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T./dp: (343) 373-48-54.
e-mail: bures@e-sky.ru
www.energobur.rosfirm.ru
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FeHepanbHbIn gupektop UHK ctana naypeatom
MeXAayHapoaHOW npeMumn

«XXeHWwuMHa B bOM3Hece»

16 mas EBponevickuin 6aHK PeKOHCTPYKUMM 1 pa3sBuTus B JloHooHe
BPYYMIN NPECTUXHYI0 MexayHapodHyto npemuto «\WWomen in business
awards» («keHLWuHa B GusHece») - reHepanbHomy aupektopy OOO
«WpkyTckasa HedTaHasa komnaHuay (MHK) Mapure Ceabix. KaHauaa-
Tamy NPEMUU CTAHOBSITCS KNMMEHTbl 6aHka 13 cTpaH onepauuin EBPP,
KOTOpbIX HOMUHWPYIOT MpeacTaBuTensbCTBa 6aHka B 36 cTpaHax oT
LleHTpansHon EBponbl o LleHTpanbHoi Asuun. MNobexpatoT ueney-
CTPEMIIEHHbIE Y CAMOOTBEPKEHHBIE KEHLLUMHBI, YbW JOCTUKEHUS OKa-
3bIBaIOT CYLLECTBEHHOE BINUSHME Ha Xog pedopM U coLmarnbHO-3KOHO-
MUYECKOE pPa3BUTUE PETVIOHOB Pa3nuyHbIX CTpaH Mupa.

Bcero EBPP Bpyunn Harpagbl Tpem XeHLmMHaM. B aByx Apyrux Ho-
MUHauusx «MpeanpuHUMaTenscTBoO» U « PUHAHCOBbBIE UHCTUTYThI» MO-
Gegutensmm cTanu yypeauTens U Bnagenuua YacTHOM KOMMaHuu no
NpOV3BOACTBY KOBPOB M3 Y36eKkucTaHa M yupeauTenb opraHusauuu,
KoTOpasi crneuuanvavpyeTcs Ha Bblaade HeGOoMbLUMX KPeaUTOB XKEeHLL-
HaM-npegnpuHumaTensamM u3 bocHum n lepueroBuHsbI.

MapwuHa Ceabix no6eauna B HoMMHauum «[TpoMbILLNIEHHOCTb» U
cTana eAUHCTBEHHOM poccusiHkor, B 2009 rogy yaocTouBluencs
«Women in business awards». MpuHMmas nosgpaBneHus, oHa oT-
MeTWNa, YTo Harpaga crana Jy4Lum 4oCTUXKEeHNeM Ans Hee n AnsA
BCel KoMMaHuu.

T\ (3952) 211-352 664025, r. WpkyTck, yn.Poccuinckas 12
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e KpaHbl MocTOBbIe ogHOGano4Hble, ABYyX6anoyHble py4yHble NoABecHbIe
MonopHeler/mnot1go20T

® KpaHbl MOCTOBLIE oAHOBanoYHbIe, AByX6anoyHble INeKTpU4ecKkne nogBecHbIe
1 onopHble r/n ot 1 go 10T .

® KpaHbl KOHCONBLHLIE py4YHble cTauymoHapHisie KKP3 r/in 0,25; 0,5 1mu 2T

® KpaHb! KOHCONbHbIE C MexaHn4yeckum nosopotom KKM7
r/mn ot 1 go 51
e KpaHbi-wtabenepbl anekTpu4yeckue onopHele rim 0,5mn1 T
e Tane py4yHas YepBAYHasA nepeaBUXHanA
AByxckopocTHaa rin 5,0m 8,0 T
© Tanu YepBAYHLIE PYYHbIe CTALMOHaPHbIE
M nepeaBmxkHas r/imor1 80010 T
® Kowkn Tvn «A» n«B» rfnotr1go 57
¢ [leGenku py4Hbie TpocOBLIe
rMm80kr,05T
®3anacHble 4acTu
W KOMNNeKTylowue
K rpy30onogbLEMHOMY
obopynosaHuo

e OceBble MecTHOro npoeetpueaHmua BM3-5; BM3-6;
BM3-8; BM3-12A

® BeHTUnATopel razoorcackisarowme BUr-7A; BLU-9M; BLIN-15

® BeHTMNATOPLI rMaBHoro npoeetpueanua BL-15; BLIM-16;
BL|-25M

®BeHTMNATOPLI OCEBLIE FMaBHOro npoeeTpuBaHua BOO-18,
BOA11M, BOA16M

*[lbineynasnueatens MNK-35

®[l.imocock! O-18, AH-19, O-21,5x2, APLU-21x2, 1H-26

®3anacHble 4acTu K BEHTUNATOpaMm

623770, CeepanoBckas obn., ApteMoBCKUI p-oH, n. KpacHoreapaenckui, yn. [laepxuHckoro, 2.

3aMm. reH. aup. no kommepuuu: T/t (34363) 44-900, npuemHan Ten. 44-896, 1./cd. 44-996,

cnyx6a mapkeTuHra T./cp. 44-897, 44-992, 44-905, 44-970, cHaGxeHue Ten. 44-906, T./c. 44-907

EXPRESS ALIGNMENT BY FIXTURLASER

www.baltech.ru
info@baltech.ru
(812) 335-00-85
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AOBbIYA /| OBOPYJOBAHUE

PelwweHune 3agay no LieHTPoBKe (BbIBEPKE COOCHOCTU) HACOCOB ABNSIETCA BaXHbIM YCIIOBMEM Ansi o6ecnevyeHUsi HaaeXHOCTU U IKOHOMUY-
HocTu o6opyaoBaHus. B cranpapre TexHuyeckux pewenunn HO:2010, Ha koTopbI NnepexoasT Bce HedpTtexummyeckme npeanpuatusa CHI,
ceptudmumpoBaHHbie no 1ISO-9001, aToMmy HanpaBneHuio yaensietcsa ocoboe BHUMaHuUe.

[IEHTPOBKA HACOCOB

B.B. CeBacTbsiHOB, P.A. PomaHoB

PUMP ALIGNMENT.
V.V. Sevastyanov, R.A. Romanov,
Lead Technical Experts, OO0 «Batech»

Dealing with the issues of aligning the pumps
(checking the alignment) is an important condition
for ensuring the reliability and economy of the equi-
pment. In «NO:2010» Technical Solutions Standard
to which all the petrochemical enterprises of the CIS
certified to ISO-9001 are now transitioning, this activi-
ty is given special consideration.

The pump alignment in itself is a technical disci-
pline which is not common to the specialities related
to the service and repairs of the equipment, it tends to
be defined more as a specialization. In order to obtain
good results on large, high speed or high temperature
units, the alignment requires unique and expensive
measurement devices, a certain amount of calculat-
ion capability and, to a great extent, depends on the
expert's experience.

At the present time, in Russia, there are no
uniform standards which would regulate the toler-
ances for the work with respect to alignment of the
rotary equipment and the procedure of doing such
work, there is program in place for validation of
specialists, which causes the results to be greatly
inconsistent. At the same time, incorrect alignme-
nt of the pumps results in higher consumption of
energy, premature wear of parts (couplings) and
increased vibration, which, in most cases, culmin-
ate in series wrecks and emergencies.

Here comes up a reasonable question: what is
pump alignment and how can lack of alignment be
identified, what are the tolerances for the work to
be done and what devices are to be used to do this
work? Let us start from the very beginning and for that
purpose we will introduce some basic definitions:

All the shafts, whether they are straight or
curved, rotate around the axes, called centers of
rotation. Correspondingly the centers of rotation
form a straight line.

The shafts are aligned if their centers of rotation
form a straight line, and the shafts are misaligned, if
their centers of rotation do not lie on the same line
during the machine operation. Correspondingly, alig-
nment is defined as the operation to coordinate the
rotation axis of the pump and the electric motor.

In the theory of the alignment there are two types
of misalignment: parallel offset and angular opening.
In practice both types occur at the same time.

Parallel offset of the axis means that the centers
of rotation of the machines lie in parallel planes and,
as a rule, constitute intersecting lines. The distance

Cama no cebe LEHTpOBKa HacocoB
— TeXHUYeckas OAUCLMMNIINHA, He sIBNsitoLla-
sca obLein Ans npodeccui, CBA3aHHbIX C
obcnykvMBaHMeM M PeMOHTOM 0BopyAoBaHMS,
a onpepgensiemasi bonee kak crieupanvsauusi.
[ns nonyyeHWs XOpOLUMX pe3ynsTatoB Ha
BOrbLLNX, BbICOKOCKOPOCTHbIX NI BbICOKOTEM-
nepaTtypHbIX arperatax, LeHTpoBka Tpebyert
YHUKarbHbIX 1 JOPOroCTOSILLMX CPEACTB U3Me-
PEHWIA, HEKOTOPOW BbIMUCIIUTENBHOM Crnoco6-
HOCTM 1 B OOIbLLION CTEMNEHM 3aBUCUT OT OrbITa
cneuuanucTa.

K Hactosiemy Bpemenun B Poccum HeT
eOVHbIX CTaHOAPTOB, PerraMeHTUPYLLNX OO-
MyckM Ha MPOU3BOACTBO PaboT MO LEHTPOBKE
poTopHoro obopyaoBaHUst U caM MopsidoK Mpo-
BEOEHMs1 paboT OTCYTCTBYET, HET MpOrpamMbl
cepTudmrKaLmMM CreLmanmcToB, YTO BrieYeT 3a
cobovi 6onbLLIOe HEMOCTOSHCTBO pesyrsTaToB. B
TO e BpeMsI HeMpaBWIibHas BbiIBEpKa HAacCOCOB
BEET K NOBbILLEHHOMY Pacxofy SHEPrvW, Npex-
[OEeBpPeMEHHOMY M3HOcy Aetanen (MydT) 1 no-
BbILLIEHHOW BUGpaLmK, kotopas B 6onbLUMHCTBE
Ccrny4aeB NPYBOAUT K CEPbE3HBIM aBapUsiM.

BcTaet pe3oHHbIN BOMPOC: YTO Takoe LieH-
TPOBKa HACOCOB M KaK Omnpefenutb Hanmune
pacLEHTPOBKW, KaKoBbI A0OMYCKW Ha NPOU3BOA-
CTBO paboT M KakMMK cpeacTBaMu ee Mpous-
BOAWTL? HayHem no nopsiaKky v € 3TOM Lienbio
BBEEM OCHOBHbIE OMpeaeneHus:

Bce Banbl, ByoyT v OHWM MPSMbIMU UK
N30rHYTbIMU, BPALLIAKTCSI BOKPYT OCEW, Ha3blBa-
eMbIX LieHTpamu BpalleHusi. CoOTBETCTBEHHO
LieHTPbI BpaLLeHys 06pasytoT NpsiMyto NHIIO.

Barnbl ABASAOTCS COOCHBIMU, €CIN UX LieH-
Tpbl BpaLLeHWsi obpa3ytoT MpsIMy0 TIMHWKO, U
Barbl HECOOCHbI, €CMN UX LIEHTPbI BpaLleHWs
He Nnexar Ha OHOW NHWKM BO BpeMsi paboTbl
MaLnHbl. COOTBETCTBEHHO LIEHTPOBKOW Ha3bl-
BaloOT orepauuio Mo CornacoBaHNio ocel Bpa-
LLIeHNs1 Hacoca 1 anekTpoaBuraTensi.

B Teopum Bonpoca LEHTPOBKM CyLLECTBYET
[Ba Tuna HECOOCHOCTW: NaparnsensHoe cMmeLLe-
HVE 1 YITIOBOE packpbITve. Ha npakTvike Bceraa
BCTpeyatoTcs 0ba B1uaa 04HOBPEMEHHO.

MapannenbHoe cmelleHne ocu noapasy-
MEBAET, YTO LIEHTPbI BpaLLEHWs MaLLVH nexar
B MaparnnernbHbIX MIOCKOCTSX U ABMSOTCS,
Kak NpaBuIo, CKpeLLMBaLLMMUCS NPAMbIMU.

Touka 1 ToqKa 2 TO4Ka3 TouKa4
. .
350mm | 250 mm | 500 mm
+0,05
/1 +0,38
0,35 >
-0,12

+0,066/100mm

Puc. 1. Pacyet yrnosoii pacLeHTpoBk1

NoABMKHLIA Ban

Beayuwune texHuuveckme cneumnanuctsl OO0 «bantex»

r.CaHkT-NeTepbypr

PaccTosiHe mexay nnockocTaMu onpenenset
BENVYMHY NaparnnensbHoro cmetleHns (puc.i.).

HakroH (yrnoBoe pacKkpbITVe) MOXET ObITb
MPOCTO OLieHEH CHayana onpeferneHneM pas-
HULbI MeXAY CMEeLLEHNAMUN Bana, U3MepeHHbI-
MUV B ABYX MIIOCKOCTSX, OPTOrOHANBHBIX MAHUM
OrnopHoro Bana, (cMelleHre 1 - cmelleHve 2),
N [eneHneM 3TOW pasHuLbl Ha paccTosiHVe
Mexdy TOYKaMu MepeceyveHust 3TWX MIOoCKOo-
cTet ¢ nuHuen Bana. B criyqae, nokasaHHOM
Ha pUCYHKe:

+0.35-0.12

(-0.12) - (-0.35)
- -0.00066 mm/mm,
350 350

yMHOXast Ha 100, mbl nonyyum Gonee yno-
TpebuTenbHoe 3HavYeHne:
0,00066 x 100 mm / 100 mm =
100 mm

0,066 mm /

Korga Barmbl HECOOCHbI, B COEOMHEHWU
BO3HMKAIOT CUMbl, BO3AENCTBME KOTOPbIX Ha
Hacoc MpYBOAUT K €ro aBapuiHOMYy OCTaHOBY.
OnpenenuTb Hammyue aTUX CIM MOXHO Mo nep-
BUYHBIM MPK3HaKaM, TakuM Kak MoBblLLEHHAs
BMOpaUMs MexaHu3Ma, 4pesMepHbIi Harpes
My(OTOBbLIX COEAUHEHUI, ObICTPbIA BbIXOA U3
CTPOS y3MoB Hacoca (MOALMUMHMKOB, YMIOTHe-
HWA, MyddT) MO CPaBHEHUIO C aHarorMYHLIMU
Hacocamu, 1 Mo BTOPWUYHBIM: MacnsHble noa-
TEKW, TOpPKWA PE3NHOBBLIX WM MIacTMacCcoBbIX
KPOLLIEK MOA, 3aLLMTHBIM KOXYXOM, YPE3MEPHBIN
M3HOC 3yObeB B COOTBETCTBYHOLLEM 3yGYaToOM
3auenneHnm n T.n.

[onyctumon  siBrsieTcs  Takas  Heco-
OCHOCTb BarioB, Mpu KOTOPOW TO4Ka Nepeceye-
HUS MX OCeN BpaLLeHUs HaxoauTcst B 0bnactu
MydThI ¥ NPUREXALLMIA YroN MEXAy OCeBbIMU
NMHVSMK Man. 3TV ABa KPUTEPUSt UCMOMb3y-
0TC B ABYX NEPneHAMKYNApHbIX Hanpasne-
HUSAX, 0ObIYHO AN yaobcTea B BEPTUKANbHOM
1 FOPU3OHTasIbHOM, U HOPMUPYIOTCS B 3aBUCU-
MOCTW OT CKOPOCTU (4acTOTbl BpaLLEeHNs).

TpeboBaHNs MO LEHTPOBKE BbICOKOCKO-
POCTHbIX MalUMH XXeCTye MO CPaBHEHWIO C
HWN3KOCKOPOCTHBLIMW MaLUMHaMMU.

BBuay oTcyTcTBMSA pOCCUIACKOTO CTaHAap-
Ta, pernaMeHTUpyloLwero AOMNyckU Ha npo-
M3BOACTBO PpaboT MO LIEHTPOBKE, MOXHOM>

Puc. 2. BnusHue cun B MyqpTOBOM coeMHEHNUMN
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AOBbIYA / OBOPYJOBAHUE

BOCMOMb30BATLCA  HOPMamu, — MPUHATLIMU
Ha 3anage. B Tabn.1 npeacTtaBneHbl [o-
MycKM Ha LEHTPOBKY HEMELKKOW KOMMaHum
BALTECH GmbH, B Tabn. 2 gaHbl HOpMbI, pe-
KomeHayeMmble hupmon Fixturlaser, LLseums.

LleHTpoBka 00s3aTeNBLHO AOMKHA MPOBO-
OUTLCS Ha BCEX MalUMHax U MexaHu3max (Ha-
COCbl, ABIMOCOCHI, BEHTUMNSTOPbI, KOMMPECCOo-
pbl, aneKTpoaBwUraTenu, peaykTopbl, AW3en,
TYpOWHbI 1 Mp.), rae ecTb:

* My(pTOBblE COEAMHEHNS FOPU3OHTABHBIX U
BEpPTUKarbHbIX MaLLIVH,

* MPOMBCTaBKV FOPU3OHTaNbHbIX 1 BEPTUKaNb-
HbIX MaLLWH,

* Banonposogbl 13 3 n bornee nocregoBarenb-
HO COeMHEHHbIX MaLUMH,

* KapOaHHble nepenayu,

* pemMeHHble nepefaqu,

* BMWsSHWE MapannenbHoCcTM W nepneHaun-
KyNSPHOCTU BarnioB Ha Ka4yecTBO BbiMycKa-
emMon npogykuun  (bymarogenatenbHble
MaLUVHbI, 3KCTPYAEPbI, NPOKaTHbIe CTaHbl,
KOMMpeccopbl),

* BMWsIHAE MIIOCKOCTHOCTU CTaHWHbI Ha Ha-
[EXHOCTb YCTaHOBMEHHOrO MexaHu3ma Ha
dyHAAMEHT,

* reomeTpudeckasi LeHTpoBKa (MpsMOnuHen-
HOCTb HanpaBnsioLLMX KPaHOB, BbICTaBIe-
HVe mnocTenen MOALIMMHUKOB CKOJbXEHUS,
«npobutre» NMUHUM Bana Au3enen u cygo-
BbIX BarionpoBOAOB),

* HeoOXOAVMMOCTb BbICTABMNEHUSI MPOTOYHOM
yactu TypboarperatoB (TypbuHbl, KOMMpec-
copbl).

B nocnegytomx cratbsax Mbl Gynem pac-
cKkasblBaTb O MeTofax W cpeacTBax AOCTW-
XEHUS KavecTBa U HaOEXHOCTU Bbille nepe-
YMCIEHHBIX arperatoB C MOMOLLIO MprbopoB
LeHTpoBku Fixturlaser XA.

Mpn npoBegeHnn paboT no LIEHTPOB-
Ke cneuuanucty HeobxoauMo MpUHATL BO
BHUMaHWE MHOXECTBO (DaKTOpPOB, BMMsitO-
WX Ha YCMoBMSA 3KCryaTauyn HacoCOB.

[nsi KOPOTKMX MydDT:
For Short Couplings:

2’1\\

e

g '

MapannensHoe
cMeLleHne (Mm)

Yrnosoe packpbil-
Tne (Mm/100Mm)

3/H (03) nroHb 2009 r. BKCNO3ULINA HEDTb A3

OT0 oceBoi 3a30p B MydTe, Aedopmaums
Kopnyca, yCTaHOBKa MOALUMMHUKOB (ecnuv nog-
LUMMHUKA  MEHSMUCb), MIIOCKOCTHOCTL 06asbl,
TENnoBble paclUMpeHnsi, M3rMb BamnoB, HaTs-
»KeHue TpyOHoM 00BA3KM 1 Mpornba BbIHOCHBIX
3MEeMEHTOB M3MEepUTENbHON cucTeMbl. B non-
HOMOUMS crieumanMcTa fno LEHTPOBKE BXoauT
onpegeneHne BNusHUS 3TUX hakTopoB U Mpo-
BEOEHME COOTBETCTBYHOLLIX KOPPEKTUPOBOK.

BuBpauusi He JormkHa UCMONb30BaTLCS Kak
KPUTEPUIA KayecTBa LIEHTPOBKW, HECMOTPST Ha
TO, YTO 3adayeit LIEHTPOBKUN SIBIISIETCS €€ CHU-
»eHve. OueHnBaTb LIEHTPOBKY HeobxoamMmo B
CTaTuKe C MOMOLLBI U3MEPUTESBHBIX MHCTPY-
MEHTOB, 3aKpPEMNMEHHbIX Ha Banax, UCMorb3ys
«[Jonyctumble npeaensl LEHTPOBKW». Opyrne
NPUYMHBI MOTYT BbI3BaTb BMOpauuto, Takue
KaK pe30HaHC KOHCTPYKUMM unv aucbanaHc.
MoaToMy Hemnb3si UCMoNb30BaTh MOBbILLEHHYO
BMOpaLMIO KaK eOVHCTBEHHbIA MpU3HaK pac-
LieHTpoBkN. Ho ecnn paboTaiowmin Hacoc He
BbI3blBA€T BMOpaLMKN, TO OY4EBMOHO, YTO LiEH-
TPOBKa YOOBMETBOPUTENbHA U €8 MOXHO Mpu-
HATb.

Lym 1 noBblleHHasi Temnepatypa nog-
LUMMHMKA MOTYT ObITb CBA3aHbI C pPacLeHTPOB-
KOW, HO 3TV CUMITOMbI TalOKE MOTYT yKasblBaTb
Ha gpyrve npobnembl. [MpuMeHsTb Hanuune
LymMa M MOBbILEHHON TemnepaTypbl y nog-
LUWMHMKA B Ka4ecTBe €OMHCTBEHHbIX MpuU3Ha-
KOB MIOXOW LIEHTPOBKW HEAOMYCTUMO.

OTn paccyxgeHus He MeLlalT crneuya-
TIMCTY OCTaTbCsl Yy MaLUMHbI MPU 3anycke U Ans
CBOEro ynoBrneTBOpeHUst noHabnogaTb 3a pa-
604MM COCTOsIHMEM MaLLMHbI. He 3anpeluaetcs
Taioke 4nsa AoCTvKeHust bonee Markon paboTbl
MalLUMHbI C MOMOLLIbIO CPEACTB BUGPOKOHTPONS
B KayecTBe ObpaTHOWN CBA3WN MPOBOAUTbL LiEH-
TPOBKY paboTatoLLero arperara.

BbiGop M3amMepuTEnbHbLIX CUCTEM Y METOA0B
— peno cneuyanucta. OCHOBHble BapyaHTbl —
CTpEeroyHble UHAUKATOPbI UK Nnasepbl. OCHOB-
Hoe TpeboBaHwve ans nbol cuctembl »

CkopocTb Bpauwie- [onyctumo OTnuyHO
Hus (06/muH) Rpm Acceptable Excellent

[ins BanoB ¢ NpoMBCTaBKoMN 1 AnckoBbIx MydT: For Shafts with Insert and Plate Couplings:

CwmelleHue (Ha
100 MM AnrHbI
NPOMBCTaBKW)

=a

750 0,19 0,09
1500 0,09 0,06
3000 0,06 0,03
6000 0,03 0,02
750 0,13 0,09
1500 0,07 0,05
3000 0,04 0,03
6000 0,03 0,02
750 0,25 0,15
1500 0,12 0,07
3000 0,07 0,04
6000 0,03 0,02

Ta6n. 1. lonycku Ha LeHTpoBKy Baltech, Fepmanus | Tab. 1 Alignment Tolerances Baltech, Germany

CKOpOCTb BpalleHus
(06/mMmuH) Rpm

(mm/100mm)

OTnuyHo
0-1000 0,06
1000-2000 0,05
2000-3000 0,04
3000-4000 0,03
4000-5000 0,02
5000-6000 0,01

YrnoBoe packpbiTne
(Mm/100MMm) Angular Opening

MapannensHoe cmelleHue (MM)
Excellent Parallel Offset (mm)

[onyctumo OTnuyHo [onyctumo
0,10 0,07 0,13

0,08 0,05 0,10

0,07 0,03 0,07

0,06 0,02 0,04

0,05 0,01 0,03

0,04 <0,01 <0,03

Ta6n. 2. flonycku Ha LeHTpoBKy Fixturlaser, LLiBeuus | Tab2. Alignment Tolerances Fixturlaser, Switzerland

between the planes determines the amount of
the parallel offset.

The tilt (angular opening) can be assessed si-
mply, first by determining the difference between
the offsets of the shaft measured in the two planes
orthogonal to the line of the support shaft, (offset 1
- offset 2), and by dividing this difference by the di-
stance between the points of intersection of these
planes with the line of the shaft. In the case shown
in the figure:

by multiplying by 100, we will obtain a more usable

value:

0,00066 x 100 mm / 100 mm = 0,066 mm / 100 mm

When the shafts are off center (misaligned), the-
re arise such forces in the connection whose impact
on the pump results in an emergency failure. The
existence of such forces can be identified by initial
signs, such as increased vibration of the mechani-
sm, overheating of the coupling joints, fast failure of
the pump components (bearings, seals, couplings)
compared to similar pumps, and by secondary si-
gns: oil leaks, heaps of rubber or plastic fragments
under the protective cover, excessive wear of the
teeth in the relevant tooth mesh, etc.

Acceptable is such misalignment of the shafts in
which the intersection point of their axes of rotation is
located in the coupling area and the adjacent angle
between the axial lines is small. These two criteria
are used in two perpendicular directions, normally
for the sake of convenience in the vertical and horiz-
ontal directions, and are standardized depending on
the speed (rpm).

The alignment requirements with respect to the
high speed machines are more stringent compared
to the low speed machines.

Due to lack of the Russian standard, which re-
gulates the tolerances for the alignment work, one
can use the norms accepted in the West. Table 1
gives the alignment tolerances of the German com-
pany BALTECH GmbH, while Table 2 lists the norms
recommended by Fixturlaser, Switzerland.

Itis mandatory that all the machines and mecha-
nisms (pumps, exhaust blowers, fans, compressors,
electric motors, reducers, diesel engines, turbines,
etc.) should be aligned where there are:

» Coupling joints of the horizontal and vertical mac-
hines,

* Inserts of the horizontal and vertical machines,

 Shaft lines consisting of 3 or more machines con-
nected in series,

» Gimbal drives,

 Belt drives,

* Influence exercised by the parallelism and perp-
endicularity of the shafts on the quality of the pro-
ducts made (paper making machines, extruders,
rolling mills, compressors),

* Influence of the bed flatness on the reliability of
the mechanism installed on the foundation,

» Geometric alignment (straightness of the crane
guide ways, aligning the sleeve bearing seats,
«positioning» the diesel engine shaft line and ve-
ssel shaft lines),

» The need to align the plenum part of the turbo un-
its (turbine, compressors).

In subsequent articles we will be describing the
methods and devices by which to achieve quality
and reliability of the above mentioned units using the
Fixturlaser XA alignment instruments.

When doing the alignment work, a technician
needs to take into consideration many factors which
impact the operating conditions of the pumps. These
are axial play in the coupling, the housing deformat-
ion, installation of the bearings (if the bearings have
been replaced), flatness of the base, thermal exp-
ansions, the bend of the shafts, the tension of the
pipework and the sagging of the remote elements
of the measuring system. Part of the alignment tec-
hnician’s powers is to determine the effect of these
factors and to make appropriate corrections.

Vibration is not to be used as a criterion of the
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alignment quality despite the fact that the purpo-
se of the alignment is to reduce it. The alignment is to
be appraised in static condition, using the measuring
instruments attached to the shafts and referring to the
“Acceptable alignment limits”. Other causes may lead
to vibration, such as the structure resonance or imba-
lance. Therefore, increased vibration cannot be used
as the only sign of misalignment. However, if the ope-
rating pump does not cause vibration, it is obvious that
the vibration is satisfactory and it can be accepted.

Noise and elevated temperature of the bearing
can be attributed to misalignment, however these sy-
mptoms may be indicative of other problems. It is not
permitted to use the existence of noise and elevated
temperature as the only signs of bad alignment.

Such talk should not preclude the technician from
staying by the machine when it is started up or from
watching the machine to satisfy himself that the ma-
chine is in running order. It is not prohibited either to
align an operating unit, in order to achieve a smoother
operation of the machine, using the vibratory control
devices for feedback.

It is up to the technician to choose measuring
systems and methods. The main options are needle
indicators or lasers. The key requirement for any shaft
alignment system is the repeatability of the readings.
This is evaluated using the repeatability test in a ci-
rcular tumn. This test is a good way of evaluating the
system attachment when deciding to purchase it. On
the whole, the measuring system which does not retu-
m to zero (with the tolerance of 0.05 mm) after rotating
360 degrees, has to be rejected. Do not trust plastic
clamps or other attachment elements which are not
rigid enough.

Selecting a tool to work on the equipment alignm-
ent is an important activity.

What should be the focus
when buying a tool (instrument)?

Who is the manufacturer? Who manufactures
the tool and where. How is the tool sold and in the
case of unforeseen emergency, where can it be rep-
aired, replaced or where some option to add to it can
be efficiently sourced. Where can it be checked and
calibrated and what is the time scale for checking and
calibration?

Who are the sellers? Will the sellers provide tra-
ining in the use of the instrument? Will the sellers be
telling about the capabilities of the instrument from the
point of view of the user? Will they provide consulting
regarding selection of hardware and will they take res-
ponsibility in the event of them committing a mistake?

But you have to be prepared yourself for the purc-
hase of a new device. When buying a new measuring
device to do alignment work, you have to have a pre-
cise knowledge of the following items:

1. Length of the shafts to be mated

2. Existence of thermal expansion

3. If there is a shaft line, the number of the shafts
to be mated

4. The temperature range in which the instrument
has to operate steadily.

5. Will the instrument require protection from ex-
plosion

The technicians of the Baltech Company will help
you to make the right choice of the hardware, will te-
ach you to operate it free of charge and will offer the
most optimum terms and conditions for cooperation.

Mechanical, electronic and digital as well as
laser alignment systems of the QUANTUM se-
ries have been developed and manufactured by
the «BALTECH» Company, and in terms of many
parameters, these systems are superior to their
Western equivalents.

Example. The classical spectrum of the misalign-
ment when carrying vibratory diagnostics of the pump
at a company based in St.Petersburg by “Baltech”
technicians, during preventive repairs (July 2005). In
most cases the 2-nd reverse harmonic is 50% greater
than the 1-st, also the resonances of the other comp-
onents of the coupling joint are visible.

LISHTPOBKY BaroB — MOBTOPSEMOCTb M3Mepe-
HUA. OTO OLeHMBaeTCs TECTOM Ha MOBTOpPS-
€eMOCTb MOKa3aHWiA MpyU KPYroBOM MOBOPOTE.
OTOT TeCT — XOPOLLMIA CNOcob OLIEHKM Kpernexa
CUCTEMbI NPV MPUHATUN PELLEHNs O ee 3aKyr-
ke. B ocHoBHOM v3mepuTenbHas cuctema, Ko-
Topas He BO3BpaLLaeTcs B HOMb (C AOMYCKOM
0,05 mm) nocre BpalleHus Ha 360 rpagycos,
[ormkHa ObITb oTBeprHyTa. He gosepsinte nna-
CTUKOBBIM ckoBam WM ApyrM anemeHTam
Kpenexa ¢ HeAO0CTaTOYHON XECTKOCTHIO.

Bbibop WHCTpyMeHTa Ans npoBedeHus
paboT no LieHTpoBKe 0OOpPYAOBaHUA — OTBET-
CTBEHHOE U BaXKHOE MEPONpUSITUE.

Ha uyTto cneagyer o6paTtutb BHMMaHue npu
NMOKyMnKe MHCTpyMeHTa (npubopa)?

Kto npousBogutenb? Kro u rage npoums-
BOAMT MHCTPYMeHT. Kak oH npogaetcs v rae
B Cryyae HenpeaBUaeHHOW CUTyauyn MOXHO
€ro OTPEMOHTMPOBAThb, 3aMEHUTL UMK onepa-
TUBHO JOKYMUTb K HEMY Kakyto-nmbo onuuio?
[ne npousBoauTb €ro NoBepKy U KannubGpoBKy
1 B KaKkue Cpoku?

Kto npoaaBeu? Nposeaet nu npogaseL,
oby4yeHne nonb3oBaHuto npubopom? Pac-
CKaXXET I 0 BO3MOXHOCTSIX Npubopa ¢ ToYKn
3peHust nonb3oBatens? [acTt nu KoHCynb-
Taumo no BbIGOpPY annapaTHOro cpeacTsa u
BO3bMET NN Ha ce0s1 OTBETCTBEHHOCTb B CIy-
Yae cBoel oLmnbKn?

Ho v Bbl camun aomkHbl ObITb NOArOTOB-
neHbl K MOKyrke HoBoro cpeacTsa. [pu no-
Kyrnke HOBOTO M3MEepUTENBHOMO CPEACTBA Ast
NPOM3BOACTBa paboT Mo LEeHTpoBKe Bbl gormk-

AOBbIYA / OBOPYJOBAHUE

Hbl TOYHO 3HaTb CreayoLLIME MOMEHTbI:

1. AnuHa conpsiraeMbix Baros

2. Hannuune TennoBoro paclumpeHusi

3. Mpu Hannyum BanonpoBoaa — KoI-BO COMpsi-
raembIx BarnoB

4. TemnepaTypHbIi AManasoH, Mpu KOTOPOM
npubop AOMKEH YCTONYMBO paboTaTs.

5. MotpebyeTcs nv npubopy Hanuyme B3pbIBO-
3aLLMLLEHHOCTW.

Cneumanuctbl kKomnaHum «BAJTTEX»
nomoryt Bam ocyliecTBUTb NpaBuslbHbIV
BbIOOp anmapaTtHoro cpefcTea, 6ecnnartHo
obyyat Bac paboTte v npeanoxar camble
onTUMarbHble YCIOBUSt COTPYAHMYECTBA.

MexaHunyeckue, ANEeKTPOH-
HO-UMCPpOBbIE UM na3epHble  cuUCTe-
Mbl  UeHTpoBkum cepun KBAHT  pas-
paboTaHbl M BblNyckawTca  hupmon
«BAJITEX» no MHOrMM napametpam npe-
BOCXOAAT 3anajHble aHamnoru.

Mbl ocyLecTBrsieM Takke NoBepky na-
3epHbIX M3MepUTESbHbBIX FONIOBOK NPON3BOA-
ctBa cupm Fixturlaser (LLBeuust).

Mpumep:

Knaccuuyeckuin cnekTp Hanuuus
pPacueHTPOBKM MpU NPOBeAeHUU BU-
6poaMarHOCTUKN AMarHOCTUKM Hacoca
npeanpuatua B r.CaHkT-MeTepbypre
cneuyvanuctamu komnaHum «Bantex»
Bo Bpems MMP (uonb 2005r.). B 6onb-
LWMHCTBE criy4yaeB 2-s1 obopoTHas rap-
MOHMKa 6onbuwe 1-n Ha 50%, a Takxe
BUAHbI Pe30HaHCbl NPOYMX COCTaBnNSA-
IOWKUX My(PTOBOro coeAMHEHUS. m

Puc. 3. Pacuet nuHum BpaweHun Bana npusoaa | We

ToMka 1 ToMKa 2 ToMkad ToMKad
350 mm 250 mm | 500mm |
/’
+0,05
+0,30
0,35 =
0,12

+0,066mm;/100mm nogenxHbIR Ban

also check laser measuring heads made by Fixturlaser

Puc. 2. Knaccuyeckuin cnekTp pacLeHTPOBKMU

"ok u

All the rights to publish this material are protected and owned by the «Baltech» Company. Re-printing and use of this material are allowed only with the authors’ approval.
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«OAO «Kopnopauus BCMIMNO-ABUCMA» — ato aBa npeanpusaTtus: ABUCMA (r. Bepe3Huku, NMepmckuin kpan) — npoussoauTernb TUTaHOBOMN
ry6ku, BCMMNO (r. BepxHaa Canpa, CBepanoBckasi obnactb) — npousBoanTenb usaenum us tutaHa. Kopnopauusa — eauHcTBeHHbIN B Poc-

CUM NONTHOMacLUTaOHbIA NPOU3BOAUTENb TUTAHA U KPYMHENLIUA B MUpe

TUTAHOBAS OIIOPA JTEP7KABDI

TUTAHOBAA
BEPTUKAIb

[nanasoH NpuUMeEHEHUs1 TUTaHa orpo-
MEH — OT OKeaHCKUX rmy6uH Jo KocMmuye-
CKUX BbICOT. HezameHUMocTb TuTaHa oby-
CMOBMEHa ero yHuKarnbHbIMU CBONCTBaAMM:
NerkocTb B COYETaHUM C MPOYHOCTbLIO,
OyKkBanbHO BblAalOLLAACA KOPPO3MOHHAs
CTOMKOCTb, BbICOKUI YpOBEHb creuunanb-
HbIX XapaKTepUCTUK, XOpOoLLMe TeXHOMor-
yeckne n usmyeckme CBOMCTRA. ..

Be3 TutaHa He obxoauTcA HU aBu-
auusi, HM KOCMOHaBTUKa, HU noT. OH
BocTpeboBaH B aHepretTuke, B TOM 4ucrne
aToMHON, He(TEXVMUYECKON, ra3oBOM
npomblIweHHocTn. MpumeHsieTcs B Me-
OuuunHe, crnopTe, apxuTektype... Kpome
TOro, TUTaH — MeTanmn CTpaTern4yeckuit,
OoH obecneynBaeT 060poHOCNOCOBHOCTL
rocygapcTBa.

Bcem ns3BecTHbIn obenuck Ha BOHX B
YecTb 3arycka NepBOro WCKYCCTBEHHOrO
cnyTHUKa 3emnu nepBoHavarnbHO Npeano-
naranocb M3rotToBUTb M3 OManoBOro CTek-
na. Haw 3HameHMUTbI aBUaKOHCTPYKTOP
Cepren Kopones npepnoxun: «[aBante
06nMLyeM MOHYMEHT MONMPOBAHHbLIM TU-
TaHOM. JTO HOBLIN MeTans, o4YeHb AONro-
BeYHbIN. Y Hero 6onbloe byayuiee — ero
3Moxa TONbKO HaYNHaEeTCsl, Kak U KocMuye-
ckasi apa YerioBeyecTBay.

Bbnarogapsi npumeHeHuto TUTaHa cTa-
N1 BO3MOXHbl peakTUBHas aBuaLMOHHas!
W BOEHHasi TexHuka, noneTbl B KOCMOC,
nosiBNieHNe COBPEMEHHOro MoABOOHOrO
cnota, HOBOro MoOKofneHusi 06opygoBaHNs
0N 9HepreTukKn, NPorpecc B XMMUYECKom
N HedTerasoBol MPOMbILLNIEHHOCTU. B
MEeAVLUMHE UCMONb3YTCS  MMMMaHTaTbl
W VHCTPYMeHTbl u3 TutaHa. OTmevaercs
YyHUKanbHas ©GWOCOBMECTUMOCTb TUTaHa
N TKaHeln dernoBeka. Tak, MeauLMUHCKME
npoTe3bl U3 TUTaHa MOTYT MOCTOSIHHO Ha-
XOOUTbCS B OpraHu3ame, cCTanbHble Xe
npuxoauTca 3ameHsaTb kaxable 10 nert.
[axe Kynona xpaMoB Tenepb MOKpbIBaOT
onpeaeneHHbIM CoOeaUHEHNEM TUTaHa, Ko-
TOPbIV JaeT 30/10TOW LBET.

BcnomHum, kak B aBrycte 2007 roga
poccuiickasi akcneamunsi Ha CeBepHOM no-
ntoce onyctuna Ha rnybuHy 6onee 4eTbl-
pex kunomeTpoB dnar Poccun us tutaHa.
OTOT dhnar He ofgHO ThicAYeneTue Bblaep-
KUT HU3KYK TeMMepaTtypy U arpecCUBHYH
coneHyto cpeny CesepHoro JlegoButoro
oKkeaHa.

TexHU4Yeckne 1 BOEHHbIE OCTMKEHNS,
KOTOpble CTann BO3MOXHbl brnarogaps Tu-
TaHy, okasanu BIUsiHUE U Ha MONUTUKY, U
Ha Hally *%un3Hb.be3 Hero HeBO3MOXeH Tex-
HUYECKUin nporpecc.

«OAO «Kopnopauus BCMMO-ABUCMA»

«TUTAHOBASA» UCTOPUA

MowHass ©6asa TUTAHOBOro MNpPOU3-
BoAacTBa cosgaHa B Kopnopauuu 50 net
Hasag. OQMH M3 ero y4yacTHWKOB Cerof-
HA BCMOMMHaeT: «3QTo b6bino HesabbiBa-
eMoe BpeMsi. Bpemsi yyeHbIx u npowus-
BOACTBEHHWKOB, KOTOpble B KpaTyanlime
CPOKM co3ganu nyyvwuii TUTaH B Mupe,
BOCTPEOOBaHHbIV B HALUW OHU PbIHOYHOWN
3KOHOMMKOM».

A Boob6Le nctopusi BCMIMO-ABVICMbI
HaumHaeTca B 1933 rogy. Torga 6bIno op-
raHM30BaHO KpyrnHelilee Npou3BOACTBO MO
BbIMYCKY altOMVHVEBbLIX Y MarHMeBbIX crina-
BOB /171 COBETCKOW aBuaLmn».

3aBog Obim OCHOBHbIM MOCTaBLUMKOM
mMeTanna Ans OonbLIMHCTBA a3pOKOCMU-
yeckux npoektoB CCCP: naccaxupckmx
camoneTtoB TY-154, TY-204, UN-76, WJ1-86,
nn-96, NN-114, Awten, PycnaH, Mpus n
apyrux, septoneros MU-8, MU-24, MU-26
N OpYrux, BOEHHbIX MawuH CY-27, CY-30,
Mul-29, TY-160, pakeTHOro Kommrekca
«3QHeprus-bypaH»...

MapTHepamun BCMIMO 6binu (1 ocTta-
toTCS MO cen AeHb) npeanpusatua KHAATO,
HIMK «MpkyT», «ABnanT», YMIO, «Cantoty,
«BACO», «ABuactap», «CatypH», NM3,
«MoTtop Cwuu» wn pgpyrve. o noctaBkam
BCMIMO moxHO 6bino m3dyyatb reorpaduio
CTpaHbl.

CerofHsi no TMTaHOBbLIM nocTaBkam Kop-
nopaummn MOXHO K3yyaTb reorpacduio Mypa.
Motomy uto cerogHa y BCMIMO-ABUCMbI
3aKa34YMKM B HECKONbKMX AECATKax CTpaH,
MOXHO CKa3aTb, YTO 3TO MexayHapoaHas
KOMMaHUs1 C POCCUNCKUMUN KOPHAMMU.

«TUTAHOBbIW» PbIBOK

3aBop, NOCTPOEHHbIN B cepeanHe npo-
LUMOro BEKa YCUMMSIMU BCEW CTpaHbl, B Ha-
yane 90-x rogoB BOWEN B MUPOBOE MpPO-
n3soacteo. BCMIMO-ABUCMA poBonbHO
ObICTPO 3aBOEBana NpusHaHVe 1 aBTopUTET
y 3apy6exHbix aBnacTpouTenen.

CerogHsi  Kopnopauus  pacnonaraet
CaMbIM COBPEMEHHbIM MaBUIbHbIM, MPO-
KaTHbIM, Ky3He4HbIM obopygoBaHnem. OHo
nepeBefEHO Ha KOMMbIOTEPHOE Yyrpasre-
HMe, YTO MO3BONSET NPOBOAUTL TEXHOMOMU-
Yeckue orepauum Ha elle 6ornee BbICOKOM
KayeCTBEHHOM YpOBHe.

Mpooykuns NnpeanpuaTus ceptTudunLm-
poBaHa BedyLMMU MUPOBBLIMW aBUACTPO-
UTENbHBIMW KOMMaHUSAMU, SBMASOLWUMUCS
3akasvmkamu BCMMNO-ABNCMbI.

ABuaums 6bina nepBbIM 1 OCHOBHbLIM MO-
TpebutenemTuTaHOBOMNpOAyKUMK. Viceroa-
HS1 CTPOUTENM aBUALIMOHHOW 1 KOCMUYECKOW
TEXHUKU OCTAOTCS MMaBHbIMY 3aKa3vyukamm
poccuiickon Kopnopauun. MNpaktuyeckn »

r. BepxHss Canga

Titanium Backbone of the Country

VSMPO-AVISMA Corporation is a vertically integrated en-
tity comprising two enterprises which are major players in the
global titanium market: AVISMA (City of Berezniki, Perm Terri-
tory) is a producer of titanium sponge, VSMPO (City of Verkh-
nyaya Salda, Sverdlovsk Region) is a manufacturer of titanium
products.

VSMPO-AVISMA is the country’s only full-scale producer
of titanium and the world’s largest producer.

Titanium Vertical Line of Authority

The range of applications for titanium is enormous, from
ocean depths to outer space. Titanium cannot be replaced with
any substitute due to its unique properties: lightness combined
with strength, absolutely outstanding corrosion resistance, high
level of specialized characteristics, good technological and
physical properties...

Neither aviation, nor space missions, nor Navy can do
without titanium. It is required in the energy sector, including
nuclear, petrochemical and gas industry. It is used in medicine,
sports, architecture... Apart from that, titanium is a strategic
metal, it ensures the country’s defence capability.

The well-known obelisk at the Exhibition of National
Economic Achievements commemorating the Earth’s first
artificial satellite (sputnik) had originally been planned to be
made from opal glass. Our famous aircraft design engineer
Sergey Korolev proposed: «Let's face the monument with
polished titanium. This new metal is very durable. It has a
great future, its epoch is only beginning, just as the human-
kind’s space exploration age».

The use of titanium made jet aviation and military tech-
nology possible, it made space flights a reality, it made mod-
ern submarine fleet come into existence, a new generation
of energy equipment be created, the chemical industry, as
well as oil and gas industry come into being and progress.
In medicine, titanium implants and tools from titanium are
used. (Unique bio compatibility of the titanium and human
tissues is also emphasized. So, medical prosthetic devices
from titanium can permanently stay in the human system,
while steel ones need replacing every 10 years.)

Even the church domes are now coated with a certain tita-
nium based compound which imparts a golden color to them.

We can recall that in August 2007 the Russian expedi-
tion to the North Pole lowered the Russian flag made from
titanium to the depth of more than four kilometers. This flag
will stand up to low temperatures and aggressive saline
medium of the Arctic Ocean for more than one millennium.

The technical and military achievements which have
become possible thanks to titanium have had an influence
both on the politics and on our life. Without the titanium,
in the sky there would be nothing except for the birds and
nothing in the sea, except for the fish. Without titanium, no
technical progress is possible.

The «Titanium» History

The powerful titanium production facilities were set up in
the Corporation 50 years ago. One of its participants recalls
today: «This was an unforgettable time. The time of scholars
and industrialists who, within a short space of time, created the
world’s best titanium which is needed nowadays by the market
economy».

The factory was the key supplier of metal for the majority of
aeronautics projects in the USSR: passenger aircraft Tupolev-
154, Tupolev-204, llyushin-76, llyushin 86, llyushin 96, Ilyushin-
114, Antey, Ruslan, Mriya and others, helicopters MI-8, MI-24,
MI-26 and others, military aircraft SU-24, SU030, MiG-29,
Tupolev 160, Enery-Buran Rocket Complex...
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Today, one can study the global geography by tracing
the titanium supplies of the Corporation. Therefore, VSMPO-
AVISMA has customers in several dozens of countries. They
are more than 300. And it has more than a thousand domestic
customers as well. It would be fair to describe as an interna-
tional company with Russian roots.

«Titanium» Evolution

The machine building division which produces heat ex-
changer systems from titanium alloys for the energy sector
and the petrochemical industry and which was established
in the Corporation in the 1990-s is functioning successfully.
The use of these products made by the Company, specifically
speaking, deals with the problem of drinking water shortage,
since the specialized seawater desalination plants started to
produce the equipment from titanium. It has been already men-
tioned that this metal has exceptional corrosion resistance.

Titanium is extremely effective from the economic point of
view for the fabrication and operation of the energy and heat
exchanger equipment.

The use of titanium for nuclear energy facilities is topi-
cal and promising. Today, due to the country leadership’s
undivided attention being paid to the nuclear sector, large
scale measures are being taken aimed at reconstruct-
ing the principal and auxiliary equipment of the operating
nuclear power stations. One of such action plans contem-
plates the rebuilding of the heat exchanger equipment
involving the use of titanium alloys which applies to both
steam generators and condensers.

Another important and promising sector is oil and gas
producing industry, especially given the recent decisions
to develop the continental shelf. For oil and gas produc-
ing systems of the continental shelf, the equipment from
titanium is used. At the same time, a special mention is
deserved by titanium’s unique resistance to destruction in
the hydrogen sulphide medium which is always present,
in this or that concentration, in the mixture of oil and gas
products obtained from the formation. Titanium does not
require allowance for corrosion so the equipment may be
designed in such a way as to meet the minimum require-
ments with regard to mechanical strength.

In the next few years, the under sea oil production will be
carried out at a depth of up to 2.5 (!) kilometers. It is titanium
only that operates at a depth like this. Therefore, the demand
for titanium alloys from which to fabricate under water equip-
ment has swiftly increased.

The heat exchanger equipment from titanium alloys for
petrochemical industry, non-ferrous metallurgy has a long ser-
vice life and is reliable in use in aggressive media and at super
low temperature.

«Titanium» Success

The Corporation is closely integrated into the global
economy, it has entered practically all the new interna-
tional and Russian aviation projects. And not by virtue of
titanium supplies only but also by offering new alloys and
technologies.

In recent years, VSMPO-AVISMA has come to pursue
a triple aim on the path of development, i.e. increase in the
output, deeper processing, increased practicality from the
point of view of the production process and increased sci-
ence intensity of the processes and products.

The Corporation fully understands its significance
and the responsibility involved in its participation in
such sectors of the world economy where it has a pres-
ence. Successful performance of the Russian titanium
producers guarantees the success of its customers and
consumers.

The Corporation is active in pursuing innovations. In-
vestment is focused on the upgrading of the production fa-
cilities, creation of new technologies with a view to improv-
ing the quality of the material, customer service, expanding
the applications for titanium in order to emphasize the pros-
pects for its use in the industry of the 21-st century.

At the conference which took place at VSMPO-AVIS-
MA in 2007 and was dedicated to the 50-th anniversary of
the melting of the first titanium ingot, a representative of the
Boeing Company gave his Russian partners a memento
— a statue in the shape of the Globe with an inscription:
To VSMPO-AVISMA Corporation for extremely important
achievements which have changed the world».

BECb aBMaCTPOUTENbHbIA MUP caenan cTaB-
Ky Ha TUTaH yparnbCcKoro npeanpuatus. Emy
NPUHAANEXUT YETBEPTb MUPOBOMO TUTAHOBO-
ro pblHKa.

«TUTAHOBAS» 3BONOLUA

YenewHo yHKUMOHMPYET B Kopriopauum
1 cosgaHHoe B 90-x rogax XX Beka maluu-
HOCTpOWTeNbHOE MnoppasaeneHue, rae npo-
M3BOAST TennoobMeHHyl annapatypy U3
TUTAHOBbIX CMaBOB A1t 3HEPTreTUKU U He-
drexummn.  [NpuMeHeHne 3TON MPOAyKLMK
NpennpusiTUst peLlaet, B 4acTHOCTW, Mpo-
6nemy deduumTa NUTLEBON BOAbI, TaK Kak
Ha CrneumanvaMpoBaHHbIX 3aBofax Mo onpe-
CHEHUIO MOPCKOM BOAbl CTanu BbinyckaTb
annapartypy U3 TWTaHa. Ye ynomuHamnoch,
YTO 3TOT MeTann obnagaet NCKIMIOYNTENBHON
KOPPO3UOHHOM CTOMKOCTbHO.

TuTaH u4pe3BbldalHO 3EKTUBEH C
3AKOHOMMWYECKOW TOYKV 3pEHVS O U3roTOB-
NEHUs1 1 SKCMryaTaumn 3HEPreTMYeckoro u
TennoobmeHHoro obopyaoBaHUs.

AKTyanbHbIM 1 NEPCNEKTUBHLIM SBMSET-
Ccsl NpYMEHeHWe TUTaHa Ansi OGbEeKTOB aToM-
HoW 3HepreTukn. CerofHs, B CBA3W C Mpu-
CTarnbHbIM BH/AMaHWEM PyKOBOACTBA CTpaHbl
K a@TOMHOW MPOMBbILLIEHHOCTM, MPOBOASTCS
MacLUTabHble MeponpuaTUS MO PEKOHCTPYK-
LM OCHOBHOTO U BCTIOMOraTernbHoro obopy-
noBaHus gevicteytowwmx ASC. OgHo 13 mepo-
NpUATUIA NpegycMaTpuBaeT PEKOHCTPYKLMIO
TennoobMeHHoOro 060pyaoBaHMs C NpUMeEHe-
HVEM TUTAHOBBLIX CMIIAaBOB — 3TO KacaeTcs U
naporeHepaTopoB W KOHAEHCATOPOB.

Opyrvm  GonbLUMM U NEPCNEKTUBHBLIM
CEeKTopoM sBnsieTcs  HedTeraszogobbiBato-
Lasi MPOMBbILLNEHHOCTb, OCOBEHHO C y4eTOM
NMOCNEAHNX PELLEHWIA MO OCBOEHWIO KOH-
TUHEHTanbHoro wenbda. Onsa HedTeraso-
[0ObIBaOLLMX  CUCTEM  KOHTUHEHTarbHOrO
wenbga 1ucrnonb3yercs 06opynoBaHve U3 Tu-
TaHa. [pu aTom 0cob0 CTOUT OTMETUTL YHU-
KanbHyl CTOMKOCTb TWUTaHa K paspyLUeHuto
B Cpede cepoBoaopoaa, KOTopbIv B TOW UK
MHOW KOHLEHTpaLMM Bcerga npucyTcTByeT B
cMecy HedbTerasoBblX NPOAYKTOB, Monyvae-
MbIX 13 Nnacrta. TutaH He TpebyeT npunycka
Ha KOppO3Uto, Tak YTo 06OpPYA0OBaHME MOXET
ObITb CMPOEKTUPOBAHO Tak, YTOOb! yOOBMNET-
BOPSANVUCb MUHUManbHble TpeboBaHWs K Me-
XaHWU4eCKOM NPOYHOCTH.

Mopckas HedpTegobblua B Gnvkanime
rodbl OyaeT nNpoun3BoanTLCH Ha rMy6uHax oo
2,5 (!) kunomeTpoB. 3gecb MOXeT paboTaTtb
Tonbko TUTaH. Mo3aTomy pesko Bo3pocna no-
TpebHOCTb B TUTAHOBbLIX CnnaBax Ans U3ro-
TOBIEHWsI NOABOAHOTO 060PYAOBaHMSI.

NCTOPUA BPEHOOB

TennoobmeHHast annapatypa 13 TuTa-
HOBbIX CMaBOB AJ1s1 HEPTEXIMUN, LIBETHOM
MeTannypruv Cry>XuT OO0 U HaAEXHO U B
arpeccvBHbIX Cpefax, M Mpu CBEPXHWU3KOW
Temneparype.

«TUTAHOBBLIE» YCNEXU

Kopnopauusi rmy6oko uHTerpMpoBaHa B
MVPOBYIO 3KOHOMUKY, BOLLIA MPaKTU4eCKn
BO BCe HOBble 3apybexHble M poccumnckune
aBuanpoekTbl. I He Tonbko moctaBkamu Tu-
TaHa, HO pa3paboTkamy HOBbIX CMiaBoB U
TEXHOMOIUIA.

B nocneaHue rogbl Ha BCMIIO-
ABUCME ueTko npocrnexuBaeTtcsi TeHOEH-
LSl B HanpaBreHnn passuTusi — yrnybnexHue
nepepaboTku, MOBbILLEHNE TEXHONOMMYHOCTU
1 HayKOEMKOCTU NPOLIECCOB U U3AENNNA.

Kopropauusi npekpacHo NoOHUMaEeT CBO
3HAYMMOCTb U OTBETCTBEHHOCTb CBOETO y4a-
CTVSI B TEX CEKTOpaxX MUPOBOV 3KOHOMUKM,
rae ecTb ee NpuUcyTCTBUE. YcneluHas pabota
POCCUICKUX TUTaHLLIMKOB rapaHTUpyeT ycrex
ee 3aKa34yuKoB 1 noTpebuTenen.

B Kopnopauumn akTvBHO 3aHMMaroTcs
WMHHOBAaLMOHHOM AeATENBHOCTLI. MIHBECTU-
UMM BKNaAbIBAOTCH B MOAEPHM3ALMIO NPO-
M3BOACTBA, B CO3j@HNE HOBbLIX TEXHOMNOIMIM
C Lienblo yny4llueHusl kayecTBa matepuana,
obCcnyXuBaHUsi 3aKas3yMKoB, PacLUMPEHUS
0obnactn NpuMMEHeHust TuTaHa, 4Tobbl Mo-
KasaTb NEpPCrneKTUBY ero UCMosib3oBaHUs B
npombiwneHHocTn XXI| Beka.

Ha koHdepeHLmn, koTopas cocTosinacb
Ha BCMIMO-ABUCME B 2007 rogy v 6bina
nocesiLieHa 50-neTvio BbINMaBku NepBO-
ro TUTAHOBOIO CNWTKa, NpeAcTaBUTENb
KoMnaHuu Boeing Bpyumn cBouM pycckum
napTHepaM MaMmsiTHbIA NOAAPOK — CTaTyaT-
Ky B (DOpMe 3eMHOro lWapa C Haanuchbio:
«Kopnopauun BCMIMO-ABUCMA 3a ypes-
Bbl4aliHO BaXXHble [OCTWKEHUS, KOTOpble
N3MEHUIN MUPY.

Kopnopauusi BCMIMO-ABUCMA — npe-
CTWXHbIN agpec B TUTaHOBOM MUpPE.

Tutan BCMIMO-ABUCMbI — nHtennek-
TyanbHbIV NpoAykT. B Koprnopauun ysepe-
Hbl, YTO y TUTaHa Gonbwoe Gyayuiee. OH
MOXET OTKPbITb KOJloccaribHble BO3MOX-
HOCTW Ansi YyenoBedvecTBa. PasBuTne tuta-
HOBBIX TEXHOMMOrMI HeobxoaMmo Ans Toro,
4yTOObI TUTAH CTan OOCTyrNHee Ans caMblX
[AEp3KMX NMPOEKTOB BO BCEX Yrornkax Mupa.

Ha X-n BcemvipHoi KoHdbepeHLmun

Mo TuTaHy GbiNo 3asIBNEHO, YTO 3HAHUSA O
TWTaHe U yMeHWe ¢ HUM paboTaTb — noka-
3aTenb UMBMIIM30BAHHOCTU M MOTyLLECTBa
rocynapcrsa. m
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Bo3BeaeHune Hacbinel Ha cnabom OCHOBaHUM — cTapas U JOCTaTOYHO XOPOLLO M3ydYeHHas npobnema. Ho kaxablvi pa3 k Heli HaxoAsT HOBble Noa-
XoAbl, METOAbI, KOHUenuun. ELle apeBHWe MHKM 1 auTekn NpUMeHsAnn nody (alumHy) AN yCUneHus OCHOBaHUS COOPY>KEHWUI 1 AN NPOXOXKAEHNS
Tonen n 6onot. B Poccun gaBHO M3BECTHO NneTeHne u3 bepecTbl, NOMoraBLLee nepeaBuraTbCs No HENPOXoAMMbIM MecTaM. B coBpemeHHOM Mupe
MHOrOe M3MEHWINOChb, HO OCHOBHbIE MPUHLIMMbBI U NMOAXOALI K apMMPOBaHMUIO OCcTanuck Temu xe. MNpasaa, cerogHs BMecTo dallinH, 6epecTsaHbIX 1
F1030BbIX CMSIETEHWI UCMOSb3YHTCH apMUPYHOLLME MITOCKUE reopeLleTk U reoTKaHW NMPOYHOCTLIO Ha pa3pbiB oT 10 Ao 240 TOHH Ha MOTOHHbBIV METP.

