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VIl KUTAUCKO - POCCUACKUUA HAYYHbIA CUMMO3NYM «HOBbIE TEXHUKA U
TEXHOJIOMMU B HE®GTEFA3OBOWU MPOMBILLUIIEHHOCTW», 8-19 HOABPA 2014 r.

Matepuansl cumnosunyma. Yoa: nsg-so OOO «HoBTek HoBble TexHornornmy», 2014 r., ¢. 166, nn. 149.

MpencraeneHbl nonHble TekcTol AoknagoB VI Kutalicko-Poccuinckoro HayyHoro cumnosvyma
«HoBble TexHMKa U TEXHONOrMM B HedhTErasoBon MPOMBbILLNIEHHOCTUY, cocTosiBleroca 8-19 HoAbpsa 2014
roga B I [MekuH. [oknagbl POCCUMUCKMX YYaCTHUKOB MNPUBEOEHbl Ha PYCCKOM W aHIMUACKOM A3blKaxX
nocneqoBaTenbHO, AOKNadbl KUTAWCKMX YYacTHUMKOB OMybrivkoBaHbl Ha pPYCCKOM A3blke, MepeBos
OCYLLIECTBMEH KUTANCKON CTOPOHOW.

OcsellaloTca BONPOCHI COBPEMEHHOMO COCTOSIHUSA reodM3NYECKUX WUCCNedoBaHUn HedTerasoBbiX
ckBaXMH B Poccun 1 B Kntae: HOBbIX METOOOB, annapaTypbl, TEXHOMOMIA, MeToaMK 00paboTku.

KHura npegcTtaBnser MHTepec AN LUMPOKOrO Kpyra crneuvanucToB HedTerasoBon oTpacnu u
CTyAeHTOB NpodunbHbIX BY30B.

WManaHve nogrotosneHo k neyatn OO0 «HoBTeK HOBbIE TEXHOMOMMU» MO PELLEHNIO OPrKOMUTETa POCCUIACKOMN
CTOPOHBI.
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© OO0 «HoBTek HoBble TEXHOMOMUM»
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000 «lMasnpom reopecypc» - 100 % poyepHee npeanpuatne OAO «lMasnpom». Ha cerogHawHMIA
O€eHb 3TO KPYNHEeWLWWA POCCUMCKUN UFPOK Ha PpbliHKE HedTerasoBoro cepsuca Poccuu, BegyLmn HayyYHo-
TEXHUYECKUIA LIEHTP ra3oBor oTpacnu Poccum B obnactu reomandeckux nccrnegosanmn n pabot (TMPC) B
HedTerasoBbix CkBaMHax. CerogHsi kKomnaHusi BbinonHseT 95% obbemoB MMPC Ha obbektax OAO
«lasnpom» n asnsetcsa nugepoM B Poccun, saHumas okono 20% pblHka nogobHbix yenyr. MNpeanpuatve
OKasblBaeT yCcrnyru no reodusnyeckum WccnenoBaHusamM u paboTam B CKBaXMHaX, cercMopasBefke, Mo
OypeHUto 1 KanuTanbHOMY PEMOHTY CKBaXKWMH, MO UHTEHCMMKaLUM 00bIYM YINeBOAOPOAOB.

PaboTbl M wuccriegoBaHMA NpoBOAATCS C  UCMONb30BaHUMEM, KaK COBCTBEHHOrO YHWKaNbHOro
obopygoBaHus, Tak U 0bopyaoBaHMsa 1 annapaTypbl KPYNMHENLWMX MUPOBLIX Mpou3BoauTEnen.

Mpon3BoACTBEHHbIE MOLLHOCTU KOMMaHWM pacnonioeHbl BO BCeX pernoHax gestenbHoctn OAO
«asnpom». B ctpyktype OOO «l"asnpom reopecypc» 16 NnponsBoACcTBEHHbIX (hrnmanos, B TOM YMcCre OAuH
— B KasaxctaHe, 6ornee 250 cneumanunanpoBaHHbIX KapOoTaKHbIX U MOMeBbIX CeMCMOpa3BefoYHbIX NapTUi.
Kaxgoe npeonpusatMe UMeeT COOCTBEHHYI TEXHWYECKYI, MCMbITaTeNbHYD U MeTporiormyeckyto 6asbl.
Kpome Toro, nmeeTcst Hay4HO-NPOM3BOACTBEHHbIN ounuan no pa3paboTke U U3rOTOBIEHMIO annapaTtypbl 1
0bopyaoBaHUS; LLEHTP METPOSOrMu cepTudunkauunn.

PaboTbl BeQyTCa Ha TEPpPUTOPMM KPYNMHENLLNX HeddTerasoBbiX NPOBUHLMIA CTPaHbl U 3apybexbs: B
eBponenckon Yactn Poccuu, 3anagHon n BoctouHom Cubupwn, B KazaxcTaHe, Jlateun.

MMaeHasa uenb OO0 «lasnpom reopecypcy» cerogHs — ObIcTpoe U 3 PEKTUBHOE peLleHne 3adad u
npobnem, ¢ KOTOPbLIMU CTankUBaeTCs COBPEMEHHbIN Hegpononb3oBaTensb.

B cBA3M ¢ Tem, 4TO reodmanyeckas AeATeNbHOCTb ABMSIETCA OOHOM M3 Hauboree HayKOEMKUX B
HedTerasaoBOM cepBuce, KOMNaHusi ocoboe BHUMaHWe yOensieTcs Hay4yHO-MCCrneaoBaTeNnbCKOMY PasBUTUIO,
BbIGOPY NPUOPUTETHBIX HaMpaBneHnn n Ux peanusauun. TexHnyeckas NonuTUka NpPeanpuaTUS HanpasneHa
Ha pa3paboTky, npuobpeTeHne u BHeOpeHWE B MNPOU3BOACTBEHHbIX MOApA3dENeHnsax nepenoBblX
TEXHOIMOIMIA, NOBbILLAILLNX reoIOrMYECKY0 1 3KOHOMUYECKYH 3EKTMBHOCTL reorioropa3BefoyHblX paboT

N pa3paboTKkn MECTOPOXKAEHWNNA.



OAO HIMIM «BHAUTNC» aBnaetcs ogHum 13 Begywmnx B Poccumn Hay4yHO-NpOM3BOACTBEHHbLIM NpeanpusTueMm,
CO3[alLWmUM creymnasnbHble U YHUKanbHble METOAbl M TEXHONOMMU Ansd reousnyecknx mccnenoBaHuim HedTerasosblx,
pYOHbIX 1 yronbHbIx ckBaxuH. OAO HIMM «BHUUTUC» aensieTca cTapeniwen reounsnyeckon opraHm3aumen, co CBoen
ncTopuen, obLien cucTeMon LIeHHOCTEN 1 AaBHUMU TPaAULMSMU NPOMbILLIEHHbLIX MHHOBALIMIA.

Mbl BbinonHsieM paboTbl MO NpsIMbIM - AOroBopamM C HedTSAHbIMM  KOMMAHUSMW U UX CTPYKTypamu,
ropHogoGbIBaoLLMK, reodmandeckummn 1 apyrumu npeanpusatusimm Poccum, ctpad CHI, 3apybexHbIMU KOMNaHUSMU 1
durpmamm.

OAO HMNM «BHUWUIMNC» pacnonaraet pasBuToit naGopatopHo 6a3oi, xopowo 06opyaAoBaHHBLIM
METPONOrMYecKMM LLEHTPOM, OMNbITHLIM MPOU3BOACTBOM, UCMbITAaTENBHON CTAaHUMEN U cneunanbHbIMU NogpasaeneHnsmm
Ans npoBegeHusi reodusmyeckux paboT, a Takke, cneuuanucTamm BbICOKOW KBanmmdukauun.. NHCTUTYT no npaBy
ropauTcs CBOMM HayyHblM noTeHuwanom: 3 poktopa m 30 kangupatoB Hayk, 1 akagemuk PAEH, 4 uneHa-
KoppecnongeHta u 1 akagemmk MAHOB, cBbiwe 150 BbICOKOKBANUULMPOBaHHbLIX CreunanmncToB.

OAO HIMMN «BHANTNC» npoBoanT nccnenoBaHust 1 3aHMMaeTcst GU3HECOM B CIEAYHOLLMX HanpaBneHnsX:

(] I/IHC*)OpMaLI,I/IOHHOG conpoBoXxaeHne nNpoBoAKN FOpU3OHTasrIbHbIX N HAKINOHHO-HanpaB1€HHbIX CKBaXXWH;,

(] paanoakTnBHbIE MeToabl ana n3yyeHuna reosniorm4eckoro paspesa CKBaXXUH n KOHTpOnnA
HedpTerasoHacbILLEHHOCTY;

. NPOCTPAHCTBEHHbIE METOAbLI U3YYEHNS1 U MOCTPOEHUS MOAENEN reoriorM4eckoro CTPOeHNs paspesos;

(] reoq)mamqecme nccnenoBaHMAa B OTKPbITOM CTBOJ1€ CKBaXXMH Marioro anameTtpa,

(] aKycTundeckme Metoabl AnA uccrnegoBaHUA OTKPbITOro CTBoSfla U OGCa)KeHHbIX CKBaXXWH pasfinyHoro
anamertpa;

(] KOHTPOJIb TEXHUYECKOro COCTOAHUA KOJIOHH U KOJ'ITP06I/IHFOBOIZ pr6bl, KayecTBa LEeMEeHTUpPOBaHUA
CKBaXXVH;

. npsiMble MeToAdbl MWCCRenoBaHUsi CKBaXKMH annapaTtypol Ha kabene (onpoboBaHue nnactoB w

rMApOAMHAMUYECKMIA KapoTax, OTOop npob M3 cTBOMa CKBaXWHbl, OTOOP KepHa W3 CTEHOK CKBaXWHbI, BTOPUYHOE
BCKpbITUE NNacToB CBepnsaLLMMu nepdopaTtopamm).

. annapaTtypHO-MeToguyeckme KOMMMEKCbl ONA UCCNeaoBaHUs CKBaXWH Ha MECTOPOXAEHWUSX TBepablX
NOMe3HbIX MCKOMaeMblX

Agnpec: 452614, Poccusi, Pecnybnuka balukoptocTaH,
r. Okta6pbckmn, yn. Mopekoro, 1

Ten.: (34767) 5-25-22, 5-27-17, 5-27-06, 5-27-03
dakc: (34767) 5-28-29, 5-27-96

E-mail: info@vniigis.com, cant: www.vniigis.com

OAO NPP «VNIIGIS» is one of the leading research and development companies in Russia, providing special
and unique methods and technologies for geophysical logging of oil and gas, ore and coal wells. OAO NPP «VNIIGIS» is
the oldest geophysical company with its rich history, common set of values and long traditions of industrial innovations.

We perform jobs and services for oil companies and their divisions, mining, geophysical and other companies in
Russia, CIS countries, as well as countries abroad.

OAO NPP «VNIIGIS» has a well-developed laboratory facility, perfectly equipped metrology center, pilot
production plant, safe testing station with modern facilities and special divisions to perform geophysical operations.
Besides all mentioned above, a special attention should be paid to our best trained, highly qualified specialists. The
company is truly proud of its research workers: 3 Doctors of Science and 30 Candidates of Science, 1 Academician of
the Russian Academy of Natural Sciences (RAEN), 4 Associate Members and 1 Academician of International Academy
of Ecology and Life Protection Sciences (MANEB), over 150 highly qualified specialists.

The business and surveys within OAO NPP «VNIIGIS» comprise several areas:

. Information support to drill horizontal and directional wells;

. Radioactive methods to survey geologic profile of the well and to control oil-and gas saturation;

. 3D modeling methods to study subsurface geology;

. Slim hole Open hole logging;

. Acoustic logging for open and cased holes of variable diameter

. Coiled tubing and casing integrity monitoring, as well as well cementing quality;

. Direct wireline logging methods (formation testing and hydrodynamic logging, wellbore sampling, core
sampling from the borehole wall, formation drilling with drilling perforators).

. Apparatus-and-method complexes to log the deposits of solid commercial minerals.

Address: 1, Gorky str., Oktyabrsky, 452614, Bashkortostan, Russia
Tel.: (34767) 5-25-22, 5-27-17, 5-27-06, 5-27-03

Fax: (34767) 5-28-29, 5-27-96

E-mail: info@vniigis.com

Web-site: www.VNIIGIS.com




B 1990 roay B OAO HIMM «BHUUTUNC» BnepBble Gbin pa3paboTaH U UCMbITaH B FOPU3OHTAsbHbIX
CKBaXKMHaX crieumann3npoBaHHbIi annapaTtypHo - Metoanyeckuin komnneke (AMK «TOPU30OHT») Ha 6ase
aBTOHOMHbIX CKBaXKMHHbIX NMPMOOPOB, CryckaeMbIX Ha BypunbHbIX Tpybax.

[nsi BHeOpeHus B NPOU3BOACTBO W Pa3BUTUS TEXHOMOIMM aBTOHOMHOIO KapoTaxa Ha OypurbHbIX
Tpybax AMK «[OPU3OHT» B 1999 rogy rpynnon Hay4HbIX COTPYOHUKOB W MPOU3BOACTBEHHWKOB B
konudyectBe 23 d4enosek ¢ yydactmem OAO HIM «BHAUITMUC» OGbina opraHv3oBaHa HayyHO -
nponseogcTeeHHast pmupma «<AMK TOPN30OHT».

Ha cerogHs B wrtaTte cdupmbl okono 230 cotpyaHukoB. B ctpyktype HIMN® «AMK TOPU3OHT»
CO34aHbl OTAEN 3MEKTPOHWUKKN, KOHCTPYKTOPCKO - TEXHONOMMYECKUI OTAEN, OTAEN METOAUKM U NPOrpamMMHOro
obecneyeHns, NPOMbICIIOBO - reodusmyeckas akcneanums, coctoswwasa us 15 reodpusmdeckux naptmm, KAM.
B cdupme nmeetcs cobCTBEHHBLIN MEXaHUYECKUA LieX, METPOIOMMYECKNA LEHTP, rapax, Npon3BOACTBEHHbIE
nomMeLLeHus.

Hannuve HayyHoro noTeHumana, nNPOW3BOACTBEHHbIX MowHocTen nossonsawT HIMD «AMK
FTOPUBOHT» ocyLwiecTBNATbL CBOKO AEATENbHOCTb Ha PblHKE reodusnyecknx ycnyr ¢ Mcnonb3oBaHUEM
annapartypHo - metogudecknx komnnekcos AMK «FTOPU30OHT» B cnegyowmux HanpasneHusX:

— paspaboTka,

—  W3roTOBNeEHue,

— MocTaBka,

—  cepBUCHOe 0bcnyXuBaHue,

— ycnyrn no reousan4eckuM MCCNefoBaHUAM TOPU3OHTANbHbIX CKBaXXWH M OGOKOBbIX CTBOMOB
curamMu NPoM3BOACTBEHHbIX NapTUN.

bonee gecatn reodusnmyeckux NpeanpusTUin Npuobpenn n ycnewHo MCMonb3ylT annapaTypHo -
meToaudeckune komnnekcbl AMK «TOPU3OHT» B cBOEI AEATENLHOCTMN.

3a npowedwune rogbl NpoBedeHbl HECKONbKO ThicAY reou3nyecknx UccrnegosaHui B
rOpPU3OHTarbHbIX CKBaXXMHax 1 BOKOBLIX CTBOMax B pasnuyHbIx panioHax Poccuu, KaszaxctaHa, Y3bekuctaHa
n YkpauHbl. [Mpu unccnegoBaHUMM TFOPU3OHTAmNbHbLIX CKBaXXWH Mbl  COTpyaHM4aem 6Gonee uem ¢ 40
reousanyeckumMmn NpeanpuaTUAMN, C KOTOPLIMWA COBMECTHO BbINOMHAETCA WHTeprnpeTaums maTtepuanos U
NOAroToBKa 3akmnoyYeHn no ckBaxuHam. B mecsu soinonHsem 90 - 100 kapoTaxen cunamm cBOMX NapTUi.

[nsa BbINOMHEHWS OAHOro KapoTaXka MOXeM OnepaTUBHO BblexaTb 3a 5 - 6 ThICAY KUNOMETPOB.

MocTosAHHOE COBEpLUEHCTBOBAHNE aBTOHOMHbBIX KOMMMEKCOB, pa3paboTka U BHeAPEHME B NPaKTUKY
nccrefoBaHUM CKBaXWMH HOBbIX BWMAOB annapaTypbl, MOBWUMBLHOCTb MapTUK, OnepaTtUBHOE BbIMOSIHEHWE
3aKka3oB, [0Opble NapTHEPCKME OTHOLLEHUsI ¢ reodhmanydeckumn npegnpusatusmm obecneunsaet OO0 HIP
«AMK TOPU30OHT» anHamunyHoe passuTue.

Mpurnawaem K COTPYAHUYECTBY.

452616, Poccus, Pecnybnivka bawkopTtocTaH,
r. Oktsabpbekuin, yn. KyBblkuHa, 42,
dakc (34767) 3-18-10, Ten. (34767) 3-05-10,

e-mail: amkg@amk-gorizont.ru



YBaxaeMmble konneru, gambl u rocrnopa!

OT nmeHn EBpo-Asnatckoro reomanyeckoro obLlecTsa NpMBETCTBYIO BaC, yBaXKaeMbIX KUTANCKUX,
POCCUICKMX, Ka3axckux W ©Oenopycckux cneumanuctoB, npubbiBwnx Ha VIl Kutaricko-Poccuimckmi
CMMMO3NYyM Ans COBMECTHOrO 00CyxaeHus npobnem reousnmyecknx MWccneaoBaHuii HedTerasoBbIX
CKBaXXWH.

Poccuiicko-KuTalickoe coTpygHM4ecTBO B obnactu pas3paboTkm W co3gaHusa  annapatypbl U
reom3n4ecKnx TEXHOMOMMA MO MCCNegoBaHMI0 HEMTSHbIX M ra3oBbIX CKBaXXWMH pPa3BMBAETCS BbICOKMMU
Temnamu. 3a npowegwmne rogbl, C TeX MOP KakK Hayanucb TeCHble KOHTaKTbl HalMX crneumanucTos-
reoM3nKoB, Mbl CTanun CBUAOETENAMWU HOBbIX AOCTMXKEHMW, KaK B POCCUMCKOW, Tak U B KUTaWCKOW
HedTENPOMBICIOBON reodusmke. B pesynbrate COBMECTHOrO cCOTpyAHuYecTBa Oblnn co3gaHbl HOBble
Npubopbl N TEXHOMOMNN.

B TekyLiem rogy y Hac BO3HUKNN NpobneMel, ceadaHHble ¢ caHkumamm CLUA n EC B oTHoweHun TOK
Poccun. OHuM  KacawTca reodmamyeckoro cepsuca Ha ApPKTUMECKOM U NMyOOKOBOAHOM  Lienbde,
MECTOPOXOEHUA C TPYAHO U3BNEKaeMbIMKU 3anacamu yrneBogopoaoB, 3arnpeToM Ha MOCTaBKU OTAENbHbIX
BMOoB obopyaoBaHus. Kak n B apyrme CnoxHble Nepuoabl, KUTanckue U pocCUncKkme reonsnkn oobegnHunm
CBOW yCUnus ans npeoaoneHns BO3HMKLWKX npobnem. N oHn ByayT pelleHbi!

YBepeH, uto VIl Kutancko-Poccunckuii cuMnosmym AacT HOBbIA UMMYMbC Hallemy AernoBomy Wt
OPYXECKOMY COTPYAHUYECTBY, MO3BOMUT OTKPbITb HOBbIE BO3MOXHOCTU ANA 3(PEKTUBHOIO MPUMEHEHMUS
reodonanyeckorn nHcopmaumm npu passeake, paspaboTke n 4obblYe HEPTU.

JKenaw BceM y4yacTHWKaM CUMMO3Wyma MrogOTBOPHOW paboThbl, NOSBNEHWMIO HOBbLIX OENOBbIX U

OPYXECKMX CBA3EN, AanbHENLLNX YCNEXOB BO BCEX HAUMHaHMAX Ha 6naro Knutaa n Poccuu!

B.B. lanteB

Mepebin BUUe-npe3ngeHT EAITO
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«TEXHUKA TUC»



YOK 550.832.5
COCTOAHUE U NEPCMNEKTUBbI PASBUTUA METOOA AAEPHO-MArHATHOIO PE3SOHAHCA
B OO0 «THr-reynmn»

Myxamaduee P.C., Myp3akaee B.M., fly6poeckuti B.C. (OO0 «THI-I'pynn», 2. Bysynsma, Poccus)
Tazupoe M.C., Ckupda B.[]., AnekcaHOpoe A.
(KaszaHckull (lpueosmkckull) ®edepanbHbill YHUsepcumem, 2. KazaHb, Poccusi)

MeTtoa sgepHo-MarHUTHoro pesoHaHca (FIMP) Xxopowo M3BECTEH LUMPOKOMY Kpyry reodu3nkoB-
NPOMbICITOBUKOB, reornoros briarogapsa cBoen otnuynTernbHon ocobeHHocTn. OHa 3akrovaeTcs B TOM, YTO MO
Hanuyuo curHana AMP MOXHO AaTb OQHO3HaYHYH OLEHKY KOMfEKTOPCKUX CBOMCTB nnacta. Mo gaHHbIM
A0EepHO-MarHUTHOrO KapoTaxa onpedensietcs cTeneHb NOABWKHOCTWU provaa, npuyem ang 3Toro Het
HeobXxoOMMOCTWU npuBReYeHns wupokoro komnnekca [UC. B komnnekce ¢ gpyrmmm  MeTogamu
nccrniegoBaHus cksaxuH, AMK gaet gononHUTENbHY MHOPMALMIO O CTPYKTYpe NOPOBOro NPOCTPaHCTBA U
ceoncteax cpritovga B nopoBoM npocTpaHcTBe. C nomouwbtlo AMK BO3MOXHO pasgeneHue BoAbl Ha
cBOBOOAHYIO 1 CBA3aHHYIO BOAY, NOABWXKHYIO U HEMOABWKHYIO COCTaBNsALWne HedTu.

B 1946 r. 6binmn npoBegeHsl AMP-n3mepeHnst B nabopaTtopHbix ycnosusix [4], a yxe cnycta 20 net
npoBeAeH nepsbln kKapoTax Ha npuHumnax AMP B ckBaxkuHe. [Nocne nepsbix Xe ncnbitTaHuin npubopos AMP
B reodmanke 3TO HanpaeneHue ctano OypHo passuBaTbCA. OCHOBHblE HampaBneHus ero NPUMEHEHUs B
NMPOMBICIOBON reounsnke — 3TO rnabopaTtopHble uccrnegoBaHMa 00pas3uoB nopodbl, wWwnama u  ux
UNBETPaLIMOHHO-EMKOCTHBIX cBONCTB (PEC) 1 nsyyeHne saepHo-MarHUTHbLIX CBOMCTB MMacToBbIX ¢hritonaos
B CkBaxuHe [1, 4].

UccnenosaHve paspesoB CKBaXWMH Hadyanocb C NpUMEHeHUs annapaTypbl B Moandukaumm crabbix
nornen wnu, Aapyrumu crnoeamu, B none 3emnu. B Pecnybnuke TatapctaH wmetog AMK B none 3emnu
nornyyun LMpokoe pacnpoctpaHeHne ¢ Hadvana 80-x rogoB M Obin BKAOYEH B 0Bs3aTenbHbIN KOMMeKe
nuccnegoBaHun Gypswmxcss ckBaxuH. B Havane 90-x rogoB obvem npoegeHua AMK pgocturan 1000
ckBaxkvH B rog. MNepebii makeT (obpasey) annapatypbl AMK B none 3emnu 6bin paspabotaH B Havane 70-x
rogoB. Ha cerogHawHun geHb OO0 "THI - Mpynn" aBnseTcs eAnHCTBEHHOW KOMMaHWEN, NpeocTaBnstowen
ycnyrn nposegeHus B nponssoacteeHHoM pexxume AMK B mogudmkauum nonsa 3emnum n uMmeeT MoaerbHbIn
psag annapartypbl pasnvyHoro gnametpa (puc. 1) [2], no3sonsaoLwwmiA NPOBOAUTL UCCINENOBAHNSA B CKBaXXMHAX
CMOXHOW KOHCTPYKUMW, B TOM u4ucrne B HOBbIX pernoHax (3anagHas Cwubupb, Camapckass o6n.,
KpacHogapckuin kpan, Bbenopyccus, KasaxcrtaH, YsbekucTtaH). LudpoBas perucrtpaums, COBpeMEHHble
mMeTogbl 0bpaboTkn curHanoB (puc. 2) N psag NaTEeHTHbIX TEXHUYECKUX PeLleHUn 3HaYUMTENbHO MNOBbLICUNN
TOYHOCTb MOMy4YaeMbIX PesynbTaToB, pacliupsas Tem cambiM obnactb npumeHeHus metoga AMK B none
3emnu. Ha puc. 2 npeacraBneHo paboyee OKHO MporpamMmbl perMcTpaumm, Ha KOTOPOM M300paxeHbi:
satyxatowmi AMP-curHan, ero ®ypbe-CnekTp 1 napameTpbl, onpedeneHHble ¢ 3TOro cnekTpa (HavanbHas
amnnuTyga, BpeMs penakcauum T2, pesoHaHcHas 4actota). Bce 3anucbiBaemble napameTpbl €O
CKBaXXMHHOrO Npmbopa oTobpaxaroT pexmMbl, NP KOTOPOM NPOUCXOAMI KapoTax.

MepcnekTMBHBIMWU HanpaBneHUAMN COBEPLLUEHCTBOBaHUS MeToAda SABMASIOTCS He TOMbKO MOBbILEHWe
YYBCTBUTENLHOCTM UM TMYOBUMHHOCTM npubopa, HO W MeToaMka O0OBpaboTKM NOMyYeHHbIX curHanos. B
HacTosiLLlee BpeMs MraHupyeTcs onpoboBaHMe TeXHONMorMm oopaboTkn penakcaLumoHHOW KPUBOKM 3aTyXxaHusl,

nonyquHoﬁ C MOMOLLbIO «criabononbHOM» annapatypbl B CNEKTP NoO BpeMeHaM penakcauun. [anbHenwasn
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0o6paboTka CheKkTpoB MNO3BOMWUT MNPeAcTaBnATb pesynsraTtbl 3amepa B Buge BWHoe, To ectb Bknag
NMOPUCTOCTEN, NPUXOAALLMX Ha pa3fiMyHble AManas3oHbl BPEMEH penakcauunm, TO eCTb Ha Mopbl Pas3nUYHOro
pasvepa. Takas MeToguka nNpuUMeHseTcs npu obpaboTke pes3ynbTaToB MCCreqoBaHWM, MOMYyYEHHbIX C
NMOMOLLIbIO annapaTtypbl B CUNIbHOM Nore NOCTOsIHHbIX MarHMToB. CrneayeT, 0gHaKko, y4uTbiBaTh TOT OaKT, YTO
AmnanasoH perucTpupyeMbiXx BPEMEH pernakcaumMm orpaHuyeH npu 3amepax npubdopamu B norne 3emnu, Tak
Kak cuMrHan oT CBsiI3aHHOro cpritona, NpuxogsaLLMncsa Ha MepTBOE BpeMs annapaTypbl He peructpupyeTcs. B
TO Xe BpeMs He Bcerga TpebyeTca onpegerneHne KonumyecTBa CBA3aHHoro dniwouga, a nHpopmaums o
BKMNage B MOPUCTOCTb MOP PasfnMYHOrO pasMepa BaHa, TaK Kak HeCceT MHgopMauuio O NoaBUXKHOCTU
dnionga, Hacbiwawero nopuctyto cpegy. Yem 6Gonble Bknag nop 6Gonbliero pasvepa, TeM Bblwe
NPOHULIAEMOCTb KOMNeKTopa.
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Puc. 1. MogenbHbin psg npubopos AMK B Puc. 2. Paboyee okHO nporpammel LmcpoBomn
none 3emnu: a) — {1IK8 — auameTp 140 mm; 6) peructpauumn ¢ dypbe-npeobpasoBaHuem
— MPK9 — guametp 100 Mm;
B) AIK9 — anameTp 80 Mm

Metog AMK B none 3emnu pewaer MHOroducrneHHble reonorn4yeckne 3agadvn, OCHOBHbIMU U3

KOTOPbIX ABNAKOTCA: BblAeneHue KONJIeKTopoB, onpegeneHne ux 3¢)¢)6KTI/IBHOI7I nopuctoctm u

npoHNMUaeMoCT, OueHKa noaABMXHOCTU cbmowp.a, BblgeneHne B komnnekce ¢ MC rasoHacbIWeHHbIX
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KONMEKTOPOB N KOMNIEKTOPOB C BA3KOW HE(PTHLIO.

Ha puc. 3 npeacrtaeneH npuMmep OLEHKM HENOABWXKHOrO drironga B ckBaxkuHe. KapoTtax nposoaurics
Ha nonMMep-menoBOM pacTBOpe, YTO Aenano ero nposedeHue elle bonee npuenekaTenbHbIM C TOYKU
3peHusi onpeaeneHuss adeKTMBHOCTM MeToga Ha HoBbix K. B npegcraeneHHom wuHTepBane Obino
onpegerneHo 6onblLioce coaepkaHue HENOABWXXHOMW HETN NO PaCXOXAEHUAM MOPUCTOCTU NO CTaHOAPTHOMY
komnnekcy MC u no adpdektusHon nopuctoctn no AMK. lMnact B nHTepsane 1256-1257 m egsa nu
COOEPXNUT NOABWKHBLIN ¢oritona, TO €CTb OH NPaKTUYECKMN HEU3BMEKAEMbIN, TaK Kak addeKTnBHAsA NOPUCTOCTb
B HEM O4YeHb Mana npu 3HaduTenbHou nopuctocty no MNC. HecmoTpsa Ha xopollee B LENOM KayecTBO
matepuanos AMK Bbi3biBaeT HEOONbLLOW BONPOC MO ONpeaeneHnto rpaHnL, NnacToB B MHTepBanax 1249.4-
1251.7m n 1259.8-1261.2 M. Mo pgaHHbIM TUC nepBbi NNacT pasgeneH Ha ABa, BUAUMO U3-3a BbICOKON

MWHNCTOCTK, MNpn TOM, YTO aMnnnTyga CurHana B KpOBGJ‘IbHOVI YacTU HecKonbko Oonblle, 4Yem B

nogowBeHHoN. Toxe camoe MOXHO ckasaTtb U npo BTOpOIZ M3 npeacTaBneHHbIX NacToB.

HHTEIDHDOBBHHER CHCTEME OGpeBaTel A8-Hest [VAC (TIPAMa 00O HTK «TeoTaKo. 453000, Vb, yn. e, 13 Ten [347) 2911-206. 9ai; 2-911-207. iforime goclsc ru
VPAH
0 : E
N w [ 10 20 - 0 K‘n_pd:‘cb_‘squ 02 T
BN 0 SQO L ‘an‘ T ) ‘E g Kn - o Ox I3 2
Toput Ve UEKT - WLe] T-—— 3|1 KAOMAHAT o| @
0 % ut o 1 0 Tkn K B 8 " ® I E K 6
) w | L1 2% L 10 108162 8 KAK 4] 3 w0 [
Wg MB I_';;; T Onm £ a as. _g § 1.
v | fami ] AT BAKS RokBMKMs R Ken_re P KeBHio3
- AL 53 12" | : 0 300350 | 1 10 138162 05 o o Knadd me 02 ) 05
% 7t MM Ovm a8 a8 a8
gt Hp A
N g > o — ¢ J
SR — S 2 7
ST =py Ll pEeN 1244|2 L =
L 4 : = 5
[ < < 2 i 9
( ™ 7= 2 > ,
= — ~ P 1248 ﬁ( - 9
F \/> - > -] c‘:) N
= g <—— é e > 5 b= T B
B | b > B <l =
‘55‘5— REaa N 1252 g( o T
¥ [ {{ P A LS o:o R
R : i o] é o= G = A AT
et |7 E <$:,> <>.
S : 1256 g {T N ~
<L iR ST DRy _ ol O0N =
%ﬁgﬁ; % pns T
xull N { s et
S 1260 S —— = sy mm——
=] 511 =1 - e
= 7{ it TR == hoTE
‘_> ~ g
Eap 3 el 1264 [ ¥
JEIE RPN J > — T~
ARARN i —= SHE
! { 2 1268 i
- : 3 = ¢
| ! S 3
[ 3 \ b
\ ) 2 { 1272 &
/ 3 4
J <
| Vd - e I
{ ! > 4 1276 <
| TR =B
L 3
4 i4 d |5 ¢
s ral %4 1280% by

Puc. 3. AMK npu uccnegoBaHum KONNEKTOPOB C BA3KOMN HePTbIO

HoBbii Tonyok B passutumn metog AMP nonyynn B xoge coBMecCTHbIX pabot OO0 «THI-Tpynny» n

Hay4yHoro noTeHuuana Pecnybnukn TaTtapctaH B nuue  KasaHckoro (MpuBomkckoro) degepanbHoro
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YHusepcuteta. bbin Bbinrpad NPAHT Ha co3gaHue BbICOKOTEXHOMOMMYHOWM NPOAYKLMN, KOTopasi He ycTynana
Obl HW POCCUICKMM, HU 3apybexHbIM aHanoram. PesdynsraTtoM TakoW koonepauunm cTana cnegyrollas
annapatypa: CKBaXKMHHbI NPUBOP MarHUTHO-PE3OHaHCHOro kapoTaxHoro Tomorpada (MPKT) — ¢
OVNOMbHLIM MarHUTOM; CKBaXMHHbIA npmbop AMK B cnnbHOM none BCTPEYHO PacronoXeHHbIX MarHUToB —
AMK1; nabopaTopHas yctaHoBka AMP-KepH gnsi nccnenosaHusi 06pasLoB Gorblliepa3MepHOro kepHa Ha
OCHOBE CUIMbHbIX MarHUTHbIX MOMNen, MOMYyYEeHHbIX C MOMOLLLIO WCNOMb30BaHUS KPUOTEXHOMOrMA Ans
yBENUYEHNs YyBCTBUTENLHOCTU annapatypbl U TOYHOCTU onpegeneHus MHTepnpeTaumoHHbIX NapameTpos;
MobunbHasa yctaHoBka AMP-KepH Ha OCHOBE CUMbHbLIX MarHUTHbIX MONen Ang nposedeHus nccnegoBaHun
nonHopasMepHbIX 06pasLoB kepHa 60NbLLIOro AMaMeTpa HENOCPELACTBEHHO Ha OypOBON.

B HacTosee Bpemsa B MUpPe yxe CyllecTByeT ckBaxmHHas annapatypa (MRIL, MREX [5], CMR,
AMTK), ocHoBaHHasi Ha WCNOMb30BaHWUM MOCTOSIHHBLIX MarHUTOB AN CO3[4aHUS MarHUTHOro Mons.
OPeKTUBHOCTL NPUMEHEHUSI  KCUMBHOMOMbHbLIX» MNPUOOPOB B  Pa3fNUYHbLIX  FE0MNOro-TEXHOMOMMYECKUX
YCNOBUAX NPU PELLEHNN MHOTUX reoNorMyecknx 3agay He Bbl3biBaeT COMHEHWUA. Bo-nepBbIX, pernctpupyercs
Gonee LWMPOKMIA Ouana3oH BpPeMeH penakcauuu. OTO MO3BOMsieT BbiAeNATb Npu 0O6paboTke curHanoB
KONMYeCTBO CBA3aHHOIO doritomaa v oLeHUTb Nopbl Manoro pasmepa no CnekTpy BpemeH penakcauum [4, 13].

Bo-BTOpbIX, 0bnacTte cbeMa curHana npu AMK B cunbHOM none HaxoguTcsa 3a npegenamm cTeona
CKBaXXWHbI, ecnu ucnonbe3yetca npubop tuna MRIL [11] (vnn AMTK [9]), nosToMy Ha ero nokasaHuws He
Bnuset curHan ot MK (npu oTcyTcTBUM KaBepH pa3mepom Gonblue, Yem AuMamMeTp 30Hbl UCCNELOBaHMSA).
O6nacTtb uccnegoBaHus npwkmumMmHoro npubop tTnuna CMR [6] pacnonoxeHa Ha paccTosiHuM 2,5 CM OT CTEHKU
CKBaXXMHbl. B 3TOM 3aknioyaeTcs camblil 60MbLLION HEAOCTATOK CUMbHOMONBHON Moandukauun npubopa AMK
— manas my6buHHocTb MeToda. [1oaToMy npu pasBuTUKM MeToda W annapaTtypbl Ha OCHOBE CUNBLHOMO Mons
MOCTOSIHHOTO MarHvTa Hamborbllee BHUMaHWe cregyet obpaliate Ha yBenuveHue rmybuHHOCTU MeToda U
yBENUYEHNN COOTHOLLIEHUS CUrHana K nomexe.

MakeT npubopa MarHMTHO-pe3oHaHCHOro Tomorpadudeckoro kapotaxa (MPKT) ¢ ucnonb3oBaHuem
CUINBHOIO MOMsi MOCTOSIHHBIX MarHWToB Obin pa3pabotaH B OO0 «THI-Tpynn» 1 onpo6oBaH B CKBaXuHe
(puc. 4). Pesynbratamy 006paboTkM MNOMyYEHHbIX AaHHbIX SBNAETCA nNpeacTaBrneHne wHgopmaumun: o
hNOMAOHACHILEHHON MOPUCTOCTW, C pasfgerneHneM Mo CTENeHU CBA3aHHOCTU (KONMYecTBO CBOBOOHOro
dnovga, KonuvyecTBO [MMHUCTO U KaMUMMSPHO-CBA3aHHOMO orovaa), pacnpegeneHve cnekrpa no
BpemMeHaM penakcauuu [12] n onpegeneHne Bknaga pasnuyHbIX AvanasoHoB BpemeH penakcauun (BAHbI),
COOTBETCTBYIOLLMX pasnunyHbIM pa3mepamM nop. Ona cpaBHEHUS Unu ANs OLEHKU CXOXECTU KayeCTBEHHOro
BblOeMneHns KOomnmnekTopoB npegcrtasneHbl kpusble AMK B none 3emnu, B KOTOPOM Hanuyne Korrnekropa B
paspese MNOATBEPXKAAETCH MOMNOXUTENbHBIM OTKMOHEHUEM KPUBLIX aMnnuTyd curHana oT JIMHUM MoMex
(nokasaHWi B MHTepBanax HeKomnmnekTopos).

Ha pblHKe CcyllecTByeT 4OCTAaTOMHO LUMPOKUIN CREKTP NpeaniokeHUn U BO3MOXHOCTEN nccneqoBaHun
metogom AMP kepHoB ¢ ManbiMu pa3mepamy obpasuos. [py aTom annaparypa ans wnsmepeHuin AMP
XapaKkTepucTUK NONHOPa3MepPHbIX KEPHOB NPaKTUYECKM OTCYTCTBYET MUIM B Ka4eCcTBE TakOBOW MCMONb3YTCA
MeAULUHCKNE NpUBOpbI MarHUTHO-pe3oHaHcHoW Tomorpacdum (MPT). Opyroi BaXHbIAi MOMEHT COCTOMT B
TOM, 4TO MpaKkTU4Yeckn Bce Kommepdeckue npubopbl, npedHasHavyeHHble AN WCCNeaoBaHUs KEPHOB,
OPUEHTUPOBaHblI Ha MOoflydYeHMe B OCHOBHOM CTaHAapTHOM WH(opMauuW, OCHOBaAHHOW Ha aHanuse
aMnnuTydbl CUrHana M AaHHbIX MO ChnekTpam BpemeH pernakcaumu. pu aTtom, Kak npasuno, nsMepeHus
koacppuumeHtoB camogomddysumn [8] monekyn cniomga B KepHe MO MPOrpeccuMBHbIM  METOAMKaM C

MMNYNbCHbIM rpagneHTOM MarHUTHOro nona He npegycMoTpeHbl, XOTA MMEeHHO AaHHble Mo UccreaoBaHuio
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TPaHCNALMOHHOW NOABMKHOCTM MOMEKYN XUAKOCTU B 3aBUCUMOCTU OT BPEMEHHbIX NapaMeTpoB UMMYMbCHOW
nocrnenoBaTenbHOCTM CMOCOOHbI HECTU KOPPEKTHYH MHAOPMaLuo O pa3Mepax Mop v npoHuuaemocTtu [7].
Bbinun paspabotaHbl 1 U3roToBrneHbl nNabopaTopHas 1 MmobunbHas ycraHoBkun AMP-KepH. Ons obecneveHus
BbICOKOW 4yBCTBUTENbHOCTU B nabopaTopHoM npubope «AMP-KepH» uMcnomnb3yercs cBepxnpoBogsiiias
MarHUTHas cMctema 3aMKHYTOro uukna. BennunmHa marHutHoro nons coctaenset 1,5 Tn, 4to onsa pesoHaHca
Ha npoToHax cooTBeTcTByeT 64 MIu. Takum o6pas3oMm, nogobHasi MarHuTHas cuctema Haubornee
onTUMarnbHa Ans 3agjadv uccnegoBaHus MONHopasMepHbIX kepHoB ¢ AnameTpom Ao 10 cM. BHewHwuin Bug
TakoN YCTaHOBKW npefdcTasneH Ha puc. 5. B ykazaHHOM MarHUTHOW cUCTEMeE OTCYTCTBYET KOHTYP a3OTHOro
OXNaxgaeHus, a rernvin NoaaepKNBaeTcs B XUAKOM nepeoxnaxgeHHOM COCTOSIHUM C MOMOLLLIO KpUoKynepa

(komnpeccopa).
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OO6wun Bug mMobunbHomn yctaHoBkn «AMP-KepH» nokasaH Ha puc. 6. B eguHom kopnyce npubopa
pa3meLleHbl BCe Heobxoaumble OMOKM NMUTAHWA W 3reKTPOHHble y3nbl. Kpome Toro, mpubop cHabxeH
CMUCTEeMON NO3NLMOHNPOBaHUA uccregyemoro obpasua B gatumke AMP, ¢ NOMOLLbIO KOTOPOW CKaHNpOBaHWe
AMP xapakTepuUCTUK KepHa No ero AfiMHe MOXET OCYLLECTBNATLCS B aBTOMATUYECKOM PEXUME.

Hanwuuune B coctaBe npubopa MOLLHOrO 6noka MMNyrnbCHOro rpagueHTa obecneymBaeT AOCTUXKEHNE
HENpPeB3OWAEHHbIX Ans  Takoro knacca npubOpPOB XapaKTepUCTUK MO  MCCRedoBaHU  MpoLeccoB
camogudpdysum monekyn [8], YTO BakHO AONSA MOMyYeHUs KOPPEKTHOM MHopMauum O pasmepax nop u

NPOHMLLAEMOCTM NOPUCTOro NPOCTpaHcTBa B obpasuax kepHa. C nomolbto AMP-KepH 6bino nccnegosaHo
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6onee 150 m nonHopasmepHoro kepHa. Ha puc. 7 cneea npeacrtaeneH 1 M nccnenoBaHust NONIHOPa3MepHOro
KepHa HernocpeACTBEHHO Ha CKBaXWHe, MOoCcMne ero nogbema Ha NOBEPXHOCTb. VIHTepBanbl C NOABMXHbLIM
dnomgom Obiny onpegeneHsbl NO ANWHHBIM COCTaBMSALWNM BPeEMEH penakcauun (Ha puc. 7 B CnekTpax
CYHUM LIBETOM) W MO MOMOXMWTENbHBIM OTKIIOHEHUAM KPUBOW MOPUCTOCTU (3dheKTMBHAA MNOpUCTOCTb
nokasaHa B norne «llopuctocTb» cuHen 3akpackon). Kpuble AMP-nopuctoctv Obinn nogTBeEpXKOeHbI
KOMMMNEKCOM ApYrux reousnyecknx UccrieqoBaHUn CKBaXKUHbBI (MokasaHbl Ha puc. 7 cnpaea). B mecrtax
paspyLlleHms (4acTUYHOro OTCYTCTBUSI) KepHOBOro Mmarepuana (B konoHke KEPH) kpuBble nopuctoctu
cHuxatoTcs. [o3aToMy 3Ha4YeHUs1 NOPUCTOCTU 3aHWXKEHDI, Tak Kak NMonpaBkW 3a HEMOIMHOE 3arnofiHEHNE KepHa
He genatoTcs.

HoBbIM 0GBHEKTOM UCCrenoBaHUS C NOMOLLbI MobunbHOW ycTaHoBkM AMP-KepH ctann 6utymHble
KepHbl Hernyboko 3anerawowmx nopod. B knaccuueckom npepctasnexnun [14] 6Gutym 3to TBepable vnn
cMornonogobHble (04eHb BA3KME) NOre3Hble UCKoMaemble C MEePBUYHON YrieBOoA0POaHON OCHOBOW. C TOYKM
3peHust AMP 310 0OBEKT MCCneaoBaHWs, UMEKLWUA O4eHb KOPOTKME BpemeHa penakcaumu. CurHansl ot
outymocogepxallmx 06pasuoB ObICTPO 3aTyxarT. ITO ABNAETCS OTNIMYMTENBbHBIM NMPU3HAKOM NPOSBMEHUS
OUTYMOB B 30HE WCCNENOBAHMSA CKBaXXWHHbIX MPMOOPOB, B MecTax, rae no gpyrum gaHHbiM TUC oHu
ABMAOTCA NEPCNeKTUBHbIMU. B oTnuymne ot ckBaxkuHHbIX NpubopoB, HaseMHast AMP-yctaHoBka obnagaet
bonee KOpPOTKMMW BpEMeEHaMW Mexay paamovacTOTHbIMW UMMYNbCaMu U C ee MOMOLLb CTaHOBUTCSA

BO3MOXHbIM permcTpauus o4eHb KOPOTKUX CUrHamMoB (C ManbiMy BpeMeHamu penakcaumm).

Puc. 5. O6wun Bug naboparopHom Puc. 6. O6wun Bua mo6unbHoOM

yctaHoBKU «AMP-KepH» yctaHoBKU «AMP-KepH»
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Puc. 7. AMP-uccnenoBaHue nosiHopasMepHOro KepHa Ha CKBaXXuHe

Moatomy cocTaensiowme drovga, B TOM YUCHE CPeqHen U GONbLUOWM BS3KOCTM MOXHO ONpeaenuTb

No CNEeKTpy BpeMeH penakcauunun. TOMy noatTeepxaeHune - pesynberartbl nccnenoBaHun ﬂMP—XapaKTepMCTI/IK

MorHOpa3MepHOro KepHa
cogepxawmx BUTymMHOro

COOTBETCTBYET CBETIIOMY

HacbILWeHHoro 6utymom, m3obpaxkeHHble Ha puc. 8. WHTepsany nopoa, He
MaTepuana conpoBoxgaeTcs oTcytcTBuemM SAMP-curHanos W CnekTpoB U

uBeTy KepHa (BepxHAs 4vacTb otorpadpum kepHa — none KEPH). lNosiBnexve

GUTyMa xapakTepusyeTcs NosiBNieHMeM COCTaBNSOLWEN B CpegHen YacTu cnekTpa (Ceporo LBeTta), KoTopbii

COOTBETCTBYET CBA3aHHOMY nonay ¢ ManbiMyM BpemMeHamun penakcaumm (Ha dgpotorpacum — none KEPH -

TemHoro uBeTa). [pucyTcTByeT oveHb Hebonbluas YacTb 6onee NOABUXKHOWM COCTaBMAIOLEN (CUHEro LBeTa)

Kak Ha crekTpe, Tak U Ha KPUBOWM MOpPUCTOCTW. ATO Ta YacTb dronaa, KoTopas MOXET ObiTb U3BMNedYeHa 6e3

BTOPUYHbIX METOO0B BO3AENCTBUSA Ha NNacT.
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KEPH TMOPUCTOCTb AMP-CUIHAIT  CREKTPbI
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[ 1]

Puc. 8. AMP - uccnegpoBaHue 6UTyYMHOro KepHa: a) — HeT 6utyma; 6) — GuTyMm npucyTcTByeT

C nomoLlubio MobunbHon yctaHoBkn AMP-KepH 6binv uccnegoBaHbl 06pasubl kepHa ¢ Npu3Hakamu
cnaHueson HedpTn (puc. 9). Mo npuunHe rnybokoro 3aneraHns U HU3KOW NMOPUCTOCTU OGBbEKTA MOPUCTOCTb,
kak obwasa no AMP, Tak M addekTuBHas okasanacb oyeHb Mana. B npegcraBneHHom dparmeHTe
nccrniegoBaHus obwan AMP-nopuctocTb He npeBbiwana 4%, a adpdekTMBHas nNub B OOHOM MecTe

poxoauna ao 1%.
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Puc. 9. AMP - nccnepoBaHue KkepHa ¢ npM3HaKkamum crnaHueBon HedTH

ApnepHo-marHuTHele MeToAbl UCCrefoBaHus OYpHO pas3BMBalOTCsl, OCOOEHHO B cBeTe Mnpobnem u
HaCyLLHbIX reoNormyecknx 3agad, KoTopble CTaBATCA cevyac HeaponobL3o0BaTENsMU.

1) Metog AMK B none 3emnun, obnagas CBOM NPOCTOTON U HAAEXHOCTbLIO, @ TaKkKe MPOrpaMMHbIM
obecneyeHneM c dunbTpaumMen M MNonyyYeHMeM CMeKTPOB BPEMEH pernakcauum npoaorkaeT YBEpPEeHHO
pellaTb NOCTaBMEHHbIE Mepen HUM reoriormyeckne 3agadn. Takas annapatypa HaxoauT NPUMEHeHVe B
HOBbIX pernoHax npu MNPOBEAEHUN WCCMEAOBaHWA B CKBaXKMHAX CRIOXHOW KOHCTPYKLMM, B TOM 4ucne
CUIbHOHAKIMOHHBbIX.

2) CwunbHononbHas ckBaxknHHasa annapatypa AMK 3aHMMaeT egBa N He BbICLLYHO CTYNEHb cpeaun
apyrnx metogoB M'MC n nossonseT onpegenntb C MakcUMarnbHOW JocToBepHOCTbI0 PEC KonnekTopos u
NonyyYnTb AOMOMHUTENBHYI WHGOPMAaLMIO O CTPYKTYpe MOPOBOr0 MPOCTPAHCTBA, CBOMCTBaX MNMacToOBOro
dnonga. CkBaxuHHas annapatypa AMK B cunbHOM norne Mmeet XOpolune MnepcrnekTuBbl ee pas3BuUTUS,
CBSI3aHHble C JOCTWXKEeHMEM Oonbluel rmyOMHHOCTbIO U YYBCTBUTENBbHOCTLIO K M3MEPSIEMbIM NapameTpam.
Annapatypa AMK1 co BCTpe4YHO pacnonoXeHHbIMWU MarHMTamu Mo3BOMUT NPOBOOUTL WCCIEAOBaHMS B

MeHee MCKaKeHHOW 4acTu nnacta (No cpaBHEHWo C aHanoramu). PaspabaTbiBaemasi annapartypa,
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NCMNOMb3YyIOLLEN CBEPXNPOBOASLLNE MarHUTbl A5 NONyYeHUS CBEPXCUMNbHbLIX MarHUTHbIX MONew, no3sBonuT
YBEMNWYNTb COOTHOLLEHME CUrHan/momexa M CyLIeCTBEHHO YBENUUUTb [MyOMHHOCTb WCCNEedoBaHUs W
[O0CTNYb NpefenbHon ToYHoCTH onpenenexms ®EC.

3) MobunsHasa yctaHoBka AMP-KepH 4OCTOMHO 3aHANa HWLWY onepaTUBHONO UcCneaoBaHns KepHa
Ha ckBaxuHe 6e3 npeaBapuTenbHon obpaboTku. OnepaTuBHas uHdopmaunss 06 uccriegyeMom obbekTe,
KpaiHe BaxkHa [Ons Havbonee ONTMMarbHOW MPOBOAKA CKBaXWH, MNPUHATUSI PeLleHMn no crnocobam
OCBOEHUSA TpPyOHOM3BMEKaeMblX 3anacoB HedpTW, B TOM YUCMe MpU  U3YHEHUN HETPaaULMOHHBLIX
KOMMeKTopoB, codepxawmux OuTymbl M craHueBylo HedTb. [locne ocylwecTBneHusa neTpodusnyeckon
NMPUBS3KM WU KOMMNMEKCUPOBaHUS C pesynbTaTaMu WCCMeQoBaHUM KepHa Ha nabopaTopHOW YCTaHOBKe
AaHHble AMP ganyt 6onee geTtanbHylo M MONE3HY0 MHAOPMALMI0 O CTPYKTYpe MOPOBOro MpoCTpaHCTBa U

HacblILLaoLWweM ero gniounge.
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PRESENT STATE AND PROSPECTS OF NUCLEAR MAGNETIC RESONANCE
IN «TNG-GROUP»

Mukhamadiev R.S., Murzakaev V.M., Dubrovskiy V.S. (TNG-Group, Bugulma, Russia),
Tagirov M.S., Skirda V.D., Alexandrov A. (Kazan Federal University, Kazan, Russia)

Method of nuclear magnetic resonance is well known to a wide range of geophysicists and geologists due to its distinctive
feature. This feature consists in that based on NMR signal it is possible to give definite estimation of reservoir properties of the
formation. NMR logs enable to determine fluid mobility and that does not require application of the extended set of logs. In combination
with other logs NMR provides additional information on the structure of pore space and the properties of fluid in pore space. NMR allows
separating free and bound water, live and dead oil.

In 1946 NMR measurements were conducted in lab [4] and 20 years later first NMR logging was performed in the well. Right
after first trials of the NMR tools the method saw rapid development in geophysics. Key applications of NMR in well logging include
laboratory studies of rock/core samples and their porosity and permeability properties as well as studies of the nuclear magnetic
properties of the formation fluids in the well [1, 4].

Borehole measurements started with application of tools in low field (or Earth’s field) modification. In the Republic of Tatarstan
Earth's field NMR became widespread in early 1980's and was included into mandatory set of LWD's. In the beginning of 1990's NMR
production rate reached 1000 wells per year. First Earth’s field NMR tool was developed in early 1970s. Presently, TNG-Group is the
only company providing full-scale production services in low-field NMR logging and possessing the family of different size tools (Fig. 1)
[2] enabling to conduct measurements in complex wells including those in new regions (Western Siberia, Samara Region, Krasnodar
Region, Belorussia, Kazakhstan, Uzbekistan).

Digital recording, up-to-date methods of signal processing (Fig. 2) and a number of patented technical solutions have
significantly improved the accuracy of results thus expanding the application of the Earth's field NMR. Figure 2 shows working window
of the data recording software which displays: decaying NMR signal, its Fourier spectrum and parameters derived from that spectrum
(initial amplitude, T2 relaxation time, resonance frequency). All parameters recorded from the logging tool display the modes in which
the logging took place.

Perspective directions to improve the method include not only increased sensitivity and depth of investigation, but also the
processing of obtained signals. At present, the plan is to test processing of the relaxation decay curve obtained with the low-field tool
into the relaxation time spectrum. Further processing of the spectra will enable to present measurement results in a form of BIN's, that
is the contribution of porosities falling within different ranges of the relaxation times, i.e. within pores of different size. Such method is
used in processing of the results of measurements conducted using the high-filed tools. It is, however, necessary to account for the fact
that the range of relaxation times recorded by the low-field tools is limited, since the signal from the bound fluid falling within the tool's
dead time is not recorded. At the same time, it is not always necessary to determine the volume of bound fluid, whereas information on
contribution of different-size pores into porosity is critical as it contains information on the mobility of the fluid saturating porous

environment. The bigger the contribution of the large-size pores the bigger the permeability of the reservoir.
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Fig. 1. Earth’s field NMR tools family: a) — NL8 — OD Fig. 2. Working window of the recording software with
140mm; b) — MRL9 — OD 100mm; c) NL9 — OD 80mm; x Fourier transform

—recording point

Earth's field NMR addresses multiple geological issues the most important being as follows: reservoir detection, determination
of their effective porosity and permeability, fluid mobility estimation, detection in combination with other logging methods of gas-
saturated reservoirs and reservoirs containing viscous oil.

Fig. 3 shows an example of the dead fluid estimation in the well. The logging was conducted in the lime polymer mud which
made it even more attractive from the standpoint of determining the efficiency of the method in new drilling fluids. Significant dead oil
content was detected in the given interval based on divergences between the conventional log porosity and NMR effective porosity. The
bed in 1256m-1257m interval hardly contains any live fluid, i.e. it is practically unrecoverable because effective porosity in it is very low
given the significant porosity according to SP. Despite good overall quality of NMR data there is minor question regarding the delineation
of formation boundaries in 1249.4m-1251.7m and 1259.8m-1261.2m intervals. According to well logs, the first bed is separated into two,
probably due to high clay content while the amplitude of the signal in the top part is slightly higher than in the bottom. The same applies
to the second bed given herein.

New impetus to the development of the NMR method was received from the joint work of TNG-Group and the scientific
potential of the Republic of Tatarstan in the face of Kazan Federal University. A grant was won to develop high-tech products equal to
the Russian and foreign analogues. This cooperation has resulted in the development of the following tools: NMR logging tomograph
(MRLT) — with dipole magnet; high-field NMR tool (NML 1); NMR-Core laboratory unit for large core samples study based on the high
magnetic fields obtained using cryotechnologies to increase tool sensibility and accuracy of determining interpretational parameters;
NMR-Core high-field mobile unit intended for studying full-size core samples directly at the well site.

Currently there are downhole tools (MRIL, MREX [5], CMR, NMTL) based on the application of permanent magnets to create
magnetic field. The efficiency of using high-field tools in different geological and technological conditions to tackle multiple geological
challenges raises no doubts. First of all, wider range of relaxation times is recorded. This enables during the signal processing to detect
the amount of bound fluid and to estimate small-size pores based on the relaxation time spectrum [4, 13].
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used) and therefore its readings are not affected by the signal from drilling mud (provided the absence of caverns bigger in size than the
investigation area diameter). Investigation area of the clamping tool such as CMR [6] is located 2.5 cm from the wellbore wall. This
proves to be the biggest disadvantage of the high-field NMR tool — low depth of investigation. Therefore in development of the high-field

method and tools special attention should be paid to increasing the depth of investigation and improving signal-to-noise ratio.

and tested in the well (Fig.4). Data processing has resulted in the following information: fluid-saturated porosity with separation by the
degree of connectivity (volumes of free, clay-bound and capillary bound fluid), distribution of the relaxation time spectrum [12] and
determining the contribution of different ranges of relaxation times (BINs) corresponding to the different pore sizes. To compare the

quality of reservoir detection Earth's field NMR curves are given below. Presence of the reservoir in the section is confirmed by the

Fig. 3. NMR studies of viscous oil reservoirs

positive deflection of signal amplitude curves from the noise lines (readings in non-reservoir intervals).
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Secondly, signal pickup area during the high-field NMR is beyond the wellbore (if tools such as MRIL [11] or NMTL [9] are

Model of the NMR logging tomograph (MRKT) using the high field of permanent magnets has been developed in TNG-Group
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There is a variety of offers on the market related to the NMR studies of small-size core samples. At the same time, NMR tools
intended for full-size core analysis are either absent or medical magnetic resonance imagers are used for such purposes. Another
important point is that practically all of the commercial tools for core studies are intended for obtaining predominantly standard
information based on the analysis of signal amplitude and relaxation time spectra. As a rule, measurements of the self-diffusion
coefficient [8] of fluid molecules in the core based on the pulsed magnetic field gradient are not provided although the data derived from
the measurements of the translational mobility of the fluid molecules depending on the time parameters of the pulse sequence can carry
the information on pore sizes and permeability [7]. NMR-Core laboratory and mobile units have been developed. To ensure high
sensitivity, laboratory NMR-Core unit employs superconducting closed-cycle magnet system. Magnetic strength totals in 1.5T which
corresponds with 64MHz proton-resonance frequency. Thus, such magnet system is the most optimal for the purposes of studying full-
size core samples up to 10cm in diameter. External appearance of the unit is shown on Fig. 5. The abovementioned magnet system
lacks nitrogen cooling loop and helium is maintained in liquid super cooled state by the cryocooler (compressor).

External appearance of NMR-Core mobile unit is shown on Fig. 6. Single tool casing contains all necessary power supply
units and electronics. In addition, the tool is equipped with the system for positioning the sample in the NMR sensor which enables
scanning of the core’s NMR properties along its length in automatic mode.

Presence of the powerful pulsed-field gradient unit in the tool ensures best-in-class characteristics in measuring self-diffusion
of molecules [8] which is critical for the purposes of obtaining accurate information on pore sizes and permeability of pore space in core
samples. Fig. 7 on the left shows 1m of full-size core that has been studied directly at the well site. Intervals with live fluid were detected
by the long components of relaxation times (blue-colored spectra on Fig. 7) and positive deflections of the porosity curve (effective
porosity is shown in blue in “Porosity” column). NMR porosity curves were confirmed by other logs (shown on figure to the right). In the

areas where core is disrupted (or partially absent) (CORE column) porosity curves are decreasing. Therefore porosity values here are
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low since there is no correction for partially absent core material.

The new object of measurements by the NMR-Core mobile unit is bituminous core samples of the shallow rocks. In classic
view, bitumen is hard or resinous (very viscous) mineral with primary hydrocarbon base. From the NMR standpoint, it is a measurement
object having very short relaxation times. Signals from the bitumen-containing samples decay very fast. This serves as a distinctive
feature of bitumen in the intervals that had been logged conventionally and found unpromising. Unlike downhole tools, surface NMR unit

has shorter times between radiofrequency pulses and makes possible to record very short signals (with short relaxation times).

Fig. 5. NMR-Core laboratory unit Fig. 6. NMR-Core mobile unit

Therefore components of the fluid, including those of medium and high viscosity, can be detected through the relaxation times
spectrum. This is evidenced by the results of NMR study of the full-size bitumen saturated core sample (Fig. 8). The interval containing
no bitumen shows lack of NMR signals and spectra and corresponds to bright color of the core (upper part of the core photo — CORE
column). Emergence of bitumen is characterized by the components appearing in the middle part of spectrum (grey color) which
corresponds to the bound fluid with short relaxation times (see photo — CORE column — dark color). There is also very small part of a
more mobile component (blue color) both in spectrum and porosity curve. This is the part of fluid that can be recovered without
secondary recovery methods.

NMR-Core mobile unit was used to study core sample showing signs of shale oil (Fig. 9). Due to a great depth and low
porosity of the object, the porosity (both total and effective) turned out to be very low. In given sample total NMR porosity never
exceeded 4% while effective porosity reached 1% only in one instance.
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Fig. 7. NMR study of the full-size core at well site
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NMR logging methods are booming especially in light of problems and actual geological tasks set by the subsoil license
holders.

1) Simple and reliable technology of the Earth’s field NMR as well as the software providing filtering and obtaining
relaxation times spectra confidently continues to solve geological tasks set before it. Such equipment finds application in the new
regions in operations in complex wells including high inclination wells.

2) High-field NMR equipment is perhaps at the highest stage among all other well logging technologies and enables to
determine with maximum reliability reservoir properties and get additional data on the pore space structure and formation fluid
properties. High-field downhole tools have good prospects of their development related to achieving more depth of investigation and
sensitivity to the measured parameters. NML1 equipment with back-to-back magnets will allow measurements in less distorted part of
formation (compared to similar tools). The equipment using superconducting magnets to generate super-high magnetic field will enable
to improve signal-to-noise ratio, significantly increase depth of investigation and reach maximum accuracy in determining porosity and
permeability.

3) NMR-Core mobile unit successfully found its niche in well site core studies without pre-processing. Such live data is of

critical importance for the purposes of optimal well drilling, making decisions on the development of hard-to-recover reserves, including
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the study of unconventional reservoirs containing bitumen and shale oil. After petrophysical calibration and integration of data with
results of core studies on laboratory unit, NMR data will provide more accurate and useful information on the pore space structure and

saturating fluid.
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Fig. 9. NMR study of core with signs of shale oil
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HOBBbIE PELUEHWA ANA NPOBEOEHUA UCCNEQOBAHUA CKBAXXUH B CNOXHbIX YCITOBUAX U
BTOPUYHOI'O BCKPbITUA NIACTOB HA AENPECCUU noA rMysBUHHbIM HACOCOM

Hasapoe A.FO., YepHbix U.A. (000 «JIYKOWUI-NMEPMb», 2. [Mepmb),
Caeuy A.L]., LLiadpyHoe A.A. (I1® OO0 «BK «Eepa3susi», 2. [lepmb, Poccusi),
Wymckuii U.®. (OAO «lMepmHegpmezeopusuka», 2. lNepmb, Poccusi)

B poknage paccmoTpeHbl Bornpockl reodmsmdeckux uccnegosaHun (TMC) B Oypsawmxcs wm
3KCMNyaTaunoHHbIX  FOpU3OHTanbHbIX ckBaxkmHax ([C) ¢ nosvuunm npoBedeHus  reouanyecknx
nccneaoBaHUM B CIIOXHbIX YCroBusX. MNpeanoXxeHsl HOBblE TEXHOMOMMYECKMe npueMbl U obopyaoBaHue ans
BbINOMHEHUsT UCCreQoBaHW B CMOXHbIX  ycrioBusx. WM3noxeH onbIT NpoOBEAEHUA  UCCMEnOoBaHWUN
TEXHOMOrM4YecKMM KoMMrekcoM «Jlatepanb» pasnuUuHbIX Mogudukauui npu pasHblX cnocobax Bbi3oBa
npuTOKa W MNOKasaHo, 4YTO WCNOMNb30OBaHME cCheumanbHbIX TEXHONormn un obopyaoBaHUA MO3BONSAET
NPOM3BOAUTbL MUCCIeoBaHUS B FOPU3OHTarbHbIX CKBaXMHaX norHbiM komnnekcom MMC mn ycnewHo pewartb
nocTaBrneHHble 3agayvun. Takke npeactaBneHa TEXHONOrMA BTOPUYHOIO BCKPbITUSA nnacTtoB (nepdopauumn) Ha
aenpeccum nog rmyobuHHbIM HAcOCOM, KOTopas MOMMMO 3HAYUTENbHOrO MOBbILLEHUA AEOUTOB CKBaXKMH,

NO3BOJIAET COKpalLlaTb BpeMA X BBOAA B SKCriyaTtauuio.

XapaktepucTuka ycroBuin npoBeneHusi reopmsmvecknx UccrneaoBaHUM B rOpPU3OHTaNbHbIX
CKBa)XXMHaX pa3nM4HOM KOHCTPYKLUUM.

