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PABOTA HA PA3PbIB-
FRAGTURING JOBS

Codms 3opuHa, «[[a3npom HedhTb»

CwmoTpeTb B 60JibLLIOM pa3mepe

OBapguatb net Hasag 6bl1 NpoBeneH NepBbIv B
MCTOPUM KOMMaHMM rngpopas3pbiB nnacTta. OnbITHbIM
MOJIMrOHOM [J1s1 9TOro ctasno KapamoBckoe
MecTopoXxaeHue «HosbpbckHedpTeraza». C tex

nop TeXHOJ0rMsa rmgpopaspbiBa ctasia TosIbKo
aKTyaJibHee: CerogHs ee He MPOCTO NPUMEHSIIOT OJ1s
MHTeHCcndmKaumm 0o6bI4un Ha akTmBax «[a3npom
HedoTU» — C Heln CBA3bIBAOT 6oJibLUME HaaeXabl No
OCBOEHUIO TPYOHOUN3BJIEKAEMbIX 3arnacos

MepBbIN ONbIT

[MoVCK TEXHOMOMNIA, MO3BONSIOLLMX UHTEHCUMDULIMPOBATL
[06bl4y HEDTW, HaYanca elle B KoHUe XIX Beka B

CLUA — npakTunyeckn cpasdy nocsie Toro, Kak ctanm
04eBMOHbI BecTalme PUHAHCOBbIE MEPCNEKTBDI
HedTsaHOro 6usHeca. Torga Manyto 3hdPEKTVBHOCTb

34 |ROGTEC

Sofia Zorina, Gazprom Neft

Twenty years ago the company performed its

first hydraulic fracturing on the testing ground
Noyabrskneftegaz’s Karamovskoye field. Since
then, the hydraulic fracturing technique has become
ever-more sophisticated: today it allows Gazprom
Neft to not only stimulate production in Gazprom
Neft fields, but also focus on development of
challenging reserves.

First Experience

The search for technologies for oil production stimulation
started back in the late 19th century in the United States,
as soon as outstanding commercial perspectives of

the oil industry became obvious. Low efficiency of the
drilling equipment and production methods would then
be compensated by exploding nitroglycerin inside wells.
The idea was basic: the technique simply facilitated
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MPUMEHSBLLENOCS BYpPOBOro 060pya0BaHMS 1 CNOCODOoB
000bI4M MOMbITAINCh KOMMEHCUPOBATL B3PbIBaMM
HUTPOMNLIEPUHA B CKBaXXMHE. B Lie/1lomM MbIC/ib Bbina
BEPHOM — Tak1M 06pa3oM yaaBanioch paspyLuaTb
rnopodpl B Mpr3aborHoOm 30He, obecnevrBas 60bLLNIA
MPUTOK NiacToBoro dsitonda. Bnpoudem, cnocod
0oKazasicst ONacHbIM W JOBOJbHBLIM PYObIM.

Cnemyrolwmm LLarom ctana obpaboTka 3abos KUCIOTOoN
[ONs1 PaCTBOPEHUSI U3BECTHSAKA, LIEMEHTUPYHOLLErO
nopodbl HEKOTOPbLIX HEDTAHbLIX KONEKTOPOB. [epBble
KUCNOTHbIE 06PabOoTKK OblV BbINOIHEHDI eLle B 1895
rogy. B npombilLAgHHbIX MacluTabax 3ToT MeToq, CTam
npUMeHITb 1Lb Yepes 30 neT. Toraa »Ke BbISCHMUIOCH,
YTO 3aKa4ka K1COTbl Mo, 3HAYUTESbHBIM OaBNEHNEM
oka3sblBaeTcst bonee ahHeKTUBHON. STO a0 TOMHOK
Pa3BUTUIO UAEWN O PaspbiBe TBEPAbIX MOPOL C MOMOLLBIO
OaBneHns NoToka XnakocTu. MNepBonpoxoaLamm B
[ene BHeOpeHVs rapopaspbiBa naacta cumTatoT
amMmepuiKkaHLueB. [poBegeHre nepBoro yenewHoro P

B KOHUEe 1940-X rogoB NpuncbiBaETCS KOMMaHNN
Halliburton, Torga »xe nosiBunacb
¥ nepeas TeopeTnydeckas padboTa
Ha 3TOT CHET — aMEPUKAHCKUN
MHXXeHep Knapk* onvcan caMm MeTo[, 600
1 TEOPETUYECKNE NPEACTaBNEHNS O
MPOVICXOASALLEM B CKBaXKMHE MPOLIECCE. 500
[MonoXxuTenbHble pe3ynsTaThbl,

KOTOPble HabtogaIMCh Mpn 400
NPOBEAEHNN TMAPOPa3PbIBOB, OHEHb

ObICTPO CAenann 3Ty TEXHOMOTNIO 300
nonyaspPHOM Ha HepTeNPOMbICTIax

CLUA. HecmoTpst Ha ee manyto 200 703 863

N3Y4EHHOCTb 1 HECOBEPLLIEHCTBO,
yxe K 1955 rogy obLiee KOIMHeCTBO
rMopopaspbiBOB Ha aMEPUKAHCKIX
ckBavkKMHax gocTuraio 100 Thicsau.

2012

B Cosetckom Cotoze nepsble [PI1
HaYa M NpoBoaUTL B Hadasie 1950-x
rogoB. [pryemM MMEHHO COBETCKME
YYEHbIE CTOSAMN Y UCTOKOB CO30aHNS
TEOPETUHECKMX PabOT, MO3BONAOLLMX
MOOEMPOBaTh MPOLECC Mapopa3pbisa
1 MPeAcKasbiBaTb €ro Pe3yIbTaThl.

Fracturing in New
Horizontal Wells

Kon-Bo, wr. / Number, pcs.
2 454 631

HoBble ropn3oHTanbHble

@ CKBaXuHbl ¢ MITPT

Multi-Stage Hydraulic

destruction of rocks in the bottom-hole area and
maximized fluid influx. However, this method turned out to
be dangerous and rather crude.

The next step was bottom hole acidizing to dissolve lime
stone cementing rocks in certain oil reservoirs. The first
acidizing experiments were carried out in 1895. Only

30 years after the method was commercialized, high
efficiency of overpressure acid injection became evident.
This initiated the development of fluid stream pressure
based hard rock fracturing technique. The Americans are
considered to be pioneers in hydraulic fracturing. The late
1940s are distinguished by the first successful hydraulic
fracturing conducted by Halliburton and the first theoretical
work by an American engineer Clark,* who described the
technique and theorized the process in the well. Positive
results achieved due to hydraulic fracturing quickly made
the technique popular in the oilfields of the United States.
Despite that the technique was not well studied and had
imperfections, the total number of hydraulic fracturing jobs
in the USA wells reached 100 000 by 1955.