DODPEKTUBHOE IITPUMEHEHUE
IT'EOCUHTETUYECKUX MATEPHUAJIOB
[IPU CTPOUTEJIBCTBE ITOABE3IHBIX JTIOPOT
B HE®TET'A30BOU OTPACJIA

W.C. NAOHEP
0.M. AHTOHOBCKUH

Bbnarogapsi ucnonb3oBaHUio LaHHON
TEXHONMOrMN MpPaKTU4YEeCKn OTCYTCTBYIOT
TEXHUYECKMEe OrpaHW4yeHuss B CTpPOM-
TenbCTBE TPAHCMOPTHBLIX COOPYXEHUN
Ha cnabbix ocHoBaHuAXx. Ee npumeHe-
HUWe aKororm4yHo u obecneumBaeT co-
KpalleHue BpeMeHu CcTpouTenbcTBa U

«Caxanun-2», KTK-P «ony6on MoToky,
CanbiMCckOM  HedTerasoBoM MecCTO-
poxaeHuun, npoekte «Mera-Aman», Ha
FO>XHOLWANKMHCKOM  MeCTOpPOXAEHUN 1
B psAae Apyrux npoekToB. 3a pybexom
nofo6HbIe MHXEHepHble CUCTEeMbl Mpu-
MeHsitoTcA Komnannamm Gaz de France,

k.T.H. HUESKER Synthetic GmbH
nhxeHep HUESKER Synthetic Moscow

lepmaHus
r. Mocksa

Effective Use of Geo-Synthetic Materials When Con-
structing the Approach Roads in Oil and Gas Sector

Erecting the earth fills on a weak base is an old and
sufficiently well researched problem. However, every
time new approaches, methods and concepts are found
with respect to it. Even ancient Incans and Aztecs used to

KOHConuaaumu, o6beMoB paboT u 06- Exxon, BP, Shell, Shevron, Total u Usevine shoots (fascine) to strengthen the base of the st-
el CTOMMOCTM CTPOMTENbHBIX paboT U Apyrumn, B Poccum n cTpanax CHr  ructures and to negotiate marshes and bogs. Since times

- immemorial in Russia woven birch bark has been known
nocrnegylLlmx aKCnnyaTauuoHHbIX pac- —  KoMnaHusiMu  «CTporTpaHcras»,

X0[0B, OCOBEHHO B TPYAHOOOCTYMHbIX
paiHax co cnabopasBuTol MHpacTpyK-
Typoi. Hanuyne mMHoronetHe mep3nbix
rPYHTOB B OCHOBaHMU TaKXe He ABNSeT-
csi noMexou Anst NoA06HbIX COOPYXKEHUI
— NpU JONOMHUTENbHBLIX MOPO303alLLUNT-
HbIX MEPONPUATUSAX.

B HedTerazoBon oTpacnu gaHHble UH-
)KEHepHble peLUeHVs YCMeLIHO NpUMEHs-
nuck Ha obbekTax «BCTO», «CaxanuH-1»,

«JlykonnHedTerascTpon», «lepmbrpan-
cras», «BapaHpgeiiHedTerasy, «CnbHedTe-
nNpoBoACTPONY, «Kazaxonn» n Apyrumu.
Mpn nomoLn COBPEMEHHbIX Fe0CUH-
TEeTMYEeCKUX MaTepuanoB CerogHsi Mox-
HO B KpaTyauwune cpoku BbICTpo U a-
(EKTUBHO MOCTPOUTbL MOy Hachkinb,
npu 9TOM, Kak W Besfe, CyllecTByeT
cBosi chunocodua peweHuss npobne-
Mbl. [lpu npoekTMpoBaHWu Hacbinu b
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Puc. 1. MogenupoBaHue KOHCONMAALMM HaCbINKU Mo BO3AEWCTBUEM Harpy3ok B KOHEYHbIX
anemMeHTax: a) HeapMMpPOBaHHON; 6) apMMpPOBaHHON TKaHbIM reononotHom Stabilenka

to help travel through the impassable places. Many thin-
gs have changed in the modern world but the basic pri-
nciples and approaches to reinforcement have remained
the same. It is true that today instead of fascines, birch
bark and vine shoot weavings, they use the reinforcing
flat geo-lattices and geo-fabrics, whose breaking stren-
gth ranges between 10 and 240 tons per linear meter.
Thanks to the use of this technology there are practically
no technical restrictions in the construction of transport
facilities on weak bases. Its use is environmentally frie-
ndly and ensures a reduction in the time of construction
and consolidation, the volumes of work, the total cost of
construction operations and reductions in the subsequent
operating costs, especially in the areas which are hard
to get at and which have a poorly developed infrastru-
cture. The presence of the earth which has been frozen
for many years in the base is not a hindrance, either, for
such facilities, given that additional frost protective mea-
sures are put through.

In the oil and gas sector, these engineering solutio-
ns were successfully implemented on such projects as
«VSTO», «Sakhalin-1», «Sakhalin-2», KTK-R “Blue Str-
eam”, the Sadym Oil and Gas Field, the «Mega-Yamal»
Project, on the South-Shapkinsky Deposit and in some
other projects. Abroad similar engineering systems are
being used by such companies as Gaz de France, Exx-
on, BP, Shell, Shevron, Total and others; in Russia and
the CIS countries — by such companies as Stroytransgas,
Lukoilneftegasstroy, Permtransgas, Varandeyneftegas,
Sibnefteprovodstroy, Kazakhoil and others.

Using the modern geo-synthetic materials, today,
one can, within a short space of time, quickly and effect-
ively, build any earth fill, while at the same time, just like
everywhere, there exists a certain philosophy of its own
for solving the problem. During the design of the earth
fill on a weak base, the calculation of the facility is made
in terms of the first and second limit states. If the resul-
ts of the calculations show that the structure is statically
unstable (when calculating in terms of the first limit state
— with regard to the loss of load carrying capacity), it ma-
kes sense to strengthen it using the reinforcing geo-sy-
nthetic materials without reducing the load, by replacing
the weak soil of the base or by changing the geometrical
and other parameters of the earth fill.

The calculation is made in terms of each of the foll-
owing possible types of loss of the facility’s load carrying
capacity:

a) the land fill slides on the top of the geo-synthetic rei-
nforcement;
b) the land fill together with the geo-synthetic material
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slides on the earth of the base;

c) the sliding curve (cylindrical, polygonal) cuts through
the geo-synthetic material;

d) the land fill squeezes the weak earth (the projection
of the earth);

e) local collapse of the slope without involving the geo-
synthetic material;

f) overall loss of the earth fill stability.

The design calculation was made using the cylindric-
al sliding surfaces in order to ascertain what force need-
ed to be applied to ensure the design stability. As a rule,
for that purpose the Bishop, Maslow calculation methods
and some others can be employed. The polygonal me-
thod is also used by means of which the calculation in
terms of the first limit state is also made. As a rule, the
calculation in terms of the first state is made according
to the DIN German standards, BS 8006 British Standard,
ASDN U.S. Standard, according to EuroCode-7 or other
national standards, if there exist more stringent require-
ments on the design safety. These calculations are made
using the analytical method and allow one to determine
whether the design will be destroyed or not and to id-
entify effective measures aimed at combating the static
instability of the design (or destruction). As a calculated
scenario, we assume the scenario involving the loss of
the load carrying capacity of the design with the minimum
value of the gross margin factor. In case the stability of
the design is not ensured (the margin coefficient is less
than the standard), a selection is made of the reinforcing
geo-synthetic material with a view to ensuring the requir-
ed gross stability factor.

If it is necessary to determine the deformation valu-
es of this facility, the calculation in terms of the second
limit state (in terms of the facility’s suitability for normal
service) is made. Both the analytical methods underlying
which are the understandable mathematical models and
the finite elements methods, the finite differences meth-
ods and others can be used. Let us consider the values
of deformation using the example of the finite elements
method.

According to the finite elements method, it is possi-
ble to determine stresses in the structures without rein-
forcement and with the reinforcement by geo-synthetic
material. In the structure without geo-synthetics, when
modeling the operation of the facility, the deformations
take on irreversible nature (Fig. 1a), while in the structure
with the reinforcement of the land fill base, the settlement
reaches a definite uncritical value at which, as the engi-
neering calculations indicate, the normal operation of the
facility continues (Fig. 16).

The temporary surcharging of the earth base, during
the construction phase, makes it possible not only to exp-
edite the consolidation of the land fill but also to introduce
the reinforcement into the stress and strain state. After
the surcharging is released, the reinforcement remains in
the pre-stressed condition. We can see how the structure
behaves on the whole and what the stress bulb looks like
in this particular earth structure. Thus, we may say that
the amount of the land fill settlement can be determined
not only layer-by-layer (according to the Terzaghi classic
technique of 1943), but also using other universally ad-
opted calculation methods. In the meantime, during the
construction phase, it is necessary that the soils of the
base and the earth bed should be compacted to the req-
uired levels of the compaction factor.

The geo-synthetic materials are also selected subject
to the interaction with these soils, taking into considerati-
on ¢max (maximum angle of the internal friction when the
soil operates for shear) and the certified isochrones of
the material «strength — elongation» in order to achieve
maximum effect from the interaction between the soil and
the reinforcing material. This way the issues of optimizing
the structure are dealt with. Very often, in order to confirm
the above mentioned theoretical aspects, the structures
are researched using measuring systems. Thanks to that,
the engineers involved in the project, are able to monitor
the working of the structure at any period of time during
the construction and operation of the facility, and, if nec-
essary, to manage and control its operation.

The first serious experience in monitoring such syst-
ems dates back to the early 1980-s in Northern Germany.
Under the supervision of the Federal Institute for

Ha crnabom OCHOBaHMW MPOU3BOAUTCS
pacyeT COOpYXeHWs Mo NepBoMy U BTO-
poMy npefenbHbIM cocTosiHusM. Ecnu
no pesynbTaTtam pacyeToB KOHCTPYKLUS
cTaTUyecku HeycTonumBa (Npu pacuete
no nepBoMy nNpefenbHOMY COCTOSIHUIO

— Mo noTepe Hecyllei cnocobHOCTH),

MMeeT CMbICIT YCUINMUTb €e C MOMOLLbIo

apMUPYIOLLUX TEOCUHTETUYECKUX MaTe-

pnanoB 6e3 yMeHbLUeHUSA Harpysku, 3a-

MeHbl cnaboro rpyHTa OCHOBaHWSA WK

N3MEHEHUS TeOMEeTPUYECKUX U OPYrux

napameTpoB HacbInw.

PacueTt npousBogmTCca no kKaxaomy
13 crnegyrolmx BO3MOXHbIX BUAOB MO-
Tepu Hecyliein cnocobHOCTM coopyxe-
HUS:
a)HachbiNb CKOMb3UT NO BEPXY rEOCUHTE-

TUYECKOro apMUpPOBaHUS;

6)HacbiNb BMECTE C F€E0CUHTETUYECKUM
mMaTepuanom CKOMb3UT MO T[PYHTY
OCHOBaHUS;

B) KpMBasi CKONMbXEHUA (KPYrmoLnnuH-
Apviyeckasi, nonuroHansHas) nepe-
pesaeT reoCMHTETUYECKUI MaTepuan;

r) HacbiNb BblAaBNMBaEeT cnabblil rpyHT
OCHOBaHMs (BbINOP rpyHTa);

A)nokanbHoe o6pyleHne oTkoca 6e3
3a[le/iCTBOBaHUSA re0OCUHTETUYECKOTo
maTepuana;

e) obulas noTeps yCTOMYMBOCTU Ha-
ChINu.

PacuyeTr KOHCTpPyKLMU NpOU3BOAUT-
CSl MO KPYrNouMMHAPUYECKUM MOBEPX-
HOCTSIM CKOMbXeHUs ANS onpeferneHuns
TOro, kakoe ycunue Heobxoaumo npu-
NoXWTb AnNa obecneyeHus ycTOWYUBO-
CTW KOHCTpykuuun. Kak npasuno, ans
3TOro MOTyT NPUMEHATLCS MEeToAbI pac-
yeTa no buwony, Macnosy u apyrue.
Wcnonb3yeTcss Takke NONUrOHanNbHbIN
MeToA, C MOMOLLbI KOTOPOro TOXe Be-
AeTcs pacyeT No NepBOMy NpefenbHo-
My cocTosaHuio. Kak npaBuno, pacuet
no nepBOMYy COCTOSIHUIO BefeTcs no
Hemeukum Hopmam DIN, GputaHckomy
ctaHgapty BS 8006, amepukaHckum
Hopmam ASDN, no EuroCode-7 unu no
APYrMM HauMoHamnbHbIM HOpMaMm, ecnu
cyliecTByloT 6onee cTporne Tpebosa-
HUSi no 6e30MacHOCTUM KOHCTPYKLMMW.
[aHHble pacuyeTbl BeAyTCa aHanuTude-
CKMM cnocoboM u Mo3BONAT onpeae-
NWUTb, paspywnTCs KOHCTPYKUUS wUnn
HET, U HaWTn 3aPPEeKTUBHbIE Mepbl MO
6opbbe co cTaTMyeCcKon HeycToNn4YnBoC-
TblO KOHCTPYKUUU (MNK paspyLlleHneMm).
B kayecTBe pacyeTHoOro npuHumaeTtcs
BapuaHT NnoTepu HecyLlen cnocobHocTu
KOHCTPYKLUUN C HaWMEHbLUMM 3HA4YeHu-
em obuero koapcpuumeHTa 3anaca. B
crnyyae, ecnv yCTONYMBOCTb KOHCTPYK-
umMm He obecneyeHa (koadPULMEHT
3anaca MeHblle HOPMaTUBHOrO), Npo-
M3BOAAT noabop apmupytlollero reo-
CMHTETMYECKOro MmaTepuana c uenbto
obecneyeHnss Tpebyemoro obuiero ko-
acpduLmeHTa ycTon4mBoCTHU.

Ecnn Heobxogumo onpepenunTb
BeNUYMHbI AedopMannin faHHOro Co-
OpPY>XEHWsi, NPOW3BOAUTCA pacyeT Mo
BTOPOMY NpefenbHOMY COCTOSIHWUIO (Mo
NPUroAHOCTUN COOPYXEHUA K HOopMmanb-
HoW akcnnyatauumu). MoryT npume-

OOBbIYA /| CTPOUTENBCTBO

HATBCA KaK aHanuTu4eckne MeToAbl, B
OCHOBE KOTOPbIX fexaT MOHSATHble Ma-
Tematuyeckne Mopenu, Tak U metopbl
KOHEYHbIX 3M1IeMEHTOB, KOHEYHbIX pas-
HoCTel u apyrue. PaccmoTpum Benuun-
Hbl Aedopmauun Ha npuMepe MeToaa
KOHEYHbIX 3NIEMEHTOB.

B cooTBeTCTBUM C METOAOM KOHEY-
HbIX 3IEMEHTOB MOXHO oOnpeaenuTb
HanpsXXeHus B KOHCTPYKLMAX 6e3 apmu-
pOBaHWsi U C apMUPOBAHMEM T€OCUHTE-
TUYeCcKMM maTepuanom. B KOHCTpyKuun
6e3 reoCUHTETUKN MPU MOAENMPOBaHUN
paboTbl  coopyxeHus pedopmaumm
npuobpeTtaloT HeobpaTuUMbI XapakTtep
(puc. 1a), B TO BpeMsi Kak B KOHCTPYK-
UMN C apMUPOBAHMEM OCHOBAHWA Ha-
ChbINK 0CafKu JOCTUraloT onpeaeneHHowm
HEKPUTUYECKOW BENUYMHbI, NPY KOTOPOW
B COOTBETCTBMU C MHXEHEPHBIMU pacyé-
Tamu npogorkaeTcs HopmarnbHas 3Kc-
nnyaTtauus coopyxeHus (puc. 16).

BpeMeHHasi npurpyska rpyHTOBOro
OCHOBaHUS COOPYXeHUsl Ha aTane cTpo-
nTenbcTBa AaeT BO3MOXHOCTb He TOMb-
KO YCKOPUTb KOHCOMMAAUMIO Hacbinu,
HO W BBECTU apmaTtypy B HamnpsiKeHHo-
nedopmunpoBaHHoe cocTtosiHue. [ocne
CHATUS MPUIPYy3KM reoCUHTEeTUYeckas
apmaTtypa ocTaeTcs B NpeABapuTenbHO
HanpsXXeHHOM COCTOStHUU. Mbl BUAMM,
Kak BefeT cebst KOHCTPYKLUSA B LLEeNoM 1
KaK BbIMSAANT NYKOBUL@ HanNpsXXeHun B
AaHHOM 3eMINAHOM COOpYXeHun. Taknum
00pa3oM MOXHO cKkasaTb, YTO BEMUYUHY
0Cafiku HacbINN MOXHO OnpeaennTb He
TONBbKO NOCIOMHO (N0 KNaccuyeckon me-
Toauke Tepuarn 1943 ropa), HO 1 apy-
UMW MPUHATBIMU METOAMKaMMU pacyeTa.
Mpu aTom Ha cTaguu cTpouTenbcTBa
Heobxoaumo obecneynTb YNNOTHEHUe
rPYHTOB OCHOBaHUS W 3eMIISHOro Mo-
noTHa Ao Tpebyembix 3Ha4YeHUn Koad-
huumeHTa ynnoTHeHus.

leocuHTeTMYECKEe maTepuansl Noa-
HGupatoTcs Takke ¢ y4eToM B3aumopew-
CTBUS C A@HHbIMU FPYHTaMW, y4yuUTbIBas
@max (MakcuManbHbIA yron BHyTPeHHe-
ro TpeHusi npu paboTte rpyHTa Ha CABWT)
N cepTUUUMPOBAHHbIE U30XPOHbLI Ma-
Tepuana «Mnpo4yHOCTb — OTHOCUTENbHOE
YANVHEHWe», AN Toro YTobbl 4O0OUTLCS
MakcumarnbHoro addgekta oT B3auMo-
OeCTBUS TpyHTa C apMupylLWmnM Ma-
Tepuanom. Takum obpasom, peliatoTcs
3a/a4M  ONTUMU3ALMU  KOHCTPYKLUW.
3avacTylo Ons NOATBEPXAEHUs Bcex
BblLLENEepPeYNCNEeHHbIX TeopeTU4ecknx
acnekToB NPOBOAAT UCCNEAOBaHNSA KOH-
CTPYKLUMIA C MOMOLLbI U3MEPUTENbHbIX
cucteM. bnarogaps atomy, 3agencTso-
BaHHble B NpoekTe crneuuanucTel nme-
10T BO3MOXHOCTb OTCrnexuBatb paboTy
KOHCTPYKLMKN B Nt06ON nepnos BpemeHun
CTpPOWUTENbCTBA M 3KCMyaTauum coopy-
XEeHUs 1 npu HeobxoauMOCTWU ynpas-
NSATb U KOHTponMpoBaTb ero paborTy.

MepBbll Cepb&3HbIA OMbIT MOHWUTO-
pvHra TakMx CcUCTeM p[AatupyeTcs Ha-
Yanom 80-x rogoB NPOLUMOro CToNneTus
B CeBepHoi lepmaHuun. lNog pykoBoa-
ctBom  PegepanbHOro MHCTUTYTa A0-
POXHO-TPAHCMOPTHOTO  CTPOUTENbCTBA
lepmaHun (BASt) 6bina nponsseneHa »
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OOBbIYA / CTPOUTENIbCTBO

YyCTaHOBKa CIOXHbIX W3MepUTenbHbIX
cucTeM Ans KOHTPONs paboTbl KOHCTPYK-
uun. Mo faHHbIM CUCTEMbl MOHUTOPWHTA
BWAHO, Kak MPOUCXOAUT Ocajka Hacbkinu
BO BpeMeHu (puc. 2) u Kak pacTeT Ha-
npsikeHve B reoCMHTETUYECKOM MaTepu-
ane. Mbl BUAUM TaKXe, 4YTO MOCMe CHS-
TUA NPUrPY3KU MPUPOCT HamnpsikeHus B
reoCMHTETMYECKOM MaTepuane nosHoc-
Tbi0 NPEKPaTUNCS N 0cajKa COOPYXeHUs
ctabunuanposanacs.

Cnycta 100 000 yacoB (4TO COOT-
BeTCcTBYyeT 14 rogam HabnwogeHuin) bbino
Npov3BeAeHO BCKPbITUE KOHCTPYKLUK
ANS  onpefeneHnss notepu Hecyllen
cnocobHOCTU 3TOro mMaTtepuana 3a Bpe-

3an BbICOKY CXOOUMOCTb MONYYEeHHbIX
pe3ynbTaTtoB C pe3ynbrataMu MHXeHep-
HbIX Pac4YéTOB KOHCTPYKLUMM Ha I3Tane
npoeKkTUpoBaHus. Pasnunuma ces3aHbl C
HEOHOPOAHOCTbIO  (PU3NKO-MEXaHUYe-
CKUX CBOWCTB OCHOBaHusA (4TO0 obbsic-
HSETCH reTepOoreHHOCTbI CBOWCTB FPyH-
TOB) B MNpefenax OA4HOrO MNOMepeyHoro
CeYEeHUs], YTO TPYAHO MOJTHOCTbLI YYECTb
Ha aTane NpPoeKkTUpoBaHUs.

Takum o6pa3om MOXHO caenaTb Bbl-
BOJ, YTO OCHOBHble NnapameTpbl COOpYy-
XKEHUS U ero anemMeHToB ObiNu rpamoT-
HO nofo6paHbl M 3anpoeKkTUpOBaHbl, a
Takxe BCE CTPOUTENbHble paboTbl Npo-
n3BefeHbl BbICOKOKA4YeCTBEHHO C MNpwu-

MOHWUTOPUHI NMOKAS3AI BbICOKYIO CXOOAMMOCTb IMO-
NYYEHHbBLIX PE3YIIbTATOB C PE3YJIbTATAMU UHXE-
HEPHbIX PACYETOB KOHCTPYKLIUM HA 3TANE

NMPOEKTUPOBAHMA.

MA paboTbl AaHHOro coopyxeHus. [o-
crne ero U3BneyYeHus U3 KOHCTPYKLUU K
nabopaTtopHbIX UcnblTaHWA obliee CHU-
XKEeHWe NPOYHOCTHbIX XapaKTepucTuk no
OTHOLLUEHMIO K NepBOHaYarbHbIM 3Ha4ve-
HUSIM YMEHbLINOCh Ha MWHMMAarbHble
Benu4nHbl (okono 1-2 %). 3to ceBuAe-

TenbCTBYyeT O MnpaBunbHOM nogbope
MaTepuana C Yy4E€TOM MOHMXKaKLNX
KO3 PULMEHTOB  MEXAHUYECKUX  Mo-

BPeXAEHWU, Non3y4yecTy U BO3AeNCTBUSA
okpy>xatowen cpeabl. MOHUTOPUHT MOKa-

MEHEeHWEeM MpPOBEPEHHbIX W HaA&XHbIX
MaTepuanos, 4YTO NO3BONSAET rapaHTUpo-
BaTb 9(PPeKTUBHYK 3JKCnmyaTauuo co-
OPYXXeHWUSI B Te4eHne BCero npoekTHOro
cpoka cnyx6bl — 1 000 000 yacos (60-
nee 100 neT). =

MopoGHble cooOpyXeHUA no3Bons-
10T 9KOHOMMUTbL [AEHeXHble CpeacTBa,
BpeMs, a TakKXe COKpaTUTb CpPOKMU
cTtpoutenbctBa. Ux addekTuBHOCTb
AOKa3aHa BpeMeHeM.

3/H (03) nroHb 2009 r. BKCMNO3ULINA HEDPTb A3

Road and Transport Construction in Germany
(BASt) complex measuring systems to control the op-
eration of a structure were installed. The data of the
monitoring system show how the settlement of the land
fill happens over time (Fig. 2) and how the stress goes
up in the geo-synthetic material. We can also see that
after the surcharging is lifted, the stress increment in
the geo-synthetic material ceased completely, and the
settlement of the facility stabilized.

After the passage of 100 000 hours (which corre-
sponds to 14 years of observation), the structure was
opened up to determine the loss of this material’s bea-
ring capacity during the operation of the facility. After it
was extracted from the structure and after the laborat-
ory tests, the total reduction in strength characteristics
compared to the initial values was by minimal amounts
(approximately 1-2 %). This goes to show that the mat-
erial had been chosen correctly subject to the reducing
factors of mechanical damage, creep and environme-
ntal effects. The monitoring evidenced the high level
of correspondence of the results obtained to those of
the engineering calculations made for the structure at
the project engineering stage. The differences can be
put down to lack of homogeneity of the physical and
mechanical properties of the base (which is due to the
heterogeneity of the soils properties) within the range
of one cross section, which is difficult to take into acc-
ount at the project engineering stage.

Thus, it may be concluded that the basic param-
eters of the facility and its elements had been profes-
sionally selected and designed as well as that all the
construction operations had been carried out with high
quality using the proven and reliable materials which
made it possible to guarantee the effective operation of
the facility during the entire project service life — 1 000
000 hours (more than 100 years).

Such facilities enable cash and time resources to
be saved as well as construction time to be cut back.
Their efficiency has been proved by time.
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OOBbIYA /| TEXHOJIOIMA

Mo paHHbIM A.A.BokcepmaHa u ap, /1/ 65% ocTaBlumxcs Ha Hayano XX1 Beka 3anacoB HedpTU U rasa OTHOCATCH K KaTeropuu TpyAHOU3Bre-
Kaembix. 28% U3 HUX HaxoAATCs B HU3KOMPOHULAaeMbIix konnektopax. Mpu atom 20% o6wux 3anacoB HedhTU HaxooUTCA B KapOOHATHbIX
konnekropax. OTctoaa NOHATEH MHTepeC HePTAHMKOB K NOBbILeHUI0 3pheKTUBHOCTM pa3paboTKm 3TUX KaTeropui 3anacos. 3BecTHO, 4YTo
nu3Bne4YyeHne HepTM U3 KapOGOHATHBLIX KOJNEKTOPOB TPaAULMOHHLIMM TEXHOMOMUSAMU KakK NpaBuno mMmano3addeKkTMBHO. ATO CBA3aHO C Kon-
NEeKTOPCKMMU CBOMCTBaMM NnnacTa (TPeLmMHOBaTOCTb, HU3Kasi NOPUCTOCTb, HEOAHOPOAHOCTL), €ro NOBbLILLEHHOW PeakLMOHHOM CMocobHOC-
Tbio M cBoncTBamMu camon HedpTn. HedpTeotaauya Takumx KONNeKTopoB BO MHOrOM ornpefaensieTcs He TONbKOo hunbTpaLMoHHO-eMKOCTHLIMU
CBOWCTBaMU, HO U MUHepanorn4yeckuM coctaBom nopoAabl. MHOrohakTopHOCTbL YCNOBUIA, BNUSAIOLIMX Ha NoBeAeHUe HedhTU B CIIOXHOMO-
CTPOEHHbIX KONJieKTopax kapboHaTHOro Tuna, TpedbyeT pa3HOCTOPOHHEro NoAxoAa K U3y4YeHUIo npoueccoB HedhTen3BreYeHUs U UX yyeTa

Nnpu co3gaHMm HOBbIX TEXHONMOINN HedpTe[oObIuK.

HOBBIE IOJIXO/IbI K PA3PABOTKE 3AJIEJKEH
HE®TH B KAPBOHATHBIX KOJIJIEKTOPAX

B.A.MAPI'YNIUC

KaHA.XUM.HayK, CT.H.coTp., 3aB.oT4. OAO «HUWHedTENPOMXM»

r. KazaHb

B.A.AlIb®OHCOB  foKkTOp XUM. Hayk, npod., MO®PX um.A.E.Apbysosa Kasz.HL| PAH

NEW APPROACHES TO DEVELOPING OIL
POOLS IN CARBONATE RESERVOIRS.

B.Ya. Margulis — Candidate, Chemistry, senior re-
search fellow, head of department OAO “NlInefteprom-
chim”

V.A. Alfonsov — Doctor, Chemistry, Prof., Institute of
Organic and Physical Chemistry named after A.E. Arbu-
zov, Kazan Research Center, Russian Academy of Sci-
ences

According to A.A.Boxerman and others, /1/, 65% of
the oil and gas reserves remaining unextracted, as of
the beginning of the 21-st century, are referred to the
classification of “difficult to produce” reserves. 28% of
them are in the low permeability reservoirs. Besides,
20% of the total oil reserves are stored in the carbon-
ate reservoirs. Hence the oil men’s interest in improving
the efficiency of developing these types of reserves. Oil
extraction from carbonate reservoirs using conventional
technologies is known to be, as a rule, inefficient. This
has something to do with the reservoir properties of the
formation (cracks, low porosity, heterogeneity), its in-
creased reaction capability and the properties of oil it-
self. The oil yield of such reservoirs, in many respects, is
determined not only by the filtration and capacity proper-
ties but by the mineralogical composition of material. The
multiple factors which influence the conditions impact-
ing the behavior of oil in the carbonate type reservoirs,
characterized by complex structure, require a versatile
approach to the study of the processes of oil extraction
and taking them into consideration, when creating new
oil production technologies.

A group of chemists of the Institute of Organic and
Physical Chemistry named after A.E. Arbuzov, Kazan
Research Center of the Russian Academy of Sciences
under the leadership of O.G. Sinyashin, Academician of
the Russian Academy of Sciences (V.A. Alfonsov, L.N.
Punegova, G.V.Romanoy, etc.) together with oil men and
geologists under the leadership of R.Kh. Muslimov, Aca-
demician of the Academy of Sciences of the Republic of
Tatarstan (B.Ya. Margulis, V.P. Morozov, |.N. Plotnikova,
etc.) developed and researched, in all aspects, under
laboratory conditions, a new acid complexing agent AFK
to apply to the well bottom-hole area in carbonate and
clay reservoirs.

Preliminary research of the agent was conducted on
the linear models of the formation with a view to deter-
mining the influence exercised by the agent on the filtra-
tion and capacity properties of the reservoir. In Fig. 1, the
results of the change in the permeability of the model are
given after it has been acted upon by the AFK agent and
the mineralized water, while in fig. 2, the same situation
but involving fresh water is shown. It follows from the
results set out, that the use of the AFK agent increases
the permeability of the models several times when filtrat-
ing both mineralized and fresh waters. In real conditions,

pynnon xumukoB MHCTUTYTa opraHu-
Yyeckou u duanyeckon xumun um.A.E.Ap-
6ysoBa KasHL, PAH noag pykoBogctsom
akagemuka PAH O.I.CuHsawwnHa (B.A.Anb-
¢oHcos, JI1.H.MyHeroea, IB.PomaHoB 1
Op.) COBMECTHO C HedTAHMKaMn u reo-
noramMmv nop PyKOBOACTBOM akagemuvka
AH PT P.X.Mycnumosa (B.A.Maprynuc,
B.M.Mopo3oB, W.H.MnotHukoBa un pap.)
6bIn pa3paboTaH M BCECTOPOHHE uccre-
AoOBaH B nabopaTopHbIX YCNOBUAX HOBbI
KWUCMOTHbIN KOMMMekcoobpasyoLwmnin pea-
reHT A®K gns o6paboTkm npusaboiHomn
30Hbl CKBaXWH B KapOOHaTHbIX U FMUHU-
CTbIX KOMMEKTopax.

MpenBaputenbHble  MccnefoBaHuA
peareHTa MNPOBOAWMUCH Ha IMHEWHbIX
Mofensix nnacta c uenblo onpeaeneHust
BMUSHUS peareHTa Ha UIbLTPaLUOH-
HO-eMKOCTHble CBOWCTBa Konnekropa.
Ha puc.1 npuBegeHbl pesynbraTbl u3me-
HEHUs MpoHULAeMoCTW Mogenu nocne
BO34EeNCTBUS Ha Hee peareHToM ADK n
MUHEepanu3oBaHHOW BOAOW, a Ha puc.2
TO Xe, HO C npecHon Bogown. M3 npwu-
BEAleHHbIX pe3ynbTaTtoB crneayet, 4To

npumeHeHune peareHTa A®PK MHorokpaTHO
yBenuuuBaeT MNpOHMLAeMOCTb Mopenem
npu uNbTpPaLumM Kak MUHepanuaoBaH-
HbIX, TaK U MpecHblX Bod. B peanbHbix
YCNOBMSAX 3TO O3Ha4yaeT yBenuyeHue pa-
Avyca akTMBHOTO ApPEeHMpPOBaHus nnacra
B pesynbrate YacTUYHOrO PacTBOPEHUS
ckeneTta nopopgbl 1 GnokMpoBaHus Bpea-
HOrO BMUSIHUS TMMHUCTOW COCTaBMsito-
wen.

PeareHT wncnbiTbiBanM Ha obpasuax
€CTEeCTBEHHOro KepHa KM3emnoBCKUX U Ye-
peneTckux oTnoxeHui. MNMpun atom ycTa-
HOBIEHO, 4TO, B OTNNYME OT CONSAHON
Kkucnotbl, peareHT AOK paBHOMEpPHO BO3-
AeNCTBYeT Ha KONMeKTop, NPOHMKas Kak B
BbICOKO-, Tak Y HU3KOMPOHML@EMbIE 30HbI
(Kn3enoBckme OTNOXEHUS), COXPaHsst nc-
XOAHYI0 CTPYKTYpY Konnektopa. PeHTreHo-
rpacr4yeckMm aHanM3om He yCTaHOBMNEHO
nosiBneHus B obpasuax kepHa Kaknx-nmbo
HoBoOGpasoBaHuii. Mpu 3TOM YacTU4HO
yBENMYMBaETCs NOPUCTOCTb, 3HAYUTENb-
HO BO3pacTaeT NPOHULAEeMOCTb. Takxe
YCTaHOBMEHO pacTBOPEHWEe 3epHUCTO-
ro KanbuuTa, KOTOpbIA LeMeHTupyeT b
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opraHuyeckue ocTaTKu, MpUYeM Makcu-
ManbHOe pacTBOpPEHWe KanbLuTa npouc-
XOAUT He B KaBepHax, a B COEAMHSOLLNX
nx kaHanax. Ha kepHax YepeneTckux oT-
NOXEeHUn nocne BO3OENCTBUA peareHTa
A®DK ycTtaHoBneHo obpasoBaHue TpeLyum-
HOK pacTBOpPEHWS, KOTOpble BO3HWKMN
Ha rpaHuue cronkoB OuoknacToBo-u-
TOFEHHbIX W OMOKNACTOBO-300rEHHbIX
N3BECTHAKOB. TpeLluHKN UMeloT Henpa-
BUMbHYIO (DOPMY, SBNSIOTCA U3BUIUCTbI-
MU 1 npepbIBUCTbIMK B Wwnude. Noasne-
HVe TpeLluHOK pacTBOpeHus oObscHAET
4Ype3Bbl4allHO BbICOKYK MPOHMULI@EMOCTb
obpasuoB (Ha 2-3 nopsigka) nocne nx ob-
paboTtkn A®K. BaxHO noayepkHyTb, 4YTO
0o o6paboTkm 06pasLoB KEpHA OHU OTHO-
CMNUCh K NOPOBOMY TWMY KONNEKTOPOB, HE
UMetloLemMy npakTUY4ecKon 3HaAYNMOCTH
(MpakTnyeckn HyneBas MPOHNLLAEMOCTb).
Mocne 06paboTkn OHWM cTanmuM NOpOBO-
TPELMHHOro TUMNa ¢ BbICOKOW NpoHULae-
MOCTbI0. [NpombilNeHHas LeHHOCTb npu
aToM TpebyeT akcnepMmMeHTanbHOro noga-
TBEPXAEHUS B MNOMNEBbIX YCINOBUSX.

[TOMMMO KUCMOTHBIX CBOWCTB pea-
reHT A®K obnagaeT MOLHbIM KOMMMEeK-
coobpasyolwmm adhdekToM, CnocobHbIM
B CcybCcTexmomeTpu4yeckoM COOTHOLUe-
HUM npensaTcTBOBaTb POCTY KpucTan-
nos ocagkoobpasywowmx conein. OH
obnapgaet KpucTannopaspyLiaoLwmum
appekTom, BUAOU3IMEHAS POPMY LieHTpa
kpucTtannusauun. bnarogaps atomy npo-
NCXOOUT npepoTBpalleHne BbiMageHns
KonbMaTupyloLWmx reneobpasHblx ocaj-
KOB 1 conen, paspyliaetcs Monekynsp-
Hasi CTPYKTypa IMUH U MPONCXOAUT BbIHOC
NpoAYKTOB peakuuu, YTO MOATBEPXAEHO
nccnefoBaHUAMKU € NPUMEHEHNeM MeTo-
na VIK-cnektpockonuu.

Pearent A®K nerko  pactBO-
pyM B TMpecHbIX W MWHepanu3oBaH-
HbIX BoOAax [ANA MpUroToBneHuns pabo-
YMX KOHLEHTpauun. PeareHT MoXxeT
yCNewHo 3aMeHsiTb COMSAHY KUCMOTY
NpakTU4eCckn BO BCEX TEXHONMOTrMYecKmx
onepaumsax MO KUCNOTHbIM obpaboTkam
npn3aboHOW 30HbI CKBaXWH, COBMECTUM

C NNaBWKOBOW Kncnoton (npu obpaboTke
TEPPUreHHbIX KONSIEKTOPOB), a Takxke Cno-
cobeH fekonbmMaTU3MpoBaTb UM packarnb-
TM3UpoBaTb NpuU3aboHyto 30HY, yaansaTb
MeTannbl, Bbi3biBaloLWne ocagkoobpaso-
BaHWe, paspyllatb U BbiMbIBaTb FMMHU-
CTyto cocTaBnsiowyt. MNpu Bo3gencTenm
[06bIBaOWMX CKBaXWUH Ha Npu3aboliHyio
30HY yBenuumMBaeTcs KO3a(pduUMEHT ee
NPOAYKTUBHOCTM, OCOBEHHO B KOMMIEKCE
c NMAB wn pactBoputensmu. Bosgelicteue
e 4Yepe3 HarHeTaTellbHble CKBaXXWUHbI
NpMBOANUT K MU3MEHeHUo npodunsa npu-
€eMnCTOCTN (0COBEeHHO B KOMMIEKce C Mno-
nMMepammn) 1 yBenu4YeHuo NpoHNLaemMo-
CTW NOPUCTON MaTpuLbl, NpegoTBpaLLaeTt
3arpsisHeHne nNpmn3abonHOM 30HbI 3aKayn-
BaeMoOW BOAOMN.

CtoumocTb 1 T rotoBoro Kk ynotpe-
6neHnio pacTBopa HYXHOW KOHLEHTpa-
UMM comsMepuma co CToumocTbi 1T
ComnsiHOM KucroTbl. HeocnopumbiM npe-
MMYLLECTBOM SBMSIETCS  3HAYUTENbHOE
COKpalleHe TPaAHCMOPTHbLIX U CKNafACKMX
pacxofoB — 1 T KOHUeEHTpaTa no3sonsiet
npurotaBnueatb 30-50 T pacTBopa, 3K-
BMBANEHTHOIO MO KUCNOTHOMY BO34ei-
cteuio 30-50 T HC, (Ho yHMBepcarnbHoro
OeNCTBUS U € BONbLIMMU BO3MOXHOCTS-
mu). Takum obpasom, 1 T peareHTa 3ame-
HSeT 1 /0 UMCTEPHY COMSIHOWM KUCMOThI.

B HacTosilee Bpemsi roToBUTCS
K BbIMYCKYy OMbITHAsi MapTus pearex-
Ta A®PK n nnaHupyetcs npoBedeHune
OMbITHO-NPOMbICIIOBbIX UCMbITAHUIA Ha 3
CKBaXWHax. m

CMUCOK NUTEPATYPbI:

A.A.Bokcepman, B.W.I'panndep, N.C.0Oxa-
cdapoB n ap. lNpobnembl TexHomorunye-
CKOro MOBbILIEHNA W3BrekaemblX 3ana-
coB HedTn Poccun / HaHosBneHuns npu
pa3paboTke MeCTOpPOXAEHWW YrneBoAo-
POAHOrO CbIpbsi: OT HaHOMWHepanoruu
HaHOXMMUK K HaHoTexHonoruam. Marte-
puanbl koHdepeHuuun, M: 18-19 Hosa6ps
2008 r., c.20-25.
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this means an increase in the radius of the formation ac-
tive drainage, resulting from partial solution of the matrix
solid material and the blockage of the harmful effect of the
clay component.

The agent was tested on the natural core samples of
the Kizel and Cherepetsk deposits. Among other things,
it was ascertained that, unlike the hydrochloric acid, the
AFK agent has a uniform effect on the reservoir, penetrat-
ing both into the high permeability and low permeability
zones (Kizel deposits) while retaining the original struc-
ture of the reservoir. The X-ray analysis did not identify
any new formations in the core samples. Besides, the
porosity partially increases, the permeability significantly
rises. It has also been determined that granular calcite,
which cements organic residues, and maximum solution
of calcite does not take place in the caverns, it takes place
in the channels that connect them. On the core samples
of the Cherepetsk deposits, after applying the AFK agent,
the formation of solution cracks was identified which had
emerged on the boundaries of the straticules of bioclast-
phytogenous limestone and bioclast-zoogenous lime-
stone. The cracks are of irregular shape, are winding and
interrupted in the polished section. The appearance of the
solution cracks accounts for extremely high permeability
of the samples (by 2-3 orders of magnitude) after their
treatment with AFK. It is important to stress that before
the treatment of the core samples they were referred to
the porous type of reservoirs which have no practical sig-
nificance (practically, zero permeability). After treatment,
they became of porous-crack type with high permeability.
The industrial value, in the meantime, requires experi-
mental confirmation in field conditions.

Apart from acid properties, the AFK agent possesses
a powerful complexing effect, capable, in substoichio-
metric respect, of impeding the growth of the sediment
forming salt crystals. It has a crystal destroying effect,
changing the form of the crystallization center. Thanks
to that, the precipitation of the colmatage gel-like sedi-
ments and salts is prevented, the molecular structure of
clays is destroyed and there occurs a loss of the reaction
products which is confirmed by the research using the IR
spectroscopy.

The AFK agent is easily soluble in fresh and miner-
alized waters for preparation of working concentrations.
The agent can successfully replace the hydrochloric acid
practically in all the technological operations for the acid
treatment of the well bottom-hole area; it is compatible
with hydrofluoric acid (when treating terrigenous reser-
voirs) as well as it is capable of de-colmataging and de-
calcinating the bottom-hole area by removing the metals
which cause sediments to form, capable of destroying
and washing away the clay component. When impacting
the bottom-hole area of the production wells, its produc-
tivity factor increases, especially, when combined with
surface active agents and solvents. The impact through
the injection wells leads to the change in the input profile
(especially in combination with the polymers) and to an in-
crease in the permeability of the porous matrix as well as
prevents the contamination of the bottom-hole area with
the water pumped in.

The cost of 1 ton of solution with proper concentration
ready for use is commensurate with the cost of 1 ton of
hydrochloric acid. An undisputable advantage is the sig-
nificant reduction in transport and storage expenses as 1
ton of the concentrate allows you to prepare 30-35 tons
of the solution equivalent in acid impact to 30-50 tons HCI
(which, in addition, has a unique effect and a great po-
tential). Therefore, 1 ton of the agent replaces 1 railroad
tanker of hydrochloric acid.

At the present time, an experimental batch of the AFK
agent is being prepared for production and plans are be-
ing made to carry out experimental and production test
on 3 wells.
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B TeueHune nocnegHux 5 net «lMpeanpusitne MCB» coBMecTHO ¢ «K® «Touka onopbl» akTUBHO BHeApsieT B PP krneeBble TEXHOMOMMU U MeToabl
pemMoHTa obopyaoBaHUs, NPUMEHSISt UMMOPTHbIE TEXHOMOTUN.
Ha HavanbHoM 3Tane nepen Hamu Gbina nocTasneHa 3agava no GbICTPOMY, AELLIEBOMY UM HAAEKHOMY PEMOHTY POTOPOB M paboumx nap BUHTOBbIX
3aboiiHbIX ABUraTenei Bcex Tunopasmepos (o1 85 go 240).

BOCCTAHOBJIEHHE POTOPOB
BUHTOBBIX 3ABOMHBIX IBUTATEJIEN

B HacTosiwee Bpemsi B npoBeaeHun by-
poOBbIX paboT MCMNONb3YKTCS MONyyYMBLLME
LLUIMPOKOE pacrnpoCTpaHeHWe BUHTOBbIE 3a-
6onHble asuratenu (B3[) pasnuyHbiXx Mo-
oundurkaumm.

K coxaneHnuto, pabota gsuratens gaH-
HOro BuAaa KpanHe orpaHuyeHa u, kak npa-
BUNoO, He npesbliwaeT 150 vacoB. Ucxops
13 3TOro, OCTPO BCTAET BONPOC O KanuTasnb-
HoMm pemMoHTe B3[] Bcex B1OoOB.

OcHoBHOI, Hanbornee 4acTto BCTpeda-
oLerics NpuYnHON Bbixoga m3 ctpos B3[,
ABMSAETCA M3HOC cTaTopa 1 poTopa paboyen
napbl B3[. NyTn pemoHTa cTtatopa n3BecT-
Hbl U LUMPOKO MPaKTUKYHTCS BCEMU Npef-
NpUATUSIMU, 3aHUMAOLLMMUCS PEMOHTOM.
Hanbonee ocTpo cTouT BONpoc o 6bICTpOM
HEeJOpOroM peMOHTe pOToOpoB pabouen
napbl B3[] Bcex BMaoB.

AHanu3 gedekToB nokasar, YTo BbIXOA4
13 CTpOsi poTopa MPOUCXOAUT MO MpUYMHE
S1I3BEHHON KOPPO3UN MOBEPXHOCTHOMO XPO-
MWUPOBAHHOIO CIosi MO NMPUHLUMY MEN3UHT-
kopposumn (CO,). Mo pesynsratam ocmoTpa
6onbLLUoro KonMyecTsa poTopoB 6bIno ycTa-
HOBMEHO, YTO U3 CTPOSI BLIXOAUT MPUMEPHO
20-25% xpomMunpoBaHHON NoBepxHocTU. Ha-
pyLLUEeHHas MOBEPXHOCTb BeAeT K BbiIcTpoMy
MN3HOCY pe3uHbl cTatopa W, Kak crieacreue,
K npekpaweHuio paboTbl paboyen napbl
B3[, Tak kak OHa nepecTaeT BOCNpUHUMaTb
[OaBrieHne U OCTaHaBMMBaETCS.

3a nocnegHue roabl Obin npegnpu-
HAT psg NonbITOK pemMoHTa poTopoB. Kak
npaBsuno, aTo 6biNyM TEXHOMOMMK C NpuMe-
HEHMEM TepMuyeckoro (rasonnameHHoe
HanbineHne) n mexaHuveckoro(obpaboTka
XONOAHON pe3Koi) BO3[EeNCTBUSA Ha poTop.
Bce ot TexHonorun 6u1nM AocTaTtovHoO 4o-
porv v TpyAOEMKM, YTO MO CTOMMOCTU COU3-
MEPUMO C M3rOTOBMIEHMEM HOBOrO poTopa.

1. O1-240 no BoccTaHOBNEHUA

2. 1-240 nocne BocCTaHOBMNEHUs

Bo3MOXHOCTb peanbHOro BOCCTaHOBIEHUS
nosiBUNacb TOMbKO C MOSIBMEHUEM HOBbIX
3apybexHbIX TEXHOMOMUNA.

YunTbiBasi 3aTpaTtbl NpU HamblNeHUU u
npwv yCrioBUM 3KOHOMMUM MeTanna (ucrnonb-
3yIOTCA BblWEALWNN U3 CTPos poTop), npu
mMexaHu4eckoin obpaboTke ygelleBneHue
BOCCTa@HOBIIEHHOrO poOTOpa OT HOBOrO CO-
CTaBMSET, MO HAWMM pacyeTam, NpUMepHO
40-50%.

* Mbl paspaboTanu yHuUKanbHbIW MeTOA
BOCCTaAHOBIIEHUS POTOPOB BUHTOBLIX
3a60MHbIX gBUraTenen no 6onee npo-
rpeccMBHOW U HEAOPOroW TEXHOIOTUMU,
KOoTOpasi Mo3BOnNseT:

1. N3bexaTb MNOBTOPHON TEPMUYECKON W
MexaHn4eckon obpaboTkn poTopoB.

2. YNpoCTUTb TEXHOMOrMYECKUN NpoLecc.

3. YMeHbLMUTb BpeMsi peMoHTa pabouen
napbi.

4. CHU3NTb CTOMMOCTb BOCCT@HOBMEHHOIO
poTtopa.

5. M3bexaTb MOBTOPHOIO BO3HUKHOBEHWS
MEeN3NHI-KOPPO3UN Ha BOCCTAHOBIIEHHbIX
y4yacTkax.

6. Wcnonb3oBaTb MHOrokpaTtHo (4o NATM
pas) BbllleALlne U3 CTPOsi POTOPbI.

7. Wcnonb3ys TecHble CBSA3M MO MoCTaBke
a[resn3oB 3aBOAY-U3rOTOBUTENIO CTaTo-
pos B3[, Ham yaanocb Hanagutb cucte-
My 3anvBKM CTATOPOB «MOA 3akas», YTo
Nno3BOMsieT NocTaBnsaTb paboyyto napy ¢
3afjaHHbIM HaTAroM, B 3aBUCUMOCTM OT
TpeboBaHUs KOHTpareHoB.

8. o mepe pa3BuUTMA HaWNX NpeanpuaTUin
1 ycTaHOBKoW o6opyaoBaHus TypbuHHoro
uexa, Mbl CMOMMX OpraHM3oBaTb PEMOHT
1 noctaesky B apeHgy B3 (O41-105, O3-
172, 02-195, O2M-195, [01-240). B Ha-
cTosiLlee BpeMsl Ha CKBaxunHax paboTtatoTt
67 pBuratenen, 4YTo NO3BONAET HaMm b

During the last 5 years, OOO «MSB Enterprise» to-
gether with OOO «Production Commercial Firm «Tochka
Opory» have been active in implementing in the Russian
Federation the adhesive technologies and the methods of
equipment repairs using imported technologies.

At the present time, the drilling work is being done by
screw downhole motors of various configurations which
have gained broad acceptance.

Unfortunately, the operation of the motor of this type
is extremely limited and, as a rule, does not exceed 150
hours. Based on this, the issue of overhauling the screw
downhole motors of all types arises.

The principal and the most common cause of failures
of the screw downhole motors is the wear of the stator and
rotor of the working pair in the screw downhole motor. The
ways of repairing the stator are known and are widely pract-
iced by all the enterprises concerned with repairs. The most
acute is the issue of repairing quickly and inexpensively the
rotors of the working pair of the screw downhole motor of
all types.

Taking into consideration the spraying costs and provi-
ded metal is saved (the failed rotor is used), with machining,
the re-conditioned rotor is approximately 40-50% cheaper
than the new one, according to our calculations.

» We have developed a unique method of rebuilding the ro-
tors of the screw downhole motors using more advanced
and inexpensive technology which makes it possible to:

1. avoid repeated heat treatment and machining of the
rotors.

2. simplify the production process.

3. reduce the repair time of the working pair.

4. reduce the cost of the re-conditioned rotor.

5. prevent mazing corrosion from developing again in the
rebuilt areas.

6. re-use multiple times (up to five times) the failed rotors.

7. using close relations with the manufacturing plant prod-
ucing stators for the screw downhole motors in the area of
adhesives supplies, we have been successful in organizi-
ng a system of pouring stators «to order» which allows the
working pair to be supplied with pre-determined pre-load
depending on the partners’ specifications.

8. with the development of our enterprise and by installing
the equipment for the turbine shop, we have been able
to organize repairs and supplies of the screw downhole
motors (1-105, A3-172, 02-195, A2M-195, [11-240) on
lease basis . At the present time, on the wells there are
67 motors in operation which enables us to monitor the
performance of the pairs as part of various types and sizes
of the screw downhole motors.

Non-failure working time of []1-240 working pair at
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the «Burgas» Company, Orenburg based branch of
OAO «Gasprom», was clocked. The non-failure working
was 470 hours.

« These technologies are based on the use of adhesives and
composites

As of today, tests of more than 500 working pairs of
various types have been carried out. Statistics have shown
that the rotors rebuilt using our technology do not operate
less and very often they operate longer than the brand new
working pairs or those which were rebuilt using other tech-
nologies.

The results of a three year long monitoring is as follows:

1. Average non-failure working time per [12-195 motor
was 150-200 yacos (depending on the specific condit-
ions of the wells);

2. The cost of the overhauled pair is no more than 50% of the
cost of the new one;

3. The working pair can be re-built 2-4 times (pending comp-
lete damage to the geometry and loss of chromium plating of
more than 40%). Analysis of the non-failure working time has
shown that using the failed pair 2-4 times, at 50% of the cost
of the new one , with the guarantee exceeding the operating
hours is extremely cost-efficient.

Based on the statistics, we consider it to be a very pr-
omising activity to develop the technology further and view
the organization of massive scale overhaul of working pairs
using adhesive technologies method as leading to a signific-
ant reduction of drilling costs.

Working over the problems of equipment repairs, our
company has undertaken the development of the repair
methods and repairs of the ground units which service the
drilling unit. Thus, for example, we have repaired, in small
volumes, the following components and units:

. 6LU8 Pump:

* Repairs of the wheel working pair (cavitation wear, physi-

cal wear, mechanical damage);

Repairs or fabrication of shafts;

Installing a new type of seal replacing the gland seal (de-

veloped by «MSB»)

Replacing bearings, seals;

Repairs of the volute, bearing casing and other cas-

ing parts.

BLUH -150 Pump:

Repairs and replacement of the shaft;

Replacement of bearings;

Repairs of casing parts;

Repairs of the effector;

Replacing the seals.

Transformer Turbine TT 560K:

Replacing effectors;

Replacing bearings;

Pump repairs;

Replacing hardware elements;

Replacing seals.

Centrifugal Unit OI'LL — 50 (501):

Major repairs including the balancing, repairs of the plan-

etary reducer, re-alignment of the main bearings, replaci-

ng the bearings, seals etc.

5. Major repairs of the tongs KTI™ 89 with the replacement of

shift gears, replacement of the hoses, bushings, rolls, hydra-

ulic motor, regulator, etc.

6 Standard major repairs of the tongs AKE — 3M:
Replacement of all the worn-out components and parts;

» Replacement with new pneumatic motor;

* Replacement and repairs of the pneumatic equipment of
the tongs.

7. Repairs of the main shaft HBT -235:

Rebuilding the worn-out seats of the main bearings;

Fabricating the gear wheel to pair off with the rebuilt shaft

crown gear.

8. Repairing the wear of the seats for hydraulic boxes HET-

235, YHB - 600.

9. Securing the main bearings of the Pump YHB — 600.

10. Repairing the oil pan cracks YHB — 600. All the types of

repairs on the drilling units have proved their feasibility which

is confirmed by the appropriate reports issued by various

companies.

Using in actual practice new, refined technologies avai-
lable globally we have satisfied ourselves that they are broa-
dly applicable and can deal with most of the issues relating to
the rebuilding and repairs of all the types of equipment.

Having highly professional working personnel, vast ex-
perience in working over the rebuilding of the equipment with
guaranteed non-failure operating time not inferior to that of
the plant produced units and the actual cost of major repairs
of no more than 40% of the cost of the brand new equipm-
ent, our enterprises are willing to offer you our cooperation
as a reliable and responsible partner. Aware that in certain
cases, delivery of heavy, large size equipment is extremely
difficult, we are prepared to send to your facilities our teams
of high qualified repair personnel to perform repairs on site.
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oTcnexvBaTb HapaboTky nap B cocTase
pasnu4yHbIX Tnopasmepos B3[.

Bbinn npoBegeHbl oTpaboTkn BOCCTa-
HOBMeHHON paboyelt napbl [11-240 B KOM-
naHumn «bypras» (OpeHbypxckuii ounuan
OAO «l'asnpomy»). HapaboTka cocTtaBuna
470 vacos.

* [laHHble TEeXHOMOorMn OCHOBaHbl Ha
NPUMEHEHUN KNeeB 1 KOMMO3NUTOB.

Ha cerogHsAWHWIA MOMEHT npoBeeHbl
vcnbiTaHma 6onee 500 paboumx nap pas-
nuyHblX  Buaos. CTaTucTuka nokasana,
4YTO BOCCTaAHOBIEHHbIE MO HaLLel TeXHOmMo-
rmmn potopbl paboTalT He MeHblue, a 3a-
YyacTylo gaxe 6onbliue, YeM HOBble U BOC-
CTaHOBIIEHHbIE MO APYrMM TEXHOMOrMsMM
pabouve napbl.

Mo pesynbrataM TpPEXNETHEro MOHUTO-
puvHra nonyveHbl criegyrowme pesyrnbra-
Tbl:

1. CpepgHsis HapaboTka Ha pABuraTenb

[02-195 cocrtaBuna 150-200 yacos
(B 32aBMCUMOCTM OT KOHKPETHbIX YCIOBUIA
CKBaXWH).

2. CTOMMOCTb OTPEMOHTUMPOBAHHOWN Mapbl
He 6onee 50% OT CTOMMOCTU HOBOM.

3. Pabouasi napa moxeT GbITb BOCCTaHOB-
neHa 2-4 pasa (4o NOMHOro HapyLleHus
reoMeTpum u noTepu XPOMOBOMO Cros
6onee 40%). AHann3 HapabOTKM Moka-
3an, 4To mcrnonb3oBaTb oTpaboTaBLuyto
napy 2-4 pasa — 3a 50% oT cToMMOCTHK
HOBOW , C rapaHTUeN, NpeBblllatoLLen Ko-
nuyecTBo oTpaboTaHHbIX YacoB, — Kpau-
He 3KOHOMUYECKW BbIFOAHO.

Mcxoga u3 ctaTucTuKM, Mbl cyuTa-
€M OYeHb NEepcneKkTUBHbIM AanbHenLwyto
TEXHOMOrN ¥ BUAUM OpraHuMsauuo mMac-
COBOro pemoHTa paboynx nap MeToaoM
KIreeBbIX TEXHOMOIMIN, YTO NPUBEAET K 3Ha-
YUTENbHOMY yAELLEBINEHUIO BypeHus.

Pabotas Hag npobrnemamu pemoHTa
obopynoBaHus, Halle npeanpusiTue B3d-
nocb 3a pa3paboTky MeTo4oB PEMOHTA U
PEMOHT Ha3eMHbIX arperatoB, 06CHyXu-
BaloLmx BypoByto ycTaHOBKy. B yacTtHoCcTH
Hamu B MEJKMX CEpPUsSIX OTPEMOHTUPOBAHbI
cnepytoLme y3nbl U arperatbl:

1. Hacoc 6LL8:

* PemoHT paboueli napbl koneca (kBu-
TauWOHHbIE NPOMOU, PU3NYECKUIA U3-
HOC, MeXaHu4ecKkune NoBpexXaeHns).

* PeMOHT unu nsrotoBneHne Banos.
YcTaHoBKa HOBOrO TuMa YMrOTHEHUS
B3aMeH canbHUKOBOro (paspaboTka
«MCB»).

» 3ameHa NoALIMMNHMKOB, YNNOTHEHUN.

* PeMOHT ynuTku, kopnyca nogLunHu-
KOB U OPYrUX KOPMYCHbIX AeTaneu.

2. Hacoc BLIH -150:

* PeMOHT nnu 3ameHa Bana.

* 3ameHa NoALNNHUKOB.

* PeMOHT KopnycHbIX AeTanen.

* PemoHT paboyero opraHa.

* 3ameHa ynnoTHeHun.

3. TypGOTpchcbopmaTop TT 560K:

3ameHa pabounx opraHos.

* 3ameHa NoALNMNHUKOB.

* PeMOHT Hacoca.

