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AHHOTaumsa. B nocneaHne rogbl 0cobo ocTpo BCTaéT Heobxoau-
MOCTb BHeApeHMsI HOBbIXx Gornee [OPOroCTOSLUMX TEXHOMOMMA U
npoBeAeHUsT Hay4YHbIX UCCneaoBaHnii B cdhepe HeApOnonb3oBaHUs
Ha boHe CHUXEHNSI 4eBUTOB 3KCNNyaTUPYEMbIX CKBaXWH U YBENU-
YeHUs 3aTpaT Ha U3BMNeYeHne yrneBoAOPOAHOro Cbipbs. MpumeHe-
HMEe HOBbIX TEXHOMOMIA B A06blMe HedbTn K rasa npeabasnseT 6o-
nee XECTKMe ycrnoBus K bypsawmmcs ckBaxknHam. HeobxoammocTb
peLleHnst GonbLIOro KoOMMrekca 3agadv, CBS3aHHbIX C MPOLECCOM
CTPOUTENLCTBA CKBaXXMWH, TPEOYET M3MEHEHMUS! TEXHOMOrMK BypeHus
CKBaXKMH. B cTaTbe paccMOTPEHO CTPOMTENLCTBO HAKIOHHO-FrOpU-
30HTarbHOW CKBaXkMHbl Ha [ynNMCbMUHCKOM HedTerasokoHaeHcaT-
HOM MECTOPOXOEHUN, ONNCAHA KOHCTPYKUMS M NPUHLUMN paboTbl Te-
necuctembl «Geolink» n nponsesegeHa oLeHka 3KOHOMUYECKOW 3dp-
dekTnBHOCTU TenecmcTemMbl «Geolink».

KnioueBble cnoBa: CKBaXKWHHbIN NPUOOP N Ha3eMHasi cuctema; oc-
HOBHOW NpVHUMN paboTbl; cMcTEMa OTPULLATENbHbIX U NMONOXUTENb-
HbIX MMMNYNbCOB; PacnpOCTPaHEHNE 3MNEKTPOMArHUTHbIX BOSH; Te-
rieMeTpuyeckas cucTteMa oTpuuaTenbHbIX UMNynbcoB «Geolink»;
cbopka npubopoB oTpuuaTenbHbIX MMNynbcoB «Orienteer» cu-
cteMbl MWD; cekumsi ramMma-arekTpoHUKM pasfenbHon cOopku;
OLeHKa 3KOHOMMYeCKoN achPeKTMBHOCTU TenecmcTeMbl «Geolink».
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Annotation. Inrecentyears, there has been a
particularly acute need to introduce new, more
expensive technologies and conduct research
in the field of subsoil use amid a decrease in
production wells and an increase in the cost of
extracting hydrocarbons. The application of
new technologies in oil and gas production
presents more stringent conditions for drilling
wells. The need to solve a wide range of tasks
related to the well construction process re-
quires a change in well drilling technology. The
article discusses the construction of an inclined
horizontal well on the Dulisminskoye oil, gas
and condensate field, describes the design and
operation principle of the «Geolink» television
system, and estimates the economic efficiency
of the «Geolink» television system.

Keywords: downhole tool and ground sys-
tem; basic principle of work; system of nega-
tive and positive impulses; electromagnetic
wave propagation; telemetric system of nega-
tive impulses «Geolink»; assembly of negative
impulse devices «Orienteer» of the MWD sys-
tem; separate assembly gamma electronics
section; evaluation of the economic efficiency
of the «Geolink» television system.

Tenecuctema «Geolink Orienteer» MWD npegHasHaveHa Ans NpoBeAeH st UCCreaoBaHN UHKIN-
HOMETpUK, ynpaBrneHus u cobopa AaHHbIX BCEX TUMOB MpY BypeHnn CKBaXKNH BCcexX Npodnnen.

TexHu4ecKkasi CmopoHa
HaOEXHOCTb U TOYHOCTb;

npocToTa pa3paboTkm 1 dopMbl;
HENPUXOTNNBOCTb B OOCMY>XNBAHWM;

Okcnnyamauyus

Hanuune BO3MOXHOCTEN OOHOBMNEHMS OIS BHeApeHUA OONOJTHUTENbHbIX (byHKLI,I/IIZ.

e BO3MOXHOCTb WCMOMb30BaHWUA OOHOro 30HAA ANS CKBaXKMH BCEX Pa3MepoB Ha nobon rnyouHe.
BHewHuin gnameTp npnbopa coctaenseT 9 Y2 aonima — 2 ¥ grorima (241 Mm — 65 Mm);

e eOuHbIN NepenaTyuK ansi pabotbl B cOopkax ¢ pasmepamu 4 ¥4 groima — 9 Y2 aroima (121 MM — 241 mm);

e BO3MOXHOCTb 3aMeHbl NepegaTynka anst pabotebl B cOopkax pa3mepom 3 %2 arorima (88,9 — cbopka

ramma-ysna ans koppensuuv npu céope AaHHbIX);

e KapoTaX MHAOYKUMOHHOINO COMpOTUBINEHUA ONA KOoppendauun npu 060pe OaHHbIX N reonorn4eckn

ynpasideMbIX NHCTPYMEHTOB;

e MepexodHUK AaBneHus ansa 6ypoBoit Tpy6bl U 3aTpyBHOro NPOCTPaHCTBA;
e obecrneyeHne BbICOKOro Ka4yecTBa laHHbIX briarogapsi cucteMe pacro3HaBaHusl 1 06paboTku Smart

Update (uHTennekTyansHoe 0GHOBMEHNE);
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e [pefHasHavyeHa Ons UCMOoNb30BaHUS Ha CKBaXKMHHOM 0bOpyaoBaHMM MacTepamMy HanpaBfeHHOro
OypeHus, a Takke MHXEeHepammu aBuraTenen u TypoumH;

e Onarogaps HebomnbLLIOMY pa3mMepy 1 ArvHE NPMOOpP MOXHO MCNONb30BaTh B OypUITbHONM NpakTuye-
Ckn ©e3 orpaHNYeHui;

e kabuHa unu Gygka onepaTtopa Ha NOBEPXHOCTU He TpebytoTcs;

e HebonbLUoN pa3mMep, KOMMNAKTHOCTb M BO3MOXXHOCTb TPaHCMOPTUPOBKN BEPTONETOM;

e [pocToTa cOOPKM 1 UCTbITaHWA Ha OypoBON NnoLwagke;

e BO3MOXHOCTb YNpaBIieHWsi NEPCOHANOM, HE OTHOCALLMMCS K komnaHum MWD, nocne cooTBETCTBY-
oLLEN NOATOTOBKM;

e Onarogaps HeOomnbLLIOMY AMAMETPY M ANMHE uaeanbHO NoaxoauT AN rOPU3OHTaNbHOIO, MHOrO-
CTBOJIEHOIO 1 pa3BeTBNEHHOIO OypeHus.

