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AxkmyanbHocmb. K npoekmuposaHulo cO8peMeHH020 hopo0opaspyliarlyeeo UHCMpyMeHma 8bidsuzarmcsi 8bicokue mpebosaHus..
BocmpebogaHHbiM sensiemes 6yposoli UHCMPYMEHm, 3a c4em KOHCMPYKYUU Komopo2o pewaemcs bonbwas Yacmes 3aday 6ypeHus:
cobnodeHue 3anpoekmupo8aHHOU Mpaekmopuu CMeosa CKBaXUHbI, 8bICOKUE CKOPOCMb NPOXOOKU U pecypc, aghghekmusHoe paspyuwie-
Hue 2opHol nopodsl, kayecmeo ombopa KepHa U mak danee. 3ayacmyio, pewas nymemM USMEHEHUS] KOHCMPYKMUBHbIX 31eMEHMO8 UH-
cmpymerma 00Hy npobriemy, paspabomyuku He yqumbigaom Opyayto, Komopasi MoXem OKa3ambCs He MeHee 3Hayumoll. Tak, pas3pa-
bomka umnpeeHUPOBaHHOU KOPOHKU C 3KCUEHMpUCUMemoM pexywiell yacmu mopuya Mampuub! N0360/UMa 3HaYUMETbHO YMEeHbWUMb
UHMEHCUBHOCMb €CMECMBEHHO20 UCKPUBIIEHUS, Komopoe 0000 akmyasbHO npu BypeHuuU 8 aHU30MpPONHbIX 20pHbIX nopodax. OO0Hako
U3MEHEHUE KOHCMPYKUUU KOPOHKU Noesiekno 3a coboli CHUXeHUe pecypca uHcmpymeHma. Ha Heobxodumocmb KOMNIIEKCHO20, CUCMEM-
Ho20 nodxoda K uccnedogaHur MexaHuama pabomsi 6ypogo20 UHCMPYMeHMa asmopamu yKa3sbiganocb HEOOHOKpamHo. B cesi3u ¢ amum,
Y4UMbIBas NPEUMYLECMBO0 NOTyYeHHOU KOHCMPYKYUU 8 obacmu cmabunu3ayuu HanpaseHusi Cmeosa CK8aXUHbI, akmyarbHbIM S8Ns-
emcs uccnedosaHue NPUYUH CKOPO2O U3HOCa Makux KopoHoK. OCHOBHOU NPUYUHOU U3HOCA anMasHo20 UHCMPYMEHma senisemcs nepe-
2pes U 3awiamosaHue pexywel yacmu, noamoMy npu KOHCMpyuposaHuu mob020 anmasHoeo nopodopaspywauie20 UHCMpyMeHma
Heobxodumo dononHUmMenbHo uccnedogame 2udpPodUHaMUYECKUE NPOUECCH], NPOMeKaroujUe npu €20 pabome Ha 3ab60€ CK8AXUHbI.
Uenb: onpedeneHue ocobeHHocmell medeHusi xudkocmu e npedenax UMNPESHUPOBaHHO20 NOPOAOPa3PyWaoWeeo UHCMPYMEHma,
8bI0eIEHUE OCHOBHbIX NPUYUH U3HOCA MampuUbl, C8A3aHHbIX ¢ 2UAPoOUHaMUKOU Ha 3ab0e, @ maKke KOHCMPYKMUBHbIE PELUEHUS Hame-
YeHHbIX npobnem.

06BexkmbI: npouecc 2udPoOUHaMUKU BypeHUs UMNPe2HUPOBaHHbIM NOPOA0PAa3PYWaOWUM UHCMPYMEHMOM.

MemodsI: KomnbromepHoe ModenuposaHue, aHanumuyeckue uccnedosaHus, aHanus.

Pesynbmambl. Vi3vMeHeHue KOHCMPYKYUU mopya Mampulbl UMNpe2HUpOBaHHOU KOPOHKU 8 CMOPOHY CMEWEHUsI PagHOMEPHOCMU pas-
MEWEeHUsi cexmopog npugodum K HepasHOMEPHOMY pacnpedefieHur0 04UCMHo20 azeHma 8 paboyeli 30He uHcmpymeHma. Kak cned-
cmeue, Haubonee 3auwiaMoBaHHble CeKmopa Xyxe oMbigarmcs KXudkocmbio U bbicmpee usHawusatomes. [Ans peanusayuu nocmas-
neHHoll 3adayu — aKcueHmpucumema pexyuwel yacmu mopya Mampuyb! C 8bICOKUM PeCYPCoM, NpedrnoxeHb! eapuaHmb! KOHCMPYKMUS-
HO20 UCNOMHEHUS Mopya UMNPE2HUPOBaHHOU KOPOHKU.

