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CJIOBO PEJAKTOPA

JIpy3bs, MbI C/IEJIAJIA HEBO3MOXKHOE! 21-1
MeXayHapOAHAs HAYyYHO-TIPAKTUYIECKA
KOH(pepeH1HsA «KONTIOOMHTOBBIE
TexXHonoruu, I'PI1, BHy TPUCKBAXKUHHbIE
paboTel» cocTosiack! OHA MPOIIIA B
JIByX (pOpMaTax — OHJIANH U O(IaiiH
— B MOCKBE, B y’K€ IIPUBBIYHOM HallleH
AyAUTOPHHU I'OCTENPUHMMHOM «HoBOTE IE
Mocksa Cutm». fI ¢ 2a3apTOM U paJJOCTBIO
Ha6/II0/14J1 M3-32 OKEAH4 31 TEM, KaK
OJITHU KOJUIETY BBICTYIIAJIU B 34JI€, 4
JpyTUe — Ha 9KpaHe. TEXHUYECKUE
CPEACTBA U BO3MOXHOCTHU INIOOAJIBHOMN
Ay TUHBI ITO3BOJIMJIA HAM OCYIIECTBUTD ITOJTHOLEHHBIN OOMEH
MHEHMAMHA, O KOTOPOM MOIJIU TOJIBKO MEYTATH CPEAHEBEKOBBIE
MAry, I/ B MHOIOKPATHBIE OTPAKEHUA CBOUX KOIIOBCKUX
3EpKaL.

TeXHOJIOIrUM HE CTOAT HA MECTE, OTPAC/Ib PA3BUBAETCH,
HECMOTPA HA TAHJEMHUIO, TYPOYJIEHTHOCTD HEPTAHBIX
LIEH 1 60T 3HA€T 4TO enle. Hac He CJIOMUTB, IOTOMY YTO MbI
cribHBIe! HachIIMEeHHas IPOrpaMMa KOH(PEPEHIIUU BKJTIOYA1a
UHPOPMALUIO O HOBEUIINX JOCTHXKECHUAX HEPTEra30BOI'O
CEPBHCA, 32 YTO OTAEJIBHOE CIACHOO OTHOMY U3 OPraHHU3ATOPOB
KoHpepeHuu — ICOTA-Poccus, cymeBiieMy cCOOpaTh TAKHUX
3aMEYATEIbHBIX JJOKIAJIUKOB. [IOXOXE, UTO U ABOMHOM (pOpMAT
MEPOIPUATUS B HEMAJION CTENIEHHU 3TOMY IIOCIIOCOOCTBOBA,
IIOCKOJIBKY (PU3UUECKOE IPUCYTCTBUE JIEKTOPA B 34JI€ BAPYT
MIEPECTAJIO OBIT €AMHCTBEHHO BO3MOXHbBIM. 3A40KEAHCKHE
KOJIJIET'M HE TOJIBKO BBICTYITAJIM C IOKIAAMU C 9KPAHA, HO U
B PEKHME PEAJIBHOI'O BDEMEHU OTBEYAJIM HA BOIIPOCHI 3AJ14.
OTaenpHOE CrTacu60 UM 34 PAHHEE yTPEHHEE TPOOYKIECHHE B
CBSI3M C HECOBIIAZICHUEM YACOBBIX IOSACOB!

biraropapro n BTOporo opranmnsaropa KOHPEPEHIINY —
JKypHaJI «BpeMs konTiobuHra. Bpems I'PIT», pef1akiiysg KOTOporo
Cco6paia KJIIOYEBYIO NUH(POPMAITHIO BCEX 34 TOKJIA/IOB M I'OTOBA
OyZeT IPEJOCTABUTD €€ B IIEYATHOM BHJE B «BK» Ne 75 — mepsom
HOMepe HacTynamomero 2021 roga.

A B 3TOM BRITYCKE («BK> N2 74), KOTOPBI BBI AEPIKUTE B PyKAX
WJIM CKA4aJIM C CalTa Www.Cttimes.org, 06parure BHUMaHHE
Ha BTOPYIO YaCTb TE3UCOB JJOKJI/IOB U3 Byanenaca. Tam MHOTO
OTCBUIOK K pabOTaM, ITOKA HE UMEIONTUM aHAJIOrOB B Poccun
1 CHI. BO3MOXHO, KAKHE-TO U/IEU HATIPABAT BAC HA Y Th
HUMIIOPTO3AMEMIEHUS, KOTOPOE CTAJIO OYEHD AKTYAJIbHBIM B
Poccrnm. HaCTONMBKO aKTYaIbHBIM, UTO MBI IIOCBATHIN 3TOU TEME
OO30pPHYIO CTATBIO B pazfeie < IepCreKTUBbL>.

Taxske UHTEPECHA TYOIMKALIMA OT KOMIIAHUH
«benopycHedTb» 0 pa3BUTHHU KJ1acTepHOro I'PIT o TexHonoruu
Plug & Perf. KomnaHus JOCTUITIA B UCIIOIB30BAHUH 3TOU
TEXHOJIOI'MH OOJIBIINX YCTIEXOB! A MEHS JIMYHO HE IEPECTAET
YIOUBJIATD, KAK €LIE IATOK JIET HA3a/] OBbIBIIME SKCKIIO3UBHBIMU
TEXHOJIOI'MH CTAHOBATCS IIUPOKO UCIIONb3YEMBIMH, &

[IOTOM — 1 PYTUHHBIMH, YTO, OJHAKO, HE JIe/IACT UX JIETKO
OCYIIECTBUMBIMHU. BCE 3TO 3HAYUT, UTO NOAHUMAETCS OOIINIT
TEXHOJIOTMYECKUI YPOBEHD HEPTETA30BOI'O CEPBUCA, KT CBOIO
JIENITY B 3TOT IPOLIECC BHOCAT TAKHUE KOH(PEPEHIINH, KAK
HAIIIa MOCKOBCKas. KCTaTh, NpUIIamaro Bac Ha 22-10 BCTPEYY.
OHa cOCTOUTCS 06432TENBHO, ECJIU YK B ITOM aICKOM 'Oy
COCTOSANIACH 21-4.

3aKaHYUBAETCA I'OJl, OUEHD TAXKEBINA I'OJ. S HAIEI0Ch, YTO
HacTtynaomui 2021 rog NpUHECET BCEM HAM OOJIETYEHUE OT
HBIHEITHMX TATOT, YTO OH HE CTAHET I'OJOM TSKKUX IIOTEPb.
7Kenaio BceM BaM 3/I0POBbsI — 3TO TEIIEPH CAMOE ITIaBHOE!
boapocTu yxa, HeyraCuMOM HaJIEK/1bl, BEPHL B €651 U B TEX,
KTO psaioM!

Pon Knapx

_E,_

™ EDITORIAL

My dear friends, we have done the impossible! The
21-st International Scientific and Practical Coiled
Tubing, Hydraulic Fracturing and Well Intervention
Conference has taken place! It was held in two formats,
both online and offline in Moscow, at the welcoming
Novotel Moscow City which has already become a
traditional venue for our audience. I was happy and
excited to watch from across the ocean my colleagues
delivering their reports whether in the auditorium, or on
the screen. The technical means and capacities of the
global network helped us to ensure a comprehensive
discussion, an achievement which medieval magicians
could only dream of looking at the multiple reflections
in their magic glasses.

Technologies are always on the go and the industry
keeps developing in spite of the pandemic, turbulent prices
and heaven knows what else. We are not to be broken
because we are strong! The busy agenda of the conference
comprised information on the most recent achievements
of oil and gas service, and we say a special thanks for that to
ICoTA-Russia, one of the conference hosts which managed
to gather such brilliant speakers. The double format of the
event seems to have contributed to a great extent to its
success as, all of a sudden, the physical presence of a speaker
proved to be an option but not a must. Apart from delivering
reports from the screen, overseas colleagues also answered
online the questions asked by the audience. And we are truly
thankful for the necessity to wake up in the early morning
hours because of the lag time between the time zones!

I am also thankful to the other conference host, the
Coiled Tubing Times journal, whose editorial board
compiled the key messages of all the 34 reports and is ready
to publish them in CT7T'No. 75, the first issue of the coming
2021.

As for the issue (CTTNo. 74) you hold in your hands or
have downloaded from www.cttimes.org,
please, pay attention to the second part of the reports from
the Woodlands. It contains a number of references to the
works which have no rivals in Russia and the CIS so far.
Some of them may give you the idea of import substitution
which has become highly relevant in Russia. The relevance
is so high that we made it the subject of our article published
in the Prospects column.

Cluster Fracturing Development Using Plug & Perf
Technology, an article by Belorusneft on the evolution
of cluster fracturing based on Plug & Perf technology, is
also noteworthy. The company has made good progress
in applying this technology! As for me, I can’t help feeling
impressed that the technologies which used to be exclusive
as far back as five years ago, first come into common use
and then become part of everyday routine, although still
hard to implement. It means that the overall technology
level of oil and gas service is going upwards, and such events
as our Moscow conference contribute to the process. In fact,
I'would like to invite you to the 22" meeting. It will be held
by all means since, even in this pandemoniac year, we made
it possible to conduct the conference for the 21% time.

‘We are close to seeing out this year, an extremely
challenging year. I hope that the coming 2021 will bring
relief soothing down the current distress and that it will
not be another year of grievous losses. I wish everybody
good health, which is the most essential value today! May
we all remain cheerful, alive with hope and charged with
confidence in ourselves and those beside us!

Ron Clarke
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MNpun nopaepxxke MuHncrepcTea sHepreTnkn PO

21-a Mex/lyHapO/JHAA HAYYHO-TIPAKTUYECKAS
koHdepeHUs «KOMTIOOUMHTIOBbIE TEXHOJIOTUH, I'PI1,
BHYTPHUCKBA>KUHHBIE PAOOTBI» COCTOSINIACH!

OHa npornuta B 04HOM popmare 26—27 HOsIOPst
2019 roga B MockBe B rocTuHulle «<HoBoTeab MOCKBa
CUTHU» U TPAHCIIUPOBAJIACH B CETU MTHTEPHET, TAK 4TO
OHJIAIH B €€ CEKLINUAX HACYUTBIBAJIOCh TPAKTUYECKU
BJIBOE OOJBIIE YYACTHUKOB, YEM O(DJIATIH.
Coornomenue k 100+ B Cetu k 50 B 3a71€. B ycnoBusax
MaHJEMHH OB NIPEJIPUHATHI BCE BO3MOXKHBIE
MEPBI 3AIUTHL: XOPOIIAsl BEHTU/IALINA 34J14,
CIIEIIUAIBHAS PACCAIKA, YYUTBIBAIOMAS TPEOOBAHUA
COLIMAJIBHOTO IMCTAHIIUPOBAHU S, HCIIOJIb30BAHUE
CPE€CTB UHIUBUYATBHOM 3aITUTHL.

Opranu3aTopaMu MEPONPHUATHS TPAJULITTOHHO
BBICTYITMJIM POCCUHICKOE OTAEIEHHUE ACCOLTUALTUU
CIIEIIUAJIUCTOB IO KOJITIOOMHTOBBIM TEXHOJIOTHUAM
Y BHYTPHUCKBAKMHHBIM padoTam (ICOTA-Poccus)

U PEAAKIINSA HAYYHO-TIPAKTHYECKOTO XKy PHAJIA

«Bpems konrTiob6uHra. Bpems I'PIT». OpuiinaabHyIo

NOAJEPKKY KOH(DEPEHIINH OKA32710 MUHHUCTEPCTBO

3HepreTuky Poccninckorn degepanmum.

CHOHCOPCKYIO IO AEPKKY OKazanu: I'pyniia O/
1 NOV Fidmash (30710TbI€ CIOHCOPBI), KOMITAHUSA
Imombep:xe» (cepebpAHbIN CTOHCOD), ESTM n
OO0 dTakep Cepsuc» (cnoHCOpPsl), C3A0 «HoBUHKA»
(CTIOHCOP OTAEIBHOM CEKITUN).

MexayHapOAHAS HAYYHO-TIPAKTUYECKAA
KoH@pepeHUs «<KONTIOOMHI'OBBIE TEXHOJIOTHH,

I'PIT, BHYyTPHUCKBA)KUHHBIE PAOOTHI> —

crapermunn B Poccun Gopym, IMTaBHOE COOBITHE

B KaJICH/IAPE POCCUMCKOTO otaenenus ICoTA.

MeponpusaTHe Kax/IbIi rofi COOGUPAET CBOIO

LEJIEBYIO AyIUTOPHIO — IIPEACTABUTEIIEN

HEPTEra30CEPBUCHBIX, HEPTETA30100bIBAIOIINX,

MPOU3BOAAIINX OOOPYIOBAHUE U MATEPUAIIBI JJI

BBICOKOTEXHOJIOTMYHOI'O HE(PTEra30BOI'O CEPBUCA

KOMITAHUH. 11 HBIHENTHUH I'O/] HE CTAJI HCKJIIOUYECHUEM,

HECMOTPS Ha (PAKTOP NAHJAEMUH.

IIpoGiaemMaTHKka KOH(DEPEHIITHH HEU3MEHHO
doxycupyeTcsa Ha TAKHX TEMAX, KAK:

e KoJITI0oOMHT'OBBIE TEXHOJIOTUH;

e AKTyanbHbIe TexHooruu I'PIT (MI'PIT B
T'OPU30OHTAJIBHBIX CKBaKUHaX, ['TITT rmroc I'PTT,
I'PIT ¢ 230TOM, UCTTOIB30OBAHHE KOJITIOOMHTIA IIPU
nposeaenuu I'PIT, 6onbmeodbemubie I'PIT, KI'PIT
wnroc I'PITm gp.);

* Kucnorneie 06paboTku (B T. 4. Marpuunbie BCKO );

e PasinasbHOE BCKPBITHE TIJTACTOB;
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* COBpPEMEHHDBIE METO/BI T€O(MPUZUIECKOTO
HUCCJIEJOBAHUS CKBAKHH, B T. 4. TOPU30HTAIBHBIX;
JIOCTAaBKa re0(pU3NUECKUX ITPUOOPOB C TOMOIIBIO
KOJITIOOMHI'A ¥ BHYTPUCKBAKUHHBIX TPAKTOPOB;

* BHYTPUCKBAKUHHBIA UHCTPYMEHT JIJIS

BBICOKOTCXHOJIOI'MMYHBIX p36OT;

3ape3Ka OOKOBBIX CTBOJIOB;

e I'MIPOMOHUTOPHOE OYPEHHUE;

e MIHCTPYMEHTAJIBHBIN CEPBUC (JIOBUJIbHBIC
orepanuu, ppe3epoBaHne, yCTAHOBKA
OTCEKAIOIINX ITAKEPOB U IP.);

* HoBbI€ METO/IBI ITOBBIIEHU S HEPTECOTAAYU
IIACTOB;

hd PCMOHTHO—I/ISOJIHLI,I/IOHHI)IC p2160'1‘b1;

° HpOMbICJIOBﬂSI XXMM 1151 BBICOKOTEXHOJIOTHUYHOI'O
He@TEra30BOro CEPBUCA (PEATEHTHI U MATEPHUATIBI
st IPI, komno3unyu st [THIT, cocTaBbl
s PUP u gp).

B 21-11 BcTpedye NPpUHAIMN yYaACTUE JEJIETATHI U3
pasHbIX peruoHOB Poccurickor Pepepanuu, CIIA,
Kwuras, Typuuu, benapycy, l'epmanuu, OAD. OHu
MIPEACTABIIAIN 78 CTPYKTYP, B TOM YHCJIE KOMIIAHUU
«[asnpom», TaznpomuedTs HT1l», Jlakep CepBuc»,
«TatHE(TD>, dIlMOMO€EpxKE>, TarpaC-PemCepBUC»,
«Dpak/lxxeT-Bonra», Weatherford, Baker Hughes,
«benopycHePTb», «MeKkaMuHEPTh», [TKD «['HIC
Hedrecepsuc», «MIBA CEPBUC», I'pynina P/,

NOV Fidmash, NOV Quality Tubing, NOV «EBpasus»,

NOV Oilfield Services Vostok, BP Russia, Baker Huges,

«KOMTA3», C3AO «HOoBUHKA», «PUAT>,

«OWJI DHEPII)KW», HII® «[Takep», Schoeller-

Bleckmann Darron Russia, CoilDRILLING

Consultancy, <JIxxaedreman», HK

«Orpanedrenpom», «Bemnllpon», The WellBoss

Company, Uni-Arab Engineering & Oilfield Services,

ESTM, SHINDA, Tenaris, «/I>xeppu-Hedrerazosoe

060pyIOBAHUE» U JIP.

Konpepennuio oTkpsul npeacenarenb ICOTA-
Poccus, K. 1. H. KoHCTaHTUH Bypaun: «Pan
IIPUBETCTBOBATD YYACTHUKOB OYepesHOH, 21-

1, KOH(PEPEHIIUU, KOTOPAS IPOXOAUT B IBYX

(opMaTax B O4EHbD CJIOKHOE BpeMsl. HBIHEITHUT IO/

CTaJI UCIIBITAHUEM JIJISI BCEX HAC: U 17151 CEPBUCHBIX

KOMIIAHWH, U JJI IIPOU3BOJUTENEH TEXHUKU U

TUOKUX TPYO, U /151 AOOBIBAIOIIUX KOMIAHUNA. XOTA

B ITOCJIEJHEE BPEMS HE(PTAHBIE [IEHBI HECKOJIBKO

OTBIT'PBIBAIOT MO3ULIUH, HUKTO HE BO3BMETCS

MIPOTHO3UPOBATH, KAK IOJITO COXPAHUTCSA T4

TeHJEHIUA. TEXHOIOINH HE CTOSIT HA MECTE, I B



POCCHUA

Coiled tubin
«oliea Tuning

A8 KONTHEMHTA
EFEPAE PN

21-1 MexayHapoaHas Hay4HO-NpaKTn4ieckasa KoHdepeHuvsA
«KonTio6uHroBbie TexHonoruu, NP, BHyTpUcKBa)KMHHbIE PaboTbI»

MNpun nopaepxxke MyuHncrepcTea sHepreTnkn PO

IPEACTOSIUNE IBA JHS MBI YCIBIITUM MHOXECTBO
UHTEPECHBIX JJOKJIAI0OB>.

IIporpamma 21-i1 KoH(pepeH1nH «KOnTIOOUMHIOBbIE
TexXHONOruy, 'PIT, BHyTPUCKBAKUHHBIE PAOOTHD
0OKa3a/1aChb MAKCUMAJIBHO HACBIIIEHHOMN. /[IBOIMTHOM
O4YHO-3204YHBIN (popmaT
IIO3BOJINJI KOJUIETAM HU3-34
OK€aH4a IIOJIHOLIEHHO O3BY4YUTb
CBOU COOOIIEHUS Y OTBETUTDH
Ha BOIIPOCHI AyAUTOPUH. YacTb
JTOKJIAIOB ObLIA 3aITHCAHA
3apaHee, BOIIPOCHI 1O HUM COOPAHBL U 4/IPECOBAHEI
4BTOPAM, HO OCHOBHAS 4YaCThb IIPOrPAMMEI ObLIA
O3BYY€HA B 3JI€ C TPUOYHBI KOH(DEPEHITUU.
[IporpaMma BK/IIOYA/Ia MECTb CEKITUHI, BMECTUBIINX
34 nokjana. Beacss CMHHXpOHHBINU IEPEBO/L.

I1epBYIO CEKIIUIO OTKPBIJIO BBICTYIIJIEHHE
PYKOBOAUTEA aHATUTUYECKOU rpynibl RPI Research
& Consulting. Baguma Kpasena «CrieHapHBIH
MPOTHO3 PAa3BUTHUA POCCUCKOIO HEPTECEPBUCHOTO
PBIHKA, BKJIIOYAS €TO CETMEHTHI — KOJITIOOWHT U
I'PIT», B KOTOPOM OBLIIO U3TIOKEHO BU/ICHHUE BCET'O
HE(MTECEPBUCHOTO PBIHKA 1, B YACTHOCTH, €TO
CHENUANN3UPOBAHHBIX CETMEHTOB KOJITIOOMHI'A U
I'PIT. Ananmtukamu RPI B yC/I0BUAX HEYCTONYHUBOCTH
PBIHKA, HICXO/ A U3 OCHOBHOT'O MIOKA34TEJIA — LIEHBI
Ha HEPTD — ObLIN PA3PA6OTAHBI TPU CLIEHAPHUS:
ONITUMUCTUYECKUI, HEUTPAJIbHBINA ¥ HETATUBHBIH.
Br110 0OTMEYEHO, YTO HEYCTOMYUBOE IOJIOKEHUE
HA JJOOBIYHOM PBIHKE COXPAHUTCA B JOCTATOYHO
OOJIBIION CPEAHECPOYHON NTEPCIEKTUBE.

Ocob60€ BHUMAHUE JJOKIAJIUK OOPATUII HA TO
O6CTOATENBCTBO, YTO HE(PTECEPBUCHBIA PBIHOK

CTaJI Y€TKO PBIHKOM 34K434YHK4, IPUYEM [IEHOBOE
JaBJIEHNE IIOCTOSTHHO PACTET.
BosMoxkHOE CKaTHE PBIHKA
I'PO3UT YCIIOKHEHUEM B padoTe
HE3ABUCUMBIX CEPBHUCHBIX
KOMIIAHHWI, [IPUYEM C PbIHKA

KOMIIaHUH, KOTOPBIE HE CMOT'Y T
MIPEJIOKUTH IIPOIPECCUBHBIE
TEXHOJIOT' Y.

VYrasmmt B 2019 ropy cermenT KPC notsanys 3a
COOOM U CEIrMEHT KOJITIOOUHIA. [TpH HEUTPAIBHOM
CIIEHAPUU HEKOTOPOE Ta/ICHUE KOJIMYECTBA
KOJITIOOMHI'OBBIX OlEpaliui OyZeT HAOII0AAThCS 10
2022 roza, Ipy ONTUMUCTHYECKOM BOCCTAHOBJICHUE
PBIHKA IIPOU30IAET B 2021 rofy, Ipy HErATHBHOM

[Nporpamma BKko4ana wectb
CeKunn, BMECTUBLUNX 34 OKNAAA.  nakmonHO-HANPABICHHDIX

HedTecepBUCHbIN PbIHOK CTar
4eTKO PbIHKOM 3aKa34mKka,
npuvyem LLeHOBOE faBfieHne
OyZyT BBITECHSITHCSI TE€ CEPBUCHBIE MOCTOAHHO pacTeT.

MaJICHUE MOXET IIPOMJINTHCS 1O 2023 roga.
OCHOBHBIM JJPA¥IBEPOM PBIHKA MOI'YT CTATh
onepanuu MTPIL B 2019 roay pbiHOK I'PIT; eciin
PAa3JIOKUTH €I'0 Ha IIOACEIMEHTBI, HEMHOI'O BBITSIHYJI
I'PIT Ha nepexOHOM (POHJE, B KOJIUYECTBEHHOM
COOTHOIIIEHUU

Y1 OTIEpaliiu
onHocTaaurHoro I'PIT B

CKBAXXUHAX, HO OYE€Hb
CHJIBHO BBIPOC, OCOOEHHO
B IIEHOBOM OTHOIEHNH, cermeHT MI'PIT. IToaTtoMy
MOYKHO IPEANOIONKUTD, YTO cerMmenT MI'PIT 1 ganplie
OyZAET TAHYTDb BBEPX BECH 3TOT PBIHOK, B TOM YUCJIE
34 CYET BBOJA ITOPU3OHTAIBHBIX CKBAXKUH, HA
KOTOPBIX U OYAET NPOU3BOANTHCS I'HJIPOPA3PHIB.
IIpy OIITMMHUCTUYECKOM CLieHApHK Ha cermeHT I'PIT
B 2030 rogy NIpuaeTCA B ICHEKHOM BbIPAXKECHUU
6onee 80% Bcero HeTeCcepBUCHOIO phIHKA. [Tpu
HETATHBHOM CLIEHAPUHU POCT OYAET 3HAYUTETBHO
CKPOMHEE, IPUYEM OOJIBIIOE BIUAHHUE CIOCOOEH
OKa3aTb BO3MOXHBIH JIEMITUHI CO CTOPOHBI
KATANUCKUX KOMITAHHUH, KOTOPBIE MOT'Y T ITIOABUTHCS
Ha PBIHKE.

[opTtdens TOKIaT0B KOHMPEPEHIIUU MOKHO
YCJIOBHO PA3/JIC/IMThL HA TPU Pa3/Ie/id: TEXHOJIOI'MH,
060pYIOBAHUE, HETOCPEACTBEHHO 'NOKAS TPYOa.
I'maBHBIM (POKYC NIPOrPAMMBI ObLT TPAIULIMOHHO
HAINPAaBJIEH HA IIPOI'PECCUBHBIC TEXHOIOIUH,
MPEJCTABICHUE KOTOPBIX IIPOIIIO IO ATU/ION
UHXXEHEPHOTO coobuiecTsa ICOTA-Poccust.

Okcnept LeHTpa KOMIIETEHIIUI IO TEXHOJIOTHUAM
CTPOUTENBCTBA U PEMOHTA CKBA’KMH OJIOKA
3KCNEPTU3DI U PYHKIIMOHATIBHOT'O PA3BUTHSA
00O dasmpomuedTs HTLI»
Cepre#t CUMaKOB BBICTYITMJI C
JoknagoM «KucnorocrpyitHoe
TyHHenuposanue ¢ FTHKT
B riepuMeTpe Komnanum».
JUpeKTOp 110 PA3ZBUTUIO
ouszHeca OO0 lakep CepBUC»
KUYuruH AHATOINNA PACCKA3aII
06 MHTETPUPOBAHHOM IMOAXO/E K PENIEHUIO
Ie€OJIOTMYECKHUX BbI3OBOB, 4 ITTABHBIA TEXHOJIOT
ciry>k0b1 I'PIT TOI sk€ KOMIAHUU —

O KOMOMHUPOBAHHUHU ATTBTEPHATUBHBIX )KUJKOCTEH I'PIT.

I'masubIld nHXEeHEP OO0 «TarpaC-PemCepBuc»
npeanpuaTus «<AKTIOOMHCKPemCepsuc» Mpek
AnpuIrapees 1 IMIaBHBINM KOHCTPYKTOP — IIEPBLIA
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3amecturesb aupekropa C3A0 «<HoBuHKA»
(T'pymnma M) Ceprert ATpyIIKEBUY BBICTYIIUIIN
C COBMECTHBIM JOKJ/I1a10M «OpHUEHTUPOBAHHOE
OypeHHE GOKOBBIX OTBETBJICHULD.

Lensiil psag npobdieM
OCBETUJIN IIPEACTABUTEIN
KoMITaHUU «JIL1IoM6epKe».
Epnan MccabeKkoB NPEIOKII
3(PPEKTUBHYIO JUATHOCTHKY
CKBaKMH JUISA YIy4YIIEHUS
HPOAYKTUBHOCTU. Biragumup
CrernaHoB BEICTYIIWII C JOKJIAA0M «JIponnBas cBeT Ha
pa6oTsl ¢ 'HKT B CKBA)KMHAX C MHOTOCTA/IUHHBIM
3aKaH4YMBaHUEM». Pycrem CyHaratoB Ha OCHOBE
AHAJIN3A IpUMEPA PabOT, IPOBEJIECHHBIX HA
bimkHeM BOCTOKe, paccka3an 06 yCIENTHOM
U3BJICYEHUH KOJIOHHBI, yCTAHOBJIEHHOM /I
TexHosnoruu Velocity String. Mnbsac McnamoB u
Anexcert Ceprees npegcrasuian onblT FTHKT u I'PIT
koMnaHum: [Ipemuym I[TOPT — 6A30BYIO TEXHOJIOTHUIO
JUI 3PPEKTUBHON PA3PA6OTKH YETAaKOBCKOTO
MECTOPOXKICHUSL.

Bosbime ycriexu B IPOABHKEHNHN TeXHONMOIM I'PIT
JEMOHCTPUPYET KOMIIAHUA
«benopycHeTb», O UeEM

Bnagumup Mapuenko u Jlenuc
3aKPY>KHBII, TPEACTABUB C
TPUOYHBI KOH(PEPEHIIUH PA3BUTHE KJI1aCTEPHOTO I'PIT
o TexHosiornu Plug & Perf. JupeKTOpP IO Pa3BUTHUIO
ousneca OO0 «Onn OHepaxn» Erop Muxanuibia
PacCKa3aJ1 O MOBEAEHUN PACTBOPHUMBIX CILJIABOB U
U3/IEINHI U3 HUX B 3400MHBIX YCJIIOBUAX.

Corpynnuk komnanuu Tenaris Coiled Tubes
Xopxe byHre 03HaKOMUJI IIPUCYTCTBYIOLIMX C
YCIIEITHON Peann3anmnen ppe3epoBaHnsa IPOO6OK B
MEPBBIX HETPAJAUIIUOHHBIX
TOPU3OHTAJIbHBIX I'A30BbIX
CKBaKMHAX IIPU BLICOKHUX
JasyeHuax 1o 15 000 psi
U BBICOKHUX TEMIIEPATYPAX
B OAD. <KonTio6MHr
TIOBBIIIIEHHOMN HAJIC;KHOCTHU
— KaK IIOBPEXK/ICHUA
OT IIPOCKAJIb3bIBAHUA
TPYObI BIMAIOT HA CPOK
€€ CJIyKObI?> — TAK HA3bIBAJICA JOKIA] CKOTTA
[Ilepmana, TEXHUYECKOI'O AUPEKTOPA Nexus
Energy Technologies. CrieruaaucT B 0071aCTH
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MMaBHbIN HOKYC NPOrpaMmmbl
ObIn TPAgULUMOHHO HanpaBneH
Ha NPOrpeccuBHbIE TEXHONOIUU,
n pe,El,CTa BHFH me KoTo ple n pOLUﬂ (0] (Tpymma OV ). Pemenuys I'pynibl
nog 3rnaoun MHXeHepHoro
coobuecTtBa ICoTA-Poccus.

WHHOBALWH, SKCIIEPT 10 UHTEJUIEKTYAJIbHBIM
YCTBEBBIM cucTeMaM Yajy Ban ByCKepK BbICTYIINII C
JOKJIAZOM «Byayliee y»xe HaCTyIHI0. D(PPHEKTUBHOE
UCIIOJIb30BAHUE U 6E30IMACHOCTD Ha ydacTKe ['PIT —
ABTOMATU3UPOBAHHBIIN y4aCTOK

C pblHKa byayT BbITECHATLCA IPID.
Te cepBUCHbIE KOMMNaHUMU,
KOTOpble He CMOTyT NMPeasioXnTb
nporpeccBHbIE TEXHONOTMUNN.

Bosnbmon unrepec
CJIyIIaTesNeN BbI3BAJIO IIPEKPACHO
IIOCTPOEHHOE BBICTYILICHUE
I0cea Yaapuy, IpeCTaABIIABIIETO
CoilDRILLING Consultancy,
«KOnTIOGMHIOBOE OyPEHHE: KAK MHTEI DAL
TEXHOJIOTHH KOJNITIOOMHIOBOI'O 6YPEHUS U
BHYTPHUCKBAKMHHBIX PAOOT CTAHET HOBOH HOPMOM
JU1 HePTETa30BOM OTPAC/IN».

OO0 yCIENTHOM IIPEOJOIEHUY OIPDAHUYECHUN
HEOOJIBIINX IIAT(POPM IPU KOITIOOUHTOBBIX
OMEPALUAX PACCKA3AT TEXHUYECKUHI MEHEKED IO
I'HKT, Pressure Pumping International, Baker Hughes
Crusen Kperir.

BBICOKONTPOAYKTUBHOMY OOOPYIOBAHUIO
JUIs ocyiecTsiaeHus Texnonoruii FTHKT u
T'PIT, KaK TOJIBKO BBIBOAHMMOMY Ha PBIHOK, TAK
U yCOBEPIIEHCTBOBAHHOMY;,

OCHOBHbIM JPaNiBEPOM PbIHKA  YKe IPEKpacHo cebs
AOMOKHMI €€ MPEACTABUTENN — pMoryT cTaTh onepaummn MIP.

3aPEKOMEH/IOBABIIIEMY, ObLIA
IIOCBAIICHA 3HAYUTEIbHASA YACTh
NPOrPaMMBbI KOH(pEepEHIIUH. Pzt
JOKIa0B IpecTasmia I'pynna ®H /I, 06beJUHAIOm A
POCCHICKUE U 6ETIOPYCCKUE NPEATIPUATHS —
BEYIIHUE IIPOU3BOAUTEIN OOOPYAOBAHUSA 1JIA
HedTerazosoro cepprca B EADC. KomMmepueckur
JUPEKTOp KoMnaHuU [TaBes JIAKTUOHOB BBICTYITHII
CO CTpaTerndeCcKum AoxiaagoM «'pyrra OH]I — Buepa,
CEro/iH4, 3aBTPa». KomriekcHbIN noaxon K THKT
ocseTunu Ceprent CeprueHs, I71aBHbIN KOHCTPYKTOP
VIIPABJIEHHA IEPCIEKTUBHBIX
TEXHOJOTUHN KOMIIAHUU, U

IOpu# benyrux, 3aMeCcTUTENb
JUPEKTOPA 110 MAPKETHUHIY U
npogakam C3A0 «HoBuHKa»

DU 17151 BBICOKOPACXOTHOT'O
I'PITnipencTaBuil IJIABHBIN
KOHCTPYKTOP KOMITAaHUH POMaH
MIep6uH. O KOHTPOJIE COCTOSIHUS
I'HKT u paciupeHNH BO3MOXKHOCTEN IE(PEKTOCKOITA

JT?2 pacckasa ITTaBHBINA KOHCTPYKTOP — MEPBBIH

3amecrturesb gupekropa C3A0 «HosuHka» (I'pynma
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OK ) Cepreii ATpyLIKEBUY.

C poxknganom «<FIDMASH NOV. TeXHOIOTMH U
Pa3BUTHE» BLICTYIINII BUKTOP EpUyeHKO, HAaUaIbHUK
YIIPABIEHUA IPOJAK U IPOABIKEHUS MPOAYKIINA
KOMITAHUU.

O pa3paboTKe CKBAXKUHHOT'O T'U/IPABINYECKOTIO
TPAKTOPA PACCKA3AJI PYKOBOAUTEID HHKEHEPHO-
TexHru4decKoro nenTpa OO0 «Dpak/Ixer-Bosnra» Omner
Boun.

CHenuaIu3UPOBAHHOE YCThEBOE OOOPYAOBAHUE JI
I'PIT, MI'PIT 1 KOMTIOOHMHTA

LTD ITases Eropos. O HENPEPBIBHBIX MHHOBAIUX,
BEAYIIUX K JAJBHENIINM YCIIEXAM B IIPOMU3BOCTBE
I'MOKUX HACOCHO-KOMITPECCOPHBIX TPYO, pACCKa3a/In
KeBUH DIUIHOTT, AUPEKTOP IO IIPOAYKTOBOM
JHeNKe, 1 JIoH Onooy, UHKEHED O IPOJYKTY,
npeacTasisasiie komnauuio NOV Quality Tubing.
MeHe/xep o NPoiaske O60PYAOBAHMUSL
000 «Ixxeppu-Hedrerazosoe 000pysOBaAHUE>
KoncTanTyH [TOKPEITHH O3BYYUII IOKIa/ < pyob
I'HKT npoussoncrsa JASON».

BaxxHoe mecTo

ot OOO I'TK «<AHEKO» Pﬂ,ﬂ, AOKJ1aaoB rnpeacraBuia rpyl'l na B [TPOJIBUYKEHU U
PEACTABII APTEM o |/|,D” O6'be,£l|l/l HAKOLWasa poccn nckue n HOBBIX TEXHOJIOTHUH
AHJPIOIICHKO. Oenopycckme NpeanpuUsTUa — BegyLype  Ha PoCcHHCKIH

C MOLy/IBHBIMU MOGHIIBHBIMHU DBIHOK 3aHUMAET
BO3/1yXOPA3/ICTUTEIHBIMU npounssoaAnTeENn obo PyAOBaHWA ANd MH(POPMAITUOHHAS
ycranoskamu ot OO0 HedTerasosoro cepsuca B EA3C. HOJ/IEPKKA STOTO
«KOMTI'A3» 03HAKOMUII MpoLiecca, B

MNPUCYTCTBYIOIINX JUPEKTOP NPEANIPUATHA IMUTPUA
Jly3stHUH. 32060MHBIE JJBUT'ATEIH JJIs1 KOJTIOOUHIA
MPE3EHTOBAJI MEHEPKED 10 PA3BUTHIO OM3HECA
Schoeller-Bleckmann Darron Russia Jlenuc JIyKbsiHOB.

«CrierrrexHuka U3 Tatapcrana. Cnenmmaccu KAMA3/
PUAT pyia o6opynosanus I'PITu T'HKT> —

C TAKWM JIOKJIAJOM BBICTYIIAJI 3AMECTUTEIb
reHepaabHOro gupekropa OAO «PUAT> EBrenunii
bongapenxo.

WHCTPYMEHTHI 1711 MHOTOCTAJUHHOTO I'PIT
npeacrasui Yag 'mOCoH, OTBETCTBEHHBIN
ucnionHurtens The WellBoss Company. Poctucias
APTEMIOK, JUPEKTOP MO PA3BUTHIO
000 «Hedremanr», pacckas3ajl O IPOU3BOJCTBE U
MOZIEPHHU3ALINY OOOPYJOBAHUA JUIA THPOPA3PHIBA
IUIACTOB. JJUPEKTODP IO PA3BUTHIO HAIPABJICHUS
NPOAAXK BHYTPUCKBAKMHHOT'O OOOPYIOBAHUA
AO «Pumepa» IMUTpUi Masyper O3BydnJI JOKJIA/]
<xHedremant: IMIOPTO3aMEIICHUE KAK CTPATEr s
Pa3BUTHA 3aKAYUBAHUA POCCUHCKHUX CKBAXKUH>.

YCOBEPMIEHCTBOBAHUIO IPOU3BOJICTBA OCHOBHOTI'O
UHCTPYMEHTA KOJITIOOMHI'OBBIX TEXHOJIOTUI — THOKOH
TPyOBI U BBIXOJly HA PBIHOK HOBBIX €€ BU/I0B ObLIN
MOCBAIIEHBI JOKIA/bl U3BECTHBIX IIPOU3BOJUTENIEN
3TOrO BU/1A NPOAYKUMU. Pycinan Canzees, ITMPEKTOP
1o mpogaxkam OO0 «DCTM», pacckazai 06 OCBOEHUH
KOMITAHUEN HOBBIX BUJIOB ITPOAYKIIUU. <ATIT'PEI/L 10
MEPBOKIACCHOr'O ypOBH:: HOBOE 060pYyIOBAHUE OT
npeanpustus SHINDA» mpeicTaBr/I F€HEPAIbHBIN
aupekrop Poccus u crpansl CHI, SHINDA
(TANGSHAN) CREATIVE OIL & GAS EQUIPMENT CO.,

YACTHOCTH, O6y4atomue ceMuHapsl o 'HKT, T'PIT,
HaIMpPaBJIEHHOMY 6YPEHHUIO, KOTOPBIE JIEKTOPHI,
npurnamenHsie ICOTA-Poccus, TOTOBBI IPOBECTH
JUIL POCCUMCKUX CJIyLIaresied. ICIoHUTEIbHbIN
nupektop ICOTA-Poccust ApTéM I'prOOB pacckasan
00 YCJIOBUSIX yYACTUSA B TAKMX CEMUHAPAX U
KOHKYPEHTHBIX [IPEUMYIIECTBAX, KOTOPBIMU

OHU MOTYT H4/IE/INTh OTEYECTBEHHbBIC KOMITAHUH.
3asepiias BEICTYIIEHHE, ADTEM I'pOOB CKa3aJ1 OUEHD
IIPOCTBIE U OYE€Hb TOYHBIE CJIOBA: «DTOT 'O, LIS BCEX
HAC OYEHb CJIOKHBIM, HO BMECTE MBI IIPOPBEMC!»

Hert comHenunii, 4To Mbl ipopseMcs! ITotomy
YTO B 9TOM I'OZly HAM y12JIOCh OPI'dHHU30BATb U
YCIIEMTHO IPOBECTU NPAKTUUECKU EJUHCTBEHHYIO
B OTPAC/IM OYHYIO KOH(PEPEHIIUIO, TIOTOMY YTO
BOKPYT MEPOIPUATHUS CIVIOTHJIOCH SIIPO UCKPEHHUX
IPUBEPKEHIIEB BLICOKOTEXHOJIOTMYHOTIO
HE(PTETra30BOro CEPBHUCA, IPOCTO MOTOMY YTO MBI
CUJIBHBIE.

JKaeMm Bac Ha 22-11 MeXXAYHAPOAHON HAyYHO-
MIPaKTUYECKON KOH(pepeHITUH «KOMTIOOMHT OBBIE
TexXHOIOruy, ['PIT, BHyTPUCKBAKUHHBIE PAOOTHD,
KOTOPAasi 06513aTEJIBHO COCTOUTCS OCEHBIO 2021 roja.

MoapoObHbIn oTHeT 0 21-1 MexayHapoaHOW HayYHO-
npakThdeckon KoHdepeHumn «KonTioOnHroble
TexHonoruny, P, BHYTPUCKBaXXMHHbIe paboTbI» U
Te31Cbl OCHOBHbIX AOKI1a10B OyayT onybnvKoBaHb!

B Hay4HO-MPaKTN4ECKOM XYypHane «Bpems
KonTioOWHra. Bpems PI» Ne 75,
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HNMIIoOpTOo3aMENIEHHE: TEXHOJIOTHH

I'P1I KpUTHYIECKH BAKHBI

Import Substitution: Hydraulic
Fracturing Technologies Are Highly

Important

IIpo6emMa CHUKEHUS 3aBUCUMOCTH POCCHUHCKOTO The problem of reducing the dependence of the

HE(MTEra30BOro KOMIUIEKCA OT UMIIOPTHOT'O
060PYAOBAHUS, TEXHOJIOIUI U MATEPUAIIOB
CYILIECTBOBAJIA JABHO, HO MACCOBBIH CTAPT
MMIIOPTO3AMEIIEHUIO ObLI 1aH B 2014 ropy nocne
BBCJICHM S 3AM14/THBIX CAHKIINH, 3AMIPEIIAIONUX
3KCHOPT TOBAPOB, YCJIYT U TEXHOJIOT UM, KOTOPBIE
HEOOXOAUMBI 1151 ITTYOOKOBOJHOI PA3BEIKU

U JOOBIYU HEPTH, PA3BEKU U JOOBIYU HEPTH

B ADKTHKE, 4 TAKXKE IPOEKTOB, CBI3aHHBIX

CO CJIAHLEBBIMHU YITIEBOJOPOAAMU. Tak nin
HMHA4€e CAHKIIUH KOCHYJINCh OOOPYIOBAHUS,
NPEAHA3HAYECHHOT'O JIJISI OCYIIECTBICHUS

Russian oil and gas complex on imported equipment,
technologies and materials has existed for a long
time, but a massive start to import substitution was
given in 2014 after the introduction of the Western
sanctions prohibiting the export of goods, services
and technologies that are necessary for deep-sea
oil exploration and production, exploration and
production oil in the Arctic, as well as projects
related to shale hydrocarbons. One way or another,
the sanctions affected equipment designed for the
implementation of high-tech oil and gas services.
In 2015, the Ministry of Energy of the Russian

Federation identified the priority areas of import
substitution. The most urgent, requiring an urgent
solution, were the technologies of hydraulic fracturing
(HF) and technologies of directional drilling.
Software tools for

drilling and production

of hydrocarbons,
development of hard-to-
recover reserves, integrated
well construction services,
etc. were considered to be
medium-term. Offshore
projects and coiled tubing
technologies (CT) were
classified as long-term
projects. Thus, both main
topics of our journal —

BBICOKOTEXHOJIOTUYHOI'O HE(PTEra30BOI'O CEPBUCA.
B 2015 rogy MUHUCTEPCTBO 3HEPreTUKU PO
ONPEENNIIO NPUOPUTETHBIE HATIPABJICHUSA
uMnopTrosaMmeieHusd. K Hanboiee CpouHbIM,
TPeOYIOMMNM 6€30TIATATEIBHOIO PEIICHUS, ObLIN
OTHECEHbI TEXHOJIOTUH I'M/IpOPa3PhiBa MIACTA B cnucke NpUopUTETHbIX
(T'PIT) 1 TEXHONIOTNYU HAKJIOHHO-HAIIPABJIEHHOI'O HanpaBneHvu?l
Gypenust. CpeIHECPOYHBIMU COY/IN IIPOTPAMMHBIC  UMIMOPTO3aMeLlLeHUs
CPEACTBA JIJIs1 IPOLIECCOB OYPEHUS U JOOBIYH oKa3anuch obe rnaBHbIe
YIVIEBOAOPOAHOTO CHIPbs, Pa3PadOTKy TEeMbl HaLLIEro XypHana -
TPYJHOU3BJIEKAEMBIX 3A11ACOB, MTHTET PUPOBAHHBINA
CEPBUC CTPOUTENBCTBA CKBAYKHH U JIP. P v KONTIOGUHT.
K 10roCcpO4YHbIM 6BLIN OTHECEHBI HIEIb(OBBIE
MIPOEKTHI ¥ KOJITIOONMHTIOBbIE TeXHONMOTUM ('HKT).
Taxum 06pa30M, B CITUCKE MPUOPUTETHBIX
HAMPABJIEHUN UMIIOPTO3AMEIIEHUA OKA3AIUCh
06e€ IJTaBHBIE TEMBI HAIIIETO JKypHaia — PITn
KOJTIOOHHT, IPABAA, C PA3HBIM CTATYCOM.
Hannyue CO6CTBEHHBIX TEXHOJIOIUI U

Both main topics of
our journal - hydraulic
fracturing and coiled
tubing - were included

in the list of priority areas nhydraulic fracturing and
coiled tubing — were

of import substitution.

060PYyIOBAHUA — OOA3ATEIBLHOE YCIOBHE
HE3ABUCUMOCTH OT BHEITHUX NOJIUTHYECKUX
pENEHN U KOHKYPEHTOCIIOCOOHOCTH. OCOOEHHO
C YYETOM TOTO, 4TO JOOBIYA YITIEBOJOPOJAOB — 3TO
CHUCTEMOOOPA3YIONIASI OTPACIb POCCUUCKON

SKOHOMMUKH, KOTOpast obecnieunsaeT 6osee 20% BBIT

u 6onee 40% JoXOL0B (PEeAEPAIBHOIO OIOKETA.

[171aHOMEPHYIO IIOJIUTUKY, HATIPABJICHHYIO
Ha UMIIOPTO3aMEIICHUE U ITOBBIIICHUE
MHBECTUILIMOHHOY IPUBJIEKATCIBHOCTH
oredecTBeHHOIO TOK BenyT 1BE (pesiepaipHble
CTPYKTYPBL: MUH3HEPTIO U MUHIIPOMTODT.

C 2014 roga, Korga CTapToBaIa IPOrpamMmma
UMIIOPTO3AMEIIEHUSI HE(PTETA30BOH OTPACIIH,
332BUCHMOCTb OT HMIIOPTHOI'O O60PYAOBAHUS
COKPATHIIACK C 60 110 49% — TAKOBBI OUITUATIBHBIC
JaHHbIe MUHIIpoMTOpra. ITo c1oBaM I71aBbl
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MUHUCTEPCTBA JeHuca
MaHTypOBa, 06BEM
roCyAapCTBEHHOM

HOAAEPKKHU PA3BUTUA
OTEYECTBEHHOT'O HE(PTETA30BOT'O
MAamnHOCTpOeHUA 10 2024 roga

O6Gbem rocyfapcTBeHHOM
noaaepXKu pasBuTus
oTe4yecTBeHHOro Hedprerazosoro differentstatus.
MawuHoOCcTpoeHus Ao 2024 ropa
coctaBuT 6onee 30 mnppa pyonemn.

included in the list of priority areas
of import substitution, albeit with

PROSPECTS

Having our own technologies
and equipment is a prerequisite
for independence from

cocrasut 6osee 30 muipn pyoneit.  The volume of state support for external political decisions and

Munnpomroprom PO
BEJETCA PaboOTa IO NOAAEPKKE
CO3aHUA OTEYECTBEHHOI'O
060PYJOBAHUA JIJIS PA3PA0OOTKHU
TPU3 1 1pOU3BOJCTBA
I'PIT. IIpoeKTUpPOBAHMIE
U JIOKAJIHU3A1I U1 OOOPYAOBAHUA AJIS
TPYAHOHN3BJIEKAEMBIX 3aI14COB YIVIEBOLOPOAHOI'O
CBIPbs IPOUCXOAUT, B YACTHOCTHU, B PAMKAX
JEATEIbHOCTH 9KCIIEPTHOM I'DYIIIbI
«TexXHONIOrny, TEXHUKA U CEPBUC AKCIUIYATALIUHA
CKBa’KMH, METOJIOB YBEJIMYEHUS HE(PTEOTAAUH,
T'UJPABINYECKOro pasprisa macta (I'PIT),
Pa3pabOTKU TPYJHOU3BIEKAEMBIX 3a11ACOB>. [10
OLIEHKE CIIEIIMAIMCTOB, OOIIAs IOTPEOHOCTD B
O6HOBJIEHUH TTapKa (poToB I'PIT 11 o6ecnieueHns

OTPACIH OLIcHUBAETCA B 84 psioTa B 2019-2030 rogax.

B 2018 rogy 66110 NPEACTABIEHO OOO0IEHHOE
TEXHUYECKOE 33JaHHE HA Ppa3paboTKy (pnoTos I'PIT,
KOTOPOE COITTACOBAHO 13 HEPTECEPBUCHBIMHU U
HEPTEra30400BIBAIONUMH KOMITAHHUAMHU.

J10 BCTYIIJIEHUSA B CUJIY IIPOI'PDAMMEI
UMIIOPTO3aMeIeHnd 80% 3aKyIIaeMOoro
POCCUUCKUMHU HEPTAHUKAMU OOOPYAOBAHUA
OBbLIIO UMIIOPTHBIM, ITO OTAEIBHBIM KATETOPHUAM
mokasatenb gocturaa 100%.
Ho yxe k 2018 rony n1omnsa
UMIIOPTHOT'O OOOPYIOBAHUA
B TOILTUBHO-3HEPI€TUYECKOM
KOMIIJICKCE YIIaJIa B CPEJTHEM
J10 53%, a 10151 UMIIOPTHOI'O
06OPY/IOBAHUS JIJIS1 YBEITUUCHU ST
HedTeoTIa49H, B TOM YHUCJIE
060pPYAOBAHUS JJ1s1 OYypPEHU S
HAaKJIOHHO-HAIIPABJICHHBIX U
TOPHU30HTAJIBHBIX CKBAXKUH,
CHU3UJIACH 70 61%. B iesiom
MO TIAaHAM MUHIIPOMTOPIa

of 84 fleets.

O6Lwan NoTPeOHOCTL B
obHosneHnm napka chnotoe  localization of equipment for hard-to-
PN pna obecneuyeHun
OTpac/v OL,eHNBAETCA B

84 c¢bnoTa B 2019-2030 ropax.

The total need to update the oil recovery methods, hydraulic
hydraulic fracturing fleets
to provide the industry is

estimated at the quantity

the development of the domestic competitiveness. Especially
oil and gas engineering industry
until 2024 will amount to more
than 30 billion rubles.

considering that hydrocarbon
production is a backbone branch
of the Russian economy, which
provides more than 20% of GDP
and more than 40% of federal
budget revenues.

A systematic policy aimed at import substitution
and increasing the investment attractiveness of the
domestic fuel and energy complex is pursued by
two federal structures: The Ministry of Energy and
the Ministry of Industry and Trade of the Russian
Federation.

Since 2014, when the oil and gas industry's import
substitution program was launched, dependence on
imported equipment has decreased from 60% to 49%
— these are the official data of the Ministry of Industry
and Trade of the Russian Federation. According to the
head of the ministry Denis Manturov, the volume of
state support for the development of the domestic oil
and gas engineering industry until 2024 will amount to
more than 30 billion rubles.

The Ministry of Industry and Trade of the Russian
Federation is working to support the creation of
domestic equipment for the development of hard-to-
recover resources and the production
of hydraulic fracturing. Design and

recover hydrocarbon reserves occurs, in
particular, within the framework of the
expert group "Technologies, equipment
and service for well operation, enhanced

fracturing (HF), development of hard-to-
recover reserves." According to experts,
the total need to update the hydraulic
fracturing fleets to provide the industry
is estimated at the quantity of
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Poccuu 3aBUCUMOCTD OT UMIIOPTHOT'O O60PYJOBAHU A
B HE(PTETA30BOM OTPACIU JOJIKHA CHU3UTBCS K
KkoHI1y 2020 roaa 10 43%.

B 2018 rogy 66171 cO37aH LIEHTP KOMIIETEHLINH
TEXHOJIOTMYECKOTO pa3suTus TOK MUHaHEPro
Poccun, KOTOPBIT O6BEJUHIII TPOEKTHI
HE@MTEra30BbIX KOMIIAHUI IO UMIIOPTO3AMEIIEHUIO
Ha 6a3e ogHOM IO aAKH. HOBBIN MEXaHU3M
HEOOXOAUM 151 COOPA ¥ BHEJPEHU
MHHOBAIIMOHHBIX PA3Pa00TOK B HE(PTAHON U
ra30BOU OTPACIAX. Bo mase LlenTpa KoMneTeH1nin
TEXHOJIOI'MYECKOIr'o pa3BuTusd BcTan Oner XKpanees.

HMMIIOpTO3aMEIEHHE 10 OIIPEAEICHUIO
JIOJIKHO UJTU IO ITyTHU PA3BUTHS OTEYECTBEHHBIX
KOHKYPEHTOCIIOCOOHBIX IPOAYKTOB U YCIYT TaM, TTAE
MHPOBBIE AHAJIOTH YK€ UMEIOTCA. CIEAYET OTMETUTD,

4TO Yy POCCUHCKUX IIPOU3BOANTEIIEN
HOSABJIAETCA BO3MOXHOCTD HE TOJIBKO
MPEIAraTh COOCTBEHHBIE BEPCUU
TEXHOJIOTUH U OOOPYIOBAHUSA B
CETMEHTAX HE(PTECEPBUCHOI'O PBIHKA,
MNOANABIINX O] CAHKIIUU, HO U
Pa3pabaTbeIiBaTh UHHOBAITMOHHOE
060PYAOBAHHE, BOCTPEOOBAHHOE
PBIHKOM.

AKTYaJIbBHBIM BOIIPOCOM CTAHOBUTCH
HE IPEKPAIEHNE UMITOPTA U
KOOIIEPAIUH, 4 BBIYJIEHEHNE KJIIOUEBBIX
TEXHOJIOTUH, BJIWSIONINX HA BCIO
IIETIOYKY O6PA30BAHUS CTOUMOCTH,

U UX BOCCO3/1aHNEC/TOKATH3AITHS

U JJaJIbHENIIEE PA3BUTHE HA
TEPPUTOPHUU POCCHI OTEYECTBEHHBIMU
WHXXUHHUPHUHTOBBIMH KOMITAHHUSIMH

Y HAyYHO-HCCJIE/IOBATECIbCKUMH
LIECHTPAMH.

He pemniena npo6semMa BbICTPANBAHUS
WHTETPALIMOHHBIX [IETIOYCK MEK/TY
HAaYKOH, UCIIBITATC/IBHBIMU 1
BHE/IPSIIOIINUMU CTPYKTYPAMU U
(bMHAHCOBBIMU HHCTUTYTAMH.

Y poccMmnckunx

npousBoguTesnein NoABsAeTCH
BO3MO)XHOCTb He TOJIbKO
npepnaratb CO6GCTBEHHbIe
BepCM TEXHOJNIOMrIMN N
obopyaoBaHUA B CerMeHTax
HedTecepBUCHOIro PbIHKA,
noanaBLUMX NoA CAaHKLUN,
HO U pa3pabaTtbiBaTb
MHHOBALMOHHOE
ob6opypoBaHue,
BOCTpe6GoBaHHOE PbIHKOM.

Russian manufacturers have
the opportunity not only to
offer their own versions of
technologies and equipment
in the oilfield service market
segments that are subject to
sanctions, but also to develop
innovative equipment that is
in demand by the market.

84 fleets in 2019-2030. In 2018,
a generalized terms of reference
for the development of
hydraulic fracturing fleets was
presented, which was approved
by 13 oilfield service and oil and
gas companies.

Prior to the entry into force
of the import substitution
program, 80% of equipment
purchased by Russian oilmen
was imported; in some
categories, the figure reached
100%. But by 2018, the share
of imported equipment in
the fuel and energy complex
dropped to an average of 53%,
and the share of imported
equipment for enhanced oil
recovery, including equipment
for drilling directional and
horizontal wells, dropped to
61%. In general, according
to the plans of the Ministry

ITogO6HbBIE LIENOYKH HYKHBI,
4TOOBI PEMUTD OJIHY U3 CUCTEMHBIX
OTPACIEBBIX IPO6JIEM, KOTZIA KAXK/1451 KOMIIAHUA
JIEJIAET BCE CAMOCTOSTENBHO, 4 B PE3Y/ILTATE
MHHULIMATUBLI AyOIUPYIOTCA. B mTOre CpoKkn
BHeﬂpﬁHI/IH n KOMMCpHI/IaJII/IBZlLII/II/I HpOI[yKTOB
YBEJIUYUBAIOTCS. Ellle OTHUM OapbEPOM SBJISAETCS
C1a00€ B3AaUMOJCHCTBUE MEXY ITOTEHIIUAIbHBIMU
IIPOM3BOAUTEIISIMU. B pesyiibrare, HECMOTPS
HAa HAIMYHE 3HAYUTEIBHOI'O HAYYHOT'O 34/1€J14,
OTCYTCTBYET YETKOE IOHUMAHME IOTPEOHOCTEN
noTpeduTess. KoHConuupoBaTh HOTPEGHOCTH
OTPAC/IN U C(POPMHUPOBATh €JUHBII OTPACICBOXI
34Ka3 10 IPUOPUTETHBIM HAIIPABJICHUAM, TAKUM
K4K pa3paboTka o6opynoBaHus 4s I'PIT, v mpu3BaH
LIeHTp KOMIIETEHLIUI TEXHOJIOIUYECKOI'O PA3BUTUSL
TOK MunsHepro Poccun.

Kaxk y’ke 0TMEYaJIOCh, HAUHOIEE KPUTUYHA I
O//IEPsKaHU ST OOBEMOB POCCHUICKON HEPTETOOBIYN
TEXHOJIOI'HSA ' PABINYECKOI'O PA3PhIBA IVIACTA
(TPIT), HOCKOJIBKY OHA CIIOCOOHA O6ECIIEYUTD
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of Industry and Trade of

the Russian Federation,
dependence on imported equipment in the oil and gas
industry should decrease by the end of 2020 to 43%.

In 2018, the Technology Development Center for
Energy Sector of the Ministry of Energy of the Russian
Federation was created, which united the projects of
oil and gas companies on import substitution on the
basis of one site. A new mechanism is needed to collect
and implement innovative developments in the oil and
gas industries. Oleg Zhdaneev became the head of the
Technology Development Center for Energy Sector.

Import substitution, by definition, should follow the
path of development of domestic competitive products
and services where there are already world analogues.
It should be noted that Russian manufacturers have
the opportunity not only to offer their own versions
of technologies and equipment in the oilfield service
market segments that are subject to sanctions, but also
to develop innovative equipment that is in demand by
the market.



YCTOMUYMBYIO JOOBIYY HA
JENCTBYIONX MECTOPOXKAECHUAX
B I'€OJTOT'NYECCKUX YCJIOBI/IHX
Poccuu, rae 6onee 70% nHeptu
HAXOOUTCA B TPYILHOI/ISBJICKaeMI)IX
3aracax. A MOgUPUKAIUU
TpaguinoHHoro I'PIT u Bce 6onee
LM POKO PUMEHSIOIIUICA

MI'PIT (MHOrOCTAAUMHBIN
TUJIPABINYECKUH PA3PBIB IJ1ACTA)
06€1IAI0T POCT JOOBIYN HA
TICPCIICKTUBHBIX HCTPAAUITUOHHBIX
MECTOPOXKJICHUSIX U OOECIICYEHUE
HEOOXOANMON PEHTAOEIBHOCTHU
IIPY OCBOCHHH OTKPBIBACMbBIX
reosoramu 3asnexen. B Poccum
CO3/1aH Pl TEXHOJIOTUI
TUJPOPA3PHIBA IJIACTA, HO HE

EcTb orpomMmHas 4yactb
HedTenoObIuN, KOTOpan
HaNpsMYyI0 3aBUCUT OT
TexHonorum NPI. UmeHHoO
Hanvuuve faHHOro
o6opyaoBaHUA OKa3biBaeT
HauOonbluee BNUSIHVE Ha
o6bembl HechTeaoObIuMn

B CTPaHe.

There is a huge part of oil
production that directly
depends on hydraulic
fracturing technology.
Itis the availability of this
equipment that has the
greatest impact on the
volume of oil production
in the country.
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The pressing issue is not the
termination of imports and cooperation,
but the isolation of key technologies
affecting the entire value chain, and
their recreation/localization and further
development in Russia by domestic
engineering companies and research
centers.

The problem of building integration
chains between science, testing and
implementing structures and financial
institutions has not been resolved.

Such chains are needed to solve one
of the systemic industry problems,
when each company does everything
independently, and as a result, initiatives
are duplicated. As a result, the terms of
implementation and commercialization

CTOJIBKO JUISL Pa3PA0OTKHU CIAHIIEB,
KaK B AMEPUKE, CKOJIBKO /114
MHOBBIIIECHUS KO3(P(PHUIITUEHTA OTAAYHU IIACTA. METO/
I'PT1 B HacTOsAmmEE BpEMA OO6ecieunBaeT B PO 6osee
40% JONOMHUTEIBHOU JOOBIYN HEPTH.

«ECTb OrpOMHAs 4aCTh HEPTENOOBIYH, KOTOPAS
HAIIPAMYIO 3aBUCHT OT TeXHOMOruu I'PIT. UMenno
HAJIMYUE JAHHOTO OO0PYIOBAHNA OKA3bIBAET
HAUOOJBIIEE BIUAHUE HA OObEMBI HEPTENOOBIYU B
cTpaHne. Ho pa3paboTKa 1 BHEIPEHNE TPOU3BOJCTBA
JTAaHHOM TEXHOJIOT'UH B OOJIBIIIECH CTEIICHU 33/1a4a
POCCHUHICKOTO ITPABUTEIBCTBA U IIPOMBIIIJIEHHOCTH,
— OTMEYAET AUPEKTOP DHEPrETUUECKOT'O LIEHTPA
OM3HEC-MKOJIBI «CKOJIKOBO» TaTbaHA
MunTpoBa. OTHAKO IMOK4 PadoTa B
3TOM HAIIPABJIEHUH BEJETCS ABHO
HEJOCTATOYHBIMH TEMITAMH.

Poccurickoe 060pyIOBaHME I
I'PIT TpaiuiiiOHHO KOHKYPUPOBAJIO
C MHOCTPAHHBIM, B OCHOBHOM C
E€BPOIECUCKUM. BBEIECHHBIE CAHKIINN
CYIIECTBEHHO OTIPAHNYHIIN
BO3MOKHOCTH BBO34 TEXHHUKH U3
EBpOC0103a, HO IIPH 9TOM 3dMETHBIM
UT'POKOM H4 PbIHKE cTa1 Kurtan,
AKTHBHO HAPACTUBIINHI OO'bEMBI
MOCTABOK OTHOCHUTEJIBHO JIEIIEBON

Mpwu BbIGOpe HecbTecepBUCHOM
KOMMaHUu ANng npoBefeHus
I'PI 3aKa34nKu OpUEHTUPYIOTCA
Ha YPOBEHb €€ TEXHNYECKON

N TeXHOJNIOrM4ecKon
OCHALLEeHHOCTW.

When choosing an oilfield service
company for hydraulic fracturing,
customers are guided by the level
of its technical equipment and
technologies.

of products increase. Another barrier

is weak communication between
potential producers. As a result, despite the presence
of significant scientific groundwork, there is no clear
understanding of consumer needs. The Technology
Development Center for Energy Sector of the Ministry
of Energy of the Russian Federation is called upon
to consolidate the needs of the industry and form
a single industry order in priority areas, such as the
development of equipment for hydraulic fracturing.

As already noted, the most critical for maintaining

the volume of Russian oil production is hydraulic
fracturing technology, since it is capable of ensuring
sustainable production at
existing fields in the geological
conditions of Russia, where
more than 70% of oil is in
hard-to-recover reserves.
Modifications to traditional
hydraulic fracturing and
the increasingly widespread
multi-stage hydraulic
fracturing (MSHF) promise
an increase in production at
promising unconventional
fields and ensure the necessary
profitability in the development

Ne 4 (074) Jleka6ps/December 2020 13




[TEPCITEKTHBDI

M HE BCErja Ka4eCTBEHHON
OPOAYKIIMU.

3aKa34UKaAMU OllepaL
I'PIT ABAAIOTCA KPYITHBIE
HedTEenO0ObIBAIONUE
KOMIIAHUH, B TIEPBYIO
ouepenp «PocHedTh» 1
«CypryrHedTeras», Ha JOIIO
KOTOPBIX IPUXOJUTCS
TIOJIOBUHA BCETO PHIHKA.
JMHAMMKA KOJIMYECTBA
TAKHX OllEPALIAI CIIEAYyET
34 COCTOSIHUEM 3KOHOMHKH
crpaubr: B 2015-2016 rogax
TPOU3OILIO 3AMETHOE
aJICHUE PBIHKA, 3ATEM OH
HA4aJ1 BOCCTAHABJINBATHCS.
Heo6xoamumMo Takxke
OTMETHUTD, YTO YCIIEX
onepanuu I'PIT He Bcerma
TApaHTHUPOBAH — KPYIIHBIE
UT'POKH, OCHOBBIBASICh
HA CBOEU CTATUCTUKE,
3A9BISIIOT O 98%
PE3YJIBTATUBHBIX CIIy4YaEB.
IIpu 3TOM CaM pE3yabTaT
TAK)KE HE IOAACTCS
I POrHO3HUPOBAHUIO:
0O'BEM CPEAHECYTOYHOI'O
YBEIUYEHHUA AEOUTA U
BPEMEHHOU UHTEPBAI,

Mmasa MuHnpomToOpra
P® fleHnc MaHTypoB
yBepeH B TOM, 4TO
Poccum HeoGxogumo
co3pgaBaTb BO3SMOXXHOCTU
ANSA NPOV3BOACTBA
oTe4yecTBeHHbIX (hfioToB
PN, 4TOoGbI OCBaMBaTb
MeCTOPOXAEHMS,
Haxogsawmecs

nop CaHKLUAMM, —
apKTnYeckun wenbg n
Ga)XKeHOBCKYIO CBUTY.

The head of the Ministry
of Industry and Trade of
the Russian Federation,
Denis Manturov, is
confident that Russia
needs to create
opportunities for the
production of domestic
hydraulic fracturing fleets
in order to develop the
fields under sanctions -
the Arctic shelf and the
Bazhenov formation.

of deposits discovered by geologists. In Russia,

a number of hydraulic fracturing technologies
have been created, but not so much for the
development of shale, as in America, as for
increasing the reservoir recovery factor. Hydraulic
fracturing currently provides more than 40%

of additional oil production in the Russian
Federation.

“There is a huge part of oil production that
directly depends on hydraulic fracturing
technology. It is the availability of this equipment
that has the greatest impact on the volume of oil
production in the country. But the development
and implementation of the production of this
technology is to a greater extent the task of the
Russian government and industry,” notes Tatyana
Mitrova, director of the Energy Center of the
Skolkovo business school. However, so far the
work in this direction is being clearly insufficient.

Russian equipment for hydraulic fracturing
has traditionally competed with the foreign,
mainly European one. The imposed sanctions
significantly limited the ability to import
equipment from the European Union, but at the
same time, China has become a significant player
in the market, which has actively increased the
volume of supplies of relatively cheap and not
always high-quality products.

The customers of hydraulic fracturing
operations are large oil producing companies,
primarily Rosneft and Surgutneftegaz, which

B T€YEHHE KOTOPOT'O OH OyJ1eT HAOII0AAThCS,
MPEICKA3ATh HEBO3MOXKHO. [1I03TOMY ITpH BEIGOPE
He(TECEPBUCHON KOMITAHWHU /151 TpoBeacHus ['PIT
34K4a34YMKU OPUEHTUPYIOTCA B IIEPBYIO OUYEPED

H4 YPOBEHb €€ TEXHUYECKOM U TEXHOIOI'MYECKON
OCHAIIEHHOCTH, 4 TAKKE HA YCIIEMTHBII OIBIT
nposegenua I'PIT B mponiom.

B Hacrosmuit MomeHT Poccus 3aHUMAET
BTOpPOE MeCTO B Mupe nocsie CIIA o exerogHo
poBogUMOMY KonuecTBy I'PIT Ha HE(PTEra30BbIX
MECTOPOXKACHUAX. OO OObEM OIIEPALIUH
npeBbIciI OTMETKY 6000 B rO/T ¥ UMEET TEH/ICHITUIO
K POCTY, 4TO OOYCJIOBJIEHO UCTOIEHUEM
JIETKOJOCTYITHBIX YITIEBOJOPOJHBIX PECYPCOB U
YBEJIMYEHUEM CIIOKHOCTH HEPTELOOBIYU HA BHOBb
OTKPBIBAEMBIX CKBAKUHAX.

ITo nanubIM MegaResearch, B KpaTKOCPOYHOMU
MEPCIIEKTUBE, OT OJHOI'O I'0/1A JIO TPEX JIET, HANboJIee
MIPUBJIEKATEIBHBIMU PETMOHAMU HA PbIHKE yCayr ['PIT
oyayT TromeHCKast 06;1acTh (BMecTe ¢ XMAO u THAO)
U YpanbCKO-TIOBOIKCKUH pervoH (Tarapcras,
Bamnrkupust, Camapckast, OpeHbyprckast 0071acTh).
O6mur 06'bEM TPYJHOUSZBIEKAEMBIX 32I1ACOB 371€Ch
oneHusaeTca B 200 MJIp/ TOHH.

®not I'PIT npeacTasiisieT COOOM MOOUIbHBIN
KOMIUIEKC, BKIIOYAIOMMUHA 10-20 KpyITHOPAa3MEPHBIX
YCTAHOBOK H4 I'PDY30BBIX IACCU. B cocTaB
xkoMIuiekca I'PIT BXOsT HACOCHBIE IU3E/IbHbBIC UJIU
ra30TypOUHHBIE ATPEraThl, CMECUTEND (GJICH/IEP) A1
IIPUTOTOBJICHUS PAOOUYMX I'€JIEBBIX CMECE, MAIITHHA
MaHU@OIBOB, ABTOMATU3UPOBAHHAA CTAHLUS
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account for half of the entire market. The dynamics

of the number of such transactions follows the state

of the country's economy: in 2015-2016, there was a
noticeable drop in the market, then it began to recover.
It should also be noted that the success of a hydraulic
fracturing operation is not always guaranteed —

large players, based on their statistics, claim 98% of
successful cases. At the same time, the result itself also
cannot be predicted: the volume of the average daily
increase in debit and the time interval during which it
will be observed cannot be predicted. Therefore, when
choosing an oilfield service company for hydraulic
fracturing, customers are guided, first of all, by the level




KOHTPOJISL U YIIPABIEHUS U EMKOCTH JIJISI
reJsist U IPOINMaHTa.

Ha ceropusmuuii 1eHb B Poccun
33JIEUCTBOBAHO NopsAaka 120 ¢pyoToB
I'PIT, 80% KOTOPBIX BBIITYLIECHDI JCCATD
U O0JIe€ JIET HA3a[ U IOTPEDYIOT
IOJIHOY WJIW YACTUYHOM 3AMEHBI B
OnMKaAUIIe TPU-TIATD JIET. [Ipu 3TOM
B LI€JIOM 11O PBIHKY JE€HCTBYET OKOJIO
90% 060pyAOBAHUS UMIIOPTHOT'O
MPOU3BOJCTBA.

I'mtaBa Munnpomropra P® lenuc
MaHTypOB yBEPEH B TOM, 4TO Poccuu
HEOOXOAMMO CO3/JaBaTh BO3MOXKXHOCTH
JULS IPOU3BO/ICTBA OTEYECTBEHHBIX
(no1oB I'PIT, 4TOOBI OCBANBATH
MECTOPOXKICHUS, HAXOAAIUECS TIOF,
CaHKIIUAMH, — APKTUYECKUI METb() 1
Oa’KEHOBCKYIO CBUTY.

INoTEeHIINAIbHBIMU OTEYECTBEHHBIMU
MPOU3BOAUTEIAMU OOOPYJOBAHUSA JIIS
I'PIT MOI'YyT CTATh TAKHE KOMIIAHHH,

Kak OHIIII «Tutan-bappukaabb,
«benemar, PYC I'PIT, Bei6oprckui
MAaIIUHOCTPOUTEBHBIN 3aBOJT —
CYAOBOE MAIIMHOCTPOEHHUE,
«OnuK 380», a Taxke I'pyrna GUJ]
(Pecnnybnmka benapycs).

Pa3paboTka 060pyIOBaHUA
quis TPIT 6ypet nopaeps:kaHa Ha
NPABUTENLCTBEHHOM YPOBHE. B foK1a1e
O LEJIAX U 33/5a9aX MUHIIPOMTOPTa
Poccuu vHa 2019 rog 1 OCHOBHBIX
pe3yabTarax geaTeabHoCTy 32 2018 rog,
MPEJCTABIEHHOM HA F'OZJOBOU KOJJIETUH
BEJOMCTBA, YKA3d4HO, YTO MUHIIPOMTOPI'
Poccum cobupaeTcs CTUMYJIMPOBATD
BBIITYCK OO0OPYIOBAHUS /1151 TOOBIY U
TPYJHOU3BJIEKAEMBIX 3411ACOB HEPTU.
Pa3paboTaHo MOCTAHOBJIEHUE
PABUTENBLCTBA POCCUICKOM
Oegepanuu «O0 yTBEPXKIECHUN
ITpaBui IpegOCTaBICHUS CYOCHINUH U3
denepanpHOro 610/1KETA POCCUHCKUM

YpoBeHb nnoKkanusauum
npousBofAcTBa o6opyaoBaHUSA
c¢nora I'PI 3a ucknoyeHnem
HaCOCOB BbICOKOIro flaBJIeHNNA
coctaBnseTt 60-70% c
BO3MO)XHOCTbIO NOBbILWEHUA
Ao 80% B Gnvhkanwumve ABa-TpU
roga. CambiM cnabbim mecTom
ABNSAIETCA NPOU3BOACTBO
HACOCOB BbICOKOIro flaBJIeHNNA
(makcMmanbHoe pabouee
pasneHve 1000 atm.),
YPOBEHb JIOKannusauum
KOTOPOro COCTaBJIfeT BCEero
20-40%. OTO OOBSACHAETCA
OTCYTCTBMEM POCCUMNCKOro
ABUVrarens BHyTpeHHero
CropaHus MOLLHOCTbIO Bbille
1400 n. c. U COOTBETCTBYIOLLUX
TPAaHCMUNCCUA.

The level of localization of

the production of hydraulic
fracturing fleet equipment,
with the exception of high
pressure pumps, is 60-70%
with the possibility of
increasing to 80% in the next
two to three years. The weakest
point is the production of high
pressure pumps (maximum
working pressure 1000 atm.),
The level of localization of
which is only 20-40%. This is
due to the lack of a Russian
internal combustion engine
with a capacity exceeding
1400 hp. and associated
transmissions.

of its technical equipment
and technologies, as well as
the successful experience of
hydraulic fracturing in the
past.

At the moment, Russia ranks
second in the world after
the United States in terms
of the number of hydraulic
fracturing jobs performed
annually in oil and gas fields.
The total volume of operations
exceeded 6.000 per year
and is on an upward trend,
driven by the depletion of
readily available hydrocarbon
resources and the increasing
complexity of oil production
at newly discovered wells.

According to MegaResearch,
in the short term, from one
to three years, the most
attractive regions in the
hydraulic fracturing market
will be the Tyumen region
(together with the Khanty-
Mansi Autonomous Okrug and
Yamalo-Nenets Autonomous
Okrug) and the Urals-Volga
region (Tatarstan, Bashkiria,
Samara, Orenburg regions).
The total volume of hard-
to-recover reserves here is
estimated at 200 billion tons.

The hydraulic fracturing
fleet is a mobile complex
that includes 10-20 large-
size units on a truck chassis.
The hydraulic fracturing
complex includes pumping
diesel or gas turbine units, a
mixer (blender) for preparing
working gel mixtures, a
manifold machine, an

PROSPECTS
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OPraHU3aUAM Ha (PUHAHCOBOE OOECIICUEHUE YACTHU
3aTPaT Ha IIPOBEAECHUE ONBITHO-KOHCTPYKTOPCKUX
U TEXHOJIOTUYECKUX PAOOT B PAMKAX PEAIN3AIUU
MPOEKTOB IO CO3/IaHUIO IPOU3BOJICTB OOOPYAOBAHUS,
HEOOXOAMMOrO JJIS1 IPOBEAEHUS I'HIPABINYECKOTO
pa3pbIBaA IIIACTA.

B mapre 2019 roga cocTos10Ch COBEIIAHUE Y
3amecturesss MunsHepro PO ITasna COpoKruHA
O BOIIPOCAM CHHKEHU S 3aBUCUMOCTH
BBICOKOTEXHOJIOTMYHOT O 060pyaoBanus (I'PIT)
JUISI UHTEHCU(PUKAITUU JOOBIYM HE(PTHU 1 ra3a OT
MOCTABOK 3aPyOEKHBIX MATEPUAIOB U KOMIIOHEHTOB.
BBIJIO OTMEYEHO, YTO YPOBEHD JIOKAITU3AI[UU
(Ha OCHOBE CEOECTOUMOCTHA KOMIIOHEHTOB)
MPOU3BOACTBA 060pyAoBaHus ora I'PIT3a
HUCKJIIOYEHUEM HACOCOB BBICOKOT'O JIABJIEHUSA
cocrasisieT 60—70% C BO3MOKHOCTBIO
nOBbIIIEHUS 70 80% B OMMKAUIIINIE
J1Ba-TpU roaa. CaMbIM CI1a0bIM
MECTOM SIBJISIETCS IIPOU3BOJICTBO
HACOCOB BBICOKOT'O JIABJIEHUS
(MaKCUMaJIBHOE Pabodee AABICHUE
1000 arm.), ypOBEHD JIOKAIUZALUH
KOTOPOTI'O COCTABIISET BCETO 20—40%.
DTO OOBACHAETCA OTCYTCTBUEM
POCCHIICKOT'O IBUT'ATEA

cucremy.

BoIIe 1400 J1. C. 1 COOTBETCTBYIONINX
TPAHCMHUCCHU.

CoBelaHueM O6bLIIN OITPEICICHBI
OTEYECTBEHHBIE IPEATIPUATHUA,
NOTEHIUAIBHO CIIOCOOHBIE
Pa3paboTaATh TAKUE ABUTATETN fleet.
BBICOKOM MOITHOCTH U TPAHCMHCCHHU:

VpanbCKUii AU3€1b-MOTOPHBIN 3aBoz, HITIT «3B€311a»,
Vpanparonsasop. belia oTMedeHa HEOOXOAMOCTD
puMeHEHUs 3PPEKTUBHBIX MEP I'OCYJAPCTBEHHOI'O
CTUMYJIMPOBAHUA PA3PA6OTOK OCHOBHBIX CHJIOBBIX
KOMIIOHEHTOB HACOCHOM YCTAHOBKU (JIBUT'ATEIID,
TPAHCMUCCHUA, HACOC).

ECTb NONOXUTENBHBIE IPHUMEPHI NOAJEPKKHU
npousBoguTene o6opyrosanus Ay I'PIT Ha
PErMOHAIBHOM YPOBHE: B 2017 rofy 3KCIEPTHBIA
coseT POH/1A PA3BUTUSA IIPOMBIILICHHOCTH (OPIT)
OOOPUII IPEJOCTABJIEHUE 3a1IMd KOMITAHUN
«YpanCrnenApmarypar (Uena61MHCK), IIIAaHUPYIOLIEH
BBIIYCKATb (POHTAHHYIO APMATYPY A1 IPUMEHEHUA
IPU MHOT'OCTAJUITHOM TUJPABINYECKOM PA3PbIBE
HE(MTAHBIX IIJ1ACTOB. O6IAs1 CTOUMOCTD TPOEKTA —
43,3 M7H pyb6.