[o6blya, ToHH / Production, tons

2 400 000

2197 316 2124 279

1958 639 2 000 000

1563 307
1600 000

EEL) 1382 487
1200 000
663 540 800 000
483 290

400 000

2013 2014 2015 (10+2)

HoBble HakNoHHO-Hanpas- PN Ha pencTBytoLLEM

||
@ NeHHble ckBaXKnHbI ¢ TPT1 coHae
Hydraulic Fracturing in New " Hydraulic Fracturing in
Directional Wells Existing Wells

OvHamunka Pl B «["a3npom HedTn»
Hydraulic Fracturing Operation Trends in Gazprom Neft

OcHoBartesnib MOCKOBCKOro marexa
akagemMrk Ceprein XpucTuaHoBMY C KOSIIeramu
pa3padoTanv TEOPVO 0BPa30BaHNS U PaCMPOCTPAHEHMS
OBYMEPHbIX TRELLMH B riacTe. /X HapaboTku Ao CuX Mop
MCMOIb3YHOTCS MY CO3AaHUN MPOrHO3HbIX MOAEEN.

vk npumeHeHns ruapopaspsisa B CCCP npuiencs Ha
1958-1962 roapl, KOraa KOJMYECTBO onepaLmii NPEBbILLIaI0
1,5 Tbic. B rod. C OTKPbITUEM KPYMHbIX BbICOKOAEOUTHBIX
MECTOPOXXAeHU B SanagHon Crbupmr OT NpUMEHEHNS

[Pl npakTnyeckn oTKasancb — «erkas» HehTb
Mo3BosiAIa 06XoauUTLCA 63 JONONHUTESbHBLIX METOAOB

www.rogtecmagazine.com

In the Soviet Union, the first hydraulic fracturing jobs were
performed in early 1950s. Notably, it is Soviet scientists
who pioneered investigations enabling to model hydraulic
fracturing process and predict results. The founder of the
Moscow Institute of Physics and Technology, Academician
Sergey Khristianovich, in cooperation with his colleagues,
developed a theory of two-dimensional fracture creation
and propagation in the formation. Their achievements are
still used in predictive modelling. The peak of hydraulic
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VHTEHCHDMKALW. BHOBb BHVIMaHME Ha TEXHOOMIIO
rMapopaspbiBa B Poccum obpatiinm nnulb B KoHLe 1980-
X, KOrla CTPyKTypa 3arnacoB HedhTV 1 rasa CyLLECTBEHHO
N3MEHMIaCh.

B nouckax ny4wuero

K coxaneHnto, 3a HECKOIbKO OeCATUNETAI
HEBOCTPEBOBAHHOCTY OTEYECTBEHHOE 0O0PYA0BaHMNE

11 OMbIT MPUMEHEHWS TMAPOPa3pbIBa niacTta
3HaYUTEIbHO OTCTaIM OT MUPOBOMO YPOBHS. [1oaToMy

B HOBeVLLen nctopum nposeaeHvie PN Ha pOCCUNCKNX
MECTOPOXOEHWNSAX Cpasy »e CTaso NPeporaTBomn
VMHOCTPaHHbIX CEPBUCHBIX KOMMaHu. CerogHsa cutyaums
Ha PbIHKE N3MEHUIAChb, TEM HE MEHEE, BCE HOBbIE BESHMS
B TEXHOIOMMM MO-MPEXHEMY NPUXOOAT U3-3a pybexa.

["NaBHbIN BEKTOP Pa3BUTUA — YOELLEBIEHNE TEXHOIOMUN,
noBbILLIEHNE ee 3NMDEKTUBHOCTU 1 MOUCK CNOCOB0B
NMPNMEHeEHNSA B CaMbIX CJTOXKHbIX C/ly4asX, TakKnX Kak
pazpaboTka HETPaOULIMOHHBIX 3aracos.

CxemaTuuHo Pl MOXXHO CBeCTU K pagy
rnocrenoBaTesibHbIX Onepauuin: onpeaeneHe mecta
paspbiBa 419 06pasoBaHVa TPELMH B MOPOLAx
HedTAHOro M1acTa, Co3aaHNe Ha BbIDPaHHbIX yHacTKax
CKBaXXWH YC0BU (OTBEPCTUM) AN OaBAEHNS Ha
naacT, 3aKkadka B MAacT nof4 60bLUMM OaBfEHNEM
pa3pbIBAOLLEN XNOKOCTU, 3aKayka B 00pa30BaBLLYHOCS
TPELUMHY pacK/IMHMBAIOLLErO areHTa (MponnaxHTa),
NMPOMbIBKa CKB&XXWHbI 1 ee skcryataums. Co

BpemMeHu npoBeneHua nepsoro [Pl Tak v nHadve
NPeTEPNEN USMEHEHNS BCE NEPEYNCIIEHHbIE STambI:
CEeroHsi TEXHONOMMIO CTapatoTCH MaKCUMasIbHO
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fracturing in the USSR was in 1958-1962 when the
number of fracturing jobs exceeded 1.5 thousand/year.
When large high-output fields were discovered in the
Western Siberia, the hydraulic fracturing technique was
no longer used as “easy” oil did not require additional
simulation. Russia returned to the hydraulic fracturing
technique only in late 1980’s when the oil & gas reserves
structure had significantly changed.

In Search of Better Opportunities

For the decades the lack of demand has unfortunately
resulted in Russian hydraulic fracturing equipment

and experience being far behind the world level, and
now hydraulic fracturing in Russian oil fields is utilized
exclusively by foreign service companies.
Notwithstanding the
changed market
situation, all new
technology trends are
sourced from abroad.
The main strategy is
to reduce cost and
increase efficiency of the
technique, in addition
to finding utilization
methods in the most
challenging conditions
such as development
of unconventional
resources.

Hydraulic fracturing can
be defined as a set of
consecutive operations:
identification of a
fracture point to create
fractures in the rocks

of the oil formation,
creation of conditions
(perforations) to apply pressure to the formation in the
chosen well sections, injection of the fracturing fluid

under high pressure into the formation, injection of the
propping agent (proppant) into the fracture, flushing of
the well and its further operation. Since the first hydraulic
fracturing took place, all the above-mentioned stages have
undergone certain changes in order to tailor the technique
to each oil field. Today, despite of extensive use, hydraulic
fracturing is a case-specific technique ensuring optimal
efficiency.

