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YAOK 550.832.07/.08 .
HOBbIA NPOrPAMMHO-AMNMAPATYPHbIA KOMNAEKC FEO®U3NYECKOIO KAPOTAXA CKI

3noe M.U., Katopoe K.H., Epemut B.H., Mempoe A.H., BonkaHux FO.M., Kucenée B.B., Cyxopykoea K.B.,
Muxckux B.H., Cobosee A.1O., Balikosa M.A. (3A0 HIIIA «Jlyu», 2. Hosocubupck, Poccus)

BBEAEHUE

Hosasa coemecTtHas paspabotka WHcTuTyTa HedTerasosoi reonormu u reocusumkm Cubupckoro
oTaeneHma Poccuinckon akaaemunm Hayk M Hay4HO-NpoW3BOACTBEHHOTO NPEANnpUATUs reodusnuecKoi
annapatypbl «Jlyy» — nporpaMmmHo-annapatypHbli4 komnnekc CKJ1 B ecTkoMm kopnyce, npegHasHaveHHbln ans
KapoTaxa B BEepTUKaNbHbIX U HaKIIOHHbIX CKBaXKMHax. B ogHoit cBsizke npedcTaBneH Habop reodusnuecknx
METOA0B (3MNEKTPUYECKUIA N SMEKTPOMArHWTHBIA KapoTax, pe3uCTUBMMETPUSA, NOTEeHUUan camononspusauum,
raMMma- U HeMTPOHHBIA KapoTaX, TEPMOMETPUSA, UHKITUHOMETPUS). STOT KOMNNEKC HEOBXoaUM ANsl pacyneHeHust
reonorudeckoro paspesa, onpeaeneHns NMMTONOrMYECKOIO COCTaBa, OLUEHKN MOPUCTOCTU U riioMaoHaCHILEeHUs
KOSNEKTOPOB.

Kak u3BecTHO, C yBenuyeHuem rnybuHbl CTPOEHWE KOMNEKTOPOB YCAOXKHAETCH. YNNOTHEHWE W
npeobpasoBaHue nopog COnPoOBOXAAETCS UX rnugnaauueﬁ 1 MUPUTU3AUNEN, a Taloke CMEHOR TMna NOPUCTOCTH
C MeX3epHOBOWA Ha TpelyuHHyio. Npu BypeHuu BCE valle NPUMEHSIOTCS BbICOKONPOBOAAWME BuononumepHsie
6ypoBble pacTtBopbl. B atux ycnoBusx noHwxaeTca 3ddEeKTUBHOCTb TPaAULMOHHBIX reod3nIecKux
KOMNNEKCOB, NpeAHAa3HAYEeHHbIX A4NA UCCNEeA0BaHNSA MOLLHbIX OAHOPOAHBIX TEPPUrEeHHbBIX KONNEKTOPOB.

K HactosilemMy BpemeHu paspaboraHbl HOBble METOAUKM OuUEHKM (PUNbTPALUOHHO-EMKOCTHbIX
napaMeTpoB KOMNeKTopa Mno pacnpeaeneHuio yaenbHOro anekTpudeckoro conpotueneHus (YOC) B 30He
NPOHWKHOBEHUA, OBycnoBneHHoMy duneTpauyvein Byposoro pactesopa. PaguanbHbid npocune YOC B 30He
NPOHUKHOBEHUSA ONPENENAeTCH NyTEeM WHBEPCUM CUrHArNOB BbICOKOYACTOTHOrO 3MNEKTPOMArHUTHOIO KapoTaxa
(BOMK3), GokoBOro anekTpudeckoro kapotaxHoro 3soHauposaHua (BK3) u 6Gokosoro kapotaxa (BK).
HakonneHHbi OMbIT Nokasan, YTo NpuU pasfgenbHON UHBEPCUW AaHHBIX 3TUX METOAOB MOryT MOMy4YarbCs He
TONMbKO 3KBUBANIEHTHbIE, HO WUHOrAA WM MpoTMBOpeYallue Apyr Apyry reosnektpudeckue mopenu. CoBmecTtHas
WHBEPCUSA BO MHOTMMX CNyYasix CHUMAaeT 370 npotmusopeune. Ha npaktuke mexay usmepeHmamn BK3 u BOAMK3
NPOXoAWT 3HaYWTENLHOE BPEMsi, U 30HA MPOHUKHOBEHUS MOXET CYLUECTBEHHO uU3MeHuTbcH. CoBMecTHas
MHBEpCUSt OOHOBPEMEHHO M3MepeHHbiX AaHHbix BK3, BOMK3 u BK, peanusoeaHHas B CKIJl, cHumaer aTy
npobnemMy 1 NO3BONAET NONYYUTL CornacoBaHHbIi npocdunes YIC.

PacwupeHue HaGopa u3MepseMbiX XapaKTEPUCTUK (OTHOCUTENbHbIE U aBCONIOTHbIE amMnnUTYAbI)
BOMKS3 noebiwaer achheKkTUBHOCTb MHBEPCUW B CNOXHbIX paspesax. Mpexae Bcero, CTAHOBUTCA BOZMOXHbIM
oLieHmBaTb OTHOCUTENBHYIO AWaNeKTpudeckylo npoHuyaemocts (OAM) nopop. Wcnonesosaxue scero Habopa
JAaHHbIX YCTpaHAET HEOAQHO3HAYHOCTb UHTEPNPETaLUN B 0BNacTAX C BLICOKUM 3NEKTPUYECKUM KOHTPACTOM.