+ 3ameHa anemeHTOB Kpenexa.

* 3ameHa ynnoTHeHun.

4. LleHTpudyra Ol — 50 (501):

* KanutanbHbIi PEMOHT, BKITHOYalOLLNiA

OOBbIYA /| BYPEHUE

6anaHcupoBKY, PEMOHT MraHeTapHOro

peaykTopa, BOCCTaHOBIEHWE LIEHTPOB-

K/ KOPEHHbIX MOALUMMHUKOB, 3aMeHa

NOALUMMHUKOB, YNIOTHEHWUA U T.A4.

5. KanutanbHbI pemoHT kntoyen KTI 89
C 3aMeHOW LeCcTepéH nepeKknoyYeHus
CKOpOCTEel, 3aMeHy LUNaHros, BTYy-
JNOK, POJIMKOB, rMApoMOTOpa, peryns-
TopauT. 4.

6. CTaHAapTHbLIM KanuTanbHbIA PEMOHT
kntoyen AKB — 3M:

* 3ameHa BCex W3HOLUEHHbIX Y3IIOB U
netanen.

+ 3ameHa Ha HOBbI MHEBMOABUraTenb.

* 3ameHa 1 PEMOHT MHEBMaTU4ecKoro
obopyaoBaHus Krtova.

7. PemoHT KopeHHoro Bana HBT -235:

* BoccraHoBneHve W3HOLWEHHbLIX MecT
nocagkn KOpeHHbIX NMOALLWMHUKOB.

* WN3rotoBneHne 3ybuatoro koneca B
napy C BOCCTAHOBMIEHHbIM BEHLIOM
Bana.

8. PeMOHT npomMbiBa nocanoyYHbIX
mecT cepfen rugpokopobok HBT-235,
YHB-600.

9. duKcaumsa KOPEHHbIX MNOALWMUMNHUKOB
Hacoca YHB-600.

10. 3agenka TpewmH nopgnoHa YHB-600.
Bce Buabl pemoHTa Ha GypoBbIX ycTa-
HOBKax MoKasanu CBOK  Lieneco-
obpa3HOCTb, YTO MNOATBEPXAEHO Co-
OTBETCTBYHOLIMMM aKTaMU pPasfiMyHbIX
npeanpusaTUn.

Halum komnaHum npegocTaBnsoT ycnyrm
no BOCCTaHOBMEHMIO pabounx opraHos B3[
BCEro MnepeyHsi Bbinyckaemoro obopyaoBa-
Hus B Poccuu, a Takke rotoBbl NPeasoxunTb
ycnyru no BocctaHoBneHuto B3 umnopTtHo-
ro Npov3BoOACTBa.

[MpuMeHsst Ha NpakTyKke HoBble, oTpabo-
TaHHble B MUPe TEXHOMOrK , Mbl ybeaunuce
B TOM, YTO OHM LUMPOKO NPUMEHUMbI U MOTYT
3aKpbITb 3HAYUTENBbHYD YacTb BOMPOCOB,
CBSI3aHHbIX C BOCCTaHOBMEHWEM U PEMOH-
TOM BCex BUAOB 060pyaoBaHus.

Mmesi BbicokonpodeccroHarnbHble pa-
6oune kagpbl, 6oratbiii onbIT paboT no Boc-
CTaHOBMeHN 0bopyaoBaHUs C rapaHTuewn
0TpPaboTKM HE MEHEe 3aBOACKON U pearnbHOW
LleHON KanuTanbHOro peMoHTa He Gornee
40% OT CTOMMOCTM HOBOrO, Halu npea-
npusiTUs roToBbl Npeanoxute Bam cBoé
COTPYAHNYECTBO B KayecTBe HafeXHoro u
OTBETCTBEHHOrO napTHépa. [MoHumas, YTo B
psige criyyaeB [OCTaBKa TSHKENOro KpyrnHo-
rabapuTHOro obopyaoBaHus kpariHe 3aTpya-
HeHa, Mbl FOTOBbI HanpasuTb k Bam 6puragbl
BblCOKOMNpOMeCCOHarbHbIX  PEMOHTHUKOB
[ONsi NPOBEAEHUst PEMOHTa Ha MeCTe HaXoX-
neHus obopynoBaHus.

Mbl Bcerga oTKpbITbl ANS COTPYyAHUYE-
CTBa M paccmaTpvBaeM pasHble BapuaHThbl
COBMECTHbIX paboT. m

Hapeemcs YCTaHOBUTb A0JfIrocpo4yHoe u
B3aMMOBbIrogHOe COTPYyAHN4YECTBO.

614068, NMepmckum kpawn,
r. Mepmb, yn. JaHwuHa,
5, oh. 322

T./cp.: (342) 218-21-23
218-32-95, 210-31-69
tochka_opory@mail.ru

TOYKA
Onovrbl

NFOMIBOACTREHHO.
KOMMEPIECKAR SHPMA
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3/H (03) nroHb 2009 r. BKCMNO3ULINA HEDPTb A3

OpHoW U3 BaXkHeMLWMNX 3aAa4, CTOSLNX nepea npeanpusaTUAMU HedpTerasoBoro KOMMNeKca, ABMNSAETCA coxpaHeHUe OCHOBHbIX hOHAOB B

paboTocrnoco6HOM COCTOSIHUM.

[na pelleHus 3ToON 3apaym TpedyeTcs npoBeaeHMe psAfa MeponpusaTUi, NO3BONAIOLIMX 3KCNNyaTUpoBaTb obopyaoBaHue 6e3 aBapuin n

MOJTIOMOK.

AHTHUKOPPO3HUOHHAA 3AIIIUTA
PESEPBYAPHOI'O ITAPKA

 TPAHCHEDTL

Koppo3ausi — 310 HeobpaTuMbI NpoLiecc pas-
PYLWEHNST  METarnmoKOHCTPYKLMIA, U3  KOTOPbIX
U3rOTOBMEHa OCHOBHasi Macca obopyaoBaHus,
npUMeHsieMoro Arist A06bIYK, TPaHCTIOPTUPOBKA U
nepepaboTkn HedTn.

[nuTenbHoe Bpemst K BONpocam Koppo3svn Ha
HaLLMX NPeAnpUATUSIX OTHOCUIUCL 6e3 AOIMKHOMo
BHUMaHUs, HO B KOHL|E AEBSIHOCTbIX rofoB Gnaro-
naps yeunusam pykosogutenet OAO «AK « TPAHC-
HE®Tb» Obinv co3naHbl  pernameHTVpytoLme
[OKYMEHTbI, CTaBLUME OCHOBOW [ CO3AaHWS
CUCTEMbI MO aHTUKOPPO3VIOHHON 3aLLMTE pe3epBy-
apHoro napka u TpybonpoBoaoB. B panbHeliem
cneuvanuctsl komnaHmnm «HEMPEL» yyacteoBa-
M B pa3paboTke pyKOBOASLUMX AOKYMEHTOB Arns
OAO «HK «POCHE®Tb», « THK-BP», «/lykoiiny.

[atckas komnanust «<HEMPEL», siBnsitowascs
MPOV3BOAMUTENEM JaKOKPaCOYHbIX  MaTtepuaros
(NKM), ogHoM 13 nepBbIX BKIMOYMIIACchk B NMPOLIECC
UCTIbITAHU N CepTUdMKaLMy CBOEN MPOAYKLMK
st ucrnornb3oBaHus B Poccum.

Martepuanel komnanum «HEMPEL» wumetor
cepTudmKaTbl COOTBETCTBUA CUCTEMbI CepTUdM-
kauum FOCT P lNocctanpapta Pocewiickon depe-
paLvn 1 CaHUTapHO-3MMAEMUONOTMYEcKUe 3aKrio-
yeHnsa [occaHanmacnyx6bl Poccun. 3awmTHble
cuctembl komnaHun «HEMPEL», npeanaraemble
O POCCUNCKMX MapTHEPOB, MPOLLII KOMMIIEKC-
HOe TecTMpOBaHWE M YCreLHO aTTecToBaHbl B
psine crneumanuaMpoBaHHbIX LIEHTPOB, Cpeam KOTo-
PbIX MOXHO Ha3BaTb Tak1e aBTOPUTETHbIE OpraHi-
3auvm, kak BHUACT, BHUNITAS, 25 npeanpusituia
FocHWIN MuHobopoHbl Poccuun, TatTHUMHedTs,
MepMHUIMNHedTs,  TunpoTioMeHHedTeras 1
apyrue.

IOPUN PAYKOBCKUMN

npe,D.CTaBVITeﬂb no npopaxam u

r. MockBa

TexHu4eckomy obcnyxuaHuo 3A0 «Xemnenb»

_—

[MpuHMMass B pacyeT OrPOMHble  pas-
Mepbl  POCCUICKOTO  roCyAapcTBa,  KOMMaHWS
«HEMPEL» ocyLuecTBRsieT nocTaBku CBOEN Npo-
OyKUMK ¢ Kaxkaoro n3 20-Ty 3aBOA0B, PaCrONoKeH-
HbIX MO BCEMY MVPY, MakC/MarnbHO Npubnxas eé
K NoTpebuTento He3aBMCMMO OT ero reorpaduye-
CKOro NMonoxeHwst. Bce atn 3aBoabl IMEIOT euHble
roKasaTeny KayecTBa BbIMyCKaeMON MpOoAyKLmM,
4YTO MoaTBepXkaaeTcs Hanmuem MexayHapooHo-
ro ctaHgapTa kadectsa ISO 9001.

3ALUUTA HAPY>KHOW NMOBEPXHOCTH
PE3EPBYAPOB

[ns 3aWwmThl Hapy>XHOW MOBEPXHOCTU pe3ep-
ByapoB MpeariaraeTcs MCrornb30BaTh NTakoKpacoy-
Hble MaTepuarnbl, obnagarolime MoBbILIEHHLIMU
aHTVKOPPO3VOHHBIMI  CBOWCTBaMM, CTOMKUE K
3HaYUTENBHBLIM Mepenagam Temnepartyp v Bo3aen-
CTBUMIO LUMPOKOTO CMEKTPa XUMMYECKUX BELLECTB.
DUHULLHBINA, NOKPBLIBHOW CIOW JOIMKeH ObITh CBET-
INbIX TOHOB, B OCHOBHOM 3TO 6efbliii, B Cuy ero
nyywen TennooTpaxaroweln crnocobHoct. [ns
COXpaHeHVst [eKOpPaTVBHBIX CBOWICTB MOKPbITUSA
npv 4rMTeNbHOM BO3AENCTBIN YIbTPadMoNeToBo-
ro nanyyenusi (Y®) odeHb BaxkeH rokasarterb LBe-
TOCTOVIKOCTU TMOKPbITUS, KOTOPbINA OMNpeaensercs
MUIMEHTaMMN 1 OCHOBHbIM CBS3YHOLLMM KOMMOHEH-
TOM Kpacku. Takke BEepXHWI CrOM NTaKoKPaco4HOro
nokpbITust (JIKIM) gormkeH BbITb CTOMKM K abpasus-
HOMY BO3[EVCTBUIO U JOCTATOMHO [agKvM, YTODbI
YMEHbBLUMTB 3arpsi3HeHNE NOBEPXHOCTU

Haunbonbluee pacnpocTpaHeHne mnonyymna
cucTemMa OKpalLvBaHUs, cocTosas uU3 ObICTpo-
COXHYLLIErO 3MOKCUMAHOIO FPyHTa C BbICOKAM CO-
nepxaHvem umHka HEMPADUR ZINC 17360
(40 MKM), NPOMEXYTOYHOTO  JMOKCUOHOTO

nokpbiTvst HEMPADUR MASTIC 45880 (150 mMkm)
1 akpuno-nonuypetaHosoi kpacku HEMPATHANE
TOPCOAT 5210 (50 mkm). [JaHHas cuctema npu-
MEHSETCA A1 Hapy XHbIX MOBEPXHOCTEN MeTano-
KOHCTPYKLMIA 1 obecreymBaeT [OMrOBPEMEHHYIO
AHTMKOPPO3WOHHYIO 3awmTy Ao 15 net. bonblune
nepcriektvebl MmeeT cuctema HEMPADUR ZINC
17360 (40 mkm) + HEMPADUR 17633 (150 Mkm)
¢ nonuypetaHoBoi kpackoh HEMPATHANE HS
55610 (75 MKM), paccumMTaHHasi Ha CPOK CrTyObl
0o 20 net B cpegax C KOPPO3VIOHHOW aKTUBHOC-
Toto C3 1 C4 1 po 15 net B cpegax C5-M n C5-1
(no 1ISO 12944) n ynpolleHHasi cuctema HEMPA-
DUR MASTIC 45880 (200 mkm) + HEMPATHANE
HS 55610 (60 mkm).

Mpouecc hopMmpoBaHs NMEHKW aHTUKOPPO-
3MOHHOTO MOKPbITUSI BCEX BbILLENEPEYNCTIEHHBIX
MaTepuarnoB MpPOUCXOAUT MpU  OTpULATENbHBIX
Temneparypax (4o MuHyc 10°C), 4to B yCroBusix
XOINOAHbIX 3UM SIBMSIETCS BaXkHbIM Mokasarenem,
[aloLLMM BO3MOXHOCTb PaCLUMpUTL CE30H CTPOU-
TernbHO-MOHTaXHbIX U PEMOHTHBIX PaboT.

3ALUUTA BHYTPEHHEN NMOBEPXHOCTU

PE3EPBYAPOB

[ns 3aWnThl BHYTPEHHER NOBEPXHOCTU Mpu
BbICOKOV 06Opa4nBaeMocTn pesepByapoB, C
MEHSIIOLLMMCS B LUMPOKOM AManasoHe ypoBHEM
pasgena a3 pekoMeHAyeTcA monHas 3aluu-
Ta BCel noBepxHOCTU. CyLUecTBYIOT npakTuka
MOMHOW 3aLUMUTLl BHYTPEHHEN NOBEPXHOCTU pe-
3epByapoB, NpeaHa3Ha4YeHHbIX Takke Ana anv-
TENbHOTO XpaHeHUs NPOAYKLMU, T.€. NPU HU3KON
obopaynBaemocTu pesepByapoB. Takoi cnocod
3alMTLl pe3epByapoB ABMAETCA Havnbonee Ha-
OEXHbIM. P>
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[Ins 3aLWThl OT KOPPO3UKM KpyrNHorabapuTHbIX
pesepByapoB LUMPOKOE pacrpocTpaHeHWe — Mo-
TNYYUNN NAKOKPACOYHbIE MOKPbITUSI, HanbonbLLIMiA
achcpeKkT OT NpUMEHEHWs KOTOpbIX [OCTUraeTcs
npy  KBanMMULMPOBAHHOM HaHECEeHUU MaTepu-
anoB. 310 MaTtepuaribl Ha OCHOBE 3MOKCUAHBIX U
MOAUCULIMPOBAHHBIX 3MOKCUAHBIX, MOMNYpPETaHO-
BbIX, STUICUIIMKATHBIX U HEKOTOPbIX APYrnX CBs-
3YHOLLINX.

Cpeon npumeHsiembix JIKM  npoussoacTea
komnaHum «HEMPEL» GonbLuoii cektop 3aHumMa-
0T 3MOKCUAHbIE MaTepuarbl, uMmetolve obliee
HasBaHve HEMPADUR. 3nokcuaHble MoKpbITUs
MMEIOT 3HAUUTESNBbHYHO XUMUYECKYHD CTOMKOCTb U
BbICOKYHO  (PU3MKO-MEXaHUYECKYHD MPOYHOCTbL B
cpenax, coaepXallux cepy, CEepoBOAOPO, KUC-
niopozd v yrmekucnbin ras. Obrnagas BbICOKON 3a-
LLIMTHOM CMOCOOHOCTBIO B KOHTaKTe C HedThbio U
HedbTENPOAYKTaMK1, 3T MaTtepuarbl OTIMYatoTCs
XOpOLLIEN aAre3ven K CTanm B yCIOBUSIX SKCrnyaTa-
Lmn pe3epByapoB. B 3aB1CYMOCTM OT XUMUYECKOTO
cocTaBa MpUMEHSIEMbIX OTBEpaUTeneit: nonva-
MWHHBIX, MONMaMUaHbIX U MONMaMUaoaMUHHBIX
— MOKPbITUS 06NaaakoT CTOMKOCTHIO K BO3AENCTBUIO
BOAbI, HE(OTU 1 pasHbIX BUAOB HEPTENPOOYKTOB B
YCIOBUSIX MOMPY>KEHUS, @ Takke B YCIOBUSIX SKC-
nryarawym Npy BbICOKVX TeMMeparypax.

Mo copepxaHuio NeTy4mnx BELLEeCTB 3MoKCua-
Hble MaTepvanbl NoapasaensaoTcs Ha: MaTepuarbl,
cofepallume pacTBOPUTENN (CyxOM OCTaToK Me-
Hee 70%), MaTepuaribl C orpaHUYeHHbIM CoepXa-
HVeM pacTBopuTENeit (Cyxol octatok bornee 70%)
1 Matepuarnsl 6e3 pactBopuTens (Cyxol OcTaTtok

100%). Onsi 3awmtbl BHYTPEHHEW MOBEPXHOCTU
pe3epByapoB HAXoOAT NPUMEHEHVE MaTepuarbl C
pasHbIM COLEPKaHNEM NMETYy4MX BellecTB. CnekTp
npennaraemMblx komnanven «HEMPEL» matepua-
J10B O4€Hb LLMPOK.

Boree LLMPOKO NPUMEHSIOTCS B NPaKTUKke 3a-
LUMTBI BHYTPEHHEW MOBEPXHOCTW pe3epByapoB
aroKcuaHble  MaTtepuanbl, CoAepXallme pac-
TBOPUTENb, B TOM u4MCrie MOAUULMPOBAHHbIE
3MoKCUAHblE MaTepuarbl, HarpuMep 3MOKCUOHO-
KaMEHHOYTOMbHbIE,  SMOKCUOHO-HOBOMAYHbIe U
ap.  OnoKcUaHO-KaMEHHOYTOrbHbIE  Matepuarnbl
HEMPADUR LTC 15030 (obLieii TomLmHOM
300 mkm) 1 HEMPADUR 15130 (300 mMkm) xopo-
Lo 3apekomeHZoBany cebsi MpyU  BbINONHEHWN
@HTUKOPPO3UMOHHBLIX PaboT B mepuos Kanutarnb-
HOTO PEMOHTa HedTsHbIX pe3epByapoB, paHee
3KCNMyaTupoBaBLLMXCSt 6e3 nokpbITus. Matepuan
HEMPADUR LTC 15030 gaeT BO3MOXHOCTb Ans
NpOoBEOEHUs1 OKPaCcOYHbIX paboT npy oTpuLaTerb-
HbIX TEMMepaTypax OKpY>KatoLLEro Bo3ayXa BrroTb
no muHyc 10°C, a HEMPADUR 15130 — npwu no-
NoXuTENbHBIX (He Hwke +10 °C). DT matepuarnsl
COCTaBISOT HAMBONEE SKOHOMUYHBIE CUCTEMBI.

Cpenn anoKcuaHo-heHorbHbIX MaTepuaros
BbICOKME 3alLMTHbIE CBOWCTBA MPOSIBMISIET Marte-
pvan HEMPADUR 85671, obnagatomii Tepmo-
CTOMKOCTBIO B YCTOBUSIX MOMPY>KEHUSI B BOAHbIE,
BOAHO-HepTsHbIE Cpeabl, Cbipylo HedTb U B Mio-
Oble HedpTenpoykTel ¢ Temnepatypon o 90°C
1 JONyCTUMbIM rpaaveHToM Temnepatypbl 15°C.
Martepran HEMPADUR 85671 naet BO3MOXHOCTb
33Tl eMKOCTEN AJS MapoBOro KOHAeHcaTa U

Jykodn - Huxezopodckas o6nacme
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ropsiyeli Bofbl, a Takke J0MyCKaeT 04MCTKY OCTPbIM
napom fo 220°C.

[VrMeHnyeckue UCTbITaHUS OatoT paspelle-
HWe Ha ucnonb3oBaHue atoro JIKIM ans 3awwmTbl
pesepByapoB C NUTLEBOW BOAOW.

[Ins 3aWmTbl BHYTPEHHEN NMOBEPXHOCTN HOBbIX
pesepByapoB MyyLUMM BbIGOPOM, HECOMHEHHO,
Oynet nokpbiTe ycuneHHoro Tuna HEMPADUR
87540. 310 anoKeuaHbIN MaTepuarn, He cogepxa-
LLIMIA NETYYUX OPraHUYECKNX PAaCcTBOPUTENEN, HAaHO-
cALMIACS cneumnarbHbiM 060pyaoBaHMEM C ABOW-
HOW MUTaloLLel NMHMEN C MOAOrPEBOM Kakaoro
KOMMOHeHTa. Matepuan MOXHO HaHOCUTb 3a OAVH
npoxoa TOMWMHOW Cyxoi nneHku o 1000 mkm,
[risi pe3epByapoB BblbpaHa TomLLyHa B AvanasoHe
400-600 mkm. Cpok crnyx0bl AaHHOrO MOKPbITUSI
coctaensiet 6onee 20 net. Marepvan HEMPADUR
87540 TarKe LUMPOKO UCTONb3yeTcsi BO BCEM MUpe
[OnsI3aLLUTBITPaCCOBBLIXTPYOONPOBOAOBKAKBHY TP,
TaK 1 CHapy>ku. HaHeceHWe Kpacku OCyLLECTBAET-
Cs1 KaK B MOJEBbIX, TaK 1 B 3aBOACKMX YCIOB/SIX. m

3A0 «Xemnenb»

Poccus, 125167, MockBa,
JleHNHrpaackun NpocnekxT,
n.47, ctp.3

Ten.: +7 495 663 6815
®dakc:+ 7 495 663 6816
E-mail:
general-ru@hempel.com
www.hempel.ru

Mepmmpaxceas - Mepmckull kpad

TpaHcHegms - Kpacrodapckul kpai

BbICOKAA
BbICOKAA

KOPPO3UNHDIE NOKPbITUA

www.hempel.ru

HEMPEL




A 3AKPbITOE AKLUJMOHEPHOE OBLLUECTBO

". ¢ Wsonauus Tpy6 aHTMKOPPO3UOHHBIM NOKPLITUEM HA OCHOBE 3KCTPYAUPOBAHHOTO NONU3TUAEHA

PY3A «APY3A»

= [301AUMA CBAPHbIX CTbIKOB TEPMOYCaXKMBaOLMMMKCA
maTepuanamm B TPacCOBbIX YCNOBUAX;

= BHeapeHWe TEXHONOTUK HaHeCeHWUS M30MALMOHHbIX
matepuranos, 061aaatolmx NOBLILWEHHOW aare3nen.

= BeayTca CTpoUTENbHO-MOHTaKHbIe paboTbl Ha ceepe
TiomeHcKoi obnactu, B XaHTbi-MaHcuiickom
aBTOHOMHOM OKpyre.
= JluueHsusa PegepansHOro areHTCTBa No CTPOUTENbCTBY
W HUNULLHO-KOMMYH3aNBHOMY XO3AMCTBY
Ne C-4-56-03-27-0-5609000380-005606-1 ot 26 masa 2008r.

OCHOBHbIE BU/bl BEeATeNIbHOCTH:

= HaHeceHwWe OBYXCNOWHOW aHTMKOPPO3MOHHOMW N30AALUK
IKCTPYAMPOBAHHbLIM NMOAUSTUAEHOM Ha CTanbHble Tpybbl
AvameTpom ot 57 go 426 mm
TY-1390-004-11928001-01
TY-1390-004-11928001-04;

® BbINyCK NPOAYKUMM C TPEXCNOMHBIM aHTUKOPPO3UOHHBLIM
nokpsiTuem TY-1390-005-11928001-09;

= N3roTtoBneHne ABYXTPYBHbIX CEKLMIA C COBNOAEHUEM TEXHONOTUM
CBapKky, TepmMmoobpaboTKM CBApHOTO WBA, KOHTPOAA KavyecTsa 1
DanbHeNWero HaHeCeHNA U30NALMOHHOIO NOKPLITHA;

= /3roToBNEHWE OTBOLOB METOLOM MHAYKUWMOHHOIO Harpesa,

(3532) 36-62-47
Mourosoi agpec: 460052, r. OpeHbypr,
yn. Koucruryuum, 27

Oduc: OpeHbypr, yn. Koncrutyuum, 27
E-mail: druza81@mail.ru
www.druza.ru
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IHOBbBIIIEHHUE
PEMOHTOIIPUT'O/IHOCTH
OBPATHbLIX 3ATBOPOB

Improving the Reparability of the Return Locks

During the operation of the pipeline systems, there may
arise such conditions as, for example, when a pump or a co-
mpressor shuts down for emergency reasons, when there is a
process reduction in pressure on some section of the pipeline,
when the pipeline bursts, etc. which causes the medium to ba-
ckstream. In order to eliminate such a condition, the pipeline
components are used which allow the medium to move in one
direction only. The direction of the stream changes for the rev-
erse, these components close, preventing the backstreaming.
Such return components include return or check valves and
return locks.

A check valve ensures reliable sealing, however when it
operates on contaminated media, there is a possibility of the
locking element sticking in the guide component of the cover.
Due to the above, the check valves are normally used for small
nominal diameters for passage and clean media and in the re-
maining cases, return locks are in use.

According to the CE Standard 009-2008 of the Scient-
ific and Industrial Association of Pipeline Component Makers
being currently introduced into operation by the Scientific and
Industrial Association of Pipeline Component Makers «Pipeline
Components and Drives. Classification and Designation Syst-
emsy, this particular type of return locks is classified as follows:
A4.1.1.2 B4.1-7.1 C1 F0-5D1 P1.1 (16/25/40/63/100/160/200/
250) H1.1 W1.1/2.1 S1 09 [2.].

The lock consists of Housing (pipe) 1 whose ends are
made with the profile of an oval gasket and interacts with Entry
and Exit Flanges 14, connected together with Pins 12 and Nuts
13. Welded into Housing 1 is Shell 2 with a Ring Rib, through
the hole in which via Gasket 6, Seat 3 is attached, while on its
surface mating with the Shell, there is a ring groove, and in the
axial plane, there is a slot, in which Eye 4 is placed, which is
connected with the lugs of Dish 5 interacting, upon closure of
the lock, with its sealing fields with the reciprocating fields of
Seat 3 (Fig.1)

The salient features of the developed parametric range of
the return lock design have made it possible to:

1. Commonize the design and technical solution of the dish
and seat attachment unit securing them to the housing.

2. Isolate this component as a spare part (Fig. 3)

3. Use for the housing parts, the raw parts from the range wide-
ly used in existing pipeline systems, thus reducing the weight
characteristics of the locks which facilitates their installation
in the systems.

4. Use, for the purpose of carrying out medium and major rep-
airs, the spare parts which do not only lengthen the service
life of the locks but also reduce the time required for repairs.

5. Achieve a high degree of uniformity for parts which has pre-
determined the use of high technology equipment and reve-
aled the prerequisites for the new designs of return locks to
be created, for example, ref. Fig. 4.

So, the created design of return locks which are easy to
take apart into components improves their reparability and
considerably reduces their lead time. The launching into pr-
oduction of the innovative designs of the return locks based
on unification and type classification of embedded parts has
not only resolved the issue of improving their reparability
but in the environment of a small business enterprise, it has
enabled the lead time to be cut back irrespective of the pa-
rametric features.

A.J. WanaypuH
B.A. Youmues

B npouecce akcnnyartauum Tpy6onposoa-
HbIX CUCTEM MOTYT BO3HWKHYTb YCIOBWSI, Ha-
npuMep Mpu aBapuIiHON OCTaHOBKE Hacoca
VI KOMMPECCcopa, TEXHOIOTMYECKOM CHIDKe-
HUM JaBMEHWst Ha KakoM-nmbo yyacTke, npu
paspbiBe Tpybonposoaa W T.A., Korga MoToK
cpefbl U3MEHUT HanpaerieHne Ha obpartHoe.
[ns vcknioveHnst Takoro cryyasi NpUMeHsieT-
cs TpybonposoaHas apmatypa, kotopast npo-
nyckaeT Cpefly TOMNbKO B OAHOM HarnpaBrieHNM.
Mpy n3meHeHnn HanpaBneHns NoToka Ha 06-
paTHOe OHa 3aKpbIBaEeTCs, Npekpallas obpar-
Hoe aBwxeHue cpeabl. K obpatHon apmartype
OTHOCSITCA obpaTHble KnanaHbl U obpaTHble
3aTBOpbI.

9 %

000 «ApmTexCTtpoun»

r. Kypran

O6patHbIi KrmanaH no3eonsieT obecne-
YNTb HAOEXHYI0 repPMETUYHOCTb, OAHAKO Npu
pabote B 3arpsisHEHHbIX cpedax BO3MOXHO
3aefjaHvie 3anvparoLLIEro areMeHTa B Hanpas-
nsatoLLen YacTu Kpbiwkn. C y4eToM NpuseaeH-
Horo chakTopa obpaTHble knanaHbl 0BbIYHO
MPVUMEHSIOTCA ANS MaribIX YCIOBHbIX Aname-
TPOB MPOXOAa W YUCTbIX Cpef, B OCTaslbHbIX
crny4asx npuMeHsitoTcs obpaTHble 3aTBOpbI.

OpHoW 13 pas3HOBUAHOCTEW OBpaTHbIX
3aTBOPOB  SBMSIOTCS  3aTBOPbI  OBpaTHbIe
CTSDKHble C brnaHuamn nogd npuBapky, Ha
BbIMyCKe KOTOPbIX CrieuuanusvpyeTcs npea-
npuatme OOO «ApmTexCtpon» 1. KypraH.
(puc. 1,2) »
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Mo BBogumomy HINAA B fencTtBue ctaHaap-
Ty CE HIMAA 009-2008 «Apmatypa Tpybonpo-
BOAHas 1 npueodpl. Knaccudumkaums n cuctembl
0603HavYeHNs» AaHHbIA BUA, 0OpaTHbLIX 3aTBOPOB
KraccmmumpyeTcs:

A4.1.1.2 B4.1+7.1 C1 FO+5 D1 P1.1(16/25/
40/63/100/160/200/250) H1.1 W1.1/2.1 SI 09 |
2.1.

Mo yHKUMOHANBHOMY Ha3Ha4YeHUIO OHU
3aMeHsII0T obpaTHble 3aTBopbl TvNa 19c11HX3,
19nc111x3, 19:x11HXK3 B cTapoM 0603Ha4YeEHNM
no Tabnuue curyp. B puc.1 n 2 npvseneHs! ra-
BapuTHbIE pa3mepbl BCell NHENKN obpaTHbIX 3a-
TBOPOB, BbiMyckaembix OO0 «ApMTEXCTPON».

3aTtBop cocTouTt K3 Kopryca (Tpybbl) 1 Top-
Libl KOTOPOrO BbINOMHEHbI C Npodunem oBarnb-
HOV MPOKIaAKV ¥ B3aUMOLOEVICTBYIOT C BXOAHBIM
N BbIXOAHbIM braHuamu 14, coegMHEeHHbIMU
mexay cobov wnunekamu 12 v ravikamu 13. B
kopnyc 1 npvBapeHa obeuvarika 2 C KOnMbLEBbIM
pebpom, Yepe3 oTBepcTME B KOTOPOM 3akperre-
HO Yepes npoknaaky 6 ceano 3, a Ha ero conps-
raemoni ¢ obeyarikor MOBEPXHOCTV BbIMONHEHa
KornbLieBasi KaHaBKa 1, B OCEBOI NIMOCKOCTW, Nas,
B KOTOpPblE MOMeLLeHa NpoyLunHa 4, ocbto 8 coe-
OVHEHHas C yLIKamuy Tapernku 5, B3anMogencTBy-
tOLLIeV NPV 3aKPbITM 3aTBOPA YNIOTHUTENBHLIMM
nonsiMm ¢ oTBeTHbIMM nonsmu ceana 3. (Puc. 1)

OTnuunTenbHble 0cobeHHOCTU paspaboTan-
HOW NapaMeTPUHECKON NUHENKN KOHCTPYKLIMN 06-
paTHbIX 3aTBOPOB MO3BOMNNMN:

1. YHUMLmpoBaTh KOHCTPYKTUBHO-TEXHUYECKOE

Puc. 3

3/H (03) nroHb 2009 r. BKCNO3ULINA HEDTb A3

peLLeHue y3na KpernreHns Tapenku n ceana c

KOPMyCOM.

2. BblgenuTb 3T10T y3en B o1aenbHbIn SAM.
(pnc.3)

3. MNMpumeHnTbL Ans KopnycHbIX AeTanew 3a-
FOTOBKY 3 COPTAMEHTA, LUMPOKO NMPUMEHSI-
€MOro B AeCTBYHOLLMX TPyOONpOBOAHbIX
cucTeMax, TeM CaMbIM MOHM3UTb BECOBbIE
XapaKTepuCTUKV 3aTBOPOB, YTO obrervaet
MX MOHTaX B CUCTEMAX.

4. MNpuMeHNTbL ANs NPOBeAeHNS CPeaHero 1
KanutanbHoro pemoHToB 3UI1, He Tonbko
NPOZANEBaOLLMIA CPOK CIY>KObl 3aTBOPOB,

HO M CHIDKaIOLLMI BPEMEHHbIE 3aTpaTbl Ha

PEMOHT.

5. [loCTNYb BICOKYIO CTENEHb YHUMMKaLMK
[etaren, kotopasi npegonpeaenvna npuve-
HEHWE BbICOKOTEXHOMOMMYHOrO 06opyaoBa-
HUWS1 1 BbISIBUMA NPEQNOChINKA AN CO30aHns
HOBbIX KOHCTPYKLMI 0BpaTHbIX 3aTBOPOB
(Hanpvmep cm. puc.4).

Takum obpasom, nerko pasbupaemas Ha co-
CTaBHble AeTanu co3aaHHasi KOHCTPYKLUMsA obpat-
HbIX 32TBOPOB MOBLILLAET VX PEMOHTOMNPUIOAHOCTb
N CYLUECTBEHHO CHWXaEeT CPOKU W3rOTOBMEHNS.
OcBOEHWE MHHOBALIMOHHBIX KOHCTPYKUM obpaT-
HbIX 3aTBOPOB, OCHOBAHHbIX Ha YHUUKaLIM U TU-
nM3aumn 3aknagHbIX AeTanei, He TorNbKo PeLumno
3a7a4y MOBbILLEHVNS PEMOHTOMNPUIOAHOCTU, HO Y
B YCINOBUSIX Marioro NpeanpusiTisi NO3BOMNMIO Co-
KpaTWTb CPOKW BbIMOSTHEHUS 3aKa30B BHE 3aBUCK-
MOCTM OT UX MAaPaMETPUYECKUX XapaKTEpPUCTUK.

2

HemanoBaxHbIM SBRsieTcs U TOT hakT, YTo Ha
BCIO BbINyckaemyto MpoAyKUMIO cneupanvcta-
M OOO «ApmTexcTpoii» Obina paspabotaHa
COOCTBEHHasi KOHCTpYKTOpcKasi [AOKyMeHTauus,
3aluyLleHHas nateHTamun. Bes npoaykums ceptu-
dmumposaHa locctaHgaptom P®. PykoBogcTtso
KOMMaHUu BblpaxaeT GriarogapHoOCTb CBOMM MO-
CTOSIHHbIM 3aKa34ukaM 3a MPOSIBNEHHbIN WHTe-
pec K HOBOW MPOAYKUMN N HAJEETCS Ha CTOMb e
yCMeLIHOEe 1 B3aVMOBbIFOAHOE COTPYAHUYECTBO B
[ansHenwemM.m

CMUCOK INUTEPATYPbI:

1. Wnakos O.H. TpybonpoBoaHas apmarypa.
CnpaBoyHuk cneumanucta. 2007 .

2. MOCT 27.002-89 HapgexHOCTb B TEXHUKE.
OcHoBHblE NMOHATUSA. TepMyHbI 1 onpeae-
NEeHmsI.

3. CeiiHoB C.B. TexHonorum 1 o6opyanosaHve
MErKOro peMoHTa apMaTypbl. VIHCTPYMEHT.
—M.:2004.

4. mBpuukmin M.U. PemoHT apmatypbl.- M.JT:
[ocaHeprounsaar, 1963.

5. MateHT P® Ne78281 3atBOp 0OpaTHbIN .
LWaHaypuH AJ1., Ydpumues B.A. v ap. 2008 .

6. MateHT PO Ne79967 O6paTHbIN KranaH .
MartseeB A.B., l'ypbsiHoB A.B. 1 ap. 2008 .

7. 3asBka B OIY dUMMC Ne2008139541
3aTtBop 0bpaTHbIi. Yumues B.A., MaTteees
AB.

8. 3asiBka B ®IY OUIMIMC Ne2008118872 3a-
TBOp 06paTHbIn. LLaHaypuH A.J1., NypbsiHoB
AB.

5

15 4

Puc. 4

000 «ApMTEXCTPOI» CreLManvavpyeTcst Ha Beinycke Tpy6onpoBoaHON apMaTypb! M MPUBOLOB PyYHOTO yrpaB-
nexvst apmarypoii. MpeanpusiTuemM oCBOEHa 1 3anyLleHa B CepuiiHOe NPOM3BOACTBO CriefytoLlasi HOMEHKMa-
Typa npoayKUmm:

* 3atBop 00paTtHbIr 19¢c11HX, 19nc11HX, 19HX1THX
 KnanaH 3anopHbin 15¢68Hx, 15nc68HX, 15HK68HX
* BeHTunb mronbyatbi 15546k, 15nc546k

000 «ApmTexCtpoun»
r.KypraH,

yn.Kynbbliwesa, 144, ctp.2
1.(3522) 60-10-52, 46-36-81
e-mail: zss_sale@mail.ru
www.armtehstroy.ru

* BeHtune maHomeTpudeckun BIMOM, B3
* Pasgenutens cpen (perynsatop AaBneHust)
* PenykTop koHnyeckun Tvn B, I, [

Bcsa npoaykums ceptudmumpoaHa MocctaHgaptom PO. Npu pa3meLleHre KpyrnHbiX 3aKa3oB AENCTBYET cucTe-
Ma CKWIOK.
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YHUKanbHble pu3nmyeckme U XMMmuyeckue CBOMCTBa MeTansnMyecko pTyTU npeaonpeaensioT eé WMpoKkoe NpMMeHeHne B pasfiMyHbIX
oTpacnax. OHa ucnonb3yeTcs B Ka4eCTBe peareHTOB, KaTanin3aTopoB, 3NeKTPOAOB ANsi NONlyYeHMUs Xropa U KayCTUYecKon coabl, NecTu-
UMAo0B, NPOTUBOOGPACTaOLWMX KPacokK, amarnbram npu Aobblye AparoueHHbIX MeTannoB (B YaCTHOCTM 30J10Ta), a TaKkKe B PasfU4HbIX
npubopax (TepmomeTpbl, 6apomeTpbl U AP.) U INEKTPOTEXHUYECKUX U3penusax (PTyTHble 6aTapeiiky, NIOMUHECLeHTHbIe namnbl U Ap.).
OfHM TONBbKO NMIOMUHECLIEHTHBIE NTaMbl, UCMONb3yeMble Ha Tepputopumn Poccum, copepxart 6onee 500 T meTannuyeckon pTyTu.

YCTAHOBKA

«QKOTPOM-2» _

OOPDPEKTUBHOE PEHIEHME ITPOBJIEM YTHJIM3AIIUN PTYTBCOAEPKAIIIUX
JIIOMUHECIHEHTHBIX JIAMII

«ECOTROM-2» UNIT —AN EFFECTIVE SOLUTION TO DEAL
WITH THE PROBLEMS OF UTILIZING MERCURY CONTAIN-
ING FLUORESCENT LAMPS.

The unique physical and chemical properties of the metallic
mercury pre-determine its wide application in various industries.
It is used as an agent, catalyst, electrodes to produce chlorine
and caustic soda, pesticides, anti-fouling paints, amalgams for
the extraction of precious metals (specifically, gold) as well as
in various instruments (thermometers, barometers, etc.) and
electrical engineering products (mercury batteries, fluorescent
lamps, etc.). All the fluorescent lamps used just in the territory of
Russia only contain more than 500 tons of metallic mercury.

Mercury is one of the most hazardous metals contaminat-
ing the environment. The wastes which contain it, are referred
to (the most hazardous) hazard class 1. At the present time, in
Russia, no fewer than 140 million fixtures with mercury low pres-
sure lamps and approximately 13 million ones with high pres-
sure mercury lamps are in service simultaneously. In view of this,
special consideration is given to creating specialized units for
the utilization of the mercury containing wastes. The most effec-
tive system at the moment is the technology implemented in the
«Ecotrom-2» unit.

The «Ecotrom-2» unit makes it possible to extract from
each lamp, together with the phosphor, 95-97% of the mercury
contained in it. The balance of the mercury is adsorbed in the
adsorber on activated carbon.

The «Ecotrom-2» unit is characterized by high productiv-
ity and low specific energy consumption (per one lamp to be
utilized). Thus, for example, at total power consumption equal
to that of the heat units, the «Ecotrom-2» unit is much more pro-
ductive (up to 1200 lamps per hour, while the production rate
of the heat units is only 180-200 lamps per hour). No mercury
vapors are discharged during the operation.

The operating principle of the so called «cold and dry» vi-
bratory and pneumatic «Ecotrom-2» unit is based on separating
mercury lamps into two main components: glass, metallic base
and the mercury containing phosphor. The glass debris cleaned
from mercury and the metallic screw bases (aluminum and steel)
are used as secondary raw materials. The mercury containing
phosphor is de-watered using the heat or chemical method.

The Unit consists of two basic modules: the unit for lamp
separation consisting of the loading unit, the pneumatic and vibra-
tory separator with a crusher, the cyclone and the cleaning system
which comprises a sock filter, an adsorber and gas blower.

The «Ecotrom-2» units are installed in Moscow, St. Peters-
burg, Kiev, Perm, Belgorod, Novosibirsk, Krasnoyarsk, Vorkuta,
Lytkareno, Chekhov, Talny.

1990

B.H. TUMOLUUH
K. M. TUHAKOB
I.B. MAKAPYEHKO

PTyTe — 0AWH 13 cambIx OMacHbIX 3a-
FPA3HSAIOLLMX OKpYXalolLyto cpedy MeTan-
noB. OTxodbl, B KOTOPbIX OHa COAEPXUTCS,
OTHOCSITCS K NepBoMy (Hambornee onacHomy)
Krnaccy onacHoCTy.

B Hactosilee Bpems B Poccum egu-
HOBPEMEHHO 3KCMIyaTUPYIOTC He MeHee
140 MPH. CBETUIBHWMKOB C PTYTHbIMK Nam-
namu HU3KOro AaBneHus 1 nopsgka 13 miH.
CBETUMBHUKOB C PTYTHBIMW Nlamnamu BbICO-
Koro AaeneHus. B cBasu ¢ atum ocoboe BHM-
MaHue y[ensietcs cos3faHuto creumarnbHbIX
YCTaHOBOK Anst yTUNu3auumn pTyTbcoaepxa-
LLIMX OTXOZOB.

Camoit ahpeKTMBHOM CUCTEMOWN B Ha-
cTosILLiee BpeMsi SIBSETCA TEXHOMNOrusS, pea-
NIM30BaHHas B yCTaHOBKE « DKOTPOM-2.

YctaHoBka  «3KOTPOM-2»  NO3BOMSET
BMeCTe C IIOMUHOMOPOM W3BneKkaTb W3
Kaxgon namnbl He MeHee 95-97% copep-
Xaluewnca B Hen ptyTn. OcTaBllasics YacTb
pTyTV nornoliaetcs B agcopbepe Ha akTui-
BMPOBaHHOM YrTie.

YctaHoBKa «JKOTPOM-2»  OTNMYaeTcs

BbICOKOW MPOM3BOAUTENBHOCTBIO U HU3-
KOW yOenbHOW (B pacyéTe Ha OAHY YTUmm-
3UpyemMylo  flamny) 3HEeproémKkocTbro. Tak,
npy paBHOM C TEPMOYCTaHOBKamu obLLeM

K. T. H.
00O «HIM «3koTpom»

r. MockBa

noTpebneHnn 3nekTPO3Heprn ycTaHoBKa
«OKOTPOM-2»  HaMHOTO  MPOM3BOANTENb-
Hee (go 1200 namn B 4ac, B TO BpeMs Kak
NPOV3BOAUTENBHOCTE  TEPMOYCTAHOBOK  —
180-200 namn B Yac). VickntodeHbl BbIGPOChHI
napoB pTyTu B npoLecce paboTbl.

MpvHUMN [encTBus Tak HasbiBaeMOW
«XOMNOZHOM U CyXoWl» BUOPOMHEBMATUYE-
CKOW YCTaHOBKM «OKOTPOM-2» OCHOBaH Ha
pasfeneHun pTYTHbIX flaMn Ha OCHOBHblE
coCTaBnsAloWMe: CTEKNo, MeTannmyeckve
LIOKONMU U PTYTbCOAEPXaLLmiA FIIOMUHOMOP.
OuuLLeHHble OT pTyTW cTekrnobon n metan-
JIMYecKMe LIOKONM (anoMuHueBbIE U CTasb-
Hble) UCMONb3YHTCS Kak BTOPUYHOE CbIpbe.
PTyTbcomepxawmii  nommHodop obe3spe-
XKMBAETCA TEPMUYECKUM WU XUMUHECKUM
METOZOM.

YcTaHOBKa COCTOUT W3 [BYX OCHOBHbIX
GrnoKoB: yCTPOWCTBa pasfeneHns nammn, co-
CTOSILLIEro 13 y3na 3arpy3ku, THeBMo-Bubpa-
LIMOHHOTO cenapaTopa C ApOoBUIKON, LKIo-
Ha U CUCTEMbI OYMCTKN, BKMOYatoLLen B cebs
UnLTp pykaBHbIN, agcopbep v rasogyBky.

YcTaHoBKM  «OKOTPOM-2»  pasMeLLEeHbI
B Takux ropogax kak Mockea, C-lNeTepbypr,
Kves, [Mepmb, Benropog, HoBocubupck,
KpacHosipck, BopkyTa, JTbiTkapuHo, TanHax. m

000 «HIMM «3KOTPOM» ocHoBaHo B1990r., sBnsieTcst Nnuaepom B obrnact 06e3BpexmBaHns pTyTbCo-

AepKallnx 0TX040B U NPpoM3BOAUT YCTAHOBKM ONA nepepaGOTKM OTpa6OTaHHbIX JNIIOMUHECLIEHTHbIX Nlamn

2KOQTPON

117556, MockBa,
Bapwasckoe wocce, 93
Ten./dpakc: (499) 619-1736
Ten.: (499) 794-1190
E-mail: info@ecotrom.ru
www.ecotrom.ru

TMna «OKOTPOM-2».
OKOJIOTMYECKU BE3OIMNACHAA,
TENbHASA YCTAHOBKA «3KOTPOM-2» nmeeT cnepytoLine napameTpbi:
* npounsBoguTensHocTb 150-1200 wr./vac;
* 3HepronoTpebnenune 3-11 kBt/uac;
 3aHMMaemas nnowaab 20 M2,
YcTaHoBKka «QKOTpOM-2» 3awiuiieHa nateHTamu P® 1 oTBeyaeT 3KONOrnMYyeckMM U caHUTapHo-
rurneHuveckum tpebosanHusim, B 2008 roay yaoctoeHa 3onoTtoin meganu Ha 1-om Bcepoccuii-

ckoM KoHkypce «KONOImMA POCCUN».

PECYPCOCBEPErAIOLWASA, BbICOKOMPOM3BOON-
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3/H (03) nroHb 2009 r. BKCNO3ULINA HEDTb A3

OcHOBHbIe TPYAHOCTU NpU onpeAeneHNN napaMeTpPoB PCKUX konnektopoB (KOC ) cBA3aHbl € CyLeCTBEHHON HeOAHOPOAHOCTLIO pas-
pe3a, TOHKOCIIOMCTLIM YepeaoBaHUeM MPocsioeB (Makpo- U MUKPO-NepeciauBaHne), 3HaYMTeNbLHOM 3arfIMHU3UPOBAHHOCTLIO Nopoa.

BbIIEJIEHUE KOJIJIEKTOPOB IOPCKOI'O
IHNPOAYKTHBHOI'O KOMIIVIEKCA
IOTAHCKOI'O IPUOBbA

tOpckue OTNOXeHWst MpeacTaBneHbl Tep-
PUreHHbIM KOMMMEKCOM, B KOTOPOM pasfnyatoT
necyaHuKW, aneBponuTbl, MMWHbI, aprunnuTbl U
NMPOMEXKYTOUHbIE PA3HOCTU.

Mpu BblgENEHNM KOMNMEKTOpPOB B paspese
TIOMEHCKOM CBUTbI TOMbKO MO Ka4eCTBEHHbLIM
npu3Hakam BO3HUKAIOT OrpedeneHHble Tpyad-
HOCTW, CBsi3aHHble C 0COBEHHOCTbLIO reornornye-
CKoro cTpoeHust Tonwwm nnacra KOC. Amnnutyga
oTpuuarensHon aHomanum CI1 B aTux nnacrax
MWHMMarbHa, 0CO6EHHO B NPOAYKTUBHOM YacTu.
31O CBHA3@HO C YCMOBUSIMW 3aneraHusi nopog-
KOMMEKTOPOB, T.K. BMeLLarLLMMy nopogamu Ans
HMX 3a4acTylo CryKaT WMEHHO YMIOTHEHHble
pasHocTu. Takke He ycTaHaBNMBAETCS paavanb-
HbIli FPaJVEHT COMPOTUBIEHWIA NO Pa3HOryBuH-
HblM 3oHAam BK3, ckasbiBaetcsi 3HauuTenobHoe
BMUsIHWE aHM30TpoNuK pa3pesa. Kpome Toro, He
BE3/1e BbIAENSIOTCS KOMMEKTOPbI MO TakuM Kade-
CTBEHHbIM MpU3HaKaMm, Kak npupaLLeHne MUKpo-
30HOOB U HaNuU4me rMMHUCTON KOPKW.

[na noBbIWeHWs1 HaOeXHOCTU BblaeneHus
KOMMEeKTOpoB B MPOAYKTMBHOM YacTu nnacrta
HOC2 HeobxoauMo MCMonb30BaTh KONMYECTBEH-
Hble npu3Haku. K Konn4yecTBeHHbIM Mpu3Hakam
OTHOCUTCH OTHOCUTENbHAas amnnuTyaa Ha gva-
rpamMmax MoTEHLUMAnoB CamOMNpOM3BOIIbHOM Mo-
napusaumm & ;- 1 BeENUYMHA ABOMHOMO pasHOCT-
HOrO MapameTpa raMMa-kapoTaxa AJy .

L AUy
“ E SMAX

WHTerpanbHana kpuBas pacnpeaerneHus no
ABOWHOMY pasHOCTHOMY napameTpy Ark

A.P. EHUKEEB

BEYLLMIA CNIeLmManucT OTAerna reororo-TexHo-

r. HedpTetoraHck

NorM4ecknx  mopaenen n paspaboTkm MecTo-
poxaeHuit OO0 «HOraHckHUMU»

me AU, — awnmryaa aHomanan
B WHTepripeTupyemom nnacte, Eg, ..
MaKcuMaribHas aMmnnmTyaa Ha ydacTke paspesa.

_ Iyx_lymin
;=
]y max _Iy min
e L, > L, s Ly min - 3HAYEHVSI perMCTpU-

pyeMbIX MIHTEHCUBHOCTEN B U3y4aeMOoM nnacte v
nopogax ¢ MUHUMArbHOW U MakCcMarbHOW Ans
[AaHHOTO paspesa pagnoaKTUBHOCTBIO.

[ins BblAENEeHNs KOMNEeKTOPOB UCTONb3YHT-
CA CTaTUCTUYECKNE XapaKTepUCTUKW BbIGOPKM
3HaYeHUI reoU3NYHECKNX NapameTpoB, B YacT-
HOCTM OTHOCSLLMXCS K 0OObeKkTaM NepBoro v BTO-
pOro KraccoB (KONMEeKTOpOB W HEKOMMEKTOPOB).
B kayecTBe cTatMCTU4ECKMX XapaKTEPUCTUK Bbl-
BGOpOK UCMONb3YTCA UHTErparnbHble YHKLMM
pacnpegeneHns napameTpoB Ans 0bObekToB
KOMMEeKTOpPOB M Hekonnektopos. W3 rpadumkos
crnenyer, YTO rpaHVYHble 3HaYeHWs NapameTpoB
coctasnsitor:  Gen *=0,27, AJ, *=0,49. Pe-
3ynbTathl NpuBeAeHsl B puc.1((a) — no ABoHOMY
pa3HOCTHOMY MapameTpy AJy ; (6) — no ot-
HOocUTeNbHOMY napameT¥c; ). [Ana peanusa-
Lmmn JaHHoro crocoba Obin npousBeaeH pacyeT
31 cKBaXWHbI C NOMHbIM kKoMnnekcom MNC.

Takke BBedeM  OTHOCUTEMNbHbIM  nNa-
pametrp [K, paccuMTtaHHbIn Mo opmy-
ne J,=L/1,, .t¢e IY ,IW - 3HAYEHUS NH-

TEHCVIBHOCTEN B pacCMaTpyvBaEMOM 1 OMOPHOM
nnactax. COOTBETCTBEHHO rPaHNYHbIN NapameTp

cocrasnset J, *=0,75. (puc.2). CpasHuM B Aarb-
HeliLLeM ABOVIHON Pa3HOCTHbIV METOZ, C OTHOCK-
TenbHbIM no K.

Mo pesyneratam wccrnegoBaHUs KepHa, no
AMHaMMYeckoMy KOIMULIMEHTY MOPUCTOCTU 1
OTKPbITOMY KO3(hOMLIMEHTY MOPUCTOCTU ObINo
BbISIBMIEHO TPaHUYHOE 3HayeHWe MOpPUCTOCTM:
K., =11-12% (puc.3).

[Ina HarmsgHOro BbiAENEHVS KOMNMEKTOPOB
Mcrnonb3oBasncs NporpamMmmMHbIn komniekc Petrel.
MpoBepka BblAeNeHns KOMneKTopoB NPOVUCXOAN-
na C WCMomnb30BaHMEM MPSMbIX Ka4eCTBEHHbIX
MPW3HaKOB: 3TO KapoTaXu MWKPO3OHOOB W Ka-
BepHomep. NNoTHble U yronbHbIe NPOMNNAacTKu
Bbigensnmce npu nomowym HKT n MK (no Munn-
MarbHbIM 3Ha4YeHVsM obovx MeToaoB). Ans noa-
TBEPXKOEHNS UHTEPBAroB BblAENEHHbIX NPOoayK-
TUBHbIX MPOCMOEB, KaK NMPaBurio, Npuenekancb
[AaHHble UCTIbITaHWUI 1 ONPOBOBAHSI CKBAXKWH.

Takum o6pasom criegyer OTMETUTb, YTO
npy BblAeneHnn kornekTopos B nnactax HOC
MCMONb30BanMCh Kak KayeCTBeHHble, Tak U Ko-
NMYyecTBeHHble NpuaHaku. B kayecTBe komu-
YEeCTBEHHOrO MNpu3HaKa Konnektopa cnegyeT
NPVUHUMATL 3Ha4YeHVe ABOVHOMO PasHOCTHOrO Na-
pametpa AJ, =0,49, npy rpaHU4HO NMOPUCTOCTU
Kn=11-12%. (puc.4).

B HOpckoM npomykTvBHOM KOMMIEKce Bbl-
[enatb  KonnekTopbl Gonee addekTMBHO Mo
MeTody ecTecTBeHHoW paamoaktusHoctu (M) B
CPaBHEHWUV C METOAOM MOTEHLIManoB caMonpo-
M3BOMbHOM Monspu3aumy, MpUMeHsieMoM  Ans
BblLLEe3aneraowyx oTtnoxeHnn. K tomy xe b

MHTerpanbHasa KpuBasa pacnpegerneHus no
gTHOCUTENLHOMY NapameTpy Acn nnacTa
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raMma-meToz, TECHO CBSA3aH C 06beMHON MMUHK-
CTOCTbIO MOPOA, a CNeAoBaTerlbHoO, U C KOonmek-
TOPCKUMM CBONCTBAMMU.

OueHnBasi MHAOPMATMBHOCTb ABYX KOMuW-
YeCTBEHHbIX MPU3HAKOB MO «YBEPEHHbIM» Kade-
CTBEHHbIM NpY3HaKam, NPUXOAVM K BbIBOAY, HTO
BblaeneHne konnektopoB HOpPCKMX OTNOXeHWi
Havboriee MOMHO OTpaxaeT ABOWHON PasHOCT-
HbIi NapameTp ramma-kapoTtaxa (6onbLion %
nonagaHns  KonmneKkTop-HeKomnmekTop no cpa.-
Henmio ¢ %cp 1 J, ). YenewHocTb Bbigene-
HUSI KOMINEKTOPOB MO ABOVHOMY Pa3HOCTHOMY
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metoay coctasnser AJ,  =91,7%, no oTHocu-
TenbHomy K J, =33%.

To ecTb B KayecTBe KONMYECTBEHHOrO Mpu-
3HaKa Konnektopa crnefyer MPUHMMaTbL 3Ha-
YeHVWe [BOWHONO Pa3HOCTHOrO napameTtpa
AJ,=0,49, npu  rpaHM4HOM  MOPUCTOCTM
Ky, =11-12%.

[aHHyto MeTOAVIKY HeOBXOAVIMO UCTONL30BaTb
npu orpaHn4eHHoM Kkommnekce MNC, B HaKMOHHbIX
3KCMIyaTaLMOHHbIX CKBaXWVHaX, KOrda HeT BO3-

MOXHOCTU BbIfEMNEHNST KOTMEKTOPOB MO MpSiMbIM
MeToaam (KaBepHOMETPUS Y MUKPO3OHbI). B

AOOBbIYA /| TEXHOIIOIMKU

CMUCOK NUTEPATYPbI

1. Hay4yHO-TEeXHUYECKNA BECTHUK
«KapoTaxHuk» (Bbinyck 3-4(116-117)).
TBepb: 2004r.

2. Hay4yHO-TeXHUYeCKNi BECTHUK
«KapoTtaxHuk» (Bbinyck 66).

TeBepb: 2000r.

3. WakupoBA.®. KapoTax, ucnbitaHue,
nepdopaunsa n TopnegupoBaHue
CKBaXWH. — Ml3agaTenbcTBO
«Heppa»,1987 r.
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Puc.4 Buigenenue konnektopoB HOpckoro MpoayktueHoro Komnnekca

WHTerpancHas KpUBaA pacnpegeneH

120

N HoMy
napameTpy Ark nnacra HOC2

ConocTaeneHne OTKPLITOW W AMHAMHUYECKOH NOPHUCTOCTH NO

Kn gun
9

100

IM AaHHLIM NNac rp. KOC

80

60

40

6 Kn awe = 13.181Ln{Kno) - 31.673
R =0.6435

20

Kno

Puc.2 UnTerpanbHble hyHKUMA pacnpeneneHys napamerpa Jy

Puc.3 ConocraBneHune OTKpbITOM 1 AUH-KOW MOPUCTOCTU MO KEPHOBLIM AaHHLIM

27
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ITpoBoauTcs noa narponarom Komurera no snepreruxke I'ocynaperBennoii Jlymbr P@®

8-10 N -
aeKaops i
2009 .

