PA3JJEJT 1. [IOPOHOPA3PYIIAFOLIUY HHCTPYMEHT M3 CBEPXTBEPIBIX MATEPHAJIOB
U TEXHOJIOI'HA EI'O IIPUMEHEHUA

YK 622.666. 97
b. B. ®enopos, b. T. Patos, A. b. IllapayoBa

Kaszaxcxuii nayuonanvhwlil ucciedosamenbCckull mexHU4eCKull yuugepcumem
um. KHU. Camnaesa, 2. Anmamol

MOJAEJIb YI'JIYBJIEHUA 3ABOSA CKBAKUH PDC-10OJIOTAMHU

Paccmompena mooenv 6ypumocmu ons donom PDC, exmouarowias mpu KOHCIMAHmMvl UOEeHMUDUKayuu:
HAYATLHYIO CKOPOCb, MeMn NA0eHUst CKOPOCMU U3-30 USHOCA AIMA3HO-MEEPOOCHIABHOSO BOOPYICEHUS. B0
BPeMeHU, U NOKA3AMENTb CHEeNeHu, 8 KOMOopoli 603600UMCS 6DEMS.

Onpedenena mamemamu4eckdsl 3a8UCUMOCb  HawaabHou  ckopocmu  6yperuss, PDC-ooromamu,
BKIIOUAIOWAST TMEXHOTIOSUYECKULL PEdNCUM, MEepOocnb OYPUMOLL HOPOObL NO WIMAMNY U KOHCMPYKMUBHbIE
napamempul 00i0ma  (KOIU4eCmeo JONAcmell U NIACMUN, PA3MEWEHHbIX HA mopye, UX V2Ol HAKIOHA K
BEPMUKATLL).

s  6ypenus cxeascun PDC-oonomamu wna mecmopooscoenuu  Yzeno (Kazaxcmam) nymem
XPOHOMEMPAdica 1 CMAamuUCmu4ecKol 00pabomKy OGHHbIX YCMAHOGIEHbL 6Ce KOHCIMANNbL UOSHMUGUKAyUY U
o0bwasn mamemamuieckas mooens npoyecca.llocieonss epaguuecku npedcmagisiem 08e CONpsiceHHble KpUusble,
npuYemM HAUaIbHLLL YYaACMOK KDUBOU UMeen 0HYMYI0 (popmy, a Nociedyiouuil y4acmox — 6blnyKIyio, ¢ Kpymvim
naoeHuem Ha 3aKIIOUUMEeNbHOU CIMAOUL UCTIONb308aHUS D0I0MA.

Yemanoenena cmenens uznoca donoma, 3a6Ucaujas Om OMHOULEHUST MUHUMAIbHOU CKOPOCHIU @ KOHYe
OYPUMO2O UHMEPBANA K eEMAKCUMATLHOU 8elutUuHe 8 Hayae nocieonezo. Cmotikocms PDC-0onoma cocmagisiem
6 cpeonem 4500 m, umo 6 7 pas eviute, yem y NPUMEHIBUIUXCSL PaHee WapOUe HbIX O0J0M.

Knrwouesvie cnosa: mooenv, 30001, OypeHue CKEANCUH, D0TOMA, UOCHMUDUKAYUSL.

st onieHkr 3¢ (GEKTUBHOCTH TPOIIecca YIIyOIeHHsI CKBAXKHHBI pa3padaThIBAIOTCS MOICIN
OypUMOCTH.

Hamu nmokazano, uto Hanbosee npuemiieMoit Moaensio st noiot PDC Oyner cnenyromas
3aBUCHUMOCTB CKOpOCTH J(t) yriyOsiaeHus 32005 CKBaXKUHBI [ 1]:

9(t) =9, — A9 t™, (1)
rie 9y — HayaJbHas CKOPOCTh OypeHHs 3a BpeMs, MpHUHATAas B KadyecTBe 0a30BOro
KpPaTKOBPEMEHHOTO Tieprona; AY —TeMrn majaeHuss CKOpocTH OypeHUs, TJIaBHBIM 00pa3oMm, H3-3a
M3HOCA BOOPYXEHHs J0JI0Ta; ¢ — BpeMsl OypeHMsl; m —IoKa3aTeldb CTENEHH, XapaKTepHU3YHOIIUH
dopmy dyukmum 9(t)(BOTHYTas MM BBITYKIIAs).