B ¢espaine 2020 roga Munnpomropr PO
MPEJJIOKUII IS ONIPEJE/IEHNUA CTEIIEHU JIOKAIU3A1ITUNA
¢niora I'PIT BBECTH OAJUIBHYIO CUCTEMY 1O AHAJIOTUHU
C CUCTEMAMH, ACHUCTBYIOIIUMHU B ABTOMOOUIBHON
IIPOMBIIIIEHHOCTU U CENbCKOXO35IHCTBEHHOM
MAaIIMHOCTPOECHUHN. DTO ITIOMOXET YUYUTHIBATH
KaIIUTAJIOEMKOCTB, JOOABJICHHYIO CTOUMOCTb,
MEPCHEKTUBHOCTD U KPUTUYHOCTD TEXHOJIOT U
IIPOU3BOZICTBA COOTBETCTBYIONMIECH ITPOJYKITUL

BBeaeHume 6a/11bHOM CUCTEMBI JJIS1 OEHKU CTEIIECHU
Jokanusanuu piota I'PIT noTpebyeT BHECEHU
YTOYHEHUI B IIPUJIOKEHHUE K IOCTAHOBJICHUIO
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MunHnpowmTopr PO
npepnoXxun ons
onpepaeneHus CTeneHun
noxkanusauvm pnora
PN BBecTn GannbHylo

The Ministry of Industry
and Trade of the Russian
BHYTPCHHET'O CTOPAHKA MOITHOCTBIO Federation proposed

to introduce a scoring
system to determine the
degree of localization of
the hydraulic fracturing

automated monitoring and control
station, and containers for gel and
proppant.

In today's Russia there are about 120
hydraulic fracturing fleets, 80% of which
were produced ten or more years ago and
will require full or partial replacement in
the next three to five years. At the same
time, about 90% of imported equipment
operates on the market as a whole.

The head of the Ministry of Industry
and Trade of the Russian Federation,
Denis Manturov, is confident that
Russia needs to create opportunities for
the production of domestic hydraulic
fracturing fleets in order to develop the
fields under sanctions — the Arctic shelf
and the Bazhenov formation.

Potential domestic manufacturers of hydraulic
fracturing equipment may be such companies as
Federal Research and Production Center “Titan-
Barrikady”, Becema, RUS GRP, Vyborg Machine
Building Plant — Marine Engineering, Epik 380, as well
as FID Group (Republic of Belarus).

The development of hydraulic fracturing equipment
will be supported at the government level. In the
"Report on the goals and objectives of the Ministry
of Industry and Trade of Russia for 2019 and the
main results of activities for 2018", presented at the
annual board of the department, it is indicated that
the Ministry of Industry and Trade of Russia is going
to stimulate the production of equipment for the
production of hard-to-recover oil reserves. A resolution
of the Government of the Russian Federation “On
Approval of the Rules for Granting Subsidies from the
Federal Budget to Russian Organizations for Financial
Support of Part of the Costs for R&D and Technological
Work in the Framework of Implementing Projects
to Create Production of Equipment Necessary for
Hydraulic Fracturing” was developed.

In March 2019, a meeting was held with the
Deputy of the Ministry of Energy of the Russian
Federation Pavel Sorokin on the issues of reducing
the dependence of high-tech (hydraulic fracturing)
equipment for the intensification of oil and gas
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production from the supply of foreign
materials and components. It was noted
that the level of localization (based on the
cost of components) of the production

Poccutickoit defepatiumy, kotoppie  POCCUMCKMM, of hydraulic fracturing fleet equipment,
TTO3BOJISIT TOYHO OIICHUTD, MOXKHO I MPOUN3BOAUTESIIO with the exception of high pressure
cunrarh ot IPII IpousBEACHHBIM  HEeOOXOAMMO Gyne'r pumps, is 60—70% with the possibility of

B Poccgn, U OyAyT IPU3BAHBI H a6p aThb 8490 6anNoB No 1ncrea;1kr11g to 81(<)% t1n tbetr}ei(; two tc(]) tkgee
CIIOCOOCTBOBATD CO3AHHUIO PSAAY KpUTEpUes. years. The weakest point is the production

IOJIHOPA3MEPHOI'O OTEYECTBEHHOI'O
¢ora I'PIT 1 BBIIOJTHEHUIO
DHEPreTUYECKON CTPATETNH HA
nepuog 10 2035 roaa.

COIIaCHO MPEIJIOKEHUIO
MuHIIpoOMTOpPIa, JIs1 TOI'O
4TOOBI OOOpyAOoBaHue A ['PIT
OBLIO MIPU3HAHO POCCUMICKUM,
TIPOU3BOAUTEIIO HEOOXOIUMO
OyzneT HadpaTh 8490 6aJIOB IO PpALY
KPUTEPHUEB, KOTOPBIE, B CBOIO OYEPED,
UMEIOT PA3HBIN BEC.

Tax, IpH UCIIOJIb30BAHUH HACOCHBIX YCTAHOBOK
OTEYECTBEHHOT'O IPOU3BOACTBA MOKHO MOJTYYHUTh
0T 4600 6217108, CMCCHUTEIBHBIX YCTAHOBOK — OT
800 6aJ110B, 4 CTAHIIAI KOHTPOJIA U YIIPABICHUSA
— ot 300 6a110B. Kputepuu ObLIH TPEATIOKEHDI
MunHnpomToprom Poccuu € y9eToMm MHEHHH
OTPACIEBOI'O COOOMIECTBA.

B cpegnem, nCxoasa U3 ICTOPUYIECKON MPAKTUKU,
ot cragun HMOKP 10 BHEIpEHNA PEIIEHUA B
HEPTAHOM OTPACIIM NPOXOAUT nopaaka 10 net. Ho
CJIY4aIOTCsA ¥ CTPEMUTENBHBIE TPOPLIBLL. Hanpumep,
CO3/aH pocCcUcKuii cumMynaTop I'PII, mo3sonsaromunmi
MOBBICUTD 3(DPEKTUBHOCTD ITPOBEICHUSA
TUAPOPA3PHIBA B 3AJIEXKAX C TPYAHOU3BIEKAEMBIMHU
3anacamu (6aKEHOBCKAs CBUTA).

JocTynHoe Ha pOCCUMCKOM phIHKE [1O nmeer
CYLIECTBEHHBIE HEJJOCTATKU B CBA3U C OIPAHUYEHHOM
IPUMEHUMOCTBIO B YCJIOBUAX CII0KHOIIOCTPOEHHBIX
KOJUIEKTOPOB U 3AJIEXKEHN TPYJHONU3BIEKAEMBIX
3aniacoB Hedru. [Tpu nogaepxke MuHIpomMTopra
Poccun, Munsnepro Poccry, MUHKOMCBA3U
Poccun Ha nomaake ponpa «CKOJIKOBO» C OKTAODS
2016 roga o utoHb 2017 roa 661 TPOBECH
KOHKYPC ITO BBIGOPY IMTPOEKTHOI'O KOHCOPLIMYMA

criteria.

In order for the hydraulic
fracturing equipment to
be recognized as Russian,
the manufacturer will
need to score 8490 points (r3nsmissions.
according to a number of

of high pressure pumps (maximum
working pressure 1000 atm.), The level

of localization of which is only 20-40%.
This is due to the lack of a Russian internal
combustion engine with a capacity
exceeding 1400 hp. and associated

The meeting identified domestic
enterprises that are potentially capable of
developing such high-power engines and
transmissions: "Ural Diesel Engine Plant",
"Zvezda", "Uralvagonzavod". The need to apply effective
measures of state incentives for the development of the
main power components of the pumping unit (engine,
transmission, pump) was noted.

There are positive examples of support to
manufacturers of hydraulic fracturing equipment
at the regional level: In 2017, the expert council of
the Industrial Development Fund approved a loan
to UralSpetsArmatura (Chelyabinsk), which plans
to produce Christmas trees for use in multi-stage
hydraulic fracturing of oil reservoirs. The total cost of
the project is 43.3 million rubles.

In February 2020, the Ministry of Industry and Trade
of the Russian Federation proposed to introduce a
scoring system to determine the degree of localization
of the hydraulic fracturing fleet, similar to the systems
operating in the automotive industry and agricultural
engineering. This will help to take into account the
capital intensity, added value, the prospects and the
criticality of the technologies for the production of the
corresponding products.

The introduction of a point system for assessing
the degree of localization of the hydraulic fracturing
fleet will require amendments to the appendix to
the RF government decree of July 17, 2015 No. 719
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JJ1 pa3pabOTKH OTPACIEBOTO
OPOrPAMMHOTO TPOAYKTA JJI
MOJIEIMPOBAHUS, ONTUMU3ALIUN
U KOHTPOJIg onepanuii I'PT1

— cumynsatopa «Kubep I'PTD.
LIeJ1bIO0 KOHKYPCA SIBJISIJICA BBIOOD
Haub01ee KBATUOUITUPOBAHHOTO
OPOEKTHOI'O KOHCOPLIUYMA JIJISt
CO3aHUsA KOHKYPEHTOCIIOCOOHOI'O
POCCUMCKOI'O IIPOI'PAMMHOIO
obecrnieueHus 1151 He(PTEra3oBOo

npoeegeHNA

3anacaMu.

KOHCOPLIMYMY, BO3IVIABJIIEMOMY
MOCKOBCKUM (PU3HUKO-TEXHUYECKUM
UHCTUTYTOM (MDOTH).

W HIyCTpUAIBHBIM TAPTHEPOM
IIPOEKTA BBICTYIIMII Hay4uHO-
TEXHUYECKUU HEHTP «[a3rpom
HedTw». JIpoBEIEHNE KOHKYPCA
«Knbep I'PIT> — 3TO OKUJAEMBII AT U YHUKAIBHBII
MOAXO/] K OTBETY HA TEXHOJIOTUYECKUN U
OJHOBPEMEHHO PBIHOYHBIN BbI30B. CO3JaH1E
poccurckoro cumyssatopa I'PIT cioco6cTByeT
06€eCEYEHNIO TEXHOIOTHIECKON HE3ABUCUMOCTH
HEe(MTIHBIX KOMITAHUI HE TOJIBKO B Poccuy,

HO U BO BCEM MUPE» — OTMETHJI PYKOBOJUTEIIb
JenapramMeHnTa TEXHOJOTNYECKUX NAPTHEPCTB U
nuMnoprozameeHusd [TAO «'asnnpoM HePTb»
Ceprert ApXUIIOB.

Texnonorns nozsongeT Ha 10—20% TouHee
BOCHPOU3BOAUTD XAPAKTEPUCTUKHU TPEIIWH IIPH
MOJETMPOBAHUH ONIEPALINH, UTO OOECIIEUUBAET JJO
5% npupocCTa JOO6BIYH. OHA YKE OTTECTUPOBAHA
Y BHEZIPEHA B IIPOMU3BO/ICTBEHHBIE IIPOLIECCEHL B
Teuenue 2020 roga IaHuPyeTCs BBITYCK ITIEPBOXA
NPOMBIIJIEHHON BEPCUU, JOCTYITHON HIIUPOKOMY
KPYyT'y HE(PTAHBIX U CEPBUCHBIX KOMITAHWUI HA
POCCHUIICKOM PBIHKE.

B xauecTBeE CBEKUX IPUMEPOB
UMIIOPTO3AMEIIEHUA B PAMKAX MHYCTPUAJIbHBIX
MAPKOB MOKHO IIPUBECTHU PAJL IIPOEKTOB
He(TECEPBUCHOI'O CEKTOPA B TIOMEHCKOM 06J1ACTH,
I7I€ B UHAYCTPHUAIBHOM ITapKe «BbOraninHCKUn»
HEJABHO CTAPTOBAJIO IIPOU3BOJICTBO OOOPYIOBAHUA
JUIA TTAPOTEPMUYECKON U KJIIACCUYECKOM JOOBIYH
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Co3aaH poCcCnNCKn
cumynsaTtop P,
NO3BONAIOLMN NOBbICUTDb
3¢ cheKTUBHOCTb

rmapopaspbiBa B 3aneXax
C TPYAHON3BJIEeKaeMbIMU

A Russian hydraulic

orpacnu. [To6eaa 6b1a IPUCYKIEHA fracturing simulator has
been created, which makes
it possible to increase the
efficiency of hydraulic
fracturing in reservoirs with
hard-to-recover reserves.

"On confirmation of industrial
production in the territory of the
Russian Federation", which will

make it possible to accurately assess
whether the hydraulic fracturing

fleet can be considered produced

in Russia, and will be called upon to
contribute to the creation of a full-size
domestic hydraulic fracturing fleet
and the implementation of the Energy
Strategy for the period up to 2035.

According to the proposal of the
Ministry of Industry and Trade, in
order for the hydraulic fracturing
equipment to be recognized as
Russian, the manufacturer will need
to score 8490 points according to a
number of criteria, which, in turn,
have different weights.

So, when using domestic pumping units, you can get
from 4600 points, mixing plants — from 800 points,
and monitoring and control stations — from
300 points. The criteria were proposed by the Ministry
of Industry and Trade of Russia, taking into account
the opinions of the industry community.

On average, based on historical practice, it
takes about 10 years from the R&D stage to the
implementation of a solution in the oil industry.

But there are also rapid breakthroughs. For example,
a Russian hydraulic fracturing simulator has been
created, which makes it possible to increase the
efficiency of hydraulic fracturing in reservoirs with
hard-to-recover reserves (Bazhenov Formation)

The software available on the Russian market has
significant drawbacks due to its limited applicability
in the conditions of complex reservoirs and reservoirs
of hard-to-recover oil reserves. With the support of
the Ministry of Industry and Trade of the Russian
Federation, the Ministry of Energy of the Russian
Federation, the Ministry of Telecom and Mass
Communications of the Russian Federation on the
site of the Skolkovo Foundation from October 2016 to
June 2017, a competition was held to select a project
consortium to develop an industry software product
for modeling, optimization and control of hydraulic



He(TH (apMaTypa, 3aABUKKH, BEHTUWIH U JIP.).

HIIO «Cn66ypmalt», pe3uIeHT HHAYCTPHAJIBHOTO
napka «BOpOBCKUIT», HAIAXKUBAET IIPOU3BOICTBO
060PYAOBAHUS JIJIS1 KPEILJIEHUS 1 OCBOCHUS
CKBAXHH, MHOroCTaguHoro I'PI1, oTceyeHus yactu
OTKPBITOI'O CTBOJIA CKBA’KHUHBL B MTHIYCTPHAIBHOM
napke <« IpoMieHTp» B Y(pe COBCEM HETABHO
Pa3MECTUIOCHh NPOU3BOJCTBO 6JIOUHO-KYCTOBOI'O
HACOCHOT'O OO0OPYJOBAHUS.

B koH1ie peBpansa 2020 roga B CankT-ITleTepoypre
COCTOSIACh TEXHOJIOIUYECKAs KOH(PEPEHITUA
«IMITIOPTO3aAMEIIEHNE B HE(PTETA30BON
IPOMBIIUIEHHOCTU», OPTAHU30BAHHAA
HannoHaasHBIM HEPTETA30BBIM (DOPYMOM.
Y9aCTHHUKH BCTPEYN OOCYANIIA BAKHENIITNE
BOIIPOCHI, TAKUE KAK TEXHOJIOTHYECKUI CYBEPEHUTET
Y SHEPTeTUYECKAS O€30MACHOCTD CTPAHBI,
YHUDHUKALINA TOAXOAO0B K CTAHIAPTUALIUHA U
cepTUPUKAIMU POCCUICKUMH HE(PTEra30BBIMHU
KOMIAHUAMH, MEXKIYHAPOJHOE COTPYIHUYECTBO;
JIOKAJIM3AL WS IPOU3BOACTB U TEXHOJIOTUIECKHE
MapPTHEPCTBA; UMIIOPTO3aMEMIEHHE B AIIOXY
UMPOBU3ALINN: HOBBIE PEMIEHH S, SKOHOMUYECKAS
3P PEKTUBHOCTD U AJANTALUS OU3HECA.

PykoBopurens LleHTpa KOMIIETEHITNA
TEXHOJIOIMYECKOTO pa3sutua TOK MUHsHEPro
Poccum Oner JKjaHeeB B CBOEM BBICTYIUIEHHUN
HAa KOH(PEPEHIIUN OTMETHJL, 4TO pabOoTa IO
ONIPENIENIEHUIO IIPHOPHUTETOB TEXHOJIOTMYECKOTO
passuTusa oTpacneit TOK segerca
B COOTBETCTBUH C IIPOEKTOM
DHEPreTUYECKOH CTPATETNH
Poccurickont degepanuu 10
2035 roga COBMECTHO C
OTpacneBbIM cooomecTBOM. Ilepen
HEPTEra30BOI OTPACIBIO CTOAT

C yXYAIEHUEM CTPYKTYPBI

34M4COB U, COOTBETCTBEHHO,

C HEOOXOIUMOCTBIO

TEXHOJIOIMYECKOTO

EPEBOOPYKEHUA I UX

3P (PEKTUBHOIO UCTIOIB30BAHUS.
HUKTO 13 y4aCTHHUKOB

KOH(PEPEHIIUU HE YCOMHUIICA B

MmnoprosamelyeHne He
AOJDKHO NpeBpaTUTbLCA
B TeXHOJNIOrm4ecKkvmn
)Xene3HblN 3aHaBec,
otpenaowmn Poccuio
CYH_ICCTBCHHble BbI3OBBI, CBA3dHHBIC oT Benyu_l“x MMpOBb'x
pa3paboToK.

Import substitution should
not turn into a technological Development Center for Energy
iron curtain separating
Russia from the world's
leading developments.

fracturing operations — the Cyber Fracturing
simulator. The aim of the competition was to select
the most qualified design consortium to create
competitive Russian software for the oil and gas
industry. The victory was awarded to a consortium led
by the Moscow Institute of Physics and Technology
(MIPT).

The industrial partner of the project is Gazprom
Neft Science and Technology Center. “Holding
the Cyber Hydraulic Fracturing Competition is an
expected step and a unique approach to meeting
the technological and, at the same time, market
challenge. The creation of a Russian hydraulic
fracturing simulator contributes to ensuring the
technological independence of oil companies not
only in Russia, but all over the world”, — said Sergei
Arkhipov, Head of the Department for Technological
Partnerships and Import Substitution of
Gazprom Neft.

The technology allows 10—-20% more accurate
reproduction of fracture characteristics when
simulating operations, which provides up to 5%
increase in production. It has already been tested and
implemented in production processes. During 2020,
it is planned to release the first industrial version,
available to a wide range of oil and service companies
in the Russian market.

As fresh examples of import substitution within
industrial parks, one can cite a number of projects
in the oil service sector in the Tyumen region, where
the production of equipment for steam-thermal and
classical oil production (valves, valves, valves, etc.) was
recently launched in the Bogandinsky industrial park.
Sibburmash, a resident of the Borovskiy industrial
park, is organizing the production of equipment for
casing and completing wells, multi-stage hydraulic
fracturing, and cutting off part of an open wellbore.
The industrial park "Promtsentr" in Ufa recently
housed the production of block-cluster pumping
equipment.

At the end of February 2020, a technological
conference "Import Substitution in the Oil and Gas
Industry", organized by the "National Oil and Gas
Forum", took place in St. Petersburg. The meeting
participants discussed the most important issues,
such as technological sovereignty and energy
security of the country, unification
of approaches to standardization
and certification by Russian oil
and gas companies, international
cooperation; localization of
production and technology
partnerships; import substitution
in the era of digitalization: new
solutions, economic efficiency and
business adaptation.

The Head of Technology

Sector of the Ministry of Energy of the
Russian Federation Oleg Zhdaneey,

in his speech at the conference,

noted that the work to determine
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TOM, YTO UMIIOPTO3AMELICHUE
B CJIOKUBIITHUXCS YCIIOBUAX
HEOOXOAUMO, HO BOT YTO
MMEHHO UMIIOPTO3AMEIIATD,
K4aKHM OOPa30M 3TO EATh,
KaK OObEJUHUTD YCUIUS
KOMIAHHWI 1 HA YEM B IIEPBYIO
odepenb COCPENOTOUYNTHCS —
OJHO3HAYHBIX OTBETOB HA 3TU
BOIIPOCHI HET. [J1aBHOE, C YeEM
OBLIH COITIACHBI BCE YIACTHUKH
(popyma, — UMIIOPTO3AMEIIECHUE
HE JOJDKHO IIPEBPATUTHCA B
TEXHOJIOTMYECKHH JKEJIC3HbBIN 3aHABEC, OTACIISIONUI
Poccuro OoT BeyX MUPOBBIX Pa3PA0OTOK.

Heo6bp19aiHO Ba2KHBIM MOMEHTOM SIBJIAETCS
HEOOXOJUMOCTD ONEPEKAIOMIETO PA3ZBUTUSA
CMEKHBIX OTPACJIEN: METAJLIY PITUYECKOH,
XMMHYECKOU U PAJIHO3IEKTPOHHOM
IPOMBIIIEHHOCTEN. M3-32 OTCYTCTBUSA B
HACTOALIEE BPEMS PAAA POCCUUCKUX MATEPUAJIOB
Y KOMIUIEKTYIOIMNX YoKE HA CTATUU IPOEKTHBIX
pELIEHN CTENEHD JIOKAIU3AL MU HE JOCTUT'AET
Jaxe 50%. OCO6EHHBIN (DOKYC JOJIKEH
OBITh HAIIPABJIEH HA PA3BUTHE POCCUMUCKON
IEKTPOHHON KOMIIOHEHTHOI 6a3bl, BKII0OYAS
BBICOKOTEMIIEPATYPHYIO HOMEHKIATYPY JJIA
CKBA)KMHHOM aNIIaPATyPhI.

B Hacrosmee BpeMst MuHaHepro Poccuu paboraer
co crpanamu bPUKC Ha1 aHATM30M IIPUOPUTETOB
passuTusa TOK, IpU3BAHHBIM JJATh BO3MOKHOCTh
MOHATH, B KAKUX HAIIPABIEHUAX IIEPCIIEKTUBHA
Koonepaunus U rage Poccus criocobHa NpeyIoxkUThb
COOCTBEHHBIE YHUKAJIbHBIE KOMITETEHITUH.

«HaM HY’>KHO HE UMIIOPTO3AMEIIEHUE
pagu UMIOPTO3AMEIIEHHA, 4 COOCTBEHHOE
TEXHOJIOTUYECKOE PA3BUTHE, — PESIOMUPOBAJ
pyxosoauTens LleHTpa KOMIIETEHITUI
TEXHOJIOTMYECKOI'o pa3BuTus TOK MUH3HEPTO
Oner JXpanees. — B Hamert ctpateruu 10 2035 roga
TOXKE €ECTh TEXHOJIOTUYECKHE BbI30OBBI, BBIPA’KEHHBIE
B IU(PPaAX, HO IVIABHOE — 3TO COOCTBEHHOE
TEXHOJIOTUYECKOE PA3BUTHE, HAIIPABJIEHHOE HA
PEANN3AIUNIO HAMUX YHUKAJIBHBIX KOMIIETEHIINHY,
C(POPMUPOBAHHBIX IOJ] HAIIIM 33/1a49H — I1OJ,
HedTEXUMUIO, pa3paboTKy TPH30B, MPOEKTOB HA
menabsde..»

HmnopTozaMenieHue B TOIIMBHO-
IHEPreTUYECKOM KOMILIEKCE 6A3UPYyeTCs HA
MOUIHOM TEXHOJIOTMYECKOM PBIBKE HAIIMOHAJIbHOM
IIPOMBIIJIEHHOCTH. A 3HAYHT, OHO BKJIIOYACT
HE TOJIBKO OOOPYIOBAHHUE U TEXHOJIOTUH, HO
U KBAJIU(PUIIMPOBAHHBIN U COBPEMEHHBIH
WHXXUHUPHHT. Tem 60Jjiee YTO I71aBHAS 33/1a4a HOBOH
3HEPreTHYECKOU cTpareruu Poccuu 10 2035 roaa
NPEAYCMATPUBACT IIEPEXO]] OT PECYPCHO-CBIPHEBOI'O
K PECYPCHO-UHHOBALIMOHHOMY PA3BUTHIO HEPTIHON
OTPAC/IN.

IIyGauKanuA MOATOTOBIEHA AHATHTHYECKOM I'PYIIITON
JKypHana <Bpems kontTroouHra. Bpemsa I'PII> Ha ocHOBe
OTKPBITBIX HCTOYHHKOB HH(popMaum
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Ham Hy)XHO He
MMMopTO3aMelleHue pagv
MMMOPTO3aMeLLEeHMS,

a cobcTBeHHOe
TeXHoJNIorm4ecKkoe passuTtue.

We do not need import
substitution for the sake
of import substitution,
but our own technological
development.

the priorities for technological
development of the fuel and energy
complex industries is being carried
out in accordance with the draft
Energy Strategy of the Russian
Federation until 2035 together with
the industry community. The oil
and gas industry faces significant
challenges associated with the
deterioration of the structure of
reserves and, accordingly, with

the need for technological re-
equipment for their effective use.

None of the conference participants doubted
that import substitution in the current conditions is
necessary, but what exactly is import substitution,
how does it work, how to combine the efforts of
companies and what, first of all, to focus on — there
are no unequivocal answers to these questions. The
main thing that all forum participants agreed with
was that import substitution should not turn into a
technological iron curtain separating Russia from the
world's leading developments.

An extremely important point is the need for
the advanced development of related industries:
Metallurgical, chemical and radio-electronic industries.
Due to the lack of a number of Russian materials and
components at the stage of design solutions, the degree
of localization does not even reach 50%. A special
focus should be directed to the development of the
Russian electronic component base, including high-
temperature nomenclature for downhole equipment.

Currently, the Ministry of Energy of the Russian
Federation is working with the BRICS countries to
analyze the development priorities of the fuel and
energy complex, designed to make it possible to
understand in which areas cooperation is promising
and where Russia is able to offer its own unique
competencies.

“We do not need import substitution for the sake
of import substitution, but our own technological
development,” concluded Oleg Zhdaneev, the Head of
Technology Development Center for Energy Sector of
the Ministry of Energy of the Russian Federation. “Our
strategy until 2035 also has technological challenges
expressed in numbers, but the main thing is our own
technological development aimed at implementing
our unique competencies, formed for our tasks — for
petrochemistry, the development of hard-to-recover
reserves, offshore projects..”

Import substitution in the fuel and energy complex
is based on a powerful technological breakthrough of
the national industry. This means that it includes not
only equipment and technologies, but also qualified
and modern engineering. Moreover, the main task of
the new energy strategy of Russia until 2035 envisages
the transition from resource-based to resource-
innovative development of the oil industry.

The publication was prepared by the Analytical Group of
the Coiled Tubing Times journal based on open sources of
information
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HHHOBAUWOHHOE OBOPYADBAHHE

rPYMNMNA ®UA - BALL NMAPTHEP

B OBAACTU OBOPYAOBAHUA
TMAPABAUYECKOIO
PA3PbIBA MAACTA

OnbITA

M3rOTOBAEHMUE
no HHAMBHUAYANBHOMY
TEXHUYECKOMY 3AAAHUIO

LUMPOKAA CETb
CEPBMCHbIX LEHTPOB

ABTOPWU3UPOBAHHbIN
CEPBWCHbIW LIEHTP

MO PEMOHTY U
OBCAYXUMBAHWUIO HACOCOB
BbICOKOI0o AABAEHUA
NMPOU3BOACTBA WEIR SPM

HALUIU TEXHUYECKUE PELLEHUA
AEAAKOT BESTrPAHUYHBIMU
BALLUKX BOSMOXXHOCTH!
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PazButue knacrepHoro Pl
no texHonoruu Plug & Perf

Cluster Fracturing Development
Using Plug & Perf Technology

JI.B. BOPOBBEB, 3aMeCTHTEIb € HEPATBHOI'O JUPEKTOPA IO IPOU3BOACTBY, B.B. MAPUYEHKO, nu:xeHep 2-i1 kareropuu OKPC YCTucC,
H.A. 3AKPYKHBIN, nauaxpHuk YCTuC, K.E. AJIEKCEEB, Beaymui naxxeHep OKPC YCTucC,
PYII JIpOHU3BOACTBEHHOE OObefHEeHHE <BeopycHedTh>

Denis VOROBYOYV, Deputy General Director for Production, Vladimir MARCHENKO, Engineer of the 2nd category of OKRS USTiS,
Denis ZAKRUZHNY, Head of USTiS, Konstantin ALEKSEEYV, Leading Engineer of OKRS USTiS,
RUE "Production Association "Belorusneft"

BBepeHue

B HacTosmee BpeMs NOAABIIAIONAS YACTh
HEPTAHBIX MECTOPOXKAEHUI Pecniybiinku benapycb
HAXOJUTCS HA IOCJIEHEN CTAUN PA3pA0OTKY,

IpU 3TOM 6071€e€ 50% OCTATOYHBIX 34M1ACOB
YIJIEBOJOPOAOB IPUYPOUYEHO K HU3KOIIPOHUIIAEMBIM
CIA60APEHNUPYEMBIM KOJUIEKTOPAM. AKTUBU3AL U
UX BBIPA6OTKY, OBBIINICHUE HEPTEOTAAUHN

U PEHTA6EIBHOCTD PA00THl (POH/A CKBAKUH

B PVII JIpOU3BOJCTBEHHOE OOBEJUHCHUE
«benopycHe(Th> BO3MOKHBI HCKJIIOUYUTEIBHO

C UCIIOJIb30BAHHUEM IPOTPECCUBHBIX METOJIOB
OCBOEHUS CKBAKUH U UHTEHCU(PUKAIIUU IPUTOKA —
TUJPABIMYECKOTO PA3PbIBA ILIACTA.

B ¢Bs13u CO crien(pUIHOCTBIO CTPOCHUS TJIOTHBIX
KapOOHATHBIX OTJIOKEHUH UCIOTIBb30BAHUE
«KJIACCUYECKUX» TeXHONOruu I'PIT He B ITOITHOMU
MEpPE AAET XKEIAEMbIH pe3ybTart. [Toaromy
MOCTOSAHHOE IPOTPECCUPOBAHUE TEXHOIOTUH
I'PIT BiiedeT 32 COOOU AKTUBHOE PA3BUTHUE JPYIUX
chep HEPTEJOOBIUN U CEPBUCHBIX PAOOT: OypEHUs,
3aKAHYUBAHUA, KAITUTAJIBHOTO PEMOHTA CKBAXKHUH,
reo(pusndeckux pabor. [Ipu 3TOM B3aUMOCBA3b
PAa3IMYHBIX HATIPABIEHUI, TOJ00P U ONTUMHU3ALIHA
MPUMEHSAEMBIX TEXHOJIOTUI HEBO3MOXKXHBI HA
OCHOBAHHH TEOPETUYECKUX U3BICKAHUI, 4 TPEOYIOT
TOJIBKO IPAKTUYECKOM PEATU3ALUHN, U, KAK ITOKA3aJ
HAIII OIIBIT, <'HOKOCTHU> B IPUHATHUHN PEIIEHUN.

B JaHHOM CTAThE NPUBEJEH ONBIT OypPEHUA
U1 OCBOEHUSA KAPOOHATHBIX KOJIJIEKTOPOB B
Pecniybnuke Benapyce 3a nepuoyg 2014-2020 rosos,
KPATKO OIUCAHBI MOITHOCTUA U BO3MOKHOCTH
PVIT JIpOn3BOJCTBEHHOE OO'bEJUHEHNE
«benopycHe(Thb», OCHOBHBIE HCTIOIb3YEMbBIE
TEXHOJIOTUU U UX 3BOJIIOLINSA B 3aBUCHUMOCTH
OT MOJIYYAEMOTI'O TEXHUKO-3KOHOMHYECKOI'O
adPekra. OnrcaHa TEXHOIOIU KJIACTEPHOI'O
MTPII npu peanuszanuu padot no Plug & Perf Ha
TPAAULIMOHHOM U HETPAJUIITMOHHOM KOJIJIEKTOPAX,
MOJYYEHBI ITOATBEPKIEHUE BO3MOXKHOCTH
BOBJIEYEHHN I HOBBIX HEBBIPAOOTAHHBIX 30H
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Introduction

At present, the overwhelming majority of the
oil fields in the Republic of Belarus is at the last
stage of development, while more than 50% of the
current hydrocarbon reserves are confined to low-
permeability, weakly drained reservoirs. Activation
of their production, increased oil recovery and
profitability of the well stock in RUE “Production
Association® Belorusneft” is possible only with the
use of progressive methods of well development and
stimulation of inflow. And it is hydraulic fracturing.

Due to the specificity of the dense carbonate
sediments structure, the use of "classical" hydraulic
fracturing technologies does not fully give the
desired result. Therefore, the constant progress
of hydraulic fracturing technologies entails the
active development of the other oil production and
service work areas, such as drilling, well completion,
well workover, well logging. At the same time, the
interconnection of various directions, the selection
and optimization of the applied technologies is
impossible on the basis of theoretical research, but
requires only practical implementation, and, as our
experience has shown, "flexibility" in decision-
making.

This article will give the experience of drilling and
developing of carbonate reservoirs in the Republic
of Belarus for the 2014-2020 period. The capacities
and capabilities of RUE “Production Association
Belorusneft ”, the main technologies used and their
evolution depending on the obtained technical and
economic effect are briefly described. The technology
of cluster multistage hydraulic fracturing during the
implementation of Plug & Perf on traditional and
unconventional reservoirs is described, confirmation
of the possibility of involving new undeveloped
reservoir zones within the horizontal section of the
well by creating additional filtration channels
(i.e. hydraulic fractures) has been obtained.

Based on the work performed, further
development paths of RUE Production Association



KOJIJIEKTOPOB B IIPEJEIAX FOPUSOHTAIBHOI'O YIACTKA
CKBaKHHBI C TTIOMOIIBIO CO3/ITAHUS JIOTIOTHUTETBbHBIX
KaHaJI0B (pUabTpanuu (T. €. Tpemus I'PIT).

Ha OCHOBaHMH BBIIIOJHECHHBIX pA60T
HAMEYEHBI JAJTBHENUITNE TYTH PA3BUTUSA
PVIIT JIpON3BOJCTBEHHOE OO'bEITUHECHUE
«BenOpyCHEPTH», [TTABHBIM U3 KOTOPBIX SBJISICTCS
JOCTH)KEHUE yKe K KOHITY 2021 rofa BO3MOXKHOCTH
OPOBOAUTE UKJI paboT MI'PIT no rexHonoruu Plug
& Perf COGCTBEHHBIMU CUJIAMH (T. €. IO, KJIIOY).

Ha4danbHbi (NepBbin) 3Tan — NUIOTHbIE
pa6otbi B IN'C

3apOXEHUE U PA3BUTHE TEXHOJIOTUN OCBOEHUS
KapOOHATHBIX KOJUJIEKTOPOB TOPU30OHTAIBHBIMHU
CKBaXUHAMU B Pecniy6nmke benapych HA4aI1uCh
C Pa3pabOTKH «HETPAJUILITUOHHBIX> KOJIJIEKTOPOB,
Ha KOTOPBIE OBLIN IPOOYPEHBI NEPBBIE CKBAKIHEI
B 2014 roay. Y4UTbIBasg CHELU(PUIHOCTD
MJIAHUPYEMBIX K OCBOECHHIO OTIIOXKEHUI, B KAYECTBE
OWIOTHBIX PA6OT NPUHATO PEMIEHUE OYPUTD
CKBa>KHMHBI C TOPHU30HTAJIbHBIM OKOHYAHHUEM
110 500 M ¢ nocaeayomnum nposecaueM MI'PIT
Ha CTAPEUIIEM U CAMOM OOJIBIIOM HEPTIHOM
MECTOPOXKJEHUN BEIOPYCCKOrO PErMOHA —
Peuuniikom.

Peunnikas CTpyKTypa BbIsABICHA B 1949 rony
6€I0PYCCKON KOMIIJIEKCHOM re0(pU3nYECKON
IKCIIETUITUEN IO TIOBEPXHOCTU COJIEHOCHBIX
¥ TIO/ICOIEBBIX OTIOKeHMH. C MapTa 1967 roma
MECTOPOXKIEHUE HAXOIAUTCSA B IPOMBIIIJIEHHON
pa3paboTKe. B reoJIOrH4eCcKOM CTPOEHUH
PednIikoro MECTOPOXAEHUSA IPUHUMAIOT YIACTHE
HOPOABI KPUCTAJUTUYECKOTO (PYyHAAMEHTA APXEUCKO-
HUKHETIPOTEPO3ONCKOTO BO3PACTA U OCAJOYHOT'O
4exJIa, IPEICTABIEHHBIE BEDXHENIPOTEPO3OUCKUMH,
JIEBOHCKUMH, KAMEHHOYTI'OJIbHBIMH, IEPMCKUMH
1 ME3OKANHO30MCKUMHU OOPA30BAHUSAMY,
pa3feIEeHHBIMU MEXKAY COOOU KPYITHBIMUA
NEPEPBIBAMH B OCAJKOHAKOIUIEHHH.

K HETpaguIMOHHBIM KOJUIEKTOPAM B Pecrniybiirike
benmapych OTHOCATCS MEXKCOJIEBBIE TNIOTHBIE
YIBTPAHU3KOIIPOHHUIIAEMBIE KADOOHATHBIE
OTJIOXKEHHU A BEPXHETO IEBOHA, 4 UMEHHO OTIOXKEHHUA
[-1IT mayKu IETPUKOBCKOI'O TOPU3OHTA. Ha
Teppuropuu Pecriybnnku benapycs B npejenax
[TpUnATCKOro Nporubda JaHHbIE OTIOXKEHUA
HanboJIee NEPCIIEKTUBHBI HA Peunnikom HeE(PTIHOM
MECTOPOXAECHUU. CpeHsS BEPTUKAIbHAS ITTyOUHA
3aJIETAHUA JAHHBIX OTJIIOKEHUH COCTABIISAET
-1850 — -2050 m. CpeHsAsa OTKPBITASI IOPUCTOCTD
COCTABJIACT 5—7% C PEAKUMU IIPOCIOMKAMHU
KOJIJIEKTOPOB C OTKPBITOH IIOPUCTOCTHIO 10 10—-12%,
MIPOHUIAEMOCTD JAHHBIX KOJJIEKTOPOB HAXOJUTCA
B IIpezenax meHee 1 M/, mpu 3ToM KO3 PUIIUEHT
IJIMHUCTOCTU MOPOJ], B KOJUIEKTOPE JOCTUTAET
30%. JINTOJIOTUYECKHU JAHHBIE KOJIJIEKTODBI
MPEJICTABJIEHDI IEPECTANBAHUEM JIOJIOMUTOB,
JOJIOMHUTOB INTMHHUCTBIX U ITTMHUCTBIX U3BECTHAKOB,
MepreJien. BeprukanbHasa 3O@EKTUBHAA MOIITHOCTD
BAPbUPYETCs B IIpesenax 3,8—8,1 M nipu ob1iein
MOIITHOCTH OT/JIOXEHUM 10 20 M, KO3(PPUITUEHT

Belorusneft are outlined. The main one is the
achievement of the ability to carry out a cycle of
MSHF operations using Plug & Perf technology on its
own (i.e. on a turnkey basis) by the end of 2021.

Initial (first) stage - pilot work in the
horizontal wells

The emergence and development of technologies
for the development of carbonate reservoirs with
horizontal wells in the Republic of Belarus began
with the development of "unconventional" reservoirs,
on which the first wells were drilled in 2014. Taking
into account the specificity of the deposits planned
for development, as a pilot work, it was decided
to drill wells with horizontal ends up to 500 m,
followed by multistage hydraulic fracturing at the
oldest and largest oil field in the Belarusian region —
Rechitskoye.

The Rechitsa structure was revealed in 1949 by
the Belarusian integrated geophysical expedition on
the surface of salt and subsalt deposits. Since March
1967 the field has been in commercial development.
The geological structure of the Rechitsa deposit
involves rocks of the crystalline basement of the
Archean-Lower Proterozoic age and a sedimentary
cover, represented by Upper Proterozoic, Devonian,
Carboniferous, Permian and Meso-Cenozoic
formations, separated by large interruptions in
sedimentation.

Unconventional reservoirs in the Republic of
Belarus include inter salt dense ultra-low-permeable
carbonate deposits of the Upper Devonian, namely
deposits of I-I1I units of the Petrikovsky horizon. In
the territory of the Republic of Belarus, within the
Pripyat trough, these deposits are most promising
in the Rechitsa oil field. The average vertical depth
of these deposits is from 1850 up to 2050 m. The
average open porosity is about 5-7% with rare
interlayers of reservoirs with open porosity up to
10-12%, the permeability of these reservoirs is less
than 1 mD, while the clay content of the rocks in the
collector reaches 30%. Lithologically, the reservoir
data are represented by interbedded dolomites,
dolomites, clay and clayey limestones, marls. The
vertical effective thickness varies from 3.8 to 8.1 m
with a total thickness of deposits up to 20 m, the
dissection coefficient is 4 or more [1].

At the well completion stage, non-cemented units
with annular packers and multistage hydraulic
fracturing sleeves were run, without the possibility of
opening-closing, activation of ports and temporary
cutting off of the underlying intervals were carried
out with balls (ball-drop units). When developing
unconventional reservoirs, standard fracturing
technologies were used: high-viscosity fracturing
fluid, proppant with large fractions of 20/40 and
16/20 mesh, standard injection rate for fields in the
Belarusian region equal to 3.5 m? / min.

Well 310g was the first target to explore and
develop unconventional reservoirs in a horizontal
wellbore by hydraulic fracturing. This well was drilled
in 2014, the vertical section of the wellbore was cased
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PAaCYIEHEHHOCTHU COCTABAET 4 1 60iee [1].

Ha sTamne 3aKaHYUBAHUS CKBA’KUH CITYCKAJIHUCh
HEIIEMEHTUPYEMBIE KOMIIOHOBKH C 33KOJIOHHBIMHU
nakepaMu 1 my@ramu MI'PIT 6€3 BO3MOKHOCTH
OTKPBITUSA-3AKPBITUS, AKTUBAIIUA IOPTOB U
BPEMEHHOE OTCEUYCHUE HUIKEJIEKAINX HHTEPBAJIOB
OpoBOAUNIOCH mapaMu (ball-drop-KOMOOHOBKN).
ITpy OCBOEHUU HETPAJAUIIMOHHBIX KOJIJIEKTOPOB
IPUMEHSINCH CTAHAAPTHBIE TeXHON0ruu I'PIT:
BBICOKOBSI3KAS1 JKMJIKOCTb PA3PbIBA, IPOIIIAHT
KpynHbIX ppakiui 20/40 u 16/20 mesh,
CTAHAAPTHBIN JIJISI MECTOPOXKIEHUI 6EIOPYCCKOTO
PETrMOHA PACXOJ HATHETAHUS, PABHBIN 3,5 M?/MUH.

IlepBbIM OO'BEKTOM, HA KOTOPOM IIPOXOAMIIA
pa3BeAKa U OCBOEHUE HETPAJUIITMOHHBIX
KOJIJIEKTOPOB B TOPU30HTAJIIBHOM CTBOJIE METO/IOM
I'PIT, crana ckBaxkyuHa Ne 310g. JlaHHAasA CKBAXKUHA
npobypena B 2014 rozy, BEPTUKAJIbHBIA YIaCTOK
CTBOJIA OOCAKEH IKCIJIYATAITMOHHOM KOJIOHHOM
0 245 178 MM, B TOPU3OHTAJIbHBIN YYACTOK CITYIIIEHA
5-11opToBast KOMIIOHOBKA MI'PIT @ 114 MM ¢
33aKOJIOHHBIMH MTAKEPaMU. [IJIMHA TOPU3OHTAIBHOTO
y4aCTK4, IPOBEJEHHOI'O IO KOJJIEKTOPY B
HAIPABJIEHUH ECTECTBEHHOI'O HAILIACTOBAHMU,
cocrasuia 400 M, IPH 3TOM HPOTAKEHHOCTD
NPOAYKTUBHBIX OTJIOKEHUH 10 CTBOJY — 305,1 M,
O BEPTUKAIH — 7,83 M. KOadpuimeHT OTKPBITOMH
HOPUCTOCTH IO OTJAEIBbHBIM NPOILIACTKAM
Jocturan 12%, koa(pHUIITUEHT INMTUHUCTOCTH IIPH
3TOM COCTABJISLA 10 11,2%, HA9aIbHOE MIIACTOBOE
JaBieHue — 26,7 MITa. [Ipodus MPOBOAKH
CKBa’KHMHBI Y ITTyOHUHBI yCTAHOBKH ITIOPTOB U ITAKEPOB

with a production casing of @ 245 178 mm, a 5-port
multistage hydraulic fracturing assembly @ 114 mm
with annular packers was run into the horizontal
section. The length of the horizontal section, drawn
along the reservoir in the direction of natural
bedding, was 400 m, while the length of productive
deposits along the wellbore was 305.1 m, along the
vertical — 7.83 m. The coefficient of open porosity for
individual layers reached 12%, the clay content at this
was up to 11.2%, the initial reservoir pressure —
26.7 MPa. The well placement profile and port and
packer depths are shown in Figure 1.

When carrying out multistage hydraulic fracturing
on well 310g, 5 stages were performed, a total
of 437 m> of fracturing fluid and 85 tons of proppant
with fractions 20/40 and 16/20 mesh were injected,
which corresponds to ~ 0.2 tons of proppant per
meter of length of the effective (oil-saturated)
horizontal wellbore. A characteristic fact of the
operations performed was the virtually problem-
free injection of a coarse fraction (16/20 mesh) of
proppant with a concentration of up to 800 kg/m?.

The well was put into operation with an initial
production rate of 46 tons/day (35.4 tons/day for
oil) in the first month. After 4 months, the flow
rate decreased to 6 tons/day (4.7 tons/day for oil).
The results obtained, namely, a sufficiently high by
the standards of even traditional reservoirs of the
Republic of Belarus, the input flow rate of the well,
made it possible to actively continue field testing
of new technological approaches to drilling and
development of wells.
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Pucynox 1 - IIpogpuns ckeadxicunst 3108 ¢ ykazanuem mouex pasmeuenus nopmoe MI'PII u

3aKONOHHbIX NAaKePos

Figure 1 — Profile of well 3108 with indication of locations of multistage bydraulic fracturing

ports and annular packers

U300paKEHBI HA PUC. 1.

IIpu nposeaenuu MI'PIT Ha ckBaxxuHe 310g
BBITNIOJIHEHO 5 CTAAUI, CYMMAPHO 3aKa4aHO 437 M?
JKHUJIKOCTH Pa3pbIBa U 85 T IPONNAHTA (PPAKIIUHI
20/40 u 16/20 mesh, yTo cooTBercTByeT ~ 0,2 T
OPOMNMNAHTA HA METP JJINUHBI 3(P(HPEKTUBHOTO
(HE(TEHACHIIIEHHOI'O) TOPU3OHTAIBHOI'O CTBOJIA
CKBa>KHUHBL XaPaKTEPHBIM (PAKTOM BBIITOJTHEHHBIX
onepanui IBUIACh (PaKTUIECKU 6ecnpobIeMHAs
3aKayka KpymHoH (ppakiuu (16/20 mesh)
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Further, well 292g was drilled to the
"unconventional" reservoir of the Rechitsa field,
which was located in the cross of natural bedding,
and the reservoirs exposed by the well had similar
characteristics to well 310g. It was also mastered
using ball-drop units, but with a different approach
to multistage hydraulic fracturing: The volume of
the injected fluid was multiplied (1220 m? in total),
its viscosity was reduced, the proppant mass was
increased (165 tons of proppant with 20/40 mesh



N
=

MIPONMNAHTA C KOHIeHTpanuen 1o 800 Kr/m?. fractions) and the proppant concentration was 8

B skcrryaTaniuio CKBaKMHA BCTYIINIIA C reduced up to 300 kg/m? The injected proppant mass ||
HAYaJIbHBIM IEOUTOM MTPOAYKIIUH 46 T/CYyT corresponds to ~ 0.34 tons of proppant per meter O
(35,4 T/CyT IO HE(PTH) 32 IEPBLIA MECHLL, of length of the effective (oil-saturated) horizontal Z.
Yepes 4 Mecsiia Ae6uT CHU3UICS 10 6 T/Cy'T wellbore (Figure 2). -
(4,7 T/cyT no HeTH). [ToydyeHHBIE PE3YJIBTATHI, Despite a significant increase in the ratio of the LLTJ)
4 UMEHHO JOCTATOYHO BBICOKHUH IO MEPKAM proppant mass to the length of the horizontally |
JIAKE TPAJAUIIMOHHBIX KOJJIEKTOPOB Pecrybinku bored deposits in well 292g, after a complex of
benapych BXOJHOM 1€OUT CKBAKUHBI, IIO3BOJIIN development work, it entered production with a
AKTHUBHO IPOJOJIKUTB IIPOMBICIIOBOE OIIPOOOBAHUE much lower oil production rate — 597 tons/day,
HOBBIX TEXHOJIOT'HYECKHUX MTOJXOJOB IIPU OYPEHUH U after 3 months the production rate decreased
OCBOECHHH CKBAKUH. to 4.3 tons/day for oil (table 1).

Janee ObL1a IPOOYpPEHA CKBAXKUHA 2928 HA The main reason for obtaining low production
«HETPAAUIIMOHHBIC» KOJJIEKTOPBI PEUnIIKOTO rates in the well was seen to be a different
MECTOPOXK/CHU S, KOTOPAS PACIIOIATAIACh B KPECT location of the wellbore, and, as a consequence,
€CTECTBEHHOMY HAIJIACTOBAHUIO, 4 BCKPBITHIE the development of hydraulic fractures along the
CKBaKMHOMU KOJIJIEKTOPBI O6JIAZ AN CXOKUMH wellbore and the alignment of the created filtration
XAPAKTEPUCTUKAMU CO CKBAXMHOU 310g. OCBOEHA channels with the wellbore. This hypothesis was
OHAa TAKJKE C NOMOIIBIO ball-drop-KOMIIOHOBOK, HO confirmed by the results of the interpretation of

C UHBIM 1TOAXOAOM K MI'PIT: KpaTHO
YBEJINYEH OO'BEM 3aKAYUBAEMON
JKHUJKOCTH (CYMMAPHO 3aKA4YaHO
1220 M?), CHUIKEHA €€ BA3KOCTb,
yBeJIMYEHA Macca npormanTa (165 T
nponnanTta ppaxknauii 20/40 mesh)
Y CHUKCHA KOHIICHTPAITUA
nponnanTa a0 300 kr/m?.
3aKayaHHas MACCa IIPOIIAHTA
coorsBeTcTBYeT ~ 0,34 T IpOIIIaHTa
Ha METP JUINHBL 3(PHEKTUBHOTO
(He(TEHACHIIIEHHOTO)
T'OPU30OHTAIBHOI'O CTBOIA
CKBAXUHBI (pUC. 2).

HecMOTps HA 3HAYUTENbHBIN
IPUPOCT OTHOMICHUS MACChI Pucgvzuon 2 —I'pagpux npogederus MI'PII na ckgadxcune 292g
IIPOIIAHTA K IIPOTAKEHHOCTU 1-2-1i nopm
BCKPBITBIX TOPH30HTAILHBIM Figure 2 — Schedule of multistage bydraulic fracturing
CTBONIOM OTOKeHmit Ha cksaxune ~ On well 292g 1-2 port
292g, nocie npoBeAeHNA KOMILJIEKCA
pPaboT O OCBOEHHUIO OHA BCTYITHJIA
B 106bI4y C ropasgo 6onee nuskum  laoauua 1 - Ilapamempot océoenus ckéaxcun 292g u 310g
ne6uToM o HeTH — 5,97 T/CYT, Table 1 — Development parameters of wells 292g and 310g
yepes 3 Mecs1a 1cOUT NPOAYKIIUU

ToHH
CHU3UICI 10 4,3 T/CyT 110 HEPTU
3 T/CY (1) OnunHa OBy Pacxop, Macca Makc. npon. Ha [ebut
(Tabm. 1). Crgaxu- | TCm | Kon-Bo | S/p°Fs | Harker. npon- KoHU. | 1M3d. | Hedm,
o - length | cramnm ! M3 /MUH npor. DJIHBI T/CyT
OCHOBHOU IPUYUHOU Oy YEHUA Ha engtr FL e naHTa, T !
Well of hori- | Number volume. | miection | o0 oni | Max. Tonns of | Oil flow
HU3KUX JEOUTOB 10 CKBAXKUHE zontal | of stages ms | rate. m3/ Wei%%t +| conc. prop. per | rate, t/
BH/IEJIOCH HMHOE PACIIONIOKEHUE well, m min ' prop 1Im otﬁff. day
en
CTBOJIA CKBAKUHBL, U, KAK CJIECTBUE, g
passurHe TpewuH [PIT B1onb 310g 400 5 437 3,2 85 800 0,2 35,4
CTBOJIA CKBAKUHBI 1 COOCHOCTD 2929 480 > 1220 4,2 165 300 0,34 5,97

CO CTBOJIOM CO3/JaHHBIX KAaHAJIOB
dunprpanuu. JaHHasa TunoTe3a

ObLIa IOATBEPKIECHA PEZYABTATAMU HUHTEPIPETALIUN microseismic monitoring, which was carried out on
MHKPOCEHCMHUYECKOI'O MOHUTOPHHTI 4, KOTOPHBIH well 292¢g: the azimuth of the direction of fracture
MPOBOJUJICA HA CKBAXKHUHE 292g: A3UMYT development coincided with the azimuth of the
HAIPABJIEHUA PA3BUTHA TPEIIUH COBIAIAJI C direction of the horizontal section of the well.
43MMYTOM HAIlPABJIEHUS TOPU3OHTAJIIBHOI'O Y4ACTKA Thus, at the first stage of drilling horizontal wells
CKBA’KUHBL. and developing unconventional reservoirs using
Taxkum 06pa3oM, HA IIEPBOM ITAIIE OYPEHUA multi-stage hydraulic fracturing, initial experience
T'OPU3OHTAJIBHBIX CKBAXKUH U OCBOCHUSA was gained in drilling, running and activating
HETPAJULIMOHHBIX KOJUIEKTOPOB METOAOM ball-drop units, performing multi-stage hydraulic
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MHOrocTaaunHoro I'PIT nosy4yeH Ha4aJIbHbIA

OIBIT B OYyPEHUH, CITyCKE U AKTHUBALIMHU ball-drop-

KOMITOHOBOK, BbIIOJIHEHUM MI'PIT 1o pas3iau4HbIM

TEXHOJIOTMYECKUM I10AX0AaM. BepoaTHbIMU

OPUYNHAMU MOJYYEHH HEBBICOKUX JEOUTOB

HEPTU U HENPOJO/IKUTEIBHOCTH 3(P(PEKTA MOTTIN

HOCJIYKUTB CIEAYIOMUE (PAKTOPBHL:

— HEOIITUMAJIbHASA IIPOBOJAKA CTBOJIA CKBAKUHBI
OTHOCUTEJIbHO CKOIIEHUU YIVIEBOLOPOLOB
U JIATEPAJIBHBIX IIOJIEN HAIIPSXKEHUH, U, KAK
CJIECTBHE, — HU3KUI ITIOTEHLIUAJI CKBAKUHDI,

— HEOIITUMAJIbHAA CXEMA 3aKAHYMBAHUA U OCBOCHU A
CKBa>KHUHBL BEPOATHO, 1151 JOCTHXKEHU S H0oJee
BBICOKUX JICOUTOB HEOOXOIMMO HUCITIOIb30BAHUE
TexHonoruu I'PIT, HanIpaB/IEeHHBIX HA YBEJIUYECHUE
KOJIUYECTBA CO3/1aBAEMBIX TPEMUH U 60JIEE
IJIOTHBIM OXBAT UMU 'OPU3OHTAJIBHOI'O CTBOJIA
CKBa’KHHBI,

— MaJjiasi BEJIMYMHA CTUMYJIMPYEMOTO OObEMA
nopoabl npu nposegenuu I'PIT [1].

Bropou 3Tan - npoeuyvpoBaHMe nogxoaa Ha
«KJlaccuYecKne» KONNEeKTOpbl, MUMOTHbIE
paboTbl No noBTOpHbIM Pl

IToce noy4eHus IEPBOTO OIBITA OYPEHUS
1 OCBOCHU A 'OPHU30OHTAJIBHBIX CKBAKWH HA
«HETPAJUITMOHHOM» KOJIJIEKTOPE ITPUHSITO
pEIIeHHE IIEPEHECTH JJAHHBIC
ITO/IXO/IbI HA «KJIACCHYCCKUC»
KONIEKTOPHL. Taxk, ¢ 2014 o 2018

fracturing using various technological approaches.

The probable reasons for the low oil production rates

and the short duration of the effect could be the

following factors::

— suboptimal wellbore routing with respect to
hydrocarbon accumulations and lateral stress
fields, and as a result - low well potential;

— suboptimal well completion and development
scheme. Probably, in order to achieve higher flow
rates, it is necessary to use hydraulic fracturing
technologies aimed at increasing the number
of created fractures and tighter coverage of the
horizontal wellbore;

— small value of the stimulated volume of the rock
during hydraulic fracturing [1].

The second stage is the projection of the
approach to the "classic" reservoir, pilot
works on re-fracturing

After obtaining the first experience in drilling and
developing horizontal wells in an "unconventional"
reservoir, it was decided to transfer these approaches
to the "classic" reservoir. So, from 2014 to 2018
8 horizontal wells were drilled and completed in
various oil fields: The borehole length was up to
500 m using ball-drop units, the number of stages
increased to 6, the proppant weight per stage

Taonuya 2 — IapamempPot padbomst ckéaxcun nocae MI'PIT
Table 2 — Well performance parameters after multistage

rof] ObLIIO MPOOYPEHO U OCBOECHO bydraulic fracturing

8 TOPU3OHTAIBHBIX CKBAKUH HA

PA3TUYHBIX MECTOPOXK/IECHUIX: Co. cyr. aeur

JUIMHA CTBOJIA COCTABIISLIA /IO HedT 33 3 Mec., C»Eh ;}g gﬁ%"g He¢C)TpV-| fllgbeﬂf?";gﬂ_

500 m ¢ nprumMeHeHveM ball- CKBaXMHa T/CyT, i 3 Mmec., T/cyT T/CyT "| 0BBoAHEHHOCTL, %
drop-KOMIIOHOBOK, KOJIUYECTBO Well '%‘;g?ggigi%?e'l ~ Average daily Average daily oil Water cut, %
CTATUH YBETUYUIIOCH 10 O, for 3 months,t/ ||<341#%2(t)p]/\5/ r?;gg)/r i ra'{?df:; YT

MacCCa MPOIIAHTA Ha CTAZUIO day '

YBETUYMIACH 10 50—60 T, pacxop 589 35 89 41.69 16,25 14.04
HAaTHETAHUSA COCTABIIAI OT 3,5 2049 6.77 19.00 126 46.86
J10 5,5 M?/MUH. JJaHHBIE PA6OTHI

6bUIH 3(P(PEKTUBHBL, O 4eM 61g 25,38 29,13 15,71 12,72
CBHUJICTEIBCTBYIOT BBIPOCIITHE 599 17.12 21,36 14,18 19,00

B 2—3 pa3a BXO/IHBIE JICOUTHI 125g 12,97 65,22 12,48 79,99
110 He(TH B CPABHEHUH CO 569 18,34 22,42 9,31 14,74

CKBA’)KMHAMH, KOTOPBIE 3AITyCKATA
ogHocTaaunHbIM ['PIT (Tabi1. 2).

Pa6oTe B esIOM 66U 3(P(PEKTUBHBI, CKBAKUHBI
OOJIBIIIE I'OZIA PAOOTAIN HA XOPOIIUX PEXKUMAX,
OJTHAKO YK€ K 2—3 TrOZjaM IKCIIIyaTal Uy JOObIYa
HeTH yniana o 1-4 T/CyT U BCTaJI BOIIPOC O
MPOBEJIEHUY NOBTOPHOU MHTEHCU(PUKAIIUY HA
JIaHHBIX OO'bEKTAX. B Iponecce npopaboTKu
BOIPOCA ObLII HAJIEH PAJT CEPBUCHBIX
KOMITAHUH, KOTOPBIE TIPEJJIATANIN PA3TUYHBIE
TEXHOJOTUYECKHUE MTOAXOABI K NOBTOPHBIM I'PIT Ha
HE3a1IEMEHTUPOBAHHBIX ball-drop-KOMIOHOBKAX:
I'PIT c 1puMEHEHNEM ITAKEPHOM KOMIIOHOBKU
Cup-to-Cup, HalyBHBIE ITAKEPHBIE CUCTEMBI,
HUCMONIB30BAHUE KOJIbMATHUPYIOMUX (PAOEPOB,
HOTOKOOTKJIOHUTEJIEH U IIP. TaKkKe ObLII NOJPOOHO
M3Y4YEH OIIBIT BEAYINUX JOOBIBAIOMNX KOMITAHUM
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increased to 50—60 tons, the injection rate was from
3.5 to 5.5 m? /min. These works were effective, as
evidenced by the 2—3 times increased input oil flow
rates in comparison with wells that were launched
with one-stage hydraulic fracturing (Table 2).

The work was generally effective, the wells worked
at good conditions for more than a year, however, by
2—-3 years of operation, oil production dropped to
1-4 tons/day and the question arose about re-
stimulation at these facilities. In the process of
studying the issue, a number of service companies
were found. They offered various technological
approaches to re-fracturing on uncemented ball-
drop units: Hydraulic fracturing using Cup-to-Cup
packer unit, inflatable packer systems, the use of




P® u cpeal BEIBOJ, YTO BCE CYIIECTBYIOIMIUE HA
pbiHKe CHI TEXHOJIOIUHU UMEIOT PAJL HEAOCTATKOB
Y BBICOKHX PUCKOB, U OOJIBIIMHCTBO CEPBUCHBIX
KOMITAHUH HE JAIOT I'APAHTUU B YCIICITHOCTU
MIPOBEJIEHUS PAOOT.

IIprHMMAas BO BHUMAHUE HEOJHO3HAYHBIA
OIIBIT U OT'PAHUYECHHOE IIPEIJIOKEHUE HA PBIHKE,
IPHUHATO PEUIEHUE IIPOBOAUTD ITIOBTOPHBIN I'PIT
COOCTBEHHBIMU CUJIAMHU. B KadecTBe OOBEKTA
JUISL IPOBEIEHU TOBTOPHOrO MI'PIT 661112
BBIOpaHA CKBAXKMHA 310g, KOTOPAasi BCKPBIBAJIA
«HETPAAULIMOHHBIN> KOJUIEKTOP MHOI'OIIOPTOBOM
IAPOBOI KOMIIOHOBKOTI.

OCHOBHOM LIEJIBIO IPOBEACHU A IIOBTOPHOI'O
MTPII Ha JaHHOM OG'BEKTE BUJIECIOCH CO3JAHUE
JONOMHUTEIBHOTIO CTUMYIUPOBAHHOI'O OObEMA B
30HAX I'OPU30HTAIBHOI'O CTBOJIA, HE IIOABEPIHYTHIX
00pPabOTKE NIPU OCBOCHUH CKBAKUHBI, U BOBJICYCHUE
B IOOBIYY PAHEE HE BBIPAOOTAHHBIX 3aI1ACOB.

[ JOCTHXKEHU S LIEJIN IIEPBBIM JIEJIOM
OBbLIIN BBIIIOJHEHBI PA6OTHI IO O PEJEICHUIO
NPHUHHUMAIOMUX UHTEPBAJIOB U OIIPEAE/ICHUA
HanoOoJIeEe BEIPAOOTAHHBIX 30H TOPU3OHTAIBHOTO
cTBOJIA. [10 pe3ynbraraM HAMETUJIOCh CO34AHUE
IIECTH HOBBIX UHTEPBAJIOB ITyTEM NTEPHOPUPOBAHUA
IKCIUIyaTALUOHHON KOJIOHHBL [lepenanpasieHue
HOTOKA YKUJAKOCTHU U CO3AAHUE TPEIIMH B HOBBIX
UHTEPBAIAX [JIAHUPOBAIOCH JOCTUYD IIyTEM
JIOKAJIBHOI'O YBEJTUYEHUSA CTPECCA B BBIPAOOTAHHBIX
30HAX 1 YACTUYHOU OJIOKUPOBKHU CYIMECTBYIOMUX
TPEMUH ITOCPEACTBOM 3AKAYKH JUBEPTUPYIOMNX
MAYeEK (B HAIIEM CJTYy4a€ MTAY€K KPYITHOI'O
NPONNAHTA). JJaHHAA CXEMA 10 CBOE CYTH ABJIAIACDH
«CJIETION» TEXHOJIOTUEH, TAK KAK, HECMOTPA HA
Pl KOCBEHHBIX IIPU3HAKOB IUBEPTUPOBAHMA,
OTCYTCTBOBAJIA IIPAMAsA BO3MOKHOCTb HAIIPABIATD
U YIIPABJIATH MECTONOJIOKEHHUEM CO3/LAHUA
TpeluH [1].

ITocse padoT IO AONOJIHUTENBHOM ITEpOpaLn
IIECTU UHTEPBAJIOB BLIITIOJHEH KOMILJIEKC
nosropHoro MI'PII ¢ qusepruposanueM. IIposegeHo
IECTH 3aKa4eK OCHOBHOTO I'PII. B KauecTBe
PACKJIMHUBAIOIINX AT'€HTOB UCIIOJIb30BAJINCH
nponnasTe! ppakuutt 30/50, 20/40
u 12/18 NRT (Non-Radioactive
Tracer 151 IOCIEAYIOWIEIO
KAPTHUPOBAHUS MECT OOPA30BAHU S
TpemuH). Macca nponmnanra
Ha CTAAMIO BAPbUPOBAJIACH OT
40 o 50 TOHH, MAKCUMAaJIbHAS
KOHLIEHTPAL U COCTABJISAIA
110 400 Kr/m?, cpeJHUI pacxon,

HAr"veTaHusg Ha CTAJUI0 COCTABIIAI LB
5—6 M3/MUH. 3aKa4aHHAsE MACCa

U KOHLIEHTPAL U [IPOIITIAHTOB
OIIEPATUBHO KOPPEKTUPOBAJINCH
B 3aBUCUMOCTHU OT IIOBEAECHUS
YCTBEBOI'O [JABJICHUA IIPU 3aKAYKE
npomnmnanTa. CyMMapHO IIpU
IPOBEACHUU ITIOBTOPHOIo MI'PITT
3aka4daHo 280 T nponnaHTa, 6oiaee
2500 mM? )KUIKOCTH Pa3PHIBA,

bridging fibers, flow diverters, etc. The experience

of the leading mining companies of the Russian
Federation was studied in detail and it was concluded
that all the technologies existing in the CIS market
have a number of disadvantages and high risks, and
most service companies do not guarantee the success
of the work.

Taking into account the ambiguous experience
and limited supply in the market, it was decided to
carry out the re-fracturing using our own resources.
Well 310g , which penetrated the "unconventional”
reservoir with a multiport ball unit was selected
as the target for repeated multistage hydraulic
fracturing.

The main goal of the repeated multi-stage
hydraulic fracturing at this object was to create an
additional stimulated volume in the zones of the
horizontal wellbore that were not treated during well
development, and to involve previously undeveloped
reserves in production.

To achieve the goal, the first thing to do was to
determine the receiving intervals and determine the
most developed zones of the horizontal wellbore.
The results indicated the creation of six new intervals
by perforating the production casing. Redirecting
the fluid flow and creating fractures in new intervals
was planned to be achieved by a local increase in
stress in mined zones and partial blocking of existing
fractures by pumping diverting packs (in our case,
packs of large proppant). This scheme was inherently
a"blind" technology, since, despite a number of
indirect signs of diversion, there was no direct ability
to direct and control the location of cracks [1].

After work on additional perforation of six
intervals, a complex of repeated multistage
hydraulic fracturing with diversion was performed.
Six injections of the main hydraulic fracturing
were carried out proppants with fractions 30/50,
20/40 and 12/18 NRT (Non-Radioactive Tracer
for subsequent mapping of fracture sites) were
used as propping agents. The proppant weight
per stage varied from 40 to 50 tons, the maximum
concentration was up to 400 kg/m?, the average

Pucynok 3 - Paccmanogéxa o000pyoosanus na ckeéaxcune 3108
Figure 3 — Equipment placement on well 310g
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4TO COOTBETCTBYET 0,75 T IPOMIIAHTA HA METP
3P PEKTUBHON JJIMHBI TOPU3OHTAIBHOT'O CTBOJIA
CKBAKHHBI (PUC. 3).

B xone nposeaenna MI'PI1 npoBoauics
KOMIUIEKC re0(PHU3NUYECKUX UCCIIEJOBAHU:
HA3€MHbBIM MUKPOCENCMUYECKUA MOHUTOPUHI,
III'M Ha 3aKa4YKe, ONPEAcICHUE MECTOIOJIOKECHU A
NRT-nponnanTa. JJaHHBIE PAOOTHI BBITOJIHAIUCH
[ OIIPEEJIEHUS MECTOIOJIOKEHHUA U KOJIMYECTBA
CO3/1aBAEMBIX TPEIIUH IIPU IIOBTOPHOM MI'PIT
U OTIPEJIETIEHUA CAMOTIO (DAKTA JOCTUKEHU A
[IE€PEHAIIPABJIEHU TPEIIUH 10 TOPU3OHTAIbBHOMY
CTBOJLY.

PesynbpraThl IPOBEAEHNA UCCIAENOBAHNN
MOKAa3bIBAIOT, YTO NRT-IpONMaHT pacrnonaraeTcs
HE BCEra CTPOro HAIIPOTHUB HOBBIX TpeimuH I'PIT
(B HAIIEM CJIy4a€ UHTEPBAJIOB NEP(POpPALIUN), A HA
HEKOTOPOM PACCTOSIHUU OT HUX. MHTEepnpeTanus
MUKPOCENCMUYECKUX COOBITUH OIIPEJEINIIA,
4TO PACTPECKUBAHHE IIOPOJ B LIEJIOM
MPUYPOYEHO K HOBBIM KJIACTEPAM IIePPOPALUH,
HO PACTPECKUBAHUE HE ObIO NOCTAAUMHOE,

4 IIPOXOJAMJIO HA IPOTAKEHUU BCEX CTAAUN
3aKa4KU. AHAJIU3 BBINOJHEHHBIX [TI'M Takke
MOKA3aJ1 U3BMEHEHUE IPUEMUCTOCTU OTAEIbHBIX
UHTEPBAJIOB 10 CTBOJIY CKBA’KUHBI 110 CPABHEHUIO
¢ (pOHOBOI 3aUCHIO. [TOTyYeHHBIE PE3YIBTATHI
10 U3MEHEHUIO TPOPUIIS IPUEMHUCTOCTU UMETTU
JOCTATOYHO HEMJIOXYIO (IYCTh ¥ HE CTPOTYIO)
Koppenanuio ¢ pegyabraramu MHHK-kaporaxa n
OCOBEHHO MUKPOCENCMHUYIECKOTO MOHUTOPHHTIA,
T. €. MOKHO IIPOCJIEAUTD OKHUIAEMYIO CBSA3b MEX/Y
CO3/1aHUEM HOBBIX 3aKpeTIeHHbIX TpemuH ['PIT n
M3MEHEHUEM IIPUEMUCTOCTH UHTEPBAJIOB BCIIE] 32
HUMMHU.

INoce BpInoIHEHNA TOBTOPHOIO MI'PIT ¢
JUBEPTUPOBAHUEM CKBAXXKMHA 310g BCTYIINIA B
J06BIYy ¢ 1ebutom o Hed T 26,6 T/CyT, AEOUTOM
O XKUJAKOCTH 30 T/CyT U OOBOJHEHHOCTBIO 11,11%.
[Tony4deHHBIH 1EOUT COIOCTABUM C ITIOJYYEHHBIM
J€6HUTOM IPU OCBOEHUH, YTO MMO3BOJIAET CUYUTATD
BBIIIOJIHEHHBIE PA60OTHI BECbMA 3(PPEKTUBHBIMU.

TakuM 06pa30M, aHAIU3UPYS PadbOTy 34 IIATH JIET,
HANPAMIMNBAJIOCHh PEMIEHUE, KOTOPOE MO3BOJIAIO
OBl KPATHO YBEJIUYUTD IPOCTUMYIHUPOBAHHBIN
00beM 1pu BeINIOJAHEHUU MI'PIT, a TaK)XKe UMETH
BO3MOXHOCTB C MAJIBIMHU 34TPATAMU IPOBOJUTH
IOBTOPHYIO CTUMYIAIHIO CKBAKHH.

TpeTuii 3Tan —- NUNOTHbIe paboTbl NO
6ypeHuio I'C u BbinonHeHuto MIPIN no
TexHonorum Plug & Perf

[Tocie aHaM3a paHee BBIIIOTHEHHBIX PaboT
o 6ypenuto u I'PIT cTayno NOHATHO, YTO
KJIIOUYEBBIMU (DAKTOPAMHU, BIUSIOIMIUMH HA IPUTOK
HePTH (OCOOEHHO U3 «<HETPAJUITMOHHOTI 0>
KOJIJIEKTOPA), IBJSIOTCS IJIOM b PACTPECKUBAHU S
U CTUMYJIMPOBAHHBIN OOBEM KOJIJIEKTOPA.
YTOO6BI YBEIMYUTD VIOl PACTPECKUBAHUSA
U CTUMYJIHPOBAHHBIN OObEM KOJIJIEKTOPA
HEOH6XOJUMO OYPHUTh I'OPU3OHTAIBHBIC CTBOJIBI
6oJ1ee MPOTIKEHHBIE, COKPATUTH PACCTOSIHUE
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injection rate per stage was 5—6 m’/min. The injected
mass and proppant concentration were promptly
adjusted depending on the behavior of the wellhead
pressure during proppant injection. In total, during
the repeated multistage fracturing, 280 tons of
proppant were injected, more than 2500 m?

of fracturing fluid, which corresponds to 0.75 tons

of proppant per meter of effective length of the
horizontal wellbore (Figure 3).

In the course of the multistage hydraulic
fracturing, a complex of geophysical studies was
carried out: Ground microseismic monitoring,
downhole logging, determining the location of
the NRT proppant. These works were carried out
to determine the location and number of fractures
created during repeated multi-stage hydraulic
fracturing and to determine the very fact of
achieving fracture redirection along the horizontal
wellbore.

The research results show that NRT proppant is
not always located strictly opposite new hydraulic
fractures (in our case, perforation intervals), but
at some distance from them. Interpretation of
microseismic events determined that rock cracking
was generally confined to new perforation clusters,
but cracking was not stage wise, but took place
throughout all stages of injection. The analysis of the
performed downhole logging also showed a change
in the injectivity of individual intervals along the
wellbore compared to the background recording.
The results obtained on the change in the injectivity
profile had a fairly good (albeit not strict) correlation
with the results of TDT log and, especially,
microseismic monitoring, i.e. it is possible to trace
the expected relationship between the creation of
new fixed hydraulic fractures and a change in the
injectivity of the intervals following them.

After performing repeated multi-stage hydraulic
fracturing with diversion, well 310g entered
production with an oil flow rate of 26.6 tons/day,

a liquid flow rate of 30 tons/day and a water cut of
11.11%. The resulting production rate is comparable
to the production rate received during development,
which allows us to consider the work performed as
very effective.

Thus, analyzing the work over five years, a solution
was suggested that would make it possible to
multiply the stimulated volume when performing
multi-stage hydraulic fracturing, as well as be able to
re-stimulate wells at low cost.

The third stage - pilot work on drilling
horizontal wells and performing multistage
hydraulic fracturing using Plug & Perf
technology

After analyzing the previous drilling and fracturing
work, it became clear that the key factors affecting
oil inflow (especially from the "unconventional"
reservoir) are the fracture area and the stimulated
reservoir volume. To increase the fractured area and
stimulated reservoir volume, it is necessary to drill
more horizontal boreholes, to reduce the distance



mexay craguamu I'PIT o CTBOJIY CKBAKUHBIL, 4 IPU
I'PIT 3aKa4MBATh 3HAYUTEIBHO OOJIBIIUE OO'BEMBI
JKUJKOCTU U IPOIMIIAHTA.

7151 TOCTHUKEHHU A IOCTABJIEHHBIX 11EJIEH
C y4eToM onbITa CEBEPHON AMEPUKU OBLIIO
OPUHATO PEMIEHUE CTPOUTD CKBAXKHUHBI C
LIEMEHTUPYEMBIM TOPHU3OHTAJIBHBIM OKOHUYAHHUEM
OPOTKEHHOCTBIO TOPU3OHTAIBHOI'O CTBOJIA
500-1000 M, IpU 3TOM CITYCKAThb B IPOJyKTUBHBIC
OTJIOXKEHH S IKCIIYATALTUOHHYIO KOJIOHHY
JMaMETPOM He MeHee 114 MM ¢ 0643aTeIbHON
BO3MOKHOCTBIO (DOPMHUPOBAHUS PABHOIIPOYHOI'O U
PaBHONIPOXOAHOTO TU(TA KOJIOHHBI TPYO OT YCThsA
JIO 326051 CKBAXKHUHBI, C ITOCIEYIOMIUM [IPOBEJIECHUEM
o Het MI'PIL.

VBennueHne NpOTAKEHHOCTA TOPU3OHTAIBHOI'O
CTBOJIA B YCJIOBUAX MAJION BEPTUKAJIBHOU
MOMIIHOCTHU «HETPAAULIUOHHBIX» KOJJIEKTOPOB
(mo 8,1 M) MOBJIEKJIO 32 COOOH HEOOXOAUMOCTh
MPOBOJKU FTOPU3OHTAIBHOI'O CTBOJIA CKBAKUHBI B
OTrPaHUYEHHOM KOpHUAOpPE. TaKKe I BO3MOKHOCTH
0€3aBAPUITHOIO CITYCKA SKCILTyaTAIITMOHHON
KOJIOHHBI OOJIBIIOTO AUAMETPA TPEOOBAIOCH
HUCKJIIOYEHHUE 3HAUYUTEIBHOT'O UCKPHUBJICHUSA
CTBOJIA CKBAKMHBL [I03TOMY Ha MTUJIOTHBIE
PaboOTHI AJ14 IPOBOAKH TOPU3OHTAIBHOIO YYaCTKA
MPOTAKEHHOCTBIO 60siee 1170 M ObLI MPUBJIEYEH
CEPBHUC MO YIIPABJIEHUIO TPAEKTOPHEI CTBOJIA
CKBaKHHBI C IPUMEHEHUEM POTOPHO-YIIPABJIAEMOM
CHUCTEMBI BEAYIEH MUPOBOU KOMITAHHUH, YTO
MO3BOJIMJIO IIPOBECTH CTBOJI CKBA’KUHBI ITO
MPOEKTHON TPAEKTOPHHU B 33JJAHHBIE TOYKH B
KpaT4anmue CPOKH.

Ilepexos OT HEHEMEHTUPYEMBIX «XBOCTOBHUKOB»

K IEMEHTHUPYEMBIM ITOJIPA3yMEBAJI IPUMEHEHNE
PELENTYPHI TAMIIOHA>KHOI'O PACTBOPA, CIIOCOGHOTO
BBIJIEPKATH BBICOKHE CTPECCOBBIE HATPY3KH HA
LEMEHTHBIA KAMEHBD B IIPOLIECCE IPOBEIECHUA
nepdopanoHHbIX padoT u I'PIL. KpensieHue Takux
O6'BEKTOB TPEOOBAJIO HE TOJNBKO IIPUMEHEHU S
06CaHBIX TPYO C IPEMUATIBHBIMU TUIIAMU
PE3BOOBBIX COEJUHEHUI U BBICOKOTEXHOJIOI'MYHOM
OCHACTKH, HO U IIPUBJICYEHUA BEAYITUX
CEPBUCHBIX KOMITAHUI 1O IIEMEHTUPOBAHUIO
3KCILIYATAIIMOHHBIX KOJIOHH TOPU30HTAJIbHBIX
YYaCTKOB CKBAKMH C JUTMTEIBHOH IPOTIKEHHOCTBIO
TOPU3OHTATBHOT'O CTBOA.

Taxske ¢ koH1a 2018 roga Ha4aIKUCh PabOoOTHI IO
IIPOBEJEHUIO ITUPOKOI'O KOMIIJIEKCA UCCIIEIOBAHUN
C LIEJIBIO ONIPEAEICHUS TEOMEXAHUUYECKUX
CBOMCTB NOPO/I-KOJIJIEKTOPOB HA PA3TNYHBIX
MECTOPOXKACHUAX. [JaHHBIE PA60THI BKIIOYATU:

— IIPUOOPETEHNE COBPEMEHHOI'O reO(PU3NIECKOTO
060pPYJOBAHUS,
— MIPOBEJICHUE TOBTOPHBIX F'€O(PU3UYIECKUX

HCCJIEIOBAHUN HA ONTOPHBIX CKBAXKHUHAX;

— IEPEUHTEPIPUTAITUIO T€OPUZUIECKOTO

MaTepHana B HOBBIX IPOOYPEHHBIX CKBAXKMHAX

C COBPEMEHHBIM KOMIIJIEKCOM UCCJIEIOBAHUM;

— MAacCHITa6HBIN OT6OP KEPHOBOI'O MATEPUAIIA

B HOBBIX CKBa’KHMHAX, IIPOBEICHNE

r€OMEXAHNYECKUX U IEeTPOPUZUIECKUX

between hydraulic fracturing stages along the

wellbore, and to inject significantly larger volumes

of fluid and proppant during hydraulic fracturing.

To achieve these goals, taking into account the
experience of North America, it was decided to
build wells with a cemented horizontal end with a
horizontal wellbore length of 500-1000 m, while
lowering a production casing with a diameter of
at least 114 mm into productive deposits with the
obligatory possibility of forming an equal-strength
and equal-bore cleanout string lift from the wellhead
to the bottom of the well, followed by multi-stage
hydraulic fracturing.

