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OBCALOHbIX TPYB

Hedrerasosoe

LE10

COMOCTOBJIEHUE MMAOPABJIMHECKMX NMOKASATEJIEN
CTPOUTEJIbCTBA CKBAXWHbI NP OBblMHOM
POTOPHOM CI1OCOBE U BYPEHUWN C NPUMEHEHWNEM

Casing drilling is an emerging technology for drilling and

casing as well simultaneously.

This process eliminates drill-string tripping and is more cost-efficient and
safer than conventional rotary drilling. It can cut the time required to drill a
well by 20 to 30%, helps avoid unscheduled events (kicks, unintentional side-
tracks, casing wear, hole problems due to swab and surge pressures, and for-

mations of sloughing and swelling) and reduces costs.

Using this technology the casing is used to transmit mechanical and hydraulic
energy to the bit, instead of using a conventional drill-string. The first kind of
casing drilling is a casing used and rotated as a conventional drill-string with
a fixed bit on its end. The other kind is when the casing is positioned on the
lower end of the conventional drill-string which is retrieved with a wireline to
access bits, engines, underreamers, MWD/LWD, and other components while

leaving the casing in place.

I'.I1. ®enepep
MHUIIKOJIBICKHH
YHHBEPCHTET
(Benrpust)

OcHoBHbBIE HIEH

Bypenue ¢ obcagHbpiMHu TpyOamMu — 3TO HOBas
TeXHOJI0THs OypeHust 1 00caKMBaHUs CTBOJIA CKBa-
KHMHBI KOJIOHHOHM TpyO. DTOT Mpolecc yCTpaHseT
najieHue OypUIIbHOTO WHCTPYMEHTA, OH SIBIISIETCS
0oJee IKOHOMUYHBIM U OE30IACHBIM, YeM POTOp-
HbII criocod OypeHus. OH CHHMXKAET 3aTPaThl IO
BPEMEHM, HEOOXOJMMOMY JUIsl OypeHHs] OJIHOM
ckBakuHbl, Ha 20—30%, momoraeT n3dexaTh He3a-
IUTAHUPOBAHHBIX MTPOMCIIECTBUN (BBIOPOCHI, HEO-
JKUJIAHHOE OTKJIOHEHHE, W3HOC O00CaJHBIX TPYO,
npoOjeM, CBA3aHHBIX C KOJIeOAHMEM [aBJICHUH,
OChIlTaHME U HaOyXaHHe) U CoKpalaeT (GUHAHCO-
BBIE PACXOIBL.

ITpu ucoNb30BaHUM ITON TEXHOJIOTUH ITPUMe-
HAIOT oOcagHble TPYOBI AJIs Mepeaaun MexaHuuec-
KOW U TUAPABIMYECKON IHEPTUU JOJIOTY, BMECTO
UCIOJIb30BaHUsI OOBIYHOI OYypOBOI HITAHTHU C JI0-
JIOTOM, NMPHUKPEIJIEHHbIM Ha KoHLe. [lepBblil BUJ
00caTHOTO OYpEeHUs — 3TO TOT, TJI€ UCIOJIB3YIOTCS
o0cajiHbIe TPYObl, KOTOPBIE BPAIIAIOTCS KAK 00bIY-
Has OypoBas IITaHTa ¢ JOJIOTOM, 3aKperjIeHHas Ha
KoHIe. pyroit Bum — 3T0 TOT, KOrna odcagHble
TPYOBI OMEIIAIOTCS HA HIKHEM KOHIIE OOBIYHOM
OypOBOI1 IITAHTH.

Crnenyronue npoOieMbl MOTYT OBITh PELICHBI
IIPU UCIIOJIB30BAHUM 00CaAHOTO OypeHus: 0opa3o-
BaHUe HaOyXaHMs, OCbIIIaHUEe, BEIMBIBAHUE, KaBep-
HOOOpa3oBaHue, YCTYIBl B CTEHKE CTBOJA, Kapo-
Taxx OypoBOI CKBaKMHBI 1 0OCAKUBAHHE.

3anayeif, KOTOPYIO CIEeIyeT PEeIlUTh, SBIISETCS
OIIEHKA TMPABIMKH CKBAXXHHBI 10 OTHOILEHUIO K
00caHBIM TpyOaM OypeHHs. ITa CTaThsl paccMart-
pHUBAET PEOJIOTUYECKYIO KIIACCU(UKALIUIO, TOTEPH
JABIICHUS] U 3KBUBAICHTHYIO LMPKYISLHMOHHYIO
mwiotHocTh (DLIT) Mo cpaBHEHMIO CO CBOWICTBAMHU
0OBIYHOTO POTOPHOTO OypEeHUsI.

BypeHue U 20pHbIE paspafomyu

OrpenienieHne TOYHOM 3KBUBAJICHTHOW LIMPKY-
nsuuoHHoM TutotHocTH (DL(IT) Hanboee BaxHO,
TaK KaK OHO SABJIACTCSA KPUTUYECKUM IJIsI KOHTPOJIsSA
3a JJaBJIGHUEM B CKBa)KHHE, TABJIEHUEM TOPHBIX 110~
pOI ¥ pa3pylieHreM MOBEPXHOCTHOTO ciost. OnHa-
KO 06BI‘IHI)IC TUAPABIMYCCKHUE MOACIN HE MOTLYT
HCIIOJIB30BATHCS ISl 00CaTHOTO OypeHHsl, TaK KaK
MEXaHMYECKOe YCTPOMCTBO, METOA OypeHHs H 3a-
30p Mexay oO0cagHbIMU TpyOaMu M CKBAXMHOM
TpeOyeT MoAPOOHOTO PACCMOTPEHHUS.

Bgenenne

B MupoBoii muTepatype nepBble YIIOMHUHAHUS O
OypeHUH TP MOMOIIU O0OCATHBIX TPYO OTHOCSITCS
K Hauajy BTOpoil nomosBunsl 90-X rogos. 3a mo-
ciennue 5 et MoOun 1 AMOKO Havalu Mpume-
HSITh 3TOT BUJ| OypeHHUs], BUS €rO MPEUMYIIECTBa,
MPEXKJIE BCEro, B IMEPECEUCHUU TIEPEXOHBIX 30H U
IJIACTOB C HU3KUM JIaBJIEHUEM, TAKXe KaK U KO-
JIOHH-XBOCTOBUKOB.