Knroyesenie cnosa:
MmnpezruposarHbili nNopodopaspywalouwull UHCMpYMeHM, SKCUeHmpUCUMem pexyuieli yacmu mopya Mampuybl,
2udpoduHamuka 8 npoyecce 6ypeHusi, NPOMbIBoYHas ccmema 6ypoeo2o UHCMpPYMeHma, KoMNbIMepHoe MOOETUPOsaHUe.
BeepneHue 3a[aud MO0 TPUYMHE BBICOKMX HMHTEHCHBHOCTEH ecTe-
CTBEHHOTO MCKPHUBJIEHHS! cKBaxkuH [ 1-19].
OnHuM U3 MyTed pelieHus JaHHOW MpoOIeMBbl SBIS-
eTCsl MCTIONb30BaHNE KIMHOBBIX OTKJIOHHUTENCH WM OT-
KionuTenedl HempepsiBHOro aeicteus (OHJ). Onnako

Ha ceropusuiaumii 1eHb 60NbINas 4acTb OYpUMBIX T€O-
JIOTOPa3BEI0YHBIX CKBAXHH Ha TBEPBIC TTOJIE3HBIC HCKO-
maeMble OypUTCs ¢ IPUMEHEHHEM CHAPSIOB CO ChEMHBIM
keprHonpuemHukoM (CCK). B cBsi3u ¢ TeM, 4To cpenHss

l"J'IyGI/IHa TCOJOTOPAa3BEAOYHBIX CKBAXXHWH B IIOCJICOHCE
BpEMs HCYKJIOHHO PAacTCT, BCC YalllC BO3ZHUKACT HpO6J’IC-
Ma HEBBIOJHECHUS CKBA)XKUHOM CBOEH T'EONOTHUCCKOU

176

I CYHIECTBEHHOTO M3MCHCHHUSA TPACKTOPUM IIPU HC-
MOJNb30BaHUM  KIMHOBBIX  OTKJIOHUTENEH Tpe6y€TC$I
0OIBIIOE YHCIO UX MOCTAaHOBOK, 4YTO CYIICCTBEHHO CKa-
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3bIBACTCS HAa MAaTepHaJbHBIX M TPYAOBBIX 3aTparax.
B cnyuae ucnions3oBanus OHJI B ckBaxuHax, OypUMBIX C
CCK, Ha mepBbli MIIaH BBIXOJUT HEJIOCTATOK OONBIIMH-
ctBa kKoHCTpyKuui OHJI, cBSI3aHHBIN C BBICOKOW MHTEH-
CHUBHOCTBIO HabOpa KPUBH3HBI M HEBO3MOKHOCTBIO €€
perynupoBk B mporecce oyperus [ 1-6].

B 3TOM cityyae nepcrieKTHMBHBIM HalpaBlieHUEM SIBILS-
€TCsl pa3BUTHE CTAOWIMZHPYIONIUNX TEXHHIECKIX CPEICTB,
CMOCOOHBIX CHWXKaTh WHTEHCUBHOCTh €CTECTBEHHOTO
UCKPUBIIEHHS 32 CUET OCOOEHHOCTEH CBOEH KOHCTPYKIHH.

OzHUM M3 TPUMEPOB TAKMX KOHCTPYKLMH CIyXat
KOHCTPYKLHH aIMa3HbIX HMIPETHAPOBAHHBIX KOPOHOK
¢upwm Atlas Copco u Boart Longyear [20, 21]. OcHoBHoit
uaeel TakMX MHCTPYMEHTOB SIBJISETCS YMEHbBIICHHE
IUIONIA/IM TOpIA MOPOJOpPa3pyIIAONIEr0 HHCTPYMEHTA C
TEeM, 4TOOBI JOOUTHCA CHIDKEHHS OCeBOTO ycuius 0e3
TOTeph MPOM3BOAUTENLHOCTH Oypenus. CHIDKEHHE oce-
BOI HAarpysKi, B CBOIO OYepe/ib, CHIDKAET MPOTHO KOJIOH-
KOBOTO HA0OOpa ¥ MO3BOJIACT CHU3UTh KPUBH3HY CKBAKHUH.

K TakuM TeXHHMYECKUM CpEACTBAM TAKXe OTHOCHUTCH
UMIIPETHUPOBAHHBIA aJMa3HBIA TOPOAOpPa3pyLIALOLIHiL
uactpyMeHT ([IPU) ¢ skcueHTprCcUTeTOM pexyei ya-
cti Topua Matpuusl. [lpuxiun neitctBus takoro ITPU
OCHOBAaH Ha HEPaBHOMEPHO PACIPENeNCHHBIX CHJIAX CO-
MIPOTUBJICHNUS PE3aHNIO—CKAIBIBAHHIO MTOPOJIBI B MPOLIEC-
ce Oypenms. ObecreunBaeTcst 3T0 HEPAaBHOMEPHEIM pac-
Ipe/IeIeHUeM pEe3LOB B TOpLE MAaTpPHIBl IOPOAOpPaspy-
IIaloNIero MHCTpyMeHTa. HeypaBHOBEIIEHHBIE CHIIBI CO-
MPOTUBJICHNUS PE3aHUIO—CKANBIBAHUIO MOPOJBI B UTOTE
3ayat0T BUJ BpameHus [IPY BOKpyr ocu CKBaKHHbI, 4TO
MO3BOJISIET Jaxe B ycnoBusx nepexoca IIPU Ha 3aboe
COXpAHATh KOHTAKT CO CTCHKAMH CKBAXKUHBI GOKOBOMY
BOOPYXKEHUIO KOPOHKH W HE MPOU3BOJUTH Ooliee MHTEH-
CUBHOTO (hpe3epoBaHUS OJHOW M3 CTOPOH CTEHKH CKBa-
KHHBI ¢ POPMUPOBAHHIEM KPUBH3HBI [ 1-7].