OObIYHO HavambHAs CKOPOCTh Uy 3aBUCUT OT IAapaMETPOB TEXHOJOTHUECKOTO PEeXUMa
OypeHUus: ¥ CBOMCTB MOPOJBL. JlJsi YCTAHOBJIGHUS BIMSHUS 3THUX IApaMETPOB Ha CKOPOCTh I
paccMOTpUM TIEpBOHAYAIBHO IMPOLECC BJABIMBAHUSA JJIeMEHTa BoopyxkeHus nonora PDC,
MPEJCTABISIONIETO  IUTACTHHKY C TOHKHUM CJIOEM MOJHKPUCTAIUTMYECKOTO ajiMmasza, MpPOYHO
CLIETIJICHHOTO C TBEPAOCIIaBHONH OCHOBOM (puc. 1). IInacTuHKa HakJIOHEHa IMOJ OTPULATEIbHBIM
yrioMm y k Beptukanu.llon gerictBuemcuibl Cy, IPOUCXOIUT €€ BHEpEHHUE B 32001 Ha ri1youny h. B
pe3ysbTaTe BO3HHKHYT CHIIBI HOpMajibHOro paaBieHus N, N, u cwibl tpenus F; = fN;, F, =
fNy(f —KO3(pPHUIMEHT TpeHHUsI Ha KOHTAKTE «IIJIACTUHKA —10poJia 3a005»).

Pemenue ypaBHeHM paBHOBecHs (CymMMa MPOEKIHUS BCEX CUJI HA OCH X U Y) J1aeT (hopMyIIbl
st cuit Ny, Ny [2]:

Siny - cos CosYy - sin
N1:f Y2 YCO;szf 'Y2 yco- (2)
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[Tpu mepememenun pesna BiaeBo (puc. 1) aeiictBue cuibl N, OyAeT ypaBHOBEIIMBATHCS

HOPMaJIbHOU COCTAaBJIAIOIIEHN KOHTAaKTHOH NPOYHOCTH nopoasl Hy,,, JIEUCTBYIOLIEH
MEPIEHANKYISIPHO K aJIMa3HOMY CJIOKO TIJIACTUHBI.
. , h
N, = Hp,;S, = Hpsinylb = Hbsmylm, 3)

rjae S,— oAb, Ha KOTOpOM JEHCTBYIOT BHYTPEHHUE HAIPSKEHUS; [ — KOHTAKTHAs POYHOCTD
nopoasl; Hy = 0,62 Pw [3] (Pu — TBEpAOCTh MOPOJABI MO MITaMIy); | — JvHA JUHUMA KOHTaKTa
IUIACTUHEI ¢ 3a00eM;

OcranpHbie 0003HaYeHUs B (3) 1Moka3aHbl HA puc. 1.

y*_ C yuerom dopmyn (2) mia No u (3)
oot romumpemal T — rryonHa ]éHﬁiﬂgeHI/I}I aJIMa3HO-TBEPIOCTIIABHOTO
g e311a B 3a00i Oyier:
SMUHSCKUX GAMaz0s /X onopd p I—I y'u
_-_ .
/ h= (f cosy—siny) Cq (4)
floe2p,ltgy °
h
37 X CymmapHas JJIMHAKOHTAaKTa IDIACTHHOK,
b =+ 20pHas nopoda o
. R yCTaHABIUBAEMbIX Ha TOPIIEBOW YaCTH JIOMACTU
10J10Ta, ¢ 3a00eM opueHTHpoBOYHO | = K R4(R,
Puc. 1. Bzaumooeticmsue aimaszmo- — pamuyc gonota, Ki; — yMeHbIIamOnmi
mMeepoOoCniIasHo2opesya ¢ 3a60em KOO(Q(UIIMEHT, YUYUTHIBAIOIIMA  pa3MEIICHHE

MJIACTHHOK Ha Jionactu ¢ 3a3opoM; Ki=0,7-0,9).