B nacrosiee Bpemst MeToJ1 00cagHOro OypeHust
OwIcTpO pacnpoctpansetcs. [IpumeHenne dezomnac-
HOW OYpOBOU IITAHTU HA MIOBEPXHOCTH OBLIO MpH-
MEHEHO JUIsl MPSIMOTO U TOPU3OHTAJILHOTO Oype-
Hus. B pazpaboTke 00OpymoBaHMS JJiIi HOBOTO
metona komnanus TECKO nocrurna ycnexa.

OO0caHoe OypeHue — 3TO HOBEHIINI METO/I,
KOTOPBIH J1aeT BO3MOXHOCTb OCYIIECTBIISITH OY-
peHue ¢ OJTHOBPEMEHHBIM 00Ca)KMBAHHEM CTBOJIA
CKkBaXXUHBI. BypeHue BefeTcsi pOTOPHBIM CITOCO-
OOM, TOJBKO BMECTO OYpWIBHBIX KOJOHH WHC-
MOJIb3YIOTCSl 00ca/iHble TPYOBl, C NMPUMEHEHUEM
YCTPOMCTB KOHTPOJIS 3a MPOIIECCOM OypeHHs Ha
3aboe.

OrpeniesieHre 3KBUBAJIEHTHON ILMPKYISIUOH-
Holt TiotHocTH DLIT B OypeHun ¢ moMoripbo 06-
caJIHBIX TPYO paccMaTpUBAaETCsl B 3TOMU craThe. Bo
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Hedrerasosoe

OBno

BpeMsl IIUPKYJIISIUU oOlIiee 1aBjieHue B 3a00€ sIBIIs-
€TCsl CyMMOM THJIPOCTATHYECKOTO JABJICHUS U T10-
Tepu KOJIbIEBOrO nAaBieHUusA. OHO MOXKET OBITh
OIMCAHO KaK JMHAMUYECKOE JIaBJICHUE.

I'eomeTpusi CKBaKMHBI TIPH 3TOM BHUJIE OypEHUS
MIPEACTABISET COOOH OCHOBHOE OTIMYHE OT OOBIU-
Horo Oypernmsi (puc. 1). OTHOIIEHHE OTBEPCTUS
CKBaXUHBI K AWAMETPy TPYyOBI MPHOIIKAeTCS K
enuHuie. BHyTpeHHUI nuamerp oOCagHBIX TPYO
3HAYUTEIHHO OOJIbINEe, YeM y OypHIIBHBIX, IIOITOMY
MOTEpU JIABJIEHUS] OTHOCUTEIbHO HM3KHE BHYTPH
obcagHbIX TPyO. OMHAKO, 3230p MEXKIY TOPHOM IT0-
pOIO M KOJOHHOHN IpU «0OCaTHOM» OypeHUuHu
obecrieunBaeT OoJiee OTPAHUYCHHBIH TOTOK, TakK
YTO MOTEPH JIABJIEHUS BBIIIE OOBIYHBIX TAKIKE MMe-
IOT MECTO.

NCR 1

Paborarommii THCTPYMEHT C BBICO-
KHMM BpAIAFOIUM MOMEHTOM
[ToprieHs 1St IEMEHTUPOBAHUS T10-
CIIe OITyCKaHUs 0JI0Ta B 0OCaHbIe
TpyOBI

Lentparop Ha 0O6camHbIX TpyOax
JUTS IEMEHTHPOBAHUS
CrabwmsaTop BHYTPH 00CaTHBIX
TpyO

3aboitnbiii ABUTaTENH (OypOBOIA
MOTOD)

Honoro n kamubpartop

CR 1

1. ITpubop A akTUBALIUU BBIpaA-
OOTKHM BEpXHEro Kpblia copoca

2. Bamrieproe obopyioBaHue
(amopTH3aTOpHOE)

3. BuyTpennee ocTpue oOcaHbIX
TpyO (BeITyck LH)

4. CTaOuIM3UPYIONIHNI IITAMOBBINA
MOTOP BHYTpH OairmMaka o0caIHbIX
TpyO

5. J1o1oTo 1 KamubpaTop

il
o
.%.
o

Ornpenierienue gaBieHus B 3a00e BO BpeMsi Oype-
HUSl OUeHb BaKHO. Bo Bcex ciydasix «oOcaJHOTO»
oypennst LIT O6yzner Boine, uem DI mpu 0ObIU-
HOM OypeHuH, X0Ts 6oJiee HU3KAsT CKOPOCTh MOTO-
Ka MOJKET IIPUMEHSITHCSI.

OUIT ompenensieTcs CASTYIONNM YpaBHEHUEM:

ECD=( Hg + AP, )/ D*G (1)

DTa CcTaThs paccMaTpUBAET THIPABIMYECKUE
otHorernst NCR2, CR6 u CR7 cbopky — mokasa-
HO Ha puc. 1, Tak KaK OHU MOKa3bIBAIOT HAUOOIb-
IIyI0 pa3Huily. JaBlieHre UPKYyISIHOHHOTO HACO-
ca YMEHBIIIAETCsI [0 CPABHEHUIO C POTOPHBIM Oype-
HHEM, TOCTUTACTCA JIydinass O4YMCTKa CKBAXHUHBI C
HCIOIh30BAHMEM BBIIIKH ¢ HU3KOH MOIIHOCTBIO U
HACOCOB, YTO B PE3yJIbTATE JaeT 3KOHOMHIO MaTe-
PHANBHBIX CPEICTB.

NCR 1

Paborarommii THCTPYMEHT C BBICO-
KHMM BPAIIafOIIM MOMEHTOM
[ToprieHs It IEMEHTHUPOBAHUS TI0-
CIle OIyCKaHUs 0JI0Ta B 00CaTHBIC
TpyOBI

Llentparop Ha 06canHbIX TpyOax

1 JUTS LIEMEHTUPOBAHUS
CrabmwmsaTop BHYTpH 00CaIHBIX
TpyO

3aboitublit ABUTaTEND (OypOBOMH
MOTOD)

Homnoro n kanmubpatop

CR2

1. Paboraromuii ”HCTPYMEHT C BBI-
COKMM BpaIaloniM MOMEHTOM

2. Bricokas mapasienbHas BbIpa-
00TKa BepXHEro Kpblia copoca

3. UnTerpanbHas BTyJIKa BEPXHETO
3aI0JTHEHUS (BECh TUIPABINIECKUN
KOMITJICKT)

4. AMOpPTH3AIIMOHHOE YCTPOHCTBO
5. MecTononoxeHue MoTopa

6. IImamMoBBIit MOTOP

7. Cepneynuk mojoTa (IIIMOHKA)

8. CepmeyHuk mojaoTa (CBOOOIHO
BpAIAFOIIIHIACS)

9. omoto (pa3mep oOcamHbBIX TPyO)