The first hydraulic fracturing jobs utilized water fracturing
liquid, and river sand as a propping agent. Hydraulic
fracturing was performed in wells to increase the
production rate and no preliminary study of possible
impact was conducted. Modern computer aids to process
geologic data and model formation make it possible

www.rogtecmagazine.com
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noaorHaTh Mof, yCAOBUS KabKO0ro MECTOPOXKAEHMS.
CoBpeMeHHbIN rMapopaspbIB, NPV BCEN MAacCOBOCTU ero
MPVIMEHEHWS, — 3TO OYEHb MHOMBUAYaIbHAA TEXHONOIS,
obecnevmBaroLLas onTUMasbHy 3MMEKTUBHOCTb
VIMEHHO 3a CYET Noadopa NapamMeTpoB A1 KaKA0ro
KOHKPETHOro Chny4as.

B nepBbIx mMapopaspbiBax B KAYECTBE 3aKavnBacMom
YKUOKOCTW MCMOJIb30Ba/N TEXHUYECKYIO BOLY,

a 019 PaCKMHMBAHNSI CKBaXKMHBI — PEYHOM

necok. Pl npoBognnn Ha Mtob0o CKBaXKMHE, rae
XOTENOCh YBEMHUTL AEOUT, 6e3 NpensapuTebHbIX
pPacYETOB BO3MOXKHbIX MOCNeacTBuin. COBPEMEHHbIE
KOMMbIOTEPHbIE BO3MOXKHOCTV 06paboTKN reo10rM4ecKom
MHdopMaLmM 1 MOCTPOEHMS MOAENM NacTa No3BoNsoT
BbIOpaTh Hanbosiee NOaxXoasilee MecTo 418 UHULIALAN
06pazoBaHns TPeLMHbI. A fasibHeENLLEE MOAENMPOBaHME
C Y4ETOM CBOWCTB M/1aCTOBbIX MOPOL, AAET BO3MOXXHOCTb
paccunTaTb HEOOXOAUMbIE NapPaMETPbl 3aKa4MBAEMON
YKMOKOCTU 1 NoaobpaThb NOAXOASALLMIA MPOMNMNaHT, KOTOPbIE
obecrneyar noJlyyeHne TPELLVHbI OMTVMasIbHbIX Pa3MEPOB
C MaKCVMabHOM MPOBOAVMOCTbIO.

«B ,[[asnpom HedhTn" passuTtre TexHoaorm Pl wno
Mo NyTy Noncka Hambonee NoaxoasLmx COCTaBOB
>KUOKOCTW rmapopaspbiea, Noadopa onTyMasibHbIX
TUMOB MPOMMNaHTa, — PaccKasbliBaeT HaYasb-

HWUK oTaena amsanHos P ,MasnpomHedTs HTL
Vnbpap GansynnmH. — 3akadmBaeMbll B CKBXKUHY
refb B agane OO/MKeH OblTb JOCTATOYHO BSA3KMM,
4TOObI HE YXOAWTb B MNACT, a Takke 6e3 NoTepb
[OHOCUTL MNPOMMaHT A0 TPELUVHbI, He JaBas emy

0OCEeCTb B CKBaXKVMHE. B TO »ke Bpems BNoceacTamm
>KUOKOCTb OO/MKHA NErko BbITEKATb U3 TPELLMHbI,

4YTOObI HE YMEHbLLATb ee MPOBOAVMOCTb». 10 croBam
cneumanncTa, gns a1oro B renb PN gobasnsaot
cneupasibHble BELLECTBA — DPENKEPDI, CHKatO-

LME BABKOCTb XXMOKOCTN. COBpPEMEHHbIE BPENKEPDI
3aKJ/IIo4aloT B Karcybl, KOTOPbIE paspyLLaroTes oL,
[aBneHNEM B TPeLUMHE. TakiM 06pa3oM reflb HauMHaeT
pPa3XMKaTbLCS TOSIbKO MOC/IE 3aBEPLLUEHNST 06pa30BaHNS
1 cTabuamsaumm TpeLUyHbI. MoMUMO BpeKepoB B COCTaB
YKUOKOCTW rnapopaspbisa MOryT BXOOWTb 1 apyrie
cneupasbHble KOMMOHEHTbI, HAaNMpPUMeP YMeHbLLatoLLe
TPEHUE XXNOKOCTY MPU MPOXOXAEHW MO Tpybe. 3T0
NMO3BOJISIET GKOHOMUTL Ha 3aTpaTtax MOLLHOCTU. ECcTb
CBOW CEKPETHI 1 B NpoLEecce BbiIbopa NponnaHTa,
KOTOPbIN 3BOMOLIMOHNPOBAN OT 0BbIYHOIO PEYHOrO necka
00 LLIAPUKOB N3 ODOXOKEHHOM MIVHbI M BOKCUTOB.
30€echb VLLYT ONTUMasIbHOE COOTHOLLIEHME LiEHbI, MPO4YHO
CTW U NPOBOAVMMOCTY PaCK/IMHMBAIOLLIErO areHTa B
KOHKPETHbIX FTOPHO-Te0NIOMMYECKUX YCITOBUSX.

Hosble FrOPU3O0HTDI

CerogHs CTpaHHO CrbllaTh, YTO MMapopaspbIB Nia-
cTa MOXXHO NPOBOAUTL JLLL AJ/19 TOrO, YTOObI

www.rogtecmagazine.com

to select the most suitable area to initiate a fissure.
Subsequent modelling that considers the formation rocks
properties, allows calculation of required parameters

of the fracturing fluid and selection of suitable proppant
to achieve a fracture of optimal size and maximum
conductivity.

Every year hydrocarbon reserves in easy
66 formations are reduced and the latter are
replaced with low-permeability formations featuring
high heterogeneity, low poroperm properties and
heavy compartmentalization. This adversely affects
hydrocarbon production rate.

One of the most efficient methods to increase well
productivity penetrating such formations is hydraulic
fracturing, which may maximize oil recovery rate. After
hydraulic fracturing, the well is better linked with natural
fractures and high-permeability areas; formation area
drained by the well increases.