MocTaHoBKa npobnembl

HccnenoBanus B obnactu OypeHus TpeOyoT HayqHbIX
MOJXOJ0B C YYETOM BCEX NapaMeTpoB, BIUSIOIIMX Ha
cucremy [22, 23].

[Ipocreifmum 00pasoM MOJ00HOTO CTAOMIU3UPYIO-
IIEr0 MOPOJOPA3PYLIAIONIEr0 HHCTPYMEHTA MOXET CIly-
KUTb CTaHAApTHAs MMIPETHUPOBAHHAS KOPOHKA C y[a-
JIEHHBIMH B OIPENETIeHHOM Mopsake cermeHTamu. llpu
TIPOW3BOJICTBEHHBIX HCIIBITAHUAX 3KCIEPHMMEHTAIBHBIX
00pasIoB KOPOHOK C HKCLEHTPUCUTETOM PEKYIIEH YacTh
MaTpulbl Ha MecTopoxkaeHun «llomyTHUHCKOe», H3ro-
TOBJICHHBIX U3 CTaHAAPTHBIX KOPOHOK TUropasmepa HQ
(puc. 1) [2], ObUIH TTONYYCHBI TTOJOKHUTENBHBIC PE3YJIbTa-
THl B BUJIC YMCHBIIICHUS MHTCHCHBHOCTH €CTECTBEHHOTO
VCKPHBIIEHUS CKBaXMH B 3,2 pa3a, MOBBILIEHUS MEXaHU-
4eckoi ckopocTu Oypenus Ha 20 %, cHKeHHS 001Iero
yycna MOAKIMHOB. OfHAaKO B XOJ€ NPOM3BOJCTBEHHbIX
UCTIBITAHAM TakKe HAOMIONANOCh CHIDKEHHE pecypca
[TPW, xoTopoe Helb3st OOBSICHUTD JIMIIb OOIIAM CHIKE-
HUEM TUIOMIAIM TOPIA MATPHIIBL.

Vnanenue AByX pabounx ceKTOPOB MPUBEJIO K HEpaB-
HOMEPHOMY paclpeeNIeHuI0 IO TPOMBIBOYHbIX
KaHaJIOB U, KaK CIEICTBHE, K HAPYIICHHIO Oalanca TH-
paBIMUYECKUX CcOMpoTHBIEHUH. B pesynbrate mepemana
JIaBJICHUS JKUJIKOCTH HA TOpIE HCIBITYEMON KOPOHKH

OCHOBHasd 4aCTb MPOMBIBOYHOI'O ar€HTa YCTpEMUJIACh B
001acTh OOJIBIINX 10 IMHUPUHE MTPOMBIBOYHBIX KaHAJIOB, a
MaJIbIC KaHaJIbl CTAJIM HCIIBITBIBATH HCAOCTATOK JKHIKO-
CTU I OXJTXICHUA U OYUCTKHA HHCTPYMCHTA.

=,

Puc. 1. Koncmpykyus mampuysbl 9KCHepUMEHMAIbHOU KO-
pouku muna KUT c skcyenmpucumemom pexcyweni
yacmu. I — NPOMblE6OYHbIE OKHA MeHbuell WUpUuHbsl,
2 — pabouue cexmopa; 3 — WUPOKUE NPOMbIGOUHBIE
okHa, 4 — bonee meepovie arMasHble CeKmopa

Fig. 1. Design of the matrix of an experimental diamond
core (KIT) for drilling anisotropic rocks: 1 — narrow
flushing channels with a width of A; 2 — wide flush-
ing sectors with a width of B; 3 — diamond-
containing sectors; 4 — harder diamond sectors

MeToauka

JlaBneHre TPOMBIBOYHOTO areHTa B KaHallaX IeoJioro-
pasBejouHON OypoBOH KOPOHKH, HE YYHTBIBas MOTEPH
JIaBNEHUS B COCMHEHUAX OyPHIIBHBIX TPYO, MOXKHO BbIpa-
3UTh B 0011IEM BHJIE COTNIacHO 3aBucumoctH (1) [24, 25]:

P™ =P +pgH — AP, 1)

rae P,™ — napnenue Ha 3a00€ Ha BXOJ€ B IPOMBIBOYHBI
KaHas, P, — NaBlieHue, co3llaBaeMoe OYPOBBIM HACOCOM;
p — IIIOTHOCTb TIPOMBIBOYHOTO areHTa; H — BBICOTA CTOI-
0a MPOMBIBOYHOH KHUAKOCTH; AP — Tiepenaj naBieHus Ha
BBIXOJIC U3 MPOMBIBOYHBIX KAaHAJOB KOPOHKH; § — YCKO-
peHue cBOOOHOTO MajICHYS.