65 fcosy—siny _
fzo.62tgy
MOJIYYUM C YYETOM BBHIIICYNOMSHYTBIX COOOpaKeHHUU CIICAYIONIYI0 3aBUCHUMOCTBH JIJISi CKOPOCTH

OypeHus:

O603HauuB B (4) n1po Ky, 4ucio nomnacten 1010Ta — m, YUCTOTY €ro BpallleHUs — A,

9 =20 Cy [m/c] . (5)
K1RgP,,

Jlns ompeneneHus 3aBUCUMOCTH CKOPOCTH OypeHHus OT BPEMEHH B TEUEHUHU NITUTEILHOTO
MIEPHO0/1a B3aMMOICHCTBHS I0JIOTA O 3a00€MCKBAKUHBI HEOOXOJUMBI XPOHOMETPaKHBIE HAOIIOICHNUS
3a U3MEHEHUEM CKOPOCTH U CTEMEHBI0 M3HOCA MHCTPYMEHTa B TEUEHHUE peiica, KOTOpble ObLIN
NPOBE/ICHbIHA KPYMHOM HedTerazoBom MectopoxaeHun Y3enb (Kaszaxcran). ['nmyOuna
MPOAYKTUBHBIX IJIACTOB Ha MecTtopoxzaeHuu cocrtapiser 1200-1400 M, BMemaroume mopojibl
MpEeACTaBICHbl  TJIMHAMHU, HEaOpa3WBHBIMU  W3BECTHSKAMHU, MEprejisiMH, IeCUYaHHUKaMH,
OTHOCSIIIUMUCA K KAaTErOPUU MSITKUX M YaCTUYHO CpelHeld TBepAOoCTH mopon. Halmropenus
OCYIIECTBIISUIM  TIpU  (POPMUPOBAHUU CKBaXUHBI auamerpom pgoiota PDC 220,7 mm mnoxg
AKCITyaTalMOHHYIO KOJOHHY auameTpoM 168 mm (untepsan 220—-1340 mm, 3anumatomuit 85% ot
o0miero MeTpaka CKBaKWHBI). Pexum OypeHUs TOJ IKCKOJIIOHHY: oceBas Harpyska — 40-50xH,
yactoTa BpamieHnusa aosora PDC — 1-1,5 c'l, JUISL BpallleHUsT MCTIOJb30BAJICS BUHTOBOW 3a00MHBIN
neurarens 1330—-1720; pacxon OypoBoro pactBopa — 28—32 Ji/c.

[lonydeHnnble naHHBIE OBLTM pa3felieHbl Ha 4 TPYNNbl B COOTBETCTBUHM C IMPHHIIUIIOM:
KOJIMYECTBO WHTEPBAJIOB OypeHHUs TOJl 3KCKOJIOHHY, pa30ypenyto moimorom PDC. B pesymnbrate
00paboTKM MeToJaMH MaTeMaTH4eCKOW CTAaTUCTUKM MaccuBa M3 116 CKBaKMH OMNpeaeTuiIn
W3MEHEHNE CKOPOCTU M CPEIHEB3BEIICHHAs] CKOPOCTh OYpEeHHs B KaXXIOW I'PYIIe CKBAXXHH, BpEMS
OypeHusT WHTEpBaja M KOPPEISIHUOHHOE OTHOIICHHET MEXIY YIOMSHYTBIMH BEITMYMHAMH (CM.
TaduIy).
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IMoka3zaTrenu cTaTuCTHYECKON 00PpadOTKH CKOPOCTH OypeHust
posoramu PDC no rpynnam ckBakKuH

Komnuectso W3menenue CpenHeB3BellIeH-
Ne rpynmst Bpewms Koppensunonnoe
CKBa)XUH B CKOPOCTH Hasi CKOPOCThb
CKBaXXWUH OypeHus ¢, 9ac OTHOIIEHUE T

rpynme Oypenust, M/u | Oypenus Vep, M/4

1 21 19-14 17,0 64,6 0,93

2 60 14-12 13,05 78,1 0,92

3 20 128 10,5 97,6 0,94

4 15 86,5 6,98 133,6 0,94

yCTaHOBJICHO, 4TO B PEC3YyJIbTAaTC IMOCICAOBATCILHOIO 6ypeHI/1;1 B TIpyHnmnax CKBaXHUH
MMpOUCXoaAUuT HOCTENEHHBIN N3HOC J0JIOT PDC u camxeunue CKOpPOCTH 6ypeHI/I$I B COOTBCTCTBUHU C
3aBUCUMOCTBIO
V .
n — n minn
7 A = |22 (1 - 22022)] - 1009, ©6)
maxn

rie Aun — W3HOC JOJOTa Toclie OypeHUs CKBOXHUH B TPYIMIE ¢ HOMEPOM 7#; Uming, Umaxi—