The most widespread technique is multi-stage hydraulic
fracturing in horizontal wells. It multiplies the production
well flow rate. Today we are also developing unique
technologies, one of which is multilateral wells where
multi-stage hydraulic fracturing is conducted in each
wellbore. The first in Russia bilateral well with multi-
stage hydraulic fracturing is currently being drilled in
Krayneye Field. Moreover, the technology of repeated
multi-stage hydraulic fracturing is now under intense
investigation and their usage will become relevant in

several years. 99

Aleksandr Bilinchuk,
Head of Geology and Development Department

“Gazprom Neft hydraulic fracturing development focused
on finding the optimal composition of fracturing fluid

and types of proppants” says lldar Faizullin, Head of
Hydraulic Fracturing Design Department of Gazprom

Neft Research and Development Centre, “Gel injected
into a well should be viscous enough to not be absorbed
by the formation and carry the proppant to the fracture
without losses avoiding its settling in the well. Yet the

fluid should easily leak out from the fracture so not to
affect its conductivity”. According to the expert, for this

to occur, special substances, i.e. fluid viscosity reducing
breakers, are added to the gel. Encapsulated breakers
used today, rupture under pressure inside the fracture.
The gel liquefaction starts only after the fracture is induced
and stabilised. In addition to breakers, fracturing fluid may
contain other special components to, among other things,
reduce fluid friction on passing through a pipe. This allows
reducing power expenditures. Selecting a proppant can
also be tricky; the selection evolved from regular river sand
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MpPeoaoseTb NPU3ABOMHYKD 30HY, MCMOPYEHHYIO
OCTaBLUMMCS! B Hell BypOBbIM PacTBOPOM, 1 CBA3aTb
YNCTbIM NJACT CO CKBaXKMHOM. XOTS ABaauaTb J1eT
Has3ag 970 Obl1 0ObIYHbBINA MOBOA,: B MjlaCTax C BbICO-
KO MPOHNLIAEMOCThLIO BYPOBOWM PacTBOP 3arpa3Hsan
(konbMaTMpPOBan) AOCTAaTOYHO ODLUMPHYIO 30HY OKOJO
CKBaXXWHbI, NpenaTcTBys HedpTenobelye. CeroaHs
paboymx MaacToB C BbICOKOW MPOHULIAEMOCTbLIO
MPaKTUYeCKN He OCTaNoCh, a riaBHas 3agada npu
npoBedeHnn PN — yBeNNYNTb NHTEHCUBHOCTb
HedTeoTAauM 3a CHET B0/IbLLUErO OXBaTa NPOAYKTMBHOMN
30Hbl, CAeNaTh peHTabenbHOM O00bIYy U3 HEYO0OHbIX
KOJIIEKTOPOB C HU3KMMU (DUIbTPALIMOHHO-EMKOCTHBIMM
CBOWCTBaMW.

HoBble 3agayun TpebyoT v
HOBOI0O NOOXOAA K peann3aumm

Kon-Bo, Tbic. / Number
TexHosiormn. Tak, ecnm npwn NepBbIX

[Pl B nnacT 3aka4mBasnoch He 50000
6onee 5-10 TOHH MponnaHTa, TO 45000
CEerofHst 3T 3Ha4eHnsa goCcTuratoT 40 000
COTEH TOHH. BonblLoe KONMNYEeCTBO 35 000
nponnaHTa HeobXxoaMMO Npw O 00
COo3aaHNN NPOTAXKEHHbLIX TPELLNH, gy
OXBaTbIBAIOLLYIX 3HAYNTENBHYHO

20 000

YyacTb niacTa. A 4Tobbl JOCTUYL
TaKMX NnokasaTtenien 3aKaqku, Hy>KHbl
MOLLHbIE HACOChI, TOYHbIN pacyeT
reoMeTpuUn TPELLMHBI U NoaxoasLLas
KUOKOCTb rapopaspbisa. Moabop

15000
10 000

5000
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into burnt clays and bauxites pellets. The aim is to achieve
a propping agent price-strength-conductivity balance in
view of the particular geological conditions.

New Horizons

Today it is strange to hear that formation hydraulic
fracturing can be done to only pass a bottom-hole
area damaged by remaining drilling mud and to link
clean formation and a well. Twenty years it was typical
when in high-permeability formations the drilling mud
contaminated (colmataged) a rather large area around
the well, preventing oil production. Nowadays there
are almost no high-permeability formations left and the
hydraulic fracturing purpose is to increase the oil recovery
rates by covering a larger production zone, achieving

|\II||||..u|..| |“\“|

XKMOKOCTEN — 3TO OTAeNbHas
3ajada, cTosdllas nepen XMMMKamm.
Mo>xHO 6e3 NpeyBeINYeHUs

1945 1949 1953 1957 1961 1965 1969 1973 1977 1981 1984 1989 1993 1997 2001 2005 2011 2014

WcTourmkm: SkoHommaec M., OnvHm P., Banbko 1. «YHUbULmpoBaHHbIN AnsaiiH rapopaspblisa niacta.

OT Teopun K NpakTvke». Environment America. Rystad Energy. FracFocus

cKasaTb, YTO yCcrnex NpoBeaeHns
[PIT MyHUMYM Ha 60% 3aBucuT OT
BEPHOCTU ee PeLLeHus.

Sources: M. Economides, R. Oligney, P. Valko. Unified Fracture Design. Bridging the Gap between
Theory and Practice. Environment America. Rystad Energy. FracFocus

Konnuectso Pl Ha HedTsHbIX ckBaxkmHax CLUA

Number of Hydraulic Fracturing Operations in the USA Oil Wells

Ecnn nepBble rmapopaspbIiBbl

B KOMMaHU1 NpoBOaUINCE
TONIbKO B HAKJ/IOHHO-HaMPaB/IEHHbIX CKBaXXMHAX, TO

B Havasie 2000-x rogoB 6bI10 MPUHATO peLleHne
nonpo6oeaThk 3PHEKTUBHOCTL rMapopas3pbiBa Ha
FOPU3OHTasbHBIX CKBaXXMHAX. Bnpodem, Toraa peys
Lna o roprsoHTankax, NPOo6ypPEHHbIX B AOCTATOUYHO
MOLLHBIX 11 BBICOKOMPOHULIAEMBIX y4aCcTKax Ha
TPaAVLIMOHHBIX MECTOPOXOEHWAX, BE3 CYLLIECTBEHHbIX
ocnoxxHeHun. Llensto nposeneHuns Pl Ha Takmnx
CKBaXXMHaX, U3Ha4YaNbHO He MpeaHas3Ha4YeHHbIX AN
3TOW TEXHOOM MW, BbINIO XXeaHWe NOAHATb 400bI4Y,
YMEHbLUMBLUYIOCS BCIEACTBME ECTECTBEHHOW NOTEPU
NPOAYKTMBHOCTW 1N3-3a KOJibMaTauun npusabonHom
30HbI CKB&XXMHbI KakK YacTuykaMmum OT MaTpuLbl MOPOAbI,
Tak 1 NPUBHECEHHBIMU 3arPA3HEHNAMU MPU PEMOHTAX.
Mpw aToM HeyaadHbiM [P cuTyaumo MOXXHO BbIno
3HAQUNTENBHO YXYALUNTL, HANPUMEpP, B TOM Cly4ae,
ecnn Bbl TpelmMHa coeamHmuna NaacT ¢ 06BOAHEHHBIMMA
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a cost-effective production of tight reservoirs with low
permeability and porosity.