=

Bypexue u 20pHLIe paspabomuu
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CR3

1. Paboraromuii ”HCTPYMEHT C BBICO-
KHMM BpalIaroIiM MOMEHTOM

2. Beicokas nmapaiiesbHasi BBIpaboTKa
BEPXHEro Kpblia copoca

3. IIpon3BoOACTBCHHAS ITOBECKA (MO-
JKET OBITH TIeppopupoBaHHAS TPyOA)

4. DuKcHpOBaHHAS CEPILICBHHA JI0JI0-
Ta B KOJIOJKE 00CaTHbIX TpyO mwin Oyp-
pacimmpuTenb Ha 00caHbIX TpyOax

5. domoTo u cTabuIn3aTop BHYTPH 00-
caHBIX TPyO (pa3mMep 00CaTHBIX TPYO)
win (PUKCUPOBAHHOE J0JIOTO Ha obca-
HBIX TpyOax

CR 5

1. IlepeBoAHMK BEPXHETO KPhIIa

cbpoca

2. Paboraromuiit ”HCTPYMEHT C BBICO-

KHM BpalgaroimnuM MOMEHTOM

3. Beicokast nmapaienbHasi BBIpaboTKa
BEpPXHETO KpblIa cOpoca

t 4. CoequHeHus o0caiHbIX TPYO, Mpu-

TOJTHBIE JUIsl OYPOBBIX YCIIOBUI

5. @uUKCHpOBaHHAS Cep/ILIEBUHA JOJIO-

Ta B OarmMake o0caHbIX TPYO

6. BoccranasnmBaemoe, IpOBOTHOE,

3anopHoe 000py/I0BaHUE BHYTPH Oarii-

MaKoB 00CaJIHBIX TPYO

7. Homoto (pazmep obcagHbIX TPyO)

CR 7

1. BypoBas BbIIlIKa, OCHAIIICHHAS JIJIS
BpallleHUs] 00CaTHBIX TPYO, 3aKaAUKU
B HUX U MEPEBO3KH BHYTPH

2. CoenunHenust obcamgHbIX TpYO,
MIPUTO/IHBIE /1711 OYPOBBIX YCIOBHIA
3. DuxkcupoBaHHAS CEPIIICBUHA I0-
JIoTa B OamMake o0caIHbIX TPYO

4. BoccraHaBiIMBaeMoe, MPOBOHOE,
3amopHoe 00OpymIOBaHHE BHYTPH
MWD, perynupyemslii

S. Byp-pacummpurens (pacimpurenb)
6. lonoTo (pa3smep 06caaHbIX TPYO)

Pucynok 1. HcTpyMeHTaIBHAS COOPKA.

BypeHue U 20pHbIE paspafomyu

Hedrerasosoe

Oen0

CR 4

1. IlepeBOAHMK BEpPXHETO KPhLIA

copoca

2. Paboraromuii ”HCTPYMEHT C BHI-

COKMM BpaIAIOIIM MOMEHTOM

3. Beicokast mapaienbHast BbIpa-

00TKa BEpXHEro Kpbljia copoca

4. CoenmHEeHHS 00CaTHBIX TPYO,

TIPUTO/THBIC 711 OYPOBBIX YCIIOBUNA

5. @uUKCUpOBaHHAs CEP/LIEBUHA J10-
JIoTa B OamMake 00caIHbIX TPYO

1 6. BoccranaBnmBaemoe, TpOBOJTHOE,

3amopHoe 000py0BaHUE BHYTPH

OGamMakxoB 00camHBIX TPyO

7. HomoTo (pa3mep obcagHBIX TPyO)

CR 6

1. BypoBas BblIllIKa, OCHALIIEHHAS

JUTSL BpaleHus: 00caIHbIX TPyO, 3a-

KAa4KM B HUX U NEPEBO3KH BHYTPHU

2. CoeauHeHus 00CaIHBIX TPYO,

MIPUTOIHBIE /17151 OYPOBBIX YCIOBUI

3. dukcupoBaHHAs CepALIEBUHA J0-

JI0Ta B Oammake 00CaJIHBIX TPYO

4. BoccranaBnuBaemMoe, MPOBOIHOE,

1 3a1opHOe 00OPYIOBAHUE BHYTPH
OammakoB oOcaHbIX TPYO

5. Byp-pacmmpurens (pacmmpu-

TEJIb)

6. Josoto (pa3mep oOCaHBIX TPYO)

HupkynsunoHHas oniepannst ONpeIesieTcs! cie-
JIYIOIIIUMU TTapaMeTpaMu:
® jaBiieHHe Ha 3a00e
® ryOouHa ¥ MPOQUIIb CKBAYKUHBI
® amMeTp TPyOBI
® peostorusi OypoBOro pacTBopa
COOTBETCTBYIOIIME OMMCAHUS MOJICUETa LIUPKY-
JISIIIUOHHBIX CBOMCTB MOKHO HAWTH B JIMTEPATYpE.
DTa cTaThs OMMCHIBAET IJaHHBIE, KOTOPHIE MOTYT
OBITH PUMEHEHBI B «00CaTHOM» OypPEHHH.
Haubonee BakHast yacTh IUKIIA — 3TO TO, YTO
BBIOYPEHHBIN PACTBOP U IIJIAM JIOJIKHBI HCXOJIUTh
M3 CKBRXXUHBI B MHTEpPEcax aJeKBATHOTO BHIOOpA
HUPKYJIUpyomei xunkoctu. CyliecTBEHHBIM (pak-
TOM SIBJISIETCS] TO, YTO PACTBOP JOJKEH UMETh T'HI-
pocTraTuyeckoe JaBIIEHHE BCEH HUPKYIMPYIOIICH
KHUJIKOCTHU, TTOCTOSTHHOE BO BPEMEHH; €CIIH K€ ITO
YCIIOBUE HE BBITIONHSIETCS, TO CIIEAYET YYUTHIBATH
oTepu OypoBOIO pacTBOpa.