MockBa,
IBK “Oxcnouentp”

ITPOMBIIIVIEHHOCTb POCCHA

BbICTABKH
HE®TEFA30BbIN ¢ FASOHE®TEXUMUA
NMOTEHUWMAI POCCUU () GAZONEFTEKHIMIA

OIL AND GAS POTENTIAL OF RUSSIA £

MAJbIE NMPEANMPUATUA -

POCHE®TEIA3MNMNPOM b HE®TEFA30BOMY KOMIUIEKCY
ROSNEFTEGAZPROM SMALL ENTERPRISES FOR OIL AND GAS COMPLEX

HAEJIOBAS ITPOT'PAMMA :
MexayHapoaHbli TOINIMBHO-9HEPIreTUYCCKUN U Ta30HEPTEXUMUYECKUN KOHIPECC

IMpu noaiepskke:
Munucrepersa snepreruku Pd, Coroza nedrerazonpombiinieHHuKoB Poceun,
Coro3a npousBojauTeeld He)TerazoBoro 060py/10BaHHUsA.

BHUMAHWE: Jupexnua @opyma: 000 “Irenodpokep™ OQuimanbHbiii caiiT BHICTABKH
Tembl qokaanos, ©.H.0., 10/KHOCTh TOKJIATYHKOB (499) 760-31-61, (499) 760-26-48, " y .
npeaocrapunTh 10 10.11.2009r1. B 21eKTPOHHOM BHIE (499) 760-27-86, bild@bk.ru. WWW.LXP()blOkCr.rU

ru ru

Mpeanpuatus TeHpepsbl
Meponpuatus Hoeoctn
Bubnuoreka AHanuTuka
CnpaBo4HKKK LleHbl Ha HedhTb
BakaHcuum KoTnpoBkun akumia
ObbaBneHns BupeopenopTaxu
Katanor CMW [OCTel

(8552) 38-51-26
neft@expoz.ru
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L) Ananax

NocraBxka npuGopos
Hepa3pywalollero KOHTPona:

- nnAa auyc*ruuo-:muccuouﬂoi«i AMArHOCTUIKW;
— ANA yNbTPa3ByKOBONOIKOHTPONA;
— ANg BUGPOANAGHO GRS

dKcnepTN3a Ge30NaACHOCTN ONMACHE

NPOMbILINIEHHbIX 00be

R
Lol
"

KOM3 «CBAPKA»

NMPOM3BOACTBO CNELMANU3INPOBAHHOIO CBAPO4YHOIO
OBOPYOOBAHMA ONA CTPOUTENLCTEBA U PEMOHTA TPYBOMPOBOOOB

ABTOMATHUHYECKME MOOEPHMU3IUPOBAHHLIE
TPYBEOCBAPOUYHLIE CTAHKM

KOMMNNEKCHI
e BTC-142B, CCT-141, BHC-81, noaroToBKM KPOMOK
MAY-502A, NAY-1001B THUMNA MK

__ UEHTPATOPBI ArPErATbl ;
BHYTPEHHME CBEAPOYHLIE &
i 1 HAPYXXHbLIE

OT 1 10 8 MOCTOB: AC-104,
ACT-108, AC-42 (AC-42A)
YCT-22, YCT-41, AC-44, AN-21

UB, U3, UT3 ( 57-1420 MM)

Ten.: +7 (495) 500-75-19, 782-86-53, 745-07-62
ren./cpakc: +7 (495) 721-18-81/67/97, +38 (044) 426-7-426

www.svarka.kiev.ua e-mail: kemzsvarka@yandex.ru
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ALLRUS

PELUEHME 3AMIAY TPAHCTIOPTHPOBKM M NEPEPAGOTKH HE®TH
150-neTHui onbIT pa3palioTkk M NPONIBOACTEA HACOCOR

-~

000 "ANNLPYC"

0. 16, ctp. 2, a1am 3

yn, KpacHonponerapckasn

127473 Mocksa [ Poccus

Tan.: +7 495 9566167
+7 495 9566169

@ake: +7 495 9566168

E—mall: info@allrus.ru

& AAN/bPYC

3A0 "ANNbLPYC-Npoext"

n. 16, ctp: 2, atax 3

yn. KpacHonponetapckas
127473 Mockea / Poccuna
Ten:: +7 4959566210
Maxc: +7 495 9566168
E-mail: office@allrus.ru
wiww.allrus.ru

rPYNNA
KOMMAHW

pynna komnaxmin ANTNBEPYC -
SKCKIMIO3MBHBIN MNOCTaBLLUMK HACOCHOro 060—
pynosaHus Colfax Corporation / ALLWEILER
(Ffepmanus), HOUTTUIN (Hupepnarast),
IMO (CLUA), WARREN (CLUA), ZENITH
(CLWA), a Tarxe LUTZ (F'epmanus) n LEWA
(MTepmanuvs) NpeanpUaTUSM HethTerasoBoro,
XUMUYECKOrO, SHEPIrETUHECKOro N APYIrnX
komnnekcos Poccuu v ctpan CHI,

000 "ANNbLPYC-Yxpanna" ALLRUS Maschinenhandels GmbH

n. 36, ocbuc 197 Europaring F 10202 / campus 21
yn. WMieana Masensl 2345 Brunn am Gebirge / Austria
01010 Kuee / YkpawHa Tel.: +43 1 B6670 22161

Ten.: +380 44 2299122 +43 1 BEEV0 22162

Marec: +380 44 2514740 Fax: +43 1 BE670 22176
E-mail: info@allrus.com.ua E-mail: office@allrus.at
www.allrus.ru www.allrus.ru

www.allris.ru

Ca—--

HP - ifnd &8s
| P ampany
- Corporation AUWEILER Pump

HOUTTUIN

@‘ ’
Pumps

Zgnith

pumps+systems

=

YnTpasBykoBo# cyeTuuk rasa «lfoBoit»

* CYyeTuynKk MOXeT paaMmewiateca Ha
OTKPBITOM BO3AYyXe WU B MNOMELLUeHUAX
NYHKTOB y4yeTa rasa u npegHasHadeH ans
paboTel B WHTepBane TemnepaTyp
oKkpyxatoLuen cpegbl -35 +50° C. imeeT BCTPOEHHYIO KOPPEKLMIO Mo
TemnepaType U AaBNEHWUIO.

*CYeTYUKM MMET B3pPbIBO3ALWMWEHHOE WCMNONIHEHUE.
= [ny6rHa YacoBbIx apxuBoB 45 cyT., cyToMHbIX - 300 cyT.,, MecsuHbIX > 2 net.
* [INsi CYMTBIBAHWA U NEpPEHOCcA apXWMBHbIX AaHHBIX HA NEPCOHAnNbHBIA
KOMMNbIOTEP MOXET OblTb WCMONb30BaH MEPEeHOCHbIR TepMuHan-
Hakonutenb MTH-01. [ns AWMCTAHUMOHHOIO CYMTHIBAHUA TEKYLUMX W
apXMBHbIX [AaHHbIX no kaHany GSM-cBsisam ucnonb3yeTtcs
paguomogem GSMC-1.

* DOneKkTponuWTaHWe CYeTYMKa OCYLLECTBNAETCS OT aBTOHOMHOro
MCTOYHWKA nNuTaHus u obecneuvBaeT paboTocnocobHOCTL B TeYeHue
asyx net. CpegHuin cpok cnyxBbl cyetyMka He MeHee 12 nert.
MexnpoBepo4yHbli MHTepBan - 5 ner.

[aTtumkK ypoBHA MuKponpoueccopHeii POC 200

* [NpegHasHa4yeH AN KOHTPONA YPOBHSA >KMAKUX P
3MNEeKTPONPOBOAHLIX W HE3NeKTPOonpoBOAHbLIX,

a TakkKe Cbiny4yux cpeg, B T.4. BO B3pPblBOOMNACHbLIX

30HaxX MOMELLUEHWA W HaPYXXHbIX YCTaHOBKaXx.

* [innHa yyBcTBUTENBLHOrO anemeHTa: 0,1 -r- 3,5 m —

wecTtkuit; 1,0 -r- 22,0 — TpOCOBBIA.

OTRPHTORE ARNUNCNEPHOE @BMECTBO

ZAYANEINYIONBRBOR

OAO «Tennonpu6op»

390011, r. Pasanb, KynbsiweBckoe wocce, A4. 14-a
Ten.: (4912) 24-89-02, dakc (4912) 44-16-78
teplopr@teplopribor.ru www.teplopribor.ru

Muoronapmetpuyeckme npeo6pasoeatenu Cancwup-
22MP-O0A, Candup-22-MP-0OU (Candup-22-MP-K)
CMOTpUTE CTaTbio Ha cTp. 37 »
e OnNs HenpepbiBHOrO npeobpasoBaHua B UudgpoBoe
3Ha4yeHne auddepeHunansHoOro AaeneHusi, abcontTHOro
[aBMNeHus B «NIOCOBOW» Kamepe:
* BbIYMCIIEHUs pacxoda MoToKoB cped B Tpybonpoeoge;
* BbIMMCIIEHWA 3HA4YEHWA YPOBHS pasfena cpeg nap-soga no
rMppoCcTaTMYecKoMy JaBMNEHUIO C YYETOM NNOTHOCTE BOAbI
1 napa, USMEHSIIOLLMXCA B AnanasoHe pabouvx Temneparyp.
MpuMeHsieTcs B pa3nnuyHbIX 0BnacTax NPOMBILLNEHHOCTH, B CUCTEMAX
aBTOMATM4ECKOro KOHTpOns, B T.M. ANA PerynupoBaHWs W ynpasreHus
TexHonoru4eckumum npoueccamu B GapabaHe kotna T3U,.

MNpeo6pa3oeatens gaeneHus Cancdup-22MP

* ObecneynBaeT HeENPepPbIBHOE U3MEPEHWE Pa3NWYHbIX BUOOB AABMNEHWSA:
*abconwTHOro, *M3bbITOMHOro, *ruagpocTtaTu 4Yeckoro,
*naBneHus/pa3spexeHnsn, *anddepeHuMansHOro AaBleHuUsA
HEeWTpanbHbIX W arpeccuBHbIX cpepn B
YHUMULUNPOBAHHbLIA TOKOBBLIN BbIXOAHOW CUrHan
W uucpoBoi curHan Ha 6asze HART - npoTokona.
* BCTPOEHHEBIN hnnLTp pagvonoMex.

* B3pbiBO3aLUMLLEHHOE UCMONHEHWE.

* Hanuune xuakoKpucTannmMyeckoro MHauKaTopa.

» BoamokHoCTh opueHTaummn XKK- nHaukaropa B niobom
nonoxeHnn B npegenax 0 - 360°C c warom 90°.
- lNpepoTBpaweHne HeCaHKLMOHUPOBAHHOMO
N3MEeHeHUs1 HacTPOoeK.
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NEPEPABOTKA

Ha ceropgHswHui aeHb ao 70 MPOLUEeHTOB BbiNyCKaeMbIX B Poccuu un ctpaHax CHIr GVITyMOB No aCCOPTUMEHTY U Ka4eCTBY He COOTBETCTBYHOT

TpeﬁOBaHMﬂM COBpPEeMEeHHOro pbiHKa.

COBPEMEHHbBIE HHHOBAITUOHHbBIE TEXHOJIOI'NH
CO3AHMUA ITOJINDOYHKIINOHAJIBHBIX
MOAUDPUKATOPOB (IIdPM) AJIA ITPOU3BOACTBA
BUTYMOB H BUTYMHbBIX MATEPHAJIOB C BBICOKHMHA

IKCINUIYATAIIMOHHBIMH CBOUCTBAMM.
HAYYHO-TEXHOJIOTHMYECKHI IEHTP 110 OCBOEHHUIO BBICOKOBSI3KUX
HE®TEN U IPUPO/THBIX BUTYMOB HTI{ JIPUPO/IHBIE BUTYMBI> KI'TY

A.®. KEMAJIOB
P.A. KEMANOB

Tak aHanua pesynsraToB UCMbITaHUN «LieH-
Tpa nabopaTopHOro KOHTPOSs, AWMAarHOCTUKA W
ceptudpmkaummn»y ®OC Poccum nokasbiBaeTt, Y4To
68% 6uTymMmoB Mapok BH[, npumeHsiembix ans
acansTobeTOHHbIX CMecel, He YAoBMeTBOpS-
et TpeboBaHuam MOCT 22245-90 xoTa 6bl no
OfHOMY U3 (PU3NKO-MEXaHWNYECKVX NoKasaTenew.
Mpw 3TOM MO Nokasatento «rry6uHa NPOHVKaHWS
vrmbl npy 0 0C» TpeboBanusam FTOCT 22245-90
He cootBetcTByeT 31% npob 6utyma, 26% npob
— MO rnokasaTento «pacTskumocTe npu 0°Cy,
21% npob — No «M3MeHeHWIo TemnepaTypbl pas-
MsirYeHnst nocrie nporpesa», 16% npo6 — no
«pacTskumocTu npu 25°C» 1 6% npob — no no-
Kasaternto «Temneparypa XpynkocTuy.

Kak cnepgcteBue, HepocTaTo4HOe KadecTBO
GUTYMOB BefieT K MpexaeBpeMeHHOMY WU3HOCY
[OPOXHBIX MOKPbITWIA 1 B UTOTe NPUBOAMT K yBE-
NUYEHWIO KanuTarnbHbIX 3aTpaT Ha npoBedeHue
TPYAOEM-KUX PEMOHTHbIX paboT. Tak 3a nocnea-
HVe fgecAatuneTus B 2-3 pasa COKpaTuncs Cpok
cnyx06bl actansTobeTOHHbIX MOKPbLITUA Ha aB-
Tofoporax, MocTax u aspogpomax; 6onee 90%
maTtepuanbHbiX, TPYAOBBIX W 3HEPreTU4ecKux
pecypcoB, BblAeNsieMbIX [OPOXHOW OTpacnu,
WOET HA PEMOHT W PEKOHCTPYKLMIO, @ He Ha
CTPOUTENLCTBO  acdansToBETOHHbIX — MOKPbI-
. TMonoxeHwe ycyrybnsietcs HenpepbiBHbIM

w
T

n
7

Wnpekc ctapenns

1 | "I 1 1 1 1 1 1
[ 2 4 5 8 10 12
CrapeHue, rogbl
a — npu unsrotoBneHun acdgansTobeToHHON
cmecu; b — mpu xpaHeHwn, TpaHCMOPTUPOBKE W
yknagke; ¢ — 3a 8 ner paboTbl B cocTaBe
acgansTo6eTOHHOTO NOKPLITUS
Puc. 1. NameHeHne nHaekca crapeHus butyma
BO BPEMS CMELLEHNSI C MUHe-pasbHbIM MaTepmanom
NPV U3rOTOBMEHWN TOPSUYMX  acansTobeTOHHbIX
CMecen, Npu XpaHeHWU W TPaHCMOPTUPOBKE, MNpu
paboTe B cocTaBe AOPOXHOrO acdansTobeToHa.

Puc. 1

O.T.H., npocpeccop, uneH-kopp. PAEH,. MAX — aupektop HTL| «lprpogHbie GuTymbi»
K.T.H., AOLEHT, coBeTHMK PAEH

yBENnuMYeHneM rpy3onogbeMHOCTU U UHTEHCUB-
HOCTW [OBWKEHWUSI TPAHCMOPTHbIX CPEeAcTs, Mpu-
BOASILLIMX K 3HAYUTENBHOMY POCTY ANHAMUYECKUX
HarpysoK Ha [JOPOXHOEe MOKPbITUE N TeM CaMbIM
no-BblLLEeHM0 TpeboBaHuiA k Ka4yecTBy butyma.

OCHOBHbBIMW MPUYUHAMKN NPEXAEBPEMEHHO-
ro paspylleHus acdansTo6EeTOHHbIX MOKPbITUIA
SBNSETCS:

1. lNpvmeHeHne opraHnYeckMx BUTYMHbIX
BSDKYLLMX MaTepuarnos, KOTopble He YAOBNeTBo-
pSOT HOPMaTUBHBLIM TpeboBaHWAM, NMPeabABNS-
€MbIM K HUM YCINOBUSIMM 3KCMITyaTaLum NoKpbl-
TUI Ha TeppuTopun Poccuu.

2. TemnepaTypHas TPeLMHOCTOMKOCTb, TaK
Kak UX Temneparypa XpynkocTu Bbille, Yem TeM-
nepaTtypa Hanbonee XonoaHbIX CYyTOK 3aAaHHOrO
pavioHa aKcrnyaTaumm NoKpbITUiA;

— Ansa 6UTyMOB JOPOXHbLIX MapoK Temnepa-
Typa XpynKkocTu He Hike MuHyc 18°C;

— cpedHsis 3UMHSIA Temnepatypa B Poccun
konebnetcsa ot MuHyc 20 oo muHyc 60°C;

— pacyeTHas Temnepatypa TPEeLUMHOCTON-
KOCTW [OPOXHbBIX MOKPbITUIA — OT MUHyc 19° fo
MuHYC 42° C.

Bcnencraue aTtoro Yepes rof Ha MOKpPbITUM
NOSIBNSAOTCS TPELLMHBI, KOTOpble ABMSOTCA O4a-
ramy paspyLUeHUsi NOKPbITUI (BbIOOWHBI, BblKpa-
LUMBaHUS).

3. BnacTnyHOCTb — CNOCOBHOCTBL K BOMNbLUMM
obpatumbiM Aedopmamam.

Mo paHHbIM hupmbl «SHELL» (puc.1), nH-
TEHCMBHOCTb rpoLiecca crapeHus butyma Ha
cTagum  NpUroToBreHns  acdansTo6eTOHHbIX
CMecell HaMHOrO Bbille, YeM Mpu TPaHCnopTy-
POBKe 1 3KCMyaTauum.

Heobxoanmo oTMEeTUTb, YTO A NOBbILLEHUS
ka4yecTBa acansTOBETOHHbBIX MOKPbITU B BEPX-
HUX Crnosix aBTOMOBUNbHbIX Aaopor |—II TexHu-
YecKuX KaTeropuii peKoMeHZOBaHO MPUMEHSTb
MoancULIMPOBaHHbIE GUTYMbI, COOTBETCTBY-
folMe COBpeMeHHbIM TpeboBaHWAM KavecTBa
Ha mapkvu BOY (TY 38.1011356-91) B cocTase
acgansTobeToHHbIX CMecel, obnagatolme, no
CpaBHEHWIO C TPaANLIMOHHBIMU JOPOXHBIMU 61-
Tymamu, B COOTBETCTBUM C Hopmamu TOCT 222-
45-90, 6onee BbICOKMM YPOBHEM (PU3NKO-MEXaHM-
YECKMX 1 aare3vioHHO-MPOYHOCTHBIX NMoKasaTenei.
Butymbl Mapok BHL, xapakTepusytotcs HaumeHb-
LWEeN pPacTsSHXKMMOCTBIO, 3HaYUTENBbHOW MoTepen
maccbl obpasua npy MCrbITaHUM Mo MeToAuKe
ASTM D 1754, uto 06bscHAET Bonee HU3Kyto Tpe-
LLMHOCTOMKOCTb acdansTobeToHa, 0CoO6eHHO npu
nepexogax Temneparypbl Yepes 0°C.

r. KazaHb

Mo aT¥m npu4rHaM OfHWMM U3 NepcreKkTUB-
HbIX W 9KOMNOTMYECKN MpUeMneMbIX MyTei pa-
OVKanbHOTO peLUeHVst Npobnembl yrnyyLleHus
KayecTBa OTEYeCTBEHHbIX OWTYMOB siBNSETCH
CO30j@HMe WHTEHCVBHOW TEXHOMOMUWM  MPOM3-
BOACTBA OWTYMOB, OCHOBAHHOW Ha Hay4YHOM
NOAXOAE K BbIOOPY U MPUMEHEHWIO MHULMKPYIO-
X JobaBok K TSHKENOMY HEPTSHOMY CbIpbHO:
BbICOKOBA3KMM HedTaM, npupoaHbim (BBH wn
MB) n okucneHHbIM GuTymam. Takvm obpasom,
HeobxoayMo ocyLLecTBNATL NepeBof Gutymos
13 Krnacca TepMonacToB B 3MacToMepbl, KOTO-
pble CNOCO6HbLI B 3TOM Crnyyae BbINOMHATL Posib
KOMMIEKCHbIX opraHnyeckux Bsxywmx (KOB),
T.e. BUTYM-NONMMeEpHbIX BsbkyLmx (BMNB) B npo-
M3BOACTBE [ONrOBEYHbIX acdansrobeToHoB, a
Talkke OHOBPEMEHHO SIBMSIOTCS BbICOKOKaYe-
CTBEHHbIM CbIPbEM B MPOM3BOACTBE MACTUYHbIX
maTtepuarnos AN caHauuy JOPOXHOro MoroTHa
OT BbIGOVH Y TPELLMH.

[nsa yBenuyeHns cpoka crny0Obl AOPOXKHbIX
MOKPbLITUA Ha MOCTaX M UCKYCCTBEHHbIX COOpY-
KEHUSIX HeobXoaMMa He TONMbKO KOPPEKTMpOoBKa
HOPMaTUBHBLIX TPEOOBaHWA K (PU3MKO-MeXaHu-
4YeckuM CBOMCTBaM BUTYMOB, HO 1 paspaboTka,
BHEAPEHWE B MPaKTVKy AOPOXHOTO CTPOUTENb-
cTBa MOAUMULMPOBAHHBLIX OUTYMOB YMyudLLUEeH-
HOro Ka4yecTBa ¥ HOBbIX MaTepMaroB Ha MX OCHO-
Be, CrocobHbIX obecrneymBaTb Bonee BbICOKYO
MPOYHOCTb U [OMTOBEYHOCTb [JOPOXHBIX MOKPbI-
TUIA. STOT NMOAXOL, NO3BOSUT:

— MOBBLICUTb Ka4yeCTBO W YBEMUYUTb CPOK
Cny>x0bl AOPOXHBIX MOKPLITUIA 3@ CHET yryuLle-
HUS UX TPELUMHOCTOMKOCTH, CABUMOYCTONYMBO-
CTW, BOAO- 1 MOPO30CTOMKOCTY;

— pacwuvpuTb TemnepaTypHbI Auana3oH
paboTocnocobHOCTN 3a cyeT Bonee BbICOKOrO
[OVHaMUYeCKoro npeaerna Teky4YecTm;

— yBennumnTb B 1,5-3 pasa cpok cnyxbbl ac-
(hansTo6EeTOHOB;

— MOBbLICUTb BA3KOCTb W NMPOYHOCT;

— YBENWUYUTbL TEMNepaTypy pasmsiryeHus pe-
rynmpoBaHWem cocTaBa npu CoxpaHeHun Tpedy-
€MOM 3MacTMYHOCTY U TeMnepaTypbl XPYNKOCTY;

— perynmpoBaTb CBOMCTBA OPraHN4YeCcKuX Bs-
XKYLLMX B 3aBUCUMOCTU OT UCXOAHbBIX KOMMOHEH-
TOB M YCMNOBUIA SKCMNyaTaLmmn KOHCTPYKLWI;

— MOBBICUTb NPOU3BOAUTENBHOCTL PaboT Nno
MPUrOTOBINEHWIO BSHKYLLIVIX;

— CHU3UTb SHEprosaTparbl;

— MoMny4nTb MaTtepuarnsl ¢ TpebyembiMn B
[aHHbIX YCIOBUSIX CBOMCTBaMMK;

— paclwMpUTb aCCOPTUMEHT OpraHUYeckuX
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NMEPEPABOTKA

BSUKYLLINX;

— YBENUYWTL TeMrbl CTPOUTENLCTBA A0POr
C TBEpAbIM MOKPbITUEM, OCOBEHHO B OCBauBae-
MbIX CEINbCKOX03ANCTBEHHbIX paioHax Cesepa u
Cubupu.

[1nsa 3TOro ¢ TEXHNYECKOWN TOYKM 3pEeHns Npu
€o34aHUM BUTYMHBIX KOMMO3ULMOHHbBIX MaTepu-
anoB C 3aAaHHbIM KOMMIEKCOM CBOWCTB MOTYT
NPUMEHSTLCS TE€ MOAUMDMKATOPLI, KOTOPLIE:

— He paspyLuarTcs npu Temneparype npu-
roToBreHusi acansTobeTOHHOM CMeCH;

— COBMECTUMbI C GUTYMOM MpU Temrnepary-
pax npWroToBrieHUst acansToBETOHHbIX CMe-
cen;

— B JIETHEE BPEMSI MOBLILLIAKT COMPOTUBIIE-
HVe GUTYMOB B COCTaBe JOPOXHOTO MOKPbITUS K
BO3[ENCTBUIO CABUIOBbIX HanpshkeHuin 6e3 yBe-
TNIMYEHMsT BSIBKOCTU MpKU TeMrepaTtypax cMeLle-
HUS U YKINaaKu;

— He NpyAaakoT BUTYMY XKECTKOCTb, MOMKOCTb
Npy HU3KUX TEMMepaTypax B MOKPbITUAY;

— XVMWUYECKM U DU3NYECKN CTabUMbHbI Npu
XpaHeHuun, nepepaboTke 1 B pearnbHbIX YCIOBU-
sX paboThbl B COCTaBe AOPOXHOIO MOKPbLITUSI.

B HacTosiLLiee Bpemsi Ha OCHOBaHWMN pe3yrib-
TaToB UCTbITaHWA BUTYMOB AOPOXHbIX, MOANDM-
LMPOBaHHbIX pasnuyHbiMu gobaskamu, GryTl
Coto3gopHUM  pekomeHgoBaHO —MpUMEHEHWE
criegyoLyx NonMmMepoB:

» Gnok-cononumepbl OyTagMeHa W CTu-
pona Tmna CBC (B BMOe MopoLLKa W KPOLLKM)
OCT-30-01

1 rpynnbl no TY 38 103267-80, ACT-30P-01

1 rpynnbl no TY 38 40327-90; ux 3apybex-
Hble aHanorn: ®uHanpeH 502, ®uHanpeH 411;
Kpaton [0 1101, KpatoH [ 1184, KpatoH [1 1186;
EBponpeH Con T 161; KannpeH 411, npeaHa-
3Ha-YeHHble ANS MOMNyyYeHUss MonMMepHo-ou-
TYMHBbIX BSDKyLLMX Mapok BB B cootBeTCcTBUM C
OCT 218.010-98;

* «Kaymect-[1» — cuctema nonvMepoB Tuna
CUHTETMYECKUX OyTaameHanbaMeTUrICTMpOsb-
HbIX kaydykoB (CKMC) — npegHasHayeH ans
MOMyYEHNS BSXKYLLUMX Ha OCHOBE KOMMO3WLIK
«Kaygect-[1» B cootBetcTBUM C TY 2257-045-
05766793-96;

* pacTBOPbl CUHTETUYECKMX Kay4yKOB CTU-
ponbHbix Tuna CKC, npegHasHaveHHble Ans
NPUrOTOBIEHUST BGUTYMHO-Kay4yKOBbBIX BSKYLLMX
Mapok BKB.

Mo gaHHbIM EAPA (Tabnuua 1), Habntogaet-
€Sl pocT Aonwu NoTpebrneHnst MoaMULIMPOBAHHBIX

3/H (03) nroHb 2009 r. BKCNO3ULINA HEDTb A3

obbema GUTYMOB, UCMOMb3yEMbIX AN CTPOU-
TENbCTBA U PEMOHTA [OPOXKHbBIX MOKPLITUN.

Tabnuua 1. Jons MoaMULMPOBaHHbIX Ou-
TYyMOB B 06LlemM obbeme JOpPOXHbIX BGUTYMOB,
MCMOoMb3yeMbIX AN CTPOUTENLCTBA M PEMOHTA
OOPOXHBIX MOKPbITUIA B EBpone (Mo AaHHbIM
EAPA).

KonnyectBo MoaMMLIMPOBaHHbIX [JOPOX-
Hbix 6utymoB B 2001 r. B EBpone coctaBurio
7% (pvc.2). XapakTep pacnpeneneHus obbema
notpebneHns MmoanMuLMpoBaHHbIX BUTYMOB Mo
BMAaM MoaudukaTopos (puc.2) CBUAETENbCTBY-
€T 0 HaMbonbLLEM MPUMEHEHNUMN NMONIMMEPOB: Mo-
nuoneduHbl (9%), EVA (12%), nonubyTtagneH
(14%), Tvina CBC (41%).

Mpon3BoacTBO  MoAMULMPOBaHHBIX 6K~
TymoB nonumepamm tuna CBC B EBpone «k
2001 r. Bospocno go 50% wu coctaBuno BO
PpaHumm 80%, B NepmaHum — 95%, B Vicnanum
— 65%, benbrum — 80%, B Utanum — 100% ot
BCero obbema MoAMULMPOBaHHbLIX OUTYMOB
(cBeneHust npenocTaBneHbl dypmMort «KRATON
POLYMER®).

B HacTosiee Bpemsi B 3apybOexHon npak-
TUKE ANsi YCTPOWCTBa W PEeMOHTa [OPOXHbIX
MOKPbLITUIA UCMONb3YHOTCS KOMMO3ULMOHHbIE Ma-

(7%) MonuoneduHbl

[ons notpebneHns MoandULMPoOBaHHbLIX BUTYMOB B
eBponelickux rocygapcreax, B 2001 r.

(9%) MonvoneduHbl

(10%) Opyrve Buaps!
(12%) EVA

(14%) MonnbyTaanex (41%) SBS

(14%) KomnayHap! ¢ ceport

[onsa notpebneHns 6GUTYMOB C pa3HbIMU BUAAMMU
mMoancrKaTopoB B €BPOMNENCKUX rocyAapcTBax,
B 1998 .

Tepuansl Ha ocHoBe GUTymMa 1 MoaMdMKaTopOoB,
TakMx Kak cepa, kaydyyk (nonmbytagmeHoBbIN,
HaTypanbHbIi, ByTUKaydyk, XJoponpeH 1 ap.),
opraHo-mMapraHLeBble koMnayHAabl, Tepmonna-
CTUYHbIE MONMMEpPbI (NMOMUITUIEH, NONMNPONU-
TNeH, NonucTupon, aTurneH-euHunauetar (EVA),
TepMonnacTiyHble Kayvykv (monuypetaH, one-
VHOBbIE COMONMMEPbI, a Takke Grok-cononu-
Mepbl cTupondytagmeHcTupona (CBC).

B HacTosilee Bpemsi maclutabHoe npume-
HeHVe MoaMULMPOBaHHBIX BUTYMOB OrpaHu-
YeHO 13-3a OTCYTCTBUSI CTPOTUX KPUTEPUEB K UC-
Monb3oBaHWI0 MOAMMMKATOPOB, aHanM3 onbiTa
NPYMEHEHNST KOTOPbIX MOKasarn, YTo Ans NoBbl-
LLIEHNS1 PEONOrMYECcKUNX N (OU3NKO-MEXaHUYECKNX
XapaKTepuUCTK BGUTYMOB ODbIYHO WCMOSb3YHT
pasnuyHble BUAbI NMOMUMEPOB, CUHTETUYECKUX
Kay4yKOB, PE3VHOBYIO KPOLLIKY U1 T.A4.

Cnocobbl MPUMEHEHUS  XapaKTepuayloTcst
TeM, 4YTO MoanduKaTopbl BBOAATCS B OUTYMbI
B 4U/C-TOM Bue B HeBOMbLUMX KOMMYECTBaX
ot 1 0o 5% mac.

[na coBMmelleHns GuTyma ¢ NonMMepoM
TpebyeTcs cneumnanbHoe obopygoBaHue (B Ha-
LUem criyyae UM BbICTyNaeT pOTOPHO-MynbcaLy-
OHHoe akycTu4deckoe (PT1AA), obecneumnBatoLLee
aKTMBHOE COBMELLEHNE KOMIMOHEHTOB).

3apybexHblii 1 OTeYECTBEHHbIV OMbIT Npu-
MEHeHUst MoaMULMPOBaHHBLIX GUTYMOB MoKa-
3blBaeT NpUHUMNYanbHbIE OTINYUS:

— 0 BbIBOPY UCXOAHBIX KOMMOHEHTOB;

— Mo NpoeKTUpoBaHmio coctaBoB bIB;

— MO pernaMeHTUPOBaHWIO KOMMIEKca WX
PU3BNKO-MEXaHNYECKNX CBONCTB;

— 1o BbIGOPY 0OLEKTOB, HAa KOTOPbIX Hanbo-
nee uenecoobpasHa 3amMeHa JOPOXHOro butyma
Ha HOBbIN BUA, BSXKYLLIETO.

M3BeCTHO, YTO BbICOKOMOSIEKYmNSpHbIE MO-
TNIMMepbI-MoAMMKaTOPbI BbIMYCKAOT Ha Npous-
BOACTBE B BWAE rPaHyr, KPOLLKM, KyCOYKOB, T.€.
MErKuUX YacTul, pacLenneHne KOoTopbiX B pac-
TBOpUTENE HaMHOTO YNpoLLaeTCs.

OrtevecTBeHHas 1 3apybexHas npakTvika no-
Kasana, 4To Takue MoanduKaTopbl NErko CoBme-
LL@OTCS C OCTATOMHBIMM BUTYMamMu, B CTPYKTYpe
KOTOpbIX ropasfo Gornblue cBOGOAHbLIX MOMEKy-
NAPHBIX CBA3EN, YeM B OKUCIMEHHbIX; TakuM 06-
pasom, BBEAEHWE BbICOKOMOMEKYNSAPHbLIX MOMu-
MepOB CO3/aeT NpaKTU4eckne CrOXHOCTM.

KauecTBO [OPOXHBIX MOKPbLITUI, [ONTOBEY-
HOCTb 3aBWCAT OT NPOYHOCTU CLiEMNINEHUs BUTYM-
HbIX BSDKYLLMX C MUHeparbHbIMU MaTepyianamm.

OuTymMmoB no cpaBHeHWto ¢ 1995 . ot obliero Puc. 2 OTMeTUM, YTO CyLLECTBEHHbIM HEAOCTaTKOM
AscTpusa 8 8 8 8 HA " HA MNonbLa 7 - 7 6
Benbrus S 7 13 12 16 15 18 MopT-nus 1 1 1 11

Yexus " 16 15 17 16 13 18 CnoBakusi HAO 13 12 HAO HAO HAO 20
JIETE] 5 5 5 5 5 5 5 CrnoBeHus 3 7 9 8 9
OuH-ana 1 1 1 1 1 1 1 LLisen-pus 5 HAO 5 HAO HAO HAO
DdpaHums 10 10 10 10 10 10 <10 LLiBeuus 2 3 2 3 3
McnaHus 5 4 8 5 HA HA HA BeHrpus 4 4 4 1 1 10
lonn-gns -7 7 6 -6 7 AHMmMusA 4 HA 4 4 HA
WpnaHgus 3 5 5 10 WTtanusa 3 4 5 6 7 7
Fepmanus 7 8 8 HA 14 AnoHus 7 7 10 10 11 11
Hopserus 2 2 1 <1 <1 3 CLIA 5 4-5 HAO HAO HAO HAO

HAO — HET AaHHbIX
Ta6bnuua 1



AKCNO3nuUnA HE®Tb 'A3 3/H (03) uroHe 2009 r.

NpoV3BOAVMBIX B TaTapcTaHe JOPOXKHbIX U CTPO-
UTENbHbIX OUTYMOB SIBMSAIOTCS HU3KME aAre3noH-
HO-MPOYHOCTHbIE U YNPYro-AeOpMaLMOHHbIE
CBOWCTBA.

CpeOHnin cpoK Crnyxbbl JOPOXHBIX MOKPbI-
1 B PT He gocTturaet 5-6 neT (Ha npakTuke ata
undpa konebnetcs ot 1 go 3 neT), B TO Bpems
KaK 3a pybexom ata uudpa gocturaetr 10-15
nert.

M3BecTHO, 4TO ANs NPOM3BOACTBA [OPOX-
HbIX N CTPOUTENbBHBIX BUTYMOB NOAXOAAT HeddTH
BbICOKOCMONMUCTbIE U ManonapadguHuctble. Oa-
HaKo B CBS131 C OrPaHN4eHHOCTbIO 3anacoB Tak1X
HedpTeln UCNONb3YHOT OCTaTKM NPaKTUYECKW to-
ObIx HedpTen, YTO NPUBOAUT K HU3KOMY KayecTBy
6uTyMHbIX MaTepuanos. Copepxalymecs B 6u-
TymMe MONMULMKIIYECKUe apoMaTnyeckue coeam-
HEeHWsl, CMOIbl U reTepoatomcoaepallme coe-
OMHeHus He obecneynBatoT Tpebyemyto aareanto
KaK K MMHepanbHOM YacTu accanstobeToHa, Tak
M B CIlydyae WCMONb30BaHUsi CTPOUTENbHBLIX U
crneumanbHbIX Mapok GUTyMOB B MPOW3BOACTBE
BUTYMHO-KPOBESbHbBIX, MAaCTUYHO-NMaKOBbIX Ma-
TepuanoB K MeTannmyeckon 1 xene3obeToHHon
OCHOBE, T.€. AN M30MALUMN KPbILL N OCHOBaHWUI
NMPOMBILLSIEHHBIX W FPaXKAaHCKMX OOBbEKTOB, He-
dTe- 1 razoTpybonpoBOAOB, NOA3EMHbIX KOM-
MYHVKaUMA U PasinYHbIX XPaHWMWLL, YCTPOit-
CTBE M3OMALMOHHBIX MartepuarnioB ANs 3aluTbl
OT KOPPO3¥M MOCTOBbIX COOPYXEHUM, a Takke
obbekToB BOAHOrO TpaHcnopta. Kucnopoaco-
Oepxalume coeamHeHus, obpasytolumecs npuv
OKVCTNEHWUW TyApoHa, Takke Marno BnusOT Ha
afresvioHHble cBoncTBa BuTymoB. PacluvpeHrue
cbipbeBoOli 6asbl GUTYMHOrO Mpou3BoAcTBa 3a
CYET BOBIEYEHUS TShKENbIX HE(PTSAHBIX OCTaTKOB
(THO) cmonmcTo-napacHOBOrO  OCHOBaHWS
pervoHanbHoOro MPOUCXOXAEHNS NOATBepXAaeT
HECOMHEHHY0 aKTyarnbHOCTb JaHHOIO NpoeKTa.

Pa3Hoobpasune knumaTuyeckmx n akcnnya-
TaUMOHHbIX ycrioBuii TpebyeT paspaboTku Ha-
YYHO-ODOCHOBaHHbIX ~ NyTEW  perynvpoBaHusi
CTPYKTYPbl MacTUK W BSDKYLLMX ANt JOPOXKHOMO
CTpoMTENbCTBA B LUMPOKMX Npedenax C Lerbio
nomny4MTb ONTUMAsbHbIE AN AaHHbIX YCIOBUIA
CBOWCTBA.

MHorne coBpemMeHHble NPOU3BOANTENN KOM-
MO3ULIMOHHBIX MaCTVK NMOCTaBMSIOT Ha PbIHOK Me-
Hee KayeCTBEHHYI0 NPOAYKLMIO, 4e30PUEHTUPYS
notpeburenei, nogpbiBas 3aciy>KeHHbI UMUK
craTtyca buTymM-nonuMepHoro matepuana. Takue
MacTU4Hble MaTepuarnbl popManbHO SBAAIOTCA
B6UTyMHO-MonMMepHbIMK, He obnapjasi Tpebye-
MbIMU 3KCMINyaTaLMOHHBIMU XapakTepUCTKaMu
HacToswwmx BIM, Bynet npaBunbHee UX Ha3sbl-
BaTb ncesao-bINM. [Ans OocTvXeHWs HopMmupy-
embix MOCTom nokasatenen TennocToMKoCT 1
HW3KOTEeMMNepaTypHON MMBKOCTN, NpoV3BOAUTE-
M, He umesi boree BbICOKOIPEKTUBHBIX [0O-
6aBOK, MCMOMb3YHT OKUCIEHHbIE BUTYMbI, 6onee
TennocToikne. STO NPUBOANT K MOMyYEHUI0 Ma-
Tepuana, obna-AaroLLero BbICOKON CTOMMOCTbIO
3a cyeT Gonbluero cogepXaHuvsi nonuMepa Ans
obecneveHnss Tpebyemoi MNacTU4HOCTK, KO-
TOPbI MOXHO BBOAWTb B CUCTEMY [0 KPUTUYE-
CKOrO COfiEPXXaHus, YTO NMPUBEAET K HapPYLUEHWIO
LIeNnoCTHOCTM MacTM4HOro mMaTtepuana, u cucre-
Ma paccriamBaeTcs.

[ns npousBOACTBA BbICOKOKAYECTBEHHbIX
OGUTYMOB 1 MaTepuarnoB Ha UX OCHOBE PyKOBOA-
CTBOBaNMChb:

— MHOTOMNETHUM OBLLMPHBIM Hay4HO-NPaKTU-
YeCKUM OMbITOM;

— 3HaHMsMM B 00MnactM  XMMUYECKOro

CTPYKTypHO-rpynnoBoro coctasa THO u 6uty-
MOB pasfMyHoON Npupoabl;

— cnocobamu nx [oObluM (TEpPMOAECTPyK-
TUBHbIE);

— pexuMamy BblpaboTku (Temnepartypa,
NPOLOMKUTENBHOCTb, PAcXoz BO3ayXa).

A TaK Kak B BonbLUMHCTBE CBOEM Y COBpe-
MEHHOTO pblHKa noTpebutenen BGUTYMHBIX Ma-
TepuanoB OTCYTCTBYET OCHOBHasi B3aMMOCBSI3b
Mexay CyLecTByloLWMMM criocobamun [00bIum
BbICOKOBSI3KUX HedpTeln 1 NpUpoaHbIX GUTyMOB
(BBH u MB), ycnoBusiMu nx ganbHewLen nepe-
paboTkn 1 NpeabsBIAeMbIMM TPEOOBaHNSAMM Ka-
yecTBa K BUTyMam (QOPOXHOTO U rpaXKaaHCKOro
HasHayeHus1) , T 3agaya Mnory4eHust BbICOKO-
Ka4yeCcTBEHHbIX OUTYMOB M UX MaTepuarnoB
CTaHOBUTCS TPYAHO BbINOMHUMOM. JTO CBA3a-
HO C HEraTVBHbIM BIUSIHUEM XMMUYECKOTO CTPYK-
TYPHO-TPYNMOBOro cocTaBa AeCTPyKTUBHLIX THO
1 BUTYMOB Ha aAre3aMoHHO-NMPOYHOCTHbIE CBOW-
CTBa MOMyYeHHbIX Ha KX OCHOBE Matepuarnos. B
AanbHenLweM 3T0 MPUBOANT K NpexaeBpeMeHHo-
MY U3HOCY JOPOXHBIX MOKPLITUN U K yBENUYEHNIO
KanuTanbHbIX 3aTpaT Ha NPOBEAEHNE PEMOHTHbIX
pabor. MonoxeHune ycyrybnsercs HenpepbIBHbIM
yBENMUYEHNEM Tpy30MOABLEMHOCTA U MHTEHCUB-
HOCTW ABUXEHUS1 aBTOTPAHCIIOPTa, NPMBOASALLMX
K 3HaYMTENBLHOMY POCTY AVHAMUYECKUX Harpy3oK
Ha [JOPOXHOE MOKPbITHE.

Cblpbe Ans nonyyeHuss GUTYMOB U UX Ma-
TepuanoB [OMKHO OblTb BbICOKOCMOMUCTLIM C
MVHMMasbHBIM — codepXXaHuem napaduHo-Ha-
preHoBbIX yrnesogoponoB (YB). 31o obbsacHs-
eTca TeM, YTO AMCnepcHasi CTpykTypa butyma
3HaAYMTENBHO 3aBUCUT OT COAEpPXaHus H-napa-
(bVHOBBIX CTPYKTYP, FAe Npu cogepxaHun bonee
3% BO3HWMKaET KPUCTaNIM3aLMOHHBIA Kapkac,
COObLLaoLLMIA CUCTEME KECTKOCTb Y YMEeHbLLa-
IOLWWI MHTepBan nNnactTn4yHocTu. Bmecte ¢ atum
M3BECTHO, YTO B MPOLIECCE OKUCTIEHNS HeDTAHBIX
OCTaTKOB KONMNYECTBO HU3KOMOMEKYMSAPHbBIX apo-
MaTn4eckux MacnsiHbIx YB HenpepbiBHO yObiBa-
€T, @ OTHOCUTENbHOE KOMMYECTBO H-MapacyHOB
noBbilLaeTcs. BeneacTeme aToro ymeHbluaeTcs
CpOACTBO AMCMEPCUOHHOW cpedbl K acdansre-
HaMm, KOTOpbIX, KpOMe TOro, CTaHOBUTCS Gonblue,
YTO MPUBOAMT K YXYALLEHUIO KOre3MOHHbIX 1 af-
re€3MOHHO-NPOYHOCTHbIX CBOMNCTB OUTYMOB.

Takum 06pasom BO3HMKAET HEOBXoAMMOCTb
MCMOSb30BaHNS TaKUX XMMUYECKV aKTUBHBIX MO-
OndrKaTopoB, KOTopble 3a CYET IPGEKTUBHOM
MeXMoneKynsipHo anddysun noasepranu Obl
CerMeHTbl napaduHOBBIX LiENen XMMU4ECKOMY
CTPYKTYpMpOBaHMWIO C nocreaytoLLym obpasosa-
HMEM MOMSAPHbLIX MaKPOMOSEKYNAPHBIX NONULW-
KIMMYeCKNX HadhTeHOBBIX hparMeHTOoB.

EQVHCTBEHHBIM pelleHneM B CIIOXKUB-
LIenca cUTyaumm aBnseTcs:

1. Paspabotka yHOamMeHTanbHbIX OCHOB
COo3AaHUsa GUTYMOB C YryyLLIEHHbLIM KOMMIIEKCOM
CBOWCTB U MaTepuarnoB Ha VX OCHOBe Ans Ao-
POXHOW W rpaXkOgaHCKOM oTpacnen, perrameH-
TUPYEMbIX COBPEMEHHbBIMU POCCUICKMU, €BPO-
nerckMMM 1 3anagHbIMU CTaHAapTaMu KadecTsa
ISO, ASTM, DIN Ha 6a3e OCHOBHbIX MPUHLMMNOB
PUBNKO-XUMUNHECKOW MEXaHWUKN HEPTAHBbIX AUC-
nepcHbix cucteM (HOC);

2. CvHTe3 cepun yHUBepCanbHbIX MOMNW-
yHKUMOHanNbHbIX  Mogudmkatopo  (MOM),
obrnafaroLmnx  BbICOKUMU  CTPYKTYpoobpasyto-
Wen, nnacTuuUUMpyIoWEen 1, YTO He MeHee
BaXHO, afire3MOHHOM CMOCOBHOCTAMM, B BUTYM-
HbIX MaTpuuax 3a cyeT KracTepHoro addekTa
npy  OU3MKO-XMMUYECKOM  B3aVIMOAEVICTBUN
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komnoHeHToB «[M®PM» n 6uTyMOB Ha nobbIX
TMNax MoasiokeK B PasfMUYHbIX YCNOBUSIX Mpu-
MEHEHUsI.

OTo noaTBepXOdaeTcsi KadecTBOM  MoAu-
PMLMPOBaHHBIX BUTYMHBIX MacTvK C y4acTuem
nobasok cepun «MNOM», KOMIOHEHTbI KOTOPbIX
obecneyvBaloT BbICOKYI) XUMMWUYECKYHD CTOW-
KOCTb, a[resnMoHHO-MPOYHOCTHYI,  Ynpyro-ae-
(hOpMaLMOHHYH0, HU3KOTEMMNEPATYPHYHO Cnocob-
HOCTb MaTepvarnoB K COBUMOBbIM HaMNpsPKeHUsIM.
C ucronb3oBaHNMEM COBPEMEHHbIX METOAOB
aHanusa npoBefeHbl WCCIEAOBaHUS BRUSHUS
M®PM-mMoanUKaTopoB Ha XMMUYECKUA N CTPYK-
TYPHO-TPYNMOBOW CcocTas, cBoncTea b pasnuy-
HOW Npupoabl, NPOM3BOAMMbIE U A0ObIBaeMble B
TatapcTaHe.

OpuruHanbHOCTb U HOBU3Ha paspaboTku 3a-
KMtOYaeTcst B OTCYTCTBUM B3aMMOCBSI3U «COCTaB
CbIpbsi — KA4YECTBO» 3a CHET BbICOKOU3OMpaTenb-
HOro MpoTekaHWst HeobpaTUMbIX MpeBpaLleHuii
C H-napadurHo-actansTeHoBLIMU accoumaramu
6uTyMOB C 0bGpasoBaHMEM MONM3acMPOB, KOTO-
pble MO CBOEN MOJEKYNAPHOM Macce OTHOCATCS
k cmonam. MocnegHue agcopbupytoT apomaru-
Yyeckue marnbsTeHbl 6utyma, Habyxast B HUX; Npu
3TOM pasmepsbl HacTuy «[MPM» yBenuumsatotcs
B 6 - 9 pas. BbicokononsapHOCTb, apoMaTU4HOCTb,
Hu3kas BsizkocTb [PM cnocobeTBytoT ancnepru-
pOBaHMIO, HeobpaTMOW  (OUSUKO-XMMUYECKOW
anddysum ¢ KoMnoHeHTamu butyma. 3arylias
ancnepcuoHHyto cpegy, «MNPM» akTnsHo Bnnset
O[IHOBPEMEHHO Ha aAre3vioHHO-NMPOYHOCTHbIE U
ynpyro-aedopmaLmoHHble CBOWCTBA OUTYMOB,
MOHWXas WX TeMnepaTypy XpYnkocTU W MOBbl-
Las aAre3aMoHHylo CrocobHOCTb, Temmnepatypy
pasMsirdeHUsl U OJHOBPEMEHHO MeHETpaLuio,
T.e. neperoasa BINM B Tvn anactomMepos, Takum
obpasom crnocobcTByeT nepexony outyma B 6u-
TYMHOE BsBKyLlee, U, Kak crieacTaue, npu npu-
NOXEHUN Harpysky BO3HWKAKT TOMbKO ynpyrne
nedhopmaumm, a Te4eHVss MacTUKu Npu AeACTBUN
Harpyskv He NMPoMCcxXoauT. ATOT haKT yBenmunBa-
eT Gonee 4yeMm B 3 pasa cpok crnyxbbl accansro-
6EeTOHOB, MEXPEMOHTHbIN Nepuoa aKcryaTaumm
MOKPbITUI, CHUXAOTCA dHepro3aTpartsl. B 10 xe
BPeMsi MpYMEHEHUE U3BECTHbIX MONMMMEPOB He
MO3BONSIET MOMyYATb MacTuku, obnagatolime
OOHOBPEMEHHO 1 BbICOKOW TEMNMOCTOMKOCTBIO, U
BbICOKOW NEHeTpaumen.

Temnepatypa cmeLueHust butymos ¢ CBC no
220°C, 41O BbI3bIBAET pacpakLMOHNpPOBaHME,
OKCMMONMMMEPU3aLMI0 MarbTEHOB, — NEPBOMNpU-
ymHa oxpynuuBaHus BlB-martepuanos. MM
romoreHuavpytotcs yxxe npu 120°C. Baanmogei-
ctBre CBC-moandmkaTopoB ¢ TaTapcTaHCKUMM
BUTyMaMmn orpaHUYeHo MX PacTBOPSAIOLLEH Cro-
COBHOCTbLHO. [JONONHUTENBHO HEOBXOAMMO OTME-
TUTb, YTO OTCYTCTBME a30TcodepXallumnx coeau-
HEHWI 1 NErKOKUNSLLMX KOMIMOHEHTOB B COCTaBe
pa3paboTaHHOro Moaudukatopa no3BonseT cy-
LLEECTBEHHBIM 06Pa30M yry4LLNTb SKOMOMMYHOCTb
NpOU3BOACTBA Kak camoro mogudukaTopa, Tak u
OUTYMHBIX MaTepranoB Ha ero OCHOBE.

OTnUYMTENBLHOW OCOGEHHOCTLIO SIBMNSAET-
CA1 TOT (paKT, YTO 3a CHET perynmpoBaHus KOH-
LeHTpaumm mogudmrkaTtopa MOXHO NONy4nUTb
Ha OCHOBe M3BECTHbIX MapoK 6uTyma Lumpo-
KU aCCOPTUMEHT OUTYMHO-NONMUMEPHbIX Ma-
TepuanoB: MacTUK NSl CTPOUTENbCTBA U pe-
MOHTa aBTOA0POr, a3pPOAPOMOB, YCTPONCTBA
KpOBeslb, CTPOUTENbHbIX KOHCTPYKLMWA, MO-
CTOBbIX COOPYXEeHWUW, 3almUTbl MarmcTpanb-
HbIX Ha3eMHbIX U NoA3eMHbIX HedhTe- ra3o- u
Tpy6onpoBoaoB, a Takke acdansLTo6eTOHbI,
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MacTUKW, 3MyNbCUW, Naku, pyGpakcbl, py-
JIOHHO-KpPOBENbHblE  MMAPOU3ONALMOHHbIE
marepuarnbil.

Takum 06pa3oM, OCHOBHbIM OTNIMYMEM OT
CBC cnyxuT BbicOKast apre3vioHHasi crnocob-
HOCTb [®M-MoandUUMPOBaHHBIX BUTYMOB K
KameHHbIM matepuanam. OcobeHHoCTU 1 npe-
nmyLectsa MN®M no cpaBHeHWIO ¢ agresnBamm
«AMOOP», «WETFIX N», «DIAMINE OLBS»,
cepun BI-3 — Bbicokasi agresusi, TepMocTabusib-
HocTb npu 250-270°C B TeyeHue 4-x 4acoB Mo
cpaBHeHuto co 140-170°C y aHanoroB-npovs-
BOAMTENEW, BbICOKasi Temnepatypa BCrblLL-
KW, BbICOKasl TEXHONOMMYHOCTb: BO3MOXHOCTb
posvpoBaHusi NMOM B GUTyM, BbIXOOAWMIA U3
OKUCINUTENBHOWM KOMOHHbI C TemnepaTtypol [0
280°C. MN®M BkntoyaeT B cebsi 0AHOBPEMEHHO
xapaktepuctukn CBC 1 agreamBoB, 4YTO ckasbl-
BaeTcsi Ha cebecToNMMOCTM, MO3BONSIET MOMNyYaTh
OUTYM-NONMMEpPHbIE MAaCTUKMN U BSXKYLLME, npe-
BOCXOASILLUME MPOV3BOAUMbIE GUTYMbI MO Aorie
obpaTuMbIX  BbICOKO3MACTUYECKMX AedopMa-
umi. MNpoBedeHbl CpaBHUTENbHbIE WCCIeaoBa-
HUS1 OTEYECTBEHHbIX MOAMMUKATOPOB MO MX 3h-
(HEeKTMBHOCTU B MOAUVMKALIMM CBOWCTB GUTYMOB
Ans JOPOXHOTO U rPaXKAaHCKOro CTPOUTENbCTBA,
[OOCTYMHOCTK, TeXHOMorn4yeckon 6e3onacHocTy,
COBMECTUMOCTM, [OPOroBU3HE B CPaBHEHUWN C
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KOTOPbIX Ha CErofHsALWHUA AeHb konebneTcs ot
2000 o 6000 eBpo 3a ToHHY. CriegoBaTtensHo,
1CMonb3oBaH1e B MacCoBOM CTpouTenbCcTae 6u-
TYMHbIX MacTUK Ha OCHOBE MOMNUMYHKLMOHASb-
HbIX MoamdmkaTopoB cepumn «MNPM» nossonut
MomnyynTb Ka4ecTBO U [OMTOBEYHOCTb KOHCTPYK-
LMIA 1 COOpYKeHUIA, Tpebyemble Mo POCCUINCKUM
1 Beaywum 3apybexHbIM cTaHgapTam  kade-
cTBa.

MpoBeaeHHble HamMu MCCrNefoBaHUs ycTa-
HOBUIMM BO3MOXHOCTb MOMNYYUTb MOAUDULN-
pOBaHHbIE KOMMIEKCHbIE OpraHn4yeckune BsXy-
wme ¢ nomoubto aobasok cepun MNOM. 3to
B nepBylo ovepedb macTtuku n Bl1B, koTopble
He TOMbKO He yCTynakwT HedTAHbIM BuTymam,
HO 1 No psigy Mnokasaternieil NPeBOCXOAAT UX:
pons obpaTvMbIX BbICOKOMACTUYECKUX Ae-
dopmauuin (a3nactudHoctb) BIMNB coctaens-
et 6onee 80% npu 25°C n 6onee 70% npu
0°C, B TO Bpemsi kak y OWUTYMOB anacTuu-
HOCTb NMOO MpaKTUYecKu OTCYTCTBYeT, nMMbo
He npeBbiwaer 20%. 3To obycnaenusaet
€ro BbICOKME TennoCTOMKOCTb U CONpoTUBIE-
HWe CABMWIY MpuW MOBbLILLEHHBLIX TeMnepaTtypax
(50-70° C), amacTM4HOCTb, MNMacTUYHOCTb W
YCTOMYMBOCTb K AMHAMUYECKUM BO3AENCTBUSIM
npy HU3KMX OTpULATENbHBIX TemrepaTtypax.
Temnepatypa XpynkocTvi MoANMULMPOBaHHbLIX

XOAMUTCS B Npegenax oT MuHyc 20° 4O MUHYC
55°C, yeM cyLLeCTBEHHO OTnnYyaeTcs oT GuTy-
MOB, TemriepaTypa XpynkocT KOTOpbIX U3me-
HsieTcs OT MUHYC 4° oo MuHyc 20°C. Mpu atom
Temneparypa pasmsirdeHusi BINB Bbiwe, yem
y 6utymoB. MogudurumnpoBaHHble acdansro-
6eToHbl Ha ocHoBe Takux BIB oTnuyatoTes
NOBbILLEHHbIMW AedhOpMaTUBHOCTBIO MpU OT-
puuatenbHbIX TemnepaTtypax M YnpyrocTbio
npy NONoXWTENbHbIX (MOAYMb YNPYrocTn npu
MuHyc 20°C B 3-6 pa3s MeHbLue, a npu 40°C — B
1,5-2 pasa 6onbLue, Yem acansTobeToHa Ha
6utyme mapok BH[); noBbILEHHOW YyCTONYM-
BOCTbIO K MHOMOKpPaTHbIM AVUHAMUYECKUM BO3-
nencteusaM. Takue kadectBa BINB nossonsioT
CyLLeCTBEHHO (B 2-3 pa3a) CHU3UTb MOAYmb
yrnpyroctn 6utym-nonumepHoro acgansrobe-
TOHa MO CPaBHEHMIO C acdansTobeToHOM Npu
oTpuuaTenbHbIX Temnepartypax (MuHyc 20°
- muHyc 30°C) n ogHoBpemeHHo B 1,5-2 pasa
MOBLICUTL Mpeaen TeKy4ecTu 1 mMoaynb ynpy-
roCTW Npu NOMOXUTENbHBIX TeMnepaTypax (40-
50°C). Takne nokpbITUsi Gonee TPELLMHOCTOM-
KA W CABUrOYCTOWYMBBI, YTO MOATBEPXAEHO
MHOroneTHMMKN nabopaTopHbIMK UCCnenoBa-
HUAMY 1 HaOMIOAEHNAMM 3@ NOCTPOEHHBIMU BO
BCEX [AOPOXHO-KNMMAaTUYECKUX 30HaX y4vacT-
Kamy [AOPOXKHbBIX, MOCTOBbLIX U a3pOAPOMHbIX
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OHEPIrETUKA / KUTTMA

OAO «Ap3samacckuii npubopoctpouTenbHbiin 3aBog» (OAO «Al3») obpasoBaHo B 1957 rody Kak 3aBog Mo BbINycKy AaTYMKOB U NpMBOpOB pas-
JINYHOTO Ha3HaYeHus ONst aBUALMOHHON NPOMbILLNIEHHOCTH, B TOM YNCIEe U PacXOAOMEPHOW TEXHUKN.