New challenges also require a new approach to the
technology implementation. During the first hydraulic
fracturing jobs no more than 5 — 10 tons of the proppant
were injected into a well, while today the amount is
hundreds of tons. A large amount of the proppant

is required when creating long fractures through a
considerable part of the formation. To achieve such
injection performance, powerful pumps, accurate
calculation of fracture geometry and suitable fracturing
fluid are required. For the chemists, the selection of
an appropriate liquid is the main concern. It is no
exaggeration to say that at least 60% of a successful
hydraulic fracturing depends on the appropriate
chemical solutions.

www.rogtecmagazine.com
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6 C KaxOpIM rogoM 06bem 3anacos

YrEeBOAOPOAOB B NIErko paspadaTtbiBaeMbixX
niacTax CHKaeTCs, U Ha CMeHyY NMpuXoasaT
HN3KOMPOHMLIAEMbIE OOBEKTbI, BbIDXKEHHbIE BbICOKOM
HEOAHOPOAHOCTLIO Y HSKUMIM KONNEKTOPCKUMM
CBOWCTBaMM C BbICOKOW CTEMEHBLIO PACH/IEHEHHOCTU
nnacra. 91O HeraTMBHO CKa3bIBAETCH Ha YPOBHSX
006bI4N YrNeBoooOpPOaOB.

OavH 13 Hanbonee sPHeKTUBHBIX METOLOOB
MOBbILLEHNST MPOAYKTUBHOCTU CKBaXKMH, BCKPbIBLLIVX
Takve niacTbl,— [Pl1, KoTopbI MO3BOMAET
3HAYUTEBbHO YBEINYNTL TeMMN oTbopa Hedytw. [Nocne
[Pl yBenMymMBaeTCs CBA3b CKB2XKNHBI C CUCTEMOW
€CTECTBEHHbIX TPELLWH 1 C 30HAaMM MOBbILLIEHHOW
MPOHNLIAEMOCTH, pacLLMpsAeTca 061acTb naacTa,
OPEHVPYEMas CKBaDKNHOW.

Hanbonee LuMpokoe pacnpoCTpaHeHe noy4mia
TEXHOOMMSI MHOrOCTaaMMHOMO Pl B rOpr30OHTasbHbIX
CKBaXKMHAX, B PE3Y/IbTaTe MPUMEHEHNSA KOTOPOW
KpaTHO MOBBLILLAETCS AEOUT A0OLIBAIOLLX CKBAOKMH.
Takxke CerogHs Mbl Pa3BNBAEM YHUKAbHbIE
TEXHOJIOMUN, B PSAY KOTOPbIX MHOIOCTBOJIbHbIE
CKBaXXMHbI ¢ NpoBeaeHem MIPI B kaxkaom m3
CTBOJIOB. Ha TekyLLmin MOMEHT MOET BypeHne NepBO
B Poccuim OByCTBONBHOM CKBaXKMHBI ¢ MITPIT Ha
KparHem MecTopoXaeHun. Kpome Toro, cenvac
AKTVBHO UCTIbITbIBAOTCA TEXHOIOMMN NPOBEOEHMS
nosTopHoro MIPI, ncnob30BaHME KOTOPbIX CTAHET
aKTyasIbHO Yepe3 HECKOJIbKO JIET. 99

AnekcaHop BunuHuyk,
HaYaNbHUK JenapTameHTa reonorvm 1 paspadoTKy

yyacTtkamu. NepBbIi ONbIT r1MapopaspbiBa Ha
rOPU30HTasIbHBIX CKBaXKMHAX, HECMOTPS Ha BCE HO,
oKasariCcs BroJiHe YCreLUHbIM 1 NO3aHee No3BOSINAII
6onee yBeEPEHHO NOOOUTU K BHEOPEHNIO TEXHOOMN
MHOrocTaannHbIX [Pl Ha rOPU3OHTa/IbHBIX CKBaXKMHAX B
HN3KOMPOHMLIZEMBIX KOJIJIEKTOPAX.

MaccoBo€e NMPUMEHEHNE TEXHOIOMN
MHOTrOCTaANNHOIO rmapopaspbiBa naacta Havyanochb
B Havasie XX| Beka B AMepuKe nocsie nepsbIxX
HaCTOSLLUMX YCNEXOB Ha CNaHLUEBbIX MECTOPOXKOEHUSX
HedbTn 1 rasa. MimenHo MIPI1 ctano ocHoBom
chaHueBon pesontouumn. B Poccum TexHonormo
Havann BHeapsTb B 2010-x. B «aznpom HedhTw»

B KayecTBe NpoOHOro akTmea bbln BbiOpaH
BblHranypoBcKuin y4aCTOK — MeCTOPOXXOEeHME,

rOe ocTaTouYHble 3anacbl HEBO3MOXHO BOBJIEYb

B paspaboTKy TpaauLMOHHbIMK cnocobamu.
OnbITHO-MPOMBbILLIEHHbIE PabOThl MO NPOBEAEHNIO
30€eCb YEThbIPEXCTAAUNHOIO ruapopaspbiea 6blan
npoeeneHbl B 2011 roay.

www.rogtecmagazine.com

The company conducted its first hydraulic fracturing in
directional wells only. In the early 2000s it was decided
to test efficiency of hydraulic fracturing in horizontal
wells, however, the horizontal wells were drilled in rather
thick formations and at high-permeability sections in
conventional fields, where no significant complications
were encountered. In the wells not initially designed

for the technique, hydraulic fracturing purpose was

to increase production that had been reduced due

to natural productivity loss caused by colmatage of
bottom-hole area by both particles of rock matrix and
contaminants left from repairs. Moreover, unsuccessful
hydraulic fracturing could make the situation worse, for
example the fracture linking the formation and water-
flooded sections. Despite all the above-mentioned, the
first hydraulic fracturing trials in horizontal wells were
quite successful allowing for more confidence when
introducing multi-stage hydraulic fracturing in horizontal
wells in low-permeability reservoirs.