*»
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Hedrerasonoe

OBno

B 3aBucuMoOCTH OT JaBiIeHUs U THUIIA 00pa3oBa-
HUSl UUPKYJIALUS BBIOYPEHHOI'O PacTBOPa MOXKET
MIPOU3BOJUTHCA PA3IUYHBIMU UPKYIAPYIOHIMMU
JKUIIKOCTSIMH: BOJIOM, BSI3KMMHM TEJISIMH, a30TOM H
TIEHOM.

CKOpPOCTb BOCXOMALIEIO IMOTOKA BCEr/Id BBI3bI-
BaJia MpooIIeMbl, 0COOEHHO B 00pa30BaHUSX C HU3-
KHMM JIaBJICHUEM, TaK KaK yBeIIM4eHHe CKOPOCTH I10-
Toka BKJItovaeT ysenuueHue LI, uro 3atem yBe-
JIMYUBACT JaBJIeHUE Ha 3a00¢e. B aToM cimyuae HeoO-
XOJIIMO TIPUMEHSITh a30T WJIH TICHY.

Bce xapakTepHble OCOOEHHOCTH CKBAaXKHHBI
JIOJDKHBI pacCMaTpUBAThCs, TAaK KaK BCE OHM MIpa-
IOT Ba)XKHYIO pojib B pabore. ['yOuMHa CKBa>KUHBI
ompeensieT HeoOXoAMMble pa3Mepbl 00caTHbIX
Tpy0. Pazmeps! oOGcanHbIX TPyO BIUSIIOT Ha CKO-
POCTh BOCXOISANIErO MOTOKA KHUIKOCTH, TAKHM 00-
pa3oM, OHH BIIUSIOT Ha BRIOOp OypOBOTO pacTBoOpa.
ITpy noMoIy NOJCYETOB JIEIKO BBIYUCINTD, KAKOH
pa3mep obcamHbix TpyO BBIOpaTh. Ecnmu BBIOpaH-
HBIA AMaMeTp OOJIbLIONH, 00BEM BOCXOJSIIErO Mo-
TOKa YMEHBIIAETCS, YTO CIOCOOCTBYET YBelu4e-
HUIO €0 CKOPOCTH.

IIpenmymectBa
00caJHBIMH TPYOAMH

IIpouenypa, 3anarenroBanHas Tesco Co., mo3-
BOJISIET NPOOYPUBATH CKBAKHMHY IPH ITOMOILU
CTaHJAPTHOTO 00CAKHUBAHMS. DTOT METOJ UCKIIIO-
YaeT MpUMEHEHHEe OYypOBOHM TpyObl M 3aKperyieHne
YCThS CTBOJIA OOCATHBIMU TPYOaMH, a TAKXKE CITyCK
U BBIEMKY HHCTPYMEHTA U3 CKBAXKUHBI.

i1 criycka 6ypoBOro MHCTPYMEHTA UCIOIb3Y-
€Tcsl TaJIeBbII KaHaT; IPU CpaBHEHUU OypeHus ¢ 00-
Ca)KMBAHUEM IO MPAKTHMYECKUM DPE3yJIbTaTaM KO-
Homutcs 6oiee 30 % Bpemenu. Jlanee mpoucxoanT
9KOHOMHUSI BPEMEHH OTTOTO, YTO YacTOTa He3aruia-
HUPOBAHHBIX IPOUCILIECTBUI yMEHbIIaeTCs, a 0e30-
MIACHOCTh yBEIIMYUBAETCA, C OJHOBPEMEHHBIM
YMEHBILIEHUEM 3aTpaT. DTOT METOJ MOXET OBbITh
MPUMEHEH K HAKJIOHHO-HAIIPABIEHHOMY U TOPH-
30HTAJbHOMY OYpEHUI0O U MOXKET TOJOUTU K
JOOBIM OYpOBBIM BBIIIKAM (HAIPUMEpP, OOBIYHBIN
MHCTPYMEHT IPU HAKJIOHHO-HAIIPABJIEHHOM Oy-
peHun).

IIpy HaKJIOHHO-HANPABIEHHOM OYpeHUH IpU
ITOMOII OypeHHsI ¢ 00CaTHBIMU TPyOaAMU MOYKHO
YCTPAHUTh CIIEAYIONUe MpOoOeMbl: HabyXxaHHe
IIMHO3eMa, OypeHne He3aTBepAeBIINX o0pas3oBa-
HUH, 3pPEKT MopITHEBaHUS — BCE 9TO MOXKET CHH-
3UTHCS IPU YMEHBIIICHUH XOAa TOJBHXHOM Oypo-
BOU IITAHTH, MOXHO M30€XaTh MOBPEXK/ICHHI 00-
CaHBIX TPYyO, a Takxe mpobdieM NpoPpUIMpOBaHUs
1 00CaXKUBaHUsI, BCIECACTBUE TPYIHOIPOXOAUMOTO
IUIACTa, TOXKE MOYKHO N30EKATh.

npuMeHeHus1 OypeHust cC

JIOTIOJTHUTENIBHBIX 3aTPAT MOXKHO TaKxke h30e-
KaTh TMpH OypeHHH ¢ OOCaJHBIMH TpyOamH,
9KOHOMHUS TOXE BXOJIUT B MPOOJIEMBI, CBSI3aHHBIE C
OypenneM oObIYHBIM criocoOoM. [Tpobiemsr omyc-
KaHMsI U BBIEMKHM MHCTPYMEHTA YCTPAHSIOTCS, YTO
JIenaeT Mpoueaypy OypeHus: ObICTpoii, Oe30TacHON
1 9KOHOMUYHOM.

Oo6opynoBaHue npu OypeHHH C 00CaTHBIMH
TpydamMu

BmecTo 0OBIUHOTO OIYCKaHMS U BBIEMKH MHCT-
PYMEHTOB Ipu OypeHUH ¢ 00CaIHBIMU TPyOaMH He-
00XOJIMO TOJIBKO OMYCKAHUE WHCTPYMEHTOB, IO-
CPEICTBOM UEro YMEHBIIIACTCS BBICOTA MAYTBHI.

IMpu OypeHnn ¢ obcamHbIMU TpyOamu 3aauu
OypOBO¥ IITAHTH — TIepeTaya MEXaHUIECKOH 1 TH-
JIPaBIMYECKON 9HEPIUU TOJIOTY — BBIIOIHSIIOTCA
obcaaHpIME TpyOaMu. BMecTo Kitroueid, CTSIruBaro-
mmx obcaaHble TpyObl, Oblia paspaboTtaHa Ooiee
apdeKkTHBHAS TUApaBIMYECKas cHcTeMa, Ooiee
MOJXoasIas il obcaaHblX TpyD, ¢ UCMOIB30Ba-
HUEM BEPXHEro MpoBoa.

