-
CTaHOBKM OTHOCWUTENbHO MPEALLIECTBYHLLETO
(HWXHero atana), AN KOTOPOro XapakTepHO
yBenn4yeHune rnecyaHo! KOMMOHEHTbI B Bepx-
Hel YyacTn (MHTepBan rnybuH 650 — 480 M)
BMOTb 40 BbISIBIIEHUSI KONNEKTOPOB. B To xe
BpeMs BHM3 MO pa3pesy yBenuynsaetcsa rmu-
HUCTasi KOMMOHEHTa MpU COOTBETCTBYHLLNX
N3MEHEHUSIX ee CBOWCTB. JTO BMOSHe corna-
CyeTCsi U C pesynbratamu nonspusauoHHbIX
OLIEHOK.

[MporHo3 akycTM4ecKom XEeCTKOCTU HUxe
3ab0s1 ckBauHbI obecneynn coBnageHue
MPOrHO3HbIX OLEHOK B 0BGMNacTu NepekpbITUs
1 NO3BOSUI BbISIBUTb OCOGEHHOCTM ANHAMMU-
KN XaayM-30LEHOBbLIX W MOACTUMALWNX UX
OTNOXEHWI.

CkBaxxvHa 5pn. lNpencraBneHHble mate-
pvianbl OTpaxatT U3MEeHeHVe CBOWCTB MOpOos
B paspes3e C Y4ETOM COOTHOLLEHWUS MecyaHo-
TTIMHUCTBIX OTMOXEHWI, BapuaumMm KOTOPOro
COOTBETCTBYHOT WU3MEHEHUAM MOHO- N KOM-
MMNEKCHbIX NapamMeTpoB, MOMNSPU3ALIMOHHBIX
CBOWCTB CUrHana v rnornoweHnsi B HTepeare
KaparaH-4oKpaKCKuX OcafkoB. XapaKTepHbIM
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Puc. 6 Cxema 30H ra3oHachbILWeHns no YOKPaKCKOMY rOpPU3OHTY

3[eCb SIBMSIETCS BbIAENEHNE BbICOKOCKOPOCT-
HOTO W YNSIOTHEHHOro npornnacTka Mo KoM-
NnekcHbIM napameTpam (puc. 1), KOTopbii ne-
peKpbIBAET NecyaHbl NracT ¢ aHoMarlbHbIMU
CBOWCTBaMM ra3oHachbILLEeHs, YTO cornacyeT-
cs1 ¢ pesynsratamu CAD3-aHanmsa.

B vHTepBane Mavikonckom TOMLWM Takoro
pasfeneHnsl, aHanorMyHoro CkBaxvHe (2nn),
He Habnogaetcs, 4TO, BO3MOXHO, CBA3aHO
c Gonee rnybokNM pPacronoXeHNEM 30HbI
oCrnoxHeHus. B To xe Bpems anddepeHuma-
LSt BHYTPU BCKPBITON YacT ManKOMCKUX OT-
TIOKEHUIN OTMEYaeTCsl 4OCTaTOMHO HarmsiaHoO.
[MporHo3 akyCcTUYeCKow XXeCTKOCTH Hbke 3abost
CKBaXWHbI MO3BOMAET rOBOPUTH O MOBbILLEHNN
MX 3HaYEHW B MHTEpBarne XagyM-30LEeHOBbIX
OTINOXEHWI, YTO COrmacyeTcsi C AaHHbIMU NPo-
rHO3a Mo CKB. 2r1, [Ae K 3TOMY UHTepBany Tak-
xe npuypoyeHa CAID-aHomanums.

CkBaxuHa 2pn. Pesynbrathl napame-
TPUYECKMX onpeeneHnin oTpaxarT ocobeH-
HOCTU TEPPUrEHHOro  NEecYaHo-rMUHUCTOrO
paspesa Hagmawnkonckon tonwm. Pa3spes oT-
HOCUTENbHO HU3KOCKOPOCTHOM, XapaKTepuay-
€TCsl CMEHOW NaneocuTyaunii ¢ U3MEHeEHNEM
OONM necyaHon KOMMOHEHTbI B MHTepBane
MaMancKoro, KaparaHcKOro M YOKpaKCKOro
KOMMIIEKCOB OTIIOXEHUN.

HenocpeactBeHHO B MHTepBane Yokpak-
CKUX OTIIOXXEHWUI CrieAyeT BblAENUTb BEPXHIOK
IMIMHUCTYI0  YNIOTHEHHY0 4YacTb, COOTBET-
cTytoLyto rnybuHam 220-230 M, U HUXKHIOK
— necyaHylo (rIOVAOHACHILLEHHYI YacTb,
KOTOopasi NposiBMsieTCs B ynpyro-gegopmMauy-
OHHbIX MOAYISIX Cpefbl aHanorMyHo cka. 5 pn
(puc. 1). Pesynsratel CAO3—-aHanu3a obe-
crneYMBatoT BblAeneHne ABYX MPOAYKTUBHbIX
VNHTEPBAsIOB ra3oHachILLEHWS], MPUYPOYEHHBIX
K YOKPaKCKNM 1 XafyMCKUM OTNOXEHUAM, OT-
paxkatT COCTOSIHWE U COrMacykTCst C AaHHbI-
Mu CAD3—-06paboTku.

CkBaxkmHa 6pn.  AHanormyHbli Habop
napaMeTpuyeckmx OLEHOK BbIMOSIHEH MO
3TON CKBaxuHe. Bapuauummn cBoncTB paspesa
XOPOLLO OTpaxaltTcsd B MONAPU3aLMOHHbIX

weana CA3Z

XapaKTepuCTHKaX, CKOPOCTHBLIX Y MOAYSbHbIX
oueHkax. Vcnonb3oBaHne MoZyrbHbIX Xapak-
TEpPUCTUK, 0COBEHHO MOZyns caBura (U, Aaet
Gornee HarnAaHyo KapTUHY BbISIBNIEHWS necya-
HUKOB 1 U3MEHEHWS MX CBOWCTB MO paspesy.

CTPATUITPA®PUYECKASA NMPUBA3KA

Pa3BepHyTas kapTuHa cTpaturpaduye-
CKOW MPUBSA3KN NMOBEPXHOCTHbIX HabmoaeHUn
MOI'T no npodunsm 40102 n 40101 gaHa
no pesynsratam BCI1, npeactaBneHHbIX co-
BMECTHO C paHHbiMu [TUC. T[Mony4yeHHble
pe3ynbTaThbl OTpaXalT XapakTep cTtpaTturpa-
hbrYecKon NpPUBA3KM PasfUYHbIX LeneBbIxX
WHTEPBanoB 1 NapaMeTpU4ecKuX N3MeHeHU
B Npegenax uccnegyemoro yyactka MNenaruna-
OuHckon nnowaawm (puc. 1).

CoBMecTHas UWHTeprnpeTauus napame-
TPUYECKMX XapaKTEPUCTUK HaaMaNKOMCKOn
TOMLM.

CoBMeCTHOe pacCMOTpeHne napameTpu-
Yeckol MHpopMaLIMM AaeTcs Ha OCHOBE Koppe-
NSALUMOHHBIX CXEM MapameTpoB, MOCTPOEHHbIX
OTHOCWTENBHO MOBEpPXHOCTU. Ha puc. 2 npep-
CTaBrneHa KOppEnsiLUMOHHas Cxema [OaHHbIX
'VIC, koTopasi oTpaxaeT xapaKkTep B3avMHOro
MOMOXEHNSA CKBaXWH OTHOCWUTENMBHO perbe-
(ha MOBEPXHOCTU 1 OCOBEHHOCTY KOppensumm
OCHOBHbIX CTpaTUrpachuyecknx eauHuL, AaHHO-
ro HTepBana, NoAAaloLLMXCA naeHTudrKaLmm
1 koppensiunn. 3To, Npexae BCEero, Yokpak-
KaparaHCckMe KOMMIEKChbl OTIIOXKEHWUA B WH-
TepBane 145-240 m. (Mo ckB. 2nn), a Takke
BbILLENEXaLlye HXHe- U cpegHecapMaTckme
obpasoBaHus B MHTepBane rnyouH 60-145 m
(Mo ckB. 2n1) OT NoBepxHOCTM penbeda.Yka-
3aHHbIN KOMMIEKC OTMOXEHUIN UMEET JocTa-
TOYHO BbIAEPXKaAHHBIA XapakTep, yBEpPEHHO
KOpPEenvpyeTcs C ONopoir Ha OCHOBHbIE Mna-
CTbl KONMEKTOPOB B paspese.

BepxHsasi yacTb paspesa wumeeT OGonee
CMOXHbI XapakTep MO CBOMM CBOWCTBaM WU
pacnpefeneHuo  MoLLHocTeN.dritouaoynopom
0N HWKHEN YacTu paspesa SIBMSTCS Kpun-
ToMakTpoBble crion. OnopHbIMU rpaHuLaMm P>

Eaia1iaa§a,aa%agsesaa
uxans CAS3

Puc. 7 Cxema 30H rasoHachbILEeHUs O NaneoreHoBOMYy UHTepBarny

paspesa
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KoppensumMu Ans 3TOro MHTepBana SBMAsoT-
€S KOMMeKTopbl Mamanckoro ropuMsoHTa, a B
HWKHEN 4acTu MHTepBana 3TO KONMeKTopbl
KaparaHCKUX OTITOXXEHUI N YOKpaka, yBepeH-
HO BblAensieMble MO CBOMM XapakTepHbIM
0COBEHHOCTSM.

[na oueHKkM napameTpuyveckux uame-
HEHUIN pPaccMOTPeHbl  KOpPensuVOHHbIe
CXeMbl WHTepBasnbHbIX CKOpPOCTEN npo-
ponbHbix (Vp) n nonepeyHbix (Vs) BOIH,
mopynen cxatms (K) u casura (U), KOM-
NIeKCHbIX NapamMeTpoB y 1 O.

MoXHO OTMETUTb, YTO pacnpepeneHve
CcKopoCTel NPOAOIbHBIX Y NOMNepeyHbIX BOMH
MMeeT HeCKOMNbKO Pas3nuyHbIi xapakTep, 4YTo
obbsCHseTCS  (DM3NKOW  pacnpoCTpaHeHus
06BEMHBIX N CABUIOBBIX BOSH.

lMpn atom ouveBuaeH Gonee Bapwauu-
OHHbIN XapakTep rpaduKoB CKOpPOCTEN Mpo-
[O0MbHbIX BOMH, T.K. OHW 3aBUCSIT OT NIMTOTUNA,
€ro eMKOCTHbIX CBOWCTB M XapakTepa Hacbl-
LLIeHNS MOPOBOrO MPOCTPaHCTBA, NpUYeM Ans
pasHbIX MUTOTUMNOB ckopocTH Vp MOryT cunb-
HO OTnM4aThCsl, HO obnacTe pacnpepeneHns
CKOpPOCTEW MOXET CYLUECTBEHHO MepeKpbl-
BaTbCS, 3aTPYAHSAS BO3MOXHOCTb MAEHTUDM-
KaLyu NUTOTMMNA NO 3HAYEHWIO CKOPOCTEN.

[MoBeneHwe ckopocTel NonepeyHbIX BOIH
onpeaensieTcst OTHOCUTENbHOW HE3aBUCUMOC-
TblO €e 3Ha4YeHns1 OT XapaKTepa HacblLLeHus,
T.e. CKOPOCTb MOMEpPeYHbIX BOMH (YHKLIMO-
HanbHO 3aBUCUT TOMbKO OT MUTOTUNA M 00b-
ema MopoBOro NpocTpaHcTeBa. Beuay Toro,
4YTO MOAYNW cABWra ANS nec4aHukoB obna-
AatoT 6onbWVMMK 3HAYEHUAMM, TO NecyaHble
nnacTel 6yayT xapakTtepusoBaTbcsi 6onee Bbl-
COKVMMW BEMUYMHAMM MO OTHOLLEHWIO K MMNHU-
CTbiM 0bpasoBaHbsM. COBMECTHOe paccMo-
Tpenve Vs 1 Vp mogynen cxatus v casura
BbISIBMAET OOLLYI0 TEHAEHUMIO WU3MEHEeHUs
3TVX NapameTpoB C rMy6uHON, a nokanbHble
N3MEHeHUs1 COOTBETCTBYIOT 0COBEHHOCTAM
CMEeH CeMMEHTaLMOHHON OOCTaHOBKU U Nn-
TochaumanbHOro coctasa nopoa,.

[Mepexop oT pasmepHbIX MOHONapame-
TpoB k 6e3pa3mMepHbIM KOMMIEKCHbIM Ma-
pameTpam obecrne4ynBaeT Gonee 4eTkyto
anddepeHumnanmio NUTOTUNOB U Xapak-
Tep UX COCTOSHUS, PrnionaoHaChIWEHNS.
M3 nocTpoeHHbIX KOpPEensiLMOHHbIX CXeM
O4YeBMAHO, YTO B WHTepBane Hagman-
KOMCKUX OTMOXEHWUW BbiAenseTcs uenas
cepusi  NNacToB-KOMMeKToOpoB, MNpuUypo-
YEHHbIX NPeVMyLLEeCTBEHHO K MHTepBany
OT YOKPAKCKOro [0 MamManCKOro ropuMsoH-
Ta. Hanbonee npepctaBuTENnbHbIMKU K3
HUX SABNATCA KOMMEKTOpPbl YOKPaKCKOro
BO3pacTa, peanbHO MPOAYKTUBHO Hachbl-
LeHHble B obnactu ckBaxuH 5pn un 2pn.
[Mo-BuanMomy, 9TO B paBHOM CTeneHu
OTHOCUTCS K CKkBaxuHe 6pn. o ckBaxu-
He 6pn Hag KPpMNTOMakTPOBbIMW CIOSIMU
BblAENSOTCA KOMNNEKTOP, HO OHWU MMetoT
obbeanHeHHbIN xapakTtep. MowWwHoOCTbL ra-
30HAaChILLEHHbIX KOMMEeKTOPOB Yokpaka
yBENVYNBAETCS B paioHe CKBaXWHbI 2pn
oTHocuTenbHO 5pn u 2nn. Mpn aTom nec-
YaHMKN YOKpaKa TepsitoT CBOM CBOMCTBA U
He oTpaxatloT chakTopa cniongoHachlwe-
HUSA B pavioHe CKB. 2n.

[MpsiMoe nporHo3upoBaHWe 30H ra3oHa-
CblLLEHNS.

MporHo3Has oLeHka hronaoHaChILLEHHbIX
WHTepBarnoB B pa3pe3e 30LEeH-MUOLEHOBbIX

OTIIOXEHWI BbIMOMHEHA C WCMOMNb30BaHNEM
TEXHOMNOrnn oueHkn nornoweHus n CAI3-
aHanusa no UMerLnMca Matepuanam.

OueHKa 30H MOrnoLweHNst cemcMmnYecKom
3anucu.

YuutbiBas TpaguUMOHHbIE MPEANOCHINKM
ONSt BbISIBMEHUS 30H  (oriOMAOHACKILLEHUS
Yyepes WHTerparnbHble napaMmeTpbl Cencmu-
YecKOM 3anucu, npeactaBnseMble B Crek-
TpanbHoOM obnactu, 6bina peanv3oBaHa no-
MbiTKa OLEHKM MOrMOLIEHNs MO Ha3eMHbIM
npodunbHbIM HabnogeHnsM. [JaHHas TexHo-
norns peanu3oBaHa Ha 6ase kencTpanbHbIX
npeobpasoBaHuii Ha npocune 40102, yTo
obecneunno BbISIBNIEHWE XapaKTepHbIX W3-
MEHEHUIA B CMEKTparnbHOM COCTaBe 3anucu 1
pacnpegeneHnn KoadOULIMEHTOB MOBbILLEH-
HOrO NOrNOLLEeHNA AN onpeaeneHHbIX UHTep-
Banos npocpuns

[MocnepytoLlaa NporHo3Has oLeHka CBO-
aunacb K CXeMHbIM MOCTPOEHUsM pacrnpe-
neneHni KoadULMEHTOB MOIMOLLEHNs ANs
TPex MHTEepBanoB: YOKPAKCKOW, ManKOMCKON
N XapyM-30LieHOBON TOMLM OTIOXEHUA. OTOo
Mo3BONUMO BbISBUTL UHTepBanbl n3bupa-
TEMbHO-MOBbLILLIEHHOrO MOMMOLEHNs, NPUypo-
YeHHble K YOKPaKCKUM U XagyM-30LIeHOBbIM
ropuvsoHTam. [ns 30HblI pa3BUTUS Mavikon-
CKMX OTNOXEHWA MNOAOBHBIX aHOManbHbIX
nposiBNeHnin He HabnogaeTcs.

OLIEHKA FA3OHACBbILWEHNUA NO
TEXHOJTIOMMU CA33-AHATTU3A

[aHHas TexHomnorus 6bina ncnonb3oBaHa
C Uernblo MPsIMOro MpOorHo3vpoBaHus doroun-
[OHAacCbILWEHWs1 N0 MaTepuanam CKBaXKMHHbIX
1 Ha3eMHbIX NMPOCUIbHBIX HAbMOAEHWIA.

Ha puc. 3 nokasaHbl cencmorpammbl
BCI no npoponbHbIM BOMHaM, MOmnyYeH-
Hble Mo HabniaeHWsM B CKBaXXuHax 2nn
n 5pn, a Ha puc. 4 npeacTaBneHbl pe3ynb-
Tatel CAD3-aHanusa ans atMx martepua-
0B, KOTOpble OTpaxakwT WMHTepBarbl Bbl-
SIBMIEHHbIX aHOMarbHbIX Fa30HaCbIWEHHbIX
obbekToB.[Nocneayowas obpabotka no
[aHHOW TexHonoruy Gbina npoBedeHa Mo
BpeMeHHbIM paspe3zam MOB OI'T (40101,
40102 n 40106). B kayecTBe unncTpaymn
npeacTaBneHbl UCXOAHbIV BPEMEHHOW pas-
pe3 OI'T no npocunio 040102 (puc. 5a) n
matepuansl CA33-aHanusa (puc. 56), roe
YBEPEHHO BbIAENAKTCS ABa MNPUHLUNU-
anbHbIX UHTEpBana npoayKTUBHOMO Hachbl-
weHus. Mo pesynstatam obpaboTku Bcex
Tpex npodunert NoCTPOEHblI CXeMbl pac-
npegeneHnsa CA33-aHomanum Ansa AByX
BblLLieyKa3aHHbIX MHTepBanos (puc. 6 n 7).

[MonyyeHHble pe3ynbTaTthbl AT Cxema-
TUYHOE MpPEACTaBMEHUE O BbISIBNEHHbIX 30-
Hax chrronaoHaChILLEHNSs, KOTOPblE HEMsoxo
COrnacylTcsi C JaHHbIMU OLIEHKWU MorsoLle-
HUYS, YTO CYLLECTBEHHO MOBLILIAET JOCTOBEP-
HOCTb NpOorHosa.

3AKNKOYEHUE
B pesynbTraTte BbINOMHEHHbIX paboT no-
ny4YeHbl cregylowme pesynsraTbl:

1. N3yyeHo BonHoBOE nore, BblgeneHbl Npo-
A0MbHbIE U NONepeYyHble BOMHbI, BbINOMHe-
Ha cTpaturpadmyeckas npmssaska.
WccnepoBaHa ckopocTHasi Mofenb cpefpl
NS NPOAOIbHBIX U MONEPEeYHbIX BOMH.
OnpepeneHbl Nonsapu3aunoHHbIE 1
nornotatwoLine CBOMNCTBa B pa3pese.

NHO®OPMALMOHHBIE TEXHOJTOIUA
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2. MonyyeHa paclumpeHHas napameTpusaums
pa3pe3a Ha OCHOBE MOHOKOMMIIEKCHbIX U
ynpyro-AedopMaLMOHHbIX  XapaKTepUCTUK
paspesa ¥ BbISBIIeHbI UX CBA3M C NIMTOSOMMEN,
neTpodU3NKO 1 XapakTePOM HaCbILLEHUSI.

3. Mo paHHbIM TC nocTpoeHa mogens no
cKkB. 5pn, MO KOTOpOW peanusoBaHoO reo-
celicMMYeckoe MOJenvMpoBaHWe B pas-
HOCMeKTpanbHOM  NpeAcTaBneHun  Ans
YBSA3KM 3TUX [AaHHbIX C MOBEPXHOCTHbIMMW
HabngeHnaAMN.

4. lMpoBeneHa 06paboTka CKBaXMHHbIX U
NMOBEPXHOCTHbIX HabniogeHun ¢ uenbio
OLEHKM CTPYKTYpbl BOMHOBOrO Mons u
ero AvHaMU4ecKMx napameTpoB, a Tak-
Xe ANnsS uenen NporHo3HOW OLEHKM pas-
pe3a u xapakTepa (nionaoHachlLLeHUs
Ha ocHoBe TexHonornn CA33-aHanusa
1 MOrMoLWeHNs OTpaxeHHbIXx PP-BonH.

5.NpeacTtaBneHa cxema KOMMMEKCHOW na-
pameTpu3auuy CBOWCTB reorlorm4yecko-
ro paspesa Ha OCHOBE MCMOMb30BaHMWSA
MOHO- 1 KOMIMIIEKCHbIX NapaMeTpoB celc-
MUYEeCKOW 3anncy no ckBaxuHHbiM (BCIT)
1 noBepxHocTHeIM (MOI'T) HabroaeHnAM
B coveTaHum ¢ gaHHbimu TC.

MokasaHo, 4TO yBenuyeHue 6asbl napa-
METpOB 3a CYeT OnpefeneHns ynpyro-
aedopmaumoHHbIX moaynen (K, U, A n
Ap.) ¥ KOMMMeKCHbIX napameTpoB (Y, 0)
CYLLIeCTBEHHO pacLUMpsieT BO3MOXHOCTU
MHTEepnpeTauun B paMkax pelleHus o6-
paTHbIX AMHaAMU4YecKUX 3agadvy cewcmo-
pasBeaKu.

6. lNpoBegeHa KoMnnekcHas UHTepnpeTa-
ums pesynstatoB 06paboTkM CKBaXMH-
HbIX U HA3eMHbIX HabnaeHWin, KoTopble
Nno3BoNWNM cAaenatb BbIBOA O Hanuyuu
B pa3pe3e [ABYX rasoHacblWeHHbIX WH-
TepBanoB, AN KOTOPbIX BbIMOSTHEHbI
CXEMHble MOCTPOEHUs, T.e. npsmMoe
nporHo3upoBaHne nIONA0HaCHILLEHNS
obecneynBaeT MOHMTOPWHI XapakTepa
cocTtosHus IMXT.

PekomeHpauun ans  nocnegyroLimx

pabot no nsyyeHuto MoHuTopuHra MXr.

1. Mpu mnsyyeHunm coctosHus MXI Heobxo-
AUMO BbInonHeHne Habnoaexuii MM BCI
B CKBaXuHax, KoTopble obecneyvBatoT
BCKpbITME BCEro M3yyaemoro (LeneBoro)
WHTEpBarna vuccrnegyemoro paspesa c rnon-
HOUEHHbIM Komnnekcom MNC.

2. KoMmnmnekcHyt TexXHOMOorumw MporHo3-
HOWM OUEHKM drnonaoHachllLeHns cne-
AyeT pacwupuTb 3a CYeT BKITOYEHUS
B ONpo6OBaHHbI KOMMMEKC MNPSMOro
nporHosupoBaHusa (CA33-aHanua u
normnoLieHne B KOMMMeKce C AaHHbIMU
MMM BCIT) Takxke TexHonoruto «[lleTpo-
celnc», B BapuaHTe MHBEPCUMU T-p Cenc-
MorpaMm B napaMeTpbl MOAENu cpefbl.
OT0 nNo3BoNUT AaTb OLEHKY XapakTepa
neTpou3nN4ecknx CBONCTB paspesa U
UX U3MEHeHW B Mpefenax udyyaemo-
ro MOUroHa C NOSIHOW YBSAA3KOW AaHHbIX
Yyepes3 napameTpbl paclIMpeHHOW napa-
MeTpusauuun, NPUBOAVMbIE MO CKBAXKUH-
HbiM HabnwgeHuam (Vp, Vs, Kk, U, y, O
n gpyrue).

Tako KOMMMEKC TEeXHONOrM4yecKux
cpeacTtB obecneynTt Hanbonee HagexHy
N MOSTHOLEHHYO MPOTrHO3HYK OLIEHKY W3-
y4yaemoro o6bekTa, a UMEeHHO NOA3EeMHOro
rasoBOro XpaHunuiia. m
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Tepputopusa AeATENbLHOCTU TeppUTOpUanbLHO-Npou3BoAcTBEHHOro npeanpuaTus «KoranbimHedTeraz» 000 «JTYKOWN — 3anagHas
Cubupb» pacnonoxeHa B ceBepHol YacTu XaHTbI-MaHcuiickoro aBTOHOMHoOro okpyra. B HacTosilee BpeMs B pa3paboTke HaxoaaTcA
13 HepTsIHBIX MecTOpOXAeHU. U3 HUX ABa mecTopoxaeHus (TeBnuHcko-PycckuHckoe n BaTberaHckoe) oTHOCATCS K Knaccy KpynHen-
wux. MecTopoxaeHUs xapakTepu3yoTCs CIOXHbIM FreosIorMYeCKUM CTPOEeHMEeM, 3HaUuTelNIbHasA YacTb OCTaTO4YHbIX 3anacoB cocpeno-
TOYeHa B HU3KOMNPOAYKTUBHbLIX NPepPbIBUCTbIX KOJNeKTopax.

COBEPHIEHCTBOBAHHME TEXHOJIOI'HH I'PII
HA HEOTAHBIX MECTOPOXJIEHUAX
KOTI'AJJBIMCKOI'O PETHOHA 3AIIA/THOM CUEUPH

A.H. LULABAHOB

MepBbii TP B KoranbiMckom pernoHe
nposefeH Ha [TOBXOBCKOM MecTopoxae-
Hum B 1989 roay. K HacTosilemy BpeMeHu
Ha MeCTOPOXAEHUSX NPeANPUSATUS BbINOM-
HeHo 6onee 4 Tbic. onepauuii MPI. Mepo-
npuAaTMEM OXBayeHbl BCe MECTOPOX/AEHMS.
HononHutenbHas fobblbya B npowealemM
rogy C y4yetoM paHee BbIMOMHEHHbIX -
ApopaspbiBOB cocTaBuna 8,5 MnH. T, 4TO
cocTaBnsieT 4YeTBepTb OT BCel A06bIuK
npeanpusTUs.

MacwTabHoe npumeHeHwe ruapopas-
pbiBa nnacta CBMAETENbCTBYET, YTO 3TOT
MeTo[ NPU3HaH kak HeoTbemnemblin 1 0bs-
3aTenbHbI 3NeMeHT pa3paboTku MecTo-
poxaeHuin. B 3HaumTenbHon mepe ponb
[P onpepensietca Tem, 4YTO OH MOXeT
paccMmaTpuBaTbCs B Ka4eCcTBe UHCTPYMEH-
Ta perynupoBaHus npouecca paspaboTku,
acpdekTuBHOro cnocoba ynpaBneHus Bbl-
paboTkown 3anacos (puc.1).

Mprumepom nosbiweHNs 3PPEKTUBHO-
CTW NCMONb30BaHUA 3anacoB sIBNSETCS BO-
BMNeYyeHne B akTMBHYI0 pa3paboTky TpyAHO-
M3BMIEKaeMbIX 3anacoB LOPCKUX 3anexen.
B 80-90-e rogbl akcnnyataumsa aTux 3ane-
Xeln Obina HepeHTabenbHON U3-3a OYEHb
cnaboro nputoka nocrne ocBoeHus un3 by-
peHus. CuctemMHoe npuMeHeHne MeToaa u
npoeefeHne 6onbweobbeMHbix Pl no-
3BOMWAM B nocrnegHve rogbl CTUMYNUpO-
BaTb OObeMbl 3KCMryaTaluMoHHOro Gype-
HUSI HA MECTOPOXAEHUSAX W OCYLLECTBNATb

NoexoBckoe MeCTOpOXIeHHEe

W RN
TR UEOC T

Ha4YanbHUK oTAena MOHUTOPUHIa paapaGOTKM

r. Koranbim

TN «KoransiMHedTeras» OO0 «JTYKOW — 3anaaHas Cubnpb»

apheKkTMBHYIO pa3paboTKky HPCKNUX 00b-
ektoB. B 2006 rogy 30% obbema Bcex
mMeponpuatun no NPl npuxoantca Ha 3Tu
0b6beKThI.

WcTopuio asBontouunm obnactn npume-
HeHusa [Pl 1 TexHonornu ero nposefeHns
Ha MEeCTOPOXAEHUAX NPeanpPUATUS MOXHO
YCNOBHO pa3genutb Ha 4 aTtana (puc.2).

[MepBbIi aTan BKMAYaeT OMbITHO-NPO-
MblLEHHble paboTbl MO OCBOEHUID Tex-
Honorun PN (1989-1992 rr.) u Havano
ero NpvMeHeHWst B MPOMbILNEHHbIX Mac-
wrabax Ha NPOAYKTUBHbLIX 06bekTax Kora-
nbiMcKoro pervoHa. B atoT nepuop npea-
npusTMe akTUBHO wuckano u Bbibupano
nogpsgyvka, cnocobHoro nposoautsb MPI
B ycnosuax KpanHero Cesepa. lNogpsa-
Haa opraHmsaums OO0 «KATKOHedpTb»
cymena opraHu3oBaTb MaccoBble paboThl
no nposegeHuto NP 1 nogobpana ontu-
MarnbHY TEXHOMOrM ero NpoBeAeHNS.

OnbITHO-NPOMbILINEHHbIE PaboTbl No-
Kasanu BbICOKY0 3(PEKTUBHOCTb TMAPO-
pa3pbiBa Ha [1OBXOBCKOM MECTOPOXAEHUU.
[Mocne npoBeneHWs MepPoONpUATUSE MPUTOK B
CKBaXuHe yBenuumBaeTcs B 6 u 6onee pas.
LLinpokoe pacnpocTpaHeHue nony4un Tpa-
OVUMOHHBIN nokanbHbin Pl ¢ co3gaHnem
TpewwH nonyanuHon scero 10-20 m. (puc.3).
OcHoBHaa 3agada [Pl atoro nepuoga
— BOCCTaHOBMNEHME €CTEeCTBEHHOW MNpOAYyK-
TMBHOCTM NnacTa, yxXyAleHHOW B npolecce
OypeHus 1 akcnnyaTaummn CKBaxuH. »

Macconos nponaperne NPT Ha yyacThax ©
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Puc.1 Mpumep yBenuyeHns Ao6bLIYM Ha MECTOPOXAEHMM Nocne MacluTabHoro npoBeaeHus MNPM
Fig. 1 Example of increased production in an oil field after full scale application of the hydraulic

fracturing

IMPROVING THE FORMATION HYDRAULIC FRAC-
TURING TECHNOLOGY IN THE OIL FIELDS OF THE
KOGALYM REGION IN WESTERN SIBERIA

AN. SHABANOV
Chief of the Development Monitoring Department, «Ko-
galymneftegas» Territorial Production Enterprise, LLC
«LUKOIL-Western Siberia»
City of Kogalym

The operational area of the «Kogalymneftegas»
Territorial Production Enterprise, LLC «LUKOIL
— Western Siberiay, is located in the Northern part of
Khanty-Mansi Autonomous Territory. At the present
time 13 oil fields are being developed. Out of those,
two oil fields, i.e. «<Russkinskoe» and «Vatiegansk-
oe» oil fields are referred to the class of major ones.
Characteristic of these oil fields is the complicated
geological structure, with most of the immovable oil
reserves concentrated in the low productivity inter-
mittent reservoirs.

The first Formation Hydraulic Fracturing to be carried
out in the Kogalym Region was in the Povkhovskoe Oil
Field in 1989. By the present time more than 4 thousand
Formation Hydraulic Fracturing operations have been
performed in the Enterprise’s oil fields. Additional produc-
tion last year, inclusive of the earlier performed formation
hydraulic fracturing, amounted to 8.5 million tons which is
a quarter of all the Enterprise’s production.

The large scale use of the formation hydraulic fractur-
ing is indicative of the fact that this method has been re-
cognized to be an integral part and a mandatory element
of oil field development. To a great extent, the role of the
formation hydraulic fracturing is determined by the fact
that it can be considered to be a tool which regulates the
process of development, an effective method of controll-
ing the production of reserves (Fig. 1).

The history of the evolution of the formation hydraulic
fracturing application and the technology of its performa-
nce in the Enterprise’s oil fields can be arbitrarily divided
into 4 phases (Fig. 2). The first phase involves experime-
ntal and industrial work aimed at launching the formation
hydraulic fracturing technology into use (1989-1992) and
commencement of its industrial scale application to pro-
ductive projects of the Kogalym region. During this per-
iod the Enterprise had been active in searching for and
selecting a contractor who would be capable of carrying
out formation hydraulic fracturing under the conditions of
the Far North. OO0 «KATKOneft», a contractor organiz-
ation, succeeded in organizing massive work to carry out
formation hydraulic fracturing and in selecting the optim-
um technology of performing it.

The experimental and industrial work proved the
high efficiency of formation hydraulic fracturing in the
Povkhovsky oil field. After the operation the well stream
increased 6 and more times. The conventional local for-
mation hydraulic fracturing has become widely common
involving creation of fractures with a half spacing of only
10-20 m (Fig. 3). The principal task of the formation hyd-
raulic fracturing during this period was to restore the na-
tural productivity of the formation which had deteriorated
during the drilling process and well operation.

The high efficiency of the operation during this period
was ensured by relatively high productivity of the reserv-
oirs and low degree of reserves recovery. The well stock
structure enabled acceptable candidates to be selected
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for the operation. In the years of the first phase, 269 op-
erations with an average efficiency of 14 tons per day
were successfully carried out. Under the conditions of
deteriorating stock structure, increasing percentage of
the reserves concentrated in the medium and low pe-
netration reservoirs, it became necessary to use the fo-
rmation hydraulic fracturing to involve medium and low
productivity projects into development. The conventional
technology used in the lower productivity reserves did
not produce acceptable results. It was required to chan-
ge the technology of carrying out the formation hydraulic
fracturing in favor of obtaining more extensive fractures
and reducing the growing height of the fractures. The ref-
inement of the formation hydraulic fracturing technology
with such a focus began in 1996. The second phase of
the formation hydraulic fracturing was the performance
of conventional formation hydraulic fracturing for the pu-
rpose of restoring the productivity and the refinement of
the process for involving medium and low productivity pr-
ojects into development. In the years of the second pha-
se a total of 738 formation hydraulic fracturing operations
were carried out.

Massively conducted formation hydraulic fracturing
operations in the areas with high density of oil reserves,
exercise a noticeable influence on the development pr-
ocess. A typical example, illustrating the successful use
of the technology during this period, was the large scale
application of the formation hydraulic fracturing for the
principal development project BV8 in the Povkhovskoe
oil field.

The sedimentary complex of the BV8 in the Povkhov-
skoe oil field constitutes a kind of a mega lens. Within it,
8 clinoform entities have been identified. The existence
of several clinoform entities, which took shape under the
conditions of different hydrodynamic activity, causes filtr-
ation and capacity properties in the cross section as well
as the fluid filtration speeds to be different, resulting in a
different degree of recovery for each of the heterogeneity
elements. In 1987, after completion of production drilling,
recovery rates started rapidly to slow down due to dep-
letion of the high productivity part of the reserves. Full
scale use of the formation hydraulic fracturing enabled a
drop in oil yield in the oil field to be stopped and recovery
rates of medium and low productivity reserves to be acc-
elerated. The well stock for the formation hydraulic frac-
turing with “contaminated” bottom-hole area was rapidly
dwindling. Compliance with more stringent requirements
to initial opening of productive formations, introduction of
new types of perforators with deeply penetrating charges
and the use of comprehensive acid treatments virtually
ruled out the use of the formation hydraulic fracturing for
restoration of the formation’s natural productivity in the
wells, commissioned from drilling.

And in 2001 formation hydraulic fracturing got under-
way using improved technology which made it possible
to create highly conductive fractures with a half-spacing
of 30-50 m on an industrial scale in low productivity pro-
jects. In order to increase conductivity, coarser fractions
of propping agent were introduced with the concentration
of pumped in propping agent significantly increasing and
reaching 1000-1200 kg/cubic m. The implementation of
the improved technology allowed the application of form-
ation hydraulic fracturing in the Enterprise’s oil fields to
be extended. The method allowed the formations with
low filtration and capacity properties and high intermitte-
ncy of reserves to be drawn into active development. A
case in point was the use of formation hydraulic fractur-
ing in BS10-3 and BS11 projects in the Tevlinsko-Russ-
kinskoe oil fields.

The formations are typified by unfavorable natural
field and geological characteristics: thin-walled section,
high intermittency and zone heterogeneity, existence of
a high proportion of low permeability clay reservoirs in
plan and in cross section. The formation’s reserves are
concentrated in the reservoirs with the permeability bet-
ween 3 and 30 mD. Performing hydraulic fracturing on
the formation helped increase the oil yield and improve
the conditions of reserves production. Base production in
2006 was exceeded 2.3 times for BS10-3 project and 5
times for BS11 project.

The experience in carrying out formation hydraulic fr-
acturing in the Enterprise’s oil fields has shown that this
method not only intensifies production but it also incre-
ases the oil recovery of a formation. The increased oil
recovery by means of formation hydraulic fracturing is
accounted for by greater displacement coverage of the
section and area in an operational project. A hydraulically
broken fracture, approximately a hundred meters long,

TEXHOJIOIMA
TECHNOLOGY

BHeApeHHe YCOBEpLUEeHCTBOBAHHOW TeXHONOIUH
NO3BOAMAO pPaclUMPUTb 06AaCTb NpUMeHeHunA
F'PIl Ha MecTOPOIXKAESHUAX NPeAnPUATHA. MeToA
NMO3BOAMA BOBAEUYb B aKTUBHYIO pa3paboTKy NAacTbl ¢
HU3KUMU GUABTPALIMOHHOEMKOCTHbIMU CBOMCTBAMMU U
BbICOKOW MPEPbIBUCTOCTbIO KOAAEKTOPOB

Bbicokas acpdeKkTMBHOCTE MeponpusTus
B 3TOT nepuopg obecneyrBanacb OTHOCUTESb-
HO BbICOKOW NMPOAYKTUBHOCTbLIO KOMNNEKTOPOB
N HU3KON CTeneHblo BbIpaboOTKM 3anacos.
CTpykTypa (oHAa no3sonsna noadupatb
ONs MeponpusaTUst NMpUEMIeMbIX KaHauaa-
ToB. Bcero 3a rogbl nepsoro artana yganocb
nNpoBecTn 269 MeponpusATUn Co cpeaHen ad-
eKkTMBHOCTBIO 14 T/CyT.

B ycnoBusix yxydleHus CTPyKTypbl 3a-
nacoB, yBeNnv4eHusi Jonu 3anacos, COCpeao-
TOYEHHbIX B KOMMNEeKTopax cpedHen 1 HU3KOM
NPOHULIAEMOCTH, NOSBUNAack HEOH6X0AMMOCTb
vncnonb3oBaHua [Pl ana BoBnevyeHuss B
pa3paboTky cpefHe- M HU3KOMPOAYKTUBHbIX
06beKkToB. TpaAMUMOHHAs  TEXHOMOrMA  Ha
Konnektopax 6onee HWU3KOW NPOAYKTUBHOCTYU
npuemMrnemMbIx pesynsratoB He AaBana. Tpe-
6oBanockb M3MeHeHNe TexHonoruv npoeeae-
HWS1 TMOPOPAa3spbIBOB B CTOPOHY MOMNyYeHUst
TpewyH Gonbluei NPOTSXKEHHOCTU U CHUXKE-
HMS pocTa BbICOThI TPELLMH.

OtpaboTtka TexHonorum Pl B 3ToM Ha-
npaeneHnn Havanacb ¢ 1996 r. Bropow atan
PN — npoBeneHune TpagmumoHHoro Pl ans
BOCCTa@HOBIEHUSI MPOAYKTUBHOCTM U OTpa-
60TKa TexHONorny BoBrneYeHns B pa3paboTky
CpefHe- W HU3KOMPOAYKTVBHbIX OOBLEKTOB.
Bcero 3a rogbl BTOporo atana nposeaeHo 738
rMApopaspbIBOB.

MaccoBoe npoBegerue NPl Ha yyacTkax
C BbICOKOW NNOTHOCTbLO 3anacoB HedTn oka-
3bIBAET 3aMeTHOe BNWSIHWE Ha mpoLecc pas-
paboTkn. XapaKkTepHbIM NPUMEPOM YCrMELLHO-
ro NPUMEHEHUsI TEXHOMOrMKM 3TOro nepuoaa
ABNSETCH LUMpOKOMacLiTabHoe npuMeHeHue
PN Ha ocHoBHOM 06bekTe pa3paboTkn BB8
[TOBXOBCKOro MEeCTopOXAEeHUS.

OcapouHbin  komnnekc BB8  npen-
cTaBnsieT coboll CBOEro poga MeranuHay.
B ee coctaBe BbigeneHo 8 KNMHoGOpPM-
HbIX  Ten. Hamuune HecKONbKUX KIMHO-
OpPMHbIX Ten, popMMPOBABLUMXCS B YCNO-
BUSAX pasnu4yHon rMAPOANHAMUYECKOW
aKTMBHOCTK, oOycnaBnvMBaeT W pasnuuune
PUNBTPALMOHHO-EMKOCTHBIX ~ CBOMCTB MO
paspesy 1 ckopocTen punsTpauum dnovaos
1, COOTBETCTBEHHO, pasnuyne B CTENEHUN Bbl-
paboTKM Kaxaoro U3 aremMeHToB Heo4HOpPOa-
HOCTW.