COOTBETCTBEHHO MUHHMAaJIbHAs U MaKCHMaJIbHasi CKOPOCTH OypEeHUsI HHTEpPBaJia 01 IKCKOJIOHHY B
rpyIIE CKBaXUH C HOMEPOM H.

Pacduer mo dopmyne (6) mokasain, uyTo mocie OypeHUs MHTEpBaJia B CKBaXHHAX 4-X TPYIII
M3HOC JI0JI0Ta cocTaBmiI 94%, T. €. IOYTH MOTHOCTHIO BeIpaboTaH: Beero gomorom npoiiaero 4480 m,
YTO B LIEJIOM TIOJITBEPKAACTCS TPAKTUKOM.

Bpemst OypeHus uHTepBala 1moJ| SKCKOJIOHHY B KaXKIOW TPYINE CKBAXKUH OINMPEAeIsIOCh 0
dbopmyre:

SHHT
tn - ﬁcpn, (7)

1€ Syyr— CPEAHSS JUIMHA UHTEPBAJIa, IPOOYPEHHOTO MO/ IKCKOJIOHHY: [Tl YCIIOBHIM MECTOPOKACHUS
Suur & 1120M; Ocpp, — CpeHEB3BENMICHHAS. CKOPOCTh OYypEHHs YIOMSHYTOrO UHTEpBAA B IPYIIIE
CKBaXXMH II0J] HOMEPOM 7.

Bbrynciennpie BENMYUHBI BpEMEHH Jcp p, B
tn mpu n = 1; 2; 3; 4 npuBeaeHBI B TAa0JIHUIE, YTO

MO3BOJWJIO  IOJIYyYUTb  3aBUCHUMOCTH L(?),

n300pakeHHyIo Ha puc. 2. B BepxHelt yactu puc. 2
MOKa3aHbl  BpeMs OypeHuss UHTepBala B
3aBHCHMOCTH OT CTCIICHH UCTIOJ30BaHUS JI0JIOTA.
Monens OypuMocTi OylIeM UCKaTh B BUE
ypaBHeHus (1). Tak kak kpuBas 1 MMeeT TOUKY
nepernba (Touka A Ha pwuc.2), TO MOJIEIb
OypumocTH  OymeT  TpEACTaBlIieHA  JBYMS
Puc. 2. 3asucumocmu ckopocmu UOypenusi  ypaBHEHUAMH.
00J10MOM PDC (Kazaxcman) u Koncrautet AV w m omnpeneineHsl M0
wapoweunvim Oonomom I11-215,9 HAT  MeTOAMKe, M3JIOKeHHOW B [7] w® A
(Kumatickas Hapoonas Pecnybnuka) ¢  PacCMOTPEHHBIX YCIIOBHM:
3asucumocmu om @pemeHu t pabomoi — nis BepxHei yactu BA xpuBoit 9 = f(¢):AV
uncmpymenma na 3aboe ckeadcun (I — = 0,107 m/a; m=0,83; Vo=18m/u;— 11 HuKHEN
kpusast ¢ npumenenuem oorom PDC; 2 —  wactu AC xpusoit 91=f(¢):AV=0,037 m/a; m =0,87;
Kpueas ¢ npumeneruem wapoueunvlx  Vo=10,4 m/4.
oonom). CooTBeTcTBYIONIME MOJEIN OypuUMOCTU
BBITTISIAAT CIEAYIOIIMM 00pazoM:
13
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9=18-0,107t%83, (0<t170 y); (8)
9, =10,4-0,037¢"" (1704 < ¢t < 370 9). )

U3 (8) u (9) cnenyeTt, 4TO TEMIT CHUKEHHSI MEXaHUYECKOW ckopocTu AV npu OypeHUH HOBBIM
JI0JIOTOM MHTEpBaJIa 0/ KCKOJIOHHY B IIEPBOM IPyIIE CKBaYKUH 3HAYMTENIBbHO Bbllle. O4eBUIHO, 3TO
CBSI3aHO ¢ KOH(DUTYpalyel alMa3HO-TBEPIOCIIIaBHbBIX IIACTHH, KOTOPBIMHU apMupoBaHo foi0to PDC.