3Hauenne AP  BbIpasuM uepe3 Qopmyny pacxona
MPOMBIBOYHOTO areHTa (2):

Q=uf [22P, 2)
Yol

roe u — kodpdumment pacxoma xuakoctu (0,82); f —
TUIOMIA/Ib POMBIBOYHOTO KaHAJa; p — INIOTHOCTH TPOMBI-
BOYHOTO areHra.

C y4eToM cyMMBI IIOIIAIN BCEX KAHANOB CTAHIAPT-
HOIl KOPOHKHM pPacxoj] MPOMBIBOYHOM KUAKOCTH HUMEET
BUJI BBIpaXeHus (3):

Q, =ux f [Ah ©)
2,

rae 2f = fyn, fy — momane cTaHIAPTHOTO IS KOPOHKH
KUT npoMbIBOYHOrO KaHana, N — KOJIMYECTBO IPOMBI-
BOYHBIX KaHAJIOB.
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OTCIO[la MOXHO IIOJIYYUTb 3HAYCHUE APCT COrjIaCHO

BBIPAXEHUIO (4):
Q ]
[ u f L

ap, = #21 @
2
Ilocne ynaneHus AByX CEKTOPOB KOPOHKH (hopmymna (2)
npuobperer Bup (5):

QmM = ,le F ZAPMM 1 (5)
Yol

re CyMMapHas IUIONaJb [POMBIBOYHBIX KAHAIOB
YSF=fu(n-4)+Fs2, Fs — miomans 607160M10T0 KaHaA.
Torna APy, MOXHO onpenenuTs 1o Gopmye (6):

2
>F
AP, =~HZT2 (6)
2
Takum oOpa3oM, U3MeHEHHE AaBJieHUS Npu OypeHHU
KOPOHKOH € DSKCLHEHTPHCHTETOM pEXYIIEH 4YacTH 0

CPaBHEHHIO CO CTAH/IAPTHOM KOPOHKOH OyIeT paBHO
P™ =R, +pgH - AP,

3m "

CnenoBatensHo AP >APy;,, 4YTO yKa3biBaeT Ha
YMCHBIIIEHHE THIPABIMYCCKHX COMPOTHBICHHIT, KOTOPHIC
UCTIBITBIBACT MPOMBIBOYHBIN arcHT B KOPOHKE C JKCICH-
TPUCUTETOM Toplia. PactipesiesieHue TaBNeHUs KUIKOCTH
B TIpeenax Topiia KOPOHKH B 9TOM CIIydae MOXHO Ipej-
CTaBHTh B BHJIE ITIOPHI, CIIEAYIOMM 00pa3zoM (puc. 2).

Px | pgH
,-i APCT APHEM
0 + 0 +

a/a o/h

Puc. 2. Dniopa pacnpedenenus oasienus: a) CmaHoapmuasi
KOpouka, 0) ucneimyemas Kopouka, H, — oOaumna
sHympumpyoHoeo npocmpancmea, H,— zampybnoe
npocmpancmeo

Fig. 2. Diagram of pressure distribution using: a) a stan-
dard crown; b) a prototype crown; H, — well depth
(in-pipe space); H, — annulus

He

Ha
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Taxum 00pa3oM, y4uTbIBas TEOMETPHIO UCCIIENYEMBIX
00pa3noB uMIperanpoBaHHbX KopoHok (KUT, tumopas-
mep HQ), n3menenue 1wiomanu topra Marpuisl (F), or-
BEJICHHOH Ha MPOMBIBKY 32001, ¢ 450 Mv? (cranmapTHas
KopoHka) g0 770 M, IPUBENO K TOMY, YTO OOMbIIast
YaCTh ITOH BEIWYHMHBI, @ HMEHHO 500 MM’, IIPHXOIHTCA
Ha TUIONIa/b OOJNBIIMX MO IIMPUHE (zB’ puc. 1) mpomsI-
BOYHBIX KaHANOB, U TOJNBKO 270 MM® OTHOCHTCSI K TIpO-
MBIBOYHBIM KaHallaM MEHbIIeH mmpuHsI (A, puc. 1).

OOmee 3Ha4ECHNE KOMMIECTBA XKHUAKOCTH, MPOXOALIEit
Yepe3 MPOMBIBOYHBIA KaHAT MpH OYpeHHH CTaHTApPTHOM
KOPOHKO#, Oy/IeT BRITJIIETS CIICAYIOMIM 00pa3oM

Q, =2 g
fu S f M
W nns koponku tunopazmepa HQ cocrasurt 4 11/MuH.
A npu Oypenun ucnsiryemort koponku KUT ¢ skc-
IEHTPHCUTETOM PEeXYIIEH YaCTH MATPHLIBL:
0 - %y
fin SFE M
W a5 TOrO %K€ THIOpa3Mepa cocTaBuT 2,34 1/MuH.
B pesynbTate n3MEHEHUS TeOMETPHH TOPIA MATPHIIBL,
Ha 41,5 % yMeHBLIUIOCHh KOJIMYECTBO KUIKOCTH, IPOXO0-
ISIIeH yepe3 IPOMBIBOYHBIC KAHAIEI MEHBIICH ITHPHHBL.
[lomyyeHHbIe 3HAUCHUS OMpE/CIEHBI B YCIOBUAX pa-
BCHCTBA PACTIPE/ICNCHUS JABICHHUS MEXIY MPOMBIBOY-
HBIMH KaHaiamu (puc. 3, a). [Ipu ToM MOKHO TpeAIono-
KHUTb, YTO JaBICHHE OyIET pacipeieniaThcs MO TOpITY
KOPOHKH HEpaBHOMEpHO (pHC. 3, 6), peodiaias B OHUX
OKHAX M, BO3MOXHO, CHJIBHO CHHXKAiCh B JIPYTHX, 4TO
TAKXKE BIIMSCT HA KApTHHY PacIpeieIeHus IPOMBIBOUHO-
IO areHTa Ha 3a00€ CKBAKUHBL.