B 1987 rogy nocne 3aBepLueHus aKcnny-
aTauMoHHoro 6ypeHust Havamnocb OGbICTpoe
CHWXeHWe TemnoB oTbopa, obycrnoBneHHoe
BbIpabOTKOW BbICOKOMPOAYKTUBHOM YacTu 3a-
nacoB. MacwTtabHoe npumeHenune Pl no-
3BOMUIIO OCTAHOBUTL MafeHue [obblun Hed-
TV Ha MECTOPOXOEHUWN U YBENUYUTb TEMMbI
BblpaboTkM cpedHe- U HU3KOMPOAYKTUBHbIX
3anacos.

doHp ckBaxuH anst [P ¢ «3arpsasHeH-
HOMN» NpK3aboiHON 30HOM BLICTPO CoKpaLLan-
cs. BbinonHeHve noBbilWeHHbIX TpeboBaHWii
K NEPBUYHOMY BCKPbITUIO NPOAYKTUBHbIX Mria-
CTOB, BHEApPEHNE HOBbIX TUMOB nepdoparto-
poB C rnyboKkonpoHMKawLWwmMmn 3apsgamu v
NPUMEHEHNE KOMMMEKCHbIX KUCMOTHbIX 0bpa-
6OTOK MPaKTUYECKU UCKMHUNUMIO UCMONb3oBa-
Hue NPl ans BoccTaHOBNEHNSA eCTECTBEHHOM
NPOJYKTUBHOCTY MnacTa Ha CKBaXWHax, BBe-
[OEHHbIX U3 BypeHus.

C 2001 r. HayaTo nNpoBeaeHWe rmapopas-
PbIBOB MO YCOBEPLLEHCTBOBAHHOW TEXHOMOMMM
C BO3MOXHOCTbI CO34aHWs BbICOKOMPOBOAS-
LWKX TpeLwmH nonyanuHon 30-50 M Ha HU3Ko-
NpoayKTUBHbIX obbekTax. [Ons yBenuyeHus
npoBoAUMOCTY Obiny BHegpeHbl Gornee B
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Puc.2 Uctopuio asontouumn obnactu npumeHeHus M'PIM moxHo ycnoBHO pa3genuTtb Ha 4 aTana
Fig. 2 The history of the evolution of the hydraulic fracturing application can be arbitrarily divided

into 4 stages
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KpynHble hpakuMm nponnaHTa, KOHUEeHTpa-
Lus 3aKa4mBaeMoro NponnaHTa 3HaunTenbHO
Bblpocna — o 1000-1200 kr/m3.

BHegpeHue ycoBepLUeHCTBOBaHHOW Tex-
HOMoOrMM MO3BOMMIIO  pacwmpuTb  obnacTtb
npumMmeHenuss [Pl Ha MecTopoXaeHUsiX
npeanpusatia. MeTtod no3sonun BOBMEYb B
aKTMBHYI paspaboTKky NnacTbl C HU3KMMMU
MNETPaLNMOHHOEMKOCTHBIMW CBOWCTBaMU U
BbICOKOW MPEpbIBUCTOCTHIO KOMMEKTOPOB.

OnbiT npoBegerus Pl Ha mecTopox-
OeHUsIX MpeanpusTusa  nokasan, 4To 3ToT
MeToA He TOnbKO WHTeHcuduMumpyeT [o-
Obl4y, HO W yBenuyMBaeT HedTenssreye-
HWe nnacToB. YBenuueHne HedTeoTaaun
3a cyeT [Pl obbscHseTcs nNoBbILLEHVEM
oxBaTa BbITECHEHMEM MO paspesy 1 NnoLaan
3KcnnyaTaumoHHoro obbekta. TpeluHa rm-
Apopa3spbiBa ANIMHOW NOPsSAKa COTHYU METPOB,
pacLumpsas 30Hy APEHNPOBAHNS CKBaXWH, Ha-
CTONbKO BMSIET Ha MNACT, YTO 3TO CONOCTaBU-
MO C YMNOTHEHNEM CEeTKM CKBaxMH. ELle oamH
MExaHu3M, CMoCOOCTBYIOLMIA  MOBbILLEHWIO
HedpTeoTAaUM, COCTOMT B BO3MOXHOM MOA-
KMIOYEHUN TPELLMHON K APEHNPOBAHNIO HEMO-
OUnbHbIX 3arnacoB HedTK (3acCTOVHbIE 30HbI,
NIMH30BMAHbIE CTPYKTYpbI). LLnpokomaciuTtab-
Hoe ucrnonb3oBaHne metoaa Pl nossonuno
yBENUYNTL N3BMNeKaeMble 3anachl, Hanpumep,
Ha [10BXOBCKOM MECTOPOXAEHUM Ha 42 MIH.
T (N0 pesynbraTam nocrnegHero nepecyera
3anacos, 2005 r.).

Bcero 3a Tpetuin nepuog nposegeHo 1036
rmopopaspbIBOB CO cpeaHen addpekTnBHoC-
Toto 15 T/cyT. OcHoBHas 3agada [Pl atoro
nepvoga — yBenv4eHne ycrioBuin BeIpaboTku
NpepbLIBUCTLIX HU3KOMNPOAYKTUBHBIX KOMNeK-
TOpOB, yBennyeHne HedTEOTAAYM NACcTOB.

YeTBepThii 3Tan HauuvHaetca c 2004
roga W xapakTepusyetcs Hayanom CUcTeM-
Horo npoBefeHus Pl Ha goGbiBatowem u

HarHeTaTenbHOM ¢poHae, HeobXxoaMMOCTb KO-
Toporo 6bina Bbi3BaHa CHXXEHNEM adpeKTmB-
HOCTM rMapopaspbiBOB A0ObIBAOLLMNX CKBAXKWH
3a CYeT yXyALUEHUs SHEPreTVKM Nnrnacrta B 30He
OpeHvpoBaHusa. Ons obecneyeHnsi BbICOKMX
TemnoB oTbopa npoaykumMm HeobxoauMmbl Co-
NyTCTBYHOLLME MEPONPUATUS MO NOAAEPKAHNIO
NnacToBOro AaBMeHns, HanpaeneHHbIe Kak Ha
yBerM4yeHne NpMeMMCTOCTH, TaK U yCTaHOBIe-
HVe TMapoaVMHaMNYECKol CBS3V A00bIBatOLLMNX
1 HarHeTaTeNbHbIX CKBAXMH.

Bavactyto 0obuTtbcs Heobxoammon npu-
€MWUCTOCTU HarHeTaTenbHbIX CKBaXWH Tpa-
OVLMOHHBIMU  «KMCIOTHBIMUY  0bpaboTkamMu
N yBENWYEHWEM [aBIIEHUS HarHeTaHusi He
yAaetcs. BocctaHoBUTL CBA3b M nogaepxaTtb
nnacToBoe AaBrieHne BO3MOXHO TOMbKO Npo-
BefeHnem bonblueobbemHoro NPl Ha HarHe-
TatenbHOM (hOHAE C CO34aHVEM LUMPOKUX U
NPOTSHKEHHBIX TPELLMH.

[ns yBenuyeHusi o6bema TpeLLuHbl cylle-
CTBYET TONbKO OAUH METOZ — yBenuyeHne obb-
ema nponnaHTa, 3aKkpennsawLero TpewwuHy. B
HacTosiLLee BpeMsi NpoBOASITCS MEPONPUSITUS
¢ nonyanvHon TpewwmHel 100 n 6onee meTpos,
npu 3TOM yBeENuW4eHue CcpedHero pacxona
nponnaHTa coctasuno ¢ 9.2 ToHH Ha [Pl B
2000 rogy no 42 ToHH B 2006 rogy (puc.4).

[Ina NnOTHOWM ynakoBKU M BbICOKOW MPOBO-
OUMOCTM yBENMUYEHa KOHLIEHTpaLVs 3aKadvBae-
MOro MpornaHTa Ao MakcumarnbHbiX 1700 Kr/me,
BHEOPEHbI 3aKavky KPYMHbIX BbICOKOMPOUHbIX
dppakuyuii nponnaHTa 10/14, 4T0, C OAHON CTO-
POHBbI, YXeCcTo4mno TpeboBaHUsi K KavyecTBy
nepopaLMOHHbIX KaHanoB W MOATOTOBKE
CKBaXXMH K Meponpusituio. A ¢ Apyroi ctopo-
Hbl, 3Ta TEXHOMNOrUsi NO3BONSIET AOCTUNYb Bbl-
COKMX pesynbTaToB, COMOCTaBUMbIX C PAHHUM
nepuogom, korga Pl nposoauncsa Ha kon-
nekTopax 6ornee BbICOKOW NPOAYKTUBHOCTU U
HW3KOW cTeneHn BbipaboTku 3anacos. P
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while expanding the well drainage area, has such an
impact on the formation that this is comparable to down-
spacing. Another mechanism, facilitating increased oil
recovery, consists in connecting the fracture to the dr-
ainage of immovable oil reserves (stagnant areas, lens
like structures).

During the third period, a total of 1036 hydraulic fract-
uring operations with an average efficiency of 15 tons per
day, were carried out. The principal aim of the hydraulic
fracturing during this period was to increase the conditio-
ns for production of intermittent low productivity reservoi-
rs, to increase oil recovery of the formation.

The fourth phase began in 2004 and marked the beg-
inning of systematic hydraulic fracturing of formations in
the output well stock and injection well stock which was
necessitated by reduced efficiency of hydraulic fracturing
on output wells as a result of deteriorated energy of the
formation in the drainage zone. To ensure high rates of
product extraction, support measures are necessary to
maintain formation pressure, aimed at both increasing
intake rate and establishing a hydrodynamic connection
between output and injection wells. It is not often possi-
ble to achieve required intake rate on the injection wells
by means of conventional «acid» treatments and by inc-
reasing the injection pressure. To restore the connection
and to maintain the formation pressure is only possible
by carrying out high volume hydraulic fracturing of form-
ations on the injection well stock and creating wide and
long fractures. There is only one method of increasing
the volume of the fracture, which is to increase the vol-
ume of propping agent that fortifies the fracture. Opera-
tions are currently carried out with fracture half-spacing
of 100 and more meters while an increase in average
use of propping agent amounted to between 9.2 tons for
hydraulic fracturing in 2000 and 42 tons in 2006 (Fig. 4).
For closer compaction and high conductivity, the conce-
ntration of the injected propping agent was increased to
the maximum level of 1700 kg/cubic m, injections of large
high strength fractions of propping agent 10/14 were int-
roduced which, on the one hand, tightened up the perfo-
ration tunnel quality requirements and the quality requir-
ements to the preparation of the wells for the operation.
On the other hand, this technology allows better results
to be achieved, comparable to the earlier period when
hydraulic fracturing of the formations was carried out on
the reservoirs with higher productivity and lower degree
of reserves depletion.

These special features of hydraulic fracturing also
allow it to be considered as a method of profitably dev-
eloping low permeability reservoirs and as a tool for co-
ntrolling production of commercial reserves and drawing
non-commercial reserves into development.

We can refer to the results of the work on the wells
of the Tevlinskoe-Russkinskoe oil fields as an example
of successful hydraulic fracturing in the projects with ex-
tremely low reservoir properties. Thus, for instance, in
well No.8124 after hydraulic fracturing, an oil influx was
obtained from the interval which had not been even iden-
tified as a reservoir. Evidence of obtaining, after hydraulic
fracturing, industrial oil influxes from sub-standard form-
ations also leads one to believe that there is potential to
be tapped in order to increase oil reserves. Production of
the reserves in the high output intervals and increasingly
water cut product in the wells made it necessary to expa-
nd the use of selective hydraulic fracturing. The hydraulic
fracturing technology as combined with water insulation
in the Enterprise’s oil fields has been in quite wide use
since 2003. In 2006 165 such hydraulic fracturing opera-
tions were performed.

First of all, limitations are imposed on the height of the
fracture which is not allowed to involve water saturated in-
tervals, cut off from the productive interval by low capacity
or low strength partition barriers. While in heavily disjoin-
ted, low permeability formations, it is required that a fairly
wide fracture should be created to ensure that it remains
conductive for a long time. The sizes and the conductive
properties of the fractures produced by hydraulic fracturing
of formations are controlled by selecting appropriate tech-
nologies among which one should mention various scre-
en setting technologies of the hydraulic fracturing process,
the use of fracturing fluids of ClearFrac type. More com-
plicated methods relating to organization of mechanical
obstacles to fracture growth in terms of height are aimed
at creating artificial barriers, in addition to natural ones, at
the bottom of the productive interval. The technology is
relevant to low permeability formations with bottom water.

In the method of multi-stage hydraulic fracturing of the
formations, a well is treated in two or more stages.
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During the first stage the hydraulic fracturing is carr-
ied out at a low feed rate of low viscosity fluid. Then at
the second stage, the hydraulic fracturing proper takes
place during which the downward development of the
fracture is impeded by the close compaction of propping
agent created at the previous stage.

Referred to the screen setting technologies is also the
preliminary (prior to hydraulic fracturing of the formation)
driving into the formation of clay or polymer compositio-
ns. After driving 40-80 cubic m, there is a delay followed
by hydraulic fracturing. The process with preliminary in-
jection of clay solution is widely used on water cut pr-
ojects of the «Kogalymneftegas» Territorial Production
Enterprise.

In the wells, after performing selective hydraulic fr-
acturing, in the case of successful squeeze cementing
work, the water cut content is normally reduced. The
effect is more significant for intermittent reservoirs. Th-
anks to this technology, one can also carry out effective
hydraulic fracturing on the wells with water cut content of
more than 90%. By injecting a flow diverting screen and
hydraulic fracturing, one succeeds in changing the influx
profile significantly and in reducing the water cut content
of the product.

The Enterprise is in constant quest of new technologi-
es for testing out on projects with insignificant clay bridge
barriers between the productive and water saturated fo-
rmations. The standard technologies lead to the bursti-
ng of bridge barriers and the flooding of the wells. This
year, for the purpose of preventing the fracture created
by hydraulic fracturing from growing in terms of height, a
process involving the use of high viscosity non-polymer
fluid Clear Frac in well No.3051 of the Vatyegansky oil
field was tested. A fracture formed which could not have
been created using the conventional hydraulic fracturing
technology.

Another example illustrating increased efficiency in the
use of reserves is the drawing into active development of
the difficult-to-extract Jurassic deposits whose production
in the 1980s and 1990s was unprofitable due to a very
weak oil influx or its total lack. Systematic application of
the method and performance of large volume treatments
have, in recent years, allowed a large amount of produc-
tion drilling in the oil fields to be encouraged and Jurassic
projects to be effectively developed. In 2006, 30% of the
total volume of all the hydraulic fracturing operations was
accounted for by such projects. A total of 1814 hydraulic
fracturing operations with an average efficiency of 13 tons
per day were carried out during the years of the fourth
stage. The aim of the hydraulic fracturing of the fourth
stage is to increase the oil yield of the formations in the
oil fields which are at a later phase of development, both
by involving into development poorly drained zones and
intervals in the projects with a high degree of reserves de-
pletion and involving into development low permeability,
heavily disjointed projects. Despite the fact the structure
of reserves, the well stock and the projects for conducting
the hydraulic fracturing were changed for the worse every
year, the efficiency of the methods has remained high for
17 years due to an ongoing search of and securing new
process solutions and technologies, maximum adaptation
to the mining and geological conditions of the productive
projects (Fig. 5).

An graphic example of this is the Povkhovkoe oil fie-
Id. By now practically all the stock of output wells of the
principal development project (BV8) has become evenly
covered by the hydraulic fracturing. Ongoing improvem-
ent of the hydraulic fracturing technology, both with co-
nsideration given to actual data and developments for
use going forward, allows volumes of hydraulic fracturing
application to be increased, including on the stock of wells
which were previously considered to lack any prospects.
A total of 1703 wells/operations were carried out. In 2006
already, out of 206 hydraulic fracturing operations, 40%
was carried out repeatedly and 3% - for a third time. In
2007 the percentage of repeated hydraulic fracturing ope-
rations amounted to more than 50%. Full scale use of the
hydraulic fracturing method has allowed oil production to
be stabilized during 10 years and extraction of reserves
in the Povkhovskoe ail field to be increased by 42 million
tons (according to the last count of reserves, 2005).

Conclusions:

The solution to the complex and important problem of
developing hydrocarbons in low permeability reservoirs is
a full scale use of formation hydraulic fracturing. The hyd-
raulic fracturing of formations is one of the most effective
and common methods of developing and producing the
reserves from low productivity reservoirs.

BbipaboTka 3amacoB  BbICOKOMPOAYK-
TUBHbIX VMHTEPBANoOB U yBenuyeHne o6Boa-
HEHHOCTW MNPOAYKLUMU CKBaXWH OMNpeaenunu
HeobXOAMMOCTb  YBENMUYEHUS NPUMEHEHUS
cenektnBHbix Pr1. TexHonorus Pl B code-
TaHUW C BOAOM3OMSLMEN HAa MECTOPOXKAEHUSAX
NpeanpuSTAS JOCTAaTOYHO LLUMPOKO UCMOMb3Y-
etcs, HaumHasa ¢ 2003 r. B 2006 rogy 6bino
BbINONHEHO 165 TakMx rmapopaspbIBOB.

Mpn npoBeaeHun cenektnBHbIX Pl Ha-
naratTCsl OrpaHNYeHUs Ha BbICOTY TPELLMHbI,
KoTopasi He [OorkHa 3axBaTbiBaTb BOAOHA-
CbILLEHHbIE MHTEpPBAarbl, OTAENEHHbIE OT Mpo-
OYKTUBHOMO MHTEpBana MarioMOLUHbIMUA UMK
cnabo nNpoYHbIMU NepeMbldkamu-6apbepamu.
A B CUITbHO pacufieHeHHbIX, crnabonpoHuLae-
MbIX Mriactax Tpebyercsa co3faaTtb AOCTAaTOMHO
LUMPOKYHO TpeLUMHyY, 4Tobbl obecnevnTb Anu-
TeNbHOE COXpaHeHne ee NPOBOAUMOCTMY.

YnpaBneHue pasmepamu v NPOBOASALLMMU
cBovictBamun TpelwmH Pl ocyulectenseTcs
nyTem nogbopku COOTBETCTBYHOLLIMX TEXHOMO-
M, Cpeaun KOTopbIX Crieayer BblaenuTb pas-
NMYHblE 3KpaHOYyCTaHaBMMBalOLLME TEXHOSO-
rmm TPI1, npyumeHeHne XnMaKocTen paspbiBa
Tuna ClearFrac

K akpaHoycTaHaBnuBawLWmUM TexXHOso-
TMSM OTHOCUTCS Takke mnpeaBapuTenbHast
(mo 'PIM) npogaBka B nnacT MVHUCTBIX UK
nonMMepHbIX komnosuumii. lMocne npopas-
kn 40-80m° npom3BoaMTCS BbiAepXkKKa, 3aTeM
BbinonHsietca [Pl. TexHonorusi ¢ npepBa-
pUTENBbHON 3aKkadkon [MIMHUCTOro pacTBopa
LLUIMPOKO NPUMEHSIETCS Ha 06BOAHEHHBIX 06b-
ektax TN «KoranbiMHedTeras».

Hanpaxenue

TEXHOIIOIrmmn
TECHNOLOGY

Ha ckBaxunHax nocne npoBefeHus cenek-
TBHOro Pl 06BOAHEHHOCTL, Kak nMpaBuIio,
CHUxaeTcs. OdekT Hambonee 3HauMTeneH
ONsi NpepbIBUCTBIX KonnekTtopos. brnarogaps
[aHHOW TeXHONMOornn yaaeTcst NpoBoanTb dh-
hekTuBHble Pl 1 Ha ckBaxuHax ¢ obBoa-
HeHHocTbto 6onee 90%.

[Mpeonpusitue NOCTOSIHHO MPOBOAMWT MO-
MCK HOBbIX TEXHOMOIMI U X onpoboBaHue Ha
obbekTax C He3HauYUTeNbHbIMU TTIMHUCTBIMU
nepembidkamMu Mexay NpoayKTUBHbIM U BO-
JoHacbIlWweHHbIMM nnactamu. CtaHgapTHble
TEXHOMOTMUN NPUBOAAT K NPOPbIBY NepeMblYek
n obBoaHeHMI0 ckBaxkuHbl. B 2007 rogy ans
npegoTBpaLLeHns pocTa TpelwmHbl [Pl B BbI-
COTy onpoboBaHa TeXHOMNOruns ¢ NPUMeHeHu-
€M BbICOKOBSI3KOW HEMONMMEPHOW XUAKOCTU
Clear Frac Ha ckBaxunHe Ne3051 BaTberaH-
ckoro MectopoxaeHus. CospgaHa TpelymHa,
KOTOPYK HEBO3MOXHO BbIMOMHUTL MPUMEHE-
H1em obbl4HOM TexHonorun MPI1.

Bcero 3a rogbl yeTBepTOoro atama npo-
BedeHo 1814 rmgpopaspbiBOB CO cpeaHen
adppektnBHOCTLIO 13 T/CyT. 3apgaya Pl vert-
BEpTOro artana — yBenu4yeHue HedTeoTaaum
NnacTtoB Ha MECTOPOXAEHUSAX, HAXOOALLUMUXCS
Ha nosgHel ctagmu pa3paboTku, kak 3a cyeT
BOBIie4eHus B paspaboTky crnabogpeHupye-
MbIX 30H 1 MHTEpPBAanoB B 00beKTax C BbICO-
KOW cTeneHbto BbipaboTky 3anacos, Tak U BO-
Brie4yeHve B pa3paboTKy HU3KOMPOHULaEMbIX,
CUIbHOPACUNIEHEHHbIX OOBbEKTOB.

HecmoTps Ha To YTO CTPYKTypa 3anacos,
oHA, cKBaXkMH 1 06bekTbl NpoBeaerus MPI1
€XEeroHO MEHSINUCh B CTOPOHY yXyALLeHus, B

KOHTYpBI WHpP UHEI (38KPLITHE)
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KoHEYHAaa KOHUEHTpAaLLKA NponnadTa —
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Fig. 4 Design of the fracture half wing created by the hydraulic fracturing at the fourth stage of the

evolution
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TEXHONormu
TECHNOLOGY

3(pheKTUBHOCTbL METOAA Ha NpOoTsbkeHun 17
TNeT OCTaEeTCs BbICOKOM 3@ CYET MOCTOSIHHOIO
roucka v NpuBAeYeHnst HOBbIX TEXHOMOrnye-
CKUX peLUeHn 1 TEXHOMOrNn, MakcMarbHOWM
afjanTaumMm K ropHO-reoriormyeckum ycroBu-
SIM NPOJYKTUBHBLIX 06BEKTOB (puc.5).

BbIBOAbI:

PelueHnem crnoxHon u BaHOW 3agayn
pa3paboTkn yrneBoAopoaoB B HU3KOMPOHW-
LlaeMbIX KOMneKTopax sIBNseTcs LWmMpokomMac-
wtabHoe npoeeaeHue MPI1.

Pl siBnsieTcss ogHMM M3 Haubornee adg-
(EKTUBHBIX W LUMPOKO pPacnpoCTPaHEHHbIX
MeToAoB pa3paboTku U BbipaboTkM 3anacos
13 HA3KOMPOAYKTUBHBIX KOMIEKTOPOB.

OcHoBoW ycnelHoro npumeHexns [P
B MacwTabHbix o6beMax sBNsSeTcs npusne-
YeHMe HOBbIX TEXHONOTMYECKUX PeLUeHn U
TEXHOMNOMMIN, MakcumanbHas aganTtaums K
FOPHO-TEONOIMYECKMM YCMOBUSIM MPOLYKTUB-
HbIX 0O BLEKTOB.

Ha mecTtopoxaeHusix npeanpustusi B 6nu-
»anwwme rogbl [P octaHeTcs BegyLwmm mMepo-
NpUATMEM NOBbILLEHNS HE(PTEOTAAYM NIACTOB.
Pa3paboTka MHOrMx 3anexen 1 MecTopoxae-
HUIA C HU3KOMPOHULIAEMbIMW KONMeKTopamu B
TMNM «KoranbiMHedTeras» He peHTabenbHa
6e3 meponpuaTui no nposeaeHwmto MPI1.

CoBepLUEeHCTBOBaAHNE TEXHOMOMMN MoKa-
3bIBaET YCrellHoe NpuMeHeHe meToga v Ha
NO3[HNX CTaaMsAX pa3paboTku C BbICOKOW 06-
BOAHEHHOCTBIO MPOAYKUMN CKkBaxMH. OCHOB-
Has 4acTb BBOAMMbIX M3 OypeHusi CKBaXWH
OyneT npogomkaTtbCsi ¢ npumeHeHuem [Pr1,

NnoaToMy 3Ha4YMMOCTb Meponpuatus Oyaert

TOMbKO MOBbILLATLCS.

CoBeplueHcTBOBaHMe TexHornorun [PI1
B bnwkaiwem Oyayliem npegnonaraetcs no
crnefyroLmMM HanpaBneHusiM:

* yBEMUYEHUE MPOBOAMMOCTU  TPELLUHbI,
Ka4yeCTBEHHOE 3aKpernneHne TpeLUMHbI,
YMEHbLLUEHNE pOCTa TPELUVHbI B BbICOTY;

* nepexop Ha HOBble TUMbI renel, obecneyu-
BalOLLMX MaKcvMarbHY0 OCTaTOYHYHO Npo-
BOOMMOCTb U «4UCTOTY» TPELUUHbI;

* COBEpLUEHCTBOBaHME TEXHOMOIUA Cenek-
TmBHoro [Pl Ha BbICOKOOOBOAHEHHbIX
CKBaXXUHaX;

* MaclTabHoe NpUMeHeHNEe HOBbIX TEXHOMO-
rvii TPI1 Ha BBOAMMBIX 3anacax U3 6ypeHusi
C KpawHe HU3KMMW KOMNEKTOPCKUMMU CBOWI-
cTBaMu.

Takum o6pasomM, COBepLUEHCTBOBaHWE
pa3paboTkn ¢ npumeHeHnem [Pl nossons-
€T NpoaAnuTb peHTabenbHy pa3paboTtky 3a-
nexen HedTU C UCTOLLEHHBbIMU 3anacamu u
3 peKkTBHO BBOAUTL B pa3paboTky HoBble
MECTOPOXAEHUS U 3anackl, cyuTaBLUMECH
paHHee HEeKOHAVLUMOHHbIMKU. B HavanbHbI
nepwog nposeaenns Pl Ha cpeaHe- v BbICO-
KOMPOHML@EMbIX KonfekTopax MeTos npumve-
HSINCS UCKIMIOYUTENbBHO ANA UHTEHCUdMKaLum
nputoka. B nocnegHune roabl nocne nepe-
Xxofda Ha rny6GoKoNpoHMKaloLWmMe TEXHOMOMMK
'PI Ha TpyaHou3Bnekaemblx 3anacax MeToq
CTaHOBUTCS MPOrpeCcCUBHON TEXHOMNOTNEN He-
TeoTaaum nnactoB U UrpaeT CyLlecTBEH-
HyI0 porb B ynpasneHuy npoleccamv paspa-
BOTKM MECTOPOXAEHUN. m

5/H (73) okTsi6pb 2008 r.  AKCMO3ULUA

The basis for successful application of formation hyd-
raulic fractu ring in full scale volumes is resorting to new
technological solutions and processes, maximum adapta-
tion to mining and geological conditions of the productive
projects.

In the Enterprise’s ail fields in the next few years the
hydraulic fracturing of formations will continue to be a le-
ading operation that ensures increased oil recovery from
the formations. Development of many deposits and oil
fields with low permeability reservoirs is not profitable at
the «Kogalymneftegas» Territorial Production Enterprise
without conducting hydraulic fracturing operations.

Improved technology exhibits successful application
of the method also at subsequent stages of development
with high water cut content of the well product. Most of the
wells commissioned from drilling will be continued with the
use of hydraulic fracturing, therefore the importance of the
operation will only be further increased.

In the near future the technology of hydraulic fracturing
is expected to be improved along the following lines:

* increasing the conductivity of the fracture, high quality
strengthening of the fracture, reducing the fracture gro-
wth in terms of height,

transitioning to new types of gels ensuring maximum
residual conductivity and the fracture «cleanliness».,
full scale use of new technologies of hydraulic fractu-
ring on the reserves commissioned from drilling with
extremely low reservoir properties.

Therefore, improvement of development with the use
of hydraulic fracturing makes it possible to extend the pr-
ofitable development of oil deposits with exhausted res-
erves and effectively introduce into development new oil
fields and reserves which had previously been considered
to be sub-standard. During the initial period of hydraulic
fracturing on medium and high permeability reservoirs the
method was exceptionally used to intensify the oil influx. In
recent years, after transfer to deeply penetrating technolo-
gies of hydraulic fracturing on difficult-to- extract reserves,
the method has become an advanced technology of oil re-
covery from formations and has been playing a prominent
role in controlling the processes of ol field development.
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Fig. 5 Improvement of the hydraulic fracturing technology allows comparable results to be obtained on the wells with considerably worse reservoir
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WHdopMaLUOoHHAA NoA/epH KA OpraHu3aLu,
3aHATHIX B TAKUX 001aCTAX, KaK BbICOKOBOJIbTHOE
W HU3KOBONbTHOE 000pyAOBaHKe, KabesbHo-
npoBojHuKOBaA npoaykuua. UHdopManusa o
NnocTaBLMKaX U NPOU3BOAAUTENAX MaTepHanos,
HeoOXOAUMDBIX ANA 3HepreTHYecKon u Hed)TAHOM
NPOMbILLICHHOCTH.
Informational Support by the Organizations Engaged
in Such Sectors As High Voltage and Low Voltage
Equipment, Cable and Conductor Products. Information
| About the Suppliers and Producers of the Materials
Necessary for the Energy and Oil Industry.
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B ctaTbe onucaHbl hyHAaAMeHTanbHble NPUHLUMNBLI PaboThl U yCOBepPLIEHCTBOBaHHbIE DYHKLIMU 3NIEKTPOMarHMTHbIX pacxoaoMepoB
cepun ADMAG AXF, B TOM uucrie ynyulleHue NIMHENHbIX XapakTepUCcTUK Npu M3MepeHun pacxoda M ymeHblueHWe pa3bpoca xapak-
TepPUCTUK Pa3fNIMYHbIX PAacXoAOMepoB 3a CHET MOAEeNUPOBaHUS MarHUTHOW Lenu, (PYHKLUUN OUarHOCTUKU 3arpsi3HeHUs 3MeKTPoaoB
M NonHbIN MaTpudHbin XKK-gucnnen, nokasbiBalOLWMn, Kakue AeNCTBUA Heo6XxoAUMO NpeanpUHATL NPU BO3HUKHOBEHUU HeUcnpas-

HOCTMU.

QJIEKTPOMATHUTHDBIE PACXO/JOMEPDI

YOKOGAWA

BBEOEHUVE

Ewwé B 1988 rogy komnaHus Yokogawa Hava-
1na NPOW3BOACTBO 3MIEKTPOMArHUTHBLIX Pacxodo-
MepoB cepun ADMAG, koTopble 06ragan nosbli-
LLIEHHOWN CTOMKOCTBIO K LUYMY B3BECU U BbICOKOM
CTabWIBLHOCTBIO Hyrsi, Y4TO 0becneymBanoch yHu-
KarnbHbIM METOAOM ABYX4acTOTHOTO BO3DYxae-
HUA — pe3ynbTaToM HernpepbIBHOMO YCOBEPLLEH-
CTBOBaHMS TEXHOMOMW M3MEPEHVS pacxoda.

B HacTosillee Bpemsi K pacxomomepam
NpenbSBNAIOTCA MOBbILLEHHbIE TpeboBaHWS Ha-
OEXHOCTU, TOYHOCTU M NPOCTOTbI 0OCITYXMBaHUA
BBUY Pa3nMYHOTO pofa TEXHOMOMMYECKUX YCo-
BEPLUEHCTBOBaHWIA B CUCTEMax MPOM3BOACTBA,
pasBUTUA MHOTOHOMEHKITATYPHOTO Mariocepuii-
HOro NPOV3BOACTBA U APYTNX GhaKTOpPOB.

Mo BblWweyKkasaHHbIM MpuymHam Yokogawa
npencraenser Hosenwyo ceputo ADMAG AXF,
obnafatoLLyro yry4LIEeHHON NMPOU3BOAUTENBHOC-
ThlO, (PyHKLMOHANMBLHOCTEIO 1 yao6cTBOM  AnA
nornb3oBarerns.

B paHHol cTatbe npeacTaBneHbl OCHOBHbIE
hyHKLUMOHarbHbIE BO3MOXHOCTMI M MPUHLMMBI pa-
B0TbI 3MEKTPOMAarHUTHbLIX PacXOAOMEPOB Cepun
AXF (puc.1).

OCHOBHbBIE ®YHKLIMOHAJIbHbLIE

BO3MOXHOCTU

YnyuLueHHasi Npou3BoaUTENbHOCTbL U XapaKTepu-

CTUKN:

1. YcoBepLUEHCTBOBAHHOE  [IBYyX4acTOTHOE BO3-
6yaeHue. lMoBblLLEHHasi CTOMKOCTb K LLyMY,

O. ELLIMKABA
H. LIMKYHSA
T. APAU

X. OXTA

reHepuypyemoro B3BECSIMU 1 MUHUMaTTbHast U3-
Mepsiemasi NpoBoavMocTs 1 MKCM/CM.
2.BbICOKOYACTOTHBIV MMMYITbCHBIV BbIXOL,
Yacrtora 10 k'L,

Yno6CcTBO Ans nonb3oBarensi:

1. MonHbIi MaTpuyHbIi XKK-gucnnen ¢ noa-
CBETKOWN.

2. BO3MOXHOCTb BBOAA YCTAHOBOK C Hapy»KHOW
YacTu Kopryca C MOMOLLbIO WMHGppaKpaCcHbIX
[IETEKTOPOB.

3. boriee npoctoe obcrnyxviBaHue € dpyHKUMEN
OLIEHKN 3arpsi3HEHWsI 3MNEKTPOAOB U BO3MOX-
HOCTbHO 3aMeHbI MEKTPOAOB.

LLinpokuit psg mogenen:

1. BapuaHT UCMOMNHEHUsI C MOHTaXKOM Ha CBepX-
Marnom doraHue.

2. BapuaHTbl CaHWTapHOrO MCMOMHEHUs C yBe-
JIMYEHHBIM Pa3MEPOM Y Pa3NUYHLIMK TUNaMK
MOAKIOYEHNS.

NPUHUMN PABOTbI ANIEKTPOMAIHUTHbIX
PACXOOOMEPOB

MpyHUMN  M3MepeHNst  AMEeKTPOMarHUTHbIX
PacxofoMepOoB 3aKIiOHaETCs B CneaytoLLeMm:

(PvicyHok 2): Korga npoBofsLas »vaKocTb
MpoTEKaeT CO CKOPOCThIO V Yepes TPYOKy Avame-
Tpom D, BHYTpM KOTOPOW C MOMOLLIbHO KaTyLLKN
BO30Y>KAEHNA Co30aETCA HaNPSPKEHHOCTb MarHnT-
HOro rMoToka B, BO3HWKaET aneKkTpoaBuKyLLas P>

BropwyHbIA
.. e npeocbpaloBaTents
ks AXFA14
BropuuHsii
npeobpascaatens PasHecéHHoe
AXFA11 MCMONHEHHE
WuTerpansHoe /
MCNONHeHWe E 2 .l Mepauynbii
npeobpasoBaTens

Puc.1 3nekTpomMarHuUTHbIe pacxogoMepbl cepun ADMAG AXF

Fig. 1 ADMAG AXF Series

T. TAHAKA
C. TAHABE
A. PELLETOBA
A. UNbEBCKUA

r. Mockea

The article describes the fundamental principl-
es of operation and the improved functions of the
electromagnetic flow meters, Series ADMAG AXEF,
including the upgrading of the linear characteristics
in flow measurements and reduction of the charact-
eristics spread for different flow meters by modeling
the magnetic circuit, diagnostics functions for elect-
rode contamination and a full matrix liquid crystal di-
splay which indicates what actions need to be taken
when a fault happens.

YOKOGAWA
ELECTROMAGNETIC FLOW METERS

INTRODUCTION

As early as 1988, the Yokogawa company began
production of electromagnetic flow meters, series
ADMAG, which were highly resistant to suspension
noise and had high stability of zero which was ensu-
red by a unique method of double frequency excita-
tion and which were the product of continuous impr-
ovement of the flow measurement technologies.

At the present time, more stringent requiremen-
ts are applied to the flow meter reliability, accura-
cy and simplicity in service due to various types of
technological improvements in production systems,
development of multi-product mix and small series
production and other factors.

For the reasons described above, Yokogawa
presents the newest range of ADMAG AXF which
feature improved productivity, functionality and co-
nvenience for the user.

This article sets out the key functional capabilit-
ies and operating principles of the electromagnetic
flow meters, series AXF (Fig. 1).

Improved productivity and characteristics:

Upgraded double frequency excitation.

Enhanced resistance to noise generated by sus-

pensions and minimum measured conductivity 1

mcCm/cm

High frequency pulse output

. Frequency 10 kHz

User convenience

Full matrix liquid crystal display with lighting

. Entering settings from the outside part of the ca-

sing using infra-red detectors.

3. Simplified service with a feature allowing electro-
de contamination to be evaluated and electrodes
to be replaced.

N =

» o

N =

Broad model line:
. Execution option with installation on extra small
flange
2. Sanitary execution options with enlarged dimen-
sions and various types of connections

=

DEVELOPMENT OF THE MAGNETIC CIRCUIT
FOR 160-HZ EXCITATION
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The double frequency excitation is a unique me-
thod devised by Yokogawa which allows the resis-
tance to noises and the speed to be increased by
means of the high frequency component as well as
the stability of the zero to be enhanced by superim-
posing high frequency and low frequency excitation
signals. Suspensions and liquids with high electric
conductivity possess the so called 1/f — characteris-
tic when for low frequencies there is a high level of
noises and visa versa as shown in Figure 3. Thus,
it is evident that high frequency excitation produces
signals with low noise level b and high value of si-
gnal-to-noise ratio. Taking advantage of this noise
characteristic, resistance to suspension noise was
significantly increased in the electromagnetic flow
meters, series ADMAG AXF, by means of almost
double increase in the frequency for high frequency
double frequency excitation, compared to previous
series (Ref. Figure 4). This method allows readings
to be taken of the liquids with the conductivity of 1
mcCm/cm.

Usually, in the electromagnetic flow meter, the
excitation tube is located inside the core (Ref. Figu-
re 4) subjected to the effect of the eddy currents. In
the ADMAG AXEF series there is no core (Ref. Figure
5) which makes it possible to improve twice or more
the frequency characteristics of the magnetic circuit
(Ref. Figure 5).

ELECTRODE CONTAMINATION

DIAGNOSTICS

Electromagnetic flow meters are used in var-
ious applications, including their use with sticky
impurities, which may cause the electrodes to be
contaminated and lead to inaccurate readings. In
order to resolve this problem, the electromagnetic
flow meters, series AMAG AXF, are equipped with
the function which allows electrode contaminati-
on to be assessed. Figure 6 illustrates the circuit
diagram for electrode contamination diagnostics.
The level of contamination is assessed by measu-
ring the resistance between the electrode and the
grounding ring. For that purpose, an extra small
square current pulse is transmitted from the elect-
rode to the grounding ring in order to measure the
resistance. The frequency at which the pulses are
repeated is synchronized with the even multiplie-
rs of flow signal frequencies. When flow signals
are processed, the frequency, at which the pulses
are repeated, is neutralized and does not impact
the values used for flow calculation. And the other
way around, when contamination diagnostics sig-
nals are processed, the flow signals are neutrali-
zed which does not affect the diagnostics results.
Such a procedure of processing the signals en-
ables the electrode contamination diagnostics to
be performed even during the flow measurement
(Ref. Figure 7).

The degree of contamination is evaluated for four
levels based on pre-determined settings. Figure 8
shows an example of the results of contamination
evaluation which allows contamination increase to
be graphically displayed. A warning corresponds to
Level 3 and there is a possibility of outputting an
appropriate discrete signal.

Despite the fact that the criteria for contamination
level evaluation are set by the manufacturer, they
can be changed by the user depending on concrete
application.

POSSIBILITY OF REPLACING ELECTRODES

Normally when the surface of the measuring tube
electrodes becomes contaminated, their cleaning
requires that the measuring tube be removed from
the pipeline. In the electromagnetic flow meters,
series ADMAG AXF, such parts (Figure 9) as the
sealing ring, electrode, spring, washers and the el-
ectrode tip, are incorporated into a single module
with a stopper ring which speeds up the removal
of the electrode module without requiring its disas-
sembly. That allows the surfaces of the electrodes
to be cleaned from contamination, without requiring
that the flow meter be removed from the pipeline.
The electrode seal is a ring from fluorine containing
rubber which prevents the liquid from leaking even
when pressures are applied to the electrode which
exceed three times the maximum permissible pres-
sures, as per the technical specification, within the

cuna E, nporopLyoHansbHas cKopocTy V:
E =aBvD;
Pacxod Q =kv=KE.