®uHaHco8ble Kpumepuu

Huskas cToMMOCTb OTAENbHOro NpuBopa 1 BbicoKas HaAEXHOCTb CUCTEMbI — MaBHbIe LIEHOBLIE YCyr
koMnaHunm MWD, KOTOpbIe BNUSIOT Ha CMeayoLme KpUTepuu:

e uucno npubopos, HeobxoanmMoe AN onpeneneHns yaensHoro Beca 40X0A0B;

e BO3MOXHOCTb MPeaoCTaBneHns 0BCMYXMBaHUSA, a TaKke TEXHUYECKNE U HaKnaaHbIe Pacxofbl;

e pacxofbl Ha 3aMeHYy KOMMOHEHTOB;

e HaKnagHble pacxobl Ha MaTepuanbHO-TEXHUYECcKoe obecrnedeHne 1 ynpasreHue;

e MEepUOANYHOCTb MOCTABOK 1 CBA3AHHBLIE C HUMWU Pacxopbl.

B ycnoBusix paBGoTbl Ha MECTax 3TW KPUTEPUM OKasbiBatoT GOnbLLIOE BNMSAHWE U NS OTAANEHHLIX paii-
OHOB OHW ABMATCHA KPUTUYECKAMM.

OnucaHue cucTeMbl

Obuwiee onucaHue

Cuctema «Geolink Orienteer» MWD npegHasHayeHa 4Nns npoBeAeHNs MCCreoBaHUi NHKIMHOMETPUM,
ynpaBneHus n cbopa AgaHHbix Bcex TMnoB. OCHOBHbIE KOMMOHEHTbI CUCTEMbI MOKa3aHbl Ha pUcyHke 1:

CK8aXXUHHbIU rpubop:
cbopka nepegartyunka TRX;
cbopka npeobpasopartens nutaHnsa APC;
cOopKa MCTOYHUKa NnuTaHusa PSA;
CUMTbIBAKOLLNIA NHKIMHOMETP SEA;
cbopka ramma-y3na MGR.
HaszeMHas cucmema:
AaTyvK AaBMneHns B HanopHou NuHumn (SPP) — yctaHoBNEH B HANOPHON NNHUN;
CMNoBOW 3aWwuTHbIN 6ok (PBB);
nepeknioYaTeny cMHxpoHn3aumm Hacocos (PSW) — yctaHoBneHbl Ha BypoBbIX Hacocax;
NopTaTUBHBIN NEPEHOCHOWN KOMMbIOTED;
CUCTEMHbIA MHTEpPdENCHBIN 6ok (SIB) ¢ ynpaBnsitowmMmMm TEpMUHANOM;
avcnnen Ha 6yposow Bbiwwke (RFD) — nckpobesonacHbiii;
y3en Ans npocrnexvsanus rmybuHsl (DTU);
AaT4mK Harpy3ku Ha kprok (HKL);
e POTaUMOHHBIN AaT4uk myouHbl (RTX).
Ha3eMHasi cuctema namepeHuri nokasaHa Ha pUcyHke 2.

OCHOBHOM NPUHLUMN paboTbl

Cucmema ompuyamersibHbIX UMIYITbCO8
CJ'Iy)KI/IT Ona ynpasneHna OTKpbITUeM U 3aKpbiTeM BHYTPEHHEro Tapenb4aToro KnanaHa, 4epes3 KOTOo-
prIZ 6ypOBa;| XMAOKOCTb B HEDOIMbLLUMX KONMYecTBax OTBOAUTCS U3 6ypI/I.I'IbHOIZ KOJTOHHbI B 3any6Hoe npo-
CTPaHCTBO CKBaXWHbI. B pesynbTate BHYTPU 6ypI/I.I'IbHOIZ KOJTOHHbI NPONCXOOUT CHMXXEeHNEe AaBleHns, KoTopoe
onpepnendeTcda Ha NOBEPXHOCTUN KaK Marioe nageHune gaBlieHnd B HaI'IOpHOIZ NUHUN. DTO COCTOSIHUE HOCUT
Ha3BaHue oTpunuaTesibHOro nMnyrnbca AaBl1eHUA.

Cucmema rnosioKUMesnbHbIX UMIY/1bCO8
KnanaH cOopkv nepefatyvka nepekpeiBaeT NoTok GypoBOro pactBopa B BYpurbHONM KOMOHHE, B pe-
3ynbTaTe Yero NPOVMCXOANUT Bo3pacTaHue AaBIEHUS B HAMOPHOW NMHUK, KOTOPOE (PUKCUPYETCS HA MOBEPXHO-
CTV O4aT4YMKOM OABMNEHUS B HANOPHOW NHUK (SPP). 3To NO3WUTMBHEIA MMMNYNbC AaBMNEHUS.

PacnpocmpaHeHue anekmpomMazHUMHbIX 80J1H
Mepenaya gaHHbIX U3 CKBaXMHbI HA MOBEPXHOCTb OCYLLECTBNAETCH NOCPEACTBOM MOOYNUPOBAHHOM
PaaMOBOIHbI.
Komnanua «Geolink» noctaBnaeT cucTeMbl Nepenayn AaHHbIX Bcex Tpéx Buaos. MNepenatolume ane-
MEHTbI NpMGopa pasnUYHbl, HO SMNEMEHTbI 3anuMck AaHHbIX NMPUMEHSIIOTCA OMHAKOBbLIE, YTO NO3BONAET UC-
nonb3oBaTh UX C MOBOI U3 NepeYnCrieHHbIX Bbillie NepeaatoLlnx CUCTEM.
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PucyHok 1 — OCHOBHbIE KOMMOHEHTHI Tenecuctemsl «Geolink»:
1 — cbopka nepegatymka TRX; 2 — cbopka npeobpaszosatens nutaHusa APC;
3 — cbopka UcTouHMKa NuTaHusa PSA; 4 — cuuTbiBaOLWLUA MHKNMHOMETP SEA,;
5 — cbopka ramma-ysna MGR
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CreaxuHHELIH npubop