The increase in the length of the horizontal
wellbore in the conditions of low vertical thickness
of "unconventional" reservoirs (up to 8.1 m) led to
the need to drill a horizontal wellbore in a limited
corridor. Also, for the possibility of trouble-free
running of the production string of large diameter,
it was required to exclude significant deviation of
the wellbore. Therefore, for pilot work for drilling
a horizontal section with a length of more than
1,170 m, a wellbore trajectory control service using a
rotary-controlled system of a leading world company
was involved, which made it possible to conduct
the wellbore along the design trajectory at specified
points in the shortest possible time.

The transition from non-cemented liners to
cemented liners implied the use of a grouting slurry
formulation capable of withstanding high stress
loads on the cement stone during perforation
and hydraulic fracturing. Cementing such objects
required not only the use of casing with premium
types of threaded connections and high-tech
equipment, but also the involvement of leading
service companies for cementing production strings
of horizontal sections of wells with a long horizontal
borehole.

Also, from the end of 2018, work began on a wide
range of studies to determine the geomechanical
properties of reservoir rocks at various fields. These
works included:

— purchase of modern geophysical equipment;

— carrying out repeated geophysical surveys at
reference wells;

— reinterpretation of geophysical material in newly
drilled wells with a modern set of studies;

— large-scale sampling of core material in new wells,
carrying out geomechanical and petrophysical
studies;

— carrying out information hydraulic fracturing
in drilled wells with conducting downhole
geophysical research and microseismic research.
The result of the work performed was the creation

of 1D geomechanical models for a number of

wells, updating the existing petrophysical and

geomechanical models, drawing up 3D geological

and geomechanical models for a number of deposits
of various fields, adjusting the location of project
wells, their azimuthal direction, and well completion
options.

Alogical continuation was the drilling of a new

Ne 4 (074) Jexkabpb/December 2020 29

%)
=
©)
)
=
)
Z.
am
Q
&2
=




<
s
=
S
3
A,
%
83
I

T 101 3

IR

Pucynox4 - IIpogpuns ckeaxcunot 411g
Figure 4 — Profile of the well 411g

UCCIENOBAHUL;

— IposejeHre NHPOPMALMOHHBIX I'PIT B
OyPAIUXCS CKBAKMHAX C IPOBEIECHUEM
BHYTPUCKBAXXUHHBIX F€O(PUIUIECKNX
UCCJIEJOBAHUN U MUKPOCENCMUYECKUX
HCCIEIOBAHUH.

Pe3yIbTaTOM BBIIIOJIHEHHBIX PA0OT CTAJIO
co3paHue 1D reoMexaHUu4YeCKUX MOJIeJIEN T1O

PAAY CKBAKUH, AKTYAJIN3AL U CYIIECTBYIOMNUX

neTpOoPUINIECCKON U TEOMEXAHUYECKON MOJICTIEH,

cocrasiieHue 3D reosoro-reoOMeXaHu4ecKux

MOJEJIEH 110 PALY 3AJIEKEN PA3IUYHBIX

MECTOPOXKIAECHHUI, KOPPEKTUPOBKA MECTOIIOTIOXKEHU A

MPOEKTHBIX CKBAKHUH, UX A3UMYTAJIbHOTO

HAIIPABJICHUA, BADUAHTOB 3aKAHYUBAHUA CKBAXKMH.
JIOru4eCKUM NIPOJOIKEHUEM CTAJIO OypeEHHE

HOBOI1 CKBA>KMHBI HA [1€JIEBBIE UHTEPBAJIbI

«HETPAAULIMOHHOI'O» KOJUIEKTOPA Peunnkoro

MECTOPOX/IEHUA — CKBAXKUHBI 411g. 3aKaHYNBAHHE

CKBAKHMHBI OCYIIECTBJIEHO IIyTEM CITyCKa

PaBHOIIPOXOJHOU LIEMEHTUPYEMOU B OJTHY CEKITUIO

IKCITYATAITMOHHOM KOJTOHHBI @ 140 MM

MOBBIMIEHHOM I'PYIIBI IPOYHOCTH V-150, €

JUTHHOM TOPU30HTAIBHOTO y4acTKa 1176 m, rae

NPOTAKEHHOCTb NPOAYKTUBHBIX OTIOXKEHHH 110

CTBOJIYy cOCcTaBmia 746,5 M, 3(pHEKTUBHAS MOIIHOCTD

MO BEPTUKAIN — 82,2 M (pUC. 4). YUUTBIBAA, YTO

OCBOEHHUE CKBA’KUHBI INIAHUPOBAJIOCh IPOBOJUTH

10 TEXHOJIOTUH Ky1acTepHOro Plug & Perf ¢ BeICOKUM

PAaCXO0OM HArHETAHUS, pAa6OTHI TPEOOBAIN

orcyrcTys nnoasecku HKT ¢ makepoM (T. €. 3aKkadka

I'PIT 110 3/K), a OTCEYEHNE TPOCTUMYTUPOBAHHBIX

MHTEPBAJIOB KOMIIO3UTHBIMU IIPOOGKAMU

MJIAHUPOBAJIOCH BBIIIOIHATD IIPU IIOMOIIH JIMOO

KOJITIOOMHTI'OBOH, JINOO I€O(PU3NUIECKON YCTAHOBOK.
[TnnoTHas cKkBaXuHA 411g cTa1a TAK HA3BIBAEMBIM

MOJIUTOHOM UCHBITAHNUH TEXHOJOTUYIECKUX

MPUEMOB: HA HEN OIIPOOOBAJIMCH PA3TUYHBIE

THUIIBI NEP(POPALTMOHHBIX 3APAJIOB, TUIIOPA3MEPHI

nep@opaTopoOB, KOTUYECTBO KJIACTEPOB,
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well at the target intervals of the "unconventional"

reservoir of the Rechitskoye field — well 411g. The

well was completed by running an equal-bore
cemented production casing in one section of

© 140 mm of increased strength group V-150, with

a horizontal section length of 1176 m, where the

length of productive deposits along the wellbore

was 746.5 m, effective vertical thickness was 82.2 m

(Figure 4). Considering that the well development

was planned to be carried out using the cluster "Plug

& Perf" technology with a high injection rate, the

work required the absence of a tubing suspension

with a packer (i.e. hydraulic fracturing injection by
completion string), and it was planned to cut off
stimulated intervals with composite plugs using
either, or geophysical units.

Pilot well 411g became the so-called "testing
ground" of the technological methods: Various types
of perforating charges, standard sizes of perforators,
the number of clusters, limited opening of the
formation "limited entry" (clusters 30 cm long,

6 holes /1 running meter); linear/low-viscosity

(40 cP) / crosslinked (350 cP) fracturing fluids and

their alternation during the main hydraulic fracturing

were used; hydraulic fracturing was carried out with
different productivity (from 5.5 m3/min to 9 m3/min),
perforators and packer plugs were run on tubing and

coiled tubing, etc. (Figure 5)

At the same time, related technologies were
improved in parallel:

— the fracturing fluid was modified in the direction
of high shear load and crosslinking time up to
60 seconds;

— the hydraulic fracturing fleet was modernized: The
goal was to combine two full-fledged hydraulic
fracturing fleets into a single working system to
achieve a productivity of 12—-14 m3/min (one fleet in
RUE Production Association Belorusneft is capable
of operating with a capacity of up to 7 m?* / min);

— completing of equipment for cementing, gas-well



OTPaHUYEHHOE BCKPBITHE IJ1acTa limited entry
(xmacrepsl uHOM 1o 30 cM 1o 6 0TB./1 1. M);
IIPUMEHSINCH JIMHENHbIE/ManoBa3kue (40 cIl)/
cuuTeie (350 clIT) XKUAKOCTU pa3pbiBa U UX
4epeOBAHUE IPU NPOBEJIEHUU OCHOBHOI'O

I'PIT; mpoBoauiuce I'PI1 ¢ paznuuHon

IPOU3BOAUTEIBHOCTBIO (OT 5,5 M?/MUH 10

9 M*/MHH), NEPHOPATOPHI U MAKEP-TIPOOKHU

ciiyckanuchk Ha HKT u 'HKT u 1p. (puc. 5).

IIpu 3TOM HAPAJIETBHO COBEPIIECHCTBOBAINCH

CONYTCTBYIOUUE TEXHOJOTUHU:

— I0Pa6aTBIBAJIACH )KMJIKOCTb PA3PhIBA B
HANPABJICHUU BLICOKOH CIBUTOBOM HATPY3KU U
BPEMCHHU CIIUBKH 10 60 CCKYH/I;

— MmoaepHU3UpoBaics paot ['PIT: 11e1b10 66110
OO'BEIMHEHUE B €JUHYIO PAOOYYIO CUCTEMY ABYX
HOJHOIEHHBIX (Pr10TOB I'PIT /17151 TOCTUKEHUS
IIPOU3BOAUTENBHOCTH B 12—14 M3/MuH (OgUH
¢not B PYII «IIpOU3BOICTBEHHOE OO'bEAUHEHUE
«benopycHedTb» CIOCOOEH PAOOTATh C
IIPOU3BOJAUTENBHOCTDIO 10 7 M?/MHH);

— IPOBOAUIACH JOYKOMILJIEKTALI U OOOPYAOBAHUA
st nemeHTupoBanust, [OP, pioTa I'PIT, koTOpas
MO3BOJIN/IA PACIIUPUTD CIIEKTP BBIITOJTHEHHU A
paboT COBCTBEHHBIMU CUIAMH.

Taxkum 06pa3oM, yKe K JeBATOM cTaguu I'PIT

Ha CKBAXXUHE 411g y1a10Ch IPOBOJUTD PA6OTHI C

pacxogoM Haruetanus 8—10 m3/MuH.

Bcero na ckBaxkune 411g seinosninex I'PIT B

11 30Hax HA 27 K1acTepax, 3akadado 12 000 m3

JKUJKOCTH Pa3phiBa U 871 T nponnaHTa (PpakInui

30/50 u 20/40. ITocne pa3dbypuBaHUsI IPOOOK U

HOPMaJIM3A1IMH 32005 CKBA’)KMHA 3AITYIIIEHA B pabOoTy

(POHTAHHBIM CIIOCOHOM C 1e6uTOM 1O HEPTHU 50 T/CYT

1 06BOHEHHOCTBIO 10%.

YeTBepTbilh (TEeKyLwwnin) atan -
TUpaXXxupoBaHue paboT no 6ypeHuo I'C
u BbinosnHeHuto MIPIN no rexHonorun
Plug & Perf Ha «knaccnyeckmne» KonneKkTopbl

Onupasach Ha PE3YIABTATHI IPOBEJEHHBIX
UCCJIEJOBAHUN U OIIBIT BBIIIOJTHEH U
paboT Ha CKBaXUHe 411g, Komnanuend PYI1
«[IpOU3BOACTBEHHOE OObEAUHEHUE «BENTOPYCHEDTH>
B 2020 rozy IpOOYypPEHDI IBE TOPU3OHTATIbHBIE
CKBaKUHBI Ne 67g 1 Ne 155g Ha Pa3THYHBIX
MECTOPOXAEHUAX B «KJIACCUYECKUX> KOJUIEKTOPAX.
BepTHUKAIbHBIA YYACTOK CTBOJIA CKBAKUH OOCAKEH
IKCIUIyATALUOHHON KOJIOHHOU @ 178 MM, a
TOPHU30OHTAJIbHBIN YYACTOK — IKCILIYATAITMOHHOMN
KOJIOHHOM @ 114 mMm rpynnsl npodyHocTy P-110 ¢
NOJBECKOM XBOCTOBHKA, BBIJIEPKUBAIOIIEH ITIEPENAT,
masnenus 70 MITa.

Ha cxBaykune 67g I/TMHA F'OPU30HTATIBHOT'O
CTBOJIA CKBAXXUHBI @ 114 MM cocTaBuiaa 487 M,
o pesyabraram unrepnperanuu 'MC
MPOTHO3UPYEMASA CYMMAPHASA HE(PTEHACHIIIIEHHAS
MOILIHOCTD KOJUIEKTOPOB — 12 M (110 BEPTHUKAJIU 11O
KapTe HE(PTEHACHIIIEHHBIX TOJIIIHH); IO (PAKTY —
191 M (o cTBOIY), 28,37 M (11O BEPTUKAJIN).
s nposegenus MI'PIT o rexnosioruu Plug & Perf
B CKBAKMHY CITYCKAJIACh KOMITOHOBKA HKT

Pucynok 5 — Cnyck naxep-npooxu u
nepgpocucmem na ckeancune 411g
Figure 5 — Running the packer plug and
perforation systems in well411g

drilling, hydraulic fracturing fleet was carried out,

which made it possible to expand the range of work

performed on its own.

Thus, by the ninth stage of hydraulic fracturing at
well 411g, it was possible to work with an injection
rate of 8—10 m?/min.

In total, well 411g was fractured in 11 zones on
27 clusters, 12,000 m?® of fracturing fluid and
871 tons of proppant with fractions 30/50 and
20/40 were injected. After drilling out the plugs
and normalizing the bottom, the well was put into
operation in a flowing manner with an oil flow rate
of 50 tons/day and a water cut of 10%.

The fourth (current) stage - replication

of work on drilling horizontal wells and
performing multistage hydraulic fracturing
using Plug & Perf technology on "classic"
reservoirs

Based on the results of the studies and the
experience of performing work on well 411g, the
company RUE Production Association Belorusneft
drilled two horizontal wells No. 67g and No. 155g
in 2020 at various fields in “classic” reservoirs. The
vertical section of the wellbore is cased with a
production casing of @ 178 mm, and the horizontal
section is cased with a production casing of @ 114 mm,
strength group R-110 with a liner hanger that can
withstand a pressure drop of 70 MPa.

On well 67g, the length of the horizontal wellbore
© 114 mm was 487 m, according to the results of
logging interpretation, the predicted total oil-
saturated capacity of the reservoirs is 12 m (vertically
according to the oil-saturated thickness map); in
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© 114 MM CO CTUHI'€POM, TEM CAMBIM
06pPa30BbIBASI PABHONIPOXOAHOM TUPT
TPyO OT YCThs 4O 3200:. MI'PIT BBIIOIHEH
B4 CTAJJUH IO 3 KJIACTEPA B KAXKJAOU

C IPOU3BOJUTEIBHOCTBIO 9—11 M3/

MUH. Bcero 6b110 3aKa4aHo 2243 M?
JKUJKOCTH Pa3pblBa U 347 T IPOIIIAHTA
dpaxnuii 30/50 u 20/40 ¢ MAKCUMATIBHONU
KOHIIeHTpa1uen 10 800 Kr/M3, 4To
COOTBETCTBYET 1,82 T rIponnaHTa Ha METP
3P PEKTUBHON JJIUHBI TOPU3OHTAIIBHOTO
CTBOJIA CKBAXXUHEL B cpaBHeHunu ¢ 2014
TOJJOM JIAHHBII [IOKA34TEJIb ObLI YBEJINYEH
6oJsie€ YeM B 5 pas.

IIpOCTUMYIUPOBAHHBIE MHTEPBAJIBI
nep@opanuu OTCEKAINCh KOMIO3UTHBIMHU
OPOOKAMHU, KOTOPBIE BMECTE C
nepdopaTopamMu JOCTABISIACH HA 32601
C IOMOMIBIO I€O(PUNYECKOTO KAOETIS ITYTEM 3AMbIBA
KOMIIOHOBKH (ps1oTom I'PIL Tem cambIiM O6111€€ BpEM S
BBINIOJIHEHUA Pa60T MI'PII 1o TeXHONIOTNHU
Plug & Perf cocTaBuio He 6oinee 48 4acoB.

Takke Ha CKBAKUHE 67g 6L BBITIOTHCH KOMITICKC
pPadoT O MUKPOCEHCMUYIECKOMY MOHUTOPUHTY,
MHTEPIPETALNA KOTOPOTO MTOKA3a/14, YTO TPEIIUHBI
I'PIT pacnionarajauch B KpeCT IPOCTUPAHUIO CTBOJIA
CKBa’KUHBL, CPEJHSASA JJIMHA TPEMUH COCTABUIA
okosto 200 M (pwuc. 6).

Pa3zbypuBaHNne KOMIIO3UTHBIX TAKEP-TIPOOOK U
HOPMaJIN3A1I1A 33005 BBIIOTHSAINUCH C TOMOMBIO
KOJNTIOOMHI'OBOI YCTAHOBKHU C IPUMEHEHUEM I'MOKOM
Tpy6Hs! 50,8 MM, BUHTOBOI'O 3a60MHOI'O IBUTATEIIA
JAHUAMETPOM 73 MM M BOTHYTOI'O TOPLIEBOI'O (ppe3a
JuaMeTpoM 93 MM. I1pu MCIIONb30BAHUU JAHHOM
KOMITIOHOBKHM CPEJTHEE BpEMA OYPEHUA OAHOM NAKEP-
npo6Ku coCTaBuiIO 30—-40 MUHYT.

CKBaXMHA BCTYIIUJIA B Pa6OTY CO CIEAYIONUMHA
napamMeTpamu: 1eouT no Heprtu — 33,99 1/CyT,

JEOUT MO JKUIAKOCTH — 66,58 T/CyT, 0GBOJJHEHHOCTD
—48,95%; uepes 3 MecsAa1a MaPaMETPhI COCTABUIIN:
1eouT no HepTH — 32,28 T/CyT, JE€OUT IO KUJKOCTH
— 38,86 T/CyT, OGBOXHEHHOCTH — 16,93 %,
[Tosy4EeHHBIN IPUTOK IIPEBBIIIAET B 2 pa3a apdexT
OT IIPUMEHEHMNA HA JAHHOM MeCTOpOXaeHnuu MI'PTT
C MCIIOJIb30BAHHEM ITAPOBBIX KOMIIOHOBOK U B 4
pasza apPeKT OT NPOBEACHHUS OFHOCTAJUNHOI'O
I'PIT B Cy6rOpuU30HTANIBHOM CKBAKUHE TAHHOT'O
MECTOPOXIEHUS (CPESHUM 1eOUT HEPTH ITOCIIE
crangaptTHoro I'PIT cocrasiseT 7—8 T/CyT).

CKBaXHHY 155g IpOOYPUIIU C JJTHHON
I'OPHU30HTAJIIBHOI'O CTBOJIA CKBAKHUHBI @ 114 MM
814,82 M, o pesdynbraram uatepnperannu I'MC
MIPOTHO3UPYyEMAs CYMMAPHAA HEPTEHACHIIEHHAA
MOUIJHOCTB KOJJIEKTOPOB COCTABAIA 20 M
(110 BEPTUKAIHN 1O KAPTE HEPTECHACHIIIEHHBIX
TOJIIUH); 10 HaKTy — 387,7 M (110 CTBOY), 36 M (110
BepTUKaInN). Inga nposegenusa MI'PIT 1o TexHosnoruu
Plug & Perf B CKBa)KHMHY CITYCK4JIAChb KOMIIOHOBKA
HKT @ 114 MM CO CTUHI'€POM d4HAJIOTUYHO CKBAKUHE
67g. MI'PI1 BBITIOTHEH B 7 CTA/IUH IO 3—4 Ky1acTepa
B K4X/JOU C IIPOU3BOJUTEIBHOCTBIO 9—12 M3 /MUH.
Bcero 6s110 3aka4aHo 3300 M? *KUAKOCTH Pa3phIBA
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Pucynox 6 - Muxkpoceiicnuueckue
uccaedosanun na ckéadicune 67g

Figure 6 — Microseismic surveys at well 67g

fact it accounts for 191 m (along the wellbore),

28.37 m (vertical). To carry out multistage hydraulic
fracturing using the Plug & Perf technology, a tubing
unit of @ 114 mm with a stinger was run into the
well, thereby forming an equal pipe lift from the
wellhead to the bottomhole. Multi-stage hydraulic
fracturing was performed in 4 stages, 3 clusters in
each with a productivity of 9—11 m3/min. In total,
2243 m? of fracturing fluid and 347 tons of proppant
with fractions 30/50 and 20/40 were injected with

a maximum concentration of up to 800 kg/m?,
which corresponds to 1.82 tons of proppant per
meter of effective length of the horizontal wellbore.
In comparison with 2014, this indicator has been
increased more than 5 times.

The stimulated perforation intervals were cut
off with composite plugs, which, together with
perforators, were delivered to the bottomhole using
a geophysical cable by flushing the layout with the
hydraulic fracturing fleet. Thus, the total time spent
on multistage hydraulic fracturing operations using
Plug & Perf technology was no more than 48 hours.

Also, at well 67g, a set of works on microseismic
monitoring was performed, the interpretation of
which showed that hydraulic fractures were located
in the cross of the wellbore strike, the average length
of the fractures was about 200 m (Figure 6).

The composite packer plugs were drilled out and
the bottomhole normalized using a coiled tubing
unit equipped with a coiled tubing of 50.8 mm, a
downhole motor with a diameter of 73 mm and a
concave end mill with a diameter of 93 mm. When
using this unit, the average drilling time for one
packer plug was 30—40 minutes.

The well was put into operation with the following
parameters: oil flow rate — 3399 tons/day, liquid flow
rate 66.58 tons/day, water cut 48.95%; After 3 months,
the parameters were: Oil flow rate — 32.28 tons/day,
liquid flow rate 38.86 tons/day, water cut 1693%. The



u 659 T nipormanTa GPaKIUL
30/50 u 20/40 ¢ MAKCUMAJIbHOU
KOHIIeHTpa1uet 10 800 kr/m?,
41O coorBercTByeT 1,70 T
OPOMNMNAaHTA HA METP 3(PPEKTUBHON
JUIMHBI TOPU30HTAJIBHOTO CTBOJIA
CKBAKHHBI (PUC. 7).
I[IpocTUMYIMPOBAHHBIC
UHTEPBAIBI NEPHOPALTUHN TAK XKE,
KaK 1 HA CKBOKUHE 678, OTCCKAIUCH
KOMIIO3UTHBIMU IPOOKAMY,
KOTOPBIE BMECTE € NEPPOPATOPAMHU
JOCTABJISLZINCH HA 3200 C IIOMOIIBIO
reo(pusn4YeCKOro Kabess myTemMm
3aMbIBAd KOMIIOHOBKHU (PJIOTOM
I'PIT. Tem camMmbIM OO1IIEE BpEMS
BBINIOJIHEHUA PaboT MI'PII o
TexHosioruu Plug & Perf coctasuno
He 6oJiee 4 CYyTOK.

Pa3bypuBaHUE KOMIIO3UTHBIX
HaKEP-IPOOOK U HOPMAJIU3AITUST
320051 BBITOJTHSJINCH C IIOMOIMIBIO KOJITIOOMHI'OBOH
YCTAHOBKHM C IPUMEHEHUEM THOKOI TPYOHI 50,8 MM,
BHHTOBOT'O 3A00MHOTIO JIBUT'ATENA JTUAMETPOM
76 mm u gonorom PDC guamerpom 92 mm. Ilpu
HUCNONIB30BAHUU JJAHHOM KOMIIOHOBKH CPEHEE
BpeMs OYPEHUA OLHOM MAKEP-TIPOOKU COCTABUIIO
20—-30 MUHYT.

CKBaXMHA BCTYIIUJIA B Pa6OTY CO CIEAYIOMUMHA
napaMeTPaMU: 1eOUT 10 HePTU — 41,32 T/CyT, AEOUT
I10 JKUAKOCTH — 68,22 T/CyT, 06BOJHEHHOCTD —
39,44 % w erie BBIXOAUT HA pexxuM. OJTHAKO BBOJHBIC
[apaMETPHI IIPEBBIMIAIOT B 3 pa3a apdeKT OT
NPUMEHEHNUA HA JAHHOM MeCTOpOXAeHuN MI'PII ¢
HUCNONIB30BAHUEM MIAPOBLIX KOMIIOHOBOK M
B 4 pa3a a(PPEKT OT NPOBEJEHUA OJHOCTATUNHOIO
I'PIT B Cy6ropu30HTAIBHOM CKBAKUHE TAHHOT'O
MECTOPOXICHUS (CpEeAHUM 1eOUT HEPTH ITOCIE
craggaptHoro I'PIT cocrasinser 10 1/CyT).

ITosry4yeHHAas BBICOKAA MPOJYKTUBHOCTD CKBAKHH
Ne 411g, Ne 67g 1 Ne 155g [TOKa3bIBACT, UTO BIOKCHHUC
CPEJCTB B MIUPOKUNA KOMILJIEKC UCCIEJOBAHNI,
OypEHHE HOBBIX CKBAKHH, UX OCBOEHHE METOJIOM
MTIPIT nno Texnosioruu Plug & Perf
Ha MeCcTOpOoXaAeHUAX PYII «[Ipon3BogCTBEHHOE
o6beguHeHuE «benopycHePTh» 3PPEKTUBHBI KAK
Ha «<HETPAJUIUOHHBIX>, TAK X HA KITACCUYECKUX
KOJUJIEKTOPAX.

PazButue B 2021 ropy

MacnrrabHoe 6ypeHUE FTOPU3OHTAIBHBIX CKBAXKUH,
COBEPHIEHCTBOBAHUE TEXHOJOT UM OCBOCHU S
CKBa>KUH, YBEJIMUECHUE IJIOMAAU PACTPECKUBAHUSA
U CTUMYIUPOBAHHOI'O OO'bEMA KOJJIEKTOPA,
COKPAIllEHHE BPEMEHHBIX 34TPAT IPUHOCAT
MOJOXKUTEIBHBIE PE3YJIBTATBL: KDATHO YBETUUHUBAIOT
OPUTOK, IPOJO/IKUTEIBHOCTD 3(PPEKTA, U, KAK
CJIEJICTBUE, DPEHTAOEIBHOCTD PA6OT.

IIpropHUTETAMHU AAIBHENIIIETO PA3BUTUSA B
OYpPEHUU FTOPU3OHTAIBHBIX CKBAXXUH U IPOBEJNECHUHU
B HUX Kj1acTepHoro MI'PII o rexHonoruu
Plug & Perf BUANTCA B IEPBYIO OYEPEAD TOTHBIN

N
=
)
Q
.
)
Z.
am
Q
=
=

_{ﬁ___. ;

Pucynox 7 — Paccmanoexa 060pyooeanua na ckeéaxcune 155g
Figure 7 — Equipment placement on well 1558

resulting inflow is 2 times greater than the effect of
using multistage hydraulic fracturing in this field
using ball units, and 4 times the effect of carrying out
one-stage hydraulic fracturing in a sub-horizontal
well of this field (the average oil production rate after
standard hydraulic fracturing is 7—8 tons/day).

Well 155g was drilled with a horizontal wellbore
length of @ 114 mm and 814.82 m, according to the
interpretation of the logging results, predicted total
oil-saturated capacity of the reservoirs was 20 m
(vertically according to the oil-saturated thickness
map); In fact — 387.7 m (along the wellbore), 36 m
(vertical). For multistage hydraulic fracturing using
Plug & Perf technology, a 114 mm tubing unit with
a stinger was run into the well, similar to well 67g.
Multistage hydraulic fracturing was performed in
7 stages, 3—4 clusters in each with a productivity of
9-12 m?/min. In total, 3300 m? of fracturing fluid
and 659 tons of proppant with fractions 30/50 and
20/40 were injected with a maximum concentration
of up to 800 kg/m? which corresponds to 1.70 tons
of proppant per meter of effective length of the
horizontal wellbore (Figure 7).

The stimulated perforation intervals, as well as in
well 67g, were cut off with composite plugs, which,
together with perforators, were delivered to the
bottomhole using a geophysical cable by cleaning
out the assembly with the hydraulic fracturing fleet.
Thus, the total time spent on multistage hydraulic
fracturing operations using Plug & Perf technology
was no more than 4 days.

The composite packer plugs were drilled out
and the bottomhole normalized using a coiled
tubing unit using a 50.8 mm coiled tubing, a 76 mm
downhole motor and a 92 mm PDC bit. When using
this assembly, the average drilling time for one packer
plug was 20—-30 minutes.

The well was put into operation with the following
parameters: oil flow rate — 41.32 tons/day, fluid flow
rate 68.22 tons/day, water cut 39.44% and is still
entering the regime. However, the input parameters
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OTK43 OT IPUBJIEYECHUS JOPOTOCTOSAINX
CEPBUCOB U BBIIIOJTHEHHUS BCETO KOMILIEKCA pa0OT
COOCTBEHHBIMHU CHJIAMHU. TaKXKE HEMAJIOBAXKHBIM
(PaKTOPOM PA3BUTHUA SABJISAETCSA ONITUMU3AL U
TEXHOJIOTUYECKOTO IPOLIECCA TPOBEACHU A

paboT, KOTOpPas MO3BOJIUT YBEIUYUTD KAYECTBO U
COKPAaTHUTb BPEMEHHBIE 34TPATHI, TEM CAMBIM €IIIE
OOJIBIIIE NOBBICUTDh PEHTA0ENBHOCTD. JIOTUYECKUM
ano(e030M Pa3BUTHS CTAHET BBIXO/ HA PBIHOK
HEPTECEPBUCHBIX YCJIYT U IPOBEJEHUE PAOOT IO
KiactrepHomy MI'PIT Cc IpuMEHEHUEM TEXHOJIOTUNU
Plug & Perf mioj1 k1104 Ha MECTOPOKICHUSX
334KA34HKa.

W et cepbe3Has MOJEPHU3ALIHA 6yPOBOTO
OJI0Ka: BHEAPAIOTCS OyPOBBIE YCTAHOBKH HOBOI'O
MOKOJIEHH I, MOAEPHUSUPYIOTCA CTAPBIE U
JIOOCHAIAIOTCS CUCTEMAMHU BEPXHETO NIPUBO/A
(CBII), HOBBIMU MOIIITHBIMUA OYPOBBIMHA HACOCAMH,
COBPEMEHHOU 4-CTYIIEHYATON CUCTEMOU OUYHCTKNA
OYpPOBOT'O PACTBOPA C LIEBIO PEATU3ALIUN
ArPECCUBHBIX NOAXO/0B U BBIIIOTHEH U
3a5BJIEHHBIX 'H/IPABINYECKUX IPOTPAMM, AKTUBHO
MNPUMEHSETCA TEIEMETPUYECKAA CUCTEMA C
TUAPABIMYECKUM KAHAJIOM CBA3U. DTO IIPUBEJIO
HE TOJIBKO K CYIIECTBEHHOMY COKPAIIEHUIO
CPOKOB CTPOMUTENBCTBA CYOrOPU30OHTAIBHBIX
U F'OPU3OHTAJIBHBIX CKBAKWH, HO U TTIO3BOJIMJIO
MPOBOJUTD ITOJIHBIA [TUKJI CTPOUTENIBCTBA
CKBa’KHMHBI C IPOTAKEHHOCTBIO TOPU3OHTAIBHOTO
cTBOna 6onee 1000 M COOCTBEHHBIMU CHIIAMH
0€3 IIPUBJIEYEHU CEPBUCA IOPOTOCTOAIIETO
OOOpPYIOBAHUS U TEXHOJIOTHH.

DBOMIOIIMOHUPYET NOAXOA U K IEMEHTHUPOBAHUIO
CKBa’KMH. 3aKYIIJIEHA MHHOBALIMOHHASA
TAMIIOHAXXKHA5I TEXHUKA, pa3paboTaHa COOCTBECHHAS
peLENnTypa 3J;1ACTUIHOT'O TAMIIOHAKHOT'O
pacTBOpPA, KOTOPAs MO3BOJINIA OTKA3AThCSA
OT IIPUBJIEYEHHUSA YCIYT BEAYIIUX CEPBUCHBIX
KOMIIAHMH 1O KPETIJIEHUIO CKBAKHH, KAYECTBEHHO
LEMEHTUPOBATH TOPU3OHTAJIBLHBII CTBOJI
CKBa’>KMHBI M PACTIOJNIATATD KJIACTEPDI NEP(POpAIUN
Ha MaJIOM PACCTOAHMH JPyT OT ApyTra. Hannaue
CIIELIMAJIM3UPOBAHHON OCHACTKHU B OKTSI6pe 2020
roO/ja IO3BOJIMJIO BBIIIOJIHUTD TUJIOTHBIE PA6OTHI ITO
LEMEHTUPOBAHUIO IKCILIYATALMOHHON KOJIOHHBI
114 MM, pacnoJIOKEHHONU B TOPHU30OHTAIBHOM
Y4Y4CTKE NPOTAXKEHHOCTBIO 1000 METPOB, C
BpaIlIEHHUEM COOCTBEHHBIMU CUIAMHU C KAYECTBOM
kpeneHus K aki = 0,98.

B HacTOsITIEE BpEMS YCIIENTHO PEATU30BaHa
IIpOorpamMma IEPEOCHAIECHUS IIEHTPA
UCCJIEIOBAHUH KEPHA HOBBIM COBPEMEHHBIM
JIABOPATOPHBIM OOOPYLOBAHUEM OT BEAYIIIUX
IIPOU3BOIUTEIICH MO CJIEAYIONINM HAITPABICHUAM:
IIEPBHUYHAS IPOOOINOIOTOBKA KEPHA, IPHUBA3KA
kepHa K TMC, pOTOAOKYMEHTUPOBAHME KEPHA
B /IHEBHOM U YJIBTPA(HOIECTOBOM CBETE,
CTAH/IAPTHBIC U CIIENAIbHBIE (TEOXUMUYECKUE,
reOMEeXaHNYECKNE, MUHEPAIOTUYECKUE, DEHTIE€HO-
TOMOI'PaAdPHUYECKUE) UCCIEIOBAHUA. Hannuue
TAKOI'O O6OPYAOBAHUS CIIOCOOCTBYET MOIYIEHUIO
O0JIBIIOTO 06'beMa UH(POPMAIIHH, KOTOPAS
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are 3 times higher than the effect of using multistage
hydraulic fracturing in this field using ball units and
4 times the effect of performing one-stage hydraulic
fracturing in a sub-horizontal well of this field (the
average oil production rate after standard hydraulic
fracturing is 10 tons/day).

The obtained high productivity of wells No. 411g,
No. 67g and No. 155g shows that investment in
a wide range of studies, drilling new wells, their
development by multistage hydraulic fracturing
using Plug & Perf technology at the fields of RUE
Production Association “Belorusneft” are effective as
in “non-traditional” , and on classic collectors.

Developmentin 2021

Large-scale drilling of horizontal wells,
improvement of well development technologies,
an increase in the area of cracking and stimulated
reservoir volume, and a reduction in time costs bring
positive results: they multiply the inflow, the duration
of the effect, and, as a result, the profitability of the
work.

The priorities for further development in drilling
horizontal wells and carrying out cluster multistage
hydraulic fracturing using Plug & Perf technology
is, first of all, a complete refusal to attract expensive
services and perform the entire range of works on
our own. Also an important development factor is the
optimization of the technological process of work,
which will increase the quality and reduce time costs,
thereby further increasing profitability. The logical
apotheosis of development will be the entry into the
oilfield services market and the implementation of
cluster multi-stage hydraulic fracturing operations
using the Plug & Perf technology on a turnkey basis
at the customer's fields.

A serious modernization of the drilling unit is
underway: New-generation drilling rigs are being
introduced, old ones are being modernized and
retrofitted with top drive systems (TDS), new
powerful mud pumps, a modern 4-stage mud
cleaning system in order to implement aggressive
approaches and fulfill the declared hydraulic
programs, is actively used telemetry system with
hydraulic communication channel. This led not only
to a significant reduction in the construction time for
sub-horizontal and horizontal wells, but also made it
possible to carry out a full cycle of construction of a
well with a horizontal wellbore length of more than
1000 m on our own without involving the service of
expensive equipment and technologies.

The approach to well cementing is also evolving.
An innovative grouting technique was purchased, a
proprietary formulation of an elastic grouting slurry
was developed, which made it possible to abandon
the involvement of the services of leading service
companies for well casing, high-quality cementing of
a horizontal wellbore and locate perforation clusters
at a short distance from each other. The availability
of specialized equipment in October 2020 made it
possible to carry out pilot work on cementing a 114 mm
production casing located in a horizontal section



MO3BOJISIET KOPPEKTHO XAPAKTEPHU3OBATH CIOXKHYIO
IPUPOAY ITACTA-KOJUIEKTOPA U JTydIlle IOHUMATh
€r0 CTPOEHUE 1 CBOUCTBA, YTO HEOOXOJUMO JIJIsI
PpELIEHUS MTUPOKOrO KOMILJIEKCA 34/1a4 T€0JIOTUHU U
pPa3paboTKU.

TF'eodusnyeckre paboTel BEIXOAAT HA COBEPIIEHHO
HOBBIA YPOBEHb. 34KYIUIEHHOE BBICOKOTOYHOE
reo(pru3ndYeCcKoe O60PYAOBAHUE TTIO3BOJISIET
HOJYy4aTh HIMPOKUH CIIEKTP CKBAXKUHHOTO
Y1 HA3€EMHOI'O re0O(PU3UYECKOTO MATEPUAIIA,
UHTEPIPETALNA KOTOPOT'O BLIIIOIHAECTCS
COOCTBEHHBIMHU CHUJIAMHU (B TOM YUCJIE U
MUKPOCEUCMUYECKOTIO MOHUTOPUHTI'A). DTO
CIIOCOOCTBYET HE TOJIBKO MPAaBUJIBHOMY BEIOOPY
HAaNpPaBJIEHU OYyPEHUS CTBOJIOB HOBBIX CKBAKHUH
U KA4ECTBEHHOMY COCTABJICHUIO Au3arina I'PIT,

HO TAKJKE TTO3BOJISIET IOCTOSAHHO YIy4IIaTh
3D reoMeXaHUYECKUE MOAEN HEPTAHBIX
MECTOPOXKIACHUN.

IIpu npoBeaeHnH NEPPHOPALUOHHBIX PA6OT
AKTHUBHO IPUMEHSAIOTCS 3APAIBI POCCUUCKOTO U
AMEPHUKAHCKOTO IIPOU3BO/ICTBA, 4 KOMIIOHOBKH
C IepPOCUCTEMAMH U MAKEP-TIPOOKAMHU MOTYT
JOCTABJIATBHCA O HY’KHOI'O MECTA TOPU3OHTAJIBHOTO
Y4aCTKA CKBA’KHUHBI ITyTEM 3aMbIBA HA
reo(pusn4eCcKoM Kabele, 2 TAKXKE C IPUMEHEHHUEM
I'HKT u HKT.

IIposenenue padot no I'PIT yxe ceriuac
COITOCTABUMO C BEAYIIUMH HEPTECEPBUCHBIMU
xkomnanuamu. B 2020 rogy 3aBepmniach
MozaepHuszanus gyaoTos no I'PITu ux o6beiiHEHNE
B €JUHYIO CUCTEMY. DTO O3BOINUJIO NPOBOAUTH ['PIT
C IPOU3BOJUTENIBHOCTBIO IO 14 M3/MIH, IPH 3TOM
€CTb BO3MOXHOCTD 3AKAUYUBATb OOBEM KUJIKOCTH
6osee 2000 m? 1 maccy nponmnanTa 6onee 300 T
32 ogHy onepanuio. Cenyac ueT JOOCHAIIEHUE
(psioTa I'PTI HOBOU TEXHUKOI (BBICOKOPACXOAHAS
CMECHUTEJIbHASA YCTAHOBKA, XMMMAIINHA, EMKOCTHOM
MapK) C LIEJIbIO BO3MOXHOCTH yXKe B cepegune 2021
ropa nposoauTs MI'PIT ¢ pacxosgoMm HATHETAHUSA 10
18—-20 M*/MuH.

VCOBEPIIEHCTBYIOTCS U TEXHOJIOTUYECKUE
noaxo/bl K I'PIT. PazpaboTaHa crieluajabHas
peLENnTypa *KUAKOCTH PAa3PhIBA HA I'YaPOBOH
OCHOBE, KOTOPAsI UMEET XOPOUIUH TECT HA CIBUT
Y CIIOCOOHA BBINOIHAT CBOU (DYHKIIMU JAKE TIPU
pacxope HarHeTaHus 12—14 m*/MuH [2].

W 1eT aKTUBHOE TECTUPOBAHUE KUJKOCTHU
pa3pbIBa HA OCHOBE BBICOKOBSI3KUX IOHU3UTENIECH
Tpenus (HVFR), 3aKyIieHbl TPU pa3IUuYHbIX
THUNA (AMYJIbCHUS, CYCIIEH3HUS, TOPOIIOK)

KUIKOCTHU A1 iposefieHrns OITH Ha CKBa)KHUHAX.
MoIEpHU3UPYETCS JIAOOPATOPHOE OOOPYAOBAHUE:
OPUOOPETAIOTCA YCTAHOBKU /151 ONIPEIECIEHUS
IPOBOJUMOCTH NIPOMNMNAHTHOMN TAYKU U U3MEPEHUS
MOTEPHU AABJIIEHHUSA HA TPEHHUE. VX NCTIONIb30BAHUE

B paboTeE B IEPBYIO OYEPEAD [IO3BOJIUT KPATHO
HOBBICUTB 3(P(PEKTUBHOCTD TPOBegcHUA ['PIT Ha
HETPAJTUIIUOHHBIX KOJUJIEKTOPAX [2].

Pa60TEI IO HOPMATHU3ALINH 32605 U
Ppa30ypUBAHUIO NAKEP-TIPOOOK C MPUMEHEHUEM
KONTIOOMHI'OBOM YCTAHOBKU IMTOCTOSTHHO

with a length of 1000 meters, with rotation on its
own with a fastening quality of K acc =0.98.

At present, a program has been successfully
implemented to re-equip a core research center
with new modern laboratory equipment from
leading manufacturers in the following areas:
Primary sample preparation of a core, linking
a core to GIS, photo documentation of core in
daylight and ultraviolet light, standard and special
(geochemical, geomechanical, mineralogical,

X-ray) tomographic) studies. The availability of

such equipment contributes to obtaining a large
amount of information that allows you to correctly
characterize the complex nature of the reservoir and
better understand its structure and properties, which
is necessary to solve a wide range of geology and
development problems.

Geophysical work is reaching a completely new
level. The purchased high-precision geophysical
equipment allows obtaining a wide range of borehole
and surface geophysical material, the interpretation
of which is carried out on our own (including
microseismic monitoring). This contributes not only
to the correct choice of direction for drilling new
wells and high-quality hydraulic fracturing design,
but also allows for continuous improvement of 3D
geomechanical models of oil fields.

During perforation operations, charges of Russian
and American production are actively used, and units
with perforation systems and packer plugs can be
delivered to the desired location in the horizontal
section of the well by washing on a geophysical cable,
as well as using coiled tubing and tubing.

Hydraulic fracturing works are already comparable
with the leading oilfield service companies. In 2020,
the modernization of hydraulic fracturing fleets and
their integration into a single system was completed.
This made it possible to carry out hydraulic fracturing
with a capacity of up to 14 m?/min, while it is possible
to inject a fluid volume of more than 2000 m? and
a proppant mass of more than 300 tons in one
operation. Now the hydraulic fracturing fleet is being
retrofitted with new equipment (high-flow mixing
unit, chemical machine, tank farm) in order to be
able to carry out multi-stage hydraulic fracturing in
mid-2021 with injection rates up to 18—20 m?/min.

Technological approaches to hydraulic fracturing
are also being improved. A special formulation of
a guar-based fracturing fluid has been developed,
which has a good shear test and is capable of
performing its functions even at injection flow rates
of 12-14 m?®/min [2].

An active testing of the fracturing fluid based on
high-viscosity friction reducer (HVFR) is underway,
three different types (emulsion, suspension,
powder) of fluid were purchased for pilot testing in
wells. Laboratory equipment is being modernized:
installations are being purchased to determine the
conductivity of the proppant pack and measure the
friction pressure loss. Their use in work, first of all,
will make it possible to multiply the efficiency of
hydraulic fracturing in unconventional reservoirs [2].
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Tabnuua 3 — deontouun oypenus u océoenunI'C

Table 3 - Evolution of drilling and development of borizontal wells

Konnyectso
CKBaXKMH 8 1 1 1 1 8 2
Number of wells BbINoNHeHMe
Tin konnekTopa a KH?CCM;?CKgth TPV3 - TdPJl[/B Knaccvyeckmin ’ -;PJIE/B W Fl’<a60T "
assic and hard-to-recover ard-to-re- . ard-to-re- orks carrie
Collector type resorces cover resorces Sl Cover resorces out
-
oAbl 2014-2018 2019 2020 2021
Years
Tenecucrema/ Cobct. cunbl/
I_Ts;ggﬂgmﬂc Tenecucrema | Tenecncrema Tenecncrema Tenecucrema PYC cepBuC
- Telesystem Telesystem | Tenecucrema/ Telesystem Telesystem RSS By own ef-
Wiring technology forts/ service
LlemeHT. be3
BpaLueHs 3a LiemeHT. 6e3 BpallieHns 3a LlemeHT. ¢ BpalLeHveM 3a 1
LlemeHTMpoBaHe ?/\e/iﬁewltema ?/f/'BtkL]leMteHTa c ! ”Oixof':h 1 NOAXOL C LieHT. NOAXOL, C LeHT. CBO6CF' C'/”]:b'
Cementing tthout ce- ithout ce- emem With- | cement without rotation for | Cement with rotation for 1 ap- y own et-
ment ment out r]%t?tlon 1 approach proach per cent. forts/ service
1 approach
3K Cobct. cunnbl
Producti i 168*114 178*114 140 178*114 178*114 178*114 140 By own ef-
ieeuaem Suing) forts/ service
Cobct. cunnbl
rc
Anavia 300-500 m 450 1200 400 590 1000 1400 By own ef-
BG length y :
9 forts/ service
Kon-Bo cragum
rPM CobcT. cnnbl
Number of hy- A=6 3 12 4 7 8 14 By own ef-
draulic fracturing forts/ service
stages
Cobct. cunbl

CKopocTb 3akatk | 3 5 g 4 7 7 1 12-14 12-18 By own ef-

Pumping speed y :
ping sp forts / service
Cobct. cunnbl

Kon-

NO” EO K”faclreFt’OB 1 1 2-3 3 3-4 4 4-6 By own ef-
UIIZET @ QUUSIETS forts/ service
Maccc‘?agpm%-l‘ Ha CobcT. cnnbl

. 20-60 60 110 100 120 120-150 150-180 By own ef-
Weight of pro y ;
pger stage > forts/ service

COBEPHIEHCTBYIOTCSA — OIPOOYIOTCS PA3JIUYHBIE
THUIIBI HIOPOAOPA3PYIIAIOMIETO UHCTPYMEHTA, UAET
AKTHUBHAA Pa3paboTKa paboven XKUJKOCTH, KOTOPAs
CIIOCOOCTBYET CHUKEHUIO TH/IPABINYECKUX
NOTEPDb HA TPEHUE, NOAACPKAHUIO TPEOYEMOI
IPOU3BOAUTENIBHOCTH, MUHUMAJIBHOMY
3aTPSIBHEHUIO IJIACTA U OBICTPOMY OTMBIBY
OPOAYKTOB Pa30YPEHHBIX KOMITIO3UTHBIX MTAKED-
OPOOOK U IPONIIAHTA.

YuuThIBas BbIIIEHU3JIOXKEHHOE, B PYII
«[IpOU3BOACTBEHHOE OObEAUHEHUE «BeTOPYCHEDTH>
Ha 2021 rog mOCTAaBJIECH IIJIAH BBINOJIHUTH HA 10
CKBA’KMHAX MECTOPOXKJEHUN OEIOPYCCKOTO
PETMOHA KOMILJIEKC PpA0OT, HAYWHAA OT OYPEHUSA
U 3aKAHYUBASI OCBOEHUEM METOJIOM KIACTEPHOTO
MTPIT no texnonoruu Plug & Perf COOCTBEHHBIMU
CHJIAaMHU O€3 NMIPUBJICYEHH A CTODOHHUX CEPBUCHBIX
KOMITAaHMH (Ta0J1. 3). DTO cocTasasieT bonee 30%

OT 3aIJIAHUPOBAHHBIX K CTPOUTEBCTBY CKBAXKUH
IKCIUIyaTAIUOHHOTrO (poH/a B 2021 roay.
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Bottom hole normalization and packer plug
drilling using a coiled tubing unit are constantly
being improved — various types of rock cutting tools
are being tested, a working fluid is being actively
developed, which helps to reduce hydraulic friction
losses, maintain the required productivity, minimize
formation contamination and quickly wash out the
products of drilled composite packers - plugs and
proppant.

Considering the above, RUE Production Association
Belorusneft has set a plan for 2021 to complete a
range of works at 10 wells in the Belarusian region,
from drilling to development by cluster multistage
hydraulic fracturing using Plug & Perf technology
on its own without involving third-party service
companies (Table 3). This is more than 30% of the
production wells planned for construction in 2021.
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HEDTE
TPAHC
CEPBUC

000 «HedTeTpaHccepBUC» IBNSETCS OAHUM U3 BeAyLLUX OTeYeCTBEHHbIX pa3paboTynkoB
M Npou3BoauTenem XMMmn4eckux peareHToB Ans MHTeHcuUKauum goobium HeTu.
Hawa komnaHuns ocHoBaHa B 2006 roay. OCHOBHbIM BUAOM Hallen fesaTeNbHOCTH
ABNsieTcs pa3paboTka, Npon3BoACTBO, NOAO0P M NOCTaBKa XMMUYECKUX peareHToB,
npepHasHa4YeHHbIX ANS CONAHO-KNCIOTHbIX 06paboTok (CKO),

a TaKxxe ang KncnotHbiX MNP n matpunyHbix CKO.

B nepeyeHb NpoM3BOAMMBIX HAMU peareHTOB BXOAAT:
—  WNHrmbuTop knucnotHom koppo3nn «AS-CO»;
— [esmynbratop «AS-DA»;
— [wvcnepratop «AS-Di»;
— CrabunusaTtop xenesa «AS-iR»;
— TNonumepHbIN KNCOTHbIN 3arenmnBaTenb «[P»;
— becnonvmepHbIN KNCNOTHBIN 3arennBaTenb «AS-Si» (CAMOOTKJIOHAIOLLMNCA KUCTOTHBIN COCTaB);
— DMynbraTop KUCNOTHbIN «RQ» (HeNTpanbHas 3Mynbcusi obpaTHOro TUMa € PerynmpyemMon Ba3KoCThio);
- MNeHoobpasosaTenu «MNCMH» 4ns KNCNOTHOW U BOJHOM OCHOBDI;
— CocTaB «SBK» gnsi nKBMAaLMm NeckonposaBNeHUs Ha OTKPbITbIX CTBOMAX CKBaXXWH U KpenneHus M3[7;
— Brnokupyiolme cocTaBbl «SX» ANf WaAsALLEero ryLeHns U MIMKBUAaLUM nornoweHuii bypoBbixX pacTBOPOB.

B komnnekce c NOCTaBKOW MPOU3BOAMMbBIX XUMUYECKNX peareHTOB Mbl NPeAoCTaBNSEM MOMHbIN NepeyYeHb ycnyr no

VHXEHEePHO-TEXHNYECKOMY CONMPOBOXAEHMIO Ha BCeX 3Tanax NpUMeHeHUNs npeanaraemMbiX TEXHONOTMUN:

1) Moabop 1 aHanNM3 ckBaXXMH-KaHANAATOB.

2) MpepocTaBneHUe peKOMeHAALMI Mo BbIOOPY ONTMMAaNbHOM TEXHONIOMMN MO KaXA0MY 0ObekTy.

3) MNoaroToBkKa NpeABapUTENbHbIX PacYeToB, COCTaBlieHMe An3anHa o6paboTkK C NpUMeHeHMeM NPOrpaMMHOro
obecneyeHuns «StimPro», coctaBneHune nnaHa pabot Ha FTM.

4) MpoeeneHne nabopaTopHOro UccnefoBaHNs o6pasLoB HedTH 1 BOAbI U3 BbIGPAHHOW CKBaXWHbI, Noabop
ONTMMarbHbIX 4O3MPOBOK peareHToB AN MPUroTOBNeHMa KUCIOTHOrO COCTaBa, NpoBeAeHMe TeCTUpPoBaHMa obpasua
KWUCNOTHOMO COCTaBa Ha COBMECTUMOCTb C MNacTOBbIM DIIONA0M.

5) MocTaBKa CONAHOM KUCNOTbI C AOCTAaBKOM 4O MECTOPOXAEHUS.

6) Bble3f MHXeHepa-TexHoNora Ha MecTopoXaeHue AN KOHTPOJIA NpoLecca NPUroToBieHMs KUCNOTHOIO COCTaBa,
npoBefeHns NoJIeBOro TeCTUPOBaHUS MPUrOTOBJIEHHONO KUCJIOTHOMO COCTaBa Ha COOTBETCTBME TpeboBaHUAM
3aka3uynka c opopMIieHNEM MOJIHOrO oTYeTa.

7) CocTaBneHue MaT4YMHra no UToram npoBeaeHHor obpaboTkn, aHanms a¢pdeKTUBHOCTU 0OpPaboTKN.

KomnaHus pacnonaraet co6¢cTBEHHOMN NPOU3BOACTBEHHOM 6Ga30M, pacnonoXXeHHOW
B ropopae OTpagHom CaMmapckon o6nacTu, akkpeaMToBaHHOM XMMUYeckon naboparopuen,
COGCTBEHHbIMU KUCITOTOBO3aMU B LLOCCEMTHOM U Be34eX0AHOM UCNONTHEHUU, NPOrPaMMHbIM
obecneyeHnem ans npoBegeHUs MmoaennpoBaHus npouecca CKO n KrP. LWtaT komnaHum
MOSIHOCTbIO YKOMIMIEKTOBaH BbICOKOKBaNUPULMPOBaHHbIMUY cneunanuctaMu.

HALIWN KOHTAKTbI:
Camapckas obnacts, . TonbsiTTu, yn. UHaycTpuanesHas, g. 1, ctp. 61
TenedoHsbl: 8 (8482) 55-72-56, 63-36-97
E-mail: info@n-ts.ru
AppecB CeTn: www.n-ts.ru

Byoem padst compyonuuecmay!
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Te3uncobl KOHCI)EPEHIJ‘VIM No KOJNTIOOMHIroBbIM
TEXHOJIOrMAM N BHYTPUNCKBaAXXUHHbIM
paGOTaM SPE/ICoTA 2020 (uacts 2)

SPE/ICoTA Coiled Tubing & Well Intervention
Conference 2020 Abstracts (part2)

Medsxncoyrapoorasn Korgeperyiusa no
KOAIMIOOUH20BbIM 1MEXHOJIOLUAM U
8HYymMpuUcKeaIcurHvim pabomam SPE/ICOTA
npowna 6 Byonernoce, wumam Texac, CLIA,
24-25 mapma 2020 2. Kongeperyus
NPOBOOUMCSL eHCe2O00HO, OP2AHUSAIMOPAMIU
KOHDeperuuL mpaoutiiulOHHO 6bLCINY UL
Obuyecmeo urIceHePo8-HePmAHUKOE
(SPE) u Accoyuauus cneyudaiucnos

10 KOUMIOOUH206bIM MEXHOSLOZUAM U
srympuckearcurrvim pabomam (1CoTA).

Cekums 9. DNeKTPOHHble CTeHA0BbIe A0oKaAbl AN o6MeHa

3HaHusSmMmu V

DNeKTPOHHbIE CTEHA0BbIE [0K/a bl MO3BOAOT YHACTHMKAM NOOOLLATLCS C
aBTOPOM CTEH[0BOrO A0KaAa B MHAMBMAYaNbHOM nopsake 1 bonee aetansHoO
pa3o0paTbcs B Kakon-nnbo KOHLENUMM Unv TexHonorin. CTeHO0Bble AoKNaabl
MOTYT ObITb Pa3HOIO COAEPXKaHWSA, OAHAKO X TEMa COrnacyeTcs C TeMamm
TEXHUYECKUX CEKLIMIA.

PacumpeH HbI aHaNN3 OTKJIOHEHUS OT
BEPTUKAIN MPU pagnan bHO-CprVl HOM

OypeHNM C NOMOLLbIO KONTIOOMHra

Xing Qin, SINOPEC Research Institute of Petroleum Engineering; Jun
Mao, SINOPEC Research Institute of Petroleum Engineering; Jiapeng
Liu, Northwestern university; Yan-long Zhao, China University of
Petroleum-Beijing at Karamay; Wu Long, SINOPEC Northwest Oilfield
Company

TexHonorus paJiuajIbHO-CTPYHUHOIO OypEHUS — 3TO
3KOHOMUYHBINA U 3(P(PEKTUBHBIA METO/] YBETUYECHU S
HedTe- U Ta300THA4YHU 34 CUET 3aPE3KHU HECKOJIBKUX OOKOBBIX
MHUKPOOTBEPCTUI OT OCHOBHOT'O BEPTUKAJIBHOI'O CTBOJA.
MUKpPOOTBEPCTUS, IPOOYPEHHBIE THIPABINYECKUM
METO/IOM MO/ BBICOKUM JIABJIEHUEM, [IOMOT'aI0T MOBBICUTh
MJIOMIA/1b KOHTAKTA MEX/y CTBOJIOM CKBAKHHBI U IIJIACTOM.
MakcHUMaIbHas JAJIbHOCTD OTXOXK/IEHUS OOKOBBIX
MHUKPOOTBEPCTHUI OT CTBOJIA ABJISIETCS KJIIOYEBBIM
MaPAMETPOM JIJISI OLIEHKH BIUSHUA PAAUATBHOIO CTPYHHOT'O
OypeHUs, IOCKOJbKY JOOBIYA ITOBBIAETCS C YBEIUYEHHUEM
IJIyOMHBI OOKOBBIX OTBEPCTHUI. TeM HE MEHEE TTOTyYEHHBIE
JIAHHBIE O MAKCUMAJIbHOM OTXOX/JJEHUU OOKOBBIX
MHUKPOOTBEPCTHUI OT CTBOJIA B PE3Y/IBTATE PAJAHUATBHO-
CTPYHUHOrO 6ypPEHU O CUX MTOP HE NOABEPTAIUCH JOJKHOMY
U3Y4EHUIO. B 3TOM CTAThE MBI CO3/1aJ T HOBYIO MO/JIEJb,
KOTOPAsA COYETAET B CEOE MAPAMETPHI THAPABINYECKOIO U
MEXAHHUYECKOT'O TPEHUSA JJI AHAIN3A JAJTbHOCTH PAJJUAIBHO-
CTPYHUHOTO 6ypeHUs. PE3yIbTATHI IOKA3BIBAIOT, YTO PACXOT,
JKHUJIKOCTH ABJIIETCA OCHOBHBIM (DAKTOPOM, BJIUAIOIINM
Ha JAJIBHOCTDb IPOXOXKJEHUA THOKOM 4aCTH, KOTOPAs
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The Coiled Tubing & Well
Intervention Conference took place
in Woodlands, Texas, USA on March
24-25, 2020. The annual event

was traditionally organized by

the Society of Petroleum Engineers
(SPE) and the Intervention & Coiled
Tubing Association (ICoTA).

Session 9: Knowledge Sharing ePosters V
Knowledge Sharing ePosters allow one-on-one
interactions with presenters and opportunities to study
a particular concept at an appropriate level of detail.
Subject matter varies, but topics are consistent with the
other technical sessions.

Extended Reach Analysis of Coiled
Tubing Assisted Radial Jet Drilling
Xing Qin, Jun Mao, SINOPEC Research Institute

of Petroleum; Jiapeng Liu, Northwestern
university;Yan-long Zhao, China University of
Petroleum-Beijing at Karamay; Wu Long, SINOPEC
Northwest Oilfield Company

Radial jet drilling technology is an economic
and efficient method to enhance oil and gas
recovery by drilling several lateral micro-holes
from a vertical main borehole. The micro-
holes drilled by high-pressure hydraulic
energy can improve the contact area between
wellbore and reservoir. The maximum
extended reach of lateral micro-hole is a key
parameter to evaluate the effect of radial jet
drilling as the production increases with
the length of lateral holes. However, the
maximum extended reach of radial jet drilling
reported has not been studied adequately.

In this paper, we have established a new
model which combines hydraulic friction and
mechanical friction to analyze the extended
reach of radial jet drilling. The results show
that the flow rate is a main influence factor
affecting the flexible hose extended reach
which increases with the growth of flow rate.
The outlet angle of deflector has a great effect
on the extended reach especially at high

flow rate, while the turning angle has little
effect on extended reach. This work provides
a systematic method including hydraulic



YBEJINYUBAETCS C YBEJIUYEHHUEM PACXO/1A. YTOJI BBIXOAA
JlebaekTopa UMEET OOJIBIIOE BIUSHUE HA YBEJINUYEHHUE
JAJIBHOCTHU NPOXOXKAECHU S, OCOOEHHO MPU BEICOKOM PACXO/IE
JKHUJIKOCTH, B TO BPEMSI KAK YI'OJI IOBOPOTA MaJIO BIIUAET HA
JaIBHOCTDb IPOXOXKIECHUSA. DT PAa60TA COAECPKUT ONUCAHUE
CHUCTEMATHUYECKOI'O METO/A, BKJIIOUAIOIIETO ONTUMU3ALIAIO
TUPABIUKU U AEPIEKTOPA IS IPOECKTHPOBAHUSA
PaJuaIBHOTO CTPYMHOTO OYPEHUS B LIEJIAX PA3PAOOTKHA
COCETHUX HE(PTEra30BBIX KOMJIEKTOPOB-CITyTHUKOB.

VlHHOBaLI,VIOHHbIVI MHCTPYMEHT And UsmMmepeHmd
AaBJiIeHnAa BO BpeMH 6ypeHVIﬂ 0N HanpaBneHHOro
OypeHuns Ha THKT cnepytowiero nokoneHus

Adame Kante, Syed Muhammad Fahim Ud Din, Eduardo Saenz,

Kiran Shetty, Schlumberger

Lles1b IPOEKTA 3AK/II0YAIACh B PACHIUPEHHUHN PAOOYETO
JUaIa3oHa MHCTpyMeHTa Measurement while drilling
(MWD — namepeHue BO BpeMs OYPEHUsT) B KOMIIOHOBKE HU3a
OypuibHOM KOOHHBL (KHBK) 17151 HAKJIOHHO-HANIPAaBJIEHHOIO
OypeHUs HA THOKUX TPYOAX C LIE/IBIO MTOBBIIIEHUS €TO
HAJIE’KHOCTHU B CJIOXKHBIX YCIOBUAX, PEMOHTONPUTOJHOCTH,
pabodero TEMNEPATYpPHOr'O JUANA30HA U JUAIIA30HA
U3MEPEHUU 17151 60JIEE€ TPOJOIKUTENIBHOI'O CPOKA CIYKObI
U 60J1€€ KA4ECTBEHHOTO BBIIIOJTHEHUS PAOOT.

HoOBBIN NOAXO/] K NAPAJIICTIBHON pa3paboTKe ObLI
UCHONB30BAH /I YIIPABJICHUS dKU3HEHHBIM I[TUKJIOM
NPOAYKTA, HAYUHAA C ONPEJEIEHUA IOTPEOHOCTEN
KJIMEHTA, BBIOOPA HAUITYYIIETO TEXHUYECKOI'O PEMIECHUS,
pa3paboOTKU U THIATEIBHOI'O TECTUPOBAHUS IPOAYKT4, YTOObI
HOATBEPAUTD EI'O COOTBETCTBUE TPEOOBAHUAM, U, HAKOHELL,
JUIs 3(P(PEKTUBHOTO TPOUZBOJCTBA MIEPE/] BEIITYCKOM B
KCIUIYATALIUIO B YCJIOBUSAX MECTOPOXAEHUA. BBIIIO TPOBEIEHO
HECKOJIBKO TIIATENbHBIX TEXHUYECKHX U YIIPABICHUYECKUX
0630POB A1 IPUHATHSA LIEJIEHANIPABICHHBIX PEIEHUN 115
3P PEKTUBHOI'O NPEJIOKEHU S HA/IEKHOT'O, IPOU3BOANMOI'O
U O6CITyKUBAEMOT'O ITPOAYKTA C MUHUMAJIBHOW COBOKYITHOM
CTOUMOCTBIO BJIAZIeHUA. THCTPYMEHT BKJIIOYAET B CEOSA
HAJIE’KHBIN TATYUK FAMMA-U3JIYIEHU S, TAKET U3MEPEHUS
HaIlpaBJIeHUA U HAKJIOHA (D&I), T03BONIAIOIWNI IIPUHUMATD
pELIEHNA ITO TEOHABUTA1IUU B PEAJIBHOM BPEMEHH, JATYHUKH
JaBJIEHUS U TEMIIEPATYPHI AJ11 KOHTPOJIS BHYTPEHHUX
YCJIOBUH B CKBAXKUHE, 4 TAKXKE JATUYUK HATPY3KH JJI
U3MEPEHUA KAK OCEBBIX, TAK U TOPCUOHHBIX HArPYy30K. Habop
3JNEKTPOHHBIX IIAT, UCIIOIb3YEMBIX JUIS CBA3H, TUTAHUSA U
CO0pAa JAHHBIX, IOJTHOCTBIO COOTBETCTBYET TPEOOBAHUAM JIJIs1
PaboThI B CAaMBIX CYPOBBIX YCJIOBUAX OypeHUst. Kpome Toro,
OBLIIO PA3pPabOTAHO HECKOJIBKO KOMIIOHEHTOB HA3€MHOI'O
IPOrPAMMHOI'O OOECIIEYEHU S JJIs1 OTOOPAKEHU S JAHHBIX
B PEAJIbHOM BPEMEHU U CO34AHUA OTYETOB.

HapexxHoCTh HUHCTPpYMeHTAa MWD Obli1a yBein4deHa B 4 pasa
MO PE3YAbTATAM 12-MECAYHOTIO NNEPUOAA UHTEHCUBHOTO
GypeHus Ipu TeMIepaTypax a0 167 °C. Ham yaanocs
YCTAHOBUTD PEKOPABI KAK ITO CAMBIM ITPOJOIKUTETBHBIM
oaMHOYHBIM CITO KaK 110 IPOXOJKE, TAK U 110 BPEMEHH,
4TO /1AJI0 IPUPOCT 3PPHEKTUBHOCTH UCIIOIb30BAHU S
WHCTPYMEHTOB B CKBaKUHE Ha 60%.

Cekums 10. DneKTpoHHble CTeHAOBble AoKNaabl AN o6MeHa

3HaHuamMmu Vi
DNeKTPOHHbIE CTeHA0BbIE AOKabl NO3BONSIOT YHACTHNKAM NOoBLIATLCS C
aBTOPOM CTEH[O0BOIO A0KaAa B MHAMBMIYaNbHOM Nopsake 1 bonee AeTansHoO

and deflector optimization for the design of
radial jet drilling to help develop the adjacent
satellite oil & gas reservoirs.

A Game Changing MWD Tool
for Next Generation CTDD

Adame Kante, Syed Muhammad Fahim Ud Din,
Eduardo Saenz, Kiran Shetty, Schlumberger

The objective of the project was to expand
the operating envelope of the Measurement
while Drilling (MWD) tool in the coiled
tubing directional drilling Bottom Hole
Assembly (BHA) to improve its reliability
in harsh environments, maintainability,
temperature range and measurements for
overall longer runs and better service delivery.

A new concurrent development approach
was used for managing the product's lifecycle
from defining the customer's need, selecting
the best technical solution, developing and
thoroughly testing the product to confirm
it meets its requirements and to finally
manufacture it efficiently before its release
to the field. Several rigorous technical and
management reviews were held to enable
focused decisions toward the efficient
delivery of a reliable, manufacturable and
maintainable product with minimal total
cost of ownership. The tool includes a robust
gamma ray sensor, Direction & Inclination
(D&I) package to enable real time geo
steering decision-making, pressure and
temperature sensors to monitor the inner and
well conditions and a load cell to measure
both the axial and torsional loads. A set of
electronic boards used for communication,
power and acquisition, have been fully
qualified to operate in the harshest drilling
conditions. In addition, several surface
software components were developed for real
time data display and reporting.

The reliability for the MWD tool was
increased 4 folds based on the results from a
time period of 12 months of intensive drilling
up to 167 °C. We managed to set field records
for both the longest single runs for footage
and time improving average downhole
utilization by 60%.

Session 10: Knowledge Sharing ePosters VI
Knowledge Sharing ePosters allow one-on-one
interactions with presenters and opportunities to study
a particular concept at an appropriate level of detail.
Subject matter varies, but topics are consistent with the
other technical sessions.

Wireline Electromechanical
Release Device Operating
on Battery at 175 °C

Claire Bellicard, Adebayo Taiwo, Orla Hagan,
Nicholas Collins, Todor Sheiretov, Ben Durand,
Schlumberger
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pa300paTbcs B KakoM-nnMbo KOHLENUMM Unv TexHonorn. CTeHOoBble AoKNabl
MOTyT ObITb Pa3HOro CoAeP>KaHWs, OLHAKO VX TemMa CornacyeTcs ¢ TeMamu
TEXHNYECKMX CeKLINN.

3neKTpomexa HMn4yeckoe yCTpOI7ICTBO
pa3begnHEHNA Ha TpocCe C baTa pee|7| angd
paboTbl Npu Temnepatypax go 175 °C

Claire Bellicard, Adebayo Taiwo, Orla Hagan, Nicholas Collins, Todor
Sheiretov, Ben Durand, Schlumberger

DNEKTPOMEXAHUYECKHUE YCTPOUCTBA PA3bEAUHEHNU HA
TPOCE ABJIAIOTCA KPUTUUECKU BAXKHBIMHU U O0S34TE/IbHBIMU
JULSL pabOTHI € BaripaitHOM. HOBBIE TEXHOJIOTUH
MHCTPYMEHTOB BHYTPUCKBAKMHHBIX PA0OT U TPAKTOPOB
HE JONYCKAIOT UX UCIIOJIb30BAHUA B HE(PTAHBIX CKBAXKUHAX
06€3 HaZIEXKHOT'O YCTPOUCTBA PA3bEAUHEHUA. 1715 PEMIEHN A
npo6IEM, IPUCYIIUX BBICOKOTEMIIEPATYPHBIM U 6051€€e
JUIMHHBIM TOPU30HTAJIBHBIM CKBAXXUHAM, OCO60€ 3HAUYECHUE
OPUOOPETAET HAJIE)KHOCTD ITUX AJIEKTPOMEXAHUYECKHX
YCTPOYCTB PA3bEAUHEHHUS B CJIYIA€ IPUXBATA KOJIOHHBI
MHCTPYMEHTOB B CKBAKHHE.

BO3MOXXHOCTB pAaOOTHI NMEKTPOMEXAHUUECKOTO CITyCKOBOTI'O
YCTPOMCTBA OT 6ATAPEU IIPU BBICOKOU TEMIIEPATYPE
CHMIKAET OOIINI PUCK IPU BHYTPUCKBAKUHHBIX PA0OTAX,
MOCKOJIBKY TEM CAMBIM OOECTIEUUBAETCS BO3MOXHOCTD
PE3EPBHOI'O PA3MBIKAHUSA B CJIY4A€ OBPEKICHUA KAOEA
WUJIX UHCTPYMEHTAJIBHON KOJIOHHBL, TPENATCTBYIOIIETO
OOMEHY TAHHBIMHU C PA3bEJUHUTENEM B CKBAKHHE. [TyCKOBOE
YCTPOHCTBO C OATAPEUHBIM HUTAHUEM CPAOATHIBAET 11O
UCTEYEHUU BDEMEHU 3ANIPOTrPAMMHPOBAHHOTIO TAMMEPA, TaXKE
MPU OTCYTCTBUH IEKTPOIUTAHUA UIH B CIy4d€ KOPOTKOTO
3aMBbIKAHMA. 3 POrPAMMUPOBAHHBIA TAUMEDP MOXHO
OGHYIUTD TOJIBKO B TOM CJIY4a€, ECJIN €CTh CBA3b C HA6OPOM
UHCTPYMEHTOB, B IPOTUBHOM CJIYY4€ FAPAHTUPOBAHHO
CpabaThIBAET PA3BEJUHEHNE, KAK ObJIO U3HAYATIBHO
3aIIPOrPaMMHUPOBAHO.

DIEKTPOMEXAHUYECKUE PAZBENUHUTEIH C OATAPEHHBIM
MUTAHUEM J11 UTHCTPYMEHTOB, IPUTOJHBIX 718 PA6OTHI IPH
TEMIIEPATYPaX 10 175 °C, TpeOYIOT, YTOOBI AKKYMYJIATOD U
COOTBETCTBYIOIIAA SJIEKTPOHUKA YIIPABJICHUA U YIIPABJICHUSA
MATAHUEM HAJIE’KHO paboTanu ripu 175 °C. M3-32 XUMUYECKOTO
COCTAB4 3TOU BBICOKOTEMIIEPATYPHOI 6ATAPEUN €€ EMKOCTD
IPYU HU3KOU TEMIIEPATYPE COCTABJISAET HEOOIBIIYIO YACTh
€€ EMKOCTH IIPU BLICOKOM TEMIIEPATYPE. DTO NPEACTABIAET
npo6JIEMY IIPU IKCIIYATALUU ITUX 6ATAPEN, IOCKOIBKY
HEKOTOPBIE U3 HUX YCTAHABINBAIOTCA U AKTUBUPYIOTCA
IIPpU TEMIEPATYPE OKPY:Karome cpeas! -10 °C 111 padoTel B
CKBaXUHAX 11pu 175 °C.

Tenepp AOCTYIHO PEUIEHUE, COYETAIONIEE B C€OE PE3YIBTATHI
Pa3paboOTKU BEICOKOTEMIIEPATYPHBIX OATAPEH U CJIOKHYIO
CHCTEMY YIIPABJIECHUA 6ATAPEAMH JIJII MAKCUMAJIbHOT'O
YBEJIMYEHUSI EMKOCTH OaTapeU 11 pa6OTHI IPH BBICOKHUX
TEMIIEPATYPAX. DTA BBICOKOTEMIIEPATYPHAs 6aTapest Obliia
pa3paboTaHa, a €€ XapaKTEPHUCTUKU ITOATBEPK/ICHEI B
PE3YJIbTATE TIIATEIbHBIX KBATU(PUKALTMOHHBIX UCITBITAHUN.
Pe3ynbTaTel TECTOB MOKA3bIBAIOT, UTO OATAPES OIITUMATIBHO
paboraeTr npu remneparype seie 120 °C. Ilpu remnieparype
Hike 120 °C 6arapes pa3psaskaeTcs 3KCIOHEHIIUAIBHO C
MOHIKECHUEM TEMIIEPATYPBL. Pa3beIUHUTENb PA3PAO6OTAH C
Y4YETOM UHTEJJIEKTYAJIBHOI'O YIIPABJICHUS EMKOCTDBIO 6aTapenu
IIyTEM IIEPEKJIIOYECHU S Ha IPOBOAHOE NUTAHHUE, KOT/]A OHO
NpUCYTCTBYET. Hafie)kKHAs1 HUBKOCKOPOCTHAS TEJIEMETPHU S
MO3BOJISIET OOHOBJISITE TAUMED IO JKEJIAHUIO BO BPEMS pa6OTHI
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Wireline electromechanical release devices
are critical and imperative for wireline
operations. New-technology intervention
and tractor tools cannot be deployed in oil
wells without a reliable release device. For the
intrinsic challenges of high temperature and
longer horizontal wells, the reliability of these
electromechanical release devices in the event
a toolstring gets stuck downhole becomes
even more important.

The ability to operate an electromechanical
release device on battery at high temperature
reduces the overall risk of the intervention
because it provides a secondary release option
in case there is a damage to the wireline cable
or toolstring that prevents communication
with the release device downhole. A battery-
operated release device activates on the
expiration of a programmed timer, even in
the absence of wireline power or the presence
of a short circuit. The programmed timer
can be updated only if communication with
the toolstring is feasible, otherwise it reliably
releases as originally programmed.

Battery-operated electromechanical release
devices for 175 °C-rated tools, require the
battery and associated control and power
management electronics to function reliably
at 175 °C. Due to the chemical composition
of this high-temperature battery, its capacity
at low temperature is a small fraction of its
capacity at high temperature. This presents a
challenge in deploying these batteries, because
some are installed and activated at surface
ambient temperature of -10 °C, for deployment
in 175 °*C wells.

Now the solution exists as a result of the
combination of the development of a high-
temperature battery and sophisticated battery
management to maximize battery capacity
for high-temperature operations. Through
thorough qualification, this high-temperature
battery was developed and validated. Test
results show that the battery works optimally
above 120 °C. Below 120 °C, the battery
depletes exponentially, as the temperature
decreases. The release device has been
designed to intelligently manage battery
capacity by switching to wireline power when
it is present. The reliable low-bandwidth
telemetry makes it possible to update the timer
as desired during the wireline operation. The
passivation prevention circuit helps prevent
battery chemical passivation, maintaining
its maximum capacity during the operation.
All these technology components combined
enable reliable and repeatable battery
activation of the electromechanical release
device at 175 °C.

Unique Electronically Activated
Nonexplosive Wireline Cutter



Ha 11poBoje. CxeMa PEeAOTBPALIEHUS IACCUBALIUY IIOMOT'A€T
MIPEJOTBPATUTD XUMHUYECKYIO ITACCUBAITNIO OATapen,
ITO/I/IEPKUBAS €€ MAKCUMAJIBHYIO EMKOCTB BO BpEMSI PabOTHI.
CoueTaHHe BCEX ITUX TEXHOJIOTMYECKUX KOMITOHEHTOB
06€eCIIeYrBaACT HA/ICKHYIO U [IOBTOPSIEMYIO AKTUBAIUIO
JIEKTPOMEXAHUYECKOT'O PA3bEIUHUTENS C TUTAHUEM OT
AKKYMYJIITOPHOM 6aTapen npu 175 °C.

YHUKanbHbIN HEB3PbLIBHOW pe3ak ans
KaHaTa C 2/1IeKTPOHHbIM YyNpaBneHuem ans
©e3omnacHoOM N HageXHOM Pe3KU LNPOKOro
AuanasoHa cnuknavHa n kabenen

Jill Hillier, Nader Sabanegh, Mark Nicol, Schlumberger

HeB3pBIBHOU PE3aK A1 KAHATA C 3JEKTPOHHBIM
YVIIPaBIEHUEM CITYCKAIOT C IOBEPXHOCTH, YTOOBI IEPEPE3ATH
CJIUKJIAUH U Ka6€JIM IPU HIPUXBATE UHCTPYMEHTAIBHONU
KOJIOHHBI B CKBA>KUHE. PE3aK aKTUBHUPYETCS JIEKTPOHHBIM
TANMEPOM U MOJIYJIEM CPAOATBIBAHUSL.

W3HAYAIBHO PE3aK ObLII CIPOEKTUPOBAH [JJIS1 HAJIEKHOM
PE3KH CIMKIAHHA U KAHATHBIX Kabesed B fuamna3one ot 0,105
110 5/16 miorima. I[To Mepe TOTO KaK KabeJIU CTAHOBUJIUCH BCE
KPYITHEE U CJIOXKHEE, BOZHUKJIA HEOOXOAMMOCTD B boJiee
HAJIEKHBIX PE33KAX, CIIOCOOHBIX OTPE3ATh KAOEIb C BHEIITHUM
JHUAMETPOM BIJIOTH /10 0,59 miorima.

IIpenBapUTENBbHO NPOrPAMMUPYEMBII TAIMEP OOPATHOI'O
OTCYETA U JONOJHUTEIBHBIE BO3MOXHOCTH UH/IUBU/IYaIbHON
HACTPOMKU OO6ECIIEUYNBAIOT CPAOATHIBAHUE HA 33/JTAHHOM
IIYOMHE U FAPAHTHIO AKTUBALIUY 6€3 UCITONIb30BAHUSA
B3PBIBYATBIX BEMECTB WU YAAPOB O 3ACTPABIINI HHCTPYMEHT
JUISL BBITIOJIHEHUSA pa3pe3a. OMUCaHbl OCOOEHHOCTH
YHUKAJIBHOT'O HEB3PBIBHOT'O PE3AKA C AJIEKTPOHHBIM
YIPABJIEHUEM, 4 TAKXKE IPEICTABIEHBI HECKOJIBKO IPUMEPOB
U3 MPAKTUKH HA3EMHBIX U MOPCKHUX ONEPAIINI.

Cekuuns 11. dneKTpoHHbIe CTeHA0BbIe A0oKaAbl AN obMeHa

3HaHusmu VIl

ONeKTPOHHble CTEHA0BbIE AOKNaAb! MO3BONAKOT y4aCTHUKAM noobLLAETHCS C
aBTOPOM CTeHOO0BOro AokKNada B UHOANBKMAYalbHOM MNopsnke 1 bonee AeTallbHO
pa306paTbCF| B KaKOI;I-J'II/I6O KOHLUeNunn nnm TexHonormu. CTEHﬂ.OBbIe Aoknaabl
MOTYT ObITb Pa3HOTO COAEPKaHWS, OLHAKO VX TemMa COrnacyeTcs ¢ TeMamu
TeXHNYeCKnNX CeKLJ,l/II?I.