Mpeumylectsa npumeHeHuss CKIl: ymeHbLIaeTca YUCO CNYCKO-NOObEMHbBIX onepalnin; UCKNoYaeTcs
HeobXOOMMOCTbL B3aWMHOW yBA3KM NO rnNybuHe Aunarpamm pasHblX METOOOB; OTKPbIBAETCH BO3MOXHOCTb
“amepeHuit Ha nocTosHHOM Toke (BK3, BK) He Tonbko B BEPTMKaNbHBLIX, HO U B HAKMOHHbBIX ¥ FOPU3OHTaNbHbIX
CKBaXXnHaX.

TecToBble U3MepeHus Bblnu BbiNonHeHbl B Aekabpe 2007 r. B OAHOW U3 ckBaxuH KonTtoropckoro
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wecTopoxaenns (3anagrans Cnbupb). Hasnkaa ¢ wiona 2008 roga, B NPOMEILUNEHHOM 3KCNAYSTSLUCHHOM
PEXMME BhINONHEHE WIMEDEHNA B 25-MU CHESHNHAX Ha TeppuTopnu LLupoTHOro MNpnoles.

AMNNAPATYPA CKN
B cocrae xabenbroro womnnewca CKJl (puc. 1) BxoasT moaynu anekrpu<ecknx (BK3, BX » MNC) u
anexTpoMarduTHex {BIMK3-20) meToaoe, pesucTveumeTpuu, 8 Taxke mogynn HHKr, MK » wHknuHomeTpa Mo
NPESNOXEHAI0 DAKOMO M3 JaXa34NKOB B KOMMNEKS BRNICHEH TPEXXaTywesHeIk 3cHg UK. B ckeaxmnHe namepsercs
OKoNG 50-TH DUINYECKHX XapaKTepncTvk. Bce MOAYNA BHMACNHEHS B MECTKOM X¥OpPNyce C XapAaHHBM#A
COSAWHEHUAMMN OTHEeNbHEX “acTell. Hucno mogynel onpefenseTcs pelwasMon reonornyecxkoi sanaded. Mpw
37TOM YNATEIBE3ETCA WX COBMECTUMCCTL M PECTICNOXEHWE TONEK 38NUCHA.
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Moayns BOMK3-20 coctouT U3 9-T BbICOKOYACTOTHBIX MHAYKLUMOHHBIX 30HAOB AnuHon oT 0.5 ao 2 M.
3oHAb! TpexkaTylleYHble, HECUMMETPUYHbIE, M3onapameTpudeckme. MamepseTca pasHocTe a3 W OTHOWEHMWe
aMnNnuTyA CUrHanos B NPUEMHbIX KaTyllKax, a Talke ABe aMniuTyabl B KaTyLIKaxX KOPOTKOro aoxaa [1-3].

Komnnekc NOCTPOEH Ha MOAYNBHOM NPUHUMNE U BKNIOYAET:
— kabenbHylo TeneMmeTpulo, COFNAcoBaHHyld C Haubonee pacnpPOCTPaHEHHLIMUA  KapOTaXHLIMU
CTaHuuAMY;

eAuHbIn oKt MoaYy b TENEMETPUM (PaCnoNOXEH CBEPXY) CO CTAHAAPTHLIM CTLIKOBOYHLIM Y3110M;

— TPaH3UTHbIE NUHWUU CBA3MN U MUTAHUS,

—  MeXMOoAynbHbIA nHTepdenc RS-485 ¢ ranbeaHN4ecKkon passa3kom;

~  yHAUUUpOBaHHbIE y3nbl ¢ rmbkumu (B npegenax 3—>5°) coeguHeHUAMY;

— MEeXxaHW4ecKkue HakuaHble raku 4ns COeQuHEHNA Moaynea;

— anekTpuyeckme coeauHeHua depes pasbem CH-47-7  (obecneumBaeT = MEXMOAYNbHYIO
rMAPOCTaTUHECKYIO Pa3BA3KY NPU asapuAHON pasrepMeTusaummu OTAENbHBLIX MOAynei);

— 3NEeKTPUYECKYIOo N3ONALMIO OT Kopnycos obulero npoeoaa, LWaccu U 3KpaHoB.;

- AaTYUKU HaTsHKEHUA kabens v AaBneHus, akcenepoMeTp, PacnosIOKEHHbLIe B MOAYNeE TENeMeTpun.

Moayne BOMK3 Haxogutcs mexay moaynsmu BK n BK3. Ero cranbHoil oxpaHHbId kopnyc siBnseTcs

akpaHupylowmm anektpoaom BK, a 3oHpoBas cTeknonnacTukoBas 4acTb — 3neKTpousonatopom ans BK3.
Moaynb TenemeTpuv OBHOBPEMEHHO BbINOSHAET KaK TEXHONOrn4eckue yHKUUK, Tak U asnsetca 6nokom
nutaHus mogynei BK u BK3. Mpwn atom ero kopnyc mcnonb3yeTcs B kayecTBe SNEKTPOAOB W uaonsaTopos. B
pesynbTaTte TaKkoW KOMNOHOBKW YyAanocb COBMECTUTb Hawbonee WMpPOKO pacnpoCTpaHeHHble MeToabl
U3MepeHniA B O4HOW CBfiske npuemnemoi AnuHbl (19 m). Mpu 3TOM TOukKM 3anucu BoNblUMHCTBA METOA0B
oKasanucb CrpynnupoBaHbl Yy HWKHEA KOHLOBKM komnnekca. OTo obecnedyuBaeT MUHWMAnbHbIR pasMep

«MEPTBOMN 30HbI» y 32605 CKBaXXUHHbI.