PucyHok 2 — HasemHas cuctema usmepeHumn

Tenemempuyeckas cucmema ompuyameribHblx uMmnyrnbcoe «Geolink»

Cbopka TenemeTpmm oTpuLaTenbHbIX UMNYNbCOB, UMW NepeaaTyumk ABNseTcs YacTbio npubopa, co3na-
loLLLero rmapouMNynbCHblE CUrHarbl AN nepegaydn AaHHbIX, 3anMcaHHbIX B CKBaXKMHE, Ha NOBEPXHOCTb. VM-
NynbCbl CO34at0TCA NYTEM OTKPbITVUSA Tapenb4aToro knanaHa, Yyepes KoTopbli OypoBas KnakocTb B Hebonb-
LLUMX KONMYECTBAx OTBOAMTCH U3 BYPUIbHOWM KOMOHHBI B 3aTpyOHOE NPOCTPaHCTBO CKBaXKUHbI, CO34aBast Kpart-
KOBPEMEHHOE CHWXXEeHWe AaBfeHust LUMPKYnaumMn. OTO CHUKEHWEe AaBreHus puKkcMpyeTcsi Ha MOBEPXHOCTH
AaT4YMKOM [aBreHus1, KOTOPbIN (06bIYHO) HAXOAMTCA Ha HanopHON NHUKM BypPOBON BbILLKX. Takow cnocob re-
HepnpoBaHWs NMMYIbCOB Ha3blBaeTCs TernemeTpuen oTpuuaTenbHbIX MMMNYbCOB.
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C6opka npubopoB oTpuLaTenbHbIX UMNYNbLCOB «Orienteer» cucrembl MWD

CraHpapTHbI nepefgaTtymMk TRX reHepupyeT nocnenoBaTeribHOCTb MMIMYbCOB OTpULaTENbHOro AaB-
neHus, 4Tobbl NepegaBaTh NOMYYEHHbIE B CKBAXKMHE AaHHbIE HA NOBEPXHOCTL. NepeaaTymk 3akntoveH B Kop-
nyc cneumanbHO U3roTOBMIEHHOMO ANA HEro HeMarHUTHOro NepeBOAHMKA nepedarTyuka.

C6opka npeobpasoBaTtens APC cOCTOMT N3 KOHAEHCATOPOB W SMEKTPOHHON annapaTtypbl ynpaBneHus,
KOTOpble NOAAT MUTaHWE Ha ANEKTPOMarH1Thbl nepegarymka.

B cocTtaB cOopku UcTOYHMKA NuTaHus PSA BxoguT NUTUIA-TUOHWUI-XNOpUAHasn 6aTtapenHas cbopka, Ko-
Topasi NoAaeT NUTaHMe Ha AaTyvku 1 nepedatymk. bataperiHasa cbopka paccymMTaHa Ha pabodyto Temnepa-
Typy Ao 150 °C.

CumnTbiBaOWNA NHKNUHOMETP SEA COCTOMT M3 TPEXKOOPOUHATHBLIX WHKITMHOMETPUYECKAX OATYMKOB
(MHKNMHOMETPOB N MarHETOMETPOB), KOTOPble 06EeCNeYnBaT BO3IMOXKHOCTU NCCNEA0BAaHNA UHKIMHOMETPUN
1 yrnpaBrneHus Ha BCEM AmnanasoHe HaknoHa ot 0 go 180°. Kpome Toro, uHknMHomeTp SEA obopyaoBaH anek-
TPOHHOW annapaTypon, perynupytoLLen paboTy BCEro MHKMMHOMETpUYECKoro npnbopa.

CoepuHutenu cbopkm npubopoB «Orienteer» obecrneymBaloT 0OMeH OaHHBIMU MeXAy OTAESbHbIMU
cbopkamMu 1 nogady NMTaHus, a Takke CTabunuanpyroT Nnpubop BHYTpM HeMarHuTHon YBT.

MocTaBnATCA NepeBOAHUKN NepeaaTynkoB cneayoLmMx pasMepoB BHELLHEro anameTpa: 4 ¥ gionma —
9 % provima (121 mm — 241 mm).

B cocTaB cbopku anekTponuTaHusi raMmma-yana BXoguT NIMTUA-TUOHUN-XNopuaHasa 6aTapeinHas coopka,
KOTOpas nogaeTt NMTaHUe Ha raMma-AeTeKTop U ANEKTPOHHYI0 annapaTtypy yrnpasneHus.

CeKuusa ramma-3aneKkTPOHUKN pa3genbHON COOpPKU

C6opka ramma-ysana noctaBnsieTcs B ABYX BapuaHTax: CTaHAapTHOM UMW pasaerbHOM.

PasnenbHasa moaenb MoXeT ObITb Takke YKoMMNekToBaHa baTapeeli pasmepa DD. Cbopka ramma-ysna
PErucTpypyeT AaHHble U3MepPeHNst eCTEeCTBEHHON paanoakTUBHOCTM pa3GypeHHON nopodb!, HanpaBnseT ux
NHKNMHoMeTpY SEA Ans nepegayn B pearibHOM BPEMEHM, a TakKe COXpaHseT MHAPOPMALMIO B CKBaXKUHHOM
3anoMuHaloLLEeM yCTpoCcTBe Ans NocneaytoLLei 3arpy3km Ha NoBepXHOCTb.

MopaynbHasa KoHCTpyKuua MGR

C6opka ramma-yana npefocTaBnsieTcs B Ka4ecTBe AOMONHUTENbHOM yHKUMM CUCTEMBI OMNpeaeneHns
yrna HakrnoHa ckBaxuHbl «Orienteer» MWD. Cbopka ramma-yana npegHasHadeHa Ons UamepeHust npmpoga-
HOro ramMmma-u3rny4YeHnsi, KOTOpoe MUCMycKkaeTcsl U30ToNamMmu ypaHa, TopUst U Kamnusi, KOTopble coepXaTcsl B MU-
HepanbHbIX KOMMOHEHTaX MNOPOo4 HWKHEro ropmaoHTa. C6opka ramma-ysna CoOCTOUT U3 CUMHTUMNSLMOHHOTO
CYETYMKA NOBBILLIEHHOWN NPOYHOCTU, B CBOI OYepelb COCTOSILLENO U3 KPUCTANNMYECKOro aAeTektopa u Tpyoku
doToyMHOXMTENSA. [laHHble cOOpKM raMma-y3na MoryT nepeaaBaTbCsl CKBaXKMHHbLIM NPUGOPOM B pexunmMe pe-
anbHOro BPEMEHU M XPaHUTLCA BO BCTPOEHHON NamsATU, OTKyda UX MOXHO U3BMeYb nocne nogbéma cbopku
NpubopoB Ha NOBEPXHOCTb.