ala

‘P
I
1

T

) 4 3
mxD

Puc. 3. Pazgepcmka  60K0601l  NOBEPXHOCMU — KOPOHOK:
a) cmanOapmHoll KOpoHKU, 6) uchnvlmyemozo oopasz-
ya koponxu KUT; 1 — kopnyc; 2 — cexmopa, 3 — ma-
Jible NPOMbIBOYHblE KaHANbl, 4 — Oonviuue npombvi-
60UHblE KAHATIbL

Fig. 3. Reamer of a side surface of the crowns: a) standard
diamond crown; b) layout of the KIT crown; 1 —
crown body; 2 — diamond-containing sectors; 3 —
small flushing channels; 4 — large flushing channels
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Takum o0pasom, mpH HEJOCTATOYHOM KOJIHUYECTBE
TPOMBIBOYHOH JKUIKOCTH B TIPEIEIaX MATBIX IPOMBIBOY-
HBIX KaHAJIOB B MPOIECCE IKCIEPUMEHTAILHOTO OYpeHHS
BHYTpPEHHSS IOBEPXHOCTh alIMa30COACPKALINX CEKTOPOB
MaTpHILbl HEAOCTATOYHO OXJAXKAANAch M OYMIIANACH OT
nuiama. Hanmunanue mama, yMeHbIIas MPOXOIHOE OT-
BepcThe U3 03 TOro MalbIX KaHANOB, yCyTryOILsuIo CHTYa-
U0 ¥ B KOHEYHOM HTOTE TPHBEJO K MOBBIICHHOMY H3-
HOCY JaHHOW dacTH Marpuibl. YTo CrmocoOCTBOBAIO
YMEHBLICHHIO pecypca KOPOHKH.

W3ydenne TOUHON KapTUHBI pacrpeeeHus JaBleHus
U pacxoja OYUCTHOTO areHTa yepe3 HepaBHbIC IO IIH-
pUHE KaHANBI TpeOyeT NOIONHUTENbHBIX HCCIENI0BAHHUIH,
KOTOpbIC 3aTPyIHUTEIBHE B MPOU3BOJCTBEHHBIX YCIO-
BUsX. B cBs3U ¢ 3TUM ObLIH pazpaboTaHbl TpeXMEpHbIE
MO/IEJH, MO3BOJISIONINE MTPOU3BECTH KOMIIBIOTEPHOE MO-
IeTMPOBAHNE THIPOAMHAMHUYCCKHX IPOIECCOB, IIPOTE-
KaloIMX Ha 3a00€¢ Mpu OypeHHH CKBaXXUH HMIIPETHHPO-
BAHHBIMHM KOPOHKAMH, OTJIHYAIOIIUMHCS KOHCTPYKIHEH
TOpLA.

Ha nepBom sTame mis cpaBHEHUS NMPUHATHI MOJIENIH
uMInperaupoBanHbix kopoHok KWT tumopasmepa HQ.
PasmuuaroTcss MONyYeHHBIE MOJENM KOMMYECTBOM U
pacronoxkeHueM cextopoB Martpuibl (puc. 4). Ilepsas
MOJIENIb  COAEPKUT JECATh CEKTOPOB, PAaBHOMEPHO
PACTOJI0KEHHBIX MO TOPLY KOPOHKH (pucC. 4, @), BTOpas
MMeeT BOCEMb CEKTOPOB, PACTIONIOKEHBIX HEPABHOMEPHO,
C LENBIO CO3IaHus FKCIEHTPHCHTETA (pHC. 4, 0).

3ajaua peaqu3yeTcs METOJOM KOHEYHBIX 3JI€MEHTOB.
Jnst cocTaBnsieMbIX MoJeNneil HCXOHBIMH JaHHBIMU BbI-
OpaHbl KOHCTpYKTHBHbIe mapameTpsl koponku KWUT u
pexxuMel Oypernst. Kaxmas coctaBnsemas MOJENb COCTO-
UT U3 JIOMEHA MPOMBIBOYHOM KHIKOCTH, (hopMa KOTOPOH
TOJTHOCTBIO MOBTOPSAET MPOMBIBOYHYIO CUCTEMY BBIOpaH-
HOM HMIIPETHUPOBAHHOH KOPOHKH B 3a0OMHON 30HE
CKBaXHMHBL. Kaxaas mozenb peanusyeT HpSIMyI0 Mpo-
MBIBKY CKBA)KHHBL