ABTOMATU3UPOBAHHAA CUCTEMA YUCNEHHOW UHBEPCUU

EMF Pro — HoBas nporpaMmHas cUCTEMA MHTEPNPETAUMUN AaHHbIX 3NMEKTPUYECKUX U 3NeKTPOMarHUTHbIX
METOA0B UCCNefoBaHUA B CkBaxuHax. Ee pesynbTaTt — reoanekrpuyeckas Mogenb U (hoKyCUPOBaHHbIE KpUBbIE.
B ocHoBe nporpaMMbl nexar anropmTmbl COBMECTHOIO pelueHust obpaTHbIx 3agau.

PeanvsosaHo 3 ypoBHA uHBepcuu. lMepBblii — BbluucneHne kaxywuxca YOC u OAMN ans mogenu
OAHOPOAHOW Cpefbl C YY4ETOM CKBaXWHbI M 3KCUEHTpUcUTeTa 3oHga. BTopoid — aekoHBonwouusi, nonnacrosas
pa3buBka W MHBEPCUS B paMKax LUMMHAPUHECKU-CNONCTON Moaenun. TpeTuii — BuicTpas AByMepHast UHBEpPCUS B
knacce moaenei ¢ Habopom LUUNUHAPUHECKMX U NIIOCKUX rPaHnL, C NOCTPOEHUEM KYCOYHO-OAHOPOAHOK Mogenw,
a Takke OOKYCMPOBaHHbIX KPMBBIX HA 3aAaHHBIX PACCTOSHUAX OT CTEHKWU CKBAXXWHbI.

B nporpamme npeaycMoTpeH uMnopT AaHHbix u3 LAS-copmaTa. Takke peanusoBaHa Buayanusauus
BCEX BBEAEHHbIX B CUCTEMY CUrHanoB W UX TpaHchopmauuwih. Buayanusayms OCHOBaHa Ha MAaKETHOM
NPeacTaBNEHNN AaHHbIX, NPUHATOM B MHTEpPnpeTauuoHHbix cuctemax MPAAM, MeolMouck, CUAN-TUC, Geo
Office solver un ap.

Bce anuTenbHbIE BBIYUCNEHUA BBINOMHAIOTCA B OTAENLHOM CUCTEMHOM NOTOKE. 3TO MNO3BONSIET BO
BPEMSA WX BLINONHEHMSA paboTaTb C NONb30BATENbCKUM WHTEPMEACOM. ANropuTMbl FPynnoBbIX onepawuui

aganTupoBaHbl ANs BblYMCMEHWA HA MHOrONPOUECCOPHbLIX U MHOMOAOEPHbIX apXUTeKTypax. Cuctema
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Peanu30BaHa Ha R3bike C++ C NOMOLYBIO KPOCC-NNATHOPMENHON rpadmyeckon Bubnuorexn Qt. PaboraeT nojg
ynpaenaunem MS Windows, HayuHas ¢ NT » Bblwe.

OraencHbie Moaynin B3aMMOASACTSYXOT Yepea uHTepdiencel. Kawaeil MoOAynb NPOrDaMMHON CHETEMb
ABNAETCA HE3IABMCKMMBIM M COCTOMT W3 NPOrpaMMmbl, HeoBXOAWMLX [QONONHUTENEHLIX EAN0B, AaHHbIX
NOKaNW3auun W nons3ceatensckod nomowu, Oduwuwe wHTepench obsesnness & BubBnuotexn. PsboTta c
AAHHEMY KEKOOO reouan+ackoro METOS3 DEANMAI0OBEHE B OTAENLHOM MOAyne, 3To nojssonser nobasnsTte
MOAYNK XONUYECTBEHHOR WHBEPCHM KAK ANA HOSbIX re0M3IMHBCKMX METOAOB, T8X M SNA HOBLIX Npnbopos
AranoriHeiM o6pa3oMm OpraHU3cSaHO BCTPEUBAHWE HOBLIX 2NrOPMTMOB. GWnsTpaunu, ncesqoobpalyeHns,
NepenapaMeTpH3aynu MOASeNN, PEWEHHSR NPAMBIX W 0OPaTHLIX 38484

YUCNEHHASA OEPABOTKA CUFHANOB BK3 U B3MK3

CoBMECTHCE WCNONLIOBAEHME OTHOLUBHMS BMNNKTYS AA U PazHOCTH a3 Ap NOBHIWSAET HAAEMHOCTD
oyexxn Y3C u ero paguans«oro npodiuns, @ Taxke NO3BONAET OUueHNBaTs senwunxy O/1N.