Wide use of the multi-stage hydraulic fracturing
technique started in the early 21st century in America
when the first true success was achieved in the shale
oil & gas fields. The multi-stage hydraulic fracturing
triggered what has become know as “the shale
revolution”. In Russia use of the technique started in
the 2010s. Gazprom Neft selected Vyngapurovskiy field
as a trial site, as it was a field where remaining reserves
could not be recovered by conventional methods.

The pilot project four-stage hydraulic fracturing was
performed in the field in 2011.

Unlike the conventional hydraulic fracturing, the multi-
stage technique utilizes special equipment which

is lowered into the well during its completion. The
equipment range is wide and should be selected
taking into account the formation conditions as well as
economic feasibility.

“In the beginning of multi-stage hydraulic fracturing in
horizontal wells we used BHA with disposable sleeves
and composite balls as isolators. (see chart)”, says
lldar Faizullin, “The borehole annulus was isolated

by swellable packers, kind of plugs which swell when
exposed to the oil. Packers sectioned the annulus
where the fracturing fluid with the proppant could
penetrate during staged hydraulic fracturing. Today we
cement the borehole annulus. This is more complicated
and expensive, but enhances reliability of hydraulic
fracturing and control of the fracture initiation point”.

In 2014 the number of multi-stage hydraulic fracturing
in horizontal wells of Gazprom Neft increased up to
168 jobs per year. As well as quantity, quality also
improved. Today 10-stage hydraulic fracturing is a
routine, and the record of 19-stage hydraulic fracturing
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Y MHoroctagunHoro Pl ecTb 04HO BaXKHOE OTNNYMe
OT 06bIMHOMO MMApPOpPa3pbiBa: A9 ero peamaaumnm
TpebyeTcs cneypanbHoe 060pyaoBaHME, OMyCKaeMoe

B CKBa>KMHY MpW ee 3akaH4YBaHWN. |_|pl/l'~46M BapaHTOB
Takoro 0bopyaoBaHUSt HEMANO — Ero Hy>KHO NoabupaTb
MNCXOAS 13 M1AaCTOBbIX YC/IOBUIA 1 SKOHOMUYECKOWM
LIenecoobpasHoCTH.

«/13Ha4a1bHO npw nposeaeHnn MITPTI Ha
FOPU30HTaSTBHBIX
CKBaXKMHaX Mbl
1CMoJ1b30BasM
KOMMOHOBKM C MydhTamu
0HOPa30BOro OenCTBmS
N HEPaCTBOPVMbIMM
KOMMO3UTHbIMW/

Liapamm B Ka4eCcTBe
oTcekartenen (Cm.
CXeMy), — BCMOMUHAET
Vinboap ®ansynnvH. —
3aKoIoHHOoE
MPOCTPaHCTBO
nepeKpbIBav C MOMOLLbHO
pasbyxaroLLKX MakepoB

— CBOe0bpasHbIX
NPo6OK, HabyXxatoLLyX
nom AenNcTBreM HedTu.
Nakepa pasbuBanu Ha
CEeKUMM MPOCTPAHCTBO

3a aKCnyaTtauyoHHOM
KOJTOHHOW, Kyaa Morfa
MonacTb XXNOKOCTb

Pl ¢ nponnaHToM B MpoLecce NOCTaaunHOro
npoBeaeHns rnapopadpbia. CEerofHs Mbl y>Ke UMEEM
OMbIT LIEMEHTUPOBAHNS 3aKOSTOHHOMO MPOCTPaHCTRA.
310 B0Mee CNoXHas 1 goporas onepaumsi, HO oHa
obecrneuBaeT HaOEeXKHOCTb MPOBEAEHUS MapOopa3pbiBa
1 MO3BOJIAET JIyHLIE KOHTPOMPOBATb MECTa VHMLMALMM
TPELIMH».

Yxxe B 2014 rogy KONMYECTBO MHOMOCTaaAUMHbIX
rMOpOPa3pPbIBOB HA OPU30OHTasIKax B «[ a3npom HedhTu»
BbIPOCNO A0 168 onepaunin 3a rof. [Npryem MeHAeTCs He
TOJIbKO KOJINYECTBO, HO 1 Ka4eCTBO: CEerofHst 0bbIUYHbIM
nenom cumtaetcd 10-cTaguiiHbI riapopaspbiB, a
PEKOPAHOE K HACTOSILLIEMY BPEMEHW KOMNYECTBO

cTagun — 19 — npoBeaeHo Ha FOXHO-probekom
MECTOPOXAEHUM «[ a3MpPOMHedDTb-XaHTOCa» B KOHLE
yX0oasLero roga.

MocnenHee CroBO B PasBUTUM TEXHOOTN —
KOMMOHOBKM C MHOMOPAa30BbIMK MydTamn 1 Makepom
B KQ4eCTBE OTCEKaTe I 30H C Y>Ke NMPOBEAEHHbIM
rMopopaspbIBOM (CM. cxemy). B aTom cryyae nakep,
AKTUBPYEMbIN MPU MEXaHNYECKOM COaBNBaHN,
3aMeHseT TPaOVILMOHHbIE KOMMO3UTHbIE LLiapsbl,
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had been reached in the Yuzhno-Priobskoye field of
Gazpromneft-Khantos in the end of the year.

The latest technology development is BHA systems with
reusable sleeves and packer as the isolator for fractured
areas (see chart). The mechanically activated packer
replaces conventional composite packer ball allowing a
maximum number of fracturing stages limited only by
well length and cost estimates. Equipment to open a

®oto / Photo: EWS Holdings

sleeve with installed packer is lowered into the well

on coiled tubing. Gazprom Neft used this hydraulic
fracturing technique for the first time in the Priobskoye
field and thus reached 15 fracturing stages with a
prospect for further growth.

Hard-to-Recover Experience

Believe it or not, we cannot say that developing
hydraulic fracturing technique is becoming more
complicated. Of course, particular stages require
more sophisticated equipment, for example, fracture
propagation modelling, secondary well testing

to obtain more accurate information and analyse
hydraulic fracturing, i.e. seismic survey, logging. On
the other hand, heavy-duty pumps are designed for
less compounded fracturing fluids and high pumping
rate allows for low fluid viscosity, moreover, sometimes
it is necessitated for successful hydraulic fracturing,
for example multi-stage fracturing in low-permeability
reservoirs such as in the Bazhenov formation.