PA3PABEOTKA MAFTHUTHOM LIENW AN
160-'L| BO3BY>XOEHUA

[ByxyacToTHOE BO3OYXOEHWE — 3TO YHU-
KanbHbIn MeTof, paspabotaHHbI Yokogawa,
KOTOpbIA MO3BOMSIET YBEUYUTL CTOWKOCTb K
lymam U1 ObICTPOOEVCTBME 32 CHET BbICOKO-
YaCTOTHOWM COCTaBMSAOLLEN, a Takke MOBbICUTL
YCTOMYMBOCTb HyNsi 32 CHET HamnoXeHusl Bbl-
COKOYACTOTHBIX WM HU3KOYACTOTHBLIX CUTHamNoB
BO30Oy>KaeHusi. B3Becy 1 XKMOKOCTU C BbICOKOWM
3IEeKTPONPOBOAHOCTLIO 00OMafaloT Tak HasbiBa-
emon 1/f — xapakTepuCT1KON, Koraa Anst HU3KUX
YacToT MMEET MECTO BbICOKUIA YPOBEHb LLIYMOB
1 HaobOopPOT, Kak NokasaHo Ha pucyHke 3. Takum
06pa3om, 04EBUAHO, YTO BbICOKOYACTOTHOE BO3-
Oy>KaeHve Npov3BOAUT CUrHamMbI C HAKMM YpPOB-
HeM LuyMa b 1 BbICOKVMM 3Ha4YEHMEM OTHOLLEHWS!
curHan/wym. Micnonb3aysi npemmyLLlecTea 4aHHON
LLIYMOBOW XapaKTepUCTUKM, B ANEKTPOMArHUTHbIX
pacxogomepax cepumn ADMAG AXF 6bina 3Ha-
YMTENBHO YBENMYEHa CTOMKOCTb K LUYyMy B3BECK
3a CYET NOYTU ABYKPATHOTO YBENMYEHNS YacTOTbl
[nsi BbICOKOYACTOTHOIO ABYX4aCTOTHOTO BO30YX-
[OEHWs1, MO CPaBHEHMIO C MpeabiayLLyMmn cepus-
MU (M. pucyHok 4). [laHHbI MeToA, no3sonset
BbINOMHSATb U3MEPEHUS ANt XXUOKOCTEN C NPOBO-
aMMocTbio 1 MKCMm/cMm.

OBbIMHO B 3MEKTPOMarHUTHbIX — pacxodo-
Mepax TpyOka BO30YXOEHUSI HAXOOUTCS BHYTpY
cepaeyvHVKa, MoBEPraroLLEerocsi BO3AENCTBUIO BUX-
peBbIx TokoB. B cepum ADMAG AXF cepaeyHvk
OTCYTCTBYET, 4TO MO3BOIISIET 3HAYUTENBHO — BABOE
1 6onee — ynyyLnTb YaCTOTHbIE XapaKTEPUCTUKA
MarHUTHOW Lienu.

OUATHOCTUKA 3AIrPA3HEHUA
ANEKTPOOOB

OneKTpoMarHUTHbIE pacxodoMepbl UCTONb3y-
H0TCS B pa3HOOOPa3HbIX MPUMEHEHWSIX, B TOM Y/CHe
C NIMNKAMU MPUMECSIMU, YTO MOXKET MPUBECTU K 3a-
PSIBHEHMIO AMEKTPOLOB, U TEM CaMbIM K HETOHHbBIM
m3vepeHusM. Ons pelleHns faHHOW Mpobnembl
3reKTpoMarHUTHble pacxodomepsbl cepyt ADMAG
AXF ocHalLeHb! (hyHKUMER, NMO3BONSIOLLEN BbIMNor-
HATb OLIEHKY 3arpsi3HeHUs1 anekTpomdoB. MokasaHa
NpYHUMNMarbsHasi cxeMa AvarHOCTVKN 3arpsisHeHNs
anekTponoB. Ha pucyHke 5 nokasaHa npuyHUMNu-
arnbHas cxema AMarHOCTUKN 3arpsis3HEHUST ATEeKTPO-
noB. OueHKa YPOBHS 3arpsi3HEHUST BbIMNOITHAETCS!
MOCPELCTBOM M3MEPEHUST COMPOTURIEHNST MeXay
3reKTPoaOM U KOMbLOM 3a3emMrieHust. [ns atoro
C 3MeKTpoaa Ha KorbLO 3a3eMIIEHUS MOChIaeTcst
cBepXMaribiii MPSIMOYTONbHbIA UMMYIbC ToKa Ars
N3MEPEHNS COMPOTUBMEHUS. YacToTa noBTopeHns
MIMMYJTECOB CUHXPOHU3UPYETCS C YETHBIMU MHOXMW-
TensiMmM YacToT curHaroB pacxoza. Mpy obpabotke
CUrHaroB pacxoda 4actota MOBTOPEHWST UMMYTb-
COB HEWTparmayeTcsi U He BIUSIET Ha 3HaYeHVs,
ucrionb3yemble Ansi BbluMCIeHus pacxoda. U Ha-
060poT, Kora BbINonHAeTCs obpaboTka curHarnos
[ONarHOCTUKN 3arpsi3HEHVS], HEMTPArm3yroTcs cur-
Harlbl pacxoza, YTo He BMUSIET Ha pe3yrsTaThl ava-
rHOCTVKW. Takasi npoLenypa obpaboTki curHanos
MO3BOMSIET BbIMOMHATL AUArHOCTUKY 3arpsisHEHNs
3MEeKTPOAOB Aaxe BO BPEMS M3MEpEHUst pacxoda
(cM. p1cyHOK 6).

CreneHb 3arpsisHEHUs1 OLEHMBAETCS MO Ye-
TbIPEM YPOBHSIM Ha OCHOBE MpeaBapuUTeNbHO 3a-
OaHHbIX 3HayeHun. Ha pucyHke 7 npeacraBneH
NMpUMEpP Pe3yrTatoB OLEHKU 3arpsiHEHUs], B
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Puc. 2 MpuHumn namepexuns
Fig.2 Measurement Prinsiple
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Fig.3 Noise Frequency's Spectrum
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Puc. 4 PesynbraTbl TECTUPOBaHUSA C
UCNosib30BaHUemM peanbuoﬁ B3BeCcU
Fig.4 Test Result Using Actual Slurry
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Puc. 5 Llenb AnarHOCTUKM 3arpA3HeHns
anekTpoaa
Fig.5 Electrode Adhesion Diagnosis Circuit

PR +b b +#B B +b b +b &b
e
el e T e S Y . N

BbipaxeHvie Anst curHana pacxopa:
A-B=(+a-b)-(-a-b)=a-b+a+b=2a

BbipaxeHne Ans curHana AuMarHoCTVKU 3arpsidHe-
Husi: C-D = (+a/2+b)-(+a/2-b)=a/2+b-a/2+b=2b

Puc. 6 MpuHUMN paGoTkl Lienyu ANarHocTUKU
3arpsisHeHUs ANeKTPoAoB

Fig.6 Operational Principle of Diagnosis Circuit
for Insulator Adhesion Electrodes

Puc. 7 Mpumep oTo6paxeHns ypoBHSA
3arpsi3HeHus
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Puc. 8 CbEMHbBIN aNeKTPOoAHbIN 6rok
Fig.8 Replaceable Electrode Unit
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Fig.9 Electromotive Forse Simulation
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Puc. 10 NMpumep 3aBUCUMOCTU pe3ynbLTaToB
M“3MepeHus peanbHOro pacxoga ot yrna
pacTBopa NnacTUH4YaToro cepaeyHmKka
Fig.10 Relationship between Plate Core's
Opening Angel and Example Actual Flow
Measerement Results
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Puc. 11 Pe3ynbTaTbl M3amepeHusi peanbHOro
pacxopa ¢ NOMOLLbIO TPEX NPOTOTUNOB
ADMAG AXF

Fig.11 Results of Actual Flow

Measurement with Three ADMAG AXF
Prototypes

MO3BOSISHOLLNIA HAMTIAOHO BUOETL YBENMUEHIE 3a-
MPsI3HEHUS!. YPOBHIO 3 COOTBETCTBYET Mpeaynpesk-
[eHVie, 1 BO3MOXEH BbIBO[I COOTBETCTBYOLLENO
[VICKPETHOTO cUrHara.

HecmoTps Ha TO YTO KpUTEPWW 1S YPOBHEN
OLIEHKVI 3arpsi3HEHs1 3a1at0TCS NPOV3BOOUTENEM,
OHU MOTYT BbITb M3MEHEHbI MOML30BaTENeM B 3a-
BMCMMOCTM OT KOHKPETHOTO MPUMEHEHNSI.

BO3MOXXHOCTb 3AMEHbI ANEKTPOOOB

OOBbI4HO MpW  3aArPSI3HEHUN  MOBEPXHOCTY
3reKTPOA0B M3MEPUTESBHON TPYOKM MX O4MCTKa
TpebyeT yaaneHus u3MepuTensHOM Tpyoku w3
TpyGonposoda. B anekTpoMarHUTHbIX pacxodo-
mepax cepum ADMAG AXF petanu: (pycyHok 8)
YNIMOTHUTENBHOE KOMbLO, 3MEKTpod, MPYXvHa,
LLaObl 1 HAKOHEYHVIK aneKTpoaa — OObeayHSIoT-
CS B €AVHbIV OMOK CTOMOPHBIM KOSbLIOM, YTO YCKO-
psieT NPOLIECC yAaaneHusi aneKTpoaHoro 6roka, He
Tpebysi ero pasbopa. OTO MO3BONSAET OYMULLATbL
MOBEPXHOCTb  AMEKTPOAOB OT 3arpsA3HeHVs], He
Tpebysa yoaneHus pacxogomepa 13 Tpybonposo-
Aa. YnNnotHUTenem anekTpoaa SBMsieTcs KomnbLo
13 doTopcoaepKaLLero kaydyka, npefoTepatLato-
LLiee BbITEKaHME XWOKOCTY, AaXe Koraa anekTpos,
nogBepraeTcs AaBneHnsM, B TpU pasa Mnpesbl-
LUIAIOLLYM MaKCUMaribHO [OMyCTUMbIEe COrTacHO
TEXHUYECKUM XapaKTepucTvikam B paboyem aua-
nasoHe Temnepartyp (ot —40°C go 160°C).
NOBbILLEHHAA TOYHOCTb
N3MEPUTEJIbHBIX TPYBOK

OnekTpomarHuTHble pacxogomepsl ADMAG
AXF o6riagatoT BbICOKOV TOYHOCTBIO M3MEPEHWI
pacxoga +- 0,2%. 3710 6bino peanu3osaHo Gna-
ropapst BBEAEHWIO psia HOBbIX TEXHOMOMYECKUX
VHHOBAaLWI, KOTOPbIE OMNCaHbI Aaree:

AHAINN3 PACNPEOENEHNA MATHUTHOIO
NOnNA. Mpw paspa6otke ADMAG AXF ncrnonb3o-
BariCs YMCIEHHbIA aHanm3 pacrpeneneHns mar-
HUTHbIX Nonen. MNpuMeHeHne AaHHOW METOANKN
no3BonsieT ceoboAHO aHaNM3NpoBaTh pacrpene-
NEHME MarHUTHbIX MOMeN NPy PasinYHbIX YCro-
BUsIX. [laHHble 0 pacnpeaeneHusix MarHUTHbIX
nore NCnosb3ayrTCs AN NONyYeHNs JIMHENHOTo
COOTHOLLEHVSI MEXAY N3MEPEHHBIMU
3MEKTPOMarHUTHbLIM PacxoJoMepPOM, ¥ pacHeT-
HbIMW CKOPOCTSIMM MOTOKA.

Ha pucyHke 9 npvBoauUTCS CpaBHEHWE 13Me-
HEHWI NIMHENHBIX XapaKTEPUCTVK MPU N3MEPEHUM
pearnbHOro pacxoda U MOAENVPOBaHWK, B KOTO-
POM MCMOMb30BariCst aHanM3 MarHUTHbIX Mosen 1
pacHET ANeKTPOABVIKYLLEN CUMbI, B 3aBUCYMOCTY
OT 6, yrma pacTBopa KaTyLLku Bo3byxaeHus.

[Mpu ncronb3oBaHUM MOAENMPOBAHUSA MOSTY-
YeHa pearbHasi NIMHelHas 3aB1CUMOCTbL CKOPOCTU
noToKa [Ans 3NeKTPOMarHUTHBIX PacXodoMepoB
(pvicyHOK 9), rae pesyrbTaTbl pearnbHOro n3Mepe-
HUSA pacxofa, BblAENEHHbIE XUPHBIMUA JIMHWSMU
N TeMHbIMM TOYKaMK, COBMapaloT B npenenax
MOrPeLLHOCTU C pe3ynbsrataMmyi MOAEenMpoBaHUs,
MoKa3aHHbIMU TOHKVMMW JIMHWSIMA U CBETIbIMU
To4KammW. OTa HoBas MeToAuMKa No3BoNUa 3Hauu-
TeNbHO MOBBLICUTL TOYHOCTb U3MEPEHUIA.
BbIABNEHUE OCHOBHbIX ®AKTOPOB,
BNAOLLUX HA ONPEAENEHVE
NUHEMHBIX XAPAKTEPUCTUK

Ha ocHoBe yrnomsiHyTOro Bbillle MOAENMPO-
BaHWsA, ObiNo OBHAPYXeHO, YTO TOYHOCTb pac-
MOMNMOXEHNS KaTYLLKW, cepaeyHVKa 1 obpaTHbIX
Lenen, Tak HasblBaeMasi MarHUTHasi Lenb, He-
[ocTatodHa Ans JOCTUXKEHUSA LieneBbiX Moka-
3arenert TO4HOCTU JIMHENHbBIX XapaKTepUCTUK U
norpetuHoctn 0,2%. »

Ha pucyHke 10 nokasaHb! U3BMEHeHUs NIHeNn-
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operating temperature range (from -40°C up to 160°C).
Besides, if the electrode module is installed with the
specified tightening torque, the scale errors, arising
when the module is installed and removed, amount to
no more than 0.1% which virtually does not affect the
measuring accuracy (Ref. Figure 9).

ENHANCED ACCURACY OF THE MEASURING
TUBES

The electromagnetic flow meters, series ADMAG
AXF, feature high accuracy in flow measurements at
the level of 0.2%. This was implemented as a result of
introducing a number of new technological innovations
which are detailed below:

The measurement principles of the electromagnetic
flow meters consists in the following:

(Figure 2): When the conducting liquid flows at a sp-
eed of v through the tube, diameter D, inside which,
with the help of the excitation coil, the intensity of mag-
netic flux B is created and there arises an electromotive
force E, proportional to v:

E= aBvD

Flow Q =kv =KE

(2) Analysis of Magnetic Field Distribution

When ADMAG AXF were developed, numerical an-
alysis of magnetic fields distribution was used. The use
of this methodology allows magnetic field distribution
under the influence of various conditions to be freely
analyzed. The data about the distribution of magnetic
fields are used to obtain linear ratio between the flow
speeds measured by the electromagnetic flow meter
and the calculated flow speeds. Figure 11 shows the
comparison between the changes in linear characte-
ristics when measuring real flow and modeling which
used the analysis of magnetic fields and the calculation
of electromotive force depending on the excitation coil
opening angle (Ref. Figure 12).

When using the modeling, the real linear depende-
ncy of the flow speed for electromagnetic flow meters
was obtained, as Figure 11 shows, where the results of
the real flow measurement, highlighted with bold lines
and with dark dots coincide, within the range of error,
with the results of the modeling, shown with fine lines
and light dots. This new methodology has allowed the
measuring accuracy to be significantly increased.

(3) Identification of the basic factors influencing the
determination of the linear characteristics

Based on the above mentioned modeling, it was fou-
nd that the accuracy of location of the coil, core and ret-
urn circuits, the so called magnetic circuit, is not enough
to achieve the target accuracy indicators of the linear
characteristics and the error range of 0.2%.

Figure 12 shows the magnetic circuit of regular flow
meters which are characterized by two problems:

existence of gap between the core and the excitation
coil which necessitates additional steps aimed at maki-
ng the coil fit the precise dimensions.

As is evidenced by Figure 11, the opening angles of
the excitation coil and the core of the pole tip, affect the
linear characteristics of the electromagnetic flow met-
er. Under such conditions, it is particularly important to
have such a magnetic circuit as allows the coils to be
produced and located with exceptional accuracy. Due
to the coil being located on a plate core, success was
achieved in reducing the influence of the coil dimensio-
ns on linearity, as shown in Figure 13.

Figure 14 shows linearization errors associated with
the coil opening angle with a plate core and without it.
The figure shows that the use of a plate core allows the
error to be reduced approximately three times.

Figure 15 shows the changes in the linear charac-
teristics, calculated on the basis of the flow measure-
ments, with different opening angles of the plate core.
One can see from the figure that the accuracy of the
linear characteristics can be controlled with the help of
the plate core dimensions. Since the plate core constit-
utes a steel plate, stamped on the press, the production
of plates with accurate dimensions represents a task
which is easy enough and that enables high stability of
the linear characteristics to be achieved.

Figure 16 shows the linear characteristics of three
prototypes, series ADMG AXF, with the speeds of real
flows. It can be seen from the figure that there are extr-
emely few deviations between the readings of separate
AXF flow meters.

As a result, the use of various analytical methods
and accurate modeling makes it possible to produce
flow meters with exceptional accuracy which, as a rule,
cannot be attained by trial and error using prototypes.
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INFRA-RED SWITCHES

Proximity infra-red switches are built into the display
of the electromagnetic flow meters, series ADMG AXF
(Ref. Figure 17). Figure 18 illustrates the operating prin-
ciple of such switches. Detection of the switching takes
place when the infra-red rays, emitted by the IR-light
emitting diode, are reflected from the operator’s fingers
and when they reach the photo-detector. As is shown in
Figure 18, the input and modification of the parameters
can be carried out by simply touching the casing cover
glass, under which there is a display, i.e. the cover does
not need to be opened. Due to the operating principle,
the switching can be done when the rays reach the ph-
oto detector, even when the operator’s fingers are at a
short distance from the glass. This may cause certain
inconveniences for the user and result in entering erro-
neous settings due to discrepancy between identifica-
tion and the operations performed. For the purpose of
compensating for the drawbacks of this principle, we
have limited the allowable optical paths, as is shown
in figure 18. Both devices have “masks” with apertures
and the paths are isolated by the corresponding pos-
ition and dimensions of these apertures. The fields of
identification are determined by lines A and B as well as
by lines C and D, while the switching will only take place
when the operator’s finger is inside them which makes
it more convenient to use.

DISPLAY AND ITS FUNCTIONS

The liquid crystal displays have been constantly
improving recently. Following this trend, the users
of instrumentation and control devices also require
much simpler and multi-functional methods of input
and display.

The electromagnetic flow meters, series ADMG
AXF, are equipped with a fully fledged matrix liquid
crystal display with lighting. Liquid crystal display
has 132 x 32 resolution which allows up to 22 colu-
mns and 4 lines to be accommodated.

Prior to shipping from the factory, the display is
configured to display the line of instantaneous flow
rate in large size font. The display allows desired
option of display to be selected — from one up to
three lines. Figure 19 shows the example of a thr-
ee line display. The first line can display larger size
characters than the others which makes the display
more readable. Among the displayed parameters is
the instantaneous flow rate, instantaneous flow rate
in percent of the maximum value and the total flow
rate. Also the functions of the dot display of matrix
type permit histograms to be reflected and capital
characters to be used.

When there is an error, normal or emergency mode
can be reflected. As is shown in Figure 20, the elec-
tromagnetic flow meters, series ADMAG AXF, display
error messages in the top part of the display, while the
remedies or corrective actions are given in the bottom
part. The users may view the list of methods for error
correction without referring to the documentation. The
AXF errors are divided into three categories: system er-
rors, process errors and errors in settings. For electro-
de contamination diagnostics and other functions, apart
from the category of errors, there is a category called
“Warnings” which simultaneously displays normal flow
rate and a warning.

In the parameter setting mode, the display has the
appearance shown in Figure 21, specifying the number
and name of the parameter.

CONCLUSION

This article presents the newest technologies used
in developing the electromagnetic flow meter, series
ADMAG AXF. We are sure that these complicated te-
chnologies can be used in the broad spectrum of app-
lications and they also allow service of the flow meters
to be simplified.
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HbIX XapaKTEPUCTUK, BbIMUCMEHHbIE Ha OCHOBE
pearbHOro U3MepeHust pacxoaa Npy PasnmyHbIX
yrmax pacTeopa nrnacTMH4aToro cepaeqHuka. V13
pVCYHKa BUOHO, YTO TOMHOCTb JIMHENHBIX Xapak-
TEPUCTVK MOXHO KOHTPOSIMPOBaTL C MOMOLLLIO
pa3MepoB NMacTMHYaToOro cepaeyvHuKa. Tak Kak
nnacTMHYaTbIn CepaeYHUK NPeacTaBnser cobom
CTarnbHyH NMacTyHy, LUTaMMNoBaHHYH Ha npecce,
NPOU3BOACTBO MIACTUH C TOYHLIMU pasMepammu
npegcTaBnseT cobovi 4OCTAaTOMHO NPOCTYHO 3aaa-
4y, YTO MO3BOIISIET AOCTUrATh BbICOKOW CTabWIb-
HOCTW FIMHENHbIX XapaKTEPUCTVK.

Ha pucyHke 11 nokasaHbl NMHENHbIE Xapak-
TEPUCTUKM TPEX npoToTunoB cepum ADMAG AXF
CO CKOPOCTSIMU pearibHbIX MOTOKOB. M3 pucyHka
BWOHO, YTO Mexay rMokasatensiMy OTAerbHbIX
pacxogomepoB AXF KpaHe Marno OTKIOHEHWIA.

B pesynbrarte, UCMonb3oBaHWE PasnvyHbIX
aHanMTUYeckMx MEeTOO0B U TOYHOTO MOAENMpOo-
BaHWs1 MO3BOSSIET BbIMycKaTb PacxodoMepbl C
VICKITHOUUTENBHOM TOMHOCTbLIO, KOTOPOMW, Kak npa-
BUMO, HEBO3MOXHO [OCTUYb METOAOM Npob u
OLLMBOK C MCrOSb30BaHMEM OMbITHBIX 00Pa3LIOB.
WH®PAKPACHbIE NMEPEKITIOYATENN

B aucnnen anekTpomarHUTHbIX pacxodo-
mepoB cepum ADMAG AXF BCTpoeHbl 6eckoH-
TaKkTHble MHppakpacHble nepektoydarenn. Ha
pycyHke 12 nokasaH nNpuHUMN paboTbl AaHHbIX
nepexrntodatenein. PacnosHaBaHve nepeknove-
HVS1 IPOVCXOOUT MPU OTPaXKEHUM MHAPPaKPACHbIX
ny4yen, ucnyckaembix MK-cesetogrogom, ot nanb-
LieB oneparopa 1 nornagaHnm nx B hOTOAETEKTOP.
Kak nokasaHo Ha pucyHke 14, BBOA 1 U3MEHEHNEe
napameTpOB MOXET BbIMOMHATLCS NPOCTLIM MpK-
KOCHOBEHMEM K CTEKITy KpbILLKU Kopryca, Mof Ko-
TOPbIM PaCMONOXeH AUCTINEN, TO €CTb OTKPbITUE
KPbILLK/ He TpebyeTcs.

M3-3a npuHUMna paboTbl nepeknoveHne
MOXET BbINOMHATLCA MPU MonagaHnn nyYen B
hoTOAETEKTOP, AaXe ECrnv MarbLpl oneparopa
HaxoZsATcs Ha HEBOIBLLOM PACCTOSIHAM OT CTek-
na. 3TO MOXET COCTaBMsiTb OMpeneréHHbIE Hey-
[no6cTBa Ans nonb3oBarterst U NPYBOAUTL K BBOAY
OLUMBOYHBIX YCTaHOBOK BBUWY HECOOTBETCTBUS
pacro3HaBaHusi BbINOMHAEMbIM onepaumaM. [Ans
KOMMEHCALMM HEOOCTaTKOB AaHHOTO MpuHLMNa
Mbl OrpaHUYMIM JONYCTUMbIE OMTUYECKUE MyTW,
Kak mokasaHo Ha pucyHke 12. Oba ycTpolcTea
VMEIOT «MacKu» C OTBEPCTUSIMU, U NyTW Bbiae-
TeHbl COOTBETCTBYHOLLIMM MOTIOXEHUEM U pasme-
pamm aTux otBepcTui. ObracTn pacnosHaBaHWs
onpeaeneHbl nnHusmm A B, a Taroke nuHmnavn C
1 D, 1 nepekrntodeHne ByaeT BbIMOMHATLCS TOSb-
KO B TOM Cly4ae, ecriv nare, orneparopa Haxo-
[OUTCS B HKX, YTO MO3BOMSET YNyYlLNTh YA0GCTBO
MCMOMb30BaHWS.

OWUCMIMEN N EFrO ®YHKUUN

B nocnenoHee Bpems XK-gvcnnew nocto-
SIHHO coBepLUeHcTBytoTcs. Credyst JaHHOW TeH-
neHumn, nonb3oeatenn KUMWA Taioke Tpebytot
3Ha4MTENbHO Boree NpPOCTbIX M MHOTOYHKLIMO-
HasbHbIX METOAOB BBOAA M OTOGPaXKeHusI.

OneKTpOMarHUTHbIE PacxoLoMepbl  Ccepumn
ADMAG AXF ocHaLLeHbl NOMHOLEHHbIM MaTpuy-
HbIM XKK-gncnneem ¢ nogceeTkoin. XKK-aucnnen
MMeeT paspeLleHne 132 x 32, 4To No3BorsieT pas-
MeLlaTh 40 22 cTonbLoB 1 4 CTPOK.

Mepen oTrpy3Koi ¢ 3aBoAa ANCTINEN KOHAUIY-
pvipyeTcst Anst 0ToOpaykeHWs1 CTPOKY MTHOBEHHOTO
pacxoda KpynHbIM WwpmdpToM. Avcnner no3sons-
€T BblOVpaTh NPOV3BONbHbIN BapUaHT oTobpaxe-
HWS1 — OT OOHOW A0 TPEX CTpoK. Ha pucyHke 13 no-
KasaH npumep TPEXCTpouHoro avcnnest. MNepsas
CTpOKa MOXET oTobpaxaTb CMMBONbI GonbLuero

ABTOMATU3ALINA
AUTOMATION

OGnacTs
YYBCTBHTENLHOCTH
Crexno
[ K7
Macka
HK-many4arens DoTOQeTEKTOR

Puc. 12 NpuHumn pa6oTsbi
Fig.12 Operation Principle

Puc. 13 TpéxcTpoUHbI pexum aucnnes
Fig.13 Three-line Display Mode

pa3mepa, Yem Apyrue, H4To CrocobCTByeET NnyYLLei
ymTaemocTu. Cpeay otobpaxkaeMbix napaMeTpoB
MFHOBEHHBI Pacxop, MIHOBEHHBI pacxop, B Npo-
LieHTax OT MaKCMMarbHOMO 3HaYeHNst 1 cymMmap-
HbI pacxop,. Takke dyHKLMM TOHEYHOro avcnnes
MaTpV4HOrO TUMa NO3BONSIOT OTOOpaXkaTb MMCTo-
rpamMMbl 1 UCMOMb30BaTh 3arnaBHble OYKBbI.

Mpy Ham4MM HeMcnpPaBHOCTM MOXET OTO-
OpaaTbCA HOPMarbHbIN WM aBapuIAHbIA pe-
XUM. OneKTpOMarHUTHbIE pacxogoMepbl cepum
ADMAG AXF nokasbiBatoT COODLLEHNSA O Henc-
NPaBHOCTV B BEPXHEN YacTu Aucnnes, a Mepbl
Mo WX YCTPaHEHUO — B HWxHeW. [Nonb3oBartenu
MOryT MpocMaTpvBaTh fnepeydeHb crnocoboB Ans
YCTPaHEHVS] HEUCTIPABHOCTEN, He obpallasch K
nokymeHTaumn. HemcnpasHoctn AXF nogpasge-
NSOTCS Ha TPU KaTeropum: CUCTEMHbIE HeUCTpaB-
HOCTW, HENCMPaBHOCTM NpOoLecca U HEUCTPaBHO-
CTW YCTaHOBOK, [Orisi OMAarHOCTUKM 3arpsi3HeHUst
3reKTPoAoB M ApYrMx dyHKUMA MOMUMO KaTtero-
PUIA HENCTIPaBHOCTEN CyLLIECTBYET KaTeropus, Ha-
3biBaemMast «[peaynpexaeHusi», B KOTOPO O4HO-
BpPEMEHHO OTobpaXkaeTcst HopMaribHbIA pacxop v
npegynpexaeHue.
3AKNKOYEHUE

B panHoM cTatbe Obinu  MpedcTaBreHb
HOBEMLLME TEXHOMNOMM, WCTONb30BaHHbIE MNP
pa3paboTke SNEKTPOMAarHUTHbLIX PacXOLOMEpOB
cepumt ADMAG AXF. Mbl yBepeHbl, Y4TO UCTOfb-
30BaHME 3TUX CIOXHbIX TEXHOMOIMIA MO3BONSAET
MCMONb30BaThb B LUMPOKOM CMEKTPE MX MpUMeHe-
HWIA, a TakKe YNpOoCTUTL OBCNY>KMBaHVE PacXoao-
MEpOB.

CCbINKH

(1) Kypomopu Kenuun, lMotoy LLvrepy, Huwum-
ava Kvéwm, Huummkvma Takawm, «3nekTpo-
MarH1THblE pacxo4oMephbl C ABYXHaCTOTHbIM BO3-
ByxaeHnem cepun ADMAG», TeXHUYECKUIN OTHET
Yokogawa, Yactb. 32, Ne3, 1988, ctp. 129-134
(Ha siNoHCKOM A3blke)

* ADMAG AXF — 310 TOproBasi Mapka Kop-
nopauvmn Yokogawa Electric. Opyrve umeHa n
Ha3BaHVIs MPOAYKTOB, YNOMSIHYTble B IJaHHOM [10-
KyMEHTe, SIBMSIOTCSA 3aperncTpMpoBaHHbIMM TOp-
rOBbIMM MapKaMu UM TOProBbIMM 3HAKaMu CBOUX
BrafienbLeB. m
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Ha coBpemMeHHOM 3Tane 3KOHOMMWYECKOro pa3BUTUSA NPU MHTEHCUBHOM BHeAPEHUU COBPEMEHHbLIX TEXHONOMMN B HedhTEXMMMUYECKON
N HedTenepepabaTbiBatoLLle NPOMbILLNIEHHOCTU peLleHne BONPOCOB TeXHUYECKOW 6e30MacHOCTM NPOU3BOACTBA CTAaHOBUTCA BCe

6onee n 6onee akTyanbHbIM.

MHHHUMM3AIIAS PHCKA ABAPHN.
OCHOBOHOJIATAIOHIUE ITPUHITUIIBI
IIJTAHUPOBAHHWA 1 PASMEIIEHUA
T'AB0AHAJIMTUYECKUX CUCTEM DRAGER

[ocTtaTto4Ho adhdhekTMBHOE BO3OENCTBME
Ha MOAHATME YPOBHS MPOMbILLIIEHHOW 6es-
0MacHOCTW OKa3blBaeT HEOOXOAMMOCTb CTpa-
XOBKW OCHOBHbIX CPEACTB U CPEACTB Mpous-
BoAcTBa. [Mpu oueHKe BeNnuYMHbI B3HOCA Npu
CTPaxoBaHUM MPOMBILLIIEHHBIX MPeanpuUsiTUi
OOHUM 13 [OOMUHUPYIOLWKMX (paKTOpoB Ans
CTpaxoBbIX KOMMNaHui sBnsercs ©Oe3onac-
HOCTb NMPOU3BOACTBA.

dakTopbl, BAMSIIOLLME HA KaTEropuio onac-
HOCTM MPOW3BOACTBA, AN PasfnMyHbIX OTpac-
eV NPOMBILLIEHHOCTY 0BYCnaBnMBatoT Te Unm
MHbIE TUMbl TEXHUYECKUX CPEOCTB, KOTOpble
NPUMEHSIOTCST AN KOHTPOMS TEXHOMOMMYECKNX
NPOLIECCOB U NpefoTBpaLLEHMS] BO3HUKHOBEHNS!
YpesBblHarHbIX cUTyaumnii. OgHUM U3 Taknx dak-
TOPOB, KOTOPbIN MPUCYLL, MHOMMM TuMam Mpo-
MbILUMEHHBIX MPOW3BOACTB, SIBMSETCH BO3MOX-
HOCTb BO3HUKHOBEHMSI Ha pabouelt nnoLlagke
OMaCHbIX KOHLEHTPaLIMA B3PbIBOOMNACHbIX ra30B
1 MapoB, KOTOpPble MOryT MPUBECTU K BO3ropa-
HUIIO UK B3PbIBY, @ Takke OMacHbIX KOHLEHTpa-
LM TOKCUYHBIX ra30B, KOTOPbIE MOMYT CMocoo-
CTBOBaTb OTPaBMEHWO paboyero nepcoHana.

NpoOHULaeMbIN
U3MepUTENLHbLIA
anexkTpod ©

® o

@ o
® ras
.'..-

. @

rasonpoHuUuaTenbH bl

BUPPy3IMOHHBLIN
cnoun

Puc. 1. U3aMepUTeNbHbIN NPUHLIAN 3NEKTOPOXMMMUYECKOTO CEHCopa CO CTabunu3aTopoM HanpsikeHUs

OOKTOP BOJIb®rAHI MECCEJb

Wcnonb3oBaHne 6GecnepeboliHoro raso-
BOrO MOHUTOPUWHIA Ha NPeanpusaTUn SBnseTcs
Havbonee aPPEKTUBHLIM C 3KOHOMUYECKON
TOYKM 3peHus, a Takke ¢ nosvummn Gesonac-
HOCTW N COXPaHHOCTW NPOM3BOACTBA.

PEKOMEHOALMX NO NNAHUPOBAHUIO
CUCTEM rA30BOIro MOHUTOPUHTA

Besne, roe ocylecTBnsieTcs XpaHeHue,
pa3nve, nepepabotka M TpaHCMOPTMPOBKA
rOpPHOYMX U/MNN TOKCUYHBIX BELLECTB, AOCTa-
TOYHO BbICOKA BEPOSITHOCTb BO3HWUKHOBEHUSI
aBapuUNHON cuTyauuun.

Ona MakcMManbHOrO CHWXEHUS  pu-
Cka Ha 3Tane MnpOeKTUPOBaHWUS CPEeAcCTB
NpoTUBOABapUIAHOW 3alWTbl MpaBuUIbHOE
nraHMpoBaHue M pasMelleHne CUCTEM ra-
30BOrO aHanuM3a B 3HAYUTENbHOW CTemneHu
yMeHblUaeT puUcKk ANs YernoBeka, TexXHo-
NOrMYeckoro npouecca W OKpyXatLien
cpedbl. Yxe Ha cTaguu paspaboTku Tex-
HUYecKkoro 3afaHus HeobxoAMMO UMETb
Ha pyKax KOHKPETHbIN nnaH [encTBui,
HeobxoAWMbIX AN YCTpaHEHUs onacHoW

Kopnyc

KOHTpanexkTpoa

dupma «Drager»

lepmanus
r. Nio6ek

cuUTyauun, KoTopble [OMKHbl Npeanpu-
HUMaTbCsl nNpu  cpabaTbiBaHUM CUCTEMBI
rasoBow curHanusaumu. OTKMAYEHWUe npo-
N3BOACTBEHHOIO  3NeKTPoobopyaoBaHus,
3aKpbITMe ra3oBbiX BEHTUNEN U BKIIOYEHUE
WHTEHCUBHOW BEHTUMSLUN CTOMb Xe LUNPO-
KO MPUMEHSIIOTCS, Kak NpoMbIBKa Tpybonpo-
BOZIOB, OXNaXAeHNe ropsiinx noBepxHOCTen
N aKTUBM3aLMs BOOHbIX 3aBeC.

Kpome TOro, takme LenCTBUS LOSMKHbI
COMpPOBOXAATbCA OMNpeAerneHHbIMU  opra-
HU3aLUOHHBIMY MepONpUATUSMU, OMNUCaH-
HbiMK B «[eknapauun 6e3onacHoCcTu npo-
MbILLITIEHHOrO 06beKkTay.

OCHOBHbIE MOMEHTbI
[Mpexae Bcero paspaboTumky cuctem

CTaUMOHapHOro  ra3oBOr0  MOHUTOPUHra

OOIMKHbl YAENUTb BHUMMaHWe Tpem Krwoye-

BbIM MOMEHTaM:

* [a3bl. KakoBbl Llenn KOHTPONs Haj rasamu,
Kakume rasbl [OIMKHbl KOHTPONMpOBAThCS,
KaKOBbl MPEAMNOSIOKUTENbHbIE KOHLEHTpa-
Luun, o6bEMbI U YacToTa yTevek? »

TepmopaTumk ITaNOHHbINA
(NTC pe3ucrop) anekTpog

HEMEPHTEIII::HbI“
pe3ucTop

curHan

HanpsaxeHue
cmeweHun +U

nepﬁuuoHHL—.lﬁ
ycunuTens
(ctabunusartop
HanpAxeHWn)
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Kopnyc

CeHCopa

nnaTtuHoBas nennucTop

ra3onpoH1LiaemMan MemMopaHa
N3 CNeYéHHoro NopoLKa

TOK HaKana

e

’

KomnayHp

MUNNuaMmnepMmeTp

pe3uctop
noacTpounka
HynA

pe3ucTop

KTUBHbLIN
NeNNMUCTOP C KaTannu3atopom

Puc. 2. U3amepuTenbHbIN NPUHLMIN TEPMOKaTaNUTUYECKOro CEHCopa C Pe3UCTOPHLIM METOAOM

Oatunkn ans obHapyxeHusi rasa. Kakoiw
NPUHLMM OBHapYXeHWUsi, CKOMNbKO AATUYMKOB
HeobxoaMMo, rae M Kak OHW AOMMKHbI pas-
MeLuaTbes U kannbposaTbea?
Cuctema rasoBoi curHanusauum. Kakosbl
[OIMKHBI BbITb MOPOrM TPEBOTU U Kak pea-
rmpoBaTb Ha HGOpPMaLMo 0 TpeBorax?
OTBeT Ha NepBbIl BONPOC 04epUNBaET pe-
anbHylo 3agady, MPOSCHAET MPOU3BOACTBEH-
Hble YCIOBWS 1 NOCTaBMEHHbIE LEenu: AOMKHbI
1N CEHCOpbI BbISBMNATL TOKCUYHbIE BELLECTBA
WK rasbl, Bbi3biBalOLIMeE yayLlbe Npy BbITEC-
HeHWe Kucrnopoaa, C Lerblo 3aluTbl Yernose-
Ka, unm xe obHapyxvBaTb roptoune rasbl u
napbl ANs 3aWyThl OT B3pbiBa (Noxapa).

B npomblluneHHOM NpPOW3BOACTBE Ha
NPOTSHKEHUM MHOTUX NEeT 0COBEHHO XOPOLLIO
3apekomMeHoBanu cebst Tpu OCHOBHbBIX U3Me-
puTenbHbIX METOAA: C OAHOW CTOPOHbI, 3rek-
TPOXMMUWYECKUIA NMPUHLMM, KOTOPbIA 0COBEHHO
apdeKTMBEH Mpy OBHAapY>XEeHUN TOKCUYHBIX
rasoB B AMAnNa3oHe HU3KUX KOHLEHTpaLun;

C Opyrov — TepMoKaTanuTuieckui n nHdpa-
KPacHbIN NPUHLIMMBI, KOTOPble MPUrOAHLI ANS
0BHapy>XeHNS ropoYnX BELLECTB NMPU KOHLEH-
Tpauusax A0 HWXKHero npeaena B3pbiBaeMocTn
(cm. puc. 1, 2, 3).

B 3aBMCMMOCTM OT KOHKPETHbIX YCMO-
BUIA, KaXabIi MPUHLMN MOXET 0bnapatb Kak
[OCTOMHCTBaMU, Tak U HepocTatkamu. [lo-
3TOMYy ANA MakCUMarnbHOW HaAeXHOCTU 1
paboToCnocoBHOCTN CUCTEMBI JOMKEH ObITbh
BblOpaH Hanbonee npuemnembii NPUHLMN
nnm nx kKombuHauus. Bropon, cambli TUNUY-
HbIA BOMPOC: CKOMbKO KBaApaTHbIX METPOB
MOXET KOHTPONMPOBAaTb OAUH CEHCOpP U Kak
nx pasmellarb?

KonnuyecTtBo gaTumkoB, MecTa ux paccra-
HOBKM OMpEeAEnsioTca COormacHo pekoMeHaa-
LMsiM AencTByoWmMX Ha Tepputopun PO Hop-
MaTuBHbIX AokymeHToB: (TY — ras-86, PO BT
39-0147171-003-88 (TYHedTeras), MNMpasuna
NPOMBILLIIEHHON Ge3onacHocTn HedTebas u
cknagoB HedTenpogyktoB B 09-560-03),

a TaKkke BeOMCTBEHHbIX PyKoBOAALLMX AOKY-
MEHTOB — OHAKO AaHHasi Npobrema Lenmnkom
3aBUCUT OT pearibHOW CUTyaLun, NOCTaBMNeH-
HOW 3aa4n 1 TNa NPUMeHsIEMbIX 4aTYUKOB.