Ha pec. 2 nokasan QparMeHt npakTAYecKnX ANarpaMMm S NECHEHC-TNWHMCTOM pazpese (QuaMmerp
ckaxmmn - 0.216 m. ¥3C Oypoeoro pacteopa - 1.8-1.9 Omwm}. 3gecs e nowasaHs Quarpammbl
Tpancopmaumiz curnanos BOMKS e xamywmecs ¥Y3C (p) u OON (&), a Tarxe hoKyCUPOBEHHEIE KDUBLIE ANA
paauantHbix rnyban 0.2, 0.35. 0.55, 0.85 1 1.35 m.
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Puc. 2. fluazpammer (cneea Hanpaeo): IC u peaucmuesumempa; K u HHKT; BK; BK3; BOMK3:
duazpamMmbl p, U & (30HILr DFOS, DFO7, DF10, DF14 u DF20) u hokycuposanHbie Kpuable

VHTEPBANbI KONNEKTCHOE XOPOoWo EuASNRTCR no sHavueHuAn MC, MK, Soxoeoro kaporaxs u BOSMK3
(x96—x99 5 x01-x05, «06-x0% m). BCE OrM XaAPAKTEPUIYIOTCH HUIKAMA IHAYEHAAMM BENHYUHBI &, [P aTOM
HEMMEHBLUNE IHBEHARA £ COOTBETCTBYIOT MUHUMYMam H3 anarpamme NC U XCPOWO BHINENRIT UHTEPBANDI
necHasnKoB. OTMETUM, HTO YBENAHEMHE (NMHACTOCTH (JameTHoe no ganiom MNC u MK npusognr K
BO3DACTEHWK 11, MTO CCOOEHHO 3BMETHO HE UHTepeane =C6—x10 M. B rnuencTeX wHTepeansx (Bxiwe =890 m)
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IHAYBHNA £, YESNWYUBAIOTCA C yMEeHbWweHwen paboued wactote or 50 eawHuy npy 14 MMy go 100-150 npu
0.875 MIy. Cameimu esicokdmu 3Haveraamu OIN (Bonee 20Q) xapakTepusylOTCR AHTERSANbI NMPUTHIALNW
(#90.5-x84 m), KOTOPLIE NPAKTUNECKU HE BbIASNAIOTCA HA AMArpaMmMax Spyrax MeToaos.

HaubGonee TOMHO rpaHuybl KONMNEKTCOOB BHINENANTCRE No Anarpamman o (BK), o u = (BOIMK3).
OTMaTyM BHCOKDS PE3PelUeHNe B rAMHAX AWarpaMM i, MMMHACTEIE NPOCNoM B uHTepaanax A (=59 5-x01 m), B
(#04.5-x06 m) cTmayaoTcA noswiwaHwem MK ot 5 go & mePMN (A) w c 8 go 12 (B), & uHrepsane C raxcro
BO3PBCTEHMA He HabnwogaeTtcA. Curkanel NC Taxke yBENAMUBBKOTCA B WHTEpBane A ¢ 450 jo 470 B, B - ¢
450 no 460 wB, C - ¢ 480 go 470 mB. B 10 X0 BpE8MA TOHHCOro ONPEASNEHWA FPEHAY MMUHUCTEIX NNACTOS
CAENaTh HENL3A W3-33 CINEWEHHACTA AKarpaMm. MPaHUUbl 3TUX e WHTEPBANOS OYEMb “ETKC BEIQBNAKTCS No
PEIKOMY YBENNHSHWVIO IHAHSHNA £,

Oaxe npy #¥CNoNb30BaHUN BSCBro HaODCPE M3MEpPeHUR HB NEPEMEHHOM TOKE He BCEerja YASeTCH
AOCTATONMO TOHMO ONpPeRendTh ¥Y3T NpUNerasdLyed K CTEHKS CKEaMMHEl 30HEl. 370 XXe KACEETCS OnpeasneHiks
OAN & nnactax ¢ =n3kum Y3C B 3TUx Cnyuanx weNeNb3yercs COBMECTHAR NHBERCHAA QAHHNX HA NOCTORHHOM
(BK3, BK) u nepemenHom (BIMK3. WK v peawctusumeTpun GypoBod xngkecT) Toke, Takaa wHeepcws
NPOBOAWUTCA, KAK NDABAND, B PAMKAX LUWIMMAPWMHOCKW-CNOMCTON MOSENW C NPesBEpUTENLHOW NONNacTOROH
pasbuekon. MonydyeHHan recanekrpuyeckan (Y3C, ONMN) MoaeNs HCNONBIYETCA KaK CTARTOBAR ANA YTOYHEHKA
B PEMKEX OBYMEPHOW NHESPCKM.

Kak wagecTHO, B npoyecce OypeHWRs B KOMNEKTOpe @OPMWPYETCA NDUCKSEXMHHER 30H3
oByCnNeaneHHan NpoHUKHoaeH«em hunsTpaTta Sypoporo pacTeepa. Mo npodunio ¥Y3C B 370 JOHE € NGMOLbIO
MAAPOAWHEMMUECKOrO MOSENUPCESHUA MOKHO OUEHUTE NSPEMETPL! KonnekTepa [4]. MoaTamMy BaXHO Kax MOKHO
TOMHEBE BOCCTaHOBWTL 3TOT paauanbvHeié npotuns. Mpu MHBEPCUMA S3HHLIX OAMOr0 w3 METOAOB 3HAYEHWMA B8
NapaMerpos CObINHO NPUHAGNEXAT LWWPOKOA 0BNacTH SKBMBANEHTHOCTW (5] PasHan wwecTeuTensHoCTs K ¥3C
uw O, pasHele NPOCTPSHCTESHHOE pazpewsHua u rnybukHocTe meTtogoe BK3, BK u BOMKS 3xauuTensso
YMEHBLIEXOT 3Ty 0ONacTs B NPOCTPAMCTES TE03NaKT PUHECKAX NapaMeTpos.