C 3THMHU JIONOJHUTEIBHBIMI WHCTPYMEHTAMU
OypeHune ¢ 00caTHBIMH TPYOaMU BBITTOTHSICTCS JTFO-
6011 0OBIYHOI OYPOBOI BBIILIKOMN.

BypoBble BBIIIKM, OCHALIEHHbIE OOCAJIHBIMU
TpyOaMM, MOTYT HCHOJIB30BAThCS ¢ 000N Oypo-
BOW MauToOl, HO Bce ke Oosee 3PPEeKTUBHO, €CITU
MayTa CIEIHMAIILHO MPOSKTHPYETCS JUIS ITHX OTle-
paruii.

Cbopka 3a60s

JBa peleHus: IpUMeHEHHsI TOJIOT U3BECTHBIL:

a) JI0JI0OTO cOOMpaeTcsl Ha HIDKHEH yacTu obcal-
HBIX TPYO, OHO HE MOKET MEHSITBHCS U TaKKe IT03Ke
M3HAIMBaeTCs. 3aTeM oOcaJHble TPYObl obecreun-
BAIOT (YHKIIUU OYPOBOIA TPYOBI, JOJIOTO, IPUKPETT-
JICHHOE K HYDKHEW 4acTh 0OCaIHBIX TPYO, OCTaeTcs

Ha o0caHbIX TPyOax rocie npoOypruBaHMsI CEKIIUU.
0) 0KOJIO KONOAKK 0OCalHBIX TpYO cobupaeTcs

OypoBOi 3aTBOP, KOTOPBIN 3amHpaeT COOPKY 32005t
B 00canHbIX TpyOax (puc. 2), cOOpKa BIACPKUBAET
CUIIy CKaTus M pacTsbkeHus. [lepenaromuii penyk-
TOp cOOpKHM OYpOBOTO 3aTBOpa cobMpaercs B 00-
Ca/IHBIX TPyOax, KOTOPBINA MTOMOTraeT CONpOTHUBIIE-
Hulo peayktopa. Hacanka 3amupaer 3a00iiHYyIO
cOOpKy B OypoBOil 3amopHOii cOOpKe, JIEHCTBYIO-
el B 06cagubIX Tpyoax. MHCTpyMEHTBI JOCTAIOT-
sl Ha TIOBEPXHOCTH ITPH MOMOIIH TAJIEBOTO KAHATA.

Boistee wacto mpoBoaka 3ajeiicTByeTcs s
CMEHBI JIOJIOTA, HO TAK)KEe OHA TIPUTOJTHA U JUTS TTPO-
BEJICHUSI IPYTUX OTIepalfii, HAPUMEP, BBEICHUS U
M3BJIEYEHUsST OYypOBOI'O MHCTPYMEHTa, OypoBOTO
MOTOpa WM CepAEYHUKA 0JI0TA.

OO0bIuHO cOOpKa 320051 SBISIETCS CIIEAYIOICH:

BUpenue U eopHble paspabomiu
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® [0JIOTO;

® xanubpaTop (B COOTBETCTBUU C pa3mepa-
MU 00Ca/IHBIX TPyO), oOecreunBaroIuit
aJICKBATHBIA JUaMeTp Uil 00CaIHBIX
Tpy0 ¥ TOCIEAYIOIIEro IEMEHTUPO-
BaHMS;

® 3200MHBII ABUTATEND;

®  rtenemerpuueckue cucrembl (MWD,
LWD).

l'uapaBianyeckue mokaszatesud mnpu OypeHHH C
o0caHBIMU TPyOaMu

Tunbl KUIKOCTH:

HenproToHOBCKAS KUAKOCTD: 3TH KUIAKOCTH HE
MOKA3BIBAIOT JIMHEHHOE OTHOIIEHUE MEXAY T U Y.
Bsi3kocTh 3TOTO THIA XUAKOCTA HE TMOCTOSHHA.
Hanpumep: 0ypoBoii pacTBOp U LIEMEHTHBIH LIUTAM.

JIBa TUma HEHPIOTOHOBCKUX JKHIKOCTEH 00CyK-
JTAIOTCS B OTOM CTaThe:

® bBuHraMOBCKas IJIACTUYHAS YKUIKOCTH;
® JKuIKOoCTh, ONMCAHHAS CTEIIEHHOM MOJIe-
npio OcTBanpa.

BuHramoBckasi TTaCTUYHAS KUAKAS Cpefa: Je-
(bopmupyeTtcs, mocjie MUHUMAaJIBHOTO MPEBBIIIECHUS
JIABIICHUS U TIpefieia TEeKy4ecTH T, JaHHOE OTHO-

LIEHUE MEXKAY T U Y JIMHEHHOE:

T="Ty+ Upy )
BsI3KOCTh TTOCTOSIHHA W UMEHYETCS IIaCTHUEC-
KOW BSI3KOCTBIO.
OrmpeneneHue mpeaeaa TEKyUYeCTH U ITaCTHUIEeC-
KOW BSI3KOCTH:

To= (27300~ T 600)* 0,4789 [Pa] 3)

1y =T00 — T300)-0,9374 107 [Pa-s] @)

CrerneHHas MOJEJIb OTHOCHTCS K HBIOTOHOB-
CKHM XHUIKUM Cpe€aaM, TaK KaK IPEAciI TCKYUYECTU

Pucynoxk 2. J1o10TO KpenuTcst Ha HIDKHEM KOHIE OypOBOro CTBOJIA,

CMOHTUPOBAHHOTO HA 00CaIHBIX TpyOax

Bypenue u2opHEIe paspabomyu

Hedrerasosoe

Oen0

paseH 0. OTHolIeHNE MEXAY t M g MOXHO BbIpa-
3UTB!

=Ky (5)
rze

K — moxka3zatenp kKoHcucTeHINH [Pa.s"]

N — HWHJIEKC TOBEJICHUsI TIOTOKA, KOTOPBI Bapbh-
pyercst Mmexay O m 1.