HoBble MeToabl NPOEKTUPOBAHUS MPU
pa3paboTke MexaHN4YeCkKUX MHCTPYMEHTOB

ANsi BHYTPUCKBAXUHHbIX PaboT C yHUKaNbHbIM
(DYHKLMOHANOM 3KCTPEHHOIO pa3beanHeHUs ois
pPaboTbl ¢ 3a00MHBIMK KNlanaHaMM-OTCeEKaTeNaMMN

Ganesh Balasubramanian, Schlumberger Technology Corporation

IToAIIOBEPXHOCTHBIE 3AIIOPHBIE KJIAIIAHbBI, TAKHE KAK
KJIAIIAHBI U304 U I1aCTOB (FIV), U30/1UpyIoT I1aCT
OT AOOBIBAIOIIETO CTBOJIA ITOCJIE IEPBOY NEpoparuu
U HUJKHET'O 3AKAHYMBAHUA. DTO IIO3BOJIAET BBIIIOJIHUTD
BEPXHEE 3aKAHYUBAHUE U B HEKOTOPBIX CJIYy4asax
BBIIIOJTHUTB HECKOJIBKO CITO j1s1 nep@dOpaIiuu 10 TOTo,
KaK CKBAXKMHA HAYHET AOOBIYY. B TEUeHNE 3TOTO BDEMEHU
OHHU 3AIIUINAIOT IVIACT OT IIOTEPU JKUAKOCTU U 1ABJICHUSA,
JIENCTBYS KAK JIBYHAIIPABJIECHHBIN 6apbep I KUJLKOCTHU.
IToMHMO COKpAllleHUsI BDEMEHU HAXOXKIEHUS YCTAHOBKU
Ha CKBA’KUHE, KJIIOYEBBIM IpeuMyIeCcTBOM FIV aBisercs
CHHMIKEHHE 34TPAT HA BHYTPUCKBAKHUHHBIE PAOOTHL FIV
MOXXHO OTKPBIBATb U 3aKPbIBATH HECKOJIBKO Pa3 IIPU

Provides Safe and Reliable
Cuts on Largest Range of
Slickline and Wireline Cables
Jill Hillier, Nader Sabanegh, Mark Nicol,
Schlumberger

The electronically activated nonexplosive
wireline cutter drops from surface to sever
slicklines and cables when a toolstring
becomes stuck downhole. The cutter is
activated via an electronic timer and trigger
module.

The cutter was originally designed to cleanly
cut slickline and wireline cables ranging from
0.105 in. to 5/16 in. As wireline cables become
larger and more complex, the need for a more
robust wireline cutter was needed to cut cable
with outer diameters as large as 0.59 in.

Preprogrammed countdown times and
optional custom programming capabilities
support target depth and activation assurance
without reliance on explosives or impact
against the stuck toolstring to make a cut. The
features of the unique electronically activated
nonexplosive wireline cutter are outlined and
several case studies presented from onshore
and offshore operations.

Session 11: Knowledge Sharing ePosters VII
Knowledge Sharing ePosters allow one-on-one
interactions with presenters and opportunities to study a
particular concept at an appropriate level of detail. Subject
matter varies, but topics are consistent with the other
technical sessions.

Novel Design Methodologies to
Develop Mechanical Intervention
Tools with Unique Emergency Re-
lease Feature to Operate Subsurface
Barrier Valves

Ganesh Balasubramanian, Schlumberger
Technology Corporation

Subsurface barrier valves such as a formation
isolation valves (FIVs) isolate the formation
from the production bore after the first
perforation and the lower completion has
been installed. This enables installation of
the upper completion and in some cases
multiple perforation runs before the well starts
producing. During this time, they protect
the formation from fluid loss and pressures
by acting as a bidirectional fluid barrier. In
addition to reduced rig time, a key advantage
of FIVs is reduced intervention costs. FIVs
can be openend and closed multiple times as
required, mechanically with an intervention
tool such as a primary shifting tool (PST)

(Fig. 1). The conveyance method for PSTs can
be on coiled tubing, work string, perforating
string, or wireline (using a tractor and stroker)
to open and close FIVs. PSTs then must reliably
engage and release from shifting profiles in
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HEOOXOANMOCTU MEXAHUUECKHU C TIOMOIIBIO UHCTPYMEHTA
JULSI BHYTPUCKBAXKUHHBIX PA0OT, TAKOT'O KaK KJIIOY-
Tonkarens (PST). MeTogoM TpaHCIOPTUPOBKHU PST moxkeT
OBITb THOKAS TPYOA, pabodas KOJIOHHA, NEP(POPAITUOHHAA
KOJIOHHA UJIU TPOC (C UCMOIb30BAHUEM TPAKTOPA U
CTPOKEPA) AJIs1 OTKPBITUA U 3aAKPbITUA FIV. 3aTem K104
JIOJKEH HAJIEKHO BCTATh B IPO(UIDb KJIAMAHA [/ €ETO
CMEIIEHU U IIOCIEAYIOLIETO IEPEBOJA B OTKPBITOE/3AKPBITOE
MHOJOXKEHUE U PAZBEAUHUTBCA C TPOPUIIEM IOCJIE YCIIEMTHOIO
CpabaThIBAHUS KJIAMTAHA.

CIeI0BaTENbHO, KOHCTPYKIIMS KJIIOYA-TONKATENS HMEET
pelaonee 3Ha4eHue /151 HaJie:kHOU padoTel FIV. B ciiyuae
BO3HHUKHOBEHUS YPEIBBIYANMTHON CUTYALIUH, KOTZA IPO(PUIb
MNEPEKIIOYEHNS HHCTPYMEHTA HE MOXKET BBIMTH U3 NPO(UIIA
3anenieHus B FIV, KDUTHUECKU BAXKHO UMETD (DYHKITHUIO
ABAPUIHOIO Pa30JIOKUPOBAHMS, 3AIIPOEKTUPOBAHHYIO B PST,
KOTOPAsI MOXET MTO3BOJUTD PA36JIOKUPOBATh UHCTPYMEHT,

HE MOBPEX/Aas KIAaH U30JIALUY I1acTa. Pazpaborana
HOBAs METOJOJIOTUA TPOEKTUPOBAHUS KIIOYA-TOJIKATEI,
MO3BOJIAIONAS OCYIIECTBUTD AaBAPHUIHOE BBICBOOOXKEHUE
MHOCPEACTBOM KOHTPOJIHUPYEMOH IJIACTUYECKOI Ie(pOpMALTUHA

IIPU HATPY3KAX HHIKE OIPAHUYEHUS CABUT'A pa60Yeii KOJIOHHBHIL.

DTa METOAONOTUA TAKKE MTO3BOJIAET U30€XKATh PA3PYIIEHUA
KOMITOHEHTOB KJII044, TaK KAK CBOOOJJHBIE YACTH MOT'yT
OCTATbCA B CTBOJIE CKBAKMHBI IIPU U3BJICYECHUN MHCTPYMEHTA
M3 CKBA’KHHBI [IOCJIE AaBAPUIHON PA36JIOKUPOBKH.

Yn pouweHNE CJTIOXKHbIX OI'IGpE\LI,I/II?I no nMKBMgauunmn
C NCNoJIb30BaHNEM BbICOKOMPOM3BOOUTEN bHOVI
TeXHoNnormmn pacumpﬂemoil ﬂpO6Kl/I

Maria Camila Laguado, Weatherford; Oscar Leonardo Suarez, Ecopetrol;
Robert Allan Murphy, Weatherford; Edgar Mora, Luis Rinconn,

Diego Martin Maya, Ecopetrol

B anipesie 2017 roga cksaxxuna Cupiagua H42,
pacrnionoxeHHas B KomyM6uu, 6b171a TPUOCTAHOBIEHA U3-34
POBIIEM C IPUTOKOM, BEI3BAHHBIX HU3KHUM I'd30KUTKOCTHBIM
cooTHouenueM (GLR), HeCMOTpPA HA TO 4YTO CKOPOCTHAs
KOJIOHHA 5 JIOMMOB x 4 !/, miotiMa 6bL1a CIYIIEHA HUXE
33260ITHOI'O KJIAMaHA-OTCEKATE S (KOPITYCHBIN KJIAIIaH) IOCIE
MEPBOHAYAIBHOIO 3AKAHYUBAHU S JJIs YIyYIIECHUS IIPUTOKA.
BBLIN OLIEHEHEI IPYTUE TEXHUYECKUE NOAXOABI K PEAHUMAIINU
CKBa’KHMHBI U U3BJIEKAEMBIM OO'bEMAM, HATIPUMED, TEXHOJIOT U
raznanu@Ta Ha KOJTIOOWHTE U IEPEXO/] HA TA30BbIH
UHXEKTOP. OJJHAKO 9KOHOMUYECKUE OLIEHKU PA3TUYHBIX
PACCMOTPEHHBIX MTOJXOOB NTOKA3A/IU JIUIIb HE3HAYUTEIbHBIC
PE3YIBTATEI U HU3KYIO BEPOSTHOCTD 9KCILIYATALTUOHHOT'O
YCIIEXA MU3-32 HAJTUYUS OCTABIEHHBIX YaCTEM KOJIOHHEI B
BEPXHEH YACTU XBOCTOBHUKA BHEIIHETO IUaMETPa 4 1/, miorima.
[TpuHMMAsA BO BHUMAHHE BCE 3TU (PAKTHI, ObLJIO IPUHATO
pELIEHUE O TUKBUAALIUN CKBAXKUHBI B COOTBETCTBUH C
MOCTAHOBJIEHUSAMU NIPABUTEIBCTBA Komymoun.

JOCTHXKEHHE 3TOrO TPEOOBAHUSA OYAET 3aTPYAHEHO
OTPAHUYCHHEM B 3,25 A10MIMA B CKBAKUHE X HEOOXOAUMOCTHIO
U3O0JIALIUN BHYTPU 7-JI0MMOBOIO KCIIJIYATALITHOHHOT'O
XBOCTOBHUKA.

Cekuus 12. Pa3zpaboTku, NpMMeHeHne U pelleHus Ha kabene

B noknagax, npeActaBneHHbIX B 3TON CEKUMM, OCHOBHOE BHUMaHWe bynet
yOoeneHo BO3HMKaloLWnNM I'IpO6J'IEMaM n peweHnam, npegnaraemMblM B Xoe
PYTUHHBIX M HECTaHOAPTHbLIX ONepaLmnii Ha MeCTOPOXAeHMAX. PazpaboTtaHHble
NHCTPYMEHTbI 1 NCMOMb3yemble MEeTOLbl TPaHCMOPTUPOBKM ObINN BbIDpaHbI Ans
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the FIVs to operate the valve and release from
the profile after successful valve actuation.
Hence design of the PST is critical for
relaible FIV operation. In the event of an
emergency where the shifting profile in the
tool is unable to release from the engaging
profile in the FIV, it is critical to have an
emergency release feature inherent in the
PST that can enable release of the tool yet
not damage the FIV. A novel methodology
was developed to design PSTs to enable
emergency release if required, through
controlled plastic deformation at loads
below work string shear limitation. This
methodology also avoids fracturing of PST
components as free-hanging pieces could be
caught in the wellbore while pulling out the
tool from the well after emergency release.

Complex Abandonment Operation
Simplified through the use

of High Performance, High
Expansion Plug Technology

Maria Camila Laguado, Weatherford; Oscar
Leonardo Suarez, Ecopetrol; Robert Allan Murphy,
Weatherford; Edgar Mora , Luis Rinconn,

Diego Martin Maya, Ecopetrol

On April 2017, the well Cupiagua H42
located in Colombia was suspended due to
lifting capacity which were caused by low
gas-liquid ratios (GLR) despite a 5" x 4-1/2"
velocity string had been hanged below Down
Hole Safety Valve (Insert Valve) after original
completion was run in order to improve the
lifting capacity. Others technical approaches
for well recovery and recoverable volumes
were evaluated, for example Coiled Tubing
gas lift technology and conversion to a gas
injector. However, economic evaluations
of the different approaches considered,
indicated only marginal results and low
probability of operational success due to a
fish at the top of the 4-1/2" OD liner. Taking
all these fact into consideration, the decision
was to abandon the well in accordance with
Colombian Governmental regulations.

The Achieving of this requirement would be
difficult due to the 3.25-in. restriction in the
well, and the necessity of isolation inside the
7-in. Production Liner.

Session 12: Wireline Developments,

Applications, and Solutions

Papers presented in this session will focus on challenges
faced and solutions provided during routine and non-
routine field operations. The tools developed, and the
conveyance methods utilized, were chosen to optimize
operational success in interventions. Speakers will
present actual well issues and case histories, which will
demonstrate how the application of wireline technology
has enabled the successful delivery of downhole
intervention objectives with wireline applications.



ONTMMM3aLMM ONEPATUBHOIO yCrexa BHYTPUCKBaXXMHHbIX paboT. BeicTynaioume
NPeACTaBAT akTyanbHble NpobnemMbl CKBaXMH 1 NpakTudeckmne npumepsl Ans
LLeMOHCTPaLLMM TOro, Kak NMpUMeHeHMe KabesbHbIX TEXHOMOTMIA MO3BOMMIIO
YCMELLHO BbINOMHUTL 334341 BHYTPUCKBAXXMHHbIX PabOT C NOMOLLbIO KabenbHbIX
peLueHunm.

CoBpeMeHHble kKabenu n npouecc

X KBanmukaumm

Homero Castillo, Baker Hughes Company; Vadim Protasov, Dustin
Dunning, WireCo WorldGroup; Kevin Nutt, C.S.R.; Phil Gibson, Andy
Glasgow, TMT Laboratories

C poCTOM IO YJIAPHOCTHU JJIUHHBIX, U3BUJIUCTHIX CKBA’KUH U
CKBa>KHH C BBICOKOH TEMIIEPATYPOU U 1ABJIEHUEM TPEOOBAHU A
K XapPaKTEPUCTHUKAM KaO€JIEI U TPOCOB, UCIOIb3YEMBIX
IPU KAPOTAKHBIX U BHYTPUCKBAXKUHHBIX PA60TAX,

CTaJIN 3HAYUTEIBHO 60JIEE€ BBICOKMMU. ITOCIIE TOTO KaK
OPOU3BOAUTEIb IPEICTABIAET HOBYIO KOHCTPYKIIHIO Kabes,
U IO TOTO, KAK HOBBIE KAOEJIN MOT'YT 3KCIITyaTUPOBATHCS
33aKa349HUKOM, BO U30€KAHUE UHITUIECHTOB, CBI3A4HHBIX C
O€30ITACHOCTBIO, IKCIJIYATALIUEN U KAYECTBOM OOCITyKUBAHUS,
KOMITAHUH, IPEAOCTABIAIONINE KAOEIbHBIN CEPBUC, JO/IKHBI
OLIEHUTD U NOATBEPANTD IPUTOJHOCTD Ka6€JIEH /11 YCIOBU,
B KOTOPBIX OHU OYyT 9KCILIYATHPOBATHCS.

B aTOM pabdoTe 3a40KYMEHTUPOBAHBI ITIOCIEJHUE
U3MEHEHUA B KOHCTPYKIIUHU IPOBOJHBIX KAOEJIEH, 4 TAKXKE
P HOCTIPOU3BOACTBEHHBIX IPOLIECCOB U UCIIBITAHUI,
MNPEAHA3ZHAYEHHBIX JJI1 OLIEHKHU MTOJY4EHHBIX HOBBIX
IPOBOAHBIX Kabesen. Bce 3TO pe3ysipTaT TECHOTO
COTPYAHUYECTBA MEXKY TPOU3BOJUTEIEM ITPOBOJHOTO
Kabessd, MOCTABIIUKOM YCJIYT IO PEMOHTY M OOCIYKUBAHUIO
Kabesen, a TAKXKE UCITBITATENIBHON TA00OPATOPUEN U
CEPBUCHOM KOMIAHMEMN. [TOCTIIPON3BOACTBEHHDBIE UCIIBITAHUA
U IIPOLIECCHI, PACCMATPUBAEMBIE B JAHHON CTAThE, MOKHO
pas3genuTb Ha CIEAYIOMNE KATETOPHUH:

— IPOYHOCTB Ka6€ed U KOMIUIEKCHBIE UCITBITAHUA Ha

YCTAJIOCTh;

— IPOLIECC CHATHUSA PACTKEHUA Kabes;
— IPOLECC KBATU(PUKAIINHU ]I UCIIOJIb30BAHHUA B YCJIIOBHAX

JKUBOM CKBAKUHBL

B 3TOM AOKYMEHTE NTOJPOOHO PACCMATPUBAETCA
JM3a1H KOHKPETHBIX U3MEHEHNU KOHCTPYKIIUU Ka0€Is,
KBaTU(PUKAITMOHHBIE UCTIBITAHHUA, TOCTIIPOU3BOACTBEHHBIE
MPOLIECCHI U CTENIEHb UX KOMMEPYECKOT'O BHEJIPDEHUA B
HaIllel OTPACIH. TaKKe NPUBOAATCA KOHKPETHBIE IPUMEPDI
COBPEMEHHBIX Ka6€JIEN BMECTE C PE3YIBTATAMU IIPUMEHEHHBIX
K HAM IIPOLIECCOB MOCTIIPOU3BOJCTBA.

BO3MOXHOCTB NPOBEAEHUSA KAPOTAKA U
BHYTPUCKBAXMHHBIX PAOOT B COBPEMEHHBIX CJIOKHBIX
CKB2)KMHAX C UCITOJIb30BAHUEM NOAXOAAIINX 15
3TOI'O NPOBOJHBIX Kabejiel 06€CeYynBaeT OONIBIIYIO
©€30IT1ACHOCTD OIEPALUI, COKPAIEHHOE BPEMs BBIITIOJTHEHUA
onepanuii, 3HAYUTEIbHYIO SKOHOMUIO 11O CPABHEHMUIO C
AJIBTEPHATUBHBIMH METOJAMU, 60OJIEE NINTEIBHBIA CPOK
CIIyKOBI KabeJIer, OTKA3 OT JJOPOI'OCTOSA N X [IPOMBICJIOBBIX
onepanuii ¥ CHUKEHHE 3aTPAT HA IIOTEPH MHCTPYMEHTA.

OTa paboTa NIPU3BAHA IOBBICUTH IOHUMAHHE YU TATEISIMU
TEXHOJIOTUI, MATEPHUAJIOB, METOJJOB U IIPOLIECCOB,
32/ICHCTBOBAHHBIX NIPU pa3PabOTKE, U3TOTOBIECHUH,
KBUIM(PUKALMY 1 HA/IJICKAIIEM UCIIOJIb30BAHNUH IIPOBO/IHBIX
KabeJiel; 3TU 3HAHUA IIPUHECYT HANOOJIBIIYIO IOIb3Y TEM, KTO
MOKYTIAET UM IIPEJOCTABIISIET KAOEIbHBIE U TPOCOBBIC YCIYTU
B CJIOJKHBIX YCJIOBHSIX.

Modern Wireline Cables and

Their Qualification Processes

Homero Castillo, Baker Hughes Company; Vadim
Protasov, Dustin Dunning, WireCo WorldGroup;
Kevin Nutt, C.S.R; Phil Gibson, Andy Glasgow, TMT
Laboratories

With the increased popularity of long,
tortuous and HPHT wells, the performance
requirements for wireline cables used in
logging and well intervention jobs in these
modern wells have become significantly more
demanding. Once a manufacturer releases a
new cable design and before the new cables
are used in customer jobs, to avoid safety,
operational and service quality incidents, the
wireline service companies need to assess and
confirm the cables' fitness for the conditions
in which they will be used.

This paper documents the recent wireline
cable design changes and a battery of post-
manufacturing processes and tests intended
to qualify the resulting new wireline cables,
all product of a close collaboration between
a wireline cable manufacturer, a cable service
and repairs vendor, a cable testing laboratory
and a wireline service company. The post-
manufacturing tests and processes subject of
this paper can be grouped in the following
categories:

— Cable strength and comprehensive fatigue
tests;

— Cable constructional stretch removal process;

— Live well-control running qualification
process.

In this paper, we will elaborate on the
design of the specific cable design changes,
qualification tests, post-manufacturing
processes, and their rate of commercial
adoption by our industry. We will also
show several specific examples of modern
cables along with the outcome of the post-
manufacturing processes applied to them.

The ability to perform logging and well
interventions in modern complex wells using
fit-for-purpose wireline cables has resulted
in safer operations, shorter operating times,
significant savings when compared with
alternative deployment methods, longer useful
cable lives, avoidance of expensive fishing
operations and lost-in-hole charges.

This paper is intended to enhance
the understanding of the readers on the
technologies, materials, methods and
processes involved on the quest to design,
make, qualify and properly use wireline
cables; this knowledge will benefit the most
those who buy or provide wireline services in
challenging environments.

Recent Electric Line Tractor
Technology Developments Deliver

Ne 4 (074) Iexa6ps/December 2020 43

%)
=
©)
)
=
)
Z.
am
Q
2
I




TEXHOJIOI'MU

HepaBHue pa3paboTku B 06n1acT TEXHONOMMM
3NeKTPUYeCKUX TPaKTOPOB NO3BONAIOT
NoBbICUTb 3¢ HEKTUBHOCTL NPOBEAeHNS PadoT,
BO3MOXHOCTU MO AOCTaBKe NHCTPYMEHTOB

M yBEPEHHOCTb B yCrexe onepauum

Stuart Murchie, Gerald MclInally, Bird Tinnen, Robert Worsman, Altus
Intervention

Jl0 HEJJAaBHET'O BPEMEHU CKOPOCTH JABUKECHUSA
NEKTPUYECKUX TPAKTOPOB OBLIIU 3HAYUTEIBHO
HUKE UX UCTHUHHOTO MOTEHIINAJIA U3-34 DJIEMEHTOB,
CBA3AHHBIX C KOHCTPYKIIUEN, TPUHIIUTAMHU PA6OTHI
U JUHAMUKON CUCTEMBIL. HECKOIBKO NPUMEPOB U3
HEJIABHUX OINEPALINI IO UCTIOJIb30BAHUIO TPAKTOPOB C
3NEKTPONPUBOAOM MILTIOCTPUPYIOT P SKCIIYATAIUOHHBIX
NPEUMYIIECTB, ABJISAIOMINXCS PE3YABTATOM NHKEHEPHOI'O
HEPENPOEKTUPOBAHUSA 34 CYET IPUMEHEHU ST HOBEHIITNX
3NEKTPOHHBIX U THJIPABINYECKUX TEXHOJIOTHUH B
HUCNOJb30BAHNUH JIEKTPUUECKUX TPAKTOPOB.

DNEKTPOTrU/IPABINYECKUE TPAKTOPHI OBLIU PA3PAOOTAHEI
B cepegune 1990-X rofoB B KAYECTBE AJIbTEPHATUBHOT'O
CPEACTBA JOCTABKH AKTUBHUPYEMBIX 1O IPOBOAY
MHCTPYMEHTOB IO YYACTKAM CKBAKUH C CUJIBHBIM
YKJIOHOM UJIA TOPU3OHTAJIBHBIM YIACTKAM CKBAKHH.
[IprMEHEHHUE TPAKTOPOB 3HAUYUTEIBHO PACIIUPUIOCH C
TrOJJaMH — OHH IIPUMEHSJIUCD JJI1 TPAHCIIOPTUPOBKHU BCE
OOJIBIIETO KOJIMYECTBA TEXHOJOTMUYECKHUX 3JIEMEHTOB
(HanpuMep, KAPOTAKHBIX MHCTPYMEHTOB, 6AJUIMCTUYECKUX
YCTPOMCTB U JIEKTPOMEXAHUYECKUX YCTPOMCTB) 110 BCE
PacCIIMPAIOMEMYCA ITAPKY HAKJIOHHO-HATIPABIEHHBIX
CKBa’KHUH BCE 6OBIIEN TPOTAKEHHOCTH U U3BUIIUCTOCTH.
[IpOU3BOJUTENBHOCTD U BO3MOKHOCTH TPAKTOPOB C
3NEKTPONPUBOAOM BCET/A ABIATIUCH KOMIIPOMUCCOM MEXKAY
MHOTOYHUCJIEHHBIMUA OTPAHUYUBAIONUMHU (PAKTOPAMU,
BKJIIOYAA CBA3AHHBIE C COOCTBEHHO KabeeM (IIPOYHOCTBD,
BEC, AJINHA, HOMUHAJIBHOE HATIPAXXEHUE U TOK), HA3€MHBIM
UCTOYHUKOM ITUTAHUS, KOMIIOHEHTAMHU TPAKTOPA (MOITHOCTD
3260HHOTO ABUTATENS U 3(PHEKTUBHOCTD IPHUBO/IA), 4
TAKXKE PA3MEPAMU 3dAKAHYUBAHUA JJI1 IPUMEHEHUA. [1O
CHUX ITOP 3TO TPEO6OBANIO HAJTUYUA IIPEABAPUTEIBHBIX
TPEOOBAHUN K TPAKTOPY JJI1 YCIIENTHOTO BBIIOJTHEHUA
PadoTHl, YTO NPUBOAMIIO K OTPAHUYEHUIO IAPAMETPOB
MPOU3BOAUTENBHOCTH, TAKUX KAK TATOBOE YCUJIME U
CKOPOCTB TPAKTOPA.

B oot pabore 06CyXAAI0TCS HEJABHUE
YCOBEPIIEHCTBOBAHUSA INIAT(OPM TPAKTOPOB, JOCTUTHYThIE
34 CYET MOJEPHU3ALNH U IIPUMEHEHU A HOBBIX 3JIEKTPOHHBIX
U TUJPABINYECKUX PA3PAOOTOK, KOTOPBIE ITO3BOIAIOT
ONEPATHUBHO ONITUMU3UPOBATH KOMIIOHEHTHI U TAPAMETPHI
TpakTopa. ITosnesrie padoThHI JEMOHCTPUPYIOT JOCTUTHYTOE
YBEJIMYEHHE CKOPOCTH JBUKEHHUA TPAKTOPA IIPUMEPHO B
TPHU C ITOJIOBUHOM PA34 IO CPABHEHMIO C PAHEE TOCTYITHBIMY,
4TO IIPEACTABIIACT COOOM HOBBIM CTAHAAPT 3(PPEKTUBHOCTHU
TPAKTOPA C AIEKTPOIPUBOAOM. DTHU CKOPOCTU B COUYETAHUH C
IOBBIIIEHHON CIIOCOOHOCTBIO TPAHCIIOPTUPOBKH ITOJIE3HOM
HArpy3KHU U MOBBIIIEHHON YBEPEHHOCTBIO B BBIITOJTHEHNU U
32/1a4U ABJISIOTCS €lIe 00JIeE€ AKTYAIbHBIM IPEUMYIIECTBOM
JUISL CKBAXKMH 3HAUYNTEIBHON U3MEPEHHOMN ITTyOUHBI, OOKOBOH
JUIMHBI, CJIOKHBIX IPO(PUIIEN U TPAEKTOPUH.

IIpeacTaBaeHHAS TEXHOIOT U TAKXKE ITO3BOJIUT MHXXEHEPAM
MO 3aKAHYHMBAHUIO CKBAXKUH C OOJIbIIIEH YBEPEHHOCTDIO
IUIAHUPOBATD CJIOKHBIE BHYTPHUCKBA)KHMHHBIE PA6OTHI B
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Significantly Increased Job Efficiency,
Increased Payload Capability, and
Improved Mission Certainty

Stuart Murchie, Gerald MclInally, Bird Tinnen,
Robert Worsman, Altus Intervention

Until recently, electric line tractor driving
speeds have been lying significantly below
their true potential, because of elements
related to design, working principles and
system dynamics. Several case histories
from recent electric line tractor conveyance
operations illustrate the number of
operational benefits that have resulted
from an engineering re-design, through
applying the latest electronic and hydraulic
technologies to electric tractor conveyance.

Electrohydraulic tractors were developed
in the mid 1990s as an alternative means to
convey electric line deployed tools along the
highly deviated or horizontal sections of wells.
The application of this tractor technology
has grown considerably over the years,
having been applied to convey an increasing
range of technology payloads (for example,
logging tools, ballistic devices and powered
mechanical applications) to an expanding
stock of deviated wells with increasing
length and tortuosity. The performance and
capability of electric line tractor tools has
always been a trade-off between numerous
limiting factors including the electric line
cable (strength, weight, length, voltage and
current rating), the surface power supply, the
tractor components (downhole motor power
and drive train efficiency), and the completion
size into which it is deployed. This has until
now necessitated tractor pre-set requirements
to successfully perform a job, resulting in
limitations on performance criteria such as
tractor pull force and speed.

This paper discusses recent improvements
to the tractor platform achieved through
redesign and by applying new electronic and
hydraulic developments which enable in-
well, on-the-fly optimisation of the tractor
components and parameters. The field
operations demonstrate the transformation
in tractor conveyance speeds achieved,
in the order of three and a half times that
previously delivered, representing a new
standard in electric line tractor conveyance
efficiency. These speeds, coupled with
increased payload conveyance capability and
the improved mission certainty which can
be achieved, are even more relevant in wells
of significant measured depth, lateral length
and challenging well profiles and trajectory
complexity.

The technology presented will also allow
well completion engineers to plan complex
well intervention jobs in demanding wells



CJIOKHBIX CKBAKMHAX IT1O IPUYHNHC OobIe YBCPCHHOCTU B
IAKCIIYATAITUOHHOM YCIICXC.

M pnmeHeHne 3a6017| HOIO TpaKTopa npu

mni3onaumm 30H ra3o0BOWN CKBaXWUHbI

Li He, James McAllister, Shell Exploration & Production Company; John
Hawkins, Halliburton; Marissa Turner, Altus Intervention

B CKBa’KMHAX C OOJBIINM YITIOM HAKJIOHA CKBAKHMHHBIC
TPAKTOPBI MOT'YT UCTIOJIb30BATHCA AJ11 TPAHCIIOPTUPOBKU
OYpHIBHOM KOJIOHHBI Ha CUJIOBOM Kabere (e-line). B aToit
paboTe NPeACTABIEHBI IPOEKTHBIE PEMIEHUS, INTAHUPOBAHUE
U BBINIOJIHEHHE 30HAJIBHON U30JIALIMU 6€3 OYypPOBOU YCTAHOBKH
B I'a30BOM CKBA’KUHE, PACIIOJIOXKEHHON B MEKCMKAHCKOM
3aJIMBE. B Ka4ecTBe CPECTBA JOCTABKHU BO BPEMS 3TOU
30HAJIBHOM U30JISIIUU UCIOIb30BATUCh CKBAXKUHHBIE
TPAKTOPBL

IpeAnonaragoch, YTO B INTyOOKOBOAHOU I'A30BOM CKBAKHUHE C
MOPSMBIM BEPTUKAJIBHBIM JJOCTYIIOM IIPOU3OIIEI BBIOPOC MECKA.
CkBaKMHA ObLIA OLICHEHA U OIIPEIE/ICHA KAK KAHANAT Ha
3apE3Ky OOKOBOTI'O CTBOJIA KPYITHOro guaMerpa (BHST). B pamkax
noAroTosky Kk BHST nepen pazdopKoOH IIAaHUPOBAJIOCH
MPOBECTH 30HAJIBHYIO U30JIALHIO. CKBA’KHMHA UMEET CUIIBHOE
OTKJIOHEHHE C MAKCUMAJIbHBIM YIJIOM 81,5 rpagyca. B kauecTse
CPEACTBA JOCTABKH JIJISI HEOOXOAHUMBIX ONEPAIIUHA Ha
Kabesie 6bLI BBIOPAH CKBAXKUHHBINA TPAaKTOP. M3-32 HCTOPpUH
CKBa’KUHBI IIPEJIIONATAJIOCH, YTO CTBOJI CKBAKHUHBI
3261T neCKOM. O6CYKAAETCSA BBIOOD METO/IOB CMSITYEHU S
MOCJIEACTBU JIJIS1 CHUKEHU A PUCKA IIPUXBATA OYPHUIIBHOM
KOJIOHHBI B IECYAHOM CTOI6€E. METOJOIOTUA BKIIOYAJIA
HUCHONIB30BAHUE BHUJIEO OOPATHON CBA3U B PEAJIBHOM BDEMEHU
JUISL OLIEHKH COCTOSTHUA CKBAKWHBI, 4 TAKKE UCIIOJIb30BAHUE
CIIEIUAJIBHBIX 3JIEMEHTOB HATSKEHUA U pagbeJuHEHUA. [lepen
BBINIOJIHEHUEM OBIN ITPOBEAEHBI UCIIBITAHUA CUCTEMHON
nnarerpanuu (SIT) mexay oneparopaMu U OOCITYKUBAIOIUMH
KOMITAHUSIMU, YTOOBI yOEIUTHC, 4YTO Kabeb e-line,

TPAaKTOPBI U KOMIIOHOBKM HU34 OypuibHON KOJOHHBI (KHBK)
MOJTHOCTBIO COBMECTHUMBI U PA6OTAIOT.

B pamMkax paboT 11O U30JISILIUHN 30H HA TPAKTOPE ObLIA
YCTAHOBJIEHA CKBAXKMHHAA KaMepa A1 HAOIIOJEHNUA 3
COCTOSTHHEM CTBOJIA CKBA’KUHBI OT 3260MHOTO KJIallaHa-
OTCEKATEJIA JO IPEATIONATAEMOM ITTyOUHBI BLIEMKH.
TpakTOPOM OBLII JOCTABJICHA U YCTAHOBJICH HA IVTYOHHE MTAKEP
ckBo3HOM HKT c 3arnymkoii. TpakTopom 6bl1 JOCTABIEH
CTPYHHBIN PE34K, AKTUBUPOBAHHBIH IO IN1yOouHe. Paborta
10 U30JISILIM Y 30H OblyIa 3aBEpIIcHA 6€3 YpE3MEPHBIX
MPOCTOEB TPAKTOPA. JJONTOJIHUTENILHBIM IIPEUMYILECTBOM
3TOM ONEPALUHU CTAJIO 3HAYUTEIBHOE COKPAIIEHUE BPEMEHU
PaboThl YCTAHOBKH, HEOOXOJUMOTI'O JIJIs1 BBIBOJIA CKBAKUHBI U3
IKCIUIYATALIUH, U YCKOPEHUA IIEPEBOJA CKBAXKUHBI HA JOOBIYY.

DTOT NPAKTUYECKUN IIPUMED JEMOHCTPUPYET BO3MOXKHOCTH
CKB2)KMHHOTO TPAKTOPA IIPH JOCTABKE UHCTPYMEHTOB B
[JIyOOKOM, TOYTU TOPU3OHTAIBHON CKBAKMHE, 4 TAKXKE
COBMECTHUMOCTbD CKBRKMHHOI'O TPAKTOPA C PA3TMYHBIMUA
UHCTPYMEHTAMU. OOCYXKIAIOTCSA YPOKH, OTHOCSIIUECS K
MIPUMEHEHUIO TPAKTOPHOT'O TPAHCIIOPTA.

nepeﬂ,OBble noaxonbl And npoeKTnpoBaHUA,
Kdnnyataumm n O6Cﬂy)KVIBaHI/Iﬂ
MHCTPYMEHTOB ANnAd BHYTPUCKBa>XXNHHbIX
pa60T Ha Kabene B KUCNbIX cpenax

Greg Giem, Mark Milkovisch, Schlumberger

with more confidence now that it is available
to increase operational success.

Application of Downhole Tractor

in Gas Well Zonal Isolation

Li He, James McAllister, Shell Exploration &
Production Company; John Hawkins, Halliburton;
Marissa Turner, Altus Intervention

In high angle wells, downhole tractors can
be used for electric line (e-line) deployed
toolstring conveyance. This paper presents the
job design, planning, and execution of a rigless
zonal isolation in a gas well located in the Gulf
of Mexico. Downhole tractors were used as
the method of conveyance during this zonal
isolation.

A deepwater direct vertical access gas well
was suspected to have had a sand failure event.
The well was assessed and identified to be a
candidate for big-hole sidetrack (BHST). In
preparation to the BHST, a zonal isolation
was planned to be performed prior to the
decomplete. This well is highly deviated with
a maximum angle of 81.5 degrees. A downhole
tractor was selected to be the method
of conveyance for the required wireline
operations. Due to well history, the wellbore was
suspected to be obstructed by sand. Selection
of mitigation methods to reduce the risk of
sticking toolstring in sand fill is discussed.
Methodology included the use of real-time
video feedback to evaluate downhole condition,
as well as the use of specific tension and release
subs. Prior to execution System Integration Tests
(SIT) were conducted between operator and
service companies to ensure the e-line cable,
tractors, and bottom hole assemblies (BHA)
were fully compatible and operable.

As part of the zonal isolation work, a
downhole camera was deployed on tractor to
observe the condition of the wellbore from
SCSSV to proposed cut depth. A thru-tubing
packer with blow-out plug was deployed
on tractor and set on depth. A jet cutter was
deployed on tractor and activated on depth.
The zonal isolation job was completed without
excessive tractor misruns. The job added
significant value by reducing rig time needed for
decomplete and accelerating well handover to
Production.

This case study demonstrates the capability of
downbhole tractor at deploying tools in a deep
near-horizontal well, and downhole tractor’s
compatibility with a variety of tools. Learnings
relevant to the application of tractor conveyance
are discussed.

Best Practices for Design, Operation,
and Maintenance of Wireline
Intervention Tools for Sour Service
Greg Giem, Mark Milkovisch, Schlumberger

Ne 4 (074) Iexa6ps/December 2020 45

%)
=
©)
)
=
)
Z.
am
Q
2
I




<
s
=
S
e
A,
%
3
I

B aT0M paboTe NPEACTABIEHB! YDOKH, U3BJICUEHHBIE U3
IPOEKTUPOBAHUS U PA3BEPTHIBAHUSA B IIOJIEBBIX YCIOBUSAX
MHOKECTBA PA3JIMYHBIX UHCTPYMEHTOB B KHUCJIOH CPEZIE.

B HEt paccMaTPUBAIOTCS TPEOOBAHUS M TOCTIC/ICTBUS
OPOEKTUPOBAHUSA, SKCILTYATALUN U TEXHUUIECKOT'O
O6CITYy’ KUBAHUSA UTHCTPYMEHTOB /11 BHYTPUCKBAXKMHHBIX
paboT Ha Kabese npu BozachcTun H,S u CO,,.

MHOrH€e CKBaKMUHBI B MUPE IPOOYPEHBI HA MECTOPOXKIECHUAX
C BBICOKUMU KOHIIEeHTparusaMu H,S u CO,. Jlaxke mpy HU3KUX
KOHLEHTpauuAX H,S uHCTpyMEHTEI Ha KabeJie, pa3paboTaHHbIC
U3 OOBIYHBIX CKBAXKUHHBIX MATEPUAJIOB, TOJBEPraIOTCS
PHCKY KaTACTPO(PUUECKOTO PA3PYILICHUS U3-32 CYIAb(HUIHOIO
pacTpecKuBaHUA 110 HanpskeHueM (SSC), KOpPO3UOHHOI'O
pacTpeckuBaHu 1104 HanpskeHueM (SCC) U pacTPECKUBAHUA,
BbI3BAHHOT'O Bogopoaom (HIC). DTu CKBAXKUHBI TAKXKE
06124210T BBICOKOU KOPPO3UOHHOI aKTUBHOCTBIO, TO3TOMY
JIa2KE€ MATEPUAJIBL, KOTOPBIE HE OYEHBD YA3BUMBI K OTKA3aM IO
YKa3aHHBIM IPUYHUHAM, MOI'YT IIOCTPAJATh OT OO PHOM
KOPPO3HH, YTO NO-MIPEKHEMY JEIAET UX HEIPUTOJHBIMUA
JUISL UCIIOJIb30BAHUA B 9TUX YCIOBUAX. MHCTPYMEHTHI /11
BHYTPHUCKBA>KUHHBIX PA0OT Ha KA0O€JIE NTOJBEPKEHBI OCOOEHHO
BBICOKOMY PHCKY BBIXO/IA U3 CTPOsL, TIOCKOJIBKY BBICOKHE
HArpy3KH, KOTOPbIE OHU UCHBITBIBAIOT BO BPEMS HOPMAJIbHOMU
PabOTBI, UCKIIOYAIOT METO/IbI, KOTOPBIE MOT'YT OBITh
CTAaHJIAPTHBIMH JIJIS1 OOJIEE JIETKOT'O OOOPYIOBAHUS, TAKOI'O KAK
WHCTPYMEHTHI 71 KAPOTAKa HA KaOeJIe.

VHCTPYMEHTEI JI/I1 BHYTPUCKBAKUHHBIX PA0OT HA
Kabese, MpeHAa3HA4YEHHBIE JIJI1 PA6OTBI B KUC/IBIX CPEJAX,
JIOJIKHBI OBITH CHPOEKTUPOBAHEI C CAMOI'O HAYaJId C
COOTBETCTBYIOIINUMH TPEOOBAHUAMU, YTOOBI N30€KATh HE
TONBKO Npo6iieM ¢ SSC, SCC, HIC 1 KOppO3UET, HO U JIIOOBIX
po6IIEM, KOTOPBIE MOT'YT OBITH CBA3AHBI C MATEPHUATAMH,
BBIOPAHHBIMH /1A IPENOTBPAIIEHNA 3TUX IPOOIEM.
MarepuaJibl, CIOCOOHBIE BBIIEPKUBATD 3HAYHUTEIbHBIE
PACTATMBAIOLIME YCUIINS B KUCJION CPeJE, YPE3BbIYANHO
OTPAaHUYEHBI, U OOJIBITMHCTBO U3 HUX MO BEPKEHBI
UCTUPAHUIO. [IpH IPOEKTUPOBAHUU HEOOXOAUMO COOIIONATh
OCTOPOXKHOCTBD, YTOOBI U30€KATh CUTYAIU, B KOTOPBIX
MOKET BOBHUKHYTh ucTupanue. M H,S, u CO, pacTBOPAIOTCSA
B BOJIE, 06Pa3ys C/1a6bI€ KUCIOTHI, IO3TOMY KOJIUYECTBO
IPUCYTCTBYIOMIEIN BOABI TAKXKE SABJISICTCA BAXKHBIM (DAKTOPOM
IPU ONIPEIETEHNH IPUEMJIEMBIX MATEPUATIOB.

Pa60Ta MHCTPYMEHTOB 11 BHYTPUCKBAXKUHHBIX Pa6OT
Ha KabeJie B KMCJIBIX YCIOBUAX IKCILTYyATALUU IOJIKHA ObITh
THIATEIBHO CIIAHUPOBAHA U BBINOJIHEHA. [IpaBUIbHBIE
IPOLIEYPBI OUHUCTKUA U TEXHUYECKOTO OOCTYKUBAHUS TAKXKE
MMEIOT PEMIAIONIEE 3HAYEHHUE JIJIS TOAAEPKAHUSA HAEKHOCTH
U JOJITOBEYHOCTH HHCTPYMEHTA MOCJIE ONEPAIIUU B KUCJIBIX
cpefax.

BO MHOrOM UCTOPUYECKHU IPU INTAHUPOBAHUHU
BHYTPHUCKBA)KHUHHBIX PA0OT Ha KaO€JI€ U BBIODOPE MATEPUAJIOB
CNEUAUCTBI PYKOBOJCTBOBAIUCh BHYTPEHHUMU 3HAHUSAMHU
(T. €. HEMUCAHBIMH IPABUJIAMU X COOCTBEHHBIM ITEPEJOBBIM
omnbrroM) u crangaprom ANSI/NACE MR0175/1SO 15156,
HedTanas, HepTEXUMHUUECKAS U I'Aa30B451 IPOMBIIIJIEHHOCTD
— MarepuaJisl 11 UCIIOJIb30BAHUS B CPEJAX, COAEPKAMUX
H,S, npu go6prue HedTH 1 ra3a. BHyTpeHHME 3HAHUA 9ACTO
BBI3BIBAET IOJO3PEHUE, 4 IPUMEHEHHE CTAHAAPTA AJ1s
060PYIOBAHUSA /11 BHYTPUCKBAKMHHBIX PA0OT HA Kabesie
3aTPYIHEHO, TOCKOJIBKY BAXKHBI IPYTUE (DAKTOPHBL, KPOME
pacTpecKuBaHUsL. B 3TOM paboTe pacCMaTPUBACTCS HE TOJIBKO
BBIOOP MATEPHAJIOB, OHA TAKXKE BKJIIOYAET PYKOBOJICTBO U
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This paper presents lessons learned from the
design and field deployment of many different
assets in sour environments. It will address
the requirements and implications of design,
operation, and maintenance of wireline
intervention tools when exposed to H,S
and CO,,.

Many wells in the world are drilled in
fields with high concentrations of H,S and
CO,. Even low concentrations of H,S put
wireline tools designed from conventional
downhole materials at risk of catastrophic
failure through sulfide stress cracking (SSC),
stress corrosion cracking (SCC), and hydrogen
induced cracking (HIC). These wells are also
highly corrosive, so even materials that are
not highly vulnerable to these failure modes
may suffer from extensive corrosion that still
renders them unusable in these environments.
Wireline intervention tools are at especially
high risk of failure because the high loads they
experience during normal operations preclude
practices that might be standard in lighter-
duty equipment like wireline logging tools.

Wireline intervention tools that are intended
for sour service should be designed from the
beginning with corresponding requirements
to avoid not only SSC, SCC, HE, and corrosion
issues, but also any issues that may be related
to the materials that are selected to avoid these
failure modes. Materials capable of supporting
high tensile forces in sour environments
are extremely limited, and most of these are
susceptible to galling. Care must be taken
during the design to avoid situations where
this galling would occur. Both H,S and CO, are
soluble in water to create weak acids, so the
amount of water present is also an important
factor when determining acceptable materials.

Operation of wireline intervention tools in
sour service environments must be carefully
planned and executed. Proper cleaning and
maintenance procedures are also critical to
maintaining tool reliability and longevity
following sour operations.

Much historical wireline intervention design
and material selection is based on tribal
knowledge (i.e., unwritten knowledge and best
practices). and standard ANSI/NACE MR0O175/
ISO 15156, Petroleum, Petrochemical and
Natural Gas Industries—Materials for use in
H,S-Containing Environments in Oil and Gas
Production. Tribal knowledge is often suspect,
and the application of the standard is difficult
for wireline intervention equipment because
factors other than cracking are important.
This paper also moves beyond material
selection to include guidance and best
practices for mechanical design, operation,
and maintenance of wireline intervention
tools that are not directly addressed by NACE
standards.
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Technical specifications

Chassis
Maximum injector pull, kg

Reel capacity, m

Maximum coiled-tubing weight, kg
Maximum working pressure, MPa
Overall dimensions (L x W x H), mm

Weight, kg 3 (0
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EPESOBOU OIBIT IO MEXAHUYECKOMY IPOEKTUPOBAHUIO,
IKCILIyaTAL MU U TEXHUUECKOMY OOCTYKUBAHUIO
UHCTPYMEHTOB JIJIS1 BHYTPHUCKBA>KUHHBIX PA0OT HA KabeIe,
KOTOPBIE HEMTOCPEACTBEHHO HE OXBATBIBAIOTCS CTAHJAPTAMU
NACE.

Cyl.l.l,eCTBeHHoe COKpaweHne BpeMEHHBIX N
(pMHaAHCOBbLIX U3aepPXeK 3a cHeT ppe3epoBaHUS
Ha Ka6ene npuyeesiMd4eHnmM BHYTPEHHETO
AnameTpa nakepHom NnoaBecku

Alessandro Mangione, Elpidio Gravante, Giuliano Sinibaldi, Adriano
Cianci, Gianluigi Sala, Raimondo Magri, Crescenzo Altarelli, Cristiano
Paoli, ENI; Maximilien Hallaire, Andres Hernandez, Gregory Perry,
William MacPherson, Welltec

JIOOBIBAIONIAS CKBAKUHA, PACIONIOXKEHHAA HA MIEIb(pe
Kouro, 6s11a 060pyA0BaHA HE OTKPBIBIINMCS 3200 HBIM
KJIANTAHOM-OTCEKATEJIEM, CIIYCKAEMBIM U U3BJIEKAEMBIM Ha
JN(PTOBOU KOJIOHHE U YIIPABISIEMBIM C IOBEPXHOCTU. [Tof
HUM OB/ YCTAHOBJIEH AYOIUPYIOMUN KIAIaH-OTCEKATEb
CO HITOKOM, TOJJIEPAKUBAIOIIUM 34CJIOHKY B OTKPBITOM
MOJOXEHUU. DTO YCIOBUE, IOMUMO OT'PAHUYEHUS JOOBIYH,
OBLJIO BDEMEHHBIM PEIIEHUEM, KAK OIPEAEIEHO B IOIUTHUKE
obecredeHus LEeJIOCTHOCTH CKBAKUH Eni (onepatopa); mo
3TOW HPUYUHE NPUILIOCH 3AMEHUTDh 3A00MHBIH KyIanaH. s
3TOTO HY>KHO ObLJIO CHATH 3aKAHYUBAHUE, YTO MOAPA3YMEBAIIO
pa3pe3aHue pa3pe3aeMoro nakepa. Yepes 3a60nHbIN
KJIAIIaH HEOOXOAMMO ObLIO NPONYCTUTb HHCTPYMEHT
JUISL OTKPBITHS 3AMK4, YTOOBI PE3aK MOT IOUTH 10O AKEPA.
WHCTPYMEHT /11 OTKPBITUS 3aMKA OBbLJI CJAUIMIKOM OOJIBIIUM,
4TOOBI IPOUTH YEPES MAKEPHYIO NOABECKY. Eni mocTasuia
nepes CEPBUCHOM OTPACBIO 3344y NPEJIOKUTD PENIEHUE,
MO3BOJIAIOUIEE PACTOYUTD 3aKAJIEHHYIO IAKEPHYIO TTOJBECKY
IPY COXPAHEHNUHU €€ MEXAHUYECKON LIeJIOCTHOCTH. Pemmenue
TAKKE HEOOXOIMMO OBLJIO OBICTPO BHEJPUTH BO U30CKAHUE
JOPOTOCTOSIIETO IPOCTOA OYPOBOU YCTAHOBKU.

B BEIGpaHHOM PEMEHUU UCTIONb30BATIACh YCTAHOBJICHHAA
Ha TPOCE Ppe3ePHA KOJIOHHA, OCHAIEHHAA KODOHKON
C 2JIMAa3HBIM HOKPBITHEM. DTO PEMIEHUE OTINYATIOCH
NPEUMYIIECTBAMH B HECKOJIBKUX OOIACTAX: CUCTEMA
CUYUTBIBAHUA NOKA3AHUI C HOBEPXHOCTH 1aBaAJIa
BO3MOKHOCTb TOYHO KOHTPOJIHUPOBATH ONIEPALTHIO
dpe3epoBaH, BO3MOXHOCTb KOMOMHUPOBAHUSA
WHCTPYMEHTOB ITO3BOJIANA 4[JEKBATHO INIAHUPOBATH
NOTEHIUAIBHBIN BBIXOJ, U3BJIEKAEMOT'O OOOPYAOBAHHUA
C COXpaHEHUEM IIPU 3TOM 6aAPBEPOB HA JEHCTBYIONIEH
CKBA)KUHE, 4 pa3MeP OOOPYJIOBAHUA ITO3BOJIA OCYIIECTBUTD
OBICTPOE PA3BEPTHIBAHUE B YCJIOBUAX HIENAb(A.

Pa6oTeI IO Ppe3epOBAHUIO ObIN 3aBEPIICHBI 32 OAHY CITO
€ 06mMM BpeMEHEM (Ppe3epOBAHUA 1 4ac 47 MUHYT.

B ny6simkanuu o6CyxaaeTcss 06beM paboT IO IIPOEKTY,
HOAI'OTOBKA OOOPYIOBAHUS U BBIIIOJIHEHHE PA6OT, OLICHKA
PHCKAa U CHHKEHUSA 34TPAT, 4 TAKXKE OLIEHKA JOIIOTHUTEIbHBIX
NPEUMYIIECTB, JOCTUTHYTHIX 34 CUET YAAJIEHUA OTKA3ABIIETO
3260IMHOTIO KJIAIIAHA-OTCEKATEIIA.

MoLWHbIN NOBUIBHBIN UHCTPYMEHT
Ha kabene ¢ KUM

Greg Giem, Schlumberger

B 3TOM JOKYMEHTE ONMUCHIBAIOTCSA BO3MOXXHOCTH U
IIPEUMYIIECTBA UHCTPYMEHTA pa3MepoM 3 1/8 aroiima ¢

Significant Time Reduction and

Cost Savings Realized Through the
Use of Wireline Deployed Milling
Services, to Enlarge a Tubing Hanger
Alessandro Mangione, Elpidio Gravante, Giuliano
Sinibaldi, Adriano Cianci, Gianluigi Sala, Raimondo
Magri, Crescenzo Altarelli, Cristiano Paoli, ENI;
Maximilien Hallaire, Andres Hernandez, Gregory
Perry, William MacPherson, Welltec

A producing well located offshore Congo was
equipped with a TRSCSSV which failed to
open. A velocity valve, with a stem beneath,
had been installed to keep the flapper open.
This condition, apart from restricting the
production, was a temporary solution as
defined in Eni's (the operator) well integrity
policy; for this reason, the SSV had to be
replaced. In order to do so, the completion
needed to be removed, which implied cutting
the cut-to-release packer. A lock open tool
needed to be run in the SSV to allow the
cutter to reach the packer. The lock open
tool was too big to pass the tubing hanger.
Eni issued a challenge to the service industry,
to come up with a solution to enlarge the
hardened tubing hanger while preserving its
mechanical integrity. The solution also had to
be deployable quickly as the drilling unit could
incur costly standby.

The retained solution used a wireline
deployed milling toolstring equipped with
a diamond coated bit. The benefits of this
solution impacted several areas: the surface
read out system allowed for fine control of
the milling operation, the combinability
of the tools allowed for adequate planning
of potential fish recovery while retaining
well barriers on a live well and the size of
the equipment allowed for a rapid overseas
mobilization.

The milling operation was completed in a
single run, with a total milling time of
1hr 47 min.

The paper will discuss the project scope
of work, equipment preparation and job
execution, an estimate of the risk and cost
reduction delivered, and an estimate of the
added production enabled by removing the
failed SSV.

Instrumented High-Force
Wireline Fishing Tool

Greg Giem, Schlumberger

This paper outlines the capabilities and
advantages of a 3 1/8-in. instrumented
wireline tool designed for fishing or shifting
in casedhole wells with up to 90,000 Ibf
with high precision and minimized tubular
deformation.

Some fishing necks have ratings higher
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KUII Ha kabene, 1peIHA3HAYECHHOTIO JIJIS1 U3BJICUYCHUS UTU
HEPEMEIIEHUA OOOPYAOBAHUA B OOCAKEHHBIX CKBAXKUHAX C
Harpy3korii 10 90 000 PyHTOB-CHIIBI C BLICOKOU TOYHOCTBIO M
MHUHHMAJIBHOM Jle(popManiuen Tpyo.

YV HEKOTOPBIX JIOBUWIBHBIX IEEK HOMUHAJIbHASI HATPY3Ka
BBIIIE MAKCUMAJIbHOU HAI'PDYy3KU JIMHENHBIX IIPUBOJOB
AHAJOTUYHOTIO pa3dMepa. YTo6bI MAKCUMU3UPOBATD
TAHYIIEE YCUIUE, TPUKJIAJBIBAEMOE K 3AXBAYHUBAEMOMY
000PYIOBAHNIO, HEOOXOUMO 33/ICICTBOBATH IMHCHHBIH
TIPUBOJ, C MOIITHOCTBIO, IO KPANHEN MEPE, TAKOU XK€,

K4K y JIOBUWIBHOM MIEMKH, HO O€3 YBEJIMUEHUS JUAMETPA

JIO TAKOU CTEMEHH, YTOOBI 3TO MEMIAJIO IIPOXOAY MO

TPy6E UJIN HE COOTBETCTBOBAJIO OTPAHUYEHHUAM IO
JHAMETPY BBIIIE IOBUMOI'O 060pyAOBaHUA. KpoMe TOro,
HEOOXOIUMO OOECTIEUNUTD IPHUJIOKEHUE CTOJIBKO BICOKOI'O
ycunus 6€3 NOBPEXKICHUA TPYOBI, B KOTOPOH IMHENHBIN
MIPUBOJ PEATUPYET HA CUITY, IPUIOKEHHYIO K TIOBUMOMY
O60PYAOBAHUIO. DTO HAJIATAET TPEOOBAHUE K AHKEPHOMY
MOJYIIO U36€raTh NPUIOKEHUS YPEZMEPHDBIX PAJUATIBHBIX
CHJI K BHYTPEHHEN YaCTH TPYOBL

Pa3zpaboTaH JTMHENUHBIN IPUBO/, C JOKA3aHHBIM TAT'OBBIM
ycunueM 10 90 000 (pyHTOB CHIIBI 17151 JIOBA 3ACTPSABIIETO
WHCTPYMEHTA O€3 NIPEBBINIEHU AUaMeTPa 3 1/8 miorima.
DTO JOCTUTAETCA 34 CUYET TOYHBIX U3MEPEHUI YCUIINA,
MPUIOKEHHOI'O K MHCTPYMEHTY, CMEIIEHN S UHCTPYMEHTA
OTHOCHTEJIBHO TPYOBI, PAJIUAJIBHOM CUJIBI, TPUKJIAJABIBAEMONA
K TPy6e AKOPAMH, U TOYHOTO ITOJIOKEHUA OTKPBITHA AKOPEH.
ITpH 3TOM TAKKE BBIITOJHAIOTCA U3MEPEHUA TEMIIEPATY PBI
Y [JABJIEHUS )11 OOHAPY)KEHUA U3MEHEHU ITAPAMETPOB
CTBOJIA CKBA’KHMHBI [IPU UCIIPABJIEHUH IPUXBATA ITAPOBBIX
KPAHOB WJIN CKOJIB3SIINX MY(PT. BBLIO BBIIOIHEHO
OOHIMPHOE MOJIETUPOBAHUE, YTOOBI IIOMOYB B OIIEPATUBHOM
MJIAHUPOBAHUU U I'APAHTUPOBATD, YTO AHKEPHBIE OITOPBI
HE ITIOBPEJAT CTEHKY TPYO. HECKOJIBKO aHKEPHBIX MOAYJIEN
MOJKHO 3aITyCKATb IIOCJIEA0BATENBHO JIJIS JAJIbHENIIETO
pacnpeneneHus PaguaabHbIX U OCEBBIX HATPY3OK, €CJIN 3TO
HEOOXOIUMO JIJII TOHKOCTEHHBIX TPYO.

M cnonb30BaHUE BBICOKOTOYHBIX IPUOOPOB U
BBICOKOIIPOYHOMN MEXAHUYECKOM KOHCTPYKIIUU IIO3BOJIAET
JIMHEMHOMY IIPUBOJY OOECIIEYNBATD TATOBOE YCUJIUE BABOE
OOJIBIIIE, YEM Y AHAJIOTUYHBIX JIMHEHHBIX ITIPHUBOJOB TEX
K€ (PU3NYECKUX PA3ZMEPOB. DTO ITO3BOJISET BBIIIOJIHATD
JIOBUJIBHBIE OIIEPAIINU HA KA0€/I€ B OOCA’KEHHBIX CKBAKMHAX,
KOTOpPBIE paHEE ObLIIX HEJJOCTYITHBI U3-31 TPEOOBAHUH K
YCHUJIHIO MJIM OTPAHUYEHUH 10 JUAMETPY, HECOBMECTUMBIX C
napamerpaMmu ruokux HKT.

MepBbi B MUpe onbIT (hpe3epoBaHms
KepamMmnyeckom 3acoHku Ha E-Line

Ahmad Faidzal Rosli, Ahmad Syafiq Md Noor, Welltec®, Nicholas Kwang
Hui Foo, Anie Jelie, Fairus Azwardy Bin Salleh,| Mohd Zulkifli Omar,
Ainur Husna Sulhi, PETRONAS Carigali Sdn Bhd

JUArHOCTUKA U YCTPAHEHUE HEU3BECTHDIX IIPEIATCTBUN
B CKBAKMHE IIPU OOIBIINX OTKJIIOHEHUAX IPEACTABIISAET
COOOM CEPBE3HBIE MTPOBIEMBL JJIs1 OIEPATOPOB. KoMOUHaI U
CKBa>)XKMHHOM KaMePHBI C TDAKTOPOM HA CUJIOBOM Kabere (e-line)
MO3BOJISIET ONIEPATOPAM NIEPEMEMATHCS O OONBIINMU
YIJIAMH U IPOCMATPHUBATD U300PAKEHUE C KAMEDPHI B PEAJIBHOM
BPEMEHU, YTO HEJOCTYIIHO 151 OOBIYHOT'O KOJITIOOMHIA
(THKT), ecyii HE UCNIOJIB3YETCA JOPOTOCTOSIIIUI CMAPT-
KT. KpoMe TOTro, TOCKOJIBKY €-line y»xe NpuCyTCTBYET Ha
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than maximum capacity for linear actuators

of similar size. To maximize the pull force
applied to the fish, it was necessary to
intervene with a linear actuator with a capacity
at least as high as the fishing neck, but without
increasing diameter to the point that it did

not fit in the tubing or through restrictions
above the fish. It is additionally necessary to
accomplish this high pull without damage to
the tubular where the linear actuator reacts
the force applied to the fish. This imposes a
requirement on the anchor module to avoid
applying excessive radial forces to the inside of
the tubular.

A linear actuator was designed that has
proven a pull capacity of up to 90,000 1bf to
fish stuck tools without exceeding a 3 1/8-in.
tool diameter. This module can achieve this
feat with precision measurements on the force
applied to the fish, the displacement of the
fish relative to the tubular, the radial force
applied to the tubular by the anchors, and the
exact opening position of the anchors. It also
carries onboard temperature and pressure
measurements to detect changes in wellbore
parameters when used for exercising stuck ball
valves or sliding sleeves. Extensive simulations
have been completed to aid in operational
planning and ensure anchor pads do not
damage the wall of the tubulars. Multiple
anchor modules can be run in series to further
distribute radial and axial loads if needed for
thin-walled tubing.

The use of high-precision instrumentation
and high-strength mechanical design enabled
alinear actuator to accurately pull twice as
much as similar linear actuators with the same
physical dimensions. This allows wireline
to complete fishing operations in casedhole
wells that were previously inaccessible either
because of force requirements or diameter
constraints, surpassing coiled tubing capacity.

World's First EGF Flapper

Milling Via E-Line

Ahmad Faidzal Rosli, Ahmad Syafiq Md Noor,
Welltec®, Nicholas Kwang Hui Foo, Anie Jelie, Fairus
Azwardy Bin Salleh, Mohd Zulkifli Omar, Ainur
Husna Sulhi, PETRONAS Carigali Sdn Bh

Diagnosing and resolving unknown well
obstructions at high deviations presents
significant challenges to Operators.
Combining a downhole camera with an
electric line (e-line) tractor enables operators
to traverse high angles and view the camera
feed in real time, options unavailable on
conventional Coiled Tubing (CT) unless
running expensive smart CT. Furthermore,
with e-line already on site, the operator
maintains the flexibility to rig up an e-line
milling tool to mill the obstruction. This paper



MJIOMIA/IKE, OIIEPATOP MOXKET YCTAHOBUTD (DPE3EPHBIN
UHCTPYMEHT JUJIs1 (PPE3EPOBAHUA IPENATCTBUA. B 3TOM CTaThE
OIUCBHIBAETCS, KAK UHCTPYMEHTEHI €-lin€ MOMOIJIN BBISIBUTD
OPENATCTBUE B 3aKPBITON CKBAXKUHE U BIEPBBIE YCIIEIITHO
pachpe3epOBaIN KEPAMHUYECKYIO 3ACIOHKY EGF.

Panee B 3TOM rojiy Ha ra30BOM MECTOPOXIAECHUU HA
menbde BocTouHoit Mananisuu oneparopy HEOO6XOAUMO
OBLJIO U3YYUTh BO3MOXKHBIN BEIOPOC IECKA U3 TPABUITHON
HAaOUBKH B OTKPBITOM CTBOJIE IEPE] PA3PA0OOTKOM IJIaHA
BOCCTAHOBJICHUS CKBAXKUHBI JJIs1 PEAKTUBAIIUU. CKBAXKMHA
NPEACTABIIAA HECKOIBKO IIPOOGIIEM, TAKMX KAK OOJIbIIIHE
YIJIBL, HEU3BECTHBIE OTPAHUYEHM S, OTPAHUYEHH B IIPEJEIAX
BHYTPEHHETO guameTpa (ID), noTeHuaJIbHbII BBIHOC
IIE€CKA U HEOIIPEJAETIEHHOE COCTOAHME 3ACJIOHOK B CKBAXKUHE.
OmnepaTop BeIOPAJI TPAKTOP HA e-line /19 TPAaHCIOPTUPOBKU
CKBAKMHHOM KaMEPBHI JJI BbIABJICHUA IIPENIATCTBUN U
(ppe3epHBI HTHCTPYMEHT HA €-1in€ B Ka4eCTBE PE3EPBA I
(dpesepoBaHUs NPENATCTBUNA NI HEUCIIPABHBIX KJIAIIAHOB.

Dra onepanus 6b11a 3aBepiicHa 32 mectb CITIO u
COCTOSJIA U3 TPAKTOPA HA e-line, TPaHCIIOPTUPYIOMIETO
CKB2)KMHHYIO KaMEPY A1 IPOXOJA UJIN BU3YAJIBHOT'O
OCMOTpPA 3aKAHYUBAHHA JJO YCIIENTHOT'O BBIXO/A HA 34JAHHBIE
uHTepBaNbL. Bo BpeMs nepsrix AByX CITO TpaKTOp IIpOBEI
KaMepy uyepes3 60KOBYIO YaCTh M OOHAPYKHUJL, UTO 3ACJIOHKA
EGF A711 KOHTPOJIA BOLOOTAAYN YACTUYHO OTKPBITA, HO
JaJbHENNIEE TTPOXOXKIEHUE ObLIIO HEBO3MOXKHO U3-34
OI'PAaHMYEHHOI'O BHYTPEHHETO guameTpa. [Ipu rpernvent CITO
TPAKTOP pabOTA HA KAHATE B MOIBITKE 3AKPBITh 3ACJIOHKY.
Cnenyomun 3aI1yCK KAMEPDI IIOKA34J1 B PEAJIbHOM BPEMEHH,
4TO 34CJIOHKA 3AKPHITA. 3ATEM B CKBAXKUHY ObLI CITYIIEH
(ppe3epHBII UHCTPYMEHT AJ151 (PPE3EPOBAHUS 3ACIOHKN
npu yetseptou CIIO. [Ipu rrarorn CIIO TpakTop n Kamepa
HOATBEPAUIIN, YTO KJIAIIAH OB YCIIENTHO pacppe3epoOBaH U
WHCTPYMEHTBI MOTI'YT IIPOUTU YEPE3 BHYTPEHHUI JUAMETDP.
Haxonern, TpakToOp AOCTABUJI KAPOTA’KHOE OOOPYAOBAHNE
H4 33/ITaHHBIC MTHTEPBAJIBI ¥ OBLJI IOJHAT O€3 PErUCTPALUU
YPEZMEPHOI'O YCHUINA. BBIIIOJIHEHUE 3TOU ONEPALTUN
MOJHOCTBIO Ha e-line MO3BONINIIO ONIEPATOPY MOJIYIHUTD JOCTYII
K IPENATCTBUAM B CKBAKMHE, HECMOTPA Ha OOJIBIIHE YIJIbI,
IIPOCMATPUBATL U300PAKEHUE C KAMEDPHI B PEAJIbHOM BPEMEHHU
U pachpe3epoBaATh KEPAMHUYECKYIO 3aCNOHKY EGFE.

DTOT IpUMEP JEMOHCTPUPYET 3(PPEKTUBHOCTD ONIEPALIUH
Ha e-line U1 JOCTUKEHU A YCIIEXA B CJIOKHBIX CKBA’KUHHBIX
YCJIOBUSIX 6€3 3aTPAT, PUCKA UJIM BDEMEHU, HECOOXOAVMBIX
JUISL TPAJUIIMOHHBIX METOOB, TaKUX Kak THKT min
OypHJIBHBIE YCTAHOBKU. TpaKTOp Ha e-line JocTaBui
KaMmepy 1o 60IbIIUMH YITIAMHU, YTO [IO3BOJINJIO YCIICIITHO
UAEHTUPULIUPOBATD IPENATCTBHE, 4 (PPE3EPHBIA UHCTPYMEHT
Ha e-line pacdpe3epoBajl KEPaMHUYECKYIO 3aCI0HKY EGE,
4TOOBI BOCCTAHOBUTD JOCTYII K TOPU3OHTAJIBHOU CEKIJUHU.
OrnepaTop BBIITOIHUI KAPOTAXKHBIE PAOOTHI, KOTOPHIE
ObLIIM HEOOXOAMBI /1J1s1 OyIYIIHX I1JIAHOB BOCCTAHOBJIEHUS
CKBAKHH, KOTOPBIE TAKXKE BKJIIOYAIU YCTAHOBKY 3AIVIYIIEK /151
30HAJIbHOM U3O0JISIILIUU.

Cekuwusa 13. MoBbileHUe 3KcnyaTauMoHHoM 3 hekTUBHOCTH,
Ge3onacHOCTU ANiA NepcoHana, oKpy>katoLien cpefbl u

KOHTpPOS CKBaXXUH

[MocTosiHHOM 3apaden AN Hallen oTpac/v ABNSETCS NOCNefoBaTeNlbHOe
CHU>XeHVe 3aTpaT, NOBbILLEHWE SKOHOMUYHOCTU 1 3PMEKTUBHOCTU, MpU
HeponyLeHUn nHUuMaeHToB B cdhepe OTOCH. MoBbilLeHWe 3KCMyaTaLOHHON
3hPEKTUBHOCTM MOXET ObITb [LOCTUIHYTO 3@ CHET UCMOb30BaHNA HOBbIX
TEXHOOMMI, HOBOMO MOAX0Aa K MeToAaM NPOBEAEHNS BHYTPUCKBAXKMHHBIX

describes how e-line tools helped identify the
obstruction in a shut-in well and successfully
milled the EGF ceramic flapper for the first
time.

Earlier this year, in a gas field offshore East
Malaysia, an Operator needed to investigate
probable sand intrusion from an open-hole
gravel pack prior to design a remedial plan to
reactivate the well. The well presented several
challenges, such as high angles, unknown
restrictions, restrictions within the inner
diameter (ID), potential sand production,
and uncertain flapper valves condition in the
well. The Operator opted for an e-line tractor
to convey a downhole camera to identify the
obstructions and an e-line milling tool as a
contingency to mill obstructions or faulty
valves.

This operation was completed in six runs
and comprised of the e-line tractor conveying
the downhole camera for drifting or visually
inspecting the completion until successfully
logging down to the targeted intervals. During
the first two runs, the tractor conveyed the
camera through the lateral and found a
fluid-loss control EGF flapper partially open
but could not pass through because of the
restricted ID. In the third run, the tractor
worked on the string and tagged the flapper,
attempting to close it. The next camera run
showed in real time that the flapper valve had
been closed. The milling tool was then run in
hole (RIH) to mill the flapper on the fourth
run. On the fifth run, the tractor and camera
confirmed that the valve had been milled
successfully and the toolstring could pass
through the ID. Finally, the tractor conveyed
the logging tool to the target intervals and
pulled out with no overpull observed. Running
this operation entirely on e-line enabled the
Operator to access the well obstructions
despite the high angles, view the camera feed
in real time, and mill the EGF ceramic flapper
valve.

This case shows the effectiveness of e-line
operations to succeed in challenging well
environments without the cost, risk, or time
needed for traditional methods like CT or
rigging units. The e-line tractor conveyed the
camera at high angles to successfully identify
the obstruction, and the e-line milling tool
milled the EGF ceramic flapper to restore
access to the horizontal section. The Operator
completed the logging job, which was essential
for future well rectification plans that also
included setting plugs for zonal isolation.

Session 13: Improving Operational Efficiency,

HSE, and Well Control

A continuous challenge for our industry is how to
consistently reduce costs, become leaner and more
efficient, while striving for zero HSE incidents. Improving
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paboT, aHanM3a NCTOPUYECKMX JaHHBIX U COKPALLEHNA BPEMEHHbIX M3AepKeK
33 CHET UCMONb30BaHWSA AAHHBIX B peasbHOM BpeMeHW. DTa ceKums NoCBsLLeHa
YHWKamNbHbIM PELLIeHNAM, YCNELLHO PeaM30BaHHbIM C UCNOMb30BaHNEM
Pa3NNYHbIX METOA0B NPOBEAEHWS BHYTPUCKBAKMHHBIX PabOT Af15 NOBbILLEHWS
3KCrIyaTaluMoHHOM 3hEKTUBHOCTL.

I'Iepep,OBble nogxonbl K BHYTPUCKBa>XUHHbIM
paboTtam Ha THKT B He3arnyweHHbIX
BblCOKOTEMMEPATYPHbIX reoTepMalibHbIX
CKBa>UHax

Ishaan Singh, Danny Aryo Wijoseno, Kellen Wolf, Ignatius Sorman,
Shaktim Dutta, Schlumberger

B 3TOM JOKYMEHTE PACCKA3BIBAECTCA O IIEPEJOBBIX

METO/AX BBIIIOJIHEHUS onepanuni Ha Kontobunre (FTHKT)

B BBICOKOTEMIIEPATYPHBIX F€OTEPMATIBHBIX CKBAXKIHAX

C TAKMMH CEPBE3HBIMU NPOHBIEMAMHU, KAK TPOOIEMBI

C IEHUCTBYIOMIUMH CKBAXKUHAMU, KOJIbMATAII U IPU
MPOKAYKE KUJKOCTH, BBICOKHE TEMIIEPATYPBI HIOBEPXHOCTH,
BBI3BIBAIOIIUE TOBPEKIECHUE YCTHEBOTO OOOPYIOBAHUS, U
npo6aemel ¢ THKT. HEKOTOpBIE T€OTEPMAJIBHBIE CKBAKHUHBI
UMEIOT OUYEHB BBICOKYIO 32001 HYIO Temueparypy (BHT) ot
550 10 600°F u TemIiepatypy y MoBepxHOCTH OT 350 10 400 °F,
4TO CONPSI>KEHO CO MHOI'MMHM PUCKAMH JIJISI KA4ECTBA PAOOT U
3JJ0POBbs, 6E30MACHOCTHU U OKPYKAIOUIEHN CPEMBL

I1py OTPAaHUYEHHOM OIIBITE BBIIIOJIHEHU S '€OTEPMATIBbHBIX
BHYTPUCKBAXXMHHBIX padoT HAa THKT 1o cpaBHEHUIO
C TPAJUITUOHHBIMU ONEPALHUAMU BBIIIOJIHEHHE PA6OT
Ha THKT B )KMBBIX CKBA>KUHAX MOXET OBITh OUYEHb
PHUCKOBAHHBIM. [IOCKOIBKY MaT€pUaJI YIIOTHEHU A
PacnpoCTPAHEHHOTO OO0PYIOBAHUA IS PETYIUPOBAHUS
Jasinenus (PCE) paccunran Ha Tremneparypy 250 °F,
HaHOOJIBIINI PUCK ITPEJCTABIAET COOOI IOBPEXKACHHE
HazeMHOro o6opyzaosanus F'HKT, 4TO MOXET IPUBECTU K
CUTYALMH, CBA3AHHON C HOTEPEN KOHTPOJIA HAJl CKBAXKUHOM.
Kak mpaBHJIO, BpeEM BBIIIOJTHEHUSA PAOOT BEJIUKO, 4
TEPMO3AINUTHBIN MATEPUAJL, PACCYUTAHHBIN HA TEMIIEPATYPY
6onee 250 °F, ABISE€TCS JOPOrOCTOAIMUM. [1J1s1 IPOBEPKU
BBIITOJTHUMOCTH pa6boT Ha THKT B BEICOKOTEMIIEPATY PHOI
reoTEPMAIbHON CKBAKMHE ObLIA pa3paboTaHa 0600IEHHA
METO/JOJIOTUA IPOEKTUPOBAHUA. 11 HOTy4EHUA
YINIYOJIEHHOI'O HOHHUMAHUA B JAHHOM UCCJIEJOBAHUN
CPAaBHHUBAIOTCA TPHU KOHCTPYKIIUH OXJIAKAAIONUX KOHTYPOB.
3areM 6bUIO CMOAENUPOBAHO, PEATM30BAHO U IIPOBEPEHO
JIy4Ille€ PEMEHUE HA HEKOTOPBIX CKBAKMHAX MECTOPOXKIEHUSA
X. DTa KOHCTPYKIL M JOKA34J1a CBOIO 3(P(PEKTUBHOCTD B
IKCIUIYATAIUN U CHU3WJIA PUCKU IIPUTOKA rTapa B PCE.

IIpu nposeaeHuu pad6ot Ha THKT B reorepManbHbIX
CKB2)KMHAX MECTOPOXKIEHUA X OBLIO BLIABIEHO
00pPa30BAHUE OCAXKICHHUI, BBI3BAHHOE IIEPEKAYKOU
(IION0B IIPU BBICOKUX TEMIIEPATYyPaX. OTIOXEHUS HA
creHkax 'HKT BMecTe ¢ NeEpEeKaYynBAEMON JKHUIKOCTBIO
OBLJIM OTIIPABJICHBI HA JIAOOPATOPHBIN 4HAJIN3 TBEPIOCTU
U PACTBOPUMOCTU. [IpUBOANUTCA CPABHEHHUE PE3YILTATOB,
06CYXKIAI0TCA U3BJIEYEHHBIE YPOKH 110 IIPEJOTBPALIEHUIO
KOJIBMATAIIMU. BOJIBITMHCTBO I€OTEPMAJIbHBIX CKBAKHUH
MMEJIN 3aKAaHYMBAHUE OOIBIIOTO AuaMeTpa (7 JI0MMOB,
9,625 10¥IMa U BBIIIIE), KOTOPOE UMEET GOIBUIYIO IIOIA/Ib
MIPOXOHOI'O CEYECHUS 111 0OECTICYEHU A BBICOKOT'O ITPUTOKA
napa. Mcrnonpzosanue gaxe 2,875-g01umMosoi F'HKT B aTux
CKB2’)KMHAX, IOMHUMO IIPOYETO, IPEACTABIACT IPOOIEMBI
c HaTbikaHueM 'HKT Ha rpaHuIle pas/jiena 3aKaHYNBAHU
U XBOCTOBHKA, 00JIE€ HUBKUMU CKOPOCTSAMU B 3aTPYOHOM
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operational efficiency can be achieved through leveraging
new technology, taking a new approach to intervention
methods, analysis of past job data, and reduction of
operational time through real-time data. This session

will focus on unique solutions successfully implemented
through discussions utilizing various intervention methods
to improve operational efficiency.

Best Practices on Live Well Coiled
Tubing Interventions in High
Temperature Geothermal Field
Ishaan Singh, Danny Aryo Wijoseno, Kellen Wollf,
Ignatius Sorman, Shaktim Dutta, Schlumberger

This paper shares the best practices for
performing coiled tubing (CT) operations in
high-temperature geothermal wells with major
challenges such as live well challenges, scaling
of pumping fluid, high surface temperatures
causing damage to wellhead stack, and CT
tag issues. Some geothermal wells have very
high bottomhole temperature (BHT) of 550
to 600 °F and surface temperature of 350 to
400 °F, which possess many service quality and
health, safety, and the environment risks.

With limited CT geothermal interventions
as compared to conventional operations,
performing live well CT interventions can
be highly risky. Because commonly available
pressure control equipment (PCE) seal
material is rated to 250 °F, the biggest risk
is damage to the surface CT equipment,
which may result in a well control situation.
Generally, the lead time is high, and it is
expensive to use temperature seal material
rated more than 250 °F. A generalized
design methodology was developed to
check the CT job feasibility in a high-
temperature geothermal well. To gain further
understanding on the same, three cooling loop
designs are compared in this study. Then, the
best solution was simulated, implemented, and
verified on some wells of "X" field. This design
proved to be effective operationally and has
reduced the risks for steam inflow into the
PCE.

For the case of scaling caused by pumping
fluids at high temperatures, this was identified
while performing CT operations in geothermal
wells of X field. The scale deposited on the
CT along with pumping fluid was sent for
laboratory hardness and solubility analysis.
The results were compared, and lessons learnt
to prevent any scaling are discussed. Most of
the geothermal wells are completed with a
large-diameter completion (7-in., 9.625-in.,
and higher), which has a bigger flow area
to accommodate high steam inflow. Using
even a 2.875-in. CT in these wells presents
issues of CT tagging at the completion-liner
interface, lower annular velocities, and lifting
capacity, among others. The best practices
were developed on the job to identify the most
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OTBevyas Ha HOBbIE BbI30BbI

Komnanus « ®DUAMALL» BbiBena Ha pbIHOK KONTIOOUHIoBY10 yCTaHOBKY Tsixkenoro knacca MK40T -
MHOro3apa4Hbii KOMMIEKC, CNOCOGHbIN OTKIIMKHYTbCSl HA HOBble TEXHONOrMYeckue Bbi30Bbl.

MK40T nonHOCTbIO COOTBETCTBYET OCHOBHbIM MUPOBbIM TPEHAaM Pa3BUTUSA KONTIOOMHIOBbIX TEXHONOTMN.
3Ta ycTaHOBKa - NpeAcTaBUTeNb HOBOTO Kilacca KONTIOOMHroBoro o60pyaoBaHus, CyLLeCTBEHHO
pacwupsiowLero Habop ¥ NapamMeTpbl TEXHOOrMYECKNX onepauu. OHa cnoco6Ha He ToMbKO BbIMOJHATh
NpaKkTMYecku Bce BUAbl paboT No KanuTanbHOMY PEMOHTY CKBaXXVH, HO U Gnarogapsi MOLLHOMY MH)XEKTOopY,
yBenuyeHHOMY 00beMy y3/1a HAMOTKM, UCMNONb30BaHMIO rMOKor TpyObl 6onbLUOro ArameTpa —
006Cy>KMBaTb CKBAXXUHbI 3HAYUTENbHbIX MYGUH C aHOMaNbHO BbICOKUM MJ1aCTOBbIM AaBNIEHNEM,
Mcnonb3oBaTbCsA NPU HanpaBrneHHOM OypeHun, NP, nccnepoBaTenbckux paboTax Ha ckBaXKUHAX BCeX
TUNOB, B TOM YMC/le B FOPU3OHTalIbHbIX y4acTKaxX.