TOYEYHbIN, NNOLLAOOYHbLIN U
NEPU®EPUAHBIA MOHUTOPUHI
PasnuyatoT TpuM OCHOBHblE cTpaTerum
pasMeLleHnst ceHcopoB. Mpy 3TOM OHM MoryT
paboTaTtb napannensHo Ha OAHOM MPOU3BOA-
cTBe, 0COBEHHO ecrnnm OHO npearnonaraer Ha-
nnyne pasnnyHbiX TeXHONorm4ecknx npouec-
COB, a Takke MHTErpauuio B obLly cuctemy
NPOTUBOABAPUNHONM 3aLUMThI:
¢ To4euyHbll MOHUTOPUHI. NOoTeHUMarnbHble WUC-
TOYHUKM yTeYeK (BEHTWUNW, KpaHbl, MydTbl,
raHubl, cunbgoHbl U T. A.), eCriv MecTa UX
pacnonoxeHna N3BeCTHbI. B atom crnyyae aar-
YMKM MOXXHO PacCnonoXuTb Tak, YTOObI Hagex-
HO 1 CBOEBPEMEHHO BbISIBIISTE MECTA YTEYEK.
* |_|I'IOLL|,aD,CHHbII7I MOHUTOPUHT: NMOoTeHUUarbHble
WUCTOYHUKN YTEYKM He JOoKanuasyrTCA, | 4

BeIX0oO raza

e - L
NMPOYHBIW TEPMETUYHBIN ® JAWMTHBIA
KOPOYC ® HOMY X
®. © thupoBoe g . .1
OKHO g ® |
J ® s
aeplcano|
I
l
OMNOPHbLIN ‘ ° |
OETEKTOP —_— I
™ L @
- L ] b - I
_——— — — — —_— o — = = o
MIMEPUTENLHLINW ™
AETEKTOP e @
nocTynneH e
rasza

Puc. 3. UaMepuTenbHbI NPUHLMI MHGPAKPACHOro ceHcopa ¢ ABOMHOW KOMMeHcaumei (3eneHbin UK nanyyatens nocTosiHHO npoBepsieT

4YyBCTBUTENBLHOCTL 060MX hOTOAETEKTOPOB)
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NPUEMHMK

10m x 10% HIMB= 100%HNB*Mm

Puc. 4 UsmepeHme roproumx rasoB TpacCcoBbIMU ra3oaHanusaTopamm

HO pacronaralTcsi B onpefernieHHon ob6-
nactu, npocTtpaHcTBe. [aTuuky [AOIDKHbI
pacnpenenaTbcs no Bcel obnactu.

e [epudepuitHbli MOHUTOPUHT: MOTEHLMN-
anbHble UCTOYHUKM yTedek He mogaatTcs
rniokanusaumm, nosToMy MOHUTOPUHI Mpo-
N3BOAMTCS Ha BHELLHeN rpaHuLe yJacTka,
orpaxgaemoro obbekTa uUnuM BAOMb 00b-
ekTa GomnbLUOM MPOTSKEHHOCTU (y4acTKu
OTKpbITOro TpybonpoBoga, HedTeHanvs-
Hble 9CTakabl, 1 Ap.), Ans obHapyxeHus
NpeBbILEHUsI KOHLEHTPALMN ra3oB B orpa-
HWYeHHOW onacHou 30He. OAnga nepude-
PUAHOTO MOHUTOPWHIA, KPOME TOYEYHbIX
AeTekTopoB Ancdy3nMoHHoro Tuna, npu-
MEHSIIOTCA TpaccoBble rasoaHanunsaTopbl
— TaK Ha3blBaeMble CUCTEMbl «OTKPbITOrO
nyTW», KOTOPbIE NPX NOMOLLM MHPpakKpac-
HOro ny4a No3BONSAOT Orpaxaatb Nepume-
TPbl ONACHbLIX OOBEKTOB NPOTSKEHHOCTHIO
no 200 m. OgHako AaHHble CUCTEMbI He
MO3BOMNSIOT FTOKANM3oBaTbh UCTOYHUK yTeY-
kn. C uX MOMOLLbID MOXHO MPOU3BECTU
NWWb KaYeCTBEHHYI OLIEHKY YrneBoAo-
poAHoro obnaka, nona.LUEro Ha JIUHUIO
BU3MPOBAHUS.

Takvie cucTeMbl NMO3BONSHOT OLEHWUTb MHLLb
YCPEOHEHHYI0 KOHLIEHTPaLUMIio rasa, BblpaXeH-
Hyto B HMNB % m, Ha AMCcTaHUuM OT MCTOYHMKA
0o npremMHuka nyya. Ha puc. 4 n3obpaxeHbl
OBe cutyauun, korga 10-meTpoBoe yrneBodo-
pogHoe obnako ¢ koHueHTpaumen 10 % HIMB
n 5 -Tn meTpoBoe yrnesogopoaHoe obnako

C koHueHTpaupenn 20 % HIB nonagatoT Ha
TIMHAIO BM3NPOBaHUS OOHOW WM TOW e cucTe-
Mbl «OTKpbITOrO NyTW». lNokasaHus, BbloaBae-
Mble cuCTEMON, ByayT MOEHTUYHbI U COCTaBSAT
100 HMB % M. MHdopmauwms, BbigaBaemas Ta-
KoV cucTemoii, Byaet nonesHom, ecnmv doykcaumm
camMoro (hakTa yTeukv JOCTaTO4HO A MPUHSTUS
OTBETHbIX Mep. K coxarneHuto, TexHu4eckue pe-
KOMeHAaLumM Mo pasmeLLEeHNo TPacCoBbIX ra3o-
aHarn“3aTopoB OTCYTCTBYIOT B YKa3aHHbIX BbiLLE
HOPMaTVBHbIX JOKYMEHTax, MO3TOMy B Criyyae
NX NPUMEHEHUSI HEOOXOAUMO CrieaoBaTh PeKo-
MeHZaUMsIM MPOM3BOAMTENS MO COrfacoBaHMIO
C OpraHamu TEXHUYECKOro Haa3opa.

[Mpy cpaBHEHUM OMMCaHHbLIX BbILLE MOAXO-
OB K OpraHv3aLum ra3oBoro MOHUTOPWHra OT-
YETNMBO MPOCMAaTPUBAETCS rpafaumst KOHLUErN-
L1 6e3onacHoCTH.

Ecnn npu TOYEYHOM MOHUTOPUHIE MOXHO
LiereHanpaBneHHo UCMornb3oBaTb HeGOMbLUOE
KOMNMYECTBO CTaLMOHapHbIX ra3oaHann3aTopos,
TO NIOLLAA0YHbIA MOHUTOPUHT MOXHO pearnu-
30BaThb MULLb NPV HarMymMm GOSbLLIOTO UX KOMu-
YectBa. Mogo6HbIN MOHUTOPUHI UCMONL3YETCS,
Hanpvmep, NPV KOHTPONe Haf, XpaHeHNeM ropto-
YMX KUOKOCTEN U CXKVDKEHHBIX ra3oB, Npuyem
OaTynKy pacrpeensitoTcsi paBHOMEPHO Mo BCel
nrowaau. Mpw aTom obnacTb, KOHTPoNMpyemas
OfHUM AatymnkoMm, coctasnsiet ot 50 o 100 m?
B MOMELLEHUSIX ANt XpPaHEHWUs! NMEeTY4nx OrHeo-
NacHbIX XVUOKOCTEN PadyMHbIM KOMMPOMMCCOM
ABMSAETCH OKPY>XHOCTb AnaMeTpom okorno 10 m
(nnowagbto NpuMepHo 75 M?).

TOYHOE 3HAHUE NOKAJIbHbIX
YCIOBUH

Yacto npu nnaHupoBaHWW CTaLMOHAPHbIX
CUCTEM ra3oBOr0 aHanmsa MpearnoyTeHve otaa-
€TCA NNoLaaHoOMy MOHUTOPWHTY ML MO TOW
MPOCTOM MPUYMHE, YTO HAa MOMEHT MraH1poBa-
HUSI MecTa BO3MOXHbIX yTevek abcomioTHO He-
M3BECTHbL. JTO peLUeHre, HECOMHEHHO, caMoe
[JoporocTosiLLiee: 0Ho TpebyeT 6orbLLoro oGbema
paboT Mo TeXHWYecKoMy OBCIyXUBaHUIO, 1 MpU
3TOM, KaK HEpeaKO BbISICHSETCS MO3Xe, OKasbl-
BaETCs U3MNULLHE NeperpyeHHbIM. Yem TouHee
NMPOEKTUPOBLLUMK OyAeT NpeacTaBnsTb BO3MOX-
Hbl€ UCTOYHMKW YTEYKM ra3oB, TEM 3KOHOMUYHEE
OH CyMEET PacrornoXuTb ra3oBble AETEKTOPbI.

C TOYKM 3peHUst TexHUYecKkon Ge3onacHocTn
adppekTBHBIE Mepbl MO MUKBUAAUMM MOCNen-
CTBUIN YTeYKM MOTYT ObITb MPUHSATBI NULLL B TOM
cny4ae, Korga NpenocTaBrsercs Kak MOXHO 60-
iee TouHas MHAopMaLYIsi O MeCTe U BpEMEH BO3-
HUKHOBEHUS yTeuk. MonyunTb Hanboree TouHYH
MHCOPMaLMIO O MECTOMONOXEHUN YTEYKW yaaeT-
CS1 NPV UCMOMNb30BaHNN TOYEYHOTO MOHUTOPMHIA.
Mpy “cnonb3oBaHUM NIOLWAAHOTO KOHTPONS 3Ta
MHChOPMaLMS MOXET MOCTYrNaTh TOMBKO OT rpynbl
TFOMOBOK M COOTBETCTBEHHO 00MacTb fiokanusawumm
yTeqkn pacumpsietcs. A npu nepudepuitHoM mMo-
HUTOPUWHIE MOMyYeHHbIE AaHHbIE O BPEMEHMN U Me-
CTe yTedKkn MeHee TouHbl. [locrnenHee yTeepkae-
HMe 0COBEHHO CrpaBeasIMBO MpY UCMONL30BaHUN
TPaccoBbIX CUCTEM, KOTOpbIE MO3BONSIOT OLIEHNTH
BbI3BaHHbIN YTE4KOW aBapuiAHbIA NOTEHLMAn npu
nepudepuinHoM KoHTpore. P

Puc. 5. Mpumepbl pacnonoxeHus razoaHanusatopos Polytron 7000 n Polytron 2IR (typ 334) HemeLkoW coupmbi [iparep

o N0 HE Bl R R R Rl Rl e



9KCNO3UUUA 5/H (73) okTsi6pb 2008 .

PA3MELLEHUWE CEHCOPOB U
U3MEPUTENbHbIX TONOBOK

MecTa nsmepeHust KOHUEHTpaLuuii cneay-
€T BblOMpaTh Taknum 0b6pas3om, 4Tobbl NoABNS-
IOLMECS B KOHTPOMMPYEMOWN 30HE roptoune
BELLECTBa CBOEBPEMEHHO U HafeXHO peru-
CTpupoBanucb razoaHanusatopom. [Npu Bbi-
6ope MecTa MO3VLMOHMPOBaHWS AETEKTOPOB
HeobxoaMMO crnefoBaTh ykasaHUsSM YroMsi-
HYTbIX BbILLE HOPMAaTMBHBLIX AOKYMEHTOB, Of-
HaKo Npu NraHMpOBaHUN ra3oaHanmUTUYeCcKmnx
cMcTemM HeobXoAUMO yyuTbIBaTb U OOMOMHU-
TenbHble haKkTopbl, KOTOPbIE HE BCEraa MoX-
HO 0TO6pa3nTb B CTaHZapTax U npaBunax.

NMPUMEPbI NO3ULIMOHUPOBAHUA

FA3OU3MEPUTENbHbLIX FONTIOBOK

Mpwn onpefeneHnn MecTononoXeHns To4-
K/ U3MEepeHUsi UMEIOT 3HaYeHne crnegyloLime
aKTopbI:

* MEeCTOMNONIOXKeHNe BO3MOXHbIX MeCT BO3-
HVIKHOBEHWS FOPHOYMX BELLECTB;

* pasmelleHVe NoTeHUManbHbIX UCTOYHUKOB
BO3ropaHus;

* MpeBanvipylollee HanpaBneHne U CKo-
POCTb pacnpoCTpaHeHWUs1 ra3oBoi CMecH,
a Takke xapakTep TeKy4yecTun u pasbpbis-
rMBaHUS XWOKOM pasbl, B 3aBUCUMOCTU
OT YYMTbIBAEMOW MOLLHOCTU WCTOMHMKA,
KpaTHOCTM BO3dyxoobmeHa npu ecTe-
CTBEHHOW UMW TEXHUYECKON BEHTUMALMU
N MECTHbIX YCMOBUI (Hanpumep, npensT-
CTBUSI Ha MyTW NOTOKA, MbINEBbIe MOTOKW,
«MEpTBbI€ 30HbI» U T. A.);

* hm3nyeckme CBONCTBA N3MePSiEMbIX BELLECTB
(NNOTHOCTb, TOMKA BCTILILLKW, HVDKHWWA Npeaen
B3pbIBAEMOCTU, MCMAPSIEMOCTb U T. A.);

* TexXHWYeCcKve XapaKTepucTUKN UCTONb3yeMOo-
ro rasoaHanusatopa (Hanpvmep, CKOpPOCTb
peakuumn 1 NOrpeLLHOCTb N3MEPEHUs);

* 3a[epXKu BO3OEWCTBUSA NPeayCMOTPEHHbIX
3aLUMTHBIX MEpPONpUATUIA, Hanpumep, [0
3anycka AOMOMHUTENbHON BEHTUNALUN, [O
OXNaXAEHWs ropsiuMX MOBEPXHOCTEN, [0
nosiBNeHWs peaynerata AeNCTBUS BOASHON
3aHaBecCbl U/Vnu OO 3aBepLUEHNs BbIXoAa
roproYmMx BeLLecTB.

Mpun BbIGOPE MECTOMONOXEHUS TOUKN U3-
MepeHVs B KaXXOAOM KOHKPETHOM cryyae cre-
[OyeT NpoBepsiTb, Kakasi CTpaTerusi Unu Kakasi
KOMOUHaLUS paccTaHOBKW [ETEKTOPOB Mpwi-
BefeT k adhdekTMBHOMY pesyneraty. [Npu no-
3ULMOHNPOBAHNN [ETEKTOPOB YYUTbIBAKOTCA
cnepyoLe MOMEHTbI:

» [laTyvkn ycTaHaBnMBalTCA Kak MOXHO
bnmke K MectaM NOTEHUManbHON yTeuku
(Hanpumep, YyNNoTHUTENN Basos,
KnanaHoB, rmagkux cnaHues). C nomo-
Wbl YyNaBnMBaKLWMX WU HanpasBnsoLmx
YCTPOMCTB MOXHO o0cnabuTb Bo3geu-
CTBME BO3AYLUHbIX TEYEHUN, obneryntb
nepeHoC yTeKkatLnx ropioymx BeLecTB K
MECTY U3MEepEeHUs, a TakxKe CoKpaTUTb KO-
nnYecTBO HEOBXOANMBIX JATUYNKOB. DTOrO
MOXHO [OCTWYb, Hamnpumep, UCMosnb3ys
ynasnvBatoLne BOPOHKN ANS XWUAKOCTEN
M ra3oB Tskenee Bosfyxa, nubo ynae-
nvBaoLwMe Konnakv — ANs rasoB nerye
Bo3Ayxa. B ynaeBnuBatowmx n Hanpasns-
IOLMX YCTPOMCTBaX AOIMKHbI ObITb npen-
YCMOTpEHbI Haanexaiine BbINyCKHbIE U
CTOYHbIE OTBEPCTUS.

* py HannumMn onpefeneHHoro NoToka BO3-
Ayxa [eTeKTopbl pa3MeLLalTCsi CO CTOPOHbI
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BbIXO[a MOTOKa KOHTPONMPYEMOW 30HbI. [1ns
KOHTPOIS MOMELLIEHWI, OCHALLEHHbIX CUCTE-
MOW TEXHUYECKON BEHTUMSALMN, N3MEPEHUs
BHYTPV OTBOAHOIO BO3[yXOBOAa HaOeXHbI
NULWb B TOM criyvae, Koraa CHUXKEHWEe KOH-
LieHTpaLumK, BO3HMKatoLee npu pasdasne-
HWN BO3AYLUHBIM MOTOKOM, MOXET KOMMEH-
CUpOBaTbCA CHWXEHWEM nopora TPeBOru.
Mpun aTOM TaKke AOMKHbI YYUTBIBATLCS 3a-
LepXKKn TPEBOT.

[Mpu HeonpegeneHHbIX N HecTabubHbIX
BO3AYLUHbIX MOTOKaX, @ Takxe Ans KOHTPO-
ns 6onbLmx NoMeLLeHNn [eTeKTopbl
pa3MellaloTca Mo MOMEeLleHnto B Buae
CeTKM, Npy HeobXoaAMMOCTMN MO ropU3oHTa-
v UK NO BepTUKanw.

Bcem u3BeCTHO, YTO MMOTHOCTb rasoB
urpaet Gonbluylo ponb MpU pasmeLleHun
AartyukoB. PaccmoTpuM 3TOT BOMpoC NoA-
pobHee, NOCKOMbKY, COrMacHo 3akoHaMm raso-
BOW [AWHAMUKWU, MIOTHOCTb ra3oBO3AYLUHOW
CMeCK 3aBUCUT OT KOHLEHTpauuu namepse-
MOro rasa u, npexge Bcero, oT Temnepary-
pbl. OTa 3aBMCMMOCTb CTAHOBWUTCS OYEBWA-
HOW Ha crieyoLmx npumepax.

CXWXEHHBIE FA3bl N OBJTAKA
TAXENbIX FA30B.

MeTtaH ¢ monspHbiM BecoMm 16 r/monb
N3BECTEeH Kak ras, KOTOpblA Mpu OObIYHOWM
TemnepaType nerde Bosgyxa (OTHOCUTENb-
Has NnoTHocTb okono 0,55). CywecTyeT nn
TemnepaTypa, npy KOTOPON MeTaH CTaHOBUT-
cs Taxenee Bosayxa? W3 ypaBHeHusa wnpge-
anbHOro rasza MOXHO Momny4YnTb Temnepartypy
rasa, Npu KOTOPOW ero MNOTHOCTb PaBHAETCH
NMIOTHOCTU BO3AlyXa. YpaBHeEHUE naeanbHOro
rasa BbIrMaauT cnegyowmm obpasom:

Mxp=pxRxT,

T. €. PV NOCTOSIHHOM [aBfieHNN

p1x T1=p2x T2, oTcioga nonyvyaem:
T2=T1xp1 / p2

Mockonbky Ham HeobxoaAnMO NuLlb OT-
HOLIEHWEe BENUYUH MIIOTHOCTMU, AOCTaTou-
HO yKasaTb MNOTHOCTb OTHOCUTENbHOIO
BO37lyXa Npu OTCYTCTBUM BO3AYLUHbIX MNO-
TokoB T1 =pomH x T2 . Ecnn T2 = Tokp,
roe Tokp — TemnepaTypa OKpyXatwllewn
cpeabl, TO Torga npu Temnepatype Huxe
T1, onpepensiemMoy cenyac kak TpasH,
NMOTHOCTb rasa unu ra3oBon cmecu dyaget
f6onblue NNOTHOCTM BO3Ayxa, a Npu Tewm-
nepartype Bbllle TpagH — MEHbLUE:

T =p0"lH X Tqu

pasH

Mpnp,. =055nT

oKp

= 293K,

Tooen = 161K = -112°C

Takum o6pasom, npu -112 °C nnoTHoCTb
MeTaHa byaeT paBHATLCS NNIOTHOCTU BO3adyxa
npu 20°C, npu Gonee HU3KoW Temnepartype
MeTaH byaeT gaxe Tsbkenee Bosgyxa! Ho tak
KaKk TemnepaTtypa KWMeHUss meTaHa cocTaB-
nset okono -161°C, To Benvka BeposTHOCTb
TOro, YTO MpU yTeYKe U3 LUCTEPHbI MeTaH
nepBoHavanbHO pacTeveTcs no nony. Torga
Mbl 6yaemM UMeTb Jero C Tak HasbiBaeMbIM 00-
TIaKOM TSDKEroro rasa. »

Puc. 6. OnTuyeckue rasoaHanusaropbi Polytron
2IR typ 334 n PIR 3000 HemeLKoOW chMpMbI
Dréger Han6onee onTUManbHO NOAXOAAT

ANA razoaHanusa TaxenbiX HedTenpPoayKTOB
(6eH3uHOB, AU3. TONNNBa)

ITANDHHLA aneETpog,
ANGKTRORMT

Puc.7. dnekTpoxummuueckmne razoaHannsaTopbl
Polytron 7000 Hemeukou chbupmbl Drager
NO3BONSIIOT CBOEBPEMEHHO onpeaensTb
yTeuYkn TOKCUYHbIX BeLlecTB, Hanpumep
cepoeopopopa H,S
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AHanorMyHbIM  06pa3oM  MOXHO 0OHa-
PYXWTb, 4TO ecrv Npu TemnepaType OKpy-
katowet cpeabl 20°C (T, - 293 K) nponaH
[OIKeH ObiTb Nerde Bo3dyxa, TO OH [OIDKEH
GbiTb OveHb ropaunm (P =1,52), Tak Kak:

T ooai= 1,52293 = 445K = 172°C.

Takvm 06pas3oM, MponaH HayHeT MopHu-
MaTbCsl NWWb TOrAa, Korga ero Temneparypa
6ynert Bbiwe 172°C.

TOKCUYHBIE MA3bl

Ecnun vmetotca ToKCyuHble rasbl Npy HW3-
KX, HO YX€ TOKCWMYHbIX KOHLIEHTpaLMSX, WX
NMOTHOCTb 3HAYUTENBHO MEHEE CyLLEeCTBEHHA,
YeM pakTudeckas TemnepaTtypa fpu OLEeHKe
neTyyecTy rasa.

PaccmoTtpum Ha npumepe ABYOK1CU cepbl 1
Bogopoaa:
(1)7000 ppm SO2 (P, .. = 2,?1) B Bo3ayxe. OT-
HOCUTenbHas NNOTHOCTb 3TOW CMECcK:

o nen, = 1X(1-0,001)+2.21x0,001=1,00121.
an NnoAcTaHOBKE 3TOro 3Ha4YeHud B Bbllle-
yKa3aHHOEe YpaBHEHWE MOITy4MM:

P xT

omH.cmecu” * OKp

=1,00121x293=293,35 K;

paeH

(2)1000 ppm H2 (P, . = 0,069) B Bo3AyXE.

OTHocuTENbHAsA NIOTHOCTL TaKoW CMecu

P, =1 X (1-0,001)+0,069 x 0,001=0,999069.
I'Ipm NoACTaHOBKE 3TOro 3Ha4eHu4d B BbllLe-
yKa3aHHOE YpaBHEHWE MOMyYMM:

TEW:PWWXTW: 0999069x293=292 73K

M3 aTUX NpyMepoB CTaHOBUTCS SICHO, YTO
Aake Ans Takoro Tshkeroro rasa, kak SO, npu
[0CTaTOYHO BbICOKOM KOHLEHTpALMK, paBHOW
1000 ppm, gaxe o4eHb HEe3HaYUTENbHbIN ne-
penag TemnepaTypbl, COCTaBMSOLWNA BCErO
0,35°C (!), siBnsieTcs pelwatowym ansi Toro,
OyneT nn aTa cCMechb Nerye Unu Tsxxenee Bo3-
ayxa. Hanpumep, ecnv Temnepartypa cmecu
coctaBnsiet 21°C, 1o cmecb GyneT nogHu-
MaTbCs BBEPX, HECMOTPs Ha To 4YTo SO, TH-
Xenee Bo3gyxa! Ecnu ncxogutb U3 TOro, 4To
BHYTPM TMOMELLEHUSI Nepenag Temnepatyp
5-10°C He aBRsieTCs peaKoCTbHo, TO Ans Takux
KOHLIEHTPALMIN, MOCKOMNbKY NULLb YUCTbIA U3-
MepsieMblil ra3 Tshxenee Bo3sgyxa, 6eccmbic-
NeHHOo pasmMellaTb AaTyuky rasa Ha ypoBHe
nona.

BopopogHo-Bo3ayLlHble cmecu, copep-
xawme 1000 ppT Bogopoda, Takke nullb He-
3HaUMTENbHO ferdye BO3Ayxa, Tak YTO Jaxe
npu MOHWXKEHUWM TemrepaTypbl BCErO fuLlb
Ha 0,3°C Hwxe TemnepaTypbl OKpy>KatoLLero
Bo3ayxa 20°C aTa CMeCb CTaHOBUTCS Tshkenee
Bo3ayxa!

OTW NpUMepbl AOMKHbI MOKa3aTb, YTO A
pasMeLLeHNst ra3oBbIX CEHCOPOB OXuaaemas
MakcumarbHasi KOHLeHTpaumsi M TemnepaTypa
rasoB UrparT HamHoro 6onee BaxHyl porib,
YeM MPUHATO CYUTaTb.

B kaxaom KOHKpETHOM criyyae pasmelLie-
HUE N3MEPUTENBHOM SYENKN MOXKET BapbUpo-
BaTbCs B 3aBUCMMOCTM OT JOKasbHbIX 3agad
no oBHapy>XeHM OMnacHbIX KOHLUEHTpauumn
rasoB 1 NapoB.

MNABAIOLLUA CEHCOP

Takol ceHcop OObIYHO MPUMEHSIT Ha
OYMCTHBIX CcTaHUusX. Ons obHapyxeHus na-
POB HEMOCPEACTBEHHO HA MOBEPXHOCTU BOAbI
Ha MOHTOHE pa3meLlLaeTcsi CeHcop C rnbkon
TpyOkon. MOHTOH AOMmMKEH ObITb OTKPbLIT MO
HanpaBneHno NoToKa M MPUKPENmeH K Le-
noyke Takum obpas3om, 4ToGbl OH Mor Gec-
NPensTCTBEHHO MOAHMMATbLCS U OMycKaTbCs
Ha BOAHOM noBepxHocTu. Heobxogumo Tak-
e npefycMoTpeTb 3alnTy OT bpbIar.

[na Takux cnocoGoB NpYMeHeHus npu-
rogeH Takke MomMnaBoK, MOCTOSIHHO yaep-
XKMBaKOLWUA  OTBEPCTME BO3AYyX03abopHOW
TPYOKM KaK MOXXHO HUXKE HaZ MOBEPXHOCTbIO
Boabl. UTOObI M3bexaTb nonagaHus BoAbl
B BO34yX03abOpHYyl0 cuUCTEMy, crieqyeTt uc-
Nonb30BaTh MOMABKOBLIN KranaH (MpUHLMN
OblxaTenbHoOW Tpy6Ku Anst NOABOAHOrO nna-
BaHWS C LIAPOBbIM KranaHom).

HAMNPABNAKOLWMUE U
PA3OENUTENbHbIE LUNTKW
(OBTEKATENMW)

Hanpasnsiowwme WnTkn npegHas3HaveHbl
ANA OTKINOHEHNS KOHBEKLIMOHHbIX MOTOKOB B
onpefeneHHoM HarnpaeneHuv. Ecnu B atom
noToke BblAensieTcs ras, To OH MoWAeT Mo
nyTW, 3aAaHHOMYy 3TUM  HanpaensoLMM
wmTkoM. Ecnu B 3TOM 30He pasmellaeTcs
CEHCOP, TO OH CMOXEeT 0bHapyxuTb ras. Ans
MeAJSIeHHbIX NMOTOKOB BO3A4yXa MOXHO TaKkxe
MCMonb30BaTh B KAYECTBE NPUHYANTENBHOMO
ycuneHus apdekT kKamuHa; Ans 3Toro 3aya-
CTYI0 JOCTaTOYHO HANMUUNA CUCTEMbI ropsye-
ro BogocHabxeHus.

Ocobori  dopmor  HanpasnswLero
LWMTKa SIBNSETCS ynaBnvBaloLLlas BOPOHKa,
KoTopasi aHanorMyHo BbITSHKHOMY KoOnnaky
HanpaensieT Bce BocxopsLume rasbl (MeTaH,
BOAOPOA, aMMUak) B LIeHTP KOHyca, rae pac-
nonaraeTcd ceHcop. B Takux ycTpomncrBax
cneayeT NpefycMoTPeTb HECKOMbKO HeBOorb-
LUMX BO3AYLUHbIX OTBEPCTUI, YTOBLI NpeaoT-
BpaTuTb 06pa3oBaHMe MepTBbiIX 30H. [na-
MeTp HebomnblUMX YNaBnUBaOLWMX BOPOHOK
coctaBnsietr okorno 30 cM. VX npumeHeHue
MMeeT CMbICI NUWb B TeX cry4vasx, Koraa
OHW pacnonaralTcsi HENOCPEACTBEHHO Haj,
MECTOM YyTeuKU.

PasgenuTtenbHble WMTKM MCMOMb3YHOTCS
B BbITSXKHBIX TpyOax npu CUmbHbIX BO3AYLU-
HbIX MOTOKax. YCTaHOBMEHHbIA 3a LUUTKOM
CEHCOp He KOHTaKTUpYeT Hanpsimyto ¢ CUmb-
HbIM BO3[YLLUHbIM NOTOKOM, BMECTO 3TOro 06-
pa3yeTcsi 3aBuxpeHve, bnarogaps KOTOpomy
CEeHCop BCTynaeT B KOHTaKT C ra3om.

OBLUMBKA TPYB U TPYBbI C
OBOWHLIMU CTEHKAMU

B 10 Bpems kak 6ecLUOBHbIe 1 CBapHble
TpybonpoBoAbl CYMTalOTCA repMeTUYHBIMU
N He TpebyLMMN KOHTPONS, 3TO YTBEPX-
[eHVe He OTHOCMTCA K drnaHuam, coeauHu-
TenbHbIM 3neMeHTaM, roprpoBaHHbLIM CO-
eavHUTensM, rmbkum Tpybkam n 3anopHbIM
KpaHaM. Takue noTeHumanbHble MecTa yTe-
Yek Takke MOCTOSHHO pacnonaratloTcs BMe-
CTe C CeHCOPOM B OJHOM Hapy>XHOM Kopnyce.
370 xe oTHoCUTCS 1 K Tpybam ¢ ABONHbIMUN
CTeHkamu. YTeukn B Takux Tpybax npuBogsAT
K BbICBODOXAEHMIO rasa, KOTOpbIi MOXET Mo-
CTynaTb K CEHCOpY M3-3a MOCTOSIHHOIO Mnog-
coca 13 Hapy»Homn TpyObbl.

5/H (73) okTsi6pb 2008 r.  AKCMO3ULUA

WHconsiums n cBeTo3alWUTHbIE KO3bIPb-
ku. WHconsums npenctaBnsieT npobnemy B
0COBEHHOCTM AN KOPMYCOB YepHOro LIBETa,
TaK KaKk OHW MOryT HarpeBaTbCs Mop Aew-
CTBMEM COrHeYHoro ceeta. [oatoMy B Takmx
cnyyasx Ans 3awmtbl OT NPSMbIX CONMHEYHbIX
nyyein UCnornb3yrT NONMPOBaHHBLIE CTarbHble
KO3bIpbkW. HO 3TN KO3bIPbKM HE OOSMKHbI Npe-
NSITCTBOBATb KOHBEKLMW, U B HUX TaKKe AOSK-
Hbl ObITb NPEAYCMOTPEHBLI OTBEPCTUS.

Bpbisrosawmra. Kak yxe roBopunocs,
Onst obHapy>XeHUs1 TsPKenbIX NapoB (Hanpu-
Mep, OKTaHa), a TakkKe Mpuv MOHUTOPUHrE
rasoBblX yTeYek Ha ypOBHE nona Wnu Hapg
NMOBEPXHOCTbIO FPYHTA CEHCOPbI AOMKHbI yCTa-
HaBMNMBaTbCS Kak MOXHO HWDKe Hag rnoriom. A
npu ycTaHOBKE BHE MOMeLLEHUs Heobxoanmo
cneguTb 3a TeM, YTOObl CEHCOp He yCTaHaB-
nMBancsi HEMOCPEACTBEHHO Ha 3EMIISIHYHO UM
recyaHyo NMoBEPXHOCTb, B MPOTUBHOM CIyyae
OpbI3rv rpsi3an BO BPEMSI CUIbHbLIX JOXOEN MO-
ryT NOCTEeNeHHO 3abuTtb oTBepCTHe Ans rasa. B
TaKux cry4vasix noMmoraeT 6pbisrosaiyuTa u 6bl-
CTPOCMEHHbI MPOTMBOMBINIEBON OUNBTP, HO
nocrneaHui HeobxoaMMO perynspHO ocMaTpu-
BaTb W/UNW 3aMeHsITb, OCOBEHHO MOCHe Kax-
001 Henorofpl. bpbl3ro3alwnTHble y3nbl YacTo
M3roTaBNMBAOTCS B BUAE NabupuHTa, T. €. Ha
nyTW K CEHCOPY ra3 AoSmkeH npeogonetb 6omb-
LIoe paccTosiHue, U OT ITOro, EeCTECTBEHHO,
CTpajaeT CKOPOCTb peakLym, YTo HeOGX0AMMO
yYMTbIBaTb NpW peanuaauny OTBETHbIX Mep.

MoTonoyHbIn MOHTax. [lpu ycTaHOBke
TepMoKaTanuTU4eckux CeHcopoB cobnogan-
T WHCTpyKUMM usrotoButens. [pegnovTu-
TenbHOe HanpaerneHve (pabovee NonoxeHue)
— abCcontTHO BEPTUKarNbHO C OTBEPCTUEM
CeHcopa, HanpaBrneHHbIM BHU3. Kak nokasbl-
BaeT OnbIT, YacTo OTAAaEeTcs NpeanoyTeHve
rOPU30OHTarbHOW YCTAHOBKE (T. €. MOHTaX He-
nocpefCcTBEHHO Ha NOTOMKE) 13-3a OTCYTCTBUS
yrorka. Ho Torga, ¢ TepMUYECKO 1 reoMeTpu-
YeCcKoM ToYeK 3peHust, oba ropsaunx NennmncTo-
pa He ByayT paBHOLEHHBIMU, TaK Kak HUXHUIA
OypeT HarpeBaTb NenNCTop, PacnonoXeHHbIN
Hag HUM. M3-3a 9TOM acMMMeTpun MOCTOBOW
CXEMbl yXyALlaeTcsi TeMmnepaTypHasi KOMMeH-
caums. [anee crnegyeT ucxoguTb U3 TOro,
YTO MpU TaKOW YCTAHOBKE YXyALlaloTcs W3-
MepuTenbHble CBOWCTBa. Bce uccnepoBaHus
N U3MepuTeNbHblE 3KCMNEepPTM3bl OCHOBLIBA-
IOTCSI UCKITOYUTENbHO Ha BepTMKarbHOM pa-
6oyem nonoxeHun ceHcopa. MupoBoi onbIT
NPUMEHEHUS]  PA3MUYHBIX  KOHCTPYKTUBHBIX
OCODEHHOCTEN 3MEMEHTOB CUCTEM [a30BO-
r0 MOHWTOPWHra, COBPEMEHHbIX TEXHOMOrWI
rasoobHapyxeHusi, CcTpaTerMin MoCTPOEHMs
3alWmThl OT BPEAHbIX BO3OENCTBUIA ra3oB 1 na-
pOB, MCMOMNb30BaHNSA CEHCOPOB, pa3paboTaH-
HbIX HA OCHOBE NMOCMEAHUX OCTUXKEHWNIA HayKn
1 TEXHWKMW, MPUBHOCUTCS HAa NPEANPUATUS NPo-
MbILLIEHHOW MHAYCTpUN Poccun.

Pa3Butne otpacnen npousBoacTea npea-
ycMaTpuBaeT HeoOXOAMMOCTb — YBENUYEHUs!
HaOEeXHOCTU  TEXHOINOIMMYECKUX  MpOLEecCcoB
1 MOBbILLIEHUS] YPOBHSI MPOMbILLIIEHHOW 6e3-
onacHocT. pamMoTHOE NPOEKTUPOBaHWE CU-
CTEM CTaLMOHApHOro ra3oBOr0 MOHWUTOPWHIA,
KOTOpble SBMSIIOTCA HEOTHLEMIIEMON 4YacTbio
cucTeMbl obecneveHnst NPoMbILLNIEHHON 6e30-
nacHOCTU NpeanpusaTHs B LIEMOM, CrnocobcTBy-
€T MOBbILLEHNIO HAOEXHOCTU ero OyHKLMOHU-
POBAHUSI U CHKEHWNIO PUCKOB BO3HUKHOBEHWS
aBapUNHbIX CUTyaLUiA. m
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CUNOBbLIE ArPETATbI
POWER UNITS

B ycnoBusix nepexofa K pbIHOYHbIM OTHOLLEHUSIM B OTE4E€CTBEHHOW 3KOHOMUKE NMPOU3BOAUTENIAM ABUraTeniell BHyTPeHHero cropaHusi
NPUXOAUTCS B YCIOBUSIX KOHKYPeHUMM GOpoThbCs 3a pbIHKM cObiTa cBoen npoaykuuu. MoMuMo yryylleHus KavyecTBa BblMyckaeMomn
NPOAYKLUN, aKTyanbHbIMU SIBAAIOTCS 3afa4yy MOBbIWEHWSA 3KCNyaTauMOHHOW 3KOHOMUYHOCTU M HAfEXHOCTU C YYeTOM KOHKPETHbIX
ycnoBui 3akcnnyatauum OBC, obecneuuBalowme KOHKYPEHTOCMOCOOHOCTb MO CPaBHEHUIO C OTEYECTBEHHbIMM U 3apy6exHbIMMU

aHanorn4yHbimu oGpaauaMM.

HOBBIIIEHUE K CILTY ATAIIMOHHON 9KOHOMUYHOCTH
QHEPTETUYECKHX YCTAHOBOK

A.B. PA3YBAEB

E.A. COKOJIOBA
N.M. BOPOHOB

E.A. PA3YBAEBA

Under the condition of transition to market relations
in the national economy, the internal combustion engine
producers have to fight for markets for their products in
a competitive environment. Apart from improving the qu-
ality of the products made, such tasks as improving the
operating economy and reliability, taking into considera-
tion the specific operational conditions of the internal co-
mbustion engines, ensuring competitiveness compared
with national and foreign equivalents, are highly topical.

ENHANCING OPERATING ECONOMY OF
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The tasks identified with respect to increasing the effi-
ciency of the internal combustion engines produced can be
resolved based on the achievement of certain parameters
which characterize in a comprehensive way the operating
economy of specific internal combustion engines.

Works by A.M. Pavlichenko [1]. F.L. Liventsev, R.M.
Petrichenko [4,5], V.G.Krivov and S.A. Sinatov [6,7] are
devoted to a study and resolution of the issues relating
to the operation of the internal combustion engines at
higher coolant temperatures at the engine outlet inclu-
ding the operation with high temperature coolant. The
All-Union Scientific and Research Institute of Diesel
Locomotives confirms the appropriateness to increase
the coolant temperature within small loads zone based
on the experimental data obtained when testing medium
uprated diesel engines 64H 21/21 and 84H 26/26. At
the same time, it is recommended to maintain coolant
temperature in the cooling system within a range betw-
een 383...388K [8].

The research carried out by the Internal Combustion
Engine Laboratory [9] of the U.S. Navy Department on
18 diesel engines of different types, with the power rating
from 23 to 1475 kWt, shows that intensive wear occurs
at small loads of the diesel engines and at low coolant
temperature. It was found that an increase in the coolant
temperature from 331...333K up to 348...353 K reduced
the wear of four cycle diesel engines 8...9 times.

The tests run on the locomotive diesel engines of
the Skoda type also bear out the fact that an increase
in the coolant temperature reduces the engine wear. At
the average coolant temperature of 348K, the content
of iron in the oil is approximately twice less than at the
temperature of 323 K [9].

On the vessel diesel engines 3D6 of the Northern
River Shipping Company the temperature level of the
diesel engine cooling system was raised by directing
30...60% of the coolant into the exhaust manifold as
a result of installing an additional pipe from the water
pump to the cavity of the exhaust manifold. As a result
of increasing the temperature conditions of the 3D6 di-
esel engine cooling system, the service life of the liners
increased from 2000...2500 up to 4500...5000 hours.
In the findings given in the same work it is stated that
the upgrading of the diesel engine cooling systems, in-
cluding the raising of the temperature conditions for the
cooling system, will enable cavitation destruction of the
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[NocTaBneHHble 3agaqun No NOBbILLEHMO 3d-
PEKTUBHOCTU BbIMyCKaeMbIX ABUraTenei BHy-
TPEHHEro CropaHns BO3MOXHO peLlaTb Ha OCHO-
BE [OCTWKEHWUSI OMpefeneHHbIX MapaMeTpoB,
KOMMMEKCHO XapaKTePU3yHLLIX 3KOHOMUYHOCTb
KCMnyaTaumm KoHKpeTHbIx [BC.

Pabotbl ®.J1. JluseHuesa [1], PM. MNeTtpu-
yeHko [2], B.I Kpueosa [3] nocesileHbl 13-
YYEHMIO U peLleHnto BonpocoB paboTtsbl OBC
C MOBbILLEHHBIMW TeMMepaTypaMmn oxnaxaa-
IoWeln XUOKOCTU Ha Bbixoge W3 ABuratens,
B TOM 4YMCIME M C BbICOKOTEMMEPATYPHbIM
oxnaxgeHuem (BTO).