HOBOE IIOKOJIEHHE
CYETYMKOB T'A3A CT16MT—-P

Pwuc. 1. HoBbIn cyeTunk raza CIr16MT-P

OgHVM 13 HanpaBneHu [esiTenbHOCTU
saBnsgeTca paspaboTka U Mpou3BOACTBO Typ-
OWHHBLIX CYETYMKOB rasa, KOTopble NPUMEHS-
10TCS ANt KOMMEPYECKOro U TeXHOMOrMYecKo-
ro yyera obbema MpUpOAHOro rasa, OfHO- U
MHOFOKOMIMOHEHTHbIX Fa30B, aproHa, asora u
OPYrMX HearpeccuBHbIX ra3oB B ra3ocHabxe-
HUW, XUMUYECKON MPOMBILLNIEHHOCTN U Tenso-
3HepreTuke.

OAOQO «Al3» BbIBOOUT Ha MepeHacblLeH-
HbIi NPeasIoKEHNSIMU OTEYECTBEHHBIN PbIHOK
NPOMBbILUIIEHHbIX CYETYMKOB rasa HOBbIA MO-
OenbHbI psag cdeTynkoB rasza CM16MT-P ans
pelleHns 3agad B obnactu uamepeHusi obb-
eMa U y4yeTa rasa B pasnmyHbIX CEKTOpPax pbiH-
Ka 1 rpynn notpebutenei. Beibop octaertcs 3a
nokynarenem.

CueTuumkn BbInyckatoTcs 6onee 17 ner, B
TEYEHVEe KOTOPbIX MOCTOSIHHO MOABEprawTcs
MogaepHusauun. Bo BTopom nonyrogun 2009
roga 3aBOAOM MM@HWPYETCA HayaTb BbIMyCK
HoBoW mogenu cyetynka CI16MT-P, kotopas
npuaeTr Ha 3aMeHy BbiMyCKaeMoW CerogHsl
mogenu CI16MT. LUenbto gaHHoM paboTbl sB-
NSIETCH CO3[aHME CYeTYMKa C YNyYLIEeHHbIMU
noTpedbuTenbCkUMKU  CBOMCTBAMU — C  OOHO-
BPEMEHHbIM pacluMpeHnemM avanasoHa usame-
PEHUSI PaCXOAOB B CTOPOHY MX HauUMEHbLLIEro
3Ha4yeHns (HWXKHero npegena M3MepeHust) u
NOBbILUEHNEM TOYHOCTU U3MEpPeHUs], YTO obe-
CMEeYUT OTHOCUTENbHBIN AnanasoH U3MepPeHUs
no 1:30 ¢ npegenamun NOrpeLHoOCTN cHeTYmKa
He bonee:

*1% - B AuMana3oHe pacxogoB oT Qmax ao
0,05Qmax;

+2% - B puana3oHe pacxogoB MeHee
0,05Qmax go Qmin,

YTO 3HAYUTEMBbHO fy4lle MO CPaBHEHUIO C ce-
pPUAHO BbiNyckaeMbiM cyeTynkom CI16MT.
Kpome Toro, 6bina npoBefeHa LieneHanpas-
neHHasi paboTa Mo CHWXEHWUI OrpaHuyeHust
NPOTSHKEHHOCTU MPSAMbIX Y4acTKOB B MecTax
YCTaHOBKM CYETYMKOB, YTO B OTAEMbHbIX Cy-
yasix sIBNsieTcsl onpeaensiowmmM  akTopom

npu Bbibope cyeTymka. B HoBOW Mogenu cyert-
ynka CIM16MT-P npumeHeHa opurnHanbHas
KOHCTPpYKUMA cTabunuaatopa notoka, ycTa-
HOBMEHHOIrO Ha BXOAE ra3a B CYETYMK, YTO
obecnevnno BbICOKYD METPONormyeckyto cra-
BGUNBHOCTL NPU MUHUMANBHOW AMUHE MPAMbIX
Yy4aCTKOB [0 M MOCIe CYETYMKa, paBHbIX 21y 1
10y. Onsa cnyyaes, KOraa XeCTKO orpaHuveHbl
rabapuTbl YCTAHOBKM CYETHYMKA W MPUCYTCTBY-
eT MeCTHOe COMpOTUBIIEHNE, YTO UCKaxaeT
HOpMarnbHbIA MOTOK rasa, PpeKoMeHayeTcs
ycTaHoBKa ctabunusartopa notoka rasa (CIIN)
nepepn cyetymkom. CIIN ctabunuanpyeTt noTok
rasa, crnaxvBaeT 3aBUXpPEHWs pa3HoWn cTene-
HW MHTEHCWMBHOCTY, Bbl3blIBa€Mble Pa3nnyHbI-
MU YCTpOWCTBaMu (3aABWPKKamu, KonmeHamu
M T.A.) W, caMoe [MaBHoe, fenaeT yCTaHOBKY
cyeTyMKa yaobHOM M KOMMNaKTHOW, 4YTO OCO-
GEeHHO aKTyanbHO MpU pasMeLLeHnn cHeTyrKa
B LWKadax M3MepuTeribHbIX MyHKTOB UMK y3roB
yyeta rasa. lpuBegeHbl B COOTBETCTBUE C
MeXAyHapOoAHbIM CTaHAApPTOM MakCUMarbHble
3HayYeHWs1 pacxofa, umepsieMble CHETHUKOM,
4yTo notpebosano pas3paboTku HOBOrO TUMO-
pasmepa cuyetunka CIr16MT-160-P. Tem ca-
MbIM, MPEAnoXuM NoTpeduTento MomnHbIA pag
CYETYMKOB B AManasoHe pacxoaos oT 8M%/u o
4000m%/4. [InanasoHbl pacxodoB v AMAMETPbI
YCNOBHOIO NPOXoAa ANs Pas3nuyHbIX UCMOSHe-
HUI cYeTYMKa NpMBEAEHbI B Tabnuue:

Pacxog
min, M%/4

ooy | amax, 5 > e

M3/4 12'5 1:20(1:25(1:30
Clr16MT-100-P-1 100 8 - | -1 - /50
Cr16MT-160-P-2 | 160 = 8 | - | - |80
CIr75MT-160-P-2
Cr16MT-250-P-3 | 250 - - 110
CIr75MT-250-P-3
Cr16MT-400-P-3 | 400 = - (16| - |100
Cr75MT-400-P-3
Cr16MT-650-P-3 | 650 = = |28 | =
CIr75MT-650-P-3
Cr16MT-800-P-3 | 800 = - | - | 25 |150
CIr75MT-800-P-3
Cr16MT-1000-P-3| 1000 | - = || = 325
CIr75MT-1000-P-3
Cr16MT-1600-P-3 | 1600 | - - | - | 50 |200
Clr75MT-1600-P-3
Cr16MT-2500-P-3 | 2500 | - - | -]80
Clr75MT-2500-P-3
Clr16MT-4000-P-3 | 4000 | - - | - |130
Clr75MT-4000-P-3

B paboumx ycnoBusx ¢ pocToM M36bITOY-
Horo AaBrnieHusi rasa Gonee 0,2MMa (2kr/cm?)
[ManasoH namepsieMblX PacxofoB CyLLECTBEH-
HO paclIMpsieTcsa Mpyv HEeUM3MEHHOM Makcw-
MarnbHOM 3HayeHun pacxopa (Qmax).

HoBble cuetunkn CI16MT-P  cnocobHbl
BblAepXMBaTb ANUTENbHYI0 Meperpysky Mo
pacxogy He 6onee 1,1Qmax HenpepbiBHO B
TeyeHne 30 OHen B rog M KpaTKOBPEMEHHYHO
neperpysky He 6onee 1,6Qmax B TeyeHue
yaca (cymmapHo) 3a cyTku. OHWM sBnSAKTCS
MOSIHOCTLIO B3aVMO3aMeHsiEMbIMU Kak Mo ra-
6apuTHO-NPUCOEANHUTENBHBIM pasMepaM, Tak

M Nno Amana3oHaMm usmepeHus pacxofos. lpu
3TOM KOPPEKTUPOBKA paHEe CcornacoBaHHOM
NPOEKTHOW AOKyMeHTaL My MUHUMarbHa.

Cuetumkn CIrM6MT-P — 310 coBpeMeHHble
NMPOMBILUIIEHHbIE CYETYMKM ra3a HOBOIO MOKO-
neHusi, co3naHHble Ha 6a3e aBMaLMOHHbIX TEX-
HOJOrUiA, B KOHCTPYKLMM KOTOPbLIX MPUMEHEHbI
BbICOKOKA4YeCTBEHHbIE MOMUMEpPHbIE MaTepu-
anbl U CMasky co CTabunbHbIMU CBOMNCTBaMMU
B LUMPOKOM Auana3oHe Temnepatyp. Bce mo-
anduvkauum cyetunkos CMr16MT-P GyayT Bbl-
nyckaTbCs B MOLLYHOM CTarnbHOM Koprnyce Ansi
3KCnyaTaummn Npu TemnepaType oKpyxatoLlen
cpedbl oT -40°C po +70°C. 310 CyLLeCTBEHHO
pacLumpuT reorpaduio UX MCMonb3oBaHUS: OT
KapPKUX HXKHbIX [0 XOMNOAHbIX CeBEPHbIX paii-
OHOB. B kopnyce umetoTcst nocagouvHble Mecta
ONst yCTaHOBKM LWTyLepa K AaT4uKy AaBrneHust
W 3alWWTHOW TMnb3bl AN AaTyuka Temnepa-
Typbl. Paboyee pasnenune go 1,6MMa vnu go
7,5MMa. Hannune macnsiHoro Hacoca (kpome
[y=50MM) © [ONONHUTENbHOW 3almMTbl Noa-
LUMMHMKOB OT NonafaHusi B HUX MeXaHU4YeCcKmx
npumecei, copepxalimxcs B rase, crnocob-
CTBYIOT yBENUYEHNIO pecypca U COXPaHEHWUIo
METPOSOIMYECKMX XapakTepucTuk npu pabote
B 3arpsi3HEHHbIX cpeaax.

Cuetumk CIM6MT-P moxeT pasmelLatbcs
N 3KCMNIyaTMpOBaTbCS BO B3PbIBOOMACHbIX 30-
Hax, B KOTOPbIX BO3MOXHO 06pa3oBaHe B3pbl-
BOOMACHbIX CMeCcel MapoB W rasoB C BO3AY-
XOM, OTHECEHHbIX K kaTeropusam [IA u 1B rpynn
T1-T4 noFOCT P 51330.5. MoHTax cyeT4uka
Ha Tpy6onpoBoae MOXeT ObiTb BbINOMHEH Kak
rOpPU30OHTarnbHO, Tak U BepTUKArbHO MpU Ha-
npaBreHnn NoToka rasa Kak CHU3y BBepX, Tak
N cBepxy BHU3. MexnoBepouHbIl WHTepBarn
cyeTtunkoB CIM6MT-P yBennyeH go 6 ner.

[pOMBILLMEHHbIE CYETYMKM ra3a MPov3BOa-
ctBa OAO «Al13» 0TBEYaloT BCEM CambIM CTPO-
MM TpeboBaHWsIM, NpeabsBSEMbIMA NOTPEOU-
TENsMK, 1 aganTMpOBaHbl Ans MUCMONb30BaHUS
B CaMblX pa3nuyHbIX ycrosusix. Ha Bcto nocras-
nsiemyto NpOAyKUMIO MPEenoCTaBrsieTcsl rapaH-
TUS, NOSTOMY KIMEHT MOXET paccyMTbiBaTb Ha
KBanMULMPOBaHHYIO MOMOLLb CMeLnanucToB.
MprobpeTasi razoBble CYETUYMKU MPOU3BOACTBA
OAO «Al3», Bbl 3HaUATENBHO 3KOHOMWTE: 3a-
BOA, MPEAOCTaBNSAET COBPEMEHHYIO MPOAYKLMIO
3a BMOMHE YMEPEHHYHO LiEHY. m

HOononHutenbHy wuHdopmMaumo o npo-
aykumun OAO «Ap3amacckui npuéopocTpo-
MTenbHbIW 3aBoA» MOXHO 3anpocuTb Mo
agpecy:

607220, Huxxeropoackas
obnactb, . Ap3amac,

yn. 50 net BJIKCM, g. 8A.
T. (83147) 7-93-36, 7-94-65
®. (83147) 7-91-25,
E-mail: apz@oaoapz.com
WWwWw.oaoapz.com
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Hawe npegnpuatue cneuuanmanpyeTca B KOMMIIEKCHOM noaxoae no npoekTMpoBaHUo, NPOM3BOACTBY, MOHTaxy U

p CEPBUCHOMY OBCTYXMBAHUIO KOPPO3MOHHOCTOMKIX TPYBONPOBOAOB M3 CTEKIONNACTUKOBLIX (DYTEPOBAHHBIX TPYO.
000 «TpybonpoBop, Tpy6bI cTeknonnacTukoBble pyTepoBaHHbIe:
CneuCTtpony» * MNpenHasHayeHb! Ar1s TPaHCOPTUPOBAHMS XMMUYECKY arpECCUBHBIX U abpasvBocoaepalLmnx cpes (MPOMbICTIOBbIE
614056 r. Mepmb, TpyGOnpoBOab!, TPyGONPOBOAbI XMM. OYMLLIEHHOW BOAbI, peareHTONpoBOb, LLMaMOMPOBOAbI, NyrbMNonpoBos!, Tpy6o-
yn. Convkamckasi, 281a MPOBOAbI PA3NUYHbIX CTOKOB, KOMMNEKTbI TPYD ANs rpaavpeH, unstpoasibHble TpyGbl 1 Ap.
TenedhoHbl: 263-17-48, * Bygbl BHYTPEHHMX (OyTEPOBOYHBIX MOKPbITWIA: 3racTOMepbl; TEPMOPEaKTONNacTbl; MONUATUNEH; MOMMMPONMUIEH;
263-16-44 dakc: 263-16-52 ¢hroponnact.

www.tpss.ru

Ps CTbIKOBble COeAUHEeHUs: (hriaHLEeBoe; pacTpybHoe; MydToBoe; pe3bboBoe; CBapo4HOE KIEEBOE.
e-mail: info@tpss.ru

o W\

MEI Machine Tool Company

Crienmanusnposannoe oBopyloBaHHE /18 Ka4eCTBEHHOI Fp £ K "‘T{’-’ry {%"

peakn, rudxu, 0bpaborku 1 QraHKepoOBKH TOPIOR il \ ; o) P s_.,

METAJLTHYECKHX TPYE, CTEPKHEHN u IPOBOJIOKH @ I H Y \’ J_—_—"‘f_
Ty - " -

www.mei-machine.info

UHTEPHET-BUBUTKH WWW.RUNEFT.RU

000 «KEMEP»

B ropone AnbmeTbeBcke B aTol cgpepe BOT yxxe 6onee 10-Tu net pabotaet komnaHust OO0 «Kemep». 3a aTo BpeMsi oHa 3apekomeHgoBana cebs
Kak CTabuUnbHbIN U HAOEXHbIV MapTHEpP, NO3VMLMOHUPYIOLLNIA cebsl Kak reHeparibHOro NPOEKTUPOBLLMKA OOBEKTOB HE(PTSHOM 1 ra30BOI MPOMbILLIIEH-
HOCTW.

MK «3NTEX-A»
M3rotoBuM no uHAMBMAyanbHbIM NPOEKTaM HETUMOBOE LLMTOBOE 3MeKTPO06opyAoBaHME (3MEKTPOLLMUTHI).
OcyLecTBUM MOCTaBKY TUMOBOTO 3MEKTPOLLMTOBOrO 060pyaoBaHUs, a Takke KOMMNIEKTHbIE TpaHCchopMaTopHble nogctaHumm (KTI).

000 «MUHEPAN,»
00O «MuHepan» — NocTaBLUYK HehTENPOMBICIIOBOTO 060PYA0BaHUS U KOMMMEKTYIOLMX K HeMy. OBLLECTBO C OrpaHUYEHHON OTBETCTBEHHOCTHIO
«MwuHepan» obpasosaHo B 2000 rogy.

000 «TPYBEOMNPOBOACMNELICTPOWU»
Hawe npeanpusTtve cneumanusnmpyercsi B KOMMIEKCHOM NOAXOAE K NPOEKTUPOBaHUIO, MPOU3BOACTBY, MOHTAaXy Y CEPBUCHOMY OBCIYXXMBaHMIO
KOPPO3MOHHOCTONKNX TPyOONpPOBOAOB M3 CTEKIONNACTUKOBLIX (DyTepoBaHHbIX TpyO.

KOMMAHUA «MEPAT3K»
«MEPAT3K» — kpynHenwmn B MoBommkbe 1 KOxHO-YpanbckoM permoHax opuumnanbHbIvi npeactaButenb POCCUNCKMX NPUBOPOCTPOUTENbHbIX 3a-
BOZI0B, NMPOU3BOAALLMX TEXHUYECKNE TEPMOMETPLI 1 MaHOMETPbI.

MNpeanpuaTtus B OBuaABneHws M LleHbl Ha HedTL
MeponpusaTus B Karanor CMW W KoTuposku akumin
u Bubnuoteka B Tenpepb! B BwoeopenopTamu

CnpaBoqMHMKW B Hoeoctn B MOCTol
oTpacneBow nopTan BakaHcuu B Ananutuka

(8552) 38-51-26 | neft@expoz.ru
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QHEPIETUKA / KUTTUA

Y3KMM MecTOM B TeMe KOHTpOnsA u NnornHown aBToMaTusauum NMYCKOBbIX PeXXUMOB 3HepreTu4eCkKux GapaGaHHbIX KoTnoarperatoB sAABns-
€TCA KOHTpOIb 1 nogaepxaHue B HOpMe YPOBHA nuTaTenbHOW BoAbl BCrieACcTBME U3MEHEHUs yOenbHOro Beca BoAbl B npouecce ee

HarpeBaHusi Ao pabounx NnapameTpos.

O npaMmeHennn CHcTeMbI H3MEPEHHS YPOBHS B 0apadaHe
HEPreTHYECKOro KoTJia THAPOCTATHYECKHM METOI0M

¢ MHOTronapaMeTpH4YecKHM Ipeodopa3oBaTejieM JaBJIeHHs
CAII®HUP-22 MP-K

H.B. XAPUTOHOB
B.N. ®EOPOB

B HacToslLLee BpeMs KOHTPOnb OCYyLLEecT-
BMSieTCA MyTeM OCHalleHus 6bapabaHoB BoAo-
CMOTPOBbLIMW KOMOHKaMW NPSAMOro AeiCTBUS
N CHWXKEHHbIMU AaTynkamu-nepenagomepa-
MU C 9reKTPUYECKON CXEMOW ANCTAHLMOHHOM
nepegayn nNokasaHWn Ha 3NeKTPOHHbIe Npu-
6opbl (pernctpaTop , 2 perynatopa ypoOBHS,
He MeHee 2 nokasbiBaloLwmnx Npubopos), Ha-
XOOSILMXCS Ha TEennoBbIX LWMTax ynpasene-
HUA.

[aTtunk-nepenagomep Ha paboTatoLiem
KoTnoarperaTte OCyLIeCTBMSET 3aMep YPOBHS
nuTaTenbHoW BoAbl B GapabaHe koTna npw
paeneHun 105 krc/cm? n Temnepatype 316°C
(paccmaTtpuBaetca kotnoarperat TI1-230-2)
npu yaenbHoM Bece BoAbl nopsiaka 671 kr/m®
(T.e. Ha ~ 30% MeHbLUe, YeM Npu cTaHAapT-
HbIX YCMOBUSAX).

JlabopaTopHasi HacTponka XxapakTtepu-
CTMK [JaTyMKoB-NMepenagoMepoB crneunanu-
ctamu uexoB TAV npon3BoanTCS Ha BbIWEOT-
MeYeHHbIN yaenbHbIN BeC BOAbI NpU paboymx
napameTpax.

Mpu nepexodHbIX pexnumax kotnoarperarta
B TeYeHMe BCero BpeMeHWN pacTomnku (pacxo-
NOAKN) rMAPOCTaTUYECKUIA MeTOA U3MepEHUS
YPOBHSA NyTem 3amepa nepenaja AaBrneHus
B KOHAEHCaLVWOHHOM cocyde He paboTaeT
BCrneacTemMe 6OnbLUON MOrpeLHoCTN u3me-
putenbHoro komnnekta (>30%), BO3HMKato-
eVt OT U3MEHEeHUs yaenbHoro Beca BoAbl OT
1000 «kr/m® po 671kr/m® (cm. «TepmoauHa-
MU4YeckvMe CBOWCTBa BoAbl U napax» Tabnuua
Bykanosuya M.IM.).

MateHTOM Ha u306peTeHne Ne66521
(nateHToOBnapartens XaputoHoB H.B, Hau.
LUTAN  WUrymHosckon TO3LL [3epxuHckoro
dwunmana TrK-6) npegycmartpuBaeTca CO3-
AaHue «Cuctembl U3MepeHUsi YpoBHS BoAbI B
H6apabaHe aHepreTM4eckoro Kotna rngpocra-
TUYECKUM METOAOMY» C NMPUMEHEHWEM MHOTO-
napameTpu4ecKkoro MWHTEMNNeKTyanbHoro ne-
penagomepa, OCHaLLEHHOrO:

1. ABymsi ceHcopamu:

- nepenaja AaBneHus;

- N30bITOYHOTO AaBMNEHUs B OAHOM U3

Kamep.

2. OneKTPOHHbIM BNOKOM U3MEpPEeHUst
3MEKTPUYECKNX BEMUYNH Ha BbIXOAE CEeH-
COpOB, ux npeobpasoBaHne B LMdPOBOW
CUrHan v AanbHemnLyo KOpPEKLMIo
yAenbHoro Beca NUTaTenbHON BOAbI NO
BeNnYnHe n3bbIToYHOro Aaeneuns B 6apa-
6aHe koTna (Mo NUHUKN HacbIWEeHS),
¢ hopMmpoBaHMEM CTaHAAPTHOIO

HavanbHyK LITAW UrymHosckon TOL, i3epxwviHckoro counmana TIK-6

rmaBHbl KoHCTpykTop OAO «Tennonprbop»

TOKoBOro curHana 4-20 mA Ha BbIxofe.

Taknum 06pa3om, C GOMbLIOW TOYHOCTBIO
focTuraeTcs JOCTOBEPHOE 3HaYeHne YpoBHS
B GapabaHe koTnoarperata BO BCEX pexwu-
max.

3a ocHoBy npeobpasoBatenst «Cucte-
Mbl M3MepeHus ypoBHs BoAdbl B OapabaHe
3HEepreTM4yeckoro KoTna rmapocTaTu4eckum
mMeTogoM» Obln MPUHAT HaAeXHbId u npo-
BEPEHHbIN  OTeYeCTBEHHbIi  npeobpaso-
BaTenb AuddepeHunanbHOro  AaBreHus
«CANONP-22MP-00».

B nepuog 2006-2008 r. 661 npoBeae-
Hbl KOHCTPYKTOpCKMe paboTbl MO CO3[aHuIo
N W3roTOBMEHWIO OMbITHO-MPOMbILLIMEHHbBIX
06pasLoB MHOronapamMeTpu4yecKkoro UHTen-
nekTyanbHOro nepenagomMmepa - npeobpaso-
Batens «CAMN®UP-MP-K»

«CncteMbl M3MEpPEHUs YPOBHA BOAbI B
bapabaHe sHepreTnyeckoro Kotna rugpocra-
TUYECKUM METOAOM», KOTOPbIVA Mocrne CooT-
BETCTBYIOLLMX UCMbITAHUA U BHeceHus B [o-
CyAapCTBEHHbIN peecTp CPeAcTB U3MEpPEeHUi
B TeyeHune 2008 npowien ycneluHble OnbITHO-
NPOMBILLUMEHHbIE UCMbITAHNA Ha KoTnoarpe-
ratax ct. Ne 6 n 8 WrymHosckon TOL,.

K nonoxuTenbHbiM pesynestratam npu-
MeHeHUs BCEPEXMMHOro ypoBHeMmepa
Ha[o OTHECTU:

— TOYHbI KOHTPOSb 3@ YPOBHEM B nepe-
XOAHbIX pexumax (pacTornka), T.e. Bbl-
nonHeHue tpebosanui n. 4.3.13. MNTJI;

— BO3MOXHOCTb MUCMOSb30BaHUS €ro
nMnynbca Ans nonHown asTomaTnsaumm
pacTonku KoTrnoarperarTa.

Ona  mopepHM3auuy  CyLLeCcTBYHOLLMX
npubopoB KOHTPONS YPOBHSA, CUCTEM 3a-
WMTBl U perynvpoBaHus B bapabaHe KOT-
rnoarperaTtoB  [OCTaTOMHO  MEXaHW4ecKown
3aMeHbl CyLLeCTBYIOLNX MepenagoMepos
Ha patumk «Cucrtembl M3MepeHus ypoBs-
Hs BoAbl B GapabaHe 3HepreTMyeckoro
KOTma  rmapocTaTM4yeckum  MeTodoM» -
«CAMN®NP 22 MP-K» ¢ cornacoBaHnem anek-
TPUYECKOW CXeMbl OUCTaHUMOHHOW nepepa-
yu.

Crapeiwmm cdunuanom Hwxeropoacko-
ro nHctutyta «TEMJO3JIEKTPOINPOEKT»
AaHa cnepayioLlas oLeHka nsobpeTeHuto:

«N30bpeTeHne MMeeT  HEeCOMHEHHY
LIEHHOCTb...

— NOBbLILLIAETCH HAAEXHOCTb PaboThl
3HEepreTM4eckoro KoTna B NepexoaHbIX
pexumax (pactonka);

— UcknovaeTcs AeNCTBUe HYenoBe4ecKoro

r. PazaHb

akTopa;

— OTKPbIBAETCS BO3MOXHOCTb MOSHOM
aBTOMaTU3auuM NpoLecca pacTomnku
KoTnoarperara.

Hatunk «Cuctembl U3MepeHust ypoBHS BoAbI
B GapabaHe SHepreTM4eckoro kotna rugpocta-
TUYECKUM MEeTOAOM» HaWAEeT LUMpOKoe Mpume-
HeHWe Ha BHOBb MPOEKTUPYEMbIX, a Takke Mpu
MOAEPHM3aLMY CUCTEM KOHTPOMS U yrpaBreHus
— Ha JeNcTByoLWYX KoTnoarperatax 6apabaHHo-
ro TNa TEeMmMoBbIX AMEKTPOCTAHLIMIAY.

[enaptameHTOoM reHepanbHou NH-
CneKkuMn Mo 3KChnyaTaumm  3neKTpocTaH-
UM 1 ceTel Takke [JdaHa MONoXWUTENbHast
OLIEHKa:

«..3roToBneHHbI Ha OCHOBaHWK yka3aHHO-
ro naTeHTa BCEPEXMMHBIN YPOBHEMEP, NPOLLEA-
LUMIA COOTBETCTBYHOLLME WCMbITAHUS U aTTecTa-
LMo, BHECEHHbIN B [OCydapCTBEHHbIM peecTp
CpencTB M3MepeHWn, 0BecneynT BbIMONHEHWE
TpeboBaHuii n.4.3.13. MTO».

«C MOMeHTa Ha4ana pacTonku KoTna [or-
XeH ObITb OpraHn3oBaH KOHTPOMb 33 YPOBHEM
Boabl B GapabaHe...CHKEHHblE yKasaTenu
YPOBHs1 BOAb! AOMKHbI ObITb CBEPEHBI C BOAOYKa-
3aTenbHbIMK NprbopamMn B NpoLiecce pacTornku
(c yyeTom nonpasok)».

B nepvion npoBegeHWst TemaTuyeckux npo-
BEPOK COCTOSIHUS Y HAAEKHOCTU (DYHKLIMOHMPO-
BaHWS 3aLUWT aBTOMAaTUKM, TOYHOCTU U3MEPEHUI
Ha TexHornornyHom obopyaosaHum TOLL npubop
OyneT BHeOpATbCA Ha 3HepreTnyeckom obopy-
[0BaHUM OENCTBYIOLLMX 9MEKTPOCTaHUMNA. |
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Ha camom paHHeM 3aTane cBoero pa3BuMTUsS YeNoBeK NbITancsi MexaHM3npoBaThb cnocobbl NogbLeMa BoAbl AnsA 6onee 6bicTporo u addek-
TUBHOIO OPOLUEHUs], MO3TOMY NepBblie HAaCOChl NOABUIUCH eLle B rinybokon apeBHocTU. Ceivac pa3Hoo6pa3Hoe HacocHoe o6opyaoBaHue
nomoraeT pellaTb MHOXECTBO 3afay M npobrnem, BO3HMKAKOWMX B MPOMbILLNIEHHOCTU, CENIbCKOM XO3fANCTBe U cTpouTenbcTBe. Bes Hero
COBpPEeMeHHasi XXM3Hb NPaKTU4YeCcKUn HeBO3MOXHA. [loCTaTO4YHO OTMETUTb, YTO Hacochbl NoTpebnstT okono 20% Bcel BbipabaTbiBaeMou B
Mupe anekTpo3aHepruu. Mpu BbIGope Hanbornee NoAxoAsilero TMUNAa Hacoca M3 BCEro MHOroo6pasusi npeanaraemMbiX BapuaHToB GonbLuoe

BHUMaHue yaensietcsi ero 3g)eKTMBHOCTU U COBMECTUMOCTM C XapaKTepucTukamm paGoyero npouecca.
CtaTbf NocBsiLleHa ABYX— U TPEXBUHTOBbLIM HacocaM, He3aMeHUMbIM ANs pelleHUsi MHOMMX 3aAay HedpTerasoBoW NPOMbILLIIEHHOCTMH.

BbICOKOOP®DOEKTHBHBIE
BHUHTOBbIE HACOCDbI

COLFAX CORPORATION:
ALLWEILER, HOUTTUIN, IMO, WARREN, ZENITH

Bce Hacocbl, npegHasHayeHHble Ons
nepekaymBaHnsi XUOKUX Cpend, MOXHO nod-
pasgenuTb Ha ABa BuAa B 3aBUCKMMOCTM OT
XapakTepa BO3LeWCTBUS ero pabounx opra-
HOB Ha XMOKOCTb: AUHAMUYECKUe Hacochl,
K KOTOpPbIM OTHOCHATCS LIeHTPOGEeXHble, oce-
Bble, BUXPEBbIE, LLUHEKOBbIE U CTPYWHbIE, U
OObeMHble, BKMKYalOLLME Takue pas-
HOBWOHOCTW, Kak MOpLUHEBbIE, BUHTOBbIE,
LectepeHHble 1 ap. lNpu cpaBHEHUN LieH-
TPOBEXHBIX U BUHTOBBLIX HACOCOB, ABYX Ca-
MbIX XapaKTepHbIX MpeAcTaBUTENen 3TUX
rpynmn,CTaHOBUTCSI OYEBUAHBLIM, YTO MepBble
3aMeTHO YCTynarT BTOpbIM NO 3addpekTmB-
HocTW. KM BMHTOBbLIX HACOCOB OCTAETCH Ha
36% 6onblue, YeM LIEHTPOBEXHBIX, NP 3TOM
notpebrnsiemasi MOLLHOCTb COKpaLlaeTcsl Ha
120 kBT, 4TO MO3BONSIET CYLUECTBEHHO CHU-
3UTb 3aTpaThbl HA ANEKTPOIHEPTUIO.

Bo Bcem mupe 13 HedTAHbIX CKBa-
XMH Ha MOBEPXHOCTb MOAHMMAIOT OKOIO
3 mnpa ky6. M HedpTV 1 KoHAeHcaTa B rof.
3atpaTtbl Ha WX 3KChnyaTauui COoCTaBns-
10T OJHY M3 OCHOBHbIX CTaTeii pacxoja B

DKEMMC P. BPEHHAH

BbICOKOPA3BUTbIX CTpaHax. OTUM OObSICHSI-
etcsi bonbluas 3aMHTepeCcoBaHHOCTb HedhTe-
[06bIBaOLLIMX MPeAnpUATUAIA B MOUCKE CaMbIX
3appekTBHBIX  CNocoboB  aKchnyaTaumm
ckBaXuH. OgHUM U3 BO3MOXHbIX peLleHun
3TO  Npobnembl  SIBMSIETCS  MCMONb30oBa-
HMe BUHTOBbIX HacocoB Colfax, npekpacHo
CnpaBnsloLLMXCA C 3afjadaMu  rnepekaqkm
MaCnsiHUCTbIX BS3KMX XKMOKOCTEN C BbICOKMM
copgepkaHveM necka, rasa v Bofpl 1 obecne-
YMBaIOLLMX BbICOKYIO 9¢pEeKTUBHOCTb TEXHO-
F1I0rM4YecKoro npotiecca.

Bbicokasi Npon3BoaUTeNIbHOCTb, NMPOCTO-
Ta aKcniyaTaumMm U TEXHUYECKOro obCny u-
BaHWs, CIOCOBHOCTb NepeKayku XXNAKOCTEN C
pasnunYHbIM YPOBHEM BSI3KOCTU, KOPPO3MOH-
Hasi CTOMKOCTb Npegonpenenuin LUMpoKoe
MX pacnpocTpaHeHue.

B npegbigywiem Homepe Mbl MocTa-
panucb OCBETUTb 00MacTu NPUMEHEHUS U
npuvHUMN paboTbl ABYXBVMHTOBbIX HACOCOB,
N celyac OCTaHOBMMCSl Ha cregytoLlen
pPa3HOBUHOCTU 3TOFO Kracca — TPEXBUHTO-
BbIx Hacocax Colfax/Allweiler, Imo. Onu »

Puc. 2 Figure 2. A heavy crude three screw pump on pipeline service in Western Canada.
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Designs are now available in sealless configurations,
such as magnetic drives and canned arrangements, to
allow customers to reduce emissions and meet govern-
ment guidelines. Three screw pumps are renowned for
their low noise levels, high reliability, ease of repair and
long life (see Figure 2).

Design and Operation

Three screw pumps are manufactured in two basic
styles, single suction and double suction (see Figure 4).
The single suction design is used for low to medium flow
rates and low to very high pressure. The double suction
design is really two pumps in parallel in one casing, used
for medium to high flow rates at low to medium pressure.

Three screw pumps generally have only one mech-
anical shaft seal and one, or perhaps two, bearings that
locate the shaft axially. Internal hydraulic balance is such
that axial and radial hydraulic forces are opposed and ca-
ncel each other. Thus, bearing loads are very low.

Another common characteristic of three screw pum-
ps is that all but the smallest, low pressure designs incor-
porate replaceable liners in which the pumping screws ro-
tate. Minor repair kits (seals, gaskets, bearing) and major
repair kits (all wearing parts, including those in the minor
repair kit) allow easy field repair of most three screw pum-
ps. So field repair is a simple matter and the piping does
not have to be disturbed.

The center screw, called the power rotor, performs
all the pumping. The meshed outside screws, called idler
rotors, cause each liquid-holding chamber to be separat-
ed from the adjacent one, except for running clearances.
This effectively allows staging of the pump pressure rise.
Because the center screw is performing all the pumping
work, the drive torque transferred to the idler rotors is only
necessary to overcome viscous drag of the cylindrical ro-
tor spinning within its liner clearance.

The theoretical flow rate of these pumps is a function
of speed, screw set diameter and the lead angle of the
threads. Basically, flow rate is a function of the cube of the
center screw diameter. Slip flow is the volumetric inefficie-
ncy due to clearances, differential pressure and viscosity.
It is a function of the square of the power rotor diameter,
resulting in larger pumps being inherently more efficient
than smaller pumps. In crude oil pipeline service, the pow-
er savings is greatest compared to centrifugal pumps.
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Speed is ultimately limited by the applications/system
capability to deliver flow to the pump inlet at a sufficie-
nt pressure to avoid cavitation. This is true of all pumps.
Three screw pumps tend to be high speed pumps, not
unlike centrifugal pumps. Two pole and four pole motors
are most commonly used.

Slower speed may be necessary when dictated by
large flows, very high viscosities or low available inlet pre-
ssures. High speed operation is desirable when handling
low viscosity liquids since the idler rotors generate a hyd-
rodynamic liquid film in their load zones that resists radial
hydraulic loads, very similar to hydrodynamic sleeve bea-
rings found in turbomachinery.

To achieve the highest pressure capability from three
screw pumps, it is necessary to control the shape of the
screws while under hydraulic load. Five-axis NC profile
grinding accomplishes this best, through complete dimen-
sional control and a high degree of repeatability. Opposed
loading of the idler rotor outside diameters on the power
rotor root diameter dictate that these surfaces be heat tre-
ated to withstand the cyclic stress.

Again, profile thread grinding produces the final scr-
ew contour while leaving the rotors quite hard, in the order
of 58RC. This hard surface better resists abrasive wear
from contaminants and extends the service life.

Because some three screw pump applications range
to pressures of 4500-psi (310-bar), pumping element lo-
ading due to hydrostatic pressure can be quite high. With
hydraulic balance, the forces are balanced in two planes
such that bearing loads are minimal to increase operating
life.

Single ended pumps use two similar but different tec-
hniques to accomplish axial hydraulic balance. The center
screw, or power rotor, incorporates a balancing piston at
the discharge end of the screw thread (see Figure 5). The
area of the piston is made about equal to the area of pow-
er rotor thread exposed to discharge pressure.

Consequently, equal opposing forces produce zero
net axial force due to discharge pressure and place the
power rotor in tension. The balance piston rotates within a
close clearance stationary bushing, which may be harde-
ned or hard coated to resist erosive wear. The drive shaft
side of the piston is normally internally or externally ported
to the pump inlet chamber. Balance leakage flow across
this running clearance flushes the pump mechanical seal,
which remains at nominal pump inlet pressure.

The two outer screws, idler rotors, also have their di-
scharge ends exposed to discharge pressure. Through
various arrangements, discharge pressure is introduced
into a hydrostatic pocket area at the inlet end of the idler
rotors (see Figure 6).

The effective area is just slightly less than the expo-
sed discharge end area, resulting in approximately equal
opposing axial forces on the idler rotors. The idler rotors
are therefore in compression. Should any force cause the
idler rotor to move toward discharge, a resulting loss of
pressure acting on the cup shoulder area or hydrostatic
land area tends to restore the idler rotor to its design ru-
nning position.

The upper view in Figure 6 shows a stationary thrust
block (cross hatched) and a stationary, radial self locating
balance cup. Discharge pressure is brought into the cup
via internal passages within the pump or rotor itself. The
lower view shows a hydrostatic pocket machined into the
end face of the idler rotor. It, too, is fed with discharge pre-
ssure. The gap shown is exaggerated and is actually only
a few thousandths of an inch.

For some contaminated liquid services, the hydrost-
atic end faces of the idler rotors are gas nitride hardened
or manufactured from solid tungsten carbide and shrink
fitted to the inlet end of the idler rotors. When the cup des-
ign is used, the cup inside diameter and shoulder area are
normally gas nitride hardened. Both techniques are used
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OTMNYaIOTCA HanbonbLUed NPOV3BOAUTENb-
HOCTbIO, OfHAKO Mario NoAXoaaT Anst paboTbl
C arpeccyBHbIMM XUAKOCTAMU U 06opyaoBa-
HWeM C HU3KVIM JaBneHneMm Ha BXOAe, OCTaB-
NAs 3TV 3a4a4m B KOMMETEHLMN ABYXBUHTO-
BbIX HACOCOB.
TPEXBUHTOBbLIE HACOCbI
COLFAX/ALLWEILER, IMO.
OBIACTU NPUMEHEHUA

Cpean Bcex BWOOB BMHTOBbIX HacocoB
TPEXBMHTOBbIE MOMNyYMNM CaMoe  LUMPOKOe
pacnpocTpaHeHue B NpoMbILLNeHHoCTH. Han-
6oree 4acTo OHU MCMONB3YIOTCS B MMAPaBIN-
YecKUX NogbeMHuKax, Npu nogade masyTa K
chopcyHKam, B cCTEMAaxX CMa3ki MaLLMHHOTO
obopyaoBaHUs, B Ka4ecTBe rMapaBnyeckux
KOMIMOHEHTOB CMIIOBOrO MpWBOAA, a Takke
Ha HedTenepepabaTbiBalOLLMX 3aBOAaX A5
nepekaykn ropsumnx BA3KWX XuakocTen — ou-
Tyma, ryapoHa u MasyTHoro Tornvea. Kpome
TOro, TpexBMHTOBbIE Hacockl Colfax HaxoaaT
LUMPOKOE MPUMEHeHWe B TPybOnNpoBOAHbIX
cucTemMax nepekadkm coipor Hedt (doto 1),
B CyCTeMax 3anofnHeHns 6apx n kopabnen, B
KayecTBe HacoCOB rnodayn Tonnmea B kame-
py CropaHus ra3oTypOuHHbIX ABUraTenen.

CoBpeMeHHble TPEXBUHTOBbIE HACOChI
Colfax moryT cosnasaTb faBneHue HarHeta-
Hus xuagkocTn 6onee 310 Gap npu pacxoge
750 Kky6.m/4. OHM 04EeHb HAAEXHbI B AKCMy-
ataumy 1 0bnafaloT YpesBbIYaHO BbICOKVM
KNA. bnarogapst nocnegHum paspaboTtkam,
B MPOW3BOACTBE MOSIBUNIUCL FepMETUYHbBIE
6eccanbHUKOBbIE HACOCh! C 3NIEKTPOMAarHuUT-
HbIMU NpyBoAaMU. OHU NMO3BONSIOT MPOV3BO-
AMTENSIM CYLLECTBEHHO COKpPaTUTb OOGBbEMbI
BpeaHbIX BIOPOCOB 1 He BbIXOAWUTL 3a npe-
OenbHO [O0MyCTUMbIE HOPMbI, YCTAHOBIEH-
Hble 3aKOHOAATENBLCTBOM. TPEXBUHTOBbIE Ha-
cocbl Colfax HenpyxoTnMBbI B aKcnyaTaLumu,
OHM OTNNYAKOTCH BLICOKUMM MOKasaTensmMu
HaEXHOCTU U ONUTENbHBIM CPOKOM CITyX-
6bl, a Takke obecneymBaloT HU3KUIN YPOBEHb
lwyma 1 yaobHbI AOCTYN AnS peMOoHTa KO
BCEM 3rieMeHTaM KOHCTpyKUuun (puc. 2).
YCTPOWMCTBO U NPUHLAN
OEACTBUA

TpexsuHTOBbIE Hacockl Colfax npoekTu-
PYIOTCSt B [1BYX OCHOBHbIX KOH(MIypaumsix:
OOHOCTOPOHHETO M [ABYXCTOPOHHEro BCachbl-
BaHWsi. Hacocbl nepBoro Tna Mcnonb3yioT-
CS MPU HU3KOM UNW CPEHEM PacXOAe Xua-
KOCTW, HO MOryT pa3BuBaTb 06O Hanop.
Brtopow Bua, npeacraensowmii cobon asa
napannernbHbIX Hacoca B OAHOM Kopryce,
npegHasHa4yeH Afs OTHOCUTENbHO GornbLuo-
ro pacxofa XWAKOCTU NPU Hanope He Bblille
CpefHUX nokasarene.

KOHCTpYKUMST  TPEXBUHTOBBLIX HACOCOB
Colfax npegycmaTtpuBaeT TOMbKO OZHO Me-
XaHW4yeckoe YMIoTHeHVe Bana, Ha KOTOpoM

YCTaHOBMEHb! OAMH WM [ABa MOALUMMHKMKE,
yaepxuatolime Ban. OceBble U paguanb-
Hble MMAPaBIIMYECKME CUTTbl HANPaBMEHb! Ha-
BCTpeYy ApYr K APYry ¥ B3aMMHO KOMMEHCH-
pytoTcs, obecrnedvBasi BHYTPEHHWUIA rMapaB-
nuyeckuii banaHc, bnarogapsi 4emy Harpyska
Ha NOALUMMHMK CBOAMTCS K MUHUMYMY.

Bce Hacocbl aToro Tvna, 3a UCKIoYeHu-
€M CaMbIX ManeHbK1UX Moaenemn, He cnocoo-
HbIX pa3BuBaTh OOMbLLOM HaMop, OCHALLEHbI
CMEHHbIMW BTyIKaMu, B KOTOPbIX BpaLLatoTCs
BUHTbI. Merkve 1 kanutarnbHble PEMOHTHbIE
paboTbl YNIOTHEHWI U NOALUMIHUKOB, @ Tak-
e BCeX YacTeu, NoABEPXKEHHbIX N3HOCY, MO-
ryT ObITb ONepaTVBHO NPOBEAEHbI HA MecTe
6e3 0CTaHOBKW TEXHOMOMMYECKOro npoLiecca.

LleHTpanbHbIi BeayLumin BUHT GepeT Ha
cebsi BClO Harpy3Ky Mo nepekavke XUAKOCTU.
[1Ba Apyrvx BEOOMbIX BMHTa COBMECTHO C
LieHTparnbHbIM MpuBOAOM 0bpasyloT oTtae-
NeHHble Apyr OT Apyra NoriocTu Mexay Ha-
pe3kamu 1 060MMOMN, B KOTOpble MOCTyrnaeTt
XKMakocTb. ATO obecneumBaeT NocTeneHHoe
HapacTaHve paaeneHus. OpHako MonocTu
M30MMpoBaHbl ApYyr OT Apyra He MOMHOCTHO
— Mexgy poTtopaMu npedycMOTPeHbl 3a-
30pbl, Yepe3 KOTOpble MPOUCXOASAT YTEYKM.
MockonbKy BECb MPOLIECC MoAaqn XuaKocTu
obecneunBaetcss paboTON  LIEHTpanbHOro
BVHTA, KPYTALWMIA MOMEHT, nepenaBaeMbli
Ha BeOOMble POTOPbI, PacxodyeTcs TOSbKO
Ha npeoponeHne BA3KOW cpedbl Mpv nepe-
[OBVDKEHUW XKUMOKOCTU B KaHane.

dopma BUHTOB, HaxXOAsLUMXCA Mog BO3-
[eNCTBUEM MMOPABIMYECKUX CUI1, BIUSIET HA
BEMUYMHY Haropa, pa3BrvBaeMOro HaCoCOM.
3agaHHyl0 hopMy BuMHTaM npupatoT obpa-
0oTkoM Ha 5-koopamHaTHOM cTaHke c YITY,
KoTopasi obecrne4vBaeT TpPEXMEPHOE yrpaB-
NEeHne N BbICOKY TOYHOCTb W3rOTOBIIEHUSI.
Cwvnbl OT BO3OENCTBUS BHELLUHWUX ANAMETPOB
BEIOMbIX POTOPOB Ha BHYTPEHHWI AVAMETP
rMaBHOrO POTOpa HarnpaBneHbl HaBCTpedy
Opyr Opyry, NnoSToMy LaHHble y4acTKu He-
obxogMmo  nogBeprHyTb  Tepmoobpabot-
Ke, 4Tobbl B npouecce paboTbl OHW MO
BblOepXKaTb LMKIIMYeckoe HarpyxeHue. B
JanbHenweM npodunm BUHTOB MoaBepra-
t0TCA JOMONMHUTENBHOM TepMoobpaboTke Ao
TBeppoct 58 HRc, Gnarogapsi yemy getanm
Hacoca CTaHoBATCH Goree CTOMKMMM K UCTU-
paHuio OT CoaepXKalLMXCs B KWUAKOCTW Mpu-
Mecel 1 [orblUe CryXar.

TeopeTnyeckn Hanop MOAOOHbIX Ha-
COCOB 3aBUCUT OT CKOPOCTM BpalleHUs
BUHTOB, MX AMaMeTpa W yrrna nogbema
pe3bbbl. OgHako rmaBHbIM 06pa3oM unx
Npon3BOAUTENBHOCTEL OnpeaensieTcs Ky-
BGuyeckoi cTeneHbio AvameTpa BeayLero
BUHTa. lpn 3atom obpaTHble MNepeToku,
BO3HMKaKLME N3-3a HEU3OBEXKHBIX P

SINGLE END POWER ROTOR
HYDRAULIC BALANCE
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3a30poB, Nepenaga AaBMeHUs U KOHEYHOW
BSA3KOCTW, MPVBOAST K O6BbEMHbIM NOoTEpsiM.
OHW NpsiMO NponopLUMoHanbHbl KBafpaTy Be-
TNMYMHBI AvameTtpa LeHTpanbHoOro potopa, u
3T0 06CTOSATENBLCTBO AENaeT UCMONb30BaHNe
BonbLumx HacocoB Bonee ahHEKTUBHBIM MO
CPaBHEHWIO C ManeHbKMMK. B Lienom xe BuH-
TOBbIE HACOChl, B OTIINYME OT LIEHTPOOEXKHBIX,
MO3BOMSIOT CYLLECTBEHHO COKPaTUTb 3HEpro-
3aTpatbl B TPy6ONPOBOAHBIX CUCTEMAX nepe-
Kayku cblpoli HedTu.

CkopocTb paboTbl BCEX BUAOB HAacOCOB
3aBUCUT OT Hamopa NnofjaBaeMol >XWUOKOCTU
Ha BXxode, KOTOpbI AOMmKkeH ObITb JocTa-
TOYHbIM Ans m3bexaHus KasuTaumn. Tpex-
BMHTOBbIE HACOCbl, Kak W LeHTPoOexHble,
OT/IMYAIOTCS BbLICOKOW CKOPOCTbIO MNepeka-
YMBAHWUSA XWMOKOCTW, MPU STOM Yalle BCero
MCMONb3YTCA ABYXMOMIOCHbIE U YeTblpex-
nomntocHble anekTpoasuratenn. OgHako OHK
CMPaBnslOTCA U C TakUMWU 3agadvamu, rae
TpebyeTcs COXpaHATb HU3KYK CKOPOCTb NPo-
Liecca nepekayku, Hanpumep npy 605bLLoM
pacxofe v CTeneHun BA3KOCTWU Cpeabl Unn B
crny4yae, ecnv Ha Bxoge A0rMycKaeTCs TOmNbKO
marioe fjaBreHve.

Bbicokasi ckopocTb paboTbl Hacoca He-
obxoauma npu nogaye ManoBA3KUX JKWUAKO-
cTeil. Bo Bpems nepemelLeHns Taknux cpeq
Ha y4acTkax BefOMbIX BUHTOB, MOABEPXEH-
HbIX Harpyskam, obpasyercs ruapoauMHamm-
yeckasi MreHka >XWOKOCTM, OKasblBatoLas
COMNpOTUBMEHNE pauarbHbIM apaBnmye-
cknum cunam. Mo Takom xe cxeme paboTtatoT u
rMOPOAVHAMUYECKVE MOALLMIMHUKA CKOSMbXe-
HUS1, MPUMeHsieMble B TypbocTpoeHuu.

B HekoTOpbIX Crny4asx TPeXBUHTOBbIE
Hacocbl [JOMMKHbI MepekaunBatb XUOKOCTb
nog aaenexnem 310 Gap, BcrneacTsue 4ero
pasnuyHble YacTy Hacoca WUCMbITLIBAKOT Ha
cebe BnmsHWe OomblumMx Harpysok. bnaro-
fAaps rnapaBnuyeckomy 6anaHcy cosgaetcs
paBHOBECWE BO3AEVCTBYIOLLMX CUN B OBYX
NMOCKOCTSX, YTO CBOAUT K MUHMMYMY Harpys-
KM Ha noawmnHuk1 1 obecnevmsaet obopy-
[0BaHWo BOMbLUMIA CPOK CIYKObI.

[na poctwxkenusa rugpaenuyeckoro 6a-
naHca 0CeBbIX CUIT B HACOCAX OAHOCTOPOHHE-
ro TUna MCnosb3yloT NpYemM KoMMeHcaTopa,
KOTOPbIVi MOXeT NnoAaBaTbCs B ABYX MecTax.
B nepBom cnyyae Ha LeHTpanbHOM BUHTE, C

OUTLET END

HarHeTaTenbHON CTOPOHbI BUHTOBOW Hape3Ku
yCTaHaBMMBaETCS ypaBHOBELLMBAIOLLWMI MOpP-
weHb (poto 3). AnameTp nopLuHs nogbupa-
€TCA B COOTBETCTBUW C ANAMETPOM Hapeskut
BEAyLLero BMHTa, BOCMPVHMMAalOLLIEN AaBrie-
HVe HarHeTaHus. B pesynbrate npoTtmBoaen-
CTBYIOLLWIE CUMbl B3aVIMHO YpaBHOBELLIMBAIOT
Apyr Apyra, 4To No3BOISiET Hacocy paboTatb
B pexume GanaHca cwn. YpaBHOBeELLMBAtO-
LM MOpLUEeHb BPALL@ETCH B HEMOABUXHON
BTYriKe, B KOTOPOW NpeaycMaTpuBaeTcs He-
6onbLuon 3a3op. Brynka narotaBnusaetcs n3
MPOYHbIX METANMOB U MMEET MOKpbITUE, 3a-
Lmaollee ot aposun. Beayuias ctopoHa
Bana BHYTPEHHE WNN BHELUHe MPUCOeAMHS-
€TCA K BXOAHOMY kaHany Hacoca. [Npu aTom
MeXaHW4ecKoe YMNIoTHEHUe, BOCTPUHMMaI0-
Liee HOMWHanNbHOe [aBrneHne Ha Bxogde Ha-
COCa, OuMLLAETCS OT 3arpAsHSIOLMX HacTUL,
6narogaps ytedkam Yepes pabounin 3a3op.
Bo BTOpOoM cryyae BbIxogHOe [faBne-
HWe KOHLEHTPMPYETCA Ha HarHeTaTenbHbIX
CTOpOHax BeAOMbIX BWMHTOB. C MoMOLLbIO
pa3nuyHbIX NPUCNOCcCObeHNn OHO nogaercs
K HeBOoMbLUMM pasrpy304HbIM MOMOCTSM Ha
BXOAie BEAOMbIX POTOpOB (puc. 4). Takum 06-
pasom, co3gaercsl NPOTUBOAABIIEHVE, ypaB-
HOBeLLMBatoLLiee OceBble CUMbl B Hacoce U
obecneunBatoLLiee oceBon GanaHc.
3dpekTBHOE NPOCTPAHCTBO NKLLb He-
MHOrO yCTynaeT nnoLiaamn BbIXofa, No3ToMy
BCTPEYHbIE OCEBbIE CUIbI, BO3AEVCTBYHOLLME
Ha BeOOMblE BWHTbI, NPUGNMU3NTENBHO paB-
Hbl. BcrneactBue 3TOro  AOMOMHUTENbBHbIE
BMHTbI paboTatoT Ha cxaTtue. Ecnu noa Bos-
OeNCTBMEM KakoW-nMBOo Cunbl OHW Nepeasu-
raloTca K 0brnacTu pasrpysku, TO CHUXKEHUe
JaBrneHuss Ha obnacTb  YNMOTHUTENBHOIO
KorbLia ¥ 3anmneyvka unu rmapocTaTu4eckon
NnoLaan KoHTakTa BO3BpaLLaeT MX B UCXO-
OHoe nonoxeHue. Ha ¢oto 4 npencraeneH
CTaUMOHapHbIN CUOBON y3en (3aLTpuxo-
BaHHasi obnacTb) ¥ 3aKpenneHHas pagvans-
Has GanaHcupyoLLas BTyrKa, KoTopasi cama
Haxoaut Heobxoaumoe Ans paboTbl MecTo-
nonoxeHwve. [laBneHne Ha BbIXxofe nogaercs
K BTyrKe Yepes3 BHYTPEHHWE KaHarbl B Haco-
ce unu B camom potope. BHu3y BuaeH ru-
ApOCTaTUYECKUA KapMalleK, BbIMONHEHHbIN
B TOPLIOBOW MOBEPXHOCTU BEOOMOrO BUHTA.
K Hemy Tawke nogBoauTCs OaBeneHve b
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to resist wear due to the fine contaminants.

In a radial direction, three screw pumps achieve pow-
er rotor hydraulic balance due to symmetry. Equal press-
ure acting in all directions within a stage or wrap results in
no radial hydraulic forces since there are no unbalanced
areas. The power rotor frequently has a ball bearing to li-
mit end float for proper mechanical seal operation, but it is
otherwise under negligible load. Idler rotor radial balance
is accomplished through the generation of a hydrodyna-
mic liquid film, in the same fashion as a journal or sleeve
bearing (see Figure 7).

The eccentricity of the rotating idler rotors sweeps lig-
uid into a converging clearance, resulting in a pressurized
liquid film. The film pressure acts on the idler rotor outside
diameters in a direction opposing the hydraulically gener-
ated radial load (see diagonally opposing arrows indicati-
ng direction of loading).

Increasing viscosity causes more fluid to be dragged
into the pressurized film, causing the film thickness and
thus pressure supporting capability to increase. The idler
rotors are supported in their respective housing bores on
liquid films and have no other bearing support system. Wi-
thin limits, if differential pressure increases, the idler rotor
moves radially towards the surrounding housing bores.

The resulting increase in eccentricity increases
the film pressure and maintains radial balance of the
idler rotors. For high suction pressure applications (as
in boost stations) special balancing techniques, such
as changing the balance piston area or double exte-
nding the power rotor, can reduce radial forces to a
minimum.

As versatile as three screw pumps are, they are
still not suitable for some applications. While many
advances in materials engineering are taking place,
state-of-the-art three screw pumps have too great a
galling tendency on very corrosion resistant materials,
such as high nickel steels. A twin screw pump should
be considered for corrosive liquid applications in order
not to lose the efficiency advantage of screw pumps.

Twin Screw Pumps: Principle Applications

Two screw or twin screw pumps can handle ap-
plications that are well beyond many other types of
pumps, including three screw designs. Twin screw
pumps are especially suited to very low available inlet
pressure applications, and more so if the required flow
rates are high.

Services similar to three screw pumps include cr-
ude oil pipeline, viscous product processing, synthetic
fiber processing, barge unloading, fuel oil burner and fuel
oil transfer. Unique applications include:

+ Adhesive manufacturing
High water-cut crude oil
Light oil flush of hot process pumping
Paper pulp production needing to pump over about
10 percent solids
Nitrocellulose explosive processing
Multiphase (gas/oil mixtures) pumping
High air content tank stripping service
Cargo off-loading with ballast water as one of the
fluids
Design and Operation
The vast majority of twin screw pumps are of the
double suction design (see Figure 8).The opposed th-
read arrangement provides inherent axial hydraulic
balance due to symmetry. The pumping screws do not
touch each other, thereby lending themselves to man-
ufacture from corrosion resistant materials. The timing
gears serve to synchronize the screw mesh as well as
transmit half the total power input from the drive shaft to
the driven shaft.

Each shaft effectively handles half the flow and thus
half the power. Each end of each shaft has a support
bearing to overcome the radial hydraulic loads, which
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are not otherwise balanced. The timing gears and be-
arings are external to the liquid pumped. They need not
rely upon the lubricating qualities of the pumped liquid
nor its cleanliness. Four mechanical shaft seals keep th-
ese bearings and timing gears isolated and operating in a
controlled environment.

Figure 9 illustrates hydraulic radial forces on a twin
screw pump rotor due to differential pressure. These for-
ces are uniform along the length of the pumping threads
and cause deflection for which running clearance must be
provided in the surrounding pump body.

Deflection must be kept to a minimum because gr-
eater deflection requires larger clearances, resulting in
more slip flow or volumetric inefficiency. Excessive defl-
ection damages the surrounding body and/or contributes
to rotating bend fatigue, which ultimately results in shaft
breakage. Large diameter shafts and screw root sections
are used to maintain minimum deflection.

Depending on the machining direction of the threads
(left or right hand) and the direction of shaft rotation, the
pump manufacturer can cause deflection in either of the
two radial directions, up or down for a horizontal pump.
These radial deflection loads are absorbed through exter-
nally lubricated antifriction bearings.

Radial loads are proportional to differential pressu-
re across the pump. Higher differential pressure produ-
ces higher radial loads or forces. Smaller lead angles of
the screw set reduce these radial loads and reduce the
flow rate. Larger lead angles increase the flow rate as
well as the radial loading. Bearings are usually sized to
provide 25,000 or more hours L10 bearing life at maxi-
mum allowable radial loading and maximum design op-
erating speed. Because of this pumpage-independent
bearing system, twin screw pumps with external timing
gears and bearings can handle high gas content as well
as light oil flushes, water, etc.