MHHOBaUMOHHBbIN An3anH ycTaHoBkM MK40T no3BonsieT pa3mecTUTb Ha OAHOM MOJIHOMPUBOAHOM LLUACCU
IVECO-AMT 10x10 komnnekT 060pyAoBaHus € y31O0M HAMOTKW eMKOCTbio 7500 m FHKT ¢ 44,45 mm, 5400 m
'HKT 2 50,8 mm, 2800 m N'HKT ¢ 60,3 MM, MH)XXeKTOPOM € TAroBbiM ycunuem 45 T u MNBO ¢ ycnoBHbIM
npoxogom 100 mm.

KoHcTpykTopbl yctaHoBKM MK40T noctapanucb yuyectb BC€ OCHOBHbIE
TpeboBaHus 3aKa34mkoB. KonTiobuHroByio ycraHoBKY MK40T oTnnyaer:

MaHeBPEeHHOCTb U MPOXOANMOCTb: BCce 060pyA0BaHNE pa3sMeLL,eHO Ha OJHOM CreLvanbHOM

MOSIHONMPUBOAHOM LLUACCU € KNUPEHCOM 435 Mm;

— HafeXHOCTb — NPOBepPeHHbIN BpeMeHeM AU3aiiH rMAPOCTaHLLUM N OCHOBHbIX y3/10B obecneyunT
6e30TKasHylo paboTy HeE3aBUCMMO OT YCITIOBUI OKPY>KaloLLelr cpefbl; B TOM Ynciie NPy HU3KNX
TemnepaTtypax -40 °C, c BO3MOXXHOCTbIO XpaHeHus Jo -50 °C;

— MpOCTOpHas TeNo- U LWyMOM3oNupoBaHHas kabrHa oneparopa. [ins yBenmyeHUsi 3proHoMukun pabor
KabnHa N3rotaBNMBaeTCcs C HAKNIOHHbIM CTeKNoM. [laHHOe peLueHVe No3BoJsieT, HAXOASCh B Kpecne
orneparopa, O[HOBpPEMEHHO CIeAUTb 3a UHXXEKTOPOM, y3NIO0M HAMOTKMU, Npubopamu;

— 3ProHOMMWYHbIN NYNbT yNpPaBrieHus C 3NeKTPOHHOMN cucTemMom c6opa AaHHbIX cOBCTBEHHOW pa3paboTku
C3A0 «OPUAMALL», peann3oBaHHOW Ha NPOMbILLIEHHbIX KOMIMbIOTEPAX C CEHCOPHbIMU dKpaHaMy;

- nopknio4yeHune K cepBucy «dupgmawi-OHnanH».

220033, benapycb, MuHck, yn. Pbibanko, 26

Ten.: +375 17 298 24 17, ¢pakc: +375 17 368 30 26
E-mail: fidmashsales@nov.com, www.fidmashnov.by,
www.fidmashnov.ru, www.fidmashnov.kz
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MMapaenuyeckMia paspele Nnacra
Hydraulic fracturing

Yenyru ¢ yetaHoekamu F’HKT
Coiled tubing services

OcBoeHUe CKBaXXKWH a30ToOM
Well gaslifting

3aKaH4YMBaHWe CKBaXXuH
Well completion

MakepHbIA cepBUC
Packer service

NosunbHbie paboTbi
Fishing operations

Cynepeanzunndr npu TKPC, ocBoeHuM,
PO w rHKT

Workover, CT & fracturing supervising
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- obopyaosanwme gna MHKT

- obopyposanue gna MIPI

* ppezepHbIi MHCTPYMEHT

* yCTbeBOe W CKBaXKMHHoe obopypnosaHue
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IPOCTPAHCTBE U I'PY30MNOABEMHOCTBIO. B XOZI€ BBINOTHEHU A
OBLIU Pa3PabOTAHBI IEPEIOBBIE METO/BL JJIS1 OIPEAECTICHUS
Hauobosee 3PHEKTUBHON KOHCTPYKIIUM KOMIIOHOBKY HU34
OypribHOM KONOHHBL (KHBK), 9TO CHU3MIIO BEPOATHOCTD
HatelkaHUA THKT Ha 9TUX ITTyOHUHAX.

DBOJIIOLUSA U COBEPLUEHCTBOBaHMeE
BHYTPUCKBaXUHHbIX padoT Ha THKT B
HecTaHAapTHbIX NpoekTax B CayaoBckon ApaBuu
Syed Muhammad Danish, Giuseppe Ambrosi, Roberto Vega, Halliburton

V3y4ueHbl IPOLEAYPHBIE PA3PA6OTKH, PEATU30BAHHEBIC B
HETPAJULIMOHHOM NIPOEKTE HA biinzkHeM BoCTOKe, ¢ 6051€ee
INIyOOKHUM U3y4EHHUEM KOHCTPYKIIMH THOKMUX HACOCHO-
koMnpeccopHbIX TPy6 (I'HKT), OT METALTy prudeCcKux
CBOYCTB U CIEUPUKAITUN KOJIOHHBI 10 KOMITOHOBKH
Hu3a 6ypunbHOU KonoHHEI (KHBK) 1 Be1OOpa (hiona,
4IA0TUPOBAHHBIX /1151 oniepanui Plug & Perf, BKtoyaomux
HUCHONB30BAHUE CIIEIIUATTN3UPOBAHHON IPOOKH JIJIS
TUAPOPA3PHIBA. Jlasiee 06CYyKAAETCA NOTYYEHHBIN
MNPAKTUYECKUIT ONBIT C OOO3HAYEHUEM YITYUIIEHUI,
JOCTUTHYTBIX ITO «<KEJIE3HOMY TPEYT'OJIbHUKY» BDEMEHU
3IKCILIYaTALIUH, CTOUMOCTH M KAa4E€CTBA, CO CCBLJIKOU Ha
MNPEAMETHBIE UCCIENOBAHNSA BHYTPUCKBAXKUHHBIX PA0OT,
MPOBEIEHHBIX HA HECKOJBKUX TOPU30OHTAIBHBIX CKBAXKUHAX.

HeTpaguiiMoOHHBIE METO/BI TPOBEICHUSA
BHYTPUCKBAXXUHHBIX padoT Ha THKT Bcerpa 6pu1u
3aTPYJAHEHBI CTPEMJIEHHEM ONIEPATOPA NPOOYPUTH KAK MOKHO
6osee AIUHHBIH 60OKOBOU CTBOJI, YTOOBI MAKCUMU3UPOBATH
pacdeTHYIO KOHEUHYIO 106619y (EUR) Ha KaXKyI0 CKBAXKUHY
33 CYET MAKCUMAJIBHOT'O YBEJIMYEHU I KOJIMYECTBA KIACTEPOB/
craaut I'PIT. Tlnannposanue pabot Ha 'HKT B pamkax
ITUX IIPOEKTOB OOBIYHO OCHOBBIBAETCA HA UCTIOJIb30BAHUN
I'HKT ¢ camMbIM OOJIBIINM HAPYKHBIM juamMmeTpom (OD)

C CaMBIMH OOJIBIIUMH JOCTYITHBIMHU TH/IPABIUYECKUMUA
3200MHBIMU JIBUTATEISIMU, YTOOBI OOECIIEYHUTD CAMOE
IIIy60KO€E MPOXOXKAECHUE, MAKCUMAJIBHYIO HATPY3KY Ha
101010 (WOB), KPpyTAIUU MOMEHT U CKOPOCTD IIUPKYJIAILIAN.
OAHAKO TAKOM KOHCEPBATUBHBIN ITOJAXO/ IIPUBOJUT K
NPOEKTUPOBAHUIO ONIEPALIMA C YPEZMEPHBIM 34IT1ACOM, YTO B
KOHEYHOM HUTOTE€ BEJET K YPE3MEPHBIM IKCILUTYATAIJUOHHBIM
Y1 BDEMEHHBIM 3aTpaTaM. Kak ITOKa3bIBAET 3TOT OIIBIT,
THIATEIBHO CIIPOEKTUPOBAHHBIN IIPOILIECC TO3BOJIAET
OIEPATOPY BBIOUPATDH IIPABHUJIBHBIE PECYPCHI A1 JOCTUKEHUA
SKCIIYATAITMOHHBIX LIEJIE.

Bru1a npoBeieHA YCIIEMHAA KAMITAHUA C HECKOJTBKUMU
CKBA’KMHAMU, BKJIIOYAIOIIAs B CEOsI IAOGJIOHNPOBAHUE IIEPE]
I'PIT, BBITECHEHUE (PIIIOU]1A U3 CTBOJIA CKBAXKUHBI, OUUCTKY
LIEMEHTHOU OOOJIOUKH C OCJIEAYIONIEH ITepopaniueii ¢
nomoupio HKT u ¢ppeseposannem npoook 32—44 noce I'PIT
IIPpU BBICOKOM [J1aBJICHUH/BbICOKOU TeMmuieparype (HP/HT) B
KHCJIBIX, HETPAJAUIIMOHHBIX CKBAKMHAX HA biiroxkHeMm BocToke.
[Tocne npoBeieHUs COOTBETCTBYIOMUX BHYTPUCKBAXXMHHBIX
pab6ot Ha THKT cKBaXHH ObLJI YCIIEIIHO IIPOBEJECH
I'UJPOPA3PHIB IVIACTA U OOECIIEYEH OOPATHBIN IIPUTOK.

Ha 0CHOBaHWY U3BJIEYEHHBIX YPOKOB U PEATTM30BAHHBIX
PA3JIMYHBIX KOPPEKTUPYIOIINUX JEHCTBUHM Y aJI10Ch JOOUTHCS
3HAYUTEIBHOI'O NOBBIIEHUA 3(PHEKTUBHOCTH OOCIIYKUBAHUA
(opHa CITO) ¥ COKpAIleHUsI BPEMEHH BBIIIOJTHCHUS

pabor (+50%). OTH yay4duIeHUs ObIN IPEUMYILECTBEHHO
CBSI3aHBI C IEPECMOTPOM KOMIIOHOBKU TPYOOIIPOBO/IOB U
KOHTPOJIBHO-U3MEPUTENBHOM annaparypsl (P&I), BBI6Opom

efficient bottomhole assembly (BHA) design,
reducing the probability of CT getting tagged
at these depths.

Evolution and Improvement

of Coiled Tubing Interventions
Across an Unconventional
Project in Saudi Arabia

Syed Muhammad Danish, Giuseppe Ambrosi,
Roberto Vega, Halliburton

The procedural development implemented
across an unconventional project in Middle
East is explored, delving deeper into coiled-
tubing (CT) design, from metallurgical
properties and string specification to
bottomhole assembly (BHA) and fluid
selection, tailored to plug-and-perf operations
involving the use of a specialized frac plug.
Further discussed is the "learning curve"
generated, highlighting improvements
achieved across the "iron triangle" of operating
time, cost, and quality, referring to case studies
of interventions conducted across multiple
horizontal wells.

Unconventional CT interventions have
always been challenged by an operator's quest
to drill the longest possible lateral to maximize
per-well estimated ultimate recovery (EUR) by
maximizing the number of fractured clusters/
stages. CT job designs across these projects
usually rely on running the biggest outer
diameter (OD) CT with the largest hydraulic
downhole motors available to enable the
deepest reach, highest weight on bit (WOB),
torque, and circulation rate. However, this
conservative approach causes operations to be
overdesigned, ultimately resulting in excessive
operational cost and nonproductive time. As
observed from this experience, an engineered
process enables an operator to select the
correct resources to meet the operational
objectives.

A successful multiwell campaign of
prefrac-drift, wellbore fluid displacement,
cement sheath cleanout, followed by tubing-
conveyed perforation (TCP) and post-frac
32—-44 plug millout was performed across
high-pressure/high-temperature (HP/HT),
sour, unconventional wells in Middle East.
After respective CT interventions, the wells
were successfully fractured and flowed
back. Based on lessons learned and various
corrective action items implemented, service
efficiency (single run) and job time (+50%
reduction) were substantially improved. This
enhancement was mainly attributed to the
revised surface piping and instrumentation
(P&I) rigup, CT material and dimension
selection, BHA components, including custom-
built mill/motor and extended-reach vibrating
tool, gel and friction reducer fluid placement,
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marepuaioB u pa3zmepoB F'HKT, komnonentamu KHBK,
BKJIIOYASI U3TOTOBJIEHHYIO HA 34Ka3 (PPE3Y/ABUTATEND U
BHOPOUHCTPYMEHT JJIS1 PA6OTHI C HOIBIIUM OTKJIOHEHHUEM OT
BEPTHUKAJIH, PA3MEIICHHUEM T'€JIS1 U JKUJAKOCTHU JIJI51 TOHMKEHU S
TPEHUSI, CHUKEHHON 4aCTOTOM MPOTroHA CKPEOKA U JIP.

OTHU ONTUMHU3UPOBAHHBIE BHYTPUCKBAXKUHHBIE PA6OTHI
Ha 'HKT npeacTasisioT cO601 601ee C6a1aHCUPOBAHHBIH
HOAXO/l K HETPAAUITMOHHBIM ONIEPAIIHSIM, IJIE€ «6OJIbIIIE»
HE BCETZA 3HAYUT «Iydlie». [Iponenypa IpOeKTUPOBAHUA
pa6ot Ha THKT 3BOMIOIMOHUPOBAIA OT IEPBOHAYAIBHOM
OIIOPHI HA IIEPEJOBOY ONBIT AHAJIOTUYHBIX HETPAJUITMOHHBIX
MECTOPOXKIEHUHN K IOCTENEHHOMY IIEPEXOAY Ha
UHJIUBUYAIU3UPOBAHHBIC CIIEIIUAIBHO CIIPOEKTUPOBAHHBIC
onepanyu. Takoi noxo MO3BOIUI OIIEPATOPY 60ee
3P PEKTUBHO JOCTUYb SKCITYATAIIMOHHBIX 11EJICH.

Mpumep nukBMgaunmn Wwenbgposoun

CKBaXWUHbI be3 6ypl/IJ'I bHOW YCTaHOBKMU

Finlay Thom, Paul Angell, Shell UK Ltd.; Neil Greig, Neil Robertson,
Helix WellOps UK; Hamish Hogg, Shell UK Ltd.

IlepBOHAYAJIBHOE IIPEJIOKEHHUE MO 3AKPBITUIO
MHOABOJHOT'O MECTOPOXAEHUS B CEBEPHOM MOPE
33KJIIOYAJIOCh B IPOBEAEHUH PA6OT NEPE]] INKBUAAITUEH
C CyiHA AJ1 O€3PaN3EPHOrO OOCTY KUBAHUS CKBAXKUH
(LWIV) ¢ nociieayomen IoJIHOA OIlePAlUEH U304 UU U
JukBuganuu (P&A), npoBOgUMOI MOOGMIIBHOM MOPCKOH
OypoBo ycTaHOBKOM (MODU). Bo BpeMs AETATBHOTO
IPOEKTUPOBAHUS pabOUYETO OO'bEMA YETHIPE CKBAKUHBI
Ha MECTOPOXKAEHUHU OBLIIN ONIPEEIEHBI KAK KAHIU/IAThI HA
JIMKBUJIAITUIO YEPE3 HACOCHO-KOMIPpEeCCOPHBIE TPYyOb! (TTA).
YTOOBI MAKCUMAJIBHO UCONB30BaTh LWIV 1 ONTUMHU3HUPOBATH
NOCJIEIOBATENBHOCTD UCIOAB30BaHUA MODU, onepanun
TTA n1aHUPOBAJIOCH BBIIOMHATH C LWIV. LlemenTHaA
npo6ka TTA yCTaHABIUBAETCA ITYTEM LIUPKYJIAIIUU [IEMEHTA
MO 3KCIUIYATAIJMOHHOU KOJIOHHE U 3360pa LIEMEHTA U3
3aTPyOHOTO NPOCTPAHCTBA AJI PA3MEIECHUS LIEMEHTHOM
OPOOKU HAJT SIKCILUTYATAITMOHHBIM ITAKEPOM U ITTyOOKONU
OPOO6KOH. B aKCIIYyaTAIIMOHHON KOJIOHHE YCTAHOBJIEHA
MEMIAJIKA JJI YIYYIIEHUS TOKPBITUA LIEMEHTOM 3aTPYOHOTO
npoCTpaHcTBa. [Tockonbky LWIV HE UMEET NOCTOAHHO
YCTAHOBJIEHHOM CUCTEMBI IEMEHTUPOBAHUSA, HA CyTHE ObLIA
YCTAHOBJIEHA BDEMEHHAA CUCTEMA, YTO OKA34JIOCh CJIOKHON
33/1a4€EN, YIUTHIBAA OIPAHUYEHU 10 IPOCTPAHCTBY HA
nanxy6e. JIBe 13 4eThIpeX CKBAXKUH-KAHAU1ATOB Ha TTA
BKJIIOYAJIN B 3AKAHYUBAHUH CKBA)KMHHBIN U3MEPUTEIbHBIH
KabeJb, MPOXOAAININHI YEPES 30HY, KOTOPYIO TPEOOBAJIOCH
3a1IEMEHTHUPOBATD. YTOOBI OOECIIEYNTBD JOJATOBPEMEHHYIO
LEJOCTHOCTD LIEMEHTHOM NTPOO6KU TTA ¢ ©U3MEPUTENBHBIM
Kab6eneM, ObIT UCIIOIb30BAH CAMOBOCCTAHABINBAIOIHUIICS
LIEMEHT.

LI,EH HOCTb Me€TOda OTKPbITOro
rnapasnuyeckoro gocryna ¢ FHKT

Mike Avery, Robert Greenaway, Robert Large, Phillip Rice,
Schlumberger

ITo Mmepe pocTa IMO6aTBbHOU 6a3bl CKBAXKUH CTAHOBUTCS
OYEBUHBIM, YTO HEJOCTATOYHBIE MHBECTHUIINHU B
TEXHHUYECKOE OOCITYKUBAHUE CIIOCOOCTBOBATIN CHUKEHUIO
CpeAHEN JOOBIYH HA TTOJJBOAHYIO CKBAXKUHY. 11151 6OPBOBI C
3TOU TEHJICHIIUEHN OSIBUIUCH OOJIEE 1IEICHATIPABICHHBIC U
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reduced wiper trip frequency, etc.

These optimized CT interventions created
a more balanced approach to unconventional
operations, wherein bigger is not always better.
The CT procedure evolved, initially referencing
best practices from analogue unconventional
plays, while slowly progressing into a tailored
fit-for-purpose operation. This approach
enabled the operator to achieve operational
objectives more efficiently.

Case Study for Rig-Less Subsea

Well Abandonment

Finlay Thom, Paul Angell, Shell UK Ltd.; Neil Greig,
Neil Robertson, Helix WellOps UK; Hamish Hogg,
Shell UK Ltd.

The initial proposal for abandoning a subsea
field in the North Sea was to carry out the
pre-abandonment work from the Light Well
Intervention Vessel (LWIV) followed by the
complete Plug and Abandon (P&A) operation
conducted by a Mobile Offshore Drilling Unit
(MODU). During the detailed design of the
workscope, the four wells in the field were
identified as through-tubing abandonment
(TTA) candidates. To maximise the use of
the LWIV and optimise the MODU sequence
these TTA operations were planned to be
executed from the LWIV. The TTA cement
plug is installed by circulating cement down
the production tubing and taking returns
from the annulus to place the cement plug
above the production packer and deep-
set plug. An agitator tool is installed in the
production tubing to improve the cement
coverage in the annulus. As the LWIV does
not have a permanently installed cementing
system, a temporary system was fitted on the
vessel which proved to be challenging given
the deck limitations of the installation. Two
of the four TTA candidate wells included a
downhole gauge cable in the completion
design across the zone that was required to be
cemented. To ensure the long-term integrity of
the TTA cement plug with the gauge cable, an
expanding self-healing cement was utilised.

The True Value of Open-Water
Hydraulic Access Using Coiled Tubing
Mike Avery, Robert Greenaway, Robert Large, Phillip
Rice, Schlumberger

As the global well base continues to increase,
it is becoming apparent that under-investment
in maintenance has helped contribute to a
decreasing average production per subsea
well. To combat this trend, more focused and
cost-effective intervention techniques have
emerged such as open-water hydraulic access
(OWHA) using coiled tubing (CT).

OWHA using CT provides operators with



3KOHOMUYECKU 3(PPEKTUBHBIE METOABI BHYTPUCKBAKHUHHDBIX
paboT, TAKUE KAK OTKPBITHINA I'HIPABIUYECKUN JOCTYII
(OWHA) c ucnionibdopanueM ru6kux Tpy6 (CT).

OWHA Ha 'HKT npejoCcTaBasgeT OnepaTopaM NOAXOIAIIECE
pelIeHue A1 AOCTABKHU (PIION/IOB B NOABOJHYIO CKBAKHHY
6€3 HEOOXOIUMOCTH MEXAHUYECKHUX BHYTPHUCKBAXKUHHBIX
paboT. B crieHapusax, KOTOPbIE COOTBETCTBYIOT TPEOOBAHUSAM,
U3JIOKEHHBIM B 3TOM JOKyMeHTe, OWHA ¢ UCIIo/1b30BaHUEM
KOMIIBIOTEPHOU TOMOI'PA(PUU NIPEIIATAET IPUBJIEKATEBHYIO
AJIBTEPHATUBY TPAJUILTMOHHBIM [TOIX0/1aM K [IPOBEIECHUIO
BHYTPUCKBAXKUHHBIX PAOOT.

O4YeBUIHBI TPU NPE0O6IAJAI0MME KOH(PUTYPALTUN CUCTEM
OWHA Ha CT, Ka)k/1as1 U3 KOTOPBIX Pa3pab0TaHa HA OCHOBE
PAa3/IUYHBIX IPAHBEPOB: OOBIYHAS CUCTEMA, HCIIOIb3YIOM A
ronoBKy nHxkekTopa CT (IH), cnennuanmus3npoBaHHASA CUCTEMA,
ucnosbaytoniast CT IH, 1 1prBOJAHON HAMOTYHK CO IIIKKUBOM
CITyCKa MHCTPYMEHTA. B paboTe pacCMaTPUBAIOTCA KAK
NPEUMYIIECTBA, TAK U OIPAHUYEHUS KAXK/IOT'O U3 METOMIOB,
4TOOBI UUTATEb MOT BEIOPATH IPABUJIBHYIO KOH(PUTYPALTUIO
JJIs1 CBOUX IIEJIEH.

OCHOBHBIM (PAKTOPOM 34TPAT HA THPABINYECKOE
BMEIIATENBCTBO ABJIAETCS BBIOOD CygHA. DaKTOPEL, BKIIOYasd
PETUOHANBHYIO JOCTYITHOCTD, TPEOOBAHU S K MOOUIN3AITUN
U CHENU(PUKALIUU, ABIAIOTCS KJIIOYEBBIMH JJI IIPOLIECCA
BeIOGODA. [IpenmymecTsoM OWHA Ha CT aBngerca
BO3MOKHOCTD UCITOJIb30BATh UMEIOMUECA B HAJTUYUHU CY/A B
CHJIY YMEHBIIEHU TUIOIIAIA, 3aHUMAEMOM OOOPYJOBAHUEM,
U TPEO6OBAHUN K HEMY; 3TO HAIPAMYIO YBEJIMUHUBAET F'MOKOCTD
OOCITY KUBAHUS U SKOHOMHNYECKYIO 3(PPEKTUBHOCTb.

I1o CpaBHEHUIO C ANIBTEPHATUBHBIMU UCTOYHUKAMH HE(PTH
CPAaBHUTEJIBHAS CTOUMOCTD 6appens HePTH, JOObIBAEMOI
¢ OWHA, Kak MUHUMYM Ha 43% HUKE, 4EM Y OIrKafen
AJIBTEPHATUBBL. [10 CPABHEHMUIO C AJIBTEPHATUBHBIMHA
NOAXOAAMH K BHYTPUCKBAKMHHBIM PA60TAM YIIPOIIEHHOE
000pyIOBaHME U 60J1€€ HU3KUE TPEOOBAHU S IPUBOJAT K
CHHIKEHHIO OOIIEN CTOMMOCTH, YTO ITOBBIIIAET OKYITAEMOCTD
WHBECTUIIMHA U YCKOPAET BBIXO/ HA PEHTA0EIBHOCTD.

Hcnionb3ysa CpefHUE MUPOBBIE CTABKU HA (PPAXT
CYJIOB U OOOOIIEHHBIE JOYIICHU S, OOIINE 3aTPATHI HA
BHYTPUCKBAXXMHHBIE PAOOTHI B OHOM CKBA’KUHE MOI'YT
COCTABJIATH IPUOIU3UTEJIBHO: I1IJ1aBy4Yast OypOBasI YyCTAHOBKA
9—16 MmuTuoOHOB o/uTapoB CIIA, merkast ckBakuua 6—10
MHJUTHUOHOB 10/11apoB CIITA, OWHA 2—5 MUJUTHOHOB
posnnapos CHIA. Icrionb3ysl CpeHUI IPUPOCT JOOBIYU
B 1950 6appenent B CyTKHY, 9TO JA€T TUIIMYHBIN IEPHUO]]
OKYIIAaeMOCTH ~ 9 Mecs1eB 151 6YpPOBOU yCTAHOBKU
u ~ 3 mecsrna aiss OWHA.

B crieHapuAx, KOTOPbIE COOTBETCTBYIOT TPEOOBAHUIM,
HU3JI0’KEHHBIM B 9TOM JIOKyMeHTe, OWHA ripegocrasiser
CcO060¥1 Hanb0IE€ SKOHOMHUYHOE PELIEHHUE C BO3MOXHOCTDBIO
BBIXO/]A HA IIOJIOKHUTEIBHYIO IPHUOBLIb B TOM K€ (PUHAHCOBOM
rofy.

MOXOXMWN Ha BbI3blBAEMbIN Pa3HMNLIEN JABNEHUS
npuxeat NTHKT B ropu3oHTanbHbIX CKBaXMHaX

C BbICOKMM gaBneHuem — nnact Vaca Muerta
Diego Hernan Cippitelli, Baker Hughes

Pacnonaras zanacamu B 300 TPHJUIMOHOB KYOUMYECKUX
(PyTOB U3BJIEKAEMOT'O I'da34 M UMES TVIACTOBOE AABJICHUE CBBIIIE
9000 (pyHTOB Ha KBaJPATHBIN AIOMM, Vaca Muerta (ApreHTHHA)
ABJIAETCA BTOPBIM 10 BEJIMYUHE MECTOPOXKAECHUEM

a fit-for-purpose solution to deliver fluids to
a subsea well without the requirement for
mechanical intervention. In scenarios which
mect the requirements outlined within this
paper, OWHA using CT offers an attractive
alternative to conventional intervention
approaches.

Three predominant configurations of
OWHA CT systems are apparent, all developed
around differing drivers: a conventional system
using a CT injector head (IH), a specialized
system using a CT IH, and a powered reeler
with deployment sheave. Both the benefits and
limitations of each are considered to guide the
reader in selecting the correct configuration
for their application.

The primary cost driver for hydraulic
intervention is vessel selection. Factors
including regional availability, mobilization
requirements, and specification are key
to the selection process. An advantage
of OWHA using CT is the ability to use a
vessel of opportunity due to the decreased
equipment footprint and specification; this
directly enhances service flexibility and cost
management.

When compared to alternative oil sources,
the comparative cost per barrel of oil unlocked
by OHWA is at least 43% less than the closest
alternative. When compared to alternative
intervention approaches, the simplified
equipment and requirements result in a
reduced total cost thus enhanced return on
investment with accelerated payback.

Using average global vessel rates and
generalized assumptions, for a single well
intervention the total costs can be in the order
of the following magnitudes: floating rig USD
9-16M, light well USD 6-10M, OWHA USD
2—5M. Using an average well production gain
of 1,950 BOPD this gives a typical payback
time period of 79 months for a rig and 73
months for OWHA.

In scenarios which meet the requirements
outlined within this paper, OWHA provides
the most economical solution with the
ability to provide positive returns in the same
financial year.

Coiled Tubing Differential
Pressure-Like Sticking in
High-Pressure Horizontals
Wells — Vaca Muerta Formation
Diego Hernan Cippitelli, Baker Hughes

With over 300 trillion cubic feet of
recoverable gas and a formation pressure that
exceeds 9,000 psi, "Vaca Muerta" (located
in Argentina) is the second-largest shale gas
reservoir in the world.

To increase production efficiency and reduce
production costs, oil and gas companies
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CJIAHLIEBOTO I'a3a B MUPE.

YTOOBI HOBLICUTH 3(PPEKTUBHOCTD AOOBIYU U CHU3UTD
MPOU3BO/ICTBEHHBIE 3aTPATHI, HE(PTETA30BbIE KOMITAHUU
U3MEHMJIU TPAEKTOPHUIO CBOUX CKBAXKUH C BEPTUKAJIBHOM
HA4 TOPU30HTAJIBHYIO, YBEIUYUBAS CO BDEMEHEM OOKOBYIO
JUINHY 10 601ee yeMm 9800 (pyTOB, YTO CO3/aET BCE Hoee
CEPBbE3HBIE NPOOIIEMBI C 3AKAHYUBAHUEM CKBAKHUH. CaMBbIH
PACIIPOCTPAHEHHBIN METO/ 3aKaHYMBaHU — Plug & Perf.
Ce1oBaTENBHO, UCIIONIB30BAHUE TMOKHUX HACOCHO-
koMnpeccopHbIx Tpy6 (I'HKT) TpebyeT rmy6oKoro
NOHUMaHuA KoadpunuenTa TpeHus (CoF) Mex 1y KOJIOHHOU
I'HKT u 3aKaHYUBAHUEM, 4 TAKXKE PA3TIUYHBIX CHJI,
JEUCTBYIOIMNX B KOJIOHHE. DTO MIOHNUMAHHE CTAJI0 )KU3HEHHO
Ba’KHBIM /17151 IPOTHO3UPOBAHUA BO3MOXKHOCTH TOCTHKEHHU A
326051 CKBA>KWHBI IIPH HEOOXOAUMOCTH (PPE3EPOBAHUA
NPOOOK U OUUCTKU CKBAKUHBI TIOCJIE UHTEHCU(PUKALTUNA
IPUTOKA U HA CTAJIUH JIOOBIYH.

B aT0O11 paboTe € TOMOIIBIO IBYX TEMATHYECKUX
HUCCJIENOBAHUN JJIEMOHCTPHUPYETCA CYIIECTBOBAHUE 3(PPEKTOB
MPUXBATA, BBI3BAHHBIX [IEPENAJJOM JIABJIEHUUA MEXY CTBOJIOM
CKBa’KHMHBI U IIJTACTOM, B KOHKPETHOM NEPHOPAITUOHHOM
y3J1€ TOPU3OHTAJIBHBIX CKBA’KWH BBICOKOT'O JABJIEHHA HA
MeCTOpPOXAeHUU Vaca Muerta.

TTOCKOIBKY 3TO TOPU3OHTAIBHBIE CKBAXKUHBI C BLICOKUM
JaBJIEHUEM, BCE KJIACTEPHI IEPPOPALIUN HALIEJIEHBI HA
OJIMH U TOT K€ IJIACT, U HA HUX AEUCTBYET OJJHO U TO XK€
TUAPOCTATUYECKOE IABJIEHUE, 3TO MOIJIO IIPUBECTU K
HENPABUJIBHOMY IOHUMAaHUIO KoM punuenrta tpenus THKT
WU/WJIN IPUXBATA TPYOBL

B 21011 paboTE TAKIKE ONUCBIBAETCS YCIIEIIHBIN HA60D
MaHEBPOB JIIA IPEOAOTIEHUSA CUTYAL U, CBI3aHHBIX C
MPUXBATOM TPYOBI, IIOXOKHM Ha BbI3BAHHBIIN ITIEPENAIOM
JaBJIEHUSA, IOCJIE JUATHOCTUPOBAHUSL.

J1s1 TOHUMaHU 3TUX 3PPEKTOB OyAyT ONTUCAHBI
JBE ONEPALUH, IIPU KOTOPBIX IPOMU3OIIEN ITIOXOXKHHI HA
BBI3BAHHBIN nepenaioM aasiaeHus npuxsar FTHKT. I[Tepsas —
onepanusa OYUCTKH HA CAMBIX PAHHUX CTAAUAX OCBOEHHA,

4 BTOpAas — IIpU PPE3EPOBAHUU IPOOKH, OO6E BBIIIOIHIIUCH
B TOPU3OHTAIBHBIX CKBA’KUHAX C BBICOKHM JJABJIEHHUEM.

IIpaBUIBbHOE OIIPEAEICHUE ITOIO 3P PEKTA ABIIACTCS
KJIIOYOM K IIPENOTBPAMEHUIO PUCKOB JIJIA 3JOPOBbA,
0€30MACHOCTH U OKPY>KAIOIIEH CPEJbL U CUTYALIN, CBA3AHHBIX
C KOHTPOJIEM CKBAKUH, 4 TAK)KE YBEJIMYEHHUA 3ATPAT
CEPBHUCHBIX KOMITAHUI U KOMIIAHUM-OIEPATOPOB.

Cekums 14. PewneHuns gnsg ropusoHTaNbHbIX U MHOTOCTBOJIbHbIX

CKBaXXUH

Mo Mepe BypeHusi Oonee ANHHBIX CTBOMOB LOCTUIAETCS 3HAUUTENBHbIV
ycnex B pa3paboTke METO0B WX 3aKaHYMBaHMSA 1 MOBTOPHOMO BXOAA,
Ha4MHas OT NOBbILLEHS CMa3blBalOLLEN CMOCODHOCTN MaTeEPMANoB U
3aKaH4MBas yNyyLIeHEeM UCMONb30BaHNS BUDPALIMOHHOTO MHCTPYMEHTa

N COBEPLLUEHCTBOBaHMEM MoLenvpoBaHus. OaHaKo B kayecTse NobGoYHOro
3hhekTa 0TMEHAOTCA HEOXKMAAHHBIE MEXaHWYeCKMe BO3LENCTBUS Ha TpyOy,
KOTOpble HEOOXOAMMO CMsrYaTh. Kak ToNbKo Ha Takmx CKBaxXunHax bynet
obecneyeHa yctonymeasn Aobbida, CTaHeT O4eBUAHOM CNOXHOCTL cOopa
nonesHomn nHhopMaLMmn 06 NX NPOLYKTVUBHbBIX XapakTePUCTMKAX, YTO MpUBEaET
K NOSIBNEHMIO HOBbIX METOA0B COOpa KayecTBEHHbIX AAHHBIX MPW Pa3yMHbIX
BPEMEHHbIX 1 PUHAHCOBBIX 3aTpaTax U C MUHMMaSbHbIMU NOTEPSIMIN AOObIYN.

Cucrtema BXO4a B MHOIOCTBOJIbHbI€ CKBa>XWHbI
angd Ha6J'II-O,D,eHVIﬂ: npoeKkTnpoBaHue, peanniaund
n pe3stome 40 onepaumin Ha MeCTopoOXAeHUN
Abubaker Saeed, Saudi Aramco PE&D; Timofey Yakovlev, Hani Sagr,
Sultan Harthi, Welltec
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have developed their well's trajectory from
vertical to horizontal, increasing over time the
lateral length to over 9,800 ft. and bringing
greater completion challenges. The most
common method of completions is "Plug and
Perf". Consequently, the use of coiled tubing
(CT) requires a thorough understanding

of the friction coefficient (CoF) between

the CT string and the completion and the
different forces exerted in the string. This
understanding has become vital to predict
the feasibility of reaching the bottom of the
well, because the plugs must be milled out
and the well cleaned out after the stimulation
treatment and during its producing stage.

This document demonstrates, through two
case studies, the existence of sticking effects,
caused by the differential pressures between
the wellbore and the formation, in a particular
perforation cluster of high-pressure horizontal
wells targeting the "Vaca Muerta" formation.

Because these are high-pressure horizontal
wells, with all the perforation clusters
targeting the same formation, and they are
affected by the same hydrostatic pressure, it
might have led to a misunderstanding of the
CT CoF and/or stuck pipe situation.

This document will also describe a
successful set of maneuvers that are designed
to overcome these differential pressure-like
stuck pipe situations, once diagnosed.

To understand these effects, two operations
where the CT string experienced differential
pressure-like sticking will be described. The
first, from a clean-out operation during the
earliest stages of flowback and the second,
from a plug milling operation, both performed
in high-pressure horizontal wells.

Correctly identifying this effect is key for
preventing HSE risks, well-control situations
and cost increases for the services and
operator companies.

Session 14: Horizontal and Multilateral
Solutions

As longer laterals are drilled, considerable success has
been encountered in developing techniques to complete
and re-enter them, ranging from improvements in lubric-
ity, to improvements in vibratory tool usage and modeling.
However some unexpected mechanical effects on the
pipe as a side-effect have been noticed, and mitigation is
required. Once these wells have sustained production, the
difficulty of gathering useful information about their pro-
ducing characteristics has become apparent, driving new
methods of gathering good, quality data at a reasonable
cost, time, and with minimal lost production

Multilateral Reentry System

for Well Surveillance: Design,
Implementation and Summary
of 40 Jobs Performed in Fields
Abubaker Saeed, Saudi Aramco PE&D; Timofey
Yakovlev, Hani Sagr, Sultan Harthi, Welltec



MHOT'OCTBOJIBHBIE CKBAXKUHBI — IO YJISIPHBII BEIOOP
JULSL MECTOPOK/IEHU, TJI€ TPEOYETCI MAKCUMATIBHOE
HUCNOJb30BAHHUE OCHOBHBIX CPEJCTB. XOTSA METO/bI Oy PEHU
U BHYTPUCKBAXKUHHBIX PA0OT (CTUMYJIALIMN) AJI TAKUX
CKBAXXUH SABIAIOTCSA OTPAOOTAHHBIMHU U HAJEKHBIMU, JUIS
Ha6JIIOAEHUSA 32 KOJIJIEKTOPOM TOTPEOOBAJICA HOBBIY METOJ,
OOKOBOTI'O 1oCTyna. Takas TEXHOJIOTUS ObliIa pa3paboTaHa
Y UCMOJIb30BaHA Ha 6051€ee yeM 40 CKBaKMHAX HA BiivkHEM
BocToke. B JaHHOM padoTe NPUBOJAUTCA KPATKOE U3JIOKEHHE
ONBITA, ONMUCAHUE HHCTPYMEHTOB U METO/IOB, U3BJICYCHHBIE
YPOKHU U BUJCHUE 1ATIBHEUIIIETO PA3BUTHS.

YTOO6BI JONYCKATh BO3MOKHOCTH ITIOBTOPHOI'O 6OKOBOTO
BXO/Id U KAPOTAXKa, CACTEMA BHYTPUCKBAXKUHHBIX PA0OT
JIOJIZKHA COOTBETCTBOBATB CIEAYIOIMIUM MUHUMAIbHBIM
TPEOOBAHUAM:

— COBMECTUMOCTBD C KAPOTAKHBIMH HHCTPYMEHTAMHU
U CUCTEMAMH, IPEJOCTABISEMBIMU PA3IUIYHBIMUA
CEPBUCHBIMH KOMITAHUSIMH, U C PA3JITMYHBIMUA METOLAMU
TPAHCIOPTUPOBKY,;

— paboTa C KAPOTA’KHBIMU CUCTEMAMH O€3 3AITACCOBAHHBIX
Kabener;

— HEOOBIINE TUAMETPATIBHBIE PA3MEPHI JI UCITOJIb30BAHUA
B PA3JIMYHBIX BU/IAX 3AKAaHYMBAHUS,

— HAJIMYUE JUATHOCTUYECKUX CUCTEM [JJIs1 OOHAPYKEHUA
OOKOBBIX CTBOJIOB U ITOATBEPKIEHHUA YCIIENTHOT'O BXO/AA.
Bce aTh TpebOBaHMA OBLIIN PEATTU30BAHBI B HOBOM CUCTEME

BXO/A [I/I1 MHOTOCTBOJIBHBIX CKBaKHH. [TocCyie BBOJA B

IKCIUIYATAUIO CUCTEMA OKA3414Ch HAJIEXKHON U MOJIE3HONU

JUISL KAPOTA2Ka B MHOTOCTBOJIBHBIX CKBA’KMHAX B PA3/IMYHBIX

YCIIOBUAX IKCILTyaTALIAH.

CucreMa BXOA4 JJIs1 MHOTOCTBOJIBHBIX CKBA’KHUH, COCTOAI A
U3 MOTOPU3OBAHHOI'O IOBOPOTHOTO NNEPEBOJHUKA, IMUHBI
OEeCIPOBOHOM CBSI3U U AUATHOCTUYECKON CEKIIUH, ObLIIA
pa3paboTaHa, IPOTECTUPOBAHA U B IAJIbHENIIIEM PA3BEPHYTA
B IIOJIEBBIX YCIOBUAX. ITpu 40 BBIIIOJIHEHHBIX PA60TAX
MPOU3BEECHA AKCIIIYATALIUA B PA3JIMYHBIX CPEAAX (HA CyIIE,
H4 MOPE); B 3aKAHYUBAHUAX OTKPBITOI'O X OOCAKEHHOT'O
CTBOJIA; B HE(PTAHBIX, 'A30BbIX ¥ BOJAHBIX CKBAXKMHAX B
COYETAHUU C 6OJBITMHCTBOM MIUPOKO UCIIOIb3yEMBIX
CHCTEM KapOoTaxxa. HecMOTps HA TO 4TO HA MPOTAXKEHUN
OobIIEN YACTHU PA6OT TPAHCIOPTHUPOBKA OCYILECTBIISIACH
c ucnosb3oBaHnueM ruokort HKT, OCTyIl K HEKOTOPBIM
CKBaKMHAM OCYIIECTBIIAJICA HA KabeJle C UCTIIOIb30BAHHUEM
TexHosoruu Well Tractor. CucTeMa JoKa3a/1a CBOIO
HAJJ€KHOCTD, HAKOIJIEH MIPAKTUYECKUI OIIBIT /J1A YCIIEITHON
3KCIUIYATAL MU 3TOH U JIIOOOI APYTOI CUCTEMBI IIOBTOPHOT'O
BXO/14 /111 MHOTOCTBOJIBHBIX CKBAKHH, KOTOPAsI MOXET OBITh
CIIPOEKTUPOBAHA B OyayIeM. [IpuMeHEeHHE 3TON CUCTEMBI
ITO3BOJIMJIO NTOJIYYUTh BAKHBIE TAHHBIE, HEOOXOVMBIE JIJ151
Pa3paboOTKU MECTOPOXK/ICHHUH, 4 B HEKOTOPBIX CIYIasIX
ITO3BOJIMJIO OIITUMHU3HUPOBATH CUCTEMBI 3aKAHUYHUBAHUS.
XOTs B IEJIOM IPUMEHEHHE CUCTEMBI IOBTOPHOT'O BXO/14
JUISI MHOT'OCTBOJIBHBIX CKBAKHUH OBIJIO YCIIEITHBIM, OBLITN
OTIpeeIEHbl OOMACTH JAJIBHEHUIIETO YIAYyIIICHUS [0
pacmupeHus nopTdens onepauil — 6yyT IpeCTaBACHbI
B 3TOM CTAaThE. ByAyT TAKXKE MPECTABICHBI PEKOMEHAITUU
1O MPOEKTHUPOBAHUIO CKBAXKUH C YIETOM MOCIEAYIOMNX
BHYTPUCKBaKMHHBIX PA6OT.

TTOCKOMBKY 3/1€Ch OITUCAH YHUKAJIbHBII OIBIT
HCIIOJIb30BAHU S CUCTEMBI IOBTOPHOT'O BXO/1A J7Is
KapOTA’KHBIX UCCIEJOBAHU MHOTOCTBOJIBHBIX CKBAKHH,

4 TAKKE JJAHBI IPAKTUYECKHUE PEKOMEH/IAIINH T10

Multilateral wells are a popular choice for
fields where maximum fixed asset utilization
is required. Although Drilling and Intervention
(Stimulation) techniques for such wells are
mature and reliable, reservoir surveillance
required novel method for lateral access. Such
technology was developed and used in more
than 40 wells in Middle East. Summary of
experience, description of tools and methods,
lessons learned and vision for further
development will be described in this work.

In order to be useful for lateral reentry and
logging, intervention system should comply
with following minimum requirements:

Be compatible with logging tools and
systems provided by various Service
companies and with various conveyance
methods.

Operate with logging systems, not equipped
with wired through capability.

Be of slim design so it can be used in variety
of completions.

Be equipped with diagnostics systems to
detect laterals and confirm successful entry.

All these requirements were implemented
in new Multilateral reentry system. Once in
field, system was proven reliable and useful for
logging intervention in multilateral wells in
various operating conditions.

Multilateral reentry system, consisting of
motorized bend sub, wireless communication
bridge and diagnostic section was designed,
tested and further deployed in field. Within
40 jobs performed it was operating in variety
of environments (onshore, offshore); open
hole and cased hole completions; was run in
oil, gas and water wells, in conjunction with
most of commonly used logging systems.
Although during most of jobs conveyance was
performed using electric line Coiled Tubing,
some of wells were accessed on wireline using
Well Tractor technology. The system was
proven reliable and practical experience was
gathered for successful operation of this and
any other multilateral reentry system to be
designed in future. Application of this system
allowed to receive important data needed for
fields development and allowed optimization
of completion systems in some cases. Although
overall application of multilateral intervention
system was a success, improvement areas were
identified in order to increase operational
portfolio; and will be presented in this paper.
Recommendations of intervention friendly
well design will be shared as well.

As unique experience of running Multilateral
reentry system for logging purpose is described
here, with practical recommendations on well
construction, surveillance planning, execution
and evaluation, this paper will be interesting
to wide category of practicing engineers of
various specialties.
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CTPOUTENBCTBY CKBAKHUH, INTAHUPOBAHUIO, IPOBEJNECHUIO
U OLICHKE HAOIIOCHU S, JAHHAA CTAThs OYJJE€T UHTEPECHA
MIHPOKOMY KPYI'y IPAKTHKYIOMUX HHXKEHEPOB PA3JIMYHBIX
CIIEIUAJIBHOCTEH.

maBHoe — auHamuka! NnaHmnpoBaHne
onepauum Npu NCnonb3oBaHUM NyNbCaLMOHHbIX
WHCTPYMEHTOB Ansi paboTbl ¢ 6onblunm
OTKNIOHEeHMeM OT BepTukanu Ha M'HKT

Ken Newman, Patrick Kelleher, Athena Engineering Services

B nocisiegHue rogbl IPpOU30UIIO 3HAYUTEIBHOE
KOJIMYECTBO OTKA30B 'MOKHUX HACOCHO-KOMIIPECCOPHBIX
Tpy6 (I'HKT) BO BpeMs onepanuii no (ppe3epoBaHUIo
npo60ok I'PTL. DTU OTKA3bI YAII€ BCETO BO3HUKAIOT, KOT/IA B
KOMITOHOBKY HU3a 6ypubHOM KonoHHBI (KHBK) BKIIOUEH
UHCTPYMEHT JJI1 PAOOTHI C OOJIBITUM OTKJIOHEHHUEM OT
BEPTHUKAJIU C OCEBOM BUOpaIMEl/Tyabcaliueil. B orpacian
OPEAIPUHUMAIOTCS 3HAYUTEIbHbBIC YCUIIUSL, YTOODI
CHA44J14 IOHATD, 4 3ATEM MUHUMHU3HUPOBATH TAKUE OTKA3DL.
B 1aHHOM CTAaThE UCCIIEAYIOTCA JUHAMHUYECKUE OCEBBIE
KOJICOAHU S, BBI3BIBAEMBIC 9TUMH HHCTPYMEHTAMH, U TO,
KA4K 3TH KOJI€O6AHU S YCUJINBAIOTCS B CTBOJIE CKBAKHUHBI,
YTO MOXKET IIPUBECTH K NOBPEXKJIEHUIO MATEPHUAJIOB, YTO
BIIOCJIEJCTBUHM BBI3BIBAET PA3PYIIEHHE. B HEKOTOPBIX CIy4dasax
3THU YCUJIIEHHBIE BUOPALIUU IPUBOIUIN K HOBPEKACHUIO
H43E€MHOT'O OOOPY/IOBAHUSL.

MCTOpVIﬂ ycnexa: Ucnojib3oBaHMe pa3sinvyHbIX
nepemMeHHbIX MNP NPOeKTUPOBaHNN N
BbIMONTHEHNU q)pe3epOBaHV|9| c bonbwnMm
OTKNIOHEeHMeM oT BepTukanu Ha M'HKT

Kaveh Yekta, Benjamin Stang, Essential Energy Services; Scott Hilling,
Chris Schwartz, Bettina Cheung, Shell Canada Limited;Kevin J. Elliott,
Cedric D. Williams, NOV Quality Tubing

AxTuB Shell Canada Fox Creek pacrionoskeH B 3a1aTHOMU
YACTU LIEHTPAJIBHON MPOBUHIINHN AJIBOEPTA, U €TI0 Pa3padboTKa
CoCpeloToueHa HA pe3depByape Duvernay. OpdekTuBHbIE
TOPHU30HTAIBHBIE, IPOOKOBBIE U NEP(POPUPOBAHHBIE
CKBAKUHBI SBJISIOTCS KJIIOUOM K OOECIIEUYEHUIO PEHTAOCTBHOM
JOOBIYU 3TON HETPAJUIIMOHHON JIErKOIIOTHON HEPTH.
VBEINYEHUE TUIOMAU KAXKJOU CKBAKUHBI 34 CUET
HPUMEHEHUS OOJIEE JIMHHBIX CTBOJIOB 3HAYUTEIBHO
CIIOCOOCTBYET COKPAIIEHUIO KATIUTAJIbHBIX 3aTPaT. HecMoTps
H4 TO YTO 3aKAHYUBAHHUE O€3 BHYTPUCKBAKMHHBIX PA6OT
SABJISIETCSI IEPCIEKTUBON B OYyIIEM, JIIS yIAJICHUS IPOOKU
HO-MIPEXHEMY TPEOYIOTCS BHYTPUCKBAXKUHHBIE PAOOTHI JJI
ob6ecredeHns OECIPENATCTBEHHOI'O IIOTOKA B UHTEPBAJIE
CTUMYIANUN. [TOCTABIIHUKY YCIYT U IPYIIIBI IO 9KCILUTYATAIUHA
CKBA>KUH COBMECTHO PEATU3OBANIN Py UHUILTUATUB,
HAaTPABJIEHHBIX HA MOAIEPKKY BHYTPUCKBAXKUHHBIX PA6OT
o (ppesepoBanuio Ha KoaTio6uHre (F’HKT) Ha CKBakuHE
FC734 D.

Y4uTBIBAA AJIUHY 3TOM CKBAXKUHEI (7349 M U3MEPEHHOM
JUIMHBI), HOTPEOOBAIACh HOBASI KOHCTPYKIUA KOJIOHHEI
JUISL JOCTHKEHUS MAKCUMAJIbHOU INTYOUHBI, 4 TAKKE
JUIS OO€eCIieueHU s TPEOYEMOI HATPY3KU HA JJOJIOTO JIJIA
(ppe3epHbIX onepanuil. TOpu30HTAIBHBIE CKBAXKHUHBI C
JUIMHHBIMUA OOKOBBIMH CTBOJIAMH, K4K B TAHHOM CJIy4ae€,
TPeOYIOT HAIMYUSA TOJICTOCTEHHBIX TPYO B BEPTUKAJIBHOM
paspese Ay BBIXO[d 34 HUKHIOIO TOYKY BEPTHUKAJIBHOTO
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Be Dynamic! Job Planning

for Coiled Tubing Conveyed
Extended Reach Pulsation Tools

Ken Newman, Patrick Kelleher, Athena Engineering
Services

In recent years there have been a significant
number of coiled tubing (CT) failures during
frac-plug drill-out operations. These failures
occur most often when an axial vibration/
pulsation extended reach tool (ERT) is
included in the bottom hole assembly (BHA).
There are significant efforts in the industry
to first understand and then mitigate these
failures. This paper examines the dynamic
axial vibrations caused by these tools, and
how these vibrations are amplified in the
wellbore, possibly causing the material
damage that later causes the failures. In
some cases, these amplified vibrations have
damaged surface equipment.

A Success Story: Utilizing Different
Variables in Design and Execution
of Coiled Tubing Extended

Reach Milling Operations

Kaveh Yekta, Benjamin Stang, Essential Energy
Services; Scott Hilling, Chris Schwartz, Bettina
Cheung, Shell Canada Limited; Kevin J. Elliott,
Cedric D. Williams, NOV Quality Tubing

The Shell Canada Fox Creek asset is located
in West Central Alberta and has development
activities focused on the Duvernay reservoir.
Efficient, horizontal, plug and perf wells,
are key to delivering economic production
from this unconventional light tight oil play.
Unlocking more acreage per well, through
the application of longer laterals, contribute
significantly to CAPEX reduction. Although
intervention-less completions are a future
aspiration, well intervention is still required
for plug removal to assure stimulated intervals
are able to flow unimpeded. A number of
initiatives were actioned collaboratively
across service providers and well delivery
teams, to support well intervention to
the limits of Coiled Tubing (CT) milling
operations on the FC734 D well.

Considering the length of this well
(7349 m MD), a new string design was
required to achieve the maximum depth
as well as to provide the required WOB for
milling operations. Horizontal wells with long
laterals, such as in this case, require heavy
wall tubing in the vertical section to beyond
the heel into the lateral. Using a special
custom-designed transition section in the
Coiled Tubing string enabled the CT to reach
the maximum depth. Utilizing fluid rheology
application provided a means to keep track
of Reynold's number in a real-time fashion to



y4aCTKA U 33X0/1a B OOKOBOM CTBOJL. MICIONIb30BAHUE
CIEIUATIBHON NIEPEXOTHON CEKITUU B KOJIOHHE TMOKNX

HKT no3sosmmio THKT gocTuYb MAaKCUMAJILHOM

1y6uHBL MICIONMB30BAHUE IPUJIOXKEHUS 111 PEOJIOTUU
(PIIIONIOB MO3BOJINIIO OTCIEKUBATD YHUC/I4 PeTHONIBACA B
pEXMME PEAIBHOTO BDEMEHU J11 OOECTIEUEH NS PEXKUMA
TypOYJIEHTHOTI'O IIOTOKA B CKBAXKUHE U, B CBOIO OYEPE/b, [JI
OIITUMHU3ALNY IIEPEHOCA TBEPABIX YACTUL], 4 TAKKE PACXO/4
XHUMUKATOB. [IpUMEHEHNE KUTKOU PEOJIOTHH IPUBEJIO K
6€304UCTHOMY (PPE3EPOBAHUIO C OOJIBIIUM OTKJIOHEHHUEM OT
BEPTUKAIN. B 3TOM ONEpaIiuu UCIOIb30BANACh (PIATMAHCKAS
eauHuia gota. Yecranoska FTHKT yeTBepTOro nNoKoaeHuUs
OBL/Ia CIIPOEKTUPOBAHA TAKUM OOPA30M, UTO OHA MOXKET
HECTH 10 8345 M TUOKOI TPYOh AHaMeTpoM 60,3 MM

(2 3/8 prorma). B KOHCTPYKLIMHM 3TOI'O yCTPOMCTBA
UCIIONIb30BAIMCH PA3/IMYHBIE TEXHOJIOI'MYECKHE JOCTUXKEHUA,
BEAYIIUE B OTPACJIHN PEMIEHNA U UHNUBU/IYAJIbHBIE
pa3paboTKu. K TAKHMM pEMEHUAM OTHOCATCSA HACTPAUBAEMAS
aproMmartuzanus ITJIK, y1o6HOE y1aI€HHOE YIIPABJICHUE,
COBPEMEHHBIE UH(POPMATHUBHBIE JUCIIIIEU YETIOBEKO-
MAaIIMHHOT'O UHTEP(EIICA, a TAKXKE COOP U XPAHEHUE JAHHBIX
B PEAJIBHOM BPEMEHH C OTPOMHBIX MaCCUBOB PAOOTAIOINX
JATYHUKOB.

VBenndeHue ooIer U3MEPEHHOM ITTyOUHBI OKa3bIBAET
JBOSIKOE BIUAHHE HA IJIAH Pa3pPabOTKH MECTOPOXKAEHUS.
Bo-1nepBbIX, 3TO IIO3BOJIAET OIIEPATOPY YBEIUYNTD
OTKJIOHEHHE OT BEPTUKAJIU, CO34ATh TPACKTOPUU,
ONTHUMHU3UPOBAHHEIE AJ1 OypeHU, 6€3 yepoa 111 60KOBOI
JUIMHBL BO-BTOPBIX, YBEJIMYEHHUE U3MEPEHHOMN JIJINHBI
Ha 400 M/CKBAKHHY B CJIy4ae OOKOBBIX CTBOJIOB IIPUBEJIO
K CPEJHEMY YBEJIIMYEHUIO Ha 250 M B UCCJIEYEMOU O0I1ACTH
M K YMEHBIICHUIO KOJIMYECTBA CKBAKUH Ha 4% (YMEHbIICHUE
KOJIMYECTBA HA KycTe Ha 10%).

DPPEKT CHHEPTHUHU OT UCTIOIB30BAHU S HECKOJIBKUX
IEPEMEHHBIX OOECIICUmII YCIIeX onepanuil. K atum
NEPEMEHHBIM OTHOCATCS: TIAH PA3PA6OTKHU MECTOPOXKIECHUA
(KOHCTPYKIIUA CKBAXXHUHBI), HECTAHAAPTHAA KOHCTPYKIIHSA
KOJIOHHBI (OTKJIOHeHUE 'HKT o1 BepTHKAJIN), PEOJIOT U
JKHUJIKOCTHU B PEAJIBHOM BPEMEHU (IIEPEHOC TBEPABIX
YaCTHUL) U IIPUMEHEHUNE YCOBEPIIEHCTBOBAHHOM YCTAHOBKU
I'HKT (ycoBepuIEHCTBOBAHHUE OOOPYAOBAHUS). YCIIEIIHAS
peanusanusg Ha ckBaxuHe FC734 D ybeauTenbHO
MIPOJAEMOHCTPUPOBAJIA IIEHHOCTb COBMECTHOT'O
MIPOEKTUPOBAHUSA U OOMEHA IIEPEJOBLIM OIIBITOM U
pacmurpuiIa TEXHUYECKHUH IIPEJEIT IIMHBI CKBAXXUH
711 Shell Unconventional.

MepBbi B MMpE NpUMeEpP YCNELHOro
3KCNNyaTaLUMOHHOIO KapoTaXka B TPEXCTBOJIbHOM
KNCNOW BbICOKOTEMMNEpPaTypPHOU ra3oBomn
ckBaXkuMHe, NnpobypeHHon Ha MHKT, — ogHa

CNO ¢ MHHOBALMOHHOW CUCTEMOM NOBTOPHOTO
BXoAa 0e3 HanpaBnsloWmMX OTKIOHUTENS

Abubaker Saeed, Saad Hamid, Saudi Aramco SAOO; Timofey Yakovlev,
Hani Sagr, Sultan Harthi, Welltec

IIpeaCTaBIEHBI PE3YIBTATHI PAOOTHI C UCIIOIB30BAHUEM
HHCTPYMEHTA A1 JOCTYyIa K 60KOBBIM cTBOJIAM (LAT) Ha
Kabese, C THCTPYMEHTOM JJIS1 SKCILIYATAIJMOHHOI'O KAPOTaXa
(PLT) na E-coil. 3a1a4a 3aK/11049a/14Ch B TOM, YTOOBI YCIIEIITHO
UJEHTU(PULIHUPOBATD, BOUTH U IIOJYYUTD JJAHHBIE O TOOBIYE
B Ka’XJOM OOKOBOM HEOOCAKEHHOM CTBOJIE, 4 TAKIKE B

ensure turbulent flow regime downhole, and
in turn, to optimize solid transport as well as
chemical consumptions. The application of
fluid rheology resulted in wiperless milling
operation in the extended reach applications.
The flagship unit in the fleet was utilized in
this operation. Generation four of the CT
unit was designed in such a way that it can
carry up to 8,345 m of 60.3 mm(2-3/8in)

CT pipe. There were different technological
advancements, industry-leading features, and
custom engineering used in the design of this
unit. Such features include customized PLC
automation, user-friendly remote operation,
advanced informative human-machine
interface displays, and real-time data
acquisition and data storage from vast arrays
of operational sensors.

There is a twofold impact on the field
development plan when the total measured
depth (MD) was increased. First, this enables
the operator to increase step out/generate
drilling optimized trajectories without
sacrificing lateral length. Second, the 400m/
well increase in MD when applied principally
to the lateral length netted an average
increase of 250 m/lateral in the subject area
and reduced the well count by 4% (pad count
reduction of 10%).

The synergy impact of utilizing several
variables resulted in successful operations.
Those variables are field development
plan (well design), custom string design
(CT reach), real-time fluid rheology (solid
transport), and the application of an
advanced CT unit (equipment advancement).
The successful delivery of the FC734 D well
demonstrated the value of collaborative
design and best practice sharing and has
extended the technical design limit of well
lengths across Shell Unconventional.

Worldwide First Successful
Production Logging of Tri-

Lateral High Temperature Coiled
Tubing Drilled Sour Gas Well,
Performed in a Single Run Using
Innovative Reentrance System
Without Whipstock Guides

Abubaker Saeed, Saad Hamid, Saudi Aramco SAOO;
Timofey Yakovlev, Hani Sagr, Sultan Harthi, Welltec

The job results from an operation using a
wireline-operated lateral access tool (LAT)
with a production logging tool (PLT) on
E-coil are presented. The objective was
to successfully identify, enter and acquire
production data in each of the openhole
laterals as well as the main borehole in order
to quantify production and identify any
cross-flow.

This operation is enabled by the use of a
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OCHOBHOM CTBOJIE CKBAKHHBI JIJIS1 KOTUYECTBEHHON OLICHKU
JIOOBIYU U BBISABIEHUS IIEPETOKOB.

DTa onepanusi BO3MOXKHA 34 CUET UCTIONb30BaHU LAT Ha
Kabese. UHCTPYMEHT MOXET ONPEAEIUTD, IE HAXOAUTCS
OOKOBOE OKHO B CKBAXKUHE, U IIPEJJOCTABUTD JAHHBIE
opueHTanuu. C noMoipio LAT MOKHO IPOUH/ICKCUPOBATH
HUKHHH 3JIEMEHT KOJIOHHBI JIJISI BXO/Ia B GOKOBOM
CTBOJI, B TO BPEM KAK NAKET JATYUKOB OOECIEUUT
HOJOXUTENBHOE NOATBEPXKACHUE U UJCHTU(MOUKAITUIO
KOHKPETHOTO LIEJIEBOIO HOKOBOT'O CTBOIA. CHUCTEMA
COBMECTUMA C PAAOM HHCTPYMEHTOB JJIs KAPOTAXKA C
HUCNOJb30BAHUEM MOHOKAOEA U MOXKET OBITh PA3BEPHYTA KAK
C UCTIoNIb30BaHUEM E-line, TaK ¥ C UICITOJIb30BAHUEM I'MOKOM
HKT. B 3TOM JOKYMEHTE NOAPOOHO ONMUCHIBAETCS ONEPALHS,
OBCYXKAAIOTCS U OLIEHUBAIOTCS PE3YJIBTATHL, KOTOPBIE
JEMOHCTPHUPYIOT 3(PHEKTUBHOCTD U TOUHOCTDb OOHAPYKEHU S
M BXO/1a B O0OKOBBIE CTBOJIBI.

Onepanusa NpOBOJINUIACHE HA CKBAXXHUHE B CayJOBCKOM
ApaBuH, KOTOpas 6bplIa TPOOYPEHA METOIOM OyPEHHUA
na I'HKT na genpeccun (UBCTD) B 2013 rogy u
BKJIIOYAJIA TPH HEOOCA’KEHHBIX OOKOBBIX CTBOJIA MAJIOTO
auameTpa. B Hagane 2014 roja ckBakruHa 6bl1a BBEJICHA
B OKCILIYaTALIUIO C HEU3BECTHBIM IIPUTOKOM OT KAXKJ0I'O
13 OOKOBBIX CTBOJIOB, OJTHAKO MIPEATIONATAIOCh HATUYIHNE
MEXCTOPOHHETO EPETOKA, YTO IPUBEJIO K HEOOXOJUMOCTH
BHYTPUCKBA)KUHHBIX PA0OT. BbLJI PACCMOTPEH PAJ ITOLXOI0B
npu 0CO60M BHUMAHHUH K HOBOW MECTHOU TEXHOJIOTHUH,
KOTOpPAs YCHENTHO UCIIOIb30BAIACh HA PAZE IPYTUX
HEMTAHBIX U BOAAHBIX CKBA)KUH B PETUOHE. PaHee aTa
TEXHOJIOT'US HE IPUMEHSIACH B HEOOCAKEHHBIX CKBAKMHAX
MaJIOT'O IMAMETPA C IPEUMYIECTBEHHO I'a30BOM JJOOBIUEH.
OXHAAJIUCD IPOOIEMBI, CBA3AHHBIE C TEM, KAK HEKOTOPBIE
JATYUKU OyAyT paboTaTh B IBYX KPUTUUECKNUX OOJIACTAX:
UJECHTU(PUKAIIHSA OOKOBBIX CTBOJIOB U ITIOITBEPXKICHNE
YCIIENTHOI'O BXO/1a B OOKOBOM CTBOJI. PE3yIbTaThl 9TOU
ONEPALMHU TOKA3BIBAIOT, YTO AATYUKH MOTYT YCIIEMTHO
paboTratk B 3TOU cpejie. OnepaTop CMOT NOJNYYUTh
KPUTHUYECKYIO MTH(POPMAIIHIO O KOJJIEKTOPE IO KAXKIAOMY
HEOOCAKEHHOMY 6OKOBOMY CTBOJIY, 4 TAKXKE II0 OCHOBHOMY
CTBOJIY, YTO ITO3BOJIUJIO JIYUIIIE IIOHATb IIPOU3BOJIUTEIBHOCTD
CKBAKHUHBI U 9(PPEKTUBHOCTD BBIPAOOTKH KOJLJIEKTOPA.

DTO NPAKTUYECKOE UCCIIEAOBAHUE JEMOHCTPUPYET
MHHOBAIIMOHHOE npuMeHeHue LAT 11 poBeeHU
IKCILIYATALLMOHHOI'O KapoTaxa (PLT) u O1ieHKH GOKOBBIX
CTBOJIOB MQJIOTO JUAMETPA B HEOOCAXKEHHOM I'A30BOM
CKBAXHHE, NpoOypenHo ¢ nomoisio 'HKT Ha genpeccuy,
10 CPAaBHEHUIO C IPEABIAVIITUMH CIIYy4YasIMH, KOTOPBIE
KaCaJIUCh MIPEUMYIIECTBEHHO HEMPTIHBIX U HATHETATEIBHBIX
CKBA)KUH.

HoBoe nabopatopHoe nccnegosaHume
CMa304HbIX MaTepmnanos ans onepaunm Ha M’HKT
B HEODCaXeHHbIX CKBa)XUHaX M 00CaXXeHHbIX
CKBaXXWHaXx C Meckom Unm NpornnaHTom

Epsa Sharma, Silviu Livescu , Baker Hughes

TpeboBaHUS K MHTECPBEHIITMOHHBIM PA60OTAM B CKBA)KMHAX
C OOJIBIIUM OTXO/IOM OT BEPTUKAIU IIPOJOJIKAIOT PACTH.
ITo onieHKaM, BO BCEM MUPE OKOJIO 30—40% KOHIIEBBIX
CEKLIUI CKBAKHH C OOJIBIIUM OTXOAOM OT BEPTHUKAIU
HEJJOCTYIHBI JJIs1 HBIHEIMHUX TEXHOJIOIUH CHUKEHUS TPEHU A
ru6kux Tpy6 (I'HKT), TaKMX KaK CMa304YHbIE MATEPHUAJIHI,
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wireline-operated LAT. The tool can identify
where the lateral window is located in the
well and provide orientation data. With the
LAT, the bottom sub can be indexed to enable
entry into the lateral, while sensors package
would provide positive confirmation and
identification of a particular, targeted lateral.
The system is compatible with a number

of mono-cable logging tools and can be
deployed using both E-line as well as Coiled
Tubing. This paper describes the operation in
detail and discusses the output and evaluates
the results, which demonstrate the efficiency
and accuracy of finding and entering the
laterals.

The operation was conducted on a well
in Saudi Arabia which was drilled using
underbalanced coiled tubing drilling
(UBCTD) technique in 2013 and included
three, slim openhole laterals. In early 2014, the
well was put on production with unknown
contribution from each of the lateral sections,
but interlateral cross-flow was suspected,
leading to the need for intervention. A number
of approaches were considered with special
consideration given to a new technology that
had been developed locally and run with
success on some other oil and water wells
in the region. This technology had not been
utilized previously in slim openhole wells with
predominantly gas production. Challenges
were anticipated regarding how some of
the sensors would perform over two critical
areas: identification of the lateral windows
and confirmation that the lateral had in fact
been entered successfully. The results of this
operation demonstrate that the sensors can
operate successfully in this environment. The
operator was able to acquire critical reservoir
information about each of the openhole
laterals as well as the main bore, enabling
further understanding of well production and
reservoir depletion efficiency.

This case study demonstrates the innovative
application of LAT to enable the production
logging (PLT) and evaluation of slim
openhole laterals in a gas well drilled with
UBCTD compared to previous cases which
were predominantly oil producers and water
injectors.

New Laboratory Lubricity Research
on Coiled Tubing Operations in
Open-Hole Wells and Sand- or
Proppant-Filled Cased-Hole Wells

Epsa Sharma, Silviu Livescu, Baker Hughes

The requirement for intervention operations
in extended-reach wells continues to grow. It
is estimated that globally around 30—-40% of
the end sections of the extended-reach wells
are inaccessible by the current coiled tubing



BHOPAIMOHHBIE MHCTPYMEHTEBL U TPAKTOPBIL. XOTSI MHOTHUE
U3 CKBAXKUH C YBEIMYEHHBIM OTXO/IOM OT BEPTUKAIU
SABJISIIOTCA OTKPBITBIMH, B OTPACIU OTCYTCTBYET IOHUMAHUE
IPEACKA3YEMOM U ITOCIEIOBATENBHON 3(P(PEKTUBHOCTHU
CHHKEHUS TPEHUS B CKBAXKUHHBIX YCIOBUAX C IOMOIIBIO
cymecTByomux TexHonoruii 'HKT B 3TUX CKBAXKHUHAX C
OTKPBITBIM CTBOJIOM.

TpaAuIIMOHHBIE METO Bl YMEHbIIEHUS TpeHus 111 THKT
ObLIN COCPEAOTOYEHBI HA MEXAHUYECKUX WU XUMUYECKUX
METOJIaX 11 OOCAKEHHBIX CKBAKHUH. Hanpumep, mocuie
OOHIMPHOU IPOTrPAMMBI JIAOOPATOPHBIX UCCICAOBAHUN
HEJIABHO ObLIA Pa3pab0TAHA CMA3Ka, KOTOPASA CHUXKAET
koadpurmenTt Tperns THKT Ha 40—60% B HOBBIX,
4HCTBIX CKBaKHUHAX (Livescu et al. 2014; Livescu and Craig
2015; Livescu and Craig 2018) . Takoe CHHUXXEHUE TPEHUS
OPUMEPHO O3HAYACT yJBOocHUE OTKIOHeHU THKT oT
BEPpTUKAIN. OJHAKO 3(P(PEKTUBHOCTD CHUXKEHUS TPEHUA
CMA304YHBIMU MATEPUATAMHU NATAET B CKBAXKUHAX,
34IIOJIHEHHBIX IIECKOM WJIM NIPONINaHTOM. Kpome Toro, no
HEOOCAKEHHBIM CKBAXKMHAM UMECTCS JIUIIb OIPAHUYEHHOE
YUCJIO UCCIEAOBAHNN. 111 IPOXOXKAECHUA OCTAIOMNXCA
HegocsaraeMmbIMu 30—40% aaHBI HEOOCAKEHHBIX U
OOCAKEHHBIX CKBAKUH C IIECKOM HJIU ITPOIMITIAHTOM
HEOOXOAMMO COYETAHUE CMA30YHBIX MATEPUAJIOB C IPYTUMU
TEXHOJIOTUSIMH, TAKMMU KaK BUOPAITMOHHBIE MHCTPYMEHTHI U
TPAaKTOPHIL.

WHCTPYMEHT, paHEE NCIOIb30BABIIUNCA AJ1 UCCAENOBAHNUA

CHHXKEHU S TPEHUS METAJLJI O METAJLIL, 6bL1 MOAU(PUITUPOBAH
JUIT UMATALAN CKBA)XMHHBIX YCJIOBUI CKOJIB3AMIETO
nuskeHUs THKT B HEO6CAKEHHBIX B OOCAKEHHBIX
CKBA’)KMHAX C IECKOM UJIA IPOIMNAHTOM. DTO MO3BOJISAET
U3MEPATh KOAPPUIMEHTBI TPEHHUS MEX/TY METAIINYECKON
noBepxHOCThIO 'HKT 1 HEMETAIINYECKOI IIOBEPXHOCTHIO
TIOPOJIBI U CJIOS IIECKA MJIN ITPOIIIAHTA. DTOT IPUOOP ObLI
pa3paboTaH I UCCIEJOBAHUSA BIUAHUA TEMIIEPATYPHI,
JlaBJIEHU I, CKOPOCTHU CKOoNbxeHus 'HKT, mepoxosarocTu
MHOBEPXHOCTHU U COCTABA )KUJKOCTHU Ha KO3(PPULIUEHT
TPEHUA. [I11 YUCTBIX CKBAKHH C O6CA’KEHHBIMH CTBOJIAMH
BJIMSTHUE IABJIEHUS U CKOPOCTH CKOJIBKEHHUSA OBLJIO CIA0BIM
B JIAOOPATOPHBIX UCIIBITAHUAX, B TO BDEMA KAK BIIMAHUE
TEMIIEPATYPBI, HIEPOXOBATOCTH ITOBEPXHOCTHU, TUITA

U COCTABA KUJKOCTH OKA34JIOCh CYIECTBEHHBIM. 1714
OLIEHKU CHMKEHHUS TPEHUA B HEOOCAKEHHBIX CKBAXKMHAX
HCIIOIB30BAJIOCh HECKOJIBKO OOPA3I0B IIOPO/bI, B3ATBIX U3

IJIaCTOB U KOJIJICKTOPOB C PA3/ITMYHBIMHU CBOfICTBaMPI, TAKHMMHN

K4K IIOPUCTOCTh, IPOHUILIAEMOCTD, PA3MEP IIOP U T. [I.

J1J11 Ty dIero NoHUMaHu (PAKTOPOB, BIUAIOIINX Ha
CMA3BIBAIOIIYIO CIIOCOOHOCTD B HEOOCAXKEHHBIX CKBAXKUHAX,
HUCHBITAHUSA IPOBOJAWINCE C HECKOJIBKUMHU O6pa3LjaMU

I'HKT pa3sHbIX MAPOK U CMA30YHBIMH MATEPHUATAMU

KaK COOCTBEHHOU Pa3pabOTKU, TAK U CTOPOHHUX
IIPOU3BOAUTENECH. BBIJIO OOHAPYKEHO, YTO B CKBAXKUHHBIX
YCJIIOBUSAX XAPAKTEPUCTHUKU TPEHUS PAHEE PA3PAOOTAHHOM
CMA3KH CHUKAIOTCI C 40—60% /17151 06CAKEHHBIX CKBAXKUH 10
30-40% n1s1t HEOOCAKEHHBIX CKBAKIH.

DTO NnEpBOE JOCTYIIHOE B JIMTEPATYPE UCCJIEAOBAHUE,
COCTOSIIIEE U3 JIAOOPATOPHBIX UCIIBITAHUN HA TPEHUE,
BBIIIOJIHEHHBIX CO CMA304YHBIMH MATEPUAIAMU /151
umuTanuu onepanuii ’THKT B HEO6CAKEHHBIX CKBAXKUHAX
U CKBAXKMHAX C OOCAKEHHBIMHU CTBOJIAMU, 3AITOJTHEHHbBIX
IIECKOM,/TIPONIIAHTOM. [IeTaJIbHOE OIUCAHUE IPOLEAYD U
PE3YABTATOB UCIIBITAHUM CYIIECTBEHHO [IOMOI'A€T OTPAC/IHN

(CT) friction reduction technologies, such

as lubricants, vibratory tools, and tractors.
Although many of the extended-reach wells
are open-hole, there is a lack of understanding
in the industry regarding the predictable and
consistent friction reduction performance

at downhole conditions of the existing CT
technologies in those open-hole wells.

Conventional friction reduction techniques
for CT operations have been focused around
mechanical or chemical methods for cased
wells. For instance, following an extensive
laboratory testing research program, a
lubricant was recently developed that lowers
the CT coefficient of friction between 40 and
60% in new, clean wells (Livescu et al. 2014
Livescu and Craig 2015; Livescu and Craig
2018). Friction reduction of this magnitude
roughly translates in doubling the CT lateral
reach. However, the friction reduction
performance of lubricants is diminished in
wells filled with sand of proppant. In addition,
very limited studies are available for open-
hole wells. To reach the remaining 30-40%
un-reachable length of open-hole wells and
cased-wells with sand or proppant, lubricants
are required to work in conjunction with
other technologies such as vibratory tools and
tractors.

The instrument previously used for metal-
on-metal friction reduction research was
modified to mimic the downhole conditions
of CT sliding movement in open-hole wells
and cased-hole wells with sand or proppant.
That is, the coefficients of friction between the
CT metal surface and the non-metal surface
of a rock and sand or proppant layer can be
measured. This instrument was designed
for researching the effects of temperature,
pressure, CT sliding speed, surface roughness,
and fluid composition on the coefficient of
friction. For clean cased-hole wells, the effects
of pressure and sliding speed were weak
in the laboratory tests, while the effects of
temperature, surface roughness, and fluid type
and composition were strong. For the friction
reduction in open-hole wells, several rock
samples taken from formations and reservoirs
with different properties, such as porosity,
permeability, pore size, etc., were used. The
tests were performed with several CT coupons
of different grades and both proprietary and
third-party lubricants, to better understand
the factors affecting the lubricity in open-
hole wells. It was found that, at downhole
conditions, the friction performance of the
lubricant previously developed decreases from
40-60% for cased wells to 30-40% for open-
hole wells.

This is the first study available in literature
consisting of laboratory friction tests
performed with lubricants to mimic the CT
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B IOHMMAaHUU BHYTPUCKBAXKUHHBIX (DAKTOPOB, BIUSIOMNX
Ha TpeHue 'HKT B HEOOCAKEHHBIX CKBAKUHAX C OOJIBIINM
OTKJIOHEHHUEM OT CTBOJIA, U AJ1s TOJIYYEHUS IIPEJICKA3YEMBIX
U OCJIEA0BATEIBHBIX PE3YIBTATOB CHUKEHU S TPEHU IS
onepanuii Ha THKT B 3TUX CKBAKMHAX.

Ncnonb3oBaHme cuctemMsbl BXoa B
MHOIOCTBOJIbHbIE€ CKBaXXWHbI U MPOMbIBOYHOIO
WHCTPYMEHTa MeJj1IeHHOro BpalleHus

Ansa nosblweHns 3pPpeKTUBHOCTH

NPOMbIBKM OOKOBbIX cTBONOB Ha MHKT

Rob Crawford, Adam Wright, Downhole Tools International

B ¢BA3M € pacTyen oTpacieBord TEHACHLIUEN K
MHOTI'OCTBOJIBHOMY 3d4KAHUYHUBAHUIO CKBAXKUH CTAHOBATCS
O4YEBU/IHBIMU IPEUMYIIECTBA B YACTH 34TPAT U
IPOU3BOAUTENBHOCTH 34 CUET MOBBIMIEHUA 3(PPEKTUBHOCTH
BXO/la U OYHUCTKHU OOKOBBIX CTBOJIOB CKBAXKUH. JJOKA3a4HO, 4TO
ONEPALUHU 1O OUUCTKE YIYUIIAIOT IPOU3BOAUTEIBHOCTD
OOKOBBIX CTBOJIOB, U HA PBIHKE CYIIECTBYET MHOXKECTBO
PAa3JIMYHBIX BAPUAHTOB IPOMBIBOYHBIX HHCTPYMEHTOB.
Cpenu 3TUX IPOMBIBOYHBIX HHCTPYMEHTOB MEJIEHHO
BPAIAIOMUECSA IPOMBIBOYHBIE UHCTPYMEHTEI OOIaJA10T
JIOKA3aHHOU 60J1€€ BBICOKOU 3(P(PEKTUBHOCTDIO IO
CPAaBHEHUIO C TPAJUITUOHHBIMH IPOMBIBOYHBIMH
(dopcyHKkamMu. HOBBINT 1 KOMMEPYECKHU KU3HECIIOCOOHBIH
MOAXOJ, COYETAET B C€6E TMIPABIUYECKH AKTUBUPYEMYIO
CHUCTEMY BXO/1d B MHOI'OCTBOJIBHBIE CKBA>KUHBI C MEJIIIEHHO
BPAIAIOMUMCS IPOMBIBOYHBIM HHCTPYMEHTOM JUJIS
HOBBIIEHUSA 3(PPHEKTUBHOCTH OYUCTKH OOKOBBIX CTBOJIOB C
HUCNOJb30BAHUEM TEXHOJIOTUI U MHCTPYMEHTOB, UMEIOMUXCS
CETOAHS HA PBIHKE.