Ha puc. 3 nokasarw guarpammel CKIN & HedTesackieHHOM KonnekTope (x75.5-x79.5 u),
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Puc. 3. Mipakmuveckue duazpammel MC; MK u HHKT; BK (p); BK3 (in); BOMKS (py, 5).
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Ha puc. 4-6 npnesgaeHbl NPUMEDE! UHBEDCUW JaHHBIX BKS, Aansbix BOMK3 » coamacTro BK3+BIMKS
8 WHTEpBane xonnektopa, B nesod YactW puc. 4 nokasaxu kpneeie BK3 (p). Cnpasa - nogoBpauHan
FEOZNEXTPUUECKaR Mofens Ora npreegesa 8 Buge 7TEGNMUE SHAYEHWA NAPAMETPOE W PasMANLHOrO
pacnpegeneinA Y3C (8Hu3Y) CUHTETUGECKWE CUrHANK NOXA23HH NYHKTMPOM HE KPUBbIX JOHAWPOBsanwR. B
pesynbrare WHsepcan nonyweHa mosens cnabonponnuaemore nnacra ¢ YOC 93 Omm v HeGonswuwm

NOHWKAOLUM NPOHKUKHOBERNEM (ToNWMMa 0.23 M, ¥3C 47.3 Om-w)
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Puc. 4. Peaynsmamest uneepcuu xkpueoi K3

B nesoR yacTv puc. 5 nosasano kprebie BOMK3 (BBepxy — Ap v BHW3Y — AA B KEKYWWXCA
CONPOTUENEHWAX) € NCTPEWHOCTAMN  HW3Mepenun (BeprnkansHbie oTpezku). Cnpaea - nogobpasxHan
reQANEKTPUHECKaR MOABNs C NOHWKAIOWEN J0HOH NPOHUKHOBEHWA (TonwwHa 0.29 M u ¥3C 27 7 Onem). Y3C
nnacta 95 Omm

Ji11111

Lt 1
e

Puc. 5. Peaynemamest uHeepcuu kpuaol BIMK3
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B nesoi 4acTi puc. B B KaXYLWXCA CONPOTHBNEHUAX NOKasaww kpwesie B3MK3 (Ap # AA, Beepxy,
BEPTHKANbLHLIE OTPE3KW — NOFPELUHCCTH U3MepeHnn) ¥ BK3 {BHnay). B nogobpaHHoil re0anakTpuieckon Mogeny
NIMENAICTCA NADAMETPH  NOHMXIICWEN 30HH NPOHUKHOBEHMA — yBenusneasTtcA Tonwmea (0.37 ™) »

yrounreTcs Y3C (49.8 Omm)
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Puc. 6. Peaynsmams! coamecmuol uveepcuu kpuestx 6K3 u BOMK3

Bneppoie nony4yeénbl No npakrndecinme AaHHein B3IMK2 guarpammb i, BoicokMe Jxayenws &, (ans
Anunibix 3oMa08 — §0-100) 8 ranHncTeix nnacrax (puc. 2) obycnoeneHsl WX BbICOKOR NONARKIYeMocTso. TaT
e NOPRAOK BENUYMHEL &, QNA TNKH W CYIMUHKOS & AuanasoHe wacToT BGMKS npescautes 8 apyrux paborax [6-
7). B nponmuaemsix NNacTax g, NO CUrHanNam AnWHHLIX 30HS0B HE ONPERENAETCH ¢ [ROCTATOYHOR TOYHOCTLIO.

B mowsHbX nnactax nNPEMMYLLECTESHHO [MWHWCTOTO COCTABE WHOMAA OTMEHAeTes  CHNbHOB
HECOBNAASHUE Kaywrmxcs Y3C, onpeaenesioix no BK3 u no BSMK3. Oaxoi U3 S03IMONHBIX NPUMKH 3TCM0
MOXET DuiTe uacToTHan Aucnepcus OIN B Ananasore patounx yactor BAMK3. Boapactamue axauenui O0MN ¢
YMEHLLUEHMMEMN “ACTOTH XOPOLIO JaMETHO H3 ANarpaMmMax £, B NNaCTaX MMUHUCTOrO W 8prunnuWToB0re CoOCTapa
Bonea To4Ho yacToTHyo gucnapcuio OOMN moxHo oueHuTe no komnnakcy BK3+B3MKS. CHauana no AaHHEM
BK3 CTpOATCA OMMYECKan MOAENb NNAcTa 3areM B PAMKAX NOCTPOEHMOW MOASNW NOADUPEMITCH 3HS“eHWA
OOMN ey5- ANA KaKQo#A HacToTbl. MonyqesHele no npakrudeckum gasHeiM CKIT 48CToTHBIE 33BUCHMMOCTH Lyex
(puc. 8 cneea) COOTBETCTEYHT faHHEIM [6], vamepaHHbIM & NabopaTopHON yeTaHoake Ha cOpasyax ¢ PasHuM
CopepXaxnem rnnHel (puc. 8, cnpaea, qepuuu' yseTom).