KoHecmpykyusi
Cbopka ramma-y3sna cocTouT 13 criegyoLmx OCHOBHbIX KOMMNOHEHTOB!
raMma-L4eTeKTop — CUMHTUMNMSLMOHHBIA CYETYMK MOBLILLEHHOW NMPOYHOCTM;
cOopKa ramma-aneKkTPOHUKN, NAaMATU U UCTOYHUK MUTAHWS BICOKOTO HanpPshKEHUST;
GaTapenHbin 6nok cbopkuM ramma-ysna — cogepxuT 4 nutuesble 6aTtapen pasmepa D nnm DD;
kopnyc aaenexus — o 103,4 Mrla;
COEOVHUTENN — UCMONb3YKTCA ANS LEHTPaLUMN U COEQUHEHUS BCEX YacTeN COOPKM CKBAKMHHBIX
npunobopoB.;

e 33HWN HaKOHEYHUK — N3roTOBIEH 13 BepunnmeBo-mMeaQHoro crraea.

C6opka rammMa-aneKTpoHMKK, MPOLLECCOP M NaMsTb, @ TAKKe MCTOYHUK NMUTAHUS BbICOKOTO HaMNpsXKeHWs!
CMOHTMPOBaHbI B CTaHOapTHOM Kopnyce «Orienteer». 3alMTHbIA 3a)kuM UKCUPYET cOOPKY ramma-aneKkTpo-
HUKK. [aMMa-0eTekTop CMOHTUPOBAH B KOPMyCe Mo UCTOYHUKOM MUTaHWS BbICOKOTO HanpshXeHus. [leTektop
COCTOMT 13 CLUMHTUITNSALMOHHOIO CHETHMKA, B CBOKO OYepeb COCTOSLLEro U3 KpUCTaNsIM4Yeckoro AeTekropa u
Tpyokn oToymHOXMTENS. CHopka ramma-ysna umeet COOCTBEHHBLIA UCTOMHWUK NMUTAHWUS B BUAE KapTpuaxa
GaTapenHomn cbopku, coctosiero n3 4 nutmesbix 6atapen pasmepa D nnm DD. COopka ramma-yana coeau-
HSIETCSA C 3aAHUM HaKOHEYHMKOM B HWXKHEN YaCTW CUMTBIBAOLLETO NHKITMHOMETPA, 3aMEHSIIOLLIEro CTaHaapT-
HbI HakOHeYHWK. CoeguHMTENN COOPKU raMma-yana NpPUKPENnsTCa K HUXKHEMY KOHLLY Kopryca AaBneHus
cOOpKM ramma-y3na (U K HWKHeMy KOHLy GaTapeinHon cOopku MOAyrNbHOro npvbopa) u Mcnonb3yTcs AN
LeHTpaunn coopkun ramma-ysna BHyTpu YBT MWD. CtaHoapTHbIN 3aQHUN HAKOHEYHWUK YyCTaHaBNMBAETCS Ha
HVKHIOKO YacTb coeanHUTens cOopku ramma-yana (ecnm He ucrnonb3yeTcs Npnbop Ans kapoTaxa MHAYKLUMOH-
Horo conpoTtueneHuss TRIM; B Takom criyqae kaHan nepegayvv OaHHbIX OygeT HaxoguTbCsl B HUXKHEN YacTu
cbopku ramma-y3na.
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lpuHyun pabomsi

C6opka ramma-yana nony4aeT aBTOHOMHOE NUTaHNe OT COOCTBEHHOIO KapTpuaXa 6aTapertHon cOopku,
copepallero 4 nMTNEBbLIX 3rieMeHTa paaMmepa D, ecnu ucnone3dyetcs npubop ¢ 06bémom namsatm 4 M6. 3T1oT
KapTpyaX MOXET CY>XUTb UCTOYHUKOM NUTaHust oT 250 yacos Ao npnbnuamtensHo 900 yacos (B 3aBUCUMO-
CTK OT hakTopa baTaperiHon cOopKM) HENpepbIBHOM paboTbl COOPKM ramma-y3na. FaMmMa-aneKkTpoHuKa ynpas-
nset paboTton cbopku ramma-yana. ICTOYHUK NTaHUSA BbICOKOrO HanpsiKeHust obecrnevmBaeT NuTaHne CumH-
TUMAAUNOHHOTO CHETYMKA. [aMma-nyyuum, nonagamLwme B CUMHTUNNSLUMOHHBIN KpUCTans, UCnycKaloT (OOTOHbI,
KoTopble NpeobpasytoTcs Tpybkon dhoToymHoxuTens (PMT) B anekTpuyeckne MMnynbCbl. ATM UMMNYNbChl YCU-
nunBaloTCA 1 NpruobpeTaloT hopmy, a 3aTeM NepeaarnTcs B MPOLLECCOP U CHUTLIBAKOLWMIA MHKITMHOMETP (SEA).
B npoueccope aneKkTpuyeckne MMnynbCbl MOACHATLIBAIOTCA C MHTEPBANOM B 16 CekyHA, ecnv 310 CTaHgapT-
HbI NpMbop ¢ éMKoCcTbo NamsatTn 1 MO, nnm ¢ nHTepeanom B 8 CeKkyHA, ecriv 3To nNpnubop ¢ yBENNYEHHbIM
06BbEMOM namaT 4 M6. TemM cambIM yaansaTcs CTaTUCTUYECKNE OTKITOHEHMS. 10 OKOHYaHWUKN Kaxkgoro nepu-
ofa obwmi pesynbTaT Nnogc4éTa coxpaHsieTcsl B namsTi. KonmyecTBo ramma-nofac4E€ToB, onpenenéHHoe Bo
Bpems 3Toro nepuopa, sapoupyetrca mexgy 100 n 2000 B 3aBUCMMOCTM OT aKTUBHOCTU ramma-usnyyeHus,
NCNYyCKaeMOro OKpy>KatoLLMMK Nopogamu.