B aTom crarbe npeacTaBieH yIydIEeHHbIN METOL OYUCTKH
OOKOBBIX CTBOJIOB C CUCTEMOMH, COCTOSAIIEN U3 MHCTPYMEHTA
WHJEKCALTUH C BBICOKUM KPYTAIIUM MOMEHTOM JIJI5
OPHUEHTALIUH, THAPABINYECKOTO MIAPHUPHOTO COUJIEHEHUA
C OTBEPCTHUEM JJI CTPABIUBAHUA JJIS1 CO3/JAHUA UHAUKALIUU
MaJI€HUA JABJIECHUsA, CDE3AEMOI'O JPOCCEIBHOIO JIEMEHTA JIJIA
06€CIIEYEH N BBICOKON CKOPOCTH OYMCTKU U BPAIIAIOMIETOCs
MPOMBIBOYHOI'O HHCTPYMEHTA C JOPA6OTAHHBIM KOPITYCOM
LEHTPATOPA U CMEHHBIMHU HACAAKAMUA. JIJIs1 HOBBIIEHUA
3(PPEKTUBHOCTHU OYUCTKU CKBAKUHBI JUIMHY COYJICHECHUSI
KOJIOHHBI UHCTPYMEHTOB U HAPYKHBIA JUAMETP LIEHTPATOPA
MOKHO OIITHUMU3UPOBATS JJIs1 OOECIIEYEHU I MAKCUMAIbHON
LEHTPATU3ANUN MEJJIEHHO BPAIIAIOMIETOCA HOCUKA
IPOMBIBOYHOT'O MHCTPYMEHTA.

CucreMa 6bLI1a HACTPOEHA HA 623€ PACYETHOT'O CLIEHAPHUA
PaboThI, ObLIA BBIIIOJIHEHA IPOOHAS OYHUCTKA /115
MOZEJIMPOBAHU oniepanuil. IIpogeMOHCTpUpOBaHA padoTa
CHUCTEMBI BXOZId B MHOTOCTBOJIBHYIO CKBAKUHY U U3MEHEHU A
JaBJIEHUA IOATBEPKAECHUSA, KOTOPBIE, KAK OKUTAETCH,

OynyT HabII0AATHCS BO BPEMS PA0OTHL BBICOKASI CKOPOCTD
OYHCTKH 6blJIA JOCTUTHYTA 34 CYET CPE3AHUA JPOCCEIBHOTO
3JIEMEHTA, OIIUCHIBAIOTCA COOOPAKEHU S 10 KOMITOHOBKE

U KOHpuUrypanuu. ITorpebHOCTb BO BXOJ€ B OOKOBbIE

CTBOJIBI U 9P PEKTUBHOMN OUUCTKE Oy/IET TOIBKO BO3PACTATh,
ITIOCKOJIbKY OOJIBbIIEE KOJTUYECTBO GOKOBBIX CTBOJIOB
noTpedyeT BHYTPUCKBAXKUHHBIX pa6OT 10O MHTCHCU(PUKAIIUU
IIPUTOKA, B 3TOHM CTAThE NPEJCTABIICH BAPUAHT OO6CCIICUCHU A
peHTA6ENIBbHON U 3(PPEKTUBHOM ONIEPALIUU IO OYUCTKE.

Oxonuarue 6 creoyrowsem (75-m) nomepe scyprana

64 Ne 4 (074) Hexabps/December 2020

operations in open-hole wells and sand/
proppant-filled cased-hole wells. Detailing the
testing procedures and results are of significant
help to the industry for understanding the
downbhole factors affecting the CT friction

in extended-reach open-hole wells and for
obtaining predictable and consistent friction
reduction results for CT operations in those
wells.

Using a Multilateral Entry Sys-
tem and Slow Rotating Wash Tool
to Increase Efficiency of Lateral
Cleanouts with Coiled Tubing

Rob Crawford, Adam Wright, Downhole Tools
International

With the rising industry trend in multilateral
completions, there is a cost and productivity
benefit resulting from increasing the efficiency
of entry and cleanout of lateral wellbores.
Cleanout operations are proven to improve
production from laterals and there exists a
variety of different options of wash tools on
the market. Among these wash tools, slow
rotating wash tools have been proven to be
more efficient during cleanout operations
when compared to traditional wash nozzles.

A new and commercially viable approach
combines a hydraulically activated multilateral
entry system with a slow rotating wash tool

to increase the efficiency of downhole lateral
cleanouts while utilizing technology and tools
that are on the market today.

This paper presents an improved method
of lateral cleanout with a system consisting of
a high torque indexing tool for orientation, a
hydraulic knuckle joint with a bleed port to
generate a pressure drop indication, a shearable
choke sub to enable high rate cleanout and a
rotating wash tool with modified centralizer
body and interchangeable nozzles. For well
cleanout efficiency, the articulated length of
the toolstring and the centraliser OD can be
optimised to ensure the slow rotating wash
tool nose is as centralised as possible.

The system was set up in an example job
scenario and a mock cleanout performed to
simulate operations. The job demonstrated
the operation of the multilateral entry system
and the confirmation pressure changes
expected to be witnessed during the job. High
rate cleanout rates were achieved by shearing
the choke sub and considerations for setup
and configurations discussed. The need for
lateral entry and efficient cleanout will only
increase as more laterals require stimulation
intervention and this paper presents an option
for providing a cost-effective, efficient cleanout
operation.

To be continued in our next (75) issue
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MHOTOKAHATIbHbI KONTHOBWHT.
BapuaHTbl 13roToBNEHWS 1 CMNOCODBI

NPNMEHEHINA

P.M.TABAYJ/IUINH, npeaceaareas copeTa TupekropoB 000 <MKTex», pe3uaeHTa «CKOIKOBO», IIPOEKT MHOT'OKAHAJTBHOI'O KOJITIOOMHTIA;

P.B. ATUIIEB, crapuyii IpOeKTHHIN MeHeAKep (PYKOBOIUTEIb HAIIPABICHU A JOOBIYH YITIEBOTOPOIOB), POoHT «CKOIKOBO>

(OkoH4aHue. Ha4ano B N2 73 «BK»)

JIro6as 6a30Bas1 apa, UCTIOIb3yeMas B KAYECTBE
MKT, ro3BosisieT 6€3 OCTAHOBKH CKBAKUHBI
OCYIIECTBIIATD TEXHOJIOTMYECKHUE ONIEPALINU IO
OUYMCTKE 326051 CKBAKUHBI OT IJIACTOBOY BOZBI U
MEXYACTULL, OCOOEHHO HA T'A30BBIX MECTOPOXKICHHUAX
C HU3KHM ILJIACTOBBIM JIABJIEHUEM; MOJICPHU3UPOBATH
nep@OPaIHIO IKCILIYATAITMOHHON KOJIOHHBI
CBEPJIEHUEM U IECKOCTPYEM; B JOOBIYHBIX CXEMAX:

a) IITH 11 BUHTOBOIT HACOC — YIY4YIIEHHE PAOOTHI
IITAHTOBOT'O NIPHUBO/A WJIH IIEPEXO]] HA MOTPYKHOM
T'UJPOIIPUBOJL C OTKPBITOM UJIN 3AKPBITOMU
LUPKYJIAINA PAOOUEl JKUIKOCTH; 6) DLIH — nipu
34IIACCUPOBKE AJIEKTPOKAOENS B OAUH I'UIPOKAHAI,
BTOPOI UCIIOJIb30BATh KAK IM(PTOBBII; B) Fa3/IU(PT

— OJIUH I'UIIPOKAHAJI JIJIS1 HOAAYU PAOOUETO I'a3ad,
BTOPOI UCIOJIb30BATh KAK IM(PTOBBIIL; 1) MEXJOOBIYA
BBICOKOBSA3KOHM HE(PTH C 3AKAYKOH apa — 3AKPbITAS
CXeMa TEIUIOBOI'O BO3JEUCTBUA HA IPOAYKTHBHBIN
IUTACT MAPOM, IJI€ OTCYTCTBYET CMEIIEHUE KOHJICHCATA
C HEPTHIO U O6OPA30BAHUE IMYJIBCUIL.

B HE(TEra30BOM OTPACIIM CYMIECTBYET OOJIbIIAS
npo6aeMa IO OJJHOBPEMEHHON U PA3/EIbHONU
skcIuryaranuu (OPD) HECKOIBKUX HIPOAYKTHBHBIX
IUTACTOB U3 OJJHOM CKBA’KHUHBI C OOECTIEYEHUEM
MHOTPYKHBIX HACOCOB PA3JIMYHBIMH BUIAMU
SHEPrUU: MEXaHUYECKOU (lTanru g HITH,

IBH), a;teKTpHUYeCKOIt (Kadesnb g S H, ODBH),
T'UJPABINYECKON (I'MAPOKAHAJIBI JIA IOI'PYKHBIX
TUAPOHACOCOB) U UX PA3TUYHBIMU KOMOUHAITUAMU

¢ cobnmogeHueM TpebOBaHNH rocOpraHoB. MKT

(puc. 30) MOXET UCTIONB30BATHCA 111 OPD (DLH-
OUH) ¢ aByMs 1udTaAMU, I7€ 4B CTAHJAPTHBIX
IEKTPOKAOEIIA PACIIONATAIOTCA B JIOKOUMHAX MEXKAY
JABYMA I'HJIPOKAHAJIAMU U IIPUKPEILIAIOTCA K 0a30BOIM
nape OOBIYHBIMU KJISIMCAMU.

MKT ¢ 6a30B0O¥ 11apori PeTa-TUIIA U C IIOIEPEYHBIM
HAPY’KHBIM CEYEHUEM B BUZIE OKPY’KHOCTH (pHUC. 31)
MOXET HUCIOIb30BaThCs 11 OPD (DLH-OIIH) ¢
JABYMA TAPTAMU. B TpETHEM, TOTIOJTHUTEIBHOM,
KaHaJIe Iepe]| CBAPKOM KAHAJIOB MEXYy COOOH
MOJKET PA3MEMIATHCA MACTUYHAA CEPBUCHASA
JIEHTA C CUJIOBBIM 3JIEKTPOKAGENEM, YAEPKUBAEMAS
B JIOTIKAHAJIE 32 CYET TPEHUA. [IpOCTPAHCTBO
JOTIKAHAIA MEXKY €TI0 CTEHKAMH U CEPBUCHON
JIEHTOHN MOKET UCTIONb30BATHCA JJ1 JOCTABKH MAC/IA
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napa Snerroxaﬁenb Knamc

Pucynox 30

BnactuuHan Womuan 1

Pucynox 31

MJIM XMMPEAT€HTOB HA 32001 CKBAXKUHBL. CITyCKO-
IIOJ’bEM HACOCOB U UX 3AMEHA Y€PE3 MOOUIBHYIO
IIITIO30BYIO KAMEPY MOKET IPOU3BOJUTHCS
6€3 «32JaBKH» IUIACTOB TSXKEJION JKUIKOCTBIO C
COXPaHEHHUEM UX KOJIJIEKTOPCKUX CBOHCTB.

MKT Ha OCHOBE 6A30BOI APHI TI060T0 U3
TPEX TUIOB C COEIMHUTEIBHON IEPETOPOAKOM, C
CEPBHCHOM JIEHTOH C CUJIOBBIMH 3JIEKTPOKAOEAMH,
€ 6aA30BOM ITAPOM YETBEPTOI'O THUIIA MOMKET
HUCNONIb30BAThCA 151 OPY Tpex miactos (DLH —
T'uaponpuBOgHON HACOC — TUAPONIPHUBOLHON HACOC)
cTpems mudTaMu (puc. 32).

MKT Ha OCHOBE 6a30BOI APHI JTI060TO U3
TPEX TUIIOB C COEIMHUTEILHON IIEPETOPOJKOH,
C IByMS$1 CEPBUCHBIMH JIEHTAMHU C CUJIOBBIMH



Muapokauan /\ Meperopoaka
- N pasgenuTensHas
Mwapokasan

HarHeTaTenbHLIN ’
=2

3nekTpo
kabenm

Pucynox 33

NEKTPOKAOENSAMH U C IBYMS CTAHAADTHBIMU
onuHapHBIMU KT MOXET UCIIONIB30BATHCA 17151 OPD
4YETBIPEX IIACTOB (4D H) ¢ ueTspeMs tudpraMu
(puc. 33). DTy K€ KOMIIOHOBKY MOKHO UCIIOJIb30BATD
o cxeMme (20BH-2011H) niau (OBH-301H) nin
(39BH-DLH) nnu (raznudT-221H) ¢ TpeMs
JIUPTIAMHU.

151 6ypeHUs BTOPBIX CTBOJIOB FTOPU30OHTAIBHBIX
Y44CTKOB CKBAXKUH nperaraercss MKT Ha
OCHOBE 6a30BOY IAPbI C NEPHOPUPOBAHHOM
COEIUHUTEIBHOU IIEPETOPOIKOH, C ABYMS
CEPBUCHBIMU JIEHTAMH CO CTAaHAAPTHBIMU KT, €
CHJIOBBIM 3JIEKTPOKadeneM (puc. 34). bypenue
MIPOU3BOAUTCSA ITOI'PY>KHBIM 3JIEKTPOABUTATEIEM
(3neKkTpobyp), CLIIOBOU KAOEIb KOTOPOI'O
HAXOJUTCA B OLHOM U3 KAHAJIOB 6230BOI MAPBIL.
Bropori rupoKaHan 6a30BOU MAPHI CYKUT JIIS
noAa4Yyu OypoBOIr'o pacTBOpa Ha on0TO. [IBa KT B
CEPBUCHBIX JIEHTAX CJIYKAT CUJIOBBIM IPUBOJOM
JUIS CUCTEM OPUEHTUPOBAHUSA IIOJIOKEHU A TOJIOTA
MIPU HABUTALIUH IIPOCTPAHCTBEHHOI'O OypPEHNH,

CO3/[JaHUA HATPY3KH HA JJOJIOTO U KOMIIEHCAILIUU
PEAKTUBHOI'O MOMEHTA BPAIIAIOMETOCS AOJIOTA.

Jnsa 6ypenns Ha 60npmux rnyonnax MKT

COCTOMT U3 IBYX COEIMHAEMBIX YACTEN: BEDXHETO
(puc. 34) c neppoprUpPOBAHHONI IEPETOPOJKOU

Y BOJIHOOOPA3HBIMUA KDOMKOBBIMHU OyPTAMHU, U
HIKHETO (PHUC. 35) TOJIBKO € NEPHOPUPOBAHHOII
EPErOPOAKOH. DTa KOMINOHOBKA MKT MOXET
MNPUMEHATHCS U IS IPOBEAECHUA KOHTPOJIUPYEMOT'O
MTPIT.

oy HarvetartenbHbIi

pacTeop

BosepaTtHblit

rmapoKaHan
Pucynox 34
HarHetatenbHbIin
- ' r H
Byposoi CUNOBOW rmapoKaHan

OnekTpo
Kabenb

pacrtsop

BoaspaTtHbin
rmgpokaHan

Pucynox 35

[ns1 6ypenus CKkBakuH ¢ ABIT/, HETTyOOKUx
CKBaKMH U UCIBITAHUA CKBAXKUH MKT cocTaBiseTcs
Ha OCHOBE 6a30BOM APkl € NEPHOPUPOBAHHOM
COEIMHUTEILHOM IIEPEropoaKo (puc. 36). Bmecto
BTOPOTO T'MPOKAHAIA UCIIONIB3YETCS 6A30Bas Mapa
4eTBepTOro tuna (Pera-Tuin). OTa KOMIIOHOBKA
MKT Tak:ke MOXET IPUMEHATBCS U JJ151 IPOBEJCHUA
KOHTposmmpyemoro MI'PIL

Ha pucynke 37 npusezieHa €111e OJHa KOMIIOHOBKA
MKT pi1s1 6ypeHUA CKBAXKHH. DTa KOMIIOHOBKA MOXKET
npumMeHsThCA U 1151 OPY (3D H, DIH u raznudr,
OlIHu 29BHuUr. ).

IMpunnun komnoHnosanus MKT (kpome Pera-
TUIA U «TPyb6a B TPyOE») COCTOUT B TOM, UTO HA
KOJTIOOMHT'OBOY YCTAHOBKE HAXOJUTCS 6apabaH
TOJIBKO C 6230BOH TapO¥i ¢ NEpHOPHUPOBAHHONU
COEAVHUTENIBHOU IEPETOPOAKON, KOTOPAA
MIPOXOAUT YEPE3 TYCAK U MHXKEKTOP. Bee
JIOTIOJIHUTEJIbHBIE CEPBUCHBIE KAHAJIBI ITPU CITYCKE
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COBAHHHTBRbHaH
neperopogka

HarneTtaTtensHbii
CWUNOBOI ruapokaHan

pacTtsop

- -
. —

Basosas napa
Boaepathbiin

rmgpoKaHan
Pucynox 36

Byposon
pacTsop

Mapokanan | Mapokanan 1

3amKoBbIN
BLICTYNn  JnacTuyHas kabenu
cepeuCHas NeHTa

Pucynox 37

B CKBA’KHHY IIPUCOEANHAIOTCS K 6a30BOM ITape
[0CJIE UHXXEKTOPA, HO IO repMeTusaropa u ITIBO
(puc. 38). CepBUCHBIE KAHAJIBI OTMATBIBAIOTCA C
JIOTIOJIHUTEIBHBIX 6apabaHoB npu cnycke MKT B
CKBAKMHY U HAMATBIBAIOTCS HA JJONTOJIHUTEJIbHBIC
6apabansl npu nogbeMe MKT n3 CKBa>KUHBI IPU
NOMOIIY ABTOHAMOTYHUKOB 1 1 2. CepBUCHBIE
KaHAJIbl IPUCOEIUHSIOTCS K 0A30BbIM ITAPAM U
OTCOEJUHAIOTCS OT HUX [IPHU HOMOIIU OT/ICAbHBIX
COENUHUTENBHO-PA3JEIUTEIbHBIX YCTPOUCTB

(A u B). [IprcoegnHEHIE CEPBUCHBIX KAHAJIOB K
6a30BOI Iape IPOUCXOAUT HA 3AMKOBBIX 3JIEMEHTAX
(puc. 16, 34, 35, 37) MEXAHU3UPOBAHO HIIU BPYUYHYIO
(IpH HATUYUU TUIOMIAIKH JIJ1s1 OOCIY>KMBAHUS), UEPE3
OIIPEJICICHHBIEC UHTEPBAJIBI, C UCIIOJIb30BAHUEM
KJIAMCOB (puc. 30, 32, 33), aHAJIOTUYHBIX [1PU
padote ¢ DLH. ITpu nogpeme MKT 13 CKBaKUHBI
OTCOEJMHEHUE CEPBUCHBIX KAHAJIOB IPOUCXOJUT

B 0OpaTHOM nopsake. O60CcobaeHHbIE 6ApAOAHBI
JUISL aBTOHAMOTKHY CEPBUCHBIX KAHAJIOB MOTYT
IPUBOAUTHCA Yepes BaJl (PUC. 39) NN TEJIEKKAMU

C BPALAIOIIMMHUCS IIPUBOJHBIMU POJIUKAMU JIJ15I
pedopa 6apabana (puc. 40). Takum 06pazom Ha
KOJITIOOMHI'OBOM YCTAHOBKE BCEITId HAXOUTCS
6a30Bas napa ¢ neppoOpUPOBAHHON COCTUHUTEIBHON
IEPETOPOAKOH, A APYI'UE CEPBUCHBIC KAHAJIBI

B 3dBUCHMMOCTHU OT ITIOCTABJIEHHOM 32/Ja4H CO
CBOMMU ABTOHAMOTKAMH OABO3SITCS/OTBO3STCS
OTAEABbHO. Kaxk/1p1i1 CEpBUCHBIN KAHAI U 6A30Bas
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1apa 1rocJje CrryCkKa mnogCOCANHAIOTCA K HICTOYHUKY
SJICKTPOSHCPI'UH, THPABINYCCKUM HACOCAM,
IIPHUEMHBIM CMKOCTAM U T. [I. HA IIOBEPXHOCTHU B
COOTBCTCTBHU C INTAHOM pa60T.

Pucynox40

JpyruM HHHOBAIIMOHHBIM BUJIOM MKT
ABJIIETCS €T'O COOPHO-PA3OOPHBIN BAPUAHT,
COCTOSIIUN U3 JIMHHOMEPHBIX CEKITHI,
3AIUIABJIEHHBIX B (DUT'yPHYIO HOJIUMEPHYIO
060I04Ky. [MIpOKaHAIBbHAS CEKLIUS COCTOUT U3
cTanaapTHOro KT ¢ KOHTAKTHOM TOBEPXHOCTHIO
Ha IIOJIMMEPHOI OO0IOYKE, ITAPAJIIEIBHON OCH
MKT, Ha KOTOPOU HAXOASATCS 3dMKOBBIE 3JIEMEHTHI
B BU/IE IJIMHHOMEPHBIX 3dMKOBBIX I1A30B (BBIEMOK)
WU B BUZIE OTBETHBIX JNIMHHOMEPHBIX I'PEOHET
(BBICTYTIOB), CONPATA€MBIE MEXAY COO0I1. Ha



COIIPATAEMBIX IIOBEPXHOCTAX UMEIOTCS TOJIBKO
33aMKOBBIE JINIMHHOMEPHBIE BBICTYTIBI LJIH TOJIBKO
3aMKOBBIE JUIMHHOMEPHBIE a3kl (pur. 1). Kak gpyrorn
BAPUAHT, HA OJHO! IIOBEPXHOCTU MOI'YT HAXOAUTBLCA
U JUTMHHOMEPHBIE NA3bI, U JUIMHHOMEPHBIE BBICTYIIBI
(dur. 2). IMeI0TCA Ba BU/1A JUIMHHOMEPHBIX CEKIIUH,
B KOTOPBIX COEIUHEHUE JPYT C IPYTI'OM IPOUCXOAUT
10 KOHTAKTHBIM IIOBEPXHOCTAM U 3aMKOBbIM
JIEMEHTAM: 1) KOHIIeBasI (DOKOBAs), C OJTHOM IJIOCKOH
KOHTAKTHO! HOBEPXHOCTBIO U LIMJIMHIPUYECKOMN
IOBEPXHOCTBIO C IIPOTUBOIIOJIOKHON CTOPOHBI C
T'UJPOKAHAIOM (PHC. 1 ¥ 2) WU C 3JIEKTPUYECKUMU
MIPOBOAAMH, KAOEJIEM, OIITOBOJIOKOHHBIMU JIMHUSAMU
WU KANTWJUIIPHBIMU TPYOKaMH ((PUr. 3);

0) IPOMEKYTOYHAS (COCAUHUTEIBHAS)
JUIMHHOMEPHAs TMOKas CEKIIUSA B BUJIE BCTABKH, C
JBYMSI [TAPAJIEIbHBIMU IIJIOCKMMH KOHTAKTHBIMH
[MOBEPXHOCTIMHE (pUC. 4 1 6). 3ar1aBICHNE
crangapTHoro KT npousBoguTCa HENOCPENCTBEHHO
HAa 3aBOJIE-U3TOTOBUTENE OfHAPHOrO KT ¢
063aTEJIBHBIM YCIOBUEM PA3MENIEHUA CBAPOYHOTI'O
LIBA HA CPEeAHEN JIMHNHN KOHTAKTHON IOBEPXHOCTH
TUJPOKAHAIBHON ceKIIMU. MKT cocTaBaseTcs TOJIbKO
W3 IBYX KOHIIEBBIX WJIN U3 IBYX KOHIIEBBIX U OJJHOI
NPOMEXKYTOYHOU JJIMHHOMEPHOI CEKITUU MEXKTY
HUMH. B 000X ClTy4asax HAPYKHAA IOBEPXHOCTD
nonepevHoro ceueHus MKT 6yieT cOCTOATD U3 IBYX
IUIOCKUX U IBYX UIWHJIPHUYECKUX INIOCKOCTEH,

4TO YAOOHO JIJIA MPOXOXKIEHHU YEPE3 MHIKEKTOP,
repmeTunsarop, [1BO, a Takxe 11 OpUEHTHPOBAHHON
HAMOTKHU Ha 6apabaH cocTaBieHHOTo MKT.

B npoMexxyTOUYHOM CEKIINN MOT'YT OBITh
Pa3MEIEHBI AJIEKTPUIECKHE ITPOBOA, KAOEIb,
ON'TOBOJIOKOHHBIE JIMHUH WUJIA KAITUJLIAPHBIE TPDYOKH
(¢ur. 4 1 6). B CKBaKMHAX, OCIOKHEHHBIX HATHYUEM
aC(panpTO-CMONMHUCTO-TIAPAPHUHOBBIX OTIOXKEHUI
(ACIIO), MOXHO ycTaHOBUTB Ha KT BHEIIHUIT
rperonui kadens (pur. 5). Kak BapuaHT, /15 40ObIY N
BBICOKOBA3KMX HE(PTENA B OJJHOM U3 THIPOKAHAIIOB
MOKET ObITh paszmelnieHa I B MaciassHOM BAHHE,
AHAJIOI'MYHOU N300PAKEHHON HA pHC. 13.

JIJ151 3aIIUTBI JIMHHOMEPHBIX I1A30B U
JUIMHHOMEPHBIX BBICTYIIOB OT X CMUHAHUA,
MOIAJaHUA HAd HUX I'PA3H U JIbJA, IPETOTBPAEHNA
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Duz. 5

Duz. 6

3a11eTa BUTKOB CEKITUH 3aMKOBBIMH 3JIEMEHTAMU
MEX/1y COO0M Ha 6apabaHe U T. /1., A TAKXKE JIJIA
yZ0OCTBA IPX HAMOTKE-PA3MOTKE CEKIIMU HA

uiu ¢ 6apabaHa MOXKET IIPUMEHATHCS HEPAObodast
3AMATHASA CEKIUA-TIPOTEKTOP B BUJIE 3AIVTYIIKHY,
YCTAHABIMBAEMAs HA PA6OYYIO CEKIIUIO HA 3aBOJIE-
U3TOTOBUTEJIE UJIM B LIEXY IIEPE, HAMOTKON Ha
06apabaH, KOTOPAasi CHUMAETCS C pabodyer CEKLIUHU
rnepez CO4IEHEHHUEM C IPyIoM CEKIIMEH IpU

ciiycke MKT B CKBAXKHMHY U YCTAHABIUBACTCSI

Ha HEE CHOBA I10CJIE PACYJIEHEHHA C JPYTOH

cekrueit npu nogbeme MKT 13 CKBaKHUHBL [
PACIIOJIOKEHNA MAKCHMAJIBHOI'O KOJIMYECTBA
CEPBUCHBIX I'MJIPOKaHaI0B B MKT B IpOMEKYTOYHON
JJIMHHOMEPHO! CEKIIMH MOTYT OBITh PA3MEIIEHBI 1BA
crangapTHeIXx KT omHOBpeMeHHO (ur. 7).

Ha ¢purype 8 mokasaHo MonepeyHoe
ceuyenne MKT /111 MEXJOOBIYU C HOTPY>KHBIMU
3JIEKTPOLIEHTPOOEKHBIMU HACOCAMU 1/

WJIM BUHTOBBIM HACOCOM C IIOTPY>KHBIM
IEKTPONIPUBOAOM Jj1s1 OPD ABYX IJ1ACTOB C JBYMS
JIUPTOBBIMU KAHAJIAMH.

Ha durype 9 nokasaHo nonepevyHoe ceyeHme
MKT g1 OPD ABYX IVIACTOB C HOTPY>KHBIMU
TUJIPONPUBOAHBIMU HACOCAMU C ABYMS JIM(PTOBBIMU
KaHAJIAMU.
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Ha ¢urype 10 NOKa3aHO NIOMEPEYHOE CEUEHUE
MKT g5t OPD 1BYX IJIACTOB C BBICOKOBS3KUMHU
HedTamu gsyma IUI'H winm asymsa BIIH, ninu BIITH
+ IIT'H m1 1ByMSA CTAHKAMU-KA4aJIKAMU YePE3 IBa
HE33aBHUCUMBIX ITOJIOI'PEBAEMBIX JIM(PTA CO CBOOOJHBIM
BHYTPEHHUM IIPOCTPAHCTBOM Jj11 O4UCTKU OT ACIIO
M3BECTHBIMU MeTOAAMU. KpoMe rperomero kabens, B
MKT UMEIOTCS 3JIEKTPUYECKUE U OITTOBOJIOKOHHBIE
KAHAJIBI JJIs1 CBA3U C HOTPYKHBIMH YCTPOHCTBAMU.

Ha ¢purype 11 moKa3aHO NONEPEYHOE CEYEHNE
MKT pyst OPD 1BYX IJIACTOB C BBICOKOBSA3KUMHU
Hedramu HIT'H + OIH mium BIITH + DITH, yepes 1Ba
HE33aBHUCUMBIX ITOJJIOI'PEBAEMBIX JIM(PTA CO CBOOOJHBIM
BHYTPEHHHUM IIPOCTPAHCTBOM 11 O4UCTKU OT ACIIO
U3BECTHBIMU METOAAMMU.

Ha ¢urype 12 noKa3zaHo MOMNEPEYHOE CEUEHUE
MKT 151 OpDUEHTHPOBAHHOI'O OYPEHHS C
TUAPOKAHAJIOM JIJISE OYPOBOT'O PACTBOPA, ABYMS
CHJIOBBIMHU T'MIPOKAHATIAMH 1 IPUBO/A CUJIOBBIX
HCIIOJIHUTEJIbHBIX MEXAHU3MOB U CUJIOBOH
Ka6€eJIbHOM CEKIIEN /1151 IPUBOJA AIEKTPOOypa 1
nepegadyu UHPOPMAILUU C 326051 CKBAXXKUHBL bypeHue
U BCKPBITHE IJIACTOB OCYILECTBJIACTCA Ha JCIPECCHUU
C COXPAaHEHMEM KOJIJIEKTOPCKUX CBOUCTB I1JIACTOB.

70 Ne4 (074) Oexabpb/December 2020

IMpyuHIIMT KOMIIOHOBAHUA TOMTUMEPHOTO MKT
COCTOMT B TOM, YTO HA KOITIOOMHI'OBOI YCTAHOBKE
HAXOAUTCS 62pabaH C YKE NIPEIBAPUTEIBHO
cobpanHbIM Ha BITO 1 roTOBBIM K cITycKy MKT, kKak
OJWH BapuaHT. B cnygae c6opku MKT Ha CKBaXXKUHE
repe]1 CIyCKOM Ha KONTIOOMHI'OBOI YCTAHOBKE
HAXOAWUTCS 6apabaH TOJIBKO C OJHOM €ro CEKIIHEH,
K4aK BTOPOM BAPUAHT. [Ipyrue CEKIIny HAXOAATCA
H4 JIONOJHUTENbHBIX 6apa6aHAX C aBTOHAMOTKOH,
KOTOPBIE TTOABO3ATCA OTAEIBHO U IPUCOETUHAIOTCSA
npu crrycke MKT B CKBaXKUHY K IIEPBOIT CEKIITUUA
MIPU ITIOMOIIU OTAEIbHBIX COEJUHUTEIBHO-
pa3feMTEeNIbHBIX YCTPOMCTB (A 1 B), HAXOAAUXCA
BbIIIE HHXKEKTOPA. ITpn mogbemMe MKT M3 CKBAXKUHEBI
paszeneHne CEKITMNA IIPOUCXOIUT B OOPATHOM
nopsgke. [IpegsapurenbHO cOopaHHbiil MKT nipu
MOJbEME U3 CKBAXKUHBI [IOJTHOCTBIO HAMATBIBAETCA
Ha 6apaban. Takum 06pa3oM, paboTa C HUM HE
OTIINYAETCS OT Pa0OThI C OfuHApHBIM KT, HO
UCIIOJIb3YETCA HA HETTTYOOKHX CKBAKMHAX M3-34



CoeavHuTensHan
neperopoaxka

Mapoxkanan 1 Mapokasan 2

Wrpune 1 Wirpunc 2

Paxgenautensuan Maaposanan 1

Puapokasan 2

duz. 13

JIMMHUTHPOBAHHOU UIMHBI HAMOTKU MKT Ha 6apab6aH.
M3MEHEHUS NPUCYTCTBYIOT TOJIBKO B '€OMETPHUU
TPAKOB UHKEKTOPA, [IBO, repmeTusaropa.

Ha ¢purype 13 NOKa3aHbl HONEPEYHBIE CCUEHUS
Tpex BU0B MKT /1151 TUpaBIMYECKON OUHUCTKHU
32004 T'a30BOU WJIN HE(PTAHONU CKBAKUHBL OT
IJTACTOBOM BOABI U MEXYACTHILL O€3 BO3ACUCTBHUS
CTOJI6A TEXHOJIOIMYECKOM JKUIKOCTU HA IIJIACT U 6€3
OCTAHOBKM CKBAXKUHBI HA PEMOHTHBIE PAOOTHL DTa
KOMIIOHOBK4 UMEET Ha HUKHEM KOHIIE (POPCYHKY,
PKEKTOPHBIIN HACOC U [IBA BAPUAHTA IPUMEHEHU:

a) MKT cniyckaercs Bmecte ¢ HKT u ocrasisieTcs
BMecTe ¢ HUM; 6) MKT onyckaeTcst B CKBAXKHHY YEPE3
TEPMETHU3ATOP U IIIIO30BYIO KAMEPY TOJBKO BO BPEMSA
MNPOBEAEHH TEXHOJIOTUYECKON ONIEPALTUH.

CpasHumenvsHas maoauua 603MONICHOCMETE
OOHOKAHAIABHOZ0 UMHOZOKAHANBLHOZO
KOAMmwooOuHz08

Mapamerp KT | MKT
B0O3MOXXHOCTb CO3AaHVIs 3aKpbITOV rapaBanyeckon uenn | Het | Aa
BO3MOXHOCTb KOHTPONMPYEMOM HAMOTKU Ha GapabaH HeT | Ama
BO3MOXHOCTb pacnonoxeHus CBapoO4HbIX LLBOB wer | na
Ha «HYNEBOW» NIMHNN
BO3MOXHOCTb pa3feneHuns B KONTIOOMHIe rMapaBanHeckinx wer | na
11 BECOBbIX YCUIUM
BO3MOXHOCTb LUMPOKOTO NMPUMEHEHNS B MeXA00bI4e HeT | Aa
BO3MOXHOCTb MCNONb30BaHWS CTanM PasfmyHbIX Mapok wer | na
Ha y4aCTKax PacTsxKeHUs 1 CKaTuns
BO3MOXHOCTb MCMONb30BaHMS Honee AeLeBon Mapkiu
HeT | Aa
cranv
BO3MOXXHOCTb M3MeHEeHWs paamnycoB TPyO Ha ydacTkax wer | ga
PaCTSXKEHVIS U CKaTUS
BO3MOXXHOCTb MPYMEHEHMS YMOPHbIX 31€BAaTOPOB AN1s wer | na
3axBaTa, yaep>kaHusa n nposegeHuns CMO
BO3MOXXHOCTb HafeXXHOrO M 3aLLMLLEHHOMO MPUCOeAMHEHUS wer | na
[0MKaHaNoB K KOJIOHHE
Bo3moxxHoCTb ocyLlectBneHms OP3 ans pasnunyHbIX BUOOB wer | na
Mex400bl4m
BOo3MOXHOCTb fOCTaBKM Macna K MOrpy>XHbIM MexaH13mMam wer | na
1 Hacocam

KT nmeeT XOpOUINUe NEPCHEKTUBI IPAKTUYECKHU BO
BCEX TEXHOJIOTUYECKUX ONEPALIUAX, KOTOPBIE CEHYAC
MIPOU3BOAATCS C UCTIONIB30BAHHUEM OMHAPHOI'O
KT mnn HabOpHBIMU TPYOHBIMU KOJIOHHAMU U3
HKT, HO ¢ pacmupeHueM (PyHKIMOHAIbHBIX
U TEXHOJIOTUYECKUX BO3MOXKHOCTEN, MEHSIS
MHOTZA CXeMBI TpoBeieHus MI'PIT u 6ypeHus
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TOPU30HTAIBHBIX U
MHOT'03a00MHBIX CKBAKHH.
Jpyras nepcrekTusHas cepa
npumenenust MKT — no6srya
HedTH U ra3a, C IPEJIOKCHUEM
KOHKYPEHTOCOCOOHBIX
KOMITOHOBOK /IJI51 BCEX BUJIOB
MEX/IOOBIYH, BKJIIOYAS PA3JTUYHbBIC
cxembl OPD u TPU3, npuueM,
BBIMI'PBIBAS IIPH 3TOM B METAJITIOEMKOCTH U
3HEProadPPEKTUBHOCTHU, MHOI'O(DYHKITMOHAIBHOCTH,
yA0OCTBE pabOTHL, IIO TEXHUKE 6E€30IIACHOCTY,

10 BO3/ICUCTBUIO HA OKPYZKAIONIYIO CPEAY U JIAKE
1eHe. OrpaboranHbie MKT MOTYT B fiajIbHEHIIIEM
UCHOJIb30BATHCS B HEPTE- U I'A30TPYyOOIIPOBOJIAX,
HaIIpUMeEp, IJIs1 pACTEeIICHU Tpy noMornu ITITV.
Pa3zmemarscs 1 yaasaTbCs OHU MOT'YT YEPE3
snyopukaropsl ITpu ncnonszosanuu MKT ¢ Tpems
TUJPOKAHAIAMY TPETUI KAHAJI MOXKET CJIYKUTh
JUISL yLAJIEH WS )KUAKOCTH WJIH T'a34 U3 IIPOOIEMHOTO
Y4aCTKa TPyOOIIPOBOJA. B ciiyyae NpUMEHEHU S
MKT B ra30BbIX CKBAXKMHAX C HU3KUM I1IJIACTOBBIM
JIaBJICHUEM U OOJIBIIINM BBIHOCOM ILJIACTOBOM BOJIbI
M MEXYACTUIL Ha 32001 OTIA1a€T HEOOXOIMMOCTDb
IIPUMEHEHUS A30THBIX YCTAHOBOK U OCTAHOBOK
CKBAXKUH.

HNHHOBA

MaTeHTbl Ha U306peTeHNs no nsrotosneHuvto MIKT:

1. NaTteHT PO N2 2644366 ot 15.12.2016 «COopHO-pa3bopHas
MHOrokaHasnbHasl rmbkas KonoHHa»

2. NateHT PO N2 2676305 ot 22.01.2018 «InemeHT gJIMHHOMEPHOM
rMOKOM KOMOHHbI (BapuaHTbi)»

3. NateHT PO N2 2673475 ot 22.01.2018 «3nemeHT p/IMHHOMEpPHOW
rMoKon KonoHHbI (BapmaHTbl)»

4. MateHT PP N2 2689945 ot 06.08.2018 «IneMeHT ANIMHHOMEPHOMN
rMbBKoM KONOHHbI (BapuaHTbi)»

5. MateHT PP N2 2689955 ot 06.08.2018 «SnemeHT ANMHHOMEPHOM
rMOKOM KOMOHHbI (BapuaHTbi)»

ConyTcTBylOLLME NaTeHTbl HA U300peTeHUst

no coeguHeHuto MIKT

6. NaTeHT PO N2 2550992 oT1 05.12.2011 «Pa3bemMHOe coeguHeHmne
ANMHHOMEPHOW KONOHHbI»

7. NateHT AnoHmn N2 6210257 ot 22.09.2017 «Pa3sbemHoe
coeMHEHMWE AJIMHHOMEPHOW KOMOHHbI»

MaTeHTbl Ha I/IBOGPETEHI/IH no npuMmeHeHuo

KT n MKT:

8. MateHT PP N2 2369774 ot 30.05.2008 «laponpuBogHom
AvadparMeHHbI HacoC Ans NOAbEMA XMAKOCTU U3 CKBAXKMHbBI»

9. MateHT PO N22303367 ot 30.09.2009 «HacocHas rnybmnHHas
yCTaHOBKa»

10. NaTeHT PO N2 2440514 ot 11.01.2011 «CkBaXKMHHas HAacoCHas
yCTaHOBKa»

11. MateHT PP N2 2506456 ot 18.06.2012 «CkBaXXMHHas HacocHas
yCTaHOBKa»

12. MateHT PP N2 2519154 ot 15.04.2013 «CKBaXmMHHasi HacocHas
yCTaHOBKa»

13. NateHT PO N2 2519153 ot 15.04.2013 «CkBaXKMHHas HAacocHas
yCTaHOBKa»

14. NateHT PO N2 2549937 ot 31.03.2014 «CKBaXKMHHas HacocHas
yCTaHOBKa»

15. MaTteHT PP Ne 2550842 ot 02.06.2014 «CkBaXKMHHasn LWTaHroBas
HacocHas ycTaHoBKa (BapuaHTbI)»

16. NaTeHT PO N22559206 ot 14.10.2014 «CKBaXKMHHas HAacOCHas
yCTaHOBKa»

MpumeydaHme. Yactb hotorpaduin 1 PUCYHKOB B3SATbI 13 NMYDMHHBIX
WNCTOYHUKOB
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VCTaHOBKA IPENHA3HAYEHA JIJISI IPUTOTOBJICHUS
TAMIIOHAXXHOI'O PACTBOPA M €TO KOHTPOIUPYEMOU
334KA4YKU IIOJ] IJABJIEHUEM B CKBAKHHY IIPU
LIEMEHTUPOBAHUH, A TAKXKE IIPU IPOBEJCHUU APYTUX
IPOMBIBOYHO-ITPOJABOYHBIX PA6OT HA HEPTAHBIX
Y ra30BBIX CKBAKUHAX.

OCHOBHBIMHU OTJIMYUTENBHBIMU OCOOEHHOCTAMHU
YCTAHOBKH SIBJISIOTCS: ABTOMATHYECKASA CUCTEMA
3aTBOPEHUSA LIEMEHTA, CUCTEMA YIIPABJICHUS
COOCTBEHHOI pa3dpaboTku I'pynmst U,
TEPMOUBOIUPOBAHHAA KA6MHA OIIEPaTOpPa C
CHUCTEMOU KOHAUIITMOHUPOBAHUA U OTOILIEHUS,

4 TAKXKE CMECUTENBbHAS EMKOCTD 6OJIBIIOTO OObEMA.

DPPEKTUBHOCTS NPUMEHEHUS TAHHOTO THUIIA
060PYAOBAHUA JOCTUTAETCA 34 CYET BBICOKOU
CTENEHU ABTOMATHU3A1[UH, BO3MOXHOCTH
NPUTOTOBJIEHUA TAMIIOHA’KHOTO PACTBOPA
BBICOKOT'O Ka4ECTBA, TOYUHOCTH JOCTUKEHUA
MJIOTHOCTH PACTBOPA, 4 TAKXKE TOTO, YTO
NPUMEHEHHE YCTAHOBKH IMO3BOJIAET COKPATUTD
06I1Ie€ YHUCIIO YCTAHOBOK IEMEHTHPOBOYHOI'O
¢ora.

B KOHCTpPYKIIMHU O60PYIOBAHUA IPUMEHEHA
JIy4IlIas MUPOBAS KOMIUIEKTAIIUA, 4 TAKXKE CAMbBIE
COBPEMEHHBIE U ANIPOOHUPOBAHHBIE TEXHUYECKHE
pemenus I'pynmer @I, 9TO NONOKUTEIBHO
OTPA3UIOCh HA HAJIEXKHOCTH B IKCILIYATALIAH.

11 IpUBOJIA HACOCOB BBICOKOT'O JIABJIEHUA HA
ITACCHA YCTAHOBJIEHHI 1BA IU3EJIbHBIX JIBUT'ATEIA
Caterpillar C15 momHOCTBIO 540 1. ¢. ITogaua
TEXHOJIOTUYECKOM JKUJKOCTH IO, BBICOKUM
JaBJIEHUEM U 32JJAHHBIM PACXOAOM B CKBAKHUHY
OCYHIIECTBJIAECTCA JBYMS TPEXIUTYHKEPHBIMHA
Hacocamu SPM TWSG600S: IepBbIii C INTYHXKEPAMU
auameTpom 88,9 MM (3.5"), BTOPOI C ILTyHXKEPAMHU
auamerpom 114,3 mm (4,5").
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pynna ®U[ BbinycTuna
HOBYIO f1BYHAaCOCHYIO
LLeMEeHTUPOBOYHYIO YCTAHOBKY

JIBa HACOCA C IUIYHKEPAMHU PA3HOTO Pa3mepa
JIaI0T BO3MOXXHOCTbD ITO OTHOMY KOHTYPY Pa3BUBATD
MaKCUMaJbHOE pabouee aapueHue 73,2 MIlau
MPOM3BOAUTENBHOCTD 3aKa4KH 10 1170 j1/MuH, 4 110
BTOPpOMY — 44,3 MITa 1 1940 71/MUH COOTBETCTBEHHO.
DTO NO3BOJIAET IPUMEHUTD JAHHYIO YCTAHOBKY ITO/]]
MU POKUI TUIIOPA3MEDP CKBAXKUH U JUIA PA3JIUYHBIX
TEXHOJIOTUYECKUX IIPOLIECCOB.

711 BBO/IA B )KHUJIKOCTb CYXOT'O LIEMEHTA,
MeEPEMEINBAHUA U TIOJTyYEHUA PA6OYErO pACTBOPA
HEO6XOIMMOM INIOTHOCTH B 3aJHEN YACTHU
YCTAHOBKHM PA3MEIEHA CMECUTEIIbHASA EMKOCTD
06'bEMOM 2,5 M?, BOJIBIIION O6'bEM CMECUTEIBHOL
€MKOCTH MO3BOAET HOIEE TOUHO KOHTPOJINPOBATD
MJIOTHOCTB IPUTOTABINBAEMOIO TAMIIOHAKHOT O
pacTtBOpa. bonee Toro, HO3BOAET NOJEPKUBATD
HEOOXOIUMOE BPEMS OCPENHEHUS TAMIIOHAXKHOI'O
pacTBopa.




B cpepgnert yacTu yCTAaHOBKHU PACIIOJIOKEHA
MHOAIHUTOYHASA EMKOCTD, KOTOPAs PA3J€e/ICHa Ha
JIBa OTCEKA OAUHAKOBOI'O 00beMa (2,3 M?), 9TO
MO3BOJISIET OOECTIIEUYUTD PAOOTY C PA3TUYHBIMHU
TEXHOJIOTUUYECKUMH KUIKOCTAMHU.

JIByHACOCHAs IEMEHTUPOBOYHAS YCTAHOBKA
OCHAIIEHA CUCTEMOH YIIPABIEHU COOCTBEHHONU
paspadoTtku I'pynnsl U/, CucTeMa O6ECIEYNBAET
YIPaBJIEHUE IPOLIECCOM NPUTOTOBJICHUS
pacTBOPA KaK aBTOMATHUYECKH, TAK U BDYYHYIO.
VIIpaBJIEHUE OCYIIECTBIISAECTCS C ITYJIbTA YIPABICHUS,
PACIIOJIOKEHHOTO B TEPMOU30IMPOBAHHOM
KaOWHE ONepaTopa, OCHAIEHHON CUCTEMON
KOHJIMITUOHUPOBAHUSA BO3/1yXd U OTOILUIEHUSA B
XOJIOJHOE BPEMS F'OZIA.
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Cucrema ynpasIeHUS COOCTBEHHOI pa3paboTKU
I'pynnsr @M/ uMeeT UHTYUTHUBHO HOHATHBIN
PYCCKOAI3BIYHBIN UHTEP(ENC U HE TPEOYET
JUIMTEIBHOI'O BDEMEHH HA OOyYEHHE ITEPCOHAA.
Bonee Toro, cucreMa ynpapieHHUs BEJET 0A30BbIC
usMmepenus B enrannax CH (API oninonaisHO)

Y MOJKET OBITH 4IAIITUPOBAHA IO/ NOXKETAHUA
34K434YMKa.

Cucrema ynpaseHUA IOCTPOEHA HA 6a3¢
MPOMBIIUIEHHBIX IPOTPAMMHUPYEMBIX JIOTHUECKHUX

KOHTPOJUIEPOB U IIO3BOJISAET OTOOPAKATH COCTOSHUE

JIBUTATEJS, JABJICHUE MAC/IA, TEMIIEPATYPY
OXJIAK/JAIOIIEH SKUIKOCTH. [TOMHUMO 3TOr0, CHCTEMA
VIIPABJICHUS KOHTPOIUPYET OOOPOTHI IBUTATEIL,
€r'0 HaTPy3KY, PACXO/] KU/IKOCTH, KDOME 3TOTO,
OTOOPAXKAET BCE OMMOKU YCTAHOBKU. BCce mapameTpsl
MOYKHO KOHTPOJIHNPOBATH JUCTAHIIMOHHO, 4 TAKKE
€CTh BO3MOKHOCTb ITOJKJIIOYCHUSI CTOPOHHETO
HAOMIOATENS (HATIPUMED, CYIIEPBA3€EPA).
JIBYyHACOCHAs IIEMEHTUPOBOYHAS YCTAHOBKA
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BBITIOJIHEHA HA 633€ MTOJTHONIPHUBOJAHOIO MTACCH
TATRA T158 ¢ Kos1€CHOM (hOPMYIION 88,
OCOOGEHHOCTBIO IAHHOT'O MACCH ABJISAETCS
IIPUMEHEHHE XPEOTOBOM PAMBI 1 HE3ABUCUMOU
IIOABECKU.

[TpenMyImecTBO XpEOTOBOM PAMBI 3AKIIOYAETCS
B TOM, 4YTO OHA UMEET OUYE€HDb BBICOKYIO KECTKOCTD
Ha KPYYEHHE, A JIEMEHTHI TPAHCMUCCUH HAJIEXKHO
3AIIUIIEHBI OT BHEIIHET'O BO3AECUCTBUA. 34 CUET
IIPUMEHEHHU HE3ABUCUMOM MOJIBECKU HA IIIACCHU
06€ECIIEYNBAETCSA BBICOKAS IPOXOAUMOCTb TEXHUKH.

Eme oqHUM NPEUMYIIECTBOM IPUMEHEHU A
maccu TATRA T158 gBgeTCs BBICOKUI YPOBEHD
KOM(OPTA 1 BBICOKASI CKOPOCTBD ABUKEHUA HA CUIIBHO
IIEPECEYEHHON MECTHOCTU. ©
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OBOPYJIOBAHME

KoHTponb coctoaHmda I'HKT. PaclwmpeHnume
BO3MOXHOCTen aedektockona MHKT AT2

Cepreri ATPYIIKEBHY, ri1aBHBIH KOHCTPYKTOP — IEPBBIH 3aMeCTHTENb JUpeKkTOopa C3A0 <HOBHHKA»

Thy6nurayius noo20moeera Ha
OCHOBE OOKAAO0A, NPeocmas/ierHHo20
Ha 21-11 Mexncoynapoorotl Hay1Ho-
npaxkmuueckoll Korgpeperuu
Konmroburzosoie mexronozu, I'PI1,
BHYMPUCKBANCUHIBLE DAOONTbL.

CpaBHUTENBHO HEAABHO, POBHO /1B T'O/4
TOMY Ha34/1, B paMKax 19-11 KoH(pepeHIN
«KonTiobuHrossle TexHoyioruu, I'PIT,
BHYTPHCKBAKUHHBIE PAOOTHI» CIEIUATINCTAMHA
C3AO «HOBMHKA» OB CJIEJIAH JOKIA] HA TEMY
«JIe(peKTOCKOI KAK CPEACTBO ONITUMHU3AIINH
cpoxoB ucnosnb3zoBanusa 'HKT u npeoTepamenns
ABAPUITHBIX CUTYAIIUH IPH NPOBEAECHUH PAOOT C
HUCIIOIb30BAHHUEM KONITIOOMHI'OBOI'O OOOPYIOBAHH >,
O PE3YIBTATAM KOTOPOT'O B
JKypHaJIe «BpeMs KOMTIOOHUHT A,
Bpewmsi T'PIT» (Ne 66, 1ekabpb
2018 roza) 66112 ONTyOGIMKOBAHA
COOTBETCTBYIOMASA CTATHA.
B Her1 661710 32(PUKCUPOBAHO, YTO
crneraauctsl C3AO «<HOBHHKA»
pPa3paboTanm, U3ArOTOBUIIN U
UCHOBITATIN MAKETHBIN OOpa3€l]
nedexrockona IT1, a 3areM u
€ro pabouuii oobpasern. B crarse
OBLIH IPUBEIEHBI OCHOBHBIE
TEXHUYECKHUE TAPAMETPHI,
KOHCTPYKTUBHBIE OCOOEHHOCTH
Je(PEKTOCKOIA U €TO (DYHKITUH.

3a npomeanme 1Ba roga
NPEANPUATAEM OBLIO BBITYIIEHO
YKE JOCTATOYHOE KOJIMYECTBO TAKUX IIPHUOOPOB.
OHH 3KCIUTYaTUPYIOTCA MHOI'MMY KOMITAHUAMUA U
3aPEKOMEH/IOBAIIN CEOA KAK MOJIEZHOE U HAJIEKHOE
060pPYAOBAHHE.

CerojiHs IPOEKT IO/ Ha3BaHHEM «/Ie(peKTOCKOIT»
Y2KE MPOIIEJI CYIIECTBEHHBIN ITYTh PA3BUTHAL.

B Hacroamee Bpemsa C3AO «HOBUHKA» TIPOU3BOJUT
CJIEAYIONMIYIO, YCOBEPIIEHCTBOBAHHYIO MOJIEND —
Jedpexrockon IT2. DTa HOBasg MOAEIb IPUOOPA
BOOpaJIa B €6 PEZYIIBTATHI JJIUTEBHBIX
3KCIUIYATAIMOHHBIX UCIIBITAHUH OOOPYJOBAHHUS

U1 HOBBIX HAPAOOTOK MHIKEHEPHBIX CJIYKO

C3AO «HOBHMHKA>.

YT0 6BLJIO CIIE/IAHO 32 UCTEKIINH IEPUOL?
Ilepeoe. Brlna pacmmpena HomeHknarypa T'HKT,
KOTOPBIE MOT'YT OBITh NPOAEHEKTOBAHBL OJTHUM
U3MEPHUTEIBHBIM OJIOKOM C Y4ETOM KOMIIJIEKTOB
s nepenanaakyu. 9to F’HKT puameTpom ot
31,75 MM 710 50,8 MM. K CJ10BY, KOMIJIEKTBI JJ151
MEPEHAIAKU BKJIIOYAIOT OJIOKH JATUUKOB
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TOJIIIAHBL U IE(PEKTOB, 4 TAKKE MATHUTOIIPOBO/IBL
Kpowme aToro, 66112 IPOU3BEEHA JOPAOOTKA
KOHCTPYKILIMH Ae(PEKTOCKOIIA B YACTH YIIPOIIEHUA
paboT npU NEPEHAAJIKE €O C OJHOI'O TUIIOPA3MepPa
koHTponupyeMblx THKT Ha 1pyroit THnopasmep
I'HKT.

Bmopoe. Pe3ynbraThl psad NPOBEJACHHDBIX
crnerranucrTamu C3A0 «<HoBUHKA» UCCACIOBAHUI U
3KCMEPUMEHTAJIBHBIX PA6OT NO3BOMNIN Ha 10-15%
MOBBICUTh TOYHOCTb U3MEPSIEMBIX TAPAMETPOB
10 CPAaBHEHHIO C TOYHOCTHBIMU NAPAMETPAMU
nedpexrockomna AT1.

Tpemeuwe. CyIeCTBEHHBIN IPOIPECC IOCTUTHYT
TAKKE B c(pepe CHEeIUaIbHOIO IPOrPaMMHOIO
obecrieueHus aeeKTocKona. B yuactHocry,
MOSIBUIACh BO3MOXXHOCTD B3aHMHOI UHTET DAL
JIAHHBIX MEXY Ae(PEKTOCKOIIOM M CUCTEMOM
KOHTPOJIBHO-
perucTpupyIomen
(CKP)
KOJITIOOMHI'OBOH
YCTAHOBKH.

Tak, JaHHBIC
10 OBAJIBHOCTU
U TOJIIUHE



crenku T'HKT, 3amepsiemMble e(DEKTOCKOIIOM,

MoryT nepenasarbcsa B CKP, rae UCIonb3yoTcs 4

pacueTa Harpy3ouHou guarpammet THKT, uto, B

CBOIO O4YEPE/b, TO3BOJISIET IPOU3BOAUTD PAOOTHI C

I'HKT ¢ MUHMMAJIbHBIMM PUCKAMHU U B OIITHMAJIBHBIX

pexnmax. OJHOBPEMEHHO JAHHBIE IO INTYOHUHE

crirycka T'HKT ¢ CKP MOT'yT 6bITh 3KCIIOPTUPOBAHBI

B JIE(DEKTOCKOII, YTO MO3BOJIUT OOJIEE TOYHO

ONPEAENATD KOOPAUHATHI PACTIONOXKEHUS 1€(PEKTOB

no giauHe THKT, CBOEBpEMEHHO U TOYHO HX BbISIBJISITD

U IIPU HEOOXOJUMOCTH YAANATh C MUHHMMAJIbHO

BO3MOXXHBIMU ntoTepsamu Ayt THKT.

Kpome yKka3aHHOT'O, IPOrPAMMHOE O6ECTIEYEHNE
Je(peKkTOCKONA 6BIIO YCOBEPIIEHCTBOBAHO TAKKE
B YACTH:

— BBIBOJIA TAPAMETPOB A€(PEKTOCKONNH,
TONIIUHOMETPHH, TEOMETPUYECKUX PAZMEPOB
U BUOpALH TMOKOU TPYORI B BUJIE TEKCTOBOM 1
rpadrudeCcKOr HH(POPMAITUN HA SKPAH;

— obecriedeHn s HEMPEPBIBHOM aPXUBAIIUNA
CYHUTAHHBIX JJAHHBIX, IIPEJCTABICHHBIX B BUJIE
pabouero ¢arina Ha fUcKe SSD;

— BBEJICHU A 3BYKOBOI Y BU3yaJIbHOU NH/IUKAIITUU
B pesxuMe ON-LINE pasjim4yHbIX BHEIITATHBIX
CUTYyaL NIt (OOPBIB TOBO/KA, BBIXOJ U3MEPEHHBIX
MapaMeTPOB 34 JOITYCTHUMBIE ITPEJETIBI U T. 11.);

— BEJIEHUSA YUETA PEATUPOBAHUA OIIEPATOPA HA
3BYKOBYIO M BU3YAJIbHYIO MHIUKAIUIO BHEIITATHBIX
CUTYALIAI IyTEM CO3/IaHUA COOTBETCTBYIOMUX
3AIMHCEN B YYETHOM (PAIIE IPOTPAMMEBI;

— COXPAHEHU JAHHBIX, CHATBIX IIPU
nHcnekruposanuy I'HKT, B ciiyyae norepu
CBSI3U MEX/y U3MEPHUTEIBHBIM O6JIOKOM U GJIIOKOM
pacrpee/IMTETbHBIM HA KAPTY MAMATH OJI0KA
U3MEPUTEIILHOTO;

— MHAWKALUY 3HAYEHUH [NTYOUHBI CITyCKA
I'HKT B j1:060¥1 TOUKE 1€(PEKTOrPAMMBI 110
MECTOHAXOXAEHUIO KYPCOP4;

— OTOOPAXKEHU A IE(PEKTOI PAMMBI C IIPUBA3KOH K
pacnionoxeHuio cropoH F’HKT Ha KONTIOOGMHIOBOM
YCTAHOBKE B MHTEPBAJIE MEXK/TY Y3JIOM HAMOTKH
U UHXKEKTOPOM;

— (pOpMUPOBAHUA IO KOMAHJE ONEPATOPA
PE3YABTUPYIOIIETO OTYETA,

— U Ipyroe.

Yemeepmoe. 3a nocneguul rog C3A0 «HoBUHKA»
HAKOIUIEH 3HAYUTEBbHBIIN OIBIT PA6OTEHI C
PE3YAbTATAMM MOJIYYEHHBIX IPH 1€(PEKTOCKOITNH
I'HKT gaHHBIX, C y4€TOM KOTOPBIX OBIIO IOPA6OTAHO
IIPOrPAMMHOE OO€ECIIEYEHHE, TTIO3BOJIAIONIEE
ONePATOPY HPOUIBOAUTD IPEABAPUTEILHYIO OLICHKY
Je(EKTOB IO MOKA3AHUAM JEDEKTOCKOIA, UCXOA U3
paszenenns UX YCJIOBHO HA TPU KATETOPHU:

4) MaJIOPA3MEPHAS [IOTEPS. METAJLJIA TUIIA KABEPHBI
WU TpemuHbL Ha epekTorpaMmMe 3TO OTPAXKAETCS
KOPOTKHUMHU KPACHBIMH BEPTUKAIBHBIMU ITOJIOCKAMU
60 (eciiu AePEKT 6OIIBIIETO PA3MEPA) COYECTAHNEM
TPEX IOJIOCOK — 3€JICHASI-KPACHASA-3CJICHAS.

©) MaJIOpa3MEPHBIHN PParMeHT PePPOMArHUTHOTO
MaTepHuaJIa, IPUINIIINHI K CTEHKE TPYObI U3HYTPHU
U cHapyxU. Ha nepexrorpaMmme 3To OTPAKAETCA
KOPOTKHMU 3€JIEHBIMU BEPTUKAJIbHBIMHU IIOJIOCKAMH

60 (ecsiu AePEKT 6OJBIIETO PA3MEPA) COYETAHNEM
TPEX MOJIOCOK — KPACHAA-3€I€HAA-KPACHA.

B) 33/IUP Ha HAPY>KHOU ITIOBEPXHOCTH TPYOBDL.
OInM4yaeTcsa HECUMMETPUYHOM (POPMOH — PE3KMM
Ha4aJIOM BIIaJJUHBI U IOJIOTUM BBIXOZIOM M3
BHAJUHEBL Ha fedexrorpamme 3aup Ha HAPYKHON
MOBEPXHOCTHU TPYOBI OTPAXKAETCS COYETAHHUEM JIBYX
MOJIOCOK — KPACHO-3€JIEHAs MJIM 3€JIECHO-KPACHAA,

B 3aBUCHMMOCTH OT HAIIPABJICHU 3414,

MOXHO KOHCTATUPOBATb, YTO 34 UCTEKIITHUH
nepuoj crenuanucramu C3A0 «HoBuHKa» ceiaH
CYIIECTBEHHBI IIAT BIIEPE]] IO COBEPIIEHCTBOBAHUIO
060PYAOBAHUS U IIOXOJOB KOHTPOJISI COCTOSIHUS
I'HKT ¢ uCnonb30BaHUEM A€(PEKTOCKOMNA.

OIHAKO 3TO HE O3HAYAET, YTO padOTAa 3aBEPIICHA

1 C3A0 «HoBuHKA» HE IVIAHUPYET PA3BUBATD

U COBEPIHIEHCTBOBATD IAHHOE HATIPABJICHUE.
OnpeneneHHo, JaabpHelmas padboTa OyaeT

BECTHUCh, U OCHOBHOI1 €€ BEKTOD OyZIeT HAIPABJIECH

Ha Pa3BUTHUE NPOIPAMMHOIO OOECTIEYEHUS JJIs
YIPOILIEHUSA O6PAOOTKU U AaHAJIN3A IOJYYEHHON B
pesyabrare aedexrannu 'HKT nadopmanuu. Kpome
3TOrO, INTAHUPYETCS, YTO B OO0O3PUMOM OYAyIIEM
nedexrockon F’HKT CTaHET OTHUM U3 3JIEMEHTOB
KOMIIJIEKCHOM CUCTEMBI YIIPABIEHUS U 6€30MACHOCTH
KOJITIOOMHT'OBOT'O KOMIIJIEKCA.

W B 3aKJIIOUYEHUE XOTEJIOCH OBl €1II€ PA3 OTMETHUTD
JULS YUTATENEN Ky pHaa «Bpems KONTIoouHra. BpeMs
T'PIT» 1 HOTEHIIUAJIBHBIX ITOJIb30BATEICIH TOJOOGHOI'O
060PYNOBAHUSA, YTO IPOBEJEHUE AE(PEKTOCKONNH
I'HKT B peskuMe peaibHOIO BDEMEHHU MO3BOJISIET
OTCJIEKUBATH JUHAMUKY €€ U3HOCA U TEM CAMBIM
ONTUMH3HUPOBATH CPOKU UCTIONb30BaHMA ['HKT,

4 TAKXKE NPEJOTBPAIATh ABAPUITHBIE CUTYAlIUU IIPH
pPOBEACHNUH Ppa60T. OTHOCUTEIBHO HEOGOIIBIITUE
34TPAaThl HA IPUOOPETEHUE IE(PEKTOCKONA MOTY T
OPEJOTBPATUTD CYIIECTBEHHBIE IOTEPH B IIPOLIECCE
akcrryarauuu FTHKT. ©
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OfbIT,

CO3AIOWMIA

PE3VIJIbTAT!

B ycsioBuAX nafieHus JOO6bIYH HA OOJIbIINHCTBE
MECTOPOXKJICHUHN POCCUU KOATIOOUHT B GJIM>KAUIIINE
TOZIBI CTAHET OOJIEE BOCTPEOOBAHHBIM BHJIOM
CEPBUCA, TPOJOJIKAIOUIUM IOJIb30BATHCS OOIBIIUM
CIIPOCOM.

Komnanwusa «<MIBA CEPBHC» aKTUBHO PA3BUBAET
HOBOE MNEPCIEKTUBHOE HAMMPABIEHHNE 10 OKA3aHUIO
YCIYT IPU HOMOIIH YCTAHOBKH KOJITIOOMHI'OBOM
I'HKT MK30M ¢ BAT QT-800 u yctanosku 'HKT
MK40T. Onepanuu ¢ UCMOJIb30BAHUEM I'HOKUX
HACOCHO-KOMIIPpECCUOHHBIX TPy6 (THKT)
HO3BOJAIOT OCYMIECTBIIATH CITyCKO-TIOJ/bEMHBIE U
TEXHOJIOTMYECKHE ONEPALIUH C UCIIOTb30BAHUEM
BT npu KanuTaJIbHOM, TEKYIIIEM PEMOHTE U
MHTEHCU(PUKALTNYU HEPTAHBIX U I'A30BbIX CKBAXKIH
(IMKBUAAUU TH/IPATHBIX, TAPA(UHUCTHIX,
MECYAHBIX OTIOXKEHUNA U TPOOOK, KUCIIOTHOM
06pabOTKU NIPU3AOOUHOM 30HBI U TAK J1aj1e€), 6€3
UX INIYIIEHUA IPU JABJIEHUHN HA TEPMETU3UPYEMOM
ycree 10 70 MITa.

Ilepen UCIIONB30BAHUEM TPASUILIMOHHOT'O Kabes
U IPYTUX METOJOB IPUMEHEHHE KO TIOOMHTOBOM
YCTAHOBKH NPEICTABIIAETCSA LIEJIBIM PAJOM
MPEUMYIIECTB:

— IIPOBEJIEHUE ONEPALINN B CKBAXXUHAX C OOJIBIITAM
OTXOJIOM OT BEPTHUKAJIH, CITYCK HHCTPYMEHTA K
NPOAYKTHUBHBIM UHTEPBAIAM;

— IMIPOYHOCTB U CTOHMKOCTB 711 PAOOTHI B HAKJIOHHBIX
U BBICOKOJICOMTHBIX CKBAXKUHAX, O6ECIICUNBAS
JIOCTYII K TOPU30OHTAJIBHBIM YYaCTKAM, 1
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BO3MOKHOCTb IIPOXO3K/ICHUSI UICKPUBIICHHBIX
Y4aACTKOB IIPO(MUIISI CKBAKHUHBI

— 34IMTA KAPOTAXKHOI'O Ka6€eJIs1 KONTIOOMHI'OBOM

TPYOOH JJ1s1 PAOOTHI B CJIOXKHBIX U AT PECCUBHBIX
cpenax;

— BO3MOXHOCTb ITOCTOAHHOM TUPKYIALTNUN 1A

SKUIKMX CMA304HBIX MAaTEPHAJIOB HJIN A30T4
JUISL IOJLICPPKAHH ST OTPUILIATEIBHOIO IABICHUS
Ha IJ1ACT, OCOOEHHO JIJIs1 IVTACTOB C HU3KUM
JIABJICHUEM, I'7I€ TOIBKO TAKUM OOPA30M MOKHO
06€eCcneynTh IPUTOK;

— 9KOHOMUA CPEACTB HA ITIOBTOPHBIX BXOAAX U

PEMOHTE CKBAKHH,

— BO3MOKHOCTb CO3/IaHUA ITIOCTOAHHOMN ACTIPECCUU

Ha IJ1ACT IPH HU3KOM 32001 HOM JIaBJICHUU JIJIs1
O6PATHOTIO IIPUTOKA HECLIEMEHTHPOBAHHON
TBEPAOU (Pa3bl, BOBMOXKHOCTB IIPOBEICHU S
PAa3INYHBIX BHYTPUCKBAXKMHHBIX OIEPALIUH 32
OJIH HJIN HECKOJIBKO PEHCOB, 3KOHOMMUSI BDEMEHU
Ha 06PABOTKY, UTO MO3BOJISIET YBEIUYUTD ICOUT
CKBA)XUHBI,

— 'HKT 1O3BOJISIOT BBIIOJHATH HEIIPEPBIBHBIE

onepanuu 6€3 INyHIEHU CKBAXKHH, IIPU 3TOM
NPAKTHYECKU EKETHEBHO N300PETAIOTCS BCE
HOBbIE CIIOCOOBI IPUMEHEHUS CYIIECTBYIONUX 1
JOPaOOTaHHBIX HHCTPYMEHTOB;

— BpEMs1 Ha IIPOBEACHUE PAOOT KOJITIOOUHIOM

1o cpasHeHUIo ¢ KPC B 2—3 pa3a MEHBIIIE,
BCJIE[JICTBUE YETO YMEHBIIAIOTCS OOIINE 3aTPATHI
HA PEMOHT, COKPAIAIOTCS IIPOCTON CKBAKHMH,



JIa€TCS BO3MOKHOCTDb IPOBOAUTD
MHOTI'ME TEXHOJOTUYECKUE OIIEPAIUY,
HEAOCTYIIHBIE IS TPAAUIIMOHHBIX METOIOB
U B KOHEYHOM HUTOT'€ YBETUYHUBAIONIE
JOOBIYY HE(DTU M I'a34.
OO0 «MIBA CEPBHC» OKa3bIBaeT
CJIEAYIONINE YCITYTH:
— OCBOEHHE, UCCIEIOBAHNE U JOOBIYA
YIJIEBOJIOPOJAHOTO CBIPBS HA HE(PTAHBIX
U I'A30BBIX MECTOPOXK/ICHUSIX YEpPE3
CEMAPALIMOHHYIO YCTAHOBKY, 4 TAKXKE
OTOTOBKA HE(PTU JIO TOBAPHOI'O BHU/IZ;
— IIPOM3BO/ICTBO EMKOCTHOI'O U
CEMAPALIMOHHOTO OOOPYIOBAHUS;
— CTPOUTENBHO-MOHTAXKHBIC PA6OTHI HA
HEPTAHBIX KyCTOBBIX IIJIOM[A/TKAX;
— UHKEHEPHOE COITPOBOXK/ICHHUE YCIIVT;
— pacTenIeHUe ruJPaTHBIX IPOOOK;
— OYHMCTKA CTBOJIA CKBAKHUHBI U 326051 OT
PAa3JIMYHBIX OTJIOKEHU,
— OCBOEHUE CKBAXKUH 430TOM, B TOM YHCJIE C
npumenenuem 'HKT;
— nposegeHue OI13 1 uHTEHCU(pPUKAITUU
IIPUTOKA CKBAKUH;
— IIPOMBIBKA CKBaKUH 110cie I'PIT;
— IIPUMEHEHHE TEXHOJIOTUN PabOTHI B
T'OPHU30HTAJIBHBIX CKBAXKUHAX;
—nposeaenue 'MC c ucnonbzosanuem 'HKT;
— nposeaenue [1BP na 'HKT;
— oBMIIbHBIE pa0O0TH HA THKT,
— BBIIIOJIHEHUE pabOT IO (PPE3EPOBAHUIO.
Texuwuueckast ocHameHHoCTs THKT
OO0 BA CEPBHUC»:
—ycranoska 'HKT MK30M, ycTaHOBKA
KonTIoOuHroBast MK40T,
— JOIOJIHUTEJIBHBIE KATYIIKH;
— 1Tpyosl THKT nnponssoacTsa ESTM:
— @ 50,8 mMm, 1auHOM 4800 M;
— @ 44,45 MM, 1auHOM 5500 M;
— @ 38,1 mm, gytrHOM 5500 M;
— HACOCHBIH arperaT Pabovero aBACHUS 10
100 MI1a;
— a30THBIH arperar A100;
— GOJIBIION EMKOCTHOM ITAPK;
— 11V,
— TOTLJTUBO3AIIPABIIUK, HEPTEBO3,
4ABTOMOOMJIb BAXTOBBIM, ABTOKPAH;
— O6OPYAOBAHHBIC JKUJIbIE BATOHBIL.
Ha ceroiHsAIHuHI ICHb B HAIIIEM
apceHase UMEETCs JOCTATOYHOE
KOJIMYECTBO UHCTPYMEHTA, KOMIIOHOBOK
U IPHUOOPOB 1711 IPOBE/IEHUSA pAOOT
JIIOO0M CJIOKHOCTHU W HAIIPABJICHUS.
YHCIEHHOCTb KOMIAHUHN O6J1a1a€T 6OIBIITUM
LITATOM, BBICOKOKBATN(PHUITUPOBAHHBIMU
CHEIUATNCTAMU, 3HAIOIMMH CBOE JIEJIO.
Hamra KoMOaHUsA CTPEMUTCS K TIOCTOSHHOMY
HAPAIIUBAHUIO KOJITIOONMHI'OBBIX MOITHOCTEN
U PACIIUPEHUIO CIIEKTPA OKA3bIBAEMBIX YCIIYT
¢ THKT; K pa3BUTHIO U BOILIOIIEHHIO HOBBIX
ujgen. ©
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VII MexayHapoaHas
(XV Bcepoccurckas)

HAYYHO-TIPAKTUYCCKAA KOH(PEPEHITUA
«HedrenpomMbICI0BAA XUMU >

B PI'V HedTtu nraza um. .M. I'ybkuHa
19 HOs16pst 2020 ropa npormina VII
MexayHapoaHasa (XV Becepoccuiickas)
HAy4YHO-NPAKTUYECKAI KOH(PEPEHITUA
«HeTenpoMbICIOBASI XUMU >, CTABIIASA
Y3KE TPALULIMOHHOM BCTPEYa, KOTOPas
€2KETOTHO COOUPAET NPUBEPKEHIIEB
HEPTENPOMBICIOBON XUMUHU B HAYAJIE
seta. OQHAKO B 3TOT Pa3 BBUY OXBATHUBIIEN IIAHETY
MaHJEMUH KOH(PEPEHIIUA ObLIIA IEPEHECEHA
Ha OCEHb B HAJIEXK]IE, YTO KOBAPHBIN BUPYC
OTCTYIIUT, OJTHAKO BTOPAs BOJIHA 3260JIEBAEMOCTH
PEAONPEENINIIA BBIOOP OHJIANMH-(DOPMATA A1
MPOBEJICHUA MEPOIPUATHS.

Ky4yacTHHUKaM KOH(PEPEHIINHN C IPUBETCTBEHHBIM
CJIIOBOM O6pAaTHIICA [1. T. H., Ipodeccop M.A. CUINH,
3aBEAYIOMUN Kapenpoi TEXHONIOINH XUMUUYECKHUX
BEIIECTB /111 HE(PTIHOU U IrAa30BOU
OpOMBIIIIEHHOCTH PI'Y HedTHn nrasa (HIY)
uMmeHu M.M. I'ybkuHa. OH, B YaCTHOCTH, CKA34JIL:
<] ouenb paj B IATHAALATHINA Pa3 OTKPLITH HALLY
TPAAULIMOHHYIO KOH(PEPEHIIUIO, KOTOPAS YKE
CTaJ1a JJ1sI MHOTHUX 3HAKOBOU. KaKAbIN IO/ MBI
cobupaemcs, O6IAEMCS, ITIOTYYaEM YAOBOJIBCTBUE OT
3TOT'O UHTEJUIEKTYAJIBHOI'O IPOLIECCA. BriepBhBIE MBI,
K COXKAJIEHUIO, BCTPEYAEMCA JUCTAHITUOHHO. HO B
3TOM TOXE ECTb, HABEPHOE, CBOU ILUTIOCHL. HaM HUYTO
HE IIOMEIIAET BBICIYIIATD JOKJIA/bL, 32JJaTh BOIIPOCHI,
NOAHCKYTHPOBATD. Sl HAZIEIOCh, UTO PE3YJIBTATOM
HaIler KOH(PEPEHIINHY, KAK BCETAA, OYAET PEIIEHHUE,
COCTABJIEHHOE HA OCHOBE BAIUX NPEAJIOKEHUI.
DTO pEMEHNUE MBI HATPABUM B MUH3HEPIrO, MUH3KO
U MUHIIpUpPOAbL. X04y NOAEINUTHCS PAJOCTDIO,
4TO HAIll YHUBEPCUTET B COCTABE KOHCOPIIUYMA
Ckonrexa, Ka3aHCKOTro HallMOHAIbHOT'O
HUCCJIEAOBATENBCKOTO TEXHOJIOI'MYECKOTO
YHUBEPCUTETA U Y(PHUMCKOI'O rOCYJAPCTBEHHOT'O
HEPTAHOT'O TEXHUYECKOTO YHUBEPCUTETA BEIUTPAJI
C CAMBIM BBICOKMM PE3YALTATOM I'DAHT HA CO3/IAHUE
U PA3BUTHE HAYYHOT'O LIEHTPA MUPOBOI'O YPOBHSA
«PallTMOHAJIBHOE OCBOEHME 34ITACOB JKHUJIKUX
YIVIEBOJOPOAOB IJIAHETDI» IIO IPUOPHUTETY HAYIHO-
TEXHOJIOTUYECKOI'O PA3BUTHA «DKOJIOTUIECKU
YHUCTAA PECYPCOCOEPETAIONIAA SHEPTETUKA,
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3P PEKTUBHOE PEIMOHAIBHOE UCIIOJIb30BAHUE

HEJIp U 6OPECYPCOB», U 'yOKMHCKUHN YHUBEPCUTET

3aABHJICS UMEHHO KaK OT/IEJIEHHE 3TOT'O LIEHTPA

10 IIPOMBICJIOBOY XUMUU. DTO, HAJICIOCh, PA30yaUT

ele 60NN HHTEPEC BCEX 3aMHTEPECOBAHHBIX

CTOPOH K Hallle 061aCTU UCCIENOBAHUI. S JKetato

BCEM B IIEPBYIO OYEPED 3[JOPOBbA — 3TO CAMBIH

AKTYAJIBHBINA BOIIPOC CErOAHA. 5 KeIa1o yCenHoMm

paboThl KOH(MEPEHITUHU U BCEM HAM — ITOJIYUYUTh

YAOBOJILCTBUE OT 3TOT'O UMHTEJUIEKTYAIbHOI'O

Mapa@OHa».

ITpo6neMmaTuka KOHPEPEHIMU OblIa
C(POKYCHPOBAHA HA TAKUX TEMAX, KAK:

* peareHThl s OYPEHUs, 3aKAaHYHUBAHUS U
PEMOHTA CKBAKUH;

* PpEAareHThl U TEXHOJIOTUU UX IPUMEHEHUS B
MIPOLECCaX NOBBIIECHUS HEPTEOTIAYHU IIJIACTOB,
MHTEHCU(PHUKAIIUU JOOBIYU HEPTH;

* NPHUMEHEHUE XMMHUYECKHX PEATEHTOB IIPU
TPAHCIOPTE HEPTU U HEPTENPOAYKTOB;

* Pa3paboOTKa ¥ IPUMEHEHNE COBPEMEHHBIX
3AMUTHBIX MATEPUAJIOB, GAKTEPULIN/IOB 1
HHTUOHUTOPOB KOPPO3HUH, COJIEOTIOKEHUS U
napaUHOOTIOKEHUS IIPU JOOBIYE U TPAHCIOPTE
He(THU U rasa;

* NPHUMEHEHUE BOJOPACTBOPHUMBIX IOJIUMEPHBIX
MaTEPUAJIOB B IPOLIECCAX IKCIITyaTAIUHN
HEPTAHBIX MECTOPOXKACHUL;

* IMOBEPXHOCTHO-AKTHUBHBIE BEMECTBA B HE(PTAHONU
U Ir'a30BOU IIPOMBINIJIEHHOCTH;

* (PU3UKO-XUMUUYECKUE UCCIENOBAHMUS HEDTEH
U PEATEHTOB, IPUMEHSAEMBIX 7151 JOOBIYU U
TPaHCOOPTA HEPTHU U I'a34;

* 3KOJIOTMYECKME ACTIEKTHI IPOU3BOICTBA
YU IPUMEHEHUA XUMUYECKUX PEATEHTOB B
HEPTAHOI U Ia30BOH POMBIIIJIEHHOCTH;

* MH(MOPMAIITMOHHOE OOECTIEYEHHUE U MAPKETHUHT
B OOJIACTH NIPOU3BOICTBA U IPUMEHEHU A
XUMHUYECKUX PEATEHTOB JJ1 HEMPTAHOU 1 I'da30BOM
MPOMBIIIEHHOCTH.