85



10,%‘ OTH. % — ey I52 Dwewm :——

—a;mmmuu, 28 Cuw
—=TNNH, 4.56 Crn £en. OTH

— NN, 116 0mMM ea.
- APTMNNMTLY, 22 ONN

—TOHNT-COCMCTAR TIMH WG T
N, 45 Cuw

II/¥i

102

10¢ 107

Macrora, My

Puc. 8. 3asucumocms apPpexmuanot OfMN om vacmomer

3AKINKYEHUE
Mo komnnekcy wamepremelX HOSHIM annaparypHeim komnnekcom CKIT e2nuuMH pelwsacTca kax
TPAAUUMOHHDIE 3a0a%N PA3ABNE8HNA DE3PE3a Ha NNSCThl. YCTAHOBNEHAE NATONOINK W OUBHKB HaCHLYEHNWA, Tak
¥ HOBBIE — YTOUHEHWE CTPOEHWR WIMEMEMHOW 30HEI NO koMnnekcy BK+BK3+BOMK3, oueHKa 3HIYEHMS
3hhexTUSHON ANINSKTPUNECKON NPOHWLAEMOCTH W €€ YACTOTHON AACNEPCHY B AMaSNa30He YacToT BAMKS.
Cospamna adperTnenan aHTEpnpeTauMoHHEs cucTema EMF Pro aAns KOMNNEKCHOW MHTEpNpeTauMu
CUrHANOB NEXTRHYECKEI O W BHCOKDHACTOTHOIO 3NEKTPOMErHUTHOTO METOA0S KapOTanma, BKANYeHHEX & CKI.
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SKL — A NEW SOFTWARE-HARDWARE COMPLEX FOR GEOPHYSICAL LOGGING

Epov M.l, Kayurov K.N., Eremin V.N., Petrov A.N., Volkanin Y.M., Kiselev V.V., Sukhorukova K.V., Glinskikh V.N., Sobolev A.Y.,
Baykova M.A. (Scientific Production Enterprise of Geophysical Equipment «Loochs)

INTRODUCTION

A new joint development of the Institute of Petroleum Geology and Geophysics, Siberian Branch of Russian Academy of Sciences,
and the Scientific and Production Enterprise of Geophysical Equipment "Looch" is SKL hardware-software compiex in rugged housing
designed to perform vertical and inclined boreholes logging. There is a set of geophysical methods in one bundle (Electrical and
Electromagnetic Logging, Resistivity Logging, Spontaneous Potential (SP), Gamma-Ray and Neutron Logging, Temperature Logging,
Directional Surveying). This complex is required to stratify the cross-section, to determine lithological composition, to estimate porosity and
fluid saturation.

As is known, the greater the depth the more complicated the reservoir structure is. Compaction and transformations of rocks are
accompanied by their argillization and pyritization, and also the type of porosity changes from intergranular to fracture one. Nowadays, highly
conductive biopolymer drilling muds are used while drilling increasingly frequently. In the circumstances, the effectiveness of conventional
equipment designed to perform surveying of thick uniform terrigenous reservoirs decreases.

To date, new techniques on how to evaluate the reservoir porosity and permeability properties from the resistivity distribution in the
invasion zone resulting from drilling mud filtration are developed. The radial resistivity profile in the invasion zone is determined by means of
the inversion of signals of High Frequency Electromagnetic Logging (VEMKZ), Lateral Electric Logging Sounding (BKZ), and Lateral Logging
(BK). Experience has shown that when inversion data from these methods was obtained separately one can get not only equivalent, but
sometimes thwarting one another geoelectric models. The combined inversion in many cases removes this contradiction. In practice, there is
a significant time lag between the BKZ and VEMKZ measurements, and the invasion zone may change drastically. The combined inversion
of the BKZ, VEMKZ and BK data measured simultaneously — that can be performed using SKL - eliminates this problem and allows to obtain
coherent resistivity profile.

increasing of the number of characteristics measured by VEMKZ (the relative and absolute amplitudes) raises the efficiency of
inversion in composite cross-sections. First of all, it becomes possible to estimate Relative Dielectric Constant (RDC) of rocks. Using the
whole data set eliminates the ambiguity of interpretation in areas with high electrical contrast.

Applying of SKL reduces the number of tripping operations, eliminates the need for mutual depth match of logs obtained using
different techniques, opens up the possibility of direct current measurements (BKZ, BK) not only in vertical but also in directional and
horizontal wells.

Test measurements were made in December 2007 in one of the wells of the Koltogorskoye field (Western Siberia). From July
2009, the measurements at industrial operating conditions were performed in 28 wells in the Ob latitude area.

SKL-HARDWARE

The SKL wireline complex (Fig. 1) consists of modules for providing electric (BKZ, BK and SP) and electromagnetic (VEMKZ-20)
methods, Resistivity Logging, and also of Thermal Neutron-Neutron Logging (NNLT), Gamma-Ray Logging (Gamma) and Inclinometer
modules. At the suggestion of one of the customers, into the complex there was included three-coil induction logging (IL) sonde. In the
borehole, there are nearly 50 physical characteristics measured. All modules have rugged housing, with the parts affixed by universal joints.
The number of modules depends on current logging tqol objective, concurrently taking into account their compatibility, and measuring point
spacing.

VEMKZ-20 module consists of 9 high-frequency induction sondes, 0.5 m to 2 m long. The sondes are three-coil, asymmetrical,
isoparametric. The measured parameters are phase difference and amplitude ratio of signals in the receiving coils, and also two amplitudes
in the coils of the short sonde [1-3].