B cuntbiBatoem nHknMHomeTpe (SEA) BbluMcnsieTcsl cpeaHee 3Ha4yeHne CKopocTu noacyéTa 3a 6onee
KOpPOTKME MPOMEXYTKA BPEMEHMU, U, TaKMM 0Opa3oM, Bceraa MMeEKTCA nocrneaHve pesynbTatbl NOACHETOB,
OOCTYMHbIE HA CYNTBLIBAIOLLLEM MHKITMHOMETpPE B Ntoboi MoMeHT. MNepeaaHHoe 3HayYeHre B 16 pa3 npeBbilaeT
CKOpPOCTb CHETA, M3MEPSIEMYIO B UMMYIbCcax B cekyHAy (Cps). Takas cxema obecnevmBaeT coBnageHue nepe-
OaHHbIX N COXPaHEHHbIX 3HAaYEHUIN NPK NepecyéeTe.

[aHHble cOOpKM ramma-ysna nepegalrTcsl B pearibHOM BPEMEHU U XPaHATCH B CKaTOM BUAE B CKBa-
XXMHHOM 3arnoMuHaloLLEeM ycTporcTBe. Koppekunsi BbIMOMTHAETCA C MOMOLLBIO MporpaMMHOro obecneyeHms
«Orienteer» gna paboTbl HA NOBEPXHOCTUN U MPUMEHSIETCS K NepecriaHHbiM AaHHbIM nepes NMoOMELLEHVEM B
XXypHarn peanbHOro BpEMEHU, a TakKe K AaHHbIM, BOCCTAHOBMEHHBIM U3 NaMATH.

Mepenaya gaHHbIX COOPKM raMma-y3na nponucxoguT NPUONN3NTENBHO pas B MUHYTY.

Yactota OOHOBMEHUS nepegayn B pearlbHOM BPEMEHW 3aBUCUT OT MepedaBaeMblX MapameTpoB
(cbopKy ramma-y3na MOXHO UCMOfb30BaTb BMECTE C NPMOOPOM ANSA KapoTaxka MHOYKLUMOHHOIo ConpoTuene-
H1s TRIM, npubopom KOHTpoOns AaBneHus B npouecce bypeHus, a Takke NnpubopoM KOHTPOMs yoapoB v BUb-
paumu Sentinel) n g4aHHbIX Ha OCHOBE MOKa3aHWA Pa3nNuUYHbIX 4at4ymkoB. Kpome napameTpoB cbopa AaHHbIX O
COCTaBe Nopof, BMECTE C AaHHbIMM COOPKM ramma-y3ra 4acTo nepesatoTcsl JaHHbIE OTKIOHUTENS.

CoxpaHeHue faHHbIX OocyLlecTBnsieTcss cOOpKON ramma-yana Kaxgble 16 cekyHp [8 ¢ ans npubopa ¢
yBENMUYEHHBIM OO BEMOM NaMATH] B CKBXKMHHOE 3anoMuHaloLLee yCTPoUCTBO. pn yactoTe coxpaHeHnsa 16
CEKYH[ CPOK XPaHEeHMs1 JaHHbIX B NMaMATU cocTaBnsieT npubnuamtensHo 12 gHen. CO6op AaHHbIX COOpKON
ramMma-yara Ha4ynmHaeTcs cpasy nocrne MHMLMann3aLmmn nocrenoBaTenbHOCTH.

CoxpaHeHHble OaHHble MOXHO M3BMeYb M3 NaMsiTM nocne goctaBku npubopa Ha noBepxHocTb. [o-
CTynHbI ABa 6rnoka namsatn: 6nok o6bEémom 1 MouT (MerabwvT), onMcaHHbI paHee, 1 6riok 06bEmMom 4 MouT.
CpoK xpaHeHus1 AaHHbIX B 6noke o6bEMoM 4 MOuT coctaenseT 24 gHA. [ns Hero TpebyeTtcs GaTapenHas
cbopka pasmepa DD.

leHepuposaHue umrnyrnsca

1. Ot vHknnHoMeTpa SEA Ha npeobpa3soBaTtens APC noctynaeT komanga co3gaHum MMnyrnbca.

2. MpeobpasoBaTens APC ¢ nomoLlbto rpynn KoHAeHcaTopoB A 1 B nocbinaeT MOLLHbIA MMMAYIbC 3NeK-
TPUYECKOrO TOKa Ha KaTyLwwkn A n B nepegatynka. CUHXpOHM3aUNS U ANMTENBbHOCTbL MMMYNbCa UMEKOT KPUTU-
Yeckoe 3HadYeHue U TWaTenbHO KOHTPONMPYOTCSt HAOOPOM CXeM CMHXPOHM3auun npeobpasoBartensa APC:

a) KaTywka A anekTpusyeTcs NepBou, N apmaTypa A HaunHaeT ABuratbes (KnanaH CTEPXHS 1 Tapenb-
yaTbIi KranaH NPUCcoenMHEHbI HEMOCPEACTBEHHO K apMaType A);

0) 3aTem anekTpuayeTcs kaTywika B, n apmartypa B pe3ko onyckaeTcs No CTEPXKHIO U yaapsieT Mo Bbl-
CTYMy CTEPXHSA, UTO NPUBOAMUT K OTKPLITUIO KranaHa;

B) Mopada Toka Ha kaTywky B npekpaliaetcs (pabota apmatypbl B 3akoH4eHa);

r Ha kaTywky A NpOAOIMKaeT NocTynaTb «yAepXMUBalOLWUN» TOK 4O OKOHYaHWUSI TeHEpPUPOBaHUS UM-
nynbca, Nocrie Yero nogaya Toka Takke npekpailaercs (criegyeTt obpaTtuTb BHUMAHNE, YTO «YOEPKNBAIOLLMN»
TOK MOMOTraeT 3KOHOMUTb IHEPTUO DaTapenHon COOpKM);

) TapenbyaTbli KranaH 3akpbiBaeTCsl C MOMOLLIbIO BO3BPATHOM NPYXKUHbI, @ TaKKe 3a CYET rmapasnu-
YecKoW curbl B KranaHe 1 30He ceana.