B MEpOIPHUATHY IPUHSIIH YIACTUE 65 YEIIOBEK,
OPEACTABIIAIONNUX 25 YYEOHBIX, HAYYHBIX U
POU3BO/ICTBEHHBIX OOBCIMHCHU K OPTaHU3AIIUH,
HE(TEra30BbIX KOMIAHHUH.



IIporpaMma KOH(PEPEHIINU BKIIOYAIA
17 [OKJIa0B, O3ByYEHHBIX KAK MACTUTBIMU
YUYE€HBIMU, TAK U ACIIUPAHTAMHU BEAYIINUX
HE(PTETA30BbIX By30B U AKAJEMHUUYECKUX
UHCTUTYTOB.

C aByMs JOKIA4aMU «[IpOMBICJIOBBIH OIIBIT
NPUMEHEHHUS CUJIMKATA KAJIBLUA JIJIS1 OTPAHUYECHUSA
BOJIOIIPHUTOKA B HEOJJHOPOAHBIX KOJJIEKTOPAX>
U «OKCIIEPUMEHTAJIBHBIE UCCIENOBAHUS 10
OB6OCHOBAHUIO OPTI'AHO-TUOPUAHBIX COCTABOB /I
NPOBEJIEHUA PEMOHTHO-HU3O0JISIIIMOHHBIX PA0OT>
BBICTYITHJIA TPOheccop Kadenpsl «PazpaboTka
U 3KCILIyaTalus HEPTAHBIX U TA30HEPTAHBIX
MECTOPOXKIEHUI» Y(PUMCKOTO FOCYAAPCTBEHHOI'O
HEPTAHOTO TEXHUYECKOT'O YHUBEPCUTETA
JLE. JIeH4YEeHKOBA.

O pa3paboTKe NTPOrpaMMHO-ANIIAPATHBIX
CPEACTB 11 TOMOTPA(PHUUECKUX UCCIEJOBAHUI
pacckasaj 3aMeCTUTENb JUPEKTOPA IO PA3BUTHIO
TOMCKOI'O NOMUTEXHUYECKOTO YHUBEPCUTETA
A.C.Toroies.

Joknaz «Pa3zpaboTKa KOMIJIEKCHBIX PEATEHTOB
JUIS UTHTUOUPOBAHUSA THPATOOOPA30BAHUA
Y1 KOPPO3HUH HA OCHOBE NOJINYPETAHOB» OBLI
npejcrasicH M.A. BapdonomeeBbM, 3aBEVIONUM
Kapenpoit POMTY (pa3zpabOTKU U 9KCIIYATALUU
MECTOPOXKIEHUN TPYAHONUS3BIEKAEMBIX
yranesogopoaos) Kazanckoro (IIpUBOIKCKOTO)
denepanbHOro YHUBEPCUTETA.

«KOJJIONTHO-XUMHUYECKHE UCCIIEJOBAHUA IIPU
pa3paboTKe KUCIOTHBIX COCTABOB» — TAK HA3bIBAJICA
poknazn JI®. [JaBaeTInHOMN, K. T. H., JOLICHTA
Ka(egpbl TEXHOJIOTUU XMMHUYECKHX BEIECTB [T
HEPTAHONM U I'A30BOH IPOMBIILJIEHHOCTH PT'Y
HedTu urasa (HMY) umenun .M. I'yOKHUHa, B. H. C.
HOLI «JTpOMBICJIOBAS XUMUST>.

IIpOMBICTIOBBIM OITBITOM
NPUMEHEHHNA TEXHOJIOTUH
KOMIIJIEKCHOT'O BO3JEUCTBUA
Ha IIpU3a60MHYIO 30HY
HEOAHOPOAHOI'O KAPOOHATHOI'O
KOJIJIEKTOPA TTOAETUIICA JOLIEHT
Kagenpel «<Pa3zpaboTka u
IKCIUTyaTal s HEPTAHBIX U
ra30HEMPTAHBIX MECTOPOXKIECHUMN»
Y(PUMCKOro rocy1apCTBEHHOI'O HEPTAHOI'O
TEXHUYECKOro yHusepcurera PH. Iky60B.

O 3amuTe HE(PTENPOMBICIOBOI'O OOOPYLOBAHUS
pearenTamu npoussoacTsa OO0 «PJIIDK»
JIOJIOKMJIA 3AMECTUTEIID IVIABHOI'O TEXHOJIOTA
OJJTHOUMEHHOT'O nIpeanpuaTusd A.B. leHncosa.

Joknaz «BbypoBO pacTBOD 11 CTPOUTENBCTBA
CKBa)KHH B YCJIOBUAX AaHOMAJIbHO BBICOKUX
MJIACTOBBIX JIABJIEHUH U MNOBLINIEHHBIX TEMIIEPATY P>
OBLJI TPE/ICTABJICH [VIABHBIM CHEITHATUCTOM

000 JIYKONJI-MHKUHUPUHT>
«KoraneiMHUITHNHEDTHL> B.B. BayinabiM. A
HHXCHEP-XUMUK 1-11 Kareropuu punnaisa OO0
JIYKOUJT-Unxkunupunrs> «KoraneimHUTTHEDTH>
BT. TtoMeHu A.B. KitafioBa pacckaszana

06 UICHTU(PUKAITUN IPOO OTIOKEHUI,
06pa3yIOIMNUXCs B CKBA)KMHHOM OO0PYAOBAHUM.

Hnxenep 2-i1 kareropun OO0 «YOUMCKUNA
Hayuyno-rexunyeckunt Hentp» PP. Acagynann
BBICTYITHJI C JOKIAJIOM «PU3HNYECKOe
MOJICJIMPOBAHUE MIPOLIECCA I'A30U30JIALIUN
3MYJIbCUOHHBIMH, IEHO-TTOJIUMEPHBIMH U OPTaHO-
TUOPUAHBIMU COCTABAMU IIPU Pa3padOTKeE
He(PTAHBIX MECTOPOXKACHUL.

OTpaiHO, YTO 3HAYUTEJILHYIO Y4ACTh IIPOIrPAMMBI
KOH(EPEHIINU COCTABUIIU JOKJIABI ACTTUPAHTOB.

AcninpanT Ka3aHCKOro HaIIMOHAJILHOI'O
HUCCJIEIOBATENBCKOT'O TEXHOJIOI'MYECKOTO
yHusepcureTra E.B. XapuTOHOB pacckas3ai o6
HUCIIOJIB30BAHUY MOJICJIbHOM YCTAHOBKHU /115
UCCJICIOBAHUA ACUCTBUA ITOJTUMMEPHBIX IIPUCA0K
Ha TPyOOIIPOBOJAX, 4 ACTIUPAHT TOT'O JKE By34
PP. 3akueBa BEICTYIINIIA C JOKIAJA0M «AKBATECPMOJIN3
CBEPXBA3KOU HEPTH AIIATBYUHCKOTO
MECTOPOXKAECHUA B YCJIOBUAX CyO-

U CBEPXKPUTUYECKOT'O BOGHOT'O (DIIIOHUIA>.

O nony4eHuu 2-aJIKWINMUAA30IUHA U
HUCCJIEIOBAHUHU €I'O CBOMCTB OT YIVIEKUCIOTHOMN
KOPPO3WH JOJOKHIIA ACITUPAHT Y(PUMCKOTO
nHCTUTyTa XUMUK PAH CJI. BeutboBuy.
CTPYKTYPHO-TPYIIIOBOM U PACIPENECIUTEIbHDBIN
AHAINU3 TOPOJ, HETPAJSUIIMOHHBIX KOJIJIEKTOPOB
meTogoM MK-Oypbe-MUKPOCKOIIUY IPEACTABUIIA
H.I TaupikoBa, acnupaHT bY BO «Cypryrckuit
IrOCYJAPCTBCHHBIA YHUBEPCUTET.

B nocnegHue rogpbl 3HaYNTENbHO aKTUBU3UPOBANUCh
Hay4YHO-UCcCnegoBaTenbckme pabdoThl, HaNpPaBeHHbIe
Ha NoJlyYeHne PasINYHbIX XMMUYECKNX PeareHToB

N UccnefoBaHMe MexaHM3Ma X AeNCTBUS, U BCe
Oonee WMpPOKOe NCMoNb30BaHNE OTeYeCTBEHHbIX
XMMMYECKUX peareHToB B He(hTerasoBom oTpaciu.

ABTOpaMU TPEX JOKIALO0B CTAIU ACIIUPAHTHI
PI'Y Hedptu uraza (HUY) umenu .M. I'ybkuHa.
J.B. Hypues pacckazasn 06 UCCIEJOBAHUHU
O€ECXJIOPHBIX KUCJIOTHBIX COCTABOB JIJIS
UHTEHCU(PHUKALINU IPUTOKA U3 KAPOOHATHBIX
KOJUIEKTOPOB. A H. CUPpOTHH BBICTYIIHJI C JOKJI4/10M
«MI3yyeHHe pacTBOPSIOUIEN CTTOCOOHOCTHU
KHCJIOTHBIX CUCTEM H4 OCHOBE IIJIABUKOBOU
KUCJIOTHI U (PTOPHUIA AMMOHHU A OTHOCHUTEJIBHO
KBAPLIEBOM COCTABIIAIOMIEN IOPOJBI TEPPUTCHHOI'O
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KoJulekTopa». ILK. Kpucanosa o3By4uia
Jokaz «CTPYKTypPOOOPA3YIOMINH PEATEHT I
O€ECIIONIMMEPHBIX XKUJKOCTEN Pa3PbIBa HA OCHOBE
BASKOYIIPYI'MX ITOBCPXHOCTHO-AKTUBHbBIX BCIICCTB».
ITo pesynbraTaM roI0COBAHUS Iy YIIUM
JIOKJIAZIOM KOH(PEPEHIIUU OBLII MPU3HAH JOKJIA]
3aMECTUTENA JUPEKTOPA IO PA3BUTUIO TOMCKOTO
MHOTUTEXHUYECKOTO YHUBEPCUTETA AJIEKCES
T'oronesa Ha TeMy «Pa3pabOTKA IPOTrPAMMHO-
ANIIAPATHBIX CPEJACTB 11 TOMOTPA(PHUIECKUX
HCceqoBaHU», [To6eauTesnb
KOHKYPCa B HATPAAy IOy IHI
CTATY3TKY «YMHAs COBA» — CHUMBOJI
KOH(pEPEHIIUU — U KHUTY
C. A lemaxuHa u A. I JlemaxuHa
«XHUMHUYECKUE METO/IbI
OTrPaHUYEHUS BOJOIIPUTOKA B
HEPTAHOI CKBAXKUHE>
(Mocksa: Hegpa, 2011).
Jly4muM BBICTYILIEHUEM

«CTPYKTypOOOPA3YIONIUH pEATCHT
JUISL 6ECTIOMUMEDPHBIX KUJKOCTEN
pa3peiBa HA OCHOBE BA3KOYIIPYIUX
MOBEPXHOCTHO-AKTUBHBIX
BewecTs» [Tonunbl KpucanosBow, npeacTaBiaBLIICH
PIr'Ynedpru nraza (HUV) numenu .M. 'y6kuna.
[TonmnHa 6bL1a HATPAXKIEHA CTATYITKOM «YMHAA
coBa» 1 kKHUrou [I.I' AHTOHMa1u 1 A.M. 'almTOHEHKO
«COBPEMEHHBIE TEXHOJIOIMU HUHTEHCU(PUKAITUN
JIOOBIYM BBICOKOBA3KOM HE(PTH 1 OLICHKA
3(pPEKTUBHOCTHU UX TpUMeHeHUs (Mocksa: MHpa-
Hnxenepus, 2019).

Oco60€e BHUMAaHHME HA KOH(PEPEHIINU ObLIO
YAEIEHO TEXHOJIOTUAM IIPOBEAEHUA PEMOHTHO-
U3OJIALMOHHBIX PA6OT, UHTEHCU(PHUKALIUN U
TEXHOJIOTHAM 1O 60PBOE C OCIOKHEHUSIMU IIPU
Jl0ObIYE HE(PTHU.

V4aCTHUKUA KOH(PEPEHITUN OTMETUIIH, YTO B
MOCJIEAHHUE IO/l 3HAYUTENBHO AKTUBHU3UPOBAINCH
HAy4YHO-UCCJIENOBATENIBCKUAE PAOOTHI,
HAIIPABJIEHHBIE HA ITOJIYy4EHHUE PA3TUYHBIX
XMMUYECKHUX PEATEHTOB M UCCIIENOBAHNE
MEXAHH3Ma UX JENUCTBUSA, O YEM CBUIETEILCTBYET,

B YACTHOCTH, KAK 72 CTATbU U TE3UCA JOKIAIOB,
NPEACTABJIEHHBIE HA KOH(MEPEHLINH, TAK U BCE
60JIee MUPOKOE UCTIOTIB30BAHUE OTEYECTBEHHBIX
XMMUYECKHUX PEATEHTOB B HEPTETA30BON OTPACIIH.

Pemenune KOHMEPEHIINU 3a9MTAIA 1. T. H.,
npogeccop Kapeapel TEXHOJIOIHH
XMMUYECKUX BEIMECTB JIJIA HEMPTAHOM U I'A30BOH
POMBINLJIEHHOCTHU PI'Y HedTu nraza (HUY) umeHu
N.M. T'ybxkuna, nupexrop HOLL JIpoMbIcioBas
xumust» JLA. Maragosa: «OTMETUB AKTYaJIbHOCTb
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MpoaonKnTb COTPYAHUYECTBO
B 0b6nacTu paspaboTku,
nccnefoBaHus, NPaKkTUYeCKoro
NCNONb30BaHUSA XUMUYECKUX
peareHTOB, 0bpallias ocoboe
BHMMaHMe Ha co3gaHune
MHOFO(YHKLMOHANbHbIX,
acrimpanTa B 2020 roay cran goxinayx  IKOJIOTMYECKN Oonee HNCTbIX,
3KOHOMMYECKM N TEXHONOTMYECKIA — PCUICHUIM KOHDEPEHTIIH
BbIFOAHbIX peareHToB.

U1 CBOEBPEMEHHOCTDb IIPOBEJEHU S TOJOOHBIX
KOH(EPEHIUH U XOPOLIYIO OPIraHU3ALUIO

pa6oTsl, nposectu VIII MexxayHapoaHyio (XVI
BcepoccuncKyio) HayYHO-IIPAKTUYECKYIO
KOH(PpepeHIUIO «HeTenpoMBICIOBAS XUMUS» B
nioHe 2021 roza. [IpoJo/IKUTb COTPYLHUYECTBO

B O6JIACTU PA3PAOOTKH, UCCIIEJOBAHMS,
MIPaKTUYECKOI'O UCIIOIb30BAHN A XUMUUECKUX
peareHToB, 06paias ocoboe BHUMAaHUE HA
CO3[JaHHE MHOTO(DYHKIIHOHAJIBbHBIX, 9KOJIOTHYECKU
60J1e€ YUCTHIX,
3KOHOMUYECKU U
TEXHOJIOTUYECKH
BBIT'OIHBIX PEATEHTOB.
[Iupe nmpuBIEKATH K
paboTe KOH(pEPEHITUN
CTY/IEHTOB, PA6OOTHHKOB
He(PTAHBIX KOMITAHUH,
CEPBUCHBIX IPEANIPUATUI
110 HE(PTENPOMBICTIOBOH
XHMUH. BBITIOJIHAEMBIE IO

paboTHI pa3MEeIaTh
JIJ15I BCEOOIIETO
O3HAKOMJICHU A HA
nopraie PI'Y nHepru urasa (HIY) numenu
H.M. Ty6KrH1H>.

CekpeTapsaMu OPrKOMUTETA KOH(PEPEHITUN
SIBJISITIUCE: TpOdeccop Kadeapbl OPTraHUYECKOH
XUMUU U XUMUU HEPTH, 1. X. H. Jllonmuia
VBaHOBA, JOLEHT Ka(EPhl TEXHOIOTUHU
XUMUYECKUX BEMIECTB I HE(PTAHON U
ra30BOM IPOMBIIIJIEHHOCTH, K. T. H. JIronus
JlaBIEeTIINHA, ACTUPAHTHI KA(EAPhI TEXHOJIOTUH
XUMHUYECKUX BEMIECTB /151 HEPTIHOU U ra30BO
npombplieHHOCTH [Tonmaa Kpucanosa, Cepreit
BopopuH, CeeTinana AkceHosa u Biaga COKonoBa.

Hay4HO-IpaKTUYECKUH XypHAJI «BpeMs
KonTIoOOMHra. Bpems I'PIT> BLICTYIINII B KAYECTBE
TE€HEPAJIBHOTO HH(POPMAITMOHHOT'O MAPTHEPA
KOH(pepeHIUU.

OnnaH-(OpMaT O3BOIUI IIPOBECTHU
MOJHOLIEHHYIO KOH(PEPEHITUIO C ITUPOKOIH HAYYHON
JHCKYCCUEH. B 3aK/II0Y4EHNE MHOI'HE YUYACTHUKU
BBIPA3UJINA OJIATOJJAPHOCTb OPraHU3ATOPAM
U JOKJIAJYUKAM B KOH(DEPEHITMOHHOM YaTe.
Haubonee moIHO BIIEYATIEHHUE O MEPOIIPUATUNA
OTPAXKAET, HA HAII B3IJIA/, MHEHME KA.
TTOoTEmKUHOM, K. T. H., CTAPLIEr'O IIPEIIOAABATENL
Ka(egpbl TEXHOJIOTUYU XUMUYECKUX BEIECTB JIJIA
HePTAHONM U IA30BON IPOMBIIIJIEHHOCTH PI'Y
HedTHu urasa (HMY) umenn .M. I'yOknHa: «XOTA
€CTb IMNOTEPSHHBIE SMOILIMU JIMYHOI'O OOIIEHUS, HO
HAayKa IIPOMBICJIOBOU XMMHH HE CTOUT HA MECTE>. ©
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47 rPYNMNA ®UA,

HHHOBALMOHHOE OBOPYAOBAHHME

[IE®EKTOCKON r’MBKOW HACOCHO-
KOMMPECCOPHOU TPYBbI

| __';Jl .

Onpepenexue peanbHOro COCTOSHUS rMOKOW
HACOCHO-KOMNPECCOPHOW TPYBbI Ha BCEX 3Tanax ee€ UCnonb30BaHus

BbisBnsembie KoHTponupyemble
AeteKTbI: napameTpbil:

e OTBEpCTUS, e MaMEeTp,

® DaKOBMHbI, e TONLIWHA CTEHKK,

e BMATUHbI, e 0BanbHOCTb,

e ronepeyHble e TEMMNEPATYpa,
HapyKHbIE/BHYTPEHHME e BUOpaums,
TPeLIMHbI. e [nvHa TpyOb!.
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OTaeJpHBbIC TE3UCHI TOKJIAT0B
VII MeKyHaApOTHOM

(XV BcepoCCHMMCKOMN) HAYYHO-
IIPAKTHYECCKOHN KOH(pepeHITHN
«HedTermpoMbICIOBAS XM MH SI»

TI'enepaiiorivlil UHOOPMALUOHHBLIL NADMHeD KOHpeperyuL — HaYUHO-NPAKIMUYEeCKULL
acypran <Bpems konmioounza. Bpemsa I Pl1»

BOJOHE®PTEPACTBOPUMbIE
TPACCEPDBI 1JI1 KOHTPOJIA
PABOTDBI 30H IITACTA,
BCKPBITBIX TPEIITMHOM
IT'NAPABIMYECKOI'O PA3SPBIBA

0.0. Ba:keHoBa, JI.A. Maragosa

B HacTosmee BpeMs HEPTETa30400bIBAIONIAS
OTPACJIb HAIIPABJIECHA HA PA3Pa0OTKY CTAPBIX
MECTOPOXIEHUM, KOTOPAs TPEOYET NPUMEHEHU A
HOBBIX TEXHOJIOTHH, 4 TAKXKE HA Pa3PabOTKY HOBBIX
MECTOPOXKIEHUM, 3aI1AChl KOTOPBIX OTHOCATCS K
TPYAHOU3BICKAEMBIM.

I'mppasiaryeckul paspols rtacra (I'PIT) —

METO/I, NPEAHA3HAYECHHBIH JIJI51 TOBBIIICHU S
PaboTOCIIOCOOHOCTH NPU3AO0MHON 30HBI TJIACTA
(T13IT), a TaKK€E KOJIEKTOPA B LIEJIOM 34 CUET
CO3/IaHUS UICKYCCTBEHHBIX TPEMUH U PACHIUPEHUS
ecTtecTBeHHBIX. ['PI1 ABASETCSI OMHUM U3 HAOOIEE
3P PEKTUBHBIX CPEJICTB IOBBIIIECHUS IOUTOB
CKBAKHHBI, TAK K4K HE TOJIBKO UHTEHCU(DHUITUPYET
BBIPAOOTKY 32ITACOB, HO U CHIOCOOEH PACIIUPATD
30HY JJPEHUPOBAHUS IIPU ONIPEJICIIEHHBIX YCIOBUSIX.

s oneHKH 3(PPEKTUBHOCTU PAOOTEI
PAa3JIMYHBIX 30H IIJIACTA ITOCJIE IPOBEACHU
T'UAPABINYECKOIO paspoisa mnacta (I'PIT) u giia
MOBBIIIEHU S BBIPAOOTKHU 3211ACOB HEOOXOJUMO
JETAJIBHO U3y4aTh I'€OJIOTMYECKOE CTPOECHUE
HEOJHOPOAHOI'O HU3KOIIPOHUIAEMOI'O KOJIJIEKTOPA,
€I'0 EMKOCTHBIE U (PUIBTPAIIMOHHBIE CBOHCTBA, YTO
MO3BOJIAET HAXOJUTD YYACTKHU IJIACTA, KOTOPBIE HE
OXBA4YE€HBI BBITECHEHUEM HE(PTHU, U IPENYIPEXKAATD
00pa30BaHMUE 30H OOBOAHEHUS [1-3)].

WHINKATOPHBIA (TpaccepHsblil) meton (TH) —
METOJ| U3y4E€HUS (PUIBTPALMOHHBIX IOTOKOB C
TTOMOIIBIO MEYEHBIX JKUIKOCTEN, CTABIINI HA6OIEe
IPHUMEHHUMBIM JUJISI TTOJIYYEHUSI UHPOPMALIIH O
HEOJHOPOAHOCTH MEKCKBA’KUHHOTO IIPOCTPAHCTBA.

CeropHs aKTyaJIbHOU 33/1a4€H SIBJISIETCS
Pa3paboTKa UHANKATOPOB, CHOCOOHBIX
KOHTPOJUPOBATH PA3JIMYHBIC 30HBI I1JIACTA IIOCJIE
IPOBEJECHU S HEKOTOPBIX METOOB YBECJINYCHU
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Hedpreorgaun (MYH) n nuHTEHCU(PHUKALTUYN JOOBIYN
neptu (MAH), nanpumep, I'PTL

COBpPEMEHHBIM TEHIEHIIUAM IIPUCYIIE
MIPUMEHEHHE B KAYECTBE TPACCEPOB OPTAHUYECKUX
COETUHEHUT, 06IATAIOIHUX BHICOKOM
YCTOMYUBOCTBIO B TEPMOOAPUYECKUX YCIIOBHUAX
NPOAYKTHUBHOTO IIACTA, KOTOPBIE B YCIOBUAX
ABYX(a3HOU (PHUIIBTPALIUN IIEPEPACIIPEAEIIAIOTCS
MEX/Y BOJHOM U OPI'AHUYECKUMHU (pazaMu [4].

Ham n3BecTHO [1, 5], yTo :xkuaxoctu I'PIT Ha
BOJIHOM OCHOBE, O6JIAJAI0T PAJOM IPEUMYIIECTB
10 CPABHEHUIO C IPYTUMH: SKOHOMHYECKAA
3P PEKTUBHOCTD IPUMEHEHMU S, JIETKOCTD B
IIPUTOTOBJIEHUU U IPUMEHEHUH, BBICOKAA
TEPMOCTAOUIBHOCTb, BHICOKHE TEXHOJIOIMUECKHE
XAPAKTEPHUCTUKU U 3KOJIOT'MYHOCTb IPUMEHEHUA.

B pannble xxugkocTu I'PIT MOXXHO BHEPATD
MpeAIAra€MbIE€ HAMU TPACCEPDBI — COJIU
OPraHUYECKUX OPTOPOCPHPOPHBIX 3(PUPOB, B
K44€CTBE PA/IMKAJIOB MOI'YT BBICTYIIATh APUJIbHBIE
WU AJIKKUJIbHBIE 3aMecTuTenu C7-C12, Bogopon,
TpUaTaHONAMUH (TDA), MOHO-AHIONMEATEl TOA
(MoHO-OTDA, Tu-OT3A).

BeposATHO, HA OCHOBE ITPOBE/ICHHBIX
UCCIIETOBAHUH [0, 7] JAaHHBIH TPACCEP MPEICTABIISACT
co6011 meHouHsble [TAB, KOTOpBIE 4ACOPOUPYIOTCS
Ha IOPO/IE, IIPOMIIAHTE U IPYTUX TOBEPXHOCTIX
U MEJIJIEHHO IECOPOUPYIOTCS 34 CYET OTMBIBA
I1JIACTOBBIM (DJIIOUJIOM, HAKATIJIUBASICH B €I'O
YIJIEBOJOPOAHOM YACTH, TEM CAMBIM Oy/IET
06€eCTIIeYnBATHCS AJIUTEIBHOCTh MOHUTOPHUHTA
U KAa4ECTBEHHOE Olpe/ieaeHne 3(pHEKTUBHOCTH
nposejeHus MI'PIT u npoduiab NpyuTOKa Ha
onpenaeneHHon craauu MIPIT.

3a cueT cpoACTBA C NOPOAOH AaHHBIN ITAB 6yner
SABJIATBCA TUPODOOUZATOPOM, CJIEAOBATEIBHO,
CIIOCOOCTBOBATB JIYUYIIEMY BBITECHEHUIO HE(PTHU
U3 HEOJHOPOJAHOTI'O, HU3KOIPOHUITAEMOI'O
MIPOAYKTHUBHOTO ILJIACTA.

IIpu NONaAaHUU JAHHBIX COEJUHEHU
B IJIACTOBBIE YCJIOBUS OYAET IPOTEKATh
pEaKLIM TUAPONIN34, B PEZYIBTATE KOTOPOH
OyZEeT IPOUCXOJUTL OOPA3ZOBAHUE CIIUPTOB,



T. €. BOJIOPACTBOPUMBIX HEPASAEIAIOMUXCS
UHIUKATOPOB (BHW). 3Ha4UT, OPraHUYECKUE
dochaTel 6yAYT ABIAATLCA HEPTEPACTBOPUMBIMU
pasgenaomuMuca nHaukaropamu (HPH).

MeHss 3aMECTUTENH, UMEETCS BO3MOXKHOCTD
CO3/1aTb MHOXECTBO COEJUHEHUI, KOTOPBIE
MOT'YT OBITh 3AKA4aHbBI B Pa3/IMYHbIE 30HBI MI'PTL
C1eJOBaTENBHO, AHATU3UPYS OTOOPAHHBIE
IPOOBL, MOKHO OYIET KOHTPOIUPOBATD OOJIBIIOE
KOJIMYECTBO BCKPBITHIX 30H IJIACTA, OLIEHUBATH
a(pPpexTuBHOCTD TPOoBeacHUA MI'PIT nnu gpyrux
MetonoB MIH nu MYH, oileHuBaTh NpOopUib
MIPUTOKA U OIIPEAENATh HE(PTEHACHIIIEHHOCTD.

B HacTosmee BpeM KOMUYECTBEHHAA
UJEHTU(PUKALINA U UHTEPIIPETALNA TOJTYYEHHBIX
JaHHBIX B Xoze TU nipeacTapiaseT Hau6OIbIIYIO
CJIIO’KHOCTB B CUJTy MHOTOKOMITOHEHTHOTO COCTABa
11€J1€BOr0 (prona.

W peHTU(UKaAnUA IPEIOKEHHOIO HAMU
Tpaccepa MOKET OCYILECTBIATHCA C IOMOLIbIO
XPOMAaTOTrpapUIECKOro METO/AA AHAIN34, 4 TAKXKE
NK-CreKTpOCKONUU, MHTEPIPETALMA [IOJIYYEHHDBIX
JIAHHBIX HE 3aTPYJHEHA. METOBI AHATN3A ABIAIOTCS
3KCIIPECCHBIMHU, TOCTOBEPHBIMH, 4 TAKXKE HE
TPEOYIOT OOJBIINX SIKOHOMHUYECKUX BIOXKEHU B
anrmaparypy.

JlaHHbIE COEJUHEHUA 1Ay T BO3MOXKHOCTD
OJJHOBPEMEHHOTI'O UCCJIEOBAHUA HECKOJIBKUX
craguit MI'PIT u onieHKU PO IPUTOKA, 4
TAKXKE OLIEHKU 3P PEKTUBHOCTH NTpoBeaeHust I'PIT,
4TO CENYAC ABJISAETCA AKTYAIbHBIMHU 32 A4aMU 11
HedTEeT00BIBAIONIEIH OTPACIIH.
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C.126-131.
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JNI.U. ToncTbix, J1.®. JaBneTwuHa u ap. - M.:
M3paTtenbckuii ueHTp PTY HedhTU 1 raza umeHun
WN.M. ly6knHa — 2016. — 352 c.

6. iccnepoBaHue yrneBoaopOAHbIX renen Ha

OCHOBE XeNe3HbIX CONleN OpPraHNYeckmx
opTodochopHbIX 3PUPOB, MPUMEHSEMbIX B
TEXHONOrMN HanpaBieHHOW KUCTOTHOM 06paboTku
KapboHaTHoro nnacta/J1.A. MaragoBa, M.A. CunuH,
B.P. Maragos, B.C. bs4eHko u gp.//Tepputopus

[%,]

HE®TEFA3. -2011. - N2 6. - C. 34-37.

7. Maragosa J1.A. Pa3zpaboTka XU1aKocTen pa3pbiBa Ha
BOAHOW M YyrNeBOJOPOAHOM OCHOBAX U TEXHONOT I
VX MPUMEHEHUS A11s COBEPLUEHCTBOBaHMS npoLecca
rMapaBnnMYeckoro paspbiBa Nnacra: AUCC. Ha COUCK.
y4YeHoWn cTen. A-pa TexH. Hayk: 02.00.11: yts. 23.10.07.
-M.-2007.-375c.

PA3PABOTKA COCTABA
JKUJIKOCTH OIS
I'YIPABJIMYECKOIO PA3PBIBA
ILJIACTA C HCHOJIb30BAHUEM
MUHEPAJTN30BAHHBIX BOJI,

A.B. 3youenko, JI.A. Maragosa

OAHUM U3 OCHOBHBIX METOJOB MHTEHCHU(PUKATTNH
MIPUTOKA HEPTU SABJISAETCS ONEPALIUA
T'UPABINYECKOrO pa3pbisa racra (I'PIT).
I'napopas3phlB IUIACTA — TUPOMEXAHUYECKHUI METOZ,
BO3JCUCTBUA HA IPOAYKTHUBHBIN I1JIACT, BO BPEMS
KOTOPOTI'O IIOPOAA PA3PBIBACTCA IO INIOCKOCTAM
MUHUMAJIbHBIX HAIIPAKEHUM T'OPHOI'O JABJIEHUA, 3
CYET JaBJICHUA, CO34ABAEMOI'0 3aKAYKOU JXUIKOCTU
paspbiBa.

I'mapopas3pelB ILUIACTA ABIAETCA
BBICOKO3(D(PEKTUBHBIM M BBICOKOTEXHOJIOI'MYHBIM
nporeccoM. Ero ycrex 3aBUCHUT OT 6OJIBIIOTO
KOJIUYECTBA (PAKTOPOB, ONHUM U3 KOTOPBIX ABJISAETCS
KA4eCTBO ITpuMeHaemMon xuakoctu I'PIT. Ot
MPAaBUJIBHOI'O BEIOOPA *KUAKOCTH 3ABUCAT KOHEYHAS
JUIMHA 3aKPEIUIEHU TPELUHBL, €€ IIPOBOANMOCTD,

4 TAK>KE CTOUMOCTD IPOBeAeHU onepanun. OKou1o
98% NPpUMEHAEMBIX JKUJKOCTEN I'NAPOPA3PhIBA
IIPUXOAUTCA HA BOJHBIE ITIOJIUCAXAPUIHbBIE

reau. [NIaBHBIM IPEMMYLIECTBOM TAKUX I'eJIer
SABJIAETCA UX BBICOKOE KA4€CTBO, 3KOJIOI'MYHOCTD 1
HOXApPOOE30MIACHOCTS [1, 2].

Ha cBoricTBa ITOJIMCAXAPUAHBIX I'eJIeN
CYIIECTBEHHO BINAECT MOHHBIN COCTAB
UCIIOb3yEMOU BOABL. 114 CO3/TaHUA
MOJIHUCAXAPUIHBIX I'€JIEH MOXET ObITh IPUMEHEHA
NpecHas UM MUHEPAIU30BAHHAA BOAA.

Jna nposenennd nporecca I'PIT Ha ogHOM
BEPTUKAIIBHON CKBAKHMHE HEOOXOIUMO OKOJIO 300 M3,
OJTHAKO IS ITPOBEJIEHU S MHOI'OCTaAUHUHOTO I'PIT
HEOOXOIMMOCTD BOJIbI BO3pacTaeT 70 30 000 m?,

YTO OKA3bIBAET CYILIECTBEHHYIO JIOTUCTUYECKYIO
HAI'Py3KYy U, KaK CJIICACTBUE, YBEJIMUUBACT CTOUMOCTD
nposegenus onepauuu I'PIT [3].

IIpy UCIIOIb30BAHUU BOJBL C COAEPKAHUEM
MHOTOBAJIEHTHBIX KATUOHOB HEOOXOAMMO
OIIPEAEIUTDL BO3MOXHOCTD IIPUMEHEHUS €€ [JI
reauposanusd. [IpyMeHeHne I1aCTOBOU BOJbL
3HAYHTEIbHO YXYILIAET CTPYKTYPY IIOJYYEHHOI'O
resis U Ka4eCTBO CIIUBKH, B PE3YJIbTATE
HET'ATUBHOI'O BJIIMAHUA MHOI'OBAJIEHTHBIX KATUOHOB,
MNPEACTABIEHHBIX BOCHOBHOM HOHAMHU Ca®" u Mg*.

KonuuecTBO KaTUOHOB (Ca?* u Mg*") B BOziE
OIIPEAENAET BO3MOXHOCTD I'€JIMPOBAHUSA C
HOJTYYEHUEM TEPMOCTAOUIBHOTO TEJISI XOPOIIETO
KkadecTsa. Copepkanme KaTuoHoB (Ca®'u Mg?") B
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IPHUMEHSIEMBIX COCTABAX HE JJOJIKHO IPEBBIIIATD
500 MI1/11, 3TO OO'BSICHSIETCS TEM, YTO
HEUTPAINIYIOIIEE BO3AECUCTBUE KATHOHOB
BEILIECTBO — PETYJIATOP JECTPYKIIUU CIOCOOEH
MEPEBECTU B YCTONMYUBBIE KOMIIEKCHI JIUIIIb YaCTh
MHOT'OB2JIEHTHBIX HOHOB.

IIpy 3aKaYUBAHUU IPECHBIX TOBEPXHOCTHBIX
BOJI 34 CUET HAOYXAHUS INTMHUCTBIX YACTUI]
IPOHUITAEMOCTD IJIACTA YMEHBIIIAECTCS B HECKOJIBKO
pa3. KToMy Xe B IPECHON BOJIE COAEPKUTCSA
O0JIBIIIOE KOJIMYECTBO PACTBOPEHHOT'O KUCJIOPO/IA,
a, CJIEJOBATEIbHO, U MUKPOOPIaHU3MOB,
SKU3HEJESITEIBHOCTh KOTOPBIX IPUBOJIUT K
JIECTPYKIIMU IOJIUMEPHBIX CUCTEM. [ToaTOMY /17151
UCKJIIOYEHMU I UX BO3/ICUCTBU I HEOOXOIUMO BBOIUTH
OAKTEPULIU/IBL, UTO TAKXKE YAOPOKAET IIPOLIECC.

IIpenMyIIECTBOM UCIIOTIb30BAHUS
MUHEPATN30BAHHON BO/JIbL SIBJISIETCS] CHIDKCHUE
JIOTUCTHUYECKOW HATPY3KHU ITYyTEM IPUMEHEHU S
HOATOBAPHBIX BOJ, KOTOPBIE HAXO/ISATCS B U30BITKE
U B OTHOCHUTEJBHO JIETKOU JOCTYITHOCTH. BmecTe
C 3TUM HE NIPOUCXOJUT HAOYXAHUS INTMHUCTBIX
YACTUL] [1J1ACTA, T. €. IPOHUIIAEMOCTD IJIACTA
coxpansieTcs [4—0].

Taxum 06pa30M, HA CETOAHAIIHUH ICHb
AKTYaJIBHOU 33/1a4€H SBIAETCS pa3paboTKa COCTABA
KuakocTu I'PIT Ha OCHOBE MUHEPAIN3OBAHHOU
BOJIbI.

B 1anpHENIMNX UCCIIEAOBAHUAX OYIET
UCCJIEIOBAHA TUIPATAL S [IOJUCAXAPU/IA B
MHUHEPAJIN30BAHHOU BOJE, U3YYEHO BIUSIHUE
KaTuOHOB Ca** 1 Mg Ha CIIMBKY IOJIMMEDA,

4 TAKIKE TTOJIOOPAH METOJ] HEUTPAJINU3AITUU
HETATUBHOI'O BJIUSHUS JAHHBIX KATUOHOB HA
(PUBUKO-XUMHUYCCKUE U TEXHOJIOTHYCCKUE CBOUCTBA
KuakocTu ast [PIT.
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HEHHI)II71U I'PII - 3AJIOT
BYAYIIEN JOBbIYU

M.C.IIog3opoBa, A.A. Kpyriosa

Droxa JIErKkOU3BIEKAEMON HEPTH 3AKAHUNBACTCH,
U 0151 BOBJIEKAEMBIX TPYJHOU3BICKAEMBIX
3a11a4coB B Poccuu noCcToAHHO pacreT. OGHUM U3
pa3pabaTbIBAEMBIX HETPAJUIIUOHHBIX 3A11ACOB
ABJIAETCA JOMAHUKOBA CBUTA, COAECPKALIASA
11 HE(PTAHBIX MECTOPOXKIEHUIT C OO BEMOM
W3BJIEKAEMBIX 3a114COB He(TH OT 3 10 6 MIPA T [2].
JIOMaHMK OPEACTABISAET COOOM TOJIIY, COCTOAITYIO
U3 OUTYMHHO3HO-KPEMHUCTO-KAPOOHATHBIX TOPO/]
C IIPUMECBHIO INIMHUCTOI'O MATEPUaId OT 5 10 25%, HE
COZEPKAIMUX BOAY, C IPOHUIAEMOCTBIO 0,1-2 M/,
THII KOJJIEKTOPA: TPEIUHHO-IIOPOBBIN, IOPOBO-
KaBEPHOBBIN, TPEIHNHHO-KABEPHO-TIOPOBLIN. 1151
MIPOMBIIIJIEHHON JOOBIYH YITIEBOAOPOIOB U3 3TUX
MJIACTOB TPEOYETCS MPUMEHEHNE TEXHOIOT U
TOPHU30HTAJIBHOTO OYPEHUSA 1 MHOT'OCTAJTUHHOI'O
rupopaspsoisa macta (MI'PIT) pisg cozpanus
UCKYCCTBEHHOI'O KOJUIeKTOPA. [IprucyrcTBue
BBICOKOI'O COIEPKAHUS IVIMHBI B COCTABE
JOMAaHHUKOBOI CBUTBI, 4 TAKXKE OTCYTCTBUE CUCTEMBI
3aBOJHEHUA IIPEAIIONArdeT UCIIOIb30BAHUE
0€3BOAHOI )KUIKOCTH PA3PBIBA (HA YIJIEBOAOPOJTHON
OCHOBE, BBICOKOKA4E€CTBEHHBIE IIEHDI U CKMKEHHBIN
MIPUPOLHBIN I'a3) /I YMEHBIICHUA IIOBPEXKACHUSA
MJ1ACTA, BBI3BAHHOT'O BBICOKUM KAITHUJUISPHBIM
JaBJICHUEM U CHH)KEHUEM IPOHULIAEMOCTH, KAK
MOCJIENCTBUSA HAOyXaHU A [JIMHBL.

Haunbonee nepCrieKTUBHON B 9TOM CIIy4ae
ABJIAETCA MIEHHASA )KUJIKOCTD PA3PbIBA HA OCHOBE
CO,, T. K. pIIOM C MECTOPOK/ICHUSIMU PACITOTIOKEHA
npupoaHas 3anexnb CO,, 13 KOTOPOM JIEM'KO MOXKHO
JOCTABUTD I'a3 JIJ1s JAHHOM ONEPAIUU. DTO TAKXKE
YMEHBIIUT KOJIMYECTBO HEOOXOANMON IPECHOM
BOJIBI M1 3ATPATHI HA €€ OOPAOOTKY.

CTPyKTypa EHBI O6JIATAET CHOCOOHOCTHIO
06€eCneYrBaTh NOBBIMEHHYIO 3(P(MEKTUBHYIO
BA3KOCTB 6€3 KOJIbMATAIIUU IOPUCTOM CPELBI
U 0€3 YXYIIEHUS KOJJIEKTOPCKUX CBOVCTB,

T. K. HE 00pa3yeTcs (PUIABTPAIIMOHHAS KOPKA.
ITeHHas )KUAKOCTD PA3PbIBA UMEET BBICOKYIO
3P PEKTUBHOCTD OJATOAAPS CHUKECHHBIM
KOa(dpunueHTamM PUIbTPALUOHHBIX YTEUEK,
BBICOKOMU BA3KOCTHU BHYTpPU TpewuH I'PITu
HE3HAYUTEIbHBIM CKOPOCTAM OCAXKICHUA
PACKIMHUBAIOLIETO MATEPHUAIIA.

B [1] omucaHbl IpUMEHEHHNA IIEHHOI'O
ruapopaspeiba iacta (I'PIT) ansa noobrau
YIJIEBOAOPOSOB HA MECTOPOXKACHUAX 3ATTAJHON
Cubupu u 32 pyoexoM. ONBIT ITOKA3aJ



IOJIOKUTEIbHBIE PE3YJIBTATDL, II03TOMY MOXKHO
CIE1ATh BBIBOJI, YTO C TEUEHHUEM BPEMEHU

MHOJOOHBIE ONlEpalui 6yAyT IPOBOAUTHLCS B Poccuu
HA IOCTOSIHHOM OCHOBE /17151 6OJIBITIETO YUCTIA
MECTOPOXIECHUM HE(PTU U Ta34.

ITennsie I'PIT MOr'yT OKa3aThCs pEIICHUEM
npo6aeM, Tak Kak I'PII cranoBuTcsa Hauboee
HONYISAPHBIM METOAOM HHTEHCU(PUKALTUN TOOBIYN
B Poccuu. ITennbie I'PIT CHHUKAIOT KOJIBMATAIIHIO
NPONIIAHTHON TPENMHBI U YIIYYIIAIOT OCTATOYHVIO
npOBOAUMOCTD TpemuH I'PIT, 9TO BEAET K
YBEJIUYEHHUIO NPOJAYKTUBHOCTHU CKBAXHUHBI. OJTHAKO
nepe;i IPOMBIIIJIIEHHBIM IIPUMEHEHUEM HEOOXOIUMO
IPOBECTHU Psifl 1A60OPATOPHBIX UCHBITAHUH, KOTOPBIE
CENYaC HEBO3MOXKHBI M3-34 OTCYTCTBUA B Poccuu
HEOO6XOIMMOT0 O6OPYJOBAHUSL.
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PASBPABOTKA XUMHNYECKHUX
COCTABOB HA OCHOBE
IOJIMOKCHUXJIOPUIA
AJTIOMHUHUA U KAPBAMHIA

B KAYECTBE OTKJIOHUTEJIEN
IJISI MHOTOCTATUMTHBIX
TUIPABINMYECKHUX PA3PBIBOB
IIJIACTA

JI.LA. Maragosa, I.H. MankuH, U.A. YKOJIOB

Annomauyus

B paboTe npeAcTaBIeHbl PE3YIBTATHI
noA60pPa KAYECTBEHHOI'O U KOJIMYECTBEHHOTO
COOTHOMIEHHUSI KOMIIOHEHTOB /IS CO3/IaHU S
YCTOMYHUBOTI'O OTKJIOHAIOMIETO 9KPAaHA HA
OCHOBE MOJIMOKCUXJIOPU/A AJTIOMUHUS
U Kap6aMuia s pa3oOUieHUs IOPTOB
MHOT'OCTAIMIHOI'O THPABIMYECKOTO PA3PbIBA
1ACTA. DKCIIEPUMEHTAIBHO MTOKA3aHA
BO3MOKHOCTb IPUMEHEHU S TEXHOJIOIUH C
MCHONIB30BAHUEM HCCIIEYEMOI'O XUMHUUYECKOTI'O
AreHTa IPU NPOBEJIEHUU MHOTOCTAJUIHOT O
TUPABIMYECKOTO PA3PbIBA ITACTA KAK
AJIBTEPHATUBA CYMIECTBYIONUM MEXAHUYECKUM
METO/AM Pa300IeHUs NOPTOB. ITpoBEIEHbI
J1a6OPATOPHBIE U3BICKAHUS IO UCCIENOBAHUIO
TEPMOCTAOUIBHOCTH U (DUJIBTPALUOHHBIE OITBITHI
JUISL OLIEHKHY IMTPAKTUYECKOTO IPUMEHEHUS TAHHOTO
OTKJIOHUTENA. ITpeaoKeH cioco6 pa3pyeHNs
OTKJIOHAIOIIUX 3KPAHOB IOJ AEUCTBUEM
KHUCJIOTHBIX PACTBOPOB, 4 TAKXKE CAMOIIPOU3BOJIbHAS
JECTPYKIUA C TEYEHUEM BPEMEHHU.

ITo gaHHBIM MUHUCTEPCTBA SHEPIETUKU
Poccurickoi ®egepanuu, Ha reppuropun PO
B HACTOsAIIEE BpEMsI 6oiee 65% 3a1acoB HEPTU
MIPUYPOYEHBI K TPYAHOU3BIEKAEMBIM 3a11acaM. [
YCIIENTHOM Pa3padOTKU TAKUX 3aI1ACOB HEOOXOIUMO
HUCHONB30BATh TEXHOJIOI'UH TOPU3OHTAIIBHOTO
OypeHHUs C NOCAEAYIONUM MHOTOCTAAUITHBIM
TUAPABINYECKUM PA3pbIBOM 1racta (MI'PIT) [1].

ITpu nposenennn MI'PII TpebyeTca U30IUPOBATD
YK€ MTHULIUUPOBAHHBIE TPEIIUHEI IS [IPOBEICHUSA
CIEAYIOMNX CTAAUN TUIPOPa3peIBA. B
MPOMBIIIJIEHHON IPAKTUKE CYIMECTBYET HECKOJIBKO
TEXHOJIOTUH n3osauuy TpemuHd MI'PII. B pa6ore
PacCMAaTPUBAETCA TEXHOJIOTUA C UCTIOJIb30BAHUEM
XMMHUYECKHUX PEATEHTOB C 33JTaHHBIM IIEPUOAOM
re1e00pa30BaHMS 11 BDEMEHHOT'O PAa300LICHHUS
OPTOB. B KayecTBe O6'bEKTA UCCIIENOBAHUA
ObLIA IPEAJIOKEHA KOMITO3UILINA HA OCHOBE
MOJIUOKCUXJIOPU/IA AJIIOMHUHUA U Kap6aMu1a ¢
JOOABJICHUEM PA3IUYHBIX MOJU(PUIIUPYIOIIIX
T0OABOK. 1JI1 XMMHUYECKUX OTKJIOHUTEJICH
BO3MOHO PETYyIMPOBATDH CJIEAYIOMIHUE MAPAMETPDL:
BpEMS I'es1c00pa3oBaHus (IIPYU U3BECTHOM 3a00HHOM
TEMIIEPATYPE), BDEM S CAMOIIPOU3BOJILHOM
JecTpykuuu. [Tokazana BO3MOXHOCTD PA3PYyIIEHNA
OJIOKHUPYIOIIETO COCTABA BO3JAEUCTBUEM PACTBOPOB
KHCJIOT C HU3KOU KOHIIEHTpanuen (puc. 1).

Paspyisenne rens
MOC1E KHCAOTHOTD
BOFREHCTEHA

Pucynox 1 — Koncucmenmmnocmao
OMKAOHUMENA 00 U NOCNe Pa3pyuienusn

Kucaomoii [2]

OnucaHue TEXHOJIOIUU TIPUMCHCHUA:
POU3BOIUTCS 3AKAYKA XUMHUYECKOTI'O OTKJIOHUTEIIS
HEMNOCPECTBEHHO K IIPOIINAHTHON ITAYKE, 3aTEM
OPOUCXOAUT 3AKPEIJIEHNE U TEIUPOBAHUE COCTABA
y 3aganHoro nmoprta MI'PII, majiee BO3MOXKHO
IIPOBEJECHUE CJIEAYIOWEN CTAaJUU PA3PbIBA (PHC. 2).

Bbl1 MOJOOpaH U MPOTECTUPOBAH [3] ONBITHBIN
COCTAaB KOMITIO3UIIUH ITOJITMOKCUXJIOPH/1Ad AJTIOMUHU A
U Kap6aMuza ¢ J06aBICHUEM MOJUPHUKATOPOB:
aneTaTa HATpUs, YPOTPOINHA, XJIOPHUAA AMMOHUS,
KcaHTaHa (puc. 3).

XUMHUYECKUU METO/] pa3061eHus nopTos MI'PIT
3aPEKOMEHJIOBAJI CEOs KAK NEPCIIEKTUBHBIN, OJHAKO
TpebyeTcs JOPaObOTKA TEXHOJIOTUHU C IPOBEJECHUEM
OIBITHO-ITPOMBINIJICHHBIX HCIBITAHUN XUMHNYECKHUX
COCTABOB, TOAOOP KOMIIOHEHTHOI'O COCTABA JJI
KOHKPETHOT'O OO'bEKTA U JIETATIbHBIH TEXHUKO-

Ne 4 (074) Iexa6ps/December 2020 85

=
~
=
~
<
>
a8}
©)
=
=
a
=
@)
af
=
&)
=
=)
o)
s




oN
~
=
~
<
2
e
®
=
S
e
=
©,
[l
-
Sa)
=
S
3|
o

Pucynox 2 — Texnoaozusa npoeeoenusn
MTIPII ¢ xumuueckum Omxa0HUme1em

B Kapbamng

[ Monuokcmxnopug antoMUHKS
AueTaTt HaTpus
YporponuH

B KcaHTaH

Xropuna aMMOoHKA

Pucynox 3 - Coomnouienue KoOMnoHeHmos
6 UM 020801l KOMNOZUUUU

SKOHOMMWYECKUH AaHAINU3 I IIOTEHIINAIbHOTO
TUPAKUPOBAHUS TEXHOJIOTUH.
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OB3O0P IIOHU3UTE/IEU TPEHUSA
JKUJIKOCTEN THIPOPA3PBIBA
IITACTA

B.B.IllaranxuHa, B.A. IIbIraHKOB

B nocnennee qecATUIETHE IPOU3OIIIA
PEBOJIIONUS B JOOBbIYE HEDTU U ra3a 61arogaps
3HAYUTEIBHOMY PA3BUTHIO HE(DTEHOCHBIX
CJIAaHIIEBBIX KOJUIEKTOPOB C UCIIOIb30BAHUEM
EePEeAOBBIX TEXHOJIOTHH B TOPU30OHTATIEHOM
OYPEHUH K MHOTOCTYIICHYATOM I'H/IPOPA3PBIBE
nacrta (IPIT).

C pa3pabOTKON HETPAAUIIMOHHBIX CKBAKUH
B KaQ4ECTBE KUJKOCTHU /I TUIPOPA3PHIBA CTAIA
npeobaaIaTh JKUAKOCTD C TOHU3UTEIEM TPEHUS
— MOJTUMEPA HA OCHOBE MOTUAKPUIAMUIA
(TTAA). Berno noacuuTaHo [1], 9To 6051ee 30%
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00OpPabOTOK IJIACTA JIJISI UHTECHCU(PUKATTUH

MNPUTOKA, NIPOBEJEHHBIX B 2004 roay, 6b11H

paboTamu Ha CKOJIb3KOU BOJiEe (slikwater). B 2017

rofy X KOJIMYECTBO BO3POCIO 10 80% B CBA3U C

TUAPOPA3PBIBOM HETPAAULIMOHHBIX KOJLJIEKTOPOB B

CeBepHOM AMEPUKE.

Pa3phbIB I1aCTa HA CKOIB3KOM BOJIE,
OTIIMYAIOMUICA OT PAa3PhIBA IIJIACTA C
HUCHOJIB30BAHUEM CITUTBIX )KUJKOCTEL, OBbLI BIIEPBBIE
UCIpoo6oBaH B 1997 ropy [2]. OCO6EHHOCTAMU ITOMH
TEXHOJIOTUU ABJIAIOTCS:

— COCTAB )KHUJIKOCTH Pa3pbIBa, KOTOPasi HA 99,5%
COCTOHUT U3 NIPECHOI BOABI U PACKIUHHUBAIOMIETO
MaTepHasa, OCTAIBHBIE COCTABJIAIONNE
MIPEACTABIEHBI IOHU3UTEIEM TPEHUS,
CTAOUIN3ATOPOM IVIMH U APYTUMHU JOOABKAMU;

— 3aKa4Ka O0JbpIIOro 06'bemMa BoAbl — 10 2000 M Ha
onny craguio I'PI1, 9TO BhIIIE CPEAHEOTPAC/IEBBIX B
6-20 pas;

— BBICOKHE CKOPOCTH 3A4KAYKH, JJIs1 TOPU3OHTAIbHBIX
CKBAXXMH JlocTUraoT 10—-14 M?>/MuH u 60J1€€, 4TO
BBIIIIE CPEAHEOTPACIEBBIX B 4—6 pas.
BeIEynnOMsIHY ThIE OCOOEHHOCTH MTO3BOJISIOT

CO3/1aTh CBA3AHHYIO CETh UCKYCCTBEHHBIX

U €CTECTBEHHBIX TPEMIUH, UTO SBISIETCSA

OCHOBHOMU 3aa4er 11pu nposegenuu I'PIT B

HU3KONPOHHUIIAEMBIX IIJIACTAX.

BA3KOCTB CKOIB3KOM BOABI HE3HAYUTEIHHO
OTIIMYAETCH OT OOBIYHOM, TPAHCIOPTUPOBKA
PACKJIIMHUBAIONIETO AT€HTA OOECTIEUUBACTCA B
OOJIBIIIEI CTENEHHU 34 CUET YBEINYEHUS CKOPOCTH
33aKAYKHU U TyPOYJIN3AUEN IOTOKA, YTO CBA3AHO CO
3HAYUTEIBHBIMHU NIOTEPAMH SHEPTUU HA TPEHUE,
OPEUMYIIECTBEHHO B HACOCHO-KOMIIPECCOPHBIX
TPy6aX, KOTOPBIE, OTHAKO, KOMIIEHCUPYIOTCS
TUPABIMYECKON MOITHOCTBIO HACOCHBIX aTPETATOB,
MEPEKAYNBAIOMNX 3Ty BOAy. Ho B m060M ciydae
TAKasl KOMIIEHCAIIUS YBEJTUYUBAET HATPY3KY HA
060PYIOBAHUE U TPUBOAUT K ITOBBIINIEHHBIM
3arparam. [IpuMeHeHne NOHU3UTENA TPDEHUS B
slickwater IpUBOAUT K 3HAYUTEIBHOMY YBETUYEHUIO
NPOMU3BOAUTENBHOCTH ONIEPALIUU ¥ CHUKEHUIO
IKCIIYATAIMOHHBIX PACXOA0B 70 30%.

JaHHasg TEXHOJIOIUs CYUTAETCA IIEPCIIEKTUBHOM
JUISL IPUMEHEHM B IUIACTAX CO CBEPXHU3KONU
MPOHUILAEMOCTBIO, HAIIPUMED, HA OA’KEHOBCKON
CBUTE, KOTOPAS ABIAETCA AHAJIOTOM CJIAHIIEBBIX
dopmannii B CIIIA [3]. OTnoxeHNs 6a>KEHOBCKOM
CBUTBI UMEIOT CTPATETUIECKOE 3HAUYECHUE JIIA
Poccnn, 3am1acel 3/1eCh MOTI'YT COCTABJIATD JJO
120 MapJL TOHH HEPTH, 3TO IPUMEPHO B IISITH PA3
OoJIblIIE, YEM HA MECTOPOXKcHNM bakkeH B CIIIA,

C KOTOPOI'O M HAYAJIACh AMEPUKAHCKAA CIAHIIEBAA

pesosronus [4].

B Poccuu ganHas TEXHOJIOTHS TOJBKO HAYUHAET
CBOE Pa3BUTHE U OBICTPO HAbUpaeT MacuTab.

Jiist focTrKEHUS 9(PPEKTA CHIDKCHU ST TPEHUS
J06aBKA JUIMHHOLEIIOYEYHBIX TTOJIMAKPHUIAMHUIOB
K BOJIE OCYIIECTBIIAETCA B KOTUYECTBE OT
0,5 7o 2 kr/M3. Hanbosnee pacCnpoOCTPAHEHHBIMU
SABJIAIOTCA COIIOJIMMEDPHI aKprtaMuza, [TAA,



AKPHJIAMHIO-METUIPONAHCYIb(OHATA,
IIOJIMAKPUJIOBAS KUCJIOTA, 4 TAKKE
T'UPOJIN30BAHHBIN IOJIMAKPUIAMUZ, [2].

ToBapHBbI€ (DOPMBI NPEACTABIECHHBIX PEATCHTOB
IPEJCTABIISIIOT COO0M ITOPOIIOK JIUOO B BUJIE
JUCIIEPCUU TBEPAOI'O BEIIECTBA B MUHEPAIBHOM
MACJIE, YTO O3BOJISAET PEATCHTY JIETKO
JUCTIIEPTUPOBATHCS U OBICTPO T'UAPATUPOBATHCA B
BojE [5]. Takue peareHThl JJOBOJbHO YYBCTBUTEIbHBI
K KATUOHAM JIByXBAJIEHTHBIX METAJLJIOB, IIO9TOMY
UX CJIEAYET IIPUMEHATD C OCTOPOXKHOCTBIO IIPU
3aMENINBAHUU B JKECTKOH BOJIE.

YacTU4HO rupoan3oBaHHbIl [TAA asigercs
HauoboJIee PACHPOCTPAHEHHBIM U3 JOCTYITHBIX
MOHU3UTENIEH TPeHUH [5]. Ero mojy4aror nyrem
B3AMMOJECHUCTBUA AKPUIATA HATPHUA C AKPUIAMUOM,
TAK YTO HPUMEPHO 30% aKPpUIAMUIHBIX I'DYIIIT
HAXOJIATCS B THIPOIU30BAHHON (popMe. DTO
yAy4IlIdeT PACTBOPUMOCTD B BOZE 110 CPABHEHUIO
c9uCThIM ITAA 1 1entaeT nonmMep MeHee
4YBCTBUTEIBHBIM K JIBYyXBAJIEHTHBIM KATUOHAM, KaK
B CJIy4a€ MOJIUAKPUIOBOU KMCJIOTHL.

Hcnonp30BaHNE MOHOMEPA 2-aKPUIAMUJO-
2-METUNNIPONAHCYIb(POHOBON KUCIOTHI
JaeT 3HAYMTE/IbHOE CHYXKEHUE TPEHU IIPU
HUCMNONB30BAHUN B MUHEPATU3OBAHHON BOJE. Takke
peareHT CTabuICH B IIMPOKOM guanasone pH [0].

XUMUYECKHI COCTAB BOABI, UCIIO/Ib3yEMOM
PU TUAPOPA3PBIBE IIACTA Ha slickwater, 1 ee
COJIEHOCTB — 3TO 1BA OCHOBHBIX (PAKTOPA, KOTOPBIE
YYUTBIBAIOTCA IIPH BBIOOPE CHIKAIOMUX TPEHUE
peareHTos [7].

TTOCKONBKY MHTEPEC K TAKHUM KHUJKOCTAM
MOCTOSHHO HAPACTAET, 4 YCJIOBUA IPUMEHEHU A
PEATEHTOB CTAHOBATCSA 60/EE JKECTKUMHU, BCTAET
BOITPOC MOJO0PA HOBBIX PEATEHTOB YIYYIIEHHOI'O
JEUCTBUA. B KAKUX-TO C/Iy4asaX 3TO NO3BOIUT
TOBBICUTB 9KOHOMHUYECKUN 3P (PEKT oneparuit
TUAPOPA3PHIBA, B KAKUX-TO ITO3BOJIUT IIEPEUTH B
30HY PEHTA6€EIBHON Pa3pabOTKHU MECTOPOXKICHUSL.
Kpome Toro, 1aHHAA TEXHOJIIOT U ITO3BOIUT
npoBoanuTs I'PIT B ry1acTax ¢ BBICOKUM I1JIACTOBBIM
JaBJIEHUEM, B KOTOPBIX Y4CTO JOCTHUYD PA3PbIBA
OBIBACT OYEHb HEIIPOCTO.

JINTEPATYPA
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OB30OP METOJ0OB
IMPOBEJAEHUA KUC/JIOTHOI'O
I'NJIPABINYECKOI'O PA3PBIBA
IINTACTA

10.A. Tka4, B.A. IIpIraHKOB

B TeueHue pa3zpaboTKu MECTOPOXK/ICHUS
Ie6UT JOOBIBAIOIINX CKBAKMH CHIKAETCS U3-34
Pa3IUYHBIX (PAKTOPOB: CHUYKEHU S IJIACTOBOT'O
JIaBJICHUSI, KAYECTBA JOOBIBAEMOTO (DJIIOUA,
U3MEHEHUA (PUNBTPALTMOHHO-EMKOCTHBIX CBOMCTB
NPpU3a260HHOM 30HbBI CKBaKHUHBI (I13C).

IIpu pa3paboTKe KAPOOHATHBIX KOJJIEKTOPOB
TEXHOJIOTUS KUCJIOTHOTO I'UIPABINYECKOTO
paspsisa racra (KI'PIT) asingercs oqHOM U3
HauOOJIEE HAJIEXKHBIX TEXHOJIOTUM, KOTOPas
HO3BOJIUT YBEJIUYUTD JIEOUT JOOBIBAIONUX CKBAXKUH
U3 KapOOHATHBIX KOJUIEKTOPOB B HECKOJIBKO Pa3.

B HacTosmee BpeMs Ha KAPOOHATHBIE KOJIJIEKTOPHI
npuxogutcs 6onee 40% MUPOBBIX 3a11ACOB HEPTHU U
OKO10 60% MUPOBOI 10GBIYY HedTH [1].

[Ipo6iema u3ydeHus1 KAPOOHATHBIX OTIOXKCHUH
OPUOOPETAET BCE OOIBIIEE 3HAYEHUE B CBA3HU C
OTKPBITHEM HOBBIX «CJIOXKHBIX» Hd PA3TUYHBIX
INIYOMHAX KPYITHBIX MECTOPOXKJICHUU HEPTU U
rasa. BonpImoN HHTEPEC NPEACTABIAIOT KAPOOHATEI
JJOMaHUKOBOT'O KOMIUIEKCA, 34JIETAIONUE HA
rny6rHax 3000-4000 m.

Omnepanusa KI'PIT asnsgeTca OHON N3 CAMBIX
BBICOKO34TPATHBIX OIIEPAIIUU B HE(PTEROOBIUE.

B cpepneMm ¢ yueToM NpPakTUKU paboT B Poccun
3apy6eKHBIX (PUPM OMTH IIPOLIECC OOXOAUTCS
npuMepHO B 7 MuTH Py6. IToaTomy Kk KT'PIT
NPENBABIAIOTCA KECTKUE TEXHOJIOTUYECKUE U
3KOHOMHYECKHE TpeOOBAHNA. KaK MUHUMYM
06€eCTIeYeHE YBEIMYEHU A TIPOJAYKTUBHOCTH
CKB4’XKMH B 2—3 pa3a, C yCIEMHOCTHIO HE MEHEE
85-90% 1 C IPpOAOIKUTENBHOCTBIO 3 (PEKTA HE
MeHee 2-3 et [1].

CyIeCTBYIOT TEXHOMOTNU NTposeaeHns KI'PIT
K4K C IIPOMITAHTOM, TaK U 6€3 Hero. [Ipu 3TOM
NPONINAHTHO-KUCJIOTHBIA I'MIPABINYECKUI PA3PHIB
IJIACTA BBI3BIBAET OOJIBIIOE KOJIMYECTBO BOIIPOCOB
MU3-34 LEJIECOOO6PA3HOCTU NPUMEHEHHA IIPOIIAHTA
Ha MATKHUX KApOOHATHBIX ITOPOAAX. PaccmoTpuMm
KAXVIO U3 TEXHOJIOI'UU OTIEBHO.

Texnonorusa crangaprHoro KI'PIT 3akirodaercs
B IIOCJIEJOBATEIbHOU YEPEAYIOMIENCA 3AKAUKE
BBICOKOBSI3KOM )KUAKOCTH PA3PhIBA M KUCJIOTBHL.

OHa coueTaeT B ce6€ NPEUMYIIECTBA KUCIOTHON
OOPAOOTKH U I'M/IPOPA3PBIBA IVIACTA. BBICOKOBS3KAS
JKUJKOCTD (JKUJKOCTD Pa3puiBa), C OJAHOM CTOPOHHI,
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06pa3yeT MArUCTPAIBbHYIO TPEIINHY, 4 C JPYTOH,

3aTIOJIHAET KABEPHBI U €CTECTBEHHBIE TPEIMIUHEI

C BBICOKOY NPOHUIIAEMOCTBIO, HE ITO3BOJIA

NONaAaTh B HUX KHCJIOTE, HOCTYMAIOUIEN CIEOM.

3aKa4MBAEMBbIN PACTBOP KUCJIOTBI PACTBOPAET

HOPOAY BJOJb HATIPABJIECHUS TPEIIUHEI

OPEUMYIIECTBEHHO B HU3KOIIPOHUIIAEMBIX

HEPTEHACHIEHHBIX IPOCJIOAX, TAK KaK

BBICOKOIIPOHHUIIAEMBIE 3ATIOJTHEHEI TEJIEM.

3aKa4Ka CJIEAYIOMUX MAYEK )KUIKOCTHU PA3PbIBA

U PACTBOPA KUCJIOTHI €IIIE OOJIBIIIE YBEJIUYHUBAET

OPOTSKEHHOCTD TPEMIUHBI U, TAKUM 06Pa30M,

MOBEPXHOCTb (PUABTPALMU. TeM CaMbIM

CO3IAI0TCA YCIOBUA IS IPUOOIIEHUS PAaHEE

HEPAOOTAIOMUX ITPOIUIACTKOB U MOBBIIIEHUS

NPOU3BOAUTEIBHOCTH CKBAKUH [2]. CyIIECTBYIOT

Pa3HOBUJHOCTU CTAHAPTHON TEXHOJIOTUH, TPU

KOTOPBIX TTOCJIE KUCJIOTBI MOXKET IPOU3BOAUTHCS

33aKa4Ka KUCJIOTHOT'O T'eJIf JJI MOBBIIIEHUA OOIACTU

OXBAT4, 4 3aTEM HEPTEKUCIOTHASA IMYIbCUS UITU

TNEHOKMUCIOTA JJI1 YBEJIUYEHHUA AJIUHBI TPEMUHEI [3].
Texnonorus KI'PI1 ¢ nponmaHTOM MOXET OBITh

PEATN30BAHA ITO OAHON U3 CJIEAYIOMUX CXEM:

— 3aK44Ka IMHEMHOTO KUCIOTHOT'O '€l BO BPEMSA
Oy epHOU CTaAUU C OCIEAYIONIECH 3AKAYKOIM TOTO
JK€E TeJIs, HO yoKe C IIPOIIIAHTOM Ha MOCIEYIOMNX
CTAIUAX;

— 3aK44Ka CIIUTOI'O KMCJIOTHOI'O I'eJIs C
IIPONITAHTOM IO aHAJIOI'UH C BBIIIENPUBENEHHOM
CXEMOW;

— 3aKa4Ka Oy(pEepHOM JKUJAKOCTU U IOCIIEIYIONIEE
JepeloBAHUE BA3KON X KUAKOCTH PA3PhIBA HA
BOJTHOM OCHOBE C IPOIIAHTOM U KUCJIOTBL.
TexXHONMOrnus 3aKa4KN JUHEMHOT'O T'eJig HA OCHOBE

KHUCJIOTHI C TIPOIIIAHTOM UMEET KAK HEOCTIOPUMBIE

NPEUMYIIECTBA, TAK U PAJ, CYIIECTBEHHBIX

HENOCTATKOB. OHA 60J1€€ BBIMTPHIIIHA B CJIY4ae

€€ IPUMEHEHMA B KOJUIEKTOPAX C OJIU3KO

3JIETAIOIIMMHU I'a30- UJIU BOJOCOAEPKAIIUMHU

NPOIIACTKAMM, YEM TEXHOJIOTHA CO CIIUTBIM I'€JIEM.
TexXHONIOrus e 3aKAYKU CIIUTOI'O KMCJIOTHOI'O

reJis C IPONITIAHTOM UMEET PAJL CBOMX IIPEUMYILECTB

Haj apyruMmu. Hanpumep, 60s1€e€ TOYHBIN IPOTHO3

I'€OMETPUHU TPEMMHBL [TOJOOHBIN OAXO/,

IIPUMEHSETCS, B 4aCTHOCTH, ITAO «PocHe(Th» HA

MECTOPOXAEHUAX PecrTybmKu bamkopTocTaH [4].
TpCTbH TEXHOJIOI'UA U3 HCpC‘H/ICJICHHbIX BBIIIC ITO

CBOEI CyTH ITOBTOPSIET TEXHOJIOTHIO CTAHIAPTHOTO

KI'PIT, 01HAKO IO CPABHEHUIO CO CTAHIAPTHONU

OH4 OCJIOKHEHA IPUMEHEHUEM ITPONIIAHTA U, KaK

CJIE[ICTBUE, ABIAETCS 60I€E JOPOTrOCTOALEH [5].
Bcee npeacrasnennnie Texnosorun KI'PII ¢

MIPONIIAHTOM TPE6YIOT TOYHOI'O OI60PA KaK

KHUCJIOTHOTO PACTBOPA C MOJUPUITUPYIOIMUMU

JTOH6ABKAMH, TAK U IPONITAHTA, KOTOPBIN JOIKEH

OBITh CTOMKUM K aI'DECCUBHBIM CPEAAM U

06€eCTIeYnBATh HA/ICKHOE YIEPKUBAHUE TPEITUH

B PACKPBITOM COCTOSIHUU B TEUEHUE IJTUTEJIBHOTO

BPEMEHU.

B pa6ore [6] npoBOAHIOCHk CpaBHEHHE 3D DEKTA,
10JIy4aeMOro oT TexHosnoruit KI'PIT 6e3 nmponmnaHTa
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u nponmnanTHoro KI'PIT. Cpasy nocjie npoBegeHus
OIIEPALVI ITIOJyYEHHBIE 3HAYEHUA 10 IIPUPOCTY
JeOUTA U IJIACTOBOTO JIaBJIEHU S ObLIN IPUMEPHO
OJMHAKOBbIE. OZJHAKO CIyCTA 9 MeCA1eB

Ha CKBAXXUHE, B KOTOPOI1 ObLJI IPOBE/IEH
Kkmaccuueckuii KI'PIT, Hanyyye TPEMMHBL yKe

HE JJUATHOCTUPOBAJIOCH, 4 IPYras TPEIHa C
Pa3MEIEHHBIM B HEM IIPONITAHTOM IIPOJOXKAIA
J1aBaTh IPOTHO3HBIE JEOUTHI CITYCTSA 1B TO/14 IIOCJIE
MPOBEJICHU ONIEPALIU THPOPA3PLIBA.

B pabore [7] TakKe IPOBOAUIIOCH CDABHEHUE
KHUCJIOTHOI'O THJPOPA3PbIBa IIJIACTA O€3
UCHOJIB30BAHUS IIPOIIIAHTA U C UCITOJIb30BAHHUEM.
Pe3ynbraThl CBUICTEILCTBYIOT O TOM, YTO
npumeHeHue KI'PIT ¢ IpONnmaHTOM LIEIECO0OPA3ZHO
B KapOOHATHBIX KOJIJIEKTOPAX, TII€ HE PA3BUTHI
TPELIHUHBI U KABEPHBL, YTO TAKXKE 'OBOPUT O
XOPOULIUX IIEPCIIEKTUBAX €€ APECHOI'O IIPUMEHEHHUA
B OyAYIIEM.

Takum 06pa3oM, MOKHO C/IENIATh BBIBOJ] O
LIEJIECOOOPA3HOCTH NPUMEHEHH A TPONIIAHTHOI'O
KTI'PIT Ha O6'bEKTAX C IOPOBBIM THUIIOM KOJIJIEKTOPOB,
CJIOKEHHDIX IIJIOTHBIMU [IOPOJAMMU.

CnelyeT OTMETUTD, UTO PsiJ] padoT [8, 9]
JEMOHCTPUPYET IyTU YBEIUYEHHUS 3(PPEKTUBHOCTH
PaccMaTPUBAEMOU TEXHOJIOIUHU IIPOIIIAHTHOI'O
KI'PIT 32 cyeT KOMIJIEKCHOTO MTO/IXO/|A K Pa3PabOTKE
MECTOPOXKIAECHUH IIPU IIOMOIIU F'OPU3OHTAJIBHBIX
CKBAKHH C MHOI'OCTAAHUNHBIM I'APOPA3PbIBOM
1aCTa.
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CTPYKTYPOOBPA3YIOIIIUM
PEATEHT 1J11 BECIIOJIMMEPHBIX
KU IKOCTEH PA3PBIBA HA
OCHOBE BA3KOYIIPYTUX
IIOBEPXHOCTHO-AKTUBHBIX
BEIIIECTB

JI.A. Maragosa, /I.H. Maakus, II.LK. Kpucanosa,
C.A. BopoauH

Kak u3BeCTHO, OOJBIIUHCTBO onepanuii [PIT
HPOBOJST C UCHOJB30BAHUEM MOJIMMEPHBIX
JKUJKOCTEN pa3pbiBa. HETOCTATKOM TAKHUX
JKUJIKOCTEN SIBISETCI UX MHOTOKOMITOHEHTHBIN
COCT4B, YTO B CBOIO OYEPEND IIPUBOJUT K



YCJIOKHEHUIO U YIOPOXKAHUIO onepanuu. IlTlomuMo
3TOTO, BO3MOXKHO YXyAIIEHUE (DUIBTPAITUOHHO-
€MKOCTHBIX CBOUCTB KOJIJIEKTOPA 34 CUET
KOJIbMATALIUH IIOPOBOI'O IPOCTPAHCTBA OCTATKAMU
HEPA3PYLIEHHOIO reiid [1).

OueBH/IHA TOTPEOHOCTD B PA3pPabOTKE
O€ECIONMNMEPHBIX XKUAKOCTEN PA3PBIBA, HATIPUMED,
CHUCTEM Ha OCHOBE BA3KOYIIPYI'MX [IOBEPXHOCTHO-
aKTUBHBIX BewecTs (BYITAB). CucreMmbl Ha
OCHOBE BYITAB XapaKTepu3ylOTCa BLICOKUMU
BA3KOCTHBIMH U YIIPYTUMH CBOHCTBAMH,
HEOOXOIHUMBIMHU JIJIS1 TDAHCIIOPTUPOBKH
MNPOMNMNAHTA, KOHTPOJIA AABJIEHHUA B TPEMUHE
U [IOJIy4YEHUS IVTAHUPYEMOH €€ TEOMETPHUU.
JKunkoctu Ha ocHOBE BYTIAB He TpebyoT
JOIIOJIHUTEIBHOI'O BBOJA ECTPYKTOPOB, TAK KAK
CaAMOIIPOU3BOJIBHO PA3PYIIAIOTCSA IIPU KOHTAKTE C
YIJIEBOAOPOAHOU (Pa30i1i [2].

OJHAKO IS NOAAEPKAHU S BBIIIEYKA3AHHBIX
CBOVICTB HA BBICOKOM YPOBHE TPEOYETCA
6ospiast KoHueHTpanus BYITAB, uTo npuBoauT
K yaopoxkaHuio nnpouecca I'PIT. Ha gaHHbIH
MOMEHT AKTYaJbHON 33JJa4€H ABJIACTCA TONUCK
ONTHMAJIBHOTO CIOCO6A MOAEPHU3AL NN
JKHUJKOCTEN pa3ppiBa Ha OCHOBE BYITAB.

B HOLI «ITpOMBICJIOBAst XUMUS» OBLT Pa3paboTaH
PEATEHT-CTPYKTYPOOOPA30OBATED HA OCHOBE
COJIEN METAJIJIOB PA3JIMYHOU BAJIEHTHOCTH,
KOTOPBIX NO3BOJIAET ITOJIYIATh BA3KOYIPYI'YIO
CHUCTEMY IIPU MEHBITUX KOHLIIEHTPALIUAX
NOBEPXHOCTHO-AKTHUBHOTIO BemecTna (ITAB).

B KauecTBe uccnegyeMoro 06pasitd UCIoIb30BATICA
HE®TEHOJI BYTIAB, npeacTaBisomui Coooi
uBUTTEP-NOHHOE [TAB.

B pabore 6p111 NpOBEAEHBI PEOJIOTUYECKHE
HUCCJIENOBAHUA CUCTEM HAd OCHOBE
HE®TEHOJIa BYITAB 1 pa3dpab0TaHHOTO
CTPYKTYPOOOPA30BATEIIS C PA3JINYHOM 3AIDY3KONU
KOMIIOHEHTOB. [1OJIyY€HHBIE 3aBUCUMOCTH
XAPAKTEPHUSYIOTCS POCTOM 3(PPEKTUBHONU
BA3KOCTH KOMITO3UIIUU IIPU BBEAECHUHN
CTPYKTYpOO6pazoBaress. [Ipy 3TOM MOXKHO
BBIJIE/INTD OIITUMAJIbHBIN TUANIa30H KOHIIEHTPAIUHT
peareHTa, Ipyu KOTOPOM BA3KOCTHBIE ITAPAMETPHI
OyyT UMETb HAUOOJIbIINE 3HAYECHU S (pUC. 1).

Ha cnenyromeM atare paboThl ObLJI0 UCCIIEAOBAHO
BJIMAHUE KOHLIEHTPALIUN CTPYKTYPOOOPA30BATEIIA
HAa YIIPYI'ME CBOMCTBA CUCTEMBI C IIOMOIIIBIO
OCLMJUISILIMOHHON peoyoruu. M3 ojy4eHHbIX
JAHHBIX BUJHO (PUC. 2), 4TO YBEJINYCHUE
JIO3UPOBKU PEArCHTA-CTPYKTYPOOOPA30BATENSL
HPUBOJUT K POCTY MOAYJIS YIIPYT'OCTH, ITO
MOXKET 'OBOPUTH O POPMUPOBAHUU CJIOKHBIX
BSIBKOYIIPYI'UX CUCTEM IIPH B3aUMOJCHCTBUU
Mosiekya ITAB 1 CTPYKTypOOOpa3oBaTes.