Cocrapiennsie 3D Mojenu MO3BOJSAIOT OMPEAEITATH
CKOPOCTb TEUEHHS U JaBJCHHE OYMCTHOTO areHTa B JIIO-
0o#l Touke MpU3a0ONHON 30HBIL. B KauecTBe HaYaIBHBIX
YCIIOBHH BBICTYTAIOT MCXOJHOE HATPABICHIE KHIAKOCTH
U OTHOCHTENbHOe naBieHue paBHoe 0. PazpaboraHHbIe

ala ’ 6/b

BRI
Bk s

C P

MOJIENIM YUYUTHIBAIOT BpAlleHHE KOPOHKH OTHOCHUTEIHHO
9JIEMEHTOB CKB)XHMHBI (CTEHOK, 32005, KEpHA), a TaKKe
€r0 BIHSAHHC HA TCUCHHE JKHUIKOCTH.

ala 6lb

Puc. 4. Moodernv  uccnedyemoli  KOHCMPYKyuu — KOPOHKU.
a) ceputino-svuinyckaemas kopouka KUT munopasmepa
HQ, 6) xoponka c¢ sxcyenmpucumemom pesicyujeii
uacmu mopya mampuysi: 1 — cekmop, 2 — npomvi-
60uHOe okHO; 3 — Kopnyc

Fig. 4. Model of the investigated crown design: a) commer-
cially available KIT crown of size HQ; b) crown with
an eccentricity of the cutting part of the matrix end
face: 1- sector; 2 —flushing window; 3 — housing

MogenupoBaHue MpOBOAMIOCH JUIA YCIOBMH OypeHus
npu yactote BpameHus 1000 06/MuH, a mojaga IpOMBIBOY-
HOM *KHIKOCTH BapbUpoBaIach B mpenenax 40—70 ji/mumH.

AHanus

PesynpraThl MomeTMpOBaHMS MOATBEPAWIH, YTO MpPH
OypeHHH KOPOHKOHM C 3KCIEHTPUCHTETOM PEXYIIeH va-
CTH TOpIIa MAaTPHI[l OCHOBHAS Macca MOTOKA OYMCTHOTO
areHTa YXOJHUT B 00M1aCTh YAAJICHHBIX CETMEHTOB (pHC. 5).
JKumKocTh momagaeT B IPOMBIBOYHBIE OKHA MEKIY HMe-
TOIIUMHCS CEKTOPAMH KOPOHKH, OfHAKO CKOPOCTh €e Te-
YeHHs B 2 pa3a MEHbIIE, YeM B 00IacTH yIaJICHHBIX CeT-
MEHTOB (pHC. 5, 8).

[lomaBaemas Ha 3a00¥ KHUAKOCTb P OYPEHUH KOPOHKOH
KUT pacnpenensiercs paBHOMEPHO, B PaBHBIX YACTAX
MEXKIy CEKTOpaMHU MaTpHIIbI (puc. 6).

)
N

0.025

slc

Puc. 5. Pezynomamol komnviomepHo2o mooenuposanus. CKOpocms meyenus: HCUOKOCMU 8 3a00UHOL 30He npu OypeHun um-
NpecHUPOBAHHOU KOPOHKOU C IKCYEHMPUCUMEMOM pedcywell vacmu mopya mMampuysl: a) meyeHue HCUoKoCmu 8
30He KOHmaKkma ¢ KepHOoM, 6) meuenue HCUOKOCMU npOMblGO'-lHOIZ cucmeme KOpOHKU, 6) meyuenue HCUOKOCmU Ha
mopye kopouku (1 — cexmop, 2 — npomvi8ouHoe 0kHO; 3 — KepH)

Fig. 5. Computer simulation results. The fluid flow rate in the bottomhole zone when drilling with an impregnated crown
with an eccentricity of the cutting part of the matrix end face: a) fluid flow in the core contact zone; b) fluid flow in
the flushing system of the crown; c) fluid flow at the end of the crown (1 — sector; 2 — flushing window; 3 — core)
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6lb

Puc. 6. Pezynomamul komnviomepro2o mooenupogarus. CKopocmsb meueHus HeuoKocmuy 8 3a00UHOI 30He npu OypeHuu um-
npeznuposannoil koponkoti muna KUT: a) meyenue dcuokocmu 6 npomvl@OYHOU cucmeme KOPOHKU; 6) meyenue
HCUOKOCMU 8 30HE KOHMAKMA ¢ KEPHOM, 8) meyeHue HCUOKOCHU Ha Mopye KOPOHKU

Fig. 6. Computer simulation results. The fluid flow rate in the bottomhole zone when drilling with an impregnated crown KIT: a)
fluid flow in the flushing system of the crown; b) fluid flow in the core contact zone; c) fluid flow at the end of the crown

3aduKcHpOBaHO MHTEPECHOE SBJICHUE. B yCIIOBHAX BBICO-
KOYACTOTHOTO OYPEHFLS, & TAIOKE B CBS3H C MAJIBIMU pasMepaMu
3a30pOB, [JIe TIPOTEKAET OUMCTHON AreHT, Ha TEYEHUE KUIKO-

CTH BO MHOTOM OKa3bIBACT BIMSIHKE HATPABIICHHE BPALICHHSA
[TPU (puc. 7), 910 MOATBEPKIACT BHIBOJBI, CIENAHHBIC IS
OJITHOCTIORHOTO amMa3Horo Kononkoeoro [TPU B pabote [26].