Twin screw pumps are manufactured from a broad
range of materials, including 316 stainless steel. When
extreme galling tendencies exist between adjacent
running components, a slight increase in clearance is
provided to minimize potential for contact during ups-
et conditions. In addition, the stationary bores in which
the screws rotate can be provided with a thick industrial
hard chrome coating that further reduces the likelihood
of galling and also provides a very hard, durable surfa-
ce for wear resistance.

Such coatings do, however, require the capability of
inside diameter grinding to achieve finished geometry
within tolerances. For highly abrasive services, the out-
side diameter of the screws can be coated with various
hard facings to better resist wear. Among these coatin-
gs are tungsten carbide, stellite, chrome oxide, alumina
titanium dioxide and others.

Medium and high viscosity operations are not the
only regions where multiple screw pumps bring advant-
ages to the end user. Low viscosity combined with high
pressure and flows less than approximately 450-gpm
(100-m3/h) are excellent screw pump applications. The
combination of modest flow, low viscosity and high pr-
essure is a difficult service. This is a typical application
for reciprocating pumps in crude oil pipelines.

Reciprocating pumps require pulsation suppressi-
on devices in the suction/discharge to avoid excessive
vibration on the piping system, which is a potential env-
ironmental concern. Ongoing research and developm-
ent efforts will further extend the capabilities/capacities
of these machines, allowing better performance over a
broader range of applications.

Multiple screw pumps are uniquely suited to many
of the applications in the oil and gas market and offer
long term benefits to their users, including higher effic-
iency, pulseless flow, smaller footprints and equipment
that is easily maintained.

NEPEPABOTKA / OBOPYOOBAHME

Ha BbixoAe. 3a30p Ha PUCYHKE CUIbHO
npeyBenuyeH, B AEWCTBUTENbHOCTU ero
BEMMYMHA JULb HECKOMbKO TbICAYHbIX
aonma.

Ona ruapocTatMyeckux TOPLOBbIX
No-BEpPXHOCTEWN BEAOMbIX POTOPOB Mpes-
ycmaTtpuBaeTcsi cneuuarnbHas 3awmra ot
KOpPpPO3un, BO3HMKAKLWEN Npu nepekayvu-
BaHWM 3arpsi3HeHHbIX Xuakocten. [Ons
npyvaaHusa Gonblue NPOYHOCTM MX noa-
BeprawT npoueccy as3oTupoBaHusa nubo
M3roTaBIMBaOT U3 CTOMKOrO K KOppo3uu
kapbuga Bonbgpama. 3ateM ux nogbu-
patoT K paamepy Bxo4a BeAOMbIX BUHTOB,
npu aToM ob6si3aTenbHO OCTaeTcs 3anac
Ha gedopmauuto. Brynka no BHyTpeHHe-
My OnaMeTpy 1 obnacTb 3anfneyuka Tak-
Xe ykpennsTcsa asotupoBaHuem. Ob6a
TEXHOMNOrMYecKUx npuema npegHasHave-
Hbl AN MOBbIWEHUS W3HOCOCTOMKOCTU
petanen oT menbyalwmx vactuy abpa-
3MBHbIX NPYMeECeN.

B TpexBuHTOBEIX Hacocax Colfax,
6narogapsi CUMMETPUYHOMY pacronoxe-
HWIO BMHTOB, Harpy3kuM Ha LeHTpanbHbIf
poTop cbanaHcupoBaHbl B pagvanbHOM
HanpasneHun. BHyTpu kaxpgoro BuTka
JaBrieHVe pacnpocTpaHseTcs paBHO-
MEpPHO, 1 pagunanbHble CUMbl NepecTatT
[AelicTBOBaTb, MOCKONbKY BCE Y4acTKu
BOCMPUHMMAOT OOUHAKOBYK Harpysky.
Ha Bepgyuiem BMHTe, kak npaswuio, ycra-
HaBNUBAETCS LUAPUKOBLIA MOALLIMMHYUK,
4TOObI COKpPaTUTL OCeBOM 3a3op M obe-
cneuntb 6ecnepeboliHyto paboTy Topue-
BOrO YMIOTHEHWS, OOHAKO Harpysku Ha
HEero HecyLLEeCTBEHHbI.

PapguanbHbii 6anaHc BeJOMbIX BUWH-
TOB AocTuraetcsi bnarogapsi obpasoBa-
HUIO  TMAPOAUHAMUYECKOW XUAKOCTHOM
NNEeHKN, BbIMOMNHSALLWEN QYHKLUUIO MNoAa-
wunHukKoB (oto 5). OTkNoHeHne Beao-
MbIX BUHTOB OT COOCHOCTM MPUBOAMUT K
TOMY, 4YTO XMAOKOCTb NepeTekaeT B Cyxa-
lowmnnca 3asop n obpasyercsa 3atopmo-
XeHHbIN cnoii. OH okasbiBaeT [AaBrneHne
Ha BHeLLUHWEe AnameTpbl BUHTOB B Hanpas-
TNIeHUMN, MPOTMBOMOMIOXKHOM paguanbHON
rmgpaBnuyeckoi Harpyske (Ha ¢oTto 5
OunaroHanbHbIMU CTpenkaMmy 0603HaYvYeHbI
HanpaBreHns Harpys3oKk).

YeMm Bblle BA3KOCTb, TeM Oonblue

Puc. 5

TOMLWMHA NorpaHnYyHoro crnosi u Tem 6onb-
WniA Nnepenaj AaBreHus MOXeT aepxaTb
3a3op. bnarogapsa nneHke, BegoMble
pOTOpPbI YAEPXMBAOTCH B MOMOXEHUN B
OTBEPCTUAX KOpnyca, YTO CHUMaeT He-
06Xx0QMMOCTb B CUCTEME MOALUMMHUKOB.
Ecnn nepenapn pasneHuns ysBenuuymBaeT-
csl, TO BMHTbI MepeMeLlalTca paguanb-
HO K CTEeHKaM OKpY>XaloLmnx OTBEPCTUN.
bonbliee OTKNOHEHWE OT HACOOCHOCTU
NPUBOAUT K YBENUYEHUIO AaBfeHUs Ha
NOrpaHUYHbIN CrOM U COXpaHsieT paau-
anbHbIn 6GanaHc BegoMblx BUHTOB. Koraa
[aBrneHve Ha BXO4Ee OYeHb BbICOKO, Ha-
npuMep Ha NPOMEXYTOUYHbIX YCUMUTENb-
HbIX CTaHUMsIX B cucTemax Tpybonposo-
na HedTn, ucnonb3ylTcsa cneunanbHble
TexHonornn obecneyeHus GanaHca, Ha-
npumep u3MeHeHue nrnowaan ypasHO-
BelumBatoLLero nopwHs. OHWM No3BoNsAOT
CBECTWU paguanbHble CUMbl K MUHUManb-
HOMY 3Ha4YeHu1o.

lMpun Bcen cBoew yHUBEpCanbHOCTN U
rMbKOCTN B NMPUMEHEHUN TPEXBUMHTOBbIE
HacoCbl MOTYT UCNONb30BaTLCH BCE Xe He
BO BCEX clyyasix. Tak, OHM CUITbHO Noa-
BepPXXeHbl KOPPO3UNHOMY U3HOCY, HECMO-
TPS Ha TO YTO U3roTaBNUBAKOTCS U3 CaMblX
NPOYHbIX HA CEroAHAWHWIA OeHb MaTepu-
anoB, TakMx Kak HMKenesas ctanb. 34ecb
MM Ha NOMOLLb MPUXOAAT ABYXBUHTOBbIE
Hacocbl Colfax / Warren, Houttuin, koTo-
pble NpekpacHO CnpaBnsTCS C 3agadven
nepemeLleHns arpeccuBHbIX XUAKOCTEN
1 Takke obecneynmBaoT BbICOKYI NMPOU3-
BOOMUTENBHOCTD.

B pononHeHue K HasBaHHbIM Bbllle
npeumyLiecTsaM, BUHTOBblIE  HacOChl
Colfax obnagatoT u uensiM psgom Apy-
rmx poctoumHcTB. OHuM obecneymBatoT
NPoMNopLUNOHanbHY0 Mogavy >XugKocTu,
HEeM3MEeHHOCTb MpoAayKTa B mpouecce
nepemeLleHuns, poBHbIA NOTOK Ha BbIXoAe
N MUHUManbHbIA ypOBeHb yma. Kpome
TOro, HacocChbl NO3BONSAKT U3MEHSATb Ha-
npaeneHve nepekayku, obnagatoT npo-
CTOW KOHCTPYKLMEN W He 3arpsisHaT
oKpyxatowyto cpegy. bnarogaps csoew
3P PEKTUBHOCTN M HEMPUXOTNIMBOCTU B
aKcnnyartaumm, BUHTOBbIEe Hacocbkl Colfax
He3aMeHUMbl AN peLleHns MHOMMX npo-
MbILUMEHHbIX 3a4a4. m

Yan Film
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Bor yxe cBbiwe 20 netr komnaHus «Avalon Sciences Limited» (ASL) octaetca nuaepom B npousBopctBe BCIll-3anucbiBarowen

1 obpabartbiBatoLlen annapaTtypbl.

CUCTEMBI ITPOU3BO/ICTBA
KOMIIAHUH «<AVALON SCIENCES LIMITED»
- JJYYIIINHA BBIBOP 1151 BCII 1 CKBAXKHHHOI'O
MHUKPOCEMCMHUYECKOI'O MOHUTOPHUHT A

BbicokotouHas «GeochainTM» — mo-
OyrnbHas cuctema, codetarolias B cebe Le-
b KOMMIEKC TPEXKOOPAMHATHBIX MPUEMHbIX
YCTPOWCTB, BbIOOP KOTOPbIX OMnpeaensiercs
YCMOBUSIMU MPUMEHEHUS, — MOXET ObITb UC-
nonb3oBaHa Ha 48 ypoBHsx. Obnagasi craH-
OapTHbIMK - TEMMEePaTypHbIMM  HACTPOMKaMm
B 180°C 1 0cobbiM1 aHanoroBbIM1 BCTaBKa-
MU, oTperynnpoBaHHbIMU Ha 230°C, a Takke
CnocobHOCTBIO BbiAEpXMBaTbL AaBrneHve [0
1700 Bap, oHa npeacTaBnsaet cobow cuctemy,
Havnbonee npucnocobneHHyo Ans paboTbl B
caMblx HeGMaronpuUsATHBIX YCIOBUSIX CKBAXKW-
Hbl. CerofHsi oHa WrpaeT rMaBHylo pPorb Npu
NpoBEAEHNN MAcCUBHbBIX U aKTUBHBIX MUKPO-
CeCMUYECKUX 1ccrenoBaHuiA. Jta cuctema
C YCMexXoM WCMomnb3yeTcsl B CaMbIX Pa3HbIX
Lensix, HO Haubornee 4acTo ee MNpUMEHSIIOT
[N MOHUTOPUHIa rmapaBnuyeckoro paspbisa
nnacta, a B nocriegHee Bpemsi — 1 A1l MOHW-
TOPUWHra HarHeTaHUs! BoAbl B Nract. Annapary-
pa npov3BoacTBa koMnaHum «ASL» ycTaHaB-
NYBaETCA B HEMOCPEOCTBEHHON Gnm3ocTy ot
N3y4aeMOWi CKBaXMHbI, 1 B OBbIYHBIX YCIOBU-
SIX B NOAOOHbIX onepauusix 3afeicTBoBaHb!
12-ypoBHeBble CUCTEMbl Ha BECb MNEPWOA,
BO3MENCTBYS Ha NNacT, KOTOPbIA MOXET pac-
TSHYTbCS Ha HECKOINbKO Hefenb. [poBedeHb!
cotHnmccriegosarnii B CLLA M BO MHOMMX CTpa-
Hax Mupa, BKItoYasi paboThbl Ha ropsiumX CKBa-
XuHax B KaHape, roe cuctema «GeochainTM»
okasanacb €OWHCTBEHHOW, CMOCOOHON Bbl-
OepxaTb BO3OECTBME BbICOKUX TEMMEpPaTYp.
Hanpumep, komnanus «kKARAMCO» B Caynos-
cko ApaBuM UCMONbL3YeT Hallu yCTPOMCTBA
B pexume HernpepbiBHON 1 BecnepeboiiHoin
30-gHeBHOM paboTbI.

Insa uenen BCI no Bcemy mupy 6binn
npoBefeHbl OBLIMPHBIE UCCIEeNOBaHUS C Mo-
MoLLblo cucteMbl «GeochainTM», Bknoyas
3aka3aHHble koMmnaHusimm «Shell» n «BP», B

YUINbAM XOJT  meHedXep No MapKeTUHry

CLUA, r. CommepceT

AVALON SCIENCES LIMITED (ASL)

MeKcukaHcKoM 3anvBe U Ha TeppuTopun Ma-
TepukoBoro Kutas. B GonblunHCTBE criyyaeB
Oblnn pa3BepHyTbl kommekcbl 30-32 ypoBHsi.
WHorga nopobHble uccnenoBaHvs TpebytoT
HenpepbIBHOM paboTbl B TEYEHUE MHOMX He-
penb. BCII-MOHUTOPUHN Takux MacluTabos
3aHMMaeT HamMHOro Gorblue BpeMEHM 1 06xo-
[VTCS B HECKOIBKO pa3 AopoXe, YeM aHanorny-
Hble paboTbl Ha GrIVKHEV CENCMUYECKON Koce.
KomnaHus «ASL» passumBaeTcsi cTaburbHO 1
HeyKkrnoHHo. B ee wrab-kBaptvipe B AHmMAM
BBEAEHbI B AEMCTBIE U3rOTOBMEHHbIE MO Tpe-
OOBaHMI0 3aKa34MKOB YHUKambHbIE TEXHUYe-
CKvie CpencTBa, a Mo BCeMy MWpY BCTYMUiv
B CTpol elle 5 HoBbIX 623 NMPOU3BOACTBEH-
Horo obcnyxuBaHus ckBaxkuH. CTpemsicbh
pacwmpnTb reorpacmio  CBOMX Onepauui,
KomnaHua «ASL» npogormkaeT BHeOpsiTb
TEXHOSOMMYeCcKkMe HOBUHKM U COBEPLLEHCTBO-
BaTb BbiNyckaeMble et usgerms. Oxwviga-
eTcs, YTO YKe B 3TOM rofy Oyaer 3anylueH B
CepuiiHoe MPOW3BOACTBO HOBbIVA KOMMIEKC
«SLIM GeochainTM» (43 mMMm), KOTOpbIA MO-
3gonuT nposoguTb BCI 1 Mukpocericmmye-
CKUA MOHWUTOPWHI B CKBaXkKMHaX Maroro aua-
MeTpa W HarHeTaTerNbHbIX CKBaXKMHAX.

Cuctema cbopa M 06pabOTKM AaHHbIX
«VSProwessTM» npou3BOACTBA KOMMaHUM
«ASL» coBmecTuMa co Bcemu npubopamu,
KOHpUrypaLmsMnu 1 BuaaMU BbINONHSEMbIX
pabor. OHa npeacTaBnsieT coboin eanHuy-
HYIO MOBEPXHOCTHYt0 MmaHenb «GeochainTM
Surface Panel» (GSP), coeguHeHHyto C
00bI4YHbIM  MEpPCOHarbHbIM  KOMMBOTEPOM.
OTa cxema TaKke CIyXWT Ans ynpaene-
HUSI TEXHOSOTMYECKOW HOBUHKOM KOMMaHWUu
«ASL» — yctporictBoM RSS-2, KoHTponnepom
rPynnoBbIX CEMCMOUCTOMHMKOB, KOTOPbIN OCY-
LLIECTBNSIET B3pbIBAHWE, HACTPOWMKY U 3anmcb
OpM BOSH Ansi BCEX TUMOB B3PbIBHbIX Celc-
MUYECKUX MCTOYHVIKOB.

Puc. 1 Figure 2. A heavy crude three screw pump on pipeline service in Western Canada.

AVALON SCIENCES LIMITED SYSTEMS PROVING
BEST AVAILABLE FOR VSP AND BOREHOLE MI-
CRO-SEISMIC MONITORING

Avalon Sciences Limited (ASL) has been an in-
dustry leader in the manufacture of VSP recording and
processing equipment for over 20 years. The highly
specified GeochainTM, a modular system utilising a
variety of tri-axial receivers depending on application,
can be used up to 48 levels. With standard tempera-
ture specification of 180°C and special analogue insert
versions rated up to 230°C, and pressure capabilities
of 1700BAR, it is a system that will handle the most
hostile of well conditions. It has now evolved as a lead-
ing system for both passive and active Micro-Seismic
studies. Having been deployed for a variety of such
applications, the most frequent usage has been for the
monitoring of Hydraulic Well Fracturing with expand-
ing usage in Water Injection. ASL tools are deployed
in nearby wells to the ‘treatment’ wells and typically 12
level systems are used over the treatment period which
can be a number of weeks. Hundreds of jobs have been
carried out including hot wells in Canada, where Geo-
chainTM was the only system able to withstand the high
temperatures, in the USA and around the world. The
tools are being used for ARAMCO in Saudi Arabia with
30 days continual, uninterrupted deployment.

For VSPs, massive surveys have been conducted
with GeochainTM all over the world, including for Shell
and BP, in the Gulf of Mexico and on land in China (see
fig.). In most cases around 30-32 levels were deployed.
Sometimes such surveys require continuous deploy-
ment for weeks at a time. VSP surveys of this magni-
tude take far longer and are far more costly when using
shorter arrays.

ASL are an expanding organisation with brand new
custom built facilities at headquarters in England and
now 5 other Outlet/Support bases around the world. Still
intent on expanding its geographical spread, ASL con-
tinue to add further technologies to complement their
current products. A major announcement later this year
will be a new SLIM GeochainTM (43mm) this will allow
deployment for VSP’s and Micro Seismic Monitoring in
slim holes and in Treatment Wells.

The ASL Acquisition System/ Data Processing sys-
tem, VSProwessTM is compatible with all tools, configu-
rations and types of operations undertaken and compris-
es a single GeochainTM Surface Panel (GSP) interfaced
with a standard PC. This also controls ASL’s sophisti-
cated RSS-2, an array source controller that handles the
firing, tuning and recording of signatures for any type of
explosive seismic sources.



Avalon Sciences Ltd

ASL manufacture world leading down-hole
multi-level seismic receivers,

recording and processing systems for VSP
surveys and MICRO-SEISMIC studies.

All ASL products are designed to provide
customers with the highest quality data

with the minimum amount of operating time.

VISIT

To discover the full-range
of ASL products and how
they could benefit your
business.

GEOCHAIN

Up to 48 levels
Real Time Data

24 Bit ADC

8:1 Locking force
180 Celsius

Unique Cooling for
continuous operation
1700 BAR

AS .

LEADERS IN VSP TECHNOLOGY

Avalon Sciences Ltd (ASL) — BegyLias mupoBas

KOMNaHUA-N3roToBUTENb MHOIOYPOBHEBBIX

W\NW.AVALONSCIENCES.COM

CKBa)XXMHHbIX CEMCMOMNPUEMHUKOB, CUCTEM
pernctpauun n obpaboTkun AaHHbIX BCIT

n MUKPO-CEMCMWKW. Bes npoaykuma ASL
obecnevynBaeT BbiCOYanlLee KavyecTBO AaHHbIX
NPy MUHUMYMe 3aTpat pabovero BpeMeHW.

HA HALLEM CAUTE

Bbl 03HakomuTECH C MOMHBLIM
cnekTpom npogykto ASL,

1 y3HaeTe, Kak 3Th NPOAYKTbI
MOryT NOMOYb Ballen pabore.

XapaKkTepucTuku
cuctembl GEOCHAIN

[0 48 ypoBHen
perncrpauumn
AaHHbIX B peXume
peanbHOro BpemMeHu

24-pa3psagHbin
aHarnoro-ungposou
npeobpasoBaresnb

Ycunue npuKnumHoro
ycTpoucTea 8:1
no 180°C

YHuKanbHas cuctema
oXIaXaeHus,
obecneuunBatoLlas
HenpepbIBHYHO
paboTy annapartypbl
700 atmocdbep

Avalon Sciences Ltd Avalon House,

Bancombe Road Somerton,

Somerset U.K.

TA11 6SB Tel. +44 (0) 1458 270000
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Ha cerogHsiLHWIA AeHb Nepep TeXHONornen NOKpbITUA TPY6 razoHepTeNnPOBOAOB CTOAT onpeAerneHHble 3agayn. CooTBeTCTBYyOLWME AaH-
HbIM Tpe6oBaHUAM MaTepuarnbl, Takme kak Scotchkote 352, Amercoat 385PM, Copon Hycote 165, Protegol 32-55R(RR) n aHanoru, aBns-
10TCS1 ABYXKOMMOHEHTHLIMU MaTepuanaMmm u TpebyloT cneumansHoro o6opyaoBaHuA ANsi HAHECEHMUS.

WIWA-TexHuka
ropsiyero pacublIeHHs
IJIS1 3aIIUTHI TPYOOIIPOBO/I0B

Hemeukas KOMMaHus WIWAWilhelm
Wagner GmbH & Co. KG ¢ ee 6onee yem 60-
TNeTHEN NCTopren SBNAETCA OQHUM U3 MUPOBbIX
nvaepoB no npoussoacTsy 2K-yctaHoBOK Anst
HaHeceHWs [BYXKOMMOHEHTHbIX MaTtepuarnos
C KOpPOTKMM BpeMeHeM u3Hu. [lonysekoBon
OMbIT, MOCTOSIHHOE CTPEMIIEHWNE K COBEPLUEH-
CTBY W BbicOvanume TpeboBaHUSI K KayecTBy
SIBMSAOTCS 3a10rOM YCMEeLIHOro CyLLeCTBOBaHNs
B Halle CTPEMUTENbHO MEHSIIOLLEECs BPEMS.
CerogHsi Onsi HaHeCEHWs1 BbILLEYNOMSHYTbIX
matepuanos WIWA npeanaraet yctaHOBKY ce-
pvn DUOMIX. OaHHoe obopynoBaHue bnaro-
Aapsi NOCTOSIHHOMY YCOBEPLUEHCTBOBaHMWIO 3a-
pekomeHzoBarno cebs kak:

* HaeXXHOe B 3KCMyaTauum;
* MpocToe B 06CNyXMBaHUN.

W3 paHHOM cepuu  Ons BbIMNOSHe-
HWS  MOCTaBMEHHbIX 3adady  BbIMycKarTCH
TPU MOJENM YCTaHOBOK C UKCUPYEMbIMU
COOTHOLEHAMN cmewmBaHusa (ot 1:1 go
10:1 no obbemy). Kaxkgasi mogens 3aliuiieHa
CMUCTEMOW CreXeHWs1 38 COOTHOLLUEHWEM CMe-
LIMBaHMs1, obeperarolLlasa Takke OT nepepac-
xoaa matepuana B criydae c60si yCTaHOBKM.

3abop KOMMOHEHTOB MOXET BbINOM-
HATbCS MO >KenaHWK 3akasyMka Kak u3
opurvHanbeHbix 200-nuTpoBbIX Goyek Ha-
cocamu nogayu, Tak U nmbo n3 BOPOHOK,
nmbo HanpsAMyl  [O3UpyoLWen  YyCTaHOB-

Koii uepe3 wnaHrM 3abopa MaTepuana.
TpexcTyneHyatas

cucrtema Harpesa

KOMMOHEHTOB.

O6orpeBaemblie LNaHMM pas3genbHon no-
Aayn KOMMOHEHTOB C LMPKyNnaumen.

BbIHOCHOW cMecuTENbHBIN Brok - MHEeB-
MaTU4eCKOro ynpasreHus.

Cunctema NpombIBKM (OYUCTKM).

Bua ucnonHeHus moxeT 6biTb nubo Ha
Tenexke, nNnbo Ha pame AN KpenneHus
BHYTPU KOHTeNHepa. Hacockl MOryT KpenuTb-
ca Ha nudTax-nogbeMHukax. Mo xenaHuio
KINWeHTa YCTaHOBKM MOryT YKOMMEKTOBbI-
BaTbCA MmoanuTbiBaloWUMn Hacocamu. Kol-
Lenuums kaxaon ycTaHoBKM paspabaTbiBaeTcs
HernocpeacTBEHHO MOJ KaX4oro 3akas4uka.

« WIWADUOMIX 230

[aHHas Mofenb XOpoLo 3apeKkoMeHOo-
Bana cebs Ans pemMOHTHbIX paboT rasonpo-
BOAHbIX Maructpanein B TsXKeNblX NOneBbiX
yCNoBMsIX — KaK Ha ceBepe, Tak U Ha tore.

« WIWA DUOMIX 300 U 333
PauunoHanbHoe nokpbiTve 60nblwmx no-

BepxHocTel. [laHHble YCTaHOBKM XOpoLun
TaM, rae ecTb HeobxoaAnMocTb paboThl cpasy
HECKONbKMX conen — 3aBOACKME NUMHUM Ha-
HeceHus NoKpbITMn. COBEPLUEHHOE peLleHne
Onsi Bcex obnacTei NnpyMeHeHus.
TexHUYecKkne XxapakTepucTuKn

CooTHoOLLEeHWEe cMelumBaHus.....oT 1:1 go 8:1

Mopada 3a OX...ccoovvveeeeeeecinnenn. no 700 cvm®

YCUNMEHUE. ....ooeeeiieeeee e 0o 85:1

Duomix 333

Bnarogaps ocobomy AnsanHy
WIWA DuoMix MoxeT 6bITb MCronb3oBaHa U
kak 3K ycTaHoBka.

WIWA-TEXHUKA And OrHE3ALUUTLI
KOMMPECCOPHbIX CTAHLUW, TPYBOMNPO-
BOOOB »

Duomix 300

Duomix 230
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* DUOMIX 333 PFP

WIWA 2K-pacnbinMtenbHas ycTaHOBKa
Knacca BbicoYaiiLlen Npon3BoANTENbHOCTH

[na HaHeceHMs cneumanbHbIX OrHe3a-
LWMTHBIX MaTepuanos, 3aljuLialolmX KOH-
CTPYyKUMM MNpW noxapax C 4YpesBblyaiHO
BbICOKMMYW TemnepaTtypamu. Ha Bcex obbek-
Tax opPLIOPHON HEPTAHON U ra3oBOW Npo-
MbILLMTEHHOCTMW AOMKHbI cObniofaTbcst npasu-
na noxapo-, B3pbliB06e-30NacHOCTH, NO3TOMY
HeobxoAnMOo Npon3BOANTL 06paboTKy cnewu-
anbHBIMW MaTepuanamu, KoTopble COOTBET-
CTBYIOT 9TUM TpeboBaHWAM, He ropaT fonroe
BpeMs MNpu onpefeneHHbIX TemnepaTtypax.
CHARTEKO?7, Pitt-Char XP, Fire Barr 200,
Firetex M90 - HoBeWwune paspaboTku
BCEMVWPHO  UM3BECTHbIX  TEPMOMW3ONUPYIO-
LWMX OrHe3alWWTHbIX MaTepuanoB upm
International Coatings Ltd, PPG Industries,
Inc., Sigma Coatings B.V. n Leigh’s Pai-
nts npownu cepTudmKaumio 1 MNony4nnu
[OCTYN ANs NPUMEHEHWA Ha PasnuyHbIX
obbekTax HedTAHOMW M ra3oBOW NPOMbILL-
neHHoctn P®. CoOOTBETCTBEHHO Ans Ha-
HECeHNA Takmx MOKPbITUA AOMKHO MCMOSb-
30BaTbCA  crneumanbHoe obopydoBaHue.
B pesynbrate coTpyaHuyecTBa C BedywUMun
Npou3BOANTENAMU OrHE3aLMTHbLIX MaTepua-
nos komnanus Wiwa paspabortana v ontu-
MU3MpoBana BbICOKOMPOU3BOAUTENbHbIE W
HagexHble 2K-ycTaHOBKM cneunanbHO ANS
HaHeCeHNst TaknX NOKPbITUNA.

Mo pesynbtataMm YycnelwHblX TeCTOB
2K-o6opynoBaHve Wiwa Duomix 333 PFP
cepTnduULMpoBaHo Ana paboTbl € 3TUMK Ma-
Tepuanamu. B yctaHoBke Wiwa Duomix 333
PFP nogaya KOMMOHEHTOB OCYLLECTBAETCH
0COoBbIMM YepnaLMMM HacoCcaMun BbICOKOW
Npou3BOANTENBHOCTM, MOAAloWMNe HacoChl
CMOHTUPOBAHbI Ha MHEBMAaTUYecknx nud-
Tax, MHOTOYMCIIEHHbIE TOYKM 3amMepa Temne-
paTypbl NIerko OTCMEeXMBAalOTCA Ha KPYMHOM
avcnnee, npegycMOTPeHO aBToMaTuveckoe
OTKMIOYeHNe cnepsiien cucTtemMon 3a [aBs-
NeHVemM W COOTHOLUEHMEM CMeLUVBaHuS,
a TakKe eCTb CUCTEMa CMexXeHWs YpPOBHSA
mMaTepuana B HanopHbIX EMKOCTSAX C aBToOMa-
TUYECKUM HanosHEeHNEM.

TexHMYeCKMe XapaKTePUCTUKMN
COOTHOLUEHUE. ..o 2.33:1
YCUMEHUE....ceeiiee e 61:1
Mopava 3a uukn......... 329 kyb. cm (11. fl.oz.)
MoTpebneHne CKaToro BO3AYXA........cueeveennee
npvM. 1000 n/m npu max. 8 6ap

ONEKTPOMUTAHUE. ... 400 Bonbt
BEC. i 1100 kr
Paamepbl.......ccccccveveiiineenns 2.56x1.30x1.98 m

Takke ans paboTbl C TEPMOU3ONVPYHIOLL-
MW OrHe3alWTHBIMKU MaTepuanamm Mcnonb3y-
etca n ctaHpgaptHoe Wiwa Airless o6opynoBa-
Hue. Hanpumep, Hekules PFP noctaensietcs ¢
3MEeKTPUYECKON UM NHeBMAaTU4ECKON meluarn-
KOW, CMOHTMPOBaHHOW Ha pame. YcuneHue o
75:1, nogava 3a uukn go 360 cwm®, Bec 230 «kr,
LUIMPOKWI acCCOPTUMEHT AOOCHALLEHNs Mo 3a-
npocy.

* FLEXIMIXII

2K-pacnbinutenbHas  yctaHoBka — Ans
NPOMBbILLIIEHHOCTMN c perynupyembim
COOTHOLLIEHNEM CMeLuMBaHns HaHHble
yCTaHOBKM no3BonsT perynvposaTtb

COOTHOLWIEeHNe CcMelwmnBaHuA  KOMMNOHEHTOB
nyTem 3agaduv aHHbIX C nynbTa ynpaBreHus.

TexHUYeckne xapakTepucTUKn
CooTHolleHne cMmelwmBanus...ot 1:1 go 10:1
YCUNEHUE. ..., ot 32:1 no 64:1

Makec, naBrneHune pacnbifieHus....

450 bar Obnactb npyMeHeHus. TONCTOCNOWHbIE

Puc.

FleximixIl

TPYBOIMNPOBO/ / OBOPYOOBAHUE

NOKPbITUA GOMbLUNX NOBEPXHOCTEN B ododpLUop-
HOM U CyAOCTPOUTENbHON MPOMBILLIEHHOCTH,
3alUUTHbIE Y @aHTUKOPPO3NOHHbIE, 3BYKOMOIO-
LialLme 1 orHesalmTHble MOKPbITUSA, Maluun-
HOCTPOEHME U aBTOMATMYECKME OKPaCOYHble
NMHWN. =
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NMPOU3BOAUTENb-WIWAWILHELM
WAGNER GMBH & CO (TEPMAHUA)
KomnaHusa «Onumn m K» -
ocdmumnanbHbI aucTpubbiotep WIWA
Wilhelm Wagner GmbH & Co

198152, r. CaHkT-leTepbypr,

yn. KpacHonyTtunoBckas, 69, oc. 215,
Ten.: +7 (812) 703-36-94,
+7(812)703-73-56

www.WIWA.su
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HAIII CAMBIHN T'JIABHBIU ITPOJIYKT

B Poccun reocuHTeTMveckne marepuansi
npoussoactea komnaHun «HUESKER Synthetic
GmbH» HaxogsAT LMPOKOe MPUMEHEHNE B He-
(pTErasoBOM, [JOPOXKHOM, >KENE3HOOOPOXKHOM U
23POAPOMHOM  CTPOUTENBCTBE, MMAPOTEXHUKE
n Opyrvx orpacnsx. leocuHTeTMyeckve mare-
puanbl npoussoactea HUESKER Synthetic no-
3BOJIAIOT pellaTb TakMe WHXEHepHble 3adauqn,
Kak BGannactupoBka 1 3awumta TpybonpoBogos
OT MEXaHWYECKUX MOBPEXAEHUNA, VHXEHEPHas
3alumTa rpyHTOB OT BOAHOM W BETPOBOM 3p0O3vi
npv MoA3eMHOV Mpokragke TPyOOmpoBOAOB,
BO3BEZIEHVE BHYTPUNPOMBICIIOBbIX JOPOT U MI10-
LWaaok Ha cnabblx OCHOBaHWSX, BO3BEOEHWE
MOAMOPHbIX CTEHOK M KOHCTPYKLIMIA U3 apMOTPYH-
Ta, MOPOU3ONSLMS, WHXEHEpHas 3awyta ot
Kapcra v apyrue.

Pabotas B MONMHOM COOTBETCTBMM C
MexayHapogHeim  CtaHpgaptom  Kavectsa
ISO 9001, Mbl 06ecrneynBaem BCECTOPOHHIOH0
noaaepXkKy Halumx mapTHEPOB — OT cTagumn
NPOEKTUPOBaHMWS A0 YKINagK1 MaTepuarnoB Ha
CTPOUTENBLHOW MIOLLaaKe.

HUESKER npegnaraet CBOMM KiMeHTam
LUMPOKYIO FamMy MPOOYKTOB: MIIOCKUE U MpO-
CTPaHCTBEHHbIE FEOPELLETKM, FreoTKaHn (B TOM
yucre BA3aHble), reOKOMMO3UThI, HETKaHble Ma-
Tepuarnbl, 6EHTOHUTOBbIE MaTbl A UCTONb30-
BaHVS B PasfnMyHbIX cdepax CTpouTenbeTBa 1
apyrve npopykTel. Matepuanbl npousBogsaTcs
13 BbICOKOKQYECTBEHHOIO CbIpbsi (MONM3CTEP,
MOMVBUHWNASIKOMOSb, MOMMMPONUIEH, apamua,
ronuamug, U apyrve), npu 3ToM MMeeTcsi BO3-
MOXHOCTb ~ M3TOTOBMEHUSI  FTEOCUHTETUYECKUX
marepvanoB nop TpeboBaHUs  KOHKPETHbIX

Komnanusa «HUESKER Synthetic GmbH» (FepmaHus) siBnsieTcsa oAHMM M3 MUPOBLIX NMNAEPOB B pa3paboTke MHXKXEHEPHbIX
peLueHnin ¢ cnorib30BaHMEM FreOCUHTETMYECKUX MaTepuanoB. CyuecTBysi 6onee 140 net (M3 KOTopbIX 6onee NATUAECATU
nocneAHUX neT KOMMNaHUsl 3aHMMaeTCA NPOM3BOACTBOM FeOCMHTETUYECKMX MaTepuarnoB U pa3paboTKOW MHXEHEPHbIX pe-
LWeHUM ¢ ux npumeHeHunem), komnaHvenn HUESKER HakonneH orpoMHbI TeOPeTU4eCKUin U NPaKTUHEeCKUA OMbIT, YTO B CO-
YeTaHUM C BbICOKMM Ka4eCTBOM MPOAYKLMU, BLICOKMM NOTEHLManoM B 06nactTv MHHOBaLMIN U KOMNeTeHUMUen COTpyAHUKOB
AaeT BbICOKY0 3(hheKTUBHOCTb pa3pabaTbiBaeMbIX pelueHuit B 84 cTpaHax Mupa.

MPOEKTOB C HEOOXoAMBIMU hr3nKo-MexaHnye-  info@huesker.ru
ckummn ceonctBamn. Bce npepnaraemble Hamm  www.huesker.ru
mMarepuarnbl:

HaTelit® Stabilenka® | Fornit® Huesker Synthetic GmbH

HaTe® Comtrac® Duogrid® FabrikstraRte 13-15

48712 Gescher
Fortrac® Fortrac®3D | Incomat® GERMANY
NaBento® [ Ringtrac® Robutec® Ten.: +492542/701-0

®akc: +49 2542 /701 - 499

— npousBoasATcs Ha cobetBeHHoM 3aBoge B info@huesker.de
epmaHum. www.huesker.com
HUESKER rapaHTtupyer:

* BbICOKOE Ka4yeCTBO MpPOM3BOAVMON MPOMYyK-
uvn Gnarogapsi BHEAPEHWIO HOBEWLLMX MPO-
N3BOACTBEHHbIX TEXHOMOTUIA U MOCTOSIHHOMY
KOHTPOMIO KayecTBa (cepTudhukaLmsi npoms-
BoacTea no EN ISO 9001:2000, nabopatopum
no EN ISO/IEC 17025:2005, BHELUHErO KOH-
Tponsi kayectBa no DIN 18200);

* KBaNMMULMPOBaHHBIN KOHTPOSb  TEKYLLEro
NMPOV3BOACTBa B COOBCTBEHHOM nabopatopuu
1 BHELLHWIA KOHTPOIb rOCYAapCTBEHHbIMM WH-
CTUTYTaMM MO MCMbITaHVIO MaTep1aros.

° HamunymMe POCCUMCKUX CEPTUCMKATOB COOT-
BETCTBUS HA BCIO NPOAYKLVIO. m

npenc'r aBUTeNbCTBO

Huesker Synthetic GmbH B Poccuu:
yn. TBepckas, 16, ctpoenume 1

Odcpuc 9016

125009 MockBa

TenecpoH:+7 (495) 221-42-58

+7 (495) 221-42-61

TenechoH/Pakc: +7 (499) 725-79-08



[eocnHTeTMYECKNE MaTepuanbl HUESKER
- HAfleXHO 1 3P HEKTUBHO!

MpencraeuTenscTeo 8 Poccum

(495) 221 42 58
(495) 221 42 61

(499) 725 79 08
info@huesker.ru

Ten.

Makc.
E-Mail

RELIABILITY AND EFFECTIVENESS ARE OUR MAIN PRODUCTS

HUESKER Synthetic GmbH (Germany) is one of the worldwide le-
aders in the development of engineering solutions with geosynthetic
materials. Existing more than 140 years (more than fifty recent years
the company has been engaged in the manufacturing of geosynthetic
materials and in the development of the engineering solutions with their
application), HUESKER Synthetic GmbH has amassed great theoretic-
al and practical experience, which combining with high quality products,
high potential in the field of innovations and the employees’ competence,
results in high efficiency of the solutions developed in 84 countries all
over the world.

In Russia, the geosynthetic materials produced by HUESKER Sy-
nthetic GmbH, find a wide application in road, airfield, railway building,
oil&gas, hydrotechnics and other industries. The geosynthetic materials
produced by HUESKER Synthetic enable to resolve such engineering ch-
allenges as the ballasting and protection of pipelines from mechanical da-
mage, engineering protection of soils from water and wind erosion when
the pipelines are laid underground, erection of infield roads and sites on
soft foundation, erection of retaining walls and structures from reinforced
soil, water isolation, engineering protection against karst, etc.

Working up to the International Quality Standard ISO 9001, we provi-
de all-round support to our partners — from design stage to the installation
of the materials at the site.

HUESKER offers its customers a wide range of products: geogrids,
geofabrics (including knitted ones), geocomposites, nonwoven materials,
bentonite mats and other products to be used in various spheres of con-
struction. The materials are made from high quality raw materials (poly-
ester, polyvinylalcohol, aramid, polyamide and others); at the same time,
there is a possibility of manufacturing geosynthetic materials to meet the
requirements of specific projects with the necessary physical and mech-
anical properties. All the materials offered by us, such as

HaTelit® Stabilenka® Fornit®

HaTe® Comtrac® Duogrid®
Fortrac® Fortrac®3D Incomat®
NaBento® Ringtrac® Robutec®

are produced at the company’s own plant in Germany.

HUESKER guarantees:

* high quality of the products manufactured by virtue of the introduction
of the newest production technologies and on-going quality control
(production certified according to EN ISO 9001:2000, laboratories
certified to EN ISO/IEC 17025:2005, external quality control to DIN
18200);

 qualified control of current production in the company’s own laborat-
ory and external control exercised by the state institutes for materials
testing.

» we hold Russian conformity certificates for all the products.
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B Hawwu AHM NoaM He MbLICHAT CBOK XWU3Hb 6€3 MCNoNb30BaHUsI INEKTPOIHEpPruM BO Bcex cdpepax KU3HU — B ObITy U NPOMbILI-
neHHocTu. C oaHON CTOPOHbLI, NOTpeGrieHMe 3NeKTPO3Heprun obecrneynBaeT BbICOKUA YPOBEHb XXWU3HU U KOM(POPTHOCTU, C Apyrou
— TaUT OMacHOCTb BO3HUKHOBEHUS KaTacTpod M HecvacTHbIX CIlyYyaeB MpuU ee HenpaBUIIbHOM UCMONb30BaHUM.

HAPOJTHOE IIPEIIIPUSITUE
«IIOTONbCKKABEIb»

«HIM «Moponbckkabenb» 04HUM U3 NEPBbIX
cpenw kabernbHbIX 3aBO0B OCBOWIT BbIMyck 6po-
HUPOBAHHOTO Kabens ¢ n3onsunen 3 NnonuaTu-
fleHa ¢ AnuTenbHO JONYyCTMMOW TemnepaTypom
HarpeBa xun +90°C mapku KMNBIM-90, koTopkiit
YCMELIHO 3KCMNlyaTUpPOoBancs Ha MpOTSHKEHUU
20 net 6e3 gocTonHoM anstepHaTusbl. Ceitvac
e acCOpTUMEHT HedTenorpyxHoro kabens
HacuuTbiBaeT 24 mapku, 168 mMapkopasmepoB
B Avana3oHe ANUTEMbHO AOMYCTUMOW TeM-
nepatypbl HarpeBa >wn go +150°C Bknouu-
TenbHo. Ha HoBble Mapku kabens nonyveHo
«CBUMOETENbCTBO HA MOME3HYD MOAEerby», a B
2008 rogy 3T Mapku yaocTounucCb AunnomMa
«Poccuinckoe kadecTBO» Kak CBMAETENLCTBE
BbICOKOIO Ka4ecTBa NpoayKLUn.

B HacTosilee Bpemss OAO «HIM «[MNogonb-
ckkabenb» MOXeT NPeaioXnUTb LUMPOKYHO ram-
My HedpTenorpyxHbix kabenen ans OLH kak
no TpeboBaHWAM K ONWUTENbHO AOMYyCTUMOW
TemnepaTtype HarpeBa TOKOMPOBOOSALLMNX XKW,
Tak U MO YAOBMETBOPEHUIO TEXHUYECKUX Tpe-
6oBaHuIn pasnuyHbiX notpebutenei. Bce ka-
©6env n3roToBnsitTCA B CTPOrOM COOTBETCTBUMN
¢ TpeboBanusimm FOCT P 51777-2001.

[MoBbIlWEHHass TennocTOMKOCTb kabenen
[OCTUraeTcs 3a CHET NPUMEHEHUS YHUKATNbHOM

TexHonorum (B HacTosiLLee Bpems B Poccum nc-
nonb3yetcs Tonbko Ha 3aBofe «[llofonbekka-
Oenb»)  YETbIPEXCTOPOHHEW paaMaLMOHHON
CLUMBKU MaTepuarnoB YCKOpUTENem 3apsikeH-
HbIX YacTuy. Cnop o npevmyLlecTBax CLUMBKU
mMaTepuanoB M30MsLMM TOKONPOBOASLLMX XKUI
METOLOM CWINaHOMbHON CLUMBKA W METOLOM
pagvaLMoHHOrO MOANMULIMPOBAHNSA peLLEH B
nonb3y nocriegHero — CBUAETENbCTBOM 3TOrO
cTano npuobpeTteHne 060pyaoBaHUSI U TEXHO-
Nornii eLle ABYMS KPYMHbIMW Npov3BoaUTens-
MU Hed Tenorpy>Horo Kabens.

B HacTosiee Bpems BegyTcsi paboTbl no
MocTaHOBKE Ha MPou3BOACTBO kabens ¢ Tem-
nepaTtypHelM uHaekcom +160°C, onbITHblE
napTum € Hayana rofa yxe HaxoasiTCa Ha NoA-
KOHTPOMBLHOW aKcnyartauum.

Pa3pabotaHbl HOBble Mapku kabenen:
KMcEBI-140 n ero mogundukauun, Krcybrl-
140, KMNc®blM-140 nonHOCTbIO COOTBETCTBYHOT
TpeboBaHusm FOCT P 51777-2001 n TexHu-
Yeckum TpeboBaHUAM U CO3haBanuUCb C yye-
TOM TpeboBaHuUii aKcnmyaTauum B KOMMaHWUAX
«THK-BP», «TYKOWI», «PocHedTb». [aH-
Hble MO ANUTENbHO AOMNYCTVMOW Temnepary-
pe HarpeBa TOKOMPOBOASALLMX XUM WU TOKOBas
Harpyska npv MakcvMarnbHOW TemmnepaTtype

onpefensnuce Npu UCMNbITaHUN CEePUNHBIX
06pasLoB B YCNOBUSIX, NPUBNNKEHHbBIX K 3KC-
nnyaTaumnoHHbIM, XOTA pacyeTHble AaHHble
no3BonslT npeanonaraTe 6onee BbICOKYHO
Temnepatypy (= 160°C).

MepcnekTnBHble Mapku kabenen: KNPBI-
200, KN®BM-250 cooTtBeTcTBYOT Tpebosa-
Huam TOCT P 51777-2001 n TexHnyeckum
TpeboBaHuam ans rpynnel K4 n cosgaBanvcb
Kak MMnopTo3ameluatoLias npoayKLus.

Bce wmapku kabens BbinyckatoTcs ce-
yennem 10, 13.3, 16, 21.15, 25, 33.3,
35 MM?, MOryT N3roTaBnNMBaTLCS B «MITOCKOM»
N «KPYrmoM» UCMONHEHUN ¢ BPOHENOKPOBOM
13 CTanbHOW OLMHKOBAHHOW, @ B KOPPO3WOH-
HOCTONKOM WMCMONIHEHUN MOKPbLITON MENbXMO-
POM UN¥ NaTyHblo OPOHENEeHThI.

KayecTBO BbinyckaeMon NpoAyKLuun noa-
TBEPXXAaeTCsi CaMbiM [MaBHbIM B YCMOBUAX
pblHKa Mnokasatenem — yBenuMyeHnem oOb-
€MOB 3aKa30B, a AOKYMEeHTarnbHO MOATBEPX-
[eHO cepTUdUKaTOM CUCTEMbI MEHEAKMEHTa
KayecTBa, BblAaHHbIM, aBTOPUTETHOW B Mupe
3MNEeKTPOTEXHUKW, HuAeprnaHAcKon UpMon
«KEMA», 1 pesynbtaTamu npoBefeHns Tex-
HUYeCKNX ayauTOB Ha MpeanpusaTun Komna-
HUN «THK-BP». m

HAOEXHOCTb NOATBEPXXAEHHASA BPEMEHEM!

www.podolskkabel.ru

[N

142103, Poccus Mockoeckan obn.,
r. Moponsck, yn. BpoHHuukan, 11
Ten.: (495) 502-78-83; dakc: (495) 502-78-92
e-mail: kabel@podolsk.ru
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MpenctaBneHbl pe3ynbTaTbl KOMMNIEKCHOW 06pPaboTKM M MHTepnpeTaLUn CKBaXMHHbIX U HA3€eMHbIX CEMCMUYECKUX AaHHbIX, OT-
HOCSAILUMXCA K MHTEepBaram reofiorm4eckoro paspesa, Ansi KOTOpbIX HedTenepcnekTUBbLI Ha Ha4YanbHOM 3Tane paboT ocTarTCcA
He onpepenieHHbIMU BCneacTBue ux cnabom nsyyeHHoctn. Takumu uHTepBanam paspesa Ans ogHou u3 nnowanen 3anagHo-Cu-
6upckon HehTerasoHOCHOW NPOBUHLUN ABNAIOTCSA OTNIOXEHUA aHanora TpPexo3epHon Tonwm n o6pasoBaHUA KPOBESNIbLHON YacTu
AOKOPCKOro ocHoBaHuA. ObpaboTka ceMCMUYECKMX AaHHbIX peann3oBaHa c UCNonb3oBaHWEM cneumanbHoro rpada, obecneun-
BaloLero MUHMMarnbHble UCKaXEHUA AUHAMUKN CENCMMYECKON 3anucu U BO3MOXHOCTb U3BJIEYEHUA U3 Hee BeCbMa BaXHbIX AnNA
NOUCKOB U NPOMbILUNIEHHON pa3BeAKN reorornyeckmx nokasartenen. MockonbKy nsBnevyeHne n3 ceMCMMYeCKMX AaHHbIX Heobxo-
AWMOW reosiorm4yeckon MHopmaLmum okasbiBaeTcs AOBONMBbHO CIOXHbIM NMpPOLECCOM, aBTOpaMu B J]aHHOW cTaTbe NPUBOAUTCSA
TONbLKO NepBas YacTb pe3ynbraToB o6Llen paboTkl. [pexae Bcero aTo pesynbraTbl 06paboTKM M aBTOMaTU3NPOBaHHOMN MHTEp-
npetauumn gaHHbix TNC, pe3ynbTaThl MHTEPNPETaLUM CEMCMUYECKUX AaHHbIX BbICOKOro pa3pellueHus no npocdunam, pesynbraThbl
Heo6XOoAMMBIX CTPYKTYPHbIX MOCTPOEHUA U OCOGEHHOCTEN pacnpocTpaHEeHUsl NNacTOB B OTIIOXEHUAX aHanora Tpexo3epHow
Tonwu. B nocneaytouen pabote aBTopamu npeacTaBrieHbl pe3ynbTaTbl NPOrHo3a reonoro-reocgpmnsnyeckux napameTpos Ans OT-
NoXeHWN aHanora TPexo3epHoOW ToNLWM U o6pa3oBaHNi BepXHeN 4aCcTU [OIOPCKOro OCHOBaHUS.

OCOBEHHOCTH BBISBJIEHUS HE®TEINEPCIEK TUBHBIX
OBBEKTOB B CJIABO M3YYEHHBIX OTJIOKEHHAX
METO/IOM BBICOKOPA3PEIIAIOIIIEN CEMCMUKHU

OcCHOBHOE HampaBrieHue WCccreaoBaHui C
NpYMEHEHNEM METOOOB BbICOKOpa3peLLaroLLeit
CeViCMVKU OpMEHTUPOBAHO B MeEpBYO ovepenb
Ha n3y4YeHne NPOAYKTUBHbIX FOPU3OHTOB, MO KO-
TOpbIM MOryT BbITb MonyyYeHbl Hanbonee npea-
CTaBUTeNbHble pesynbTaThl MPOrHO3a W OLEH-
KW TIMTOMNOIMYECKOro COCTaBa, KOMIEKTOPCKUX
CBOWCTB, XapakTtepa W CTEMEHW HacbILLeHUs
NopoA-KoNneKkTopoB dnongamu. B kavecTse mc-
XOOHbIX AaHHbIX MPU 3TOM WUCMOSb3YHTCS CKBa-
>KMHHbIE W HAa3eMHble cercMUYeckue Mmatepumarbl
HabntogeHuiA, nonyyaemble Ha KOHKPETHbIX Tep-
puTOpUAX UccnegoBaHuii [1-6].

Mexay Tem B npoLecce getansHon obpa-
BOTKM M MHTEPNPETaLMN CENCMUYECKUX AaHHbIX
Hapsdy C M3yYeHneMm LeneBbIX NPOaYKTUBHbIX
OTMNOXEHWI NpuxoauTCs pellaTtb NpobrnemHble
3aa4n Mo M3y4eHUo TeX MHTepBasrioB reosno-
rMyecKoro paspesa, AN KOTopbIX HedTenep-
CMEKTVBbI Ha HavarnbHOM 3Tane MX peLleHus
OCTalTCa HeonpeeneHHbIMU BCreacTBME UX
cnabon nayveHHocTu. Npumepom Takux cnabo
N3yYeHHbIX OTMOXEHWI SBMSIETCS YacTb paspe-
3a LieneBbIX OTNIOXEHU MO OAHON M3 nnoLa-
Aen Wawnmckoro pavoHa 3anagHo-Cubupckon
HedTerasoHOCHOM NPOBUHLMKN. 34eCb Takumu
SABNSAIOTCA OTIIOXEHUSI aHanora TPexo3epHoMn
TOMNWM, 3anerawowent B HKHEMYIbIMbUHCKON
noacBuUTE cpeaHe-BepXHEBOIMKCKOro Bo3pacTa
BepxHew topbl J3 (Ha nnowaamn nccrnenoBaHuia
3TW OTNOXEeHMs ropusoHTa MOk Hamu yCnoBHO
Oensitcst Ha Tpu nnacta (cBepxy BHu3) 01,
M02 wn M03). OTHocuTenbHO cnabo K3yyeH-
HbIMM TaKkKe OKasblBalTCA U 0bpa3oBaHWA
KPOBEMBbHOW 4acTU [OKPCKOr0 OCHOBaHWS,
noacTunatoLme OTIIOKEHUSI OCaA0YHOMo Yex-
na. Ha matepuanax aton nnowiagu astopamu
C UCMOMb30BaHWEM CEeNCMUYECKUX LaHHbIX
BbICOKOIO paspelueHusi Obinv BbINOMHEHbI Ae-
TanbHble VMCCrefoBaHUs Mo MporHosy Hambo-
niee BaXHbIX AJ1s1 MOUCKOB W MPOMbILLMEHHOM
pasBeky reonorvyeckmnx nokasartenen [5, 6].
3T nccnenoBaHus NPOBOANMUCH Kak Ansi Npo-
OYKTUBHbIX, TaK U Ans NepcnekTUBHbIX (HEeOo-
CTaTOYHO M3YYeHHbIX) OTIOXEHWIA.

®.0. XA3MEB
B.Jl. TPO®UMOB
B.A. MUNNALLWH
aO.n. YEPHUKOB
A.A. KAYKUH
A.B. TUMOHUH

B HacTosilen cratbe npeacTaBreHbl pe-
3ynbTaThl KOMMIIEKCHOM 06paboTku 1 MHTEpNpe-
TaUWn CKBaXKUHHBIX Y HA3eMHbIX CeACMUYECKMX
OaHHbIX, HEMOCPEACTBEHHO OTHOCALUMECH K
OTMEYEHHbIM BbILLE MEPCNEKTVBHLIM (HegocTa-
TOYHO M3YYEHHbIM) OTMOXEHNSAM, @ UMEHHO K OT-
NOXEHNAMU aHarora TPEX03epHOM TOMLLM (ropu-
30HTY INM0OK) 1 06pa3oBaHUsiM KPOBESLHOM YacTu
[OIOPCKOro OCHOBaHWS (ropusoHTy A-A1).

MeTtoavka guHammnyeckon obpaboTkm cenc-
MWUYECKUX [aHHbIX U KOMMIIEKCHON WHTeprpe-
Tauum pesynsraTtoB ¢ AaHHbiMu TVIC Hamu go-
CTaTo4HO NogpobHO n3noxeHa B padorte [5]. He
OCTaHaBnMBasiCb Ha AeTarnsx Takoi o6paboTku,
OTMETVM NWLLb, YTO MaTepuarnbl CKBaXWHHbIX
N Ha3eMHbIX CercMMYecknx HabrniogeHun ob-
pabaTbiBanucb C WUCMOMb30BaHWEM crieumarnb-
Horo rpaca, obecneymBaroLLEro MUHUManbHbIE
VNCKaXXEHUSI OVHaMUKN CEVCMUYECKOW 3anvcu
1N BO3MOXHOCTb W3BIIEYEHUST U3 3TON 3anucu
BEeCbMa BaXXHbIX A MOWCKOB M MPOMbILLMEH-
HOM pa3Bedku reoriorMyecknx nokasaTenen.
OTnuuMTEnBbLHON OCOBEHHOCTBLIO Takon obpa-
6OTKM SIBMIIOCH MCMOMb30BaHUE MNpoLEAypbI
CEViICMUYECKO MHBEPCUN MO UCXOOHbIM CeWic-
MOrpaMMam W OKOHYaTeflbHbIM BPEMEHHbIM
pa3pesam. C npumeHeHuem 3TOW Npoueaypbl
HernocpeacTBEHHO peanusyetca obpalleHve
Tpacc CecMUYECKo 3anncy B pacnpeaeneHns
no BepTukanu aheKTUBHbIX KOIPPULIMEHTOB
oTtpaxeHns (OKO) n adpdheKTnBHBIX aKkycTude-
ckmx xectkocten (AXK) [5, 6].

ABTOpbI B rMpouecce hopMUpOBaHWSA [e-
TanbHOW reoakyCTU4eCKOW MOAEnM WU MpOrHo-
3a NUTOMOMMYECKOro COCTaBa, KOMMEKTOPCKMX
CBOWCTB W HedpTerasoHachILLEeHHOCTU Nopoa-
KOMNMEKTOPOB MPOAYKTUBHBIX M MEPCMEKTUBHbIX
TOMLW, T.€. PEeLleHUst JOBOSIbHO TOHKUX 3afad
HedTAHON reonornm CenCMUYecKUMmn MeTogamu,
MCMOSb30BaNM  OTEYECTBEHHbIE  BbICOKOTEXHO-
nornyeckne metodbl 06paboTkM U UHTeprpeTa-
LumMn matepuarnoB reouanyecknux HabnoaeHui
— TEXHOMOINI0 BbICOKOPAa3peLLaoLLen celcMm-
kn (BPC-Teo) [1-6]. U3 3apyGexHbix nporpam-
MHO-TEXHOINOMMYECKUX CPEACTB  MPUMEHSANCH
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cuctema OMEGA komnanum Western Geco
N VWHTepnpeTaumoHHas cuctema GeoGraphix
DiscoveryTM R2004.1, v.8.5 komnaHuu Landma-
rk Graphics Corporation.

OBPABOTKA U UHTEPMPETALUA
MATEPUAIOB 'nC

B cooTtBeTCcBUM C paspaboTaHHON TeXHOIo-
rMYecKoi cxeMon obpaboTkn 1 MHTepnpeTaLmm
CKBaXXMHHbIX U Ha3eMHbIX CeCMUYECKMX MaTe-
puanoB HabniodeHW Ha HavanbHOM 3Tane no
AaHHbIM [VIC B CKBaXKMHAX BbINOMHAMNACH OLEH-
Ka TNUTOMNOrMYEecKOro COCTaBa, KONMEKTOPCKUX
CBOWCTB, HeTerasoHacbILLEHHOCTU OTIIOKEHUN
NPOAYKTUBHBLIX M MNEPCMEKTUBHbIX WHTepBanos
paspesa. B pabotax [1-5 n ap.] onvcan npumMeHs-
€Mblii HamK Ans 3Toro cnocob, OCHOBAHHBIN Ha
VHTerpaumm reoranyeckmx napameTpoB B eAv-
HYHO reonornyeckyto MHPOPMAaLIMOHHYHO CUCTEMY
NOCPEACTBOM  (DYHKLMOHANbHbIX npeobpaso-
BaHWI reounsnmyeckmx napameTpos. [JOBOSbHO
noapobHO meToavKa MCMOonb30BaHUs MPOLEAyp
aToro crnocoba obpaboTku Ha matepuanax 'MC
U3NoXKeHa B yKka3aHHbIX Bbille paboTax.