Jo wucnonszoBanust n0i0T PDC OypeHue Ha MECTOPOXKIECHHUHM Y3€Hb OCYLIECTBISIOCH
POTOPHBIM crtoco0oM. POPMUPOBAHUE CKBAKUHBI IO IKCIUTYaTallMOHHYIO KOJIOHHY ITPOBOAMIIOCH C
npuMeHeHneM mapoieunsix 100t [11-215,9 HAT kutaiickoro npousBozacTsa.

Mopens Oypumoctu s npumMensiBinuxcst poiot [11-215,9 HAT (KHP) npusenena nuxe.

9, =8-0018" m/a. (10)

Ha puc. 2. npuBenena kpuBas 2, rpaduyecku orodpaxkaromas Mmoaens oypumoctu (10).

BriBoanl

1. YcraHnoBneHa mareMaTudeckas MOJENb HadajdbHOW ckopoctu Oypenuss PDC-nmonoramu,
KOTOpasi TEXHOJOIMUECKUH PEeKUM TBEPAOCTh OYpUMOM MOPOJbI MO IUTAaMIy U KOHCTPYKTHUBHbBIE
ocobenHocty PDC-10510T: uncino TOPLEBBIX JIONMACTEN, YroJl YCTAHOBKU aJIMa3HO-TBEPIOCIIABHBIX
IUTACTUH U X KOJMYECTBO Ha KaXkKJ O JIOMACTH.

2. Ilpouecc B3ammoaerictusi PDC-gonora ¢ 3a00eM CKBa)KWHBI HanOosee IeIecoo0pa3Ho
MOJIeIUPOBAaTh MAaTEMAaTUYECKON 3aBUCHUMOCTBIO, BKJIIOYAIOLIYI0 HAYaJIbHYIO CKOpPOCTh OypeHus,
TEMII [1aJICHUS MOCJIEHEN BCIEICTBUE U3HOCA J10JI0TA U IT0KA3aTENb CTENIEHH, B KOTOPOIl BO3BOAUTCS
BpeMs OypeHusl.

3. YcraHoBIEHAa KOJMYECTBEHHAsl OLIEHKa CTeneHu wu3Hoca jaonora PDC mo OTHOLIEHHIO
CKOpocTel OypeHHs B KOHLIE HHTepBaJla yriIyOJIeHNs! CKBaXKUHbI K HaYaIbHON CKOPOCTBI OYpEeHUsI 3TOr0
unTepBaia. CymmapHslii nu3Hoc aonora PDC paBeH cymme H3HOCOB, KOTOPBIM JIOJIOTO IOJIBEPraeTCst IPU
MIOCJIe/IOBATEIbHOM OYypeHUM WHTEpBAJIOB. B KOHKpETHBIX YCIOBHAX OypeHHs HHTepBaja I0J
9KCKOJIOHHY (220—1340 M) B 4-X CKBa)KMHAX CyMMapHBI U3HOC J10J0Ta cocTaBUa 94%.

4. CpaBHMTENbHBIM aHAIN3 MOKa3aTenael OypeHus IapolIeYHBIMH JOJOTaMHU U JOJIOTaAMHU
PDCrnokazan, 4ro mocieaHue Mo CTOMKOCTH TPEBBIMIAIOT IIAPOIICYHbIE J10J0Ta B 7 pa3, a 1o
MPOU3BOAUTEILHOCTH — B 1,8-2 pa3a.

Poszenanymo moodenv 6ypumocmi ora oonim PDC, wo exaouae mpu Kowcmaumu ioenmuixayii:
NOYAMKOBY WUBUOKICb, MeMn NAOIHHA WEUOKOCMI Yepe3 3HOULYBAHHS AIMA3HO-MEEPOOCNIABHO20 030POEHHS
8 4aci, i NOKA3HUK CIMYNeHsl, 8 KIll 3600UmMbCsl Yac.