Ha wmecTtopoxgeHusix [lepMckoro Kpasi 3HauMTenbHOE KOMUYEeCTBO CKBaXXWH Oyputcs
rOPU30OHTarnbHbIM OKOHYaHWeM CTBomna. XapakTepHOW OCOOEHHOCTbI0 TaKMX CKBaXKWH SBIMSIETCA BblCOKas
cTeneHb HeOOQHOPOAHOCTU OUNBTPALMOHHO-EMKOCTHBIX CBOMCTB MPOAYKTUBHBIX OTNIOXEHUA Ha NPOTSXKEHUN
BCEro YCMOBHO T[OPM3OHTANbHOIO Yy4yacTka CTBona WM 4acToe 0OBOgHeHVMe npogykummM B npouecce
aKkcnnyaTtauum, B TOM 4MCre U B ee Hadane. 970, NOMUMO ornpeaerneHus paboTatolmx y4acTkoB CTBONMA,
BbI3blBAET HEOOXOAMMOCTb BbISICHEHUS MPUYMH MOCTYMNNEHUs BOAbI MpPWU  MOMOLWM  reopmn3n4eckmx
nccrnenoBaHuin, KOTopbiX 3a nocnegHee Bpemsi Tonbko B 'C lMepmckoro pernoHa BbinonHeHo Gonee 120.
Cnegyetr OTMETUTb, YTO B 4YaCTM CKBaXKMH MPOOYKTMBHLIMW OTINOXEHUSIMU SBRASIOTCA KapOoHaTHble
Konnektopa TypHenckoro u dameHckoro apycos (C1t n D3fm), kotopble He obcaxuBatoTcss obcagHom
KONMOHHON. [InuHa YCMOBHO roOpu3oHTanbHbIX y4YacTkoB cTBornoB [C, B ocHoBHOM, He npesbiwaetr 500
METPOB, cpeaHas anuHa - 250 - 300 meTpoB. B TO e Bpema mccnegoBaHMs YCMNELHO BbIMOMHAMMUCE U B
CKBa)XKMHaX C ANTMHOW YCNOBHO ropn3oHTanbHbIX ydactkoB 6oree 1000 m. B cksaxkuHe Ne101 P gnvHon 4580
M ropusoHTanbHas YacTb coctaBsuna 2400 m [7].

B HacTosillee BpemMsi MpakTMdeckn BO Bcex Oypswuxcs u  akcnnyatauuoHHelx [C  Ha
MecTopoxaeHusax [lepmckoro Kpas uccrnenoBaHWs MNPOU3BOAATCS MPU  MOMOLLUKM  TEXHOMOTMYECKOro
komnnekca (TK) «Jlatepanb» pasnuuHbix Mogudukaumi, KOTOpbId obecneynmBaeT  BbIMOMHEHWE
Heobxoaumblx MeTofoB MMC 1 pelleHne reonornyeckmx 3agad npy OypeHun n akcnnyataumm ckBaxuH. TK
obecneunBaetr gocTtaBky K 3ab0sM ropu3OHTamNbHbIX CKBaXWUH reodumanyeckux npubopoB W annapatoB
He3aBMCUMO OT MX Macchbl M AnuHbl. Mogmndumkauum kKoMnnekca Mo3BOMAOT BbINOMHATL reodusnyeckmne
nccnegoBaHMsa NpU NOMOLLM HaCoCHO-komnpeccopHbix Tpy6 (HKT) manoro anametpa («Jlatepans-2005»),

koMbuHaumm HKT u 6e3 mydToBOon cTanenonumepHon Tpybbl («Jlatepanb-2006»), ¢ Mcnonb3oBaHMEM
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obopyaosaHus ans paboT C yCTbeBbIMU U3ObLITOMHbIMKM AaBneHuamun («Jlatepanb-2007»), a Takke npwu
nomoLn BypunbeHbix Tpyb («Jlatepanb-2012»). AnekTpnyeckas CBA3b C NpeaBapUTENbHO ChyLUEHHbIM B
CKBaXKMHY Ha Tpybax npubopom, B Kaaomn u3 MmogudukaLuii, BeINOMHAETCS NPy NOMOLLM 3aKPENMEeHHOro Ha
reogmanyeckoM kabene cneumanbHOro yCTPoNCcTBa (KMOKPBIN KOHTaKT»), KpenrneHne konoHHbl HKT manoro
anametpa (33 MM) K reopmsmnyeckomy kaberno NponsBoauTCa Npy NOMOLLM KabernbHOro 3aXxxmma.

HecMoTps Ha Hanuyne NepevMCrieHHOro CNeKTpa TEXHOMOrMYECKMX KOMMIEKCOB AMsl BbINOMHEHMWS
MC, nocne BCKPbITUSA NPOAYKTUBHBIX TEPPUrEHHbIX OTNOXEHWUIA GOOPUKOBCKOrO U pafaeBCcKOro ropu3oHTOB
(C1bb n C1rd), koTopble nepen OypeHWEM YCIOBHO rOpPU30OHTarbHOMO y4yacTka rnepekpbiBatoTcst obcagHon
KONMOHHOW, WUCCNEeAOBaHWs B HUX OO0 MOCMNEQHEro BPEMEHW BbIMOMHANUCL B OCHOBHOM aBTOHOMHbLIMMU
reou3n4eckMMm Komnnekcamu. Bbi3BaHO 3TO TeM, YTO B YKa3aHHbIX MHTepBanax, rge 3eHWUTHble Yribl
pocturatotr 80 n Gonee rpagycoB, a CTBOST CKBaXKMHbl OCMOXHEH KkaBepHamu, Ana uccnegosaHun TK
«Jlatepanb-2005» HeobxoamMma TLlaTenbHas MOArOTOBKA CTBOMOB CkBaXMH. B To e Bpems, npu
HeobX0QUMOCTM BbINOMHEHMS paclumpeHHoro komnnekca MNC B ykazaHHbIX OTMNOXEHUSIX, @ Takke B GOKOBbIX
ropuM3oHTanbHbIX CTBOMAax WCCNENOBaHWS BbIMOMHAOTCA MPU MOMOLLM YMOMSIHYTOTO TEXHONOrM4ecKoro
KoMnrekca, B TOM 4ucne npu nomowiM moayneHon annapatypbl Tuna MAIUC-2. Teodwusmyeckue
NCCNedoBaHWsA, BKMOYas M3MEpPEHMs annapatypord NsiTM  30HAOBOIO  MHAYKLMOHHOIO — KapoTaxa,
BbIMOSHAIOTCA 32 OOHY CMYCKONOABbEMHYIO Onepauuio.

Kak yxe ynomuHanocb, nepBoovepenHOn 3agaden, Tpebylowen peweHus un  paspaboTku
TEXHOMOrMYECKMX MPUEMOB WCCNELOBAHWN M METOOAMYECKUX PEeKOMEHAaUWMA MpOBEAEHUS W3MEPEHUA U
WHTepnpeTauun, SBNsieTCA 3agada onpedeneHus WUCTOMHUKOB 0OBoaHeHus. PelueHne 3Ttonm 3apayu
TPaAWLUMOHHBIMX MOAXOA4aMKM, Ha OCHOBaHUWM WCCIeQoBaHMI METodaMu COCTaBa, B YCMOBMSAX CITOXHOW
TPaeKTOpMM YCNOBHO TFOPWU3OHTANIbHOrO YyyacTka CTBOMA@ CKBaXWHbI, COCTOSILLIErO0 W3 BOCXOASILUMX,
HUCXOOSALMNX N TOPU3OHTarbHbIX MHTEPBANOB C MOCTOSAHHO U3MEHSIOLLUMUCS TOMLMHAMM Kaxaon us dgas no
Mepe npoaBmkeHnsa reodmandeckoro npubopa BAONb MHTEpBana UCCnenoBaHni He No3BONSIET O4HO3HAYHO
onpegenuTe MecTa nocTynnexHus sogsl [3].

OuepenHoin 0COBGEHHOCTLIO, CO3QaloOLWEN CIOXHOCTM MPU UCCNEeOOoBaHUAX CKBaXKUMH Ha 3Tane ux
OCBOEHMS 1 B MpoLecce 3Kcnnyataumm, aenaercs cneumdumka rmyobmMHHOro obopynoBaHus, NPUMEHSEMOro
npy 3aKaH4YMBaHUM CKBaXXMH MOCPEOCTBOM MPOBEeOEHUs MHOroCTagunHbIX rugpopaspbieoB nnacta (MIPI).
Onst aTux uenen yCcroBHO ropuM3oHTanbHbIE Y4aCTKM CTBOMOB CKBaXWH AuMameTpom 144 mm obcaxmBatoTcs
XBOCTOBMKaMMW, B COCTaBe KOTOPbIX Ha 3afaHHbIX MMybuHax ycTaHaBNMBAOTCS 3aKONMOHHble HabyxatoLne
nakepbl 1 cneuunanbHble My Tbl akTUBMpYyEMble WapoM. MepeuncrieHHoe obopynoBaHNe MMEET pasfMyHbIN
BHYTPEHHUI AvameTp. [uanas3oH M3MEHEHMS OMamMeTpoB MOXET BapbMpOBaTb HA pasfM4YHbIX y4yacTkax
YCINOBHO rOpU30HTarnbLHOro yyactka ot 107 mm go 58 mm nocne dpeseposaHms MyT C Lenbio yBenuyeHus
AnameTpa MnpoxXodHOro OTBepCTUS (UCXOAHbIM AuvameTp oT 38 A0 42 MM). YunTbiBad KOHCTPYKTUBHbIE
ocobeHHocTn TK «Jlatepanb» (MydToBble coeauHeHuns HKT umetoT guameTp 42 MM), a Takke pasnnyHbIX
MoAMMMKALMIA CKBaXKMHHBIX TPAKTOPOB MOXHO NPeAnonoXuTb, YTO B YKa3aHHbIX CKBaXXKWHaX [AOCTaBKY
npubopoB Kk 3a60siM MPOM3BOAWTL NMPW MOMOLLU yKa3aHHOro 060pyaoBaHUSI NPaKTUYECKN HEBO3MOXHO. Ha
HacTosiLLleM 93Tane WCCreaoBaHUsi B TakMX CKBaXWHAX MOXHO MPOBOAUTb TOMbKO MpW  MOMOLLM

JOPOroCTOsILLMX YCTAaHOBOK C rnmbkom 6e3 mydpToBown Tpybow (coiled tubing).
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Pa3spaboTka o60pyaoBaHUA U TEXHONOIUNA.

B pesynsrate HakoMMeHHOro onbiTa M aHanmsa 0obLIOro KonuyecTBa pes3ynbTaToB UCCIeqoBaHUN,
MOMyYeHHOro BO BpPEMS WCCRefOBaHUA TEPPUTEHHbIX OTNOXEHWW B TFOPU3OHTAmNbHbIX CKBaXMHax C
NPUMEHEHWEM Pa3fUYHOro 0bBopyaoBaHUA W TEXHOMOIMA (aBTOHOMHbIE reouandeckue KOMMNEKChl,
XecTkun  reodmamdeckun  kabenb, «Jlatepans-2005») coenaH BbiIBOA4 O  HU3KOW 3O EKTUBHOCTYU
npuMeHsemoro obopyaoBaHusl. JTO OTHOCUTCA Kak K [docTaBke npubopoB Ha 3abon, Tak un K
MHGOPMATUBHOCTU NEPEYNUCTIEHHBIX KOMMMEKCOB U K UX MPON3BOAUTENBHOCTU.

OcHoBHON 06bEM UCCneaoBaHWi, BbIMOMHAEMbIN B 9KCMyaTaLMOHHbBIX FOPU3OHTarnbHbIX CKBaXKUHaX
npyv MNOMOLLM TexHororumyeckoro komnnekca «Jlatepans-2007», NpoBOAMTCA MO TPagULMOHHOW cxeme
Bbl30Ba NPUTOKA METOAOM KOMMpeccupoBaHus. [Ins BbINOMHEHMSA TakuMxX MWccregoBaHui paspaboTaHo
crneumanbHoe obopydoBaHuWe repmeTmsaummn yctbsa [2]. HecMoTpsa Ha KaXKyLlylocs MpOCTOTY U LUMPOKYHO
pacrnpoCTPaHEHHOCTb TakUX UCCNEAOBaHUN TEXHOMOMMS UMEET CyLeCTBEHHble HeOdOCTaTKu, OCHOBHbIM U3
KOTOPbIX SIBMASIETCA BbINOMHEHNE W3MEPEHUA B YCMOBUSX HeCTauMoHapHbIX npoueccoB. Kak npasuro,
BbIBECTM CKBa)XWHY Ha CTaLMOHAPHbIN pexuM paboTbl (ra3nudT), B OTBEAEHHOE AN UCCNELOBaHNIA BpeEMS,
He ydaeTca U U3MepeHUs MNpuxoguTcs MPOBOAUTL B PasfMYHbLIX YCNOBUSAX BO3OENCTBUSA HA CKBaXWHY U
COOTBETCTBEHHO Ha noug (HarHeTaHwe, noodepeaHbl NPopbIB MYCKOBbIX MYy(T, cTpaenusBaHue rasa w3
3aTpybHoro npoctpaHcTBa). Bce 31O npuBOoAMT K ObICTPOM CMeHe 3abOMHbLIX [aBMEHWA, 4TO, B CBOM

o4vyepenb, BbI3bIBAE€T COOTBETCTBYHOLLEE USMEHEHNE NMPOUCXOOALLUNX cbmsmqecmx npoueccos.

Pa3paboTka o6opynoBaHusi.

Ona cnoxHbIX YyCnoBuin npoBedeHUs reodmnsndeckux UccrneqoBaHWA B MeCYaHO - MUMHUCTbIX
OTMNOXEHUSX, BCKpbIBaEMbIX MPU 3€HUTHbIX yrmax nopsgka 80 rpagycoB, a Takke B rOPU3OHTarbHbIX
CKBaXkKMHax OonblIOW ANUHbI pa3paboTaH KabenbHbIi TEXHONMOTMYECKUA KOMMMEKC AOCTaBkM K 3abosm
npubopoB Ha BypunbHbIX Tpybax — komnnekt obopygosaHus kabenbHow cBssu (KOKC), nonyuqvslumn
Ha3BaHue «Jlatepanb — 2012» (puc. 1). PaspaboTtka siBnsieTcsa ganbHenwmnm passutuem TK «Jlatepanb» u
Gasupyetcs Ha OCHOBE YCTPOWCTBA OCYLLECTBIIEHUS SNEKTPUYECKON CBA3W, BbIMOMHEHHOIO B rabapuTHbIX
pasMepax, obecrneumBalowmx paboTy Ha OypurbHbIX Tpybax, KOTOpble HeCyT BCIO Harpysky, a Takke
BbIMOMHSAT TPAHCMOPTHYIO POrib MPU BbIMNOMHEHUU KCcneaoBaHWA. BHYTPEHHsIS KOHCTpyKuMs Kopnyca
obopynoBaHMa obecneumBaeT LEHTPUMPOBaHWE, UKCAUMIO U CTbIKOBKY KabenbHOro  KOHTaKTHOro
HaKOHEYHMKa M KOHTaKTHOro Orioka, a Takke LUUPKyNAUMi0 MPOMbBIBOMHOM XXMOKOCTU AN obecrneveHus
Ha[EeXHOro 3reKTPUYECKoro coeAuHeHUs € MpubopoM, a Takke WCKIYEHUA aBapUNHbBIX CUTyauun C
OypunbHbLIMK TpyBGamu.

CnepytoLlen 0cobeHHOCTBIO KOMMNIEeKca SBMSETCA HanuymMe B ero coctaBe GOKOBOrO repMeTUYHOro
kabenbHOro BBOAA, NpeaHa3Ha4YeHHoro Ans BbiBoda reoduandeckoro kabens B 3atpybHoe npocTpaHCcTBo. B
crny4vae aBapynNHOW CUTyauun ¢ n3BnedeHnem Kkabens oTBepcTue carbHUKa repMeTU3npyeTcs KnanaHom.

Mpu ncnonb3oBaHWM KomnnekcHbIX npubopos tvuna MAITMNC — 2 (KAP-CAP, KACKA[) BO3MOXHO
BbIMOSIHEHNE W3MEPEHUA MNOMHbIM HABopPOM reoU3NYECKNX METOAOB 3a OAHY CMNYCKO-NOABEMHYIO
onepaumio. MNMpn HeO6XOOMMOCTM perncTpaumn AONOMHUTENbHBIX METOAOB (SNEKTPUHECKUN U aKyCTUYECKUN
CKaHepbl, WCMblTaTeNb NMacTtoB Ha kabene, rmapoavHaMMYeckUid KapoTax, M T. 4.) noTpebytoTtcs
OOMOMHUTENbHbIE CMYCKM MNpUMBOPOB. TexHomnorndyeckue onepauun, CBs3aHHble C UCCreqoBaHWSMU B

CKBaXXMHaX, BbINOMHAKTCA COBMECTHbIMU CUmaMn pa6OTHMKOB reomwswqecmﬁ napTmm n 6ypOBOl71 6p14rap.b|.
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Puc. 1. Cxema BbinonHeHust FTMC komnnekTom

obopyanoBaHus kabenbHou cBaA3u («Jlatepans-2012»)

OnbIT uccrneqoBaHWA B CKBaXKMHAX Mokasasi, YTO OCHOBHbIMW NpeuMMyLLecTBaMu B CpPaBHEHWU C
aBTOHOMHBIMW KOMMIIEKCAMW SBMASIIOTCA BO3MOXHOCTb BbinonHeHuss TMC ¢ uvcnonb3oBaHvem kabenst u
npoBedeHNe pacLUMPEHHOrO KOMMMEKCA UCCNEedoBaHUA MU apyrux paboT B ckBaxuHax. OnepaTtmBHOCTb C
BblJayen 3aKkmnioYeHUss No KapoTaxy M NMPUHATUS PeLleHns MO CKBaXKMHE CyLLEeCTBEHHO YBENUYMBAETCH, TaK
KaKk HeT HeobXxoguMOCTM oxuaaTb nogbema OypunbHOrO WMHCTPYMeHTa € npubopoM Ans CUMTbIBAHMSA
nHdopmaunu.

Cneumndukon uccreqoBaHUn B FOPU3OHTANbHBLIX  3KCMMyaTaUMOHHBIX  CKBaXXMHAX, YCIOBHO
rOpU3oHTanbHbIE Y4acTKM KOTOPbIX, ANA  uenerm npou3BoACcTBa MHOMOCTaAuMMHOMO  rmapopaspbliBa,
obopynoBaHbl XBOCTOBMKaMWM CO BCTPOEHHbIMW B HUX 3aKOMOHHbIMK pasbyxalolmMy nakepamui U
cneumanbHbiMU MydTaMu, SIBMSETCS HanmMumMe BHYTPU MyOGUHHOM KOMMNOHOBKW YCTYMOB.

VccnegoBaHus B yKasaHHbIX YCIOBUAX MOXHO 0OOecrnevnTb TOMbKO MpW MomoLin rmbkmx 6e3
MydTOBbIX TPYD Mnu reodunsnmyeckoro kabens noBbILLIEHHOW XXeCTKOCTW. Pa3paboTaH 1 N3roToBneH KOMMNMIeKC
[OCTaBKky NpMBOPOB Ha OCHOBE rMbkon 6e3 MydToBOIN cTanenonMMepHon Tpyobl. OTpe3ok Ha3BaHHON TPyObI
(yAnuHWTENb) C NPOBOAHBIM KaHanoM CBA3WM 00OpyAoBaH KabenbHbIM HAKOHEYHWKOM U NpUOOPHOWA
FONOBKON, K KOTOPbIM MOAKIOYaOTCA TOKOBeAYLLME Xunbl kKabens.

MpoTankueaHve NpubopoB K 3ab0AM NPOM3BOAUTCS MPWU NMOMOLLM Habopa HAaCOCHO-KOMMPECCOPHbIX
Tpy® pacyeTHOM ANWHbI C YCNOBHbIM AuaMeTpom 33 MM (OBWXKWTEMb), KOTOPble MOHTUPYKOT Hag rmoKon
Tpyborn (yanuHutenem). CBA3b C  YAMMHWUTENEM W, COOTBETCTBEHHO, C reouU3nM4yeckum npubopom

Npon3BoOANTCH NPW NOMOLLIM YCTponcTBa anekTpudeckon ceasm (TK «Jlatepans-2006»).
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Puc. 2. CxeMbl KOMNOHOBKU ANA BbINOMTHEHUA MHOIFOCTagUNHbIX rmgpopa3pbiBOB

nJslacToB MU cnycka rmékom Tpyobl ¢ npubéopom

Kak nokasaHo Ha puc. 2, Ans BbINOMHEHUS CMYCKOMOABLEMHBLIX onepauui ¢ yAnMHUTENEM
M3roTOBMSIETCS CheLmanbHbli arperat, KOTopbIi CMOHTUPOBaH Ha Llaccuy npulena 1 B CBOEM COCTaBe UMeeT
nebeaky ¢ 6apabaHom Gonbluoro guameTpa U peBepcuBHbIA NpuBoAd. OuameTp 6apabaHa onpegensetcs
3Ha4YeHMEM MWHUManbLHOrO paguyca u3rmba, HamaTblBaeMoW Ha Hero AfMHHOMEpHoW Tpybbl unu kabens
MOBbILLIEHHOW XeCTKOCTH [4]. MNepBble ycneLuHble CCreaoBaHUs B CKBaXXMHAX nokasanu pabotocnocobHOCTb

KoOMMIekca.

HoBble TexHONoOrMM co cnyckom npubéopoB nog, rnyouHHoe obopyanoBaHue.

Kak nokasbiBaeT onbIT, TEXHONOMMS UCCNENOBaHMIN B CKBaXXMHAX C npegBapuTernbHbiM cnyckoMm TK
«Jlatepanby noa MMyOUHHBLIA 3NEeKTPOLEHTPOOEXHbIA WM LITAHIOBLI HAacoC MO3BOMSIET MNPOBOAUTH
N3MEPEHNs] Ha PpasfUYHbIX pexmmax, B TOM 4YMCre W NpW BbIBOAE CKBaXXWH Ha 3a[aHHbIA  PEXUM
akcnnyaTtaumm. Cxema uccnegoBaHuid No OaHHOW TEXHOMNOrMKM npueedeHa Ha puc. 3. MNMocpeacTtBoM CMeHbI
LWTYLEPOB N M3MEHEHMs1 KonnyecTBa OOOPOTOB BpaLLEHUs1 3rekTpoaBuraTens Hacoca, MOXHO MeHSATb
yCcrnoBusi u3BnedeHust dniounga 3a CYET M3MEHEHMsI OEeNpeccMn Ha NpPOAYKTUBHbIE WHTepBanbl. 3TO
no3BonsieT Ha 6onee BbICOKOM YPOBHE MPOU3BECTM U3MEPEHUS, YBEPEHO OMPELENUTbL MecTa NOCTYNNeHus
BOObl M 3aKOMOHHbIX MEPETOKOB, a TakkKe OLEHWUTb ONTUMAarbHbIA PEXMM 3SKCMyaTauun CKBaXKWMHbI U
NpPOBECTU MOPOAMHAMNYECKNE UCCIEnOBaHUS.

BaXHbIM NpPenMyLLLeCTBOM TEXHOMOMMM SIBMSIETCA  OTCYTCTBUME HEOOXOAMMOCTM NPOM3BOAMUTL
OOCTaBKy CKBaXXMHHOW annapaTtypbl Kk 3ab0siM 4Yepe3 HaCOCHO-KOMMPEeCCOopHble TpyObl, 4TO CHMMaeT
orpaHM4yeHust No BenuYMHe anameTpa npubopos. ATO NO3BOMSIET NPUMEHNATD KeCcTkMe (He aedopMupyemble)
LeHTpaTopbl reodn3nyecknx nNpubopoB, KOTOPLIE 3a CYET Pas3rpy3ku LUTATHbIX LEeHTpupyowmx doHapen u
pacnonoxeHus npubopa Gnmke K OCKM CTBOMNA CKBAXKMHbI, MO3BONSOT NPOBOAUTL KAYECTBEHHbLIE U3MEPEHMS

NONMHbIM Ha60pOM 0aT4YNKOB, BKITHOMAs MEXaAHUYECKUI pacxogomep 1 oatvynkn BnaroMeTpun.
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Puc. 3. Cxema uccnegoBaHmi B FOPU3OHTAlNbHbIX CKBa)XXUHaX, 3KCNnyaTupyemMbIiX

3MNeKTPOLEeHTPOGEXHLIMU HacocaMu

K npumepy, B ckBaxkuHe X1 no gaHHbIM MIC yCnoBHO ropu3oHTarnbHbIA Y4acTOK CTBOMA BCKPbIBaET
HedTeHacbILEeHHble KapboHaTHbIE OTMOXEHMWS, KOMMEKTOPCKME CBOMCTBA KOTOPbIX HEO4HOPOAHbI BOOMb
Bcero nHTepana. OgHako nocne rnycka CKBaXKWMHbI B 3KCMyaTauuio U HEMPOAOIMKUTENbHON ee paboThl B
NpoAYyKLMN NosiBUNach BoAa, KONMYeCcTBO KOTOPOKM Co BpemMeHeM gocTturno 6onee 90 %.

lMepBOHa4YanbHO BbLIMOMHEHHbIE WCCNEAOBaHMA NPUW  MOMOLWUM  TEXHONOMMYecKoro Kommnekca
«Jlatepanb» ¢ BO30OYy>XOEHMEM CKBaXKMHbI KOMMNPECCOPOM HE MO3BOMMUN OAHO3HAYHO OMpenenuTb UCTOYHUK
06BOAHEHNSA MO NPUYMHE HEBO3MOXHOCTY BblBOAA CKBAXMHbI HA YCTAaHOBUBLUUIACA PeXUM paboTbl 3a Bpems,
oTBedeHHOe ANns NPOU3BOACTBA U3MEPEHUN.

Mpu noBTOPHLIX MccregoBaHusix co cnyckom TK «Jlatepanb» nog OULH B ckBaxuHe Obina
npoBedeHa cepus U3MEPEHUIN Ha pPasfM4YHbIX pPexmnMax, CMeHa KOTOpbIX Mpou3Bogunachb MocpeacTsoM
CMeHbl LWTYLEepoOB pasnMyHOro guametpa U W3MEHEeHVWEeM NPOU3BOAMTENbLHOCTM Hacoca. PesynbraTthl
NccnenoBaHUiA NO3BOMWMM BbISIBUTb, YTO WUCTOMHWKOM MOCTYNSEHUs] BOAbl SIBMSOTCA BOAOHACHILEHHbIE
NMecYaHuKN BblLLENeXaLlero ropu3oHTa, KpoBMs KOTOPbIX Haxoautcsa Ha rmyouHe 1588,8 m. Takum obpasom,
nnacrtoBasi Boga NocTynaeT NocpeaCcTBOM 3aKOMOHHOrO nepeTtoka nog Gawmak obcagHowm KonoHHel d = 168
MM, YeMy CrocoBCTBYET HEeYAOBMETBOPUTENBHOE KAaYeCTBO CLENMNEHNs LEMEHTHOIO KaMHS C MOPOAOMN.

Kak BMOHO M3 puc. 4, Ha 3aKOMOHHLIA MNEPETOK yKasblBaeT Hanuyue HyneBoro rpagueHta Ha

aunarpaMmmMax TepMoOMeTpun, a Takke KpuBada CKBaXXMHHOIo TepMonHgukaropa.
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Puc. 4. Npumep nHtepnpetaumm aaHHbix M’UC, nony4YyeHHbIX NpPU nccnenoBaHUsAX

ckBaXuHbl X1 noa rmyGbUHHLIM HaCOCOM

MpeumyliecTBa MCCMEAOBaHUA CO CMYCKOM MOL HAacoC COXPaHSTCS U NPU  UCMONb30BaHWK
TexHororum crnycka komnnekca «Jlatepanb-2005» nog nudToBble TpyGbl M OCBOEHUM CKBaXWHBI MpU
nomolin cBabupoBaHus. Cxema NpoOBEAeHUs WCCrefoBaHWii Mo Takol TexHomnoru npegnonaraet
npoeeaeHve NC COBMECTHO C OCBOEHWEM CKBaXkMHbl CBabuMpoBaHMEM, YTO TMOMKWMO MOBbILIEHNS
MHPOPMAaTMBHOCTM [AaHHbIX KapoTaxa MOo3BONAET 3HaYMTENbHO COKPaTUTb 3aTpaTbl BPEMEHU Ha BBOA
CKBaXXMH B 3KCMJlyaTaumio 3a CHET COBMELLEHUS onepauuii No UX UCCredoBaHUI0 Y OCBOEHMIO.

Ha puc. 5, npueegeH npumep pacnpefeneHuss (M3MeHeHUs) TeMnepaTypHbIX Nonew, nonyyYeHHbIX
MpyY OCBOEHUM FOPU3OHTAsIbHOW CKBaXMHbI X2 METOAOM CBabupoBaHWUS, B COOTBETCTBMU C YNpaBrsieMbiM

N3MEHEHNEM 3HaYeHnn aen peccun.
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Puc. 5. UameHeHne TemMnepaTtypHbIX noneun, BO3HUKAKOLWMX B CTBOJNIE CKBAaXXUHbI

X2 Bo Bpems cBaGupoBaHus
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Mpn nocTeneHHO BoO3pacTaloWMX 3HAYEHUAX [Aenpeccuin, COOTBETCTBEHHO MOCNenoBaTernbHO
BKMOYanuMcb B paboTy HedTeHachllWeHHble Yy4acTkM nnacta. Ha paguarpamme HabnwopaeTtca  poct
ApoccenbHon aHoManun OT (POHOBOW KpuBOW TepmomeTpum (kpacHas) go TM1 (rony6as) npwu pocte
naenexHns B 3 Mlla. MNpun yBenundeHnn genpeccumn o 6 Mlla HabniogaeTcs yBenuyeHue LpoccernbHOMm
aHoManum Ao 3HavyeHun, oTMeYeHHbIXx Ha TM3 (cupeHeBbIn LBeT), 1 T.4. VI3 pucyHka BugHo, 4to Hamnbonee
WMHTEHCUBHO paboTaeT yyacTok B nHTepBarne 2048-2148 M, octanbHas YacTb CTBofa pabotaet cnabo.

Cneayet OTMETUTb, YTO B TedeHMe nepBbix 4 YacoB paboTbl CKBaXKUHbLI HaMbonbLIne gpoccerbHble
aHoManum obpasoBanmcb HanNPOTMB Y4acTKOB MnacTa OTAatoLLMX BOAY, KOTOPY Hanbonee MHTEHCUBHO OHU
NPUHANN BO BpeMs MPOMbIBKM CkBaxuHbl (T1-TcoH - ronybas 3anveka). Btopas cepusi kpuBbix 6bina
3aper1ucTpupoBaHa boree 4eM Yyepe3 12 yacoB Mocre Hayana Bbi30Ba MPUTOKa Npy NOMOLLM CBabMpoBaHusI.
Mo ncreyeHnn aToro BpeMeHn ApocceribHble aHoManum ctanm NposiBASTLCA U HANPOTUB NMACTOB OTAAOLLMX
HedTb, YTO NOATBEPXKOAETCA AaHHBIMU PE3UCTUBMMETPUN.

M3noxeHHble Bbllle TEXHOMOrMM UCCrenoBaHuiA obnagaloT BaXKHbIM  MPENMYLLLECTBOM Nepen
OCBOEHMEM MpX MOMOLLM KOMMpeccopa, KOTOpoe 3aKrdaeTcsi B BO3MOXHOCTM BblGopa M ynpaBneHus
genpeccuein npu Bo30OyXaeHUMM ckBaxkWH. Ha aTon ocHoBe paspaboTaHa MeToauka WcCrnegoBaHUm W
WMHTEpnpeTaum1, HanpaereHHad Ha onpeaeneHne MecCT MOCTYMNNeHWs BoAdbl MO MeTody TEePMOMETpUM C
ncnonb3oBaHneM adpekToB nHBepcun n hkoyna-TomcoHa [5].

Mpu atom acbdekTe n3MeHeHne TemnepaTypbl NOCTynarolero n3 paboTatowero nnacrta dnwovga
onpegenseTcsa crneayowmnM COOTHOLEHEM

AT = (Tc - Tnn) +e % (Pnn - Pc),
roe Tc n T,y - Temnepatypa noTtoka dniroMaa Ha CTEHKe CKBaXMHbl M nnacTtoBas, Pn, n P, - naeneHus
NnacToBOE N Ha CTEHKE CKBaXXMHbl, COOTBETCTBEHHO, €; — aP(PEKTUBHLIN KOIPPULMEHT ApoccenmpoBaHus
(koadbpuumeHT rkoyns — TomcoHa).

OTMEeTMM, 4YTO Ha3BaHHble Bhile KO3PULMEHTLI ANs HedpTn 1 BoAbl OTNMYatoTCA OT ABYX 4O Tpex
pa3 u coctaensaoT Ans Boabl nopsigka 0.02 °C/at, a gnsa Hedptm gocturatot 0.04 - 0.06 °C/aT, 4nga ra3oB OH
UMeEET oTpUuLaTernbHbIA 3HaK 1 N0 abCOMOTHOMY 3HAYEHUIO Ha NopsaaoK bonbLue, Yem ana Hedptn — er = - (0.3
—0.5) °Cl/at [1].

YuutbiBad 10, UTO METOL, TEPMOMETPUN ABMSETCA Hanbonee HageXHbIM, UCMNOMb30BaHNE Ha3BaHHbIX
3aKOHOMEpPHOCTEN MO3BOMNSAET pasfenaTe WHTepBanbl, paboTtawowmne HedTblO M BOAOW B npouecce

n3enevyeHua cbmowp.a N3 CKBaXXWUH.

BTopu4yHOe BCKpbITUE CO CNyCKOM nepdopaTopoB nog riny6uHHbLIN Hacoc.

JanbHerwnM  pasBUTMEM  HanpaefeHUss CO  CMYCKOM  reouanyeckux npubopoB  nofd
BHYTPUCKBaXMHHOE 06OpyAOBaHME cTana TexHonorus nepdopauun Ha Jenpeccun nod rMyBuHHbIM
HacocoM. Takoli noaxog No3eonseT NPoN3BOAUTL BTOPUYHOE BCKPLITME MIACTOB, MUCKMoYaloLlee onepaumm
Mo [OOMOMHUTENBHOMY [TYLUEHUIO CKBaXKWMH, YTO, MOMMMO COKpALLEHWS CPOKOB OCBOEHMWS, MPUBOAUT K
3HaAYUTENBHOMY YBENUYEHUIO NX 4e6UTOB.

Pa3paboTaHO HECKONbKO BapuaHTOB MNpaKTUYeckon peanusauuy nepdopauun nog rnyouHHbIM
HacoCcOM, [Ba M3 KOTOPbIX MPOWIIIOCTPUPOBAaHbI Ha puc. 5, cxema BbINOSHEHWS onepauuidi No NepBoMy

BapnaHTy mnsnaraeTca HMxe.
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Puc. 6. Cxembl BTOPUYHOIo BCKPbITUA N1AaCTOB nNoA rﬂyGMHHbIM HacoCcoMmM

Pa3smelleHne B CKBaXKMHE CHapshKEHHOro nepdopatopa M €ro nuTonorndeckas npuBsiaka
NpoM3BOAATCA [0 crycka rnyoGuHHOro Hacoca. [locre STOro Ha HaCOCHO-KOMMPECCOPHbIX Tpybax
NPOuU3BOANAT CMYCK YCTaHOBKM 3MeKTPOLLEHTPODEXHOro Hacoca C OOHOBPEMEHHONM YCTaHOBKOW Ha TpyObl
cneumanbHbIX 3alUTHBIX LEHTPATOPOB U pasMeLLieHneM B HUX reodumanyeckoro kabens u kabens nutaHus
anekTpoaBuratenss Hacoca. OGa kabensi repmMeTU3VMpyloTCs B y3ne repMeTusaumm YCTbS CKBaXKMHbI,
yCTaHOBINEHHOM Ha (ooHTaHHoW apmatype. [Mpu paboTe Ha CkBakMHaX, OGOPYAOBAHHbLIX LUTAHIOBbLIMU
Hacocamu, y3en repmMeTusauuM COAePXUT OoAWH canbHWKOBbIM BBOA. Co3daHMe NPOEKTHOW Aenpeccuu,
3HaYEeHUs] KOTOPOWM KOHTPOMMPYKOTCA MO AaTynkam reodmandeckoro npubopa, nNpousBoanuTCs 3a CyeT
CHWXeHNs YpoBHSI HacocoM. [MepemelleHnem reodusmyeckoro npubopa ¢ KymynsTMBHbIM nepdopaTopom
YTOYHSIIOT €ro NIUTONOTMMYECKYHO MPUBASKY, Y MHULMUPYIOT nepdopaTtop [6].

Mocne npoBeaeHUss HeobOXOAWMbIX MWCCregoBaHUA C  MOMOLLbI Npubopa, €ero ¢ Kopnycom
nepcopaTtopa pacnonaratoT Ha BECb MEXPEMOHTHbIN Nepuog BHe nHTepBana nepdopauun, reoomsndeckmni
kabenb OUKCUPYIOT Ha CanbHUKOBOM BBOAE, €ro Ha3eMHyl 4YacTb cMmaTbiBaloT ¢ GapabaHa nebepku u
pasmeLlaloT Ha YCTbe CKkBaXuHbl. Mpu HEOBXOAMMOCTM KOHTPONS 3aGOMHOrO W MNacTOBOro AaBMeHUi,
TeKylen Aenpeccun, NoakniovaT K kabento HaseMHylo annapaTtypy KapOTaXKHOW CTaHUMW U NpoBOAAT
N3MepeHNs gaBreHus 1 TemnepaTypbl reopmandeckum npubopom. [Ins onpeneneHvs napaMmeTpoBs drovaa
N ANArHOCTUKN TEXHUYECKOrO COCTOSIHMS y4YacTka IKCMnyaTalMOHHOW KOMOHHbI B MpoLecce aKcnnyaTtauumu,
yCTaHaBnuBaloT YCTbEBOW POSWK, HamaTbiBaloT 3anac reodmanyeckoro kabens Ha 6apabaH nebepgku
KapoTa)kHOW CTaHLUW 1 NPOBOASAT U3MEPEHUS NPUGOPOM B PYHKLIUM FMNYOUHBI.

Takas TexHonorns nepdopauun nog rnyouHHBIM HAaCOCOM Ha Aenpeccun UCKMYaeT yXyaleHue
CBOWCTB NPOAYKTMBHOIO NnracTta B Npu3aboliHo 30He M Croco6CTBYET 04MCTKE NepdopaLMOHHBIX KaHanoB 1

nnacra.
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BbiBoabl:

1. [Insa BbINONHEHUs paclumpeHHoro komnnekca MC B COXHBIX YCNOBUSAX TEPPUrEHHbBIX OTNOXEHUIN
OypsILLMXCA CKBaXXWH M B TFOPWU3OHTamNbHbIX CKBaXkMHax OoOnbLIOW AnvHbI HEOOXOAMMO UCMNOMb30BaTb
KabenbHble TEXHONMOrM4Yeckne KOMMIEeKCbl LOCTaBkM NpubopoB kK 3abosaM Ha OypunbHbIX Tpybax. 3TO
MO3BOSMUT TaKKe NOBbLICUTb ONEPATUBHOCTb C BblOAYeln 3aKMOYEHUSA MO KapoTaxy M NPUHATUS peLllueHus Mo
CKBaXXMHE B CpaBHEHUW C NPUMEHEHMEM aBTOHOMHbIX KOMMIIEKCOB.

2. leocmsmyeckne nccnenoBaHna B OENCTBYIOLLMX FOPU3OHTamNbHbIX CKBaXMHax, 060pynoBaHHbIX
XBOCTOBUKAMU C 3aKOMOHHbIMKM HabyxarwLwumn nakepamm mn noptamm ana nposegeHusa [Pl1, BO3MOXHO
BbIMOMHATL NPU NMOMOLLM KOMIMIEKCHOTO NMPUMEHEHWST YCTAHOBOK C OTPE3KOM FMOKOWM TpyObl UMK >KeCTKOro
reopmamyeckoro kabensa u TK «Jlatepanb-2007». Kak nokasbiBaeT OMbIT 3KChnyatauuu, Takoe
obopyaoBaHMe 3Ha4YUTENbHO AeLLEeBrne 1 npolle B 06CNyXMBaHMN B CPABHEHMWN C YCTaHOBKaMK ¢ rmbkon 6e3
MycpToBou Tpybon (coiled tubing).

3. HecMoTpsa Ha orpaHu4eHHble BO3MOXHOCTM annapatypbl [TMC—KoHTpOns, NCNonb3oBaHUe HOBbIX
TEXHOMOrMYECKNX N METOAMYECKUX NPUEMOB (CNyCK Nog Hacoc 1 NudToBbIE TPYObl, MpUMeHeHne adhdekToB
uHBepcun u [xoyna-TomcoHa) MO3BOMSAET pellaTb 3agadyM MO OnpedeneHuio NocTynawwlero B CTBOS
rOPU3OHTarNbHOM CKBaXWHbI cocTaBa ontonaa, NMOUCKY 3aKOSNOHHbIX MEPETOKOB, BblAENEHUO paboTatoLLmx
WHTEepBanos v ap.

4. TexHonormsa BTOPUYHOIO BCKPbLITUSA MMAAcToB Nog rMyOGUHHBIM HACOCOM MO3BOMSIET WUCKMNIOYUTD
OOpPOroCcTosILLME M3NULWIHME Onepauun No [MyWeEHUIO W MNOCReaylLleMy OCBOEHUIO CKBaXKWH, CO34aTb
ONTUManbHYK AEnpeccuo Ans KAa4eCTBEHHOW OYUCTKM MepdopaumoHHbIX KaHanoB U nNpu3abonHON 30HbI
nnacrta. Pesynstatom nepcdopaumm no Takoh TEXHOMOrMU SBNSAETCA 3HAYUTENbHOE COKpallleHWe CPOKOB

OCBO€HUA CKBaXUH N yBennyeHune nebunTtos no CpaBHEeHUIO C TpaaUUMNOHHO NpuMeHAaeMbiMn cnocobamu.
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NEW CONCEPTS FOR DIFFICULT WELL SURVEY AND SECONDARY DRAWDOWN
STRIKING UNDER A SUBMERSIBLE PUMP

Nazarov A.Yu., Chernykh I.A. (LUKOIL-PERM LLC, Perm, Russia),
Shadrunov A.A. (BK Yevrasia LLC, Perm branch, Perm, Russia),
Shumsky IF., Savich A.D. (Permneftegeofizika OJSC, Perm, Russia)

This paper deals with difficult survey in drilling and producing horizontal wells (HW). We proposed new techniques and
equipment for difficult survey. We described survey experience using various versions of Jlatepanb process system with various
methods of inflow stimulation and demonstrated that specific processes and equipment allow to perform complete survey set in
horizontal wells and achieve the objectives. We also present a technique for secondary drawdown striking (perforation) under a

submersible pump which, beside appreciable increase in well yield, allows to bring wells into service faster.

Survey Condition Specification for Variously Designed Horizontal Wells.

A fair portion of wells in Perm Territory are completed horizontally. Such wells have a specific trait of high non-uniformity in
reservoir properties of pay zones throughout the well section taken as horizontal and frequent water inflow during operation, including
startup. This, beside determination of operating well sections, requires reasons of water inflow to be found out in the course of survey
which has recently been performed more than 120 times in HW of Perm Territory alone. It should be noted that pay zones in some wells
are carbonate collectors of the Tournaisian and Famennian stages (C1t and D3fm) which are not cased. Nominally horizontal sections of
HW bores are mostly 500 metres maximum long, 250 to 300 metres on average. However, survey was also performed successfully in
wells with nominally horizontal sections 1000 m long. Well No. 101 P, 4580 m long, had horizontal section of 2400 m [7].

At present, survey virtually at all drilling and producing HW in Perm Territory is performed using various versions of Jlatreparnb
process system (PS) which supports the required survey methods and achievement of geological objectives when drilling and operating
wells. The PS trips in logging tools and devices of any weights and lengths to horizontal well bottoms. The system versions allow survey
using macaroni pipes (Jlarepanb-2005), combined tubing and without a resin-grouted casing pipe (Jlatepanb-2006), equipment
designed to deal with excess wellhead pressures (Jlarepanb-2007), or drill pipes (Jlatepanb-2012). Each version is connected
electrically to a drillstem tool using a specific device attached to a logging cable (a «wet contact»), a macaroni tubing string (33 mm) is
attached to a logging cable using a cable clip.

Although the above range of survey systems is available, after terrigenous pay zones in Bobrikovsky and Radaevsky horizons
(C1bb and C1rd) which are cased before drilling a nominally horizontal section were drilled in, these were until recently surveyed mainly
using standalone logging systems. This is due to the fact that such intervals where inclination angles are as high as 80 or more degrees
and the wellbore is complicated by sockets, require wellbores to be prepared thoroughly prior to using Jlarepans-2005for survey.
However, should these zones require an advanced survey set, as well as in horizontal offshoots, survey is performed using the above
process system, including MAIMC-2 modular hardware. The survey, including hardware-based five-probe induction survey
measurements, takes one round-trip.

As mentioned above, the top priority which requires survey techniques and guidelines for measurement and interpretation to
be developed is identification of water trouble sources. Conventional approaches to this task, based on compositional tests, in
complicated path of a nominally horizontal well section comprising ascending, descending and horizontal intervals with each phase
varying continuously in thickness as the logging tool moves along the survey interval, do not allow to identify water entry points
unambiguously [3].

Another feature which complicates survey in wells being developed and operated, is the specifics of submersible equipment
which is used to complete wells by multi-stage fracturing (MSF). To do this, nominally horizontal wellbore sections of 144-mm diameter
are cased with liners which are equipped at specified depths with swelling casing packers and specific ball-actuated couplings. This
equipment varies in inner diameter. The diameter variation range may vary within a nominally horizontal section from 107 mm to 58 mm
after the couplings are milled to increase the passage diameter (initial diameter of 38 to 42 mm). In view of design specifics of Jlarepanb
(tubing joint diameter of 42 mm), and various versions of downhole tractors, one can assume that it is not feasible to trip in tools using
such equipment. Currently, survey is possible in such wells only if expensive units with coiled tubing are used.

Development of Equipment and Processes.

From experience and review of a large body of survey data obtained from terrigenous sediments in horizontal wells using
various equipments and processes (standalone logging systems, rigid logging cable, Jlatrepans-2005), low efficiency of the equipment
used can be derived. This concerns both tool lowering and informativity of the above systems and their efficiency.

The body of survey performed in producing horizontal wells using Jlarepanb- 2007 follows the conventional compression-

based inflow stimulation technique. To perform such survey, specific wellhead sealing equipment has been developed [2]. Although such
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survey is seemingly simple and common, the process has major drawbacks, the main of which is non-steady-state measurement mode.
Generally, a well may not be brought to steady-state operating mode (gaslift) within scheduled survey time so that measurement have to
be taken in varying conditions of well stimulation and, thus, fluid stimulation (injection, by-turn fracture of starting couplings, annular gas
bleeding). All this results in fast bottomhole variation which, in turn, causes a congruous change in the physical processes.

Development of Equipment.

For difficult survey in sand-shale sediments drilled in with inclination angles of about 80 degrees, and in long horizontal wells,
a cable communication system (CCS) named Jlatepanb-2012 (Fig. 1) was developed to trip tools on drill pipes. The design is further
development of Nlarepans and in based on an electric communication device of such overall dimensions that make it suitable to be
operated on drill pipes which bear all load and serve as carriers during surveys. Inner design of the equipment housing allows the cable
lug and the switch box to be centered, fixed and coupled, and drilling mud circulation to ensure secure electric connection to the tool,

and preclude any accidents with drill pipes.

Fig. 1. Diagram: Survey Using a Cable Communication System (Jlatepanb-2012)

The system’s another particular trait is that it includes is that it includes a sealed lateral cable inlet, to direct the logging cable
into the annular space. Should the cable removal result in any accident the gland opening is sealed by a valve.

If using integrated devices like MATUC — 2 (KAP-CAP, KACKAL), a full set of logging measurements may be performed during
one round-trip. If additional methods are to be recorded (electric and acoustic scanners, a wireline formation tester, hydrodynamic
logging, etc.) additional tool trips will be required. Any well survey-related operations shall be performed jointly by the logging team and
the drill crew.

Well survey experience demonstrated that primary advantages as compared to standalone systems are that surveys may be
performed using a cable and that advanced survey set and other jobs may be carried out in wells. Logging report preparation and
decision-making concerning a well are speeded up considerably since one need not wait for the drill tool and the recorder to be tripped
out.

Surveys in horizontal producing wells whose nominally horizontal sections, for multi-stage fracturing, are equipped with liners
with integral swelling annular packers and specific couplings, have the specifics of inside shoulder layout.

Surveys in such conditions are feasible only if using coiled tubing or a rigid logging cable. A tool tripping system based on
coiled resin-grouted tubing was developed and fabricated. A section of such pipe (an extension stem) with a wire communication
channel is equipped with a cable lug and a tool head to which the cable conductors are connected.

The tools are pushed down using a tubing set of estimated length and 33-mm nominal diameter (a driver) which are installed
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above the coiled tubing (the extension stem). Communication to the extension stem and, therefore, to the logging tool is performed

using an electric communicator (Jlarepans-2006).

1 - Bexible resin-
grouted pipe secaon
2 — winch drum
3 - rolier Fain
4 — elevaior
5 — ool head

5 — bogging ool

|
‘ AR Al TH A TTS

Fig. 2. Layouts for Multi-Stage Fracturing and Tripping Coiled Tubing with a Tool

As shown in Fig. 2, extension stem-based trips use a specific unit which is installed on the trailer chassis and includes a winch
with a large-diameter drum and a reversing drive. The drum diameter is based on the minimum bending radius value of long tubing

which is wound onto it or of the rigid cable [4]. The first successful field tests demonstrated the system to be operable.

New Processes with Tools Lowered under the Submersible Equipment.

As known from experience, the well survey process when Jlatepans is pre-lowered under the electrical submersible pump or
the sucker-rod pump allows measurement in various modes, also when wells are brought to the specified operating mode. For this
survey technique, see Fig. 3. By changing nipples and adjusting the pump motor RPM, one can modify the fluid recovery conditions by
adjusting the pay zone drawdown. This allows higher level of measurements, secure identification of water entry points and behind-the-
casing flows, estimation of the optimum well operating mode and hydrodynamic testing.

The process has such important advantage that the logging equipment need not be tripped through the tubing which de-
restricts the tool diameter value. This allows to use rigid centralizers for logging tools, which, by relieving the standard centering guides
and bringing the tool nearer to the wellbore axis, allows accurate measurements using a complete set of sensors, including a
mechanical flow meter and moisture meters.

For example, according to the survey, the nominally horizontal bore section in well X1 exposes oil-saturated carbonate
deposits with non-uniform reservoir properties throughout the interval. However, after the well was commissioned and operated for a
short while, water appeared in the yield and, over time, achieved more than 90%.

At first, survey using Jlatepanb and compressor-aided well stimulation failed to identify the source of water troubles since the
well could not be brought to steady-state operating mode within the scheduled measurement time.

The repeat survey with Natepanb lowered under the ESP included a series of downhole measurements in various modes
which were changed by changing nipples of various diameters and the pump output. The survey data demonstrated that water
encroached from water-saturated sandstones of the overlying horizon, their top lying at 1588.8-m depth. Thus, deposit water
encroaches via behind-the-casing flow under the casing shoe, d = 168 mm, which is somewhat due to poor cement stone-to-rock
adhesion.

As one can see from Fig. 4, behind-the-casing flow is demonstrated by presence of zero gradient in the thermometry

diagrams, and by the downhole thermal indicator curve.
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Fig. 3. Survey Diagram for Horizontal Wells Operated by Means of Electric Submersible Pumps
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Fig. 4. Exemplary Interpretation of Survey Data Obtained for Well X1 under the Submersible Pump

The below-pump survey also preserves its advantages when Jlatepanb-2005 is lowered under the lifting pipes and the well
developed by swabbing. Such survey technique assumes survey combined with well swabbing which, beside increase in logging data

meaningfulness, allows major speed-up of well break-in by combining the survey and the completion.
Fig. 5 gives an example of distribution (variation) of temperature fields obtained when horizontal well X2 was developed by

swabbing, depending on controlled variation of drawdown values.
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Fig. 5. Variation of Bore Temperature Fields Arising in Well X2 during Swabbing

As the drawdown values increased gradually, the oil-saturated seam areas got into operation accordingly. The diagram
demonstrates an increase in throttling anomaly from the background thermometric curve (red) to TM1 (cyan) with pressure buildup of 3
MPa. As the drawdown increases to 6 MPa, throttling anomaly is seen to increase to values marked on TM3 (magenta), etc. The figure
demonstrates that the highest production can be seen between 2048 and 2148 m, the rest of the wellbore showing low activity.

It should be noted that, during the first 4 operating hours of the well, the highest throttling anomalies arose opposite the
reservoir areas that yield water which was absorbed by them mostly during well flushing (T 1-Toackgrouna = €yan fill). The second series of
curves was recorded more than 12 hours after swabbing inflow stimulation was started. After this time, throttling anomalies also arose
opposite oil-yielding reservoirs as demonstrated by resistivimetry.

The above survey techniques have such major advantage over compressor-aided completion that drawdown may be selected
and controlled during well stimulation. This fact underlies the technique of survey and interpretation which was designed to identify
points of water entry by thermometry, using the inversion effect and the Joule-Thomson effect [5].

In case of this effect, temperature of fluid which is yielded by a producing reservoir changes as follows:

AT = (Tw = T¢) + &1 % (Pr — Py),
where: T,, and T, = fluid temperature at the well wall and inside the reservoir, P, and P,, = pressure inside the reservoir and at the well
wall, respectively, er = effective throttling factor (Joule-Thomson factor).

Note that the above factors for oil and for water are two to three times different and amount to about 0.02 °C/at for water, 0.04
to 0.06 °C/at for oil, for gases it is negative and by an order of magnitude higher in terms of absolute value than for oil: er = — (0.3 to 0.5)
°Clat [1].

In view of thermometry being the most reliable method, these laws can be used to separate oil-producing and water-producing

intervals when removing fluid from wells.

Secondary Striking with Perforators Lowered under the Submersible Pump.

The technique with logging tools lowered under the downhole equipment developed further into drawdown perforation under
the submersible pump. Such approach allows secondary striking that precludes additional killing of wells which, beside completion
speed-up, increases their yields considerably.

Several commercial versions of perforation under the submersible pump have been developed, two of them are illustrated in
Fig. 6; for the first operating pattern, see below.

The equipped perforator is located inside the well and tied in before the submersible pump is tripped in. After that, the electric
submersible pump unit is lowered on tubing; simultaneously, special-purpose protective centralizers are installed on the tubing, the
logging cable and the pump motor supply cable are located inside. Both cables are sealed inside the wellhead sealing unit at the
production tree. On wells equipped with sucker-rod pumps, the sealing unit includes one gland inlet. Design depression values as
monitored using the logging tool sensors are produced by pumping off the level. The logging tool with a cumulative perforator is

positioned to adjust its tie-in; then, the perforator is actuated [6].
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Fig. 6. Diagrams of Secondary Striking under the Submersible Pump

After all necessary tool-aided surveys are performed, the tool and the perforator body are positioned for the entire overhaul
period outside the perforating interval, the logging cable fixed in the gland inlet, its surface section wound off the winch drum and
located at the wellhead. If the pressure at the wellbottom and inside the reservoir, the current drawdown are to be monitored, the
ground-based logging equipment is connected to the cable, and pressure and temperature measuring using the logging tool. To
characterize the fluid and diagnose the flow string section during operation, a wellhead pulley is installed, the spare section of the
logging cable wound onto the logging winch drum and the tool measurements performed using the depth function.

Such process for drawdown perforation under the submersible pump precludes the reservoir degradation in the critical area

and facilitates decontamination of the perforations and of the reservaoir.

Conclusions.

To perform an advanced survey set in difficult conditions of terrigenous sediments at drilling wells and in long horizontal wells,
cable-based process systems for drill-pipe tripping of tools must be used. This will also allow to speed up the logging report preparation
and decision-making concerning a well as compared to standalone systems.

Surveys in running horizontal wells equipped with liners including swelling casing packers and fracturing ports may be
performed in integrated manner, using systems with a section of coiled tubing or of a rigid logging cable and Jlatrepanb-2007. Operating
experience demonstrates that such equipment is much cheaper and more serviceable as compared to coiled tubing-based systems.

Notwithstanding limited capabilities of survey monitoring systems, new techniques (lowering under the pump and the lifting
pipes, using the inversion effect and the Joule-Thomson effect) allow to analyze the fluid which enters a horizontal wellbore, find
behind-the-casing flows, define producing intervals, etc.

Secondary striking under the submersible pump allows to preclude costly extra operations for kiling and subsequent
completion of wells, generate optimum drawdown for efficient decontamination of the perforations and of the critical reservoir area. Such

perforation technique results in major speed-up of well completion and increase in yields as compared to conventional approaches.
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YAOK 550.832.74
COCTOAHUE U NEPCMNEKTUBbI PASBUTUA ANEKTPUHECKOIO KAPOTAXA CKBAXWH,
OBCAXEHHbIX METAJINIMMECKOMN KONTOHHOM

Xycud M.A., Kawuk A.C., KHuxHepmaH J1.A.

(OAO «lenmpanbHas eeoghusudeckas akcrieduyusi», 2. Mockea, Poccus)

OcHOBHas 4acCTb KPYMHbIX POCCUMCKUX HEMPTAHLIX MECTOPOXAEHUN HAaXoQUTCA Ha NosaHen ctaguu
pa3paboTkM, MO3TOMY WUCCNEOOBaHWE CyLLecTByOLEero hoHAA CKBaXKWH AN U3YYEHUs penakcauMOHHbIX
NpPoLLeCCOB YrMeBOAOPOAOB, BbISIBEHNE HEBbIPAOOTaHHbIX UMW MPOMYLLEHHbIX NPOAYKTUBHBIX MHTEPBArioB U
BOBMeYyeHue nx B pa3paboTKy SABNAeTCS akTyanbHOW 3agaden.

Mocne obcagkn CKBaXKUHbI METanMYecKMMU KONOHHaAMWU U3YYEeHWE COCTOSIHUS 3KCMyaTupyeMbixX
WHTEepBarnoB CUNbHO 3aTpygHsaeTcd. Kpome Toro, OMeHb CrOXKHO HaxoguTb MponyLeHHble npu BypeHun Ha
uerneBon 06bEKT NPOAYKTUBHbIE MHTEPBArbl U Tak Ha3blBaeMble TEXHOrEHHbIE 3anexu.

CyuwecTtByeT psa cnocoboB HabnogeHns 3a U3MEHEHNsMU NapameTpoB KOMMeKToOpoB BO BPEMEHMU
(MeToAbl HEMTPOHHOIO M raMMa-KapoTaxa, akycTudeckoro kapotaxa, CO-kapoTaxa n gpyrue). 3T meToabl
Aoporn U K TOMy e Mo 3EeKTUBHOCTM YCTynalT MeTodaM COnpoTusreHui. lMostomy passutue wu
COBepLUeHCTBOBaHWE METOA4OB W annapaTtypbl, MO3BONALWMX CNeAuTb 38 M3MEHEHUMEM HaCbIWEeHHOCTU
pasnuyHbiMK  rovgaMmm  (UNU  rasom) NNacTOB-KOMNMEKTOPOB 4Yepe3 o6CadHylo KOMOHHY, SABMSETCS
nepcnektuBHbiM. Co3gaHne TakMx MeTodoB M annapaTtypbl OCOBEHHO BaXHO, Tak KakK MOHUTOPUHI
noBedeHUs 3anexu B TedeHMe nepuoda ee IKChfyataumm SBMAsSeTCs OCHOBOM OUEHKU TeKyLlero
koadhdbuumeHTa nseneveHuns Heptun (KNH).

HauvHas ¢ 1960-x rogos, reodwusmkamuv npeanpuHUMaloTca MOMbITKM CcOo3d4aHusa  annapaTtypbl
3ANeKTpuyecKkoro kKapotaxa obcaxeHHbiXx ckBaxuH (J1.M. AnbnuH, H.A. PoeixnuHckuin, A. C. Kawwuk, A.
KaydmaH 1 gp.).

B HacTosLLee BpeMsa NOSBUMUCL M HAXOQATCA B COCTOSIHMM MPOW3BOACTBEHHOIO onpoboBaHust psa
npunbopoe oueHkn YIOC 3a konoHHon (AKOC (OO0 HIM I'T «Meodmauka»), UHTEX-HIK (OO0 «MHTEX
BHeppenwuey), nepreHTHbIN kapoTtax (OO0 HIMM «EPC»), CHFR-plus (Schlumberger) n gp.).

[MaBHbIM HeJoCTaTKOM  MPUMEHAEMON  annapaTypbl  3NEKTPUYECKOro  KapoTadka CKBaXKWH,
06CaeHHbIX MeTannMyeckon KOrnoHHON, aBnsieTca pabota Ha Manbix curHanax (Ha ypoBHe HaHOBOSLTOB U
HUXeE), YTO Ha (POHE MHOTOKPAaTHO MPEBbLILLIALLIErO NX YPOBHS NoMex 0bycraBnuBaeT:

—  OnuTenbHOe BpPeEMst WU3MEPEHMA B CBSA3M C  HeEOOXOOMMOCTbIO  OCTaHOBKM npubopa
(noToYeYHOCTb M3MepeHuin);

—  HU3KMIA guHaMuyeckuin auanasoH namepsembix YIOC (go 100 Om-m) [1-2].

C nomouubto npoeegeHHoro B OAO «LIM9» maTtemaTtnyeckoro MoaenmpoBaHUsa HaMmmn yCTaHOBIEHO,
YTO YCTpaHeHWe 3TUX HeAOCTaTKOB BO3MOXHO NPW BbINONIHEHUN CReayoLWNX YCIOBUN:

—  yBenu4YeHue Yncna nsaMepuTerbHbIX NeKTPOaOoB;

—  BHECEHWEe He3HAYUTENbHbIX M3MEHEHMUI B KOHCTPYKLMN 00CafHbIX KONTOHH;

—  onpoboBaHMe BO3MOXHOCTU HEeMNpepbIBHbIX U3MepPeHUn 6e3 ocTaHOBKM Npubopa.

MokaxeM 3HEKTUBHOCTE BHECEHUSI U3MEHEHMI B KOHCTPYKUMIO OOCagHOM KOMOHHbI C LEenbto

NOBbIWEHNA YPOBHA NU3MepAeMblX CUrHanoB U nogaBneHnda BIUAHUA NOMEX NpPU 3NEeKTPU4eCKOM KapoTaxe
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CKBaXWH, OOCa)KEHHbIX METaNIMYeCckon KONOHHOM.

[nsi obecnevyeHns NOBbILLEHUS YPOBHSA U3MEPSEMbIX CUrHaNoB nepes Hadanom rnpoeedeHns pabor
MO SNEKTPUYECKOMY KapoTaxy OOCaXeHHOW CKBaXXWHbl MpeanaraeTcs opraHvM3oBaTb oAuMH wnu Gornee
pas3pbIBOB 3NEKTPUYECKON CBA3M MeXOy YacTbio 0O6CafHOM KOMOHHbI B MHTEpBane NpoBeaeHus Kapotaxa u
OPYTMMU YaCcTSMU KOMOHHbI [3].

Tak, HanpumMep, npu OOYCTPOWCTBE CKBaXWHbl MpeanaraeTcd MCnonb3oBaTb 00CaHble CBEYM C
3aM30MMPOBaHHbIMU  KOHLAMW. OTO MOXEeT ObiTb peanusoBaHO pas3nuyHbiMKM cnocobamu. Hanpumep,
MOKPbITUEM pe3bbbl HE MPOBOOSALLUM 3MIEKTPUYECKMIA TOK MaTepuarnom). B yxe CyLlecTBYIOLLMX CKBaXKMHaX
pa3pbiBbl MOryT ObITb OCYLLECTBMNEHbI MYTEM Bblpe3aHWUs Korewl, B 00CagHOM KONMOHHE W 3anofHEeHWs UX
OV3NEeKTPUYECKUM MaTepuanom B BuAe TOKOHEMPOBOASLLMX Uy cnabonpoBoAsilLMX COCTaBOB Ha OCHOBE
XNOKOro CcTekna, LleMeHTa, CUHTETUYECKMX NONMMeEpPOoB U T.N. (puc. 1, [3-4]).

Takas KOHCTpyKUMs 0B6CaHOW KOMOHHbI MO3BOMSAET YMEHbLUUTL BIUSHUE €€ ONIUHbI Ha YPOBEHb

CUrHanoB Npu arneKTpokKapoTaxe.

A
1™

M,
0.5m

1 N 3m

0.5m

M,
™

A,

Puc. 1. Npeanaraemasa KOHCTPYKLUA ob6cagHON Puc. 2. KoHcTpyKkuma 3oHpga tuna KP-1

MeTansIMyeckon KONoHHbI (B paspese):
1 — TokOHenpoBoAsLLan BCTaBKa,

2 — Tpy6a 06cagHON KONMOHHLI

Mokaxxem 3ah(PEeKTUBHOCTb BHECEHUS] M3MEHEHUIA B KOHCTPYKUMIO OGCAAHON KOMOHHbI Ha npuMepe
MOAENNPOBaHMWS 3MNEKTPUYECKOTO KapoTaxka 06CaXeHHOWM CKBaXKMHBbI.

Paccmotpum  criegytowyto  cuTyaumo.  [poBogsT — 3MekTpUYECKM  KapoTax  obcaykeHHOM
HedTenobbIBatoLLEN CkBaxXUHbI. OpraHuM3yloT paspbiB SNEKTPUYECKOM CBA3M Mexay YacTbio obcagHom
KOMNMOHHbI B MHTEPECYIOLLEM Hac uHTepBarne. [ns 3aToro Bbipe3alT YacTb TPyObl 06CagHOM KOMOHHBI, a B
06pa3oBaBLLMECS KOMbLia 3akaynBaloT TOKOHEMPOBOAALLMIA MaTepuan. [locne aToro B CKBaXWHE, B KOPOTKON
yactu TpyObl, MpoBoaAaT wuamepeHus 3oHgom Tuna KP-1 [1, 2, 4] (puc. 2), cocTtodAwmMM W3 Tpex
AKBUANCTAHTHBIX U3MEPUTENBHbIX ANEKTPOAOB U ABYX PACMONOXEHHbIX 3a Npeaenamu 30Hbl U3MepUTenbHbIX
3MNeKTpoaoB, CUMMETPUYHO OTHOCUTENBHO CPEqHEro U3MEPUTENBHOIO 3NEKTPOoAa, TOKOBbIX AMEKTPO40B.

[nst maTemaTn4eckoro MoAenMpoBaHus BelopaHbl crieayoLmne ycroBus:

— TOK NuTaHusa 3oHaa 1 A;

— KonoHHa: guametp 0.146 m, TonwwmHa cteHkn 0.01 m, YOC 3.92:10-7 Omwm;

—  CUrHambl paccymTaHbl ANg NnacToB HeorpaHmdeHHon mowHocth ¢ YOC 1, 10, 100, 1000 Omm.
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Pe3yanaTb| MaTeMaTn4eckoro MoaennpoBaHnua And noteHunana KONMOHHblI U ero BTOpOI7I pa3HOCTH

npegcTaeneHbl Ha puc. 3, 4.