BcecotosHbI - Hay4HO-MCCeaoBaTenbCKU
TENIOBO3HbIA MHCTUTYT NOATBEPXKAAET LIENeco-
06pa3HOCTb MOBLILLEHNS TeMMepaTypbl OXIlax-
[JatoLLelt XMOKOCTM B 30HE MariblX Harpy3ok Ha
OCHOBaHUM 3KCMEPUMEHTaSTbHbIX AaHHbIX, Mo-
NyYeHHbIX MPU UCMbITaHUAX cpenHedopcupo-
BaHHbIX ausenen 64H 21/21 n 84H 26/26. Mpun
3TOM peKoMeHayeTCs NoadepKuBaTb Temnepa-
TYpY TEMNMOHOCUTENEN B CUCTEME OXITEKAEHWS B
npegenax 383...388 K [8].

Wccnepnosanus nabopatopum [1BC [9] BoeH-
Ho-mopckoro Begomctea CLUA, BbINONHEHHbIE
Ha 18 au3ensix pasnu4HbIX TUMOB MOLLHOCTbBIO
oT 23 no 1475 kBT, NnokasbIBatoT, YTO UHTEHCUB-
HbIi U3HOC MPOVCXOAUT MPU MarbIX Harpyskax
Ov3enen 1 HU3KOW TemrepaType oxraxaaro-
LLIeV XKnaKocTu. Bbino ycTaHoBMEeHO, YTO MoBbI-
LLEHWE TEMMEPATYPbI OXIaXaatoLLEen XUAKOCTH
€ 331...333 K no 348...353 K ymeHbLUIaeT n3Hoc
YeTbIpexTakTHbIX Au3ener B 8...9 pas.

OKCNepVYMEHTbI, MPOBEAEHHbIE Ha Temmo-
BO3HbIX An3ensx Tuna LLkoaa, Takke noaTeepx-
[atoT TOT haKT, YTO yBEnMYeHe TemnepaTypsbl

r. BanakoBo

OXMaXJarLLel XUAOKOCTU YMEHbLUAET U3HOC
nsuratenei. MNpu cpegHen TemnepaType Xua-
koctn 348 K cogepxaHvie xenesa B macre npu-
MEPHO B 2 pasa MeHbLLe, YeM Mpu TeMnepartype
323 K[9].

Ha cypoBbix ansensix 306 CeepHoro peu-
HOro napoxoacTea Gbin MOBbILEH TEMMepaTyp-
HbI YPOBEHb CUCTEMbI OXII@XOEHUSI AU3ens 3a
cyeT nepenycka 30...60% oxnaxaaroLlelnt Bogbl
B BbIX/TOMHOW KOMSIEKTOp YCTaHOBKOW AOMOMHW-
TenbHOro TpybonpoBoda OT BOASIHOMO Hacoca K
NMOMOCTY BbIXIIOMHOIO KonrekTopa. B pesynsrate
MOBBbILLEHUST TEMMEPATYPHOIO PEXUMA OXIaXKae-
Hust ansenst 36 cpok cny>k6bl rnrb3 yBenu4mmncs
¢2000...2500 1o 4500...5000 yacos. B BbiBOAAX,
KOTOpble MpUBEAEHbI B 3TOM e pabote, roBo-
puTCS, YTO MOAEpPHM3aLMSI CUCTEM OXIaXaeHWs!
[Ovi3ernei, B TOM Y1Cre U MNOBbILLEHNE Temnepa-
TYPHOTO PEXMMA OXIaXKOEHWS!, MO3BONUT YMEHb-
LUNTb KaBUTALMOHHbIE paspyLUeHVst AeTanei 1 B
1,5...1,8 pasa npoanmuTb CPOK UX CITyObl.

B pa6ote [10] npuBomsTcs crnegyoLme
naHHble npu pabote auseneit 7[6. CHuxeHne
TeMnepaTypbl OXNaxaatoLen Boabl Ha BbIXO4Ee
n3 asuratens ot 373 K go 333 K npvBoguT k BO3-
pacTaHuio MaKkCUMMarbHOW CKOpPOCTU HapacTa-
HVst gaenexus ¢ 4,2 go 15 krc/cw? /rpad. n.k.B., a
nepuoa, 3aepXKkv BOCMIAaMEHEHUST YBENNYMIICS
BaABoe — o1 9 Ao 18 rpag. n.K.B., MakcumasnsHoe
[naBreHve cropaHus yenuumnocs Ha 0,25 Mla.
WccnepoBanus, npoBedeHHble Ha ausene [16
MoLLHocTbo 110 KBT Npy YacToTe BpaLleHnst Ko-
neHyartoro Bana 25 ¢, nokasanu, 4To npu CHu-
XeHun Temnepartypsbl xugkoctu ¢ 373 go 333 K
3HAYUTENbHO MOBBILLAETCS YPOBEHb BUOpaLmn
CTEHOK BTYIKU U OMoka B BbICOKOYACTOTHON B>
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Puc. 1. CpeaHuih N3HOC ABYXTaKTHbIX U YeTbIPEXTaKTHbIX AnU3enei MOLWHOCTLIO oT 22 go 1800 kBT
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obnactu cnekTpa konebaHui. AT SABMEHNS CHU-
XKaloT pecypc AeTarnel, a NnoToMy pekomeHayeT-
Csl nogAepxuBaTb MOBbILLEHHbIA Temnepartyp-
HbIi YPOBEHb B CUCTEME OXIAXAEHNS OU3ENS.

Ha pucyHke 1 nokasaH cpegHuin N3HoC AByX-
TaKTHbIX W YETbIPEXTAKTHbIX AM3eneit MOLLUHOC-
Tbto OT 22 fo 1800 kBT ¢ avameTpom umnuHapa
ot 90 go 320 MM M ckopocCTu nopHsa ot 4,9
no 10,0 m/c, KOTOpbIA COCTaBMeEH Mo 3KCrepu-
MeHTarnbHbIM AaHHbiM BM® CLUA [11]. WHTeH-
CVBHbI M3HOC HabrntogaeTcsa npy Temneparype
oxnaxpgarowen soabl 323...343 K, u ganee oH
YMeHbLUAEeTCs,, a npu Temnepartype, paBHON
403...413 K, BHOBb BO3pacTaeT, HO yxe 3a CYeT
pasnoXeHWsi Macra 1 MexaHU4ecKoro M3Hoca.

B pabote [12] paHa oueHka BNMSHUS OT-
KIMOHEHUSI TEMMNEPATYPHOrO pexuMa oxnaxae-
HMS OT onTUMarnbHoro. M3BecTHbl NATb hak-
TOPOB PWCKa, CHWKAKOLWMX Pecypc MonocTn
oXNaxageHusl, 0CO6eHHO POPCUPOBaHHbBIX AW-
3enei. MNepBbIn — pexnM oxnaxaeHus no Tem-
neparype, OTIIMYHON OT onTumanbsHom (368 K),
KOTOPLIV MPUHAT B pacveTe pecypca Mnonoctu
oxnaxgeHusi. Bropoit — pexum oxnaxaeHus no
[OaBreHNo B BOASIHOWM MOMOCTU, OTIINYHBIA OT
npuHsATOro B pacyete n pasHoro 0,1 MlMa. Tpe-
TUA — PEXUM OXINaXAEHUS, OTINIMYHBIA OT pac-
YETHOTO MO CKOPOCTU OXITaXXaAtoLLEN KUOKOCTU.
YeTBepTbIN — PEXUM OXIaXKOEHUS, OTIINYHbBIN OT
pacyeTHOro MO HaCbILLEHUIO CUCTEMbI OXMaX-
OEHVS KUCINOPOAOM, T.€. Hanuymio NMOCTOSIHHO
OTKPbITON B aTtmocdepy MOBEPXHOCTU OXrax-
JatoLLen XUaKocTn B cucteme, nnbo nopcoca
Bo3gyxa. [sTbIi — paboTta ausens onuTensHoe
BPEMSsI OCYLLECTBIISIETCSI HA XOMOCTOM Xofy U
MarblX Harpy3kax C MoBblLLEHHbIMW TENIOBbI-
MU 3a30pamu MeXay BTYIIKOM U MOPLUHEM.

[anee npvBoaWTCS OLEHKA BIUSIHAS KaXK-
[0ro 13 NpUBEAEHHbIX PaKTOPOB U B pPe3yrb-
Tate fernaetcs BblBO4 O TOM, YTO MPU OJHO-
BPEMEHHOM OEeVCTBUM BCex (DaKTOPOB pucKa
pecypc MornocTn MoxeT cHuautbea ¢ 10000 o
1000 yacos, T.e. B AecsTb pas.

[MoaTomy o4eHb BaxHO cobrniogatb U Tem
6onee Heobxoammo obecrevnBatb onTUMarb-
HbIi N CTabWUIbHBIA TEMMNepPaTypHbIN PEXUM
paboTbl cuctembl oxnaxaeHus OBC.

TemnepaTypHbIi peXUM OXNaXaeHust ABU-
ratensi okasbIBaeT BNMsHWE Ha 3DEKTUBHBbIE
1N WHOVKATOPHblE MokasaTtenu paboyero mpo-
Liecca ausensi.

[na onpegeneHnst onTMMarneHOrO Temne-
paTypHOrO peXVMa OXIaXOeHUst Ov3ens, npu
KOTOPOM [OCTUraeTcst HavMeHbLLIMIA pacxof To-
nnvea ausensa 84H 26/26 moluHocTbio 883 kBT,
ObInn NpoBeaeHbl KCNEPUMEHTarbHbIE MCCrie-
poBanua [13].

AHanua pesynsraToB MCCMNeAOBaHUA Moka-
3ar, YTO C POCTOM TEMMePaTypbl OXNaXaatoLLEN
BofAbl oT 343 fo 388 K pacxon Tonnvea yMeHb-
LIaeTcsl Ha Bcex pabounx pexumax. BrnusiHue
MOBbILLEHNSI TEMMNEPATYPbI BOAbI HA TOMIMBHYO
3KOHOMWYHOCTb BO3PACTaeT C YMEHbLUEHUEM
HarpyskM M 4acTOTbl BpALLEHMSI KOreH4YaToro
Bana. Ha pexume nornHom MOLLHOCTMN CHIDKEHNE
pacxoga Tonnmea Mpu yKazaHHOM MOBbILLEHWN

YpoBHU Temnepartypa, K (°C)
BOAbI macna
HupkHmiA 323 (50) 313 (40)
CpegHuii 343 (70) 328 (55)
BepxHun 363 (90) 343 (70)

Temneparypbl Bogbl coctasuno 1,5% npy MUHu-
ManbHou Harpy3ke (58 kBT, yactoTta BpaleHusi
koneHyatoro Bana 6,6 c') — 3,5%, a Ha xono-
CTOM XOZly MPM YacToTe BpaLLEHWs1 KONEHYaToro
Bana 6,6 ¢! — B cpeaHeM Ha 0,2 Kr/4 Ha kaxable
10 rpagycoB yBenuMuyeHust TeMnepartypbl BoAb!.

Takum obpasom, onTumarnbHas Temnepa-
Typa oxnaxgatoLlen Bogbl ausens 84H 26/26
MMEET 3HayeHue Bblllie PeKOMEHO0BaHHbIX MO
TEXHUYECKUM YCMOBUSIM, OCODEHHO Ha pexu-
Max 4acCTWUYHbIX Harpy3oK W XOrocToro Xoda,
YTO SIBMSIETCS PE3EPBOM MOBbILLEHUST 3KCMITya-
TaLMOHHOW 9KOHOMMYHOCTY AaHHOIO An3ensi.

B paboTe npuBoOaTCs SKCNEepUMEHTarb-
Hble [aHHble WCMbITaHUsi OOHOLMIIMHAPOBO-
ro otceka apuratens 14H 24/36 ¢ BTO npu
n=6c'uPe=0,71 MMa. Temnepatypa Bofpl
B cUCTEME oxnaxaeHus nameHsinack ot 303 go
393 K (o1 30 o 120°C). MNpu Takom NU3MEHEHWN
TemnepaTypbl Bofdbl MPOUCXOAUT YBENUYEHVE
TeMnepaTypbl: KpbILLKA LMAUHAPa (OrHEBOTO
AHvwa) — 56°C, gHuwa nopluHs — 74°C, Bepx-
HeW YacTu Mnb3bl LMnuHapa Ha 64°C.

YBenuyeHue Temnepatypbl Bogbl B 3apy-
GaLueyHom npocTtpaHcTBe asuratens ¢ 303 o
393 K cHuxaeT achbeKTVBHbIN pacxoq Tonnmea
Ha 10,8 r/kBT u.

Kpome TOro, yBenuueHue TemnepaTtypbl
oxnaxgatoLLen xuakoctn ¢ 303 go 393 K (ot 30
00 120°C) Np1BOAXT K CHUXKEHMIO KOHLIEHTPaLMM
Ccaxku Ha 28% BCNEACTBNE MEHEE NHTEHCUBHOMO
caxxeobpasoBaH/si NP MOBbILLEHHLIX TEMMe-
paTypax oxraxgaroLlen xuakocTn. CHkeHne
CKOPOCTU Caxxeobpa3oBaHUs B 3TOM criyvae o6b-
SICHsieTCsl Gonee MearneHHbIM pacrpocTpaHeHu-
eM (bpoHTa nnameHy BCreACTBYE YMEHbLLEHNS
KONMMYeCTBa TOMMMBA, Y4acTByHLLEro B ero ¢hop-
MVPOBaHUM, @ CreaoBaTenbHO U YMEHbLUIEHNS!
Komnv4yecTBa TOMnMBa, ropsiLLero Bo (hpoHTE C Bbl-
JOeneHviem cBOOOOHOrO yrrepoaa.

VccnenoBaHus BIUSIHUSI HA CKOPOCTb M3Ha-
LLMBAHWUS! LIMIMHAPOBOW BTYIKY Y1 XPOMUPOBaHHO-
ro BEPXHEro MOPLUHEBOrO KorbLia TeMnepaTtypbl
oxnaxkaaroLLelt XUAKOCTY, TeMnepaTtypbl Macra
1 MOLLHOCTM ObIny nNpoBeaeHbl Ha Au3ernb-reHe-
paTtopHoi yctaHoke 24 8,5/11. Pesynbratbl nc-
criegoBaHUiA NpedcTaeneHb! B Tabn. 1.

AHanua aTnx JaHHbIX NOKa3bIBaEeT, YTO OT-
HOLLEHWE CKOPOCTEN W3HALLMBaHUS MpU Ha-
rpy3kax 25 n 100% He octaeTcsi NOCTOSAHHbLIM
1 3aBUCUT OT TEMMEPATYPHOTO pexuma paboTbl
onsens. MonyyeHHble BENMYUHBbI OTHOCUTENb-
HbIX CKOPOCTEW M3HALUMBAHWUS CBULAETENbLCTBY-
}OT O TOM, YTO TOSIbKO MPU MaKCMMaribHOM TeM-
nepaTypHOM YPOBHE MNPV U3MEHEHUN Harpy3ku
ot 100 go 25% ckopoCTU U3HALLUMBaHWA OeTa-
new yMeHbLUaIOTCS MPUMEPHO B 2 pasa.

B HacTosilee Bpemsi [okas3aHO, YTO Mpu
BTO wu3Hocbl petanen UMNMHOPO-NOPLLHEBOM
rpynnbl He MPeBbILLIAOT Moka3aTerneit npy obbiy-
HOM XnaxaeHuu [2]. Tak, Harmpumep, Mo AaHHbIM
obmepos agetanen LN ra3oMOTOpHbIX KoMMpec-
copoB 10MK-1 nocne 12000...130004 mx pabo-
Tbl C MCNapUTENbHLIM OXMAXOEHNEM CpPeOHWN
M3HOC BTYNOK paboumx umnmHapoB Ha 10004
pabotbl cocTaensieT Bcero fmwb 0,01 mm, B

CKOpOCTb MU3HaLUMBaHUA, OTH.

KonbLa BTYNKU
0,815 0,978
0,717 0,825
0,567 0,584

Tabn. 1 3Ha4eHNsA OTHOCUTENbHbIX CKOPOCTEN U3HALLMBaHUA AeTanei B 3aBUCUMOCTH

OT TeMnepaTypHOro ypoBHsA ausens
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parts to be reduced and their service life to be extended
1.5...1.8 times.

The work [10] spells out the following data regarding
the operation of the 7D6 diesel engines. A reduction in the
temperature of the coolant at the engine outlet from 373
K down to 333 K causes the maximum rate of pressure
boosting to increase from 4.2 up to 15 kgf/sq.cm/degrees,
while the ignition delay period has doubled, i.e. from 9 up
to 18 degrees, the maximum combustion pressure has
increased by 0.25 MPa. Research conducted on the D6
diesel engine, with a power rating of 110 kWt, crankshaft
rpm 25 c-1 has shown that when the temperature of the
coolant decreases from 373 down to 333K, the vibration
level of the bushing walls and the engine block in the high
frequency area of the oscillation spectrum rises sharply.
These phenomena reduce the service life of the parts,
and therefore it is recommended to maintain elevated
temperature level in the diesel engine cooling system.
Figure 1 shows average wear of the two cycle and four
cycle diesel engines, power rating from 22 up to 1800 kWt
with the cylinder diameter from 90 up to 320 mm and the
piston speed from 4.9 up to 10.0 m/sec, which is plotted
based on the experimental data of the U.S. Navy [11].
Intensive wear is observed at the coolant temperature of
323...343 K and further onwards it lessens, however at a
temperature equal to 403...413 K, it increases again, but
this time it is caused by oil decomposition and mechanical
wear. The work [12] evaluates the effect caused by the
deviation of the cooling system temperature conditions
from the optimum level. Five risk factors are known which
reduce the service life of cooling system cavity, especially
in uprated diesel engines.

The first one is the cooling conditions in terms of
the temperature different from the optimum one (368K)
which are assumed in the calculation of the cooling sy-
stem cavity service life. The second one is the cooling
system cavity in terms of the pressure in the water cavity
different from the one assumed in the calculation and
equal to 0.1 MPa. The third one is the cooling system
conditions different from the calculated one in terms of
the speed of the coolant. The fourth one is the cooling
system conditions different from the calculated ones in
terms of the cooling system saturation with oxygen, i.e.
existence of the coolant surface, constantly open into
the atmosphere in the system, or air suction. The fifth is
that the diesel engine operates at idle and low loads with
increased thermal clearances between the bushing and
the piston. Next follows the evaluation of the influence
exercised by each of the factors and, as a result, a con-
clusion is drawn that with the simultaneous operation of
all the risk factors the service life of the cavity can decre-
ase from 10000 to 1000 hours, i.e. ten times.

Therefore, it is very important to observe and even
more so it is necessary to ensure the optimum and stab-
le temperature conditions for the operation of the intern-
al combustion engine cooling system.

The temperature conditions of the engine cooling
system influence the effective parameters and indicat-
or parameters of the diesel engine’s operating process.
Experimental research was undertaken to determine
the optimum temperature conditions for diesel engine
cooling system which help achieve minimum fuel cons-
umption of the 8CHN 26/26 diesel engine, power rating
883 kWt [13].

Analysis of the research results has shown that
with the coolant temperature rising from 343 to 388 K,
the fuel consumption decreases in all the working mod-
es. The effect of the rising coolant temperature on fuel
economy increases with the reduction in load and cr-
ankshaft rpm. In the full power mode, reduction in fuel
consumption with the above mentioned coolant temper-
ature increase, amounted to 1.5% at minimum load (58
kWt, crankshaft rom 6.6 c-1) — 3.5%, while at idling with
crankshaft rpm 6.6 c-1 — on the average 0.2 kg/hour per
each 10 degrees of the coolant temperature increase.

Hence, the optimum temperature of the 8CHN
26/26 diesel engine coolant has a level which is higher
than that recommended by the technical requirements,
especially in the modes of partial loads and idling which
is a reserve to tap in order to increase the operating ec-
onomy of this diesel engine.

The work [14] refers to the experimental test data
concerning the single cylinder section of the 14H 24/36
engine with high temperature cooling at n=6 c-1 and Pe-
=0.71 MPa. The temperature of the coolant in the cooling
system changed from 303 to 393 K (from 30 up to 120
degrees C). With such a change in the coolant temperat-
ure, there occurs a temperature increase: of the cylinder
cover (fire bottom) — 56 degrees C, piston bottom — 74
degrees C, cylinder liner top — by 64 degrees C.

Increases of the coolant temperature in the space
beyond the jacket of the engine from 303 to 393 K redu-
ce the effective fuel consumption by 10.8 g/kWt hr.
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Besides, an increase in the coolant temperature
from 303 to 393 K (from 30 to 120 degrees C) leads to a
reduction in the soot concentration by 28% due to less
intensive soot formation at higher coolant temperatures.
Reduction in the speed of soot formation in this case is
accounted for by slower distribution of the flame front
due to reduced quantity of fuel taking part in its formation
and, hence, a reduced quantity of the fuel which burns in
the front with the released free carbon.

The research into the influence on the speed of the
wear of the cylinder bushing and chrome plated top pis-
ton ring exercised by the temperature of the coolant, oil
temperature and the power rating was carried out on the
2CH 8.5/11 diesel engine powered generator set [15].
The test results are set out in Table 1.

The analysis of these data indicates that the ratio of
the wear speeds at 25 and 100% loads does not remain
constant and depends on the temperature conditions of
the diesel engine operation. The values of relative wear
speeds obtained show that it is only at maximum tempe-
rature level when the load changes from 100 to 25% that
the parts wear speeds decrease approximately twice.

At the present time it has been proved that, with
high temperature cooling, the wear of cylinder piston
group parts does not exceed the results with regular co-
oling [2]. Thus, for example, the measurements of the
cylinder piston group parts of the 10I'K-1 gas engine co-
mpressors, after 12000...13000 of their operation with
evaporative cooling, the average wear of the working cy-
linder bushings, 1000 operating hours, is a few mm only
which is 3.5...4.0 times less than the standard levels for
average wear of the marine diesel engine cylinders.

One can also find here the details about the power
plant of the pump station for the water supply of the city
of Diamond Bar in South California, on which it turned out
to be economically beneficial, compared to other types of
drives, including the electric drive, to use piston internal co-
mbustion engines, operating on natural gas and cooled by
high temperature cooling systems. The power plant turned
out to be economical, having confirmed the forecasts of the
project, while its evaporative cooling system allows the en-
gines to be operated on high sulphur and «acid» fuel (gas),
whereas on many power plants it proved to be impossible
due to corrosive destruction of the engines.

Based on the data obtained, one can conclude that
the coolant temperature in an engine must be optimum
and equal to 348...358 K (75...85°C) in order to improve
the longevity and reliability of the internal combustion
engine operation. When the coolant temperature decr-
eases to 303 K (30°C), the wear of the parts increases 6
times compared to optimum.

Messrs «Gotaverken» recommends maintaining a
higher temperature of the cylinder walls, especially when
engines operate at a low load. Messrs «MAN» does not
recommend lowering the coolant temperature below 348
K (75°C). Research has shown that an increase in cool-
ant temperature from 338 to 348 K (65 to 75°C) reduced
the bushing wear by 20%.

As a result of the coolant temperature increase in
the cooling system, the engine bushing temperature also
increases which causes oil viscosity to reduce (the oil
film in the “piston-cylinder bushing” clearance). One of
the most important physical and chemical indicators wh-
ich reflect the reliability of the oil film integrity between
the rubbing surfaces is the oil viscosity.

Some researchers note [16] that with the reducti-
on in the oil viscosity, the engine parts wear decreases
(table 2). However, there is evidence showing increased
wear with increasing viscosity.

On the whole, all the above is valid and, in addition
to that, it has to be borne in mind that for many engines,
due to their design features, dependence of wear on vis-
cosity may have an optimum value (table 3) [16].

The set out data are a sufficiently graphic proof of
the efficiency of using elevated temperature conditions
for engine cooling and, specifically speaking, using high
temperature cooling mode, which help reduce the fuel sp-
ecific consumption (~2...9%), reduce the cylinder — piston
group parts wear (~50...70%), change the heat balance
items, improve the efficiency of the internal combustion
engines. It is also noteworthy that the operating time of
the power units for various applications in certain modes
is quite different and the maintenance of the optimum le-
vel of the coolant at the outlet of the internal combustion
engine is a program which ensures improvement of the
operating economy of all the power generating unit.

The theoretical and experimental data referred to
[17] have enabled a high temperature cooling system to
be created which makes sure that the internal combustion
engine operates in a stable manner and that such a sys-
tem becomes one of the prerequisites for the overall sy-
stem of coolant temperature elevation at the outlet of the
internal combustion engine and its operating economy.

yto B 3,5...4,0 pa3a MeHbLUe HOPM CPEeAHNX 13-
HOCOB LIMINMHOPOB CyAOBbIX AN3ENEN.

3p0ech xe NPUBOASTCSH CBEAEHMWS MO CUIIO-
BOW YCTAQHOBKE HAaCOCHOW CTaHUMWU AfS BOAO-
cHabxeHua ropoga Diamond Bar B HOxHowm
KanudopHum, Ha KOTOpOM OKasarioCb 3KOHO-
MWUYECKN BbIFOAHLIM B CPaBHEHUW C APYrMMUK
BUOAMW NPUBOAOB, BKIOYAS U AMEKTPUHECKUN,
npumeHnTb nopLuHeBble [1BC, paboTatoLye Ha
MPVPOQHOM rase 1 oxraxaaemble Mpu MoMOoLLy
BbICOKOTEMINepaTypHbIx cuctem. Cunosasi ycTa-
HOBKa OKasarnacb 3KOHOMWYHOW, MOATBEPAVB
MPOrHO3bl MPOeKTa, a ee cucTeMa vcnapuTenb-
HOrO OXIaXAEHWsI MO3BOSISET SKCMIyaTMpoBaTh
[OBuraTeny Ha BbICOKOCEPHUCTOM M «KMUCIOM»
Tonnvee (rase), B TO BpEMSI Kak Ha MHOTUX CUFO-
BbIX YCTAaHOBKaX 3TO OKa3arioCb HEBO3MOXHbLIM
13-32 KOPPO3UMHBLIX PaspyLLEeHU ABuraTenen.

Ha ocHoBaHWMM NOMyYeHHbIX AaHHLIX MOXHO
coenatb BbIBOAbI, YTO Temneparypa oxnaxna-
foLLer Bodbl B ABuratene AorkHa ObiTb onTu-
MarbHoi 1 paBHoi 348..358 K (75...85°C) ¢ Le-
b0 MOBbILLEHUS AOMNTOBEYHOCTU U HAOEXHOCTU
pabotbl [BC. lMpu noHwxeHun Temnepatypbl
Boabl Ao 303 K (30°C) usHoc aetanen yBenm4m-
BaeTCs B 6 pa3 B CpPaBHEHUM C ONTUManbHOWN.

dupma «leTaBepkeH» pekomeHayeT nof-
OepxvBatb Boriee BbICOKYIO Temneparypy cre-
HOK LIMNMUHAPOB, 0COGEHHO Mpu pabote ABura-
Tenen ¢ manon Harpyskon. ®dvpma «MaH» He
PEKOMEHAYET CHUKATb TEMMepaTypy BOAbI HDKe
348 K (75°C). NccnenoaHus nokasanu, 4To rno-
BblLLEeHWe TemnepaTypbl Bogbl ¢ 338 Ao 348 K
(65... 75°C) cHM3uno usHoc BTyrok Ha 20%.

B cBs3u ¢ yBenuyeHeM Temneparypbl xua-
KOCT B CHICTEME OXINaXAEHUS YBENNYMBAETCS U
Temneparypa BTynk1 ABUraTers, a BMEecTe C Tem
CHWDKaeTCs BSA3KOCTb Macna (MacnsiHoOM NneHKu
B 3a30pe «MopLUeHb-BTyNKa uunuHapar). Opa-
HUM 13 BaXKHENLLNX PUIMKO-XMMUYECKMX MOoKa-
3areneit, obyCroBMMBaOLLMX HaAEXHOCTb CO-
XPaHEHWSI MacnsHOW MINEeHKN MeXay TPYLLMMUCS
NMOBEPXHOCTAMMU, SBINSIETCS BA3KOCTb Macna.

HekoTopble vccrnenoBateny oTMeHaroT, YTo
C yBeNnUYeHVeM BSI3KOCTWM Macrna M3Hoc AeTa-
newv auratens ymeHbLuaetcs (Tabn. 2). OgHako
UMEIOTCS iaHHble, CBUAETENLCTBYOLLME 06 yBe-
FIMYEHNN 3HOCA C POCTOM BS3KOCTY.

B Lieriom Bce BbilLeykasaHHOE CripaBeanveo,
1 B [JOMOMHEHME K 3TOMY CrieflyeT UMETb B BUALY,
YTO A MHOTUX ABUraTernien B CUrly nx KOHCTPYK-
TVBHBIX OCODEHHOCTEN 3aBKCMMOCTb M3HOCA OT
BSA3KOCTU MOXET UMETb ONTUMyM (Tabn. 3).

MpvBeneHHble [aHHble [OCTaTodHO Ha-
MMSOHO CBUAETENBLCTBYIOT 06 adhbdhekTmBHOCTM
MPUMEHEHUSI  MOBbILLEHHBIX —TemmnepaTypHbIX
PEeXVMOB OXNaXdeHWsl ABuratenei u, B vacT-
HOCTW, NpvMeHeHns pexuma BTO, koTtopble
CMOCOGCTBYIOT CHKEHWIO YAENBHOMO pacxoda
Tonnuea (~2...9%), CHWKeHuUto n3Hoca feTa-
nen UMC (~50...70%), wn3meHeHuto cTaten
TennoBoro 6GanaHca, MNOBbIEHUO 3ddek-
TMBHOCTU npumMeHeHns OBC. Takke cnegyet

KuHematnyeckasi Bsi3KOCTb 6,2 7,6

npu 100°C, 10-6 m?/c
[MoTtepu B macne nopLuHesbix | 9,0 3,4
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OTMETUTb, YTO ecnu Bpemsi paboTbl 3Hepre-
TUYECKMX YCTAaHOBOK Pa3fMYHOrO HasHaueHUst
Ha onpeaeneHHbIX pexnmax ABnseTcs Becbma
pa3HoobpasHbIM, TO MoAAepKaHMe onTUMarb-
HOW BEMUYMHbI TemnepaTypbl OXfaxaatoLlewn
XUOKocTn Ha Bbixode u3 [IBC sBnsietcs Me-
ponpusTueM, obecrneyrBaloLLUM NOBbILLEHNE
9KCNIyaTaLMOHHOM  9KOHOMUYHOCTU  BCEN
3HEepreTn4Yeckom yCTaHOBKM.

[poBeneHHbIE TEOPETUYECKME U JKCMEPU-
MEHTanbHble WCCneaoBaHVs MO3BONUMN  CO3-
pdatb cuctemy BTO, nossonsioLLyto obecneymntb
cTabuneHyto pabory BC n TeM cambiM cTaTb
O[HOW M3 COCTaBNAILUMX 0OLLEN CUCTEMBI MO-
BbILLIEHWSI TEMMEePaTypbl OXNaXAaroLLEN XUAKO-
CTu Ha Bbixoze 13 [1BC 1 ero akcnnyaTawmoHHON
9KOHOMWYHOCTU. m

10,4
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Ta6bnuua 2

KnHematnyeckass  BsA3KocTb 3,62

npu 100°C, 10-6 m?/c
CKOpOCTb M3HALUMBAHMSA OTH.
en/™

32,5 4,4

3,6 6,8 8,1 12,0 | 16,5
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5/H (73) okTsi6pb 2008 r.  AKCMO3ULUA

B coBpemeHHbIX YCIOBUSAX CTaHOBIEHUSA PbIHOYHbLIX OTHOLLEHUI B Hallen cTpaHe Bce Gornbluee 3HauyeHWe npuobpeTaeT HaAeXHoOe U
KayeCcTBEHHOe obecrneyeHue INEeKTPO3Hepruen NpeanpuATAA, opraHMsauuin pasnuyHbIx opM cOGCTBEHHOCTH, a Takke B psiie crny4vaeB
— W HacerneHHbIX NyHKTOB. O npobnemax «6onbLION IHEPreTUKU» JOCTAaTOYHO HaNMMCaHO U CKa3aHO B Pa3fIMYHbIX TEXHUYECKUX CTaTbAX U
Hay4HO-nonynsapHbIX ny6nukaumsx. Moatomy Bce O6OMbLUYIO aKTyanbHOCTL NPUOOPETalOT COBPEMEHHbIe CPeacTBa KManomn 3HepreTUkn».

IKOHOMMUYECKAA HEJIECOOBPA3HOCTD
IIPUMEHEHUSA CUCTEM YTHJIM3ALIUHU C JABC

A.B. PA3BYBAEB
E.A. COKOINIOBA
n.M. BOPOHOB
E.A. PA3YBAEBA

C uenblo BbISIBNEHUS MyTel NoBblILLIEHNS
3KCMNyaTauMOHHON 3KOHOMUYHOCTU paboThbl
OBC paccmoTpum ypaBHEHUE ero TEMMOBOro
GanaHca:

Qo = Qe + Qoxsn. + QoHe+ Qe + Qu+ Qocm,

roe Qo — KONMMYecTBO TennoTbl, BBEAEH-
Hoe B ABUraTernb C TOMNUBOM;

Qe — Tennota, 3KBMBaneHTHas adpdek-
TMBHOW pabote [BC;

Qoxn1 — Tennota, oTBeAeHHasi B CUCTEMY
oxnaxnaeHus [BC;

QoHe — TennoTta, OTBeAEHHas oxnaxaa-
loLLEen cpefie B oxnaauTene HaaayBOYHOro

BO3ayxa,

Qe — TennoTa, OTBEAEHHas C BbIMYCKHbI-
MW razamu,

QM — TennoTa, oTBeeHHasi C Macrom,

Qocm — TennoTa, OTBeAeHHas OT MoO-
BepxHoCcTM 6noka uunuHgpos camoro OBC,
a TakkKe y4MTbIBalTCS NOrPeLLIHOCTH pacyeTa
cTaTtew Tennooro 6anaHca.

OKcrneprMeHTarnbHble AaHHble MOKa3bl-
BaloT, YTO 3PPEKTUBHLIN K.M.4. YCTAHOBKU C
OBC cocrtaensieT 30...40 %, a oTBOA TEMNMO-
Tbl C BbIMYCKHbIMU Fa3aMu 1 oxnaxaaroLemn
XugkocTtbto coctaensiet 35...48 %. L3 atoro
cnenyert, YTO UCMNOMb30BaHMEe Ha HYyXObl 00b-
eKkTa OTBOAMMYIK Unu «B6pocoBOM» TEnnoThbl
ot 1BC akoHOMM4Yeckm LenecoobpasHo.

MoBbiweHne achheKTUBHOCTM aKcnyaTa-
UMM CPencTB «Marnon SHepreTukn» sBNsSieTcs
MCMNoMnb30BaHUe MNpuW 3KChnyaTauum An3enb-
reHepaTopoB W rasoBbIX ABWUratenb-reHepa-
TOPOB CUCTEM KOreHepauuu, T.e yTunusa-
UMM OTBOAMMOW TenmnoTbl BbIXJIOMHbIX ra3oB
1 oxnaxgawollen xugkoctn. [Nonyyaemas
«BpocoBasi» Tennora MoOXeT ObiTb WCMOsb-
30BaHa [ns OTOMIEHNs!, FOpsivYero BoOAoCcHab-
)KEHUS1 UINM NPOU3BOACTBEHHBIX HYXA Npea-
npusTus nuéo obbekta. O6WMIA BUA OOHOMO
13 BapuaHToB 6rnoka cuctembl yTunusaumu
Tenna npeactaBrieH Ha puc 1, a B cocTase
C rasoBblM [BUraterb-reHepaTtopoM Mpous-
BoacTtea OAO «Bormxckuii gusens um. Mamum-
HbIX», YCTaHOBMEHHOTO B I. LLlaxTbl Ha puc 2.

Kak n BoO MHOruUx Apyrux crny4vasix, uc-
nonb3oBaHWe rasa B yCTaHOBKax KoreHe-
pauumn nos3BonseT caenartb Wwar Bnepes B
CO3[1aHNN HOBbIX, SHEPreTU4ecKn BbIroa-
HbIX TexHonorun. NMoatomy He cnyyanHo B
ctpaHax EBponeiickoro Cot3sa gons rasa

acnupaHT
acnupaHT

B TOMMMBHOM GanaHce yCTaHOBOK KOreHe-
paumu coctasnsieT 22,5 %, a B oTaenbHbIX
cTpaHax u elle Bbllwe: B HugepnaHgax 66
%, B Wtanun 38 %, B CoeanHeHHoM Kopo-
nesctBe Benukobputanum 30 %. B CLUA aTa
[onsa Takke odeHb 3HaunTenbHa — 63 % .

Bason ons aTuMx yCTaHOBOK MOXeT siB-
NSATbCS pasnuyHbll Habop obopyaoBaHust
— TMOpLUHEBOW ras3oBbi ABuratens (Unu
rasoTypOuHHBIN) C  3rekTporeHepaTopom
1 YCTPOWCTBOM ANS yTUNu3auuu TennoThbl
BTOPUYHbLIX SHEPropecypcoB ABUratens ans
nonyyYeHus: ropsiyeit Boabl.

OCHOBHbIM NMPEVNMYLLECTBOM  yCTaHO-
BOK KOreHepauum OTHOCUTENbHO YCTAHOBOK
pasgenbHol BblpaboTKM 3MNEKTPUYECKON U
TENoBOW 3HEpPrun SABNSIeTCA COKpalleHune
notepb 9Heprun Tonnmea. CokpalleHune
noTepb NPOWCXOAMT Kak B camMoM npoLec-
ce npeobpa3oBaHUs TOMMMBA B KOHEYHble
3HEpProHocMTENN, Tak U B MpoLecce TpaHc-
NOpPTUPOBKM 3HeproHocuTenen Ha 6Gonee
KOpPOTKME paccTosiHUsl, npu BblpaboTke
3HeproHocuTene B TOMHOM COOTBETCTBUU
C NOTPEBHOCTLIO B HUX. 3amMeTHble Npenmy-
LLlecTBa MMeKT YCTaHOBKWM KOreHepauuun B
3KOMOrnMYeckom nraHe: cymmapHbie BbIOpO-
Cbl B @aTMocdepy BpeaHbIX KOMNOHEHTOB OT
rasoBoll TypbuHbl B COCTaBe YCTaHOBKM KO-
reHepaumm Bcerga MeHblue BbIOGpOCOB 3TOM
e TYpOUHbI U TennoduKaLMoHHOro KoTna.

Ha npousBoacTtso 1 KBT.4 anekTpoaHep-
mmn n 1,43 kBT.4 Tenna B yCTaHOBKE KOreHe-
pauun notpebyetcs 2,85 kBT.u rasa, a npu
pasgensHoMm npowussoactee — 3,49 kBT,
T. €. Ha 22 % 6onble. Mpu aTom BbIGPOCHI
NOX cokpatatca Ha 36 %, a CO, — Ha 18%.

Manas sHepreTMka Ha OCHOBe MOpLU-
HeBbix [IBC npu ucnonb3oBaHuM rasoo-
6pasHoro WnM Xugkoro TOoMnnMBa, peluas
3KOMNornyeckyto npobnemy, faet BO3MOX-
HOCTb 6€e3 «lapaxaHui» U «PEeBOOLMNOH-
HbIX CKaykoB» [2] B KOpOTKMe cpoku obe-
CMeynTb NoBblLEHNEe HaAeXHOCTU CUCTEMBI
3HeprocHabxeHus ropogoB 1 NPUropoaoB B
parioHax, OXBa4YeHHbIX LIeHTPan1M3oBaHHbIM
anekTpoTennocHabxeHnem (LISTC), nytem
YaCTUYHOIO pe3epBUPOBaHMS B 0COOble
nepuoabl, a Takxke co34aTb Ha[EXHY
aBTOHOMHYI (fOKarnbHyl) MecTHyl fae-
LeHTpanM3oBaHHYl0 CUCTEMY 3Heproc-

K.T.H., [IOLIEHT, Ha4YanbHuK nabopaTtopumn «QHeprocoepexxeHne»

r. Banakoso

NHXXEeHep, BanakoBckui WHCTUTYT TEXHUKN TEXHONOIMN 1N ynpasrneHna

HabxeHusa B Tex panoHax, rae UI3TC oT-
CyTCTBYeT, MNM BO BHOBb OCBauBaeMbIX
MecTax.

lMpeumywectBa [4] kKoreHepauuu Ha
6a3e rasonopLUHeBbIX 3NeKTporeHepaTop-
HbIX YCTAHOBOK MpPeACTaBnsiloT 0cobbli
VMHTEPEC, U B YACTHOCTM ANS  XUMULLHO-
KOMMYHarnbHbIX X0351CTB. Hanpumep, nc-
nonb30BaHWe Taknx yCTaHOBOK No3BonsieT
YMEHbLWUTb 3atpaTbl Ha CTPOUTENLCTBO
KOMMyHukauuin (B 1,5-4 pasa no cpaBHe-
HUIO C NoABefeHNEM LIeHTpann3oBaHHOIO
Tenmna u 3nNeKTPO3Heprum), NocKosnbKy He
TpebyeT noaBefeHUs OTAENbHO ra3onpo-
BoJda, O9neKTpuMyecTBa, BOJOMPOBOAA C
XONOAHOW 1 ropsiyen BOAOW, HeobGXoaum
TONbKO rasonpoBoj U BOAOMPOBOA C XO-
nogHon Bogon. W, Hago ckasaTb, 3TU
npeumyLiecTBa YCrnewHo WUCNoNnb3yrTcs
B JKUITULLHO-KOMMYHamnbHbIX X035/ CTBax
eBponencknx ctpaH. Hanpumep, B cucte-
Me XKKX Yexun BBegeH B akcnnyaTtauuio
psg rasonopLiHEBbLIX arperatoB C yTUNU-
3auuen Tenna, npuyem npegnovTeHne oT-
[aeTcsl yCTaHOBKaM MOLLHOCTbIO  OKOMo
500 kBT. Kak npaBuno, atn ctaHUUM MOH-
TUPYIOT Ha 6a3e cTapbiX KOTEMbHbIX, U3 KO-
Topbix ybupaetcs ctapoe obopynoBaHue.
Moatomy Tenno oTnyckaeTcs XUTensm
6nn3 nexawnx SOMOB, a ANEKTPOIHEpPrus
- B LLEHTparnu30BaHHYH CETb.