a/a

Puc. 7. Teuenue scuokocmu mesxncoy KepHOM U KOPOHKOIL: @) KOPOHKA ¢ IKCyeHmpucumemom,; 6) koponka muna KUT
Fig. 7. Fluid flow between core and crown: @) crown with an eccentricity; b) KIT crown

30HOI HanOOJBIIIEro JABICHUS HCCIIELYEMONH MOJENH
ABJAETCSA 3a30p MEXAY KEPHOM M KepHOOOpasyromiei
YacThI0 KOPOHKU. B KOpOHKE ¢ paBHOMEPHO pacmoio-
KEHHBIMU CEKTOPAMH MPOMBIBOYHBIE OKHA UMEHOT OJIH-
HAKOBBbIE T€OMETPHYECKHE pa3Mepbl W TakuM 00pa3oM
IPH TONAJAaHUK B TOPILEBYIO YaCTh JABJICHUE KUIKOCTH
HepepacrpeIenseTcs OIUHAKOBO [0 BCEM IPOMBIBOYHBIM
OKHaMm (puc. 8).

a/a

Hcrons30Barme KOHCTPYKIMH KOPOHKH € 9KCIICHTPHCHTE-
TOM PEXYILIESH YacTi Toplia PUBOIHT K TOMY, YTO MPH A0CTH-
JKeHUH O0JIACTH TOPLEBBIX MPOMBIBOYHBIX OKOH OCHOBHAS
Macca OUHCTHOTO areHTa YCTPEMISIETCS. B 30HY HAMMEHBIIHX
THIPABITHYECKIX COMPOTHBIICHHH 1 TIOCTYTIAET B MECTa yjlaie-
HIS1 CETMEHTOB. 37eCh HA0MIOMAeTCs PE3KOE MAICHHE IABIICHIS
JKUJIKOCTH, B TO BPEMSI KaK B MEHBIIIHX 110 Pa3MepaM MPOMBI-
BOYHBIX OKHAX JIaByieHure B 1,5 pasa 6obire (prc. 9).

Puc. 8. Pezynomamul komnvromepro2o moodenuposanus. /lagnenue sxcuokocmu 8 3a00UHOLU 30He npu OYpeHuu UMnpecHUpo-
sannot kopouxou KUT: a) 6 npedenax mena KopoHku, 6) Ha mopye KOpOHKU

Fig. 8. Computer simulation results. Liquid pressure in the bottomhole zone when drilling with an impregnated bit KIT: a)

within the body of the crown; b) at the end of the crown
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e/c

Taxkum 00pa3oM, B CBSI3M C MOBBILICHHBIM JABJICHUEM
U MaJIoi CKOPOCTBIO TEUEHUS KUIKOCTH B TIPOMBIBOYHbIX
OKHAaX MEXJy CEKTOpaMH, Ha KOTOpble NPUXOIUTCA OC-
HOBHasl 4acTh pabOThI MO Pa3pyIIEHUIO TOPHON MOPOABI,
TPOMCXOANT cllabast OIMCTKA M OXIKICHHUE ITHX CEKTO-
pOB OuMCTHBIM areHToM. CekTopa ObICTpee W3HAIMBA-
I0TCS, ¢ YeM COOCTBEHHO U CBSI3aHO CHIDKEHHE pecypca
KOPOHKH, 3a(UKCHPOBAHHOE MpPH IPOU3BOJCTBEHHBIX
UCTIbITAHMSX.

OCHOBHBIM HEJJOCTATKOM KOHCTPYKLMH MMIPETHUPO-
BAaHHOI KOPOHKH C 3KCIEHTPUCUTETOM PEXyLIeH 4acTH

ala 6lb

Puc. 9. Pe3ynomamul komnblomepHo2o mooenuposanus. /lasnenue

HCUOKOCTHU 8 3ADO0UHOU 30He Npu OYPeHUU UMAPESHUPO-
BAHHOU KOPOHKOU C IKCYEHMPUCUMEMOM PeXcyujell yacmu
mopya mampuyvl: a) 6 npedeiax mena KOPOHKU, 0) Ha
mopye KOPOHKU, 8) Npu 8bix00e 8 MOpYesylo 4acmv Ko-
PDOHKU

Fig. 9. Computer simulation results. Liquid pressure in the bot-

tomhole zone when drilling with an impregnated crown
with an eccentricity of the cutting part of the matrix end
face: a) within the body of the crown; b) at the end of the
crown; c) at the exit to the end part of the crown

TOpIA, JOCTHTHYTOTO MyTEM YIAICHHUS CETMEHTOB MaT-
PHUIIBL, SIBISETCS PEXKIM HEPABHOMEPHOTO PACTIPEICICHIS
MI0TOKA OYHCTHOTO areHTa B 3a00KHOH 30HE. YUHTHIBAS
BaXXHOCTb COXPAHEHHUs PABHBIX THIPABIMYECKHX COMpO-
THBJICHHUH B TOpIe crabmmm3upytomero [IPU pazpadotan
U TPEUIOKEH LENBbIA psA KOHCTPYKIMH HOpOAOpaspy-
MAKONMKX MHCTPYMEHTOB, CHOCOOHBIX pPEaNTH30BBIBATH
BpalleHNE MHCTPYMEHTa BOKPYT OCH CKBAXKHHBI C COXpa-
HEHHEM TUJPABIMYECKUX COMPOTHBIEHUN B €ro TOpIE.
Hekoropeie 13 3amumieHHbIX HareHtamu PO [27, 28]
KOHCTPYKIMH TIpeicTaBneHsl Ha puc. 10.