3aBucumMocTb noTeHumana oT ANNHbI M30SIMPOBAHHOIO NHTEpBana .
3aBucumocTb BTOPOM Pa3HOCTW noTeHuuana ot AMnHbl N30NTMPOBAHHOIO NHTEpBana
5,0E+01
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g i -e 10 Omm 7.0E-07
~ -& 100 Omm
TR b -+ 1000 Omm
5,0E+00 ~
By ~ 3,0E-07
""""""""" b
g 2 \
~
L] \
e

5,0E-01
8,0E-08

noteHuwvan, B

4,0E-08

BTOpas pasHocTb noTeHuuana, B

5,0E-02 -1 0mm . b
-= 10 Omm
-+ 100 Omm b L2
-+ 1000 OmMm \:
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ANVHa U30NMPOBaHHOIO MHTEpPBAana KOMOHHbI, M ANVHa N30IMpOBaHHOrO MHTEpBana KonoHHbI, M

Puc. 4. 3aBUCMMOCTL BTOPOM Pa3HOCTH
Puc. 3. 3aBUCMMOCTbL NOTeHLMarna oT pacCTosiHUA
noTteHUuana ot pacCToAHUA Mexay
MeXAay TOKOHenpoBoOAALMMM BCTaBKaMU
TOKOHEeNpoBOAALMMM BCTaBKaMU

Kak BugHo n3 puc. 3, 4, Npy COKpaLLeHUM AOfMHbI M3ONUPOBAHHOIO WHTEpBana, B KOTOPOM
Npon3BOAATCA M3MEPEHUS, NPU OQHOM M TOM >Xe MUTAaKLWEM TOKe 3HauMTenbHO (Ha nopsigok u Gonee)
BO3pacTaloT 3HaA4YeHUs MnoTeHuuana v ero BTOPOM PasHOCTU. OTO AenaeT pesynbratbl M3mMepeHuin Gonee
TOYHbIMW U JOCTOBEPHLIMU, pacLUMpsieT guanasoH namepsiemblx YOC nnactos o 1000 Omm n 6onee.

OTMeTMM, 4YTO CUNbHOE BAWAHWE Ha pesynbTaTbl W3MEPEHUI SMEKTPUYECKOro KapoTaxa
06CaXeHHbIX CKBaXkKMH OKa3blBatoT LUYMbl, CYLLLECTBYIOLLME HA BbIXO4AX U3MEPUTENbHbIX OAaTYMKOB. MoKkaxeM
3P HEKTMBHOCTb BHECEHWUS] W3OMSILUMOHHBIX BCTABOK B KOHCTPYKUMIO OOCagHOM KOMOHHbI Ha npumepe
cnegyoLlen mogenu:

—  TOK NUTaHUSA KOMNOHHbI 1A;

— KkonoHHa: gnametp 0.146 m, TonwmHa cteHkn 0.01 m, YOC 3.92:10-7 Om-m;

— CUrHambl paccuvTaHbl Ang nadkyM nNnacToB, CocTodAwen n3 smeLtaowmx nopog ¢ YOC 5 Omm u
OBYyX BbICOKOOMHbIX nriactoB 100 n 1000 OMM MOLLHOCTbLIO Mo 3 M.

PacueTbl npoBoaUnNuUch s ABYX KOHCTPYKLMIA 06CafHOM KOMOHHBI:

—  KOIOHHa 6€e3 N30NSALMOHHbIX BCTABOK;

— KOSMIOHHA C W30MNAUMOHHLIMKM BCTaBKaMu, OrpaHWYMBAOLWMMKM  UCCNedyeMbll  UHTepBan
(paccTosiHne mexay TOKOHENPOBOASALLUMMM BCTaBkaMu 25 m).

Mpn 3TOM Ha «uM3MepsieMble» CuUrHanbl HaknagblBanca CnyyYalHbld LIYM C  MakcMMarnbHON
amnnutygon 1, 51 9 HB.

Ha puc. 5 npencraeneHbl pesynbsratbl mogenupoBaHus: 1 — kpuBass YOC B OTCYTCTBME LUYMa,
KONOHHa 6e3 N30NSLMOHHBLIX BCTABOK; 2 — 3allyMreHHasi kpueasi YOC, konoHHa 6e3 N30nsauMOoHHbIX BCTABOK,;
3 — kpmBasa YOC B OTCYTCTBUE LUyMa, KOMOHHA C U3OMSLUMOHHBbIMU BCTaBKaMu; 4 — 3allymrieHHas KpuBas

Y3C, konoHHa ¢ U3oNALMOHHLIMWN BCTaBKaMM.
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Puc. 5. BbluncneHHble kpuBbie YOC. BHyTpeHHMe WyMbl U3MepUTErbHbIX

AaT4YMKOB ¢ MakcumanbHoun amnnutygon: A—1 HB, b -5 HB, B -9 HB

Mpn HanoxeHun WymMa ¢ MakcumarnbHon amnnutygon 1 HB (puc. 5, A) kpuBas COnpoTUBREHUA 2
OTKINOHSIETCA OT nepBOHavanbHOM KpuBOM 1, He 3arpA3HEHHON WwyMamu, Ha 6.5 %, Torga Kak OTKIOHEeHue
Kp1BOW 4 OT NnepBOHaYanbHON KpMBOW 3, He 3arpsi3HeHHoM Wwymamm, coctaenseT 0.07 %.

Mpn HanoxeHuM LWymMa ¢ MakcumarnbHon amnnuTtygon 5 HB (puc. 5, B) kpusasa conpoTusBneHnn 2
OTKINOHSIETCA OT nepBOHavanbHOM KpuBoM 1, He 3arps3HeHHOW Wwymamu, Ha 34 %, Torga kak OTKIOHeHue
Kp1BOW 4 OT NnepBOHaYanbHON KpMBOW 3, He 3arpsi3HeHHOM WwyMamu, coctaenseT 0.36 %.

Mpun HanoxeHuUn Wyma ¢ MakcumansHon amnnutygon 9 HB (puc. 5, B) kpyBas conpoTMBneHun 2 Ha
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BCEM MNPOTSHKEHUN NPEOCTaBNSET XaOTUYHbIA pas3bpoc 3HayeHWi, Torda Kak OTKMOHeHuWe KpuBol 4 oT
nepBoHa4yanbHOM KpMBOW 3, He 3arpsi3HeHHOM WymMmamu, coctaenseT 0.6 %.

Taknm o6pa3omM, Hanuume M3oMALMOHHbLIX BCTABOK B KOHCTPYKLMWM KOMOHHbLI MO3BONSET NOAABNSTbL
UCKaXKeHWS, Bbl3BaHHbIE MPUCYTCTBMEM LLYMOB, CYLLIECTBYIOLLUX HA BbIXOOAX M3MEPUTENbHbLIX aTYMKOB.

Ona yBenuyeHUst CKOPOCTU M3MEPEHUI MpU SMEKTPUYECKOM KapoTaXe CKBaXWH, OBCaXKeHHbIX
MEeTanmM4eckon KONoHHOW, NpeanaraeTca pacCMOTPETb BO3MOXHOCTb CO34aHUs HENPUXKUMHON annapaTypbl
Ha ocHoBe 3oHAa Tuna KP-1.

HenpwkumHon 3oHg Tuna KP-1 cocTouMT M3 NATU MeTannuMyeckmx UUMMHOPOB, Ha KOTOPbIX
pacnonoXeHbl 3MeKTPoabl, U YETbIPEX U3ONATOPOB, pasaenaioWmnX MeTanmyeckme LmnuHapsl (puc. 6).

VICTOYHMKN M NPUEMHUKN ABMAKOTCA naeanbHbIMU KOSMbLEBLIMU, OHM MOMELLEHbI Ha MOBEPXHOCTb

MeTannmnyecknx LmnmHapos, N3 KOTOPbIX COCTOUT 30HA.

A, M, N M, A,
e 1M
>

0.5M-

Puc. 6. KOHCTpyKLuMA HenpuxumHoro 3oHaa tuna KP-1

P 1™ 0.5m

Y
A

I
3Mm

A
Y

MokaxxeM 3adpPEKTMBHOCTL NPUMEHEHUS 30HAa Ge3 Npuk1MMa Ha NpuMepe creaytoLein Moaenu:

avnameTp LuunnuHapoB U3MeHsieTcs oT 6 Ao 126 mm ¢ warom 10 mwm;

TOK MUTaHUSA KOMNOHHbI 1A;

konoHHa: gnametp 0.146 m, TonwmHa cteHkm 0.01 M, YOC 3.92:10-7 Om-m;

CUrHanbl paccynTaHbl AN ONMCaHHON Bbillie MOAENy C ABYMS BbICOKOOMHbIMU NacTamu.
Ha puc. 7-8 npeacTtaeneHbl pesynbTaTthl pacyetoB YOC Ana modenu ¢ AByMs NNOTHLIMU Nnactamu.

OnameTp npubopa nameHsietcsa ot 6 4o 126 mm ¢ warom 10 mm. YOC 6yposoro pacteopa 0.03, 1 Omm.

e
g

Puc. 7. BbluncneHHble kpuBbie YIC. [lnametp Puc. 8. BbluncneHHbie kpuBbie YIC. [ilnametp
npubopa nameHsiercs ot 6 Ao 126 mm c warom 10 npubGopa nameHsietca ot 6 no 126 mm ¢ warom 10

MmMm. YIOC byposoro pacteopa 0.03 Om-m MMm. YIOC bypoBoro pacteopa 1 Om-m
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Kak BMOHO W3 PUCYHKOB, HU pacCcTOsiHME Mexay npubopoM WM BHYTPEHHEN CTeHkon obcaaHown
KONOHHbI, HM YOC BypoBOro pacteopa He oKa3sblBaloT BMMSAHUSA Ha pe3ynbratbl uaMepeHunii YOC nnacTtoB 3a
KONTOHHOM.

Pe3ynbratbl YNCNEHHOrO MOAENMPOBAHMSA MOKa3bIBaKOT, YTO MCMONb3oBaHWe 06CaaHOM KOMOHHbI C
N30MNSLMOHHBIMW BCTaBKaMmn 1 pa3paboTka 6ecnpwknMHon annapatypbl NO3BONAT:

— TMOBbICUTb YPOBEHb W3MEPSEMbIX CWUrHaNoB Mpu npoBeAeHWM paboT no  3NeKTpU4EecKoMy
KapoTaxy OOCa)KEHHbIX CKBaXKWH, M Kak CNneacTBUE MOBLICUTb TOYHOCTb, LOCTOBEPHOCTb pe3yfbTaTtoB, a
Takke gmanasoH namepsiembix YOC;

— MpOBOAWTb KaYeCTBEHHbIE U3MepeHust Ans onpegenenus Tekyuero KNH;

—  WCKaTb MPOMYLLEHHbIE N TEXHOTEHHbIE 3anexu YrneBogopoaoB Ha MO34HUX CTagusix paspaboTku
MECTOPOXOEHUN,;

—  KOHTpONMpOBaTb MPOLIECC penakcaunm HedTAHbIX WHTEPBANOB B [AaBHO MNPOCTaMBaOLLMX
CKBaXKMHaX W 3aKOHCEPBUPOBAHHBIX CUITbHO 0OBOAHEHHbBIX MECTOPOXAEHUSX.

MpennoxeHHbIN cnocob M3MEHEHMSA KOHCTPYKLMN 06CaaHOM KONMOHHbI U pa3paboTka 6ecnpuknumMHom
annapaTtypbl no3sonatT 6onee pauuoHanbHO M MOMHO UCMONb30BaTb MNpPUPOAHbIE pecypcbl  6e3
CTPOUTENBLCTBA HOBbIX CKBAXXWH. TakvMe pesynsrartbl JOCTMXUMbI NPY OAHOBPEMEHHBIX YCUIMUSAX reoU3nKoB

N HeDTAHWNKOB.
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CURRENT SITUATION AND FUTURE PROSPECTS OF ELECTRICAL LOGGING IN WELLS,
CASED WITH METAL COLUMN

Khusid M.D., Kashik A.S., Knizhnerman L.A.
(OAO «Central Geophysical Expedition», Moscow, Russia)

The main part of Russian large oil deposits are at a late stage of extraction. Therefore the exploration of existing wells in aim
to research hydrocarbons’ relaxation processes, detection non-depleted or skipped productive intervals, and their involvement in
development is an urgent problem.

The research of exploited intervals’ condition becomes highly problematic after a well has been cased with metal columns. In
addition, it is very difficult to find productive intervals and the so-called technogenic reservoir, which have been missed during drilling to
target.

There are several ways to monitor the changes of reservoir parameters in time (methods of neutron and gamma logging,
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acoustic logging, CO-logging, etc.). These methods are expensive and also less effective than the resistivity methods. Therefore, the
development and improvement of methods and equipment allowing to monitor changes of saturation of different fluids (or gas)
reservoirs through the casing, is promising. The developing of such methods and equipment is extremely important as the monitoring of
reservoir’s conduct during the operation is the basis for the current oil recovery factor’s (ORF) estimation.

Since the 1960's, geophysicists are making attempts to develop electrical logging equipment for cased wells (L. M. Alpin, N. I.
Rykhlinsky, A. S. Kasik, A. Kaufman, and others).

The number of equipments aiming to estimate the resistivity behind the casing has recently appeared and is currently in the
state of production testing (ECOS (LLC SPC GT “Geophysics”), INTECH-NEL (LLC “INTECH Vnedrenie”), Divergent logging (LLC SPC
“GERS”), CHFR-plus (Sshlumberger) and others).

The main disadvantage of exploitation of the electrical logging equipment for wells cased with metal column is work with small
signals (at nV-level and lower) that in situation of exceeding high-level noise causes the following:

—  long time measurements because of the necessity of the unit's stoppage (pointwise measurements);
—  the low dynamic range of the measured resistivity (100 Ohm-m) [1-2].
Using the mathematical modeling in JSC “CGE” we establish that the elimination of these disadvantages is possible within the
implementation of the next steps:
—  increasing the number of measuring electrodes;
— making negligible transformations in the casing’s design;
—  testing the possibility of continuous measurements without stopping the unit.

Let us show the effectiveness of transformations in the casing’s design in order to increase the level of measured signals and
suppress the noise influence on the electric logging of wells, cased with metal column.

Before starting work on electrical logging of cased well it is proposed to organize one or more breaks of electrical connection
between the casing’s part in the logging interval and other parts of the casing in order to increase the level of the measured signals [3].

For example, it is proposed to use casing with insulated ends during the well’s arrangement (it can be realized in various
ways, such as covering the thread with non-conducting material). In existing wells breaks can be made by cutting out rings in the casing
and filling them with the dielectric material in the form of non-conducting or low-conducting compositions based on liquid glass, cement,
synthetic polymers, etc. (Fig. 1, [3-4]).

Such casing’s design allows to reduce the influence of its length on the level of the electrical logging signals.

Let us show the effectiveness of transformations in the casing’s design on the example of modeling the electric logging of
cased wells. We considered the following situation. The electrical logging of cased oil well is conducting. Breaks of the electrical
connection between the parts of the casing are organized in certain interval. To do these breaks it is needed to cut the rings of the
casing and fill them with non-conducting material. Thereafter the measurements are take place in the short part of the casing using the
probe KR-1 (Fig. 2, [1, 2, 4]) consisting of three equidistant measuring electrodes and two current electrodes, which are located outside

the measuring zone, symmetrically to the central measuring electrode.

A
Tm
M,
0.5m
N 3m
1
0.5m
M,
Tm
A,
Fig. 1. The proposed design of casing metal sting (in section) Fig. 2. The design of probe KR-1

1 — non-conductive insertion,

2 — the casing’s pipe
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The following conditions are selected for mathematical modeling:

—  the probe’s currentis 1 A;

—  column: diameter is 0.146 m, wall’s thickness is 0.01 m, electrical resistivity is 3.92:107 Ohm-'m;

—  signals are calculated for layers with unconfined thickness and electrical resistivity 1, 10, 100, 1000 Ohm-m.

The mathematical modeling results for the casing’s potential and its second order difference are presented in Fig. 3-4.

The dependence of potential on isolated interval’s length
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Fig. 3. The dependence of potential on the Fig. 4. The dependence of potential’s second difference on
isolated interval’s length the isolated interval’s length

As we can see from the Figures, the values of potential and its second order difference increase significantly (by an order and
more) via reducing the length of the isolated interval in which the measurements are made with the same current. It makes the
measurements more accurate and reliable, extends the range of the measured resistivity of the layers up to 1000 Ohm-m and more.

It has to be noted that internal noise of the measuring sensors makes a strong influence on the measurement results of the
electrical logging in cased wells. Let us show the effectiveness of making insulating inserts in the casing’s design on the following
model:

—  the probe’s currentis 1 A;

- column: diameter is 0.146 m, wall’s thickness is 0.01 m, electrical resistivity is 3.92:107 Oohm-'m;

—  signals are calculated for model with country rock’s resistivity 5 Ohm-m and two high-ohmic layers with thickness 3 m
and resistivity 100, 1000 Ohm-m.

Calculations are carried out for two casing’s designs:

—  casing without insulation inserts;

—  casing with insulating inserts, limiting the observable interval (the distance between the non-conducting inserts is 25 m).

Along with this, the random noise with maximum amplitude 1, 5 and 9 nV is applying to the “measured" signals.

The Figure 5 presents the simulation results: 1 - the resistivity curve without noise, the casing without insulation inserts; 2 - the
“noisy” resistivity curve, the casing without insulation inserts; 3 - the resistivity curve without noise, the casing with insulation inserts; 4 -
the “noisy” resistivity curve, the casing with insulation inserts.

When 1 nV amplitude noise is applying (Fig. 5, A) resistivity curve 2 deviates on 6.5 % from its original curve 1 without noise,

whereas the curve’s 4 deviation from its original curve 3 without noise is 0.07 %.

When 5 nV amplitude noise is applying (Fig. 5, B) resistivity curve 2 deviates on 34 % from its original curve 1 without noise,

whereas the curve’s 4 deviation from its original curve 3 without noise is 0.36 %.

When 9 nV amplitude noise is applying (Fig. 5, C) resistivity curve 2 is chaotic throughout the range of values, whereas the

curve’s 4 deviation from its original curve 3 without noise is 0.6 %.

Thus, the availability of insulated inserts in casing’s design allows to suppress the distortion caused by the noise of the
measuring sensors.
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Fig. 5. The calculated resistivity curves. Internal noise of the measuring

sensors with maximum amplitude: A—1nV,B-5nV,C-9nV

In order to increase the measurements’ speed of electric logging in wells, cased with metal columns, it is proposed to consider
the development of unclamping equipment on the basis of probe KR-1.

The unclamping probe KR-1 consists of five electrodes, which are presented by metal cylinders, and four isolators, separating
these cylinders (Fig. 6).

The sources and receivers are ideal rings; they are placed on the surface of the metal cylinders that make up the probe.

A, M, N M, A,
1m -O.Sm!O.Sm! 1m
3m

Fig. 6. The design of unclamping probe KR-1
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Let us show the effectiveness of using the unclamping probe on the following model:

—  the probe’s currentis 1 A;
column: diameter is 0.146 m, wall’s thickness is 0.01 m, electrical resistivity is 3.92:107 Ohm-'m;

—  signals are calculated for the described above model with two high-ohmic layers.
The calculated resistivity curves for the model with two high-ohmic layers are presented in Fig. 7-8. Probe’s diameter varies

from 6 to 126 mm with 10 mm step. Drilling fluid’s resistivity is 0.03 and 1 Ohm-m.

3

T
e
g

Fig. 8. The calculated resistivity curves. Probe’s diameter

Fig. 7. The calculated resistivity curves. Probe’s diameter
varies from 6 to 126 mm with 10 mm step. Drilling fluid’s

varies from 6 to 126 mm with 10 mm step. Drilling fluid’s
resistivity is 0.03 Ohm-m resistivity is 1 Ohm-m

As we can see from the Figures, neither distance between probe and inner casing’s wall nor drilling fluid’s resistivity influence the result

of resistivity measurements behind the casing.
The results of numerical simulations show that the use of the casing with insulating inserts and the development of

unclamping equipment will allow:
to raise the measured signal’s level during electric logging of cased wells, and, as a consequence, to improve the

accuracy, the reliability of the results, as well as the measured resistivity’s range.
—  tocarry out high-quality measurements for determination of the current ORF,

to search for missed and technogenic reservoirs at a late stages of the deposit’s extraction;
to monitor the relaxation process of oil intervals in not working for a long time wells and conserved heavily watered

deposits.
The proposed method of casing’s design modifications and the development of unclamping equipment will allow more rational

and full use of natural resources avoiding new wells construction. These results can be achieved with simultaneous efforts of

geophysicists and oil-industry professionals.
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YOK 389.63
TPEBOBAHUA K 3TAJIOHAM EAUHUL TEOPU3NYECKUX BENTMYUH
NMPU OLIEHKE 3AMACOB HE®TU U TA3A

Jlo6aHkoe B.M. (Y¢humckuli 20cydapcmeeHHbIlU HeghmsiHoU

mexHu4Yeckul yHueepcumem, 2. Y¢ha, Poccus)

U3mepeHus maccbl He(hTU N 0OBbEMa rasa B 3anexm.

leodmanyeckme wnccnegoBaHWs, BbIMNONHAEMble MNpU  MOUCKaX, passBedke W paspaboTke
HedTerasoBblX MECTOPOXKOEHUA HENOCPEACTBEHHO CBA3aHbl C W3MEepeHWsMU MapameTpoB MMacToB U
CKBaXMWH. MamepeHuns 3aHumatoT 6onee 90% Bcex reodusnyeckmx paboT 1 SBNSTCA CyThbio HedbTerasoBom
reonormm u reousnkn. MOSTOMY OCHOBHbIM BWAOM MPOAYKUUUM reodU3N4ECKoro cepsuca SABMSEeTCs
naMepuTernbHas MHOPMaLNs Kak NPOAYKT COBMECTHOW U3MEPUTENBHON N METPONOrMYECKOn AeATENbHOCTU.
Llenb nameputensHOn AeATenbHOCTU - pesynbTaT M3MEepeHUid napamMeTpoB NacToB U CKBaXWMH B NMPUHATBIX
eanHuLax, a MeTponorM4eckon - BOCNpousBedeHne aTnx eavHuL, aTanoHamun n nx nepegada reopusnyeckon
N3MepUTErbHON TEXHUKE.

O6beMHbIN METOA OLIEHKM MU3BMEKaeMblX 3anacoB HedTM OCHOBaH Ha U3MEPEHUM reoMeTPUYECKMX
pasMepoB 3anexv (nnowagn S 1 adpdeKTMBHON TOMNWMHbI h,y), KO3MdULMEHTa obLLen NopucTocTu
Konnektopa Kon, kK03 duLmMeHTa HaCbILLEHUS ero HedpTbio ki, KO3 ULMEHTA N3BNEYEHM HepTM 13 NnacTa
K., n napametpa Ky, Y4/TbiBalOLWIEro W3MEHEHMs obbema HedTW, nepemellaemMon W3 MNacToBbIX
(ecTecTBEHHbIX) YCrOBUIA B NOBEPXHOCTHbIE (HOPMaribHbIE) YCIOBUS.

Maccy HedpTM m,,, U3BNEKaemylo U3 nnacta Ha 3eMHYI MOBEPXHOCTb, OnpeaenstoT (M3MepstoT)
KOCBEHHbIM METOAOM 4Yepe3 ee MIOTHOCTb Py, B HOPMarbHbIX YCroBUsSX U eé 06béM V,, , KOTOpbI OHa

NpUHMMAET nocre eé U3BnevYeHns U3 NPOAYKTUBHON YacTu NnacTa Ha 3eMHYH NOBEPXHOCTb, Mo dopMyne:

Mpg = Ponc- Vori (1)

roe obbem U3BrnekaeMomn Ha NOBEPXHOCTb HEPTK onpeaensaoT no opmyne:
Vﬂﬂ:SG-EEf-ktp-kﬂ-kOd.kmc )

Mnowaab HedTEHOCHOCTM S, OnpenensieTca Ha OCHOBE FeOMETPUYECKUX MOCTPOEHUIN 3anexu B
npegenax BHELLIHEro KOHTypa HegTEeHOCHOCTM Ha ee NnaHe M No kapte 3(EKTUBHBLIX TOMLIUH YacTu
nnacra, HacblweHHon HedTbto. OTHOCUTENbHAA MOrPELLHOCTb M3MEPEHUN napameTpa S, ANA XOpPOLUOo
OKOHTYPEHHOW CKBaXKMHaMK 3anexmu He npesbiwaeT +10%. Mpy Mmanom konmnyecTse NPobYpeHHbIX CKBAXKMH
CBefleHMs1 O nrowaan 3anexun Becbma NpUBNmKeHHbIE N OTHOCUTENbHAs MOrPELLHOCTL MOXKET A4OCTUraThb
150%.

MnoTHOCTb HEdTU B HOPMArbHBIX YCMOBUAX Py, W NapameTp K., ONpeaensioT B nabopaTopHbIX
YCINOBUAX C NPUEMIIEMOW MOrpeLHOCTbi0 A0 +5%. OgHako npy 3Tom TPebyoTcsl pesynbTaTbl CKBaXKUHHbBIX
N3MepeHnini TemnepaTypbl HepTEHACKILLLEHHOrO MnacTta M NnacToBOro AaBfeHusi, MOrpPeLHOCTb U3MepeHni
KOTOpPbIX CPaBHUTENbLHO Mana.

OMDDEKTUBHYIO TONWMHY h,p HEdTEHACbILEHHOW 4YacTu nnacta onpefensioT Mo pesynsraram
CKB@)XMHHbIX WM3MEPEHWUA C WUCMONb30oBaHWEM CpPEOCTB M3MEPEHUN rMyOuHbI U KapoTaXKHbIX Auarpamm c
OTHOCUTENbHOW NOrPELLHOCTBI0 A0 5% B 3aBUCUMOCTU OT MOLLIHOCTHM nnacTta.

TouyHOCTb M3MepeHua napameTpa k,, ONpenenseTcs TOYHOCTbIO U3MepeHUss KoaMULIMEHTOB
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Ha4yanbHOM N OCTaTO4HON HEePTEHACKILLLEHHOCTU NacTa reomuan4eckumMm MeEToLaMMu.

M3Bnekaemble 3anacbl rasa OLEHMBAKOT Takke OObEMHbIM METOAOM WM Ha OCHOBE U3MEpEeHMs
OTHOCUTENbHOrO M3MEHEHUs1 (NageHust) nnacToBOro AaeneHus B npouecce [obblbim rasa. Pesynbtathbl
CKBaXXWHHbIX M3MEPEHMN TemnepaTypbl ra3oHaCbIWEHHOro nracrta M NnacTtoBOro AaBneHUs UMEKT BaXHOe
3HayeHune, NOCKOMNbKY HEMOCPEACTBEHHO BXOAAT B (hOpMYny OLIEHKM 3anacoB ra3a B 3anexu.

B uTore nokasarenu TOMHOCTM OLEHKM MOTEHUManbHO M3BMeKaemblX 3anacoB HedTU unu rasa u3
pasBedaHHOro MNpPOAYKTMBHOMO Mriacta 3aBUCAT [NaBHbIM 0O6PasoM OT MOrpelHoCTM ABYX M3MepsieMblX
reopunanM4ecknMmn MeTogamm napameTpoB: koadduumeHTa obLLel NopucTocTn nnacra K., 1 KoadpdurumneHTa
HacblILLEeHUA ero HedTblo K, NN KO3 PULMEHTA HAChILLEHNST ero ra3oM K. [losTomy B AanbHenwem byaem
paccMmaTtpuBaTtb 3TanoOHbl €4MHUL, TOMBbKO 3TUX U3MEpPSIEMbIX NapaMeTpoB, He BXoasaLwmx B MexayHapoaHyto
cuctemy egunu (Sl).

M3 obLien Teopun M3MEpPEHUN M3BECTHO, YTO pe3yrbTaT n3MepeHuin noborn namepsaemon BennYmnHbI
npeacTaenser cobon WHTepBas, B KOTOPOM MOIMMO Obl OkasaTbCA €€ WUCTUHHOE 3HavyeHMe C 3adaHHOW
BeposATHOCTbIO [1, 4]. CnegoBaTenbHoO, pesynsraTt namMepeHunin koadpdurumeHTa obLen nopmucTocTn nnacta Ko,

AorkeH 6bITb NpeacTaeneH B Buae [2, 3]:
k, =, .. tAy)-%, (3)

roe ko, —M3mepsieMasi BEMUYMHA - UCTUHHOE 3HavYeHue koadduumeHTa oblien nopuctoctu nnacra; % —

.UM

OTHOCUTErNbHas eauHMLA OTON BenuUWHbL, Konusw - W3MEpPeHHoe 3HavyeHue KoadpduumeHTa obluen

NOPUCTOCTU NNacTa; iAP - abcontoTHas MorpeLHoCcTb M3MepeHuin koadpdmumeHTa obLLed NOpUCTOCTH

nnacrta npv JOBEPUTENLHON BEPOATHOCTM P.
Pesynbratbl uamepeHuin koadduLmeHTa HedTeHachbIWEeHHOCTM nnacta k, WU rasoHacbIWEeHHOCTH

nnacrta k, LOMmKHbI ObITb npencrtaBneHbl B Buae:

k, = (k

H.U3M

+A,)-%, (4)
kZ = (k?

.UM i AP) ) %’ (5)

rae k, n k., — namepdaemble BeNnNYUHblI - UCTUHHbIE 3Ha4YeHUsA KOSCbeMLlMeHTOB Hed.)TeHaCbIIJJ.eHHOCTM n

ra3oHacbILLEHHOCTU NNacTa; Ky sy U Kz e - N3MEPEHHbIE 3HaYeHUs KO3MULIMEHTOB HedpTeHaChILLLEHHOCTU 1

rasoHacbleHHocT nnacta; £ A, - aBconmtoTHas MOrpelwHocTb M3MepeHMii 3TUX KoadhULMEHTOB Npu

AoBepuUTeEnbHON BEPOATHOCTU P.

Ona vHouBMAyanbHO rpagyvMpyeMON CKBaXKMHHOWM annapaTypbl €€ NOrpeLlHoCTb onpedensiercs
NPeMMYLLECTBEHHO TMOrpPeLLHOCTEI0 MPUMEHSIEMbIX 3TarloHoB. TpeboBaHMS K STUM  METPONOrMYecKnm
XapakTepucTukam [OMmKHbl OblTb Hay4yHO OOOCHOBaHHbI. YCMOBUS Nepedadn enuHUL  U3MepsieMblX
reou3nM4ecknx BENUYMH CKBaXKUHHOW annapaType, OCHOBAHHOW Ha pasHblX (OU3NYECKMX MpUHLUMNAX,
OOMKHbI BbITb GNU3KN K TUMOBLIM CKBAXKMHHBLIM (MS1AaCTOBLIM) YCIOBUSIM.

TpeboBaHuA K 3TanoHaM NOPMUCTOCTU Nnacra.

MaBHbIM TpeboBaHNEM K CKBaXXMHHbIM M3MEPEHUSM ko3 duumMeHTa obLLen NopucTocTy nnacra, ¢
HOPMMPYEMbIMI NOKa3aTeNAMN TOYHOCTU SABMNSETCS COOTBETCTBME YCINOBUIN N3MEPEHWIN N YCITOBUIA Nepegayn
eanHuLbl KoadduumeHTa NOPUCTOCTU CKBAKMHHOW annapaTtype OT 3TarloHOB MOPUCTOCTU B npegdenax
AornyckaeMon NorpeLLHoCTy.

KoadppumumeHT obLieil nopucTtocTM OOHOMO M TOro e nfacta U3MepsitoT pasHbiMM MeTodaMMu:

ANEKTPUYECKUM; aKyCTUYHECKUM; HeﬁTpOHHbIM; raMmma-ramma-mMeToaoM. HawnquuMe BO3MOXXHOCTU MO
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nokasartensiM TO4YHOCTU U3MEPEHUA UMEIOT MEeTOAbl AAePHON reodunsnkn - HeMTPOoHHbIM (HK) 1 nnoTHocTHON
(FTK). OgHako 3To crpaBeanuBO TOMbKO NPW cOBMOEeHUM yKasaHHOrO Bbile [MaBHOro TpeboBaHus —
COOTBETCTBUS YCMNOBUA U3MEPEHUI YCITOBUAM rpadynpoBKU annapaTypsbl.

OTanoHbl MOPUCTOCTM ANA  SAepHO-reodU3nyYeckon  annapaTtypbl  AOMKHbI - YAOBNETBOPSTH
cnegyoLwmnm OCHOBHbBIM TpeboBaHUAM:

1)  BOCMNPOM3BOAWUTL B HOPMarbHbIX KIUMATUYECKMX YCMOBUSX HE MEeHee Tpex 3HadYeHuw
koadbduLmMeHTa NopmUCToCcTM B 06nactu HM3kmx 3HaveHun (ot 0 go 15%) u He MeHee Tpex 3HaYeHun
koadpbumuUmMeHTa NOPUCTOCTU B 06NacTU BbICOKUX 3HavYeHun (oT 16% no 40%) onsa pmKkcMpoBaHHbIX TUMOBbLIX
reornoro-TeXHNYECKnx ycrioBum;

2) TBephasa basa BeLEeCTBa-HOCUTENS CBOWCTB 3TanoOHa [OfMKHA COOTBETCTBOBATb YMCTOMY
necyaHuky, UNn KanbuuTy, UNu JONOMUTY;

3) nopoBoe MPOCTPAHCTBO AOMKHO ObITb MOMHOCTBLIO 3anosfiHeHO NMBO BOAOWM C W3BECTHOM
CTENeHblo MUHepanm3aumm (xnopocogepxaHus), Mmoo HedhTblo (gM3eNbHBIM TONIMBOM), MO0 rasom;

4) guameTp CKBaXKMHbI AOMKEH COOTBETCTBOBATb HOMWHanbHOMY AvaMeTpy Adorota GypoBoOro
WHCTPYMEHTa, UCMOMb30BaHHOMO Npu BypeHun nccneayemom CKBaXxuHbl;

5)  XuUMUYeckuin cocTaB XMOKOCTU B CKBa>KUMHE dTarioHa AOMKEH COOTBETCTBOBATb XMMUYECKOMY
cocTaBy 6ypoBOro pacteopa, MCMofb30BaHHOIO Npu BypeHun nccnegyemMon CKBaXWHbI;

6) 9TanoH nopuUCTOCTW ANS annapatypbl HENTPOHHOrO KapoTaa He [OIDKeH coaepxaTb
XUMUYECKNX NEMEHTOB C aHOMarbHbLIM CEYEHNEM 3axBaTa HEMTPOHOB;

7) npuv BbINOMHEHUM M3mepeHun annapatypor HK yepes obcagHyto KOMOHHY 3TanoH OOMKeH
BOCMPOM3BOANUTL NapaMeTpbl KOMOHHbI U LeMeHTa B 3aTpybHOM npocTpaHcTBe Onu3kve K napameTtpam,
COOTBETCTBYIOLLMM pearibHbIM YCIOBUSM U3MEPEHUI B CKBaXKMHAX.

COOTBETCTBEHHO BCe YyKas3aHHble TpeboBaHWs [OMmKHbl OblTb OTpaxeHbl B cepTudmkare o
KannbpoBke CKBaXXMHHOW annapaTtyphbl, a Takke 0 MeCTe ee pasMeLLeHNs B CKBaXKUHE 3TanoHa.

B Poccun nepsble obpasubl nopuctoctn ans annapatypel HK nossunuce B 1956 r., a nepsble
roCyAapCTBEHHbIE 3TarnOHbl MOPUCTOCTU BOOOHACHILWEHHOMO KanbUWTOBOrO nnacra, nepecedyeHHoro
ckBaXkvHoW AmametpoMm (196+1) MM, C HyneBbIM XMOPOCOOEPXKAHVMEM B MNNacTe W CKBaXuHe Obinu
noctpoeHbl B 1980 r. B BuAe cTtaHOapTHbIX 06pasLoB cocTaBa U CBOWCTB FOPHbIX MOpod, MpeceyeHHbIX
ckBaXKMHOW. OHM BOCMPOU3BOAUIU €4UHULY KO3 (PULMEHTa NOPUCTOCTM BOAOHACHILLIEHHOMO NracTta TonbKo
ONSA yKka3aHHbIX OUKCUPOBAaHHBLIX YCNOBUA. [ns ApYrMxX reonoro-TeXHNYECKMX YCNoBUN HYXHbI Bbinn apyrue
3TanoHbl eanHuubl koaddurumneHTa obwer nopuctoctu. MosgHee Gbin co3gaH KOMMMeKC M3 24 3TanoHoB
MOPUCTOCTU M MNIIOTHOCTU MeCYaHblX W KanbLMTOBbIX BOAOHACHILEHHBIX M ra3oHacCbIWEHHbIX Nopoa,
nepeceyYeHHbIX CKBaxuHamu guametpom (124+1) mm, (15611) mm, (216£1) MM 1 (295+1) MM, B TOM Yncne ¢
MuHepanu3auven (150+2) r/n n (200£2) r/n, cogepxaHue xnopa B CKBaxuHe Hynesoe. CTpOUTENbCTBO
3TanoHOB NOPUCTOCTUN BOAOHACHILLEHHbIX JONOMUTOBBIX NACTOB MOKa HE 3aBepLUEHO.

TpeboBaHuA K 3TanoHam HedTeHaCbIWEHHOCTX NnacTa.

TpeboBaHMe COOTBETCTBUSI YCINOBUA WU3MEPEHUA W YCIOBUI Nepedavn eguHuubl koddduumeHTa
HeddTeHaCbILEHHOCTU OT 3TaNoHOB CKBaXKMHHOMW annapartype 3MekTpu4ecKoro U Kucnopog-yrnepogHoro
KapoTaxa BNAeTcs BaXHbIM Kak obLliee TpeboBaHue K nobon M3MepseMon BENUYMHE C UCNOMb30BaHEM
CKBa&)KMHHOW annapartypbl.

OTarnoHbl HeTeHacCbIWEHHOCTN AN a0epHo-reodumandeckort annapaTypbl OMKHbI YO0BNETBOPSAThL

CreayoLWwmnM OCHOBHbIM TpeGoBaHUAM:
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1)  BOCMPOM3BOAUTbL B HOPMAsbHbIX KIMMMaTUYECKUX YCIOBUAX HE MeHee nNATU 3HaYeHun
kKoappuumeHta HedTeHachliweHHocTM B AuanasoHe oT 0% go 100% 4ana MKCUMPOBAHHBIX TUMNOBbIX
reonoro-TeXHNYECKNX yCroBui;

2) TBephasa basa BeLeCTBa-HOCUTENS CBOWCTB 3TanoOHa [OfMKHA COOTBETCTBOBATb YMCTOMY
NecyaHuKy, Unu KanbuuTy, UM SONOMUTY;

3) nopoBoOe NPOCTPaHCTBO 3TanoHa, BOCMPOM3BOAALLErO KOS(MUUNEHT HedTeHAChILLEHHOCTU
6onee 0 1 meHee 100%, AOMKHO BbITb NOMTHOCTLIO 3aNOMHEHO CTabUMbHOW BOAOHEMTAHON 3MYNbCUEN;

4)  pvameTp CKBaXMHbl JOMKEH COOTBETCTBOBATL €€ HOMWHANbHOMY AMaMeTpy;

5)  XMMMW4YECKMI COCTaB >XUOKOCTM B CKBaXKMHE dTanoHa AOMMKEH COOTBETCTBOBATb XUMWUYECKOMY
cocTaBy 6ypoBoro pacTsopa;

6) 9TanoH He OOMKEH copepXaTb XUMWYECKUX SNEMEHTOB C aHOMarbHbIM CEYEHMEM 3axBaTa
HENTPOHOB;

7) Npu BbINOMHEHUU uaMepeHuu annapatypon HK uyepes obcagHylo KOMOHHY 3TanoH OOMKeH
BOCMPOU3BOAMTL NMapamMeTpbl KOMOHHbI U LeMeHTa B 3aTpyOHOM MpocTpaHcTBe Onu3kue K napamerpam,
COOTBETCTBYIOLUMM peanbHbIM YCOBUAM U3MEPEHUI B CKBaXKMHAX.

OTanoHbl  HedTeHaCbILWEHHOCTM  ANs  annapatypbl  MHOYKUMOHHOTO  KapoTaxa  [OIMKHbI
YOOBNETBOPSATH CNEAYOLNM OCHOBHbLIM TPEOOBaHMAM:

1)  BOCMPOM3BOAUTbL B HOPMAlbHbIX KIMMMaTUYECKUX YCIOBUAX HE MeHee NATU 3HaYeHun
koadhduumeHTa HedpTeHacbIWeHHOCTU B AnanasoHe oT 5% 80 90% Ans hUKcMpoBaHHbLIX TUMOBbLIX FE0Ooro-
TEXHUYECKUX YCIOBUIA;

2) nopoBOEe NPOCTPAHCTBO AOMKHO ObITb MOMHOCTLI 3anofIHEHO CTaOWIbHOW BOAOHEMTSHOM
aMynbCcuen;

3) [OmameTp CKBaXKWHbI AOMMKEH COOTBETCTBOBATb €€ HOMUHANBHOMY AVaMETPY;

4) ypenbHas anekTpudeckasi MPOBOAMMOCTb KMOKOCTU B CKBaXKMHE 3TanoHa [OSbKHa
COOTBETCTBOBATb yAENbHOM 3NEKTPUYECKON NMPOBOANMOCTN OYpOBOro pacTBopa;

5) npumameTp aTanoHa OOMKeH ObiTb TakuM, 4TODObl BNWUSHWE €ro OrpaHUYeHHbIX pa3MepoB He
BbI3blBaNO CYLLECTBEHHOW MOrPELUHOCTA BOCMPOU3BEOEHUSA YOEMNbHON 3MEKTPUYECKOW MPOBOAMMOCTHU
nnacra.

B Poccun nepeble 3aTanoHbl NOPUCTOCTU HedTeHAChILWEHHOrO NecyaHoro nnacra, nepeceyeHHoro
CKBaXXMHOW guameTpom (216+1) MM, C HyneBbIM XropocodepkaHMeM B CKBaXkMHe Obinv noctpoeHs! B 2000 r.
B BMOE CTaHAapTHbIX 06pa3LoB cocTaBa U CBOWCTB ropHbIX nopogd. OHM BOoCnpov3BoAMNU A annapaTypbl
HK koadhduumeHT HedTeHackiweHHocTH necdaHoro nnacta 100%. Opyrne atanoHsl HedhTeHaCbILLEeHHOCTH
ANst u3MepeHus koadpurumneHTa TekyLLen 1 0CTaTOMHON HeTEHACLILLEHHOCTN HaxXOAATCs B pa3paboTke.

Co3gaHne 3TanoHOB TPELUMHHOMO TWMa MOPUCTOCTM BbI3bIBAET CYLLECTBEHHbIE TPYOHOCTUM U
HaxoauTcs B CTaMmn Hay4yHOro nowmcka.

BbiBoabl.

1. OueHka 3anacoB HedTU M rasa reouU3NyecKMMM METOAAMU CBHA3aHa C OCYLLECTBMEHNEM
OOHOBPEMEHHO MW3MEPUTENBHOW W METPONIorMyeckon AesTenbHocTU. [lepBasi BbINOMHAETCA C LEMbio
NonyyeHns pesynsTaTtoB M3MEPEHWI MapaMeTpoB NMacToB, a BTopas — C Lenbio obecnevyeHns equHcTea u
Tpebyemol TOYHOCTU U3MEPEHUIA NapaMETPOB NNACcTOB reohr3nNYeCKUMN METOLAMM.

2. MeTtponoruyeckas OeaTenbHOCTb B reoum3nke BKIIOYaeT HayyHoe ODOCHOBaHWe, co3gaHue U

XpaHeHne nepBuUYHbIX 3TanoHOB eOuHWUL reocbmsmqecmx BENMUYMH N nepefadvy 3TUX eaunHul CKBaXXMHHOMN
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reousmyeckon annapatype 4Yepes KanubpoBKY W MOBEPKY MNPUMEHUTENbHO K TUMNOBbLIM [eornoro-
TEXHUYECKNM YCNOBUSAM.

3. «[llogcuetT» u3BnekaeMblx 3anacoB HedTU UNW rasa Ha fOOOM MECTOPOXAEHUN (haKTUYECKU
ABMSAETCS KOCBEHHbIM M3MEpPEHMEM Macchbl HeddTM MNM obbema rasa Ha OCHOBE W3MEpPeHW nnowaau
3anexu, adeKTUBHONM TOMLMHbI NnacTa, koadduumneHTa obLen NopmucTocT nnacrta, koadpPULNEHTOB ero
HedTeHaCbILEHHOCTN UMK ra3oHacbIWEeHHOCTH, koadduumneHTa nssnederHus Hedtn (KH) unu raza (KUIN).

4. YcnoBus CKBaXWHHbIX W3MEPEHWA KoadpduuMeHTa MOPUCTOCTU NNacToB LOMKHbI  ObiTb
MaKCcUMarnbHO NPUBNMKEHbI K YCNOBUAM nepegadn egnHuy saepHo-reodusmdeckon annaparype (HK n IMK)
OT 3TanoHoB. OTaroHOB MOPUCTOCTU AOMKHO BbiTb MHOMO M OHM AOMXKHbLI CO30aBaTbCA NPUMEHUTEMBHO K
pasHbIM TUMOBbLIM CKBAXWHHbIM YCIOBUSM B 3aBMCUMOCTW OT HOMWHAaNbHOrO guameTpa CKBaKUHbI,
MUHepanornyeckoro coctasa nracta (necyaHuk, KanbuuT, 4ONOMUT) U OT BeLecTBa-3anonH1UTens nopoBoro
npocTpaHCcTBa (BoA4a pasHOW CTeneHn MuHepanusauuu, HedTb, ras, rMuHa pasHoOro XMMMYeCcKoro cocTasa).
OTanoHbl NOPUCTOCTM OOMKHbI ObITb €OUHLIMW AMNA Pa3HbIX METOAOB U3MEPEHUN, BKIOYAs HENTPOHHbLIN U
raMma-ramma MeTog.

5. YcnoBus CKBaXXMHHBLIX U3MEPEHUN koaduLmeHTa HedTeHaCbILWEHHOCTHN (ra3oHachbIWEeHHOCTH)
NNacToB OOMKHbI ObITb MakCUMarnbHO NPUOMKEHbI K YCIOBUAM Nepefavn equHuL, CKBaXKMHHON annapartype
OT 3TaroHOB €4UHUL U3MEPSEMbIX BEMUYMH. OTarnoHbl HePTeHaCkILWEHHOCTN U ra30HaChILLEHHOCTHN MacToB
C pasHbIMM 3Ha4YeHusiMM koadpduumeHTa oOOLen MOpUCTOCTU ANst A4epHo-reodum3andeckon annapaTypbl
OOMXKHbl MO3BOMATL CTPOUTL PadyMpPOBOYHLIE XapakTEPUCTUKM annapaTypbl B Buge QyHKUUMK OBYX
NepeMEHHbIX OTHOCMTENBHOIO BbIXOAHOMO curHana u koadduumneHTa obLuer NopucTocTy.

6. Hanuune atanoHoB MNOPUCTOCTU, HedTEHACLILEHHOCTU U ra3oHacbIWEeHHOCTN onpedenseTt
obnactb TEXHUYECKON KOMMETEHTHOCTM reodU3M4eckon KOMMaHUuM Mpu  OKa3aHUM U3MepUTENbHbIX
reousn4ecknx ycnyr ans OLUeHKM 3anacoB HeTU 1 ra3a, a Takke nNpu uamepeHun KoadduumneHTa TekyLLen

N OCTaTOYHOM He('.bTeHaCbILIJ.eHHOCTM B npouecce Bblp360TKM nnacra.
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REQUIREMENTS TO MEASUREMENT STANDARDS OF
GEOPHYSICAL UNIT IN OIL AND GAS RESERVES EVALUATING

V. Lobankov (State Petroleum Technological University, Ufa, Russia)

Mass measurement of oil and gas volume in the reservoir.
Geophysical surveys performed for search, exploration and development of oil and gas fields directly related to

measurements of layers and wells parameters. Measurements are more than 90% of all geophysical works and are the essence of
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petroleum geology and geophysics. Therefore, the main product of the geophysical service is the measuring information as a product of
a joint measurement and metrology activity.

The purpose of measuring activity is the result of a measurement of layers and wells parameters in the units, and metrology -
reproduction of these units by measurement standards (references) and the transfer them to the geophysical measuring tools.

Volume method of estimating reserves of derived oil is based on measurement of geometrical sizes of deposit (the square S
and effective thickness hey), the total porosity coefficient (k), the oil saturation coefficient (ko) of the reservoir, the derived oil coefficient
(kos) and the coefficient k,nc that takes changing of the volume of oil transported from the reservoir (natural) conditions to surface
(normal) conditions.

The oil mass (mo) derived from the reservoir to the Earth's surface is defined (measured) by indirect method through oil
density (oonc) Under normal conditions, and its volume Vo4, which it takes after its removal from the productive portion of the layer on the

Earth's surface, according to the formula:
Moa = Lonc - Vod
The derived oil volume is determined by the formula

Vﬂfi =S,:-_;| -hef -.Ir‘i:tp -.Ir‘i:g -kﬂfi 'kmc_

()

@

The il layer square (S,) is determined on the basis of the bed geometric constructions within the external contour of oil on its
plan and map of effective thickness of oil-saturated reservoir.

Relative measurement error of the parameter S, for a well contoured wells deposits does not exceed + 10%. A relative error can
reach + 50% if few wells are drilled and deposit’s information is very approximate.

The oil density under normal conditions po.c and the coefficient k., are determined in the laboratory with an acceptable error +
5%. However, it requires the results of borehole temperature measurements of the oil saturated reservoir and pressure measurements,
which have comparatively small errors.

The effective thickness of the reservoir (her ) is defined based by borehole measurements using measuring depth and well log
diagrams with a relative error + 5% depending on the layer thickness.

The measurement accuracy (k.q) is determined by the accuracy of the initial and residual oil saturated layer coefficients using
geophysical methods.

Gas derived reserves are estimated by volumetric method or also on the basis of measurements of the relative change (drop)
reservoir pressure in process of gas production. Results of borehole temperature measurements of reservoir and of the reservoir pressure
are important because this parameters are directly included in the formula for estimating gas reserves in deposits.

The accuracy evaluation of potentially derived reserves of oil or gas from the explored the reservoir depends mainly on the
error of two parameters measured by geophysical methods: the total porosity coefficient of reservoir (kp) and the coefficient of oil
saturation (k,) and the coefficient of gas saturation (kg). Therefore, in the future we will consider units of measurement standards only
this measurement parameters outside the International System of Units (SlI).

Of the general theory of measurement it is known that the result of any measured quantity is an interval in which it might be
her true value with a specified probability [1, 4]. Consequently, the result of measuring the total porosity of the reservoir must be

represented as [2, 3]:
— 0
k, =k, tAp) %, 3)
ki -measured value - true value of total porosity of the formation; % - relative unit of this value; ky.m - measured value of the formation

total porosity coefficient (measurand); + AP the absolute error of a measurement of the reservoir total porosity with given probability

P.
The results of measurements of the reservoir oil saturation coefficient (k,) and the reservoir oil saturation coefficient (ko)

should be presented in the form of:
— 0
ko - (ko.m * AP) : A)’ (4)
— 0
k, =(k,, TAp)-%, (5)
ko and ky - measured values - true values of the coefficients of cil and gas saturation of the reservoir; k,» and kg, - are measured

values of oil saturation coefficient and gas saturation coefficient (measurand); + AP - the absolute error of measurement of these

factors with given probability P.

The accuracy of individually calibrated logging tools is defined predominantly by error of measurement standards.
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Requirements for their metrological characteristics should be scientifically based. Conditions of transfer of units of the measured values
to borehole geophysical equipment based on different physical principles must be closed to typical well (layer) conditions.

Requirements for measurement standards of porosity.

The main requirement to borehole measurements of formation total porosity with limited accuracy is conformity the
measurement conditions to the conditions of transfer of porosity units to borehole instrument from measurement standards of porosity
with permissible errors.

Ratio of total porosity of the same formation measure using different methods: electric; acoustic; neutron; gamma-gamma
method. Methods of nuclear geophysics of logging - neutron (NL) and density (GGL) have the best opportunity in terms of accuracy of
measurement. However, this is true only if the specified above the main requirement is the conformity (suitability) of the conditions of
logging measurement to conditions for logging tools calibration.

Porosity standards for nuclear-geophysical equipment must meet the following basic requirements:

1. they must reproduce in normal conditions at least for three values of porosity (from 0 to 15%) of low values and at least
three values of porosity (from 16% to 40%) in high values for fixed typical geological and technical conditions;

2. solid phase of material carried properties of a reference must be conform the pure sandstone, or calcite, or dolomite;

3. pore space must be completely filled with pure water ore water with a mineralization (with chlorine) or oil (diesel fuel), or
gas;

4. the diameter of the borehole in porosity standards should be conform the nominal diameter of the bit drilling tool used in
drilling of wells;

5. the chemical composition of the fluid in the reference borehole must be conform the chemical composition of drilling mud
used in drilling the wells;

6. the standard for neutron porosity logging must not contain elements with anomalous neutron capture cross-section;

7. if the neutron logging tool is used through casing the reference must reproduce parameters of column and cement close
to parameters corresponding to real measurements in wells.

Accordingly, all these requirements should be included in the certificate of calibration of the logging equipment, as well as the
information about tool location in the borehole of measurement standard.

In Russia the first samples of porosity for neutron logging equipment appeared in 1956. The first national standards the
porosity of water saturated calcite layers, crossed the well with diameter (196 £ 1) mm, without chlorine in the layer and the well were
built in 1980 as the references of composition and properties of rock crossed by wells. They reproduced unit of the porosity coefficient of
water saturated layer only for specified fixed conditions. For other geotechnical conditions were needed other standards of total porosity
units. Later was created a complex of 24 references of porosity and density of sand and calcite saturated by water, crossed by wells
having diameters (124 £ 1) mm (156 + 1) mm, (216 = 1) mm, (295 £+ 1) mm, including salinity (150 + 2) g/I (200 * 2) g/I, chlorine in the
well - null. The porosity water and oil saturated references of dolomite are not yet constructed.

The requirements for measurement standards of oil saturation.

The requirement of conformity measurement conditions and the conditions of transfer of units of oil saturation coefficient from
measurement standards to electric and oxygen-carbon logging tools is important as a general requirement for any measured value
using logging equipment.

References of oil saturation for the nuclear geophysical equipment must meet the following basic requirements:

1. they must reproduce in normal conditions at least five oil saturation ratio values ranging from 0% to 100% for the fixed
typical geological and technical conditions;

2. solid phase of material carried properties of a reference must be conform the pure sandstone, or calcite, or dolomite;

3. pore space of measurement standard reproducing oil saturation ratio more than 0 and less than 100% must be
completely filled with stable water-oil emulsion;

4. the diameter of the hole should be conform the nominal diameter of drilling bit;

5. the chemical composition of the fluid in the borehole reference must be conform the chemical composition of drilling
mud;

6. the reference must not contain elements with anomalous neutron capture cross-section;

7. if the neutron logging tool is used through casing the reference must reproduce parameters of column and cement close
to parameters corresponding to real measurements in wells.

Standards oil saturation for induction logging equipment must meet the following basic requirements:

1. to reproduce in normal conditions at least five oil saturation ratio values ranging from 5% to 90% for fixed typical
geotechnical conditions;

2. the pore space must be completely filled with stable water-oil emulsion;

3. the diameter of the hole should be conform the nominal diameter;
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4. specific electric conductivity fluid in the borehole reference should correspond to the conductivity of the drilling fluid;

5. the diameter of the standard must be such that the influence of its limited size did not cause substantial errors in
reproducing formation conductivity.

In Russia the first references of porosity sandy oil saturated formation, crossed the well diameter (216 + 1) mm with zero
chlorine in wells were built in 2000 as reference materials of rock composition and properties. They reproduce for the neutron log
equipment rate of oil saturation sandy layer of 100%. Other references for the reproducing oil saturation for measurement of a current
and residual oil saturation are in development. Establishment of standards of crack type of porosity causes significant difficulties and is
in the process of scientific inquiry.

Conclusion.

1. Estimating of petroleum and gas reserves by geophysical methods related to simultaneously measuring and metrological
activity. The first is to obtain the result of layer parameters measurements, and the second is to ensure the unity and the required
accuracy of geophysical measurements.

2. The metrological activity in geophysics includes the scientific substantiation, creation and storage of primary units
standards for geophysical measurements and transmit these units to borehole geophysical equipment through the calibration and
verification in the typical geotechnical conditions.

3.  "Counting" derived reserves of oil or gas on any field is actually an indirect measurement of oil mass or gas volume in
layers by measuring its square, the effective reservoir thickness, coefficient of total porosity, the coefficients of the oil or gas saturation,
the oil derived factor or gas derived factor.

4. Conditions of borehole measuring the reservoir porosity ratio should be as close as possible to the conditions of transfer
units from measurement standards to nuclear geophysical tools (NL and GGL). Measurement standards of porosity should be many.
They need to be created for different typical borehole conditions depending on nominal diameter wells, mineralogical composition
formation (sandstone, calcite, dolomite) and from the substance in the pore space (the water of varying degrees of salinity, oil, gas, clay
of varying chemical composition). Porosity standards should be the same for different measurement techniques, including neutron and
gamma-gamma method.

5. Conditions of borehole measurements of oil (gas) saturation ratio must be as close as possible to the conditions of
transfer units to borehole instrumentation from references of measured values units. Standards of oil and gas saturation of formations
with different values for the total porosity coefficient for the nuclear geophysical equipment must be able to build the calibration
characteristics as a function of two variables - of relative output signal and total porosity ratio.

6. The presence of porosity and oil and gas saturation references defines the technical competence area of the geophysical
company for measuring geophysical services to the oil and gas reserve estimates, as well as in the measurement of current and

residual oil saturation in reservoir.
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YOK 622.279.24
PA3PABOTKA TEXHONIOMMA MOHUTOPUHIA CKBAXKUH NXI BE3 U3BNEYEHNSA HACOCHO-
KOMMNPECCOPHbIX TPYB

Hanunerko B.H., [lomanoe A.[l., l'ynumoe A.B., Bopucoea J1.K., bopucoe B.U.,
KoHdpawoe A.B., Kpbicoe A.A., Mamneee T.C., Kyli6biwee P.P., JlbiceHkoe A.W., JaHuneHko B.B.
(OAO HIII «BHUNTUC», 3A0 HIN® «TUTAC», 2. Okmsibpbckul, Poccusi)

Ob6ecneyeHne 6e3onacHoOm 1 3KOHOMUYECKN OMpaBaaHHOW 3KCMNyaTauumn Noa3eMHbIX ra3oXpaHuUmmLL,
SABNSETCA OOHOM U3 NpuopuTETHLIX cTpaTternyeckux 3agad OAO «asnpom», OT pelleHust KOTOPON 3aBUCUT
HaQeXHOCTb MOCTaBOK MpPUPOAHOro rasa notpebutensm u  obecnevyeHne Tpebyemoro ypoBHS
3HeprobesonacHocT Poccun. B otnnyme OT NpMpOOHbIX ra30BbIX MECTOPOXAEHUI, PEXUMbI SKCAyaTaumm
noasemMHblx xpaHunuiy rada (MXI) xapakTepusyTcs LUKIMYeCcKMMM Harpyskamu amnnutygon go 18 Mrlla.
[aHHas ocobeHHOCTb W nepemMeHHble Tepmobapuyeckue ycnosus pabotel X[ npeponpegenstoT
NoBbILLEHHOE BHMMaHWE K 6e30nMacHOCTU UX JKcnnyaTauum, Onsi obecrnevyeHust KOTopou Heobxoammo B
nepBylo ovepenb KOHTPONMMpoOBaTb TEXHUYECKOe COCTOsSIHME ckBaxkMH X[ M oueHMBaTb UX OCTaTOYHbIN
pecypc. Mpu aTOM, yunTbiBass GONbLUIOE YMCMO CKBaXWH, HyXaawowmxcs B guarHocTuke (6onee 2000 epn.,
puc. 1), U HeQoNyCTUMOCTb HapyLleHus pexmnmMoB pabotbl XTI, ocobeHHO B nepuog oTbopa rasa, Tpebyetcs

npoBoAonTb AMarHoOCTU4eCcKne onepalmn B KpaTqaﬁLumZ CpOK bes3 MyLweHNA CKBaXXnH.
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Puc. 1. PacnpeneneHune cksaxuH u MNXI no cpokam akcnnyatauuu

CyLlecTBOBaBLUEE OTEYECTBEHHOE M UMMOpPTHOe oGopyaoBaHWe He 6Gbino npucnocobrneHo Ans
paboThbl NPV BbLICOKUX [AaBMEHUAX W TemnepaTtypax rasa, He MO3BOMANo MNPoBOAWUTb WCCMefoBaHuUs B
CKBaXkMHaX, OCHalleHHbIX TpyGamu Marnoro auamerpa, He obecneumsBano HEOBXOAUMYI TOYHOCTb W
[AOCTOBEPHOCTb  M3MepeHuid, TpeGoBano BbiBOAA CKBaXWMH W3 akcnnyatauun. [oatomy paspaGoTka
AnarHoCTUYeckol annapaTtypbl HOBOIO MOKOMEHUA U CO3daHMe CUCTeMbl IKCMEPTM3bl MPOMbILLINEHHO
6e30nacHOCTV CKBaXKMH MOA3EMHbIX XPaHUNULL rasa U 06OCHOBaHHOE HasHaveHve (MPOANEeHMe) cpoka MX

GesonacHou aKcnnyaTauum cTanu ocTpo akTyarbHOM NpobrnemMoi.
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Ona cosgaHus onTuMarnbHbIX ycnosui akcnnyataumm MNXI HeobxogMMo OCYLLECTBSATbL KOHTPOSb B
pexMMe MOHUTOPUHra, KOTOPbIA MOXET BbITb BbINOMHEH B HA3€MHOM BapuaHTe TONbKo YacTu4Ho. OCHOBHON
KOHTPOIb TEXHUYECKOTO COCTOSIHUSA CKBaXXKWHbI OCYLLECTBSETCA NOCPECTBOM CKBaXWMHHbIX n3MepeHun. Ons
obecrneyeHns MOMHOLEHHOrO MOHUTOPWMHIa HeobXOoOAMMO MMETb BO3MOXHOCTb MPOBOAUTL KapOTaXHble
nccnenoBaHns B paboTaroLlmMx CKBaxmMHax 6e3 BblBOAa WX U3 KCNnyataumun v rmyleHus o6bekToB. Takum
06pa3om, ncnornb3yemble AN KOHTporsa reoumanyeckne metodbl U Npubopbl AOMKHBLI NO3BONATH NPOBOAUTL
N3MepeHNs B ra3oBoOW cpeaie Yepes razo3anopHoe obopyaoBaHue.

YnpaeneHue MNXI OAO «lasnpom» cosmectHo ¢ OO0 «lasnpom MXr», 3A0 HMN® «TUTAC», OAO
HMAM «BHAUTNC» un gpyrumn  opraHusaumamu ¢ 2001 . 3aHMMaloTCA co3gaHWeM U pasBUTUEM
reon3nN4EeCKNX TEXHOMOIUIA, BKMOYAIOLWMX 3Tanbl OT pa3paboTku annapatypbl 4O pa3paboTky MeToauk Ans
ONArHoCTUKN TEXHUYECKOTO COCTOSIHUS CKkBaXWH X[ M COCTOSIHUS OKOMOCKBaXKMHHOMO MPOCTpaHCTBa C
Luenbo fokanusauuMm 30H BTOPUYHOIO CKOMMEHUS ra3a, BbISABNEHUS TEXHOrEHHbIX 3anexen rasa npu
HapyLweHun repmeTudHocTm MXT.

PaspaboTaHHble K HacTosiLeMy BpPEMEHU TexXHOoMorMnm 6e3 rnyLleHuss CKBaXKWMHbI, MO3BOMNSAT
a(pheKTMBHO pellaTb pasfnuyHble reornormyeckne M TexHudeckme 3agadum, akTyanoHble ana MXI cpeawm
KOTOpPbIX MHTEPEC NpeacTaBnsAlT TEXHONOMMM OCHOBaHHbIE HA METoAaX:

—  30HOMPOBAHMWSA CTAHOBMEHWEM 3NEKTPOMarHUTHOro nons B GnuxHen 3oHe (3CB);
—  CNEeKTPOMETPUYECKOro PpaanoaKkTUBHOIO KapoTaxa;
—  MarHWTHO -MMNYNbCHON AedeKTockonumm.

BbisiBneHvne HapylleHUs repMeTUYHOCTM nog3eMHblX xpaHunuw, rasa (MXI) Heobxogmmo Ans
NPoeKTMpPOBaHMA paboT Mo NpeaoTBPaLLEHUIO U NMKBUAALUN ero yTedek. MMyOBuHHbIM METOA0M, CMOCOOHBLIM
3amkcmpoBaTb  y4acTKM BTOPWUYMHONO ra3OHaKOMIEHWs Kak MpsMOro  CBWAETENbCTBA  HapyLleHus
repmeTudHocTn MXIT B yCnoBusaX HanmuMuns MHOTOYUCIIEHHBIX UCKYCCTBEHHbIX NMPOBOOHWUKOB (0BopyaoBaHue
CKBaXWH, Tpybbl, kabenn un gp.), ABNsSeTCA reousanyecknin MeTog HaszeMHOW WUMMNYNbCHON WMHAYKTUBHOW
areKkTpopasBefKkM 30HAMPOBAHMEM CTaAHOBMEHWEM 3reKTpoOMarHMTHoro nomns B OnwkHen 3oHe (3CB); B
uenom, oTpaboTtaHa pauunoHanbHas MeToguka NpoBedeHUs MoNeBbIX paboT M MHTepnpeTauuy NonyYeHHbIX
pesynesraToB. Beicokas Npon3BoanTENbHOCTb U OTHOCUTENbHAas ManosaTtpaTHocTb 3CB Aenaet BO3MOXHbIM
NpUMeHeHWe 3Toro MeToda B MOHUTOpuHroBom pexume. Komnnekcuposanne 3CB ¢ gpyrumu metrogamu
(MEXCKBaXXMHHOWM cericMoToMorpadment, anekTponpodunmMpoBaHMeM, MUKpoMacluTabHbIM BepTUKarbHbIM
3MNEeKTPUYECKUM 30HANPOBaHUEM) NO3BOMNSAET YTOUYHATL re0NornMyeckMin paspes HagnpoayKTUBHON TOMNLLUN, YTO
Ba)XHO ANs MPOrHO3MPOBaHMSA BO3MOXHOCTU (POPMUPOBAHMSA 30H BTOPUYHOrO rasoHakonneHwus (3BI),
AeTanu3npoBaTb NoryyYeHHble pe3ynbrathl U, Npu GrnaronpuaTHbIX 00CTOATENbLCTBAX, OKOHTYpuBaTh 3Bl B
npocTpaHCTBe.