The complex consists of modules and includes the following:

— wireline telemetry applicable for the most commonly used well logging units;

- integrated general telemetry module (located at the top) with a standard connector assembly;
- communication and power supply trough circuits;

- RS-485 intermodule interface with galvanic isolation;

- modular components with flexible (within 3-5°) joints;

- mechanical backnuts for module junction;
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- glaclrical connaction per CH-47-7 coanecior (provides imemoedule hydroslate dispntng n the event af emamgancy
depressurization of & module);

elclhica isolation of the common wire apvecoe. cnassis and shielo bodes;

wire lenision ransducars gressure sensors, sccelerometer placec n the leemetry moduke,

VEMKZ modue = mounted batween the BK and HKZ modulkes, 1t2 steel guard nousng serves 3s shielding electzode for BK, anc a
fbergass part of the sonda provdas Isolalion tor BAZ The selemelry modue pedoms lechaclegcal funcions, and alsa prowdes poaer
supply fee the BK and BKZ modules. Al thal. ils howsing is ued as eectrodes and insuatars. As the rasudt af such an assembling. tha meet
comman methaos of measuramant were combined in ona taol of accapeable Bngh (19 M) AL the same lime. meaguring poiils for the most
of matheds appasred 1o be grouped at the kovear Lip of 1he complex. The provdes & minimum szed deac zane downrhale
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COMPUTER-AIDED SYSTEM OF NUMERIC INVERSION

ENF FPRO is 8 naw software systam dasigned 1o interprel dala oblained oy the elecyical srd electromagretic surveyng in the
baraholes. Al lha culpul, thare are geoalectie model and focused surves. The spplcston is besec an jort inversian algorthm,

There are thvee levels of inversion implemented. The first one is the calculaben of apparent resistivey ano the RDC for the
hamagenacus anvinnmant mecel adjusted for tha dershale and tha eccentrcily of the sonde. The second level is deconvoluton, division
into layers, and invergicn unger cylindrical-ayerad model The thrd one & inslenlsnecus twve-gimersicnal inverson in the cass of the
meees with a set of cyirdncal anc plane baundanes, with the develapment of patan-nomegereans modal and iracng of the focLaed crves
&1 8 guen dislenca from the bomanole wel,

In the applicabicn, ¢ is gvailable LAS Jarmat dalz imoed. Visualization of all the signals and meir sransformahbcns bamg mpat ma
tha system = also mplemened. Visuaizabon s based an the potana presentabon of data acoapted for PRIME, GeoPoisk, SIAL-OIS, Cao
O ce sohar intarpralation syslems, ecc.

Al bme-consuming calcuations are performed n a separate system tread. This alows 1o week with a user nlerface while
procassing, AlgorAnms far group oparatiars sut for computing by means of mulliple-procassor 6nd mull-core architeciures. The ayslem @
irgkemenled n C+ language uzing ha cross-piationn graphics litrary QL 1 vaarks under MS Windows KT and above.

I'ne mocukes communcats via interfaces. Each modude 15 ndependent and conssts of an appacaton, nacassary acdilioral dles
alecanon cals. and user assatance Gererakpumpose marfsces ane combined into lbranes. The work wilh dala of each geophyeics method
is pronded by a particuty module. This aliows 1o ade modudes of numerc inversicn for bath the new geaphysical metheds and tha naw toaks
and devicas Smilady, some naw algoathms can be imegrated such as shenno . pseucomverss model reparamatrzation algodthmsa, prmsl-
irverse agornms.

DIGITAL BKZ AND VEMKZ SIGNAL PROCESSING

Shanrg of ampifuce ratia 34 and the phase ditference Ay ncreasas the relabity of resishvity ard 25 radial profile astimations
and ako allows 10 assess the value af the RDC.

Fi). 2 shows & fregment of prectice 0gs In e sandsnele cross-section (borencle diamater 0.216 m, diling mud resi2ivily 1.8-1.9
Cnm-my. IL 8lso shows e gs of the VEMKZ sgnsl franstormations In sppsrent resistiviy (i) and RCC (s}, & well 82 focused curves for
1h6 radad dapens of 0.2, 0.3% 0.56, 0 8% and 1.35 m,
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Fig. 2. Logs (from left to right): SP and resistivity; Gamma and NNLT, BK; BKZ: VEMKZ! o, 4nd & logs
{sondes DFOS, DFO7, DF10, DF14, and DF20), and focused cives

Ragervalr marvals can ne deardy cetrrmned o the 5P, Gamma, Lalerclog, and the VEMKZ values («96-x93.E #01-x05, 06—
<09 m). They & all characledzad by 'ow values of & At the same bma, e lawes! vales af ¢ cormespond 1o SP log lows and distnulively
mark micrvals of sandstare. Nale that (e cayness increags (2ean Yom 5P and Gamma dals) lesds to an noraase of & values 1hat s
aspecially nosceable an Mg ~06-<10-m irterval In day riervals (sbove «30 m), g values noregse wilh the decrease of opersing requency
fram 50 unies 8l 14 MHz W 103-150 st 0.875 MHz  The honest vakies af the RDO (over 200) are n the intervads of pyritization (<80 5-«84 m)
that usually can't be seen a1 the bags of cther methods.
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The best redanvor bouncanes can de determined from py (BX), py and re (VEMKZ) legs. Note that there 15 the nigh rascluticn n
clays of e, ogs. Garena velues of day layers on the & (#89.5-<01 m}, and B {=04.5-+04 m) irsarvals Incrasse *om 5 pRIN %0 3 uRMr (&)
and ¥om 3 pRhrto 12 pRMMe (B), on T nlerval such an increasa is nol obaensd. The SP signals alse norease: in the A irerval - from 450
mV o 470 mV, n the B interva — from 450 mV to 460 mY. in the C mlerval - from 450 mV 1o 470 my At the same lime, the exacl
ceimtation of clay layers can nat be dane because of e flairass of the gs. Tha boundsries of these indervals are wery cleary
mistingushed by a sharp increase of the ¢, vaues.