OueHka aKkoHoMuU4Yeckomn acdpchpeKTUBHOCTU TenecucteMbl «Geolink»

BypeHue nepBbIX ropn3oHTarnbHbIX CKBaXXMH Ha [yrNMCbMUHCKOM MECTOPOXOEHUN HaYanock Ha rpynmny
nnactoB b4-5. MNMnacTel AaHHON rpynnbl OTAMYAIOTCS ManblM 3TaXOM HedTEHOCHOCTH (8 M), T.e. Heobxoamma
GonblUas TOYHOCTb NPOBOAKN FOPMU3OHTamNbHbLIX CTBOMOB, YTOObI COXpaHUTbL KOPMAOP, AalOLLUA BO3MOXHOCTb
GecnpenaTcTBeHHO A06bIBaTh HeTb 6e3 NpopbiBa rasa 13 ra3oBoW LWarnk1 1 6bITb Ha AOCTAaTOMHOM PaccTo-
AHMM OT BOAOHEedTAHOro KoHTakTa. lNogobHble 3agadv nepBble TpU roga pellanucb MCNofib30BaHWEM
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Tenecuctembl MWD-650, B KOTOPbIX OblN NALWb OQUH MHKIMHOMETPUYECKMI 30HA,. 'eoHaBuraumsa B CTBOne
npou3Bogunachb ¢ nomoLlbo reocuanyeckoro komnnekca AMAK «O0Bb», T.e. B 3aBUCUMOCTU OT reonormye-
CKOrO CTPOEHUS parioHa OypeHUsi NPOM3BOAMITMCH MPOMEXYTOYHBIE KAPOTaXM.

Kak n3BectHo, bypeHue rnybGoKMX ropU3oHTarbHbIX CKBaXXMH COMPSKEHO C OoMnbLUMMK 3aTpaTamu Bpe-
MEHW KaK Ha NPOBOAKY CTBOMa, Tak U Ha NpoBedeHME NPUBA30YHBIX KapoTaxen (reomanyecknx 3amepoB B
CTBOJIE CKBaXXWHbI) B TOSLLE HE(PTEHOCHOrO MracTta, YTo, B CBOK OYepefdb, KpaTHO MOBbILIAET BEPOSATHYHO
aBapUNHOCTbL MPOM3BOAMMBIX paboT. Bcé 310 nmpuBeno K HeoOGXOAMMOCTU 3aKyMKM HOBbIX TENEeCUCTEM
«Geolink», B KOTOPbIX, KPOME MHKITMHOMETPUYECKOTO 30HAa, AobaBneH eLweé 1 ramma-gaTyuk.

B siHBape 2010 roga Havanockb TectMpoBaHune Terecuctem «Geolink» Ha JynMcbMMHCKOM MECTOPOX-
aexumn. CkBaxknHbl 6ypunuce B cnegytollen nocnegoatensHocTn — NeNe 5628, 5625, 5651, 5676, 5643, 5666
n 5668.

B npouecce OypeHunst Bcex CKBaXKMH NPOn3BOAMIIOoCk Mo 2-3 kapotaxka anst «Geolink» u 4-5 gna MWD-650.
Bpems cTpoutenbCTBa CKBaXKMH cocTaBuno 13—17 gHei.

PaccmoTpum aKoHOMUYeCKyo adbdhekTMBHOCTL. Ha [lynMCbMUHCKOM MECTOPOXAEHNN MPOOYPEHO CKBAXKMH:

e C ucnonb3oBaHveM Tenecnctem «Geolink» — 3;

e C npumeHeHnem MWD-650 1 NpoOMeXXyTOYHbLIMU KapoTaxamu — 4.

CpaBHuTENbHLIE MOKa3aTenu OypeHWUsi TOPU3OHTANbHbIX CKBaXKMH C WUCMOMb30BAaHWEM TENECUCTEM
MWD-650 n «Geolink» npeactaeneHsl B Tabnuue 1. [NpobypeHHble CKBaXXMHBI ABASAIOTCSA TUMOBbLIMU 41151 BCErO
[ynnCbMNHCKOro MeCTOPOXAEHMS.

Tabnuua 1 — CpaBHUTENbHbIE MOKa3aTenn OypeHus ropn3oHTarNbHbIX CKBaXXWH
¢ ucnonb3oBaHnem Tenecuctem MWD-650 n «Geolink»

Howme Bpewmsi «unctoro» 6ypeHust OO6uee Bpems BypeHusi
CKBa)KVIsz FOPM30HTamNbHOro y4acTka, FOPM30HTamNbHOro y4acTka MpumeyaHue
yac. C Y4ETOM BPEMEHM HA KApOTaXw, Yac.
5628 25,9 121,9 MWD-650 )
(5 NPOMEXYTOYHbIX KApOTaXXewn)
5625 49,7 169,7 MWD-650 )
(5 NPOMEXYTOYHbIX KApOTaXXew)
5651 35 155 MWD-650 y
(5 NPOMEXYTOYHbIX KApOTaXXewn)
5676 40,6 136,6 MWD-650
(4 NPOMEXYTOYHbIX KapoTaxa)
5643 60 108 GEOLINK
(2 NpOMEXYTOYHbIX KapoTaxa)
5666 51 123 GEOLINK
(3 NpOMEXYTOYHbIX KapoTaxa)
5668 42 90 GEOLINK
(2 NpoOMEXYTOYHbIX KapoTaxa)

Taknum obpasoM, npumeHeHne Tenecuctembl «Geolink» npu GypeHMn ropu3oHTanbHbIX CKBaXKUH AaET
BbIMIPbILL B CPOKaX CTPOUTENLCTBA 2—3 [HS, AaKe HECMOTPS HAa OrpaHNYeHNs1 B MEXaHUYECKO CKOPOCTU ANs
Mony4YeHNst Ka4eCTBEHHON 3anuncu KpuBbIX.

OKOHOMMYECKUIN 3P EKT OT Ncnonb3oBaHus Tenecnctemnol «Geolink» npeacraeneH B Tabnuue 2.