3a UCKMNIOYEHNEM TEOXUMUYECKMX MOKPbLILWEK, KOTOpble B MPUHUMNE MOryT ObiTb HapylleHbl B
pe3ynsraTe TEXHOreHHbIX BO3OEWCTBUN, €AMHCTBEHHbIM KaHarioM MocTynneHus rasa u3 pabodero nnacta-
KOnmnekTopa B Bbllenexawme ropu3OHTbl SABMSATCA CKBaXMHbI, LEMEHTHbIN KaMeHb KOTOpbIX (4acTo
M3HayanbHO  HEBLICOKOMO  KavyecTBa) MoABepraeTcs  UMKIMYECKUM  pernpeccUMBHO-AENPECCUBHBLIM
BO3OENCTBUSIM, YTO OOYCMOBMMBAET BO3MOXHOCTb 3aKOMOHHOMO MepeToka rasa C nocneaylwmMm ero
pacnpocTpaHeHneM Mo nracTtaM-KoNneKkTopam HagnpoaykTMBHOW TonwM W (DOPMUPOBAHUEM  30H
BTOpUYHOro ckonnenuns rasa (3BCI); npu aTom, BCNeocTBMe BbITECHEHMS ra3oM MracToBOW BOAbI, MOryT
dhopmMupoBaTbCA TakKe 30HbI BTOPUYHOIO 06BoaHeHus (3BO).

®dun3nyeckon 0CHOBOM A4 BblAENEHUS 30H BTOPUMYHONO CKOMMeHus rasa no gaHHbiM 3Chb sensaetcs
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yBenuyeHne yaensHoro conpotmeneHus (YC), ans BblgeneHns 3oH BTOPUYHOTO OOBOAHEHUS] — YMEHbLLEHUE
YC no cpaBHEHUIO C «(OHOBbLIMUY. PacyeTbl U ONbIT KapoTaxa COMPOTUBIEHUIA MOKa3bIBaKOT, YTO Npwu
3aMeLLleHMN BOAbl ra3oM B KorriekTopax cpegHer nopuctoctn YC moxeT Bo3pacTu B 400 pas.

OKcnepuMeHTanbHbIM [0Ka3aTeNbCTBOM BbiCOKON addpekTnBHocTM 3CB Ons BblgeneHus 30H
BTOPWYHOIO CKOMMEHWS rasa sIBMSIOTCSA pesynbraThl, nonyyeHHble Ha psge MXT

Ha ocHoBe MOHUTOPWHIOBLIX M3MepeHuii no metogy 3CH BO3MOXHO O0ObLEKTMBHOE BbiAerieHue 30H
BTOPWUYHOIO CKOMMEHMS rasa M 30H BTOPUYHOro 06BoAHEHUS. [pn UX OTCYTCTBUW BbiOENEHNE BEPOATHbIX 30H
BTOPWUYHOIO CKOMIIEHNs1 raza U BTOPUMYHOIO OOGBOAHEHWUs BO3MOXHO Ha OCHOBE CTaTMCTU4YeCKOro aHanusa
OBOWHBIX Pa3HOCTHLIX NapaMeTpPOB YAENbHOro conpoTueneHns no gaHHeiM 3CH - (OYC), paccuntbiBaeMbIx
no cTaHgapTHoWn hopmyre.

OcHoBHOM 3apadven, crtosiwen nepeg 3CB Ha nnowaanm X[, sBnsieTcda nokanusauust 30H
BTOPUYHOIO rasoHacbilweHusi. Hwke npuBogsaTca npumepbl 3ddekTuBHoro npumeHeHuss 3CB  gns
BblOEMNeHMsT 3TUX 30H B BEPXHUX 4YacTsX reorlorMyeckoro paspesa, Korga onacHOCTb Bbixoda rasa Ha
NMOBEPXHOCTb OCOBEHHO BENUKa.

[ns nporHo3vpoBaHWsi OMAaCHOCTWU ra3oMNpPOSIBIIEHUA Ba)XHOE 3HaYeHWe WMEeeT oOueHKa rnyouH
3aneraHnsl KpoBNWU ranevHuka. PacnpepeneHne OTHOCUTENbHLIX [MYyOUH 3aneraHns KpOBMWU ranevyHuka

(rny6buH oT noBepxHOCTM 3eMin) nokasaHo Ha puc. 2.

Hors, M

Puc. 2. PacnpegeneHue oTHOCUTENbHbIX rny6m-| 3aneraHmsa KpoBnu rane4vyHuka
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Ha ogHom w3 TMXI nepeng 3CBb crosana 3agada  oueHkM 3hEKTMBHOCTU MeEPONPUATUNA,
NMPOBEAEHHbIX C LENb NUKBMAAUMM ras3onposiBneHuin. [ns ob6ocHOBaHHOrO OTBeTa Ha Bonpoc 06
3 EeKTMBHOCTU NpPOBEOEHHLIX MeponpusaTUA Obina ocyllecTBrieHa nepevHTepnpeTauns paHHeix 3CBb,
nonyyeHHblx B 2005 r. YTOUYHEHbI Takke MHTEPNpeTaLMOHHbIE MOAENU AN BbigeneHus no gaHHeiM 3CH
KPOBIIM TOSLLM rafieyHmKa U NoaoLLBbl FOPU3OHTOB, NpUEratoLLmX K MOBEPXHOCTU, OLEHEHBbI pacnpeneneHus
yOernbHOro anekTpuyeckoro conpotmaneHms 3Cb KpoBnuM TOMLWM raneyHuka 1 nogoLlBbl JaHHOTO rOpMU3oHTa
no AaHHbIM namepeHun 2005 n 2011 r., NpoBeAeH CpaBHUTENbHbLIN aHanM3 aTUX pacnpegeneHun.

Ha puc. 3. nokasaHo pacnpefeneHve aHoManbHO BbICOKMX 3HavyeHun OYC (ABOMHbIX pas3HOCTHbIX
napameTpoB yaenbHbIX 3NEKTPUYECKMX conpoTmeneHnin no aaHHelM 3CB, paccunTbiBaeMbiX NO CTaHAapTHOM
cdopmMyne) raneyHnka no faHHbiM uccnegosanui 2005 u 2011 ., dukcupyrowme BO3MOXHbIE 3OHbI

BTOPUYHOIO CKOMJ1eHUd rasa.
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Puc. 3. PacnpeneneHne aHomManbHO BbICOKUX 3Ha4yeHMW [YC KpoBnu ranevyHuka

no pesynbsratam pa6ot 2005 u 2011 rr.

U3 puc. 3 BuAHaA SDPEKTUBHOCTL MpoBedeHHblXx Ha [IX[ MeponpuaTvi, npuBedwas K
3HAYUTENBHOMY YMEHbLUEHUIO Pa3BUTUS  BO3MOXHbIX 30H BTOPUYHOIO CKOMMeHusi rasa. Bmecte ¢ Tem

obpalyaet Ha cebs BHMMaHue cukcupyemas no pesyrnsratam pabot 2011 r. BO3MOXHasi 30Ha BTOPUYHOIO
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ckonneHus rasa (3Bl mepuamoHanbHOro npocTupanns. MoxHO ¢ Gonbluelt YBEPEHHOCTLI0 FOBOPUTL O
dopmmpoBaHmmn 3Bl BCneacTeme yTeyek rasa u3 cks.166.

Cks. 156, Haxopgsawwasca B LeHTpe netnn 3CH Ne164, xapakrepunsyeTcsi MakCUMarbHbIM 3Ha4YeHUeM
aycC.

Pa3spaboTaHHble K HacTOSILLEMY BPEMEHW TEXHOMOMMU reoU3NYECKUX WCCNELOBAHUA CKBaXXMWH
yepes HKT  nossonsoT 3adeKTMBHO pellaTb pasfinyHble reornormyeckne M TeXHUYeckue 3agauw,
aktyanbHble gns XM, 6e3 myweHna ckBaxuHbl. Cpegn HUX HambomnblIMW WMHTEpec NpeacTaBnsaloT
TEeXHoMoruu, peLlaroLme criegyrolme sagayun:

— OueHKka TepMETUYHOCTM M M3HOLIEHHOCTM 0OCaAHbIX KOMOHH ras0BbIX CKBaXWH METOOO0M
3NEKTPOMarHUTHOM (MarHUTOUMMYIbCHOM) AedEeKTOCKOMUU-TONLLNHOMETPUM;

— BbleneHne 30H CKOMMEHUs rasa, UX PacrnonoXeHUss B MEXKOITOHHOM U 3aKONTOHHOM MPOCTPaHCTBE
NPUCKBaXXKMHHOMN 30HbI;

— BbISIBIIEHME W OLEHKa pasMepoB KaBepH B MPUCKBAXKUHHOW 30HE TepPpUreHHbIX rasooTAaroLmx
KOIMeKTOpoB.;

— OLeHKa COCTOSIHUSA LIeMEHTHOMO KaMHS B ra30HanofIHEHHOW CKBaXKUHE;

— MNOCTPOEHME NUTOMNOrMYECKON MoAenu nNnacTa;

— pononHuTenbHas reonoruveckast MHpopmMauus.

MepeyncneHHble Bbille TEXHOMOMMM HanpasBrieHbl Ha OLEHKY Cpoka ganbHeven GesonacHow
akcnnyatauum ckBaxuH [XI. TexHonorMM OCHOBaHbl Ha pesynbTaTtax WCCNedoBaHUN  CKBaXWH,
BKITHOYAIOLLMX MHOMO30HA0BbLIE MOAUMMKALIMM CTaLMOHAPHBIX HENTPOHHBLIX METOAOB - HEUTPOH HENTPOHHBIN
kapotax (HHK), HenTpoHHbI ramma-kapotax (HIK), CHI'K u umnynbscHein HHK (MHHK) ¢ npusneyeHvem
OaHHbIX UccregoBaHUn ckBaxuHbl metogamu CI'K, mMarHuTo-umnynbCHOM OedeKkTockonMum u KoMnrekca
M C-koHTpOnb.

MpumeHeHne HoBon KommnnekcHow annapatypbl Tuna KA-MWO-CPK-K coctosiwen u3 mogyns
KOMMEHCUPOBAHHOIO  HEWTPOHHOro  KapoTaxa no  TennoBbiM  HewWTpoHam  (2HHK-T), mogyns
crnekTpomeTpuyeckoro ramma-kaportaxa (CrK), mogyns LWMpoOKOAMaNas3oHHOMO  CNEKTPOMETPUYECKOro
HEeWTPOHHOro ramma - kapotaxa (CHI'K-L) n mogyns marHuTHO-mMnynbcHoro kapotaxa (MWUO-K), natyukos
AaBneHns N Temnepatypbl, obecneynBaloLlen npoBedeHne UCCNEedoBaHUM B CKBaXKMHAX [ABYXKOIOHHOW
KOHCTPYKUMK, MO3BOMSET pelwaTtb ps BbllenepeducrieHHble 3ajadvM M oueHMBaTb OCTaBLUMICA CPOK
CNYX0bl CKBaXWH.

3D npeactaBneHne octasLlerocs cpoka cnyxobl (OCC) Ha nnowaaun H-1 BOOOHOCHOW CTPYKTYPbI MO
cocTosHMIo Ha 2012 r. noka3aHo Ha puc 4.

Vcxons m3 nonyyveHHbIX pesynsTaToB NPUMMEHEHUs pa3paboTaHHbIX TEXHOMOrMI A5 MOHUTOPUHra
TEXHNYECKOro COCTOSAHUA CKBadKUH X, MOXHO 3aKmnioYnTb, YTO KOMMMEKC reouU3nyecknx nccneqoBaHuin,
CPOPMUPOBaHHbIN Ha ©Ga3e npeacTaBneHHbIX B [aHHOW CTaTbe METOO4OB M TEXHOMOrWW, SBNSAETCS
NHOPMATUBHBLIM U TEXHOMOMMYHBIM N MOXET CIYXWUTb OCHOBOW ANS NPUHATUS PELUEHUn MO PEMOHTY U

KOPPEKTUPOBKE TEXHONTOMNMHYECKNX PEXMMOB IKCM1yaTaun CKBaXXUH.
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Puc. 4. 3D npepactaBneHne OCC ckBaXXwH No cOCTOsiHMIO Ha 2012 r.

DEVELOPMENT OF WELL INTEGRITY MONITORING
IN UNDERGROUND GAS STORAGE SYSTEM
WITHOUT TUBING RETRIEVING

Danilenko V.N., Potapov A.P., Gulimov A.V., Borisova L.K., Borisov V.I., Kondrashov A.V.,
Krysov A.A., Mamleev T.S., Kuibyshev R.R., Lysenkov A.l., Danilenko V.V.
(OAO NPP «VNIIGIS», ZAO NPF «GITAS», Russia)

One of the high-priority strategic challenges of OJSC “GAZPROM” is safe and economically feasible underground gas storage
exploitation, on which depends natural gas supply reliability and required Russian energy safety stock. Unlike to the natural gas field,
operating mode of underground gas storages (UGS) is related to the cyclical load amplitude up to 18 MPa. This cyclical load and UGS
variable temperature and pressure operating conditions predetermine great attention to the UGS safe exploitation, which is primarily
based on UGS well integrity control and remaining lifetime estimation. However with numerous wells waiting for logging (more than
2000 wells, Fig. 1), especially while gas production, logging operations are required to be carried out as soon as possible without killing
the well.

The prior art domestic and imported equipment was not designed nor for high temperature and pressure operational
conditions, neither for small borehole pipe, it didn’t allow for accurate and reliable measurements, and required temporary well shut-
down. That is why it's actual to develop logging equipment of next generation and to invent a new system of industrial safety expert
review for UGS wells and reasonable time extension of UGS well safe exploitation.

For optimum UGS operating conditions it's necessary to control the wellbore, but it's not available from the surface only. The
main well integrity control is based on the downhole measurements. For the full control it's necessary to log production wells without
shutting-down and killing a well. Thus, geophysical methods and equipment should be able to perform measurements in gaseous field
through the gas-shutoff equipment.

Since 2001 UGS management department of OJSC "Gazprom" and LLC "Gazprom PHG", CJSC NPF "GITAS", OJSC NPP
"VNIIGIS" and other companies are dealing with UGS-well-integrity logging techniques development, including development of tools and
integrity testing, as well as near-wellbore zone diagnostic methods for secondary gas accumulation location and production-induced gas

deposits while UGS wells leaking.
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Fig. 1. UGS and wells lifetime

Today all geophysical through-tubing technologies (without well killing) allow for effective solution of different geological and
technical problems which are actual for UGS systems:

—  Near electromagnetic field sounding.
—  Spectral radioactive log.
—  Magnetic-pulsed scanning.

Integrity failure detection in UGS is necessary for leakage preventing and elimination. One of downhole methods of secondary
gas accumulation detecting (as a disclosure of UGS integrity failure while multiple man-made conductors are present (downhole
equipment, pipes, cables, wireline, etc.)) is surface pulsed induction survey via near electromagnetic field sounding; in general this is a
reasonable technique for field operations and data interpretation. High efficiency and relative low cost allows for this method
implemented in monitoring mode.

When combined with other methods (crosshole seismic, electric profiling, microscale vertical electric sounding) it allows for
refining geological cross-section above pay layers (which is really important for secondary gas accumulation zones predicting), extend
information and, auspiciously, outline secondary gas accumulation zones.

Excluding geochemical seals (which can be man-made impacted) the only gas way from a production reservoir to the above-
pay layers is a wellbore where the cement bond (originally of low quality) is impacted by cyclic oppression-depression. This allows for
annular gas cross-flow and its further distribution in non-productive reservoirs; that results in secondary gas accumulation zones and
may lead to displacements of formation water and secondary watering zones.

The physical basis for secondary gas accumulation detecting after near-electromagnetic field sounding data is increased
electrical resistivity, for secondary watering zone detecting — decreased electrical resistivity as compared to the background resistivity.
Experience and calculation of resistivity logging show when reservoir water is displaced by gas the electrical resistivity may increase
400 times.

The results, obtained in several UGS prove high efficiency of near-electromagnetic field sounding for secondary gas
accumulation zones detecting.

Near electromagnetic field sounding allows for reliable secondary gas accumulation zones and secondary watering zones
detecting. If these detection methods are unavailable those zones can be detected via static analysis of double differential resistivity
parameters.

The main aim of UGS near-electromagnetic field sounding is secondary gas accumulation zones locating.

This effective method will now be explained with the drawings, wherein there is a great hazard of gas seepage.

For gas seepage hazard prediction it’s really important to detect the boulder bed roof depth. Relative boulder bed roof depth

(from the Earth surface) is shown in Fig. 2.
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Fig. 2. Relative boulder bed roof depth distribution

In one of UGS there was a challenge — to estimate the effectiveness of all operations intended to eliminate the gas kick. To
give a substantiated answer, several operations were performed:

—  Re-interpretation of data (for 2005 year).

—  Refinement of interpretation models (boulder bed roof, bottom boundary of subsurface formations.

—  Determination of resistivity distribution in boulder bed roof and bottom boundary of formation (2005 and 2011 years

data).

—  Resistivity comparative analysis.

Fig. 3 represents the overpressure distribution (double differential resistivity parameters after data of near electromagnetic
field sounding) in a boulder bed for 2005 and 2011.

This drawing proves the efficiency of the operations in the UGS resulted in a considerable decrease of potential secondary
gas accumulation zones. But at the same time we noted fixed potential secondary gas accumulation zones in meridian extension in
2011. We can speak positively about secondary gas accumulation zones resulted in gas leaking from Well # 166.

Well # 156 placed in a mesh of Well # 166 is characterized by a maximum resistivity value.

Today all geophysical through-tubing technologies (without well killing) allow for effective solution of different geological and
technical problems which are actual for UGS systems:

— Gas wellbore casing leak and wear rate via electromagnetic (magnetic-pulse) scanning and wall-thickness
measuring;

— Annular/tubular gas accumulation location;

—  Cauvities size in near-wellbore clastic gas reservoir;

—  Cement bond quality in a gas-filled wellbore;

—  Formation lithology model;

—  Other geological information.

The said technologies are designed to predetermine the time of further safe UGS well exploitation. The technologies are
based on data from wellbores logged with multisonde array neutron tools: neutron-neutron log (NNK), neutron GR log (NGK), induced

spectral GR log (SNGK), pulsed neutron log (INNK) combined with spectral GR log (SGK) data and magnetic pulse scanner data.
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Fig. 3. Overpressure distribution (double differential resistivity parameters after data of near

electromagnetic field sounding) in a boulder bed for 2005 and 2011

New integrated tool KA-MID-SRK-K consisting of a compensated thermal neutron log (2NNK-t), spectral GR log (SGK), gross-
count GR spectral log (SNGK-Sh), magnetic-pulsed log (MID) and pressure/temperature gauge providing double-string testing, allows
for above-listed measurements and remaining well lifetime determination.

Fig. 4 represents 3D remaining well lifetime in water layer for 2012 year.

Based on the results of present techniques of UGS wellbore integrity monitoring we can say that geophysical survey based on
the present methods and techniques may be the basis for solutions on workovers and refinement of well operation conditions.

remaining well
lifetime, year

Fig. 4. 3-D remaining well lifetime in water layer for 2012 year
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YAK 621.3.087.92
NMPUMEHEHUE PACMPEAOENEHHbBIX OATYUKOB TEMIMEPATYPbI U OABNEHUA NPU
TEPMOrMAPOANHAMUYECKUX UCCINEOOBAHUAX TOPU3OHTAJIbHbIX CKBAXXUH

Banuynnuu PA., Sipynnux PK., LLlapagpymduHoe P.®., Pama3aHoe A.LL.,
CadpemaduHoe A.A. (bawlY, e. Y¢pa, Poccus)
Myxamaduee P.C., BaxxeHoe B.B., Umaee A.U. (OO0 «THI-I'pynn», e. Byaynbma, Poccus)

MycuH P.A., [lpayko M.B. (OAO «BepxHe4oHckHegpmeza3», 2. Upkymck, Poccusi)

AHHoTauusa. OpraHu3aunsi MOHUTOPUHIa pa3paboTkn HETAHBLIX MECTOPOXKAEHU reodn3NHECKUMM
U rMapogMHamMMYecKMMn MeTodaMKu SABMASETCA BaXHbIM HamnpaeneHWeM Mpu CO34aHUN COBPEMEHHbIX
NPOEKTOB u3BredeHnss Hedtu. Mo STOW NpuuMHE B HacTosiLee Bpems BedylivMe MHTepHauMoHanbHble
KOMMaHMM YacTb CKBaXXWH 3akaHumBaloT no TexHorormm Smart Wells (MHTennekTyanbHble CKBaXKWHbI).
TexHonorus npegycMmaTpueaeT obopynoBaHNE CKBaXKWMH MMYOUHHBIMK faTyMkaMy TemnepaTypbl, AaBrneHus,
pacxoga W cneumanbHbIMWM - TUAPABAUYECKMMU UMW SNEKTPUYMECKMMM  KNanaHamu unum - mydramu,
ynpaensemMbiMm ¢ noBepxHocTn. OObIMHO Tak 0BOpyAyHTCA MHOIMOCTBOSbHBIE WU MHOronnactoBble
CKBaXXWHbI, B KOTOPbIX UMEETCSI BO3MOXHOCTb M3MEHSTb YCMOBUSA MX 3KCMNyaTaumm HENOCPELCTBEHHO Nocne
nony4YeHns ¢ rmMyoOuHHbIX AaT4NKoB MHOpMaLuun, TpebytoLe KOPPEKTUPOBKN pexmnma 4obbiun.

B paboTe npuBOoAATCA [OaHHble, MOKasbiBaloLME BO3MOXHOCTb pPELUEHUs] MpakTUYeckux 3agad
CKBaXWHHOW reousnkn C NPUMEHEHMEM pacrnpedeneHHblX U3MepUTeNbHbIX CUCTEM B  CTBOME
rOpM30OHTanbHOM CkBaXkMHbl. OTMeYeHa HeOOXOAMMOCTb 06A3aTENBHOIO KOMMIIEKCMPOBAHMS MPOMbICIIOBbIX
nccnepoBaHU Ha CKBaXkMHax C MateMaTMyeckum MoLenMpoBaHMEM TePMOrnapoaMHaMmUYecknx npoLeccoB

npun NOAroToBKe NTOrOBOro 3aKi4veHus. MaTepman MNNKCTPUpPOBaH CKBaXXUHHbIMU NMpuMepamMmn.

1. MaremaTnyeckass mMoaenb TepMO-rMAPOAMHAMMYECKMX MPOLIECCOB B FOPU3OHTaNbHOWM
CKBaXWHe.

Mpsamasn 3agava.

OcHoBHblE (pU3MYeckne MpoLecchl, npoTekawwue B Nnacte M CTBOME CKBaXWHbl B MHTepBane
Mexay gaTyukamu:

—  KOHBEKTUBHbIVA NEPEHOC BAOMb CTBOMA CKBAXMWHbI;

—  NPWUTOK U3 NPOOYKTUBHbLIX MHTEPBAros;

—  KOHAYKTUBHbIVA TEMNOOOMEH CKBaXMHbI 1 OKPYXatoLLUX NOPoA;

—  KOHAYKTUBHbIVA TEMMNOMNEPEHOC B OKPY>KatoLLMX nopoaax;

— TepmoagnHamudeckne adpekTbl B oOKkpyxawwmx nopogax (adpdpekt [koynsa-ToMcoHa,
aguabatunyecknii apdexT).

MpegnonaraeM, 4TO TeyeHWe B nnacTe U CKBaXUHE SABMSETCA TOMOMEHHbIM W €ro MOXHO
paccmaTpuBaTb B NCeBgooAHOMasHOM NpUbAmKeHnN.

Mopenb cocToUT U3 ypaBHEHU, ONUCHIBAKOLLUX OAHOMa3HOe HEN30TEPMUNYECKOE TeYEHNe B MracTe,
B CTBOS1E€ CKB&XXWHbI 1 CBA3YIOLLMX COOTHOLUEHUN.

YpaBHeHWe Hepa3pbIBHOCTM B NnacTe B cnabockvmaemol nocTaHoBKe:

.0p_ 10 op
P29, kP| R <r<k . 1
ﬁ@t rﬁrr or w28 M
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30ecb K - NoABWMXXHOCTb CMECH, onpegensemas cnegyroLwmnm obpasom:

K:k(k‘ 5), k2(52)j. @

H H,

O6beMHy0 4OM0 HEMTU U FPaHUYHOE YCMOBME MOXHO HAWUTU M3 YCMOBWIA 3a4aHHOrO 0GbLEMHOrO

p.e6MTa cbas Ha eaAnHunuy OJNNHbl CKBaXXUHbI. [ns atoro MCnosnb3yeTcd cnenyouwlaa cucrtema ypaBHeHMVIZ

k(S )0
o, WS 3)
My Or =R,
1—
2R, M@_p =q,. (4)
:u2 6”' r=R,
op
30ecb HEeM3BECTHLIMU BbICTYNAOT BEMUYMHBI 8_ n S,. ®a3oBble NPOHULIAEMOCTU W BSAKOCTM
rr:R

CYMTATCA 3aaHHbIMW.

yl'lpyroeMKOCTb nnacrta oueHMBaeTCA Kak:

ﬂ* = m(slﬂl +S2ﬂ2)+ sk -

YpaBHeHWe nepeHoca Tenna:

Ca—T_l(plcl k](SI)+pzcz kz(l_Sl)jag[l’ka—pT} 1 0 ( ﬂ,* a—Tj mn ap
r /A /A

ot U U, 0 r Or or Ot
2
+ (g] e M +&,0,C, M]k(é_p] ; ()
K, Hy or
C= m[plclsl + 0,6 (l -5, )] + (l - m)pskcsk : (6)
YpaBHeHMe COXpaHEHWsi MacChl B CKBaXMHE:
as, s,
Dy ey 7
a e q (7)
ov
=24 (8)
4 i

B cny4yae y4yera ra3oBon ¢hasbl, ypaBHEHNE COXPAHEHUsI MacCChl 3anMCbIBAETCsl B MPEANnOnoXeHUw,
4yTO AebuT NnocTynatoLLLero ra3a COCTOUT U3 ABYX YacTel: ra3 nocne gerasaumm (ero 4edbut nponopuuoHaneH
[ebuty HedpTn) 1 cBOOOAHbLIN ras.

YpaBHeHMe nepeHoca Tenna B AMBepFeHTHOVI NOCTaHOBKE:

OCT oCuT a( oT

op
o +7_§ Ag]"'nc or (p]c]q] +p202Q2)Tw +a(Tex _T) rme C = zpchz i (9)

[nsa 3amblkaHUs ypaBHEHUs1 NMepeHoca Tenna HeobXoAMMO KOPPEKTHO OnpenenuTb KoadduumneHT
TennoobMeHa, Yy4uTbIBalOWMA HeogHOMA3HOCTb TEYEHUst UM TEeMnnoBOe COMPOTUBIEHWE KOHCTPYKLMK
CKBaXXMHb.

O6partHas 3apava.

Ona onpegeneHnss npownst NPUEMUCTOCTW/OTOAYM B TOPU3OHTANbHOM CKBAXXMHE MO AaHHbLIM

pacnpeneneHHbIX gat4nkoB TeMnepatypbl U aBneHna npoBoAUTCA peLleHne O6paTHOl71 3agadn.
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PelueHne O6paTHOl71 3afayum ceoanTCcAa K MMHMMU3aunn cnegyrouero beHKLI,MOHaJ'IaZ

Flg,.q,.6T)= (T, (t:,9,.q,)-T,(,)-oT ), (10)

1

m

rae, T, — vnamepeHHas fatumkom Temneparypa, 1), - paccuutaHHas Temneparypa, ¢, - Aebut HedH, ¢,

- 0ebuT ceoboaHoro rasa, 61 - KoppekUuns U3MepseMoil TemnepaTtypsbi.

Hwxe npmueeneHbl NnpuMepbl peleHna O6paTHbIX 3agad no AaHHOMY noaxony.

2. Tepmo-rmgpoavHammyeckume uUcCCrneaoBaHUs C MPUMEHEeHUEM TUpnsiHAbl npubopos
(maTumkoB), pacnpeaeneHHbIX Ha (PUKCUPOBAHHLIX FMyOGMHaxX Mo ANIMHE rOPU3OHTaNbHOW CKBaXXWUHbI.

B OAO «CyprytHedpteras» m B OAO AHK «bawHedpTb» 6bina onpobGoBaHa TexHOMorus
NCcCnenoBaHWA C MPUMEHEHVMEM TMPRAHAbl aBTOHOMHbIX NPMOOPOB, OOCTaBMSAEMbIX Ha FOPU3OHTaNbHbIN
y4acTOK CTBOMa CKBaXWHbl KornoHHow HKT B cneumanbHbix KOHTenHepax [8]. OtnuuntenbsHas ocobeHHOCTb
OaHHOW cxeMbl NpoBeAeHUs UccreoBaHnin 3aKIo4aeTcs B TOM, YTO OaTYUKK, PErMCTpUpYIoLLMe AaBneHne u
TemnepaTtypy, B xoge nposegeHus NI HaxogaTcs Ha UKCUPOBaHHbLIX TOYKaX, a PEXUM paboTbl CKBaXWHbI
MEHSIeTCS, Harnpumep, C MPUMEHeHneM CTPYMHOro Hacoca.

B pabGote [12] paccmaTtpuBaloTCsl BOMPOCHI, CBSA3aHHblIE C MNPUMEHEHWEM MHOro4aT4YMKOBOW
TexHonoruu. MNMpuBoasaTca Nogxodbl K peLleHno HepTeNPOMbICNIOBBIX 3a4au.

B ocHoBe WHTepnpeTauMnm AaHHbIX WM3MEpeHWn TemnepaTypbl WM AaBfneHus pacnpegeneHHbIMU
JaTtymkamm - 3TO aHanu3 TepMmognHaMmmyecknx agdpektos: [xoyna-TomcoHa, agmnabatnyeckoro acdekra u
Tennotbl pasrasvpoBaHus. [lposiBneHve addekta [xoyns-ToMcoHa CBUOETENLCTBYET O HanNuyum
paboTalowmx uHTepBanoB nnacta. [lpy 9TOM 3HauMTENbHOE BIIUMSHWE Ha XapakTep pacnpegeneHus
TemnepaTypbl OKa3blBaeT 1 TENMOTa pa3rasnpoBaHnsa HETU NPU CHKEHUN AaBNEeHUs B CKBaXMHe U nnacre
HWXe OaBrneHus HacblweHus. MNpu oTCyTCTBUMM NpUToKa (hopMUpOBaHME TeMnepaTypHOro Nons NpoucxXoauT
TONbKO 3a cyeT aguabaTtmyeckoro adpdpekta W, NpU CHWKEHUU OaBMEeHUS B CKBaXXUHE HWKe OaBreHus
HacblLWEeHWs - TennoThbl pasrasmpoBaHnsa HedTu.

Mpn HecTauMoHapHOM pexunme unbTpaLmK, BO3HMUKaKOLWEM MpU Mycke, OCTAHOBKE WIM CMeHe
pexuma paboTbl CKBaXWHbl, Ha 3aboe CkBaXWHbl HaOMOAeTcs  COBOKYMHOCTb  MPOSIBMEHMUS
apguabatuyeckoro, bapoTepmMm4eckoro apeKToB N NPU CHKEHUM AaBMNEeHUs HWXe AaBfneHUs HacbleHus
HedT rasom adppekrTa pasrasmpoBaHus HePTU, a TakkKe KOHBEKTMBHOIMO M KOHOYKTMBHOMo TennoobmeHa.
Peskoe n3meHeHue 3abOWMHOro OaBneHWsl COMPOBOXAAETCA «aguabatuyeckummn» addektamu B CTBOME
CKBa&XXMWHbl, KOTOpPble (OUKCUPYIOTCA Aatyvkamu gaeneHus - P u Temnepatypbl - T. [1OCKONbKY CHWKeHWe
3ab0MHOrO [OaBMEHWs HWXKE MNIacTOBOrO COMPOBOXOAETCS MPUTOKOM >KWOKOCTM B CTBOS CKBaXWHBbI,
«agmabaTMYHOCTb» MpoLecca HapyllaeTcsl 3a CYET HanoxeHus adeKkToB ApoccenmMpoBaHns B nnacrte u
KanopuMeTpuU4eckoro CMeLlnBaHNS HensoTepMU4ecknx mnoTokoB. COBMECTHLIN aHanmn3 nepedncreHHbIX
3P EKTOB U TEOpETUYECKOE MOZENUPOBaHWE TEPMOTMAPOAMHAMUYECKUX MNonew, HabngaeMbix B CTBOMeE
CKBaXXMHbI U B MnacTe, NO3BONSET BblAeNuUTb paboTatoLme y4acTKM ropu3oHTanbHOM CKBaXuHbl, 6e3 Bbixoaa
Ha KONMYeCTBEHHbIE NapameTpbl NOTOKa.

Pa3Butve TexHonorns TepmMobapuyecKoro MOHMTOPWHIa Mony4uMna B COBMECTHbIX paboTax
reodpusmydeckon komnanum OO0 «THI™ — pynn» B coTpygHU4YecTBe co cneumanuctTammn kadeapbl reousnku
Bawly u ocHoBaHa Ha UCMOMb30BaHUM OUCTAHUMOHHOIO CbemMa MHGOPMaLMM C AaT4YMKOB TemnepaTypbl U

naBneHna, 4Y1o  CyWweCTBEeHHO MOoBbIWaeT onepatMuBHOCTb  NONyyvYeHuA  OdaHHbIX U paclumpdaeTt
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PYyHKUMOHArbHbIE BO3MOXHOCTM TEXHONMOIMMW, WCKModasi HeobxoguMMocTb nogbema npubopoB  Ans
CUYMTbIBAHUA MHGOPMaLMM U Nepe3apsaakm NnaMaTi U UCTOYHUKOB NUTaHKWS.

B HacToswee Bpema ansa nposeadeHus Takmx mccnegoBaHuin OO0 «THI — pynn» ucnonb3yet
nporpaMmHo-TexHuyeckmn komnnekc MNMTK «KACKA», OCHOBHblE TEXHUYECKME XapPaKTEPUCTUKM KOTOPOro
npveeneHsbl B Tabnuue.

Tabnuua
OcHoBHble TexHu4Yeckue xapakrepuctukm NTK « KACKA»

CKBaXXUHHbIW 30HA,

Konuuectso mogynen N, wT 1...10 (20)
MakcumanbHoe pabodee aaBneHve, atm 400
MakcumanbHas pabodast Temnepatypa, 0C +120
Bpewmsi onpoca mogynei, ¢ 1xN
OnuHa kabenbHOro nponeta Mexay Mogynsamu, m 1...150

CKBaXXMHHbLIN MOAYNb

[nanasoH namepeHnst aaBneHus, atm 0...400

Mpenenbl  gonyckaemoro 3HadeHust OCHOBHOW  OTHOCUTENbHOM 10.25

NOrpeLwHoCTN NSMepeHna naBreHnsa, %

[nana3soH nsmepenHns Temnepatypsl, 0C 0...+120

Mpegoenbl  gonyckaemoro  3Ha4yeHUMs  OCHOBHOMW  abCcontoTHOWM 0.1

NOorpeLwHoCTn n3MepeHna Temnepartypsbl, oC

HanpsibkeHue nutaHus, B 20

Tok notpebneHus, MA 20

abapuTHble pasmepbl, MM:

anvHa / guametp 645/ 38

Macca, kr 3

HasemHbIn perucrtpartop

MpoTokon obMeHa CO CKBaXMHHbIM 30HAO0M MaHuecTep-II
UHTepdenc ¢ ynpasnsioLLmnm KOMNbIOTEPOM USB

Bpems 3anonHeHnsa namaTu, CyTok 512/N
HanpsibkeHue nutatowen cetu, B 160...240
YacTtoTta nutatowien cetu, 'y, 47...53
MakcumanbsHas notpebnsaemas MOLWHOCTb, BT 10
TemnepaTtypa okpyxatowien cpegbl, 0C muHyc 30...50
abapuTHble pasmepbl, MM:

(8nuHa / wupuHa / BeicoTa) 200/220/100
Macca, kr 3

TexHonorus peanu3yetca nytemMm cnycka B FOpPU3OHTalrlbHyO0 4acCTb CTBONa rmpndaHabl 0aTtynKkoB

AaBneHns n TeMnepaTypbl (KONMYecTBo nap Aardmkos - 0o 20), pasMelleHHbIX B nepdopuposaHHbix HKT Ha
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3apaHee 3afaHHbIX pPacCToAHMsX. B pesynbrate crycka KOMMOHOBKA [OaTYMKOB OKasblBaeTcs
pacnpeaeneHHoi no my6uHe B MNPOAYKTUBHOM WHTEpBane ropu3oHTanbHOM 4acTu CKBaxkuHbl. KaHanom
CBA3M AaTYMKOB C Ha3eMHbIM MoAyrneM MUTaHUS U perncTpauuv ABMAETCA OAHOXUMbHBIA reodUsnYeckuin
kabenb. Cnyck cUCTeMbl MOHMTOPMHra OcylllecTBnaeTca ¢ nomolibio Gpuragbl KPC. Wmeetca onbiT
o060opyaoBaHUs yKkazaHHOW CUCTEMO MOHUTOPUHIa CKBaXKWUH C ANWHOW ropuaoHTanbHoro cteona go 1000 m.

CwucTema npeaHasHadeHa ansa AnutenbHon paboTbl B ckBaxuHe (Gonee roaa).

1. Pa3epy304HbIli nepesoodHUK

2. Mampybok HKT

3. [MepesodHuk Onsi s60da 2eogh-20 Kal
4. lNMosicku Onsi gpukcayuu eeogh-20 kab
5. Kabernb eeogpusuyeckuli

6. 3awumHoe ycmpoticmeo 0nsi kaben

Pa3zzpy304Hbili nepesodHUK
lMampy6ok HKT

lNepesodHuk O 88o0a 2eogh-20 Ke
lMosicku 0nsa gpukcayuu 2eogh-20 Kat
Kabernb 2eopusuyeckuli
3awumHoe ycmpoticmeo 0ns kabes

7. [MepesodHuk 7. [MepesodHuk
8. HasemHbit pezucmpamop 8. HasemHblii pecucmpamop
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a) HarHetaTesfibHasA CKBaXXMHa 0) noGbiBaloLaa CKBaXXMHa
Puc. 1. Cxema moHTaxa o6opynoBaHus cucteMmbl «K KACKA»
YKasaHHOW CUCTEMOM MOHMTOPMHIA BO3MOXHO 0OOpyaoBaHWe Kak [00biBaloWMX CKBaXKWH C
MEXaHU3NPOBaHHbIM K (DOHTaHHbLIM CMOCOOOM 3KCMfyaTauunm, Tak M HarHeTaTenbHbIX CKBaxuH. Cxema
MOHTaxa obopygoBaHus cuctembl «KACKALL» aAnst HarHeTaTenbHOM 1 4O6bIBaOLWEn CKBaXKUH NpuBedeHa Ha

puc. 1. 3agaun peaemble komnnekcom «KACKAL» B ropM3oHTanbHbIX CKBaXXMHAX:

. MOHUTOPUHF 3a60MHOIO AaBneHus.

. MpodmnmnpoBaHne 3aboHOrO A4aBneHns MO roOpU3oHTarIbHOMY CTBOJSY CKBaXKMHbI.

. MpodmnmpoBaHne TeMnepaTypHOro Nonsa BAOMb FOPU3OHTANbHOMO Y4acTKa CKBaXXMHbI.
. OTcnexvBaHne gMHaMUKM paboTbl CKBaXKMHBI.

. OnpepeneHne paboTaloLumx MHTEPBanoB B Npeaenax ropusoHTanbHOro cTeona.

B ocHoBe wuHTepnpeTauuMu [OaHHbIX WM3MepeHWin TemnepaTtypbl W AaBneHus pacnpeaeneHHbIMU
AaTtyvkaMu BXOOMUT aHanus TepMoamMHamudeckunx adbdpekTtos: xoynsa-ToMcoHa, agnabatudeckoro adpdpekra
M TennoTbl pasrasuposaHusa. [MposineHve addpekTa [Koyns-TOMCOHa cCBMOETENbCTBYeT O Hanudmm
paboTalolWwmnx WHTepBanoB nnacta. [Mpy 3TOM 3HAYUTENbHOE BMMSIHME Ha XapakTep pacnpeaeneHus
TeMnepaTypbl OKasblBaeT M TENMoTa pasrasupoBaHnsa HeddTH NPU CHDKEHUW OABMNEHNA B CKBaXKMHE M nnacTe

HWXe AaBneHnA HacbIWweHnA. an OTCYTCTBUU NMPUTOKa C*)OpMI/IpOBaHI/Ie TemMnepaTtypHoro nond npoucxoanTt
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TONbKO 3a c4er ap,wa6aTML|ec1<oro SCt)CbeKTa n, Npu CHWXEeHUN OaBneHna B CKBaXWHE HWMXe OaBleHUdA
HacbIlWeHnA - TennoThbl pa3rasnpoBaHuA HerTI/I.

an HeCTauMoHapHOM peXunme (*)MJ'IpraLI,I/II/I, BO3HMKaKOLWeEM Mnpn nycke, OCTaHOBKE WK CMeEHe
pexunma pa6OTbI CKBaXWHbI, Ha 3aboe CKBaXWHbI Ha6mo,qaeTc;| COBOKYMHOCTb  MpoABNeHnA
aﬂMa6aTW-IeCKOFO n apoccenbHoro SCt)Ct)eKTOB N Npu CHMXeHUn fOaeneHna HWxe OaBneHusa HacblWeHuA

Hed TV rasom adpcpekTa pasrasmpoBaHUs HedpTH, a Takke KOHBEKTUBHOIO M KOHAYKTMBHOIO TennoobmeHa.

1500 1500 2000 2200 2400 2600 2800

=120
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Puc. 2. l'eonornyeckunn npocbvmb FOPU3OHTaNIbHOIo CTBOMa CKBaXUHbI C YKa3aHUeM NnoJioXKeHns

AUCTAaHUUOHHbIX AaTYUKOB AaBneHusa u temnepartypbl

TexHonorus TepMobaprM4eckoro MOHUTOPMHIA YCMNELLHO onpoboBaHa B CKBaXkMHax BepxHe4oHcKoro
HepTerazokoHAeHCATHOro MEeCTOpoOXaeHUs. MpNaHabl 4aTYNKOB AABNEHUS M TeMnepaTypbl pasMeLlanuch B
rOPU30HTarnbHbIX CTBOMax MNpoTskeHHocTblo oT 700 go 1000 M B [oOblBaOWMX U HarHeTaTenbHOM
CKBaXknHax. Ha puc. 2 nokasaH npocunb ropu3oHTarbHON CKBaXMWHbI, B KOTOPOW pa3MeLLeHbl OaTyuku
cuctembl «Kackagy. FOpuM3oHTanbHLIN CTBOM CKBaXXMHbI MMEET CIOXHYI TpaekTtoputo. B GnukHen 3oHe
FOPM3OHTarNbHOIO CTBOMNA (KNATKEY») HAXOAMUTCA CaMbIl HA3KUIA Y4aCTOK ropu3oHTanbHoro cteona. [lanee no
HanpaBneHnio K 3ab0l0 ropM3OHTanNbHbIA CTBONM MMEET MITaBHYK BOCXOASLLYHO TpaekToputo. PasHoCTb Mo
BEPTMKaNN mexay 3aboem CKBaXKWUHbl («HOCOK») WU HWXKHEN TOYKOM FOpU3OHTarbHOro CTBOMa COCTaBnsieT
cebllwe 14 meTtpos. [lpu TakoM npodune B MOHWKEHHOW YacTU FOPU3OHTANbHOTO CTBOMa BO3MOXHO
obpa3oBaHMe «rugpo3aTBopa», YTO CO3daeT MpensaTcTBMe CBOOOAHOMY MpOABWKEHWUO dnovnga U3
3ab0MHON YacTn CKBaXMHbI NpK POHTAHHOM criocobe aKkcnnyatalun.

B npouecce oCBOeHMS1 pasnuyHble Yy4acTKM FOPU3OHTarlbHOrO CTBOMa BOBMEKanucb B paboTy
pa3HoBpemeHHO (puc. 3). CHayana Havana paboTaTb ONWXHAS 30Ha rOPU3OHTAaNbHOrO CTBOMA («NATKaY).
Mocne Tpex LUMKNOB OCBOEHUSA (KOMMPECCUPOBAHWUS) CKBaXXKMHbI U3MEHEHWs TemnepaTypbl CBS3aHHbIE C
MOCTYNNEHNEM MPOAYKUMU M3 MracTa oTMeYeHbl A0 MyOouHbl 2632 M (21% ropusoHTanbHoro creona). B
npoLecce npoBedeHus1 fanbHeNWmX onepaumin No OCBOEHUIO CKBaXMWHbI (3a nepuod ¢ 21 no 23 okTabps)
OTMeYaeTCs yBeNnuMYeHne WHTepBana npuToka Ao rmyouHbl 2873 m (44% ropusoHTanbHoro crteona). B

npoLecce 0CBOEHUS penpeccust Ha 3aboe gocturana 40-60 aTwm.
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Puc. 3. OnpeaeneHune pabotatowmx uHtepsanos 'C no aHanu3y Tepmob6apuyeckux ahdekTos B

npouecce 0CBOeHUs! (NepexoaHble NpoLecchl)

KoHTponb nsMeHeHust npoduns 3abovHOro AaBneHns B ropu3OHTanNbHON YacTu CTBOMA CKBaXKUHbI
NMPOBOAMWIICA Ha pexumax cTabunbHoro otéopa npoaykumn (puc. 4). AHanu3 nokasar, YTO B HadarbHbIN
nepuog aKkcnnyatauum Hambonbluee AasreHne bbino B GrvkHEN 30HE rOPM3OHTaNbHOIO CTBOMA (B «MATKEY),
r0e CKBaXXMHA MMEET HanbOonbLUyo abCOMTHYIO rMyOuHy. AHanu3mMpys MsMeHeHus npouna AaBrneHns B
pas3nuyHble nepuodbl pPaboTbl CKBaXKWMHbI, ObINO YCTAHOBMEHO, YTO B MpoLecce aKchnyaTtauui AaerneHve B
HWXHEN 4acTu ropuM3oHTamnbHOro cTBona (B «NsATKe») MoHmKaeTcs ObicTpee. poucxoaut BblpaBHMBaHME
npocunsa OaBneHns BAOMb TOPU3OHTaNbHOrO CTBOMA, YTO CNOCOOCTBYET MOCTEMEHHOMY BOBIEYEHUIO B
paboTy yganeHHOW 4acTu ckBaxkuHbl. Ha koHeu gekabpsi 2012 r. gaBneHUe B CKBaXXMHE MpaKTUYECKM
BbIPOBHAMNOCH MO BCEMY FOpU30HTanbHoMy ctBomny. OTMevyaeTcst TEHAEHUMS K OTHOCUMTENBbHO HeGOombLIOMY
CHWXEHWIO OaBneHus B 3ab0OMHON YacTu ckBaxuHbl (gatymk 10, rmybuHa 3452 m). MpuynHom sToMy MOXeT
OblTb CKOMMEeHVWe rasa B BO3BbILWEHHOW nNpu3aboNHOM 4YacTu ropu3oHTanbHoro crteona. OpgHako B
JanbHenweMm, (sHBapb-MapT) Ha oHe o6Liero CHwkeHusa 3abOMHOro [OaBrneHusl BHOBb OTMeYaeTcs
3amedneHne nageHus AaBfneHust B HOCKOBOWM YacTW TOpPU3OHTaNbHOrO CTBONa. Takas TeHdeHuus
coxpaHunack BrfoTb O OCTAHOBKN (DOHTaHNPOBAHUSA CKBAXXUHBI.

[nsi onpenenenns NoMHTepBarnbHbIX 0COBEHHOCTEN paboTbl FOPU3OHTANbHOrO CTBOMA CKBAXKUHbLI HA
pasnuyHbIX pexunmax (WwTyuepax) otoopa Obln NpoBedeH aHanmM3 OTHOCUTENBbHOrO U3MEHEHUS MIIOTHOCTU
XMAKOCTU MO NPOdUIo ropU3oHTanbHOro cteona. [ns oueHKM OTHOCUTENbHOTO WU3MEHEHWUS MIIOTHOCTU
NPUMEHEH anropuTM C WUCMONb30BaHMEM [OBOWHOMO Pa3HOCTHOrO MapameTpa, YYMTbiBaloWMn U3MEHEHUS
OaBMeHNss B CKBaXXMHE B MeCTax YCTaHOBKM AaTYMKOB NPW CTaburbHOM OTOOpEe Ha pasnUyHbIX LWTyLepax.

Uem GorbLue NNoTHOCTb XUAKOCTM B CTBOMNE, TEM MEHbLUE 3HaYeHne napameTpa (puc. 5).
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Puc. 5. CpaBHUTENbHbLIA aHaNN3 OTHOCUTENIbHOIO U3MEHEHUA NITIOTHOCTYU XNAKocTH no npocunio 'C

npu pasfnunyHbIX pexumax otbopa npoaykumm (npu wryuepax 6, 8, 10 n 14 mm)
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YMeHbLUEHNE NMOTHOCTU XWOKOCTU B FOPU3OHTarbHOM CTBOME (0OCOGEHHO B ee «HOCKOBOWM» 4acTu)
npu yeenuyeHun otbopa npogykuum (npu pabote ckBaxuHbl Ha wTyuepax 10 n 14 mm) saensetcs
CNefCcTBMEM OTHOCUTENBHOMO YBEMNWYEHUs OOMNN rasa, KOTOpbIA BblAEnseTcs M3 HedTn B 3TOM MHTepBane.
YBenuueHve MroTHOCTU XUAKOCTU B «NATOYHOM» 30HE Npu paboTe CKBaXMHbl HAa ManbIX WTyuepax (6 n 8
MM) CBSI3aHO C HanM4MeMm B 3TON 30He «ruaposatsopay. [pu nepexone CKBaXWHbl HA PEXUM YBENUYEHHOTO
oTbopa npoaykumm (npu pabote Ha wtyuepax 10 1 14 MM) NNOTHOCTb >XMOKOCTU B 30HE «ruapo3aTBopa»
CHWKAETCS 3a CYET yBEeNUYEeHUs 0NN HedTn 1 ra3a B NPOAYKUMM U CKOPOCTU ee OBWXEHUS MO CTBONY.

BbiBoabl.

1.  Wcnonb3oBaHue cuCTEMbl OAUCTAHUMOHHOIMO M3MEepeHUs dasrneHus U Temnepatypbl «Kackag»
NO3BOMSET NPOBOAUTb 3PAEKTUBHBIA TEPMOBAPUYECKUI MOHUTOPUHI B OEWCTBYHOLUMX FOPU3OHTamNbHbIX
CKBaXXMHaX.

2. PaspabotaHbl M onpoboBaHbl TEXHOMOrUs MPOBEOEHMS WCCMeqoBaHW W anroputMbl
006paboTkM M MHTepnpeTauMn [AaHHbiX [AaBreHus U TemnepaTypbl Npu  AMWMTENbHOM MOHUTOPUHIE
OEVNCTBYIOWMX TFOPU3OHTamNbHbIX CKBaXMH. [ns [OOCTOBEpPHOro onpedeneHus KHTepsanoB MpuUToka
(npuemMncTocTn) B YCMNOBUSIX MHOroasHOro noTtoka YyBCTBUTEMbHOCTb AaTyuka [OaBreHus B cocTaBe
CKBa&)KMHHOIO Moayns JommkHa 6biTb He Xyxe 0.001 MMMa, a gatumka temnepatypsl — 0.005 Mpaga.

3. OnbIT npUMeHeHus cUCTEMBI «KACKA» Ha CKBaXunHax BepxHe4voHckoro
HedTerasokoHAEHCaTHOrO MeCTOpPOXAEHUS nokasan ad(EeKTUBHOCTL ee NPUMEHEHUS Ons onpeaeneHus
paboTalLnX UHTEPBANOB U OTHOCUTENBHOINO M3MEHEHMWS MIOTHOCTU A0ObIBAEMOW MPOAYKUMM B npeaenax

FOPU3OHTalIbHOIro CTBOMa NpU PasfnyHbIX pexnmMmax pa6OTbI CKBaXXWHbI.

Cnucok Mcnonb3oBaHHbIX UICTOYHUKOB
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USE OF DISTRIBUTED TEMPERATURE AND PRESSURE SENSORS IN THERMO-
HYDRODYNAMIC SURVEY OF HORIZONTAL WELLS

Valiullin R.A., Yarullin R.K., Sharafutdinov R.F., Ramazanov A.Sh.,
Sadretdinov A.A. (Bashkir State University, Ufa, Russia)
Mukhamadiev R.S., Bazhenov V.V., Imaev A.l. (LLC TNG-Group, Bugulma, Russia)
Musin R.A., Drachko M.V. (JSC VCHNG, Russia)

Abstract. Monitoring of oil-field development with the use of geophysical and hydrodynamic methods has become an
important tendency in carrying out modern projects of extracting oil. For this reason nowadays the leading international companies use
Smart Wells technology for well completion. The technology involves well facilities with downhole temperature, pressure and flow rate
sensors, as well as with specific hydraulic and electric valves or clutches controlled from the surface. This is the typical way of equipping

multilateral and multi-zone wells where there is an opportunity to change the operating conditions immediately after obtaining the data
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which require mode correction from the downhole sensors.

The article includes data providing the opportunity of solving practical problems in borehole geophysics with the use of
distributed measuring systems in the hole of a horizontal well. It is essential to carry out complex oil-field research in the boreholes
using mathematical simulation of thermo-hydrodynamic processes before presenting the final conclusion. The material is illustrated with

examples from the wells.

1. Mathematical model of thermo-hydrodynamic processes in a horizontal well.

Mathematical modeling of thermo-hydrodynamic processes has been recently paid great attention to in solving oil-field
problems [3]. Below there is presented a mathematical model for calculating thermo-hydrodynamic processes in the system Bed —
Horizontal Well.

Forward geophysical problem.

The basic physical processes taking place in the bed and the borehole in the interval between the sensors are the following:

. Convection transfer along the borehole

. Inflow from productive intervals

. Conductive heat interchange of the well and surrounding rocks

. Conductive heat transfer in surrounding rocks

. Thermodynamic effects in surrounding rocks (Joule-Thomson effect, adiabatic effect)

We assume that the current in the bed and the well is homogeneous and can be considered as pseudo-one-phase.
The model consists of equations describing one-phase nonisothermal flow in the bed and the borehole and the connecting
ratio.

The equation of bed continuity in weakly compressible environment is :

ﬁ*@:lﬁ K P , R, <r<R,
ot ror or

where K is fluidity of the mixture which is defined in the following way:

K :k kl(Sl)+ k2(S2)
H H,

The volume ratio of oil and limiting condition can be found from the given volume production flow of the phase per the unit of

well length. For that the following system of equations is used:

27Z'RW kl(Sl)é_p —

=4,
My Orl g,
k,(1-S,)9
2R, 2( ])_p ~q,
0
:u2 r r=R,,
Here the unknown values are ﬁ_p and S] . Phase permeabilities and viscosities are considered to be given. Elastic
v
r=R,

W

capacity is found as follows:

ﬂ* = m(slﬂl +S2ﬂ2)+ sk

The equation of heat transfer is the following:

T 1 - .
a___ p]cl k](SI)+p2c2 k2(1 Sl) g rka_pT :li rlra_T +m178_p
ot r n 7 orl or r or or Ot
2
+ 8]p]clw+82p2czw k a_p
K, 2 or

C= m[plclsl + P,C; (l -5, )] + (l - m)pskcsk
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The equation of mass conservation in the well is:

s, , ous, _
or ez O
ov
o 2

In case of accounting for the gas phase the equation of mass conservation is written in the assumption that the production
flow of the coming gas consists of two parts: gas after degassing (its production flow is proportional to oil production flow) and free gas.

The equation of heat transfer in divergence expression is:

T T

ag—tT + aca—;) - % AZ_Z + UC% + (p]c]q] T P09, )Tw + a(Tex - T)' e C = zipicpiSi

To close the equation of heat transfer it is essential to correctly define the heat exchange rate which takes into account the
fact that the flow is not one-phase and heat resistance of the well construction.

Inverse problem.

To define the profile of injection capacity/productive capacity in a horizontal well from the data of distributed temperature and
pressure sensors the inverse problem is solved.

The solution of the inverse problem comes down to minimizing the following functional:

F(qo’qg’5T): Z(T;n(ti’qo’qér)_Tf(ti)_(ST)z

1

Here Tf is temperature measured with the sensor, Tm is calculated temperature, ¢, is oil production flow, qg is free gas

production flow, OT is correction of the temperature being measured.

Below there are examples of solving inverse problems applying the given approach.

2. Thermo-hydrodynamic survey with the use of a garland (sensors) distributed at fixed depths along the horizontal
well.

In JSC Surgutneftegas and JSOC Bashneft the experts have tested a survey technology using a garland of autonomous tools
delivered to the horizontal zone of the borehole with a string of tubing in special containers [1]. This scheme is different from others as
temperature and pressure sensors in the process of logging are located in fixed points, consequently, the well mode is changing, for
instance, with the use of a jet-pump.

In the article [2] we consider questions of applying multi-sensored technology and approaches of solving oil-field problems.

The interpretation of the given temperature and pressure measurements with the distributed sensors is based on the analysis
of thermodynamic effects: Joule-Thomson effect, adiabatic effect and heat of degassing. The Joule-Thomson effect proves the presence
of active bed intervals. The heat of oil degassing also greatly affects the character of temperature distribution under the conditions of
pressure dropping in the well and the bed lower than saturation pressure. Without an inflow the temperature field is formed only under
the adiabatic effect, and under the conditions of pressure dropping lower than saturation pressure in the well — under the heat of
degassing.

With non-stationary filtration at the start, shutdown, or change of well operation conditions one can observe at the bottomhole
the combination of adiabatic and barothermal effects, as well as the effects of oil degassing, when there is a drop of pressure to the
points lower than the saturation pressure, and the effects of convective and conductive heat exchange. An abrupt change of bottomhole
pressure is accompanied by ‘adiabatic’ effects in the wellbore which are registered with pressure sensors P and temperature sensors T.
As the decrease of a bottomhole pressure to points lower than the bed pressure is accompanied with the inflow of fluids in the borehole,
the adiabaticity of the process is disturbed due to throttling effects in the reservoir and calorimetric blending of nonisothermal flows.
The combined analysis of the effects mentioned and theoretical modeling of thermo-hydrodynamic fields observed in the borehole and
in the reservoir make it possible to single out the operating parts of the horizontal well without calculating flow parameters.

The technology of thermobaric monitoring has been developed in mutual work of the geophysical company TNG-Group and
the specialists of the Chair of Geophysics, Bashkir State University. It is based on a distance reading of the temperature and pressure
sensors that significantly increases the time of obtaining the data and widens functional opportunities of the technology without lifting the
tools for reading the information and recharging the storage and power supply source.

Nowadays to carry out such experiments TNG-Group uses the hardware and software complex KASKAD. Its fundamental

technical characteristics are given in Table 1.
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Table 1

Fundamental technical characteristics of the complex KASKAD

Well log probe
Number of modules N, units 1...10 (20)
Maximum operating pressure, atm 400
Maximum operating temperature, 0C +120
Time of module reading, s 1xN
Length of cable between the modules, m 1...150
Well module
Range of pressure measurement, atm 0...400
Limits of assumed value of basic relative measurement error of pressure, % +0.25
Range of temperature measurement , 0C 0...+120
Limits of assumed value of basic absolute measurement error of +0.1
temperature, 0C

Voltage, V 20
Current consumption, MA 20
Overall dimensions, mm:

length / diameter 645/ 38
Mass, kg 3

Surface recorder

Information transfer with well log probe Manchester-I1
Interface with control computer UsB
Storage time , 24 hours 512/N
Supply voltage, V 160...240
Supply frequency, hertz 47...53
Maximum power consumption, Watt 10
Temperature of environment, 0C minus 30...50
Overall dimensions, mm:
(length / width / height 200/220/100
Mass, kg 3

The technology is carried out by dropping into the horizontal zone of the borehole a garland of pressure and temperature
sensors (the number of paired sensors is up to 20) which are distributed in perforated oilwell tubing at the given beforehand distances.
As a result, the sensors appear to be distributed at depth in the productive interval of a horizontal well. A single-core logging cable
becomes the information bearer channel with the surface power supply and recording module. The monitoring system is dropped by a
workover team. There is monitoring experience of horizontal wells up to 1,000 m long equipped with the system. The system is designed
for long-term operation in the well (more than 1 year).

The given monitoring system is mounted both in production wells with artificial lift and free flow production and injection wells.
The scheme of mounting the equipment system “KASKAD” for injection and producing wells is presented in Fig.1. The following

problems are solved with the complex “KASKAD” in horizontal wells:

. Monitoring bottomhole pressure.

L] Profiling bottomhole pressure along the horizontal section.
L] Profiling temperature field along the horizontal section.

L] Tracking dynamics of well operation.

[ Determining operating intervals within the horizontal well.
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Fig. 1. Scheme of mounting the equipment system “KASKAD”

The interpretation of the given temperature and pressure measurements with the distributed sensors is based on the analysis
of thermodynamic effects: Joule-Thomson effect, adiabatic effect and heat of degassing. The Joule-Thomson effect proves the presence
of active bed intervals. The heat of oil degassing also greatly affects the character of temperature distribution under the conditions of
pressure dropping in the well and the bed lower than saturation pressure. Without an inflow the temperature field is formed only under
the adiabatic effect, and under the conditions of pressure dropping lower than saturation pressure in the well — under the heat of
degassing.

With non-stationary filtration at the start, shutdown or change of well operation conditions one can observe at the bottomhole
the combination of adiabatic and throttling effects, as well as the effects of oil de-gassing, when there is pressure drop to points lower
than the saturation pressure, and the effects of convective and conductive heat exchange.
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Fig. 2. Geological profile of the horizontal well with the location of remote pressure and temperature sensors indicated

The technology of thermobaric monitoring successfully proved its efficiency in the wells of oil and gas-condensate
Verkhnechonskoe field. The garlands of pressure and temperature sensors were located in horizontal boreholes from 700 to 1,000 m
long in producing and injection wells. Fig.2 shows the profile of a horizontal well with the system “KASKAD”. The horizontal zone of the
well has a complicated trajectory. In the nearest zone of horizontal well (‘end’) there is the lowest part of horizontal borehole. Further on,

towards the bottomhole the horizontal well has a smooth rising trajectory. The difference on the vertical axis between the bottomhole
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(‘top’) and the lowest point of the horizontal well makes over 14 meters. Within this profile a water seal may be formed in the lower part
of horizontal well preventing free movement of the fluid from the bottomhole at free flow production.

In the process of development various parts of horizontal well were involved in operation at different time (Fig. 3). The nearest
zone (‘end’) started to operate first. After three cycles of compression temperature changes, due to inflow from the reservoir, were
registered up to a depth of 2,632 m (21% of horizontal well). In the process of conducting further operations of developing the well (from
October, 21 to October, 23) the interval of inflow increased to a depth of 2,873 m (44% of horizontal well). In the process of development

over balance at the bottomhole reached 40-60 atm.
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Fig. 3. Indication of operating intervals of a horizontal well by analyzing thermobaric effects

in the process of development (transient process)

The profile change of the bottomhole pressure in the horizontal part of well was controlled at a stable production rate. (Fig. 4).
The analysis proved that at the initial operation period the highest pressure was in the nearest zone (‘end’) where the well has the
maximum true vertical depth. While analyzing the pressure profile at different periods of operation it was found out that in the operation
process the pressure of the lowest part of horizontal well (‘end’) drops quicker. The value of pressure becomes equal along the
horizontal well involving into operation the back end of the well. By the end of December, 2012 the pressure in the well had equalized
along the whole horizontal zone. It is noteworthy that there is a tendency of slight decrease of pressure in the bottomhole (sensor 10,
depth 3,452 m). The reason for that could be the accumulation of gas in the upper part of the bottomhole. However, in January- May
against the background of total pressure drop in the bottomhole the pressure of the ‘top’ part of the well slows down to decrease. This
tendency remained till natural flow production stopped.

To determine the operation of horizontal wells in each interval at different modes (chokes) of production rate relative changes
of fluid density were along a horizontal well. To estimate the relative change of density an algorithm with gamma-ray index was applied
calculating pressure changes at the location of the sensors at a stable production rate at different chokes. The greater the density of
fluid in the borehole is, the lower is the value of the parameter (Fig. 5).

The decrease of fluid density in a horizontal well (especially in its ‘top’ part) with the increase of production rate (chokes of 10
and 14 mm) is the result of relative rise of gas fraction which comes from the oil in this interval. The increase of fluid density in ‘the end’
zone with the operation of the well at small chokes (6 and 8 mm) is due to a water seal. When the well turns to the mode of increased
production rate (chokes of 10 and 14 mm) the fluid density in the water seal zone drops due to oil and gas fraction in the production and

its speed along the borehole.
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Fig. 5. Comparative analysis of relative change of fluid density along the horizontal well at different modes of production rate
(chokes of 6, 8, 10 and14 mm)
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Analysis of the thermodynamic data in the mode of injection for determining the profile of injection capacity.

The results of processing the data of pressure and temperature monitoring in Well 1 in the mode of injection are presented
below.

Fig. 6 shows the data of temperature and pressure changes in Well 1 after turning to the mode of fluid injection on the first
choke. It is observed that temperature and pressure are changing due to the mode of injection. It is also observed that the heat zone is

expanding from the start of fluid injection.
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Fig. 6. Change of temperature and pressure in time for different sensors

To simulate the process of injection a model with the following parameters was built: the length of the well is 1,085 m, recipient
intervals 120-300, 320-660, 680-915, 930-1,060 are determined by the location of packers. It is assumed that the intervals (except the
final one) absorb uniformly, the movement between the tubing string and the tailpipe is not simulated. The final interval is detailed up to

the distribution of the sensors.

Qs Qs Qs

Injectitm

SENnsors

Scheme of distributing the receiving intervals and sensors
The limiting condition is temperature-time relationship for the first sensor.

Below there are results of solving reverse problems in relation to the profile of saturation (Fig. 7).
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Fig. 7. Profile of saturation in Well No.1
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Thus, applying the results of distributed temperature measurement in the mode of injection, as well as initial data correction

and the reverse problem solution, the profile of injection capacity of a horizontal well was obtained.

Conclusion

1. The use of the system of distance measurement of temperature and pressure Kaskad contributes to effective
thermobaric monitoring in operating horizontal wells.