B HacTosLen cTaTbe 0OCTaHOBUMCS TOMbKO

Ha pesyneratax obpaboTtku aaHHbIx MTNC, nme-
IOLLMX OTHOLLIEHME K KOMMIIEKCHOMN MHTepnpeTa-
LMK 3TUX A@HHBIX C CENCMUYECKMMM MaTepua-
namu uccnegyemo nnowaau. Mo pesynsratam
KOMMMEKCHOM WHTepnpeTauum B MepByl0 Oye-
pedb hopmupyeTca AeTanbHas reoakyctuye-
cKasi MoZenb B BEpPTUKarbHOM CeYeHnn pa3pesa
CKBaXVHbI, KOTOPasi HEMOCPEACTBEHHO UCMOMb-
3yeTcs Ans NPOrHo3a reonormyecknx nokasare-
nen B NPOAYKTUBHBIX MiiacTax Ha paspesax 1 no
nnoLyaau nccrnegoBaHui.

Tak, B OOHOM M3 [OBYX UMEKOLLMXCA Ha
nrowaau pabot ckBaxuHe 12291 Gbinu BCKpbl-
Tbl OTMIOXEHUSI HWKHEMENOBOrO U  BepxHe-
IOPCKOrO  KOMMIEKCOB B MWHTepBane MmybuH
1802.4-1896.4 m, a Takke 06pa3oBaHus JoKp-
CKOro ocHoBaHus (Ha rnybuHax 1896.4-1940 m)
(puc. 1). HwkHemenoBble OTNOXEHWS, BCKPbITbIE
CKBaXVIHOW, NpeAcTaBneHbl NopoAaMn BepxHe-
MYnbIMbUHCKOW NOACBUTLI, @ BEPXHetopckue P
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— nopoAamn HWKXHEMYTbIMbUHCKOW MOACBUTHI
n abanakckol cBuTbl. OTNOXeHNA abanakckow
CBUTbI B CBOKO Oouepeab NPeACTaBneHbl MMnHK-
cTo-rnaykoHuToBoin nadkoi (TT1) n nopomamu
BOIYNKWHCKOW TOMLLM.

MpoHvuaemble MPoNnacTkn Npocnexu-
BAlOTCH B CKBaXVHE TOMbKO B Mopodax Bepx-
HeMyrbIMbMHCKOA  NOACBUTHI (B MHTepBarne
rmy6uH 1826.5-1830 M) 1 BOryNKMHCKOW TOMNLLM
(1895-1896.5 m). INpun aTOoM NepBbIN U3 yKasaH-
HbIX WHTEPBAroB paspesa CIOXeH aneBpuTu-
CTbIM aprunMToM W TEMHO-CEPbIM MIOTHbIM
MEnKO3epHUCTbIM MECHaHUKOM Ha  IMHUCTOM
LieMeHTe C pedKvM BKITIOHEHVEM OBYrnMBLLMXCS
pacTuTenbHbIX OCTaTkoB. BTopon — vactnyHo
aprunnmMToM TeMHO-CepbIM, MMOTHLIM CIOAW-
CTbIM C BKIIOYEHWEM hayHbl U OBYrmmMBLUMXCS
pacTUTENbHbIX OCTATKOB W MPenMyLLECTBEHHO
NecYaHNKOM KPYMHO3EPHUCTBIM, [MayKOHUTOBO-
KBapLieBbIM C BKIOYeHeM chayHbl 6enemHuToB
Ha MUHUCTOM LEMeHTe, a TaioKe rpaBenuToM
CBETNO-CEepbIM, KPEernkuM, NMOTHbIM Ha MWHK-
CTOM LiemeHTe [2].

HauvHatoweecs C kopbl BbIBETPYBaHUSA
[0lopCcKoe OCHOBaHWe (B Camoii BepxHel ero
YacTu) NpeacTaBneHo B OCHOBHOM 3¢hpy3nBHO-
0CaflOYHBIMM U METaMOP(U30BAHHBIMU TOPHbI-
MV nopogamm.

[Ins npoHMLaeMoro BOAOHACHILLEHHOTO Npo-
nnacrtka, 3areratoLero B OTIIOKEHUSIX BepXHe-
MYnbIMbUHCKOW NOACBUTLI (B UHTepBarne rny6uH
1817-1837.5 M), MakcumarnbHasi MeCYaHUCTOCTb
coctaensier 30-70% (COOTBETCTBEHHO copep-
XaHue rMYHUCTOro Matepuana 3necb CoCTaBIs-
et Crn. = 70-30%), nopuctoctb — Kn = 8-14%.
OTHOCUTENBHO BbLICOKAsi BENWUYMHA MOPUCTOCTU
BMOSHE NMO3BOSISAET OTHOCUTL paccMaTpyBaeMbIlii
NpONacToK K Knaccy KonnekTopos. MNapameTpbl
PUNBTPaALMOHHO-EMKOCTHBIX MoKasaTtenen ans
3TOro MPOHWLI@EMOro nponnactka AoCTUraoT
3Ha4YeHUIn abConoTHONM NPOHMLIaeMocTU (rpadhmk
knp) n oTHoCMTENBHOM MO BOAE NPOHULIAEMOCTH
(rpadovk knp B), paBHbix = 1 M.

[Ins NnpoHUL@eMoro BoAOHAChILLEHHOMO Npo-
nnacTka, pacronoXEeHHOTO B HWKHEN YacTu OT-
NOXeHW abanaKkCckon CBUTbI — HENOCPEACTBEHHO
B VHTEpBare 3aneraHnsi 0cagkoB BOTYNKUHCKOW
Tonwm (Ha rmy6uHax 1895-1896.5 M) necyaHu-
cTocTb coctaBnsieT = 93% (COOTBETCTBEHHO
IMIMHUCTOCTb 3Aecb cocTaensgetr Crn. = 7%),
nopuctoctb — Kn = 17%. dunsrpaumoHHo-em-
KOCTHble MapameTpbl Ans 3TOoro nponnacTtka
XapaKTepuayloTca  3HadYeHusiMu:  abcomntoTHOM
npoHudaemoct knp = 15 m[, oTHOCUTENbHOWN
no Boge npoHuuaemoctn knp B = 8-10 mf. Pe-
3ynbTaTthl UCMbITAHWIA B uHTepBare rmy6uH 1890-
1938 M (0xBaTbIBaIOLLEM OTIOXKEHUST MPaKTNYe-
CKn BCell abanakckow CBWTbI U 3HAYUTESbHYIO
YacTb BCKPbITbIX CKBaXKMHOW OBpasoBaHWi [o-
HOPCKOro OCHOBAHWSA) NMOKa3anu Hanmyme npuTo-
Ka nnacTtoBon Bogbl Aebutom QB = 65.4 M3/cyT
npw nnactoBom AasnerHun 180.3 atm (puc. 1).

CriegyeT oTMETUTb, YTO MO paccMaTpuBae-
MOV CKBaXVHE B MHTepBarne 3arneraHvsi nopog
potopckoro komnnekca (QHOK) onsi pelueHust 3a-
[ayn pacureHeHust paspesa Hamu npvmeHeHa
MeToaMKa Ka4ecTBEHHOro MpOorHo3a NUTOTUMOB
BepxHen yactn [HOK Ha ocHoBe KOMMIEKCHOro
MCMonb3oBaHus aHHbIX bypeHus n MC, kak ato
6bIno BbINOHeHO paHee [3]. B yacTHOCTW, B yKa-
3aHHON paboTe C MCMoNb3oBaHNEM BCKPbITHIX
paspe3oB U OTOBPaHHOTO KEpPHOBOrO Matepuva-
na nosgHenepMckvX U TPUACOBbIX BELLECTBEH-
HbIX KOMMJIEKCOB peanu3oBaHa YBfA3Ka KepHa
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C ocobeHHocTsAMU noBefeHust auarpamm TNC
OCHOBHbIX METOAOB CTaHOAPTHOIO KapoTaxa
CKBaXKWH. Ha 3ToM OCHOBE BbIMONIHEHA HEKO-
Topasi 006o6LleHHas Krnaccudmkaumms TUMNoB
TaKoro paspesa, B pesynkrate Yero nosiBunach
BO3MOXHOCTb OLIEHKW €0J10ro-reor3nN4eCcKnX
NPU3HaKoOB A9 HEKOTOPOW haKTUYeCcKon Knac-
cumkaLmm TUNOB paspesa [OKPCKOro OCHOBa-
HUS.

C wucnonb3oBaHWEM 3TON paspaboTaHHOM
Knaccucumkaumm paspesa [OHPCKOro OCHOBa-
HUSI Ot pacCMaTpUBaEMOMN CKBaXKWHbI MOryYe-
HO ero BrofiHe MpuemremMoe pacuyneHeHve. B
OCHOBY TaKOrO pacyiieHeHWs1 pa3pesa NonoXxeHo
onpefeneHHoe COOTBETCTBUE Pa3fNYHbIX B3a-
MMHbIX COOTHOLLEHMI KpuBbIX MeTogoB 'MC, a
Takke uMeroLascst MHopMaLms No Makpoonu-
CaHuio KepHa. [oopckuii KOMMNEeKC B UHTEpBa-
ne BCkpbITOro pa3pesa 1922.5-1931 m 3gech, B
YacTHOCTW, MpeacTaBneH MeTaMopUHECKUMU
FOPHLIMU MOPOAAMMU, @ B OCTanbHOW YacTu pas-
pesa [0KpCKOro OCHOBaHUSI — 3dhdy3VBHBIMU U
ahhy3vMBHO-0Ca04HBIMM NMopoaamu (puc. 1).

Cyas no pacCMOTPEHHbIM BbILLE pe3yrbTa-
Tam 06paboTkn AaHHbIx MC B ogHOM U3 ckBa-
XKVH, a Takke Lenomy psifly OpYruX CKBaXKWH, KO-
TOpble PaCroNOXeHbI K BOCTOKY OT TeppuUTOpum
nccrneaoBaHnm [2], MOXHO roBOpUTb O pearibHom
BO3MOXXHOCTM OOHapy>KeHusi 34ecb MracToB
KONIEKTOPOB B OTNOXEHUsIX abanakCckown CBUTHI,
MYTbIMbUHCKOWM CBUTbI U B HEKOTOPOW CTEMNEHU B
06pa3oBaHuMsAX JOKPCKOrO KOMMIIeKca.

[MonyyeHHble MO BbILLEPACCMOTPEHHOMN
CKBaXXMHE pesynbTaTbl HEMOCPEACTBEHHO UC-
nonb30Banucb NpU aHanuM3e U HacTpolke pas-
pe30B apheKTNBHbIX KOIPDULIMEHTOB OTPaKe-
HUS 1 3PPEKTUBHBIX aKyCTUYECKUX XECTKOCTEN
no npounsM uccrnegyemMon TeppuTopumn Ha
r3nyeckne napaMeTpbl paspesa LieneBbix OT-
TIOXXEHWN.

HEKOTOPbIE CNELUPUYECKUE
OCOBEHHOCTU MHTEPMPETALUN
CEVCMUYECKUX OAHHbIX MO
NPO®UNAM

O6pabotka M WHTepnpeTauusi cercMmnye-
CKVX AaHHbIX Mo npodunam MOIT 2D usyyae-
MOV nroLwiaam peanvsoBaHa, kak bbino oTmeve-
HO BbILLIE, HA OCHOBE WCMONb30BaHUs MPOrpamm
cuctembl OMEGA komnanum Western Geco,
TexHonormm BPC-Teo u wuHTepnpeTaumoHHON
cuctembl GeoGraphix R2004.1, v.8.5. Bce oco-
©EHHOCTM 1 feTanu Takon obpaboTkv B MOMHOM
obbeme usnoxeHsl B pabotax [5 n gp.]. B gan-
HOM pasgene 3aTPOHEM MULLb OAWH U3 BaXKHbIX
BOMPOCOB MpoLiecca NHTepnpeTaLmn cericMmye-
CKMX JaHHbIX, KacaloLWUNcs BblAENeHns Ha cenc-
MUYECKMX pa3pe3ax afeKBaTHbIX OTpaKatoLLX
rpaHnL, C Lernbto nocneaytoLlero hopmMnpoBaHms
Ha 9TOW OCHOBE TOHKOCIIOMCTOW reoriormieckomn
Moaernu paspesa Usy4aemMon peanbHov cpeabl.

Mpy MHTepnpeTaumMmn CencMmyecknx paspe-
30B OJHOV 13 OCHOBHbIX MPOLIEAYP, Kak U3BECTHO,
SBMNSIETCS KOPPENsiLMSI LEneBbIX OTPaKatoLLmX
rpaHul, ¢ Tem 4Tobbl ageKkBaTHO OTOOpPas3vTb
CTPYKTYPHO-TEKTOHMYECKOE CTPOEHUE Ha Ceuc-
Moreornornyeckmx paspesax. Ocobyto TpyaHOCTb
npy 3TOM COCTaBMsieT OTOBpaXxeHve TOHKOCIO-
UCTBIX CIOXHOMOCTPOEHHbIX MOAENen cpenbl.
Mpoueaypy KoppensiumMmn ropM3oHTOB Ha paspe-
3aXx, UCMOMb3YIOLLMX TOMBbKO 3NIEMEHTbI CTPYKTY-
pbl BOITHOBOIO MOJISi, KaK U3BECTHO, B GOSbLUMH-
CTBE Cy4yaeB MOXHO BbIMOMHUTbL Arsi XOPOLLO
OVHAMUYECKN BbIPAKEHHbIX OTPaXKEHWM, YTO B

psiie NpaKTU4eCKUX CUTyaLUiA OKa3blBaeTcsl He
BCErja BO3MOXHbIM (Npexae Bcero no npuyn-
HaM CMOXHOrO reororM4eckoro CTPOeHUst U OT-
HOCUTENbHO Crnabo BbIPaXXEHHOCTM LENEBbIX
OTpaXkeHHbIX BOMH). Ho Aeno He TombKo B 3TOM.
HekoTopble 0COGEHHOCTM B MOHWMAaHUM 3TOrO
BOMPOCAa COCTOSAT B CMEAYIOLLEM.

Mpw petansHom aHanuse npouecca dop-
MWUPOBaHWS! CTPYKTYPbl BOITHOBOTO MOSSi, (oMKCH-
pYeMOro B YCINOBUSIX pearnbHOV Cpefpl, BbISICHSI-
€TCsi OfjHa BaXkHas!, HO BECbMa MpUHLUMNnansHas
ocobeHHocTb. OHa 3akno4yaetcss B TOM, YTO
celicmmyeckas 3anvck 0bpasyeTcs kak cynepno-
3ULMSA 3rEeMEHTapPHbIX CEACMUYECKUX 3anucemn,
co30aBaeMbIX OT Kaaoro U3 3reMeHTapHbIX
nnacToB (dNeMeHTapHbIX rpaHuL pasgena),
afekBaTHbIX [EWCTBUTENILHOMY pacrnpegene-
HUIO aKyCTUYECKNX HEOAHOPOOHOCTEN pearbHOn
cpebl. Mpuyem anemeHTapHbI NnacT (3nemMeH-
TapHyl rpaHuULly) MOXHO Ilerko npeacTaBUTb
yepes Lar KBaHTOBaHWsS CeNCMUYEeCcKon 3anunucu
no BpemMeHu (B (hOpMe KPUBOWM aKyCTUYECKOW
XKECTKOCTV B BEepTMKaNbHOM CEYEHWU paspesa,
anmnpoKCMMUPYEMOIA C MPUMEHEHWEM LLara KBaH-
TOBaHWS CENCMUYECKON 3amucu Mo BpeMEHM).
Ha ocHoBaHuu Takon cyrnepnoavumm (CyMmmpo-
BaHWs) dNeMEHTapHbIX CEeNCMUYECKUX 3anucen
OpPMUPYETCS B KOHEYHOM UTOrEe Pe3ynbTUPYH-
wasi MHTepdepeHLUMoHHasi cericMmyeckast 3a-
nMcb, OBbIYHO perucTpypyemasi npu MoneBbIX
N3MEPEHUSIX.

OueBnaHO, YTO MPOAEMOHCTPUPOBATL MPO-
Lecc hOpMUPOBaHMS CENCMUYECKON 3anmcy Kak
TaKoBOW Ha (PU3NYECKMX MOAENSX NPaKTU4ECKM
HeBO3MOXHO. OfiHaKO CPaBHUTENBHO NErko 3To
MOXHO cHenaTb Ha OCHOBE PELUEeHUs NPsIMOoii 1
obpatHoi 3agay OAHOMEpPHOro (MNW ABYXMep-
HOro) MaTemaTU4ecKoro MOAENVPOBaHUs, Ha-
npumMep Kak 3To nokasaHo B pabotax [7, 8]. Uc-
nonb3ysl pesynbraTbl Takoro MOAENMPOBaHUS C
OLIEHKOW BKIMaAa arieMeHTapHbIX rpaHuL, 1 TonL,
B UHTepedePEHLIMOHHYIO CENCMOrpamMmy, MOXHO
1erko nokasarb, YTO MHGOPMaLUMs OT 3feMeH-
TapHOro nnacra (3NeMeHTapHON rpaHuLbl pas-
[ena) Ha 3aperMcTpupoBaHHON MHTepdepeHu-
OHHOW CENCMMUYECKON 3anncn «pa3masbiBaeTcsa»
no BpeMeHW (BPEMEHHOW LUKarne) Ha [O0BOIbHO
CYLLEECTBEHHYO BPEMEHHYH BEMUUMHY. 3HaYeHe
3TOW BEMUYMHBI COCTOMUT M3 ANIMHbBI 30HAMPYHOLLIE-
ro CEeMCMUYECKOro UMMyrbca Mioc BpeMeHHas
TOMLWMHA CaMOro 3MEMEHTAPHOro nracra (Mnm
Tonwwm) [7]. MNMocneaHss (TonwmHa anemMeHTapHo-
ro nnacra Unu TonLy, COCTOSILLIEN N3 HEKOTOPOWA
CYMMbI 3IIEMEHTapHbIX MIiacToB) onpenensieTcs
nMBo TOMNbKO OAHUM LLAroM KBaHTOBaHUS Ceiic-
MO3anncy Mo BpeMeHU (AN anemMeHTapHOro
nnacra), nMbo HEKOTOPOW COBOKYMHOCTbLIO LLIAroB
KBaHTOBaHWUS celicmMo3anmcu no BpemeHu (Ons
TOSLLM) B 3aBUCUMOCTY OT KOHKPETHO M3y4aemMoro
nracTa unm npornnacTka, KOTOpbI OXBaTbIBAETCS
Cpa3y HECKOMbKMMU LLaraMu AUCKpeTU3aumm. HAB-
neHve (3dpdhekT) HTepdepeHLmn Kak pesynsrat
CyneprnosvLmMn yKasdaHHbIX 3rieMeHTapHbIX 3anu-
celi B Nobo NCXOOHOW UMW PesyrnbTUPYIOLLE
CeliCMUYECKOIN 3anmncu, Kak U3BECTHO, SIBMSETCA
BCEOOBLEMIIOLLMM As N0OON (MK KaXOoM) KOH-
KpeTHon 3anucu [7, 8].

VMimes, Takum 06pasoM, Mormy4eHHYH Crox-
HYI UHTEpPMEPEHLIMOHHYIO CTPYKTYPY BOMHOBO-
ro nomnsl, B KOHEYHOM UTOre OOBOMBHO CIOXHO
C BbICOKOW [OCTOBEPHOCTBIO OTKOPPENMpoBaTb
Ha BPEMEHHOM paspe3e TOHKyl CIIOMCTOCTb
(B hopme MpOTSBKEHHbIX OCer CUHMasHOCTK),
afeKBaTHyl0 U3y4aeMoMy TOHKOCIouCTomy B>
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reororn4yeckomy paspesy. TodHee, Takyl MNpo-
ueaypy (Kkoppensumio ropu3oHTOB) MOXHO Bbl-
MOMHUTL TOSMbKO AM1S1 JOBOMbHO CUMbHbBIX Celc-
MWYECKMX CUrHamoB (C WCMOMb30BaHWEM Npu
CTPYKTYPHOIN MHTEpNpeTaLmy COOTBETCTBYHOLLIMX
BPEMEHHbIX NonpaBok). Ho, 4To ocobeHHO Bax-
HO, Ans cnabbiX N0 UHTEHCMBHOCTU CelicMuYe-
CKMX CUTHAroB 3TO BbIMOMHUTL MPaKTU4ECKN He-
BO3MOXHO. CTOUT Npu 3TOM 0COB0 NoAYEPKHYTh,
YTO C nocrnegHMMK crabbiMy  CecMUYECKUMN
curHanamy B GOMbLUMHCTBE Cry4YaeB CBA3aHbI
MNCKOMbIE KOMMOHEHTbI M3y4aeMoro «reonorvi-
YecKOro BeLLecTBa», T.e. pasnuyHble MpPOrHo-
3MpyemMble reornorudeckme nokasarenu. 3JTo
06CTOATENBLCTBO OKa3blBaeTCA OnpeaensioLmnm
npy 00OCHOBaHWUN 1 peanu3aumun peLueHns 0b-
paTHOM OMHaMWYEeCcKOW 3agjadv cerncMmukn (ans
nonyyeHns nHdopMaummn ob afgekBaTHbIX crna-
6oaKyCcT4eCKMX HEOQHOPOAHOCTSX pearbHOW
cpefibl, Ha KOTOPbIE «OT3bIBAOTCA» CPABHUTENb-
HO cnabble cericMUYeckne OTPaXKeHMs).

[Ins Toro 4To6bI NOMHOCTBLIO UCKIIOYNUTL U3
cencMmyeckon 3anmcy adpekT nHTepdepeHLmnm
(HebnaronpuATHO BNMSIOLLMIA Ha NPOLIECC afek-
BaTHOrO orpegeneHnst AeTanbHON BHYTPEeHHeN
CTPYKTYpbl M3y4aeMblX HedTenpepcrnekTUBHbIX
OTNOXEHWUIN), MPUMEHSIETCH, Kak Yyxe Obino oT-
MeYeHo Bblille, paspaboTaHHas aBTopamu npo-
Leaypa ceiCMUYECKON MHBEpPCUM — obpaLleHns
(BOCCTAHOBMEHMS) CENCMMYECKON 3an1cu B pac-
npeneneHns 3 deKTUBHbIX KOIPPULIMEHTOB OT-
paxeHus (OKO) 1 adhHeKTUBHBIX aKyCTUHECKNX
xectkocten (AXK). Takas npouenypa peanuso-
BaHa B oOHOW M3 cuctem TexHornorum BPC-Teo
[1-6]. MHorouMcneHHble pesynsratbl MateMartu-
4YeCcKoro MogenMpoBaHus nokasanu, 4To 3agaqa
obpallieHns CeicMMYEeCKO 3anvcy peLuaeTcs
BrOMHe OAHO3HAYHO YMCIIeHHbIM crniocobom [8].

Cnenyet npu 3TOM 3aMeTUTb, YTO «addek-
TUBHbIE» KO3ULMEHTBI oTpaxeHus (OKO)
— 370, NpeXae BCEro, OTHOCUTENbHbIE 3HaYeHNst
KOA(DPULIMEHTOB OTPaXKEHUsI (OTHOCUTENbHbIE
3a CYET COOTBETCTBYHOLLUMX MpeobpasoBaHui 1
HOPMMPOBOK, OCYLLECTBMAEMbIX MPU perncTpa-
LM N KOPPEKTHOWM LmdpoBoi obpaboTke ceic-
MWYECKMX 3anuceit), KoTopble, B CBOKO o4epenb,
3KBUBANEHTHbI AENCTBUTENbHBIM (26CONOTHBIM)
NX 3HaYeHUsIM, HO xapakTepu3aytoLme vx bonee
BbICOKOYACTOTHYI0 YacTb. CneupanbHOW Kanu-
bpoBkn 3HadeHun KO onsa npuBegeHns ux K
abContoTHBIM 3HaYEHWSIM NpY 3TOM He MPOV3BO-
antesi. HecmoTpst Ha 3To (a Takke Ha OTCyTCTBUE
B OTAENbHOW CEeNCMUYEeCcKOM Tpacce Hu3Koda-
CTOHOW KOMMOHEHTbI aKyCTUYECKUX JKECTKOCTEN)
BO3MOXHOCTb  MUCMONb30BaHNA  3OMEKTUBHBIX
KO3hPULMEHTOB OTPaXKEHUS ONs1 onpeneneHns
cocTaBa W CBOWCTB M3y4aeMblX paspesos Mpu
3TOM He yTpadmBaeTcs (BCA Heobxoavmas uH-
dopmaLma 0 cocTaBe U CBOWCTBAX M3y4aemoro
paspesa CoAepXMTCH UMEHHO B 3TUX 3HAYEHUAX
OKO). [enctButenbHbIMM ke (abCcontoTHbIMM)
3HaYeHUsAMUN  KOI(PMULIMEHTOB OTPaXKeHUsT B
npouecce nx onpeaeneHni, Kak U3BecTtHo, MoryT
6bITb TOMBKO MOAenNbHbIe, TeopeTuyeckue. Crie-
OyeT TalKe 3aMeTUTb, YTO AakKe AN NonyYeHns
ajeKBaTHbIX 3HAYEHW aKyCTUYECKUX CKOPOCTEN,
MOMy4YeHHbIX B CKBaXUHE, MPUXOAUTCH BbIMNOM-
HATb CMOXHYIO HOPMMUPOBKY AA@HHbIX aKycTude-
CKOTo KapoTaxa.

®parMeHT WCXOOHOTO BPEMEHHOro pas-
pesa OI'T no paccmaTpmBaemMoMy Npogurio,
nosny4eHHoOMy rnocne npeaBapuTensHon o6-
paboTkn AaHHbIX MO cneuuanbHOMY rpady,
npuBoanTcs Ha puc. 2, a. KayecTBeHHbIN

BM3yamnbHbIi aHanu3 CTPYKTYpbl MOMyYeHHO-
ro BOHOBOrO MOJIsi MPWU 3TOM [JaeT HeKoTopble
obwme npeacraeneHuss 06 0CoGEHHOCTSAX reo-
FIOrMYECKOro CTPOEHUSI pearnbHOW cpedbl B UC-
crnegyeMon BepTUKanbHOW MNIOCKOCTU paspesa.
B obLuelt cTpyKType CEeNcMUYEecKoro BOSIHOBOIO
Mons CPaBHUTEMBHO YETKO (DMKCUPYHOTCS KOH-
CEAMMEHTALMOHHBIE U NOCTCEAVMEHTALMOHHbIE
0COBEHHOCTU HaKoMMeHss 1 (POPMUPOBaHNUS
0cafKoB (3TO B OCHOBHOM BepTuKamnbHble nepe-
MELLEHMS 0CaaKoB, CBA3aHHbIE B TOW UK UHON
CTENEHN C TEKTOHWYECKMMM MpoLEeccamu, nocT-
CeAMMEHTAaLMOHHbIE CKITaAKu, pas3pbiBbl U T.N.).

Mpumep ¢ pesynbTataMn UCKIMIOYEHUS U3
cencmMmnyeckon 3anucu adpdekta MHTepdepeH-
UMM 3a cYeT MPUMEHEHVS MpPOLEeaypbl Cevic-
MWYECKON WHBEPCUMM NpuBegeH Ha puc. 2, 6.
Mo-cywwiecTBy 3a cYeT MpUMEHeHUs1 3TOW Mpo-
Ledypbl peanv3oBaHO pasgeneHne cencMuye-
CKOM MHGpopMaummn Ha ABa Tuna nHcopmauum:
Ha MHopmaLmMo 06 UCTOYHUKE U O peanbHoW
cpege. Ha aton xe ocHoBe obecneyvBaeTcs
MaKkcuMaribHasi BepTuKanbHasi paspeLleHHOCTb
ceicMMYecknx aaHHbIX — paspe3oB AXK 1 KO
(pvic. 2, 6, B).

Ha paspe3ax apdeKT1BHbIX aKyCTUYECKUX
XKecTkocTen M 3PeKTUBHbIX  KO3hULIMEH-
TOB OTPaXEHUSI MPY 3TOM OTHOCUTENBHO J1Erko
NAEHTUPULMPYIOTCA OCOBEHHOCTU AeTanbHOro
BHYTPEHHETO CTPOEHWSI MPOAYKTUBHOW 4YacTu
paspesa ¥ BMELLAIOLLMX UX OTMNOXeHWN. 3aech
B SIBHOM BuJe MPOSIBMSIOTCS AeTanm CTPOeHUs
M3y4aeMoro pearnbHOro paspe3a C TOYHOCTbHO
Liara KBaHTOBaHUS CEWCMMYECKOWA 3ammcu Mo
BpemeHun (At = 0.002 c). MNpuyem Ha Tex yyacT-
Kax paspesa, [ge noTeHuManbHO NPOOYKTUBHBI
nnact (MHTepBan paspesa) B pa3pese adhdek-
TUBHBIX aKyCTUYECKMX XecTkocTen (AXK), xapak-
TEPUIYHOLLMICS KaK NPeVMMYLLECTBEHHO MnacT ¢
MOHWXEHHBIMW  (UHTErparnbHbIMK) 3HaYeHUSMU
AX (puc. 2, 6), Ha paspese ahPEKTUBHBLIX KO-
(PMLIMEHTOB OTPaXKEHUs1 TOT MnacT NposiBnseT
cebsi YyepenoBaHNEM MOMNOXWUTENBHBIX U OTPU-
LaTenbHbIX BEMUYNH 3peKTUBHBIX KO3dhmum-
€HTOB oTpakeHus (puc. 2, B). MpymepHo Takoi
e pesyrnbTaT NPOSIBMSAETCS U Ha WMHTepBanax
paspe3a C NoMnoXUTENbHbIMU (MHTErpanbHbIMK)
3HayeHusimm AXK, rae BrornHe onpeaeneHHo npo-
CNeXVBaETCA YepefoBaHne OTpuLaTerNbHbIX U
NonoXuTenbHbIX 3HadeHnn JKO. EctecTBeHHO,
TaKoW BEPTVKanbHON pa3peLLeHHOCTM pa3pesa ¢
UCMOMb30BaHVEM 3IIEMEHTOB CTPYKTYPbl BOITHO-
BOTO MOJIst 30eCb JOCTUYb HEBO3MOXHO.

BronHe o4eBMAHO, YTO yMeHbLUEHME Liara
[OVICKpETU3aLMM CeNCMUYECKON 3ammucu  Harno-
nosuHy (B 4acTHocTu, go At = 0.001 c¢) noseo-
nuno 6bl Ha KaXkaoM 13 BepTMKarbHbIX CeYeHUI
M3y4aeMoro paspesa KONMUYECTBO 3HaYeHui
9(PPEKTVBHBIX  KOIPPULMEHTOB  OTpaXKeHUst
yBeNUYUTb BABOE. YKasaHHOe 06CTOsATENbCTBO
HernocpeaCTBEHHO XxapakTepuayeT akT BblCO-
KOro paspelleHusi CEeCMUYECKMX MaTepuaros
C MCnonb3oBaHWeM npoLeaypbl CencMnYecKkon
MHBEPCUW, T.e. 0BpaLLEeHNs KaK UCXOAHbBIX, TaK U
OKOHYaTENbHbIX CyMMapHbIX, MOCIe npoueaypbl
MUrpaLmm, CEMCMUYECKUX AaHHbIX.

MaeHTMUMPOBaHHBIM OCHOBHBIM OTpa-
XatLyM rpaHvLaM B rnpoLecce MHTepnpera-
unm paspeso AXK n 3KO, kak aTo BUAHO U3
puc. 1, 6-B, NPUCBOEHbI MHAEKCHI B COOTBET-
CTBWM C UX NIUTONOro-cTpaTurpadmyeckomn npm-
YPO4EHHOCTbIO [5]:

B1 - kpoBns BEpXHEMYIbIMBUHCKOW NMOACBUTHI
6Geppuac-HKHEBANaHXMHCKOro Bo3pacTa
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HwxkHero mena K1;

B - KpoBMSi HWXHEMYNbIMBUHCKOW MOACBUTHI
6eppurac-HKHeBanaHX1HCKoro
BO3pacTa U TUTOHCKOrO (BOIMKCKOro) Bo3pacTa
BEpXHen topbl J3;

MOk — KpoBnsA aHanora TPexo3epHoW TONWM B
OTIIOXKEHUSAX HVPKHEMYTBIMBUHCKOWM NMOACBUTHI
CpeaHe-BEPXHEBOMKCKOro Bo3pacTa BEpXHem
topbl J3: Ha nnowaan OenuTcs YCNoBHO Ha
Tpu cnos (ceepxy BHM3): 101, M02 1 103;

[TTT — KpoBMS FMMHUCTO-TNAyKOHUTOBON Mayku
(T, 3aneratoLei B BEpXHEN HYaCTW OTIIOXKE-
HWI abanakckom CBUTbI OKCAOPA-KUMEPUIK-
cKoro Bo3pacta J3ab BepxHen topbl;

I - kpoBNA NNacTa BOrynk1HCKON TOMLLK, 3ane-
ratoLLiert B HUXKHe YacTn oTnoxeHuin abanak-
CKOW CBUTbI KENMOBEWCKOro Bo3pacTa BEpXHen
topbl J3;

T1 — kpoBns oTnoxeHuit ropnsoHta T1(K02) Tio-
MEHCKOW CBUTbI BaTckoro Bo3pacTa J2bt;

A — NOBEPXHOCTb OTNOXEHWI [JOPCKOTO OCHO-
BaHWs (NOJOLLUBa 0Caf04HOro Yexnay);

A1 — ycnoBHasi rpaHuLa B OTIIOXEHUSIX BEPXHEW
4YacTu [OOPCKOro OCHOBaHUsA (Heobxoaumas
ONSi OLEHKN cOoCTaBa M CBOWICTB OTIIOXEHUI
[JaHHOTO WHTepBana paspesa B mnpouecce
NpOrHo3a WCKOMbIX reonoro-reothnsn4eckmnx
napameTpoB).

Kak oTMe4eHo BblLLE, OCHOBHOE NpeumyLLie-

CTBO MpY UCTONb30BaHUN pa3pe3oB addpeKTnB-

HbIX aKyCTU4ECKUX >KEeCTKOCTEN U 3hDEKTUBHBIX

KO3(PPULIMEHTOB OTPaXKeHUsi (MO CpaBHEHWIO C

CeNCMUYeCKUMI BPEeMEHHbIMW paspesamu, no-

JyYeHHbIMW Ha OCHOBE MPUMEHEHNS CTaHAapT-

Horo rpacha 06paboTkn) COCTOUT B TOM, YTO NpU

BbINONMHeHnn BPC-uHTepnpeTauum paspesos

AX n OKO u3 ueneBbix MHTEpBarioB M3y4ae-

MOro paspesa W3BMeKaeTcs MakcvmarbHO BO3-

MOXHbIA 0GbLEM reonornyeckon MHdopmMaLmm.

B yacTHOCTM, peyb naeT o6 nHdopmaumm, cesi-

3aHHON HEMOCPEACTBEHHO C NUTONOrUYECKUM

COCTaBOM, KONMEKTOPCKMMMW CBOWCTBaMU, Xa-

paKTepoM 1 CTeneHbto rioMaoHaCILLEHUS NO-

poa-konnekTopos [5, 6].

AHanorn4yHas MHdopMaLms o «reonormye-
CKOM BeLlecTBe» Ha CTaHOapTHbIX BPEMEHHbIX
paspesax, BO-MEPBbIX, OKa3blBAETCH HEepeaKo
CYLLIECTBEHHO WCKaKEHHOW 3a CHET MPUMEHEHUS
CTaHgapTHoro rpacha 0bpaboTkn (MpUMEHeHUs
npoueayp, UCKaXatoLLMX B 3HAYMTENbHOW cTene-
HU AVHAMUKY CeiCMUYEeCKOi 3anmncy — AyHamuKa
nocrne Takoro rpacga 0bpaboTku okasbiBaeTcs
npaKkTU4eckn He BOCCTaHaBnvBaemown). Bo-BTo-
pbIX, MHPOPMALWS Ha UHTEpnpeTUpyeMbIX pas-
pesax O LieNneBbIX reornorMyeckux nokasarernsx or
KOHKPETHOTO HedTenepcnekTMBHOro obbekta B
CTPYKTYpe BOIHOBOIO MOMsi OKasblBaeTCs MHTEP-
hepeHLMOHHON (B cynepnosnumm ¢ nHdopmaLm-
e OT gpyrnx Bnnsko pacnonoXeHHbIX OObLEKTOB).
Mo aTon npuynHe oHa He uaeHTMULMpYyema U
KpOMe TOro B 3HaUMTENbHOM CTENEHN pacnpene-
NeHa Mo OcW BpeMeH MPOMopLMOHAnbHO AHE
30HOMPYIOLLIErO CENCMMYECKOro MMyrbca 1 Bpe-
MEHHOW TOMLLMHE U3y4aemoro nracra.

PE3YINbTATblI CTPYKTYPHbIX
MOCTPOEHUMN

B npouecce nnowagHon WHTepnpetauum
CTPYKTYPHblE MOCTPOEHWSI MO OCHOBHBIM TU-
TOCTpaTUrpadnyeckum noapasgeneHnsam
paspesa ObInu NpeAcTaBneHbl KapTamu U3o-
XPOH, CTPYKTYPHBIMW KapTamu U KapTamu npo-
FHO3HbIX TOMWMH AN LeneBbiX FOpU3OHTOB.
Mpn 3ToM wncnonb3oBanucb NepeMeHHble P
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no nnowaamn paboT CKOPOCTM pacnpoCTpaHeHNs
ynpyrux BofnH. CTPYKTypHble NMOCTPOeHUsi Oblnn
BbINOSIHEHbI MO BCEM OMOPHbBIM OTPaXKatoLLIMM ro-
pusoHTam C, I, M1, M, HACS, b1, B, MOk, I'TT1, 1,
T1(K02) n A [5]. o oTNOXeHWAM NPOJYKTUBHBIX
ropu3oHToB (M 1 T1(K02)) Takme nocTpoeHus
COBMECTHO C pesynbsraTtamu MNporHo3a reoro-
rM4ecknx nokasartenieii Hamu npeacTaBreHbl B
paboTax [5, 6].

[ns peleHnss npoGnembl NpOrHo3vpoBa-
HUS  reonoro-reonsnyecknx MnapameTpoB Mo
CeNCMMYEeCKMM [aHHbIM B Cnabo M3yYeHHbIX
(NepcnekTUBHbBIX) OTIIOKEHUSIX aBTOPbI BOCTOMb-
30BaNMUCb M3 BCEW YyKa3aHHOW COBOKYMHOCTU
pe3ynbTaToB CTPYKTYPHbIX MOCTPOEHWIA TOSbKO
X HebombLUOW YacTbio. [na atoi uenu Obinu
MCMOSb30BaHbl CTPYKTYPHbIE MOCTPOEHNS MO ro-
pusoHTam [0k, I'TTTm A (Mpy 3TOM MO rOPU3OHTY
[TTT aTn pesynbraTbl NCNONBL30BANUCL TOMNBKO B
KayecTBe BCMOMOraTenbHOro matepuvana).

[opusoHT T0K (aHanor Tpexo3epHoW Tor-
wm). Mo nepcneKkTVBHLIM OTIIOKEHUSIM — Fopu-
30HTY NOK Ha KapTe M30XPOH U3ONMHUK BPEMEH
n3obpaxeHbl ¢ warom At0 = 5 mc (puc. 3, a).
Ha kapte n3onaxut — MHTepBasibHbIX BPeMeH
Mexay oTpaxatowmmmn rpaHuuamu T n Mok
JIMHUM PABHOTO YPOBHSI MOCTPOEHbI C CEYEHNEM
At = 2.5 Mc (OTHOCHTENBHO HEBOMBLLION Luar U3o-
TNIMHUIA 3TOTO MapameTtpa 0bycrioBneH, npexae
BCEro, He3HauMTenbHON AnddepeHumalmen
BPEMEHHbIX TOMLWMH MO OTIIOKEHUsIM paccma-
TpuBaemoro ropusoHTa) (puc. 3, 6). Mo atnm kap-
TaM M30XPOH 1 M30MaxuT OAETCS Takke COBMeE-
LLEHME UX C KapTamu CeACMUYECKUX CKOPOCTEeW
— cpepHux Vep(x,y) v nnactosbix Vin(x,y) Ans
OTIOXEHWUI COOTBETCTBYHOLLIMX FOPU3OHTOB.

MpeacTtaBneHHble  0coBGEHHOCTM  pacnpe-
OeneHns no nrowaamn CTPYKTypHbIX dopm Ans
OTINIOKEHUN  HVDKHEMYTBIMBUHCKUA  MOACBUTI
BEpXHeN topbl (KPOBMNM 1 MOAOLLIBLI aHarora Tpex-
03epHO TOMLLM), a Takke 0COBEHHOCTH pacnpe-
[OENEHNsT 3HaYeHU U30MaxuT — UHTEPBAaIIbHbIX
BpeMeH Mexay oTpaxatoLwmmn rpaHuuamm M1
n MOk (puc. 3, 6) MO3BONSAT KOHCTATMPOBATb
TO, YTO YCIOBUS ceauMeTaumn 0CaflouHbIX 06-
pa3oBaHuUii B paccMaTpuBaeMoM UHTEpBare 13-
y4aeMoro paspesa OKasblBalTCS [OBOSIbHO He-
oaHopoaHbIMU. CTPYKTYpHbIE POPMbI FOPU3OHTA
MOk cBMOETENbLCTBYIOT O TOM, YTO LEHTpanb-
Has, IKHas W 3anagHas YacTu uccriegyemon
nrowaan KOHTPOMNMPYHTCS €OVHOW, [0BOSbHO
CIOXHO MOCTPOEHHOW OBLUMPHOW CTPYKTYPHOM
30HOW, MMeEIOLLEN OTHOCUTENBHO BbLICOKOE M-
comeTpuyeckoe nonoxenue. Mpu atom obwme
3aKOHOMEPHOCTW TEKTOHWYECKOTO CTPOEHUSI B
LierIoM COXPaHSIIoTCA MPUMEPHO TakUMM Xe, Kak
[nNsi OTNOXEHWIA BbILLE- U HUPKe3areratoLmx ro-
pY30HTOB. B Lienom, mopdonorns noBepxHOCTH
otnoxeHuin ropmudoHTa MOk (puc. 3, a) coxpa-
HSIET YHacre[doBaHHbI XapaKTep pas3BuUTUS C
OTNIOXEHUAMUN HUXKENeXaLLMX ropu3oHToB. MNpe-
MMYLLIECTBEHHOE MOTPYXXEHNE OTIIOKEHWUI ropu-
30HTOB Ha NroLwaan NPOUCXOAUT B BOCTOYHOM,
CEeBEepPO-BOCTOMHOM U CEBEPHOM HarnpaBneHusiX.
[Mpy 3TOM camun CTPYKTYpbl pa3fenstoTcs OTHO-
CUTENBHO Y3KUMM, CPaBHUTENLHO Mariopasmep-
HbIMU Npornbamu. OTaenbHbIe Y4acTKU CKITOHOB
CTPYKTYP NEPEXOAST B CTPYKTYPHbIE HOChI, KOTO-
pble OCMOXHEHbI Mariopa3MepHbIMM Kyronamu.
CTpyKTypHbIE HOCbI pa3aerneHbl HENPOTSHKEHHbI-
MW TEMUCUHKITHAMNSAMU, NepexoasiliumMmm B Npo-
rMboBble 30HbI.

Ha «kapTax W3MeHeHWin CencMuYeckux
ckopocTtenn Vep(X,y), HamnmoXeHHbIX Ha KapTbl
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N30XPOH (B M30MMHMSIX paBHOro ypoBHS tO(X,y),
M30MUHMKM CKOPOCTU TaK MMM MHaye MOBTOPSi-
10T roKarnbHble CTPYKTYypHble (hOpMbl CBOUMM
MOHVDKEHHBIMU U MOBBILLEHHBIMW  3HAYeHUAMMU
Vep(x,y). IsmeHeHne aTux ckopocTei B 0cagoy-
HOWM Tonwie A0 Kposnu ropu3doHta [10k npowuc-
xoguT B AvanasoHe 2050-2170 m/c (puc. 3, a).

Tonwwa Mexay oTpaxatoLmmm rpaHuamm Tl
1 MOk B COOTBETCTBUM C OMUCAHNEM OCHOBHbIX
MOATUMOB OTIIOXEHWIA FOPCKOTO KOMMIeKca npea-
CTaBreHa aprinnuTaMu ¢ BKIYEHUSIMU rmayko-
HUTa C KOHKPELWSIMWA U3BECTHSIKOB (aprunnuTbl
TEeMHO-Cepble C 00NIMTaMn CUAEPUTA; OpaHOreH-
HO-OBMOMOYHbIE U3BECTHSIKU, NMECHaHWKM, CrOH-
TONWTbI; NMeCYaHWKX C MPOCHOSIMW TPaBENUTOB
N KOHrmomepaToB). 3Ha4eHWst WMHTepBarnbHbIX
BpPEMeH Mexay oTpaxarowmmu rpaHuuamn M1
n MOk 3gecb u3MeHsTCs B AnanasoHe 27.5+-
22.5 mc (puc. 3, 6). Cyas no Takomy AvanasoHy
n3MeHeHunst At, obnactb 6acceliHa B cpegHe-
BEPXHEBOIMKCKUIA BEK BEPXHEIOPCKOW UCTOPUK
XapakTepusoBanacb HECMOKOWHbIM TEKTOHW-
YeckMM pexumomM. B pesyneraTte atoro 3gech
pa3BMBanMCb noKasnbHble y4acTkn (aHoManum)
Kak C OTHOCWUTENbHO HU3KMMW 3HaYeHusiMK At
(B npepenax 5-27.5 Mc), Tak ¥ ¢ aHOMarbHO
NOBbILIEHHbIMU 3Ha4YeHusimm At (B npegenax
27.5-50 mc). MNoBblILLEeHHbIE TONWUHBI OCaAKOB
npu 3TOM Ha nnowaan paboTt pacrnonaratotcs
B BuAe fnokanbHbix obnacten (30H), kKoTopble
NpUypoYeHbl K pasfnyHbIM y4acTkam nrnotla-
ov. Hanbonee npencraBuTenbHble aHOManum
MOBbILLEHHbIX TOMLWMH At pacnonoXeHb! B 0ro-
3anagHou, ro-BOCTOMHOW U YaCTUYHO Ha 3a-
naje ueHTpanbHoi Yactu nnowaan. Otaens-
Hble nokanbHble obnacTu pacrnonaralTcs B
CeBepHON YacTu nnoLaau.

B paiioHe pacnonoxeHusi ckBaxkuH 452 n
12291 pacnpocTpaHeHa 30Ha OTHOCUTEMbHO
MOHVDKEHHBIX 3Ha4YEHW At, a XapakTep n3meHe-
HVS 3Ha4YeHUl NnacToBbIX ckopocTen Vnn(x,y),
HanoXeHHbIX Ha KapTy M30MaxuT W3ONUHUAMMU
CKOPOCTW, TaK WNW MHa4ye MOBTOPSiET roKaslb-
Hble CTPYKTYpHble (hOPMbl CBOMMU MOHUXKEH-
HbIMW W1 MOBbILWEHHbIMY 3HaYeHusmn Vnn(x,y)
(puic. 3, 6). NameHeHne aTuX cKOpOCTEN npowuc-
xoguT B npegenax 3000-4500 m/c.

[opun3oHT A (KPOBMSA AOKOPCKOrO OCHO-
BaHus1). [oBegeHMe MOBEPXHOCTW [OKOPCKOro
KOMMIieKca BO BPEMEHHOM 1306paxkeHun oTnuv-
YaeTcs 3HaYNTENbHOWM CIOXHOCTBIO TEKTOHWYe-
CKOro CTpOeHus B Npefenax paccmarprsaeMon
CTPYKTYPHOW 30HbI. AHANM3 BbISIBNEHHbLIX CIOX-
HOMOCTPOEHHBIX CTPYKTYPHO-TEKTOHUYECKNX
3MIeMEHTOB W AVHAMWMKN TEKTOHUYECKUX Npo-
LieccoB, KOTOpble COMpOBOXAaloT obpa3oBaHve
TEKTOHUYECKMX CTPYKTYp (B OMpegeneHHown cre-
neHy 1 opMupoBaHue 30H HedbTerasoHakonne-
HUS1 B MOKPbIBAOLLMX OCaA0YHbIX KOMMIeKcax) B
LierioM CBMAETENbLCTBYET O AOBOSILHO CHOXHbIX
npuyvHax U MexaHuame Aedopmaumii ropHbIX
nopop, dyHaameHTta. EctectBeHHO npegnono-
XUTb, YTO CTPOeHWe yHAaMeHTa B KOHEYHOM
utore SIBMSIETCA Cynepnosuuyen HanoXeHHbIX
OpYr Ha [pyra TEKTOHWYECKUX U MOLLHbLIX 3pO-
3MOHHbIX MPOLIECCOB, MPOWCXOAMBLUMX Ha Tep-
pUTOPUK MCCRedoBaHWi (a TaKkke U B permoHe)
Ha pasHbIx aTanax TeKTOHWYEeCKoro pa3suTus. B
YacTHOCTW, 34ecb, Hapsidy C rmaBHbIMK CybBep-
TVKanbHBLIMW pasnomMaMun — nraHeTapHbIMK M-
HeameHTamu (NOsIBMBLUMMMCS B pesyrnsrate 06-
pa3oBaHusi Ha Tepputopum 3anagHo-Cubupckon
NNWUTbI NaHETapHbIX «CUMOBbLIX MepUANaHOB»
(no H.N.3maHoBckomy, B.W.LLUnnnemaHy, 1988 r.),

[l:M.MsichmkoBa, O.N.3maHoBckast, 2004 r.]) Tak-
e MoMy4unu pacnpocTpaHeHue pasHble BUAabl
CABWIOBbIX AedhopmMauunii M ropu3OHTanbHbIX
OBWXEHU cknagvaTbix 30H M nosicoB. Cpeam
Takmx aedopmMauuin Hambonee BEPOATHBIMU AB-
NATCA NpoAonbHbIE, MonepeYHble, BpallaTenb-
Hble nepemMelleHns, pasHble KMHemaTudveckue
dopMbl n3rmba B ropu3oHTarlbHOM MIIOCKOCTH,
NPOAONBHOMO YANMUHEHUS!, BbPKUMAHWS, HarHe-
TaHWUsA, COIMACOBaHHbIX NepeMeLLeHnin Lienblx
aHcambner 6riokoB 1 T.n. Ha aToii ocHoBe 34ecb
obpasyloTcs  xapaKkTepHble reomeTpuyeckue 1
Mopdonormyeckme  CoveTaHust  CTPYKTYPHbIX
3reMeHTOB, ObycnaBnvBaloLLye CUIbHYI pac-
YNEHEHHOCTb CTPYKTYPHOTO NiaHa, B TOM yucne
00rbLLOE KONMMYECTBO PaspbiBHBLIX HapyLLEHWI,
13 KOTOpbIX Hambonee MPOTSHKEHHble, Tak Unn
MHaye 0oBpaMIsAT 3PO3NOHHO-TEKTOHUYECKUE
BbICTYMbl PyHAAMEHTa — BepTuKanbHO orpa-
HVYeHHble Grioku. Mpy aTOM OCHOBHON 06BEM
TEKTOHWYECKON AeATenbHOCTW, 04eBUOHO, Mpo-
MCXoaun 30eck B JOOPCKOE BPEMSI.

MecTononoxeHne OCHOBHbIX CTPYKTYp, B
LierloM COOTBETCTBYIOT paHee M3BECTHbIM 3[ecCb
nokarnbHbIM CTpyKTypam. Bce aTu cTpyKTypbl OT-
JINYAKOTCSA CMOXHOCTBIO CBOETO reornormyeckoro
CTPOEHMS, MOCKOSbKY KOHTYPb! U30MUHWIA paBHO-
O YPOBHS, OXBaTbIBalOLLME 3TW CIIOXHOMOCTPO-
€HHble CTPYKTYpbl, UMEIOT JOBOSIbHO CIOXHYHO
KOHMrypaLwio, HO BrOSIHE COOTBETCTBYHOLLYO
obLemy npoctvpaHuio 6onee KpynHbIX CTPyk-
TypHbIX cbopm Il nopsiaka.

Mopoabl hyHOaMeHTa 1 ero KOpbl BbIBETPU-
BaHWS NOYTU BCKPbITbI MHOMVIMW CKBaXXMHaMW Ha
conpefenbHbIX NMoWansx, BBEOAEHHbIX B pas-
Beaky. B nmpegenax oOTKpblBaeMbIX MECTOPOX-
OEHWA paccmaTprBaeMoro HedTerasoHOCHOro
palioHa [OBOJIbHO YacTo BEPXHSAS, HE3HAYNTENb-
Has (N0 HedTeHaCbILLEeHHON TOMLWMHE) YacTb
paspesa hyHaameHTa coaepXut HedTb Unu ras.
Mpwv aToM NpUTOKK COMIOMAOB HAXOASTCA B 3aBU-
CUMOCTU OT MOMOXEHWS CKBAKMH Ha JIOKanbHOM
MOAHATUM OT cocTaBa (pyHOaAMeHTa W Kornmnek-
TOPCKMX CBOWICTB €ro Kopbl BbIBETpPMBaHuS. [e-
OuTbl HepTM KonebnoTca OT OECATKOB NUTPOB
B CYTKM [JO HECKOSMbKUX AECATKOB TOHH. 3anexmu
HedpTn B [OIOPCKOM OCHOBaHUM 3[EChb, KaK W3-
BECTHO, CBSI3aHbl B OCHOBHOM C TPELUMHHbIMU
KOMMeKTopamu, PacrosioXeHHbIMU B TOM Yucne
1 B 06pasoBaHnsAX KOpbl BbIBETPUBAHWS.

Mo TeM ABYM CKBaXuHam, KOTOpble Herno-
CPEACTBEHHO pacronoXeHbl Ha Nnowaaun pa-
00T, pesynbratoB MO HedpTeHaChIEHWIO Ans
3TON YacTu paspesa He Oblno nonyyeHo. Tem
He MeHee MOXHO MpeanonoXuTb, YTO Ha BCeW
nnowaan npoBedeHHbIX UCCNeaoBaHuA MoTeH-
umanbHO MPOAYKTUBHbIE MHTEpBanbl pa3pesa
[0IOPCKOr0 OCHOBaHWUA MOTYT OblITb ycTaHOBIE-
Hbl. OfHaKOo ANs VX BbIABMEHVS NpeacTaBnsieTcs
HeobXoaUMbIM MpOBEAEHNE  [AOMOINHUTESNbHBIX
nccrnenoBaHuiA, npexae Bcero pabot B obnactu
yrnyGreHHOro N3y4yeHns 1 NPOrHO31pOBaHNSA He-
OTEHOCHOCTM 3TON YaCcTU paspesa Nno KOMMAEKCy
AaHHbBIX CeficMopa3BeaK/ BbICOKOrO paspelue-
Hus, TNC n GypeHus.

Pacnpenenenve cpegHnx cKopocTen
Vep(x,y) 40 OTNOXEHU ropu3oHTa A no nnotya-
OnHaxoguTcs B ananasoHe 2060-2170 m/c (puc.
3, B). 3akOHOMEPHOCTb B pacnpeaeneHnm aTnx
ckopocTein o o6pa3oBaHuiA KPOBESNbHOM YacTu
ropusoHTa A MpYMEpHO aHanorn4yHa TaKoBOW
AN OTNOXEHWN Bbllle3aneralLwmux ropusoH-
ToB b1, B, MOk, I'TT, M, T1(kK02). B yacTHOCTM,
KaK BUOHO M3 NpeacTaBNeHHOro pucyHka, b
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HanbonblumMe 3HaveHust Vcp(x,y) NpuypoYeHbl
K Goree MOrpy>KeHHbIM y4acTkam MOBEPXHO-
ctn OKOK (Ha BOCTOMHOM M CeBEpPO-BOCTOMHOM
yyacTkax nnowaau). HammeHblune 3HaveHus
Vep(x,y) npuypodeHbl kK Goriee MpUNOAHATHIM
yyacTkam nosepxHoctn OKOK (HemocpeacTseH-
HO Ha 3anafHOM W CeBepo-3anafHoOM y4yacTkax
pacnpocTpaHeHus 06pa3oBaHuUii ropusoHTa A).

PACMPOCTPAHEHUE NO NNOWAQU 2-X U
3-X CITOVHBIX MMIACTOB B OTIIOXEHUAX
AHAJIOIA TPEXO3EPHOW TOJLUM

Pesynbrathl BbINOMHEHHOW KOppensumumn oT-
paxatoLLmnx rpaHuL, no ropmsoHTy MOk Mo Bcem
pa3pesaMm 3(PPEKTUBHBIX aKyCTUYECKUX XKeCT-
koctern (AXK) 1 adbdeKTUBHBIX KOIDULIMEHTOB
otpaxeHus (OKO) ans 34 cemcmmyeckux npo-
dunen nokasanu, 4YTo 3Ta ToMLa Ha nnowiaam
MOXeT ObITb pa3ferneHa Ha HECKOSbKO CpaBHU-
TeNbHO TOHKMX nnactoB (crnoes). [NpuaHakom
Takon aunddepeHumaLmny OKkasbIBaeTCs YeTkoe
pasgeneHue Bcel TOMLUM Ha NracTbl NOBbILLIEH-
HbIX U MOHWXKEHHbIX 3HaYeHUn 3DEKTUBHBLIX
aKyCTU4eckux xectkocten (puc. 2, a). Mpuyem
Takoe feneHvie OTnoxeHun ropusoHTa MOk Ha
nnactel C pasnuyHbIMU 3HadeHnsamMu AXK o
nrowaay npoucxoauT no-pasHomy. Ha opHux
yyacTKkax nnowjagv Takoe AereHve peanuayeT-
CS Ha TpuW NnacTa, a Ha Apyrux — ToMbKO Ha ABa.
B nepBoM criyyae 310 AerneHne MoXHO npeacTa-
BUTb B BMAE Tpex nnactoB (cBepxy BHM3): 01,
102 n M03. YepenosaHne NnacToB Mo 3Ha4YeHW-
am AX BbIrmsanT cnegyowmm obpasom: M01 n
103 — nnacTbl NOBbILLEHHBIX 3Ha4YeHun AXK; 1102
— MNacT MOHWKeHHbIX 3HaveHun AXK. MNpn atom
MMeeTCsl ofHa HemarioBaxHasi OCOGEHHOCTb B
npocnexveaHum atux nnactos: ecnvn 01 n M03
crnepsTcsa no Bcew nnowaau, 1o M02 cneautes
TOJbKO Ha OTAETbHbIX €€ YYacTKax.

[nsa Toro 4To6bl YCTAHOBUTL rpaHuLy nepe-
xopa ot apyxcrnorHoro (M01 v M03) k Tpexcnon-
Homy (101, M02 un M03) CTPOEHNIO OTIIOXKEHWN
ropuaoHTa N0k 6bina BbiNomnHeHa knaccudmka-
LM Takoro AereHns No KaXaoMy U3 paspesoB
3(PPEKTUBHBIX aKyCTUYECKUX xecTKocTen (AXK).
B pesynbrate Takoi knaccuduvkauum bbina no-
CTpOEHa rpaHuua nepexoda 2-x u 3-X CrowHbIX
obnacTtel NPoCNeXMBaHNA OTOXEHWI FOPU3OH-
Ta M0k, koTopas xopoLlo hUKCUPYETCS Ha KapTe
BPEMEHHbIX TOMLUMH MeXOy KPOBMew MMUHUCTO-
rnaykoHutoBon navku (ITT1) (nogowwBon ropu-
30HTa 0K) ¥ MOBEPXHOCTBI OTIIOXKEHWUIA rOpU-
3oHTa M0k, T.e. Ha kapTe At (puc. 4). OTa rpaHvua
nepexona NpakTU4eCcKN COBMaaaeT C BENMYNHON
At, paBHoi 15 mc. Takum obpasom, Ta 4acTb
nrnowagu, ANs KOTOPON BpeMeHHas TOomMLuMHa
ropu3oHTa oTBevaeTt ycrnosuio At = 15 mc, aBns-
ertcst 3-x crovHon (M01, M02 un M03) obnacTbio
pacnpocTpaHeHus1 OTroXeHun ropuaoHTta [0k,
a Ta YacTb nroLaau, Ansi KOTOPO XapakTepHO
pacnpeneneHue At < 15 mMc, saBnsieTca 2-x Crnou-
Hoi (01 n M03) obnacTblo pacnpocTpaHeHus
OTNoXeHui ropusoHTa MNOK.