Oil deposits in the Bazhenov formation are very promising

nowadays for the Russian oil industry. Gazprom Neft
endeavors to find an optimal development method for

www.rogtecmagazine.com



DRILLING

no3BONSS AeflaTb MakCMasIbHOE YICIO CTaaun
paspbiBa, OrPaHNYEHHOE TOMBKO OJIMHOM CKBaXKMHbI

11 SBKOHOMUYECKMMIM pacdeTamn. ObopyaoBaHmne

0151 OTKPbITUS MydT C MHCTaI/IMPOBaHHbIM

MakepoM CMyCKaeTCs B CKBXKWNHY Ha MMOKMX Tpybax
(konnTrobuHre). B «Fa3npom HedTn» nogobHas
TexHonorus nposeneHuns Pl Bnepsble 6bl1a NpuMeHeHa
Ha MNprobckom MecTopoxxaeHUn. VIMEHHO C ee MOMOLLBIO
yOanoCh yBENMHUTE KONIMHYECTBO CTaaumin padpbeiea oo 15
C NEePCMNEKTUBON 1 OasIbHENLLIErO pocTa.

TpynHon3enekaembin OnbIT

Kak 3TO HU NapafoKCasibHO, Heb3s CkasaTb, YTO C
PasBUTUEM TEXHOSIOTN MMAPOPa3PbiBa OHA KOMMIEKCHO
YCNOXHSETCH. ECTb 0TAEbHbIE STarbl, KOTOPbLIE,
HECOMHEHHO, 0DpacTatoT 601e€ CITOMHOW TEXHUKOWN,

— Hanpumep, MOOEMPOBaHNE Pa3BUTUS TPELLVH,
BTOPWYHbIE METOAbI MCCNE[OBAHNSA CKBXKUH A5
nony4veHVs Hanbonee AOCTOBEPHOW KapTUHbI 1 aHanmMsa
rMopopaspbiBa — CENCMUKA, reohuanyeckmne MeTodpl
ncenenosaHus. B To xxe Bpemsi 60/1ee MOLLHbIE HAaCOCh!
Oat0T BO3MOXHOCTb MCMOMb30BaTh MEHEE C/IOXHbIE
YKUOKOCTW rmapopaspbiBa — Mpw BbICOKUX CKOPOCTHAX
3aKauKM BASKOCTb XXNOKOCTU MOXET OblTb HEBLICOKOW,
a B HEKOTOPbIX CIy4asx 3TO 1 BOBCE HEOOXOOMMOE
ycnosue ycnewHoro P, K Takmm ciydasm OTHOCUTCSA
MHOrOCTaQUIHBIV Pa3pbiB B C1abONPOHMLIaEMBIX
KOMNEKTOpax, HanpumMep, 6aXKeHOBCKOW CBUTE.

HedTaHble 3anexu, OTHOCALLMECS K DaKeHyY, CerogHs
Hagexaa OTEYECTBEHHOM HEPTAHKN. «[a3npom

¥
@orto: EBreHmin Yeapos, AnexkcaHap TapaH
Photo: Euvgeniy Uvarov, Aleksandr Taran

the challenging reserves. It is obvious that the principle
technique here is multi-stage hydraulic fracturing with
optimal parameters, which are yet to be found. The

first multi-stage hydraulic fracturing in the Bazhenov
formation showed low efficiency of conventional fluids
and BHA systems. Only narrow-width fractures are
possible to form in the hard rocks of the Bazhenov
formation and fracturing gel of standard viscosity settled
in such fractures forms polymeric film resistant to
washing away. The solution is to use low-friction water
or even slickwater as a fracturing fluid.

However this water is now no longer used in hydraulic
fracturing. The reason is simple: due to low viscosity

the water does not deliver the proppant to the fracture,
proppant settled in the well does not contribute to the
fracture formation but hinders the operation. Today heavy-
duty pumps are used to avoid this: proppant has no time
to settle inside the well due to super-high injection rate.
This concept was the one selected for the Bazhenov
formation. The higher is fluid flow rate, the higher the
pipe wall pressure is. Large bore pipes should be used
to maintain the allowable pressure. Therefore, hydraulic
fracturing BHA systems with sleeves and production
tubing could not be used in the Bazhenov formation.

“The new-design ten-stage hydraulic fracturing was
first conducted in Palyanovskoye Field of Bazhenov
formation in December, 2015.” says Mikhail Cherevko,
Chief Geologist of Gazprom Neft Khantos,“We used
the plug and perf method of hydraulic fracturing when

www.rogtecmagazine.com
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HeTb» TPATUT HEMaUIO CPEOCTB W CUJT Ha TO, YTOObI
HaTV OMTUMasTbHBIN CMOCOD PaspPaboTKM Takmx
TpyOHOM3BNEKAEMbIX 3anacoB. O4YeBUOHO, YTO r1aBHbIM
VNHCTPYMEHTOM 3[46Cb OO/MKEH CTaTb MHOMOCTaANNHbIN
mMapopaspbIB niacta — OCTaNOChk NogodbpaTs

ero onTMaJsibHble MapameTpbl. Kak nokasasn onbIT
npoBeneHns nepsbix MIMPIN Ha 6axxeHe, CTaHOAPTHbIE
>KUOKOCTU 1 KOMMOHOBKM 30E€Ch OKa3bIBAOTCS
HeOOoCTaTO4HO aPdeKTUBHBIMK. B TBEPALIX Nopoaax
DOa>KeHOBCKOW CBUTLI YOAETCA CO3AaTb O4EHb Y3KME
TpewmHbl, a renb PN ¢ 06bI4HON BASKOCTLIO B TaKMX
TpeuwmHax ocefaeT, 06pagdys MIoXo CMbIBAEMYHO
NOIMMEPHYIO MNEHKyY. BbIxOg — 1MCnonb3osath B
Ka4YeCTBE XXMAKOCTW BOOY W O2XKE «CKOMb3KYKO BOOY>
— C MOHWKEHHBIM TPEHMEM.