2. The technology of carrying out the research and the algorithms of processing and interpreting pressure and temperature
data were developed and applied for long-term monitoring of operating horizontal wells. The sensitivity of a pressure sensor within the
well module should be more than 0.001 MPa and that of a temperature one - 0.005 degrees for reliable determination of inflow intervals
(injection capacity) under the conditions of multiphase flow.

3. The experience of applying the system Kaskad in the wells of oil and gas-condensate Verkhnechonskoe field proved its
efficiency in defining working intervals and relative change of the density of the extracted product within the horizontal wellbore at

various operating modes.
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YOK 622.276.5
OnbIT OLIEHKU CPOKA BE30MACHOM 3KCMTYATALUUU HE®TAHBIX U FTA30BbIX CKBAXXWUH HA
OCHOBE JUATHOCTUPOBAHUA 3KCMITYATALIMOHHON KONOHHbI
N 3AKONNOHHOI'O NMPOCTPAHCTBA

Abakymoe A.A., Abakymoe A.A. (Mn.), MozunbHep J1.FO., CemuH E.E.
(3A0 «ljenmp duazHocmuku mpy6onpoeodoe «MHTPOCKO», 2. Mockea, Poccusi),
Jlanmee B.B. (EAIO, 2. Y¢ha, Poccus),
CynetlimaHoe M.A. (OAO «HI1® «eochusukan, 2. Y¢ha, Poccusi)

AHHoOTauusa. PaspabotaHa u anpobupoBaHa TEXHOMOMMS OLEHKU TexHudeckoro coctosiHna (OTC)
HedTAHbIX U ra30BbIX CKBaXKWH HA OCHOBE MPUMEHEHUS MarHUTHOM MHTPOCKOMMM SKCNITyaTauMOHHbBIX KOMOHH
N uemeHTomMeTpun. PaccMoTpeHbl pesynbTaThl BbIMOMHEHUS OLEHKU TEXHUYECKOTO COCTOSIHUSI CKBaXKWH.
MpuBeneHbl TpeboBaHNs k 0ObeMy AaHHbIX, Heobxoaumbix Ana OTC, nopsagky BbinonHeHUs OTC CKBaXWH.
lMokaszaHa BO3MOXHOCTb MCMNonb3oBaHuA TexHonormm OTC ckBaXvH MpU MEpPCneKTUBHOM MIaHUMPOBaHWUK

KanuTanbHoro pemoHTa ckBaxuH (KPC).

1. BBepeHue.

B HacTosiwee Bpems B Poccuickon defepaLnmm BaxXHON 3agaden npy peanusaumu (Kynne-npogaxe,
apeHge, nepegade B ynpasneHWe W T.M.) FOPHOrO MMYLLECTBa SBMASETCA onpegeneHne oboCHOBaHHOMW
CTOMMOCTU HedhTerasoBblX akTMBOB, B TOM YMCre rocydapCTBeHHbIX. BaxHas porb npu aToMm OTBOAUTCS
OLEHKE CTOMMOCTM He@TAHbIX W ra30BblX CKBaXWH, Kak [O0OblBalOWMX, TaKk W APYroro HasHayeHus
(pa3BegoyHbIX, nouckosbix U T.n.). Mo gaHHoMy Bornpocy pa3paboTaH psg MeToauk [1], OCHOBaHHLIX Ha
MCMONb30BaHUM 3aTPaTHOrO M A0XOo4HOro nogxoda. pu aTomMm ogHMM U3 Hanbornee BaXkHbIX 3MEMEHTOB Mpu
OLEHKE CTOMMOCTW CKBaXWHbI ABNSAETCS NPOrHO3MPOBaHMe cpoka 6€30nacHOM aKCnyaTaLm CKBaXUHbI.

2. O6wue noaxoabl kK OTC cKBaXuH.

Okcnnyataums HedTAHbIX U ra3oBbIX CKBaXKWH OCYLLECTBIISIETCA MPU KOMMIIEKCHOM BO3AEWCTBUM
HebnaronpuaTHbIX BHEWHWX (PaKkTopoB: TemnepaTtypbl, Bubpauuw, [aBfneHus, arpeccuBHOW cpefdbl,
MEXaHW4YeCcKoro  BO3OEWCTBMS  Ha  KOMOHHY. [Onsa  npegoTBpalleHus  KOppo3un  NpUMeHsieTcs
AMNeKTpOXMMMYecKas Unn UHrMbUTopHas 3aluTa, O4HAKO 3TO HE MOXET UCKITHYUTL KOPPO3MIO 3EMEHTOB
KOHCTPYKUMU CKkBaXWH. Hanbonbluee BO3nencTBUE yKa3aHHbIE NPUYMHbBI OKa3blBAKOT Ha 9KCMyaTaloHHbIe
KONOHHbI ckBaxuH (OKC).

B nocnegHue rogbl ansa onpepeneHns coctosHust KC 1 3akonoHHOro npocTpaHcTBa pa3paboTaHsbl,
anpobupoBaHbl 6oree Yem Ha NATUCTaxX CKBaXKMHAX WM YCMELHO MPUMEHSIIOTCA MarHUTHbIE UHTPOCKONbI [2,
3], B TOM 4ucne, B codveTaHun C LemeHToMepamn [4]. Bbicokas paspellatoliass CnocobHOCTb W
OOCTOBEPHOCTb AaHHbIX, MonydYaeMblx npubopamu, No3BoNAeT Onpeaenntb NMHEenHbIe pasmepbl, OLEHUTb
rmyouHy pedektoB OKC M COCTOAHWE LIEMEHTHOrO KamHA. [lpu STOM AnA CKBaXWH NOOGON rnyOuHbI
koopauHaTtbl aedekTa (rnybuHa u pacrnonoxeHne Ha nepumeTpe TpyObl) OnpenenstoTcs C TOYHOCTHIO A0 1
CM.

Ona onpegeneHnss BO3MOXHOCTM M Cpoka akcnnyataumm ckBaxkuH B 2008 rogy paspaboTtaHa
MeToauMKa oueHKM TexHuyeckoro coctosHua (OTC) n pacuyeta cpoka 6e3onacHor akcnnyatauum HedTAHbIX

ckBaXUWH [5-7]. HaunHaa ¢ 2008 r. B TeyeHue 4-x neT B KadeCTBe OMbITHO-NPOMBILLNIEHHOM anpobaumu
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BbinonHeHa OTC 6onee natugecatn ckBaxuH Ha oobekTax THK BP, HK «CnaBHedTb», HEDTAHBIX CKBaXXWH
TatapctaHa u bBawkoptoctaHa. Takke npoBedeHbl MPOOHble pacyeTbl NO OAHHBIM [BYXCOT CKBaXWH,
o6cnenoBaHHbIX paHee.

OTC ckBaXvH BbLINOMHAETCA NOCNe MNPOBEAEHUS MarHUTHOM WHTPOCKOMUMU U LEMEHTOMETPUU U
BKINtoYaeT B cebd aTanbl, ykaszaHHble Ha puc. 1, B TOM Yncne onpegeneHme HanpsxxeHHo-0eopMmnpoBaHHOro

coctosiHua (HOC) akcnnyaTaunoHHON KOMOHHbI.

5 T L
JAHHBIE JMATHOCTHUKA M TIPOEKTA || - lementomerpns;
1 = Mar#HTHAS HHTPOCKOTTHA,
- HHETHHOMETPHA.
\ )
b OTC
-~ \"{ ==, F= "
OIIPEJIEJIEHUME HJIC L - GOpIpORIEI HCXQIL JIB '-
SKCIUIY ATALTAOHHOM KOJOHHEL || - hiocmoesne monem 3KC;
CKBAJKMHEI (DKC) - Pacuer HJIC 3KC.
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Puc. 1. Ctpyktypa OTC ckBaXuH

3. PacueTt cpoka 6e3onacHou aKcnnyaTaLumMn CKBaXuUHbI.

Pacyer HOC akcnnyaTauMOHHOW KOMOHHbI  CKBaXWHbI  OCYLLECTBNSAETCA C  MCMNOMb30BaHWEM
TEXHOMOrMN MOAENUPOBaHNSA Harpy3oK KOMoHHbI B cucteme ANSYS MeToaoM KOHEYHbIX 3reMeHTOB TpyObl.
Mpu 3TOM BO3MOXEH Y4EeT pa3nuyHbIXx PaKTOPOB, BO3AEWCTBYHOLLMX HA KOMOHHY, B TOM YNCHE:

1. TpocCTpaHCTBEHHOIO PacMNONOXEHNS KONOHHbI
OdnameTpa, TOMNWKMHbI CTEHKM U MaTepuana Tpyo
XapaKkTepuCTUK rpyHTa

Hanwnuusa n coctosHus LeMeHTUpOoBaHUA

o > 0N

Hanunuma n pacnonoxeHus LLeHTpaTopoB 1 T.M.

Ona oueHkn HOC akcnnyaTaumMOHHOM KOSMOHHbI YYMTBIBAKOTCA: NPOEKTHas MHGOPMaLMs, AaHHble
WHKMMHOMETPUK, cTpaTurpadmyeckas KOroHKa, MOKas3aHUs MarHUTHOW WHTPOCKOMMU MO onpeaeneHunto
HanNU4nsi 1 MECTOMOSOXKEHNS LIEHTPATOPOB, a TakkKe pe3ynbTaThl UCCNEea0BaHUSA LLIEMEHTHOMO KaMHS.

3.1. UcxoaHble paHHble anAa mopenupoBaHua u pacyeta HAC TpyObl akcnnyaTauMOHHOMN
KOJTOHHbI CKBaXXUHbI.

VMcxoaHble AaHHble Onst NOCTPOeHUss Mogenn Tpyobl u pacyeta HOC ee cTeHkM C UCMOnb30BaHMEM
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pe3ynbratoB MHKIMNMHOMETPUN:

—  chakTuyeckas anvHa Tpyobl;

—  (pakTuyeckas rnybuHa Ha ypoBHe Hu3a TpYyObl;

- akTnyeckunii guameTp Tpyobi;

- Ct)aKTW-IeCKaFl TONWMHA CTEHKN,

- NIOTHOCTb NPOAYKTa, NCNONb3yeMOro B CKBaXKUHE;

- rog BBoAa CKBaXXWHbl B 3KCnyaTauuto.

[nsi NOCTpoOEeHUs1 KOHEYHO-3NEMEHTHOM Mogenu u pacdeta HOC TpyObl akcnnyaTaunoHHON KOMOHHBI

CKBaXXWMHbI y4UTbIBAOTCA cnenyuwimne napameTpbl UHKIMTMHOMETPUN:

- Ne Toukm n3mMmepeHusa;

- OnNWHa BOonb TpyObl;

- CMeLLeHMe B FOPU3OHTaNbHON NAOCKOCTN MO ocn X;

- CMeLLeHMEe B FOPU3OHTarbHON NAIOCKOCTU MO ocn 'Y,

- rnyGuHa Ha YPOBHE TOUYKN U3MEPEHNS.

CeefeHunsa o0 nnacTtax, reonorn4yeckuin pa3pes npnHnmatroTcd no AaHHbIM NHXXEeHEePHO-reornorn4eckoro

O6CJ'Ie,D.OBaHMF| nnn AaHHbIM, yKa3aHHbIM B I'IpOGKTHOVI OOKYMeHTauunun. I'Ipwmep npenoctaBneHna OaHHbIX

npuesegeH B Tabn. 1.

Tabnuua 1

HassaHue nopop

MouwHocTb nnacta

MnoTHocTbL NopoA, krim®

oT, M Ao, M
[Necku, cynecu, CYrnnHKK, MnHbI 0 350 1909,4
G 350 1030 2142,2
[MWHbI, necyaHWkn, aneBponuThHI, 1030 2700 24957
aprunnuTbl

Ha puc. 2 npmueeneH npuMep BblAeneHna B CKBaXMHe MHTepBaroB C ,Ele(beKTaMM LeMeHTUpOoBaHUA

KOHTaKTHOro, KOHTaAKTHO-OObEeMHOro M OGBLEMHOrO Tuna. YCroBHOe 0BGO03HaYeHWE COCTOSIHUSI LIEMEHTHOrO

KOonbla W KavyectBa uU3oNdAuuMM 3aKOJIOHHOIMO MpOCTpaHCTBa NO AdaHHbIM KOMMJeKca CKaHMpyIOU.leIZ

aKyCTW-IeCKOﬁ M ramma-raMmma LemMeHToMeTpun npmneeneHo B Taon. 2.

Tabnuua 2

LiseToBas KapTa

COCTOAHUA LeMeHTHOoro

XapaKTepMCTm(a UeMeHTHOro Konbua

KayecTBO M30NALUMKU 3aKONOHHOIO

npocrtpaHcTBa WU ero uBeToBO€

Konbua n3o6 paxeHue
1 2 3
besnedekTHOe LLeMeHTHOoe KonbLo Xopoilee

besnedekTHOe LeMeHTHoe KonmbLOo Mpu HeonpeaeneHHoOM

KOHTaKTe C Nopoaon

LlemeHTHoe KOnMbLUO C BepTuKarbHbIM MUKpPOKaHaromMm Ha

rpaHuvLe ¢ KONIOHHOMN

LiemeHTHOe KonbLo € 3a30pOM Ha rpaHuLe ¢ korloHHon ot 30

00 60 Mkm

Ll,emeHTHoe KONMbLUO Npn OTCYTCTBUWU KOHTakKTa C KOMOHHOWM

(packpbITOCTb MUKpO3a3opa =60 MKM)

yAoBNeTBoOpuUTENbHOE
NOHWXEeHHOoe

NOHWXEeHHOoe

HU3Koe
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LiseToBas KapTa

COCTOAHUA LeMeHTHOoro

XapaKTepMCTvu(a UeMEeHTHOro Konbua

KayecTBO M30NALMKU 3aKONMOHHOIO

npocrtpaHcTBa WU ero uBeToBO€

KonbLa n3obpaxeHue
1 2 3
LlemeHTHOe KOMbLO C BepTUKarbHbIM KaHarioM KOHTaKTHO- HU3Koe
obGbeMHoro Tuna
LlemeHTHOE KOMbLO C BepTMKamnbHbIM KaHanoM 06beMHOro nrnoxoe
TMna
OTcyTCTBYE LIEMEHTHOTO KorbLa OTCYTCTBYET

B npmeegeHHOM npumMepe B CKBaKMHe BblAENATCA UHTepBalibl C BePTUKalilbHbIM MUKPOKaHalriloM Ha

rpaHuue uemeHT-konoHHa (1137,5-1142 m, 1145-1153 M), C KOMbUEBBLIMW MUKPO3a30paMu Ha rpaHuue

LeMeHT-konoHHa (153-1155 m, 1155,5-1156 m, 1160-1161,5 M), C KOHTaKTHO-OObLEMHbIMU OedhekTamu

(1170,5-1173 ™, 1174-1178,5 m). Ob6bemHble AedekTbl NpeacTaBnstoT coboM BepTUKanbHble KaHamnbl B

LEeMEeHTHOM KaMHe W XapakTepusyrTcAa OOQHOBPEMEHHbIM CHWXeHWEeM MIOTHOCTU LUEeMEeHTHOro KaMHA (1,5

r/cM3) 1 OTCYTCTBUEM CLENNEHNSI B CEKTOPE PACKPbITOCTLIO (45-90)°.
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3.2. Pacuetr HAC.

Pacyer HOC Tpy6bl aKcnnyaTauMOHHOW KOMOHHbI CKBaXXWHbI MPOU3BOAUTCS C LIEMbIO0 onpeaeneHus
OENCTBYIOLLMX HanpshkeHu B 3oHe aedpektoB. Pacuetr HOC Tpy6bl ¢ ucnonb3oBaHvem ANSYS BkntovaeTt
criegyoLme aransi:

CospaHvie maTtemMaT4yeckon MoAENu KOHCTPYKLUK:

NOCTPOEHME reOMEeTPUYECKON Mogenu Tpyosl;

3afaHne Tmna KOHEeYHbIX 3NeMeHTOB U NMoCTpoeHune KOHEYHO-3NIEMEHTHON Modenu;

cosgaHve mogdenv matepuana;

—  MpPUINOXEHMEe Harpy3ok Ha Modenb Tpyobl .

UnCneHHOe peLleHne CUCTEMbl YPaBHEHWU, OMUCLIBAIOLLUX MOAENb U MOBEAEHME KOHCTPYKLMK,
BbINOMHAETCS C UCMOMNb30BaHMEM BHYTPEHHUX anroputmMoB nporpammHoro komnnekca ANSYS. NMoctpoeHne
reoMeTpu4eckon Mogenu Tpybbl aKCnnyaTauMOHHON KONOHHbI CKBaXKMHbI BbINOMHAETCA COrMacHO UCXOAHbIM
OaHHbIM.

[na mogenupoBaHua Tpybbl SKCnyaTaLMOHHOW KONMOHHbI CKBaXXWHbI NPUMEHEH KOHEYHbIN 3NeMEHT
PIPE288 anuHon 0,50 M, ncnonb3yoLwminca ana pacdeta mogenen Tpyd ¢ manon n ymepeHHOn TONLWUHON —
COOTHOLLEHNE OuameTpa TpybObl K TomnwMHe AOmkHO ObiTb He MeHee 10 (20,8 ans paccuuTbiBaemon
ckBaxuHbl). Mpu pacyete HOC Tpybbl Mogenb matepuana (Ctanu) NpUHUMAaeETCa Kak Ansg mgeanbHoro

ynpyro-nnactTu4yeckoro matepuana no 6unMHenHomy 3akoHy B COOTBETCTBUM C puUC. 3.

o, MlIa

g, %

Puc. 3. BunuHeinHaa moaenb noBegeHUs matepuana.
Touka 1: 0 = Ryn, £ = Ryn/E
Ona crann rpynnel npovHoctn 1 no MOCT 632-80 npu pacyeTte MUCNonb3ylTCa crneayloLine

napamMeTpbl:

npegen Tekyvectn Ryn = 373 Mla;

— Mogynb KOHra E = 2-105 Mra;

—  KoadppuumeHT MNyaccoHa p = 0,28.

— K mogenu Tpybbl NnpuknagbiBaloTcs CneqyoLwme Harpysku n 3akpenneHus:

—  Harpyska oT Beca MeTanna Tpy6sl (g = 9,81 m/c2);

—  BHYTPEHHee rmgpocTaTuyeckoe AaerneHne NpoaykTa, UCMonb3yeMOro B CKBaXKUHE;

—  BHELLHee OaBneHue OT BO34eNCTBMSA NOPOL,;

— cMelleHne Tpybbl 3KCMiyaTauuMoHHOW KOMOHHbLI CKBaXKMHbl B FOPU3OHTaNbHOM MNockocTh (no

pesynsrataM UHKIMHOMETPUK);
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—  KECTKOe 3aKpenfieHne no BepxHew KpoMKe TpyObl.

B pesynbrate pacyeta HOC nony4vaioTca pacnpegeneHvs nornen 3KBUBaANeHTHbIX HanpshkeHun B
Tpybe aKchnyaTauMoHHOW KOMOHHbI CKBaXuHbl. [pumep Mmogenu OKC, nomnyyeHHoOM no pesynsratam
pacyeToB B BuAe pacrnpeieneHns SKBUBaneHTHbIX HanpshXKeHUn B arieMeHTe SKCnnyaTauMoHHON KOMOHHbLI B

nHtepsane 1650 - 1850 M ¢ gedekTammn CTEHKM IKCNIyaTaLMOHHON KONMOHHLI MpUBEAEH Ha puc. 4.

| EGET] [T PaACCEINER PELEH3NP OBaHne EWg

m PLOT NO.

omax = 234 Mlla

E+09 291F4+08 226E4+09 931E+09
109 nigmioo P aamiae PP ooomige BB oaumigo

Puc. 4. PacnpeneneHue nonen aKBMBareHTHbIX HanpsiXXeHUW B TpyGe aKcnyaTaMoOHHOWN
KONMOHHbI CKBaXuHbI. UckpnBneHne Tpybbl COOTBETCTBYET pe3ynkTaTaM UHKIIMHOMETPUHU

3.3. Pacuet cpoka 6e3onacHOM 3KcnyaTauum CKBaXuHbl ¢ AedeKkramu.

Pacyetr cpoka ©OesonacHow 3akcnnyatauum [edeKTHOro y4vacTka 3feMeHTa 3KCniyaTauvoHHON
KOMNMOHHbI BbIMOMHAETCA MO YCMNOBUIO OOCTWXEHUS MpenenbHOM MPOYHOCTU M MMacTUYHOCTU B BepLuvHe
aedekta (YCnoBusi CoOXpaHeHusl LEMOCTHOCTU KOMOHHbI). HanpsikeHus B 30He gedpekta onpenenstoTcs ¢
YYETOM AaHHbIX O HanpsbkeHHO-4e(POPMMPOBAHHOM COCTOSIHUM 3KCMMYaTLMOHHOW KOMOHHbI, MOMYyYeHHbIX
npu mogenvpoBaHun. MuHMManbHO [OMnycTMMasi OCTaTovHas TOMWMHA CTEHKM B 30He pJedekTta
onpegensieTcst YACNEHHO Mo POpMynamM MEXaHWKN paspyLlueHus. [JonyCTMMbIA CPOK 3KChyataumum yvacTtka
KOMNOHHbI C Aed)eKTOM YCTaHaBMMBAETCHA Kak Nepuoa BPeMEHM, 3a KOTOpbI rmybuHa aedekta OOCTUIHET
npeaenbHOM BENUYMHDBI 3a CHET KOPPO3UN.

CkopocTb koppo3um Tpyobl SKC, onpenensieTca ¢ y4€TOM NPUMEHSIEMbIX MHIMBUTOPOB KOPPO3nUK U
ncnonb3yemoin cuctembl AX3 no opmyne:

t—t
Vi =% (1)

i

rae to — MMHUManbHas TonwmHa TpyGbl, onpeaeneHHas npy AMarHoCTUKE;
t — NnpoekTHasa TonwmHa Tpyobl;

T - CPOK Mexay BBOAOM B 3KcCnyaTaunio CKBa>XUHbI 1 parton nposeneHuna OGCﬂeﬂOBaHMﬂ.

94



Pacuer Pacuer Pacuer Hasnauenue Hasnauenue

T; :> TkoH |::> T |::> Trkena |::> Tauarn

Puc. 5. Anroputm Ha3HayeHus1 cpoka 6esonacHom akcnnyaTtaummn AKC c pecekramm
Ti - cpok 6e3onacHON aKkcnnyaTauum 3fieMeHTa, KOHCTPYKLUMK ¢ AedeKToM Homep i;

Twon - CPOK 6e3onacHOM IKCMyaTauuuM KOHCTPYKUMU C AecheKTaMM KaK MUHMManbHoe 3HadeHue T; gons

KOHCTPYKLUMK;
T - cpok 6e3onacHoM aKcnyaTaumMm CKBaXMUHbI B LIeSIOM Kak MUHMManbHoe 3HavyeHue T, ansa JKC;

Takenn = CPOK 3KCNnyaTauum CKBaXuHbl B rogax (1, 2, 3, 4), ana KoToporo onpepensieTca nepe4veHb
KOHCTPYKLMUW, noanexaiwmx peMoHTy AnA obecnevyeHns 6e3onacHOn aKkcnryaTauum B Te4eHUe 3TOro Cpoka;

T pwars = CPOK NpOBEAEHUA OYepeaHOro obcrnenoBaHus (AMarHOCTUKM)

Anroput™M HasHauyeHusi cpoka OGesonacHon akcnnyataumm OKC ¢ gedbektamm no pesynsratam
obcnegoBaHusa (AnarHoCTMpoBaHMS) NpMBEAEH Ha puc. 5.

TexHunyeckoe COCTOSAHNE MY(PTOBOrO COEAMHEHUSA TakKe YyYUTbIBAETCS B pacyeTax B COOTBETCTBUM C
nencreytowlen B Poccun HopmaTvMBHOW fokymeHTaumen [8]. Npwu aToM BBegeHa cneaywowasa rpagauuvs
COCTOSIHMN MY(PTOBOro COEAUHEHNS:

- HOpMaTMBHOE — HEQ0BOPOT TPYO B MyhbTOBOM coeanHeHun He 6onee 30Mm;

- HEeHopMaTMBHOE — HeJoBOPOT TPYO B MydhTOBOM coeanHeHun 6onee30 mm.

- JonyctuMoe — SKcnnyartauus gonyckaetca 6e3 orpaHuM4eHun, CpoK akcnnyatauum — o
cnepywulero obcnenoBaHus;

- HegonycTumoe — TpebyeTca U3MeHeHne yCroBUin aKCnyaTauum Unmn PEMOHT.

3.4. Pe3ynbTaTbl OLLEHKU TEXHUYECKOIO COCTOSIHUA CKBa)XXUH.

MpoBeneHHkIN No pesynsTatamM UMarHOCTUKM CKBaXXUH aHanv3 ged)ekToB NnokasbiBaeT, YTo Hanbonee
YyacTo BCTpeyaloTca AedekTbl KOPPO3NOHHOIO nponcxoxaeHus (nopsgka 70 % oT obwero ynucna gedekros),
npeacTaenawolmne n3 cedbsa otaenbHble A3Bbl (pyc. 6) nnu Lenoykn a3s (puc. 7). Hanbonee onacHbl A3BbI,
pacnonoXeHHbIE MO OKPY>KHOCTU KOMOHHbI U B 30HE MY(PTOBLIX coeaAnHeHn (puc. 8).

Opyryum TNUYHBIM gedekToM ABNSIeTCA HEQOBOPOT TPYD IKCMyaTauMOHHON KOMOHHBI (pyc. 9), KOTOpPbIN
nog AevncTBUEM HanpsXeHun ot narnda AKC n ee Beca MOXET NPUBECTM K ee pa3repMeTm3aumn.

TpeTbuM 13 Hanbonee YacTo OBGHapyXMBaeMbIX A4ePEKTOB ABNSETCH MEXaHUYECKOe MoBpexaeHue (puc.
10), Bo3HuKatowee npu onyckaHmm B OKC HaAcCOCHO-KOMMpPeCCOopHbIX TPYD, npoBegeHun guarHoctku mnu KPC.
Mpu onpegeneHun cpoka akcnnyatauun IKC ¢ gaHHbIM TUNOM AedekTa NPUHMMAETCS BO BHUMaHWE XapakTep
JedbekTta n pacyeTt BedeTCa C y4eTOM BO3HUKAOLMX MUKPOTPELLUMH B BepLUnHe AedeKTa.

Mpu onpeneneHun cpoka akcnnyataumn SKC ¢ AaHHbIM TMNOM AedekTa MPUHMMAETCS BO BHWMaHue
xapaktep gedekta u pacqeT Be4eTCH C yHeTOM BO3HMKAaILNX MUKPOTPELLMH B BepLUMHe aedekTa.

CornmacHo nonyYeHHbIM MpU OMNbITHO-MPOMBbILLNEHoON anpobaumm TexHonorum OTC B cpegHeM Ha 1
knnomeTtp OKC obHapyxuaeTca 10-20 kOPpO3nOHHbIX AedekTa, 5-7 HegoBopoToB MydT 1 0,2-0,3 MexaHN4eCcKnx
nospexaeHus. MNpu atom no pesynstatam OTC Tonbko 1-2 gedekTa NpU3HAETCsl HeQOMYCTMMbIM U TpebyeTca mx
YCTpaHeHne AOnda npoaoimkKeHUA I3Kcnlyatauln CKBaXXMHbl Ha LITATHbIX peXuMmax. ,El]'lﬂ OoCTallbHbIX ,D,e(*)eKTOB
yKa3bIlBaeTCsl CPOK, B TeveHue KoToporo repmetuyHoctb OKC He Oymer HapyweHa. B TeyeHue 3Toro cpoka

JonycKaeTcsa NPoAoSHKeHME 3KCnyaTaummn CKBaXknHbl 6e3 BbinonHeHusa pemoHTa SKC.
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1822-

1677

1623-

1676~

1624 -

Puc. 6. OmdenbHas si3ea Puc. 7. Llenoy4ka size Puc. 8. 5I3ebi 8
npumygmoeoti 30He

1024 -

Pessba

Tox

e .

HemosopoT Te@

926~

1035

Puc. 9. HegoBopoT Myt ThI Puc. 10. MexaHn4eckoe noBpexaeHue

PaHxnpoBaHne OedeKkToB No Cpokam YCTpPaHEHUS MO3BOMSET Brafdernbly CKBaXWH MMaHMpoBaTb
KPC, B TOoM uucne onpedensitb cpokn, obbembl n Metoabl KPC Ha ocHoBe nonHon WHdopmauuu,
ykasbliBaemon B 3akntoveHun no OTC. B HacTosilee BpeMs npeanaraeTcs NpoBeaeHue KpaTKOCPOYHOTo U
CpefHecpOoYHOro MnaHnpoBaHus. PekoMeHayemas Ha OCHOBaHWMM pe3yrbTaToB MOBTOPHbLIX OOCnesoBaHui
OKC nepunogunyHocTb 06cnenoBaHns CKBaXKUMH — OOQWH pa3 B YeThbIpe roga.

MonyyeHne pOaHHbIX O cpoke 6e3onacHol aKkchfyatauuMu MNO3BONSET B COOTBETCTBUM C
OENCTBYHOLLMMUN METOOUKAMU OCYLLECTBMATb OLEHKY CTOMMOCTUN CKBaXXUHbI.
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BbiBoabl:

1. 3a 4 roga ONbITHO-NPOMbIWEHHOMW akcnnyatauum TexHonorms OTC gokasana CBOK
paboTocnocoBGHOCTE M LienecoobpasHoCTb MNPUMEHEHUs AN onpederneHnst cpoka  3SKcnnyatauuu
3KCMyaTaUMOHHbIX KOFTIOHH CKBaXWH.

2. bnaropapsi BHegpeHuto TexHonormm OTC Bnagenew CKBaXuHbl MOMyyYaeT BO3MOXHOCTb
3abnaroBpeMeHHO HasHadaTb CPOoK NnaHoBo-npepynpeantensHoro peMoHTa OKC. Mpu aToM ycTpaHsieTcs
PEMOHT «NO (hakTy», HEOOXOOMMOCTb KOTOPOro BO3HMKAET Cry4YalHbiM 0Opa3oM Mpu nageHun gobbium 3a
cYeT ckBO3HOro nospexaeHus IKC.

3. BHegpeHue nnaHoBO-NpeaynpeauTernbHbIX PEMOHTOB MO3BOMNUT BriaferbLy CKBaXWH UCKIHOYUTL
CHWKeHMe [o0blYmM 3a cHeT He repMmeTudHocTn AKC, paspaboTtaTb KpaTKOCPO4HbIE U CPEQHECPOYHbIE MMaHbl
PEMOHTa, CHM3WUTL 3aTpaTbl HAa KPC 3a cyeT nonyyeHust JOCToBepHON MHdopmaunm o aedektax, a Takke
YNYYLINTb 3KOMOMMYECKYIO COCTaBMSOLLYHO SKCMyaTaumn CKBaXKMH.

4. WNHdopmauusa o cpoke Ge3onacHom aKkcnnyatauumn no3BosnseT ocyLecTBNATb OLEHKY CTOMMOCTHU
HeTSHbIX M ra30BbIX CKBaXWH Npu onpeaeneHnm o60CHOBaHHOW CTOMMOCTU HedpTerasoBbiX akTMBOB, B TOM

Yuycne rocyaapcrBeHHbIX.

3akntoyeHue.
TexHonorna OTC ckBaxuH ycnewHo npoluna nepuog anpobaumm n MoXeT ObiTb MCNoNb3oBaHa
HedTe- M rasogobbiBalOW MMM KOMNaHusMKU. OTpacneBble pernamMeHTbl U pyKoBOASAWME [AOKYMEHThI

KOMMNaHun no NnpUMEeHeHnto [OaHHOW TeXHoMNornm MoryT ObITb pa3p360TaHbI B KOPOTKNE CPOKN.
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EXPERIENCE IN EVALUATION PERIOD OF THE SAFE OPERATION OF OIL AND GAS WELLS ON THE BASIS OF DIAGNOSING
THE PRODUCTION CASING AND THE CASING ANNULUS

Abakumov A.A., Abakumov A.A. (J), Mogilner L.U., Semin E.E. (Center of pipelines diagnostic “INTROSCO”, Moscow, Russia),
Laptev V.V., Suleymanov M.A. (“NPF GEOFIZIKA”, Ufa), (“INTRON PLUS”, Moscow, Russia)

Abstract. The authors have developed a technology assessment of technical condition (ATC) of the oil and gas wells. The
basis of the technology is the use of magnetic introscopy of production casing and cement bond logging of wells. The publication
presents the results of evaluation of technical condition of wells. Furthermore the requirements to the volume of data and determine the
order of the period safe operation of the wells. Calculation of the period safe operation of wells is necessary for planning and evaluation

of repair cost wells.

1. Introduction.

Currently, the Russian Federation, an important task for sale (sale, lease, transfer of control and so on) mining property is the
definition of the reasonable cost of oil and gas assets, including government. An important role is given to the valuation of oil and gas
wells, as mining and other purposes (exploration, prospecting, etc.). On this issue, a number of techniques [1] has developed, based on
the use of costly and the income approach. At the same time one of the most important elements in assessing the value of the well is to
predict the period of safe operation of the well.

2. Common approaches to the ATC of the oil and gas wells

Exploitation of oil and gas wells by the combined action of unfavorable external factors: temperature, vibration, pressure,
corrosive environment and mechanical strength to the column. An inhibitor or electrochemical protection is used to prevent the
corrosion, but it cannot exclude the corrosive elements of the construction of wells. The greatest impact of these causes has on the
performance of the production casing (PC).

In recent years, magnetic introscopes [2, 3], also including in conjunction with cement bond log sonde [4], were developed,
tested with more than five hundred wells and successfully applied to determine the PC state and the space behind the casing. High
resolution and accuracy of the data obtained by instruments help to determine the linear dimensions, to assess the depth of the defect
state of the PC and cement. In addition, the coordinates of the defect in wells of any depth (depth and location on the perimeter of the
pipe) are determined with an accuracy up to 1 cm

In 2008 a method of assessing the technical condition (ATC) and calculating the period of safe operation of oil wells [5-7] was
developed. It uses to determine the capacity and life of the wells. Since 2008, ATC more then fifty wells have been performed as an
experimental-industrial testing. There were sites like TNK-BP, NC “Slaveneft’ oil wells in Tatarstan and Bashkortostan. Also test
calculations based on the two hundred wells studied previously were carried out.

ATC is performed after a magnetic imaging and cement bond logging. It comprises the steps shown in Fig. 1 including the
determination of the stress-strain state (SSS) of the production casing.

3. Calculation of the term safe operation of the well.

Calculation of SSS production casing wells is carried out using simulation technology column loads in the system ANSYS
finite element tube. At the same time there are a lot of different factors affecting the column, including:

1.  Spatial arrangement of the columns
Diameter, wall thickness and pipe material
Characteristics of the soil

Availability and condition of cement

o > WD

The presence and location of centralizers, etc.
Design, data deviation survey, stratigraphic column, the testimony of a magnetic imaging for the detection and location of

centralizers, and the results of studies of cement paste taken into account when assessing the production casing SSS.
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Fig. 1. ATC method

3.1. Input data for modeling and calculation of pipe SSS of a production casing wells

Input data for model construction and the pipe wall of calculating SSS using the results of deviation survey:

* The actual length of pipe

* The actual depth at the bottom of the tube

* The actual diameter of the pipe

* The actual wall thickness

* The density of the product used in the well

* Year of entry wells in operation

Parameters taking into account to construct a finite element model and calculation of pipe production casing SSS:

* Ne measuring point

* The length along the tube

» The shift in the horizontal plane along the X axis

* The shift in the horizontal plane along the Y axis

* Depth at point of measurement

Information about the seams, geological cross-section is taken according to the engineering-geological surveys or data

specified in the project documentation. An example of the data presented in Table 1.

Table 1
Rock power, m 3
The name of the reservoir rock Density of the rock, kg/m
on To
Sand, sandy loam, loam, clay 0 350 1909,4
Clay 350 1030 2142,2
Clays, sandstones, siltstones, mudstones 1030 2700 2495,7

Fig. 2 shows an example of selection spacing with defects in the well in cement contact, contact-bulk and bulk-type. Symbol

status and quality of the cement sheath insulation casing annulus according to the complex scanning and acoustic cement bond logging

gamma-gamma is given in Tabl. 2.

Table 2

The color map of the

state of the cement ring

Characteristic of a cement quality

Sheath insulation casing annulus

and the color image

1

2

3

Defect-free cement ring

Good

rock satisfactory

Defect-free cement ring with indeterminate contact with the
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satisfactory




The color map of the Characteristic of a cement quality Sheath insulation casing annulus

state of the cement ring and the color image
1 2 3
Cement ring with a vertical microchannel on the border of a Reduced
column

Cement ring with a gap at the boundary of the column from
30 to 60 mm

Cement ring in the absence of contact with the column

(openness microgap more, than 60 mm)

Cement ring with a vertical channel of contact-type three-

dimensional

Cement ring with a vertical channel surround type

The absence of a ring of cement
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Fig. 2. An example of selection in the well spacing witl Fig. 3. Bilinear model of the material.
defects in cement contact, contact-bulk and bulk-type Point 1: o = Ryn, € = Ryn/E

In the example highlighted in the well spacing with vertical microchannel on the border of the cement column (1137,5-1142 m,
1145-1153 m), with ring microgap at the boundary of the cement column (153-1155 m 1155,5-1156 m 1160-1161,5 m), with a contact-
volume defects (1170,5-1173 m 1174-1178,5 m). Volumetric defects are vertical channels in the cement stone and are characterized by
a simultaneous decrease in the density of cement (1.5 g/cm3) and the lack of cohesion in the sector openness (45-90).

3.2. Calculation of SSS

Calculation of pipe production casing SSS uses to determine the operating stresses in the defect. Calculation of pipes SSS
using ANSYS includes the following steps:

Creating a mathematical model of the design:

—  construction of a geometric model pipe;
—  the type of finite elements and the construction of finite-element model;

—  creation of a model material;
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- the application loads on the model of the pipe.

Numerical solution of equations describing the behavior of the model and the design is performed using internal algorithms
software package ANSYS. Construction of a geometric model of the production casing tube wells is performed according to the source
data.

To simulate the wells production casing tube used finite element PIPE288 length of 0.50 m, which is used to calculate the
models of tubes with small to moderate thickness - the ratio of pipe diameter to thickness should be not less than 10 (20.8 calculated for
the wells). In the calculation of SSS tube model of the material (steel) is taken as the ideal elastic-plastic material for the bilinear law,
according to fig. 3.

For SSS calculating (the steel strength of the group D according to Russian safety rules (GOST 632-80)) may be used the
following parameters:

—  vyield strength of 373 MPa Ryn =;

— young's modulus E =2 (1 105 MPg;

—  poisson's ratio y = 0,28.

Models are applied to the pipe and securing the load following:

—  load is the weight of the metal tube (g = 9,81 m/s2);

- an internal hydrostatic pressure of the product used in the borehole;
—  the external pressure from the effects of rock;

the shift of production casing tube wells in the horizontal plane (the deviation survey results);

rigidly fixed to the upper edge of the pipe.
The result obtained by calculating the SSS field distribution of equivalent stresses in the pipe production casing of the well. An
example of a model pacemaker according to the results obtained by calculations in the form of distributions of equivalent stress in a

production casing in the interval 1650 - 1850 m with a wall defects in the production casing is shown in Fig. 4.

T e ey T
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Fig. 4. An example of a model pacemaker

3.3. Calculation of the term safe operation of wells with defects.

Calculation of the term safe operation of the defective area element of the production string is performed by the condition to
achieve maximum strength and plasticity at the top of the defect (conditions of preserving the integrity of the column). The stresses in
the area of the defect are determined by the data on the stress-strain production casing state, obtained by simulation. The minimum
allowable residual thickness in the area of the defect is determined numerically from the formulas of fracture mechanics. The valid
period of operation of the column with the defect site is set as a period of time over which the depth of the defect reaches a limiting
value due to corrosion.

The corrosion rate of pipe ECS is determined by taking into account the applicable corrosion inhibitors and cathodic protection

system used by the formula:

t—t,
VKOpp = T ,

1

Where is t0 - the minimum thickness of the pipe as defined in the diagnosis;
t - the design thickness of the pipe;

Ti - the period between the commissioning of wells and date of the survey.
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The algorithm of the term safe operation of the well with defects destination is shown in Figure5
The technical condition of fittings are also taken into account in the calculations in accordance with the regulatory documents

existing in Russia [8]. At the same time introduced the following gradation of states fittings:

Normative - intertube backlashes is not more than 30mm;

non-normative - - intertube backlashes is more than 30 mm.

valid - use is permitted without restrictions, period - until the next survey;

invalid - need to change the conditions of operation or repair.

Calculat

ion T; '::> ion '::> ionT '::> Texpl

Calculat Calculat Specification Specification
i —> Tdiagn

Fig. 5. Algorithm for calculating a safe operation period for the PC with a defects

Tkon - term safe operation of structures with defects as a minimum value for the design of Ti
T - period of safe operation of the wells as a whole as the minimum value for the ECS Tkon
Texpll - the life of the well in years (1, 2, 3, 4), for which the list is determined by the structures be repaired to ensure safe

operation during this period
Tdiagn - the term of the next examination (diagnosis)

3.4. The evaluation of technical condition of wells.
Analysis of the defects of wells held on the results of diagnostic shows that the most common defects of corrosion origin

(about 70% of the total number of defects), which represent the individual ulcers (Fig. 6) or ulceration of the chain (Fig. 7). The most

arz =

1E77 -

- =—

Fig. 8. Corrosion damage in
the area of the coupling

1678 -

Fig. 6. Single corrosion damage
corrosion damage

Another typical defect is the intertube backlashes of the production casing (Fig. 9), which is under the influence of stress from

bending and pacing of its weight can lead to its depressurization.
A third of the most frequently detected defect is mechanical damage (Fig. 10), which occurs when pump - compressor pipes

are descent and ascent. In determining the life of the pacemaker with this type of defect is taken into account the nature of the defect

and the calculation is taking into account the emerging cracks in the top of the defect.
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Fia. 10. Mecanical damaae

Fia. 9. Intertube backlashes
is taken into account the nature of the defect and the

In determining the life of the pacemaker with this type of defect
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calculation is taking into account the emerging cracks in the top of the defect.

According to the obtained for pilot testing of ATC Technology by an average of 1 kilometer of PC detected 10-20 of corrosion
defects, 5-7 the intertube backlashes and 0.2-0.3 mechanical damage. In this case the results of only 1-2 ATC defect as inadmissible
and their removal is required for continued operation of the well at standard conditions. For the rest defects may be specified a period of
time during which the PC will not seal is broken. During this period, the continuation operating the wells is allowed without repairs
pacing.

Ranking of defects in terms of elimination allows the owner of well work over plan, including determining dates, amounts and
methods of cattle on the basis of full information in the custody of ATC. Now we propose holding of short-and medium-term planning.
Frequency of inspection wells recommended based on the results of repeated surveys of pacing - once every four years.

Obtaining data on the term allows for safe operation in accordance with existing procedures to assess the value of the well.

Conclusions:

1. During 4 years of experimental-industrial exploitation Technology ATC proved its efficiency and feasibility of application
to determine the lifetime of the production casing of wells.

2. With the introduction of technology ATC owner of the well is able to advance to assign a term preventative maintenance
ECS. This eliminates maintenance "in fact" the need for which arises randomly in the fall of production due to damage to the through
ECS.

3.  The introduction of regular preventive maintenance will allow the owner to exclude wells production decline is not due to
leakage pacing, develop short-and medium-term plans for maintenance, reduce the cost of cattle at the expense of obtaining reliable
information about the defects and improve the environmental component of the operation of wells.

4. Information about the safe operation of the term allows for the valuation of oil and gas wells in the determination of the

reasonable cost of oil and gas assets, including government.

The technology has successfully passed the ATC wells during testing and can be used by oil and gas companies. Industry

regulations and guidelines for the application of this technology can be developed in a short time.

References

1. S.Filatov, N.Zaharchenko cost of deep drilling of wells: the development of methodological tools - Oil and Gas Vertical, Ne
5, 2012, p.54.

2. RF Patent Ne 2382357 INTROSCOPE magnetic borehole Authors: A.A.Abakumov (Jr.), N.G.lbragimov, V.G.Fadeev etc.
Incorporated in the State Register of Inventions 20.02.2010

3. AA.Abakumov, A.A.Abakumov (Jr.), V.G.Fadeev, G.A.Fedotov, V.V.Bazhenov, V.A Lifantev, R.S.Muhamadiev, F.|.Dautov,
S.A.Dolgih Imaging technology for magnetic flaw inspection of production casing of wells - Proceedings of V Russian-Chinese
Symposium on Logging, a collection of abstracts.

4. M.A.Suleymanov, V.l.Islamgulov, R.R.Galeev Hardware-methodical complex AMC-2000 type scanning for quality control
of well cementing - Proceedings of the VI Russian-Chinese Symposium on Logging, a collection of abstracts, p. 17.

5. L.Mogilner, A.Abakumov (Jr.), E.Semin Assessment of technical condition with the calculation of the term safe operation of
oil and gas wells on the basis of magnetic imaging technology - Pipeline transportation [Theory and Practice], Ne 3 (15), September
2009, pages 28 - 31.

9. L.Mogilner, A.Abakumov (Jr.), E.Semin Assessment of technical condition and the calculation of the term safe operation of
oil and gas wells with magnetic imaging technology, Karotazhnik, Ne3, 2010, p. 28 — 36.

6. A.Abakumov (Jr.), L.Mogilner, E.Semin Assessment of technical condition of oil and gas wells with downhole magnetic
imaging technology, Proceedings of the VI Russian-Chinese Symposium on Logging, a collection of abstracts, p. 88.

7. GOST R 51906-2002 THREADED CONNECTIONS. CASING, TUBING AND PIPELINES, AND THREAD GAUGE TO
THEM. TECHNICAL CLAIM. Table 2.

103



YAK 550.832
CONOCTABINEHMUE U AHATN3 PE3YINILTATOB UCCINEQOBAHUA CKBAXXMH POCCUACKUMU U
3APYBEXHbIMU NPOMbICITOBO-TEO®PU3NYHECKUMU TEXHONOTMAMU
(HA NPUMEPE UCCNEQOBAHUNA CKBAXXUH YAAHAWHCKOIO HIKM)

lnomrukoe B.JI., Hynoea U.M. (OOO «la3npom 2eopecypcr», 2. Mockea, Poccus)

00O «l'asnpom reopecypc» SABMASETCA KPYNMHbIM MHOMOMPOMUIbHBIM AMHAMUYHO pa3BMBalOLLMMCS
COBpPEMEHHbIM  MPEANnpUATMEM, B COCTaB KOTOpPOro BxogAT 16 MpoM3BOACTBEHHBIX WU Hay4HO-
NPOVN3BOACTBEHHbIX PUNMarnoB, pacnonoXeHHbIX BO BCEX OCHOBHbIX ra3ofobbiBatolmx pernoHax Poccuu, B
akTmBe 6onee 250 cneumnanm3anMpoBaHHbIX NOMEBbIX NAPTUN.

B HacToswee Bpemsa OOO «[lasnpom reopecypc» BXOAWUT B YUCIO KPYMHENLIMX OTEYECTBEHHbIX
reousnm4ecknx KommnaHun, OencTByloWnx Ha TeppuTtopun Poccuiickon ®epepauum wn npegcrtasBnseT
OCHOBHYI0 reodunanyeckyto cnyxby razoBou oTpacnu, obecnedmsasi NOMHbIN TEXHUKO-TEXHONOMMYECKUIA LINKN
B obnactu MHGOpMaunoHHOro obecrneyeHus MOUCKOB, pasBedku, paspaboTku, akcnnyataumm oObekToB
YrreBOAOPOAHOIO Chipbs U MOA3EMHbIX XPaHUIULL rasa.

KomnaHusa ycnewHo npuvHuUMaeT yyactne B peanusaumm npoektoB OAO «[asnpom» B HOBbIX
perMoHax: Meranpoekt «fAman» - BBoA4 B pa3paboTky BboBaHeHKOBCKOro HedTerasokoHaeHCaTHOro
MECTOpPOXOEeHNsi, reonoropaseedodHble pabotel B BocTouyHo Cubupu, Bbixog Ha YasHouHckoe
mMecTopoxaeHue B HAkyTum, rasocHabxeHne Kamuatckon obnactv, OCBOEHME MECTOPOXOEHUA B MOPCKUX
akBatopusx O6ckor n Tasosckor ryb v ap.

B XXI Beke OOO «lasnpom reopecypc» [fokasano CBOK KOHKYPEHTOCMOCOOHOCTb, Kak Ha
OTe4YeCTBEHHOM, TaK U Ha 3apybexxHOM pbiHKax. MNMpeanpusatuem BegyTcsa nccnegoBaHus 1 paboTbl He TOMbKO
Ha nNUUEeH3MOHHbIX YyyacTkax OAO «lasnpom», HO W Ha OObekTax [ApyrMx He3aBUCUMMbIX
Hegpononb3oBatenen B Poccum u 3a pybexom (B JlatBum, KasaxctaHe, Y3bekuctaHe, BbeTHame,
TypkmeHun, Tagxukuctare, benopyccuu, a Takke gpyrmx ctpaHax).

MepcnektuBbl passutna OO0 «lMasnpom reopecypc» cBA3aHbl C obecneyeHnem YCTOMYMBOIO
BOCTIOITHEHUS U YNpPaBneHus MUHepanbHO-CbiIpbeBON 6a3oi, MoBbILEHMEM 3GEKTUBHOCTM paspaboTku
MECTOPOXOEHUIA W  3KChnyaTauuyM MOA3EMHbIX XpaHuNWW, rasa nyTeM BHEAPEHUS WHHOBALMOHHbIX
TEXHOIMOIMI Ha BCEX CTaAMAX XM3HEHHOTO LinKa oobekTa razogobbium u MXT.

Bonbloe BHMMaHWe B KOMMNaHUK yAEenseTcs BHeOPEHMIO U UCTONb30BaHMIO NepeaoBbIX TEXHONOMUN,
HoBeMWMnX paspaboTok annapatypbl M ODOOPYLOBaHWSA, COBPEMEHHOIO METPOSiormyeckoro obecneveHus,
NPUMEHEHUIO Hay4YHO-OBOCHOBaHHLIX METOAMK KOMMMEKCHOW MWHTepnpeTaumm reonoro-reounsmyeckon
nHdopmauuu.

Kak 13BecTHO, B COOTBETCTBMM C HOPMaTUBHbLIMW JOKymeHTamu Poccuiickon degepaummn ans
KaXgoro Tuna CKBaXwH MpedyCcMOTPEHbl Kak MOCTOsiHHas (unu obsasatenbHas), Tak U usMeHsiemas (Unu
JononHutenbHas) 4Yactb reousnyecknx uccnegosaHni. B uenom ocHosHoun komnnekc MMC coctouT u3s
LuMpokoro Habopa MeTodoB M sBNSeTCd obssaTenbHbiM AN peanu3auMum B Kaxaow CkBaxuHe. 34ecb
POCCUMCKNI reoPrU3nYecknin Cepeuc, MMeeT SIBHOE LIeHOBOE KOHKYPEHTHOE NPenMyLLLECTBO U JOMUHUPYET Ha
pbiHKe. B HacTosillee BpemMsi B 3TOM CerMeHTe MpeacTaBreHo AOoCTaToOdMHOE KOMUYECTBO POCCUNCKUX
npounssoguTenen reodumanyeckoro obopygoBaHuMs U annapaTtypbl, a Takke nporpammMHoe obecneveHuve

O6pa6OTKM N nHTEepnpetaumm caMmoro BbICOKOro CoBpeMeHHOro ypoBH4.
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B nocnegHwe roabl YCNOXHUNUCH FOPHO-reoriormyeckme yCnoBusi NPOBOOKN CKBaXWUH, B CBA3WN C YEM
Nnpy N3y4YeHun pas3pesoB CYLLLECTBEHHOE 3HaYeHMe NPUOBPETalOT AOMNONHUTENBHbIE UCCNEAOBaHWs, KOTOPbIE
npeaycMaTpuBatoT NpMMEHEHNEe COBPEMEHHbIX BbICOKOTEXHOMOMMYHbIX MeTofoB [TMC, K KOTOpbIM OTHOCATCA
ckaHupytowmne TexHonornm, metog AMK, nccneposanus B npouecce 6ypeHns MWD/LWD. OuyeBngHO, YTO
0ObEM M 3HAYMMOCTb 3TUX ycnyr B Poccumn ByaeT yBennumBaTbCsl MO Mepe OCBOEHMS TPYL4HOU3BIEKaeMbIX
3anacoB HeTK 1 rasa, pocta obbEMa BypeHMs ToOpM3OHTarbHbIX CKBaXWH U, 0COBEHHO, MO MEpPe OCBOEHUS
wenbda.

B naHHOM HanpaBneHUM POCCUMCKME KOMMNAaHUN NMEIOT HEKOTOPOE TEXHONOrMYECKoe oTCTaBaHue, 3a
uckniodeHnem AMTK, roe annapatypa npoussogctea OOO «Hedpterasreocmsunka» r. TBepb sBnsietca
KOHKYPEHTOCMNOCOOHO C 3apybeXxHbIMM aHanoramu. AneKkTpudeckne MMuaKepbl, KPOCC-AMnorbHas akycTuka
B Poccum cepuinHo He Npomn3BoaaTCA M HaXoOAaTCA B CTaaun paspaboTku.

C uenblo noBblWeHMA 3PPEKTUBHOCTU FeOUINYECKUX UCCMEAOBaHUN, BHEOPEHMS HOBbIX
TexHornormn OO0 «la3npom reopecypc» akTMBHO COTPyAHMYAET C BedyLiMMW MUPOBBLIMU KOMMAHUSMU B
obnactn N’MPC, nsyyas nx onbIT, BbIMOSHSIS COBMECTHbIE UCCIEN0BaHMS.

Tak, Hanpumep, B Mae-ceHTsabpe 2013 roga komnaHmamu OOO «lMasnpom reopecypc» U
Schlumberger B uyeTbipex ckBaxunHax YasHOMHCKOrO HedTerasokoHOEHCATHOr0 MECTOPOXAEHUS [ONs
N3ydeHUs BO3MOXHOCTEM M KayecTBa annapaTtypbl, COMOCTaBNEHUA W aHanu3a 9PGPEKTUBHOCTU
OTEYECTBEHHbIX W 3apybexHbix TexHormormn [UC Obinu  BbINOMHEHbI He3aBUCUMMble reodusnyeckmne
nccnenoBaHus B NPOAYKTUBHBIX MHTEpBanax.

YaaHguHckoe HedpTerasokoHaeHcaTHoe mectopoxaeHne (YHIMKM) pacnonoxeHo B toro-zanagHomn
yactn Pecnybnukmn Caxa (Akytus) (puc. 1) m B pamkax npaBUTENbCTBEHHONM «[lporpammbl CO3faHusl B
BoctoyHon Cwubupn wn Ha [HanbHem BocTtoke eguHo cuctembl A0ObluM, TPaHCMOPTMPOBKU rasa
N ra3ocHabxeHus ...» onpegeneHo 6asoBbiM Npy OPMUPOBaHUN AKYTCKOrO LieHTpa ra3ogobblyumn 1 BXxoauTt B
30HY NepPBOOYEPELHOINO0 OCBOEHMS.

Ocobyto akTyanbHOCTb OaHHLIN NPOEKT NpuobpeTaeT Takke 1, B CBA3N ¢ nognucaHuem B 2014 rogy
MHoronetHero KkoHTpakta Mexay OAO «lasnpom» u Kwutanckon HauwnoHanbHon Hedterasoson

Kopnopauuel Ha nocTaeky poccuiickoro TpybonposogHoro rasza B KHP no «BOCTOMHOMY» MapLUpyTY.

/ P Puc. 1. 0630pHas kapTa
) MEeCTOPOXAEHUIA YINeBO4OPOAOB

Pecny6nuku Caxa (AkyTtus)

Kak o6bekT passeakn YHIKM nossunoce B 1989 rogy B pesynerate obbeguMHEHWs HA OCHOBE
KOMMIEKCHOro aHanusa reonoro-reoumsnyeckon WHGOpMaUnM paHee OTKPbITbIX MECTOPOXOAEHUN U
NepPCMNeKTUBHbIX MNoLLaAen B €QUHYH HeaHTUKITMHANbHYHO NOBYLLIKY.

C 2008 roga anst oLeHKN pecypcHor Gasbl, YTOYHEHMS Modenu reonorudeckoro ctpoexHms YHMKM

reonoropa3sBefoyvHble paboTtkl Ha Tepputopun Beget OAO «lasnpomy», Bce BuAabl paboT no reomanyeckomy
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COMpPOBOXOEHNIO CTPOUTENBCTBA MOWUCKOBBLIX W pPa3BedoYHbIX CKBaXMH BbinonHaeT OO0 «[asnpom
reopecypcey.

CornacHo HedTerasoreonorMyeckoMy panoHMpPOBaHWUIO MECTOPOXAEHME pacnonioxeHo B Hencko-
BoTyobuHcKkol HedbTeraaoHoCHOM 06nacTn, B TEKTOHUYECKOM OTHOLLEHUM MPUYPOYEHO K BOCTOYHOMY CKITOHY
Henckoro ceoga Hencko-boTyobuHCKOM aHTUKNKU3BI.

leonormyecknii  paspe3  parioHa  XapakTepusylT  HWKHeNnpoTepo3olickue  obpasoBaHus
Kpuctannuyeckoro dyHgameHta U pudenckue, BeHOCKME, KeMOpunckne, HopckMe, YeTBEepTUYHbIE

OTNOXEHUS 0Cafo4HOro Yexna (puc. 2).

. -

Puc. 2. YaananHckoe HIKM. Neonoruyeckui paspes

BckpbiTas ckBaxXMHamMu TOMLWWMHA OCaf0o4qHOro Yexna usmeHsetcs ot 1712 m go 2024 m. OCHOBHyO
poflb B €ro CTPOEHWM WrpalT TeppureHHo-kapOoHaTHble OTNOXEHUS BeHOA W rarnoreHHo-kapboHaTHble
06pa3oBaHns kemMbpus.

YasaHaMHCKoe MEeCTOPOXAEHME MHOro3anexHoe U B COOTBETCTBMM C Knaccudukaumen no sanacam
OTHOCUTCS K YHUKANbHbIM.

XapaktepHbiMn ocobeHHocTsiMu YHITKM aBnstoTCcs: BbICOKOE MMMNCOMETPUYECKOE MONOXEHME Ha
CKkIoHe Henckoro cBoga, HannymMe MHOMOYMCEHHbIX pa3pbiBHbIX HapyLleHun (cybBepTrKanbHbIe paspbiBbl,
nonorne HagBurik); pellarLlyo porib B CTPOEHUM 3anexen umeeT nutonorndeckni gakrtop. Konnekropsbl
NPOAYKTUBHBLIX TFOPU3OHTOB BbLIKITMHUBAKOTCA M 3amellatoTcd. OTO OTHOCUTCA KaK K TeppUreHHbIM
Konnekropam, Tak U K kapboHaTHbIM.

CoBMeCTHOE MpOosiBfiEHNE CTPYKTYPHOIO U NIUTOMOMMYECKOro (oakTopoB MpMBENO K BO3HUKHOBEHMIO
MHOIOYMUCNEHHBIX 3MIEMEHTOB TEKTOHUYECKOrO M FMTONOIMMYECKOro 3KPaHWPOBAHUSA U, B KOHEYHOM CYETeE,
obecneuunno hopmupoBaHue 3gechb LEenoro psaa KpynHbIX HEaHTUKITMHANbHbBIX NOBYLLEK.

Ha YasaHguMHCKOM MEeCTOpPOXAEHUM K MNPOMbILWSIEHHO TAa30HOCHBIM OTHECEHbl NnacTbl Tpex
rOpPM30OHTOB, KOTOPbIE YacTMYHO nepekpbiBaoTca No nnowaan. OCHOBHblE BGOTYODMHCKUIN U XaMaKUHCKWUIA
NPOAYKTUBHbIE TOPU3OHTLI UMEIOT Bonee BbICOKME KOMMEKTOPCKME CBOMCTBA. 3anexb Tarnaxckoro ropu3oHTa
NoKanbHO pacnpocTpaHeHa B LEHTpanbHOM 4acTM MECTOPOXAEHMS U XapakTepusyeTcsa YXYALIEHHbIMU
PUNbTPALMOHHO-EMKOCTHBIMU  NapameTpamu. B npegenax MecTopoXaeHus BbiAEnsAlTCca  YeTbipe
TekToHuyeckux Gnoka: CeBepHbii, KOxHbIN |, FOXHBIA [, CamaH4YaknTCKMI, C KOTOPbIMU CBSA3aHbl 3anexu
YrneBoAopOaO0B.

OcHoBHble XapakKTepucTukm 3anexen npeacTtaBieHbl B Taon. 1.
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Tabnuua 1

OcHoOBHbIe XapaKkTepucTUKM 3anexen yrnesogoponos YasHauHckoro HFKM

CpeaHee KonnekTop
MyGuHa CpeaHsas
nnacro-
3ane- | Obwas nnacrosasi KoadpcpuumenT
BOe OTkpbITas | aGcontoTHoM Tun sanex,
FOpM30HT | raHus Ton- Temnepa- }
Aasne- nopucTocTb,| npoHuuae- | Knacc | das3oselit coctas
KpOBMMU, | LUMHA, M Typa,
" Hue, °C (kepH), % |mocTu no raay,
MMMa MD.
lMnacToBas,
>40%
- TNINTONOTNYECKM U
TEKTOHNYECKM
1419- Kracc ,
BoTyobuHckuiA oy 0po40 | 13,25 9-9,3 |22 n 6onee 2000 n 6onee K 9KpPaHNPOBAHHaS.
np=
2 ["a3okoHaeHcaTHasd
100 + 5
C HedbTAHOM
500 m[ .
OTOPOYKOM
Mp
BepxH. yacTb:
BepxHsisa BepxHsisa eobna-
1-800, MnacTtoBas
yacTb: yacTtb: 5-21 naet
0o 1600 TEKTOHWUYECKUN 1
_| 1490- | 0-14 HwkHaAs v
XamaknHCKNI 12.9 9,3-9,5 HwxH. yacTb: TNINUTONOrNYecKn
1860 | HwkHsas YyacTb: Knacc,
1-1600, 3KpaHMpoBaHHas.
YyacTb: 2-15 peako Knp=10
B CpegHem a3okoHaeHcaTHas.
60-90 00 21%. + 100
10-400
ma
toro- MnacToBas
BOCTOK TEKTOHNYECKM U
0.8-300,
. | 1613- |or 30 po 3-17.5 NINTONOrNYECcKU
Tanaxckun 11,97 10,9 peako Ao
1803 |90, toro- no 20 (t0>k.6n0oK)
1000 n BbiWwe
3anag 3KpaHMpOBaHHas.
no 23 [[a3okoHAeHcaTHas.

Ona Bcex NPOAOYKTUBHBIX TOPU3OHTOB MECTOPOXAEHNA XapaKTepHbl aHOMalrlbHO HU3KMe ninacTtoBblie

TemnepaTypbl U gaeneHus (Tabn. 1).

CBoboaHbIN

ras

NPOAYKTUBHbIX

rOPU30OHTOB YaaHguHckoro MeCTOopOXAeHUA

NOMY>XUPHbLIN,

HI/13K0yFJ'IeKMCJ'IbIl71, a30THbIN, HU3KOKOHAEHCAaTHbLIN, coaepxuT renvi B NPOMBbILUNEHHbIX KOHLUEeHTpauunax.

HedTb cpegHen NNoTHOCTH, cepHUcTast, napadnHoBas.

C uensbto M3y4eHna reosiorm4eckoro paspes3a CKBaXXMH B paMKaxX COBMECTHbIX nccnenoBaHum

KOMMNaHUAMWN ObiNn  BbIMOMHEHbI

KOMMNMeKCbl AeTtanbHbIX reocbmw-lecxwx nccrnenoBaHMn B LENeBbIX

nHTepeanax (tTabn. 2). OO0 «[asnpom reopecypc» Mcnonb3oBan annaparypy POCCUMCKOro NpousBoAcCTBa,

koMnaHus Schlumberger — cobcTBeHHbIE pa3paboTku.

3apybexHble cneuuanucTbl NPUMEHSNIM KOMIJIEKCHble COOpPKM Treodu3nYecknx npuBopoB, 4TO

CYLLIECTBEHHO COKpaTMNO BpeMs 3ajarmkumBaHust ckBaxuHbl nog MNC. Poccuickue cneumanuctbl ang
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obecneyeHust MOMHOTbI MCCneaoBaHWUs paspesa BbINOMHANM paboTbl OoTAenbHbiMU npubopamu, T.K. B
HacTosiLlee BpemMs MNpoeKkTaMW Ha CTPOMUTENbCTBO MOUCKOBbIX W PasBedOYHbIX CKB&XWUH He
npegycMmaTpmBaeTcs HanuuvMe AoCTaTodHbIX 3yMdOB, YTO BedeT K YacTUYHOW noTepu WHopmauum o
Npu3aborHOM YacTN CKBAXXWHBI.

Habop BbINONMHEHHbIX METOAOB (Tabmn. 2) U COOTBETCTBEHHO peluaemble komnnekcamu M'MC 3agaun

npakTUyeckn coBnagatot. VicknodeHne cocTaBnsaeT BbiCOKopaspeLlaloLwmi anekTpudeckun umuaxep (FMI).

Tabnuua 2
Komnnekcbl reocpnsanyeckux nccneaoBaHum
Ne
/ 00O «lasnpom reopecypc» Schlumberger
n/n
1 UHKNuHoMeTpuA
2 Pesnctusnmetpus
3 Mpodunemetpus KaBepHomeTpusi
4 BMK BMK
5 K rK
Platform Express
6 IMKn IMKn, MKc
(PEx)
7 2HHK-T 2HHK-T
MHoro3ongoBbin BK
8 BK (4 3oHaa)
(5 paguycos nccnegosaHus) (HRLA)
9 BWKN3 -
10 CrK -
11 HIK -
12 AKL LnpokononocHsbin BonHoson 3D AK
13 | Axkyctnyeckuit mmkpockaHep (CAC-90) (Sonic Scanner)
14 AMK AMK (CMR-Plus)
15 - BbicokopaspeluatoLmin anektpuyecknii umuoxkep (FMI)

Mo maTepuanam uccnegoBaHuin 3akasumky paboT reopmsnyeckumm KomnaHMsIMmn npeacTaBneHb:

1. MnaHweTbl C AaHHBIMW KapoTaxa U pe3ynbTaTamn MHTepnpeTauun.

2. MosicHUTENbBHbIE 3annCKu.

Kak un3BEeCTHO [feTanbHble reousnMyeckme WccregoBaHUs B OTKPbITOM CTBOME  MOUCKOBBIX,
OLeHOYHBIX 1 pa3BenoYHbIX CKBaXKMHaX B KOMMJIEKCE C APYrMMU AaHHBIMWU OOMKHbI 06ecnevnTb:

— pacufieHeHWe Wn3y4yaemoro reoniorM4yeckoro paspesa, AeTarnbHyl JUTONOrMYECKYHD OLIEHKY W
onpeaeneHve nUToTUNa Nopog;

— onpeperneHne KOMMOHEHTHOrO CocTaBa TBepPAOoK hasbl Nopoabl;

— BbI4ENEHNE KONNMEKTOPOB U OLIEHKY UX (PUNbTPALMOHHO-EMKOCTHBIX CBONCTB;

— Ka4yeCTBEHHYI0 W KONMMYECTBEHHYI OLIEHKY (OUOOHACLILLEHUS] KOMIEKTOPOB, YCTaHOBMEHUE
NONOXEeHUs MEXMNMIONAHBLIX KOHTAKTOB;

— NPV BbISIBNEHWUMN NPOOYKTUBHBLIX FOPU3OHTOB — peKOMeHLauun No UX BTOPUHYHOMY BCKPbLITULO.