MNunexc moBeaeHUs MOTOKA:

n=332 -log% (6)

K— OIIPEACIISACTCA U3 HpOMe)I(YTO‘{Hoﬁ CCKIINM.

m )
510

K=—=23% 04789 [Pa-s]
4

Ioacyer noreps Ko/1bLEBOT0 JaBJIEHHS

Hns moacuera DIIT Ham HEoOX0UMO OTpe/ie-
JIUTh NOTEPHU KOJIblLieBOTO AasieHus. [1pu 6ypennn
¢ obcagHpIMU TpyOaMM HaM HY>XKHO 3HaTh D pa B
00cagHbIX TpyOax M B KOJBLEBOM IPOCTPAHCTBE.
[ToToK XUAKOCTH MOXET OBITh JIAMHUHAPHBIM M
TypOyJIEHTHBIM, TAKUM 00PA30M, HaM CIIEYET YUH-
TBIBATh MIOTEPH B KOJIbIIEBOM TTpocTpaHcTBe (D pa)
JUIsl 000OMX YCIOBUH, U CIEQyeT paccMaTpuBaTh 2
BMJIA XUJIKUX cped: bruHrama /uist BS3KO-IJIacTHY-
HBIX KHMJIKOCTEH M CTENEHHbIX MOJIENEeH, onucaH-
HbIX 3aKk0HOM OcTBasIbIA.

B o6miem, ecu geficTBUTEIBHAS CKOPOCTD MOTO-
Ka Oosbllle, Y4eM KPUTHUYECKAsi CKOPOCTh, TO TIOTOK
JKUJIKOCTU TYpOYJIEHTHBIN, HO €llle U JJaMUHAPHBIH.

I'mapaBiuyeckoe ypaBHEHHE B METPUUYECKUX
eIMHNLAX:

v= s

3 ®)

JIECTBUTEIbHAS CKOPOCTDH ITOTOKA:

CpaBHeHUe THAPABIMYECKHX MOKA-
3arelieli Mexkay OypeHHeM ¢ 0OcaIHBI-
MH TPyO0aMHu H 0OBIYHBIM CIIOCOGOM OY-
penus

LupkynsuuoHHble cBolicTBa Oype-
HUS ¢ 00CaAHBIMU TPyOaMH pe3Ko OTIIHU-
4aloTcs OT 3HAYeHUM poTopHOro Oype-
Hus. [laBiaeHue IUPKYISILUN CHUDKAETCS
[0 CPABHEHUIO C OOBIYHBIM POTOPHBIM
OypeHueM, JIydlle UAET OYHUCTKA CKBa-
KMHBI C MEHBILIMM IIPUMEHEHHEM 3JHep-
TeTUYECKUX YCTPOMCTB M HACOCOB, YTO
CKa3bIBA€TCd B OJKOHOMMH TOIUIMBA.
C npyroit CTOpOHBI, SKBUBAJICHTHAS

[EEET
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nUpKyJIsiuoHHas miotHocTs (DLIT) moxer mon-
HATBCSI /IO OMACHBIX TPEJIENIOB.

T'uapasnvka OypoBOM YCTAHOBKH, YIOMSIHYTasI
BBIIIIE, OTpaXkaeT 00a Buaa OypoBbIX MeTO10B. Lle-
JIBIO SIBJISIETCSI IOKA3aTh, YTO MEXKIY HUMH CYIIECT-
BYET pa3HMIIA.

Sl cmemanma CBOM TOJCYETHI, HCIOJB3YS IPO-
rpammHoe obecrieuenne HYDMOD Mopep Dua-
KUHUPUHT. CKOHCTPYUPOBAJia CKBAXKUHY C TEMH
)K€ TAHHBIMM CKBA)KMHBI, KaK ITyOUHA, U TEMH XKe
aTpubyTamMu B THIpaBIMKEe OypOBOrO pacTBOpa.

Ta6auna 1. Mtorossie popmyisr

Paznuua B pesynbrarax 3aBUCUT OT 0COOEHHOCTEN
Ka)k0ro METOo/a.

S cMmonenupoBasia TMIPABIMKY CKBAXKUHBI C
TOM Ke IITyOMHOM CKBaYXMHBI U TEMU XKE CBOWCTBA-
MU OypOBOIr'o pacTBOpa, Kak JUIsl CJIy4aeB pOTOPHO-
ro OypeHwusi, TaK U C TpUMEHEHHEeM 00CaTHBIX TPYO.

B xauecTBe IJ1aBHOrO yCJIOBHUS 51 paccMaTpUBAIl,
YTO OTHOILEHHME TPaHCIIOPTa cpe3a JOJDKHO OBITh
Ha OJIMHAKOBOM YPOBHE Ja)ke B XyALUEM cllydae,
IIPY YCIIOBUH, YTO CKBa)KMHA BEPTUKAJIbHAS.

Pe3ynbpTaThl CyMMHPOBAaHbI B CPaBHUTENIBHOM

BuHramMoBCKMIT IIIacTHK

TypOyeHTHBIN TOTOK

TpyOa

1050
Verit = E Myt

n

1
v = 347013700k | > [6n+2 > [1q)
crit 8p Dn

Ap — 32L Vakt tp + 4toL [Pa]

n
4KL . (v.,.. 6n+2
en” D D AP m =" (_BI; j[Pa]
14—logn
8 1. ) K| Vakt 6n+2 7
0.1Lp08v1]§ u ) [
P = I;t P [pa] Ap _(10gn+2.5)pvaktht D n [Pa]
tur 25D 2
8pV akt

MEXTpyOHOE MPOCTPAHCTBO

1286 7,(D-D;)?
Verit= 2 ”P+ ‘ul§+ 0( l) £
(D -D)*p 7716

n

_{(3470—137011)112_111 [ 8n+ 4 TT (]
n

[ms] «it™| 12-0.8165 p (D,—D,)
48Lvakipp 47y L 4KL $nd)
APpam= + [Pa] _ Vake 8n+
Pun™ D, D)? ' D,-D; APun= -, [Do—Di | LPal
Vakt 8nt+4
(logn+25)pv2, L | (Do—D) 1 Pa]
= a
0.1275 Lp"8v, 18 02 Pur5570.8165(D, — Dy|  12-0.8165pv2,
Apr= (Do_Di)12 [Pa]
_n
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tabmune (2, 3). PaznmuuHoe oTHOIIEHHE MEXITY PO-
TOPHBIM OypeHueM 1 OypeHueM ¢ 00CaHBIMU TPY-
0amu TOKa3aHO B HU(ppax pacrnpenelieHus IaBie-
Hus (puc. 3 a), pacnpeaeneHus ckopoctu (puc. 4 a,
4 0) ¥ OTHOIIIEHUS TPAHCIIOPTHOTO cpe3a (puc. S a,
50). Hudpa pacnpenenenust gasieHus (puc. 3 a,
3 0) IOCTATOYHO XOPOIIO MOKA3bIBAET, YTO JaBIIe-
HUE B TPyOe JOCTUTraeT BBICOKOI'O 3HAYCHUS IMPHU
POTOPHOM OYpEHUH, a KOJIbIIEBOE HaBJICHHE Ha-
MHOTO BBIIIIE B ClTydae OypeHwus ¢ 00CaHbIMU TPY-
Gamu.

