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BIIJIUB JIET'YBAHHSA MOJIIBIEHOM HA ®I3UKO-MEXAHIYHI
BJACTUBOCTI EBTEKTUYHOTI'O CIIVIABY CUCTEMU WC-W,C

Jocnioxceno 6niue ne2y8ants Monib0eHOM HA i3UKO-MeXAHIUHI 81ACMUBOCHIE e8MeKmU-
unozo cnnagy cucmemu WC-W,C, ompumanozo 8i0yeHmpoeum po3nuieHHsIM eieKmpooy,
wo obepmaemoca. Ilokazano, wo 6 NOPIGHAHHI 3 Hele208aAHUM PeNimom MIKpomseepoicmo
penimy, ne206ano2o moniooenom (5 % (mac.), niosuwgyemoca Ginvwt Hiswe na 30%, miy-
Hicmb 6 2 pasu, a 3HOCOCMIUKICIY CepUdHUX YacmuHoK y 2-3 pasu, uo 3a008il1bHO V3-
2000/CYEMBCSA 31 3MIHOI0 HANPYHCEHO-0ehOPMOBAHO20 CIMAHY (DAZ08UX CKIAOOBUX KOMNO-
BUYILIHO20 Mamepiany i NOACHIEMbCA MEXAHI3MOM 3ePHOCPAHUYHO20 M OedhopmayiliHo-
20 3MIYHEHHSL.

Knrouosi cnosa: penim, posnunenus, 1e2y8ants, 3HOCOCMIlIKicmb, meepoicmoy, Qisuko-
MEeXaHiuMi 61acmuocmi

Beryn. [lpuxin Ha BiTYM3HAHMM PUHOK OypOBHUX HOCIYr iHO3EMHUX KOMMaHIH
MPUBIB 0 3MiHU OYypOBUX TEXHOJIOTIH 1 TEXHIKH Ta CyTTEBO 3MIHMB BUMOIH, IO Ipe-
I'SBISIIOTBCS A0 MaTepiany i KOHCprKI.IlI/I 6ypI/IJ'ILHI/IX Tpy0. Haiibinbi 3aTpeOyBanu-
MU HaChOTOJIHI € BHCOKOMILHI OypuiibHI TpyOu, siki 3aiimMaroTh Oinbiie 70% puHKY.
Excrpemanbhi yMOBH ekcrutyaTtanii OypuiapHUX TpyO MPHU3BOAATH 1O iX pyHHYBaHHS.
OCHOBHMMU NPUYMHAMHU PyHHYBaHHS OypHIBHHUX TPYO € TPILIMHM, IO YTBOPHUJIKCS B
YMOBaX BETMKUX HaBaHTa)KEHb Ta KOPO3IHHOro i abpasMBHOTO 3HOCY. 3 OrJIsIy Ha Te,
IO Cy4YacHi BUCOKOMILIHI OypHIIbHI TpyOM MalOTh BHCOKY BapTiCTh, BTpaTH Bif Opaky
CKJIaJIal0Th JECATKH MiTbHOHIB. OIIHIOIOYH CTATUCTHYHI JaHi, MOKHA 3pOOUTH BUCHO-
BOK, 110 ToHaa 60% TpyO BinOpaKkoBYIOTHCS depe3 3HOLIYBAaHHS 30BHILIHBOTO AlaMeT-
pa 3aMKy, IIpH L[bOMY 1HIIII MapaMeTpy TPyOH BiANOBINAIOTH JOMYCTUMUM HOPMaM.

Takum 4MHOM, OTHUM 3 MPIOPUTETHUX HAMPSIMKIB IPU BUPOOHUITBI Ta KamiTalb-
HOMY PEMOHTI OypHJIBHHX TPYO SBIA€THCA 3MIIHIOIOUA HAlJaBKa 3HOCOCTIMKUMH Ma-
TepiaaMy 30BHILIHBOI MOBEPXHI 3aMKiB.

Kap0bigu Bonbdpamy, AKi 3aCTOCOBYIOTHCS Y BUTTISAL CEPUIHUX MOPOLIKIB Pi3HOT
3€PHUCTOCTI a00 X y BUIJISIII YACTUHOK IOPOLIKY HENPaBUILHOI (OPMH, TPEACTABIS-
10Th co0ot0 eBTekTHuHUi craB cuctemu WC-W,C (cmmaB penity — 78-80% (mac.)
W,C, 20-22% (mac.) WC), 1o BOJIOAIFOTh BUCOKUMHU 3HAYCHHSMHU TBEPJIOCTI Ta 3HO-
cocriiikocri [1].