Puc. 10. Koucmpyxkyuu OuHamuyecku CmMabuiuzupylouje2o UHCMpyMeHma, 3aujuwerHvle namenmamu P®: a) xopouka c
pasnuuneimu yenamu ooxeama PB; f1; Pa; Pa; P P 1 — anmaszocodepoicawue cexmopul, 2 — npomulOYHbIe KAHATbL,
6) KopoHKa ¢ 08yms paznuunbIMu yenamu obxeama o u f: 1 — 6oavuiue armazocooepiicawue cekmopul, 2 — manvie
anmazocooepacawiue cekmopwvl, 3 — NPOMbIBOUHBIE KAHANbI, 8) KOPOHKA C HEPABHBIMU NO OUAMEMPY AIMA30CO0ep-
orcawumu kananamu: 1 — kopnyc, 2 — npoMul8oyHble KAHAMLI, 3 — CINAHOAPMHbIE AIMAZ0CO0epiHcauue CeKmopbl, 4 —
Mmanvle anMasocoOepo:cau;ue ceKkmopeul, 5— cma6uﬂu3upyiou4u12 NOACOK

Fig. 10. Designs of a dynamically stabilizing tool protected by patents of the Russian Federation: a) crown with different
angles of coverage f; f1; f2: fa; B B: 1 — diamond-containing sectors, 2 — flushing channels; b) crown with two dif-
ferent grasping angles o and : 1 — large diamond-containing sectors, 2 — small diamond-containing sectors, 3 —
flushing channels; c) crown with diamond-containing channels of unequal diameter: 1 — body, 2 — flushing channels,
3 — standard diamond-containing sectors, 4 — small diamond-containing sectors, 5 — stabilizing belt
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10.

11.

12.

13.

14.

BbiBogbl

KoHcTpykiust MMIperHupoBaHHONW KOPOHKH C yna-
JICHHBIMH CEI'MCHTaMU ITI03BOJIACT }106I/ITLC${ OKCLECH-
TPUCHUTETA PEKYLIEH YaCTH TOPLA MATPHULIBL, YTO CTIO-
cobctByeT Oopp0e C eCTECTBEHHBIM HCKPHBICHHEM
CKBA)XHHBI, OJTHAKO TPH 3TOM 00J1aJ1aeT HETOCTATKOM
CHIDKEHHS pecypca.
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HYDRODYNAMICS WHEN DRILLING WITH AN IMPREGNATED DIAMOND TOOL
WITH THE ECCENTRICITY OF THE CUTTING PART
OF THE END FACE OF THE DRILLING TOOL MATRIX
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Relevance. High requirements are put forward for the design of modern rock-cutting tools. A drilling tool is in demand, due to the design of
which most of the drilling tasks: compliance with the projected trajectory of the wellbore, high drilling speed and resource of the drilling tool,
effective destruction of rock, quality of core selection, etc. are solved. Often, when solving one problem by changing the structural ele-
ments of the tool, developers do not take into account another one, which may be no less significant. Thus, the development of a diamond
tool with the eccentricity of the cutting part of the matrix end has significantly reduced the intensity of natural curvature of wells, which is
especially important when drilling in anisotropic rocks. However, the change in the design of the diamond tool resulted in a reduction in the
tool's life. The authors have repeatedly pointed out the need for a comprehensive approach to the study of the mechanism of the drilling
tool operation. In this regard, given the advantage of the resulting design in the field of regulating the well curvature, it is relevant to study
the causes of rapid wear of such a drilling tool. The main reason for wear of a diamond tool is overheating and sludge bounding of the
cutting part, so when designing any diamond drilling tool, it is necessary to further investigate the hydrodynamic processes occurring dur-
ing its operation at the bottom of the well.

The purpose of research is to determine the characteristics of the drilling mud flow within the diamond tool, to identify the main causes of
matrix wear associated with hydrodynamics at the bottom, as well as design solutions to the problems identified.

Objects: hydrodynamics of drilling with an impregnated drilling tool.

Methods: computer modeling, analytical research, analysis.

Result. Changing the design of the end face of the diamond tool matrix in the direction of shifting the uniformity of the placement of sectors
leads to an uneven distribution of drilling mud in the area of operation of the tool. As a result, the most sludge bound sectors are less well
cleaned with drilling mud and wear out faster. To implement the task — the eccentricity of the cutting part with a high resource, the variants
of the design of the end face of the impregnated crown are proposed.

Key words:
Diamond drilling tools, eccentricity of the cutting part of the end face of the diamond drilling tool matrix,
hydrodynamics during drilling, circulation system of the drilling tool, computer modeling.
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