XOTe M3HavabHO 015 rmapopaspbiea MCNOb30BaIN
VNMEHHO BOAY, OT HEE CKOPO OTKasamchb. [MNpuymHa
npocTa: B CU/Ty Mason BA3KOCTW BOAA He JOHOCUT
ApOoNMaHT 40 TPELWMHbI, OH OCEOAET B CKBKMHE U HE
TOJIbKO HE CMNOCOBCTBYET 0OPA30BAHMIO TPELLUYIHBI, HO
1N MeLLaeT NpoBedeHnto onepaumn. CerogHs ¢ aTom
NPOBIEMON MOXKHO CNPaBUTLCA 3a CHET MOLLIHENLLINX
HaCOCOB U CBEPXBbICOKMX CKOPOCTEN 3aKaqkn — B
3TOM CJly4ae NPOMMNaHT MPOCTO HE YCMEBAET BbINACTb
B CKBaXKMHE. /IMEHHO TakoW BapuaHT peLleHo ObIiio
NPUMEHNUTb Ha BaxkeHe. [puy YBENYEHM CKOPOCTH
TEYEHUS XKUAKO CTU PACTET U AABJIEHME HA CTEHKM
TPyObI. HYTO6LI HE NPEBbILLATEL JOMYCTUMBIX MapamMeTpOB
0aBJ1e HNK, HEOBXOAMMO MCMOMB30BaTh TPYObI
60bLLIEr0 aMamMeTpa. Ha npakTnke 31O O3HaYaEeT,

YTO OT MPU MEHEHMS KOMMOHOBOK [Pl ¢ MydhTamn v
HaCOCHOKOMMPEeCCcopHbIMU Tpybammn (HKT) Ha badkeHe
MPULLIOCH OTKa3aTbCs.

«[lepBbInt AecaTncTaguiiHbin ['PI Ha 6aXXeHOBCKOWM
CBWTE MO HOBOW CXeme Obln npoBeaeH Ha [MNasb-
SIHOBCKOM MeCTOopOXXaeHun B aexkabpe 2015 roaa,
pacckasan rnaeHblv reonor ,asnpoMHedTb-XaHToca"
Muxann HYepeBko. — Mbl MCMOMb30BaIM OE3LLIAPOBYHO
TexHonoruo Pl B KOTOpOW cTagum rmapopaspbiea
OTOENATCA Apyr OT Apyra cneumanbHbIMU NpPobKamm,
CMyCKaeMbIMM Ha MMBKMX HACOCHO-KOMMPECCOPHbIX
Tpybax (MHKT), a 3akadka nponnaHTa Npu KaXKaom
[Pl BepeTcs Yepes nepdopaumoHHble KaHasbl.

3Ta TexHonorvs gana BO3MoX HOCTb CO3AaHMs
Pa3BETB/IEHHON CUCTEMbI TPELLMH, HANPaB/ieHVE KOTOPbIX
Mbl MOXKEM 3afaBaTb 1 KOHTPOMPOBaTb». Ha 3anane ata
TEXHOJI0MMS YCMNELLHO MPUMEHSIETCA Y>KE OKOJI0 OECATU
NeT 1 HocuT HasBaHue plug and perf. B aTom cnydae
MNacT BCKPbIBAETCS C MOMOLLbIO MAOPONECKOCTRYNHOM
nepdopaunn 6e3 NCNob30BaHNA MydT, MPUYEM

B pamMKax OfHOM CTaaun paspbiBa Oe/aeTcs cpasy
HECKOJIbKO OTBEPCTUM, YTO NO3BOJISIET CO34aBaTh CETb
TPELIMH, a HEe OOHY MarnCTPasIbHYK TPELLMHY, Kak npwu
06bl4HOM [P, XKnakoCTb mmapopaspbiBa HarHeTaeTcs
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hydraulic fracturing stages are separated with
special plugs lowered into the well on coiled tubing,
and proppant is injected at each hydraulic fracturing
through the perforated channels. By this technique it
was possible to form branched conjugated fractures
and define and monitor the direction thereof”. In the
West this technique has been successfully used for
about ten years already and it is called “plug and perf
method”. Jet perforation with no sleeves required and
several holes made per each fracturing stage make

it possible to form a fracture network vs. a single

main fracture formed by the conventional hydraulic
fracturing technique. The tubing is not lowered into the
well but the fracturing fluid is injected directly through
production string, while fracturing stages are separated
by special composite plugs.

Time will tell how efficient such multi-stage hydraulic
fracturing technology will be. “By now two wells

in Russia have been drilled by the plug and perf
method, and both were successful”, Aleksandr
Milkov, Head of Bazhenov Project Well Completion
Division of Gazprom Neft, shares with us. “We hope
that the result will be also successful”.

However, the search for new solutions continues, and
there is still definitely a room for improvement. According
to Aleksandr Milkov, the future is in mobile equipment,
injection speed increasing and simplification of
hydraulic fracturing gels chemical composition; and, in
general, in low-cost and efficient solutions.

NPSIMO MO 3KCM/TyaTaLMOHHOM KOJTOHHE, Oe3 crycka B
CKBaKMHY KoJ1oHHbI HKT, a pasgeneHne ctagnin paspbisa
NPOUCXOANT CreLmanbHbIMN KOMAO3UT HbIMW NPO6KaMU.

Hackombko athheKTUBHOM OKaXKETCS Takast TEXHOOMS
nposeaeHus MIPIT nokaxkeT Bpems. «B Poccum K
HaCTOSILLIEMY MOMEHTY Mo TexHonorvmn plug and perf coenaHo
[OBE CKBaXXMHbI, 06e yaaqHble, — NOAENICS PyKOBOAUTESb
HaMPaB/IEHMS MO 3aKaHYMBAHVIKO CKBaXKWH MPOEKTa ,,barkeH"
I asnpom HedpTU® AnexkcaHap MnnbkoB. — Mbl Tak »xe
HaOeeMCs Ha MONOXKUTESBHBIN PE3YBTAT».

Brnpouem, moncK HOBbIX PELLEHM MPOAO/MKaETCs, 6/1aro
elLLle eCTb Kyaa CTpemuTbcs. 1o MHeHUIO AnekcaHapa
MunbkoBa, byayllee — 3a MOBUIbHbIM 0B0PYO0BAHVEM,
MOBbILLEHVEM CKOPOCTU 3aKaukM 1 YMPOLLEHMEM
XMK4ecKoro coctasa renen P, A B uenom — 3a
HeOoPOrVIMM 1 3MEKTNBHBIMI PELLIEHVSIMIA.

Martepwan nobesHo npenoctasneH koMranven OAO «[asnpom HedTe»
U XKypHaioMm «Cubmpckasi HegTb»
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