B kayecTBe elle ogHoW unnwocTpauuun
L|enecoobpasHoCT NPUMEHEHNUsT KOMBUHU-
pPOBaHHbIX TEMMO - 3HEePreTUYecKMx ycTa-
HOBOK MO BbIpabOTKW TEMMOBOW U 3NEKTpU-
YeCKOW 9HEeprum MOXHO MPUBECTU MpUMep
MCMoNb30BaHUs onbiTa psiaa 3apybexHbIx
yH/BeEpCcUTETOB [5] MO HE3aBMCUMOMY OT Ha-
LIMOHanNbHOW ceTu anekTpocHabxeHuto. Mep-
Basl Takasi yCTaHOBKa W3 Tpex ABuratenemn
Jenbacher Ha npupoaHoOM rase npMmeHeHa B
yHuBepcutete Dundee, LWotnanaus. Ycra-
HOBKa WHTErpvpoBaHa B 3HEProceTb YHU-
Bepcuteta, obecneymaeT 6onee 98 % ero
notpebneHus B anekTpodHeprun n go 50 %
rogoBov NOTPeBOHOCTN B TEMNIOBON 3HEPTUN.
CyMMapHbIii  K.N.4. Tennoucnonb30BaHus
coctansn go 74 %.

Kpome atoro, B nocnegHee Bpemsi [4]
NpOoSIBNSIETCA MOBbIWEHHbBIN MHTEpPec K ra-
30MOpPLUHEBBLIM YCTaHOBKaM BcrneacTeme P
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YXKECTOYEHUS]  IKONMOTMYECKUX HOpMaTU-
BoB. BcneacteBue aToro ucnonb3oBaHue
KPYMHBIX MPOMBbILIINEHHBIX 3MeKTporeHe-
pPaTOpHbIX YCTAHOBOK Ha XUAKOM TOMnuBe
notpe6oBano AOMONHUTENbHbLIX 3aTpaT Ha
OYUCTKY BbIXMOMHbIX ra30B OT BPEAHbIX Be-
wectB. Ho ewe Gonbliee 3HavyeHue npu-
obpeTalT rasonopLiHeBbIE YCTAHOBKM Kak
yTUNn3aTopbl MOMYTHbIX HEdTSAHbIX ra3os,
nockonbky Knotckum npotokosiom k Pamoy-
HOW KoHBeHUuMn OOH 06 M3mMeHeHuun Knu-
MaTta BBeEHbl YeTkue NUMUTbI Ansi BCex
NPOMBbILINIEHHOPA3BUTbLIX CTpaH — «ycTa-
HOBIEHHbIE KONMYECTBa» Ha 3MuUccUun nap-
HUKOBbIX ra30B, B CMIMCOK KOTOPbIX NOMUMO
CO, BKntoYeHb! elle NATb NapHUKOBLIX ra-
30B, B TOM YuClie U MeTaH.

Tak B kayecTBe npumepa acpdekTns-
HOrO NPVYMEHeHUs ra3onopLIHEBON ycTa-
HOBKM C 6NTOKOM yTunusauuu Tenna Mox-
HO npuBecTU onblT akcnnyatauun AT
90 mowHocTbio 500 kBT, nponssoacTea
OAO «Bonxckun gusenb M MamMuHbIX»,
Ha npegnpuatum 3A0 «[oH — Takc» T.
WaxTbl. Ha koHew 2007 roga HapaboTka
TENNO3HepreTUYeCcKoro KOMMrekca co-
ctasngana 7800 yacos.

CTOMMOCTb 3MEKTPOIHEPTUM C YYETOM
3KCMnyaTaluMOoHHbIX 3aTpaT TennosHepre-
TMYECKOro KOMMreKca uMerna BenuyuHy
0, 72 py6/kBty. lpn aTOM CTOMMOCTb
3NEKTPO3HEPTUN OT LEHTparbHbIX CeTel —
2,7 py6/kBT 4, Tak, 4TO 3KOHOMMS HanMLo.
Mpun BbipaboTtke anektpoaneprun A 90
OfQHOBpPEMEHHO B 6roke yTunusauuu Te-
nnoTel ocyuwiecTBnsieTcs otbop Tennosow
3HEprum oT yTUNU3auumy BbIMyCKHbIX ra3os,
oxnaxaarwwen KuUAKOCTW, CMa3o4yHOro

mMacna u HagAyBOYHOro Bosayxa (puc 2).
BenvunHa yTunusanposaHHOW TEenmoBOW
aHeprun gocturaet 700 kBT. YTunusunpye-
moe oT I'AI 90 Tenno ncnonb3dyetrca B CU-
cTeme BOAOMOATOTOBKM MCXOAHOW BOAbI 1
NoAorpeB MUTaTeNbHOW BOAbI KOTENbHOW
npeanpusaTtusa. lNogorpeB MCXOAHOW BOAbI
B 3UMHWIA Nepunoa BpeMeHu no3BonseT no-
BbICUTb 3(PPEKTUBHOCTL PaboThl CUCTEMBI
XWUMBOAOMOArOTOBKM  KOTenbHOM Ha 10-
12%. MNpwn aTOM CHMXaeTca pacxop comnu
N noHoobmeHHOro MaTepuana Ansa npu-
rotoBneHus nutatenbHon BoAbl. Cyule-
CTBEHHO CHWxaeTcs addeKkT oT yTunuaa-
LUK TennoBON 3HEpPruv B NETHUI nepuos
BPEMEHU 13-3a OTCYTCTBUS NoTpebutenen
Tenna, U B 3TUX YCNOBUSAX 3HAYUTENbHbIN
WHTepec npeacTaBnseT WCMNonb3oBaHue
[Ar-90 B cocraBe abcopbuunoHHon Bpo-
MUCTONUTUEBON XOMOAUMNBHON MaLUUHbI
«OKB TEMNOCUBMALL».

TennosHepreTuyecknii KOMMMeEKc pac-
nonoxeH B 7 mMeTpax oT notpebutens Te-
NOBOW 3HEPrum, a 3HaYUT Y TPAHCMNOPTHbIE
noTepu TeNnoTbl NPU 3TOM MUHUMASbHbIE,
4YTO M OTNMMYaeT Takme YyCTaHOBKM OT LieH-
TpanbHbIX AMUHHBIX CETEW.

ObcnyxmBaHne TennoaHepreTuyecko-
ro komnnekca BegeT OGpuraga MoOAroToB-
NEeHHbIX CcneynanncToB € MexaHu3mamu
mMaTepuanbHOW 3avHTepecoBaHHOCTU OT
pe3ynbTatoB paboThbl.

Ecnn roBopuTe 0 cTpaTernyeckom
pas3BUTUN KOreHepauWOHHbIX YCTaHOBOK B
Lienom, TO OHO 3acnyxuBaeT [0CTaTOYHO
NpUCTanbHOro BHUMaHWA MO WX NpUMeHe-
HUIO Ha obbekTax pasnuyHbiXx opm cob-
CTBEHHOCTU 3a c4yeT 3PPEKTUBHOCTU UX

CUJIOBbIE ATPErATbI
POWER UNITS

NPUMEHEHMUs, @ TakkKe C y4eTOM OrpaHu-
YEHHOro 3anaca yrreBoJOPOAHOrO TOMMu-
Ba Ha nnaHeTte n obecneyvyeHusi aHeprobe-
30MacHOCTU OObekTa. m
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1. 3amoTopuH P.B. Manble TennoanekTpo-
LeHTpanu — nopLuHeBble U TYpOUHHbIE
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KEHUS MO CO34aHUI KOMBMHUPOBAHHbIX
ManbIX  TennoanekTpoueHTpanei Ha
6a3e NOpLUHEBbIX U ra30TypOMHHbLIX ABU-
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4. «ObopynoBaHue: pbIHOK, NpeanoXeHne,
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6. PasyBaeB A.B. QkoHomu4eckas apdek-
TUBHOCTb akcnnyataumm OBC c cucTte-
Mol yTunusauum Tenna // [BuraTene-
cTpoeHune. — 2000. — Ne 3. - C. 37-38.

7. TepexuH A.H., Cnecapexko W.B., lop-
naHos A.B., MuensHukos .., Pasysa-
eB A.B. lNepcnektuBbl pa3BuTuA aBToO-
HOMHbIX MCTOYHUKOB 3HeprocHabxeHus
Ha 6ase rasonopLUHEBbIX U ra3oTypOuH-
HbIX aBuratenen // BuratenectpoeHue.
—2007. - Ne 1. — C. 30-33.

Puc. 1 O6wui BUA oaHOro M3 BapuaHToB Grioka cUcTeMbl
yTUnusauum tenna

Puc. 2 Bnoka cucteMbl yTUNu3auum Tenna B coctaBe € ra3oBbIiM

ABurarenem - reiepatopom npoussoactea OAO «Bomxckumn am-

3enb UM. MamMuHbIX»

* Paspabotka 1 pacdeT cxeMbl CUCTEMbI YTUMM3ALMU MO MHAMBUAYarbHbIM NapaMeTpam obbekTa 1 sHepreTuye-
CKOW YCTaHOBKM, COITIACOBaHNE TEXHWKO — SKOHOMMHYECKVX MoKa3aTernen ¢ 3akasqHukoMm;
* paspaboTka pekoMeHaaLWiA Mo MOHTaXKY W SKCTIyaTaLmn CUCTEMbI YTUMM3aLMKW AN SKCTIyaTupyeMbIX U BHOBb

000 « BAIT3CKO»

r. BanakoBo

Ten (84-53) 44-77-36
Ten/cdakc (84-53) 44-48-86,
46-44-43

E-mail: rav@bittu.org.ru

BBOOMMbIX 3HEPrOyCTaHOBOK;
* paspaboTka NpoeKTa NepeBoaa 3HEProyCTaHOBKM Ha paboTy € CUCTEMON YTUNM3aLMKM Temnna — Co3aaHne KoreHe-
PaLWIOHON YCTaHOBKM;
* pacyeT HeobxoaMMOro 06opyaOBaHNUS AN CUCTEMbI YTUNM3ALINM;

* U3rOTOBMEHME 1 NOCTaBKa 3aKka3qnky HeobxoanmMoro obopyaoBaHust Ansi CUCTEMbI yTUNM3aLMK B TOM Yucrie Grod-
HOW KOMMOHOBKM.
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OcBOMBLIKCH B peanusix coBpeMeHHoro pbiHka, OAO «MaHoToMb» (paHee ToMckui MaHoMeTpoBbIN 3aBoA) yAanocb COXpPaHUTbL MNo-
3ULMN OOHOIO U3 KPYNMHEWULLIUX POCCUMCKUX Npou3BoauTenen maHoMeTpoB. [peanpusaTne MMeeT 3acryXeHHY penyTauuio Hagex-
HOro nocTaBLiuKa NPUGoOPOB KOHTPONA ANA 06HEKTOB NOBbLILEHHON ONACHOCTU, U Npexae Bcero Ans npeanpuATui HedTerasoBomn
oTpacnu. Cnegya coBpeMeHHbIM MapKeTMHIOBbIM TEHAEHUUAM, NPeAnpuaTe CTPEMUTCA K OnepaTUBHOMY peLUeHUIo 3ahay noTpedu-
Tens, ocTaBasiCb NPOU3BOAUTENEM Kak MeXaHU4eCKMX, Tak U ANeKTPOHHbIX MAHOMETPOB CaMOro BbICOKOro KayecTBa.

OAO <MAHOTOMb»:

B3PbIBOBE3OITIACHBIE MAHOMETPbDBI

B HacTosawmMin MOMEHT B Kartanore
NpoAyKuMM NpeanpusaTUs  HacuYUTbiBaeT-
cq 6onee 30 OCHOBHbIX TUMNOB Npubopos,
Hanbonee BOCTPeOOBaHHbIX Ha pPbIHKE.
MaHoMeTpbl, AaT4yvku faBreHus U Temne-
patypbl ¢ Mapkoi «MaHOTOMb» OTIUYHO
3apekomeHaoBanu cebsi Ha COTHAX poc-
CUICKMX 1 3apyBexHbIX NpeanpusaTui, cpe-
OW KOTOPbIX KOHUepH «PocaHeproatom,
OAO HK «Jlykonny», OAO HK «PocHedTb»,
OAO HK «TatHedpTb», OAO «lasnpom»,
OAO «THK-BP» u gpyrue.

Mo paHHbIM oToena mapketuHra OAO
«MaHOTOMb», YCTOMYMBBLIM CMPOCOM Yy He-
(TSHMKOB ¥ ra30BUKOB NOMb3YyeTCH Cepus no-
Ka3bIBaKLLMX B3PbIBO3ALLMLLEHHbIX 31EKTPO-
KOHTaKTHbIX MaHOMETPOB, BakyyMMETPOB "
MaHoBakyymmeTpoB [IM2005Cr1Ex, a Takxe
Bepcusa 3Tux NpubopoB B KOPPO3MOHHOCTON-
KOM MCMONHEHUN. TN NPOCTbIE N HaAEXHble
npubopbl, BbiMyckaeMble MO oTpaboTaHHOW
rogamy  TEXHOMOMMM, MPULLAM Ha 3aMeHy
XOPOLLO U3BECTHOM, HO Y& CHATOIN C Mpous-
BoacTBa cepum OKM ¢ anametpom koprnyca
160 MMm.

KoHcTpykTopckon cnyxbon OAO «Ma-
HOTOMb» ObINMM paspaboTaHbl B3pbIBO3aLLM-
LleHHble npubopbl C AvamMeTpoM Kopryca
100 mm M5010CrOEx. Mpw cosgaHum aTux
npnbopoB Obin peanusoBaH psg NONOXUTENb-
HbIX KOHCTPYKTUBHBbIX U (DYHKLMOHAmbHbIX
ocobeHHOCTEN: yBenuyYeHHasi TOMLMHA CTek-
na, ranbBaHWYeCcKV pa3Bsi3aHHble KOHTaKTbI,
yoobHas KnemmHasi Korogka, repMetusmpo-
BaHHbIN BBOA. Mpubop B3pbiBO3aALLMLLEHHbIV
1 MMeeT BUZ B3pbIBO3aLLMThI «Mckpobe3donac-
Has uenb». B cnyyae npumeHeHus npubopa
Kak B3pblBOOGE30MacHOro B pasbl NoBbILLAETCH
Ha[leXXHOCTb U PecypC KOHTaKTHOW rpynnbl,
Grnarogapsi KOMMYyTaLUK OrpaHNYEHHbIX TOKOB
1 HanpsKeHWI 1, Kak crneacTeme, OTCYyTCTBUIO
Oyrv B MeCTe KOHTaKTa U ero paspyLUeHus.

[Mpnbop MOXET NPUMEHATLCA B TEXHOMOrM-
Yeckyx npoleccax ¢ BO3MOXHOWM ONacHOCTbIO
BO3HVIKHOBEHMSI B3pbIBa UMK Moxapa B Takux
oTpacnsix, kak HedpTe- unu razogobbiBatoLlas,
HedTexvmunyeckasi, apmaueBTnyeckas v T.4.

CTOUT OTMETUTb BbLICOKME 3KChnyara-
LIMOHHblE KayecTBa, KOTOpble TPagULMOH-
HO CBOWCTBEHHbI U APYrMM MeXaHU4eCKnm
npnbopam OAO «MaHOTOMb»: MPOAOIIKU-
TemnbHbIA CPOK CNnyxbbl, NpocToTy 06Cny-
XWBaHUS U PEMOHTOMNPUIOAHOCTb ObGopy-
[OBaHUS.

OpHako cerogHs Yacto ObiBaeT Heno-
CTaTO4YHO MNPOCTO U3MEPUTbL AaBrneHue ¢
MaKkCMMarnbHOW TOYHOCTbIO, a 3aTeM BOC-
Npon3BeCTW ero 3Ha4yeHune B BUAe aNeKkTpu-
4ecKoro YHUMULMPOBAHHOIO BbLIXOAHOMO
curHana. TeHAeHUWM COBPEMEHHOro npwu-
6opocTpoeHns BBOASIT HOBble CTaHAap-
Tbl  PYHKUMOHaNbHOCTM 06GopyAoBaHMUS.
MIMeHHO MO3TOMY HOMEHKNaTypa MaHoMe-
Tpuveckux npubopos OAO «MaHOTOMbY»
Oblna paclimpeHa n paclmpseTcs 3a cyeT
NOSABIIEHNS COBPEMEHHbIX 3NIEKTPOHHbIX
npubopoB: ManorabapuTHbIX [AaT4yMKOB
AaBneHVs 1 TemMneparypbl, B KOTOPbIX UC-
Nnofib30BaHbl €MKOCTHble CEHCOpbl U CO-
BpeMeHHble LM poBble TeExHoNnornm obpa-
60TKM curHana.

OcobeHHOro BHMMaHWS 3achnyxuBa-
10T npubopbl cepun OMS5007-3151. WUH-
TennekTyanbHble B3PbIBO3ALUNLLEHHbIE
[aTyvMku [aBrneHus cofdepXaT B CBOEM
cocTaBe He TONbKO MUKpomnpoLeccop,
KOMMEHCMPYIOLL M BO3AENCTBINE OKpYXalto-
e cpeAbl, HO U YCTPONCTBO ABYyHanpas-
NeHHOW UuMdpOoBOM KOMMYHMKaLMK, pa-
6oTtatowee B popmate HART-npoTokona.
OTo npepocTaBnseT nonb3oBaTenam npu-
6opoB AoOMOMNHUTENbHbIE (YHKUUOHAMb-
Hble U CepBUCHble BO3MOXHOCTU. Lind-
poBasi CBSA3b MO3BOMSieT MPOU3BOAUTH P>

—__|

Having assimilated in the realities of the cu-
rrent market, JSC «Manotom» (former Tomsk
Pressure Gauge Factory) managed to preserve
its status as one of the biggest pressure gauge
manufacturers in Russia. The enterprise posses-
ses a well-deserved reputation of the control ga-
uges supplier for high-hazard objects, and in the
first place, for oil and gas producing enterprises.
Following up-to-date marketing trends, the com-
pany aims at efficient fulfillment of the customer’s
needs, producing both mechanical and electronic
pressure gauges of the highest performance.

JSC «cMANOTOM»:
EXPLOSION-PROTECTED
PRESSURE GAUGES

At the present moment the company’s cata-
logue of production enlists over 30 main types of
devices, most demanded on the market. Press-
ure gauges, temperature and pressure sensors
under «Manotom» brand have gained a great
reputation on hundreds of both Russian and
foreign enterprises, which include «Rosenergo-
atom» group, JSC OC «Lukoil», JSC OC «Ros-
nefty, JSC OC «Tatneft», JSC «Gazprom», JSC
«TNK-BP» and others.

According to the data, provided by the ma-
rketing department of JSC «Manotomy, the fol-
lowing devices have a strong demand amongst
oil and gas producing companies: the line of
explosion-protected electrical-contact indicati-
ng pressure gauges, vacuum meters and va-
cuum pressure gauges Om2005Cr1Ex, as well
as a series of corrosion-proof devices. Those
simple but reliable devices, produced accord-
ing to the proven through many years techno-
logy replaced a well-known, but discontinued
ECM (electric contact manometers) series with
nominal diameter 160 mm.

The JSC «Manotom» design bureau dev-
eloped explosion-protected device OM5010C-
rOEx with the nominal body diameter 100 mm.
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A number of positive design and functional pec-
uliarities has been realized in the development
process of these devices: increased glass thic-
kness, galvanic isolated contacts, handy con-
necting block, pressurized input. The device is
explosion-protected with the «Spark-safe circuit»
explosion type. In case the device is used as an
explosion-protected one, it by far increases relia-
bility and life-time of contact set, due to the cross-
plugging of limited currents and voltage, and, as
a consequence, due to the absence of arc at
the place of contact and its damage. The device
may be employed in technology processes with
explosion or fire hazard, in such fields as oil or
gas producing industry, petrochemical or pharm-
aceutical industries, etc. It is worth admitting the
high performance properties, traditionally chara-
cterizing other mechanical devices, produced by
JSC «Manotom»: long life, easy maintenance
and reparability of the equipment.

However, modern situation sometimes dem-
ands more than simple pressure measurement
with maximum precision and reproduction of the
values in form of unified electrical output signal.
Current instrument engineering trends impose
new standards of equipment functionality. And
due to this very fact, the range of pressure-me-
asuring devices by JSC «Manotom» has been
expanded at the expense of the appearance of
up-to-date electronic devices: compact pressure
and temperature sensors, which employ capacit-
ive sensors and modern signal processing digital
technologies. Special attention should be paid to
the [IM5007-3151 series of devices. Smart exp-
losion-protected pressure sensors that contain
not only a microprocessor, compensating envir-
onmental influence, but also a bidirectional digital
communication device, operating in the HART-
protocol format. This option provides additional
functional and service opportunities for the User.
Digital communication enables remote realign-
ment of measurement range or semi-automatic
calibration without shutdown of the device, and
allows zero off-set and scanning of the specific
parameters of the device. Continuous self-diag-
nostics provides high reliability of systems oper-
ation. In case of performance degradation, the
sensor immediately produces the signal of failure,
which leads to the increase of efficiency in the sta-
ff operation and reduction of idle hours. Due to the
fact, that communicational protocol HART is open
and is supported by all manufacturers of automa-
tion equipment, the smart pressure sensors [IM5-
007-3151 can be easily integrated in the automa-
ted production control systems, which are already
implemented on the Customer’s enterprise.

A more detailed technical specification of the
above stated explosion-protected equipment, as
well as a full catalogue of production of press-
ure instrumentation under the JSC «Manotom»
brand, can be found on the official web site:
www.manotom-tmz.ru

The products are certified and registered in
the Public Registers of the Russian Federation,
the Republics of Belarus, Kazakhstan, Turkmen-
istan and Uzbekistan.

The quality management system at JSC
«Manotom» includes development, manufactur-
ing and repair of pressure gauges, vacuum pre-
ssure gauge and pressure sensors. The system
was assessed by the international certification
centre Quality Service Schaffhausen AG (Switz-
erland) and fits the set requirements of internati-
onal standard ISO 9001:2000.

INSTRUMENTATION AND METERS, AUTOMATIC CONTROLS

yOaneHHyl  nepeHacTpovKy [guanasoHa
M3MEPEHUI UMK NoNyaBTOMATUYECKYH Ka-
nubposky 6e3 BbiBoga npubopa u3 akcnny-
aTauuu, OCYLLecCTBMnATb KOPPEKUMo Hyns
1N CUYATbIBAHME WHAWBUAYaNbHbIX Napame-
TpoB npubopa. HenpepblBHas camopguar-
HOCTMKa obecneynmBaeT BbLICOKYH Haaex-
HOCTb (YyHKUMOHMpPOBaHUA cuctem. [pu
YXYOLEHUN TEeXHUYECKUX XapaKTepucTuk
[aTyYMK MTHOBEHHO Bbl4aeT curHam o He-
MCNPaBHOCTU, YTO NPUBOAUT K NMOBLILLIEHUIO
ahdekTMBHOCTN paboThl NepcoHana u co-
KpaLleHWo NMpOCTOEB.

Bnarogaps Tomy dakTty, 4TO KOMMY-
HUKauMOHHbIN npoTokon HART gBnsaetcsa
OTKPbITBIM U NOALEPXKMBAETCA BCEMMU MpPO-
M3BOAMTENSIMM CPEACTB aBTOMaTusauuu,
VHTenmnekTyanbHble AaTyuku  OaBreHus
OM5007-3151 ©6e3 3aTpygHeHun MoryT
ObITb MHTErPMPOBaHbI B aBTOMaTU3MPOBaH-
Hble CUCTEMbI ypaBneH1s NPOU3BOACTBEH-
HbIMUK Mpoueccamu, KoTopble yXe PyHKLK-
OHUPYIOT Ha NPEeANPUATUSIX 3aKa34MKOB.

O3HakomMUTbCS ¢ noapobHoi cneyndpu-
Kaunen nepevymcneHHoro B3pbiBo3alunLLeH-
HOro 06opynoBaHUs, a Takke C MOSHbIM Ka-
TanoroMm maHomeTpuyeckoro obopyaoBaHus
nponssoactea OAO «MaHOTOMb» MOXHO Ha
cante koMnaHun www.manotom-tmz.ru.

AM2005C21Ex

KUTMWA
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Mpoaykuus cepTuduunpoBaHa U BHe-
ceHa B locpeecTtpbl Poccuiickon deagepa-
uuun, Pecnybnuku YkpauHa, Pecnybnuku
Benapycb, Pecny6nukn KasaxctaH, Pe-
cnybnukn  TypkmeHucTaH, Pecnybnuku
Y3bekucTaH.

Cuctema MeHegXMeHTa  KayecTBa
OAO «MaHoTOMb» BKMtoYaeT pa3paboTky,
NpPoOu3BOACTBO U PEMOHT MaHOMETPOB, Ma-
HOBaKyyMMeTpPOB W AaTyMKOB AaBMeHus,
OoLeHeHa MexXxAyHapoAHbIM cepTudukauu-
OHHbIM LeHTpom Quality Service Schaffh-
ausen AG (LUBenuapusi) n cooTBeTCcTBYET
YCTaAHOBMEHHbIM TPebGOBaHUAM MexayHa-
pogHoro ctaHgapta ISO 9001:2000. m

634061, Poccus, . Tomck,

np. Komcomonbckuii, 62

Ten: (3822) 288-664

dakc: (3822) 442-906

e-mail: marketing@manotom-tmz.ru
www.manotom-tmz.ru

CITEPBITOE AKLTOHEFEOE ORILECTEO)

MAHOTOMbBb

InexmMpoOKOHMAKMHKLIE CUZHANUIUPYOW U
MEHOMEMpPEl, BAKYYMMEMpPi

U MaHOBAKYYMMEmpil
€ gudom aipeigosawjume 1ExdIBT4
“BapweoxHenponuyaeman obonoyka”
Owanalowsl NOKEIaHWA npwbopoa
AM2005Cr1Ex - or 0 go 16800 krefcw’
OB2005Cr1Ex - ot -1; 0,6 no 0 krclom®
OAZ005CA1EX - ot -1 Ao 24 grcfom®

AuameTp wopayca - 160 mm

Knace TounocTH nprbopos - 1,5

CreneHb 3awMTs - IP40

(erogHoro oTgenedus npubopos - IP54)

Macca npuGopoa - e Gonee 5.5 wr

AMS5010C20Ex

3nexmpoKOHMAaKMHEIE CUSHANUIUPYOLWUe

MaHOMemphl, GaKYYMMempLl

U MBHOBEKYYMMEmphd
¢ audomM eipkieoiaiyumes DExiallCTSX
“HexpobesonacHan anexmpuyecKas yens"

OwanazoHs nokasadui nprBopos
AMS010CH0Ex - ot 0 o 1600 xrofcw’
ABS0MOCHEX - or -1; -0.6 o 0 wro/om®
OAS010CrOEx - or -1 no 24 rrcicu®
Anawerp kopryea - 100 M

Knace ToysocTi npubopon — 1.5

{no aakasy — 1,0)

Craness agumre - P54
Macca npubopoa - He Gonea 1,0 kr
Cpegrni cpok cnymBa — 10 ner

Cepun unmennexmyanbibix damyunos
daenenun c audaMy BIPLISO3a W LMkl
PExiallCTSX

"Hcxpobe3onacHan 3NexmpuYyecKan
yens"ExdliCTSX
"BipsmoNenponuyaeman obonoyxa”
[wanasoksl nokasanuid nprbopon
31510W — o7 6.3 po 40 MMa

31510A — o1 25 wl1a ao 6,3 MMa
35100 — 6.3 xNa go 6,3 MMNa

315108 —or 6,3 fo 100 kMa

3151081 — o1 3 go 50 kMNa

Mpegans gonyckaemod oCHOBHOR NOrpeLuHoCTH
#0,075; 0.05; 0,1; 0,15, 0,25%

Hanpaxernse netanua: 12~458
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www.tnaspb.ru : - _ A P =< r. CanxT-Netepbypr
: : N ke yn. Canosa, o. 38
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. T\ (B12) TE6-5523

term@obogrev.net

HarpesatensHble nexTsl U kabenu
ans oborpeea Tpy6onpoeonos,
pezepeyapos, NPUBOPoR W PaINM4HEX YCTPORCTE

ANA nepekarki HedTh W HedTenpoaywTos Boex
BAOOE, B TOM YWMCNE BO BIPRBOCTSCHLX 30HEM:

MPOEKT 7548TOMP*N
HITHR00: T moaksh b MOHTAX

MPUHEANEMHOCTER W SKCECCYapoE.

VPAA-TECT

METPONOrMsa U CepBMUC

OCHOBHGIE HANPABNEHWA HALLERW OEATENBHOCTH

* MRapanankTwyecrkos oGopyA0BaAHNE W CHETaME

* MeTponomuecene obopynoaasme

* MpoMUIUNEHHLE AHANKIETOPL

Komnauua Ypan-Tect, ARNAACL oPHUHanEHLIM QUCTRR- L HH‘«'TU\"HH;TN;:;HEFI apmarypa ana KWn
5 . LERLY] T

GeoTopom . [parep, ocYECTRNAET OEATENBHOCTE B P 2 a:‘g:&;n';z:::“'::i;m ::: e et
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[Ipoayknus cofcTBEeHHOID NPOH3BOACTBA:

1. Orceunbie IBYXNO3HIHOHHBIE FA30Bbie JIEKTPOMAPHHTHBIE KIANAHbI

(Ly 15-200 mm, Py 0-6 Gap).

2. OrceuHble TPEXNOIHIHOHHBIE FA30BbIE 3IEKTPOMAPHHTHLIC KJIANAHBI
([1y 20-50 mm, Py 0-1 6ap).

3. Orceunblie razoBbie JIEKTPOMAPHHTHBIE KIANAHBI C PYYHLIM H
JIEKTPOMEXAHHIECKHM PEryisiTopoM pacxoaa

(/Ly 15-200 mm, Py 0-3 6ap).

4. 3acnonkn peryaapywomse (dy 40-100 mm, Py 6 6ap).

5. OtceuHble JBYXNO3HIHOHHBIE VIEKTPOMATHHTHBIE KIANAHLI 119 AKHIKHX
Cpel ¢ BOIMOKHOCTBH PYMHOI0 peryinposanns pacxoaa ([ly 15-25 mm, Py 4 6ap).
6. bi0KH razoBbIX MIEKTPOMATHHTHRIX KIANAHOB /LIS J1H00bIX cXeM paboThl
ra3oropelovHbIX YCTPOHCTE (BO3MOXKHO HITOTOBIECHHE DII0OKOB

N0 HHIHBHIYA/ILHBLIM TPeOOBAHHAM 3aKAIIHKA).

7. @uabTpsi raszossie ([1y 15-200 mm, Py 3-6 bap).

8. [larunxkn-pene gasnenns (AP 12, 40, 120, 400, 1000 mbar, API1-H, [AP/I-T).

Co3nanHe KOMIIOHEHTOB
ABTOMATHKH

0€30NACHOCTH H PEryJTHpPOBAHHNA
I8 TeIUIOBBIX YUI0B H CHCTEM
rasopacnpeiaejieHnd,
HCIOJIB3YHIIHX B KAMECTBE
TOIJIHBA NPHPOJAHLIH H
CHKHKEHHBIH ra3.
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OCBETUTENbHOE OBOPYOOBAHUE

LIGHTING EQUIPMENT

5/H (73) okTsi6pb 2008 r.  AKCMO3ULUA

CyulecTBeHHass AonA 3aTpaT NMPOMbILLNEHHbIX MpPeanpuUsaTUA, 0COGeHHO paboTallmxX B KPYFMOCYTOYHOM pexume, NMPUXOAUTCSH Ha
ocCyLecTBIeHNe OCBeLleHUs paboymx MecT, NoOMeLleHUA U NPOM3BOACTBEHHbIX nnowanen. ApdeKTMBHOCTL CBETOoNpeo6pa3oBaHUsA
CTaLMOHAaPHbIX CBETUINTbHMKOB O6OLLEro OCBELLEHUS, COCTaBMSAIOWMX OCHOBHYO Maccy Ha 60MbLUNMHCTBE NPOMbILLNIEHHbIX NPeaAnpPUATUN,
nexuT B auanasoHe oT 10 nm/BT ans namn HakanusaHus Ao 40-80 nm/BT Ans NOMUHECLEHTHbIX U HaTPUEBbIX NlaMn (AaHHbIe amepUKaHCKON
nporpamMmMbl ocBelleHus1 byayuiero). [N nepeHOCHbIX aKKyMYJIATOPHbIX CBETUNLHUKOB C JlaMNaMy HaKanuBaHUA, NPUMEHsIeMbIX Npu
ob6cnyXMBaHUN U PEMOHTE TEXHONOIMMYecKoro o6opyaoBaHus, 3T Noka3aTenm HaxoAATCA Ha HU3KOM YPOBHe, 0OCOGEHHO C yYETOM 3aTpar
Ha 3HepronoTpebdrneH1e Npu BbINOMHEHUU NpoLueaypbl «pas3psaa-3apan» AN aKKyMynsaTOPOB Ha 3apsiAHbIX CTonax.

PEINNEHUE ITPOBJIEMbI DOHEPT'OCBEPEXKEHUS -
CBETHJIbHHUKH HA BA3E LED

B.M. OCMnos
H.r. YEPEOOBA

VIHTEeHCMBHOE pa3BUTME TEXHOMOrMN B
obrnactM Mpou3BOACTBA  OMTO3MEKTPOHHbIX
npuGOpPOB Ha OCHOBE MONyNPOBOAHMKOBbIX
CBETOM3MyYaloLmnx KpUCTanmnoB npueeno B
80-x rogax npoLnoro Beka K CO34aHu u
BHEOPEHUIO B MPaKTUKY MOMyNpOBOAHMKOBbLIX
npeobpa3oBaTenein anekTpuyectsa B CBET.
CHavyana B Bue MOHOXPOMHbIX MarOMOLLHbIX
LIBETHbIX CBETOAMOLOB, @ MOCMe COBEPLUEH-
CTBOBaHUWSI rETEPOCTPYKTYP W MHOMUHOGOPOB
[ONs nonyYeHns cBeToamonoB 6enoro ceeta — K
co3gaHuio ceBetogmopoB benoro ceeta ¢ ad-
(PEKTUBHOCTbIO cBETONpeobpasoBaHust Gonee
100 nM/BT ¢ eauHUYHOM MOoLLHOCTbO 3-5 BT.
B HacTosiLlee Bpemsi MUpoBasi 3MEKTPOHHAst
NMPOMBILLIIEHHOCTb MPOU3BOAUT CBETOAMOAbI
«XornofHoro» (LBeToBasi TemrnepaTtypa Bbille
5000%K) «HelnTpanbHoro» (3600-5000°K) wn
«Ténnoro» (MeHee 3600°K) 6enoro ceeTa.

[MpakTnyeckn NepBbIM CIy4aeM LUMPOKOO
npumeHeHust 6enbix ceetogmonos (LED) B npo-
MbILLSIEHHOCTM SIBUNOCb CO3[4aHWE TOSOBHbIX

NepeHOCHbIX CBETUMBbHUKOB ANA FOpHOA0DLI-
Batowux otpacrnen. MNMpumerenne LED c gua-
rpammon mnanyyeHust «side emmiting» 1 ontu-
YecKoW CMCTeMON Ha ocHoBe napabonuyeckoro
oTpaxkaTtensi No3BONUIO Co3daTb CBETUIbHUK,
MMeIoLLMIA B ABa pa3a MEeHbLLYH0 Maccy 1 0bb-
&M KOHTeliHepa akkyMynsiTopHoi 6atapeu, Yyem
y choHapen CI'B-2 n CI'B-2.1 ¢ pyaHW4HbIMU
namnamu P3,75, npymeHsieMbix B HedTexu-
Mumn. Cpok cry»6bl MoLHbIX LED npeBbiwaet
npu gonyctumon aerpapgauum 30 000 yacos,
npotus 200 YacoB y pyaHuU4HOM namnel P3,75.

Mepexon B NepeHOCHbIX TOMOBHBIX CBe-
TUMbHUKAX AN HedTexvMum OT  HUKerb-
KagMUeBbIX aKkKyMynsiTOPOB Ha HUKenb-Me-
TannrMapugHble U NUTUEBbIE akKyMynsaTopbl
NMO3BOSISIET, MOMMMO PELLUEHUS 3KOSNOTMYECKUNX
3afad, CyLeCTBEHHO COKpaTUTb  3aTparbl
3MEeKTPO3HEPIN U BPEMEHWN Ha 3apsf, B Kax-
[0M paboyeM LiUKIe 3a CHET UCKITIOYEHUS Npu-
HyauTenbHoro gopaspsiga 6atapen. MNpu aTom
CBETUIbHWK 0becneyrBaeT 0CBeLLEHHOCTb B B>

Mokaszatenb PCIl25-250 PCIM25-250 CCI01-5 CCI101-20 Jlamnbl
c MPA HakanmBaHus
1 |MowHocTb, BT 250 250 15 60 2x100
2 | CeetoBoWi noTok, im | 12000 12000 900 3600 2000
3 |KNA4, % 55 70 70 85 10
4  |PeanbHo notpe- |455 88S 21 70 200
Gnsemast MoLL-
HOCTb, BT
5 |OddektnuBHocTb |48 48 60 60 10
MCTOYHMKA CBETa,
nm/BT
6 |OddekTnBHOCTL |26 36 44 52 10
CBETUSbHNKA,
nm/Bt
7 |CtommocTb 4543 6749 5000* 19000* 30
nagenus, pyb.
8 |Cpok ncnonssosa- (2000 4000 50000 50000 1000
HUS 40 NraHOBOW
3aMeHbl, Y
9 |CroumocTb 43047 31505 1987 6623 18900
3MEKTPO3HEPIK,
**py6'
10 |SkcnnyataumoH- (61990 49234 14887 27523 52070
Hble U3OEPXKKM 3a
Tou, py6.

* — OPUEHTUPOBOYHO
** — B 2008rogy c HOC

Ta6n. 1 CpaBHUTENbHbLIE XapaKTePUCTUKN CBETUNLHUKOB

rmaBHbI KOHCTpykTOp 3AO «3nekTpoTounprbop»
reHepanbHbin gupektop 3A0 «TK «3nekTpoTtounpunbop»

‘ r. Omck

A significant portion of the costs incurred by
industrial companies, especially those which ope-
rate round the clock, is accounted for by lighting
the workplaces, premises and production facilities.
The efficiency of light transformation of the statio-
nary light fixtures for general application which co-
nstitute the majority at most industrial companies,
lies within the range from 10 Im/wt for incandesc-
ent lamps and up to 40-80 Im/wt for luminescent
and sodium lamps (according to the data of the
U.S. «Lighting for the Future» program). For port-
able battery powered flashlights with incandescent
bulbs used for the service and repair of the manuf-
acturing equipment, these indicators are on the low
side, considering the energy consumption costs in
performing the «discharge-charge» procedure for
batteries on the charging tables.