Even wing Me enlice gl of aliematng-curenl measurements, it is not always acssible to determing enough sccurstaly the
resistuity of the borehale environment It s se ako for RDO estimaton in e farmatons with low resistivity. In thess cases. joinl direct
currant inversion of data (RKZ, B} anc atarnaing-current inversion of dats (VEMKZ, IL. ard driling Nuid resisinity logging) are appled.
Such imvergicn: ae applied ganeraly urder a cylindricsllayered inode. with preliminary divison nfe layers. The obtanac gaoekcing
(resistivey. ROC) medel i us=c as an inflial coe to ke mproved by means of twa-<dimaensiaral invaraion.

As ore knows, near walbors ragion & ormed in the raserveir while dilkrg resulling from the diling mue fltrate avasion Tha
resenair parametsens can be estimaed from the resislivey profie of ths regon [4). Tharefore, £ 15 Imperant 10 oafine tis radial arofile gs
sccurataly 85 pessbie Tha nvarled data vawas undar one of e methods wzuslly e n e wide range of equivalence [5). Cifferent
sergilivity n relation o he registivity ard RCC, different spatisl resclution anc deptk af the BKZ, BK and VEMKZ mehocs sgnificanty
reduce this region n the scepe of geoelecinzal paramesars

Fig. 3 shows the SKL logs in the od-sahuased resenvor (<745 5279 5 m)
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Fig. 3. SP; Gamma and NNLT; BK (a):; BKZ (n); VEMKZ (. &) practice logs

In Figures 44 thare are examples af the 8KZ data irversion, the VEMKZ data inversian and jaint BKZ = V= MK/ data inversion an
the reservor mierval. The left pan of Fig. 4 shaws the BKZ () cunves. In the nght part. there is te bast-fn geoslecin: modeal, Paramater
values are nilroducad in @ labulaled form and in the Toam of e radial rasisimly distibalion (below). Synibelic sigrals are shoan by dazhec
lines an the saunding curves. As a resut of the inversian. the mage! for hardly permeatle layer af 92 Ohmem resssvity ane a sight lowenng
Invasion {thickness — 0.23 m, resstivity — 47 3 Ohmem) was obtanad

I'ne left part of Fig "% shaws the VEMKZ curves {@atthe top - Ag. ard at the botiom - A4, ot the apparent resistivity) with the errars
of measurement [vertcal segments). At the right. e is e best it gueelkecincsl model with lawerng invasion zone (thickness - .25 m.
and reslsiivty — 27 7 Ohmem). Layer resshviy i 9% Onmem

The ieft part of Fig. & shows the VEMKZ curves i the apparent resisinaty [An snd A4 - 2t the top, verical segmenss - the
meazurernenl error), and the BXKZ curves gl the apparenl rasisivily (8l the bolom] 0 e beat-il geoslcincal model, parameaters of Me
loasrng iInvasion zona change - the ickness increases (0,37 m), and fie resistivity improves (488 Obm'm).

Fram the emprizal VEMKZ data, = logs were frsl abtaned, Migh r, vabes {for lang sondes of 63-100) in the clay bearng ayars
Fig. 2; are condlionad oy Melr kgn polargaditty The same arder of magnaude of & for clays and loams in 1he VEMKZ frequency range &
preserted in olber publicaton [6-7]. i parmeatle farmations, . can nol ba determined wath suficient accuracy from the signals of lng
Lonces.

In the thek layers of marly day comoosilion sometimes one can observe 3 significanl difference between the spparent
resglivies detnad oy BXZ ard VEMKZ. The RO fequenny mispersicon in 1he range of the VEMKZ operatng fequencies can be one of ine
poagitle ressons for ths Increasing af tha R vaues dunng frequancy decrease = ceary cbservable an e 5, Iegs of clay ann

70



amgllacecus lxyers. Mare preceely. the ROC frequency esperson can be astmstad by Mie BKZ + VEMKZ caomplex. First, accorging to the
BxZ dats, chmic formalion model is ceveloped. Then, nthe coraxt of tha cavelopad model, ROC values, cee. are fitted for aach frequancy
The g4 Fequency dependences obtanad fram the emprical SKL dals (Fig 7 8t he lefl} correspond ta the dasa (6] measurao n the
samples with Gffarant cay content using the [abaratory faciity (Fig. ¥ at tha nghe, in iack)

o [0 sl s w0 . , =T = iEs] "
e rri ey - I 1
Liw oo »oin i @)
) —
& 'I’ 24222 A1 Lia -
2 i
30 o - s
L i
= \a
A
- / B
- 7
s
e fo‘

iy

—— - .’
F 3 e o0 H " > - -

Fig. 4. The results of the BKZ curve inversion
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Fig. 7. Dependance of the effective RDC on frequency
CONCLUSION

Usng a scope of measuements of the rew SKL handwans complex, one csn complets bolb lhe slandard tasss such as dragirg a
crogs-saction nle layers, dedning 8 ihology. evalusling a eaturalion, and the new fasks such as mprowvng data an the stuciure of sllerad
zonie by means of the BK + BKZ + VEMKZ complex, estmabrg e value of the efactve dilacire constan: ad its Yequency dizpersion n
the range of VEMKZ frequencies

The effecive EMS= PRO systam s developed for inlegrated interpretation of the signak obtained from elecmical and hign-
Irequency alecliomagnelic logeng technicuss combired in SKL
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