O6paboTtka M MHTepnpeTauusa MatepuanoB reodusnyeckux uccrnegosaHun cneumanuctamm OO0

«lasnpom reopecypc» BbIMNOMHEHa B POCCUUCKUX NpOrpaMmHbIX npogyktax Npanm mn Meonouck, koMnaHus

108



Schlumberger ucnonb3oBana cobcTBeHHbIe pa3paboTkn GeoFrame u Techlog.

B uenom no pesynbratam paboT Kak OTEYECTBEHHbIM, Tak W 3apybexHbiM komnnekcom [UC
norny4YeHbl OCHOBHblE [eorioro-reodusanyeckme napamMeTpbl W pelleHbl 3adadn  uccnefoBaHuii B
COOTBETCTBUM C AOrOBOPOM, re0roro-TEXHUYECKUM 3a4aHNEM N HOPMATUBHBLIMW JOKYMEHTaMM.

B Tabn. 3 npegctaeneHo conocTtaeneHne Habopa napameTpoB, KOTOpble Obinv  MOMy4YeHbl
cneumanmcTammn reoduanyeckmx KoMnaHum npu obpaboTke gaHHbIX MUCCrefoBaHWA. AHanu3 matepuanosB
nokasan, 4to B 6onblKMHCTBE cnyvaeB onpegeneHHsle no MNC duneTpaunoHHO-eMKOCTHBIE CBOWCTBA

OGnun3kn No 3HadYeHusaM (Tabn. 4).

Tabnuua 3
Feocnanyeckue napameTpsol, onpegeneHHble no N’MC
000
Feodmanyeckuin napameTp «Fasnpom | Schlumberger
reopecypc»
CopepxaHue muH, KBapua, ranuta, rmapocnogbl B nopoge + +
CopepxaHne MOHTMOPUINOHUTA + -
Bogopopocoaep)kaHne Ha MaTpuLy N3BECTHSAKA + +
MopucTtocTtb (obLwas, acdbdeKkTMBHaA, MOPUCTOCTb FTNH) + +
MpoHunuyaemocTb No mogenun Tumypa — Koatca n mogenn SDR + +
MpoHML2EeMOCTb NO rEOXMMUYECKOMY anroputMy XeppoHa - +
OTHoCcKTENbHas NPOHMLLAEMOCTb NO rasy + -
KoadhpmumeHT BogOHACKILLEHNS U CBA3aHHON BOAbI + +
O6bem ceAzaHHOro/cBoboaHoro hromnaa 1 cBA3aHHOW BoAbl MMWH + +
Ob6beMHas NnoTHOCTb + +
O6beMHbIN hoToanekTpuyecknin baktop - +
PacuyeTHbIi [K 6e3 Bknaga ypaHa + +
KoHueHTpaumsa kanusa B nopoge + +
ConpoTtueneHne NPoMbITON 30HbI , 3I1 1 HEM3MEHEHHOW 30HbI NnacTa + +
O6beM rasa v Boabl B NPOMbITON 30HE - +
OueHka noTeHuUmanbHoro geduta + -
PekomeHaaumm no UcnbITaHUIO OOBHLEKTOB + -
Mo AaHHbBIM LLUMPOKONONOCHOMO aKyCTUYECKOrO KapoTaxa 1 akyCTUYeCKOro ckaHepa
MHTepBanbHOe Bpems npogonbHor/nonepeyHon, Jlamoba- CToyHnu + +
MHTepBanbHoe Bpems ObicTpo/MeaneHHON nonepeyHon BOMHbI - +
Koadpp. MNyaccoHa, o6beMHbIM Moaynb cxaTus, casura u FOHra + +
AHM30TPONKS MO MHTEPBANbHOMY 1 BPEMEHU BCTYMIEHUS - +
MakcumanbHas/MUHUManbHas aHeprus NonepevyHon BOSHbI - +
A3MMYT BbICTPOI NOMEPEYHON BOSHbI - +
OLeHKa TpeLLnHOBaTOCTH + -
KoadppumumeHT GokoBoro pacnopa + +
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Mo AaHHBLIM 3MNEKTPUYECKOro MUKpPOCKaHepa

OueHKa TpeLLmMHOBaTOCTM N ONP-HUE HanpaBneHUn pacTaxXeHus - +
CTPYKTYPHbIN aHanu3 - +
Tabnuua 4

ConocTtaBneHue pe3ynsrtaTtoB uHTepnpetauuu no NcC

UHtepBan Hadp Kno Kn acb Knp Ks

XaMaKUHCKUIA ropu3oHT 1592 -1622.5 m
1599 (1602.6] 0.6 - 0.1 - 0.03 - 0.04 - 0.21 -
1602.2| 1605 | 1.6 | 1.7 0.04 0.046 0.03 0.022 0.09 0.1 0.23 0.52

Tanaxckui ropusoHT 1715.3-790.8 m

1715.311721.71 1.2 | 0.9 0.1 0.11 0.04 0.074 0.25 0.5 0.1 0.37
1726.511729.8| 2.8 | 1.2 0.11 0.1 0.04 0.069 0.18 0.4 0.26 0.247
1730 (1735.3] 1.1 1 0.09 0.119 0.03 0.059 0.08 0.5 0.51 0.53
1755.5|1757.3| 1.8 - 0.07 - 0.05 - 0.15 - 0.42 -
1757.711761.5| 1 1.3 0.15 0.1 0.05 0.04 0.59 0.2 0.12 |[0.53-0.6
1761.511769.1|1 5.9 | 5.2 0.11 0.1 0.05 0.046 1.55 (0.1-0.9]| 0.22 0.59

1771 (1775.8] 2.1 | 2.4 0.09 0.09 0.04 0.04 0.25 |0.1-0.3| 0.41 |0.5-0.76
1777 (1790.8| 6.4 | 7.2 | 0.164 0.11 0.044 0.048 [0.14-1.1]0.4-0.6 |0.14-0.43)0.54-0.97

BuntoyaHckuin ropnsoHT 1789 —1844 m
1789.111789.810.7/0| - 0.16 - 0.03 - 0.1 - 0.29 -
1789.911790.5|0.6/0| - 0.08 - 0.06 - 1.25 - 0.55 -
1790.511793.2| 0.8 | 14 0.15 0.09 0.05 0.05 0.5 (0.9-2.8| 0.16 [0.43-0.48
1793.211796.5| 3.3 | 1.8 0.13 0.12 0.06 0.097 143 [6.5-14.4 0.16 [0.33-0.36

1796.5] 1799 | 2.2 | 2.6 0.1 0.12 0.06 0.08 1.37 ([3.3-14.1] 0.17 [0.34-04
1799.511806.9| 8.2 | 5.2 |0.06-0.19]0.09-0.130.04-0.07{ 0.07-0.1 | 0.3-2.21 |7.3-14.1{ 0.1-0.25 [0.36-0.49
1806.911812.8| 5.6 | 3.1 |0.06-0.13]|0.07-0.11]0.02-0.07 0.12-0.92(3.7-13.2|0.11-0.45]0.15-0.33

1819 (1820.6] 1 1.7 0.11 [0.11-0.12( 0.04 [0.04-0.06] 0.21 0.6-1 0.22 |0.41-0.57
1822 | 1844 |10.2| 6.2 [0.06-0.14(0.09-0.15]0.03-0.06]0.04-0.08|0.63-1.96] 0.4-2.9 |0.21-0.45)|0.48-0.65

- 000 «la3npom reopecypc» - Schlumberger

PaccmoTpum 6onee nogpoBHO OCHOBHblE pesynbTaTbl MHTEPNPETauuM U BbiBOAbI CMELManucToB
OBYX KOMNaHWN.

Onsi npenBapuTenbHOM OLEHKU nutonoruy paspesa Schlumberger Mcnonb3oBanucb KpOCC-NioThl
(puc. 3). Ha ocHoBe KOMMIEKCHOrO aHanu3a KpoCc-nnoTOB M AaHHbIX KapoTaxa Ans NoCTpoeHMs 00 beMHON
NUTOMNOINMYECKON Moaenu Obinu BbiOpaHbl  CrieQyrolwMe KOMMOHEHTbI: KBapLEBbIA NecYaHuK, WnnuT

(rvapocntoga), cnaeput (NecHaHUKM XaMakMHCKOro ropu3oHTa), 4ONOMUT (MHTepBan GHOKCKOM CBUTDI).
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Schlumberger 000 «Masnpom reopecypc»
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KE3apUeEEIA NecYaHWK, WNNNUT (rugpocnwga), necYyaHWK KEapUeELIA U
CUOBPUT (NecYaHWKKW Xa MaKWHCKOro KEapnoneBolnNaToBLIA, FanuT,
ropusoHTa), QONOMMT (BHOKCKAaR CEMTA) MOHTMOPWNMOHWUT, FTHQpoCcN4a

Puc. 3. Yaanaunckoe HI'KM. OnpeaeneHne nutonorM4yeckoro cocraBsa

NPoAYKTUBHbIX ropusoHToB no NC

B cBsi3n ¢ 9TMM BbI3bIBAET COMHEHUE BKIIOYEHME B OOBEMHYIO JIMTONOMMYECKY0 MoAesb Ans yyeTa
BNusHNA Ha PEC TaxenblX MUHepanoB — cugeputa. O4eBNOHO HanuyMe 3HaYMMOro KornmyecTsa OaHHOro
MUHepana, Kak MeTtannocogepXxalero, JOMKHO BMUATb Ha MOKasaHWs reodusmyeckux MeTodoB, Yero He
HabnogaeTca Ha YasHAMHCKOM MECTOPOXOAEHWM U He NOATBEPXAaeTcA AaHHbIMU WCCNENOBAHWSA KepHa,
BbinornHeHHoro B OO0 «lasnpom BHWWras». Mo Hawemy MHeHWUo, MoBbleHWEe MNNOTHOCTU MecYaHUKOB
NPONCXOOUT 3a CHET TSHXKENbIX PA3HOCTEN MMAPOCHA C NNOTHOCTLIO 40 2,9.

Cneumnanuctel OOO «[a3npom reopecypc» onpeaensnu MMHeparbHbI cocTaB nopog no rpaduky
M-N (puc. 3), roe NonoxeHne TOYEK 3aBUCUT TOMbKO OT FIUTOMOMMU Mopod U Ha OCHOBaHUM KOTOPOro B
NUTOMOMMYECKYI0  MoAernb  BOWMAW — MeCYaHWK KBapueBbii UM KBapMoOneBOWMNaToBbIN,  ranuT,
MOHTMOPUNIIOHUT, rMApocnoaa.

Mo paHHbIM KapoTaxa OueHeHa Takke IMUHUCTOCTb MOPOoA, KOoTopas B MHTepBane XamMaKMHCKOro
rOPU30OHTa U B HWXKHEN YacTW TarnaxcKkoro ropusoHTa MMeeT Huskue 3HadeHns 5-10% 1 TONbko B eQUHUYHBIX
cnyyvasix gocturaet 18-25%. No Hawemy MHEHUIO B OTNMYKE OT MHTepnpeTaTtopoB Schlumberger npu Taknx
3HaYEHUAX [MUHUCTOCTM NEeCYaHWKW He [OOMKHbl onpedensaTbCs Kak rmuHucTble. O4eBUOHO, 4TO
3Ha4YUTENbHbIE BEMUYMHBLI KOAMUMEHTaA OCTAaTOMHOW BOAOHACLIWEHHOCTU B Konnekrtopax YasHouHcKoro
MECTOPOXOeHMs OOyCroBrneHbl He CTOMbKO [MMHUCTOCTBIO MOPOAbl, CKOMbKO €€  CTPYKTYPHbIMU
0COBEHHOCTAMW — MPUCYTCTBMEM B MECYaHUKaX 3HauYuTenbHOro obbema aneBpuTOBOM dpakuuu,
MOBbLILEHHON W3BUNUCTOCTLIO MOPOBBLIX KaHamnoB (HanmuMyMe 3HaYUTENbHOro KonuyecTBa KanwunnspHo-
CBsi3aHHOW BOAbl). B pe3ynkraTte Yero npy cpaBHUTENBHO BbICOKOW 06LLEn NOPUCTOCTN OTAENbHbIX NPOCOEB
Kno=8-12% adpektmBHas MNOPUCTOCTb He3HauuTenbHa M MeHseTca oT 2,5 go 5%, a abconoTHas
NPOHUL@EMOCTb He npeBblwaeT nepsbix eguHuy M. lMpucyTcTBre MOHTMOPWINOHWTa B nopoge Takke

CI'IOCO6CTByeT CHMWXEeHUI0 NPOHNLIaEeMOCTU KONJieKTopa.
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OueHka NopUCTOCTU KONMEKTOPOB U XapakTepa UX HaCbILLEHHOCTN OCHOBbIBANMCb B 0O0OUX Cryyasx
Ha [aHHbIX SOepHO-MarHUTHOro kapoTaxa u 3oHaa BK 6onbuoro paguyca vccnepoBaHusi. OCHOBHblE
BbIBOAbl O HaNU4MM KOMMEKTOPOB U WMX HACbILEHHOCTM B BONbLUMHCTBE CriyYyaeB COBMagatoT, Tak Kak
NCMONb30BanuCb eauHble NeTpoU3MYeckme 3aBUCUMOCTW, MNpUBEAEHHble B oTyeTe «BbinonHeHue
reonoropasBefoyHbix paboT Ha YaaHguHckom mectopoxaeHuny Oryrn «CHUUIMMuMC» (r. HoBocmbupck
2008 r.).

KoHTaKT npogyKT-Bo4a BCKPbIT B OAHOM CKBaXKMHE M onpefeneH no pesynbTataM vHTeprpeTaumu
OOMWHaKOBO Ha rnybuHe 1722,7 m (puc. 4).

000 «Maznpom reopecypc» Schlumberger
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Puc. 4. YaanpnHckoe HFKM. OnpepneneHue koHTakTa npoaykr-soga no N'cC

Mpu conocTaBneHnn pe3ynbTaToB OMNpedeneHns HacbIWEeHUs KOMNEKTOPOB MO 4acTu OObEKTOB
OTMeyvaloTCs pacxoxaeHus (puc. 5).

Kputuyeckne 3HayeHUst KOSMMPUUMEHTOB  BOAOHACLILEHHOCTU, Ha  OCHOBaHWM  KOTOPbIX
NPOBOAMIOCL pasfdeneHne raso- U HedTeHacblWweHHbIX nopog dupmon Schlumberger, nonyyeHbl Mpu
neTpon3NYeCcKUX UCCNEedoBaHUSAX KepHa W cripaBedsiMBbl TOMbKO AN KOMNMEKTOpOB C TeMU CBOMCTBaMM,
Kakumu obnaganu wuccnegyemble 00pasubl nopod. [py M3MEHEHWM KOMMEKTOPCKUX CBOWCTB OHMU
CYLLIECTBEHHO MEHSIOTCA M BapbUPYIOT AN KaK4oro knacca nopod. YYeT cBA3aHHOW (OCTaTOMHOM) BOAbI B
nnacre, kotopasi 0Obl4HO MMEET BGornee BbICOKOE COMPOTUBIEHME (BOAA IMWMH U KanunsipHOCBsi3aHHasi Boda),
YyeMm noABWXKHas nnacTtoBas Boda, MO3BOMNSAET MOBbLICUTb TOYHOCTb OLEHKW XapakTepa HacbIWEeHHOCTU
nnactoB. [uana3oH U3MEHEeHWUs KPUTUYECKMX 3HaYeHUn Koa(pdUUMEHTOB BOOOHACHILEHHOCTU CYXaeTcs,
€Cnn U3MEHEHUs1 OTHOCUTENbHOM NPOHMLAEMOCTM ANs BoAbl M rasa paccMaTpuBaTb OTHOCUTENBHO

acbdekTmBHOro obbema nop. [aHHbIn nogxod ucnons3osancs cneumanuctamm OO0 «Masnpom reopecypcey.
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Puc. 5. Yaangunckoe HI'KM. ConoctaBneHue pesynstatoB T'MC v ucnbitaHnii 06EKTOB B KOJIOHHE

PacxoxgeHne B onpegeneHnM Xxapaktepa HacblWEeHUS KONNEeKTOPOB B OTAEfMbHbIX Cnyvasx,
04eBUOHO, BbI3BAHO He Yy4eTOM UHTepnpeTaTopamun Schlumberger cBsisaHHON BOAOHACHILLEHHOCTH.

HeCcOMHEHHO, BKMNIOYEHNE B KOMMMEKC reomnsnyeckux nccneaoBaHun mMetoga siaepHoO-MarHUTHOro
KapoTaxa B KayecTBe 00a3aTenbHOro MOBLICANO [AOCTOBEPHOCTb OLIEHKM (OUNBTPALUNOHHO-EMKOCTHbIX
CBOWCTB Mo AaHHbIM TC B CNOXHOMOCTPOEHHbIX KOMMEKTopax TeppUreHHbIX OTMOXEeHUN YasHAWHCKOro
MecTopoxaeHus. 3HauuTenbHbIM npeumyliectBom  AMK  sABnserca BO3MOXHOCTb  OLEHKM oObema
KanunnspHo CBSA3aHHOW BOAbl, YTO MWMeeT Oonblloe 3HayeHve [Ans MOBbILEHUS [OCTOBEPHOCTU
onpeaeneHns adeKTUBHON NOPUCTOCTU KOMNNEKTOPOB, UX MPOHULLAEMOCTU N HaCbILLEHNS.

Mpn atom wHTepnpeTaTopamu KomnaHum Schlumberger oTmevaeTcs HegocTaToMHAs TOYHOCTb
NPUHATBIX WHTEPMpeTaLMoHHbIX MapamMeTpoB ANA [MWHUCTBLIX KonnektopoB. PaccuntaHHas no AMK
NMPOHMLAEMOCTb KOMMEKTOPOB Takke TpebyeT 06sA3aTenbHOW HACTPOMKM Ha pesynbraTbl UCCNELOoBaHUSA
KepHa 1 NpsMbIX METOOOB onpegeneHus npoHvuuaemocTu. JaHHbIn BbIBO4 NOOTBEPXKOAET pekoMmeHaaumu
cneynannctoe OO0 «lasnpom reopecypc» O HeOOGXOQMMOCTM MOCTAHOBKM aHanuMTU4eckmx paboT no
HaCTPOMKe MHTEPNPETaUMOHHON MOoAENn Ha YCrOBUS MECTOPOXOEHUS U COBEPLUEHCTBOBAHMSA anroputMa
WHTepnpetauun Ans TeppureHHblx konnektopos YHIKM. C aton uenbio B Hactosiwee Bpems OOO
«lasnpom BHUUIMTA3» BbINONHATCS crneumanbHble UCCNneaoBaHns KepHa rMUHUCTOro Matepuana.

B pamkax npoBeneHusi COBMECTHbIX MCCeaoBaHui ¢ Lenbio Bbibopa NepcrneKkTUBHbIX annapaTtypHo-
mMeToandeckmx komnnekcoB [MNC ana panbHenwero passutua reodmaundeckon pestenbHoctn OAO
«M@asnpom» ObINU BbINOMHEHbI NCCNENOBaHMSA COBPEMEHHOW CKaHUPYIOLLEW annapaTypon akyCTU4eCKOro u
3MEeKTPUYECKOro kapoTaxka komnaHum Schlumberger n Kutaiickor HedbTsHON 06beaMHEHHON KOMMaHWK.

ConocTtaBneHve TEXHUYECKUX XapaKTepUCTUK npubopoB akyctudeckoro kapoTtaxa MPAL (KHP) n
SonicScaner (Schlumberger) nokasbiBaeT, 4YTO OHM BnNK3KkM MO NapameTpam (Tabn. 5). Hanbonee 3HauYMMbIM

pasnnynem ABnAeTCA CKOpoCTb Npon3BoaCcTBa 3arnmcu.
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Tabnuua 5

CpaBHMTeﬂbHaﬂ XapaKTepucTuka akyCtuieCKux nMmmaxxepoe

Sonic Scaner

MapameTpbl MPAL (KHP) (Schlumberger)
MakcumanbHasn pabovas Temneparypa 155°C 177°C
MakcumanbHoe aaeneHue 140 MlMa 138 Mrla
OnameTp npunbopa @90 Mm @92 Mmm
OnuHa npnbopa 8,33 m 12,58 m
Macca npubopa 320 kr 383 kr

OKCnepTHbIN pexum - 250 m/y;
CkopocTb KapoTaxa HopmanbHbin pexxum — 375 m/u; MakcumanbHas 1097 m/d

Lindposoin pexxum — 600 m/u.

BepTukanbHas aspeluaroLas
P pasp H 15,2 cm 15,2 cm

CNocoOHOCTb

HeobxoamMMo Takke OTMETUTb, YTO B HacTosLLee BpeMs CYLUECTBYET POCCUACKUA BapuaHT Takow
annapatypbl ABAK-11. OgHako 3anucb gaHHbIM npubopom OOO «lMa3npom reopecypc» He NpoBoAuMnachk,
Tak Kak He npeaycMoTpeHa nNpoekTHbIM komnnekcom MMC ana YaauaunHckoro HIKM.

MpeumyLlecTBOM KpOCC-OMMNOMNbHOM aKyCTUYecKoM annapaTtypbl, B CpPaBHEHWW C MOHOMOMbHOW,
aBnsieTca 6onee HagexHoe BblaeneHve nonepeyHon u CTOyHNM BOMH, BO3MOXHOCTb NOfyvaTb HE TOMbKO
TOYHblE MHTEpPBarbHbIE BPpeMeHa NPOAOSbHOM BOSHLI, HO W paccyUTbiBaTb UX CKOPOCTU B PasHbIX CNOSAX
nnacrta nyteMm npuéma ogHoMOSOCHbIX BOMH, PSAOB AMNOMbHBLIX W KPOCC-OMMNOMbHLIX BOMH Kak B OTKPbITOM
CTBOSE, TaK U B CKBaXXMHax ¢ 06CagHOM KOMOHHOM Ha pasHbIX pexunmax paboTtbl npubopa.

Hanbonee BaxHbIM NapameTpoMm, onpeaensemMblM No AaHHbIM KPOCC-AMMNONbHON akyCTUKK SBMSEeTCA

aHu3oTponusa nNnacros (puc. 6).
~ MPAL (KHP) - Sonic Scanner (Schlumberger)
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Puc. 6. YaanauHckoe HIF'KM. OnpeaeneHue aHu3oTponuu nnacra
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3HadA aHM30TPOMUIO MNOMEPEYHbIX BOMH MOXHO ONpPedenuTb HanpasfeHne MakcumanbHOro
FOPU3OHTANbHOMO HaMNpPs>KEHWUs, HanuuMe W MpocTUpaHue TPeLMH, NMOCKOCTUM paspbiBa. AHM30Tponus
urpaeT BaXKHyto porib B NOHUMaHUM ropnsoHTarnbHOW U BEPTUKaNbHOW NPOHULAEMOCTN.

B uenom pesynbTtatbl 0O6pabOTKM M MHTEpPRpeTaumyM OaHHbIX aKyCTUYECKOro KpOCC-AMMNONbHOro
KapoTaxa B ckBaxuHax YasHguHckoro HIKM, nonyyeHHble annapaTypor ABYX KOMM@HUA B CBOUX
NporpaMMHbIX KOMMrekcax 6nmskm mexagy coboi.

Mo MaTepuanam uccnegoBaHMI annapaTypol KPOCC-AWMMONbHOM aKyCTMKM Oblnn  OueHEeHb!
OCHOBHbIE MEXaHU4ecKMe CBOMCTBA Nopos, Takme kak Mogyfnb OObEMHOr0 CxaTusi, Mogyrb CABUra, Moaynb
KOHra, oTHoweHune Vp/Vs, koadduumneHT NyaccoHa.

PesynbTaTel onpedeneHns UWHTEpBarnbHbIX BPEMEH, pacyeTa MexaHW4eCcKux CBOMCTB Mnopof,
Nnony4YyeHHble C NpUMeHeHneM 3apybexHon annapaTtypbl MOEHTUYHbI OAaHHLIM MOHOMOSIbHOM POCCUNCKON
LLIMPOKOMOMOCHON akyCTUYeCKon annapaTypbl.

Mo gaHHBIM MHTEepNpeTaUmMn akyCTMHECKOro CkaHepa caenaHbl BblBoAbl 06 OTCYTCTBUM aHU30TpONun
nonepeyHbIX BOSTH B UHTEPBane XxamakMHCKOro U TanaxcKkoro ropusoHTOB.

BbinonHeHHasa oueHKka HanpaBneHus MakCUMarbHOro ropu3oHTanbHOro CTpecca cBuaeTenbCTByeT,
YTO 3HaYUTENbHblIE U3MEHEHUS asMMyTa BbICTPON NMonepeyHon BOMHbI MPOUCXOOAT NPU CMEHE NUTONorum
(necyaHuUK-rNuHa) 1 B UHTEpBanax pasmbiBa NOPOA.

Habnogaemble n3MeHeHNs asmmyTa ropusoHTarnbHOro CTpecca npu CMeHe NUTOMNOorMn BeposdTHee
BCero obycrnoBneHbl TEXHOrEHHbIMW MPUYMHAMM, CBA3AHHBIMM C NPOLLECCOM BypeHus.

C uenbilo nNpoBedeHUss CTPYKTYPHOro aHanmsa, OLEHKU TpeLnHOBaTOCTH, onpeaeneHuns
HanpaBneHnsa ropu3oHTanbHbIX HaNPsSXeHUn nopog, cnararwmx paspes HasgHOMHCKOro MecTopOXaeHNs
OblMM  BBLINOMHEHbLI  UccnefoBaHuA  npubopamu  ANEKTPUYECKOro  MUKpOcKaHupoBaHua  FMI
(Schlumberger) n MCI (KHP).

ConocrtaBneHve TEXHUYECKMX XapakTepUCTMK annapaTtypbl, MpPeAcTaBneHHbIX B Tabm. 6,

cBMAOEeTenbCTBYET, YTO AaHHbIe I'Ipl/l60pbl Onu3kn no napamMmeTpam.

Tabnuua 6
CpaBHUTeNbHas XapaKTepUCcTUKa 3NEeKTPUYECKUX UMUIKEPOB
MapameTpbl MCI (KHP) FMI (Schlumberger)

MakcumanbsHasa Temneparypa 155°C + 175°C 177°C
MakcumanbHoe gaBneHue 100 MIMa 138 Mlla
[OnameTp npmbopa 90 mm @127 mm
OnuHa npubopa 8,30 m 7.44 m
Macca npubopa 240 kr 197 kr

Cnocob6 MeaneHHoro

CKaHMpoBaHusa — 225 m/y;
CkopocTb KapoTaxa 549 m/y + 1097 M/

Cnocob BbICTporo ckaHWpoBaHWS

— 450 Mm/u.
BepTtukanbHas paspeLuatoLas

5 mm 5 mm

CNocoBHOCTb
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Busyanuavpyemoe uudgpoBoe n30GpaxeHWe YOenbHOro COMPOTMBIEHUA HarmMsgHO U YeTKO
MoKa3sbiBaeT NUTONOMMYECKYI0 XapakTepUCTUKY Mnacta U XapakTepucTUKy ero BHYTPEHHEro CTpoeHust (puc.
7).

npubop MCI{KHP) npwbop FMI (Schlumberger)
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Puc. 7. YaananHckoe HMKM. Busyanusauusa AaHHbIX 3NeKTPUYECKUX MUKPOCKaHepoB

B uenom pesynbtatbl 00paboTKM U MHTEPNpPEeTauMM OaHHbIX 3MEKTPUYECKUX MUKPOCKaHEpOB B
ckBaxxmHax YaangmHckoro HIKM, nonyyeHHble annapaTypor ABYX KOMM@HUA B CBOUX MPOrpaMMHbIX
KOMMrieKkcax CconocTaBuMMbl Mexagy coOOM WM MO3BONWAWM MOMy4YMTb OOMOMHUTENbHYO MHopMauuo o
aNeMeHTax 3arieraHnsi reosnioro-TEKCTYPHbIX 0OBbEKTOB, XapakTepmayoLwmux obLlee HannacToBaHWe nopog, a
WMEHHO: rpaHu1L, NNacToB, BHYTPUMIACTOBON CAOUCTOCTU, MAacCUBHOCTU, SPO3NOHHBLIX MOBEPXHOCTSAX.

Bo Bcex nccnegyemblx CKBaXXMHaX MO LiENeBbIM MHTEpBanam onpeaeneHbl Yribl NageHusa rpaHuy,
nnacToB c nNpeobnagaroL M yrinom nageHus, a Takke npeobnagatollee HanpaeneHe nageHusl.

ConocTaBrneHne pesynbTaToB OMNPEAEneHnin pasnuyHbiMM NpubopaMu CBUAETENLCTBYET, 4YTO
NnosfyyYeHHble BenuYMHbl BnmM3km no 3HadeHusiM. Tak, Hanpumep, BO BCEM WHTepBane uccregoBaHHON
CKBaXXMHbl: Npeobnagatowime yribl NageHus rpaHvL, nnacTtoB no gaHHeiM Schlumberger 4-6°, no gaHHbIM
KHP 2-10°, npeo6nagaiowmin asumyT nageHus nnactos: 190-220° (ioro-3anaa) - Schlumberger; 210-240°
(toro-3anag) - KHP.

Ha puc. 8 npepctaeneH npumep OLEHKM TpewmHoBaTocTM nopog. o pesynbTatam aHanuaa
TPELLMHbI B BONbLUMHCTBE YacTUYHbIe (Tpacchl TPELLUH NpoCnexmnBalTcs He Ha Bcex bawmakax npubopa) u
oTnuyaroTcs cnaboBblpa)XKeHHbIM KOHTPacTOM COMPOTUBIIEHUA C BMELLALWUMKU NOpoAaMn, B OCHOBHOM

3alnedyeHHble N NpuypoYeHbl K anesposinT-apruniinTtoBbiM nopoaam.
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npuGop MCl (KHP) npuwbop FMI (Schlumberger)
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Puc. 8. YaananHckoe HMKM. U3yyeHune TpeLWMHOBATOCTU NO AaHHbLIM 3/1EKTPUYECKMX CKaHepoB

MpuHMMas BO BHUMaHWE KONUYECTBO BbIAEMNEHHbIX TPELUMH, X OpMy, a Takke yron nageHus u
HanpaBneHnss MNpPOCTUPaHUS MOXHO T[OBOPUTb, YTO €CTECTBEHHaAs TPELUMHOBATOCTb B MWHTepBarne
XaMaKMHCKOro 1 Tanaxckoro ropM3oHTOB M XOPOHOXCKOWCBWUTBI HE pasBuTa, YTO NOATBEPXKOAET BbIBOAbI,
caenanHble cneynannctamm OO0 «Ma3npom reopecypc» Ha OCHOBaHWMM KOMMEKCHOW MHTepnpeTauun MUC.

Kak n3BecTHo, asnuMyT 3eMHOro HanpsXeHUst TECHO CBA3aH C a3MMyToM obBarna CTBOMNa CKBaXXUHbI U
TEXHOTEHHbIX TPELLMH, BCNeacTBUME YEro MOXHO OnpedenvTb HanpaBfieHUe TeKyLLero MakCUMaribHOro 1
MWHMMAarbHOrO FMaBHOMO HANPSPKEHUS.

Tak, HanpuMep, B CKBaXWHe, NPEACTaBMeHHON Ha puc. 9, Bbligensietcss 6onblloe KOnM4ecTBO
TEeXHOreHHbIX 06pa3oBaHuWii, B OCHOBHOM BbIBarioB, KOTOpble B NpeobnafaLem KonnmyecTse oTMevaTcs B
aprunnuToBbIX TONWax. Takoe 3HauyuTenbHOE KONMMYECTBO BbIBANiOB M TEXHOMEHHbIX TPELUMH NO3BOnseT
YBEPEHHO FOBOPWUTb O HanpaBreHUM ropu3oHTanbHbIX HanpskeHUn. Kak M3BECTHO, TEXHOreHHbIE TPEeLLMHBI
00pa3yloTcst B HanpaeneHny napannenbHOM HanpaBfeHno MakCUMarbHOIrO ropM3OHTaNbHOIO HaNpPsXKeHNs,
a BbIBarnbl — B NeprneHauKynsapHoM. Tak Kak HanpaBneHne pacnpocTpaHeHus BeiBanos coctaensaet 140-150°
(roro-BoCTOK), HanpaBneHMe MaKCMManbHOrO rOPU3OHTANIbHOro CTpecca COOTBETCTBEHHO - CEBEPO-BOCTOK -

toro-3anap, (50-60°).

npwiop MCI (KHP) npuiop FMI [Schiumberger)

Puc. 9. YaaHanHckoe HFKM. OnpepeneHue BbIBanoB No AaHHbIM 351eKTPUHECKUX CKaHEpPOB
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PesynbTaTel 3aMepoB  BbICOTEXHOMOrMYHbIMM  MeTogamu [WC  cBMOeTenbCTBYIOT,  4YTO
perncTpupyemble napameTpbl U TEXHUYECKME BO3MOXHOCTM MPUOOPOB [ABYX KOMMAHWIM MpakTUYecku
OAMHaKOBbI.

B uenom conoctaBneHne W aHanu3 UCCNENOBaHWW, BbINOMHEHHbIX OTEYECTBEHHLIMU U
3apybexHbIMu NPOMbICITOBO-reomanyecknumm TEXHOMOrMAMHU Ha CKBaXKMHaXx YaaHguHckoro
HedTerasokoHAEHCaTHOr0 MECTOPOXAEHUS, NO3BONSAIOT cAeNnaTh CrieaytoLmne OCHOBHbIE BbIBOAbI:

Komnnekcamu MC, BbINONHEHHBIMY NPOM3BOACTBEHHBIM hunmanom «pkytckrasreogpuanka» OO0
«lasnpom reopecypc» n komnaHuen Schlumberger NONHOCTBIO pelleHbl 3a4ayum AeTanbHbIX MCCNeaoBaHUN B
MOUCKOBBIX U pPa3BenoYHbIX CKBaXXMHAX, NONyYeHHbIe pe3ynbTaThl B OOMbLUE YacTu COBMagatoT.

Matepuansl wnccnegoBaHUn METOOOM  KPOCC-AMMONBbHON  aKyCTUKW, BbINOMHEHHbIE KOMMaHWEn
Schlumberger n Kutarickon HedTaHON 0ObeaUHEHHOW KOMMaHWEeW, MoATBEPAWnM BbIBOAbI, cAenaHHble
cneuynanuctamm OOO «lasnpom reopecypC» Ha OCHOBaHWM WHTeprpeTrauuMu LUIMPOKOMOSIOCHOMO
aKyCTU4YecKkoro KapoTaxa W fdanuv OOMOMHUTENbHYI WHpopmMauuio o6 aHu3oTponuu nopoq paspesa
YaananHckoro HIKM.

WccnepgoBaHus 3apybexHbiMy npubopamn anekTpuyeckoro ckaHuposaHus MCI n FMI nossonunu
nonyynTb WHpopMauuo o6 anemeHTax 3aneraHuWs reonoro-TEKCTYPHbIX OOBbEKTOB, TPELUMHOBATOCTY,
HanpaBneHnM ropu3OHTarnbHbIX HaMpsXKeHUn nopopd, crnarawwmx paspes YasHOUHCKOrO MeCTOpOXOEHWS,
4YTO Haubonee BaXXHO ANS NMOWAAHOrO aHanmsa M akTyarnbHO MpU CO30aHWM MOAErNen reornormvyeckoro
CTPOEHUSA 3anexu (B TOM YMcne reomexaHm4eckom moaenm).

Pesynerathl MHTEpripeTauum 3amepoB, NOMyYeHHbIX annapaTypon akyCTUYECKOro U aneKTpUYecKoro
CKaHMpoBaHUs koMnaHuuM Schlumberger n Kutanckon HedTssHON 06bEOMHEHHOW KOMMAHWW MpaKTUYEeCKU

coBnagarT, TEXHUYEeCKNE XapakTepUCTUKM annapaTtypbl Onu3kn no napameTtpam.

COMPARISON AND ANALYSIS OF WELL LOGGING RESULTS OBTAINED
BY APPLYING RUSSIAN AND FOREIGN FIELD GEOPHYSICS TECHNOLOGIES
(Case Study of Well Logging in the Chayandinskoye Oil and Gas Condensate Field)

Plotnikov V.L., Chupova .M. (OOO «Gazprom Georesurs», Moscow, Russia)

00O Gazprom Georesurs is a large diversified fast-growing modern enterprise including 16 manufacturing and scientific-and-
manufacturing branches located in all major gas-producing regions of Russia and has a portfolio of over 250 specialized acquisition
companies.

At present the Society is among the largest Russian geophysical companies acting in the territory of the Russian Federation
and is a main geophysical service of gas industry providing the entire engineering and process cycle in the field of information support
during prospecting, exploration and operation of hydrocarbon feed production and underground gas storage facilities.

The company successfully participates in execution of OAO Gazprom projects in new regions: the megaproject Yamal -
brining the Bovanenkovo oil and gas condensate field into development, exploration work in Eastern Siberia, exploration of the
Chayanda field in Yakutia, gas supply to the the Kamchatka Region, development of fields in offshore zones of Ob and Taz Bays, etc.

In the 21*" century OO0 Gazprom Georesurs proved its competitive ability both in the domestic and foreign markets. The
company carries out surveys and performs work not only in licensed sites of OAO Gazprom, but also at sites of other independent users
of subsurface resources in Russia and abroad (in Latvia, Kazakhstan, Uzbekistan, Vietham, Turkmenistan, Tajikistan, Belarus and other
countries).

The Society development prospects are associated with maintaining stable replenishment and management of the material
resources base, improvement of field development and underground gas storage efficiency by implementation of innovation

technologies at all life cycle stages of a gas production facility and underground gas storage.
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The company pays much attention to implementation and use of advanced technologies, state-of-the-art instruments and
equipment, modern metrological tools, application of scientifically grounded methods for complex interpretation of geological and

geophysical data.

As known, in accordance with the regulatory documents of the Russian Federation, both invariable (or mandatory) and
variable (or optional) parts of geophysical surveys are provided for each type of wells. In general the main complex of geophysical well
logging consists of a wide range of methods and is mandatory for implementation in each well. Here the Russian geophysical service
has a distinct competitive price advantage and dominates in the market. At present this segment is represented by a sufficient number
of geophysical equipment and instrumentation manufacturers, as well as manufacturers of the highest state-of-the-art level software for
processing and interpretation.

In the recent years well drilling mining and geological conditions became more complex and in this relation additional surveys
become increasingly important during depth exploration. Such surveys provide application of state-of-the-art high technology
geophysical well logging methods among which are NML, measuring/logging while drilling MWD/LWD. It is evident that the scope and
importance of such services in Russia will increase in the process of developing problematic for production oil and gas reserves,
increase of horizontal wells drilling scope, especially in the process of offshore areas development.

Here Russian companies have some lag in technology, except for NMTL, where instruments manufactured by OOO
Neftegeofizika, Tver is competitive with foreign analogs. Electrical imagers, cross-dipole acoustic logging tools are not commercially
manufactured in Russia and are under development.

In order to increase the efficiency of geophysical surveys and implement new technologies, OOO Gazprom Georesurs actively
cooperates with leading global companies in well wireline logging and operations, studying their experience and carrying out joint
surveys.

Thus, for example, in May — September 2013 in four wells of the Chayandinskoye oil and gas condensate field OOO
Gazprom Georesurs and Schlumberger carried out independent geophysical surveys in productive intervals to study equipment
capabilities and quality and for comparison and analysis of Russian and foreign geophysical well logging technologies.

The Chayandinskoye oil and gas condensate field (the Chayanda field) is located in the south-western part of the Republic of
Sakha (Yuakutia) (Fig. 1) and was identified as strategic asset for building up the Yakutia gas production centre within the state program
to establish an integrated system for production, transportation and supply of gas to Eastern Siberia and the Far East and is included
into the high-priority development zone.

The project has also become vitally important because of the long-term contract signed in 2014 between Gazprom and China

National Petroleum Corporation for pipeline gas supply to PRC via the “eastern” route.
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As an exploration target the Chayanda field appeared in 1989 as a result of combining (based on a complex analysis of
geological and geophysical data) earlier discovered fields and prospective areas into one nonanticlinal trap.

In the area since 2008 Gazprom has performed exploration work to estimate the resources base and clarify the Chayanda
field geological model, the entire complex of geophysical support activities for construction of prospecting and exploration wells are
performed by Gazprom Georesurs.

In accordance with geological oil and gas zonation, the field is located in Nepa-Botuoba petroleum area and tectonically
correlated with the eastern slope of the Nepa arch of Nepa—Botuoba Anteclise.

The region geology is featured by Lower-Proterozoic crystalline basement deposits and Riphean, Vendian, Cambrian,
Jurassic, quaternary deposits of sedimentary cover (Fig. 2).
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Fig. 2. Chayanda Field Geology

The well-penetrated sedimentary cover thickness varies from 1712 m to 2024 m. The sedimentary cover is mainly built with
terrigenous-carbonate Vendian deposits and halogen-carbonate Cambrian formations.

The Chayanda field is a multipay field and, in accordance with the reserves classification, is unique.

The Chayanda field specific features are a high hypsometric location on a slope of the Nepa arch, multiple faults (near-vertical
faults, low-angle overthrusts); a lithologic factor is critical in the reservoir geology. Productive horizon reservoirs pinch out and are
displaced. It pertains both to terrigenous and carbonate reservoirs.

Mutual development of structural and lithologic factors resulted in occurrence of multiple features of tectonic and lithological
screening and finally provided here the formation of a series of large nonanticlinal traps.

In the Chayanda field beds of three horizons partially overlaying each other are assigned to commercially gas-bearing beds.
Main Botuoba and Khamakha productive horizons have higher reservoir characteristics. The Talakh horizon reservoir is locally run in
the central part of the field and is featured by deterioration of the reservoir properties. Within the field four fault blocks correlated with
hydrocarbons accumulations are specified: Northern, Southern |, Southern Il, Samanchakit.

The reservoir general properties are specified in Table 1.

Table 1
General Properties of the Chayanda Field Hydrocarbon Accumulations
Mean Mean Reservoir
Depth of top Total i i A lation t h
otal reservoir reservoir ccumulation type, phase
Horizon occurrence, ) Apparent Gas absolute
m thickness, m| pressure, temp., porosity, (core), | permeability factor, Class content
MPa °C % mD
Flat sheet, pinchout and
fault-bounded. QOil-rim gas
>40% -
condensate.
Botuoba 1419-1914 0to 40 13.25 9-9.3 22 and above 2000 and above |Class IIl, Knp=
100 + 500 mD
Top part:
Top part: 1-800, .
Top part: Predominantly .
5-21 to 1600 Flat sheet, pinchout and
0-14 Class IV,
Khamakha 1490-1860 12.9 9.3-9.5 Bottom part: Bottom part: 1- fault-bounded.
Bottom part: Knp=10 +
2-15 seldom to 1600, Gas condensate.
60-90 100 mD
21%. at average
10-400
South-east Flat sheet, pinchout
0.8-300,
from 30 to 3-17.5 (southern block) and fault-
Talakh 1613-1803 11.97 10.9 Seldom to 1000 and
90, south- to 20 bounded.
above
west to 23 Gas condensate.
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All productive horizons of the field are featured by abnormal low reservoir temperatures and pressures (Table 1).

The free gas of Chayanda field productive horizons is semi-wet, low carbon dioxide, nitric, low-condensate, contains helium in
commercial concentrations. The oil is medium gravity, sour and paraffin-base.

For the purpose of borehole log study within the framework of joint research the companies has performed complex
geophysical surveys in target intervals (Table 2). Gazprom Georesurs used equipment manufactured in Russia, Schlumberger used
self-engineered equipment.

The foreign specialists applied complex group assemblies of geophysical tools, thus significantly cutting well downtime for
geophysical well logging. For the purpose of a section survey completeness the Russian specialists performed work by separate tools,
since at the present time projects for construction of prospecting and exploration wells do not provide for sufficient shaft bottom sumps,

thus leading to partial loss of data on a bottom-hole area.

The complex of applied methods (Table 2) and consequently the tasks to be solved by well logging complexes almost

coincide. An exception is a high resolution electrical imager (FMI).

Table 2
Well Logging Complexes

No. Gazprom Georesurs Schlumberger

1 Directional survey

2 Resistivity survey

3 Profile logging Caliper measurements

4 Microlaterologging Microlaterologging

5 Gamma-ray logging Gamma-ray logging

6 Gamma-ray density logging Gamma-ray density logging, selective gamma-ray Platform Express

logging (PEX)
7 2TDT 2TDT
8 Laterologging (4 sondes) Mu.l.ti-sc.Jnde Ifater.ologging
(5 radii of investigation) (HRLA)

9 High-frequency logging -

10 Spectral gamma-ray logging -

11 Neutron gamma-ray logging -

12 Full-wave sonic logging 3D full-wave sonic logging

13 Acustic microscanner( CAC-90) (Sonic Scanner)

14 Nuclear magnetic logging (NML) NML (CMR-Plus)

15 - High-resolution electric imager (FMI)

Based on the survey results the following was provided to the Client:

3.Composite logs with logging data and interpretation results;

4.Explanatory notes.

As known, detailed geophysical open-hole surveys in prospecting, appraisal and exploration wells along with other data shall
provide for: layering of geological section under survey, detail lithologic estimation and identification; solid rock volume components;
reservoir identification and reservoir properties estimation; qualitative and quantitative assessment of reservoir fluid saturation,
identification of fluid contact positions; when identifying productive horizons — recommendations on their perforation.

Gazprom Georesurs specialists carried out processing and interpretation of the well logging data with the Russian software
Prime and Geopoisk, Schlumberger used the self-engineered products GeoFrame and Techlog.

In general, based on the results of work performed both with the domestic and foreign well logging complexes, main
geological and geophysical parameters were obtained and the survey tasks were completed in accordance with the contract, geological
engineering assignment and regulatory documents.

Table 3 shows the comparison of sets of parameters obtained by specialists of the geophysical companies during the logging
data processing. The data analysis showed that in most cases reservoir properties identified as a result of the geophysical well logging
are close in values (Table 4).
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Geophysical Well Logging Result Parameters

Table 3

Geophysical Parameters Gazprom Georesurs Schlumberger
Clay, quartz, halite, hydromica content in rock + +
Montmorillonite content + o
Hydrogen content per limestone matrix + +
Porosity (total, effective, clay porosity) + +
Permeability as per Timur-Coates’ model and SDR model + +
Permeability as per Herron’s geochemical algorithm - +
Gas relative permeability + o
Water saturation and bound water ratio + +
Volume of bound/free fluid and clay bound water + +
Apparent density + +
Volume photoelectric factor - +
Design gamma ray without consideration of uranium + +
Potassium concentration in rock + +
Resistivity of flushed zone, invaded zone and non-invaded zone + +
Gas and water volume in flushed zone - +
Productive flow potential assessment + =
Recommendations on facility testing + =
Based on full-wave acoustic logging and acoustic scanner
Delta t compresional/shear, Lamb- Stoneley + +
Delta t fast/slow shear wave - +
Poisson's ratio, compression bulk modulus, shear modulus and Young’s modulus + +
Interval and arrival time anisotropy - +
Shear wave maximum/minimum energy - +
Fast shear wave azimuth - +
Fracture evaluation + o
Lateral pressure ratio + +
Based on electrical miscroscanner results
Fracture evaluation u stress direction determination - +
Structural analysis - +
Table 4
Comparison of Well Logging Interpretation Results
Interval Had Kno Knadp Knp Ks
Khamakha horizon 1592 -1622.5 m
1599 1602.6 | 0.6 - 0.1 - 0.03 - 0.04 - 0.21 -
1602.2 1605 1.6 1.7 0.04 0.046 0.03 0.022 0.09 0.1 0.23 0.52
Talakh horizon 1715.3-790.8 m
1715.3 | 1721.7 1.2 0.9 0.1 0.1 0.04 0.074 0.25 0.5 0.1 0.37
1726.5 | 1729.8 2.8 1.2 0.11 0.1 0.04 0.069 0.18 0.4 0.26 0.247
1730 1735.3 | 1.1 1 0.09 0.119 0.03 0.059 0.08 0.5 0.51 0.53
1755.5 | 1757.3 1.8 - 0.07 - 0.05 - 0.15 - 0.42 -
1757.7 | 1761.5 1 1.3 0.15 0.1 0.05 0.04 0.59 0.2 0.12 0.53-0.6
1761.5 | 1769.1 5.9 5.2 0.11 0.1 0.05 0.046 1.55 0.1-0.9 0.22 0.59
1771 1775.8 2.1 2.4 0.09 0.09 0.04 0.04 0.25 0.1-0.3 0.41 0.5-0.76
1777 1790.8 6.4 7.2 0.164 0.1 0.044 0.048 0.14-1.1 0.4-0.6 | 0.14-0.43 | 0.54-0.97
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Viluchan horizon 1789 —1844 m

1789.1 | 1789.8 | 0.7/0 - 0.16 - 0.03 - 0.1 - 0.29 -

1789.9 | 1790.5 | 0.6/0 - 0.08 - 0.06 - 1.25 - 0.55 -

1790.5 | 1793.2 | 0.8 14 0.15 0.09 0.05 0.05 0.5 0.9-2.8 0.16 0.43-0.48
1793.2 | 1796.5 | 3.3 1.8 0.13 0.12 0.06 0.097 1.43 6.5-14.4 0.16 0.33-0.36
1796.5 1799 22 26 0.1 0.12 0.06 0.08 1.37 3.3-14.1 0.17 0.34-0.4
1799.5 | 1806.9 | 8.2 5.2 0.06-0.19 | 0.09-0.13 | 0.04-0.07 | 0.07-0.1 0.3-2.21 | 7.3-14.1 | 0.1-0.25 | 0.36-0.49
1806.9 | 1812.8 | 5.6 3.1 0.06-0.13 | 0.07-0.11 | 0.02-0.07 0.12-0.92 | 3.7-13.2 | 0.11-0.45 | 0.15-0.33
1819 1820.6 1 1.7 0.11 0.11-0.12 0.04 0.04-0.06 0.21 0.6-1 0.22 0.41-0.57
1822 1844 10.2 | 6.2 0.06-0.14 | 0.09-0.15 | 0.03-0.06 | 0.04-0.08 | 0.63-1.96 | 0.4-2.9 | 0.21-0.45 | 0.48-0.65

- OO0 Gazprom Georesurs

- Schlumberger

Let us consider in more detail main interpretation results and conclusions of the two companies’ specialists.
For preliminary assessment of the cross-section lithology Schlumberger used cross-plots (Fig.3). Based on the cross-plot
complex analysis and the logging data the following components were selected for building-up a 3D lithologic model: quartz sandstone,

illite (hydromica), siderite (Khamakha horizon sandstones), dolomite (Byukskaya suite interval).
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Fig. 3. Chayanda Field. Productive Horizons Lithologic Composition as per Geophysical Well Logging

In this regard the inclusion of heavy minerals, i.e. siderite, into the 3D lithologic model to consider the influence on reservoir
properties is questioned. It is obvious that the significant amount of this mineral as a metal-containing one shall impact the readings of
geophysical methods, which is not observed in the Chayanda field and not supported by the data of core examination performed by
Gazprom VNIlgaz. In our opinion, the sandstone density rise comes from heavy varieties of hydromicas with density up to 2.9.

The Gazprom Georesurs specialists determined the rock mineral content by M-N pattern (Fig. 3), where point positions
depend only on rock lithology and based on the pattern the following was included into the lithologic model: quartz and quartz
feldspathic sandstone, halite, montmorillonite, hydromica.

Rock shaliness evaluation was made based on the logging data, thus the shaliness has low values of 5-10% in the Khamakha
horizon region and in lower part of the Talakh horizon and only in single cases achieves 18-25%. Unlike the Schlumberger analysts we
are of the opinion that having such shaliness values the sandstones should not be defined as argillaceous. It is evident that high values
of residual water saturation factor in the Chayanda field reservoirs are caused not so much by rock shaliness, but by its structural

peculiarities, i.e. presence of significant volume of aleurite fraction in the sandstone, higher pore tortuosity (presence of significant
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amount of capillary bound water). As a result, at a comparatively high total porosity of individual beds with Kno=8-12%, the efficient
porosity is insignificant and varies from 2.5 to 5%, and the absolute permeability is not exceed the first mD points. The presence of
montmorillonite in the rock also promotes the reservoir permeability decrease.

In both cases the evaluation of reservoir porosity and their saturation nature was based on the data of nuclear magnetic
logging and deep laterologging. The main conclusions with regard to reservoir presence and their saturation coincide, since unified log
response equations were used specified in the report Performance of Geologic Exploration in the Chyanda Field by SNIIGGIMS
(Novosibirsk, 2008).

The product-water contact was entered in one well and, based on the interpretation results, determined similarly at a depth of
1722.7 m (Fig. 4).
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Fig. 4. Chayanda Field. Product-Water Contact Determination

Based on Well Logging

When comparing results of the reservoir saturation determination, there are some mismatches for a number of features (Fig.
5).

The critical water saturation values used by Schlumberger for separation of gas and oil-saturated rocks were obtained during
the petrophysical core analysis and valid only for reservoirs with properties characteristic to the properties of rock samples under survey.
In case of reservoir properties variation, the critical saturation values change significantly and vary for each rock class. The
consideration of formation bound (residual) water having higher resistivity (clay bound water and capillary bound water) than mobile
formation water makes it possible to increase the accuracy of formation fluid content evaluation. The water saturation critical value
range reduces, if variations of relative permeability to gas and water are considered with regard to effective pore volume. Such an
approach was used by the Gazprom Georesurs specialists.

The difference in determination of the reservoir fluid content in some cases is obviously resulted from non-consideration of the
connate water saturation by the Schlumberger analysts.

It is obvious that inclusion of nuclear magnetic logging as a mandatory method into a complex of geophysical surveys
increased the reliability of reservoir properties estimation based on geophysical well logging in terrigenous deposit structurally complex
reservoirs of the Chayanda field. The significant advantage of NML is a possibility to estimate the volume of capillary bound water,

which is of great importance to increase the identification accuracy for reservoir efficient porosity, their permeability and saturation.
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Fig. 5. Chayanda Field. Comparison of Well Logging and Cased-Hole Well Test Results

At the same time the Schlumberger analysts note the insufficient accuracy of the assumed interpretation parameters for
argillaceous reservoirs. The NML-based reservoir permeability also requires mandatory adjustment with the results of core examination
and direct methods of permeability testing. This conclusion confirms the recommendations of Gazprom Georesurs specialists to perform
analytical work to adjust the interpretation model with the field conditions and to improve the interpretation algorithm for the Chayanda
field terrigenous reservoirs. For that purpose Gazprom VNIIGAZ is performing analyses of argillaceous material core.

Within the framework of joint studies for selection of prospective equipment and methodological complexes of geophysical
well logging for further development of the geophysical activities Gazprom carried out surveys with state-of-the-art scanning acoustic
and electrical logging tools manufactured by Schlumberger and China National Petroleum Corporation.

The comparison of technical characteristics of the acoustic logging tools MPAL (PRC) and SonicScaner (Schlumberger)

shows that they are similar in parameters (Table 5). The major difference is logging speed.

Table 5
Comparative Analysis of Acoustic Imagers
Parameters MPAL (PRC) Sonic Scaner (Schlumberger)
Maximum operating temperature 155°C 177°C
Maximum pressure 140 MPa 138 MPa
Tool diameter @290 mm @92 mm
Tool length 8.33 m 12.58 m
Tool weight 320 kg 383 kg
Expert mode 250 m/h;
Logging speed Standard mode 375 m/h; Maximum 1097 m/h
Digital mode 600 m/h.
Vertical resolution 15.2cm 156.2cm

It is worth mentioning that nowadays there is a Russian analogue of such tool, i.e. ABAK-11. However Gazprom Georesurs

did not perform logging with this tool, since it was not included into the project geophysical well logging complex for the Chayanda field.
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The advantage of the cross-dipole acoustic equipment is reliable picking of shear and Stoneley waves, capability not only to
receive precise interval times of shear waves, but calculate their speeds in different stratum layers by receiving single-pole waves, rows
of dipole and cross-dipole waves both in open hole and cased wells in different modes of the tool operation.

The most important parameter determined based on the cross-dipole acoustic logging data is formation anisotropy (Fig. 6).
~ MPAL (KHP} - Sonic Scanner (Schlumberger)

Fig. 6. Chayanda Field. Formation Anisotropy Determination

Knowing anisotropy of shear waves it is possible to determine a maximum horizontal stress direction, presence and strike of
fracture and fracture plane. The anisotropy is of great importance in understanding horizontal and vertical permeability.

In general the results of processing and interpretation of the cross-dipole acoustic logging data obtained by equipment of the
two companies in their software complexes in the Chayanda field wells are similar.

Based on the cross-dipole acoustic logging data the rock main mechanical properties were evaluated, such as bulk modulus
of compression, shear modulus, Young’s modulus, Vp/Vs ratio, Poisson’s ratio.

The results of the interval time identification and rock mechanical properties calculation obtained with application of the foreign
tools are identical to those ones obtained with the Russian single-pole full-wave acoustic logging equipment.

Based on the acoustic scanner data interpretation the conclusions were made on absence of the shear wave anisotropy in the
region of Khamakha and Talakh horizons, i.e. the full-wave acoustic logging data obtained by Gazprom Georesurs on the fracturing
absence in the formation rocks are confirmed.

The performed evaluation of the maximum horizontal stress direction implies that significant azimuth variations of the fast
shear wave take place in case of lithologic changes (sandstone-clay) and rock scour regions.

The observed variations of the horizontal stress azimuth in case of lithologic change are most likely caused by anthropogenic
reasons related to a drilling process.

For structural analysis, fracture evaluation and determination of horizontal stress of rocks forming the Chayanda field
the surveys with the electrical microscanners FMI (Schlumberger) and MCI (PRC) were carried out.

The comparison of the tools technical characteristics specified in Table 5 shows that the tools are similar in parameters.

Table 6
Comparative Analysis of Electrical Imagers

Parameters MCI (PRC) FMI (Schlumberger)
Maximum temperature 155°C + 175°C 177°C
Maximum pressure 100 MPa 138 MPa

Tool diameter @90 mm @127 mm

Tool length 8.30 m 744 m

Tool weight 240 kg 197 kg
Logging speed Low scanning 225 m/h; 549 m/h + 1097 m/h

Fast scanning 450 m/h.
Vertical resolution 5mm 5mm
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The visualized digital image of resistivity graphically and distinctly shows the formation rock character and its inner structure

characteristics (Fig. 7).
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Fig. 7. Chayanda Field. Electrical Microscanner Data Visualization

In general the results of processing and interpretation of electrical scanning data obtained by equipment of the two companies
in their software complexes in the Chayanda field wells are consistent with each other and allowed to obtain additional information on
geologic texture dip and strike typical of general rock stratification, namely formation boundaries, intraformational bedding, solidness,
erosion surfaces .

In all wells under survey the formation boundaries dip angles with prevailing dips, as well as prevailing dip directions were
determined for the target intervals.

The comparison of results obtained by different tools shows that the obtained readings are close in values. Thus, for
example, in the entire interval of the well under survey: formation boundary prevailing dip angles as per Schlumberger’s data are 4-6°,
as per PRC data are 2-10°, the prevailing formation direction is 190-220° (south-west) by Schlumberger and 210-240° (south-west) by
PRC.

Fig. 8 shows an example of rock fracture evaluation. In accordance with the findings, the fractures are mainly partial (fracture
routing is tracked not on all tool pads) and featured by poor resistivity contrast with surrounding formations, generally healed and

correlated with aleuritic and argillaceous rocks.
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Fig. 8. Chayanda Field. Electrical Scanner Data Fracture Analysis
Taking into consideration a number of identified fractures, as well as dip angle and strike direction, we can state that natural

fracturing in the region of the Khamakha and Talakh horizons and the Khoronokh suite is not developed, thus proving the conclusions

made by the Gazprom Georesurs specialists based on the complex interpretation of the geophysical well logging.

127



As known the ground stress azimuth is closely related to the azimuth of wellhole collapse and man-made fractures, thus
making it possible to identify a direction of current maximum and minimum principal stress.

Thus, for example, in the well shown in Fig. 9, there identified a large number of man-made formations, mainly inrushes,
which are predominantly registered in argillaceous formations. Such a significant number of inrushes and man-made fractures allow to
speak with confidence about the direction of horizontal stresses. As known the man-made fractures are formed in a direction parallel to
the direction of maximum horizontal stress and inrushes develops in the perpendicular direction. Since the direction of inrush

occurrence is 140-150° (south-east), consequently the maximum horizontal stress direction is north-east — south-west (50-60°).
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Fig. 9. Chayanda Field. Inrush Identification as per Electrical Scanner Data
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The results of measurements by high-technology well logging methods show that the registered parameters and the technical
capabilities of the two companies’ tools are nearly the same.

Generally speaking, the comparison and analysis of surveys carried out with the use of Russian and foreign field geophysical
technologies in the Chayanda field allow us to make the following main conclusions:

The well logging complexes performed by the Gazprom Georesurs manufacturing branch Irkutskgazgeofizika and
Schlumberger have solved in full the tasks of detailed surveys in prospecting and exploration wells, in most cases the obtained results
agree.

The data of the cross-dipole acoustic logging performed by Schlumberger and China National Petroleum Corporation
confirmed the conclusions made by the Gazprom Georesurs specialists based on the full-wave acoustic logging interpretation and gave
additional information on the rock anisotropy of the Chayanda field geology.

The surveys performed with the foreign electric scanners MCI and FMI allowed to obtain information on the geologic texture
dip and strike, fracturing, horizontal stress directions of rocks forming the Chyanda field geology, which is of great importance for areal
analysis and reservoir geological modeling (including geomechanical model).

The interpretation results of measurements made by the acoustic and electrical scanning tools manufactured by
Schlumberger and China National Petroleum Corporation are nearly equal; the technical characteristics of the equipment are similar in

parameters.
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YOK 550.832.54:622.276
YCTAHOBKA AN KATIMBPOBKU U TECTUPOBAHUA KAPOTAXHOW AMNMAPATYPbI

JTro Cu3aHb, Jlu Li3siHb (Hay4Ho-uccnedoeamenbckuli uHcmumym npu Kumalickol kKomnaHuu rno

o6cnyKueaHUI0 MOPCKUX HeghmsiHbIx MecmopoxdeHul, Kumat)

AHHoTauua. Co3gaHue YCTaHOBKM, YOOBMETBOPSIOLWEN MNOTPeOHOCTU B WCCNEeAoBaHMSIX HOBbIX
KapoTaXkHbIX MEeTOOOoB, KanubpoBKM M rpadyvMpoBKM annapaTypbl, NPOBEPKM HaOeXHOCTM MPOoAYKTOB A0
Bbilycka C npou3BodcTBa, obecrneynmBaeT MacwTabHoe MPUMEHEHNE HayYHO-UCCnenoBaTenbCKUX
OOCTWXXEHUA U pa3paboTKy HOBbIX TEXHOMorni. B gaHHOM cTaTbe onucaHbl paspaboTka U NpPOoeKTUpoBaHne
ncnblTaTenbHbIX YCTPOMCTB KapOTaXkHOW annapaTypbl, UCTOPUSI CO34aHUS, SKCMIyaTauMoHHble (OYHKLUK.
OcobeHHO [feTanbHO U3MOXEHbl MNPOEKTUPOBAHWE, CO3[4aHMe, XapakTepUCTUKU U NpefHa3HayveHune
YCTaHOBKM.

BeeneHue.

C KoHUa npoLunoro Beka No Mmepe NoTpebHOCTN NpoBeaeHUst reopmnsnyecknx nccneaoBaHnin n pabor
Ha MOPCKUX CKBaXMHax, KuTaickas KOMMaHusi no OOCNY>XMBaHUKD MOPCKUX HE@TSIHbIX MECTOPOXOEHMWN
(COSL) 6ecnpepblBHO npoBoAuna uccrieqoBaHust U pa3paboTKy HOBbIX KapOTaXHbIX TEXHOMOrMnM wu
annapatoB. B HacTosillee Bpemsi yXe YCTaHOBMEHbl W MPUMEHSIIOTCA Ha MOPCKMX HedTerasoBbix
MECTOPOXOEHUAX CUCTEMbI UMMUOXKEBON KapOTAXKHOW TEXHOMOrMu: kapoTaxHas cuctema ELIS, cuctema
BpaLyatenbHo-Hanpaensowero 6ypeHns Welleader n cuctema kapotaxa B npouecce 6ypeHusa Drilllog,
KOTOpble MOCTENEHHO BBOOMIIMCb B MNPAKTUYECKYI 3Kcnnyatauuo. Hawa komnaHus umeeT onbiT no
pa3paboTke, U3rOTOBMNEHUIO U MPUMEHEHMIO AaHHbIX TEXHONOMMI. YToOkbI OKasaTb TEXHUYECKoe obecneyeHne
N BHEOPWUTb TEXHOMOrM4yeckne AOCTWKEHWst B MacluTabHoe npumeHeHue, HeobxoguMmo 6bino cospaTb
YCTaHOBKY, YAOBNETBOPSIOLLYIO NOTPEOHOCTM B UCCIENOBaHUN HOBbIX KapOTaXKHbIX METOA0B, KannbpoBke 1
rpagyvpoBKe annapaTtypbl, MpPOBEPKE HaLAEXHOCTU YCTAHOBKM €lle Ha Mpou3BOACTBEHHOM 3JTane. Ha
TEeKYLLEM KOHKYPEHTHOM pblHKE MO MNPOMLICIIOBOMY reodmanyeckomy obcnyxmeaHuio 6asoBas
ucnblTaternbHas yCTaHOBKA WrpaeT OYeHb BaXKHY pONb, M YOOBNETBOPSET HyXObl B MNNAHUPOBKE
NPOMbICIOBOrO reocmanyeckoro passutusa ans Kutamckux Mopckux HedpTerasoBbiX MECTOPOXAEHUIA.