Busnaueno mamemamuuny 3anedxdcHicmvs nouyamxogoi weuoxocmi 0ypinns, PDC-oonomamu, wo
BKIIOYAE MEXHONIOIYHULL PeXCUM, MEepoichb NOpOOU NO WMAMNY i KOHCMPYKMUBHI napamempu 0010ma
(Kinbkicmo 1onameiti i NAACMUH, POIMIWEHUX HA MOPYIL, IX KYM HAXUTY 00 8ePMUKATI).

s 6ypinns ceeponosun PDC-0onomamu na podosuwyi ¥zenv (Kazaxcman) winsixom xponomempaxcy
i cmamucmuunoi 06pobKU OaHUX 6CMAHOBNIEHO 6CI KoHcmanmu i0enmuikayii i 3a2arbHy MAmMemMamuyHy
Mmooenwv npoyecy. Ocmannas epaghiuno a611e cod010 08i NOECOHANT KPUBI, NPULOMY NOUATKO8A OLIAHKA KpUBoi
Mae ygienymy ¢popmy, a HacmynHa OLIAHKA — ONYKILY, 3 KPYMUM RAOIHHAM HA 3AKTOYHIL cmaodii GUKOPUCMAHHSA
doaoma.

Bcmanoesneno cmynius 3nocy 0oroma, wo 3anexicums 8i0 8i0HOULIEHH MIHIMAILHOL WBUOKOCHI 8 KiHYi
Oypinna inmepeany 0o ii maxcumanvroi eenuyunu Ha novamxy. Cmitikicms PDC-0onoma cmanosums @
cepeonvomy 4500 m, wo 6 7 pazie suuje, HixC y WapOUKOBUX O0Lim, W0 3ACMOCO8Y8ANUCA pAHIULe.

Knrouoei cnosa: modenwv, 3a0ii, OypinHsa c6epONosuH, 0010ma, i0eHMu@iKayis.
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MODEL OF DEEP REFINING WELLS OF PDC WELLS WITH BIT

A model of drillability for PDC bits is considered, including for the identification constant: the initial
speed, the speed drop rate due to wear of diamond-carbide weapons in time, and the exponent in which time
is being built.

The mathematical dependence of the initial drilling speed, PDC-bits, including the technological regime,
the hardness of the drilled rock on the die and the design parameters of the bit (the number of blades, the number
of plates placed at the end of their angle of inclination to the vertical) is determined.

For the drilling of PDC chisels at Uzen (Kazakhstan), all the identification constants and the general
mathematical model of the process are established by timing and statistical data processing. The latter graphically
represents two conjugate curves, with the initial portion of the curve having a concave shape, and the subsequent
portion convex, with a steep drop at the final stage of bit usage.

The degree of bit wear is determined, which depends on the ratio of the minimum speed at the end of the
drill interval to its maximum value at the beginning of the latter. The durability of the PDC-bit averages 4500 m,
which is 7 times higher than that of the previously used roller bits.

Key words: model, slaughter, well drilling, chisels, identification.
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PEKOPJIHBIE TOCTUXEHUSA B AJIMA3ZHOM BYPEHUU
N NNEPCIIEKTUBBI UX PEAJIM3ALIUA

Hccnedosanvl pesynibmambvl HAYUHO-NPOUIEOOCHIBEHHO20 IKCNEPUMEHMA NO OOCIUICEHUIO PEKOPOHBIX
nokazameneti aimasHozo Oypenus, ocywecmeienno2o 6 Onesckoii I'PII ¢ aseycme 1977200a npu passedke
Ilepoicanckozo  mecmopodicoenus  bepunnus, KOmopvle NOKA3AMM, HUMO B03MOICHOCIU  MPAOUYUOHHBIX
MEXHUYECKUX U MEXHONO0SUUECKUX CPEOCMS, 4 AKICe OP2aHU3ayuL NPouU38o00Cmed, OANeKo He UCHEPRAanbl, U npu
VYMENOM UCNOTIb30BAHUU, OHU MO2YN CIAMb GbICOKO KOHKYPEHIMHO CHOCOOHbIMU 6 COBDEMEHHBIX YCTIOGUSIX.
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