RESOLVING THE ENERGY SAVING PROBLEM
LED BASED LIGHT FIXTURES

In the 1980’s intensive development of the
technologies in the area of producing optical ele-
ctronic instruments based on semi-conductor light
emitting crystals led to creation and introduction
into practice of semi-conductor transducers con-
verting electricity into light. Initially in the form of
monochrome low power color light emitting diodes
while after improving heterostructures and lumino-
phors to produce white light emitting diodes, it led
to creation of white light emitting diodes with light
transformation efficiency of more than 100 Im/wt
with single unit power of 3-5 wt. At present, the wo-
rld electronics industry produces LEDs of «cold»
(color temperature higher than 50000K), «neutral»
(3600-50000K) and «warm» (less than 36000K)
white light. Virtually, the first example of common
use of white LEDs in industry was the creation of
head worn portable lights for the mining sector.
The use of LED with «side emitting» diagram and
the optical system based on a parabolic reflector
made it possible to produce a lighting device which
had twice lesser mass and battery container volu-
me than SGV-2 and SGV-2.1 flashlights with mine
lamps R3.75 used in petroleum chemical industry.
The service life of the powerful LEDS exceeds, gi-
ven acceptable degradation, 30 000 hours, against
200 hours typical of the R3.75 mine lamp. Trans-
ition in the portable head worn lighting devices in
petroleum chemical industry from nickel-cadmium
batteries to nickel metal hydride and lithium batte-
ries allows, apart from dealing with environmental
issues, electric power costs and charging time in
each working cycle to be reduced due to eliminati-
on of forced completion of battery discharge. At the
same time the lighting device ensures such illum-
ination intensity in the hard hat as is 1.7 — 3 times
greater than that of the lighting devices with an in-
candescent lamp. The lighting device, head worn
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type, SGG-10, manufactured by «Electrotochprib-
or» Production Association and offered for opera-
tion in petrochemical industry has been designed,
making the most of advanced technical solutions.
The lighting device incorporates a LED, capacity 1
wt, powered by lithium and polymer storage battery
which has a stabilized light flux, producing illumina-
tion intensity in the evaluation area of no less than
1200 Ik. All the components of the electronic circuit
of the light and the storage battery are located in
the headlight. There is no external battery compar-
tment or connection cable. The light has additional
service functions: indication of remaining charge
on the storage battery, current time and the emplo-
yee’s registration number. Its mass is 190 g, thanks
to which this lighting device is easily attached to the
protective hard hat or any head gear.
Level of explosion proofness

PB Exibl X/ 1 Exibl IT5 X. Permission of the
Russian Federation’s Technical Supervision Auth-
ority for operation has been issued. The instrume-
nt is equipped with an individual charging device.
The battery’s charging time does not exceed 4
hours. The cited specifications of the product co-
nfirm that it is practically possible, using modern
component base and LED, to create a new gen-
eration of economical portable head worn lighting
devices for the service personnel in the oil, gas
and other branches of industry, which have super-
ior light and technical performance. And to replace
the population of morally and physically outdated
uneconomical lighting devices, implemented in
mine incandescent lamps R3.75 and sealed nic-
kel and cadmium or top-up storage batteries. The
most capacious area of application of the stationa-
ry lights is various branches of industry where the
use of LED allows their advantages to be utilized.
The efficiency of LED based lights 3-10 times ex-
ceeds that of luminescent lights and lights with
incandescent lamps which, given equal light flux
and annual work cycle of 9000 hours, allows ele-
ctric power costs to be correspondingly reduced.
One has to remember that conventional lights are
noticeably sensitive to change in supply voltage
which affects the light flux. For example, reduct-
ion in supply voltage by 1 % decreases the light
flux of the incandescent lamps by 3-4%, that of
luminescent lamps by 1.5%, mercury lamps — by
2.2%, whereas a reduction in voltage by 10% wo-
uld cause the light flux to decrease by 30-40%.
On the other hand, an increase in voltage by
10% cuts back on the service life of the lamps by
25-30%. The lighting devices based on LED are
devoid of these disadvantages. The characteri-
stics of the modern light emitting diodes, series
SSPO01, as compared with commonly used ligh-
ts, series RSP25, and incandescent lamps, are
given in table No.1B; at the present time work
is underway to develop stationary light emitting
diode based lights for operation in explosive envi-
ronments. The design of the light fixtures to equip
workplaces and facilities with is greatly dependent
on the capacity of the lighting device. SSPO1 light
devices, capacity up to 25-30 wt, are accommod-
ated easily enough in an explosion proof envelo-
pe. When greater capacity lights are required to
be created, one has to look for other methods of
explosion proof protection. Joint work carried out
by «Electrotochpribor» Production Association in
this field with the VostNII Test Center has resulted
in the designs that are suitable for industrial tests
to be performed. The calculations made by UGE
OOO ONOS experts have proved the high efficie-
ncy achieved as a result of introducing LED based
lights for illuminating compressor installations as
well as the enterprise’s perimeter. Judging from
the above, the principal advantages of the statio-
nary LED based lights are as follows: longevity of
the light source, minimizing the light service costs,
uniformity of the light flux, irrespective of voltage
fluctuations in the supply network, economy which
reduces electric power costs by several orders of
magnitude.

OCBETUTENbHOE OBOPYJOBAHUE

LIGHTING EQUIPMENT

®oto 1. CBeTunbHUK ronosHon CIT-10 co
cBeToAMOoAHbIM usnyyvartenem (LED)

1,7 - 3 pasa 6onbLuyto, YeM Yy CBETUIbHUKOB C
namnou HakanuBaHusl.

Mpounssogmmbiin Ha MO «3nekTpoTodnpu-
Oop» 1 nNpegnaraemMbl ANs 3KCMnyataumu B
HedbTeXMUN  CBETUMBHUK ronosHon CIT-10
co3gaH C MaKCMMasbHbIM  UCMOMb30BaHNEM
nepenoBbIX TEXHUYECKMX peLleHuin. B ceeTunb-
HVKE MPUMEHEH CBEeTOAMOA MOLLHOCTbI 1 BT,
nUTaembli OT NUTUR-MONMUMEPHON  aKKyMYynsi-
TOpHOW GaTtapeun, UMeKLLMIA CTabunmnanpoBaH-
HbIA CBETOBOWM MOTOK, CO34alLMUIA OCBELLEH-
HOCTb Ha y4acTKe oLeHkn He meHee 1200 nk.

Bce KOMMOHEHTbI 3MEKTPOHHOW CXEMbI
CBETUMbHYKKA U akkyMynsiTopHasi 6aTapes pas-
MeLleHbl B dhape. BHelwHWi GaTapeliHblin oT-
CEK W COeAMHUTENbHBIVA Kabenb OTCYTCTBYIOT.
CBEeTUINbHUK MMEET AOMOSTHUTESNBbHBIE CEPBUC-
Hble YHKLUMW: MHOMKaLUMIO ocTaTka 3apsaHoW
EMKOCTM aKKyMynsiTopa, TeKyLIero BpeMeHU
1 TabenbHoro Homepa paboTHuka. Macca ero
coctaensier 190 r, Gnarogaps Yyemy CBETWrb-
HUK NErko 3akpennsieTcsi Ha 3alUTHON Kacke
unu nbom rornosHoM y6ope. YpoBeHb B3pbil-
Bo3awmTbl PB Exibl X / 1ExiblIT5 X. Pa3pe-
weHne PoctexHapsopa P® Ha akcnnyatauuio
nmeetcs. MNpubop cHabxaeTcst HAUBKUAYarb-
HbIM 3apsigHbIM yCTpOWCTBOM. Bpems 3apsina
baTtapeu He npeBbILLAET 4 yaca.

MpvBenéHHbIE NapameTpbl M3genus nog-
TBEPXXOAKT MNPaKTUYECKyld BO3MOXHOCTb, UC-
Nnonb3ysi COBPEMEHHYIO 3reMeHTHyto 6asy wu
LED, cosgaTb HOBOE MOKOfEeHNe 3KOHOMUYHbIX
NMEePEHOCHbIX TOMOBHbIX CBETUIBHUKOB MMEto-
LLIMX BbICOKME CBETOTEXHUYECKME XapaKTEPUCTU-
Ku Oonsi obcry>kmBatoLLEro nepcoHana Hedgtera-
30BOV W APYIMX OTpacnen NpoMbILLEHHOCTU. U
3aMEeHUTb NapK MoparnbHO U PU3NYECKN YyCTa-
PEBLUMX HE3KOHOMUYHbBIX CBETUMBHWUKOB, peani-
30BaHHbIX Ha PYAHUYHBIX Nlamnax HakanmBaHus
P3,75 1 repMeTUYHbIX HUKENb-KaaMUEBbIX U
[OMUBHBIX aKKyMYISiTOpax.

Hanbonee émkon obracTtblo npumeHe-
HUSI CTaUMOHaPHbIX CBETUMBHUKOB SIBMSIHOTCA
pasnuyHble OTpacnu MPOMbILLNEHHOCTU, rae
npumeHeHne LED nossonseT peanusosaTtb ux
npeumyLLecTsa.

O HEKTUBHOCTL CBETUMBHUKOB Ha Gase
LED B 3—10 pa3 npeBblwaeT 3oheKTUBHOCTb
TNIOMUHECLIEHTHBIX CBETUINBHUKOB U CBETUIb-
HWKOB C flamnamMu HakanvBaHusi, YTo Npu paBs-
HOM CBETOBOM MOTOKE W rofoBoi HapaboTke
9000 4acoB MNO3BONSET CHU3UTb, COOTBET-
CTBEHHO, 3aTpaThbl Ha 3MEKTPO3HEPTUH0.

®doT0o 2. CBEeTUNLHUK CBETOAUOAHLIN
npombiwneHHbIM CCM01-5

He cnepyet 3abbiBaTb, 4TO TpaaWLUMOH-
Hble CBETUNMbHWKM 06nagarT 3amMeTHON 4yB-
CTBUTENBHOCTBIO K U3MEHEHMIO HanpspKeHWs
NUTaHUsi, BIUSIIOLLET0 Ha CBETOBOW MOTOK.
Hanpumep, CHWXeHve HanpskeHUst nuTaHust
Ha 1% yMmeHbLUaeT CBETOBOW MOTOK y namn
HakanveaHusa Ha 3-4%, y JNIOMUHECLEHTHbIX
namn Ha 1,5%, y pTyTHbIX Ha 2,2%, a CHuW-
XeHue HanpskeHnss Ha 10% BbI3blBaeT y
TNIOMUHECLIEHTHBIX Namn yMeHbLLEHNE CBETO-
Boro notoka Ha 30-40%. C Apyroii CTOPOHbI,
noBbILIeHne HanpskeHusi Ha 10% cokpaluaert
cpok cnyx6bl namn Ha 25-30%. OceeTutenb-
Hble npubopbl Ha 6a3e LED nuLieHbl 3Tux He-
[OCTaTKOB.

XapaKkTepuUCTUKN COBPEMEHHbIX CBETOAU-
ofgHbIX cBeTunbHKKoB cepumn CCI101 B cpas-
HEHUU C LUMPOKO MPUMEHSEMbIMU CBETUNbHW-
kamu cepumn PCI125 n namnamu HakanuBaHus
npusoasiTcs B Tabnuue Net.

B HacTosee Bpemsi BeaéTcsi paspaborka
CTaLMOHAPHbIX CBETOAMOAHbIX CBETUITbHUKOB
ans paboTbl BO B3pbIBOOMACHbLIX cpeaax.

KoHCTpyKUUSi CBETUNBHUKOB AN OCBe-
weHus pabounx MecT u nnowagen CunbHO
3aBMCUT OT MOLLHOCTU CBeTWUnbHUKa. Cae-
TunbHUkn CCIMO1 mowHocTbio Ao 25-30 BT
[0CTaToO4HO MPOCTO pa3MeLLaloTCsl BO B3pbl-
BOHenpoHuuaemorn obonoyke. MNpu Heob-
XOOMMOCTU CO3[aHuNsi CBETUNbHMKOB 00nb-
el MOLLHOCTU NMPUXOQUTCHA UCKaTb Opyrue
MeToabl  B3pbiBo3awuTbl.  COBMECTHble
paboTtbl MO «3nekTpoTounpnbop» B 3TOM
HanpaBNEeHUN C UCMNbITATENbHbIM LIEHTPOM
BocTHUW nossonunu co3aaTtb KOHCTPYKLMM,
npuroaHble Ans NpPoBeAeHWSI MPOMbILLIIEH-
HbIX WCMbITaHUN. PacyéTbl, npoBeaéHHble
cneunanuctamn Yo OO0 OHOC, noka-
3anu BbICOKYO 3(PEeKTUBHOCTb BHEAPEHMWS
CBETOOMOAHbIX CBETUMBbHWKOB ANl OCBelle-
HWSI KOMMPECCOPHbIX YCTAHOBOK, @ Takxke ne-
pumMeTpa NpeanpusaTus.

Vcxoas n3 BbILLEN3NOXEHHOTO, OCHOBHbI-
MU MpPeuMyLLlecTBamMy  CTaLUMOHapPHbIX CBETO-
[OVIOAHBIX CBETUMBHVKOB SBMSAKOTCS:

* [OMrOBEYHOCTb WCTOYHMKA CBeTa, CBOAS-
Lasi K MMHUMYMY pacxofbl Ha obcnyxuBa-
HVe CBETUMbHIIKA;

* pPaBHOMEPHOCTb CBETOBOrO MOTOKA, HE 3a-
BUCSILLLAsi OT MepenagoB HanpsKeHust B Nui-
TalLwen cetu,

* 9KOHOMMWYHOCTb, CHMDKaloLLas B pasbl pac-
XO[bl Ha 3MEKTPO3IHEPTUIO. m
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ABapuiiHble ocBeTUTENbHbIE yCTaHOBKM «CBeTOBasA 6awwHsa» n «CBeTOBOW ap» ABMNAIOTCA pe3ysibTaToOM 3anaTeHTOBaHHOW pa3paborT-
k1 OO0 «CBEBA» 1 no3BonsioT ocBeLaTb 3HaYUTeNbHble TEPPUTOPUM B MEeCTaxX OTCYTCTBUSA UITN OTKITIOUEHUSA INEKTPUUYECKUX CeTeNn.
Ye He nepBbIv roa ocBeTUTENbHbIE YCTAaHOBKM paboTatoT y He(pTAHMKOB, aBToA0pOXHUKOB, B TMBA[], o6bekTax MMHUCTEpCcTBa 060-
POHbI, OCBELLAIOT a3PONOPThl U FOPHONbLIKHbIE Napku. loMMMO aBapuHbIX U pabounx cUTyauum, yCTaHOBKM MOXHO NMPUMEHSATb U B
ObITYy — OHM NOMOTYT B HOYHOE BpeMs NPoBeCcTU MaccoBoe MeponpusiTue. OcBeTUTeNbHbIe YCTaHOBKU, Npou3BeaeHHble B FepmaHuu,
NPOLUNM NOJSIHbIA LMK cepTUMKaLMM 1 NOJSTHOCTLIO COOTBETCTBYIOT HopMam EBponeiickoro Coto3sa.

ApapyiHan OcBeTUTENLHAR YCTaHOBKE

«CBETOBOW LLUAP»

PaspaboTtaHHass cneumanuctamm OO0
«CBEBA» 1 B HacTosiLLee BpeMsl naTeHTyemast
KOHCTPYKLIMSt OCHOBaHa Ha pa3MeLLeHnm UCToY-
HWKa cBeTa B HadyBaloLLencs TkKaHeBon 060104-
ke. Matepuan obornouykn obecrnevnsaet npony-
CKaHvie 1 pacceuBaHve CBETOBOrO noToka. Ans
yCTaHOBOK «CBETOBOW LLAp» CBETOMPOHMKaLo-
LM MaTepuan UCrnornb3yeTcs B HUKHEW YacTu
HazlyBaeMoW 0b0noYku, a B BEPXHEN — CBETO-
oTpaxatowwmin matepuan. [ns Hagysa o6o-
MOYKV [OCTATOYHO BKIHOYUTL BCTPOEHHBIN Ha-
rHetatenb Bo3ayxa. logaBaemblii B 060MOHKY
BO3/JyX He TOnbKo obecneynBaeT ee HagyBaHvie
1 npuaaHue e onpeperieHHoW npu packpoe
opMbI, HO 1 OXnaxpaaet ee npu pabote uc-
TOYHVIKa CBeTa.

B KkavecTBe WCTOYHMKOB CBETa WCMOMb3y-
toTca namnbl MollHocTbio 600 unmn 1000BT ¢
BbICOKV/M CBETOBbIM NMOTOKOM (8o 120000J1m).

YBenuyeHve nnowaanm OCBELLEHUS WUin
nokanusaumsi 30H ocBelleHnss obecneunBa-
eTcs NpU M3MEHEeHUM BbICOTbl pa3MeLLeHus
«CBetoBoro wapay. [pn 3Tom Ans ocBeLLeHnst
nokarnbHbIX 30H NpoBeAeHUs paboT yCTaHOBKM
aBTOHOMHOIO OCBELLEHUsI MOryT ycTaHaBmu-
BaTbCS HEMOCPEACTBEHHO Ha NepemeLLaeMoM
060pyA0BaHNN NN UCMOMHUTENBHBIX Y3nax.

HeobxoaMmo OTMETUTL BbICOKYHO 3auHTe-
pecoBaHHOCTb cnyx6 MYC, B gestenbHocTu
KOTOpbIX BbICOKA MOTPEOHOCTb B MPUMEHEHWN
nerkoTpaHcnopTrabenbHbIX  aBTOHOMHBIX — CU-
CTEM CBeLLEHVS.

Bblicoka adhdheKT1BHOCTb NPUMEHEHWS 9TOTO
0bopyaoBaHNA NpW CTPOUTENLCTBE U PEMOHTE
popor. [NepcnekTMBHO MpUMEHEHNe YCTaHOBOK
«CBeTOBOW LLap» B Ka4ecTBe HOCUTenewn pekna-
Mbl 1 arutaLmm, ykasaHnus MECT PacrorioXeHns
06beKToB.

EcTb 0ObekTbl, OCBellyeHne KOTOPbIX
Bbl3blBaeT oOnpefefieHHble CMOXHOCTU W

™

bAWLHA & WAP

3aTpydHEHUsl, a NPUMEHEHWE HOBbLIX CUCTEM
OCBeLLEHUs pellaeT MHore npobnembl. 3To
OCBELLEHNE TEPPUTOPUIA aBTOCTOSIHOK, CKraa-
CKUX TEPPUTOPUIA, OXpaHsieMbIX OBBbEKTOB pas-
TIYHOTO Ha3HAYeHWs.

«CBETOBAA BALLHA»

CBeTunbHUK NpeacTaenseT cobon unuHap
13 creumanbHON CBETOpacCenBatoLLen TKaHW.
Hagys umnuHgpa go BbicoTbl B 3-5-7 MeTpoB
OCYLLECTBINSETCS BCTPOEHHbIM B YCTAHOBKY
HacoCOM. JreKkTponuTaHWe Npov3BOAUTCS OT
aBTOHOMHOIO reHepaTopa Wiu CTauMOoHapHOM
cetn 220 B, 50 INu.

[MpumeHsiemMble B CBETUINbHMKE namnbl
(HaTpveBble UKW MeTannoranoreHHble) obe-
crneuymnBatoT ceetoBoi notok go 120000 Jlwm,
[OCTaTouHbIA  Ans  OCBeleHus BonbLnx
nnowagen. B ycnoBusix MNOMHOM TEMHO-
Tbl MeHee 4em 3a Tpu MuHYTbl «CBeToBas
BallHs» MNO3BONSIET OCBETWUTHL Mrowagb A0
20000 m2. ABapuiiHble OCBETUTEMbHbIE YCTa-
HoBKM «CBeToBasi GaluHsA» KOMNAKTHbI, WX
MOXHO Nerko NepeBo3nTb B BaraxxHunke nerko-
BOro aBTOMOGUIS, BCA CMCTEMA MOXET OblTb
3anyLieHa ogHUM YENOBEKOM.

[aHHasi ycTaHOBKa npegHasHaveHa Aans
3KCTPEHHOro pas3B&pTbIBAHUS HAa MECTHOCTU
B Cry4ae NpupoaHbIX UMM TEXHOTEHHbIX KaTa-
CcTpodd, NpU HECaHKUMOHUPOBAHHOM OTKIIHO-
YEHWW OCBeLLIeHNs!, At OCBELLEHUS BOMbLUNX
nnowagen Ha MacCoBbIX MepOnpUSATUSIX,
a Takke npu MpoBEAEeHWM HOYHbIX paboT B
NMPOMBILLIIEHHOCTU U CTPOUTENLCTBE B TPYA-
HOAOCTYMHbLIX MecTax 6e3 ucnonb3oBaHUS
[oporocTosilero o6opygoBaHusa 1 KBanugu-
LiMpOBaHHOrO nepcoHana.

Mpy ncnonb3oBaHMM BEpCUMU C aBTOHOM-
HbIM reHepaTopoM €ro MOLLHOCTb MO3BOMSET
noaKmYaTh AOMOMHUTENBHbIE 3MeKTponpubo-
Pbl U KHCTPYMEHTbI MOLLHOCTBI0 A0 1,5 KBT. m

8 (963) 710 33 48
8 (901) 518 34 74
www.sveba.ru
info@sveba.ru

LIGHT TOWER AND GLOBE
EMERGENCY LIGHT UNIT

The design developed by the professionals of OO0
«SVEBA» and now being patented is based on the place-
ment of a light source inside an inflatable fabric envelope.
The envelope material ensures that the light flux goes th-
rough and is dissipated. For the Light Globe Units the light
penetrating material is used in the bottom part of the infla-
table envelope, while in the upper part the light reflecting
material is used. For the envelope to be inflated, it is enough
just to switch on the in-built air pump. The air pumped into
the envelope does not only make sure that the envelope is
inflated and assumes the definite shape it has been des-
igned for but it also cools it down when the light source is
in operation.

The lamps, capacity 600 or 1000 Wt, with a high light
flux (up to 120000 Lm) are used as light sources.

The illuminated area is increased or focused when the
height of the «Light Globe» is changed. While in order to ill-
uminate local areas when work is being done, autonomous
illumination units can be installed directly on mobile equip-
ment or on the units.

It has to be pointed out that the Emergency Situations
Ministry’s forces who, for their operations, desperately need
easily transportable autonomous illumination systems, are
greatly interested in these units.

When used for road construction and road repairs, the
efficiency of this equipment is very high. Another promising
application is the use of «Light Globe» Units as carriers of
advertisements and political propaganda, to place various
objects on.

There are facilities which are difficult to illuminate
while the use of such new illumination systems deals with
many issues. These are such needs as lighting the territory
of parking lots, storage areas, guarded facilities of various
applications.

«LIGHT TOWER»

The Lighting Unit constitutes a cylinder made from sp-
ecial light dissipating fabric. The cylinder is inflated to the
height of 3-5-7 meters by a pump built into the unit. The ele-
ctric power is supplied by an autonomous generator set or a
stationary network rated for 220 V, 50 Hz.

The lamps used in the Unit (sodium lamps or metal-
and-halogen lamps) provide a light flux of up to 120000 Lm,
which is sufficient to illuminate vast areas. Under the cond-
itions of pitch darkness, within less than three minutes, the
«Light Tower» allows an area of up to 20000 sg. m. to be
illuminated. The «Light Tower» Emergency Light Units are
compact in size, they can be easily carried inside the trunk
of a passenger car while the whole system can be started
up by one man.

This Unit is intended for emergency deployment in the
terrain in the case of natural disasters or industrial acciden-
ts, in the case of unauthorized lighting shutdown, to illumina-
te vast areas where events attended by massive crowds are
held as well as to carry out night time work in industry and
construction sector in the locations difficult of access without
the use of costly equipment or qualified personnel.

When the version featuring the autonomous generator
set is used, you can connect additional electric appliances
and instruments with capacity of up to 1.5 kWt.
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3apava M3mepeHus ypoBHSA SIBMSIETCA OAHOW U3 BaXXHENLLIMX B CUCTEMAX MOHUTOPUHIa U yrpaBrieHUs TEXHONOrMYeckuMm npouecca-
MU B oTpacnsx Aobblyu, nepepaboTku, XpaHeHUs U oTnycka HedpTu. Mpu 3TOM XxapaKTepHOM YepTo COBPEMEHHOrO 3Tana pa3BUTUSA
NPOMbILINEHHbIX U3MepUTEenen YPOBHA ABMNAETCA NOCTOSAHHOE MOBbIeHNe Tpe6oBaHUM K UX METPONIOrMYEeCKUM U IKCMyaTauMuoH-
HbIM XapaKTepucTUKam, HafeXHOCTU U 6e3onacHOCTU PYHKLUMOHUPOBAHUA Ha oObeKTax. PaboTbl MO coBepLIEHCTBOBaHUIO NOA06-
HbIX NPMGOPOB OCHOBaHbI Ha X MePUOANYECKON MOAEePHU3aLUMn ¢ 06si3aTeNbHbIM YYETOM OMbITa MPOMBILLIIEHHOrO NPUMEHEHMS,
NOMCKe HOBbIX TEXHUYECKUX peLleHU, CNOCOBHbIX obecneunTb BbICOKYI0 adhcheKTUBHOCTL co3aaBaeMon annapaTypbl.

PA/IAPHBIE TEXHOJIOI'HNHA

B COBPEMEHHDBIX 3AZTAYAX BHICOKOTOYHOI'O UBMEPEHHA YPOBHA
U ITEPCIIEKTUBHOE IIOKOJIEHUE OTEHECTBEHHBIX PATAPHBIX ITPUBOPOB

0.51. HATOPHbIW
B.C. 'YCEB
E.B. MYXVH

B nocrneaHue rogbl Tpe6GoBaHWs K TOY-
HOCTW ypOBHEMepOB B psiae ocobo oTBeT-
CTBEHHbIX TNPUMEHEHUI (CUCTEMAxX KOM-
MepYecKoro y4yeTta, cucteMax ynpaBrneHus
pesepByapHbIMU MNapkamu, KOHTpons pe-
3epByapoB C LEHHbIM TEXHOMOrMYEeCKUM
CblpbeM) GbINK CYLUECTBEHHO YXKECTOYEHBI
W Ha CerofHsiLUHWIA [eHb npakTu4eckn [o-
Be[leHbl 1O BEMUYMHbI NOpsiiKa OAHOIo MUT-
numetpa. [loTeHuManbHasi BO3MOXHOCTb
peanusauumn ykasaHHbIX nokasaTtenein Tou-
HOCTK, a Takxke psif BaXHbIX 0COBEHHOCTEN,
NpUCyLLMX pagapHoMy (paauvoriokaumnoH-
HOMY) MeToAy: BO3MOXHOCTb KOHTPOMs no-
[aBnsiollero GOnblIVHCTBA  KUAOKOCTEW,

HEBOCMPUUMHYMBOCTb K UCMapeHUsM, NneHe,
BbICOKMM [faBrneHunio n Temneparype, bec-
KOHTaKTHbIA MPUHUUN U3MEepeHun — cae-
nanu ero npakTU4Yeckn AOMUHUPYIOLLUM B
3ajadvax npeLm3nmoHHOro U3MepeHunsl ypoB-
HA. OddEeKTUBHOCTb pPagNONOoKaLMOHHbIX
n3aMmepuTenein HECOMHeHHa 1 B criyyae 3Ha-
YuTenbHOM BbICOTHI pe3epByapoB (bonee 6
MEeTpOB), KOrAa reoMeTpuyeckne pasmepsl,
BeC M obpacTaHue KOHTaKTHbIX W3Mepu-
TefbHbIX [JaT4YMKOB YPOBHA CTaAHOBATCA
Cepbe3HbIM MpenAaTCTBMEM Ha MyTU WX UC-
nonb3oBaHus. [loaToMy cenyac BbICOKO-
TOYHblE PafMONOKaLMOHHbIE YPOBHEMEPHI,
BblMyckaemble BeAylMMK 3anagHbiMu B

'eHepaTop
Moaynvpytowero  f— VHamkaTop
curHana
\/\/ v
A
YacToTHbIN
Bnok obpaboTku
MozynsiTop
Panmonegeuatomee CuecnTens Paumonp@eMHoe
YCTPOICTBO YCTPONCTBO
A 4 A
: A
v :
—_— e e

Puc.1 CTpyKkTypHasa cxema ABYXaHTEHHOrO pafjapHoOro ypoBHemMepa
Fig. 1 Block Diagram of the Two Antenna Radar Level Meter

3am. HavanbHuka CKb OO0 «[lMpegnpusatne «k KOHTAKT-1»
HavanbHuk otaena OO0 «Mpeanpusatne «KOHTAKT-1»
3aM. HavanbHuka otaena OO0 «[Mpeanpusatne «kKOHTAKT-1»

r. PasaHb

The task of measuring the level is one of
the most important tasks in the systems of
monitoring and managing the technological
processes in the oil production, refining, st-
orage and delivery. In the meantime, a cha-
racteristic feature of the current stage in the
development of industrial level measuring
devices is an ongoing upgrading of the requi-
rements to their metrological and operational
performance, reliability and safety of their fu-
nctioning at the project sites. The work aimed
at improving these instruments is based on
their periodic modernization with mandatory
consideration given to the experience of their
industrial application, on the search of new
technological solutions capable of ensuring
the high effectiveness of the instrumentation
designed.

RADAR TECHNOLOGIES

IN DEALING WITH MODERN TASKS OF
HIGH ACCURACY LEVEL MEASUREMEN-
TS AND THE PROSPECTIVE GENERATION
OF NATIONAL RADAR INSTRUMENTS

In recent years the requirements applied
to the accuracy of level meters in a number
of especially critical applications (commercial
accounting systems, tank batteries manage-
ment systems, control of tanks with valuable
process feedstock) have been considerably
tightened up and today are within an accu-
racy range of one millimeter. The potential
possibility of implementing these accuracy
indicators as well as a number of important
features, inherent in the radar (radio echo)
method, i.e. the ability to control the overw-
helming majority of the liquids, insensitivity
to evaporations, foam, high pressures and
temperature, proximity principle of meas-
urements, have made it virtually dominant
in the precision level measurements tasks.
The effectiveness of radio echo measuring
devices is beyond doubt also in the case of
the tanks’ considerable height (more than 6
meters), when geometrical dimensions, the
weight and the build-up on the contact type
level measuring sensors become a serious
impediment to their use. Therefore, high pr-
ecision radio echo level meters produced by
the leading Western manufacturers and still
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by some few Russian firms, are now succe-
ssfully being used by the companies in Rus-
sia, performing all the necessary operations,
reliably functioning and fully justifying for the
investments.

The operating principle of the radar level
meter with continuous emission is based on
the use of the frequency modulation method
(frequency wobbling) for the signal emitted
and corresponds to the operation of a rad-
ar. The signal reflected off the surface of the
product under control, delayed by the time
of propagation, is received by the measuri-
ng device again and compared with the one
emitted. The result of this operation is the is-
olation of the differential frequency which is
proportional to the time delay of the reflected
signal and hence the distance for the product.
Evaluation of the differential signal frequen-
cy yields the distance value, while the level
reading is calculated based on the height of
the working tank, entered into the instrument,
with reference to the instrument installation
flange (Hmax).

A summarized block diagram of such a
measuring device is given in Fig.1. The driv-
ing of the oscillation emitted is ensured by a
radio transmitter connected to a transmitting
antenna. The frequency of this oscillation is
periodically changed by the frequency modu-
lator according to the symmetrical linear law
in line with the controlling signal formula. The
reception and the preliminary amplification of
the reflected wave are carried out by a recei-
ving antenna and a radio receiver. The isola-
tion of the differential frequency oscillation is
made in the mixer. The processing module to
compute the current level value. The reading
obtained is reflected on the indicator. Under-
lying the driver portion of the radio echo inst-
ruments with a measuring accuracy of 1 mm
is the method of digital computational freque-
ncy synthesis which allows the emitted signal
to be generated in the super high frequency
range with frequency wobbling linearity of no
worse than 1. 10-6 from the oscillations of the
reference quartz oscillator. The high linear
wobbling ensures receipt of a monochromic
differential oscillation which is sampled on
the half of the modulation period.

For precision measurement of this sign-
al’s frequency, the spectral method (the freq-
uency is determined by the maximum of the
spectral component) had to be used which
was implemented in a high productivity digital
signal processor. The potential of this meth-
od is so vast that, during the measurement
process, it allows changes of the differential
frequency to be registered in a stable fashion
in tenths of a Hertz (for example, a change in
the level of the product by 1 mm over a dista-
nce of 10 m causes the differential frequency
to change by 0.4 Hz only).

The result of implementing the above tec-
hnical solution was the development and laun-
ch into volume production of two instruments,
i.e. BARS351] and BARS352I, differing from
each otherin having one ortwo antennadesign
(fig. 2 and Fig. 3).

Both level meters have virtually identic-
al electronics modules mounted in a casing
with the type of explosion safety described as
“explosion proof envelope”. In the meantime
the single antenna instrument is preferable

Npoun3BOANTENAMMU U MOKa elle HEMHOrMMM
pOCCUNCKMMU DUpMamMm, yxe YCreLlHO Uc-
nonb3yloTcst Ha npeanpuaTusax Poccun, Ha-
AEXHO PYHKLMOHUPYS M NOMHOCTLIO ONpaBs-
OblBas BMOXEHWS.

MpuHUMN fencTBUS pagapHOro ypoB-
Hemepa C HernpepbiBHbIM U3NyYeHUeMm
OCHOBaH Ha MCMOMb30BaHWM MeToda ua-
CTOTHOW MOAYNAUMKU (KayaHwe 4acToTbl)
N3ny4aemMoro curHana u cooTBeTCcTByeT
paboTte paguonokatopa. OTpaxeHHbIn OT
NOBEPXHOCTW KOHTPONUPYEMOro nNpoaykTa
CUTHan, uMelLWnn 3adepxKy Ha Bpems
pacnpocTpaHeHusi, BHOBb MPUHUMAaETCH
n3mepuTenem v cpaBHMBAETCA C U3NyYeH-
HbIM. Pe3dynbraTom aToi onepauuun ABns-
eTca BblAeneHne kornebaHus pasHOCTHON
4YacToTbl, KOTOpas  mponopuuoHanbHa
BPEMEHHOW 3aJepxKe OTPaXeHHOro Ccur-
Hana, a cnefoBaTenbHO — AanbHOCTU ANd
npoaykta. OueHka 4acToOTbl Pa3HOCTHO-
ro curHana pfaeT 3HayeHue [anbHOCTW,
a 3HavyeHMe YpOBHS paccyMTbiBAeTCS MO
BBeeHHON B npubop BbicoTe paboyero
pesepByapa OTHOCWUTENIbHO MOHTaXHOro
dnaHua npubopa (Hmax).

O606LeHHas CTpykTypHas cxema Ta-
KOro usmepuTens npeacrasneHa Ha puc.1.
dopmupoBaHMe nsnyvyaemoro kornebaHus
obecneynBaercs pagvonepegatoLwmm
YCTPONCTBOM, COEAMHEHHbIM C nepepato-
e aHTeHHoW. YacToTa atoro konebaHus
nepuoanYeckn U3MEHSIeTCS YacTOTHbIM
MOAYyNATOPOM MO CUMMETPUYHOMY fun-
HENHOMY 3aKOHy B COOTBETCTBMM C hop-
MO ynpaBnsollero curHana. lpuem wu
nepBUYHOE yCUIEHNE OTPaXXEHHOW BOMHbI
OCYLECTBNAETCSH MPUEMHOW aHTEHHOW 1
paguonpuemMHbiM ycTporWcTBOM. Bbligene-
Hue konebaHnsA pasHOCTHOW YacTOTbl MPo-
n3soanTcsa B cmecutene. bnok o6paboTkn
BbINOMHAET BCe HeobxoAuMmble onepauun
No BbIYUCMEHUIO BEeNUYMHbI  TeKyLlero
ypoBHs. [lonyyeHHoe 3Ha4veHue oTobOpa-
XaeTcs Ha MHAuKarTope.

B ocHoBy 3apatolwen 4actu paguo-
NOKaLUMOHHBIX MPMOBOPOB C TOYHOCTLIO U3-
MepeHus nopsgka 1 MM MnonoxeH meTon
LMdppPOBOro BbIYUCANTENBHOIO YacTOTHO-
ro CuHTe3a, nossonswoollero m3 koneba-
HUS OMOPHOro (3TanoHHOr0) KBapLEBOro
reHepatopa opmupoBaTb U3ny4Yaemblii
curdHan B CBY gnanasoHe ¢ NMHENHOCTbIO
KayaHusa 4acTtoTbl He Xyxe 4yeM 1¢10-6.
BeicokonunHenHoe kavyaHne obecneyvBa-
eT nony4YeHne MOHOXpOMaTU4ecKoro pas-
HOCTHOro konebaHusi, Bbibopka KOTOPOro
OCyLLeCTBNAETCS Ha MONOBMHE nepuoaa
MoAYyNAUNK.

[ns npeunsmoHHOro M3MepeHus 4a-
CTOThI 3TOrO cUrHana noTpeboBanock npu-
MeHeHue cnekTpanbHoro Mmetoga (4actora
onpegenseTcs N0 MakCMMyMmy crnekTpanb-
HOW cocTaBnsoLe), peann3oBaHHOrO
B BbICOKOMPOW3BOANTENBHOM LMKMPOBOM
curHaneHom npoueccope. [loTeHumnanb-
Hble BO3MOXHOCTW 3TOr0 MeTofa HacTomMb-
KO BBICOKM, 4TO B MNpouecce W3MepeHuwn
No3BONSAIOT YCTOWYMBO pPerucTpupoBatb
N3MEHEHUs Pas3HOCTHOW 4acToThl B Aecs-
Tble fonu repua (Hanpumep, U3MeHeHune
YPOBHSI NpoAykTa Ha 1 MM Ha AanbHOCTU
10 ™M BbI3blBAae€T M3MEHEHMe Pa3HOCTHON
yacToTbl Bcero Ha 0,4 Iy).

5/H (73) okTsi6pb 2008 r.  AKCMO3ULUA

Puc.2 YposHemep BAPC3511
Fig. 2 BARS351I Level Meter

Puc.3 YpoBHemep BAPC3521
Fig. 3 BARS352I Level Meter

Puc.4 YpoBHemep BAPC351U co cTepxHeBoMn
aHTeHHoW Fig. 4 BARS351] Level Meter with a
Rod Antenna
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Pesynbratom nprvMeHeHus ykas3aHHOro
TEeXHUYeCKOoro pelleHuns ctana paspaboTtka
1 3anyck B CepuinHoe NpOoW3BOACTBO ABYX
npubopos — BAPC351/ n BAPC352U,
pasnuyaloLnXcs OAHO- U ABYXaHTEHHOW
KOHCTpyKLUMen (puc.2 n puc.3).

Ob6a ypoBHemepa VMeKT npakTuye-
CKN OOWHAKOBble 3MEeKTPOHHble 6noku,
CMOHTUpPOBaHHbIE B KOprMyce C BWUAOM
B3pbIBO3ALUNTLl «B3PbIBOHENPOHMLaemas
obonoykay». [lpu 3TOM OJHOAHTEHHbI
npubop npeanoyTUTENEH AnNa pe3epBya-
poB Cc HebomnblMM AnameTpom naTpybka
(150 mm), a aByxaHTeHHbIN nydwe pabo-
TaeT Ha cnabooTpaxatowmx (Ans paguno-
BOJSTH) NPOAYKTaX U NpoAyKTax, CnoCco6HbIX
Bbl3blBaTb OTMOXEHWE Ha MOBEpPXHOCTU
aHTeHH. Takmm obpasom oba npubopa
yAa4yHo [OMNOMHAT ApYyr Apyra B OTHO-
LIeHNV 3KcnyaTauMoHHbIX kadvecTs. [Ans
3alMTbl OT BO3MOXHOIo HebrnaronpusaTHo-
ro Bo3gencTBusa atmocdepbl pedepsyapa
aHTEHHbl YPOBHEMEPOB M3roTaBMnMBalTCA
N3 CTOWMKMUX K arpeccuBHbIM BO3AENCTBU-
SIM MaTepuanoB — HepXaBeloLen ctanu un
droponnacta. [ina pesepByapoB ¢ 0co60
y3kumun natpybkamu (50 mm) npepycmo-
TpeHo ucnonHeHune npubopa BAPC351U
CO CTep>XXHEeBOW aHTeHHON (puc.4).

B HacTosillee Bpemsi Ha npeanpuaTH-
siX HedTegobbIBaKLEro U HedTenepepa-
baTbiBaloOLWEero Komnnekca kak npaBumo
ncnonb3yetcss 6Gonbwoe pasHoobpasue
OEeNCTBYIOLMNX pe3epByapoB (BepTukanb-
HblX, TOPWU3OHTambHbIX, LIAPOBbIX), OT-
nuyaKLWwmuxca CcTonb Xe pasHoobpasHbl-
MU KOHCTPYKUMSIMM naTpybKoB, IIOKOB W
ropnoBVH, Ha KOTOpble BO3MOXHa YyCTa-
HoBKa ypoBHeMepoB. [ns obecneveHus
MaKcumarnbeHOW rMbkocTu npu agantauuu
npubOpPOB K KOHKPETHbIM YCIOBUSIM MpU-
MEHEHUS UCNoNb30BaH MOAYMbHbIN MPUH-
LMN MOCTPOEHWUs ypOBHEMEpPOB,  Koraa
eOVHbIA 3NEeKTPOHHbIAN 6nok obpaboTku
cHabxaeTcss HabOpPOM pas3NUYHbIX aHTEH-
HbIX YCTPOWCTB C BONIHOBOAHBLIMWU YANUHU-
TensMn M BCEBO3MOXHbLIMU MOHTaXHbIMM
dnaHuamu (puc. 5). MNpu aToM Kaxpbin
npnvbop nsroTaBNUBaeTCst MHANBMUAYANbHO
¢ yyetom ocobeHHocTel paboyero pesep-
Byapa Ha OCHOBe [AaHHbIX, NpeAcTaBneH-
HblX 3aKa34MKOM.

, -
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Puc.5 PasnuyHble uCNonHeHUs pafapHbIX
YPOBHEMEPOB, NMPUCNOCOGNEHHbIE K
KOHKPETHbIM NPUMeHEeHUAM

Fig. 5 Various Options of the Radar Level
Meters Adapted To Specific Applications
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[Mono6HbIV NOAXOA K KOHCTPYMPOBAHUIO
pagapHbIX NpMbopoB NONHOCTbLIO Onpasaan
cebsi Ha npakTuke, MOCKONbKY Mo3BonseT
npucnocobuTb ypoBHEMEpP MpakTUYeckn K
no6omy pasmepy nogxoasiiero naTpybka
W TeM caMblM peanu3oBaTb 3asiBKW U Mo-
TpebHOCTU nopaBnsiollero 6GonblIMHCTBA
notpebutenei.