[aHHas ncnbiTatenbHasa ycTaHoBKa NOCTpoeHa B TexHudyeckom LieHTpe COSL B npuropoge MNMekuHa,
[4e HaxoAWUTCs TOCyLapCTBEHHAsi 30HA OCBOEHWs HOBbIX BbICOKMX TEXHOMOrMM, nnowadb KOTOpPOK
coctaenset 4.5 rekrapa, ctpouTtenbHas nnowanb 12000 M?, KanuTanoBnoxeHus Goree 200 MUMAVOHOB B
Kutancknx toaHsx. o HanpaBneHuto MpUMEHEHUsI YCTaHOBKA, OCHaLleHHas nepefoBbiM  MUPOBLIM
obopygoBaHMeM M annapaTypoun, UCMOMb3yeTcsl AN UCMbITaHWUS TEXHOMOMMM KapoTaxa M HanpaensitoLLero
OypeHus, pasgenaemon Ha 4 TEXHONMOrMK: TEXHOMNMOMMSA KapoTaxa Ha kabene, HanpasnstoLiero GypeHus,
KapoTaxa B npouecce OypeHuss M obcaXeHHOW CKBaXkMHbl. M3roToBrneHMe yCTaHOBKW BbIMOIHSETCA B
Heckonbko 3aTanoB. Ha nepBoM 3Tane yxe 3aBeplLUeHa HacTpolka MHAPACTPYKTypbl ANs PasnnuyHOro
KanmbpoBOYHOIO M UCMbITaTENbHOrO 0O0OPYAOBaHUS C LENbi YAOBNETBOPEHMS NOTPeOHOCTM pa3paboTku
TeKyWMX M Oyaywmx HOBbIX TexHomnorMn. B HacTosiwee Bpemsi BbINonHsieTcs pabota BTOporo arana,
aKLeHTUpyloLWero BHMMaHWE Ha CO3daHuMM MpaBuil U HOPM AN MCNOnb3oBaHWs YycTaHoBkW. Pabota
nocriegHero atana 3akni4vaeTca B pPeLleHUM 3aday, BO3HMKAKOWMX B MNpoLecce pas3BedkM MOPCKMX

HedbTerasoBbIX MECTOPOXAEHUIA.
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1. Kpatkoe onucaHue (pyHKLMOHANBLHOCTU UCNbITaTEeNIbHOW YCTaHOBKM.

OBbekT ucnblTaTeNbHOW YCTAaHOBKM COCTOUT M3 4 (PYHKUMOHANbHBLIX 30H: Fpynnbl CKBaXKWUH AnNg
TecTta/kanMbpoBku NpMOOPOB, TECTUPOBAHMSA 3MEKTPOMArHUTHbIX NpubopoB, ucnbiTaHus npubopoB
KapoTaxa B npoLuecce HanpaenswoLLero 6ypeHus, UCNbITaHNsA B pearbHbIX CKBaXMHaX.

1) 30Ha rpynnbl CKBaXWH Ans TecTa/kanvbpoBku npubopos: coctout n3 160 OnyckHbIX
konogues ANWHON 2-33 M, MPUMEHSIOLNX €CTECTBEHHbIE FOpHbIE MOPOoAbl UMW aHanorosble nnacTbl ANs
UMUTUPOBAHNS PasNNYHbIX CKBaXXMHHBIX YCNOBUIA. [laHHas rpynna cKBaXuH no yHKUMOHANbHOCTN ABMASETCS
[OCTaTOYHbIM HAboOpPOM CKBaXWH, NpegHa3HavyeHHbIMU Anst KanubpoBKM UNWM rpagyvMpoBKM NpMOOPOB Ha
kabene, kak NpMbOp akyCTUKM, NPMOOP AN OLEHKN TEXHUYECKOTO COCTOSIHUSI 0B6CaXKEHHbIX CKBaXWH, Npnoop
AMP, ramma kapoTtaxa, HEMTPOHHOIO KapoTaxa, NNOTHOCTHOIO KapoTaxa, aKyCTUYECKOro 1 SneKTpU4ecKoro
UMWIKEBOTO KapoTaxa, Takke npubop Ansi kapoTaxa B npouecce bypeHus.

2) 30Ha [Ona  TeCcTMPOBaHWsSi  SNEKTPOMAarHUTHbIX MNPUBOPOB: OCHalleHa MoAeNbHbIMU
CKBaXMHaMW  Onsl  MPOBEAEHUS  SKCTIEpUMEHTa  3MEeKTPUYECKON  aHM30TponuMu. Takke CHabXeHbl
YCTpOMCTBaMMN AN UCTIbITAHNS TEPMOCTOMKOCTU MHOYKUMOHHBIX NpubopoB Ha kabene wunu aHanora LWD B
6e3MHOYKLUNOHHOM U HEMarHMTHOM ob6CcTaHOBKE.

3) 30Ha pgnga ucnbiTaHMs NpubOpPOB KapoTaxa B MNpouecce Hanpaenswowero OypeHus
npegHasHayeHa Ans npoBedeHUsa TECTUPOBaHMSA BUOpaLmK, yoapHOCTU U HagexXHOCTW annaparypbl. B aton
30He MMeeTCs BUOPALUMOHHBIN CTeH, NPUMEHEHWE KOTOPOro B HacTosLee BpeMs LUMPOKO pa3BMBaeTCH B
Kutae, n gaBsnserca camon COBPEMEHHOW U €AWHCTBEHHOW WUCNbITAaTENbHOW CUCTEMOW ONA NpoBeneHus
TecTMpoBaHusi Bubpauum Bcero kapotaxHoro npubopa B npouecce Byperus. VcnbitatensHoe yCTPONCTBO
ONA OUEHKM MpOYHOCTU npubopa B YCMOBUM BbLICOKMX TemnepaTtyp M [OaBreHus nos3BonseT nonyyartb
3KCMepuUMeHTarnbHble AaHHbIE B XXECTKOW cpefie Npy NPoeKTMpOoBaHUM 1 pa3paboTke annapaTtypsbl.

4) PeanbHol ckBaxuHOW sBnsieTca ckBaxuHa KaCo 1 rnybuHon 3200 ™M, KkoTopas
npegHasHayeHa AN KOMMIEKCHOro UCMbITaHUsa U KanmbpoBK/ KapoTaxHbIX NpubopoB Ha kabene. CkeaxuHa
cHabxeHa cneuuanbHON KapoOTaXKHOW BbIWKOW BbICOTOM 36 M M nponetoMm 7 M, KapoTaXHbIMM
WHCTPYMeHTaMu, crieyMallvHOW U OpYror UCTbITaTenbHOW annapaTtypon.

2. MpoeKkTuUpoBaHue U cospaHue UcnbiTaTeribHOW YCTaHOBKM.

MpoeKkTMpoBaHue ucnbITaTENbHON YCTaHOBKM GasnpyeTcs Ha cnegylowmx npuHUmMnax: MNOMHOCTbO
yunTbiBaeTcsd 3PPEKTUBHOCTb, IKOHOMUYHOCTb U COBPEMEHHOCTb TEXHOMOrnW, BKMYawwas B cebs
KapoTax Ha kabene, kapoTax B npouecce OypeHusi, Hanpasnsowee OypeHue 1 kapoTax B 0BCaXeHHbIX
ckBaXXMHax. KanubpoBodHble YCTPOWCTBa COOTBETCTBYIOT CTaHAapTam otpacnu. [lpoektupoBaHue U
CTPOEHME YETbIPEX COOPYXXEHUI 3aKioYalTCa B crieqyroLeM:

2.1 30Ha rpynnbl CKBaXWH Ansi TecTa kannoposku Npubopos.

[daHHasa 30Ha cogepXUT rpynnbl CKBaXXWH AMS UCMbITAHWUA UMUOKEBbIX KapOTaXHbIX NpMbOpOoB,
aKyCcTu4eckux npubopos, NpubOpoB ANst OLEHKN LLEMEHTUPOBAHNSA U TEXHUYECKOTO COCTOSIHNE ODCaKEHHbIX
CKBa&XWH, a Tawke, rpynnbl KannbpoBOYHLIX CKBaXXMH AONs NpubopoB HENTPOHHOro KapoTaxa, ramma
KapoTaxa, HEMTPOHHOIo KapoTaxa, yrnepoa-KUCIopoaHOro kapoTaxa. Bece akcnepMmMeHTanbHble CKBaXWHbI
COCTOSIT M3 ONYCKHbIX konogues, 3aHuMatowmx 1000 m2. MakcumanbHas rmybuHa kotopbix coctasndaet 10
M, CpeaHsasa 2Mm, BCero umeetcs ckBaxuH 229. [Insg obecneyveHns komdopTa u 6esonacHoCT B NpoBedeHuu
UCMbITaHWU, UCMONbL3YETCA BCnomoratenbHoe obopydoBaHWE: cucTemMa NoAbEMHWKa, fasepHas nokauus,

cucrtemMa ana KOHTponda paadnoakTUBHOCTU, MEXaHNYeCKada pyKa Ana AOoCTaBKU pagnoakTMBHOIO UCTOYHUKa U

Apyrve.
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2.1.1 UcnbiTaTenbHble KannbpoBOYHbIE CKBaXWHbI AN paganoakTUBHBLIX NPUOopoB.

A) MNpoekTrpoBaHme KannbpoBOYHbIX CKBaXKMH ANS NITOTHOCTHBLIX KapoTaXHbIX NpUOopOoB.

1) OGbemHass nnoTtHoCTb B pfAuanasoHe 1.2-3.1 F/CM3; co3gaHbl 13 un3MepuTenbHbIX TOYEK,
BKITIOYaIoLLME NNacTbl MMWHbI, NECYaHNKOB, N3BECTHSAKA, AONIOMUTOB, FPAHNTOB.

2) CosgaHbl 11 nameputenbHbiX Todek Ans Pe B guanasoHe 0.2 — 20 b/e.

3) OuameTp ckBaxuH cocTtaenset ¢=152.4 mMm, =200 MM, ¢=215.9 MM, ¢=311.2 MM, B KaKgon 13
13 ckBaXWH.

4) Xapaktepuctuka ropHbix nopod. BblbpaHbl ecTecTBeHHble OCafouvHble MOPOAbl B KayecTBe
wabnoHa ana nsMepeHust NNOTHOCTU, u3MeHawenca B agnanasoHe 1.10 ~3.00 r/cm3, Pe = 0.1-20. Ecnin
nokasaTenu NpuMpoaHbIX NOPOoA He NonagatoT B 3T AManas3oHbl, TO 3aMEHSIOT UCKYCCTBEHHBIMM.

5) Pasmep moaynsa coctaensieT 800 (onmHa)x700 (wmpurHa)x1100 (BbicoTa), MM

6) Hwke B Tabn. 1 npeactaBneHbl 52 CKBaXXMWHbI:

Ta6nuua 1
MpoekTupyeMbie 3Ha4eHUA NNOTHOCTU M Pe CKBaXWH
n/n Jlutonorusa finoHocte, Pe lnameTp cKBaXuHbI, +2 MM) Konndecteo
HomS ble CKBaXWH

1 WckycTs. nopogsi 1.2~14 0.2~1 152, 200, 215.9, 311.2 4
2 | Wckycts. nopodsl 1.4~16 75~9 152, 200, 215.9, 311.2 4
3 |WckyctB. nopodbl. | 1 6~17 |35~45 152, 200, 215.9, 311.2 4
4 WckycTs. nopodbl 1.7~1.8 11~13 1562, 200, 215.9, 311.2 4
5 | WNckycts. nopopbl 1.8~1.9 14~16 1562, 200, 215.9, 311.2 4
6 | WckycTs. nopogbl 1.9~2.0 17 ~ 20 1562, 200, 215.9, 311.2 4
7 | VickyctB. nopoabl | 209~21 |65~75 152, 200, 215.9, 311.2 4
8 MecyaHunk 2.1~2.3 2.1~2.3 152, 200, 215.9, 311.2 4
9 MecuaHuk 23~24 |21~23 152, 200, 215.9, 311.2 4
10 MNecyaHuk 255~265 |2.1~23 1562, 200, 215.9, 311.22 4
1 N3BecTHAK 268~271 |51~52 152, 200, 215.9, 311.2 4
12 Honomut 28~285 |3.2~33 152, 200, 215.9, 311.2 4
13 MpanuT 29~3.2 6~6.5 1562, 200, 215.9, 311.2 4
Beero 13 11 52

B) MpoekTpoBaHmne KannmbpoBOYHbLIX CKBaXKMH A1 HENTPOHHBLIX KapoTaXHbIX NpUOOPOB:

1) 4 ctaHgapTHbIX AnameTpa ckBaWHbl (9=152.4 MM, =200 mm, ©=215.9 Mm,0=311.2 mm). To
KakgoMy OMaMeTpy CnpoekTMpoBaHbl 11 cTaHOapTHBIX CKBAXXMH C U3BECTHAKAMM, 5 NOMPaBOYHbLIX CKBAXKWH C
necyaHvkamu, 5 nNOMpPaBOYHbIX CKBaXWH C gonomutamu, 40 CKBaXMH C npupogHbiMM nopogamu, 36
HEWTPOHHbIX aKKyMYNATUBHbIX CKBaXXMH, 8 HEUTPOHHbIX rpudenbHbIX CKBaXXUMH M 1 BoAHas ckBaxuHa. B
N3BECTHAKOBbIX CKBaXXMHAX MpegycMoTpeHbl 11 Touek Anst M3aMepeHus nopuctocTn B amanasoHe 0-50, 8

TO4YEeK HUXKXe NMOPUCTOCTU 30, KpOMe TOro, BCe CKBaXXMHbl HANornMHeHbl NpupoaHbIMK nNopoaamMmu, B TOM 4ucne, B
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7 cKBaKMHaX HanorHeHbl AMepukaHckMMuy n3BecTHakamm Austin u Indiana.

2) Mocpeacteom MeTofa mogenvpoBaHus MoHTe-Kapno nsydanu xapaktepucTuky KOMneHcMpyeMbixX
HEWTPOHHbIX MNPUOOPOB, MNPWKUMAEMbIX K CTEHKE CKBaXXWMHbl BO BPEMS M3MEPEHMSI MpU  PasfnYHbIX
pacCTOAHUAX u3nydatens OT MPUEMHMKA. Takke BbIYUCIIMAM COOTBETCTBYIOLIME MaKCUMaribHbIA pasmep
KanubpoBOYHOW CKBaXXMHbI. Pasmep Gnoka gng uamMepeHust HEMTPOHOB: MOLLHOCTL - 150 cM, paguanbHas
rnybuHa — 120 cwm.

3) lMoctpoeHo 85 cTaHOAPTHbIX CKBaXWH C 4-Msa guaMeTpamu Onsi M3MEPEHUs HEWTPOHHOM

NOPUCTOCTW. OHun Toxe NPUMEHAIOTCA ANA NpoBeaeHnA 3KkCnepnMmeHTa AMP.

Tabnuua 2
KannbpoBoyHas ckBaxuHa Ansi USMepeHUsi HeUTPOHOB AnameTpom 152 mm
PaccTosiHue
OunameTp MouwHocTb Mexay
n/n| Jlntonorusa | NopuctocTb, (p.u.) CKBAKMHBL, MM | nacTa, M NPOTUBO- MeTtopa cTpoeHus
NONOXHbIMU
1 | n3BecTHsK 1~3 152 1.5 1.5 lenki 610K MpUpoA.
nopog
N3BECTHAK 6~8 152 1.5 1.3 HaknagbiBatoTca
N3BECTHSAK 10~12 152 1.5 1.3 HaknagbiBatotcs
4 | U3BECTHsK 14 ~16 152 1.5 1.3 HaknagbiBatotca
N3BECTHSAK _
5 18~19 152 15 15 uenobli 6riok npupoa.
nopog
N3BECTHSAK 20 ~ 21 152 1.5 1.2 HarpomMmoXxgeHue
N3BECTHSAK 23~24 152 1.5 1.2 HarpomMoXxgeHue
N3BECTHSAK _
8 26~27 152 15 15 HenkIn g“o" MPUPOA.
opof
g | ©3BECTHsIK 30~33 152 15 192 HarpomoxgeHve
10 | N3BECTHSK 35~ 38 152 15 1.2 HarpomoxgeHuve
11 | n3BecTHsik 42 ~55 152 15 1.2 HarpomoxgeHve
12| NecHaHuk 6~10 152 1.5 1.3 HaknagbiBatoTca
13| necyaHuk 13~14 152 15 1.3 HarpomoxgeHve
14| necyaHuk 18 ~19 152 15 1.2 HarpomoxgeHve
15| necyaHuk 24 ~ 25 152 15 1.2 HarpomoxgeHuve
16| necyaHuk 32~35 152 15 1.2 HarpomoxgeHve
Aonomut 76
17 0~1.2 152 15 12 uenosin I_IJ'|0|< NpUpoA.
opof
18| Aonomut 4~6 152 1.5 1.3 HaknagbiBatotca
19| AonomMut 9~15 152 15 1.3 HarpomoxgeHuve
20| AonomMut 16~17 152 15 1.2 HarpomoxgeHve
21| LonomMut 24 ~ 25 152 15 1.2 HarpomoxgeHve

C) prnna ncnbiTaTernbHbIX CKBaXUH 114 aKyCTUYECKNX KapOoTaXHbIX ﬂpM60pOB.
1) McnbiTatenbHble CKBaXXMHbI AN4 n3mMmepeHna CKoOpoCTU BOJSHbI.
Ha ocHoBe COBOKYIMNHOCTU TeOopeTU4eCKOoro n 3sKCnepuMeHTarbHOro unsy4veHua ycCTtaHOBIIEH MeEeTOon

KanmbpoBKM akycTUdeckoro npubopa C wcnonb3oBaHWeM Tpyb C orpaHudeHHon TonwmHoh. CosgaHa
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KannbpoBoYHasi CKBaXkMHa C 6-Tblo M3MeHsieMbiMUM TpybamMu, KOTopble MO3BOMSIOT NPOBOAUTL BbICOKOE,
cpedHe M HU3KOe CKOPOCTHOe WucnbiTaHve. MaTepuanbl kanubpoBoyHbIX TPy pasgensoT Ha 3 Tuna:
BbICOKOCKOPOCTHOW - AtopantoMuHueBas Tpyba, HepxkaBewka, CpegHecKOpPOCTHONM - antoMmnHMeBasi GpoH3a,
CTEKITONMacThK; HU3KOCKOPOCTHOW - oprcTekno, PVC.

2) WcnbiTatenbHble CKBaXXWHbI AN OLEHKM KadecTBa LLEMEHTUPOBAHUS U TEXHUYECKOTO COCTOSHUS
obcafHbIX KOMOHH.

Ona obHapyxeHuss pedekta CKBaXkMHbl Ha OCHOBE OO0OOLUEHMS pasfuYHbIX CUTyauuin no
MOBPEXAEHNIO U KOPPO3UM 0BCagHbIX KOMOHH co3daHbl TpyObl C pasHbIMU guameTpamu, MMUTUpYoLLme
NMOBPEXAEHHbIE N KOPPO3NPOBaHHble TPybObl MpY pasHbIX MMOTHOCTAX NEepdOPUPOBaHHbLIX KaBEePH WK
Koppo3uu.

[Ona oueHkM KayecTBa LIEMEHTMPOBAHMS MOCPEACTBOM  TEOPETUYECKOrO  BbIYUCIIEHMS U
ONTUMM3ALMOHHOIO MNPOEKTUPOBAHUS OMNpenerneHbl KONMMYEeCTBO M ANfMHA, aKyCTUYeckue napameTpbl U
reoMeTpUYECKUn pa3Mep FoOpU3OHTarbHbIX OGNOKOB, MPUMEHSIEMbIX B UCMbITATENbHbIX CKBaXXMHAX, Takke,
pasMep ob6cafHbIX KOMOHH, 3a30p OrpaHWYEeHHOW MOBEPXHOCTU LIEMEHTUPOBaHUS, napameTpbl GypoBOro

pacTeopa, CBOMCTBA HaMorHAEMOro gniouaoM.

Bcero ucnonb3ytoT 11 ckBaXkuH, B KOTOPbIX Yron LemMeHTupoBaHua 2°~ 360°, 3a3op rpaHuyHoOm

nosepxHoctn 0.05-0.2 mMm, nNoTHOCTL uemeHTa 1.2g-1.9 r/cm®, 3 MnacToBbIX CKOpOCTUW, AnameTtp obcaaHom
KOMOHHbI 7in n 95/8in.

D) NcnbiTaTenbHble CKBaXXMHbI ANst UMUIDKEBbBIX KAPOTaXKHbIX NPMOOPOB.

B paspaboTke wncnbITaTENbHBIX CKBaXWMH ONA UMUOKEBbIX KapOTaXHbIX MPUOOPOB y4UTbIBAETCA
MHOXECTBO BO3MOXHbIX FEOMOrMYEecknx criydaeB Ha CTeHKax CKBadKMHbl - MpsiMas M Kocasi TpeluuHa,
TpeLUnHa KOHTaKTHOro TWMna, eCTeCTBEHHas, U3rMbHasi TpelumHa, TpewuHa purypon S, KaBepHbl U apyrve,
pa3paboTaHHble Ha OCHOBE COBpaHHbIX 06pa3L 0B NPUPOAHBIX MOPOA,.

lpynna ckBaXKuH: BCEro 5 ckBaXuH rmyomHon 33 M 1 BHYTpeHHUM avameTpoM 1.3 M. KoHCTpyKums
€OMHUYHON CKBaXKWHbI, Ha 3ab0e CKBaXWHbI LWYpd ONUHON 3 M, B LEHTParbHOM MHTEpBare CKBaXXWHbI
HanoXeH 6rok ropHbix nopog AnvHon 10 M, B BEPXHENR YacTu MecTo Ang obpaTHOro Te4eHuss U HaBeoeHus
pacTtBopa.

®PyHKUMST OMYCKHOro Komogua: 4 CKBaXWHbl Anst KanubpoBaHWMS MMUKPO3NeKTpuyeckoro npubopa,

HanoIMHEeHbl paCTBOPOM Ha BOASAHOW OCHOBeE, 1 CKBaXKMHa Ha He(bTFlHOﬁ OCHOBe.
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Puc. 1. Cxema KOHCTPYKLUUN CKBaXUHbI
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2.2 KanubpoBska 1 ncnbITaHWe MHOYKUMOHHbBIX KapoTaxHbIX MpubopoB.

A) MogenbHble CKBaXKMHbI 4151 UCTIbITaHWUS TPEXMEPHOIO MHOYKLMOHHOMO nprbopa.

MpumeHsieTca 4depedoBaHMe TOHKMX MOPUCTLIX TBEpPAbIX Ten W pacTBopa Ans  peanusauuu
3MeKTPUYEecKon aHmsoTponun nnactoB. CTpykTypHass nnardopma M CKeneT CKBaXkWHbl caenaH u3s
cteknonnactuka. ObGcagHble KOMOHHbI 3aMeHsIloTCsl No TpeboBaHu wuchbiTaHudA. [daHHas MoaenbHas
CKBa)XMHa C aHM3O0TPOMHbIMM NiacTaMmmn 3aHUMaeT NepBoe MECTO B MUpe.

TexHn4Yeckme xapakTepucTuku: Bbicota Gaka-10 M, MeTpuyeckas Lkana ypoBHs Bodbl 40 9.5 M,
BHYTPEHHUI aAnameTp 6aka — 4 M, BHYTPeHHUI anmameTp obcagkm — 250 MM, MOLLHOCTb 3MEKTPUHECKOrO
aHM30TpOornHoro paspesa - 2.08 M, COOTHOLLEHNE 3NEKTPUYECKON aHM3OTPONUK Mo HanpaeneHuio 8:1.

B) HemHaykTMBHOE nomelleHne n oborpeBaTenbHoOe YCTPONCTBO.

HeunHaoykTMBHOE NoMelleHne u oborpeBaTenibHOEe YCTPOMUCTBO SABMNSAKTCS HeoOXoaMmbiM 0a30BbIM
obopygoBaHveM aOns  pa3paboTkM U U3rOTOBMEHMS  3MEKTPOMAarHWTHBIX — KapOTaXHbIX  Npubopos.
M3rotaBnmBaloTcsa M3 TEPMOCTOMKUX U3ONUPYIOLLUX MaTepuanoB 6e3 MHOYKLUMOHHBIX U MarHUTHbIX CBOMCTB.
Pa3pe3 30HbI paBHOMepHOW TeMnepatypbl: @ = 2369000 mm. [Ins paBHOMepHoro oborpesa B NMOMELLEHWM
YyCTaHOBMEHbI 3 TEMMNEpPaTYPHbIX JaTyMKa M3MepsioLLMe TeMNepaTypy 1 nepeaatoLLme aHHbIe NX COCTOSHMS
yNpaensoLLEen CUCTEME C LENbIO perynnpoBaHms oborpesa.

C) KannbpoBo4yHas cTorika Ans MHOYKUMOHHOro npubopa.

Mo TpeboBaHWsM K KanmnbpoBke WHOYKLUMOHHOIO npubopa onpedensieTcs BbiCOTa, LUMPUMHA U
nnowagb CTOWKW, W3rOTOBMEHHbIE M3 BbLICOKONPOYHOIO arekTpousonupyowero martepuana. ®yHaameHT
CTOVKM NOCTPOEH NyTemM BGETOHMPOBAHWSA HEMETANINMYECKOTO 3NeMEHTa KOHCTPYKUMKU. YTobbl npubop nmen
AocTaTtoyHO cBoGOAHOE MpPOCTPaHCTBO Ans KannbpoBKM, BOKPYr CTOMKM B 0OOnactm MeHblie 8 M He
CYLLLECTBYIOT METANIMYECKNX N BbICOKO 3NEKTPONPOBOASILLNX BELLECTB.

3 KomnnekcHasa wucnbiTaTenbHass cuUcTeMa ANA  annapaTtypbl KapoTaxa B npouecce
HanpaBfieHHOro GypeHus.

Mo mepe NOTPeGHOCTU MUCMbITaHUA UM TECTUPOBaHMSA npubopa kapoTaxa B npouecce OypeHus
YCTaHOBIEH Ha3eMHbI 6a30BbIA UCMbITATENBHbLIA KOMMMEKC, BKMIOYAOWMA P UCMbITaTeNbHbIX CUCTEM,
TaKMX Kak cucTtemMa BMOPOyAapHOro WCMbITaHMS, CUCTEMA WCMbITaTeNlbHOro OypeHus No  LierneBoMy
LEMEHTHOMY TOPM3OHTY, CUCTeMa TECTUPOBaHWUS QAN Ha3eMHbIX LMPKYNSAUMOHHBLIX Tpye w  T.4.
CooTBeTcTBEHHO, 0OPMIIEHLI CTaHAAPTLlI TECTUPOBAHMS U HOPMbI UCTIbITAHUS.

3.1 VicnbiTaTenbHas cuctema Ans LmpKynauum 6ypoBoro pactaopa.

Bokpyr ucnbitatensHon nnowaan nponoxeH Tpybonposog anuHor 3000 M ¢ paboymm gaeneHvem
35 Mna. UnpkynaumoHHbiM Tpybonposogom saensetca HKT anametpom 41/2" n TonwwmHon 6.88 mm u3
matepmana N80. Ona coeovHeHust Tpy6 npumMmeHseTca Meton ObICTPOCLEMHOrO coeauHeHus. Komnnekc
obopygosaH bypoBbiM HacocoM F-1300, 2-Ms perynupyemMbiMu anekTpogsuratensmMmm ¢ MoLHocTbio 600 KBt
C rpynnoBON KIMHOPEMEHHOW nepenaven. PenykuMOHHOE OTHOWeHMe B Hacoce cocTtaensaer 4.062.
OnekTpogBuratenb CHabXeH OXMaxgalwwMM BeHTUNSTopoM MowHocTelo 11 KB. Takke ycTaHOBNEH
N3MepUTENbHbIA KOHTPOSb AN UCNbITAaTENbHOIO CTaHKa ropu3oHTanbHOro BypeHust U cucTemMbl LMPKYMSILMK
OypoBOro pactBopa, KOMMbIOTEPHbIA WM3MEPUTENbHBIA KOHTponep, uudpoBas ynpaensiowas cuctema u
perynaTop CUNoBOro pacnpeaeneHus. B ycnoBum umpkynsiium MOXHO UCNbITbIBaTb paboyyro CnocoBHOCTb
TeneMeTpuYeckor cMcTeMbl Mo MMNynscam BypoBoro pacTeopa n pabouve napameTpbl TypboreHepaTtopa.

OCHOBHbIE TEXHUYECKME MapaMeTpbl UCMNbITAaTENbHOW CUCTEMbl AN UMpKynsiumm  GypoBOro

pacTBopa: MakcuMarbHas nogaya - 713 gpm; BbixogHoe Aasrnenune 35 Mna; BHyTpeHHUn guameTtp 100 mm,

134



anvHa Tpybonposoga — 3000 m, anuHa uupkynauum — 500 m/ 1000 m/ 2000 m/ 2500 m/ 3000 m.

3.2 Cuctema ans subpoyaapHoOro UCnbITaHus.

[aHHas cuctema BkMoyaeT 4 cneumanbHbIX YCTponcTBa: BubpaumoHHbin cteHa cunon 400 KN,
KOMMIEeKCHbIN yaapHbin cteHg cunon 50 KN, yaapHbein ncnbitatenbHbln cteH 1.5 T, cuctema HALT/HASS.

3.3 Cuctema ang vcnbitTaHns BypeHns B LEMEHTHOM MOAESTbHOM FOPU30OHTE.

B COBOKYNHOCTU C LMPKYNSALMOHHOW CUCTEMON OypoBOro pacTBOpa YCTaHOBMEH MMAPaBIUNYECKUN
CTaAHOK TOPWU3OHTANbHOrO OypeHusi, C MOMOLLbI KOTOPOrOo MOXHO MpOBOAWUTL OypeHve Ha nonagaHve
LEeMEHTHON MuweHn 2.2*2 M. lepen CTaHKOM TOpU3OHTamNbHOrO OypeHWst CTOUT LieMeHTHas MULLEHb
pasmepom 30x2.2x2 M, e€ cpegHee HanpshkeHue oxatms coctaenset 34 Mna. OHO 3KBMBaNeHTHO
cpedHeMy UIu BbICOKOMY MPOYHOMY rOpu3oHTY. OCHOBHbIE TEXHUYECKUE XapaKTEPUCTUKWU: MaKCUManbHbIN
KpyTawmin MoMeHT 13600 Nm, makcumanbHasa cuna tonkaHusa 30 T, MakcumanbHas nogbémHasa cuna-20 T,
MakcuMarnbHas ckopocTb BpaleHus 120 rpm, ganbHoOCTb npoxoda- 3.4 M.

3.4 lNpoepka 1 UcnblTaHNe TEPMONPOYHOCTM NMPU BbICOKOM AaBMEHUU.

YUTtoObl NpoBEpUTb HAAEXHOCTb paboTbl M YCMELWHOCTb W3MeEpEeHUss NpUMOOPOB MpPU  BbICOKOW
TemnepaTtype W AaBneHun, HeobxXxoaMMO MMUTUPOBaTbL YCMNOBUSA pearibHOM CKBaXWHbI ONA MonyyeHus
ncnbiTaTenbHblX AaHHbIX. PaspaboTaHa mM3onvMpoBaHHas MeTannuueckas KOHCTPYKUMst Ansi obecneveHus
HaZeXHOCTU 1 6e3onacHOCTU NpoBedeHUss ncnbiTaHus npu 245 n 200 MPa. Pasvep paboyert nonoctn ®=
250x10000 mm. KonebaHue TemnepaTtypbl M AaBreHus cootBeTcTBeHHO +5°C un +2 MPa BO Bpems
ucnblTaHus. 3aTtpat BpeMeHn Ha nosbiweHne Temnepatypbl ¢ 90°C go 245°C meHblwe Ha 3.5 yaca, a ons
obpaTHoro cHmkeHus ¢ 245°C 0o 90°C meHbLUe Ha 2.5 yaca.

4. PeanbHas cKBaXXuHa Ans UcnbiTaHUS NpMOOPOB.

[nsi npoBepkn npubopa 40 BbiMycka C 3aBoda Ha nrnowiaam TEXHUYECKOro LeHTpa npobypeHa ogHa
peanbHasi CKBaXvHa, (PYHKUMSA KOTOPOW 3aknioyaeTcsi B WCCNEAOBaHWW, W3rOTOBMEHWM, OOy4YeHUUM W
kanubposaHuun. CkBaxuHa Kaco 1 3akoHyeHa B aBrycte 2009 r, npoBegeHa npnemMHasi NnpoBepka 1 BblBeAeHa
Ha akcnnyartauuo B oktsabpe 2009 r. MNpoekTupoBaHHas rmybuHa — 3200 M, B ToM yucne, obcaxeHHasa 2100
M, oTkpbiTagd 1100 m, u3 kotopbix B UHTepBane 200 M AnameTp ckBaxuHbl 12-1/4”, B nHTepsane 900 m
anameTp ckBaxuHbl 8-1/2”. CkBaxknHa obopynoBaHa crnewlmanbHON KapoTaXkHOW BLILLKOW, CUCTEMON nebeaku
W opyrumm BcnomoraTtenbHbIMU CPEACTBAMM.

5. 3akntoyeHue.

YcTaHoBKa Ans KanubOpoBKM M TecTa KapoTaXkHOW annapatypbl sBnsieTcs Heobxoaumon Ans
pa3BUTUA KUTanckmx KapoTaXHbIX TEXHOMOMMA Ha MOPCKUX MecTopoxaeHusx. [aHHas ycTaHoBka wrpaet
BaXKHYIO POrib, Kak AN WUCCNedoBaHUsA HOBbIX TEXHOMOMMW, Tak WU AN MPOMbIWIEHHOTO NPOM3BOACTBA.
VcnbiTaTenbHas ycTaHOBKa YCOBEpLUEHCTBYeTcss U obecneumBaeT pas3paboTky M MNpuUMeEHeHWe HOBOWM

KapoTaXxHOW annapaTypbl 1 06opyaoBaHuUS.
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YOK YOK 622.24: 621.398
onbIT NPUMEHEHMSA POCCUUCKOW 3ABOMHOMN TENIEMETPUYECKOW CUCTEMbI C

ANEKTPOMAIrHUTHBLIM KAHANIOM U HOM AN FTEEOHABUIALIUU U EE YCOBEPLUEHCTBOBAHME

Ao Cueall, JTrol YxuroH, Yxoy BaHnssH

(TOO lMekuHckass HegpmeannapamypHasi komnaHusi «Xya-FHOu XayyaH», Kumaii)

AHHoTauusa. Poccuickas 3abonHas TenemeTpuyeckas cUcTeMa C dreKTpoMarHUTHbIM KaHaroM U
HOM gna reoHaBuraumMu npyv UCMNOMNb30BaHUM uUMeeT 6onee ObICTPyo, HaAeXHYl U TMOKyH CUCTeEMY
nepegayn OaHHbIX, @ Takke CBOEBPEMEHHYIO U TOYHYK 3(PEKTUBHOCTL ANSA reoHasuraummM napameTpoB
namepenns HOM. Ucnonb3oBaHne 3TON TEXHOMOMMWU B TEYEHUE MOCNeqHUX ABYX NEeT Ha MeCTOPOXOEHUAX
LissHcy n HaHbsiHa npu BypeHun ropus3oHTanbHbIX YacTen TOHKMX MEepecrioMKOBbIX KOMmekTopax wurpaet
BonbLy0 porb B recHaBurauuu, 3HauyuTernbHO yrydwaeT aphekTMBHOCTL NageHus B nnactax. Cucrema
reoHasuraumn HOM xapakTepuayeTtca nonb3osartensMmm kak « Ka4eCTBeHHbIV MHCTPYMEHT 4115 reoHaBuraumm
B TOHKMUX HEMTHAHHBLIX W CIOXHbLIX NNacTax FOPWU3OHTarnbHbLIX CKBaXMH». 3Ta CTaTbA KpaTKO ONUCbIBaET
npumMmeHeHue TexHonorum HOM B Kutae.

1. OBuwas xapakTrepucTka TEXHOMNOrnun.

OcHoBHasi TexHonorns — 3to ocobbli dopmaTt nepegaynm AaHHbIX C 3PPEKTUBHBIMU AaHHBIMU
(MHXKEHEPHO-TEXHUYECKME N reOHaBUraUMOHHbIE) n3MepeHHble cuctemon HOM.

[daHHas cuctema MpUHUMAET SNeKTPOMarHWTHbIE BOMHbI AMS nepegaydn uaMmepuTenbHbIX AaHHbIX
npubopa, 3aTeM nocrie NepekogupoBKU U3MEPSEMbIX AaHHbIX CKaXXWUHHBLIN Mpubop 3arpyxaeT Hecylime
BOMHbl  (3reKTpoMarHUTHble BOMHbI € YacTotamun  0.625-20Hz), wun3mepuTenbHble curHansl  u3
3MeKTPOMarHUTHON nepegadn CryckaeT BOKPYF, Ha3eMHbI OETEKTOP BbIrpy)kaeT OOHapy>XeHHble CUrHanbl,
3aTeM paclmdpoBbIBAET U NoMy4vyaeT pearnbHble U3MepuTenbHbIX AaHHble. Popmyna nepegavm cUrHarnos

BbIMMAAUT Tak:

Uc=Uo-e-fL,
rae, Uc - anekTpoMarHuWTHble cCurHanbl, NpuUMeHsieMble Ha nosepxHocTM (MV); Uo — wusnydeHHble
ANeKTpoMarHuTHblx curHanoB (mV); L — [InybuHa ckBaxuH (M); B- KOIPPUUMEHT 3aTyxaHusi

ANEKTPOMAarHUTHOIO CUrHama, ero 3HaueHue 3aBUCUT OT 4YacTOTbl M3MyYeHWUsi, COMPOTMBMEHMS MNacTos,
rnony4YeHHoro Matepuarna u3 6yposoit TpyGbl 1 CBOWCTBa BypoBOro pacTeopa.
N3 dopMyrbl BUOHO, YTO YPOBEHb MPUMEHSIEMbIX CUrHamoB C rMyGuHbI CKBaXMWHbI MOKasbiBaeT

O6paTHOI'IpOI'IOleMOHaJ'IbHOG OTHOLWUEeHMe, KOTOpOE TaKkXe 3aBUCUT OT COMPOTUBITIEHUA NnacTa. |_|pl/1 BbICOKOM
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N  HU3KOM COMPOTMBIIEHUN CHWXKAETCA pacCTOosiHe repedadn 3NeKkTPOMarHUTHbIX BofH.  Cambin
ONTUMankbHbIN ANana3oH U3AMEPEHUSA COMPOTUBIEHUS NMACTOB HaXoauTcsa B uHTepsane ot 2 om*M go 1000
OM*M.

OObI4YHO NpY UCNOSbL30BaHMM 3NEKTPOMAarHMTHOrO KaHana addekTnBHas rnybuHa nepegayvm gaHHbIX
2000 M. C uenbto ynyyleHns namMepuTenbHbIX rMyOouH MOXHO UCMOMNb30BaTb 3ab0MHY0 TenemMeTpuYeckyto
CUCTEMY C KOMOWHMPOBaHHbLIM KaHanoM, a WUMEHHO B CKBaXXMHE COEOMHSETCS CKBaXKMHHbIA npubop c
kabenem. CurHan nepefaeTcsl Ha PETPAHCISATOP CUMIHamNoB, KOTOPLIN HAaXoAUTCHA Ha BeEpXHeWn YacTu kabens,
3aTeM C MOMOLLbIO 3MEKTPOMAarHUTHOrO curHana nepefactcsi Ha NOBEPXHOCTb CKBaXKWUHbI. o cpaBHeHUIo ¢
TEeNnemMeTpPUYecKor CUCTEMON MMApPaBIeYeckoro kaHamna CKoOpocTb nepedadn AaHHbIX yBenuumBaetcst bonee
Yyem B 5 pas.

Mo cpaBHEHUIO C APYrov CUCTEMOMN NPENMYLLECTBOM SABMSIETCA TO, YTo Mogynb HOM umeet anuny
60 cm, pacctosHne wmexagy HOM un pgonotom 0.5 M. B usMepuTenbHble napameTpbl BKITHOYEHbI:
WHKITMHOMETPUSi, OBOpPOT [OonoTa, YpoBeHb KorebaHusi, BHYTPEHHE W BHeLLHee [aBreHue OypoBoro
WHCTPYMEHTa, LaeneHue pfonota, Temnepatypbl, 'K u conpotuenenne. 'K uMeeT BLICOKYHO TOYHOCTb
N3MepeHnsi, CONPOTUBIIEHNE Ka4yeCTBEHHO OMNpenensieT NUTONOorMIo, aHanmM3npyeT HedpTerasoBbIii U BOOHbIV
nnacT, XopoLo BhINOMHAET TpeboBaHMsa reoHaBuraumMu. Tak Xe paccTosiHMe gartdvka mamepeHuss HOM po

ponota Tonbko 0.5 M. /IM TOYHO M onepatnBHO npenocTaBnAeTcA MHd.)OpMaLlMﬂ ana reoHasuvrauunm u

yBennymeBaeT SCt)d.)eKTMBHOCTb nageHunsa B KOJJIeKkTopax.

b T 2 WA b 3R S

ah 738 TR #EERRE

ek
Puc. 1. Cxema 3a60MHHON TeNeMeTPUUYECKON CUCTEMbBI C ANEKTPOMarHUTHbIM KaHanom 1
HAOM gons reoHaBuraumm
UsmeputensHble napametpsl HOM B OCHOBHOM wucnonb3yetcs Ans nposedeHus 3ddeKTUBHON,
TOYHOW reoHaBuraumm U HXeHepPHO-TEXHUYECKOrO COMNPOBOXAeHMS. Biille 3ab0MHbIN ABUraTenb NMeET elle

OANH KOMMIIEKT MOAynA U3MepeHua, KOTOpbIM MOXHO M3MepUTb AdaBleHne, NHKIMHOMETPUIO, Kn apyrue

137



napameTpbl, KoTopble 6onee TOYHO MPEOOCTABMASIOT  WMHXEHEPHO-TEXHUYECKYID U eoflorMyeckyto
nHdopmaumio.

Cuetumk asumyTtansHoro 'K B mogyne. K — aTo cueTumk [eiirepa, KOTOPbIN COCTOUT U3 BEPXHEN U
HWKHEN rpynnbl U ynpaBnsaeTca akcenepoMeTpom. [Npu BpalleHMn Jonota MOXHO OnpeaenvTb B3aumMHoe
pacrnonoXxeHue raMma 30HA4a OTHOCUTENbHO OCEBOW MMOCKOCTU. 30HA PachOnOXeHHbIM B BEPXHEN 4acTu
0OCEBOWN MMOCKOCTU pernctpupyet BepxHui MK, a 30HA, pacnonoXeHHbIN B HXKHEN YacTU OCEBOW MNOCKOCTU

pernctpupyeT HwxkHUA 'K (puc. 2).

Puc. 2. NameputenbHas cxema K Puc. 3. CtpykTtypHasa cxema mogyns HOM

OTcbinaemas pasHOCTb BEMMYMH BEPXHUX U HWKHUX KpuBbIX K, MOXeT onpeaenuTtb, rae Haxoautcs
CTBON - B CepeavHe, B BEPXHEWN WUNu HwkHen vactu. Ecnn GypeHue yxoouT OT KOMMEKTOPOB, TO MOXHO
onpeaenuTb, Kyaa YXoauT CTBOM (M3 BEPXHEN YACTU KOMNEKTOPOB UM HDKHEN YaCTW KOMNNEKTOPOB), U TakUM
06pa3oM NpoOBECTU CBOEBPEMEHHYIO reoHaBurauuio. B aneBponennToBbIX KOMMEKTopax ropuU3OHTarnbHOM
YacTu CKkBaXuH npu BypeHun BenuyuuHa BepxHer K Boiwe, Yyem BenuuuHa HwkHen K. 13 atoro BugHo, 4To
CTBON Npu BypeHnn cONmMxaeTcs ¢ BEPXHEN YacTbH KOMEKTOPOB B BEPXHMX MMUHMCTBIX nnacrtax (puc. 4). U
HaoboporT, korga BenuynHa HukHen MK Bbilwe, Yem BenmumHa BepxHen K, To BuaHo, 4to cTtBon npu 6ypeHuu
CONMXXaETCHA C HUXKHEW YacCTbIO KOMNMEKTOPOB B HKHUX MMMHUCTBIX nracTtax (puc. 5).

Bcnencteue Toro, yto gnvHa HOM Ttonbko 0.6 M, MakcumanbHOE pacCTosiHe mexay o6paTHbIM
N3MepUTENbHbLIM KaHanoM U MMTaHNMEM COMPOTMBIEHMS He npeBbiwaet 1 M. Moatomy rmybuHa namepeHus
ouveHb Hernybokas - Tonbko 30 cM. Tak kak pacctosiHe mexay HOM n gonotom Tonbko 50 cm, OHO nMeeT
MarieHbkoe BO3AENCTBUE NPOHNKHOBEHNSA N BANSET Ha pe3ynbraTthl MU3MEPEHUs, a Takke bonee ka4eCTBEHHO
onpegenser HedTerasoBbll M BOAHOCHbIM nnacT. [lonydeHHble AdaHHble no K wn conpoTtvBneHusm

obecneyrBaeT TOYHYIO reoHaBUralyio Bo BpeMeHUN GypeHus.
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Puc. 4. CtBon npu 6ypeHumn conmxkaeTcsa ¢ BepXHEN YacTbIo KOMMEeKTOpoB

B BEPXHUX MUWHUCTbIX nnacTtax
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Puc. 5. CtBon npu 6ypeHUmn conmkaeTcs ¢ HKHEN YacTbIO KONIEKTOPOB

()R

L

Lz

B HWKHUX MMUHUCTbIX Nacrax

B TeyeHum pOByx neT, Ha MecTopoxaeHusx LlssHcy u HaHsHe wucnonb3oBany 3aboWiHHYHO
TENEMETPUYECKYO CUCTEMY C KOMOMHMPOBaHHbIM KaHarom cBA3n n GeckabenbHon chopmyrnon nepegadn
OaHHbIX, TaKKe BbIMNOMHUN 6 CKBaXXMHHBLIX UCCNENOBAHUIA B rOPM3OHTAlNbHbIX CKBaXXMHAX C reOHaBUraunen u
JocTurmu Gonbloro ycriexa, ocobeHHO Mpu NPOBEAEHUN UCCNedoBaHWA reoHaBuraumMen B CKBaXuHE C
TOSMLMWHOW KomnnekTopa Tonbko 1.5 M, KoaddULMEHT ycnexa nageHusa B HepTaHbIX nnactax goctur o 77%.
B ckBaxvHe ¢ TONLWMHOM KonnekTopa 2.5 M - KoahpULMEHT ycrnexa nageHusa B He(TAHbIX nnacTax AocTur
00 86%. MNpwu cpaBHEHUN C APYTMMN METOLAMMU TENEMETPUYECKUX CUCTEM, UCTIONb3yeMble B TEX e Onokax ¢
MOXOXUMMN FeONOrMYECKUMM  YCOBUAMM, KO3IDDUUMEHT noBbicurica B 2 - 4 pasa. Cneunanuctbl
reonioropasBefkM Ha  MECTOPOXAEHMSIX  HasblBaloT  3abOMHYD  TENEeMETPUYEecKyld  CUCTEMY C
3MeKTPOMarHNTHbIM  kaHanom wn HIOM pgns reoHaBuraumm - «KayecCTBEHHbIM MHCTPYMEHTOM  Ans

reoHaBuraumn B TOHKUX He(bTFleIX M CINOXHbIX Nactax ropu3oHTalribHbIX CKBaXXUH» .
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Puc. 6. Pesynbratbl HOM 1 TUC Puc. 7. Matepuansl HOM TpaekTtopumu 6ypeHus B

He(*)TFI HbIX nnacTtax

2. TexHn4ecknn pesynesrar.

Bo Bpemsi nMpuMMEHEeHMsi CUCTEMbl B CKBaXKMHAX Halla KOMMaHWsi MpoBerna yCOBEPLUEHCTBOBaHWE
Poccwuiickon  3ab0OMHON TenemeTpu4eckol CUCTEMOM C  3MNEeKTpoOMarHMTHbIM KaHanom wn HOM gns
reoHaBuraLum.

2.1. YcoBepLUEHCTBOBAHMNE CUCTEMbI Ha rMybuHe.

B Poccuiickon 3abolriHON Tenemetpuyeckoin cucteme c¢ HOM, onepatop BpyyHylo BBOOUT WU
ncnpaBnsaeT AaHHble ¢ rMyOuHbI cKBaXkWHbl. Kaxabin pa3 npu OypeHun ogHoro metpa Tpebyercs Bpy4YHYHO
BBECTU TEKyLLyl0 BenuiuHy c my6uHbl. Korga nogHumaroT OypoBOW WHCTPYMEHT, TakkKe BPY4YHYHO
ycTaHaBnMBaloT NporpaMMHoe obecneyeHne ans obpaboTkm gaHHbIX. Takasi cuctema HeygobHa.

Hawa «komnaHua paspabotana cuctemy Ha rnybuHe u BcrnomoraternibHoe MporpaMmMHoe
obecneyeHve. WHTepdpelic pns  gpyroro (CTOPOHHEro) CUCTEMHOroO nporpaMmMHoro  obecneveHus
obecneunBaeT cTaHgapTHbIE 3anpocbl AaHHbIX npoTokona TCP — ceTb (Nporpamma perucTpaumm AaHHbIX
Poccuiickoi Ha3eMku SBNSETCS B KayeCcTBE KIMEHTa CTOPOHHero). Tawkke BO3MOXHO B nioboe Bpems
nepenatb nporpaMMe AaHHblE CUCTEMbI, TEKYLLYD HeobXoauMyk MHGOPMaumio ¢ rMyOuHbl U COCTOSIHME
OypeHus, a Takke BO3MOXHO NPOBECTU KanubpoBKy N3MepuTerbHbIX AaHHbIX Ha rMyOuHe nocrne nsaMepeHuns.

2.1. CocCTbIKOBKa TENEMETPUYECKON CUCTEMbI Nepedaym OaHHbIX C r’MapoKaHarom.

B HacTosLee BpeMs, kuTanickne OypoBble KOMMaHWM B OCHOBHOM WCMOMb3YOT TernemMeTpuyeckue
CMCTEMbl Mepefjayn [AaHHblX C rugpokaHanom. [na  ygoeneTtBopeHuss noTtpebHocTen GonblumnHCTBA
OTEeYECTBEHHbIX MOMb30BaTENen, Halla KOMMaHWsa NPOBOAMITIA HAaYYHO-MUCCreAoBaTeNbCKy0 paboTy Hapaay ¢
OTEYECTBEHHBbIMW KOMMaHUsiMM MO  OYypeHWI0 HaKMOHHO-HaMNpPaBMEHHbIX CKBaXXWH AN COCTbIKOBKM C
poccurickum HIOM u  kuTanckon TenemeTpuyeckon cuctemon ¢ rugpokaHanom. Poccunckmin HOM

obecrneyvBaeT NpoToKon CBA3M Mo nepepade AaHHbix HOM, a Hawa koMnaHus paspabaTbiBaeT NpuemMHUK
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curHanos HOM u cooTBeTCcTBYIOLEE 06OPYLOBAHME.

CoeguHutenbHass cxema no cocTtblikoBke HIOM u© 3abolHON TenemeTpuyeckon CUCTEMbI C
rmgpokaHanom nokasaHa Ha puc. 8.

Mogyne HOM ycTtaHaenuBaioT mexay 3abonHbiM gBuratenieM u OypoBbiM A0Mn0TOM. [MprUeMHMK
CurHana yCcTaHaBnMBalOT Ha BEpxHeW 4YacTu 3aboMHOro gpuratens, mexagy 3abonHoW TernemeTpuyecKon
cuctemMoin 1 npuemHukom curdana HOM. OHM coeguHsItoTCA TernecKonmuYeckor LTaHron. YTobbl JoCTUYb
yrpyroh cBsA3WM 4Yepe3 crnuvpanbHbli kabenb, Haxoaswunca B COEOMHEHHOW TerecKONMUYecKoW LuTaHre,
COeAUHSII0T C aBMaLMOHHBbIM padbeMoM. Kaxable 56 cekyHn BbIMONHsieTcst COop AaHHbLIX BCEX NapamMeTpoB u
3aTeM Hanpaenser no Tenemerpuyeckon cucteme ¢ rmgpokaHanom MWD. MWD ceoeBpeMeHHO nepeaaet
BCe napameTpbl Mo MHKNMHomeTpuu, MK, a Takke nepedaeT napameTpbl AaBMEHWS, AABNEHWE BHELUHEWN

KOJMOHHbI 1 O60pOTbI ponorta. Bce gaHHble M3MepeHMl71 COXpaHAKTCA B an60pe.
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Puc. 8. CTtpykTypHasa cxema no coctbikoe HOAM n MWD c rugpokaHanom

MN3obpaxeHne asumyTHol 'K nossonsieT obecneynTb rpagauum Ceporo, OTpaXeHHble Ha 8 ypoBHe
BennuuHbl K nonHoro cTtBOna. 3710 no3eondeTr 3ddEKTMBHO NpoaHanmM3MpoBaTtb W OMNpeaenvtb
pacnonoXeHne CTBOMa B KOMIEKTOpax M NMPOBECTU TOYHyt reoHasuraumio. HOM npencraBnsieT OTKpbITYO
CMUCTEMY, KOTOPYHD MOXHO COCTbIKOBbIBaTb C pa3nuyHbiMm MWD pasHbix npousBoguTenen, a Takke
BO3MOXHO KOMOUHMpOBaTh ¢ cuctemown LWD.

3. MogenupoBaHue n ynyywexdne HOM.

Y HOM Poccuiickolt TenemeTpuyeckon TernecuctemMbl HU3kas paboyas Temnepatypa U AaBreHue
(120°C/60MPa). OHa He ynoBNEeTBOPSIET TEXHMYECKUM TpeboBaHWsAM MNpu UCCrenoBaHusX B rryOokom
ckBaxkuHe. [NoaTomy Ans pelleHus aTor NpobnemMsbl Hawa koMmnaHms coBmecTHo ¢ CLUA Hayana coBMecTHyto
pa3paboTKy TepMocTorKkoro runepbapuyeckoro mogynst HOM. nuHa atoro mogyns pasHa 0.75 M, paboyas
Temnepatypa un gaeneHne 150°C/138 MPa. B unameputenbHble napameTpbl BKMAYEHbI MHKIUHOMETPUS,
conpoTtuenexHve, usobpaxeHne asumyTanbHon K, a Takke BO3MOXHO BblOpaTb Apyrve napameTpbl nofg
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cneumnanbHOMY 3anpocy Nonb3oBaTensi, a UMEHHO, TeMMNepaTypy, AaBneHne, CKOpoCcTb OypeHus u ap.

4., YcoBepLueHCcTBOBaHNE hMU3NYECKUX METOOOB UCCreqoBaHWM.

B ycnoBusix HeOOHOPOAHOCTM CTBOMA, 30H NMPOHWKHOBEHUSA U OKPY>XKaloLen cpenbl, KOHKPETHO ANs
dusnyeckoro Metoga uccrniegoBaHuin  HOM  3aGoiHOM  TeneMeTpuyeckom  CUCTEMOW,  cosganu
COOTBETCTBYIOLLYID MaTemaTuM4eckylo Mogenb auddepeHumanbHoOro ypaBHeHus 6e3 npason 4vactu. C
MOMOLLIbIO UMUTaLIMW BEMUYUHBI KOHEYHOTO 3fIeMeHTa, MPOBEAEM MOLENUPOBaHNE METOAOB UCCNeaoBaHUsa n
cbiMUTMpyeM Teoputo uccnegosaHua HOM. Ha puc. 9 nokasaHbl UMUTaUMOHHBbIE MCCnegoBaTenbCkme
pesynesraTbl conpoTueneHms mogynsa HAM HOBOro NOKoNeHnsa nNpu AnameTpe CKBaXXuH 8'/,". Takum 0ob6pasom,
HoBoe nokonenve HOM — 3TO BbICOKOYYBCTBUTENbHLIN MOAYMb, CTabunbHas pabota KOTOpPOro MMeeT
BbICOKY0O TOYHOCTb. [lo pesynbratam uccrnefoBaHWn BO3MOXHO KaYeCTBEHHO pasnuyuTb FIUTONOruto,

onpenenuTb HedpTerasoBbIA U BOAHbIN NNacThbl.

About
Show depth mornitor |
Status:
Hide depth monitor
Start projecton : E:\Works\tmpWiellProject_1234\hkdenthsys
Close project
Set bit to sensor distance| |0
Query current time-depth
Duery lewe il 2014-09-02 20:40:03.484 B
Query count and read all

Puc. 9. MNporpamHbin nutepdenc Hoson cuctemol HAM Ha rny6uHe
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Puc. 10. Pe3ynbraThbl aHanoroBoro U3amepeHusi ConpoTuBrneHna HoBoro nokonenuss HOM
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YK 622.24.05 (031):550.832
NMPUMEHEHUWE HOBOIO M’MAPABNUYECKOIO CKBAXWHHOIO TPAKTOPA
B FOPU3OHTAJbHbIX CKBAXXUHAX

BaH )KaH, Yxao L3ssHbxol, Bat YaHb, Jlu UH60 (JTImA. XyaHouH2 SHepau Cepesuc

lNekuH Pation YanbnuH 102200, Kumati)

AHHoTauua: B HacTosiwee BpeMs ropu3oHTarnbHbIe CKBaXWHbI CTann odeHb nonynspHeiMun B Kntae,
HO ObICTPbI MOOBEM CKBaXXWHHbIX MpubopoB Ao 3abosa wnu mybuHbl uccriegoBaHuss TC octanach
HepaspelleHHon 3agaden. B Kutaih n 3a ero pybexom paspaboTaHO MHOrMO HOBbIX NMPUOOPOB U HOBbIX
TEeXHOMOornin aAns paspelleHuss BornpocoB paboTel B [C. PaspaboTaHHbI komnaHuen Jtg. XyaHauHr QHepru
CepBuC MApaBIUYECKUN CKBaXWMHHBIA TPaKTOp SBASETCS cneumarnbHbll UHCTPYMEHTOM AMs OOCTaBKu
CKBaXXMHHbIX npubopoB B IC. TpakTtop sBnsieTca pa3paboTKOM C HOBEWLIMMW TEXHOMOMMAMWU U SBNSETCS
nepsbiM B Kutae rugpaBnumyeckum CKBaXKMHHbIM TpakTopoM. B HacToswem goknage onvcaHa cuctema,
KOHCTPYKUMS U MpaKTU4eckoe NpUMEHeHNe TpakTopa B NpakTM4eCKOM NPOn3BOACTBE.

KnioueBble cnoBa: [C, CKBaXKUHHbIN TPakKTop B 'C, HoBas1 TexHonorus, npumMmep nccnengoBaHuA.

1. BBegeHue.

HedTb kak He BO30OHOBMSIEMBIN UCTOYHWUK 3HEPIUM UCTOLLL@ETCsl B npouecce AoObiuM 1 ee 3anac
yMmeHbLuaeTcs. Mcnonb3oBaHMe ropu3oHTanbHbIX CKBaXXMH YBenuyuuBaeT nnowadb unsTpauumnm HeddTn B
KonmnekTope, nosbiwaeT AebuT HedTn. DTO WNMPOKO NPUMEHSAETCA BO BCeX CTpaHax. B Hactoswee Bpems
rOpU3oHTarnbHblE CKBaXXWHbI M CUMbHOHAKIOHHBIE CKBaXWHbI YXe cocTaenstoT 6Gonbe 50% ot obuwero
KONMMYECTBa CKBAXWH Ha MHOMMX MECTOPOXAEHMSAX. TOpU3OHTaNbHbIE YYacTKM MPOTSXKEHHOCTbIO Gonblue
1000 M yxe cTanu O4veHb NOMyrnspHbIMU, a reodusnyeckme MUccneaoBaHus NPoOBOAATCS Ha BypunbHbIX
TpybGax C HM3KOW SPPEKTUBHOCTLIO Takke Kak paHblue. CKBaXXWHHbIA TpakTop Obin paspabotaH ans
ObICTPON OOCTaBKM CKBaXXMHHbIX MPUOOPOB A0 MOPU3OHTANbHbLIX Y4acTKOB MPU BbINOMHEHUN PasfinYHbIX
nccriegoBaTenbCKkuxX paboT B CKBaXXMHaX.

PaspaboTtaHHbin  komnaHuen Jitg. XyaHaumHr OHepru CepBuc Tpaktop obnagaeT ycTOW4MBON
paboToi. OH MOXET NpeoorieBaTb Harpy304HyHo CUIy B Tpu pasa borblue, YeM aHanormdHble Tpaktopbl. OH
BbIMONHAET Oonble dyHKuMA. bBrnarogapa MNpUMEHEHUIO HOBOW  KOHLUeNnuuu paspabotku TpakTop
rapaHTUpyeT ONUTenbHY paboTy, MoXeT paboTaTb B CKBaXMHax 6€3 NpOMbIBOYHOM XWAKOCTU, U ABNAETCA
nepBeiM B Kutae ruapaBnuyeckMM TPaKTOPOM. TpakTop cendac yXe LWUPOKO MPUMEHSIETCS Ha
MecTopoxgeHusax OauuHb, YaHbumHb, Li3sHbxaHb 1 gp. KonuyecTtBo M3mepsieMblX CKBaXXMH C TpakTopom
y>Ke npesbicuno 60 cke/onepauumn.

2. MNpuHuun paboTbl TpakTopa.

Tvn npuBoda JaHHOro TpakTopa - NPUBOA KOMECHbIX nap. TpakTop C NOMOLLBIO 3NeKTpoaBuraTenen,
PEenyKTOpOB U MEXaHM3MOB TPaHCMUCCUM NPUBOAMUT Koreca K BpalleHUIo, OHU Xe U MPUBOOAT CKBaXWUHHbLIN
npubop B ABWXeHMe. Tun nNpwkuMa - rmapasnuyeckun npwxkuMm. mgpasBnuMyeckue Hacocbl B TpakTope,
3MNeKTPOMarHUTHble KranaHbl NPUBOAAT MMAPOMAcio N MEXaHU3M MPWKUMHbBIX Pbl4aroB B OBVKEHME.
Bnarogaps cBoen HagexHocTn, 6e30NacHOCTU N MaribiX HEUCNPABHOCTEN MOpaBNMYEeCcKUn TPaKTop CIYXUT

CoBpeEMEHHbIM MHCTPYMEHTOB OOCTaBKN Clhe FOPpU3OHTalbHbl€ CKBaXXUHbI.
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3. CocTtaB TpakTopa.

TpakTop COCTOUT M3 HA3EMHOro NynbTa M CKBaXWHHOro npubopa. B HasemHoM nynbT BXOOAT
WCTOYHMWK, MHTEpMeNC curHana, nepeHocHbin MC; B CKBaXXMHHLIA NpMOOp BXOOUT MOAYMNb HAaTSXXEHUs U
nokatopa MydTbl, LIEHTPaTOpbl, 3NEKTPOCXema, MOoAyrb MPWKMUMa, MogyMnb MPUBOAA, KOHMEHCALMOHHbIN
mMoaynb 1 gp. Mo ycnosmsiM Npor3BogcTBa MOXHO NpoBecTu paboty 2, 3, 4, 5 unu 6-moaynbHbLIM NPUBOLOM.

CocTtaB TpakTopa nokasaH Ha puc. 1.

Puc. 1 Cxema cocmaea mpakmopa

4. TexHn4YecKkne xapakTepmnucTnkM CKBaxKMHHoro tpakrtopa B ['C.

Mak pabovas Temneparypa 150°C

Mak. 6apocTonkocTb 100 MPa

Hap. anametp 80 mm

OO6Lwas gnvHa cKkBaXkMHHOro npudopa 8.5 m (2 moagyna npueoga)
OO Bec ckBaXKMHHOTO Npubopa 150 kr (2 moaynsa npmeoaa)
HanpsibxeHne nutaHusa 0~600 VDC

Tok nuTaHus 0~4 A

Mak. paboyas ckopocTb 360 m/h

Mak. cuna 135*N kg (N=kon. moagynen npmsoga, mak. N=6 , To ecTb MakcumanbHas cuna 810kg)

Tun pasmepoB obcagHom TpyObl 5.5"~7.5"
HanpasneHve aBwxkeHns 2-HanpaBneHus
Kabenb 7- XunbHbln (11.8 Mm)

5. Pabounii npoLecc cKBaXKMHHOMO TpakTopa.

CHavyana nogkrnoyaroT Yepe3 ceteBon WHyp MK kK HazeMHOMy MynbTy, 3aTEM KapOTaXHbI kabenb
MOOKMIOYaOT Ha3eMHOM NynbT K CKBaXMHHOMY npubopy, yepe3 MK nogatoT koMaHObl HA CKBaXWMHHBIN
npubop. lNocne nonyyYyeHUs CKBaXKUHHOW 3MEKTPOCXEMON KOMaHA C MOBEPXHOCTU MOXHO MpUBOAUTL B

OBWXeHME TpaKTopa B CKBaxXMHe. CxemMa NOAKMoYeHNsa TpakTopa nokasaHa Ha puc. 2.
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ma;_enn —_ MFHBAER

CxBaXUHHBIH Tpaxrop Kabenp
KapOTaKHbIHI
pudop

Puc. 2. Cxema nogKno4eHUs TpakTopa

MopkntovaeTcsa TPaAKTOP MEXAY CKBaXKMHHBIM KapOTaXKHbIM NPUOOPOM U KabemnbHbIM HAaKOHEYHUKOM.
Koneca Tpaktopa MOryT OBuUratbCa B 2-X Hanpasnenusx (Mnv TonkaTb, unu TawmTtb). o koHdurypaumm
KapoTaxHbIX MpuOOpPoB BbIOMPalOT pasHble NepeBOoAHMKM. C y4eTOM KOHCTPYKLMM KapoTaxHbIX npubopos
MOXXHO YCTaHOBWUTb TPaKTOP pasHble NPOXoAHble NpoBoda AN obecneyeHns TOKOBOro NUTaHUSA KapOoTaXHbIX
npnbopos.

5.1 Mogynb HaTsKeHUs1 1 nokaTopa MydpTbl NPUMEHSIETCA AN U3MEPEHUsT HaNpsbkeHus kabenst u
onpenenexHnss MydT KOMOHHbl. Ha ocHOoBe u3MepeHus HaTsKeHWs onpeaensaTtcs paboyee COCTOSHUE
TpakTopa B ckBaxuHe. C nomoLlbio nokatopa MydT onpedensetcs OBWXEHUe Tpaktopa B ckBaxuHe. C
KOMOWHMPOBAHHBLIM NMPUMEHEHNEM HATSXKEHUST U flokaTopa MydT MOXHO C TOYHOCTBIO onpeaenuTb pabovee
COCTOSIHME TpaKkTopa B CKBaXXUHE.