3HauuTeNbHAS PA3HUIIA BUJIHA MPU CPABHEHHUU
JMarpaMM CKOPOCTH PACIIPEIeNICHUS U OTHOIICHHSI
TpaHCIIOpTHOTO cpe3a (puc. 4 a, 4 6, 5 a, 5 0).
Coopka 3a60s npu OypeHun ¢ odcagHbIMU TPyOa-
MU: TIPUMEHSIOT 3a00WHBIN JBHUratens (OypoBOi
MOTOpP) MAJOro AaMeTpa U OYpOBBIX YCThEB, UTO
JlaeT HeOJIarOMPUSTHBINA BEPXHUM MOTOK B CKBAXKH-
Hax OOJIBIIOrO JUaMeTpa, MPOOYPEHHBIX OYpOM-
pacHIpUTENIeM.

OCHOBOU CpaBHEHUS SIBJISIETCS ONTUMAJIbHAS
OypoBasi THIpaBIIMKa, pa3paboTaAHHAS IS [IUPKY-
JISIIAOHHOM CHUCTEMBI OOBIYHOTO OypeHus. Coot-
BETCTBEHHO, C HOpMOI Hacoca 1566 j1/MuH, naBie-
HUe 3aKauku — 154 Gap, AMHAMUYECKOE JaBJICHUE
B 3260e — 234 6ap (ECD 1258 xr/M’), Makcumaib-
Hast KoHIeHTpaius cpeza — 0,446%, a MUHIMATTb-
Has KOJIbIIeBast CKOPOCTh — 55,64 M/MUH.

ITo pe3ymbraTam MOJCYETOB MOYKHO 3aMETUTh,
4yTO TpU 00cajHOM OypeHuu HOopMa Hacoca 101
Oap, a TMHAMHIYECKOe IaBJIeHNe B 3a00e — 255 Gap.
(ECD 1370 kr/m’) HeO6XOAMMO IS HOTYUEHHUS TO-
ro JXe OTHOIIEHHS TPAaHCHOPTHOTro cpe3a. MTak,

Hedrerasosoe

Oen0

MIpeBBIIICHHUE JaBieHus Ha 21 Gap BO3HMKAET B 3a-
0oe BcreacTBHe AMHAMUYECKHX 3(¢dexToB. B xyn-
IIeM Cllyuyae MaKCUMaJibHasi KOHIIEHTpalus cpe3a
pu 00caHOM OypeHuM MoXKeT jgoctudb 0,565 %,
TOI/Ia KAaK MUHUMAJIbHAsl KOJIbIIEBAsl CKOPOCTh JI0-
CTUTaeT TOIbKO 43,68 M/MUH B CEKI[UH MEXITY
cOOPKOI 320051 U OTKPBITON CKBAKHMHOM.

Bo3Mo:kHOCTH yMeHbIIIeHHs 1aBJIeHUs B 3a00€

MBI paccMOTpesu BO3MOXKHOCTH CHUXKEHUS He-
0JIaronpusITHOTO JIaBJIeHUs B 3a00€ mpu cOOpKe 3a-
604 B cimyuae obcannoro 6ypenus. [1pu uccinenona-
HUM pACCMATPUBAIIKCH CIIESAYIOIINE (PaKTOPHI:

® DaCcXO/[] KUIKOCTH;
® [racTUYecKasi BS3KOCTb;
® [1pezer TeKyYeCTH. bl

Puc. 6 mokaspIBaeT BIUSHUE U3MEHEHUS MOLI-
HOCTH Hacoca IpH JaBjeHuu B 3aboe. [Tomyvaer-
Csl, YTO MBI HE MOJKEM IOJIyYUTh YMEPEHHOE [aB-
JieHue B 3a60e (234 6ap) myTeM yMEHbIIIEHUST MOIII-
HOCTH Hacoca, TaK KaK 3TO AaeT YMEHbIIEHHE OT-
HOIIIEHUS] TPAHCIIOPTHOI'O cpe3a, TOrAa Kak 00o-
raiieHue cpesa B KOJIblie yBEJIUUYUBAET JaBJICHHUE B
3aboe. Takum oOpaszom, nmpu ob6cagHOM OypeHHun
BCerJia BO3HUKAET HEOJIATONPUSITHOE NTABIICHUE B
3aboe.

BnusiHue (BozaelicTBIe) U3MEHEHHS IIACTHYeC-
KOU BSI3KOCTH U TIpeJieNia TEKYUeCTH Ha JIaBIICHUE B
3a00¢e 1nokazaHo Ha puc. 7 1 8. OTcroga BUIHO, YTO
YMEHbIIAs TNIACTHYECKYIO BSI3KOCTD U MpeJIeNl TeKY-
YECTH, MOXXHO JOCTHYb HEOOJIBIIOTO CHIDKCHHUS
JlaBJIeHus B 3a00€.

*»

Tadauua 2.
Well Data
Rotary drilling Casing Drilling
Well depth (m) 1897 1897
Casing size (in) 9 5/8 9 5/8
Casing shoe depth (m) 457 457
Bit size (in) 8,5 8,5
Drill pipe (in) 5 Casing (in) 7
Drill Collar (in) 6,5 4,75
Length of drill collar (m) 185 33
Bottomhole assembly (m) 30 30
— Drilling Motor 4,75
Mud properties
Mud weight (kg/min) 1200 1200
Plastic viscosity (cP) 15 15
Yield point (Pa) 4,788 4,788 Pa
Cutting properties
Rate of penetration (m/h) 10 10
Cutting size (mm) 6,35 6,35
BUpeHUe U 20pHLIE paspabomyu 50
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Bypenue ¢ obcanHbIMM TpyOamMu HUMeeT Ipe-
HMMYLIECTBA 110 CPABHEHUIO C OOBIYHBIM POTOPHBIM
Oypenuem. OObIUHBIE OyPOBBIE BBIIIKHA MOXHO ITe-
penenaTh A UCIOJIB30BAHUS MX AJIs 00CaIHOIO
OypeHMsl, CMOHTHUPOBAB [OIOJHUTEIbHOE 000py-
JoBaHue Ha HuxX. Hanbonee sxoHOMHUYHOE 0Ocal-
HOe OypeHue MOXKET BBIITOJIHATHCS IIPU UCIOIIB30-
BaHMM OypOBOW BBILIKM, CHELMAIBHO pa3pabdo-
TaHHOM IS 3TOI'O METOJA.