[anbHenwne nccnegoBaHus B 3TOM Ha-
npaBreHun nokasanu, 4YTo MepBbll BEPXHUIA
nnacTt 3-X CNOWHOW MOAenu CTpOoeHus pas-
pesa oTnoxeHun ropusoHTa lMOK u nepsbIn
BEPXHWI CMON 2-X CITIONHOW MOAEeNu CTPOeHUs
paspesa 3Toro ropu3oHTa MOXHO 0ObeaNHNUTL
B eAuHbI BepxHui nnact M01. 3T1oT nnact
101, 3aneratowuin B BEPXHEW YacTu OTNOXe-
HUI ropmusoHTa lMOK, B KOHEYHOM MTOre Oka-
3ancs UHTEPECHbIM B OTHOLLEHWUMN NEPCNEKTUB
HedTerasaoHOCHOCTH.

lMpumepHo Takas xe cxema ob6beauHEHWs!
CrNoeB MOXET OblTb NOCTPOEHA W AN TPETLEro
HKHEro cnosi 3-x CroviHOM MOAEnU CTPOeHWs
paspesa oTnoxeHu ropmsoHTa MOK 1 BTOpOro
HWKHEro Crnosi 2-X CroMHON MOZENU CTPOEHWUS
paspesa 3TOro ropusoHTa. B pesynbrarte 4yero
6bIn chopmmpoBaH eauHbIn nnact M03 (taicke
kak v nnact 01), 3anerarLmnii B HKHEN YacTu
OTNoXeHu ropusoHTa MNOK.

Mnact M02, answoWMncs cepeanHHbIM B
obrnactn 3-x CrovHOM Mogenu CTPOoeHusi pas-
pe3a oTnoxeHut ropmsoHTa MOk, okasbiBaeTcs
eauHbIM, 6e3 Kakux-nnmbo oGbeamHeHuin. IToT
nnact 02 He pacnpocTpaHsieTcss Ha obnacTb
2-X CNOVIHOW MoAeny CTPOEHWS paspesa OTNoXe-
Hu ropusoHTa MOk, BCcreacTBve Yero obnactb
€ro MPOCIeXvBaHWs No NoLLaaM orpaHuyeHa.

Takum o6pasom, hopmMMpOBaHME TOHKOC-
rouCTON reonoruyeckor Mogenu crnabo  wus-
YYEHHbIX OT/IOKEHW — aHarora TPeXO3epHoM
TONLW M BEPXHEN YaCTU [OKPCKOrO OCHOBaHUS
— Ha uccrnegyeMon TeppuTopun € NPUMEHEHW-
eM TexHonorun BPC-Feo moxeT npeactaensite
3HauUTENbHbIA HE(ITENOUCKOBBIN MHTEPEC U UC-
Nnorb30BaTbCS NPV AalnbHENLLIMX UCCIIe0BaHMSIX.
[Mocnepytouiee NpYMEHEHUE PACCMOTPEHHbIX
BbILLIE MaTepUaroB Arns HENOCPEACTBEHHOIO MO-
nyYeHus1 pe3ynsTaToB NPorHo3a reornoro-reogu-
3MYECKMX NaPaMETPOB B OTIOXEHUSIX TOPU30HTa
M0k (aHanora Tpexo3epHon TonLm) 1 obpasosa-
HWIA KPOBEMbHOW YacTW [JOKPCKOrO OCHOBAaHWS
npuBoamTCS B Hallen padorte [9].
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FEOJIOrnA / NTIPOEKTUPOBAHUE U PASPABOTKA MECTOPOXAEHUA

Ha paHHbI MOMEHT Ha TeppuTopumn 3anagHo CUGMpPK OTKPbLITO U pa3BeAaHO OFPOMHOE KONMMYeCcTBO HeGONbLLUMX MECTOPOXAEHUN, pa3-
paboTka KoTopbIX ManonpuBnekaTesibHa C 3KOHOMUYEeCKOW To4Yku 3peHus. Moaxoa K NaHMPOBaHUIO Pa3paboOTKN TaKUX MECTOPOXAEHUN
OOIKeH nogpasymeBaTh pa3BUTUE UX HE KaK 060COBNIEHHbIX OOBLEKTOR, a Kak €AUHOW CUCTEMbI C OPraHM30BaHHLIMU BHYTPEHHUMMU CBS-
35iMU. B KOHTeKkcTe JaHHOWM paboThbl paccmaTpuBaeTcsi ceBepHbIN parioH TromeHckon obnactu 3anagHo-Cubupckon HedpTerasoHOCHOM
NPOBUHLIUM, KOTOPbIN 06 beAMHSIET OKONO AeCATU KNYeBbIX He(pTAHbIX MECTOPOXAEHUIA, a Takke Mornofoe BeHuxbapTckoe HedTeraso-
KOHAEeHcaTHOe MeCcTOpOXAeHue, Haxoasieecsl Ha cTaauu pa3Beaku. PanoH pabot oxeaTtbiBaeT nnowaab okono 10 000 km? u xapakrepu-
3yeTcsl HU3KOW Pa3BUTOCTbIO MHPACTPYKTYPbl U OTHOCUTENbLHOM TPYAHOAOCTYNHOCTLIO.

INEPCIIEKTHBbI PASBPABOTKH U OCBOEHUASA
YIJIEBOZAOPOJAHOI'O CbIPbA BEHUXBAPTCKOI'O
HEDOTEI'AJOKOHAEHCATHOI'O MECTOPOK/IEHHN A

AA.
n.c.

«The Prospects of Developing and Exploring the Raw Hydro-
carbons at the Venikhyartsk Oil and Gas Condensate Deposit»

Introduction

As of now, in the territory of Western Siberia, a huge
number of small oil fields have been discovered and ex-
plored, whose development is hardly attractive from the eco-
nomic point of view. The approach to the planning of the de-
velopment of such deposits should involve their development
as one single system with organized internal ties rather than
stand-alone projects. In the context of this paper, we consider
the northern area of the Tyumen region of the Western Sibe-
rian oil rich province which comprises about a dozen of key
oil fields as well as the new Venikhyartsk Oil and Gas Con-
densate Deposit which is in the process of being prospected.
The work covers an area of approximately 10 000 square km,
which is characterized by a low level of infrastructure devel-
opment and relative difficulty of access.

The principal task of this work is to assess the prospects of
developing the Venikhyartsk Oil and Gas Condensate Deposit
for further energy production at the gas turbine electric power
station and supply of electricity to the nearest oil fields. During
the work, an analysis of uncertainties was made as well as the
reserves of the Vernikhyartsk Deposit were evaluated using the
Monte-Carlo probabilistic method as well as possible scenarios
of the formation fluid composition, based on the composition
of the boiling away fractions, were analyzed. Secondly, on
the basis of the test results and the technological limitations, a
projection was made of the productivity of the Venikhyartsk Oil
Condensate Deposit and the time scale of the deposit operation
was evaluated, given a number of alternative options of the de-
sign of the gas turbine electric power station and taking into con-
sideration both the most probable and the pessimistic with the
optimistic calculation scenarios of the reserves to be extracted.
The next step was to analyze the power requirements of the
nearby oil fields. The key elements — users of electric power
were considered, the scales and the time frame of the needs
were calculated. Comparison was made between the supply
possibilities and the scale of consumption. And in conclusion,
in the paper, the methods of reducing the project risks both in
the geologic exploration sphere and from the point of view of
technology and further plans for the development of the deposit
were proposed.

DESCRIPTION OF THE METHODS AND THE RESULTS
Since all the deposits under consideration are in the pro-
cess of being prospected, there exists a vast range of risks,
when taking strategic decisions, one of the components of
which is the uncertainty in the evaluation of the reserves. Those
that have been approved for geologic and extractable reserves
for the Venikhyartsk Deposit are given in Table 1. As of now,
a total of two prospect wells have been bored in the oil field.
The oil field was discovered using exploration well No.12, which
when tested, released from Formations Yu-4, Yu-3, Yu-2, Ach-3,
Ach-2, industrial inflows of gas with an insignificant quantity of
liquid condensate (from Formation Ach-2 up to 273 thousand
nm3/day). In prospecting well No. 19, from Formation Yu-4 an

FTONOBEHKO OOO «TioMeHCKUA HedTAHON HayYHbIV LEHTP»

TUXOHOBA

OcCHOBHOWM 3agadyelt [aHHOW cTaTbu
ABNAETCS, BO-NEPBbIX, OLEeHKa nepcnek-
TMB pa3paboTkn BeHuxwbapTckoro HedTe-
ra3oKOHAEHCATHOr0 MeCTOPOXAEHUS Ans
nocneaytoLlen BblpaboTkM dHeprun Ha ra-
30Typ6uHHOM anekTpoctaHuumn (FM3AC) u
3MeKTpocCHabXeHus rpynnbl Grnivsnexanx
HeddTAHbIX MecTopoxaeHuin. B xone pabo-
Tbl 6bIN NPOBeAEH aHanM3 HeornpeaeneHHo-
cTeNn, oLeHka 3anacoB BeHnxbsapTckoro me-
CTOPOXAEHMSA C NMOMOLLbIO BEPOSTHOCTHOTO
meTopga MoHTe-Kapno, a Takxke npoaHanu-
31poBaHbl BO3MOXHbIE BapuaHTbl coCTaBa
nnactoeoro driovaa Ha OCHOBE CocTaBa
BblKMMawLWmx dpakuuii. Bo-BTopbIX, Ha
OCHOBE pe3ynbTaToB UCMbITAHUA U TEXHO-
NOrMYEeCKMX OrpaHNYeHnin Obin AaH NPOrHo3
NPOAYKTUBHOCTU BeHnxbspTckoro HedTera-
30KOHAEHCATHOTO MECTOPOXAEHNS U OLieHe-
Hbl CPOKWM 3KCMyaTaLmn MeCTOPOXAEHMS,
C Y4ETOM HEeCKONbKMX ansTepHaTUBHbIX Ba-
puaHToB npoekTupoBku MIC 1 npuHMMas
BO BHMMaHuWe Kak Haubornee BeposiTHble,
Tak U NECCUMUCTUYHBIA C ONTUMUCTUYHBIM
BapuaHTbl pacyeToB W3BrieKaeMblx 3ana-
coB. Cneaytowum warom 6binv npoaHanu-
31poBaHbl MOTPEOHOCTM B 3NEKTPOIHEPTUNM
Gnunsnexawmx HedTAHbIX MECTOPOXAEHUN.
PaccMoTpeHbl OCHOBHblE  3IeMeHTbI-Mo-
TPedbUTENN 3MEKTPOIHEPrMKN, paccHUTaHbl
MacwTabbl U BpPEMEHHblE paMKku NoTped-
HocTen. [lpousBefeHo conocTasreHne
BO3MOXHOCTEN CHabXeHus 1 macluTaboB
notpebnexus. M B 3akniodeHne B pabote

100000

r. ToMeHb

npeanoXxeHbl MeTodbl CHUXEeHUS pPUCKOB
MO NPOEKTY KakK B cq)epe reonioropasseku,
Tak U C TEXHUKO-TEXHOMOIMYECKON TOYKM
3peHna un [anbHenwme nnaxbl pa3snTUA
MeCTOpOXAEeHUA.

OMNCAHUE METOOUK U PE3YNBLTATOB

MockonbKy Bce paccmatpuBaeMble Me-
CTOPOXOEHWS HAXOAATCA Ha CTaaun pa3Ben-
KW, CyLLeCTBYET OOLLMPHbI HABOP PUCKOB Npw
MPUHATUM CTPaTErMYECKUX PeLUEHNA, OOHVM
13 KOMMOHEHTOB KOTOPOTO SABMSIOTCS HEoMNpe-
[EeneHHOCTN B OLIEHKe 3anacoB. YTBepXKaeH-
Hble «['eonornyeckve n n3Bnekaemble 3ana-
cbl, Anst BEHUXbAPTCKOrO MECTOPOXOEHUS»,
npencraeneHsl B Tabnuue 1. Beero Ha me-
CTOPOXOEHUM Ha AaHHbIi MOMEHT npobype-
HO [iBe pa3BefoyHble CKBaXUHbI. MecTopox-
[AeHvie ObINo OTKPbITO MOVICKOBOWN CKBAKWHOM
Ne12, npu ucnbiTaHUM KOTOPON M3 MNacToB
H0-4, 0-3, KO-2, Au-3, A4-2 BbInu nomny4eHbl
NPOMBILLNIEHHbIE MPUTOKW rasa C He3Hauu-
TenbHbIM KONMYECTBOM XWUAKOro KOHAeHcaTa
(13 nnacra A4-2 o 273 Tbic. HM¥/cyT). B pas-
Beno4yHo ckeaxkmHe Ne19 s nnacra KO-4 6bin
nony4eH nNputok HedTn Aebutom 4,2 T/cyT.

HecomHeHHO, npeacTaBneHble yTBEPX-
[eHHble 3anachl ABNsAOTCA 6a3Mcom Ans npu-
HATVS PELLEHUn BO MHOXECTBE CryvaeB, HO
NS NNaHVpoBaHWs U pacdeTa puckoB Obina
npoBefeHa npoLieaypa pacyeta HeonpeaeneH-
HOCTEI B OLIEHKe 3amnacoB C MOMOLLbI0 BEPO-
SAATHOCTHOro nogxoga MoHTe-Kapno. »
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FEOJIOMMA / MPOEKTUPOBAHUE U PASPABOTKA MECTOPOXIOEHUA

OT0T MeToa no3BonseT popmannso-
BaTbnpoueaypynoacyeTanHanTm PyHK-
Lm0 pacnpegenexHuns 3anacos ( puc.2).

Kak BMOHO M3 pucyHka, AuanasoH
M3MEHEHNSA 3anacoB OT NeCCUMUCTUY-
HOro [0 ONTUMMUCTUYHOIO AOCTaTOYHO
6onbwoin. OCHOBHbBIMM NPUYMHAMM,
obycnasnuBawWwmMy  Takue pasnu-
yusl, ABMNSOTCH HeOonpedeneHHOCTU B
NMOMNOXEHUSIX ra3oBOASIHOTO  KOHTak-
Ta (MBK). AnS ymeHbleHUs 3TUX He-
onpefeneHHOCTeN MNpPearnoXeHo U co-
rmacoBaHo bGypeHue [OMNOMHUTENbHbIX
pa3BefoYHbIX CKBaXWUH W NepeuHTep-
npetauus cekylwmx KOHTYp MeCTOpOX-
neHus 2-D cencMumyeckux npodunen.

Momumo aTmx mep, nnaHupyeTcs
opraHM3oBaTb WCMbITAHUS CKBaXMWHbI
Ne12 B 3MMHUIA Nepuofa, B KOHLE UCMbI-
TaHUI NNAHNPYETCS 3aKPbITb CKBAXWHY
Ha AgnuTtenbHyto peructpauyuio KB[,
KoTOopasi NO3BONUT OLEHUTb unbTpa-
LWOHHble MapaMeTpbl 3anexu u, BO3-
MOXHO, ee reoMeTpuyeckne ocobeHHo-
ctn (puc.3, B bnaronpusiTHOM crny4ae

KWAKOrO KOHAeHcaTa npu nageHumn
[aBMNeHUs HUXe AaBreHNs TOYKU poChl.
Mpouecc nageHuss [aBfEHUS MOXeT
OblTb Kak siBNeHneM «rrnobanbHbIM» —
B TakoOM crly4yae BO3HWKHET npobrnema
noTepu 4YacTu XUOKOTO KOHAEeHcaTa W,
4yTo elle npobrnemaTtuyHee, nsonALUNA
3anacoB rasa B 30Hax C yXyALeHHbIMU
KONNEKTOPCKMMWU  CBOMCTBaAMU,  Tak
N HOCUTb «JlOKamnbHbIN» XapakTep
— B HEnocpeacTBEHHOW 6nmu3ocTn oT
006bIBAOLLMX CKBAXWUH — YTO, KOHEYHO,

NOCIYyXUT I'IpVI‘-IMHOVI BblinageHna
XMOKOCTU W, nNpu akkymynauum ee
B MecTe BblnageHund, yxyguweHusa

NpPOAYKTUBHOCTU U YBEMUYEHUS] CKWUH-
apekTa.

Ewe ogHolt npobnemow npu akcnny-
aTtauum rasoBblX CKBa)XMH MOXET cTaTb
obpasoBaHue rugpartoB. [na aHanusa
Tepmobapuyeckux ycrnosun obpasosa-
HUSA TMOpPaTOB M 03BYYEHHOW BblILLE Npo-
6nembl BbiMageHUs Xugkon cpaswl 13
nnactoBoro gnonga Heobxogum aHa-
nun3 dasosbix Anarpamm (®). K coxa-

nrnaHupyertcs 3apernctpuvpoBaTtb  neHuo, ana Bennxwvaptckoro HFKM He
BNUSIHWE T[paHWL, Tras3oBOW 3anexwu). npoBoaunocb otbopa rmybuHHbIX Npob.
TEXHONOrus. [ns oTo6paHHOM Ha MOBEPXHOCTM XnNa-
Mpn paspaboTke rasokoHAEHCaATHbIX KOW asbl GbiNM onpepeneHbl TOMNbKO
MECTOPOXAEHUN  4acTo  BO3HWKAT 0ObeMHble MPOLEHTbl  BblKMMNALWUX
npobnemebl, CBA3aHHble C BbiNageHnem  dpakuymin  (ppakumoHHbIN cocTaB). P
Forecast:SGIIP
100 000 Trials Frequency Chart 1752 Outliers
.015 1461

Probability

.000

611029687.79 8060885987 .41

730.5

15510742287.03 22960598586.65

Koauanbaig

365.2

30410454886.26
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inflow of oil with an yield of 4.2 tons per day was obtained.

There is no doubt that the approved listed reserves are the
basis for decision making in the majority of cases; however, for
planning and calculating the risks, the procedure of calculating
uncertainties in evaluating the reserves using the Monte-Carlo
method was carried out. This method allows the calculation pro-
cedure to be formalized and the reserves distribution function
to be found (Fig.2)

As one can see from the figure, the range of changes in
reserves from pessimistic to optimistic scenario is rather broad.
The main reasons for such differences are the uncertainties re-
garding the positions of the gas and water contact. In order to
reduce these uncertainties, it has been proposed and agreed
to drill additional prospecting wells and to re-orient the seismic
profiles cutting through the contour of the oil filed 2-D.

Apart from these measures, it is planned to organize the
tests of well No.12 during the winter period; at the end of the
tests, itis planned to close the well for lengthy registration of the
pressure build-up curve which will make it possible to assess
the filtration parameters of the pool and, possibly, its geometri-
cal features (Fig. 3, in the favorable case, it is planned to register
the influence of the gas pool boundaries).

Technology. When gas condensate deposits are devel-
oped, problems often occur with the liquid condensate condens-
ing when the pressure drops below the dew point pressure. The
process of the pressure dropping down may be both a “global”
phenomenon — in that case there will occur a problem of los-
ing some liquid condensate and, what is still more problematic,
is the insulation of gas reserves in the zones of deteriorated
reservoir properties, and be of “local” nature — being in direct
proximity to the output wells — which, of course, will serve as the
reason for liquid condensation and, when it accumulates in the
place of condensation, the productivity will deteriorate and the
skin-effect will increase.

Still another problem encountered in the operation of
the gas wells may be the formation of the hydrates. To ana-
lyze thermobaric conditions for the formation of hydrates
and the problem of the liquid phase condensation out of
the formation fluid articulated above, an analysis of phase
diagrams is required. Unfortunately, for the Venikhyartsk
oil and gas condensate deposit, no in-depth sampling was
made. For the liquid phase, sampled on the surface only,
volume percent of the boiling away fractions (fractional
composition) was determined. With a certain amount of ac-
curacy, it is possible to compare the boiled away portion
of the liquid with the saturate, basing oneself on the boil-
ing temperature of the latter. Several different probability
degree options of the component composition of the liquid
condensate have been proposed. Given the known gas
condensate factor and the component compositions of the
liquid and gas phases on the surface, it is not too much of
a difficulty to calculate the component composition of the
formation fluid and to build the phase diagrams.

Based on the most probable type of the phase diagram,
the thermobaric conditions were noted which corresponded to
the principal points where the condensate was located in the
production system from the formation and to the separator, the
liquid phase condensation zones and possible hydrates forma-
tion zones were determined (Fig. 4); conclusions were made
regarding the optimum operating modes.

The next step in the work is to select the option of the
gas turbine electric power station to utilize the gas of the Ve-
nikhyartsk oil and gas condensate deposit. Basing ourselves
on the analysis made of the reserves and possible gas re-
covery factors for the deposit, a projection was made of the
average daily yields of the gas for the deposit. Based on the
productivity, different options of the gas turbine electric power
station were proposed. Advantages and disadvantages of
each option of the gas turbine electric power station were
pointed out (Table 2). As can be seen from the table, the most
probable scenario for development is the gas turbine electric
power station for 90-120 MWit.

Conclusion

The calculation results show that, with the most prob-
able projection for the oil and gas condensate deposit, the
power supplied to the gas turbine electric power station will
be sufficient to provide electric power for the existing us-
ers. More detailed calculation results are given in Figure 5,
where the electric power requirements are plotted in solid
color, while supply possibilities are marked in semi-trans-
parent shade.
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C onpepeneHHown [onen TOYHOCTU
MOXHO COMOCTaBUTb BbIKUMEBLUYIO YacTb
XUOKOCTU C NpefenbHbIM YrneBoaopo-
[OM, OCHOBbIBasicb Ha TemmnepaType
KuneHus nocnegHero. [peanoxeHo He-
CKOINbKO pa3HOBEPOSITHLIX  BapuUaHTOB
KOMMOHEHTHOrO COCTaBa >XWAKOTO KOH-
neHcaTta. [lpy nM3BECTHOM ra3oKOHAEH-
caTHOM (paKkTOpe M KOMMOHEHTHbIX CO-
cTaBax Xuakoh u rasoobpasHon dasbl
Ha MOBEPXHOCTU paccyuMTaTb KOMMO-
HEHTHbIA COCTaB MMacToBOro nou-
na un oTcTpouTb (pasoBble Auarpammbl
He npeacTaBnseT 0coboW CroXHOCTMU.

OcHoBbIBasicb Ha Haubonee BepoAT-
HOM Buge ¢asoBoW Amarpammebl, Obinu
OoTMe4YeHbl Tepmobapuyeckne yCnoBwus,
COOTBETCTBYHWLUNE OCHOBHBIM TOYKaM
HaxoXOeHUsi KoHaeHcaTa B cucteme
[obblum OoT nnacta u o cenaparopa,
onpeaeneHbl 30Hbl BbINAAEHUS XUOKOW
asbl 1 BO3MOXHble 30HbI 0O6pa3oBaHust
rmgpaToB (puc.4), caenaHbl BbiBOAbl 06
ONTUMarnbHbIX peXuMmax 3SKcnnyatauuu.

Cnegywownm atanom paboTbl aBns-
eTca nopbop Bapuanta 'TOC agns ytu-
nusaumm rasa BeHuxwvsprckoro HIKM.
OcHoBbIBasicb Ha MpPOBEAEHHOM aHa-
nu3e 3anacoB U BO3MOXHbIXx KW gns

MecTopoXxaeHus, Obin  caenaH npo-
rHO3 Ha cpegHecyTouHble AebuTbl rasa
ona  MectopoxaeHus.  OcHoBbIBasicb

Ha NPOAYKTUBHOCTW, ObINM npeanoxe-
Hbl pasnuyHble BapumaHtel [TOC. OT-
MeYeHbl npeumyliecTBa W HeAoCTaTKu
ans kaxpgoro BapuaHta TOC (tabn.
2). Kak MOxHO yBMAeTb U3 Tabnuubl,
Hanbonee BepPOATHbIM BapuaHTOM pas-
Butua gaensietca N'M3C Ha 90-120 MBT.
Tabnvya 2 wn 3 — BapuaHThl
[TOC pgna BeHuxbsaptckoro HIKM
N notpebHOCTM  coCefHuUx  MecTo-
poxaeHun B 3MEeKTPO3Heprum
3AKINKOYEHUE PesynbraTthlpacyeToBno-
Ka3blBaloT, YTO Npu Hanbonee BEPOSITHOM
nporHose paspaboTtkn HFKM mowHocTb,
noctasnsiemas [TOC, Gynoetr gocrartou-
HOM Ansi o6ecneyvyeHuns aNeKTpoaHepruen
cywecTByWnx notpebuteneir. Bonee
[etanbHO pesynbTaTbl pacyeToB Mpea-
CTaBreHbl Ha pUCcyHke 5, rae notpebHocTH
B 3MEKTPO3HEPIUN HAHECEHbI CNIOLHbIM
LBETOM, a BO3MOXHOCTM obecneyeHus

HaHeceHbl NOMNynpo3payHbiM TOHOM. m
Perce- m?
ntile
0%
NeccUMnUCTNY- 10% | rT3 3106390-
HbIA NPOrHO3 72.18
20% 4125116335.92
30% |5777486469.41
725213391-1.48
40% 8662350994.54
Hanb, BeposiT- 50% | 10169264 096.18
HbIli NPOrHO3
60% 11&45753967.05
13818356 195.88
70% 15437392 921.58
80% 20548870 67297
ONTUMUCTUYHBIN | 90%
NpPOrHo3
100% |82353216 846.37

KaTteropwusi HayanbHble
reonornyeckue
3anacbl  rasa,
MIH.  KybGome-
TpoB

Ay-2 C1 5069.5
Cc2 2607.3
C1+C2 7676.8
Ay-3 C1 4474
Cc2 1580
C1+C2 6054
H0-2 Cc2 444
O0-3 Cc2 1211
HO-4 Cc2 256
Wtoro no 15641.8
nnacTtnm

HavyanbHble
reonornyeckme

3anachbl
AeHcara,
TOHH

165
1462
3112
1616
120
2816
12

41

KOH-
TbIC

6518

YTBEPXKAEHHbIN
KoahunumneHT
n3BrevyeHus,-
[onu ef.

0.79
079
0.79
0.79
0.79
0.79
0.79
0.79
0.79
0.79

HavyanbHble
n3BneKaeMble
3anacbl  KOH-
[eHcaTa, TbiC.
TOHH

130.3
1155
2458
1277
94.8
2225

32

514.3

Mnact Karteropus Havanb- YTBepxAeH- HavanbHble HavanbHble HavanbHble
Hblereono- Heli KO3(- M3BNekae- reomnorunvye- maBnekae-
rmyeckne GUUMEHT Mble 3anacbl CKAe 3anacbl Mble 3anachbl
3anachbl W3BnNeYeHus, HedTw, pacTBOpPeH- pacTBOPEH-
HedTwn, pgomnuea. Horo rasa, Horo rasa,
TbIC.TOHH MITH KybGome- MIH Kybome-

TpoB TpoB

t0-4 C1 415 0.15 62 1 2

C2 7440 0.15 1116 201 30
C1+C2 7855 0.15 1178 212 32

[eonornyeckne
3amacbl Cyxoro

N  pacTBOpPEH-
Horo rasa,*10e-

6Ky6.m
[MeccMmMuCTNYHBIN 4000
Haunbonee BeposATHbIN 10000
ONTUMUCTUYHBIN 20000
MpuHATLIN 15641.8

M3Bnekaemble
3anacbl Cyxoro 1
pacTBOPEHHOrO
rasa,*10e6ky6.m

1200

7500

19200

12356

HasBaHue MoLyHocTb, Ya. pacxog rasa,
MBT *10e3 ky6.m./cyT
(Hw = 11000
KKan/kr)
OAO«ABvagBwura- 100(4*25) 500-600
Tenb» 4 aHeprobnoka
ITY-25 T3P
HIMO «CatypH» 110 800
rT3-110
«CunoBble MaLLUWHbI» 157 ?(1000)
-«Siemens» 'M3-160
2 aHeprobnoka 92(2*46) ?
General Electric LM
6000 PD
General Electric PG 125 670
9171
2 sHeprobnoka Rolls- 116(2- ?
Royce Trent *58)

CpepnHecy-
TOYHBLIN  Oe6uT
rasa no Me-
CTOPOXAEHUID
*10e3 ky6.m/cyT

109.6

684.9

1753.3

1354.7

MpnbnuanTenbHas

45-55

40-55

58-70

Mouwoctb N'MT3C,
MBT

25(16nok
25M3P/)

92-11 6 (2GE LM
6000 mnm 4TTY-
25 vunun RR Irant)

157 wn
(FT3-160)

100-150

rTy-

BbiLle

Mpumeyanns

6noyHas,
peluesasi B 06-
CNyXnuBaHUM

HU3KaaA CToU-
MOCTb

BbICOKas Ha-
OEXHOCTb N
NpoOBepPeHHOCTb
BpeMeHeM

rmbKkocTb B
pabote

BbICOKaa Ha-
OEXHOCTb

rmbKocTb B
pabote
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11 - 13 mapra 2009
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BbICTABKU

B paGorte obcyxaaeTcs cToxacTMYeCKUil cnoco6 onpeaeneHus reorlorMyeckoro pucka npu nokanusaumm nepcnekTUBHbIX Freorormyeckmux
00BLEKTOB U OLEeHKe BeNM4YMHbI pecypcoB YB ¢ ncnonb3oBaHMeM AaHHbIX CEMCMOpPa3BeaKU.
Mpeonaraemasi TexHONOrus NO3BONIAET paccMaTpuBaTb Habop ¢hakTopoB HeonpeaerieHHOCTU UCXOAHbIX AaHHbIX: MOrPeLHOCTU CTPYK-
TYPHbIX NOCTPOEHWUI, HeonpeaeneHHOCTU NPOrHo3a TOMWMH U NONOXEeHUSI KOHTaKTOB, ANana3oHHbIN XapakTep OLeHOK unsTpaLuoHHO-
€MKOCTHbIX CBOMCTB: MOPUCTOCTU, HACBILLEHHOCTU, NSIOTHOCTU U T.4. BaXHbIM UCXOOQHLIM 3TaNOM TEXHOSIOrMU ABMsSIETCA KonuyecTBeHHas
OLEeHKa HeomnpeaenieHHOCTU BXOAHbIX AaHHbIX. [lanee NpuUMeHseTCA MMUTaALUMOHHOE MoAernupoBaHuWe NMOrpewHOCTeN UCXOAHbIX AaHHbIX
Ans Toro, YToObl U3MEepUTb UX BIUSHUE HA HeonpeaeneHHOCTb NoKanu3aLuumn reoniorm4eckux o6 bLEeKToB (NOBYLUEK, 3anexen 1 np.) U Ha
AManasoH BO3MOXHbIX 3Ha4YeHU Benn4nHbl pecypcoB. Mpu moaenupoBaHMu hakTOPOB pUcKa UCMOSbL3YHTCA CTOXacTUYecKue MeToabl, B
YaCTHOCTU UMUTALMOHHOE MoAeNMpoBaHUe Nnoren NOrpeLHOCTeN U cTaTUCTUYeckoe moaenupoBaHue no metoay MoHTe-Kapro.
MmuTaumoHHoe MopenupoBaHue nornei ownboK NpUMeHsSeTcs AN y4YeTa pe3ynbTaToB MOrpeLlHOCTe CTPYKTYPHbIX NOCTPOEHUI B MeX-
CKBaXXWHHOM npocTpaHcTBe. [py 3TOM ocyLLecTBNAETCA aKKypaTHbIM y4YeT Kak AaHHbIX CeMCMopa3Beaku, Tak U CKBaXXMHHbIX AAHHbIX; pe-
3ynbTaThl NpeacTaBneHbl (PYHKUMAMN AOCTOBEPHOCTU NoKanusauum U PyHKLUUAMU pUcka BeNIMYMHbI PECYPCOB; Ha X OCHOBaHUM OLeHUBa-
HOTCSl MaKpOXapaKTepPUCTUKM, NO3BONSIOLWMNE OCYLLECTBNATH KONMYECTBEHHYH0 OLEHKY Pa3fnvyHbIX (DaKTOPOB reoriorm4yeckoro pucka.
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This paper discusses the seismic-based stochastic approach
to geological risk quantification while localization of geological ob-
jects and estimating resources of hydrocarbons. That technique
considers a complex of input uncertainty factors: mapping errors,
uncertainty of thickness and contact mark prediction, ambiguity
of porosity, saturation, density, etc. forecasting. Important part of
this procedure is quantitative assessment of input data reliability.
Next we simulate listed uncertainties in order to evaluate their
influence on the following results: uncertainty of geological object
localization and range of estimated resource value. We use sto-
chastic technique in the risk factors modeling process, particularly
error field simulation and Monte-Carlo modeling.

A simulation modeling technique is proposed to model
crosswell-space structural mapping error fields. This includes
statistical estimation of seismic exploration error field parameters
using well data; modeling of equiprobable structure map imple-
mentations plausible in terms of estimated error parameters;
stochastic assessment for trap localization reliability function and
for risk function in the hydrocarbon resources estimating; deter-
mination of macro-characteristics that quantitatively characterize
various aspects of the geological risk.

INTRODUCTION

The technique highlighted in this paper stochastically as-
sesses geological risk caused by uncertainties in structural map-
ping, by ambiguously defined contacts and at times by a ranged
user-specified porosity, saturation, fluid and density factors char-
acteristics for a hydrocarbon pool. In addition to the traditional
definition of a geological risk as probability of “loss” in estimating
the resources, we also consider the error risk in localizing a pro-
ductive trap, for which purpose we employ the reliability function.

As a result, trap localization reliability function is estimated.
Such function describes the probability for each point on the
initial structure map to fall within the structural closure. Analy-
sis of the reliability function, thus obtained, allows quantitative
characteristics to be applied to assess the error risk in localizing
the structure.

Quantile estimators of the spatial structural characteristics
(amplitudes and area size) are helpful in quantitatively providing
optimistic, pessimistic and basic versions for the respective ge-
ometry parameters.

By additional modeling of effective thickness and contact
position uncertainties we estimate pool localization reliability
function, in particular, we product its internal and external parts
contouring.

We use similar approach for the boring efficiency character-
istics stochastic mapping. By possible variants of pool localization
statistical analysis we construct expected value function of crite-
rion, followed for well position definition.

In the multiplicative scheme of the volumetric method ap-
plied to estimating the resources, the geometry uncertainty is
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BBEOEHUE

Celcmuyecke MOCTPOEHWUS  BbIMOSHS-
I0TCS C OnpeaeneHHbIM YPOBHEM TOYHOCTY,
Mo3TOMYy WX WCMONb3oBaHWe Bcerda SBns-
€TC UCTOMHWKOM HeornpefeneHHocTn. Tak
KaK CTPYKTYpHasi kapTa SIBMSieTcA OOHWUM U3
rMaBHbIX MaTepUarnos, Ha OCHOBaHWUN KOTOPbIX
peLLaeTcs KOMMIEKC AarnbHeNLLINX reonoro-re-
odm3nHecknX 3agad, Takvx Kak nokanvsaums
N OKOHTYPVBaHME MEPCNEKTUBHBIX reonornye-
CKUX OOBEKTOB, OLiEHKa BENWUYMHbBI PECYPCOB,
060CHOBaHVIE NONOXeHUs To4ek nog bypeHre,
HeobXxoAMMO MMETb METOAOONMI0, MO3BONSHO-
LY Y4WTbIBaTb BUSIHWE MOrPeLLHOCTEN UC-
XOAHbIX AaHHbIX M OLIEHNBATb BbI3BaHHbIV VMM
reorniorn4ecknin puck.

Mpennaraemas TEXHOMNOMMS OCYLLECTBS-
€T CTOXaCTU4eCKWii aHanm3 hakTopoB reoro-
MMYECKOro puCKa, BbI3BAHHOTO HeorpeaeneH-
HOCTSIMM KaK CTPYKTYPHbIX MOCTPOEHWUI, TaK U
XapaKTepycTVKamm 3anexmv YB (OTMETOK KOH-
TaKTOB, TOSILLMH, KOMNMEKTOPCKNX CBONCTB).

OpHoBpPEMEHHO € TPaAMLMOHHBIM orpe-
[erneHnem reororm4eckoro prcka kak BeposiT-
HOCTW «MOTEPbY», BbI3BaHHbIX MEPEOLIEHKOM
BEMMYMHBI PECYPCOB, Mbl paccmaTpvBaem
PUCK MPWU NoKanuaauun NOBYLLEK, 3anexe;
A ero onMcaHns NPUMEHsIETCS NoLLaaHas
XapaKkTepucTuka pycka — yHKLMS JoCToBep-
HOCTW NOKanu1aaLym Toro Ui MHOro 06bekTa.

HeonpegeneHHOCTb  CTPYKTYPHbIX — MO-
CTPOEHWA 3afjaeTcs napameTpamu WX Tou-
HOCTU MM NorpeLUHocTer. 3TN MOrpeLlHoCTH
ABMAOTCH MPOCTPAHCTBEHHO  3aBUCUMMbIMU,
Mo3ToMy MNpY UX MOAENMPOBaHWM [OIMKHbI
NMPUMEHSATLCS COOTBETCTBYOLLME MeTodbl. B
NpeanonoXXeHNN CTaLMOHapPHOCTM MONS OLLK-
60K OHW 3a4aloTCs BapyorpaMMOoN, KoTopast
napameTpusyeTcs TakMu XapakTepucTukamu,
KaK cpefHeKksafpaTtvyHas owwmbka u paguyc
Bapuorpammel.

[na n3mepeHVst CTeneHn BIMSHWS OLIN-
060K Ha danbHenwwne BbIBOAbI BbIMOMHAET-
€A UMUTaLMOHHOE MOAENUpoBaHue nonen
ownboK, Ha OCHOBaHWWM KOTOPbLIX MOMy-
YalTca  [OMNyCTUMble  pPaBHOBEPOSATHblE
peanu3aumm CTPYKTYPHOW KapTbl. Takomn
noaxoA, No3BoMseT y4ecTb KOHMUrypaumio
MNCXOQHOTO CTPYKTYPHOrO MnaHa, Monoxe-
HMe 3KPaHUPYIOLLMX 3NEMEHTOB, CKBaXWH-
HYIO MHCbopMaLmIo.

r. Mockea

®PyHKUMA  OOCTOBEPHOCTM  NoKanuaa-
UMM NOBYLLKN OLEHMBAET O KaXOO0N TOYKM
KapTbl BEPOSITHOCTb €ee MPUHaANEeXHOCTU
3aMKHYTOW CTPyKType. AHanu3 dyHKUMK
[OCTOBEPHOCTM MNO3BOMSET nomny4vyatb nno-
LaaHble KOMMYeCTBEHHblE XapaKTepuUCTUKN
reofiormyeckoro pucka npuv nokanvsauuu, B
YaCTHOCTW OLEHUBATb CTPYKTYPHYHO COCTaB-
NAOLLYIO NPU OLEHKE BEPOSTHOCTU reornoru-
yeckoro ycnexa (POS).

OueHKM KBaHTWUMEn MNPOCTPaHCTBEHHbIX
XapaKTepucTuK (aMnnuTyabl 1 nnowaau) no-
BYLLIKW MOME3HbI 4151 BbIMNOMHEHNS ONTUMUCTU-
YeCKOW, MECCUMUCTUYECKOIN 1 6a30BOI OLIEHOK
reoMeTPUYECKUX MapamMeTpOB FOBYLLKU.

[MpoBoaosi OOHOBpPEMEHHOE —MOJenMpo-
BaHWe HeonpedeneHHOCTen TOMWMH U no-
TNOXEHUS1 KOHTaKTOB, OLIEHVBAIOTCH (DYHKLMN
[OOCTOBEPHOCTM NIOKanv3aumm 3anexm, nposo-
ONTCA ee CTOXacTUYEeCKoe OKOHTYPUBAHME.

MopobHbIN  nopaxon wcnonb3yeTcs  Ans
CTOXaCTUYECKOrO KapTMPOBaHUsi MapaMeTPOB,
aHanuavpyeMbIx Npy BbIGope Touku nog Oy-
peHve. [poBoas CTaTUCTUYECKUMA aHanu3
MHOXECTBa [JOMyCTUMbIX BapuaHTOB, OLIEHU-
BaloTCH cpedHee 3HaveHve, Moga U MeguaHa
KaK BapuaHTbl 6a30BbIX OLIEHOK UCCIeayeMbIX
napameTpoB; CpeaHeKBaapaTUYHas owmbka u
nonoxexust ksaHtunen nopsigka 10% un 90%
0atoT MHopMaLmMIo O TOYHOCTM NMPOrHO3a.

MMpn NpUMEHeHUM MymMBTUMNIIMKaTUBHOWN
cXemMbl 0ObEMHOTO MeTofa OLIEHKU BENUYW-
Hbl PECYpPCOB BbIMOSHSETCH OQHOBPEMEHHOE
paccMoTpeHue Kak (pakTopoB CTPYKTYPHOrO
pucka, Tak M HeonpeaeneHHOCTeN Konsek-
TOPCKVX CBOWCTB. B pesynbrate oLeHuBaeT-
€S HEe TOMbKO PYHKLMST prUCKa, MO3BONSIOLLAst
OLEHUTb YPOBEHb reonorMyYeckoro pucka ans
(PUKCMPOBAHHOTO 3HAYEeHUsi CyMMapHOW Be-
TIMYMHBI PECYPCOB, HO W NMOLLAaHOM BapuaHT
3TOro0 napamMeTpa, OLEeHUBaoLWMWIA pacnpene-
NeHne NMHEHOTO pecypca B KaXKOOW TOYKe
paccmartpvBaemoro yyactka. Busyanusauusi
TaKoro pesynbrata MPeAcTaBrsieTcss KapTow
TIMHENHOMO pecypca, COOTBETCTBYIOLLEN 3a-
[aHHOMY YPOBHIO pyCKa.

MATEPUWAIbI, METOObI U PE3YIIbTATbI

Vcnonb3ys BapuorpaMmHbIE OLIEHKM OLLK-
00K, MogenupyeTcsl U aHanMU3NPYEeTCst MHOXe-
CTBO PaBHOBEPOSATHbIX peanu3aumii CTpyKTyp-
HbIX KapT. P
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BbICTABKU

Kaxpas HoBas peanusaums npeactaens-
et cobow pesynbTaT HanoXeHUs JONyCTUMOro
BapuaHTa OLMBOK Ha CXOQHYHO CTPYKTYPHYIO
KapTy. YYeT CKBaXXMHHOW MHdopmaummn npo-
N3BOAUTCA CODMnogeHneM HymneBon OLLMGKM
B TOYKE CKBaXMHbI; BENWUYMHA OLLMOKM B MEX-
CKBaXMHHOM MPOCTPaHCTBE YBENu4MBaeTcs
o Mepe yAarneHus 13 30Hbl KOppPensLmmn CKea-
XWHbI. PUCYHOK 1 nnntocTpupyeT pasnmyHble
BapviaHTbl CTPYKTYpHbIX KapT (1.b, 1.c), nony-
YeHHbIX Ha OCHOBaHWM CXOOHOM KapTbl (1.a).
OueBnaHO, YTO KOHAUIypaLmsi, MONOXeEHNE 1
MPOCTPAHCTBEHHbIE XapaKTEPUCTUKN 3aMKHY-
TbIX OGBEKTOB, BblAENSAEMbIX Ha TaKVX KapTax,
MOTYT CyLLIECTBEHHO pasnu4aTbest.

PaccMoTpum  dpyHKLMIO  [JOCTOBEPHOCTM
d(x,y) nokanusauuy FOBYyLUEK, Onpeaensto-
LLYIO ANS KXKOAOW TOYKM (X,Y) MCXOAHOW CTPYK-
TYPHOW CETKV BEPOATHOCTb NPUHAANEXHOCTU
ee noeyLuke. Takas MYHKUMA ABMSETCS UHTe-
rpanbHOW XapakTepUCTUKOM BNUSIHWSA NOrpeLL-
HOCTE CTPYKTYPHbIX MOCTPOEHUIA Ha fokanu-
3aLMIO ITOBYLLIEK.

PYHKLMSI SOCTOBEPHOCTM OMNUCHIBAET CTO-
XaCTUYEeCKWIA BapuaHT nokanusaumy nosyLu-
Ki; OHa sBMAeTCH 3PMEKTUBHBIM UHCTPYMEH-
TOM KOMUYECTBEHHOW OLIEHKM 1 BU3yanusaumm
pucka nokanusauun. JIMHUM paBHOTO YPOBHS
ee MOBEPXHOCTV OrpaHNYMBaIOT  MOMMUIOHbI
(PUKCMPOBAHHOTO YPOBHA HaAEXHOCTW, CO-
OTBETCTBYHOLLETO OTMETKE M30NMHMK. B yacT-
HOCTW, NOMUIoHbI YpoBHew pucka 10%, 50% u
90% (cM. puc. 2) XapaKTepusyoT ONTUMUCT-
Yeckui, 6a30BbIN 1 NECCUMUCTUHECKUIA Bapu-
aHTbl NoKanM3auyn 3aMKHYTON CTPYKTYpPbI.

[py AONONHUTENBHOM PacCMOTPEHWN He-
onpenerneHHOCTeN TOMLLMH 11 OTMETOK KOHTaK-
TOB BbIMOMHSAETCA TakKe OLeHKa [0CTOoBep-
HOCTM foKanusaumm 3anexu, cMm. puc. 3, 5.
Pwc. 4 vnnioctpupyeT oLeHKY dyHKLMM JOCTO-
BEPHOCTU AJ151 BOAO-HEMTSHON 30HbI 3anexy,
rae otmetka BHK onpegensietcst kak npoueHT
3aMonHeHNs NPOAYKTMBHOM NOBYLLKW CO 3Ha-
YeHusimm 13 guanasoHa [50% — 100%].

Ha ocHOBaHWM WMMWUTAUMOHHOIO MO-
AenupoBaHusi nony4vaetcs BblOopka npo-
CTPaHCTBEHHbIX MNapamMeTpoB (aMnnuTya,
nnowagen, o6bemMoB), N0 KOTOPOI BbIMNO-
HAETCA OLeHKa 3Ha4YeHUn YPOBHS pucKa
10%, 50% wn 90%, cpegHero 3HayeHus n
MeauaHbl, CpeAHeKkBaApaTUYHOW OLIMOKW.
B Tabnuue | npusendeH npumep croxactu-
YeCKOMN OLIEHKM NMPOCTPAHCTBEHHbIX Xapak-
Tepuctvk 3anexu. CpaBHeHue 6a30BbIX
oLeHoKk (ypoBHs pucka 50% u cpepHero
3Ha4YeHUs)) C BapMaHTOM AeTEPMUHUCTUYE-
CKOW OLIeHKM Mo3BonsieT caenaTb BblBOA O
3aBbILLEHHOCTMN NOCMeAHEN OLEeHKN.

PYHKUMM pyCKa AN NPOCTPaHCTBEHHbIX
napameTpoB MOBYLLKY (CM. puc. 6 u Tabn. 1)
UCTONb3YOTCA ANS KONMYECTBEHHON OLIEHKU
pvcka BEMUYMH FeOMETPUYECKNX XapaKTepu-
CTUK JTOBYLLIEK.

[N KONMMYEeCTBEHHOTO OMWCaHWS  reo-
FIOTMYECKOro pycka MpW OLIEHKE BENWYVHbI
PecypcoB MpOW3BOAMTCH  AOMOMHUTENBbHOE
MOZEenMpoBaHe HeornpeaeneHHoCcTen Tom-
LLIMH, MOMNOXEHNS KOHTaKTOB 1 KOMINEKTOPCKMX
CBOWICTB. HeonpegeneHHOCTb NporHo3a ypoB-
HA KOHTaKTOB OMMCbIBAETCA [AuanasoHamu
BO3MOXHbIX 3HAYeHU OTHOCUTENBHOrO Mpo-
LieHTa 3arorHeHnst NPOAYKTUBHOW  NOBYLLIKU
1Ny abCcomtoTHbIX OTMETOK KOHTaKTOB, @ Tak-
Xe BapuorpamMMHbIMK MapaMeTpamu  MNons

oLwmnbOoK B Cryyae, ecnv 3afaHa NoBepxHOCTb
KOHTakTa. MogoOHbI nogxon MCnonb3yeTcs
M ANs OnucaHWst HeomnpeneneHHOCTeNn Bcex
OCTaBLLUMXCH MapaMeTPOB: €CIN OHWN 3a4at0TCA
O[IHNM MOCTOSIHHBIM 3HaYeHUEM, TO TOYHOCTb
onpenenseTcs aAvanasoHoM; ecnv y4YuTbiBa-
eTcs narepanbHast HeOOHOPOAHOCTL NapamMe-
Tpa, onucbiBaeMasi kapToW, To Heobxoayma
MHOpPMaLMs O BaprorpaMMHbIX napaMeTpax
COOTBETCTBYHOLLIMX OLLMOOK.
[anee BennuvHa pecypcoB Ha KaxaoWn 13

nTepaumin onpeaenseTcs cornacHo dopmyne,

0.=V,-p,0,10e P; n O, — NNOTHOCTb U
0OBbEMHBIN  KO3(PUUMEHT COOTBETCTBEHHO,
V. — HacbILLEHHbIN 06beM, BbIMMCTISIEMbIN MO
npasuny: V.:wz‘kf/,(xk.yk.rh(xﬁ,yﬁ)w(.n,m-s,,,cn,n> .
30eckb ¥(x. ¥, Th(x,.y,)) —O0OBEM KONMnekTopa B
AYeiiKe CETKM, BbIMMCIIEHHDBIN MO COOTBETCTBY-
IOLLIEN CTPYKTYPHOW ceTke (X, »;) U 3HaYeHnn
3(PDEKTUBHON TONWNHBI  Th(x,,y,) B 3TON
TOYKE C Y4ETOM CTPYKTYPHbIX MOrpeLLHOCTEl 1
HeorpefeneHHocTel koHTakToB, :(X:,Y:) 1
S,.(x,y,) — 3HayeHus KoadPdPULUNEHTOB
NMOPUCTOCTU W HACBILLEHHOCTY COOTBETCTBEH-
HO, Y4MTbIBaIOLLME OLIMOKV MPOrHo3a 3TuX
CBOWCTB. Pe3ynbratamu sIBMSOTCS KaK KapTbl
NIMHEHOrO pecypca Ans 3afaHHbIX YPOBHEN
pucka (pvc. 7 WNnCTpupyeT npumMep Kapt
NMOTHOCTU PecypcoB [AnA YPOBHEN pucka
10%, 50% v 90%), TaKk 1 cyHKLUMM prcka Ans
CyMMapHbIX pecypcoB (puc. 8); Takke Tpaau-
LIMOHHbBIM BUOOM OTHYETOB SIBMSHOTCA TabnuLbl
MaKpOXapaKTEpPUCTUK pacnpeneneHnss Cym-
MapHbIx pecypcoB (Tabnmua Il).
3AKIMKOYEHUE

Mpennaraemasi TEXHOMNOMUS! KONMYECTBEH-

HOW OLIEHKV reoriorMyeckoro pucka cronb3yet
VUMUTaLWOHHBIA MPOLIECC, YUYMTBLIBAIOLMIA He-
OornpeaeneHHOCTU BCEro KOMIIEKca MCXOAHbIX
[aHHbIX, paccMaTpuBast Kak CeMCMUYECKYo, Tak
N CKB2XKVHHYIO MHJpopMaumio. Takon noaxon
NO3BOMSIET MakCUMarnbHO Y4eCTb crieumduky
MCXOOHBIX AaHHbLIX OOHOBPEMEHHO C MHAop-
Maumelt 06 1X HeoNpeaAeneHHOCTH, YTO CylLle-
CTBEHHO NpW MPUHATAN peLleHui B YB-npo-
ekTax. Ha ocHoBe npeanaraemoi TexHornoruu,
MCMonb3ys OpurvHanbHbI NpoaykT HyperTrap,
no 3akasam BeayLmX HedTSHbIX KOMMaHWN
(PocHedTb, INykoin, 3apybexHedTs, THK-BP
W Op.) BbINOMHEH KOMUYECTBEHHbI aHanm3
PUCKOB Ha psiAe W3y4eHHbIX celicMopasBes-
KON N BypeHnem OGBLEKTOB, PACMOMNOXEHHbIX
B 3anagHo-Cubupckom, TumaHo-Tlevepckom,
CeBepo-AdppurkaHckom,  KOxHo-Kutaiickom,
CaxanuHe n apyrux 6acceiiHax. m
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considered concurrently with the uncertainty in oil-water contact
positions and in the values of porosity, saturation, fluid and den-
sity factor (PSFD) parameters. As a result, the stochastic estima-
tion of resource values (RV) density map and risk function are
determined.

They permit the user-specified resource magnitude to bring
in correspondence with its quantitative estimate of the RV risk
level. This provides the basis for computing macro-characteristic
values for the resources, in particular, optimistic, pessimistic and
basic versions for the estimates as well as rms error value for the
hydrocarbon resource magnitude. The aggregated form of geo-
logical risk quantification is stochastic density maps of resources,
which can also be estimated as a result of our work.

MATERIALS, METHODS AND RESULTS

Provided the structural mapping error field is stationary and
used error parameters estimators we construct the set of possible
mapping error field realizations.

Each of the error map implementations is the result of lay-
ing every next error map over the initial structure map. Figure 1
shows various versions of structure maps (1.b, 1.c) created by
laying error maps over the initial map (1.a). This figure illustrates
that configurations and spatial characteristics of a closure may
differ substantially from one another on different map implemen-
tations and from the original structure map configuration.

Let consider trap localization reliability function d(x,y), which
specifies for each point (x,y) of initial structural greed probability
of its belonging to the trap. It is an integral characteristic of map-
ping errors influence to possible location of the trap.

Reliability function represents stochastic variant of trap loca-
tion; this characteristic is an effective tool of the risk quantification
and visualisation while trap localization. Areas bounded by reli-
ability function level isolines — could be referred to as polygons
of respective reliability or validity within each of such isoline. In
particular, polygons of 10% (), 50% ( ) and 90% ( ) reliability
levels (see Figure 2) represent optimistic, basic and pessimistic
versions of the areal tie for the closed structure.

Under additional information about effective thickness and
water-oil contact (WOC) position, one can assess pool localiza-
tion reliability degree, see Fig. 3, 5. Figure 4 illustrates the es-
timator of water-oil contact zone localization reliability function,
where WOC position was specified as a relative spillpoint varia-
tion range [50% — 100%].

Simulation modeling allows sample values of spatial charac-
teristics (amplitudes, area size, volume) to be produced on which
basis 10%, 50% and 90% quantiles, average value and RMS er-
ror are assessed. Table | shows examples of stochastic estimates
for pool spatial characteristics. A comparison between statistical
basic characteristics (50% risk level and average value) and the
values from the basic map (Table 1) permits conclusion that the
deterministic assessment is overestimated.

Risk functions for spatial characteristics presented in
Fig. 6 (refer also to Table I) can be employed to quantita-
tively assess risk level in determining the values for spatial
characteristics.

In order to quantitatively assess error risk level in estimating
the hydrocarbon resources, the uncertainties in oil-water contact
determination and acceptable ranges of capacity parameter val-
ues have to be further modeled. In our study, the degree of un-
certainty in oil-water contact positions was specified as a relative
spillpoint variation range or as a subsea oil-water contact position
variation. The uncertainty in porosity-saturation characteristics is
shown as porosity maps and oil saturation maps, also as param-
eter variability of such characteristics, as well as ranges of fluid
factor values and hydrocarbon density values. Then, RV sample
elements can be defined at each simulation modeling step using
the following formulas: , where and - independently modeled
densities and fluid factor respectively, — oil saturation volume
computed using: .

Here, — reservoir volume at a map grid point computed
from structure maps and from effective thickness maps with
user-specified allowance for possible seismic exploration er-
rors and accounting for oil-water contact positions, and —re-
spective porosity values from porosity maps and oil saturation
values from oil saturation maps, the values are corrected for
errors in user-specified porosities and saturations. Study re-
sults may be presented as maps showing resource density
for specified risk level (Fig. 7 illustrates example of resources
density map with 10%, 50% and 90% reliability levels poly-
gons), or as a risk function (see Fig. 8) or as resource value
macro-characteristics (Table II).
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Bocrounas dpMaTypHad KOMITAHHA NPOMIBOAHT H OCYIIECTBIIAET NOCTaBKH

TPYOOIPOBOAHOMN apMarypbi

3aB0J; BEIMYCKAET W PEANMAYeT: 3aJIBHAKKH KIHHOBBIC CTANBHBIE, KIalaHbl
MPeAOXPaHHTEAbHBIE MPYKHHHBIE, YCTPOHCTRA mNepeiioyaume, 610K
IPEAOXPAHNTENBHBIX K/IAMaHOB, 3aTBOPBI oOparHsie (Kmanawsl obparHbie
OOBOPOTHBIE),KTamaHbl 3anopHbele (BeHTHAM), Kiananw obparHble
MOIBEMHBIE, KPaH bl IIAPOBbIE, 3aCA0HKH JHCKORbIE.

Bee wmagenus ceprudmumporanm [loccrampaprom P®, uwmeiorcs
rHTHeHHYeCKue CepTH(HKATHL.

Hmeercs paspemenne Pocrexuansopa PO,

Poccus, 450077, Pecny6mixa Bamkoprocran, r.Yda, yn.Mycras Kapuma, 41, e-mail: kontakt@vark.ru, www.vark.ru

Daxc: (347) 279-80-50; renedonsr: (347) 279-80-50, 292-73-42 - cobiT




Mpou3BOACTBO NapoBbIX, BOAOrPEMHbLIX KOTNOB, TpaHCcnopTabenbHbIX
KOTENbHbIX YCTAHOBOK U KOTENbHO-BCNOMOraTensHoro o6opyaosaHus

KpynHeWwni B Mupe npou3BoauTenb KOTenbHOro

u HedhTerazoBoro o6opyaosaHus

MapoBson
KoTen
NKH-2M (cbipas HedThb)

MapoBas KoTenbHaa yCTaHOBKA
NKH-2M (cbipas HedTh)

NMapoBbie KOTNbI

E-1,0-0,9 E-1,6-0,9 E-2,5-0,9
E-2,5-1,4 E-4,0-1,4 E-6,5-1,4
E-10,0-1,4

Cknagcko 3amac  nocTaBnsieMoro obopyaoBaHusi UMeeT
YCTOMYMBYH) TEHAEHUMK KONIMYECTBEHHOT0O U Ka4yeCTBEHHOro
paclumpeHus.

OpraHms3auma pgocraBku obopyaoBaHuMss  BCeMU  Buaamu
TpaHcnopTta no Poccuu u CHI.

Mbi ucnonb3lyem pasnuuyHbie JOPMbI COTPYAHUYECTBA C HALLMMMU
KNMEHTaMK, BKNIOYas pa3Hoobpa3Hble CXeMbl onnaTtbl ycnyr
(HanpsAMy0 U Yepe3 NU3UHTOBbIE KOMMNaHMU) U rMOKYK0 cuctemy
CKMAOK ANA NOCTOSIHHbIX U KPYNHbIX 3aKa34MKOB.

l'apaHTuﬁthe YCNnoBuA Ka4ecCcTBa noarBepXxXaeHbl CepTHCbHKaTaMH
COOTBETCTBMA U pa3pelinTenbHbIMU OKYMEHTaAMMW.

info@te-company.ru

www.te-company.ru \