DKCTPEMYMBI 3HAUYECHUH JAHHBIX
IAPAMETPOB IIPOCIEKUBAIOTCS IIPU CXOKEM
JHAIIA30HE KOHLCHTPALUN pEArcHTa-
CTPYKTYPOOOPA30BATEIIA, KAK U B CIIy4a€ C
3P PEKTUBHON BA3ZKOCTBIO. JJaHHBINA PAKT
MO/ATBEPK/IAET IPABUIBHOCTD BIOOPA

400

#— HEGTEHO!T BYTIAB 50 n/w®
350 —#—HEDTEHO BYITAB 70 n'w’
=#—HEDTEHOT BYTIAB 30 1w’

300

mlla-c

200

150

100

\

0 3 10 15 20
OdBeM CTPYRTYPoodpasosaTe i, 1

IpperTHERAR BAIKOCTE npn 100 ¢ 1,

gk

[E¥]
i

Pucynox 1 — 3aeucumocms

AP pexmuenoii 6a3Kocmu pacmeopoe
HE®DTEHOJIa BYIIAB om koHyexnmpauuu
peazenma-cmpyxmypooopaszoeamensn

5.0 -

: - & —-(,025"n
45 1 o S N
4.0 4 —e— | T'n

3.3
3.0
2.5
2.0
1.5
1.0

G' (yopyruii smoxyas), a

0.5

0.0 T T T T T T
& 3 10 12 14
QBN CTPVETY POOdpasoBaTea, ;U

=
(1
4=

Pucynox 2 - 3a6ucumocms Mooy
ynpyzocmu pacmeopoeé HEDTEHO/Ia
BYIIAB (50 1/m?) om xonuenmpayuu
peazenma-cmpyxkmypooopa3oseamens

ONTHUMAJIBHOI'O JUANIa30Hd KOHIIEHTPAITHUHI
peareHTa-CTpyKTypoo6pa3oBaTesIs A1 CO3/1aHUS
BA3KOYIIPYTUX KUJKOCTEH Pa3phlBd C HAWIYUIIUMHU
CTPYKTYPHBIMU 1 PEOJIOT'HYCCKUMHU ITOKA3ATEIISIMHU.
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MATEPHAJIbBI

IIponmanT (OT aHIVL propping agent —
«PACKIMHHUBAIOIINN AT€HT») — T'PAHYI000PA3HBIA
MaTEPUAL, KOTOPBIN UCTIOIb3YETCA B
HedTETOOBIBAIOMICH TPOMBIIIICHHOCTH JIJIST
HOBBIIIEHUS 3(PPEKTUBHOCTU OTAAYU CKBAKUH C
NPUMEHEHUEM TEXHOJIOTUH THAPOPA3PbIBA IIACTA
(T'PIT). PaCK/JIMHUBAHHE BBIIIOJHAECTCA C LICJIBIO
HOAJEPAKATb IPOHUIIAEMOCTD, CO3LAHHYIO TYTEM
rUAPOPa3pbIBa. [IPONIIAHT NPEACTABIAET COOOH
I'PaHyJIBI CXOJHOI'O Pa3MeEPA C THIIUYHBIM JUAMETPOM
oT 0,5 10 1,2 MM U CIIYKUT JJ1s1 3AKPEIJIEHN A
(IpeaynpexaeHns CMbIKAaHUA O JEUCTBUEM ITOPHOI'O

Ha coBpemMeHHOM pbiHKe
npeacTasneHbl ciegylowme
BMbl MPOMNMNaHTOB:
KepaMmyeCcKmn NPOMMaHT,
NONMMEPHOMNOKPbITbIN
MPONMaHT, 0cO00 MNPOYHbLIN
NPOMMaHT, Nerknum NPOonMaHT.

JIABJIEHUS) TPELIUH, CO3/JABAEMBIX B
xope I'PIT.

OCHOBHBIE [IPOU3BOAUTEIN
CHUHTETHYECKUX KEPAMHUUYECKUX
IPOIIIAHTOB PACIONOKeHBI B CIITA
(Carbo Ceramics, Norton Alcoa) u
bpasunuu (Sintex). B Poccuu Begymumu
MPOU3BOUTEIIAMU ITPOMNITAHTOB, 1O JAHHBIM
«H(MOMaNH», ABIAIOTCA BOPOBUUCKNUIT KOMOMHAT
orneynopos (Hosropozckas 06i1.), POPOC
(Ceepanosckas 0oim), «BemnlIpon» (YensaonHckas ooiL).

Texnonoruu I'PIT Ha TeppuTopru Poccrn Havamu
AKTHUBHO IIPUMEHATHCA B 50-X rogax XX Beka. B 1o
BPEMS B KAYECTBE PACKIIMHUBAIOIIETO AT€HTA BBICTYITAJI
YHCTBINA PEYHOM IIECOK, YAEIbHBIA BEC KOTOPOI'O
COCTABIISICT IPUOIUZUTEIBHO 2,65 r/cM?. TTonoGHbINI
MaTepUa BIIOIHE 3(PHEKTUBEH AJI1 HETTTYOOKUX
CKBAXUH. [TeCKU OOBIYHO UCTIOIB30BAIUCE IIPU
TU/IPOPA3PBIBE IIACTOB, B KOTOPBIX HAIPSIKEHUE
cxarus He nipesbimaet 40 MITa. B CIIIA Taxoke
IPUMEHSJICS IECOK, HO MPOMIEAINNHY O6pabOTKy Ha
CHELMAJIBHBIX IPEANPUATHAX U HA3bIBABIIUICA (DPAK-
NECKOM. B HacTos1ee BpemMs ecok B rporiecce I'PIT
HE UCTOJIb3YETCA IO IPUYNHE €TO HEAOCTATOUYHBIX
XAPAKTEPUCTUK B KAYECTBE PACKJIMHUBAIONIETO AT€HTA
U, KaK CJIE[JICTBUE, HECIIOCOOCTBOBAHU S JOCTHKEHUIO
PACYETHBIX IAPAMETPOB JOOBIYU. Ha cerogHAmHumn
J€HDb 99% POCCUICKOI'O PhIHKA
3aHHUMAIOT KEPAMUYECKUE
U ITIOJTUMEPHONOKPBITHIE
(OCMOJIEHHBIE) IIPOIIAHTHI,
KOTOPBIE UCTIONB3YIOTCA B
IPONOPIUHN 8% ITOTUMEPHBIA
U1 929% KepaMHUYEeCKUI
OT TPeGyeEMOro OObEMA.
IToIMMEPHOIIOKPBITHIN
MPOIIIAHT (IIOKPLITHE U3
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NMPONMMNAHTDI RN

CHUHTETHUYECKHUX CMOJIL, CIIOCOOHBIX K OTBEPKICHUIO
B IIJIACTOBBIX BO/IAX) UCIIOJIb3YETCS JIJIS1 3AKPEIJICHUS
OCHOBHOI IAYKH KEPAMHUYECKOI'O ITPOIIIAHTA
(pemenns mpooIeEMBI BBIHOCQ).

Ha cOBpeEMEHHOM PBIHKE IPE/ICTABICHBI CIIEAYIOUUE
BH/IbI IIPOMNITAHTOB: KEPAMUYECKHUH ITPOIIIAHT,
MOJIMMEPHOIOKPBITHINA IPOIITAHT, OCOOO MPOYHBIHA
IPOMNIIAHT, JIETKUM IIPOIIIAHT.

Ha r1y60KUX CKBA)KMHAX, KOTOPBIX CTAHOBUTCS
BCe OOJIBIIIE, MIUPOKOE IPUMEHEHUE HAXOJAT OCOO0
IIPOYHBIE IPOINAHTEL, [I/Is1 KOTOPBIX TAKOM ITIOKA34TEb,
KAaK COIIPOTUBJIEHUE PA3JABIMBAHUIO (Crush test),

SIBJISIETCSI IPUOPUTETHBIM. 34 CUET BBICOKOH
f IIPOYHOCTHU IPONITAHTA BPEMS PAOOTHI
. CKB2)KUHBI yBEJIMUUBACTCS B
% JICCATKHY, 4'TO U B COTHHU PA3.

CpeHENTPOYHBIE
KEPAMMYECKIE ITPOIIIAHTEI
C yJICJIBHBIM BECOM

2,7-3,3 1/cM’ NCIONBb3YIOTCS

PU HAIPSIKEHUH CoKATUSA

10 69 MITa. CBEpXITPOYHBIC

IPOMMNAHTLI UCHONb3YIOTCS
IPU HATIPSHKECHUU C3KATHS JIO
100 MI1a, yaenpHbIH BEC 3TUX
MaTEPHUATIOB COCTABIIECT

3,2—3,8 1/CM?, HO UCIIOJIb30BAHUE
CBEPXIIPOYHBIX IIPOMIIAHTOB
OI'PAHUYUBAETCA UX BBICOKOH
CTOUMOCTBIO. ExxeronHoe MupoBoe
HOTPEOIECHUE ITPOMIIAHTOB 1O COCTOSTHUIO

Ha 2006 ro; OLEeHUBAIOCH B 2,2—2 4 MU/UTMOHA TOHH.
Hau60IBIIYIO IOJIO, OKOJIO 2 MJIH TOHH, COCTABJISIIN
KBaPILIEBBIE NECKH CTOMMOCTBIO OKOJIO 70 TOJIapOB
CIIIA 32 TOHHY. [ IOKPBITBIH ITOJIMMEPAMHU IIECOK
COCTABJIAN OKOJIO 180 THICAY TOHH CTOUMOCTBIO
OKOJ10 350 JO/1apoB 32 TOHHY. HECMOTPs HA BBICOKYIO
CTOMMOCTb, COCTABJIIIOINTYIO 650750 10/171apOB 32
TOHHY, KEPAMHUYECKHUE UCKYCCTBEHHBIE ITPOMNITAHTEI
€XKETOJTHO B MUPE IPOU3BOJSITCS B 06beMe 200 ThICSIY
TOHH.

B Poccurickor @epepaiiv 00bEMbI HOTPEOICHUS
IIPONIIAHTA COCTABJISIIIN:

. 2011-#1 — 541 TBIC. T.

. 2012-#1 — 617 TBIC. T.

. 20131 — 646 THIC. T.

. 2014-i1 — 762 THIC. T.

. 2015-11 — 832 TBIC. T.

. 201611 — 1,032 THIC. T.

MponnaHTbl — caMbii BOCTPebOBaHHbIN MaTepuan B HedTerasoBo
OTpac/In, CNPOC Ha KOTOPLIM HEMpPepbIBHO PacTeT. ITO CBA3aHO
C UHTEHCMBHbIM pa3BUTMEM TexHonorn P, B ocobeHHOCTH

MHOrocTaguiiHbIX U bonblieobbeMmHbix [PI1, nprBnekaemMbIix

ANsi pa3paboTKM TpyaHOU3BNEKAEMbIX 3aMacoB YrieBOLOPOAOB,
po6blYa KOTopbIX 6e3 NpUMeHeHUs rMapopaspbiBa Nacta He
MOXET BeCTUCb 3P PEKTUBHO.




. 2017-1 - 1,300 TBIC. T.

o 2018-11 — 1,350 TBIC. T

MOXHO OTBETCTBEHHO 345BHUTb, YTO MPOMIITAHTHI —
CaMBbIH BOCTPEOOBAHHBIN MATEPUAJI B HE(PTETA30BOH
OTPAC/IH, CIIPOC HA KOTOPBIN HENIPEPBIBHO PACTET. DTO
CBS3aHO C MHTEHCHUBHBIM Pa3BUTHUEM TeXHOI0rum ['PI1,
B OCOOGEHHOCTH MHOTI'OCTAJUITHBIX ¥ OOIBIICOOBEMHBIX
I'PIT, IpUBIEKAEMBIX JJIS1 Pa3pabOTKU
TPYAHOU3BIEKAEMBIX 3aI1ACOB YIVIEBOJOPOJOB, 10ObIYA
KOTOPBIX 0€3 IPHUMEHEHUA I'U/IPOPA3PhIBA ILIACTA
HE MOXKET BECTUCH 3(PPEKTHUBHO. CAEPKUBAIOIIIMU
(pakTOpaMH POCTA CIIPOCA HA IPOMIIIAHTHI MOI'YT
SABJIATHCA PA3BE YTO KOTUYECTBO U MOITHOCTH (PIIOTOB
I'PI1, cTOsAIMMUX HA BOOPYKEHUH HE(PTETA30CEPBUCHBIX
KOMITAHUI.

Bonbioe 3HaveHue A1 yCIEMHbIX pe3yasTaToB I'PIT
HUMEIOT TAKME XAPAKTEPUCTUKHU IIPOIIIAHTA, KAK EI'O
MPOHHUIIAEMOCTD U Pa3MeEPBI (PPAKIIUH, HO OCHOBHBIM
KPUTEPUEM MPH NOAOOPE PACKIUHUBAIONIETO
AreHTa 11 KOHKPETHBIX IUTACTOBBIX YCJIOBUH C
LENBIO OO6ECIIEUEHU AU TEIIBHOU ITPOBOJIUMOCTH
TPEIWHBI HA ITTyOUHE 3aJIETAHNA TIJIACTA ABJIACTCA
MPOYHOCTD. B IITy6OKUX CKBA)KMHAX MUHHUMAJIBHOE
HAIPSKEHNE — TOPU3OHTAJIBHOE, IO3TOMY OOPA3YIOTCA
NPEUMYIIECTBEHHO BEPTUKAJIbHBIE TPEIINHBL
C rimybHOU MaKCUMAJIBHOE BEPTUKAIBHOE
HAIPSKEHUE BO3pACTAET. [ToaToMy 1O IirybrHe
MNPOMIIAHTBI UMEIOT CJIEYIOMUE OOIACTU TPUMEHEHMUS:
KBapLEBBIE ITECKU — 10 2500 M; IPONIIAHTHI CPEHEN
IIPOYHOCTH — 70 3500 M; IIPOIIIAHTHI BBICOKOH
MPOYHOCTH — CBbIIE 3500 M.

PaCKIMHUBAIONINE ATEHTHI JOJIKHBI O0Ia8aTh
OlpeAeIEHHBIMU CBONCTBAMMU. BasKHbBI pasmepsl U
OLHOPOLHOCTD I'PAHYJL, IPOYHOCTb, TEPMOXUMUHYECKASL
CTA6MJIBHOCTD, 4 TAKXKE CTOMMOCTb ITPOIIAHTA,
MHOCKOIBKY B poriecce I'PIT ero ucrosib3oBaHue

HMCYMCIAETCA TOHHAMU. Hanbornee aIeKBATHBIM
Ha00OpOM COOTBETCTBUI OOIAAI0T AJTIOMOCUINKATHBIC
IIPOMITAHTHIL.

BbI60OP KOHKPETHOI'O IIPOIIIAHTA OOBIYHO
OIIPEIEIAECTCA I'E€OOI'MEH TUIACTA, YYETOM BCEX EI'0O
mapaMeTpos. [IpONITaHT BCEraa NOAOUPAIOT IO,
OIIPE/ICJIEHHYIO CKBAXKUHY. YeM BbllIe IPOHUILIAEMOCTD
CaMOTO IJIACTA, TEM KPYITHEE JJOIIKEH OBbITh
nponraHT. [IpoHMIIaeMOCTb IPONITAHTA 3aBUCUT
OT pasMepa rpaHyJl: YeM KPyITHEE I'DAHYIIA, TEM
BbIIIIE [IPOHMIAEMOCTD. ICIIBITAHUS IIPOIIIAHTA
Ha CONPOTUBJICHUE PA3/JABIUBAHNIO U AHAJIU3 €I'0O
I'PAHYJIOMETPUYECKOI'O COCTABA IIPOBOJAT, KAK
IIPABUJIO, B JIAOOPATOPHBIX YCJIOBUAX.

Y HEKOTOPBIX HEPTECEPBUCHBIX KOMIIAHUH €CTh
COOCTBEHHBIE NTEPE/IBUKHBIC IT0JIEBBIE TA60PATOPUN
JUIA IIPOBEACHM A SKCIIPecc-aHan3a. Kpyrnble
OIIEPATOPLI M HEPTETA30CEPBUCHDBIE KOMITAHUN UMEIOT
COOCTBEHHBIC HAyYHO-HCCIIEIOBATEIBCKUE LIEHTPBI
JUIA TIPOBECHUSA PA3JIMYHBIX UCIIBITAHUH, B TOM
YHCJIE JIJIS OLIEHKH IIPOIIIIAHTOB HA COIPOTUBJICHNE
Pa3IaBIMBAHUIO M KOHTPOJIA HACBIITHOM INIOTHOCTH.
Hmxenepsl 1o I'PIT craparoTca IpoOBEPUTD KAXKIYIO
MAPTHIO 3AKYIIAEMBbIX IIPOIIIAHTOB, HECMOTPS Ha
HAJINYHE CEPTHU(PUKATOB KA4ECTBA OT [IPOU3BOIUTENCH.
DKCnepTH3a MIPOBOAMMOCTHU TPEIINHBI, 3aTI0JTHEHHON
IIPOMITAHTOM, TAKKE IIPOBOAUTCH MHKeHepOoM 110 I'PIT.

Kaxpas onepanyd o I'PIT yHUKaIbHA M JOJDKHA
YYUTBIBATH OOIBIIOE KOJTMYECTBO MAPAMETPOB.
CaMBIMH IPOCTBIMU M Y4ACTO UCTOJIb3yEMBIMU 31EChH
PENIEHUAMHU MOTYT ABJIATHLCA IIPUMEHEHHE IPOIIIAHTA
OOombIIEH (PPAKITNN WU JKE YBETUYECHHUE OObEMA
MPOINAHTA B CKBAXKMHE /I YBETMYCHUS IO A TN
COIIPUKOCHOBCHMSIL.

ITpu npoussoacTBe I'PIT Upe3BbIdaitHO BaKHA
[IPABUJIbHAS JOCTABKA U PA3MEILICHME I'PAHYJI
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IIPOBOAMMOCTHU COCTABIISIET 1,56 pasa,
anpu aasiaeHuun 10 kpsi pasHuna
yBEINYUBACTCA 10 1,8 pa3a. B
'*Eu COOTBETCTBUU C TPEHJAMU PA3BUTUA
£ PBIHKA CIIEITUAJINCTAMU KOMOUHATA
Pa3padOTaHbI IPOIIIAHTHI C
MOKPBITUEM U3 CUHTETUYECKHX
CMOIJI, OTBEPKJAIOIINECH B
IUIACTOBBIX YCIIOBUAX, IS PEIIEHUA
11po6semsbl BbIHOCA (BORPROP RCP),

2 TAKKE BICOKOIIPOYHBIE KEPAMUYECKHE
NPONIAHTHI C IPEABAPUTEIBHO OTBEPKICHHBIM
nokperrTueM (BORPROP SSP). ITpormant BORPROP
RCP nipezicTaBIIeH B TPEX BUJAX [/ IPUMEHEHUA IIPU
Pas3IUYHBIX TEMIIEpaTypax, 4 BORPROP SSP moxeTr

MATEPUAJIbBI

MponnaHT Bceraa noadbupatoT noj onpeaeneHHyto

CKBaXMHY. YeM BblLLE MPOHUL,AEMOCTb CAMOro
nnacta, TeM KpyrnHee JOJKeH ObITb MPOMMaHT.

MPOIIAHTA B TPEMIUHE. BOIEE TAKENbIE TPONITAHTDI
JUIS JOCTABKH HA HAUOOJIBIIEE PACCTOSTHUE IO TPEIINHE
TPeOYIOT GOBIIEN YIEPKUBAIOMIEH CIOCOOHOCTH
JKMJJKOCTU OT OCEJIAHUS, JJI51 9€T0, KAK MPABUJIO,
HEO6XOIMMA OOJIBIIAS BAZKOCTb PAOOYCH KUJKOCTH.
IIponmnaHTh C MEHBIIEN HACBITHON INIOTHOCTBIO
MOYKHO JJOCTABUTD JIAJIBIIIE IO JJINHE TPEMIUHBI C
MEHEE BA3KOM JKMUJKOCTBIO, IOCKOJIBKY OHH IOPa37i0
60ee JIUTENBHOE BPEMS CIIOCOOHBI HAXOIUTHCS BO
B3BEIICHHOM COCTOSHUN. MaKCUMAJIBHO ITTyOOKOE
MPOHUKHOBEHHUE IPOIIIAHTA B TPEMUHY CITIOCOOHBI
obecrieunBatb 060pyAoBaHue 4 ['PIT focTaTtouHON
MOIIIHOCTH Y KOMIUIEKT IPOIMIIAHTOB PA3HOI'O Pa3MepPa:
nponnaHTsl (ppaknurt 100,40/70, 30/50 mem — B
HA4aJIe, 4 3aTEM IIPHU HEOOXOTUMOCTH IPOIITAHTHI
dpaxnun 20/40 n 60sbIIE.

KauecTBEHHBIE XAPAKTEPUCTUKH ITPOIMIAHTA
3aKJIAJBIBAIOTCA B IIPOLIECCE €TO IPOU3BOJCTBA.
OnHAKO CIIEyeT OTMETUTD, YTO KAYECTBO MPOIITAHTA,
KaK IIPABUJIO, HE BIUAET HA YCIIEX IIPOBEJEHNA CAMON
ontepaniyu I'PI1. KauecTBO IponanTa BIKUAET HA
UTOT'OBBIH JEOUT KUAKOCTH CKBAXKUHBI U HA CPOK
Pa0OThI CKBAXKUHBL

Benymue pocCumncKme Crieniaimn3npoOBAHHBIE
NPENIPHUATUASA BBITYCKAIOT U POKUI CIIEKTP
MPOIIAHTOB.

IepsbiM B Poccru B 1998 roy 0cBOMI
I POMBIIIJIEHHBIN BHIITYCK IIPOIIAHTOB BOpOBUYCKHUI
KOMOHHAT OI'HEYIIOPOB. B HacTOAIIEE BpEMS 3TO
NPEIPHUATUAE HE ABIAETCS IUIEPOM ITO OObEMAM
MPOU3BOJICTBA, HO COXPAHAET IIEPBEHCTBO B OOIACTH
KA4eCTBa.

OCHOBHBIM IPOIYKTOM BOpOBHUUCKOIO KOMOWHATA
OTHEYIIOPOB SABJIAETCA KEPAMUYECKUI IPOIIIAHT
Mapku BORPROP ISP (cpeaHer IpOYHOCTH),
KOTOPBIH TPOU3BBOAUTCS ¢ 1996 TO/1a ¥ TTPEICTABICH
dpaxuusamu 30/50, 20/40, 16/30, 16/20 1 12/18.
IMponmmanTel BORPROP paccunTaHbl HA IABJICHUE 10
10 000 psi 1 CITOCOGHBI BBIJIEPKUBATH TAKHUE CJIOXKHBIE
IJIACTOBBIE YCJIOBH S, KAK KUCJIOTHASI OOpabOoTKA 1
BBICOKME TeMuepaTypsl ITponmanTst BORPROP nipu
OTHOCHUTEIBHO HEBBICOKOU HACBHIITHOM IIJIOTHOCTH
HUMEIOT CYIECTBEHHO 60JI€€ BLICOKUE ITOKA3ATENIN
MPOBOAUMOCTH U IIPOHUIIAEMOCTH B CPDABHEHUH
C KOHKYPHPYIOIIMMH HAd POCCUHCKOM PBIHKE
npoaykramu. [Tpu gasnaenuu 6 Kpsi IpeBbIeHNE
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HUCIIONB30BATHCA ITPH BHICOKOM ILJIACTOBOM JIABJICHUN
210 15 000 psi. Kak mpaBuio, j1s1 CKBAKUH C BLICOKUM
HAIPAKEHHUEM CMBIKAHM A TPEIIMHBI ONIEPATOPDI
BBIOMPAIOT IPONIAaHTh MapKU BORPROP.

Kommanus @OPDC BEITYCKAET MOTHYIO COOCTBEHHYIO
JIMHEHKY IIPOIIITAHTOB.
B xauecTBe cepUIHOIM IPOAYKIIMU IIPOU3BOAATCH:
KEPAMHUYECKUN IIPONITAHT MapKu ForeProp ¢
HACBIITHBIM BeCOM 1,6 I/CM? 1 TOTUMEPHOTIOKPHITHIE
riporasT Mapku ForeRCP HachImHbIM BecoM 1,6 T/cm?,
I'To crien3aKasy BIITYCKAIOTCS: KEPAMUYECKUN JIETKUHI
ponranT Mapku ForeLWP ¢ HaCbIITHBIM BECOM
1,4 r/cM?; TONMMMEPHOIIOKPBITBIA JIETKUH ITPOIIIAHT
Mapku ForeRCPL ¢ HACBITHBIM BECOM 1,4 1/cm?;
YIIPOYHEHHBIN JIETKUU IIPOIITAHT MapKU ForeESPL

KayecTBO npornnaHTa He BAUSET Ha ycnex
npoBeaeHus camou onepauum IPr. Kavectso

rnporriaHTa BJINAET Ha MTOroBbIN ,D,e6I/1T XNAKOCTU
CKBa>XMHbl N Ha CPOK pa60TbI CKBa>XXWMHBbI.

C HACBIITHBIM BeCOM 1,4 r/cM® 1 0CO60 MPOYHBIH
KEPAMUYECKUU NPONIAHT MapKH FOreESP ¢ HaChIMHBIM
BecoMm 1,6 r/em?.

Komnanusa OOO «Bem I[Ipon» npegiaraer
JIOCTATOYHO MU POKYIO JTUHENKY IPOMNITAHTOB KAK 10
BUJIAM, TAK U TIO KX BO3MOXKHOCTSIM — OT YJIBTPAJIETKOTO
C HACBIMMHOM IJIOTHOCTBIO MeHee 1,2 1/cM? 10
CYIHEPBBICOKOIIPOYHBIX MPONMIAHTOB, TOTOBLIX
BbLAEPKATb HArpy3KH Boliie 20 000 psi. DTo camble
BBICOKOIIPOYHBIE ITPOMNIAHTEL, IPOU3BOJUMBIE B
Poccun.

[Tpou3BOACTBO NPOMITAHTOB B POCCHUIICKOIT
defepani UIMEET OUYEHD ITMPOKUE MEPCIIEKTUBBI,
MOCKOJIbKY TeXHONMOTUMU I'PIT — 3TO cambIit
3KOHOMHYECKH ONPABJAHHBIN METO]
MHTEHCU(PUKALITUY IPUTOKA U YBEJTUYECHUS
HePTEOTAAYU ILUIACTOB. B yCJIOBUAX, KOT/[A 3AITACHI
YIJIEBOJOPOAHOTO ChIPbsI CTAHOBATCS BCE HOIEe
TPYAHOU3BIEKAEMBIMU, BOCTPEOOBAHBI OYIYyT UMEHHO
BBICOKOKAYECTBEHHBIE U BBICOKOTEXHOJIOTUYHBIE
MNPOMIAHTEL, KOTOPBIE CO3JAI0TCA U AKTHBHO BBIBOASATCS
Ha PBIHOK OT€YECTBEHHBIMU ITPOU3BOAUTEISIMH.

O0630p MOATrOTOBJICH PEeJAKITHEH Ha OCHOBE OTKPBITHIX
HCTOYHHKOB HH(MpOpMAITHH
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BEKTOP PASBUTHA

TEXHOJOMN, KOTOPDIE USMEHAT MWP

Ymo oerw epA0YuULL Ham 20moeums? Bonpoc nodamudueckutl i pumopureckuil.
Lenamo npozro3or — 3ansamue neoaazooaproe. H 6cé jce, 6cé wce... B navane
npouULiI020 8eKa NOABUSIUCH ANLeKmPU1ecmaeo, meaezpadg u meegom, paouo,
08U2AMENb B1)YMPEHHE20 C2OPAHUA, AIPONIAHDL... DMO ObLIU MOUKU DOCMA,
KomopwLe abcoromHo nPeoopPa3sUii NOBCEOHEE8HYH0 HCUHB JIHO0C...

Ce200HA Uen08e1ecmean 20mMoB0 NPUHAMS U PA3BUBAING HOBbLE MOUKIL
UHMEHCUBHO20 POCMA, KOMOpbLe udmeHam mup. Haoeemcs, wmo 8 npeonazaemoti
BaULeMY BHUMAHUIO NYONUKAUUL ML )Y2A0ASIU HeKOMOPbLE U3 HUX.

MpakTu4ecku Bce ycTpovicTBa 6yayT
pabotartb Ha cOnTHeYHOU SHeprun

XOTs CErO/IHA OCHOBHBIMHM UCTOYHUKAMHU SHEPTUU
ABJISIIOTCA YT'OJIb, HE(PTD U I'a3, COJIHEYHAS SHEPT U
OBICTPO CTAHOBUTCH JICHIEBIE U 3(PPEKTUBHEE,
4JeM yriepoaHast. I1o Mmepe pa3BUTHS TEXHOJIOTUU
npeobpa30BAHMS COTHEYHOU S3HEPIUH OHA OO0OUIET
Yrosb, HE(PTb U I'd3 U CTAHET CAMBIM NOMYJISPHBIM
MHPOBBIM HCTOYHHUKOM SHEPIUU.

NPENOCTABIIAA IONb30BATENSAM HEOBIBAJIBIE DAHEE
BO3MOKHOCTH.

Besge, riie Mbl OyeM O6IIATHCA C «yMHOM»
MAIIMHOM, OYAYT NPHUCYTCTBOBATb HEHPOCETH.
TF'onocoBbIE TOMOITHUKY U YMHBIH IIOUCK. POOOTEHI-
IIOMOIIIHUKH B MArd3UHAX, UHTEPAKTUBHbIC
CEPBUCHI U CAMOYTIPABJISIEMBIE ABTOMOOWUIHN. 32
KaXKJIOHN «yMHOI» J)KEJE3AKOI 6yIET CTOATh UMEHHO
TEXHOJIOI'MSI UCKYCCTBEHHbBIX HEMPOHHBIX CETEH.

Bespgecywyme Hevipocetu

To, 4TO paHbIIIE OBIIO HE MO, CHITY OOBIYHBIM
KOMITBIOTEPAM, CTAHET BO3MOXKHO 6J1aroaps
UCKYCCTBEHHBIM HEPOHHBIM CETAM. VX, B OT/IUME
OT KOMIIBIOTEPOB, MOKHO 06y4aTh. KOMIBIOTEPHI
H4 OCHOBE HEHPOCETEBBIX TEXHOJIOTUH MOKHO
OyZET IPUMEHATD TaM, TJE€ CJIOKHO OMUCATD
SAI3BIKOM IPOTPAMMUPOBAHUSA TO, YTO TPEOYETCH OT
MaIIUHEL [TO3TOMY OHU BBITECHAT U3 MHOT'HX C(hep
JIESITE/IBHOCTH IPUBBIYHbBIC HBIHE MAIITUHBI U JIIOJICH,
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lNoBcemecTHOE NpuMeHeHue
TexHosioruu 6rok4enH

I'maBa Coepbanka 'epman I'ped cuuTaET, 9TO B
OmxaimeM 6yayIeM 3Ta TEXHOIOTUS «[IEPEBEPHET
BCC MHAYCTPUU 6e3 HCKJ/IIOYCHMA, HAYMHAaA C
CEJIbCKOT'O XO35MCTBA, 3aKAHYUBAS OAHKAMMU, U,
K HECYACTBIO, TOCYIAPCTBEHHBIE OPT'AHBI TOKE.
B Poccuu 6510K4€iiH IpogBUraioT CoepoaHk u
IUIATEXKHAA cucTeMa Qiwi. 32 py6eKoM KOHCOPITUYM
R3, pa3pabaTheIBAIONINI TEXHOIOTHIO OJIOKYEHH,



O6'BEUHIII BEAYIINE OAHKU U (PUHAHCOBBIE
KoMnaHUM. Ero nesns — pazpaboTka TEXHOJIOTUU
OJIOKYEHH C OTKPBITBIM KOJJOM JIJI51 GAHKOBCKUX
CTPYKTYP.

IIpOCTOMY UUTATEIO TEXHOJIOT UL, BO3MOXKHO,
3HAKOMaA B CBA3U C IOIY/IIPHOU KPUIITOBAJIIOTONU
Bitcoin 1 OHOMMEHHON ITUPUHI'OBOU IIATEKHOM
CHUCTEMOM. MHOI'OYMCJICHHBIC MAMTHEPHI ITO BCEMY
MHPY JOOBIBAIOT OUTKOHUHBI ¥ CATOIIH C IOMOIIBIO
CBOMUX KOMIBIOTEPOB. HO HA caMOM fie1€ MAMHUHT
KPUIITOBAIIOT €CTh HE YTO MHOE, KAK IPOBEPKA
TPAH3AKIUI, TO ECTb COBEPIIEHUE HEOOXOAUMBIX
JULSL TOAACPKAHUSL CUCTEMBI BBIYUMCIUTEIBHBIX
onepanun. 3a 3TO MaMHEPDL U IIOJy4aIOT CBOIO
«IOOBITYIO» KDUIITOBAJIOTY. []a ¥ TOC/Ie OUTKOMHA
HOSIBUJIOCh MHOXKECTBO JPYTUX KPUIITOBAIIOT.

ITog 6;I0KYEHHOM HOAPA3YMEBAIOTCS HE
TOJBKO KPUIITOBAMIOTBL DKCIIEPTHI MIPEJIAraioT
pas3pennuTs ChepPbl MPUMEHEHHA TEXHOIOTUH
Ha TPHU I'PYIIIBL: HETOCPEACTBEHHO TU(PPOBLIE
BAJIIOTBL, UCITOJIb30BAHUE B PAMKAX 3JIEKTPOHHOT'O
MIPABUTEIBCTBA U B OOJIACTHU «YMHBIX» KOHTPAKTOB U
OTKPBITHIX AKTHBOB.

Cama TeEXHOJIOrus 6JIOKYENH (OT aHITL blok —
LIETI0YKA U chain — 11enb) IPEACTABIISAET COOOHU
pacnpeeneHnyo 6a3y JaHHBIX, KOTOPAsl COCTOUT
13 6;10KOB MH(POPpMALIMU. KaK/1bIi1 TAKOU OJIOK
COZIEPKUT B CEOE 3AITHUCH O TPAH3AKIIMSAX,
COBEPUICHHBIX YYACTHUKAMH CUCTEMBL CaMU OJI0KH
XPaHATCA HA KOMITBIOTEPAX YYaCTHUKOB CUCTEMBIL
DTO AENAET B3JIOM U U3MEHEHHE OA3bI TAHHBIX
4PE3BbIYANHO TPYAHOM 3aa9€EH.

Bankam 6JIOKYEH ITO3BOIUT U30aBUTHCS
OT MHOXECTBA PACXOA0B, COIPOBOXKAAIOMINX
TPAH3AKI WU ICHEKHBIX CPEJICTB, U IIOBBICUTh UX
CKOpPOCTb. KpOME TOTO, 3TO aNBTEPHATHBA CUCTEME
MEXOAHKOBCKUX niepeBooB SWIFT.

B 1O e Bpems1 OJIOKYEHH O3BOJISIET OTKA3AThCsI
OT PEryJISITOPA, KOTOPBIM, KAK [IPABUJIO, BBICTYIIACT
rocyapcro. OCO6EHHO KATETOPUYECKU HACTPOCHBI
IIPOTHUB TEXHOJOI'UH CUJIOBBIE BEJOMCTBA.

Beib KpUIITOBAJIIOTA, HENIOJKOHTPOJIbHAS

rOCYAAPCTBEHHBIM
(PMHAHCOBBIM PErYISITOPAM,
MOJKET UCTIOIb30BAThCA
MIPECTYITHBIMH U
TEPPOPUCTUYECKUMU
OPraHMU3ALUAMUA JIJIA
COBEPILIEHUSA TEHEBBIX
caeJIoK. [IpuMepsl TOMY yKe
€cTb. UMEHHO ITO3TOMY U
MOABUJIOCH IIPEJIOKEHUE
pasaenurb cpepol
IIPUMEHEHNA TEXHOJIIOTUN U
BBIJIEJINTD U3 HEE OTAEIBLHO
KpUIITOBAIIOTEL HO 6510KUeH
MOHO HCIIOJIb30BATh HE
TOJIBKO JIJIS1 XPAHEHU S
MHMOPMALINH O CAECTKAX

€ TU(PPOBBIMU BAITIOTAMH,

4 U1, HaIIpuMep, JIJIs y4eTa
CIETNOK C HEIBUKUMOCTBIO.

O HAKO I'OTOBO JIM OBIIECTBO K TOMY, YTOOBI
nHMOpPMALHI 00 X COOCTBEHHOCTH XPAHWIACH HE B
LIEHTPAIN30BAHHOM I'OCY/1apCTBEHHOM PEECTPE, 4 B
pacnpe/iesIeHHOM 623€ Ha KOMIIBIOTEPAX MHOXKECTBA
M0JIb30BATENIECIH?

KBaHTOBbI€ BbIYNCIIEHNS

B nocnegHne HECKOIBKO AECATUIETHNI MBI
HAOII0a/I1 U(PPOBYIO PEBOIOLIUIO, KOTOPAS
B 3HAYUTEJIbHOU CTENIEHH JIBHXKHMMA 3AKOHOM
Mypa, IacsAIum, 9TO KOJIMYECTBO TPAH3UCTOPOB,
pa3MENaeMBbIX HA KPUCTAJIIE HHTETPAJIbHON
CXEMBI, YIBAUBAETCA KaKable 24 mecana. YyTb
MO3KE MOSBHUJIACH PA3HOBUJJHOCTD 3AKOHA, TJIE
(PUTYPUPYIOT HE [1BA TO/4, A 18 MeCAIIEB. DTO CBA3AHO
yKe He ¢ Mypow, a ¢ Jasugom Xaycom u3s Intel. TTo
€ro0 MHEHMIO, TIPOU3BOAUTEIBHOCTD IIPOLIECCOPOB
JOJDKHA YIBAUBATHCA KaKAble 18 mecALes us-

32 OJHOBPEMEHHOT'O POCTA KAK KOJIMYECTBA
TPAH3UCTOPOB, TAK 1 OBICTPOJENCTBUA KAXK/OI'O U3
HUX.

TF'opnon Myp B 2007 rofy 3asiBUJL, 4YTO YK€ 4epes
10-15 net ganpHENUIINUIA TPOLECC MUHUATIOPUIALNHU
TPAH3UCTOPOB HATOJIKHETCA HA (PYHAAMEHTAIbHBIE
3aKOHBI (PU3UKU. [Ipr 3TOM I-H Myp COCIaICa HA
MHEHHE (PU3HUKA-TEOPETHUKA CTUBEHA XOKUHT4,
KOTOPBII CYUTAJL, YTO (PYHAAMEHTAIBHBIMUA
MPEJEIAMU PA3BUTHA MUKPOIJIEKTPOHUKU ABJIACTCSA
CKOPOCTB CBETA U ATOMAPHOE CTPOEHUE MATEPUU.
Taxkum 06pa3oM, BEIABJIEHUE HOBOT'O CITIOCO6A
MOBBIIIEHUA TIPOU3BOJAUTENBHOCTH BBIYHCIEHUN YKE
MIPOJOKAUTEIBHOE BPEMS OBLIIO OCHOBHOM OOIACTBIO
U3YYECHUSL.

KBaHTOBBIE BBIYUCIUTENBHBIE CUCTEMBI CHUTAIOTCS
OJHOU U3 CAMBIX IIEPCIIEKTUBHBIX TEXHOJIOI'UI HA
JaHHbBI MOMeHT. IIpezronaraeTcs, 4To0 OHU CTAHY'T
OCHOBOM JIJI1 IIOJIHOLLEHHOT'O UCKYCCTBEHHOI'O
WHTEJJIEKTA, CMOTYT YIIPOCTHUTD 49POKOCMUYECKUE
U BOEHHBIE CUCTEMBI, CMOJIEJTUPOBATH HOBBIE
MAaTEPHUAJIBI U JIEKAPCTBA. TaKKE HE UCKJIIOYEHO, YTO
B 6yIyIIIEM KBAHTOBBIE CUCTEMBI CMOT'YT YJIYUYIIIHUTD
UI'DOBBIE IIPOEKTHI B BUPTYAIBbHOI PEAIBHOCTH,
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MOJIE/IUPYS TI0ObIE (DU3UYECKUE 3AKOHBI B
BBIMBIIIJIEHHBIX MUPAX. XUMHUKH TAKXKE

B IIPEABKYIICHUN: MOJECTHPOBATH MOJIEKYJIBI

Ha OOBIYHOM KOMITBIOTEPE OYEHD CJIOXKHO.

C NOABJIEHUEM KBAHTOBBIX BIYHCINUTEIBHBIX CUCTEM
MOKHO OyJIeT IPHUHATHCS 34 PA3PabOTKy boiee
3(pPEKTUBHBIX JIEKAPCTB U IPYTUX COETUHEHU.

B m1pOKOM CMBIC/IE KBAHTOBBIX KOMIIBIOTED — 3TO
BBIYHCJIUTEIBHOE YCTPOUCTBO, UCIIOJIb3YIOIIEE 11
nepeadu U 0O6pabOTKH JAHHBIX SIBJICHUS KBAHTOBOM
MEXAHUKH.

Ero miaBHOE OTJIMYME OT OOBIYHOI'O KOMITBIOTEPA —
METOJ] IPEJOCTABIEHUA HH(POPMALIUU.

B KJ1aCCMY€CKOM BBIYUCINTEIBHOM YCTPOUCTBE
06pabOTKa UHPOPMALTUHN TOCTUTAETCS IIOCPENCTBOM
OMHAPHOT'O KOAA, KOTOPBIN OOJIAIAET IByMS
0a30BBbIMU COCTOSTHUSAMU — HYJIEM U €EJUHHULIEN.

B ¢cBOIO 0"epeb pa00TA KBAHTOBOI'O KOMITBIOTEPA
OCHOBAaHA HA KOHIIENIINY CYNIEPIIO3ULINH, A
BMECTO OOBIYHBIX OUTOB IPUMEHSAIOTCA KYOUTBL.
biarogaps cyneprnosuiiny KyoOuT MOXET UMETh
3HAYEHMS, [IOJIYYEHHBIE 32 CYET KOMOMHUPOBAHUSA
HYJIA U €IUHULIBL, TAK YTO OH MOXKET UMETD [IBA
3TUX COCTOAHHUSA OJHOBPEMEHHO. brnaropaps
3TOMY KBAHTOBBIE KOMITBIOTEPHI TIOTEHITUATIBHO
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CIIOCOOHBI IEMOHCTPHUPOBATD
BBICOYANIIIYIO
MIPOU3BOAUTENBHOCTD B
BBIYMCJICHUAX. BasKHON BeXOn
JUIS1 KBAHTOBBIX TEXHOJIOTUI
CUNTAETCA JOCTUKEHHUE TAK
HAa3bIBAEMOI'O KBAHTOBOI'O
npeBocxoacTBa (Quantum
supremacy) — ClIOCO6HOCTHA
IIPOU3BOAUTD BBIYUCJICHUSA
OBICTPEE KIACCUYECKUX
CHUCTEM.

ITepBble KBAHTOBbBIE
KOMIIBIOTEPHI YK€ HAYMHAIOT
IPOU3BOAUTHCS. Tak, IBM
MIPOAEMOHCTPHUPOBAIA
Q System One — KOMIAKTHBIH
MOZY/IbHBIN KBAHTOBBIN
KOMIIBIOTEP, KOTOPBIN CAMU
NIPEACTABUTEIN KOMIIAHUH
OKPECTUJIU «IIEPBOU B
MUPE UHTETPUPOBAHHOM
YHUBEPCAJIbHOM KBAHTOBOM
BBIYMCJIMTEIILHON CUCTEMOH,
Pa3pabOTaHHOM I
HAay4YHOI'O U KOMMEPYECKOI'O
IIpUMEHEHUs»>. KyniuTh 3TOT
KOMIIBIOTEP ITOKA HEJIb35L.
YyeHble ¥ KOMIAHUU CMOI'Y'T
APEHJIOBATD €TO B KBAHTOBOM
BBIYHC/IMTEIBHOM LIEHTPE,
KOTOpPBIV IBM B 6i1mKariiee
BpEMA OTKPOET B rOPOAie
[oxkwuricu (urrat Hpio-Hopk,
CIIIA). B ganpHeNEM OH
IMTOSIBUTCSI B CBOOOJHOM
NIPOZAXKE.

IBM Q npegiaraer 20-KyOUTHOE BBIYHCJIEHUE C
HUCIIOIb30BAHHUEM KJIACCUYECKUX KOMITBIOTEPHBIX
KOMIIOHEHTOB 1 KBAHTOBBIX pellieHU . KoMIbioTep
JTOBOJIBHO MACCUBHBIN — 3TO TEPMETUYHBIN KOPITYC
B (hbopMe Ky0Oa € I'PAHBIO JJIMHOMU 2,75 M,

KOTOPBII BBITIOJTHEH U3 OOPOCUIMKATHOTO

CTeKJIa TOMMUHOM 1,27 cM. [IoMHMO KBAHTOBOT'O
npoueccopa B kopyce Q System One pacronaraiorcs
pas3aMyYHbBIC YIIPABJIAIONIAE MOAYIIH, A TAKXKE CUCTEMA
OXJIAXKJEHHU.

KBaHTOBas cBsi3b M 6e3onacHoe byayLiee

Ecu 10 MOBCEMECTHOTO PUMEHEHH ST KBAHTOBBIX
KOMITBIOTEPOB EIIE J1AJIEKO, TO KBAHTOBBIC
KOMMYHHUKAIIUH — JIEJIO COBCEM OJIM3KOTO
oyayero. Kurait He/JaBHO 3aITyCTHUJ CBOH IEPBLIA
IKCIIEPUMEHTAJILHBIN CITyTHUK KBAHTOBOU CBA3Y,
4 3KCIEPTHI Y2KE IPOPOYAT, YTO OOBEM PBIHKA
KBAHTOBOH CBSI3U B OIMIKAIIHE 5 JIET MOXKET
JOCTUTHYTD 7,5 Map foju1apos CIITA

KuTanCKui ClyTHUK CIIOCOOCH NIEPE/IaBATh
HENOAAAIONMECS IEPEXBATY KJIIOUHM C OPOUTHI HA
3emutio. BeIBO/I HA OpOUTY 6OBIIETO KOJTUYECTBA
TAKUX CITyTHHUKOB IO3BOJUT K 2030 rogy cO3/1aTh
JIOOAJIBHYIO CETh KBAHTOBOM CBSI3U, 3AIBJISIET



IVIABHBIN HAY4YHBIN COTPYAHUK TpoekTa QUESS
13sub-Bait [1ansb.

[II1pOKOE BHEAPEHUE KBAHTOBBIX IMHUN CBSI3U
O3HAYAET, 4TO OyAyIee OyAET XOTSA Obl OTYACTH
TAKHM, KAKUM MBI €ro oxxuziaem. I1o foporam
OyAyT €3A1UTh OECITUIOTHBIE ABTOMOOUIIH, B HEOGE
HapPUTD JPOHEL, 4, K IPUMEDY, ICHbI'Y HA HAIIINX
GAHKOBCKUX CYETAX OYyT OCTABATHCA B IIOJTHON
06€30MaCHOCTHU. Pa3Be 4TO-TO MOXET 3TOMY
noMemars? [1a, yA3BUMOCTD B KAHAJIAX IIEPEIAdr
uHdopMauu. biarogaps TEXHOIOTUSAM KBAHTOBOH
CBSI3H, 4 TOYHEE, KBAHTOBOW KpUIITOrpaduu
K4K €€ YaCTH, MOXKHO 6€30MACHO NEPEJABATD
UHQPOPMAIUIO. A 3TO 3HAYUT, UTO HU XAKED,
JKAXKYIIUI PEATU30BATh CBOU CIIOCOOHOCTH,

HU TEPPOPUCT HE CMOT'YT BOCHONB30BATHCS
YSA3BUMOCTBIO NTH(POPMALTUOHHBIX KaHAJIOB. Cefgyac
U CAMOYIIPABJISIEMBINT aBTOMOOUJIb, ABUKYIIIHUICS HA
cxopocTtu 120 KM/4, 1 6ECITUIOTHUK, 3ABUCIIINH HA/
T'OJIOBOY, 1 OAHKOBCKUI CEPBEP MOXKHO B3JIOMATh.

W nocneacTBus 3TOro OyAyT NeYaabHbIMA. TONBKO
PEACTABBTE CEOsI B OECITUIIOTHOM aBTOMOOHIIE,
YIPABJIECHHUE KOTOPBIM 3aXBATHJI XaKep. KBaHTOBas
(pH3UKA TO3BOJISIET CO3/ATh 3AIUIIICHHBIC TUHHUHN
CBSI3U U 3AIUTUTBHCS OT ATAK 37I0YMBIIIJICHHUKOB.

A 3H24MT, cAenaTh Oyayiiee 6osee 6€30NaACHBIM.

MaccoBoe BHeapeH e 6ecrnioTHOro TpaHcropTa
JleCATKN KOMITAHUH 110 BCEMY MUDY YKe
32HUMAIOTCS Pa3pa0OTKON GECIIIOTHBIX
TPAHCIIOPTHBIX CPEJCTB. [Ipryem Kak
ABTOMOOMIBHEBIE, TAKUE KaK Volvo, General Motors,
Volkswagen, Toyota, Audi, BMW 1, KOHEUHO,
Tesla, Tak U T€, KOTOPBIC ABTOMOOUIN HUKOI/IA HE
BBIITyCKaNH, — Google, Baidu, Uber u ap.

Jaxe KaMA3 yyacTByeT B 3TOM IIPOLIECCE.

B npomioM rogy Ha 3aBoji€ 6bLI CO3/IaH IPOTOTHIL
nepsoro B Poccuu 6€CrmuioTHOro aBTOMOOUIIS Ha
6a3€e CEpUITHOTrO IPy30BHKA.

BecnmIoTHOE JIETAIONMIEE TAKCH IPEICTABIEHO
OBLIO KUTAUCKOM KoMITaHuer Ehang,

CUnUTAETCA, YTO OECIUIOTHBIA aBTOMOOUIB OyJIET
6€e30MacHee HEMPEICKA3YEMOTI'O U HECOBEPIIEHHOT'O
4EJIOBEKA, CKIIOHHOT'O K TOMY K€ IIPEHEOPETraTh
MPAaBHJIAMHU JOPOXKHOTIO ABHKEHUA. OCHAIIEHHBIE
BCEBO3MOKHBIMH JJATYUKAMU U CEHCOPAMU
(pagapamu, KaMEPAMU, HABUT'AITUOHHBIMH
CHUCTEMAMH, 2 TAKXKE MOIITHBIMHA KOMIIBIOTEPAMHU /I
OPUHATHA PEMIEHUN), OHU Oy yT KyZd COBEPIIEHHEE
4JestoBeKa. Kak ObLIO MOCYUTAHO, TOBCEMECTHOE
PacpoOCTPaHEHUE CAMOYIIPABJIAIONIUXCS
ABTOMOOUJIEX COKPATUT KOJIMYECTBO JOPOKHBIX
aBapui Ha 90%, 94TO CITACET )KU3HU MHOXXECTBA
JIFOJICH.

B oiuH NpeKpacHbIi IeHb OCCITUIOTHBIX
ABTOMOOMJIEA CTAHET OOJIBIIIE, YEM YIIPABJIAEMBIX
BOJUTENEM. A YEPE3 KAKOE-TO BPEMS BOXKAECHHE
ABTOMOOMJIA OYZIET YEM-TO BPOJIE KOHHBIX ITPOI'YJIOK
1O BBIXOAHBIM. YK€ COBCEM CKOPO €KE/THEBHBIE
MOE3AKU HA PAOOTY U JIOMOI MBI OYIEM JOBEPATH
ABTOINJIOTY. B KAKOM-TO MOMEHT YEJIOBEK 34 PYIEM
HAa CKOPOCTHOM XaMB3€ B TOTOKE 6ECITMIOTHBIX
ABTOMOOMJIEH, HECYHIUXCS HA OOJIBIIONH CKOPOCTH,
CTAHET CYIIECTBEHHBIM (PAKTOPOM OITACHOCTH, U
MHOTHUE JOPOTU IIPOCTO 3AKPOIOT JJIs1 AaBTOMOOUIIEN,
YIIPABIAEMBIX )KUBBIM BOAHUTETIEM.

CaM aBTOMOOUIIB yKE HE OYIET ABIATHCA
CaAMOCTOATEIBHOM TPAHCIIOPTHOMU €IMHUILICH.
ABTOMO6MIM 6y1yT HH(POPMALTMOHHO CBI3aHbI
MEXy CO601. OHHU CTaHYT OOMEHUBATHCS ITOJIE3HOM
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nH(pOpMALTUEH JPYT C APYTOM U C OObEKTAMU
JIOPOXKHOM NH(PPACTPYKTYPBL

J17151 TOTO YTOGBI HE CO34ATh ABAPUIHYIO
CUTYALIMIO, 6ECITMIIOTHUKHU 6y yT HOCTOAHHO
CBEPATD APAMETPBI CBOETO JBUXXEHHUS C COCEJHUMU
aBTOMOOMIAMU. Ha Tpacce 6€CIUIOTHEIE
ABTOMOOHJ/IN Oy yT INOXOXU Ha KOCSK PBIO,
CHHXPOHHO IIJIBIBYIIIUX B OJJHOM HAIIPABJICHUMU.
YenoBeK OyAET HONMb30BATHCS HE CTOJIBKO OT/IEIbHBIM
ABTOMOOMJIEM, CKOJIBKO IIE€JION TPAHCIIOPTHOU
CHCTEMOMH, B KOTOPOH €r0 6ECIHUIOTHUK — BCET'O
JIMIIb OJJUH W3 3JIEMEHTOB.

5G-uHTepHert. becnnnoTHUK
C COJTHEYHbIMU raHensIMmu

B nnpoexre, HazBaHHOM Project Skybender,
KoMHaHUs GOogle CO3/1a€T APOHBI HA COTHEYHBIX
MAHEJISIX, PA3/JAI0IIHE CBEPXCKOPOCTHON UHTEPHET.
TeopeTnyecKkn 6€CITUIOTHHUKU Oy T CIOCOOHDI
IPEJOCTABIATh UHTEPHET-YCIYTU B 40 pa3 6BICTPEE,
4eM B ceTAX 4G, TO3BOJISIS IEPEJABATD TUTA0AUT
JIAHHBIX B CEKYH]Y.

IIpOEKT NpeyCMAaTPUBAET UCIIOTb30BAHUE
MUJIJTUMETPOBBIX BOJIH JIJ15I IPEIOCTABICHU S
CEPBHCA, TAK KAK CYIIECTBYIOIMIUM CIIEKTD AJ1s1
nepeadu MOOUIbHOM CBA3H CIUIIKOM 34IT0JITHEH.
OJIHAKO 3TH BOJIHBI UMEIOT 60J1€€ KOPOTKUI
IUATIA30H, 9YeM MOOUIBHBIN CUTrHaI 4G, KoMImaHums
Google paboTtaeT HaJ| TO TPOOIEMOU, U €CJIN
YAACTCS PEMINTD BCE TEXHUYECKHE IIPOOIIEMBL, BCKOPE
MOXET MOSIBUTHCSI UHTEPHET HEOBIBAJION CKOPOCTH.

luneproesna

BakyyMHBIH TMIIEPIIOE3] ObLI BIIEPBBIE NPEJIOKEH
Wnonom Mackom. I1o cyTH, OH HpeACTaBIIsCT
CO60M MATHUTHYIO KAIICYIY, ABMKYIIYIOCS BHYTPH
BAKYYMHOM TPYOBI, yCTAHOBJIEHHOM IO, 3EMJIEH, U
HECYILYIO NACCAKUPOB C CYMACHIEAIICH CKOPOCTBIO.
MacCK yTBEPKAAET YTO I'UNEPIIOE3], CMOXKET
NEPEBE3TH MACCAKUPOB N3 CaH-DPPaHITUCKO B
Jloc-Angpxenec Bcero 3a 30 MUHYT. B 6ynymem sTa
TEXHOJIOT'HA MOKET CTATh OOBIYHBIM SIBJIEHHEM,
MOCKOJIBKY OHA JICTIEBJIE, HAJIEKHEE U 3(PPEKTUBHEE
NPAaKTUYECKH BCEX COBDEMEHHBIX CIIOCOOOB
MEPEABHIKEHHS.
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Merannnyeckas 3D-ne4arp

3D-nevarh — JaBHO U3BECTHAS TEXHOJIOTHS, HO O
CHX IIOP €€ B OCHOBHOM HCIIOJIb30BAIU SHTY3UACTHI U
JU3AHEDHI 111 CO3JAHUS €IMHUYHBIX IPOTOTUIIOB.
Kpome Toro, nedars OOBIYHO BBIIOIHAETCS
B IJTACTHUKE — UCIIOJIb30BATh JIJIS1 HEE IPYTHE
MAaTEPHUAJIBL, B TOM YHUCJIE METAJLII, DAHBIIE OBLIO
HOIPOCTY JOPOTO.

Ho co BpeMEHEM NIeYaTh METAJIJIOM CTaJIa
JIOCTATOYHO JIEMIEBOH, YTOOBI IPUMEHSATD €€ B
U POKOM IIPOU3BOJCTBE. 1 3T TEXHOJIOTHUS MOKET
MOJIHOCTBIO UBMEHUTDb UHAYCTPHIO.

Hanpumep, 9TO6bI IPOU3BECTU 3AMTYACTD JIJIS
aBTOMOOMJIA, (PAOPHKAM OOJIBIIE HE IPUAECTCS
YCTAHABIUBATD HECKOJIBKO CJIO’KHBIX CTAHKOB, —
JIOCTATOYHO 6yjeT 3D-npuHTepa. B oTHaneHHon
MEPCHEKTUBE HA CMEHY OOJIBIITHUM 34BOJAM,
OI'PAaHHUYHBAIOIIHNMCS BBIITYCKOM JIMIIb HECKOIBKIX
BHUJIOB JIETAJIEN, TPUAYT (DAOPHUKH IOMEHBIIIE,
KOTOPBIE CMOT'YT JIETKO 6paTh B TPOU3BOJICTBO BCE
HOBBIE THUIIBI TPOJYKIIUU.

DHeprus U3 Bo3ayxa

CKOpO HAIlIU IOMA <TIOYMHEIOT». A 4YTOOBI TO
CJIY4HMJIOCh, OHHU JIOJIKHBI ObITh HATIOJTHEHEI
MHOT'OYMCJIEHHBIMU YCTPOUCTBAMH, KOTOPBIE U
CJIEJIAIOT HAITY XKU3Hb JIerde. JJaTYnuKU IBUKCHUS,
TEMIIEPATYPBI, 3arPA3HEHU BO3/IyX4, PA3/IMYHBIE
(POTO- 1 BUJIEOKAMEPBI U MHOI'O€ JIpyroe. Bcem um
TpebyeTcsa nuTanue. Ho BeCTU K HUM IPOBO/IA UJIN
MEHATB IOCTOSHHO 6ATAPENKU HaKIaJHO. Cpasy
HECKOJIBKO T'PYIIT UCCJIEOBATENIEU PAOOTAIOT HAJL
TEM, YTOOBI PA3JIMYHBIE I'A/I)KETHI MOIVIN IOTY4aTh
3HEPTHUIO, YTO HA3BIBAETCH, U3 BO3yXa.

OKpyKaoniee HaC IPOCTPAHCTBO 3AIIOTHEHO
PagrOBOIHAMHU, HAIIPUMED PAJAUOCUTHAJIAMU
auara3oHa Wi-Fi. Yuenbie 13 BanHI'TOHCKOT'O
YHUBEPCUTETA B3s/IU CTAHAAPTHBIN Wi-Fi-poyTep,
BHECJIN B HETO HEGOJIBIIINE U3MEHEHM S, U TETIEPD
€r0 MO’KHO HCIIOIb30BATh B KAYECTBE UCTOYHUKA
SHEPIUU 1A YAAJIEHHBIX YCTPONCTB. IIpu 3TOM
OH MO-TIPEKHEMY MOXKET BBIIIOIHATD CBOIO
OCHOBHYIO (PyHKIIUIO, HA KAYECTBE CBA3U IIEPEEIIKA
HE OTPA3UJIACh. YUEHBIM YJAJIOCh 3AITUTATD
JIEKTPOIHEPTUENA HEOOIBITYIO (DOTOKAMEPY
U TEPMOAATYHUK. [IprUYeM HU OFHO U3 3TUX
YCTPOUCTB HE UMEJIO CBOEN
AKKYMYJIATOPHOU OaTapeN,
BMECTO HEE I XPAHEHUA
3apAaa IPUMEHAECTCA
CYIEPKOHJIEHCATOP. Takas
TEXHOJIOT U TTOJTyYUIIad
HasBanue Power Over
Wi-Fi. DTy TEXHOJIOTHUIO
MO’KHO MCIIOJIb30BATh KaK
JUIS yCTPOUCTB «YMHOI'O
JIOMa», TAK ¥ MAJIOMOIITHBIX
raJPKETOB, HAIIpUMep (PUTHEC-
OpacneTos.

lNpeacka3atenbHasi reHeTuKka
Hacrtynur nens, Koraa



HOBOPOXJIEHHBIM B POAJIOME OYAYT BBIABATH
KapTy UX '€HOMA C IIPOIHO30M, B KOTOPOM 6y1yT
ONHUCAHBI IIAHCHI PE6EHKA 32pA60TATh UH(MAPKT
WJIA OHKOJIOTHUYECKOE 3200/IEBAHNE UTU OKA3AThC S
COCOOHEE GOJIBITNHCTBA.

JHK-TeCTHI yKe CErYac IIPOBOASATCA IO
BCEMY MUY, HO ITIOKA UX IIPEJCKA3aHUS HE
MOI'YT IIOXBACTATb UACAJIIBHOM TOYHOCTBIO. OHU
PACKPBIBAIOT JIMIIb BEPOSTHOCTb PA3BUTUSA TOT'O
WJIH UTHOT'O 3200JIEBAHUSA, OHAKO OOHAPYXUTD Y
ce6s1 60JIE3Hb MOXKET U TOT, Y KOT'O BEPOSITHOCTD €ETO
Pa3BUTHSA OKA32J1ACh HU3KOM.

Bckope IHK-TeCTUpOBAHUE CTAHET JOCTYIIHO
KXK/IOMY KU TEJIO IUTAHETDL, HO OyIyIIee 3TON
TEXHOJIOTMHU OJHOBPEMEHHO U 3AXBATBIBAIOIIEE, U
HACTOPAKUBAIOIIEE.

3D-neyarb 1 BbipalymnBaHue
opraHoB AJ1s1 nepecagku

Vuensle paboTAIOT HAJl TEXHOIOTUEN
pacreyaTbIBAHUS X KU3HECTIOCOOHBIX OPTAHOB,
KOTOPBIE MOXXHO OYZET UCIIONIb30BATh B KAUECTBE
JIOHOPCKUX IIPU ONIEPALUAX.

Texnonorus 3D-ne4aTu yKe JEMOHCTPUPYET
6ombIIoN Tporpecc. OHAa UCHOIb3YET KAPTPUKH,
3AIOJHEHHBIE CYCIIEH3UEN U3 )KUBBIX KIIETOK
Y YMHBIM I'€JIEM, KOTOPBIA IPUJAET CTPYKTYPY
U CO3A€T OUOJIOTUYECKYIO TKAHb. [Tpn
pacric9aTbIBAHUM I'CJIb OXJIAKAAIOT 1 BBIMBIBAIOT,
OCTAaBJIAS TOJIBKO KJIETKU.

Vuensle paboTAIOT HAJL PEMIEHUEM CJIOKHOCTEM,
CBSI3AHHBIX C CO3/IAHUEM OPIaHOB, KOTOPBIE MOIJIN OBI
UMHTHPOBATH (PyHKIITUHY HOPMAJIBHO BBIPAIIEHHBIX
OPTIaHOB B TEJIE YENIOBEKA. KaK TONIBKO 3TH TPYJHOCTH
OyZlyT IPEOJOJICHBI, TAIIUEHTAM YK€ HE IPUJICTCS
JOJITO SBHAYUTBCA B JINCTAX OKUJAHUA JOHOPOB.

OpraHsl B HAYYHBIX JTAOOPATOPUAX OYAYT U

BBIPAMIUBATD. TEXHOIOTMU UCKYCCTBEHHOTO
BBIPAIIMBAHNA OPI'dHOB HAXOAATCA CEMYaC HA
HA4aJIbHOU CTAAHH UCCIIEAOBAHUA. YUEHBIM yXKE
YZAAJIOCh BBIPACTUTD YEJIOBEYECKOE CEPALIE, KOTOPOE
OMJIOCH KAK JKHUBOE.

B OyAy1eM BO3MOKHOCTD 34Ka34Th HOBBIM OpPraH —
HAIEe4YaTAHHBIN MM BBIPAEHHBIA — U IIEPECAANUTD
€T'0 B BAIIIE TEJIO MOXKET CTATh OOBIYHOU ITPAKTUKOM.

MonekynspHble MaLLNHbI

Ho6eneBcKyIo IPEMUIO IO XMMUH 34
MNPOEKTUPOBAHUE M CUHTE3 MOJIEKY/ISIPHBIX MAIIINH
nonyunnu Kan-ITeep CoBax, cap @paszep Croggapr
u bepHapa @epunra. X ycuiusamu nepes HaMu
OTKPBIBAIOTCSA (DAHTACTUYECKHUE IEPCIIEKTUBLL Kak
Y1 BO MHOTUX JJPYTHUX CIYYasX, UEI0 MOJIEKYISPHBIX
MAIIWH yYEHBIE TOJCMOTPEIN Y IPUPOJIBL
OKpy>KaIOIMHU MUD HAIIOJIHEH UMU. [ IpakTruiecKku
BCE (PYHKIITMOHAIBHO AKTHUBHBIE 6ETIKH — TO
MOJICKYJIAPHBIC MAIHBIL. B KaXK/T0M JKUBOU KJIETKE
HACYUTBIBAETCSA IO HECKOIBKO THICAY TAKUX MAIIHH.

Pa3Mepbl MOJIEKY/IAPHBIX MAIIHUH COCTABIAIOT
BCETO JIUIIb HECKOJIBKO HAHOMETPOB. DTO 3HAYUT,

B OIITUYECKUIT MUKPOCKOII UX YBUJIETD YKE
HEBO3MOKHO, BEZIb OHU MEHBIIIE JJIMHBI BOJIHBI
BUJJUMOTO CBETA. B HEBUIMMOM HAIIEMY ITIA3y MUPE
OHH C JIETKOCTBIO MAHUITYJIUPYIOT MOJIEKYJIAMH U
OJVUHOYHBIMHU ATOMAMHU. [IEPETACKUBAIOT UX C OJJHOTO
MecTa Ha Apyroe. COMMKaI0T ATOMBI TaK, YTOObI
MEXY HUMHU OOPA30BAIACh XUMHUUYECKASA CBA3b

WY, HA0O0POT, PACTACKUBAIOT UX, PBYT MOJIEKYJIBI

HA 94CTU U PA3PBIBAIOT XUMHYECKHE CBA3U, UX
CKPEILIAIONIUE.

Tenepb ¥ MBI MOXXEM HAYYUTHCA JEIATh TAKUE
MalIUHBL X MOXXHO OYAET IPUMEHATD JJI1
aJIPECHOM IOCTABKH JIEKAPCTB K OOJIBHOMY OPr'aHYy.
BONBIIMHCTBO NPEMAPATOB JAI0T IOOOYHBIE
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3(PEKTH NMEHHO ITOTOMY, YTO OHHU JEUCTBYIOT
HE TOJIbKO HAa OOJIbHBIE OPT'aHbL, HO M HA 3[J0POBBIE.
MoOJeKyIIPHBIE MAIIHMHBI TO3BOJIST OPIAHHU30BATh
CHCTEMY IOCTABKH JIEKAPCTBEHHOT'O IPENapaTa
MMEHHO K KOHKPETHOMY OPraHy WUJIA TKAHU.

MoOneKynsapHbIE MAIIUHBI MOT'YT BBICTYIIATh
COOPIIUKAMH CJIOKHBIX MOJIEKYJISIPHBIX CTPYKTYP
JUIS TIOJIYYEHUST MATEPHAJIOB C 33/JAHHBIMU
CBOUCTBaMHU. Viti, HA060POT, pa30UPATh UX IO ATOMY.
DTO XOPOIIMNU CIIOCOO YTUINU3AIIUH, HATIPUMED,
MOJIMMEPOB.

Takye HAaHOMAITWHBI UIEAJIBHO HOAXOIAT
JUIS Pa6OTBI B OUEHb MAJIEHBKUX OOBEKTAX.
Hanpumep, B KjleTKaX. TaM y>ke paOOTaIOT TBICAYH
€CTECTBEHHBIX MAIINH. Teneps Tyza MOXKHO OyIeT
OTHPABUTH U UCKYCCTBEHHBIE. 3a4eM? Hanipumep,
HOAPENAKTUPOBAT TEHOM.

CRISPR

CRISPR — 3TO HOBAas TEXHOJIOTUS PEAAKTUPOBAHUSA
T€HOMOB BBICIINX OPI'AHU3MOB, 043U PYIOMAACS
HAa UMMYHHOI1 CUCTEME 6AKTEPUI. B OCHOBE 3TOM
CHCTEMBI — OCOOBIE YYACTKH OaKTepUanbHoi JTHK,
KOPOTKHUE NAJTMHPOMHBIE KIACTEPHBIE IIOBTOPHI,
nnu CRISPR (Clustered Regularly Interspaced Short
Palindromic Repeats). Mexx1y HI€HTUYHBIMHA
MIOBTOPAMH PACTIONATAIOTCA OTIIMYAIONIAECS APYT
ot aApyra ¢pparmenTel JHK — criericepel, MHOTHE
M3 KOTOPBIX COOTBETCTBYIOT y44dCTKAM '€ HOMOB
BUPYCOB, TAPA3UTHUPYIONIUX HA JAHHONU 6AKTEPHH.
IIpu nonajJaHuy BUPYCa B GAKTEPHUAIBHYIO KIETKY OH
OGHAPYKUBAETCA C TOMOMIBIO CIIENTUAIM3UPOBAHHBIX
Cas-6enkoB (CRISPR-associated sequence —
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IOCJIEAOBATEILHOCTD, accomnposanHas ¢ CRISPR),
cBa3aHHbIX ¢ CRISPR PHK.

Ecnu (pparMeHT BUPYCA «3aIHUCAH» B CIENICEPE
CRISPR PHK, Cas-6eku paspesaoT BupycHylo JHK
U YHUYTOXKAIOT €€, 3AIUINASA KJIETKY OT UH(PEKIIUU.
B naugane 2013 roga HECKOIBKO I'PYIIIT YYEHbBIX
noKazanu, 4To cucreMel CRISPR/Cas MOryT paboTarb
HE TOJIBKO B KJIETKAX 6GAKTEPUN, HO U B KIETKAX
BBICIIINX OPIaHU3MOB, 4 3Ha4uT, CRISPR /Cas-cucteMmbl
JAI0T BO3MOKHOCTD UCIIPABJIATD HEIIPABUJIbHBIE
MOCJIEJOBATEIBHOCTH I'€HOB U TAKUM OOPA30M
JIEUUTD HACIEACTBEHHBIE 3A00JIEBAHUS YEJIOBEKA.

HccnepoBarenu n3 YHUBEpCUTETA BUCKOHCUH-
M>3aMCOH U UX KOJuIeru n3 KanmuopHHUICKOro
yHusepcuTeTa B CaH-OPaHIIUCKO IPUMEHNIN
UHCTPYMEHT PEJAKTUPOBAHUA T€HOB, YTOObI
Y3HAThb, KAKME I'E€HBI 3ATPATUBAIOTCA KOHKPETHBIMHA
AHTHOMOTUKAMU. OHM IUTAHUPYIOT JIy4IIe
MOHATD IEUCTBUE CYIMECTBYIONUX aHTHOUOTUKOB
WU Pa3paboTaTh HOBbIE. PE3UCTEHTHOCTD
OOJIEBHETBOPHBIX IMATOI'€HOB K CYIECTBYIOIUM
AHTHUOMOTUKAM ABJIAETCS PACTYIIEN IIPOOIEMOH,
KOTOPAs MOKET HOCTABUTD I1O/] yI'PO3Y MUJJIMOHDI
sku3Hen. TexHuka 1o Haszpanuem Mobile-CRISPRi
MO3BOJIAET YYEHBIM IIPOBOJUTH CKDUHUHI (DYHKITUHN
AHTHUOMOTUKOB Y HIMPOKOT'O CIIEKTPA MATOIN€HHBIX
OaKTEPUH.

CRISPR /Cas9 MeHsIeT reHHY0 MH)XXeHEePUIO

leHHas1 MHXKEHEPUS JOJIKHA U3MEHUTh MUP BOKPYT
HA4C U HAC CAMUX. DTO OUEBUJIHO, U BPAJ, JIU KTO-TO
OyZET CIOPUTB. BOIIPOC TOJIBKO B TOM, KOI7TId 3TO
CITy4YUTCAL. TexXHOIOrUM N3MEHEHH S TEHOMA BCErga



OBLIH CJI0XKHBI U JOPOTU. HO HOBBIF METOJ] TOYHOI'O
penaxkruposanHusa reHoB CRISPR/Cas9, kaxercs,
BCKOPE U3MEHUT CUTYALUIO.

MoneKynsspHbIE OUOJIOTH HAIIIN CO3/JaHHBIA
IIPUPOLOU MEXAHU3M PEAAKTUPOBAHUSA I€HOMA
M y4aTCsA €ro IPUMEHATb. MEXAaHNU3M IIPOCT U
appexrusen. [Tpupoa HaleInIa UM 6AKTEPUA
U apXeU, KOTOPBIE HOPIOTCS C €TI0 IOMOIIBIO C
ATAKYIOIIYMU UX BUPYCAMU. YUEHBDIE XKE XOTAT
IIPUMEHUTD €I'0 U /I PESAKTUPOBAHMUA FTEHOMA
JKUBOTHBIX, PACTEHUI 1, KOHEYHO K€, YEJIOBEKA.
CRISPR — nnofiob1e apXuBa, UMMYHOJIOTHUECKAA
HaMATh, IJie XpaHaTca pparmeHTs! JHK Bupyca,
KOTIJJA-JIMOO ATAKOBABIIIETO OAKTEPUIO NI €€
npenkoB. Cas9 — HHCTPYMEHT, CBOET'O POJa
OPUPOJHAA MAIINHA JJI1 OOHAPYKEHUS B
6akrepuanbHoi JHK (hparMeHTOB BUPyCa, KONUA
KOTOPOT'O €CTb B apXUBe. Haliist Hy>KHBIH (DPATMEHT,
OH PAa3pPE34€T €0, TEM CAMBIM 3ALUIIAA KJIIETKY OT
3apakeHus. [Tociie yero cucremMa penapanuu KJIeTKU
3aMEHAET PA3PYLUIEHHBIE YUYACTKH.

A Tenepb IIPEACTABUM, YTO 3TOU CUCTEME MOXKXHO
NPEIOKUTD TI060H (pparmenT JHK 11 morncka
YU YHUYTOXEHUA, HanIpuMep pparment JHK
BUPYCa UMMYHOZAE(PULINTA YEJIOBEKA. YUEHBIE U3
TeMIUIbCKOIO YHUBEPCUTETA Y2KE ITPOBEJIN TAKON
3IKCIIEPUMEHT Ha KPBICAX M MbIIIAX. B pesynprare
neneBor pparmenT BUY 6611 Beipesan n3 JHK
B KaK/I0M TKAHM JKMBOI'O OpranusMa. A B Kurae
UCCJIEA0BATEIIAM YAJIOCh IIOJABUTh POCT U
3aIIyCTUTD IIPOI'PAMMY CAMOYHHUYTOXEHM A PAKOBBIX
KJIETOK. DKCIIEPUMEHT TAKKE ObLJI IIPOBEJEH Ha
Mblax. HO OIBITHI Ha JIFOAAX Y7KE HE 32 TOPAMU.

B otnmnune ot gpyrux rexnosoruri, CRISPR/Cas9
MO3BOJIAET PENAKTUPOBATH ITEHOM KaK 3MOPHOHOB,
TAK 1 )KMBBIX B3POCJIBIX OPTAHU3MOB.

MOKHO BBIJIEYUTDH OOJIBHOTO YETOBEKA, 4
MOJKHO IIPEJOTBPATUTD NIEPENAYY HETATUBHOI
HACJIEJCTBEHHOU NH(POPMALIMU IOTOMKAM. Hem
JIY4IIIE€ MBI U3Y4YUM YEJIOBEYECKUN I'€HOM, TEM
OouiplIE Yy HAC OYAET BO3MOKHOCTEH €I'0 UCIIPABJISATD
U YJIy4IIATh. A 3TO YK€ IIyTh K IPOEKTUPOBAHUIO
neTert. Tak Ha3pIBAEMBIE TU3AHHEPCKUE IETH OYy T
HE TOJIBKO JIMIIEHbI HACIEACTBECHHBIX 3A00JICBAHNH,
HO U IOJIYYAT 3aJI0KEHHBIE OT POXIECHUA
U HEOOXOJUMBIE B XKU3HU «OOHYCBI» B BUJEC
WHTEJJIEKTYAJIBHBIX U ATJIETUYECKUX CIIOCOOHOCTEN],
KPACOTBI M1 3[JOPOBBL.

XXu3Hb go 1000 ner

KeMm6puxckuii repontosnor O6pu je I'pett (Aubrey
de Grey) CUUTAET, YTO, ECIU TEXHOJIOTUU IPOJOJIKAT
PAa3BUBATHCS C TAKOU KE CKOPOCTBIO, BIIOJTHE
BO3MOXKHO, UTO YK€ MTOSBUJICS YEJIOBEK, KOTOPBIH
noxxkuseT 10 1000 ner.

HiccnenoBaresb paboTaeT HAZL TEPATIUEN, KOTOPAs
OyzAeT yOuUBATh KJIETKH, TOTEPSABIIHE CIIOCOOHOCTD
JIETATHCSL, TIO3BOJISIS 3[I0POBBIM KJIETKAM
PA3MHOXATHCS U BOCCTAHABIUBATHCA. Tepanus
MO3BOIUT 60-JIETHUM OCTABATHCA TAKUMU ele 30 e,
NOKa UM He ucnonuurcs 90 net. [Iponecc 6yayT
NOBTOPATH 10 120 nm 150 neT u Tak jganee.

CormacHo I'pero, 3TOT METON MOXKET CTATh
JKU3HECITOCOGHBIM VIKE B T€UCHHUE 6-8 jieT. Tak 94To
BIIOJTHE BO3MOXHO, UTO B Oy YIIIEM YEJIOBEK BCE-TAKHU
HAUJET TUKCUP BEYHOI MOIOIOCTA. ©
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www.spomega.ru

nPOU3BOACTBO P®, 426039, YP, r. Wiesck,
MAH HmonbnA yvn. Botkurckoe Llocce, 284

hello@spomega.ru

OMETA BbICOKOIro gJABJIEHUA +7 (3412) 26 00 42




Poccnnckoe otgeneHme AccoLljmaLim cneumannucTtoBs Nno
KONTIOOMHroBbIM TEXHOJIOFMAIM U BHY TPUCKBAa)KUHHbIM paboTam

Hekommepueckoe napTHepcTBO «LleHTp pa3Butuna
KOJNTIOOMHIroBbIX TEXHONIOrMnN»

Russian Chapter of the Intervention and Coiled Tubing Association

Nonprofit Partnership Coiled Tubing Technologies
Development Center

[CoTA A
POCCHA @

KoHTakTHas uHgpopmavuums Contact information

MbpkeBCckM Nepeynok, 5, ctpoenune 1, odpnc 224 5/1 Pyzhevsky lane, Suite 224

Mockea 119017, Poccuinckas depepauys 119017 Moscow, Russian Federation

TenedoH: +7 499 788 91 24; +7 (916) 512 70 54 Telephone: +7 499 788 91 24; +7 (916) 512 70 54
®dakc: +7 499 788 91 19 Fax: +7 499 788 91 19

E-mail: info@icota-russia.ru E-mail: info@icota-russia.ru

www.icota-russia.ru
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[CoTA
POCCHUA

Lenbio Accoumanmm cneumanmcTos no KoNTIOOMHroBbIM TEXHONOMMAM

N BHYTPUCKBAXXMHHbIM paboTam fBNSieTC pa3BUTNE BO3MOXHOCTEN

ANsi NpogeccuoHanbHOro obLeHMs CneunanmcToB, akkKyMynsLms
TEXHMYECKUX 3HaHNI, 0600LLEHME OMNbITa NPUMEHEHNSI UHHOBALMOHHbIX
TEXHOJIONMN, COAENCTBUE BHEAPEHMIO HOBENMLLINX pa3paboTok B obnacTu
KONTIOOMHIOBbIX TEXHONIOMUI U APYTrUX CErMEHTOB BbICOKOTEXHOIOMMYHOIO
HedTerasoBoro cepemca 1 CTaHgApPTOB Oe30nacHOCTU NpoBeaeHUs pPaboT.

Poccuiickoe otgeneHmne Accoumanmm cneumanmcToB No KONTIOOUHIoBbIM
TEXHONOTMAM U BHYTPUCKBaXNHHbIM paboTam (ICoTA-Poccus) aBnsieTca
MHMOPMaLMOHHOMN CTPYKTYPOU N OCYLLECTBSET CBOIO AEATENBbHOCTb

B cooTBeTCcTBMU ¢ CornaweHmnem o coTpygHu4YecTse, 3aKJIt04eHHbIM

Mexay Accoumaumen cneumanmncToB No KONTIOOMHIOBLIM TEXHONOMUAM U
BHYTPUCKBaXWHHbIM paboTam (ICoTA) n HekommepyeckuM napTHEPCTBOM
«LleHTp pa3BuUTUS KONTIOOUMHIOBbIX TEXHOIOTUN.

3AABJIEHUNE

Mpowy npuHATbL MeHs B YneHbl ICOTA-Poccus

damunnums HanuncaHme no-aHrnmMmckm

Nwmsa HanuncaHue no-aHrMMmMckn

OTyecTBO

OpraHusaumsi/koMmnaHusa/cTpykTypa

Lon>XHocTb

Appec 3neKTPOHHOW MOYTbI

TenedoH cnyxe6HbIN ®daxc

TenedoH MOOUIbHEIN

MoyToBLIV agpec ANs CBA3U

LHata Mopgnuceb

MoxanyncTa, oTnpaBbTe 3anonHeHHoe 3asBneHme no gakcy: +7 499 788 91 19
W cKaH 3asBneHuns Ha e-mail: info@icota-russia.ru
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