HemanoBaxHbiM ¢akTopoM Ans Ho-
BbIX NMpMbOpPOB siBNsSieTCA npocToTa W [o-
CTYMHOCTb MX MOHTaxa W HaCTPOWKM Ha
obbekTax AnA cobCTBEHHOro nepcoHana
cnyx6 KMMuA npegnpuaTtuin. Cam MoHTax
npnbopoBs Ha pe3epByape CBA3aH C 00bIY-
HbIMW pEeKoMeHAauUsiMW 1 BbINOMHSETCS
npu cobniogeHnn TpeboBaHWn no ycTa-
HOBKE W NOAKMYeHUo B3pbiBoOesonac-
Horo anekTpoobopyaoBaHus (puc.6).

Kaxapln ypoBHEMep cHabxaeTcsi npo-
rpaMMHbIM obecrnedyeHnem AN OCyLuecT-
BIEHWSI NyCKOHaNaao4YHbIX paboT, HacTPoku
npubopa nop napameTpbl KOHKPETHOro pe-
3epByapa W BbIMONMHEHUS OAHOTOYEYHbIX pa-
004Unx n3MepeHuii. TexHn4eckme BO3MOXHO-
CTV YpPOBHEMEPOB MO3BOMSAOT NOAKMOYATH UX
K psigy BHELUHUX YCTPOWCTB, NpefHas3HayveH-
HbIX ANS PEeLUeHUst LUMPOKOTo Kpyra Mpous-
BOACTBEHHbIX 3aday. [Ins pacumpeHunst yHK-
LMOHanbHbIX W MOMb30BaTENbCKUX KavyecTs
npubopoB paspaboTaHo crneuuanvM3npoBaH-
Hoe BTOpUYHOe 0bopyAoBaHWe — BTOPUYHBbIV
npeobpasoatens YBI1-01 1 6nok koHTponsi
n ynpaeneHus BYK-01 (ans ogHoToYeYHbIX 1
MHOTOTOYEYHbIX W3MEPEHUA COOTBETCTBEH-
Ho). BTopuyHoe o6GopynoBaHue obecneym-
BaeT VHAMKALMIO pe3ynsTaToB U3MEpPEHW,
NO3BONSAET CO3AaBaTh apXMBbl AaHHbIX 1 OCY-
LeCTBNATb y4eT 06beMOB KOHTPONMPYEMbIX
NpoAYKTOB MO TapuMpOBOYHLIM Tabnuuam pe-
3epByapoB.

MmeeTrcs u cobcTBeHHoe nporpam-
MHoe obecneyeHne ana cospgaHus ACY
ynpaBneHusi pesepByapHbIMM Napkamu
Ha OCHOBe rpynnbl pagMoNoKaLUMOHHbIX
YPOBHEMEPOB Kak MepBUYHbLIX AATYUMKOB
YPOBHS.

CoBpeMeHHble  pe3epByapHble  MNapku
NPeAcTaBnsAlT COOOW CIOXHbIE KOMMIEKChI
obopynoBaHusi 1 coopyxeHuin, obecneynBsa-
fOLLME XpaHeHWe 1 NepeMeLLieHne pasnuyHbIX
BUOOB KUOKMX NPOAYKTOB. BeCKOHTaKTHbIV
MPVHLUMN U3MEPEeHUi U yHUBepcanbHOCTb B>

OropHas nnockocTs npuGopa
/ (MOHTaXHBIM chnaHew)

Huax

Hynesoit yposets

Puc.7 YcnoBusi npaBuiibHOro MOHTaxa
papapHoOro ypoBHeMepa Ha pesepByape

Fig. 7 Conditions for Correct Installation of the
Radar Level Meter on the Tank

for the tanks with a small diameter conne-
ction pipe (150 mm), while the two antenna
instrument is best suited for operation with
the products having a weak reflectivity and
the products capable of causing deposition
on the antenna surfaces. Therefore, the two
instruments successfully complement each
other in terms of operating qualities. To pr-
otect them from possible unfavorable effect
of the tank atmosphere, the level meter an-
tennae are manufactured from the materials
which are resistant to aggressive effects, i.e.
stainless steel and fluoroplastics. For the ta-
nks with extra narrow connection pipes (50
mm) an option of the BARS351I instrument
is provided which features a rod antenna
(Fig. 4). At the present time the companies in
the oil producing and oil refining sector, as a
rule, use a great variety of existing tanks (ve-
rtical, horizontal, globular) which feature as
many different designs of connection pipes,
hatches and filler necks on which level mete-
rs can be mounted. In order to ensure maxi-
mum flexibility in adapting the instruments to
specific applications, the modular principle of
building up the level meters is used, where-
by a single common electronics processing
module is equipped with a set of various ant-
enna devices with waveguide extensions and
various installation flanges (Fig. 5). However,
each instrument is manufactured individually,
taking into consideration the features of the
working tank based on the data provided by
the customer.

Such an approach to the design of the ra-
dar instruments has completely justified itself
in practice since it allows the level meter to be
adapted practically to any size of the suitable
connection pipe and thus meet the requests
and requirements of the overwhelming majo-
rity of customers.

A no less important consideration with re-
spect to the use of the new instruments is the
simplicity and the accessibility of their insta-
llation and adjustment on project sites to the
companies’ in-house instrumentation person-
nel. The installation of the instruments on the
tank is based on the regular recommendatio-
ns and is implemented with the requirements
to installation and connection of the explosion
safe electric equipment (Fig. 6) to be comp-
lied with. Each level meter is provided with
software for start-up and commissioning, for
the instrument adjustment to the parameters
of a specific tank and for taking single point
working readings. The specifications of the
level meters allow them to be connected to a
number of external devices designed to han-
dle a wide range of operating tasks. In order
to expand the functional and user qualities of
the instruments, special purpose secondary
equipment has been designed, i.e. second-
ary transducer UVP-01, control and manag-
ement module BUK-01 (for single point and
multi-point measurements respectively). The
secondary equipment provides the indication
of the readings, allows data archives to be
created and volumes of the products under
control to be accounted for according to tank
calibration tables. Our own software is also
available in order to create a control system
to manage tank farms based on a group of
level meters as initial level sensors.

Modern tank farms constitute a complex
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infrastructure consisting of equipment and fa-
cilities which ensure storage and conveyance
of various types of liquid products. Proximity
(non-contacting) principle of measurements
and universality of the radio echo measuring
devices with respect to the products under
control are best placed to handle the tasks
of organizing automated accounting and ma-
nagement at large tank farms with dozens of
tanks. The software for the automatic control
system (applicable to BARS level meters) al-
lows the operator to have a complete overv-
iew of the tank farm status in real time with
a detailed display of the product movement
through individual vessels. The measuring
information regarding the tanks is presented
to the operator in the most convenient format
and contains visual graphics. It is possible to
view the archives for each tank as well as to
create reports both for the shift and in terms
of the time parameters specified by the op-
erator.

For the purpose of hooking the level me-
ters with a PC, of integrating them into the
automatic control systems for the managem-
ent of a production process or for the hook-up
with secondary transducers, there is a digital
output RS-485 available. For connection to
conventional analogue registers (which are
still often used at the project sites), there is
an additional output available for the 4...20
mA signal. However, one has to take into ac-
count the fact that the level measuring accu-
racy when using the analogue output is rela-
tively low and amounts to 0.17%. From the
point of view of the measuring task, the key
condition for correct installation of the level
meters is the lack of foreign items (elemen-
ts of the vessel internal design, those of the
mixer, pipes, steps, product flows) within the
range of the antenna radiation pattern (Fig.
7). Such objects have an interfering effect on
the process of measurements (there appear
parasite reflected signals) and lead to deteri-
oration of accuracy.

The instruments have been found to be
applicable to different products: oil, furnace
oil, diesel fuel, gasoline, bitumen, as well as
to petrochemical products: lacquers and pai-
nts, spirits and solvents. The level meters are
installed on the vessels of various designs:
on horizontally standing vessels, diameter
3.5 m, and on vertically standing vessels, up
to 12 m high (in principle it is possible to use
the instruments on higher vessels).

The use of modern circuitry principles and
signal processing in the level meters has not
only allowed high metrological performance
to be implemented in them but also, based
on the positive test results, it has allowed the
instruments to be metrologically certified and
placed on the State Register of Measuring
Devices.

The BARS351! instrument has been aw-
arded the diploma of the «100 Best Goods in
Russia» Program for 2007.

Owing to their universal capabilities, the
proximity radio echo level meters function
reliably in most various applications. The pr-
ospects for the use of radio echo method for
modern level measuring needs find actual co-
nfirmation in the gradual replacement of the
conventional contact-type measuring devices
with the ones under discussion here.

pagnonokaLMoHHbIX M3MepuTenen no oT-
HOLUEHWNIO K KOHTPONUPYEMbIM MPOAYKTaM
KaK Henb3s ny4yile NoaxoAsT AN pelleHns
3afay opraHvM3auun aBToMaTU3NpPOBaHHOTO
yyeTa U ynpasrieHusl Ha KpynHbIX pe3epBy-
apHbIX X035CTBaxX C AeCsiTkaMu pe3epBy-
apoB. [lporpammHoe obecneyeHne ACY
(mpumeHuTenbHO k ypoBHemepam BAPC)
no3BomnsieT ornepaTtopy MMeTb MOSHbIA 06-
30p COCTOSIHMS pe3epByapHOro napka B pe-
anbHOM MacliTabe BpeMeHu ¢ geTanbHowm
BM3yanu3sauunen ABUXKEHUS NpoayKTa no oT-
OenbHbIM eMKOCTSIM. M3amepuTenbHas WH-
dopMauns no pesepByapam npeacraBns-
eTcs B Hanbonee ynobHou ans onepartopa
dopmMe 1 copepXKUT HarmsagHyl rpaduky.
Bo3MoxeH MpOCMOTpP apXMBOB MO KaXXAOMY
pesepByapy, a Takke copmumpoBaHue oT-
4YeTOB Kak 3a CMeHY, Tak U MO BPEMEHHbIM
napameTpam, 3ajaBaeMbIiM ONepaTopoMm.

Ons noaknio4YyeHUss ypoOBHEMEPOB K
nepcoHanbHOMY KOMMbIOTEPY, WHTErpu-
poBaHus B cuctembl ACYTIT unu nogknto-
YEeHUIO KO BTOPUYHBLIM MpeobpasoBaTtensm
cnyxuT umdposon Bbixod (RS-485). Onsa
NOAKMYEHUS K TPagULMUOHHBIM aHanoro-
BbIM perucrparopam (elle 4YacTo BCTpeya-
IowmMes Ha obbekTax) npegycMoTpeH Ao-
NONMHUTENbHbIN Bbixod curHana 4...20 MA.
OpHako, HeobxoAMMO y4nTbIBaTb, YTO TOM-
HOCTb M3MEpPEeHU YypoBHS NMPU UCMOMb30-
BaHMUN aHaroroBoro BbIXof4a OTHOCUTENbHO
HeBblcoka 1 coctasnset 0,17%.

C TOYKM 3peHuss U3MepuTenbHoON 3a-
[ayn OCHOBHbIM YCITOBMEM MNpPaBUITbHOIO
MOHTaxa YpPOBHEMEPOB SIBMSIETCA OTCYyT-
CTBUE MOCTOPOHHUX MpeaMeToB (3reMeH-
Tbl BHYTPEHHEN KOHCTPYKUWUW pe3epByapa,
Meluanku, Tpyb6onpoBoabl, NecTHULbI, No-
TOKW MpOAyKTa) B npepenax AuarpaMmbl
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HanpaBreHHOCTM aHTeHH (puc.7). Mopob-
Hble npeaMeTbl OKasbiBalOT Mellatlee
OencTBMe Ha npouecc uaMepeHun (noss-
NATCSA NapasuTHble OTPaXKeHHble CUrHa-
nbl) ¥ NPUBOASAT K CHUXEHUIO TOYHOCTH.

Mpubopbl nokasanu MNPUMEHUMOCTb
K pasnu4yHbIM NpoaykTam: HedTb, Masyr,
anstonnueo, 6eH3uH, 6UTyM, a Takxke npo-
aykTam  HedTeXumun:  NakokpacoYHbIM
nsgenusaMm, cnuptam ¥ pacTBOpPUTENAM.
MoHTax uamepuTtenen NpousBoawUncs Ha
pesepByapax pasnuyHbIX KOHCTPYKLUA: Ha
PIC ¢ gnametpom 3,5 m n Ha PBC c Bbico-
TorM A0 12 M (MpUHUMNNANbHO BO3MOXHO
npumeHeHne npubopos u Ha Bonee BbICO-
KMX pesepByapax).

Mcnonb3oBaHue B U3MepuTENsX ypoB-
HSl COBPEMEHHbIX MPUHLMUMOB CXEeMOTeXx-
HUKN 1 06paboTkn cUrHanos MNO3BOMWMO
He TONMbKO peann3oBaTb B HUX BbICOKWUE
MeTponiornyeckne nokasatenun, HO M Ha
OCHOBE MONOXWTENbHbIX Pe3ynbLTaToB UC-
NbITAHWA OCYLLECTBUTL METPONOrM4yecKkyto
cepTudukaumio npmbopoB C BHECEHUEM
nx B [ocyaapcTBEHHBIN peecTp CpeacTs
N3MEpPEHUN.

Mpubop BAPC3511 oTtmeyeH aunno-
MomMm nporpammbl «100 ny4ywmx ToBapoB
Poccuun» 3a 2007 r.

Bnarogapss cBouMM yHuBepcanbHbIM
BO3MOXHOCTAM, OGeCKOHTaKTHble paauno-
NOKaLWOHHblE  YPOBHEMEepbl  HaAeXHOo
PYHKLMOHMPYIOT B CaMblX pa3HOOOpasHbIX
ycnoBuax npumeHexus. NepcnekTusbl nc-
nonb30BaHWsA PagMoNioKaLMOHHOIO MeTo-
[a B COBPEMEHHbIX 3ajadvax UaMepeHus
YPOBHSI HaxoAsAT peanbHoe noAaTBepxae-
HWe B NOCTEMeHHOW 3aMeHe NoAoGHbIMU
npubopamyu TpPaAULMOHHBIX KOHTAKTHbIX
namepuTenen. m

Puc.6 MoHTax ypoBHemepa BAPC352U Ha pe3epByape PBC-1000
Fig. 6 Installation of the BARS352| Level Meter on the Vertically Standing Tank-1000
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EkaTtepuHGypr,

LleHTp mexayHapoaHow
TOProBmnu

(343) 370-33-74
www.uv2000.ru

21 - 23 oKkTAbpA

Ok03hHEKTUBHOCTL
doHg nm.BepHagckoro

MockBa,

LIBK «3kcnoueHTpy,
naB.. Ne5

(495) 744-17-71
www.ecointech.ru

26 - 28 HOAGOpPA

HedTb 1 Mas
OBL| «HOropckue
KOHTPaKTbI»

HuxHeBapTOBCK

(3462) 52-00-40,
32-34-53
www.yugcont.ru

21 - 24 okTAGpPA

MexayHapoaHbI
Ddopym
PCVEXPO

MockBa,

B «Kpokyc Okcrno»
(495) 925-34-82
WWW.PCVexXpo.ru

2 - 4 pexkabps

MepenoBble TEXHONOMK
aBTOMaTu3aumm
BK «3kcnoTpoHuka»

EkaTepuHGypr
KOCK «Poccus»,

yn. Beicoukoro, a. 14
(495) 234-22-10
www.pta-expo.ru

21 - 24 oKkTAbpA

Hedtb. 3. Xumnsa
BLl «YomypTus»

WxeBcK,

yn. KoonepatusHas, 9,
dOLl «3p0opoBbex
(3412) 25-47-33
www.neft.vcudmurtia.ru

4 pekabps

Hedreraswensd
«MockoBckue HedpTera-
30Bble KOHhepeHLn»

Mockga, 1n. EBponbl, 2
Ortenb «PagucoH-
CnaBsiHckas»

(495) 514-58-56
www.n-g-K.ru

29 - 30 okTAGpPA

TOK. HedTb. as.
Yronb. 3Hepro.
3AO0 «Anekc»

KpacHosipck

(383) 330-42-30,
330-76-16
www.nsk.su/~apex

9 - 12 pekabps

ABTOMaTM3aUUSA
«PAPIKCITO»

CaHkT-lMeTepObypr,
MeTtepbyprckuin CKK,
np.kO.MarapuHa, 4. 8.
(812) 777-04-07
www.farexpo.ru
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AWCTARDYHAR KQOMNNAMASR

I skcno-sonra

©® OIL. GAS. CHEMISTRY 15-17 okTs6ps

Meonorva 1 reodmanka HedTv 1 raza WWW-QHSD“-EIPE.I"I.I
Bypenwe ceaawmH. [obbMa HediT 1 rasa

Apawexune w nepepaboTra HediTh M rasa
CucTemel TpaHCnopTHPOBKK HedTv W rasa
XMMUYECKME MATEDHANL!, NPOLECCH! M aNNapaTs
AnA Hed TEXMMWUYECKOTD NPOM3B0ACTES
MNpoMeiwneHHan Ge20NacHOCTE W 3KONOTWA
HETEXMMWYECKOTO W rA30B0r0 KOMNNEKCoR

BK «3kcno-Bonras

r. Camapa, yn. Muuypuna, 23A
Ten./daxc: +7 [846)279-07-08, 270-34-07
oildexpo-volga.ru

b HAR HAYYHAR 3 OTPACAERLIE CO000% HHTOPHAADHHAS
OO P WL MESLEEPHHA Q MO EPNIA

- / . 3 ; '
[ : : T \ [

= = s ) T2 e ey

g averas) wEa=  {EOTH WTE3

FEHEPANBHME
HHPOPMALHOHHBIE
CROHCOPE

PR A

" poam

B\ 25-28 HOAIGPA OCEHb 2008

TPFEONPORONHRIE Muc“lﬂ,
CUCTEMb BcepoCCHMMCKMH BLICTABOUHBINA LEHTP, naeunsoH N2 55 “3nexTtpudukauma”

7-a PoccvHWCKan BbICTAaBKA C MeXXAyHapoaHbIM y4YacTtuem

TPYBONPOBO/IHLIE GHCTEMb |

» INATHOCTING, CBADIE, NS0
y HEI'HCTPMHHHE, TeéXHONorH4eckne H NpoMeICNOBLIe Tp}‘ﬁﬁl‘lpﬂ!ﬂﬂhl
-Tpy6onpoBoab! B XKX 1 rasopacnpeaenesum

MNpoeoguTcA nog natpoHatom KoMmuTeTa rocygapcTeeHHOW ayMbl P@ no 3HepreTuke, TPaHCNOPTY M CBA3M
Mpu nogaepxke: MAHKWCTEPCTBA NPOMBILNEHHOCTH M IHEPreTHKK PO,
Cotosa HedhTerazonpoMblwneHHUKkos Poccum, PoccHicroro corsa HediTerazocTpouTenen
TEMATHWHECKHWE HANPABNEHWA
'hmﬂal‘ﬂﬂbﬂm H HOpMAaTHEHARA Bazam ij‘ﬁﬂl‘lpDBMHDM TRaHCnopTe, Tp'_.'ﬁﬂl"lpﬂﬁﬂﬂl:! OnA Tenno- Boao0- razocHabxenna, Tenno- M rHgpo-
HoBbie npoekThl. CTPOMTENLHEIA NOGPAA. WIONALMA,
COBpEMEHHLIE TEXHONOMMK CTPOHTENLCTEA W peMoHTa TpySonposogos. - MponssogcTeo TPYG M aNeMeEHTOR TPYGONPOBOGCE M3 NONHMEPHEIX
S MawnHe ¥ 0GopyAoBaHHE ONA CTRPOMTENLCTEA W peMoHTa TpyGo- MATEPHANDE,
npoBogos, Ceapka, HI0NALMA, -0BopyaoBsanme onA GeCTPAHWEAROA NpoKnagry TpyBonpoBogoe.
*KoHTpONE Ka4YECTEA M TEXHHYECKSR AMarHOCTHEA, BryTpuTpyGHan - TpyGonpoBogsl 3HepreTH4Yeckux obbexTor. BHyTpeHHKe TpyGonpoBoas
OHAMHOCTHER, E ApMa‘r‘grpa, HACOCK], KOMNpecCopkl.
- JawwTa TPYGONpPOBOMCE OT KOPPOIHM. -Oxpana TpyGonpoBogHbLIX CHETEM.
TpyGil ¥ TPYBHOE NPOMIBOACTED. -MogroToEKa M ATTECTALHA KAQpoR.

At OENOBAA NPOrPAMMA BbICTABKH
- '-' * HayyHo-Texnuyeckan koHtepenumn «CoBpemMeHHBIe TEXHONOTHK CTPOMTENLCTBA
W pemoHTa TpybonpoBoaoes
*Kpyrneii cron «BuyTputpybHas auardocTuka Tpybonposogoey

POCHHI

2K,

-

VLN3IOVIU

YCTPOMTENE  3A0 BE BBL| «MpoMLILNEHHOCTE W CTPOMTENLCTEDS OGULMANEHEIA CART BRICTABKH
SBIGTABOK  Ten daxc: B (499) T60-2648; (499) TE0-3161
CHEZ-RUATIT.  E-mall: bild@bk ru; expopromi@rambler.r

Dvid
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BbICTABKM
114 cexuiBiTioNs 5/H (73) okTsi6pt 2008 r. AKCTMIO3NLIMS

YBAXAEMbIE;OCNOA/
NPUrNAWAEM BAC MPUHATb YYACTUE
B NPOMBIWNEHHbLIX BLICTABKAX: 2008 ’tz.

27-28 cpeepann, r. WpryTck 10-11 centnbpA, r. Canexapg

BeIEZOHAR CECCHUA CUEWPCKOMND IHEPTETHYECKOID KOHIPECCA Nepean cNEUMANWIMPOBAHHAR BRICTABKA
Eropan cneywanMiMpoBAHHAA BLICTABKA «HE®TE W FA3. SHEPTETWUKA AMANA-2008»
«TIK. HE®Th. FTA3. ¥MONb. SHEPTO-2008» Moddapuoaa: Adswucmpaius AHAD, GO BAH
e XHMWYECKWE TEXHONOMNAK U OBOPYOOBAHWE-2008»
Moddepuaa: GO PAH PO, Adwuwocmpanus Mpsymeeod ofinacmu 2022 CE‘HTHEPH, = Gpﬂhﬁj"pr
= OoMHHAOUATAR CNeUWanMIvpoBaAHHEN BLICTABKA
19-20 peBpann, r. YCUHCK «OPEHEYPT. HE®Tb M FA3. HEGTEXHMMWA, 3HEPMO-2008»
YeTBEpPTAA CNEeUWANKIMPOBAHHAR BLICTABKA «DOPEHBYPI. CTPOWMTENBCTBO. MKX. 3HONOMNAA-2008»
a¥YCHHCK. HEDTE M FA3. SHEPIMO-2008» Moddepmws: Cond APOMMIUMGHRLEDE o Noednpuriamaneld Openfypecrod oSnacmu,
«¥YCHHCK. CTPOMTENBCTEBOD. MKX. 3KONOrMA-2008» AdMuHUCMBaLLA Opaniypacrod chmasmu
Maddepaces: MuHUSTeDCTE NEOMTUTSHRONT U SH0SeMUKY Pasmylouey Kowy, Muric-
MAPCTIOn SENLTMKTYES, CMpCUTMTBCTEE U AOMMYHEILHOBD FOTAICTes Pac-

i Koy OkTAbpe, . HepwoHrpu
— e —————
MaATan CNEYMANKIKMPOBAHHAA BLICTADKD

19-21 mapta, r. AkyTcK #COBPEMEHHBIE TEXHONOTHW W OBOPYAOBAHWE ANA OCEOEHHA
T ——————————— MECTOPOMAEHHH NONE3HBIX HCKOMNAEMEBIX:

«CAXA. HEDTh. FA3. ¥IONb. 3HEPMNO-2008% Moddepua: Mpsawmensomes Pecmyfinuny Caxa (H), Musiscmepomen npossaurmessmocm PC,
[« HOBRIE TEXHOMNOM MW-2008=) Musucmepeman awewwux camield PC. Aduusucmpayusr 2. Hepowepu
«CANA, MOPHOOOBLIBAKILWARA NPOMLILLNEHHOCTL-2008= Xonduacsan romnamus « fmacnss
(sHOBBIE TEXHONONAW-2008s )
odtepees: Cpememartn Paceyfaes ot e oo Sop BT 1516 oxabp, _ . HonGpLex
Bicmiaa SR e 8 RN PecmyBaLmamEL MDanpURmLd

qa'l’BEp'l’El:Fl CNeyHanMIipoBEaHHAA BLICTABKA
sHOABPLCK. HE®ThL W FA3. 3HEPIO-2008»
910 anpanna, r. HoBocuBupck «HOABPLCK. CTPOWKOMMNNEKC CEBEPA. 3KONOMMA CEBEPA-2008
TPETMA CHEMPCKWA AHEPFETHYECKWA KOHMPECC Moddepas: Adwusucmpaiun & Hosfpsesa
TPB'I' A CNEUHANHMIMPDOBAHHAR BRICTABKD
#«T3K. COBPEMEHHBLIE TEXHONOMNAK M OBOPYOOBAHME. 29-30 - .
CHEMPL-2008% =30 okTABpA, I KpacHoApck

BbLIE3OQHARA CECCWA CHUBEMPCKOMD IHEFTETHYECKOMD KOHMPECCA

. CneuManvMavpoBaHHan BLICTaBEA
& 23-24 anpens, 1. Hopunbck «T3K. HE®Thb. MA3. ¥MONb, SIHEPIO-2008»
CeaLMan CReUMANMIMPOBAHHAR BLICTARK « XMMHWYECKHE TEXHONOIMNAKM W OBOPYOOBAHWE-2008»
«METANMNYPrMA. rOPHOE OENO. OBOPYOOBAHWE Moddepaxa: GO PAH PO, Aduumucmpaion Kpacrporns spa

W COBPEMEHHGLIE TEXHONOIMKW. HOPUNBCK-2008»
Moddepuexa: AMRMNUCTDALST 2, Hopunscen, 30 000 ol K Hopumsoaul NUmm: s

» BHHMAHHE! Jamasu om o IX YHACT (anmsaivain CHIT) HE Bbicmaary 4-6 HoAGpA, r. CeIKTLIBKAP
a Hopunkore nodaimc #e Menes, wou 13 45 dwed S0 HIETa aRcmeary

Bropan cnNeyManivpoBAHHARA BLICTABKA
«KOMMW, CTPOWUTENLCTEBO. SHEPFETUKA. KX, 3KONOMMA-2008»

23-24 anpenA, r ¥YxTa «CTPOMTENLCTBO OOPOr-2008»

MATan CReUWanWIMPOBAHHAR BLICTARKA Moddapuxa; MuNUCMHPCTESs NPOMMMULITEHHOCTY U Jmpaemuny Pecnytinum Kouw, Muwic-
aYXTA. HE®Th W FAZ. IHEPTO-2008x MOPOmSs  APYUMEKTIFPA, CIHPOUMMTGSTHE & KOMMYWATRNOMN  XOZA(CTN
a¥XTA. CTPOUTENBECTBO. MKX. 3KONOMMA-2008s PacryGinum Ko
Moddepueexs: Muvuomepcmes NPOMMLUTGHWOCTY U Mepsemury Peomy@nuy Ko, Muwice
MEROMen APNUMGKTYRS, CMDCUTMTLOTN U AOMMYMIILNOED yoredeman Pec- 26-28 moabpa, r. HueHeBapToOBCK
e K
'W_l Oecaran KDGMNeAHan CNeYHanMIMpOBAHHAR BLICTABKA
«HWHHEBAFPTOBCK. HE®Th W FA3. SHEPTD-2008»

14-15 man, r. HopocuBupck «CEBEP. CTPOMTENBCTED W APXWTEKTYPA. KX, 3KONOMMA-2008»

NEPELIA CWEMPCKWA CTPOWTENBHBIA KOHMPECC Moddepaxs: Adwurucmpauun & Hussesspmosces, THR-BF TI & HisHeapmosced
Cne UHanKuIvpoeadHaAd BEICTABEA S— — —
«CTPOWMTENbHBIE TEXHONOMNAKW K OBOPYOQOBAHWE-2008»

'
Ecnu Bac JHHF;I'GWVD:;;ID Hnﬁgﬂgﬁgﬂﬂﬁ}u;gf;; n;gmcwn CRAIATHCH © HAMM:
= 5 -m ANC 1] X By L8
21-23 man, i, AcTpexad: e-mall: apex-axpo@iist.ru, apeksfnov.net
UﬂHH HAOUAaATaA CNeunanivpoBaHHaA BELICTABKA Appec: Pocoun, 830080, HosocwBupek, yn. Mnew«a, 10, k. 211-219

«ACTPAXAHL. HE®TEL W FA3. SHEPTO-2008» C Gones nogpobnof HHOPMALMER Bisl MOETE NOIHAKOMHTECH Ha HAWEM CAATE;
uXMMUYECKHME TEXHONOMNAKM U OBOPYOOBAHWE-2008» http:/fwww.nsk.sul~apex
Moddupua; MUrICTOLCTION SOHDMISBCAIA0 DRI, MUNUCTRDCITI M MOMUTLaHD- Bt rasonesn 1f OONGIrEHLT 1 IR asaewsasy nmy
IO SITI AN ORRY RO G, O DO b AOMTRLED O CEPa WD Oy i e i
Rt ACTPALARCATD CMaCT

e ——— Bcero nﬂ.ﬁpﬂm’ ¢HPM3 ﬂA”EKC»

3A0 «®UPMA «AMNEKC»
T/®: (383) 330-42-30, 330-76-16
E-MAIL: APEX-EXPO@LIST.RU;
APEKS@NOV.NET, WWW.NSK.SU/~APEX
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25_28 HE®DTDH
HOSIOPS '
2008 r.

[IPOMBIIIUTEHHOCTH POCCHM  D1eKTpHOHKANHS™
BbICTABKH

MposoanTen noa narponarom Komurera Docynapereennoii Jymer PO no snepreToke, TPARCHOPTY H CBAIN

BbICTABKU

extisiTions | 115

MockBa,
Bcepoccuiickui
BbICTABOYHBIN
LHEeHTp

IMaBuabon Ne 55

HE®TETA3OBBIH
MOTEHIIUAJI POCCUM

OIL AND GAS POTENTIAL OF RUSSIA

o

HAEJIOBAJA I[TPOI'PAMMA:

POCHE®TEIA3IIPOM

ROSNEFTEGAZPROM

IF'ASOHE®TEXHUMMUAA

GAZONEFTEKHIMIA

......

Mﬁ}Kﬂ}fHaDDﬂl]Hﬁ TOI'I.TIHBIID-B]]EPTETH'—IE‘CEHE H FEBDHEEIJTEXHI#]H‘{ECKHH KOHI'pECC

[lpu nogaep#Hke:

MunucrepeTea npupoaHex pecypcos Poccuiickoii Penepauun, PeepansHOro areHTCTEA 10 SHEPTETHKE,
{_1t'li¢'l 3 I!l..‘ll:lIL‘I AFONPOMBIILICHHHEOB IJUCL‘HH. ':IUH_!'SH [[]'IIUI-I'j]i-U,'[I-l'l'l..'.']l..'rl ]!Crt!'['l..'l A30B0OT0 (]ﬁ(_]r!}",'ll!ltili[l-[ﬂ
BHHMAHHE: Jupexuns gopyma: 000 “Ircnobpowrep™

B(499)760-3161; 5(499)760-2648; B(499)T60-2786
E-mail.ru: expobrokeri@mtu-net.ru; lampaexpoi@blk.ro wxlr"u.-'.c.‘-;puhrﬂkﬂr,ru

Tesmp aognaaos, O.H.O., 100EHOCTE JOKTATMHEDR
npemocTaniTs 10 15.10.2008 r. B WMeKTPOHHOM BH/IE

BLICTABKA

NTA-Ypan 2008

- 2-4 Jexabps 2008-
Bl «KOCK «Poccus»

r. Ekarepunbypr, yn. Beicoykoro, a. 14

I W B B B B B B B B E

CvpHIHANLHEN CAIIT BLHCTABKH

TeMaTHKA BhICTABKH:
¢ ABTOMAaTH3aLUMSA NPOMBILLNEHHOrO NPeAnPUATHA
o ABTOMATWU3aLWsa TEXHONOTMHECKMX NPOLIECCOB

e BOpTOBbIE M BCTPAMBAEMbIE CUCTEMbI

o CUCTEMHAA MHTErpaLmMA i KOHCANTUHT

o ABTOMaTH3ALNA 3AAHUIA

e NEW! 3neKTpoHWKa W aNeKTPOHHbIE
KOMMOHEHTB

FeHepanbHbid COHCOD:

o

OpranH3arop: Dlscmoeurpoenrulsa

Mockea: Ten: (495) 234-22-10 - E-maik info@pta-expo.ru
Exarepunbypr: Ten: (343) 376-24-76 - E-mail; ural@pia-expo.ru

BE Fanuc
Intelligent Platfarms

VLNIDVIlW NVAD
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MexayHapoOHsIA NPpOMBILLNEHHBIA hopyM

PaguoanektpoHuka. MpubopocTpoeHne. ABToMaTU3aUUA.

BBTOMETVIBBLIVIFI o
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& 9-12 [EAsPR 2008

o
> -
Caunr-Nerepbypr, Netepbypronwia CHE,
np. K0.Tarapuua, 8, cr.m. «Napk Nobeges
ol en.: (812) 777 0407, 718 3537
e-mail: ais@orticon,com; www,farexpo.mnu/ais
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[495} 995-05-95

HAEOCHI

‘il Lm HIIPECCORBI

) AEMATYPA
ﬁ iR

BEAYLLUWA OTPACNEBOM ®OPYM CTPAHbI

TENEP B KPOKYCE

MexayHapogHbin thopym

PGUEXPO

BOJEE 25 CTPAH MWPA WWW. PCUEXPD. RU
BOMEE 18 ThICAY NOCETMTENEMR

BONEE 500 Y4YACTHHKOB 2] = 24 UKTHBPH 2003

A M D BB POCCHA, MOCKBA, MBL, «KPOKYC 3KCNO»
WWW.MVK-CROCUS.RU

mnp?m ﬂPﬂEDH“TEH HPH nﬂﬂﬂEFH‘(KE EHEE{HH]‘!H.’]HE}[]EHHHME BbICTABKH:

Coro3a nponasofHTened HediTerasosoro «HAGOCKI»
ofiopygoBanna

Mpasutenscrea Mocks «KOMNPEGCOPHAA TEXHHKA.
Mockoeckoi ToproBo-npoOMBILLNEHHOR NaNaThl ﬂHEBMﬂTI‘I KA.

EBponefckoro KOMKTETa

no sonpocam apmarypoctpoerus (CEIR) "HEB MUHHBTPFMEHT"
EBponefickoi accounaymn

npoK3sopHTenei Hacocos (EUROPUMP) «APMATYPA»

depnepanbhoi cRyKGbI N0 IKONOTHYECKOMY,
TEXHOTOTHYEEKOMY W ATOMHOMY HAR3OPY «MPHBOAbI K ABHTATENH»

VLNIDVIM NVYAD

TEN./®AKC: (495) 925-34-82; E-MAIL: PCUEXPO@MUK.RU
Dpranwaaropss Sopyma: TEREpanLHBIE HHEIOPMALMDHHEE CROHCOPLL: HuthopaymoHsan noLLepsEa:

e — CEENETEE (o) i SATERE N

Poccwickas ACCOUNALAR NPOKIE0THTENER RACOCOR MErWE INENT HECTENAS
ACCOUMALMR KOMOPECCOPUMKOR W THERMATAKDE TEREPANEHbI HHYMOPMALHOHKbI NAPTHER: £t : .
Hayso- npoMLIwnEnHas ACCOUNALNA . CrnA ik s T

APMATYPOCTROMTEAER OF AAHHE AKBATEPM fopme ™
- i

Pefnonamue TPEAcTataTERLTES JAD SURE-c MY, CEREPT-JAMALL o7 (B12) 1320520 MVEYPAN: o7 (3430 3702070, WWAC-BONMA o7 (A5 251.75-85 MV CHEHPL; o7 §383)
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MEXOYHAPOLHAA
[MTPOMBILLUJTERHAA

BbICTABKA

5 - 7 Hosaopas 2008
EKATEPUHBYPI

LLEEHTP MEXAYHAPOAHOW TOPIOBMN

PASENLlI BLICTABKI
OPTAHW3ATOPEI: INEKTPOHHLIE KOMNOHEHTHI

M TeXHONnornyeckoe obopypoeaHue
Ten.: +7 (812) 380 6002 lopHoe peno
+7 (812) 380 6000 Hepaapywaouwuii 1 nabopatopHblit KOHTPONL

®akc: +7 (812) 380 6001

T ; B NPOMBILLINEHHOCTH. TexHnyeckas AMarHocTuka
Email: industry@primexpo.ru

MokpbiTua 1 06paboTka NOBEPXHOCTH.
WW.in ryexpo.r
www.industryexpo.ru 3awmTa oT KOppo3unu
HedTb 1 ras
@ : MpoMbilWnNeHHas aBTomaTnaauus
primexpo [ FTE] e e

JHepreTuka n aHeprocbepexeHue
u_fl '@ iﬁ be3onacHocTh TPYO3 B NPOMBILLNEHHOCTH

Jkonorua



R YENABMHCKURA
YKz HKOMNPECCOPHLIX 3ABOA

3A0 «4K3» NMPEOJIATAET: .
COBPEMEHHOE KOMMPECCORHOE O5OPY/IOBAHME

& BMHTOBEIEe KOMNpeCCOpHbIe YCTAHOBKH
C NpUEOAOM OT QWU3ENbHONo U ANeKTpU4yecKoro geurarens

® KoMnpeccopbl CPpeiHero U BbICOKOro faBneHus
oT 40-350 6ap

® GNOK-KOHTeWHepbl KOMNpPeccopHbie
® NMHEeBMOMHCTPYMEHT . P

JHEPIUs CXKATOI0 BO3YXA i

— y £ _m J
paspaboria npoexra e nﬂ@n nnocrasia 000pyNOBAHIA e MOHTANGVINYCKOHANAN0HHbIE](1A00TE]

FANaHTUNHOE 11 NOCErajdHInnHOE, CEpBIICHOE oBCny)BaHNe o YENYINTNZNHI0BBIXSKOMTAHL

454085, r. YenabuHck, np. JlenunHa, 2-6

www.chkz.ru ey Ten./chakc (351) 775-10-20

e-mail: sales@chkz.ru

ussonrormcmng ¥ HUBEPCAJIBHBIN I'MJIPABJINYECKU N
OO eksnroreeee. [ITOJIBECHOW TPYBHBIU KJTIOY
MTTITK senovisayeros B OpoLecce BRIIOTHOHES CHYCRONDTHEMHMY olNepaisdt npy GypeHnm

HEQITSHB M MS0BEIX CHREASMH UL CBHHMHEHHES — PAIBHHMHBAHI 0BCATHBIX TPV THAMETHOM
or 114 [4 1/27] ma o 324 [12 34 "] My © aBmoMamiHecns orpa e HEeM KPYTIHeTD MoMeHTI.

B Gaaopmit wommert nocrasin ¥ CITR axomar goMosiesT eMomHBX aao0oreis - G .
s rpyE @ 1143 s 1460 mm; 1683 smz 1778 sam; 244.5 nam; 3240 maml].

[lnana3soH AnameTpoB Tpy6, MM (atoiim): ot 114 o 324 (@)
(4%2-12 %) £
MakcumanbHbIit KpYTALLMIA MOMEHT, KH M (Krc'M): - Ha Bbicluei nepepgade | 7 (700) >
_ - Ha Hu3wen nepegaye | 30 (3 000) 2
¥ YacToTa BpalLeHusi, 06/MuH: - Ha BbICLLeN nepefaye | Ao 66
- - -'.-r' ~ - Ha Hu3wen nepefaye | Ao 16 3
b aEL MakcumanbsHoe Aasnexue B rugpocucteme, MMa (krc/cm2): 24 (240) >
| = - MoTpebrisiemasi MOLYHOCTb MPUBOAA OT CETH TPEX(HA3HOrO NEPEMEHHOTO He Gonee 40 m
bl e Toka (50 I'u, 380 B), KBT: E
[abapuTHble pasmepbl, MM: = CUNoBOW arperat 230012001250 -]
— VCMIOMHUTENbHbLIN Mexauuam | 1290°845°870 >

Macca, «r, He Gonee: - cunoBoii arperar (6e3 pabouelt xugkoct) | 1000
= VICMOMNHUTENbHbII MEXaHN3M 640
TemnepaTypa okpyxatoLeit cpegsl, ‘C: - pabouasi Temnepatypa | ot - 45 o +50

ot - 50 go +50

— Temneparypa xpaHeHusa

Pocens, 443008, r. Camapa, yor. Semena, 18
. (846) 931-18-47, 228-63-97 mail@progress.samara.ru
T.: (B46) 228-G1-T73 markeling@progress. samara.ru
WWW, BAMSace. I
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mLNEY, | Dalle

ITOCTABKA ABTOTEXHHUKA
» ABTOMOGHIN YpaJi

Bcerga B HaIM4yuu
6onee 300 eAUHUNL TEXHUKMU

CYEEJET RN www.uralst.ru )

CEPBUCHBIE LLEHTPbI 2. Muacc: 8 (3513) 54-63-00
TEXHUKA B HAJTUYUH 2. Yxma: 8 (82147) 3-36-83
3AIMACHbIE YACTH

2. Ycunck: 8 (82144) 9-10-50

CEPBUC U TAPAHTUA 2. Hoewiii Ypenzoii: 8 (3494) 26-10-83
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