Tabnuua 2 — SxoHoMUYeckuii ahdeKT OT NCNonb3oBaHNUs Tenecuctemsl «Geolink»

MokasaTtenu MWD-650 GEOLINK
KapoTaxu (B cpeHeM), CKBaXKMHO-ornepaLmm 5 2
CpepHsia (dhakTnyeckas) CTOMMOCTb NpoBeAeHMs 1 kapoTaxa, MITH pyo. 0,284
KonunyecTBo ckBaXWH, LUT. 7
CroumocTb 1 yaca paboTbl Oyposon Opuragpl (baktnyeckas), MiH pyo. 0,050

VMicnonb3oBaHue gonot Ha 1 CKBaXWHy, LWIT.:

215,9 M3 I'BY R-206 3 3
215,9 CI'BY R-190 3 -
215,9 M3 TAY R-233 - 1
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OkoHyYaHue Tabnuubl 2

CtoumocTb onoT, MiH pyb.:

215,9 M3 I'BY R-206 0,456

215,9 CI'BY R-190 0,374

215,9 M3 TAY R-233 0,846
CroumocTb AonoT o6Lwwas Ha 1 CKBaXKuHy, MITH pyo. 2,491 2,216
CtoumocTb A0MnoT 06Las Ha 7 CKBaXWH, MITH pyo. 17,440 15,512
AmopTusauusa 1 Tenecuctemnl B MecsiL, MrH pyo. 1,430 9,964
PasHuua amopTtusaumm Tenecuctem B rog (996374—-143000) - 12 (mec.), MIH pyo. 10,240

1. OKOHOMUSA 3a CYET COKpaLLEeHMs KonMyecTsa AOSOoT:
17,440 — 15,512 = 1,928 mnH py6.
2. OKOHOMMS 3a CHET COKpaLLleHMs KONMYeCcTBa onepauui No 1 CKBaXuHe:
(5 —2) (24 0,050 + 0,284 15 — 2) = 4,452 mnH pyb.
3. OKOHOMMS 3a CHET COKpaLLleHWsi KoNMYecTBa ornepaumii No 7 CKBaXKMHaM:
4,452 07 = 31,164 mnH pyo6.

4. DKOHOMMSA C Y4ETOM 3KCMyaTaUMOHHbLIX pacxofoB Ha Ternecuctemy «Geolink» oTHocuMTenbHO
MWD-650:

31,164 — 10,241 + 1,928 = 22,851 mnH py6.

Oxvpaembii 3KOHOMUYECKUIA 3hdEKT OT MCnonb3oBaHUa Ternecuctembl «Geolink» coctaBuT 22,851
MITH py6.

3akntoyeHune

/3 BbILLEN3NOXEHHOTO MOXHO CAeNaTtb BbIBOG O TOM, YTO MPUMEHEHME ManorabapuTHbIX TENECUCTEM
«Geolink» gaéT BO3MOXXHOCTb COKpaTUTb HEMPON3BOANTENbHOE BPEMS Ha MPON3BOACTBO MPOMEXYTOYHBIX Ka-
poTaxen oT 2 0o 3 CyT., a BpeMsi CTPOUTENBLCTBA rOPU3OHTArNbHON CKBaXUHbI OT 2 10 5 cyT. Mpn 3TOM Hy>XHO
OTMETUTb aBHOE MPENMYLLECTBO NCMNOSIb30BAHNA TENECUCTEM HOBOIO MOKONEHNA — 3TO BO3MOXHOCTb Ore-
paTVBHOW KOPPEKTUPOBKM TPAEKTOPUU FOPU30OHTaNbHOM YacTu CTBONA B 3aBUCMMOCTU OT XapakTepa HacblLLe-
HUs KonnekTopoB. OXuaaeMbli 3KOHOMUYECKUIA 3PeKT cocTaBnT 22,851 MrH pyo.

NurepaTtypa

1. bynatoB A.N., CaBeHok O.B. OcnoxHeHuns 1 aBapuv Npu CTPOMTENbCTBE HEMTAHBLIX U ra30BbiX CKBAXKWH. —
KpacHopap : OOO «[pocselueHune-tOrs», 2010. — 522 c.

2. bynatos A.U., CaseHok O.B. 3akaHumBaHne HeTSAHbIX U ra3oBbIX CKBaXKWH: Teopus 1 npaktuka. — KpacHoaap :
000 «IMpoceeLeHme-tOr», 2010. — 539 c.

3. bynatoB A.W., BonoweHko E.FO., Kycos I".B., CaBeHok O.B. Okonorvs npu cTpoutenscTeBe HeTSHbIX U ra3o-
BbIX CKBaXWH : y4ebHoe nocobuve ans ctyaeHToB By30B. — KpacHogap : OO0 «[pocselyeHune-HOr», 2011. — 603 c.

4. bynatoB A.W., CaBeHok O.B. KanutanbHbii noa3eMHbIN pEMOHT HE(PTAHBIX U FAa30BbIX CKBaXXMH B 4 TOMax. —
KpacHopap : Uspatenbckuii Jom — KOr, 2012-2015. - T. 1-4.

5. bynatoB A.W., CaBeHok O.B. MNpakTrkym no gucuunnuHe «3akaH4nBaHue HeTAHbIX U ra30BbiX CKBAXWUH» B 4
Tomax : y4ebHoe nocobue. — KpacHogap : Uspatensckun Jom — tOr, 2013-2014. — T. 1-4.

6. bynatoB A./., CaBeHok O.B., Apemuinuyk P.C. Hay4Hble OCHOBbI M NpaKTUKa OCBOEHUS HEDTSHbBIX U ra3oBbIX
ckBaxuH. — KpacHopap : NspaTtensckuit lom — KOr, 2016. — 576 c.

7. bynatoB A.l,, Kaumap 10.[., CaBeHok O.B., Apeminuyk P.C. OcBoeHHS1 HAadhTOBMX | ra3oBMx cBepAnoBuH. Hayka
i npakTyka : MoHorpadis. — JIbeis: Crnonom, 2018. — 476 c.

8. CaeeHok O.B., Kaumap 10.[., Apemuituyk P.C. HedpTerazosasi MHXeHepUs Mpu OCBOEHUN CKBaXUH. — M. : UH-
pa-UnxeHepusi, 2019. — 548 c.

9. Tpetbsik A.A., CaBeHok O.B., LLisey B.B. OxpaHa Tpyaa n TexHuka 6e3onacHoCTy npu BypeHnun 1 akcnnyaTauum
Hed)TerasoBbIX CKBaXWH : yyebHoe nocobue ans crtyaeHToB BY3oB, obyyalowmxcs no HanpasneHuto «Hedterasosoe
genox». — HoBouvepkacck : N3gatenbcTtBo «Jlnk», 2016. — 290 c.

10.ManvkeeB W.A., NBaHoBa T.H., Ps6oB IM.I1. AHanu3 3abonHoro TenemeTpuyeckoro obopynoBaHns Ha coBpe-
MEeHHOM aTane pa3Butus bypeHus ckBaxuH // bBynaToBckue uteHus. — 2018. — T. 3. — C. 72-75.