5.2 DnekTpocxema nony4vaeT, nepefaeT AaHHble U KOMaHObl TPakTopy, OHa ynpaBnseT ABUKEHMEM
TpakTopa.

5.3 C nomoLblo HacocoB, LUTOKOB W 3MNEKTPOMArHUTHLIX KnanaHoB MPWKUMHBIAN Moaynb nogaet
CUny NpwxmMMa K pblyaram, 3acTaBnsisl UX packpblBaTbCs UM cobmpaTtbest 0b6paTHO.

5.4 Tlocne [oCTaBKM KapOTaXKHOro Npnbopa 1 TpakTopa 40 HaKMOHHOMO yyYacTka NPWKUMHbIE pblyaru
packpbIBaOTCH MpU BO3AENCTBMEM MPUBOLHOIO MOAYIA, anekTpoaBuraTens NPUXUMHOIO MOAyns HavymMHaeT
paboTaTb, NpUBOASA KOreca K BpalleHWo B KOFIOHHE M TeM CaMblM 3acTaBNSAET KapoTaxHble Mpubopbl u
TpaKTop ABUraTbCs.

5.5 Tlocne packpbITUa NPWXMMHBLIX pbl4aroB Tpaktopa nuwHee ruapomacno BblTEKaeT B
KOMMeEHCaLMOHHbIA MOAYMb, a Npu geduunTe rugpomacsna B TpakTope KOMMEHCALMOHHbIA MOAYb 0bpaTHO
nogaeT B rMapaBnUyecKkuin Modynb rugpomacrno, obecneuymBasi yCToMuMBOE AaBrieHne AN MPUKMMHbIX
pblyaros.

5.6 LleHTpaTopbl o6ecneynBatoT HaxoxaeHue TpakTtopa B LeHTpe obcaaHom KornoHHe, MoawmnnHmkm
LueHTpaTopa 06ecnevmBaloT MUHUMAarbHOE TPEHNE MEXY TPAKTOPOM U BHYTPEHHEN CTEHKON KOMOHHbI.

6. Mpumep ncnonb3oBaHUA TpakTopa.

6.1 10 ceHTabpsa 2013 r. TpakTop, pa3paboTaHHbIn komnaHven J1tao. XyanHauHr OHepru Cepsuc
BnepBble 3apabotan B ckBaxuHe xx13 B npoBuHUMM Li3nnuH. MmybuHa ckBaxuHbl cocTaensiet 2140 M,

TemnepaTtypa B ckBaxkuHe 60°C, gnameTp KONOHHbI 5.5 AtormMa. YTpom B 9 4acoB nogknioumnm Tpaktop K 40-
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pblyaxxHoMy npodunemepy. C kabenem cnycTunm CKBaXKMHHYIO CBA3KY Ha rmybuHy 1566 M 1 npurotoBunu K
paboTe TpakTop. 3eHWUTHbIN yron Ha aTon rmybuHe 80°C, HaTskeHuMe Ha Tabrno nogvemHuka - 800 kr. B
TpakTop noganu HanpsbkeHve 320 B, Ha HaseMHOM nynbTe nokasano Tok 250 mwunnuamnep, CKOpOCTb
aswxkeHns Tpaktopa 200 m/4. B 9:50 ckBaxkMHHasA cBA3ka gowna go rmyouHbl 1632 M, 3eHUTHbIN yron 89
rpagycoB, CKBaXKMHHbIA NpuMbOp OoLen A0 ropu3oHTanbHOroO yyactka. Ha HaseMHOM nynsTe nokasbiBano
HanpshkeHne 380 B, Tok 389-440 munnuamnepa, ckopocTb ABmkeHusa 177 m/d. B 12:55 ckBaxuHHasa cedAska
gowrna go 3abosi ckBakuHbl. TpakTop cobpan pbldarM M OCTaHOBMIT paboTy, OTKMAKYUI NUTaHUe U
KOMMYHUKaLMK 1 3aTeM Havan paboTtatb npodunemep, 4OCTaBNEHHbIA TPAKTOPOM [0 32605 CKBaXKUHbI.

B npouecce gocraBku Tpaktopom ¢ 1566 m go 2106.4 m 6bino 3atpaveHo 4 yaca. B npouecce
[ocTaBkn obHapyxeHa OyKCMpoBKa KOrec, YTO BO3MOXHO ObIfi0 BbI3BaHO rpsi3bl0 Ha BHYTPEHHEW CTeHKe
KOMOHHbI. [1py BO3HUKHOBEHWM TaKOrO Criydas HY>XHO YBENUYUTb MPVXKUMHYIO CUMY pbl4aroB Ha CTEHKY,
yBenuumBas TpeHne Mexay konecamm v KornoHHon. MoXHO yBENnUUTbL CKOPOCTbL ABWKEHUs TpakTopa go 200
M/4. B nepBOM uUCMbITaHWM C TPaAKTOPOM YCMELIHO AOCTaBUM CKBaXXMHHbIM Npubop Ao 3abosa 1 nony4mnu
reousmyeckue gaHHole.

6.2 BTopoe ucnbiTaHve OblNo NPoOBEOEHO B rOpU3oHTanNbHOM ckBaxuHe xx186 25 ceHTabpst 2013 .
MyBuHa ckBaxmHbl cocTtaBuna 2680 M, Temnepatypa B ckBaxuHe 60°C, guameTp KOnMoHHbI 5.5 gronma.
YT1pom B 11:30 nogkntounnu Tpaktop kK AKLL. CnycTunu ckBaXkmHHYH0 CBS3KY C MOMOLLbIO Kabens Ao rmy6uHbl
1682 M, 3eHUTHbINA yron 82 rpagycoB, NOArOTOBMNN TpakTop K paboTe. Ha Tabno nogbemHuka nokasbiBano
HaTsbkeHue 740 «kr, nutanmne 372 B, Tok 330 munnvamnepa, CKOPOCTb OBWKEHUSI TpakTopa B ckBaxkuHe 200
M/4. [locTaBunn CKBaXMHHYIO CBA3KY A0 rMybuHbl 1788 M, 3eHUTHLIN yron 89 rpagycos, TpakTop BOLen B
ropusoHTanbHbIA yy4actok. B 20:30 TpakTtop gowen go 3abosi Ha rmybuHbl 2670 m. PacctosiHne B 990 m
TpakTop npotluen 3a 9 yacos.

6.3 B aBrycte 2014 r. B LiasowmnyxaH parioHa PynuHb ropoda YyHbuUmH LissHbxaHckas kKapoTaxHas
KOMMaHWs npoBenu reousnyeckne UccneaoBaHus B ckBaxunHe xx32-3 mybuHon 4766 m c Y 2045 wm,
ncnornb3ys TpakTop Ans goctasku. Nposenu reouanyeckoe ncecnegosaHme ¢ 8-CeKUMOHHbIM aKyCTUYECKUM
LeMEHTOMEPOM, UCMOMb3ys TpakTop € 4-Ms MoaynsMu npusoga. ToK MMTaHMe Ha NOBEPXHOCTW COCTaBun
380 B, makcumarnbHbIA TOK B CKBaXkumHe AOCTUr 2.3 amnepa, CpedHsisl CKOpPOCTb OBWXEHUS TpakTopa B
ckBaxkmHe 200 M/4 1 3a 10 YacoB LOCTaBUNIM CKBaXKUHHYHO CBSI3KY 40 3ab60s1, YTO Nobuno pekopa no AnnHe
[OCTaBKM TPaKTOPOM KapoTaxHbIX npubopos B CUHOTIEK.

HaunHas ¢ ceHTabps 2013 pgo ceHTsab6pa 2014, Ha mectopoxaeHun HaumHb Tpaktop KomnaHwum
XyaHouHb yxe npopabotan B 45 ckBaxuHax/onepauusx, Ha MecTopoxaeHunm YaHbumH - B 12
CKBaXKMHax/onepauusix, Ha MectopoxaeHun LissHbxaHb - 3 ckBaxkMHax/onepauunsax. Kaxagbivi cnyck/aocrtaBka
ObIn ycnewHbIM. Mo cpaBHEHUO C AOCTaBKOW BypunbHOW KONMOHHOM AocTaBka Tpaktopom AKLL nossonser
HabnogaTb KapoTaXHbIN NPUOOP B peanbHOM pexuMe.

7. AHanuns cboeB npnbopos.

TpakTop pabotaeT B 06CcagHON KONOHHE UMes onpeaerneHHble TpeboBaHus k cpene pabotol. Mepen
CMYCKOM TpakTopa B CKBaXXMHY HY>XHO MPOBECTM NPOMbIBKY CKBaXMHbl. B npouecce OBWKEHUS B CKBaXunHe
nHorga BO3HUKAET OykcmpoBka. Huke npveeaeHbl Mepbl ANS paspeLleHust BblllenepevmcneHHblx cOoes.

7.1 Ecnn B CKBaXXMHE YCINOBWSA CMOXHbIE, CYLLECTBYET M NOBTOPsieTCA Gonbluas KpuBu3Ha CTBoMa Ha
ropu3oHTanbHOM yyacTke, TO TOrga TpakTop MOXeT OykcoBaTb. B 9TOM criyyae HyXHO YMEHbLUIMTb Cuiy
NPWKMMa, YMEHbLLWUTb CONPOTUBIIEHNE.

7.2 Ecnun npousowsia OCTaHOBKa TpaKTopa B CKBaXWHE, TO MOXHO YBEeNMU4UTb Ccuny npuxnma
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pblvaroB. Kaxgbl Knuk Mbiwn gobaenser 1 Mna k cune npwkuma pblbaroB. Ecnm nocne MHOrokpaTHbIX
MonbITOK He MOoMny4aeTcsl, TO MOXHO OTKMIOYMTb TPaKTOpP M MOOHSTb €ero Ha 5 M, a 3aTeM MOBTOpPUTbL
BblLLENEPEUNCNEHHYIO OMnepaLmio.

7.3 Ecnn Ha Ha3eMHOM NyrnbTe BO3HMKAET KorebaHue ToKa, TO HY>KHO UcKaTb OLIMOKY Ha Ha3eMHbIX
npubopax. Ectb nu ©Ge3onacHoe 3aszemneHne? CywectByeT nu npobrnema € Has3eMHbIM MNyNbTOM?
YCTONYMBBIN NN TOK Ha CkBaxkMHe? lMocne AnarHoCTMpoBaHUsi NPMOOPOB HAaYMHAEM NPOBEPSTL CKBAXKMHHYIO
CBSA3KY MO oyepenmu.

8. 3akntoyeHne.

Mcnonb3yembii B HacTosilee Bpemsi TpakTop paboTaeT 4yepe3 7-XKWbHblA Kabenb nNuTaHusa u
ynpaeneHust. MoXHO 3aMeHUTb 3NEKTPUYECKYID CXEMY BHYTpM TpakTopa, 4ToObl OH Mor paboTtaTb 4depes
OOHOXWIbHBIN Kabenb. OTOT TpakTop, rMaBHbIM 06Gpa3oM, paboTaeT Ans uccrnegoBaHus metogamu AKLL,
npodunemMeTpmum 1 KOHTpPoOnNs 3a pa3paboTkon, a Takke Anst nepdopaumn. PabotaTb TpakTOPoOM B OTKPLITOM

CTBOrIE NoKa ocTaeTcs TPyAHON 3adaden.

CnuncokK ucnonb3oBaHHbIX UCTOYHMKOB
[1] HZE, R#E, I, FCH BWE TEE BEEY KFHEFUHERNA MWHER,
2003. 27(4):320—324
2] BiReE, HYE, XEE KFHNHRAFESIBRRRRERRW, AHNER
[3]  2009Vol, 23NO.6:33—35
[4] B4E KEHESIFEHREXBEAFR BREIWLAE 201056 A
[5] K58, R, B, KEN SondexZ 5|87 L7l HRY T 5 N A CI 7 A mENER B it BN H AL,

SIF, M, 225009)

147



YOK 550.832.07/.08
PA3PABOTKA U BHEAPEHUE MHTENNEKTYAJIIbHbIX NOABEMHUKOB

YxaHn ®aHmuH, Croli LzsaHbxya, oy Lza (Kumad)

AHHoTauusa. [Ina paspelleHrs CyLecTBYOLWNX NpobnemM y rmapaBnmyeckmnx CUCTEM NOAbEMHMKA,
Takmx Kak CIIOXXHOCTb CUCTEMBbI, HE TOYHOE YNpaBneHue, He MHTENNEeKTyanbHOCTb, TPyQHOEe YyCTpaHeHue
cboeB B LUPPOBON reopmnanyeckon TEXHUKE, Halla KOMMaHMUsS ycnewHo paspaboTana MHTeNnneKkTyanbHbIN
3NEKTPONPUBOLHBIN NOABLEMHUK ANA re0OUN3NYEKCUX UCCIEN0BaHNN.

B pnaHHOM cucteme ucnonb3yeTca yactonpeobpasoBaTenbHoe ynpaBrieHMe CKOPOCTU M LWMHa can
bus. C nomowblo ycTaHoBKM cbopa MHOPMaLMK ynpaBrieHUe OCYLLECTBMSIETCA B 3aMKHYTOM LMKME.
BTeyeHun nocrniegHux 2-x NeT UCMNbITAHUA AoKa3anu, YTO AaHHbIN NOOBEMHUK OOCTUI BbICOKOIMO YPOBHS Kak
No TEXHUYECKUM XapakKTepucTUKam, Tak U NO 3KOHOMUYECKONn 3PEEKTUBHOCTU, KOTOPOro TpagWLMOHHbIE
NOABEMHUKN HE CMOTYT JOCTUYb.

KnioueBble cnoBa: VIHTennekTyanbHbI KapoTaxHbld nogbeMHuk, wuHa CAN, yctaHoBka cbopa

WHopmaLnn, NHTENNeKTyanbHoe ynpaeneHune, nccriegosaHme 'C ogHon KHOMKOMW.

BeeaeHue.

B HacToswee Bpems B reopmusm4ecknx UCCneqoBaHUSX UCMONb3YTCA B OCHOBHOM NOABLEMHUKU C
rmapasnuyeckon TpaHcmucenen. Cuctema ¢ rmapaBnmyeckor TPaHCMUCCUEN XapaKTEPU3YETCHA CITIOXKHOCTbIO
KOHCTPYKUMKW, BONbLUMM KOMMYECTBOM SMEMEHTOB, YTEYKON COEOUHEHWS, CIOXHOCTBIO 0OCMyXMBaHUS.
YnpaBneHne ruapasnuyeckuMm MOAbEMHUKOM He TOYHOe, MedfieHHOe, MNPEnATCTBYET OCYLLEeCTBNEHUIO
WHTENNeKTyarnbHbIM reouan4eckum uccrneqoBaHusim.

MpMeHeHne WHTENMNeKTyanbHON CUCTEMbl YMNPaBMEHUA BbICOKO WHTErpMpOBaHHA, [aHHble B
peanbHOM pexuMe, BblgaeT undpoBble nogckaskn. CucTtema ynpasnseTca nerko; MOXHO AepxaTb
CYMEPHU3KYI0  CKOPOCTb  YCTOMYMBO. YCTpaHEeHHble PUCKW, Bbl3BaHHble owmnbkamu nepcoHana,
crnocobcTBoBanuM BGbICTPOMY  pasBUTUIO  KapOTaXHbIX NpUBOpPOB, OTLMMPOBKM U UTENNEKTyarnbHOCTU
KapOTaXHbIX TEXHOMOMMA, OCYLLECTBEHUO BbICOKOI(EKTUBHON, WHTENNEKTYanbHOW U 3KONOrorm4yecku
yucton pabote B M'MC.

MpuMeHeHne MHTeNneKkTyanbHOW CUCTEMbI NOBLILLAET 3PMEKTUBHOCTL KapOTaXHbIX UCCreqoBaHum,
CHWXKaeT TPYAOEeMKOCTb UccreqoBaHnsi, CnocobCTBYyET OCYLLECTBNEHUIO MHTENNEKTYarnbHbIX U 9P EKTUBHBLIX
reousn4ecknx nccrieqoBaHum.

C 2010 roga Hawa komnaHusa Hadana paspabaTtbiBaTb WUHTENNeKTyarbHbIn NOAbEMHUK UCXOOS U3
noTpebHocTn pbiHKa. Mbl Havyanu paboty Hag 2 Temamu: 1) UHTENneKTyanbHOe ynpaBreHue KOHTPOMbHO-
N3MepUTENbHON YCTaHOBKOW, 2) UHTENMNEeKTyanbHoe ynpaeneHue anekTponpuBoaHbLIM nogbeMHukoM. B 2011
rogy W3roToBWUMM OMbITHbIA 0Bpasel 3MnekTponpuBOOHOMO MNOogbeMHMKA. B nogbemHuke npuMeHsieTcs
TEXHOMorMa  YyacTtoTonpeobpas3oBaTenbHOrO  PerynumpoBaHuUst  CKOPOCTW,  UHTErpupoBaHue  CUCTEMBbI
yrpaBreHns OCYLLECTBMSETCHS B 3aMKHYTOM UMKNe Ans obecnedeHus MOCTOAHHOIO KPyTALWEero MOMeEHTa,
CYMNEepHU3KON CKOPOCTU M TOYHOrO/HafEXHOro ynpaeneHust BO Bpemsi kapoTaxa. B mae 2013 r. narteHT
«Cuctema 1 mMetoad ynpasneHus NOOABLEMHUKOM 3SMeKTpUYecKon TpaHcMmucceuen» (Homep nateHta ZL
201110179611.3) noaTBepxdeH CBUOETENLCTBOM, BblAaHHbIM BOpPoO MHTENnnekTyanbHOW COOGCTBEHHOCTU
KHP.
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1. UHTennekTyanbHoe ynpaBneHne KOHTPOJIbHO-M3MepPUTEIbHON YCTaHOBKOM.

B TpaguuMOHHBIN rMOpaBNUYEcKUA NOABbEMHWK [JobaBneHa cuUCTeMa WHTENNEKTyanbHOro
ynpaereHusi, KOTopas BbINOMHAET cregyowmne yHKUMK:

1) CurHanmnaupyet o nNpubnmkeHun K yCTbio, 3ab0t0, Harpy3ky HaTsDKEHMS, Harpy3Ky no CKOPOCTU U
OCTaHOBKE;

2) MaccuBHoe BpalleHne GapabaHa npu pabote B 'C n ycTonumBas CKOpOCTb Npu reodn3nyeckomM
nccnenoBaHuy;

3) WHaukauus uudbpamu, ctonbuamyv UMUTUPYHOLLMM annapaTtoM CUrHamoB yOGUHbI, CKOPOCTW,
HaTsDKEHWS, TMOMyYEeHHbIX W3 WHTENNEKTyanbHON YCTaHOBKM cOopa. YCTaHOBMEHHble Mofb3oBaTenem
BenuuuHbl nepepatotca u3 KK-mHoukatopa K WHTEMMEKTyanbHOW YCTaHOBKE YMpaBleHUsl, KOTOPbIN
OCYLLECTBMAET yrnpaBreHne nporpammon.

4) [euratenb 4yepe3d wuHy CAN wumeer cBa3b ¢ XKK-gucnneem, Ha KOTOpom OTobpaxkatoTcs
napameTpbl ABUraTensi.

BbilwenepeyncrieHHble PyHKLMM OCYLLECTBAAIOTCA CNeayLWUMN YacTAMM:

1. Mogynb 1/0

C paHHbIM Mopynem npeobpasoBbIBAOTA HapyXXHblE CUrHarnbl, UILTPYIOTCA W nepenarTcs B
WHTEMNMNEKTyanbHyl0 YCTAHOBKY YMNPaBIeHWs; Takke MOXHO nepefatb AMArHoOCTMKy cboeB W mporpammy B
Mogynb 1/0.

2. PykosiTka ynpaBneHuns u nepeknovaTenb PexnMoB.

Mo pa6bounm pexrmam nepekrodaeM KHOMKY: «BbIGop PEXMMOB KapoTaxay B HyxHoe MecTo (puc.1)

Puc. 1. PykosiTka ynpaBneHusi U nepeknioyaTenb PeXXMMOB

3. NoBopoTHas kKHoMKa ANg ynpasneHnsa AaBrneHneM CUCTEMBI U NepekntovaTtens (puc. 2).

Puc. 2. NoBopoTHasa KHoMKa Ans ynpaBneHusi AaBrieHMEM CUCTEMbI U NepeksyaTenb
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MoxxHo ynpaenATb AaBneHnemM CUCTeMbl 2-Ms cnocobamu: rmapaBiin4eCkKMmM U aNeKTpu4eCKnMm.
Fmp.paBaneCKoe ynpaeneHune aenaeTca TpaauUuUOHHbIM, ANeKTpu4ecKkoe ynpasineHne oCcyecTBnAeTCcA

npeobpa3oBaHMEM CUrHana gaBneHns Ha AneKTpuYeckuii curHan (puc. 3).

Puc. 3. JaTyuk gaBneHus

3a cyeT BblleyKa3aHHbIX TEXHOMOMN MOXHO OCYLLECTBNATL YrpaBneHne NOCTOAHHON CKOPOCTLIO U
HaTsHXKEeHWEM, HO WCMOMHUTENbHLIM MEXaHU3MOM SIBNSIETCA PErynaTop AasneHus W rmapaBnnyeckun
asuratens B rugpasnuyeckon cucteme. llpolle roBopsi, TEXHONOMMS MOCTOSAHHOTO HaTSXXEHUsA SABMSETCS
npefoxpaHuTensHoi cuctemon. [aHHasi cuctemMa obnagaeT He BbICOKOW TOYHOCTBIO W MIIOXOWN
COrMacoBaHHOCTbIO.

B npakTtuyeckor pabote OnA aBTOMAaTUYECKOro YMpaBfeHUs MOCTOSHHBIM HATSXKEHUEM HYXXHO
CHayano noHATb crnocob paboTbl HaTSAXeHWs B reodumanyeckom mnccnegosaHum (puc. 4). B passegoyHon

CKBaXXnHe npoeenn ncnboltaHne ¢ gnanasoHoOM HaTAXeHUA kabens 7000 m.

m
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Puc. 4. XapaktepuCTMKM Anana3oHa HaTshkeHUs1 Kabens npu pabote

M3 rpadmka BMOHO, 4YTO Npu OObI4HOM paboTe HaTshkeHne kabens HaxoauTcs B OnpenereHHoOM
ananasoHe npu crnycke U nogbeme. [py HaxOXOeHUM HaTSKeHUs! B TakOM AuanasoHe NOgbEMHMKA MOryT
HopManbHO paboTtaTb. [ns nogaep)XaHusi MOCTOSIHHOIO HaTSXKEHUS B rMOpPaBlIMYECKOM MO4bEMHMKE
yCTaHaBMMBAETCH TOYKA HaTsPKEHWs, KOTopas BbICTaBMNSETCA MyTEM PYyYHOrO PErynMpoBaHusi KHOMKK. M3-3a
OTCYTCTBMSI MaTemaTU4yecKol CBSI3W MeXdy PYYHbIM perynvpoBaHMEM W AaBfeHWeM CUCTEMbI, OMbIT
crneumnanncTa Tak e urpaeT Gonbllyto ponb. [oatoMy paspaboTka TEXHOMOrMM NMOCTOSTHHOMO HaTsXKeHUs
HOBOIO MOKOJIEHUS SIBMNSIETCS BaXXHOWM YacTblo B pa3paboTke MHTENMEKTyanbHOro NogbeMHMKA.

2. Pa3paboTka anekrtponpuBoaa.

Tak kak B MHTEeNnnNeKTyanbHOM YynpaBreHun KOHTpOJ'IbHO—MSMepMTeJ'IbHOﬁ YCTaHOBKM CYLLECTBYIOT
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BHELOCTATKM, @ MMEHHO B HEM eLLie HET MCTUHHOIO MHTEMMEKTyanbHoro ynpaeneHusi. TpebyeTcst paspaboTtka
NOMHOUHTENNEKTyanbLHON cuctembl. Hawa koMnaHus Havana paspabaTbiBaTb HOBbIA MNOABLEMHUK CO
cneayoLwnuMn yHUKanbHbLIMU CTOPOHaMU:

1) nepexon OT MHTErpupOBaHHOW 3MNEKTPO-rMAPaBNNYECKON CUCTEMBbI K YUCTOMY 3reKTPOMNpUBOAY.
Tak ynpaeneHne SCR ¢ NOCTOSAHHBIM TOKOM M YacToTonpeobpasoBaTenbHOE ynpaBreHne nepeMeHHOro Toka
UMEIT HeCpaBHUMbIE NPEMMYLLECTBA;

2) cTpeMrneHne K aBTOMaTU4eCKoMY U UHTENMNEKTyanbLHOMY YMpaBreHuio;

3) paspaboTka ManbIx pa3mMepoB, JIErKOro Beca 1 KOMMaKTHOW KOHCTPYKLMMK;

4) paspaboTka B HanpaBneHUM MHOrO(YHKUNOHANBLHOCTH, YHMBEPCANbHOCTM U BbICOKOW
NPUrOAHOCTU K PasfnUYHbIM KIUMAaTUYECKNM YCIOBUAM (MYCTbIHb, MOPE, NomnspHas Tepputopus);

5) pa3BuTre B HanpasneHUmn K BbICOKON 3(pHEKTUBHOCTM U HUSKOMY LLYMY;

6) pa3BuTME K MPOCTOMY U KOMGOPTHOMY YNpPaBneHuto.

Mcxoas 13 BbienepeqncneHHbIX NMPUHLMNOB Mbl COCTaBUIM criegyroLme:

1) TlpyMeHeHNe 3NeKTPUYecKom TEXHOMOrMM YacToTornpeobpasoBaTenbHOMY — YrpaBneHuto
CKOPOCTbIO, 3aMEHHa rmgpaBnnyeckon TPaHCMUCCUN ANEKTPONPUBOAOM;

2) B3amMeHa CMELIaHHOro  rMgpo-arekTPUYEcKoro  YMNpaBneHUs  YUCTbIM  ANEKTPUYECKUM
yrnpaBreHuem;

3) MakcMmanbHoe nNpUMEHEHWEe YHMBepcanbHbIX 4YacTen: OapabaH B cbope, Ky30BHOW
KOHCTPYKLUMU U T.4.

Hawa komnaHua nposoguna uccnegosanus ¢ 2010-oro roga v u3rotoeuna onbITHbIM obpasey, B
2011 rogy, coBmecTHO c LLUSHNMICKOM KapoTaXHOM komnaHuven, 3anagHor KomMnaHuven no BypeHuto wu
passegke M boxanckon komnaHuen no OypeHuo W pasBegke, MpPoBeNnu ucnblTaHWe B panoHe [yayH
mMecTopoxgeHus LUsHnn n mectopoxaeHus [araHb. VcnbiTaHUs NPOLLY YCREeLWwHO.

B 2013 rogy coBmecTHO ¢ komnaHuen CPL pa3spabotanu nHtennekTyanbHbIn NOAbEMHUK, B KOTOPOM
OCYLLECTBMEHO MHTErpUpOBaHHOE YMNpaBreHne Ha3eMHbIM MyrbTOM, CKOPOCTbH, HaTsKEHUMEM U NYyOUHON
nogbemHuKa.

XapaKTepucTuKn CUCTEMBI:

1) Bbicokast BOBMOXXHOCTb LLACCH.

B kayectBe waccu Bblbupanu Texenole rpy3oBukn Mepcegec u MAH, koTopble npusHaHbI
KATackuMK 3akasdnkamu. [locne conoctaeneHuss Bolbpann ACTROS3332/6X4 mepcegec ans Liaccu
WHTENMeKTyanbHOro nogbemMHuka ¢ kabenem 7000 m. Beibpanu MAH ana nogbemHuka ¢ kabernem 5000m.

1.1 TexHudeckune xapakrepuctukn ACTROS3332/6X4.

1.1.1 B yannHeHHON WTypBarnbHON pybke ecTb crnanbHs, KOHOULMOHED.

1.2.1 OBuratens:

1.1.2.1 HomuHanbHasa mowHocTk: 235 kW(320hp)/1800rpm;

1.1.2.2. Mak. kpyTawmin MoMeHT: 1650Nm/1080rpm;

1.1.3 NepepaToyHOE OTHOLLEHME YCTAaHOBKM OTOOpa MOLHOCTY i= 1;

1.1.4 Jonyctumasa Harpyska Ha Bce waccu 33000kg.

1.2 TexHuyeckune xapakrepuctukn MAH.

1.2.1 B yanuHeHHON WTypBarnbHOn pybke ecTb cnanbHs, KoHguuuoHep (2 psaa, 6 mecr);

1.2.2 [urarens:

1.2.2.1 HomuHanbHasa mowwHocTk: 265kW(360hp);
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1.2.2.3 Mak. kpyTawmin MoMeHT: 1T900Nm;
1.2.3 NepepaToyHOe OTHOLLEHME YCTAaHOBKM OTOOpa MOLHOCTY i= 1;
1.2.4 Jonyctnmasa Harpyska Ha Bce waccu 33000kg.

O6a waccu yaosneTsopsoT I'IOTp86HOCTI/1 no NpoxoamMmMmoCT N BMeLLaeMoCTh nepcoHana.

2. TpeboBaHus K aneKkTpoaBuraTento.

1) Wnpoknini agnanasoH YacToTornpeobpasoBaTeibHOrO PerynmpoBaHnst CKOPOCTH, BbicTpasi peakuus,
BbICOKasi TOMHOCTb, YCTOMYMBOCTL MPU HU3KOW CKOPOCTMU.

2) Obnapaet MHBEPCHLIMU eTansiMn, MoXXeT paboTaTb Kak reHepaTop WUIu Kak ABUraTensb.

3) YcronumBasi paboTa nocrne onpedeneHus KypTswero MoMeHTa. BHyTpu aBuratenss BCTpoeHa
dyHKUMA npoBepkn auddepeHLmManbHOro KpyTaWwero MOMeHTa (MOXXHO onpenensitb 3aTshKKU U NoCcaaku).
MmeeTcs dyHKUMSA NpedoxXpaHUTENbHOro TopMo3sa.

Mocne nombopa BbIOpanu cregylwune napaMeTbl OBUraTeNs: MWCMNonb3oBaHWE YCTOMYMBOTO,
Ge3onacHo paboTalolero perynupyemoro ABuraTensi C BbICOKOW CTEMeHbl 3aluTbl, C  LUMPOKUM

AnanasoHOM perynmnpoBaHns CKOPOCTU ABuraTens

[nanasoH ckopocTu BpaLleHust 10--5000rpm
Hom. MOLHOCTb anekTpoaBuraTens 80KW
Hom. MOLLHOCTb anekTpoaBuraTens 300KN
HoM. HanpshkeHue nuTaHus 540VDC
anekTpoaBuraTens

[aHHbIN anekTpoaBuraTerib BblICOKOIEKTUBHBIA N SKOHOMUT 3HEpPruto. NpumeHsaembln aBuratenb
N reHepaTop SIBNSIOTCS MHBEPCHbIMU K YacToTonpeobpasoBaTtenbHbiMU. OH MOXET He TOnbko paboTaTb
nebenkon, HO N 3aMeHsIeT AN3EeNbHbIA U TMOPaBNNYECcKniA reHepatop. Ecnu Hy>KHO NOAKMOYNTL NOABEMHUK K
CETW, MOXXHO NMpeKpaTuTb paboTy ABuraTensi nogbemHuka. bes yyeta aKOHOMUKM M3HOCaA ABUraTensi, MOXHoO

3KOHOMUTL pacxodbl Ha 500 TeicaY oHaen 3a rog (puc. 5).

[IpeoGpasoBarens
9acTOT

DJEKTPOIBUTATEIh

Puc. 5. BHewHun BuA reHepatopa

23046
i
—

i
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L

Hwxe nokasaHa cxemMa OCHOBHOW KOHCTPYKLIMK MeKTPONpUBOAHOro noabemMHuka (puc. 6).
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3ameansieT xod Npu MNPUBIIVKEHWUM K  HYXXHOW
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Puc. 6. Cxema OCHOBHOWM KOHCTPYKLUN 3MEKTPONPUBOAHOIO NogbeMHUKa

Hwxe nokasaHa cxema npuHLUmMna anekTpuyeckoro npmeoga (puc. 7).

ARG REE]

4h3EISOVHLIE BRI 540VEIRH B ARG

el 125 DY

ror

HER Mg ZAFEM FRSA

Puc. 7. Cxema NnpMHLMNA UHTENNEKTyanbLHOro ynpaeneHus

3) MpumeHeHue koHTporiepa CANBUS kak LieHTpanbHOro areMeHTa, OCYLLECTBSOWNIO KOHTPOMb
CANBUS.
MpumeHeHne TexHMKM KoMmmyHukaumn CANBUS, koTopasi xapakTepuayeTcsl HaeXXHOCTbI, ObICTpoi

peakumen wu rMOKOCTLIO, UMPOBON KOMMYHMKALMEN W MOXET nepedaBaTb HECKOSIbKO MNEepEeMEHHbIX B
npoLiecce ANarHOCTUKN MHOpMaLmK, obecneynBatoLLel TO4HOE yrnpasneHne noabeMHUKOM U PYHKLNIO

MOCTOsIHHOM ckopocTu. OBecneunBaeT YHKLUMN: CUTHANMMU3UPYET O NPUGNKEHWUN K YCTbIO, CUTHANU3UpyeT u

ANarHocTmpyet cbom.

4) Nebepka.
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masHoM byHKUMen nebeakm ABNSETCA CMYCK M NOABEM CKBaXKUHHBIX NPMOOPOB C NMOMOLLLIO Kabens
Ha OapabaHe. Jlebegka pormkHa ynooBneTBOpsiTb TpeboBaHMaM CIT No CKOPOCTM WU HaTSDKEHMIO, W
npefoTepallartb NOMEXV Npu NpPoBeAeHUN reodusnmveckmx mccnegosaHuin. bapabaH nebegku coenaH u3
HEMArHUTHOM CTanu, C OTHOCUTENbHOM MAarHWUTHOM npoHMUaeMocTbto Hr<1.1. B TOpmO3HOM cucteme
NPUMEHSETCH NEHTOYHBI TOPMO3; paMa caernaHa U3 CBapoYHOWM KOHCTPYKLUMM Be3LLOBHOM TPyObI.

5) Cuctema TpaHcMuUccum.

CucTtema nomnyyaet cuny 4epe3 YCTaHOBKY OTOOpa MOLLHOCTM Ha Luaccu, NMpyMBOAUT K BpaLLEHWIO
reHepaTop, ModalLNMiA MOCTOAHHBLIA TOK. TOK NpMBOAWUT 4acToTonpeobpas3oBaTenbHbI ABUratenb K
BpaLLeHuWo, 3aTeM Yepes Lienb peaykTopa npnsoauT 6apabaH k BpalleHnto. Takke MOXHO He UCNoMb30BaTh
ABuratenb Ha Lwaccu, a oToupatb TOK M3 BHELWHeN ceTu. Yepe3 yactotonpeobpasoBaTerbHbI
anekTpudecknin WnT 380 B nepeMeHHbI TOK Npeobpa3oBbIBAeTCsl B MOCTOSIHHLIA TOK U NPUBOAUT ABUraTeNb
K BpaLleHuto (puc. 8).
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Puc. 8. llebepka n cucrema TpaHCMUCCUM

KoHTponb asuratens v reHepatopa npoeoautcs Yepes wuHy CAN, napameTpbl BbiCBEUYMBAIOTCS Ha
avcnnee Ta6no. Mpu pyyHoMm ynpaeneHun GapabaH ynpasnsercs yepe3 koHTponnep GapabaHa, knanaH
KPYTALLEro MOMEHTa, packnaguuk kabens, BblKMoYaTeNlb PEXMMOB KapoTaxka, KHOMKU aBapuiiHoi
OCTaHOBKW, YCTAHOBKM BBOAA KOMaHA.

CucTema TpaHCMUCCUM COCTOMT U3 YCTaHOBKM OTGOpa MOLLHOCTH, Bana TpaHCMUCCUM U PEAYKTOPOB.
PenykTop, KOTOpbI yCTaHOBMNEH 3a GapabaHoM, Yepes Lienb U LeMnHble Koneca COeANHSIETCS C peayKTopamu.

TexHu4eckne xapakTepuCTUKN pedyKTopa creayoLme:

1. KpyTawuin momeHT BbiBoga: 12500N.m

2 MepenaToyHoe oTHoLweHue: 21.5

3. LlenHoe koneco Z=19, aByxpsaposas uenb, p=31.75
4 KoHCTpyKUuA: cTaunoHapHas.
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Ons ocywecTBneHuss 3agaHus nbOW Cunbl Mbl YCTAaHOBWUMM KramnaH KpyTsALWEro MOMeHTa Ha
NoObEMHMKE.

6) Cuctema ynpasrneHus.

6.1 brnok cbopa WHdopMauum - nonyyYyaeT WHOpPMaUUIO O COCTOSIHAM MOAbEMHUKA W
NCMOMNHUTENbHBbIX MEXaHU3MOB M NepeaaeT nHpopmaumio B 6riok 06paboTkm KomaHA.

Brnok 0bpaboTkM KOMaHA Mocre Mony4YeHWs CUrHamnoB ynpaeneHns u nHdopMaumMm O COCTOSHMK
nogbeMHMKa U UCTIONHUTENBbHBIX MEXAHU3MOB NPOBOAUT PErynnpoBaHne 1 obpasyeT KOHEYHYIO KOMaHAay.

B noabemHuKke NpUMEHSETCA TEXHOMNOIMsI YacToTonpeobpa3oBaTeNbHOMO YPErynmpoBaHms CKOPOCTY,
WHTErpypoBaHWe CUCTEMbI YMpaBreHust ANs OCYLECTBMEHUst YNpaBMeHWs B 3aMKHYTOM LMKMIe Aans
obecneyeHnst MOCTOSHHOTO KPYTALLEro MOMEHTA, CYNEPHU3KON CKOPOCTM, TOYHOTO U HaAEXHOro yrnpaBneHnus
BO BpeMsI KapoTaxa.

6.2. Mo KapoTaXXHOW TEXHOMNOMMK BbIOUpaeM HyxHbl "Tun paboTbl”, perynupyem "KnanaH KpyTsLiero
MoOMeHTa", Habnogaem HaTskeHue kabens, ynpaensiem "KoHTpornepom 6apabaHa” gnsi ocyllecTBneHus
nogbema, cnycka, ynpasrneHust CKOPOCTbH Y TOPMOXEHNEM.

6.3. Mpn pexume NMOCTOSIHHOM CKOPOCTU HE HYXHO HacTpamBaTb napameTpbl. CrneumanucT yepes
PYKOSITKY yCTaHaBnuMBaeT CKOPOCTb, MOCMe 3TOro CuUcTeEMa aBTOMAaTUYECKM [OEPXWUT 3Ty CKOPOCTb.
Cneumanuct MOXeT N3MeHATb CKOPOCTb Yepes PYKOSATKY B NpoLIecce KapoTaxa.

6.4 ViccnenosaHune C ogHoM kHoMNKow. [locne noaroToBKM yCTaHaBMMBaEM KPYTALMA MOMEHT Ha
HYy)KHOE HaTsKeHWe, pyKosATKa HaxogauTCcs B pexuMme noabema, BblOMPaAeM pexuM TropuU30OHTarbHOWN
CKBaXXMHbI U COBepLUaeM HacTporky. Cucrema aBTomaTU4eckn perynmpyeT KpyTawmuin MOMEHT U CKOPOCTb Mo

notpebHocTn (puc. 9, 10).
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Puc. 10. KnanaH KpyTsilLiero MOMeHTa U nepeksioyaTenb PeXMMOB KapoTaxa
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7. dnekTpocuctema:

a) Cunosas cucrema.

1) yactotonpeobpasoBaTenbHhIN ABUraTenb, FeHepaTop;

2) NHTerpupoBaHHasa cuctema nuTaHus:

2.1 TpexdhasHblii nepeknioyatens ¢ 3aWMTHBIM BblKMoYaTeneM;

2.2 PeakTop;

2.3 TpaHcdopmaTop HanpsXKeHu;

2.4 dNbTPOBLIN KOHAEHCATOP;

2.5 VHTerpmpoBaHHas cuctema nutaHus.

b) Cuctema nutaHus.

BHewHee TokoBoe nuTtaHne 100KW/380Vac gna uenoro nogbemHuka, anektpownt 220 B, nogaya
nutaHusa 220 B ansa uenoro nogbLeMHUKa;

c) KoHTponep ynpaeneHus anekTpogsuraTenem;

PacueT 1 0b6paboTka gaHHbIX, LLEHTP NonyyYeHus 1 06paboTkn KoMaHA,.

d) Bnok Beoga.

PykosiTka, MOBOpPOTHasi KHOMKa KPYTALIEro MOMEHTa, KHOMKa aBapUIAHOM OCTaHOBKW, PYKOSATKA
packnagyunka kabens.

KpyTswmin MOMeHT YacTtoTonpeobpasoBaTtenbHOro Asuratens nameHsietcss ot 0 4o MakcumanbHON
BeNnun4nHbl. KonebaHne ckopocTu nocrne perynmpoBkvi HeGOoMbLLOE.

e) Mo maneiwemy TpeboBaHMIO paboTbl MOXXHO OCTAHOBUTL MPU ABMKEHWUM C Harpy3Kkon Ha niobon
rmybuHe. [lobaBneHa 3anacHas pykosiTka TOpMO3a B KOHTponsep ynpaeneHust 6apabaHom ansi ycTpaHeHus
aBapUNHbIX CUTYyaLni.

f) B nutaHne NOCTOSIHHOIO TOKa BXOASAT WMCTOMHMK Ha LUIACCM M KOMMyTaTopbl, B OCHOBHOM AJiSi
ynpaeneHnemM 6apabaHoM, 3anyckoM 1 OCTaHOBKW, A1 aBapUIAHOIO OCBELLIEHNS.

8) MynbT HabnoaeHns npu kapoTaxe (puc. 11).
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Puc. 11. NMynbt HabntogeHUA Npu KapoTaxe
- Ons obecnevyeHnss 6e3onacHOCTM KapoTaxa Ha NynbTe MokasaHbl CKPOCTb OBWXKEHUS Kabens,

HaTaXXeHwne, /J,M(b(bepeHuMaanoe HaTAXXeHune, FJ'Iy6MHa n agpyrue napametpbl. Ha nynbre Takke MOXHO
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YCTaHOBUTb (PYHKLMM CUrHANM3aLmMm o NpuonmwKeHUN K yCTbO, HACTPOEHHYHO My6BuHy 1 T.4.

- Mpun nogveme CI1 go rmy6uHbl HUXe ycTbsa Ha 100 M, cucTtema gaet curHam M aBTOMaTU4ecKu
3amepnsetcsa. [MNpu nogbeme 0o rmybuvHbl Hke ycTbsa Ha 40 M, 6apabaH aBTOMaTUYeCKN OCTaHaBNMBAETCH U
Topmo3uT. Mpun HacTpolke rmybuHbl cnycka, korga CI goxoguT 4o rmybuHsl Beiwe 3abos Ha 100 M, cucTema
OaeT curHan u aeTomatudecku 3amepgnsietcsi. [pu cnycke go rmy6uHbl Bbilwe 3a6ost Ha 40 M, 6apabaH
aBTOMaTUYeCKN OCTaHaBNNBAETCH U TOPMOS3WT.

- OaHHy0 (OYHKLUUIO MOXHO YCTaHOBWUTb WM OTMEHUTb B ntoboe Bpemsi. OT0 obecneymBaeT He
Tonbko 6e3onacHoCTb paboTbl, HO N TMOKOCTb.

PerynupoBaHne HaTsbkeHus 6GapabaHa OTYETNMBO BWAOHO, 4TO 3dEKTUBHO nNpenoTBpalLaeT
BO3HUKHOBEHMWE 3aTSIKKU.

9) MuTennektyansHoe ynpasneHune MC.

Hawa komnaHWs cOBMECTHO C TexueHTpoMm komnaHuu CPL paspabaTtbiBaeT MHTENneKTyanbHbIN
NoObEMHUK AOnsl MHTerpupoBaHHoro ynpaeneHus TUC. maeHaa uenb AaHHOTO WCCNEeAoBaHWsA: 4epes
KapoTaXHyl0 Has3eMHylo nabopatopuio HanpsMylo ynpaensTb MNOAbLEMHUKOM, COBMeLlaTb paboty
cneunanucta u oneparopa (puc. 7).

YnpaBneHue nogbeMHUKOM OcyLLecTBNsAeTca Yyepes nporpammy u winHy CAN. KoHTponep nonydaet
KOMaHZy OT Ha3eMHoW nabopatopum 1 NpeobpasyeT AaHHbIE, YNPaBMAAET CKOPOCTbIO N KPYTALLMM MOMEHTOB
Auratens s ocywecTBeHMs aBToMaTUyYecKoro yrnpasneHus (puc. 12).

1. NIHTepdenc ynpasneHust.
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Puc. 12. UnTepdperic ynpaBneHUA NOALEMHUKOM
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I'IpmmeanMe: Mocne YCTaHOBKU NapamMeTpoB MOXHO HaXaTb KHOMKY CBA3M C NOABEMHUKOM N NOAaTb

KOMaHAy B KOHTpOsriep nogbeMHuKa, KOTOprVI aBTOMaTn4eCKu BbINONMHUT NpOorpaMmMHyro onepauuto.

3akntoyeHume.

MoobeMHMK paboTaeT B gonyctumMoM AuanasoHe ckopoctu (0~6000m/h). OH MOXeT nnaBHO
HabupaTtb ckopocTb ¢ V1 go V2. [Ins Takoh onepauumn Tpebyetcs Bpemsi He Gonee 20 cek, npober He
oonbLwe 15 M. MNpun nameHeHnn ckopocten nebenka GICTPO pearnpyeT Ha U3MEHEHUS.

3. AcnbiTaHne Ha CKBaXuHe:

1) NMepBoe UcnbiTaHUe.

Bpems: 31 aBrycta 2011 roa, mecto: mectopoxaeHue [laraHb.

B ucnbiTaHnM yyacTBOBanu NHxeHepbl U3 3anagHon KoMmnaHum no OypeHuto 1 pa3segke, boxanckon
koMnaHum no BypeHnto 1 paseenke, HaLlen KOMMNaHuu.

MpoTokon ucnbITaHus:

KpyTswmin MOMeHT YacTtoTonpeobpasoBaTtenbHOro Asuratens nameHsietcss ot 0 4o MakcumanbHON
Benu4uuHbl. KonebaHne ckopocTu nocne perynmpoBky He GornbLuoe.

MogenuposaHue nccnegosaHmsa B 'C nokasbiBaeT: HaTshkeHne 100-1000 kr, ckopocTb kabens 30-
2000 m/4, GapabaH OBWXKETCA MnaBHO, He TpebyeTcs HaTpoMKa KpyTsLlero MOMeHTa, kabenb Bce Bpems
HaxoQuTCs B pacTsIHYTOM COCTOsiHUW. [pu BpaLleHre He Bbino cnydas 3agepku U cnonsaHus nedegku.

BepTtukanbHbin nHTepean 1908 M, 3eHUTHbIN yron 56 rpagycos, anvHa 'C 530 M, HacTpoeHHoe
HaTsbkeHne 1100 dyHTOB. KapoTakHas paboTa ycrnewHo BbINonHeHa, U3MeHeHWe HaTsxeHus He Gonee 130

dpyHTOB. OCyLLecTBNEHO reonsnyeckoe NccrneqoBaHne ogqHon KHornkon (tabn. 1).

Tabnuua 1
Meochnsamnuyeckoe nccnenoBaHue No ctaHAapTHLIM MeToAam
mybuHa, m 140 300 400 500 600 750
MpoekT
CkopocTb aBumxeHus kabens, 3500 3430 3450 3467 3375 3370
M/y

HaTtspkeHune kabens kN 40 45 50 55 59 62
BenuuunHa perynmposaHus 80 80 80 80 80 80

KnanaHa KpyTawero MoMmeHTa

CkopocTb BpaLeHus 1784 1784 1786 1786 1786 1785

asuratenb rpm

MoLuHOCTb anekTpoaBuraTens 2 2 2 4 4 6
kw
Mmy6uHa, m 1000 1200 1400 1800 2000 2200
Mpoek
CkopocTb aBumxeHus kabens, 3200 3200 3400 3400 3400 3400
M/y
HaTtspkeHune kabens kN 70 80 90 105 112 116
BenuuunHa perynmposaHus 154 154 154 154 154 154

KnanaHa KpyTawero MomeHTa
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CkopocTb BpalleHus 1763 1763 1744 1747 1744 1746

asuratenb, rpm

MoLuHOCTb anekTpoaBuraTens 4 4 8 8 8 8
kW
MepemeHHbIn Tok 220 B, A 9.5 9.5 9.5 9.5 9.5 9.5

2) TMNocne CoBmecTHOM paspaboTkm c komnaHum CPL wHTenmnekTyanbHOro nogbeMHMKa Halla

KOMMaHua npoBena ucnbiTaHne B 34 ckBakuHax 6 kateropuin ¢ 23 anpens Ao koHua uiona 2014 r. Huke

rnokasaHa Tabnuua ¢ AaHHbIMU UCNbITaHWs (Tabn. 2).

2. CnocobHocTb YMEeHbLUeHUA U yBerimn4eHns1 CKOpoCcTu nogbeMHUKa.

B mae 2014 B ckBaxuHe XX MNPOBENU WUCMbITaHME Ha YMEHbLUEHWE U YBENUYEHWE CKOPOCTU
noabeMHMKA B CNegytoLwmx YCroBusx:

my6uHa ckBaxuHbl: 3420Mm;
Bec ckBaxuHHONM cBA3kK: 214 kr, BeC kabens: 3aBUCUT OT rMyOuHbI CnycKa;

my6wuHa npu ucnbitadmmn: 1600 m, 2800m;
CkopocTb aswkeHus: 600, 1200, 2000, 3000, 4000, 5000, 6000, 7200 m/u.

Hwxe nprBeaeHbl aHHbIe NOCMe 3adaHbIX KOMaHg YCKopeHust n Topmo3sa (puc. 13).
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Puc. 13. Npachmku no pgaHHbLIM YyCKOpeHUA nedeaku

YckopeHue - 3TO CKOpOoCTb yBenuumaetcst oT 0 40 Ha3Ha4YeHHOW CKOPOCTU. TOPMOp - 3TO CKOPOCTb

YMeHbLUAeTCs OT TekyLen ckopocTtn o 0.

3. UcnbiTanne B I'C.
5 noHa 2014 r. YaHbUMHCKUIA KapOTaXHbI OTAEN NPOBEN UCNbITaHNE B FOPU3OHTAaNbHOW CKBaXXUHE

G-19. UcnblTaHWe NpoLUMo YCheLwHo.
1)  O6wwit uHtepsan: 890~3108 m;
2)  3eHuTHbIN yron: 92.6°;
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3) Metog nccnegosanusa: 1:500 HenpepbIBHbIM MHKNUHOMETP, K, NC n ap.

4) T'Y —-1300 m. AcnbiTaHne nposenu aea pasa - 600 m n 700 m.

Tabnuua 2
B untepBane 700 m nonyuunu cnenyrowme AaHHble
my6uHa, m 2980 2970 2965 2810 2790 2780 2665 2650
MpoekT
CKkopocTb ABWKEHUSI 815.4 815.5 815.5 812.7 817 802.4 851.3 852.7
kabens, m/M
HaTtskeHue kabensa kN 9.7 9.6 9.6 9.5 9.6 9.5 9.6 9.5
BenuuunHa 65 65 65 65 65 65 65 65
perynmpoBaHus
KnanaHa KpyTsLlero
MOMeEHTa
CkopocTb BpaLeHus 610 613 613 601 598 600 602 600
aBurartenb, rpm

M3 BbllenepevncrneHHblX AaHHbIX BUAHO, YTO CKOPOCTb M3MEHSIETCs nnaBHoO, nebegka pabotaer
MoYTM NPU NOCTOSIHHOWM CKOpPOCTU. MogbeMHUK YOOBMNETBOPSIET TpeOoBaHMSAM.

4. NHHOBauum.

1. NonHasa 3aMeHa aNeKTPUYECKON TPAHCMUCCUN Ha TMAPAaBIIMYECKYHO TPAHCMUCCUIO.

2. 3ameHa aneKkTpMYEecKoro yrnpasneHnst Ha CMeLLaHHOE MMapOo-anekTpuYeckoe yrnpasneHue.

3. BnepBble B nogbeMHUKE NMpUMeEHsiNach WKHa can bus ansa ynpaenenus. o curHany ot 6noka
yrnpaeneHuss B 6nok obpaboTkM KomaHg nepegaetcsi MHOPMaUMs O COCTOSIHAM NOAbEMHMKA, a 3aTeM B
NCMNONHUTENbHbLIN BNoK.

4. WHTennekTyanbHbIl NOOBbEMHMK oOOnagaeT yHKUMAMM aBTOMATUYECKOro MoaAepXKaHus
NMOCTOAHHOM CKOPOCTK, PEerynvpoBaHus KPyTSALLEro MOMEHTa, KapoTax ofdHoW kHonkow. Bce 3Tto
npeaoTBpaLLaeT 3aTskKn 1 NOACTYMbI B NpoLecce KapoTaxa.

5. [OBuratenb Ha LwWaccuM WUCMOMb3yeTcss Kak WCTOYMHUMK 3HEepPrMM U yAoOBNETBOPSIET NOTpebGHOCTM
kapotaxa. [lpu cnycke CI1, noTeHuwanbHas 3Heprus npeobpasyeTrca B 3NEKTPUYECKYHD SHepruto, a
OBuraTtento B 3To BpeMs He TpebyeTtcs nogadvya 6eHsnHa.

6. NoabeMHUK MOXET NogKnodaTbes K anektpuyeckon cetn 380 B nsberasg BTOPUYHOTO 3arpa3HeEHUS
OT ABuraTens NOgbEMHUKA.

5. ConocTaBrneHue ¢ ruapaBianyeckum nogbLEMHUKOM.

Mpu paboTe npoueccop WHTENNEKTyanbHOW CUCTEMbl B pearibHOM BpemMeHu Habnwopaet 3a
noTpebnsaemMon MOLLHOCTbIO MOAHMMAEMOW CKBaXXMHHOW CBA3KW, TOYHO MOACHUTBLIBAET MNOTPEONAOLLYIO
MOLLHOCTb ABUraTens Wwaccu 1 ynpasnseT CKOPOCTbIO ABUraTensa Ang 3KOHOMUM pacxodoB TOMNmBa.

Takke COKpPaTUNN KOHCTPYKLMIO MO PaBINYECKO CUCTEMbI ANsl YA0BHOro OCNy»KMBaHUSI.

Bbicokass 6e3onacHOCTb CUCTEMBbI.

1) OcHoBHble TexHUYeckne napameTpsbl (Tabn. 3):
Tabnuua 3
OcHOBHbIe TeXHMYECKUE NapaMeTpbl B CpaBHEHUMU C rMAPaBAINYECKUM NOALEMHUKOM
Ne MapameTpbl TpeboBaHue OnNeKTUponNpBOAHLIN M'mapasnuyekmn
n.n NOABbEMHUK NOABbEMHUK
1 CkopocTb kabens, Lnpokmin gruanasoH 20-10000 30-8000
(M/MWH)
2 CynepHuskas ckopoctb | CtabunbHas Huskas 20-25 (£0.5) 30-40 (1)
CKOPOCTb
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3 N3MEeHeHMEe NOCTOSAHHOM He 3HauYnTenbHoe 0.5 11
cKkopocTK, (M/MUH) koneGaHue
4 HatskeHue b6apabaHa, | LUupokuii gnanasoH 20000 20000
(Ib)
5 MocTosiHHOE He3HauuTenbHoe 1500 (+300) 1500 (£600)
HaTsxeHue, (Ib) konebaHwue,
BblCcOKas
cepBoOMexaHu4yeckas
CNocobHOCTb
6 YnpasneHue LLinHoeoe ynpasneHne Py4Hoe ynpasneHue,
NoAbEMHUKOM Can, nepepava nepegava
LM pPOoBLIX CUrHanoB aHanornyHbIX
CUrHanoB
7 UHTepdenc onepaunm MonHbI MHTEpPaKTUBHbLIN YacTHbIN
NHTEpdenc WHTEPaKTUBHbLIN
nHTEepenc

2) JKororus n sarpssHeHue.

WHTennekTyanbHbIl NOOBLEMHUK MOXET pabotaTtb C BHeWHUM nuTaHneM. OH cokpaluaet
3arpsi3HeHMe HarnorosuHy. Ecnn npuMeHsieTca B NOObEMHUKE TOIbKO 3NEKTPONnpuBOL, YTO 3a rog MOXHO
coKkpallaTb KOnn4ecTBoO oTxoasuiero rasa Ha 0.5 TOHH, Npu UCMNOMNb30BaHWM B ABUraTene Ha Waccu MOXHO
cokpaLatb Ha 25%. MIHTennekTyanbHoe o6opyaoBaHme okasbiBaeT G0MbLLON BKNa B OXpaHy 3ronoruu.

3) besonacHocTb.

B ruagpaenuyeckon cucteme Ucnornb3dyeTcs rMapomMacrio Ans cpegbl TPaHCMUCCUMKM, YTO Bbl3biBaeT
HeKkoTopble pucku Npu paboTe. 3arpA3HeHMe Macnom 3acTaBrnseT rMApaBnMYeckUe 3aNEMEHTbI BbIXOAUTb U3
ctposi. NameHeHne OC 6e3 3amMeHbl Macna TOXe MPUBOAWT K HapylueHuo anemeHToB. Mpu nposegeHum
kapoTaxa B [C B ycnoBusix CymnepHU3KOW CKOPOCTU W MOCTOAHHOIO HaTSXEHWUs, BO3HUKAKT Ccry4vaun
nposucaHua kabens n nageHusa Crl.

B nMHTennekTyanbHOM NOObEMHUKE HE NPUMEHSAETCH rMMApPOMacrio U OTAeNbHbIe Briokn. 3TO CHU3UINO
TpeboBaHWe K Y1CToTe Macra. B anekTponpmMBogHON cUcTEME MUCMONb3YETCHA TOMbKO BOAHOE OXNaxXaeHue.

MogbemHuk nekro obcnyxmBaercd. OH obnagaeT BbICOKOW CMOCOOHOCTBIO MPU HU3KOW CKOPOCTW.
Bce 31O yMEHbLUMMO BEPOATHOCTb PUCKOB M3-3a OLWMOOK nepcoHana. OKoHYaTenbHO peLumnu npobnemsbi
CBSA3aHHble C ruapaBnuyeckMM nogbeMHUKOM. B To >xe BpemMss MOXHO nogkmodaTb MOOBbEMHUK K
3MNeKTPUYECKON ceTu. OTUM LOCTUraeTCs YMeHbLUEHWE BTOPUYHOTO 3arpsi3HEHUS Mpu KapoTaxe.

MHTennekTyanbHbI NOABLEMHUK B OyayLlemM 3aMeHUT rugpaBnuyecknii. ATUM MoBbILAas KATANCKYHO
reousnky 40 MexagyHapodHoro ypoBHA. OkasaHue ycrnyr cepsuca A5 SKCNOPTHbLIX KapaTaXHbIX CUCTEM,
TakK >Ke, NOBbILLIAET KOHKYPEHTOCMOCOOHOCTb KUTAaNCKON reodn3nkn B MUPE.

6. MapkeTuHr.

PbiHOYHas nepcnekTvea.

B Kwurtae BbinyckaioTca okorno 230 KOMMMNEKTOB MNOABLEMHMKOB, KOTOpble HEe OCHaLeHbI
WHTENMEeKTyanbHbiMM cuctemamu. BonbLIOMy pbIHOMHOMY Crpocy CrnocobCTByeT pas3sBuTMe paspaboTku
WHTENNeKTyanbHOro NogbeMHUKa.

MHTennekTyanbHbll  NoobeMHUK pas3paboTaH [Anst  YCTPaHEHWst  CyLLecTBYOLWMX OedeKkToB
rMapaBnnyecKkoro NoAbeMHUKA. Y KapoTaXKHbIX KOMMNaHWIA eCTb CPOC Ha MHTENMNeKTyanbHble MOgbEMHUKM, a
komnaHusi CvHbCany no HedTsAHOMY 00pynoBaHuio Ha TexHonapke JIAHOAH yxe BnageeT TexHomnoruemn
WHTENNeKTyanbHOoro nogbeMHuKka 1 obHOBMSET apceHarn TeXHUKN nogbeMHuka B Knutae.

Mocne M3yvyeHuna pbiHKa Npullnn K BblBOAY, YTO MHTeJ'IJ'IeKTyaJ'IbeIﬁ nogbeMHUK 3aHMMaeT Beayllee
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mecTo B Kntae 1 nepegoBoe MecTo BO BCeM Mupe. AHanormyHas mexgyHapoaHas npogykums goporas u
3aKpbiTa A8 KATAWCKUX 3aKa34vyuKoB, NOSTOMY AN AaHHOW NpogyKumy cyulectsyeT Bonbluas nepcrnekTmsa.
Mo nporHody 3a nocnegHne 3 roga KOMMYECTBO MNPOM3BOACTBA KapTaXHbIX MOABLEMHMKOB Oyaer
ucnonb3osatbca okono 230 komnnektoB. Ecnm B 80% OT 9TMx nogbeMHukoB Oyaer npumeHsieTcs
WHTeNneKTyanbHas TexHWKa, TO 3To coctaBuT 184 komnnekTa, MO3TOMY PbIHOK AN OAHHOW NPOoAyKUMU
Oy4eT OTKpbIT.

bnarogaps HalwuWM YCUNUSM UHTENNEeKTyanbHbI NOAbEMHUK MOMyyYun npusHaHue. B HacTosiwee
Bpemst B COCJT anekTponpuBOgHbIA NOABEMHUK KOHTEMHEPHOIrO UCMOMHEHNUS yxXe paboTaeT TpeTun rod, B
KuTarckon kapoTaHon KomMaHuuM pabotaeT BTOpon roa. MpoBenu ucnbiTaHus. BTOpon nogbeMHuK yxe
cnylweH C  TEXHOMOrM4eckom MWHUKU.  JDNEKTPUYECKUn MOOBEMHUK  KOHTEWHEPHOrO  UCMOMHEHWUs,
noctaeneHHbl Ans LLUsnuHCKON KapoTaxkHOW KoMnaHuM U KuTamckoro HedTSHOro YHUMBEPCUTETA, YxKe
npopabotan 10 mecsaueB. Tenepb LUsHbnNMICKas kapoTaxkHasn koMnaHua u Kutanckasi kapoTaxkHas KoMnaHus

3aKIMYUIn ¢ HaMn KOHTPAaKT No NOKynKe HOBbIX NOABEMHUKOB.
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COOEPXXAHUE

COCTOAHME W TNEPCNEKTUBbI PA3BUTUA METOOA AQOEPHO-MATHUTHOIO
PE3OHAHCA B OOO «THI-I'PYMMN». Myxamaduee P.C., Mypsakaes B.M., [yb6bposckut B.C.,
Tazupoe M.C., Ckupda B.[]., AnekcaHdpos A.

HOBbIE PELWUEHUA ONA NMPOBEOEHWA WUCCNEQOBAHWMA CKBAXWH B CIIOXHbIX
YCNnoBugax u BTOPMYHOIO BCKPbLITUA NINACTOB HA OENPECCUK oA MyBUHHbIM
HACOCOM. Hasapos A.1O., YepHbix N.A., Casuy A.L., LLladpyHos A.A., LLymckul U.®.
COCTOAHUE U NEPCMNEKTUBbI PA3BUTUA ANEKTPUYECKOIO KAPOTAXA CKBAXWH,
OBCAXEHHbIX METAJUIMYECKOWU KONMOHHOW. Xycud M.A., Kawuk A.C., KHuxHepmaH
J1.A.

TPEBOBAHUA K 3TANOHAM EAWHUL, FEO®U3UYECKUX BEJIMYUH NPU OLIEHKE
3AIMNACOB HE®PTU UTA3A. J/lobaHkos B.M.

PABPABOTKA TEXHONOMMA MOHUTOPUHIA CKBAXWH NXIr BE3 W3BNEYEHUA
HACOCHO-KOMIMPECCOPHbIX TPYB. [a+uneHko B.H., lNomanoe A.ll., [lynumos A.B.,
Bopucosa J1.K., bopucos B.U., KoHdpawos A.B., Kpbicos A.A., Mamnees T.C., Kylibbiwes PP,
JibiceHkos A.U., faHuneHko B.B.

NMPUMEHEHUE PACNPEQENEHHbLIX OATYMKOB TEMNEPATYPbl U OABJIEHUA MNPU
TEPMOrMgPOOMHAMUYECKUX WCCNEOOBAHUAX TOPU3OHTAJIbHBLIX CKBAXWH.
Banuynnun PA., SApynnuH PK., WWapagpymduHos P.®., PamasaHos A.lll., CadpemduHos A.A.,
Myxamadues P.C., baxeHos B.B., Imaee A.U., Mycun PA., payko M.B.

ONbIT OUEHKW CPOKA BE3OMNACHOW 3KCMIYATAUUU HE®TAHbIX U TFA30BbIX
CKBAXWH HA OCHOBE OUArHOCTUPOBAHUA SKCNNYATALUMOHHOW KONOHHbI

N 3AKOJIOHHOIO NMPOCTPAHCTBA. Abakymos A.A., Abakymos A.A. (mn.), MoaunbHep J1.10.,
CemuH E.E., Jlanmes B.B., CynetivaHos M.A.

COMOCTABNEHVWE WU AHANU3 PE3YNLTATOB WUCCINEOOBAHUA  CKBAXWH
POCCUUCKNMU n 3APYBEXHbIMU NMPOMbICNTOBO-TEOPU3NYECKUMU
TEXHONOIMAMU (HA NPUMEPE UCCINEOOBAHUA CKBAXWUH YAAHOUHCKOIO HIKM).
lMnomnukoe B.J1., Yyrioea U.M.

YCTAHOBKA ONA KANMEPOBKU U TECTUPOBAHUA KAPOTAXHOW AMMNAPATYPbI. /Tio
CuaHb, Jlu Li3sHb

ONbIT NMPUMEHEHUA POCCUUCKOW 3ABEOMHOWN TENEMETPUYECKOW CUCTEMbI C
SQNEKTPOMArHATHbIM KAHAIIOM W HOM OnNA TFEOHABUTALUMUA WU EE
YCOBEPLUEHCTBOBAHUE. Ao Cusead, [Tl YxutoH, Yxoy BaHnisaH

NMPUAMEHEHUE HOBOIO TIMOPABIIMMECKOIO CKBAXMHHOIO TPAKTOPA B
FOPU3OHTANBbHbIX CKBAXXWUHAX. BaH »KaH, Yxao L{3siHbxou, Bat Yawb, Jlu MH60
PASPABOTKA U BHEOPEHUE WMHTENNEKTYAJIbHbIX NOOBLEMHUKOB. YxsH ®3HMUH,
Croli YssiHbxya, oy Li3s
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