ITpu obGcanHOM OypeHHMU AAaBJIEHUE LIMPKYIIS-
LM MEHbLIE, YeM NpU 0OBIYHOM OypeHUH; JOCTH-
raeTcsd HauOOJIbIIAsl YUCTOTA OTBEPCTUS CKBAXKU-
HbI C HAUMEHBILIUM KOJIMYECTBOM BBIIIEK U HACO-
COB, B TO BpeM$ KaK 3KBUBAJICHTHAS LIUPKYJISALU-
oHHas 1oTHOCTh DUIT MoXxeT mogHAThCA [0
OIIACHBIX PAa3MEPOB.

ITpu cpaBHEHHMU OLIEHKM PaCIpPEAETICHUs CKO-
POCTH M OTHOILEHUS BBIOYPEHHO! MOPOABI BUIHA
Oombinas pazauia. Coopka B 3aboe mpu obca/i-
HOM OypeHUH BKIIIOUaeT B cebsi OypoBOH MOTOD
HeOoJbpIIoOro quaMeTpa U OypoBOro ycTbs, KOTO-
poe Ipu OTBEPCTUH OOJIBLIOTO JUaMeTpa, pooy-
peHHOro OypoM-paclIMpuTesIeM, IPUBOAUT K He-
0J1aronpusATHON CKOPOCTH BBIOpOCA.

B cnyuae obcamHoro OypeHUs HOCTAaTOYHO
MpUMEHSTHh Hacoc Ha 30 % HMKe MOITHOCTBIO, IS

TOT0, YTOOBI MOJYUUTH TO KE TPAHCIOPTHOE OT-
HOIIIEHHE, KOTOPOE MOXKET OBITh 00ECIEeUeHO MPo-
MOPIMOHAIBHO MEHBIIIMM JIaBJIEHUEM Hacoca, Ofl-
Hako DIIIT obecrieunBaeT 6oJiee BHICOKOE 3HAUE-
HHUE 110 CPABHEHUIO C POTOPHBIM OypeHHeM Jaxe
MPU YMEHbBIIIEHHOM MOIIHOCTH Hacoca.

[Tpu 0o6caHOM OypeHUH YMEHBIICHHE MOIIHO-
CTH Hacoca (3aKauMBaHUs) CKA3bIBACTCS B MOHH-
JKEHUU TPAHCIIOPTHOTO OTHOIIEHUS pa3pesa, TOr-
Jla KaK 3alpaBKa pa3pe3a B KOJIbIIO yYBEIHUYMUBAET
napieHue B 3a6oe. Tak, npu 06CaIHOM JaBIICHUH
BCEr/la BO3BHUKAET HEOJIATONMPHUSITHOE MOBBIIICHHE
JIaBIIeHUs B 3a00e€.

[Tnactuyeckasi CKOPOCTh U MpeEJEN TEKyUecTH
JTOJDKHBI JIEPXKAThCS HA CAMOM HHM3KOM 3HAUCHHUU
MEX/y MPAKTHUECKU MPUEMJIEMBIMHU TpeaesiaMu
JUISl YMEHbIIIEHUS TaBJIEHUS B 3200€.

Ontumusanusi UPKYJISIUOHHBIX CBOMCTB
0o0cagHOTO OypeHUus, B OTJIMYHME OT OOBIYHOTO
OypeHHUsl, JTOJDKHA PACIPOCTPAHSITHCS JO OITH-
MaJIbHOTO OIpEe/Ie/ICHUs] 3KBUBAICHTHOW IHUPKY-
nsuronHoi miotHoctu (DUIT), addexTuBHOCTH
Cpe3aroliero TPaHCIOPTa M THJAPOMOHUTOPHBIX
HacaJ0kK J0JI0Ta.

JINTEPATYPA Gabriella Petra TIpennoxkeHo ycoBEepIIEHCTBOBATh MMe-

Federer FOIIYIOCS METOAMKY pacueTa OallOuHBIX

TpyOOIIPOBOIHBIX IEPEXOIOB, TTOCKOIIb-
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2. H. Rabia: «Oilwell Drilling | Natural Gas Institute.  npsxenuii » Tpy6onposoze B cpeaem

Engineering-Mud Engineering and Rig
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Field Data» , University of Tulsa 2004
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4. «Drilling mud and cement slurry
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Brikos JI.U., Asraxos 3.D.

OLIEHKA BJIMSHUS OIIOPHBIX
VCJIOBUM HA PABOTY BAJIOU-
HBIX TPYBOIIPOBOJIHbBIX
CUCTEM

http://www.ogbus.ru/authors/Avtakhov/
Avtakhov_1.pdf

BypeHue U 20pHLIe paspabomyu

Ha 35%.

Tappuc H., I'appuc 1O.

PACYET SKCIIJTYATALIMOHHBIX
PEXXMMOB MATUCTPAJIBHBIX
HEWU30TEPMUYECKUX HEDTE-
ITPOAYKTOITPOBOAOB C IMTPUME-
HEHUEM JUHAMMWYECKUX XA-
PAKTEPUCTUK

http://www.ogbus.ru/authors/Garris/
Garris_3.pdf

B crartbe nokazana 3p(eKTUBHOCTD UC-
[OJIb30BAHMsl JTUHAMUYECKUX XapaKTe-
PHCTHK JUIsSi pacyeTa HECTAI[OHAPHBIX
PEXKUMOB HEM30TEPMHUIECKUX TPYOOIIPO-
BOJIOB, OIMKCBIBAEMBIX CHCTEMOH andde-
PEHIMATIBHBIX YPABHEHUH, IS 3aMbIKa-
HUSI KOTODPBIX TPUMEHSETCS] YpaBHEHHUE
Hal'[OpHOﬁ XapaKTEPUCTUKU I_IeHTpO6C)K-
Horo Hacoca (LIBH).

www.oghus.ru

60

2004 mom 2