11. lo6poyacos A.W., Monosa XK.C., CanomatoB B.A. TeXHUKO-TEXHONOIMYECKNE PELLEHNS MO MOBbLILLEHMIO -
dekTMBHOCTU BypeHust GOKOBbLIX FrOPM3OHTaNbHBIX CTBOMOB Ha MecTopoxaeHusx 3anagHon Cubupm // BynatoBckue yTte-
Husa. —2017. - T. 3. — C. 76-82.

233



BYJNNATOBCKHUE YTEHUA CBOPHUK CTATEMN — 2020

12. EsgakoB C.H., JlybsHoBa C.U. TexHonorusi NpoBOAKN rOPU3OHTarbHbIX CKBaXWH TENEMETPUYECKMMU CUCTe-
Mamu ¢ 6ecrnpoBOAHbBIM 3NEKTPOMarHUTHBIM KaHarnom Ha npuMepe TenemMeTpuyeckon cuctembl manoro gnametpa 3TC-
423M-M // BynatoBckue 4teHus. — 2017. — T. 3. — C. 83-84.

13. MoctoBomn B.A., CaBeHok O.B. TexHonorust 6ypeHnsi ropu3oHTarnbHbIX CKBaXXMH C MOMOLLBIO TENECUCTEMBI HA
CeBepo-YpeHronckoM HedTerasokoHaeHcaTHOM MecTopoxaeHumn // Hayka. TexHuka. TexHonorum (nonmMTexHU4ecKuin
BECTHUK). — 2019. — Ne 1. — C. 316-333.

14. MoctoBomn B.A., CaBeHok O.B. TenemeTtpuyeckoe conpoBoxaeHve npu 6ypeHnn ropusoHTanbHbIX CKBaXKUH //
Hayka. TexHuka. TexHonorum (MoNMTEXHUYECKUI BECTHUK). — 2019. — Ne 2. — C. 178-200.

15. CadhpoHoB C.W., 1€ A 4., WadcurynnuH A.M. AHann3 TeneMeTpu4ecKkor CUCTEMbI C KOMIMMEKCOM reodunsmye-
CKMX NpuBOpPOB ANS kKapoTaxa B peXume peanbHoro Bpemenu // bynaTtoBckue yteHus. — 2018. — T. 3. — C. 295-302.

16. Savenok O.V., Arutyunyan A.S., Petrushin E.O., Likhacheva O.N., Kusov G.V. Secondary opening of productive
layers // Advances in Engineering Research, volume 133 Proceeding of the International Conference «Actual Issues of
Mechanical Engineering». — 2017 (AIME 2017). — P. 734-741.

References

1. Bulatov A.l., Savenok O.V. Complications and accidents at construction of oil and gas wells. — Krasnodar :
Enlightenment-South LLC, 2010. — 522 p.

2. Bulatov A.l., Savenok O.V. Finishing of Oil and Gas Wells: Theory and Practice. — Krasnodar : Enlightenment-
South LLC, 2010. — 539 p.

3. Bulatov A.l., Voloshchenko E.Yu., Kusov G.V., Savenok O.V. Ecology in the construction of oil and gas wells :
a training manual for university students. — Krasnodar : Enlightenment-South LLC, 2011. — 603 p.

4. Bulatov A.l.,, Savenok O.V. Oil and Gas Wells Underground Overhaul in 4 volumes. — Krasnodar : Publishing
House — South, 2012—2015. — Vol. 1-4.

5. Bulatov A.l., Savenok O.V. Workshop on the discipline «Finishing oil and gas wells» in 4 volumes : a training
manual. — Krasnodar : Publishing House — South, 2013-2014. — Vol. 1-4.

6. Bulatov A.l., Savenok O.V., Yaremiychuk R.S. Scientific bases and practice of oil and gas wells development. —
Krasnodar : Publishing House — South, 2016. — 576 p.

7. Bulatov A.l., Kachmar Y.D., Savenok O.V., Yaremiichuk R.S. Development of oil and gas wells. Science and
Practice : Monograph. — Lviv : Paul, 2018. — 476 p.

8. Savenok O.V., Kachmar Yu.D., Yaremiychuk R.S. Oil and gas engineering at development of wells. — M. : Infra-
Engineering, 2019. — 548 p.

9. Tretiak A.Ya., Savenok O.V., Shvets V.V. Occupational Health and Safety in Drilling and Operation of Oil and
Gas Wells : a textbook for students studying in the field of «Oil and Gas Business». — Novocherkassk : Publishing House
«Lik», 2016. — 290 p.

10. Galikeyev I.A., Ivanova T.N., Ryabov P.P. Analysis of the downhole telemetry equipment at the modern stage
of the well drilling development // Bulatovskie readings. — 2018. — Vol. 3. — P. 72-75.

11. Dobrochasov A.l., Popova Zh.S., Salomatov V.A. Technical and technological solutions to increase the effi-
ciency of the lateral horizontal borehole drilling in the West Siberian fields // Bulatovskie readings. — 2017. — Vol. 3. —
P. 76-82.

12. Evdakov S.N., Lubyanova S.I. Technology of the horizontal wells wiring by the telemetric systems with the
wireless electromagnetic-nitric channel on the example of the ZTS-42EM-M small diameter telemetric system // Bulatovskie
readings. — 2017. — Vol. 3. — P. 83-84.

13. Mostovoy V.A., Savenok O.V. Technology of the horizontal wells drilling by means of the telemetry system at
the Severo-Urengoi oil-gas-condensate field // Nauka. Technique. Technologies (Polytechnic bulletin). — 2019. — Ne 1. —
P. 316-333.

14. Mostovoy V.A., Savenok O.V. Telemetry support at the horizontal wells drilling (in Russian) // Nauka. Technique.
Technologies (Polytechnic bulletin). — 2019. — Ne 2. — P. 178-200.

15. Safronov S.1., Deu A.D., Shafigullin A.M. Analysis of the telemetry system with a complex of the geophysical
instruments for a logging in a real-time mode // Bulatovskie readings. — 2018. — Vol. 3. — P. 295-302.

16. Savenok O.V., Arutyunyan A.S., Petrushin E.O., Likhacheva O.N., Kusov G.V. Secondary opening of productive
layers /I Advances in Engineering Research, volume 133 Proceedings of the International Conference «Actual Issues of
Mechanical Engineering». — 2017 (AIME 2017). — P. 734-741.

234