IocranoBka 3apaanns. OCKUIbKH cepel BUBUEHHX A00AaBOK Pi3HOI MPUpPOAM Ta
XiMigHOTrO cKiany [2] nobaBka MonibneHy 3a0e3nedye HaliMEHIy BETUYNHY TTOPUCTO-
CTi MaTepialy YaCTUHOK MOPOLIKY, METOI0 po00TH Oys10 BCTAHOBJICHHS BIUIMBY KOHIIE-
HTpauii monidaeny (y kinekocti 3, 5, 7, 10, 20 % (mac.) Ha (i3uko-MexaHiuHi BIacTH-
BOCTI eBTEKTHUHOrO craBy cuctemu WC-W,C (pemiry).

Bimomo [3], mo HaiiOLIbII BHCOKI 3HAYEHHS TBEPAOCTI 1 MIITHOCTI JOCATAIOTHCS
Ha MaTepianax, SKi MPeICcTaBIIIOTh cOO00 MATPHLIO 13 OZHIET TYTOMIaBKOi CIIONYKH,
apMOBaHY MOHOKPHUCTaJIIYHUMH BOJIOKHAMH 1HIIOI TYTOIUIABKOI CIIOTYKH.

CrutaB penity, JeroBaHUI MOJIIOAECHOM, Ma€ KOMIpYacTy CTPYKTYPY 3 XaOTHYHO
PO3TaIIOBAaHUMU 110 00’€My Matepiaidy 3epHaMH MIECTUTPaHHOI (popMH, HA TPaHULIAX
SIKUX YTBOPIOETHCS CKianuauit kapoix (Mo, W),C [4].
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Bcranosneno, 1o seryBaHHs peniTy MoiibaeHoM B KinbkocTi 5 % (Mac.) minBu-
mrye 3Hococtiiikicte Ha 40-50 %. Ilpu npomy, neryBaHHs MONIOAEHOM B KUIBKOCTI
10-20 % (Mac.) 3HMKY€ 3HOCOCTIHUKICTD [5].

Ha tBepaicTh Ta MiLHICTh MaTepiajiB MOXKE BIUIMBATH 0araTo (akToOpiB, TAKHUX SIK
¢dopma Ta po3Mip BKIIOUEHB, IX PO3TALIYBAHHA B MAaTPULi Ta MEXaHIUHI HAPY>KEHHS,
10 BUHUKAIOTh y ()a30BHX CKIaloBUX. Tak sIK yTBOPEHHS BiZOMTKIB MiKpOTBEPAOCTI
00YMOBJICHO MPY>KHBO-IUIACTHYHOIO MiKpoaedopMali€ro, TOMy 3Ha4YeHHSI MIKpOTBEp-
JOCTIi NponopuiiiHe Mexi Tekydocti H=3c0y,

[Ipy HU3BKKX TeMIepaTypax piBeHb MIITHOCTI BU3HAYAETHCS NPYKHUMH XapaKTe-
PUCTUKAMH, PO3MIPOM 3€pHA, HAsIBHICTIO I'PaHMLb 3€PEH, MIKPOINOp Ta iH. Ae(eKTiB,
IO SIBJISIFOTHCSI KOHIIEHTPATOPaMH HaIlpy)KEHb Ta OUISTHKAMHU CKYIYEeHHS TUCIIOKaLliil,
00’enHAHHS SKUX MPHU3BOAMTH O 3apOKEHHS TpiliuH. PyiiHyBaHHS Mae Xapakrep
CKOJy 1, B OCHOBHOMY, ITPOXOJUTH 10 I'PAHULISIM 3€PEH.

HanpyxeHHs npu3BOIATh A0 3CyBY iHTepdepeHuiiiHux miHid, SKkuil HaiOinbIIe
MPOSIBJIIETHCS HA BiIOWTKAX IiJl BEJIMKUMU OperiBCbKUMH KyTamu. Ha peHTrenorpa-
Max «0-20» crurapy WC-W,C, neroBaHoro MoiiOAZeHOM, CIOCTEpIiraeTbes 3cyB ped-
nekci. Hampyxenns B ¢a3zi W,C, orpumMani 3a pediekcamu B niana3oHi KyTiB 20 65-
145° — BiJ’€MHI, TOOTO CTHUCKAOUi, i CKJIaIaf0Th TIpH BMICTI MomniOaeny 5 % (mac.) —
1,2 I'lla, 10 % (mac.) —4 I'Tla, 20 % (mac.) — 5,5 I'Tla.

Hanpyxenns y ¢as3ax BKIIOYEHb TAaKOK OTPHUMAaHI 10 3HAYHIA KUTBKOCTI BiIOHT-
KiB B Jiama3oHi KyTiB 20 65-125° mpu BMicTi Monioneny Bin 5 g0 20 % (Mac.) MaroTh
MNPOTUIICKHHUN 3HAK, TOOTO € po3TAryouMMHU [4]. 301bIIEHHS BMICTY MOJIOAEHY Y
CIJIaBaXx PeNiTy NPU3BOAUTH 110 30UIBLICHHS HANPYKEHb CTUCHEHHS B MaTpUuHii da3i
W,C ta HanpykeHb po3TAryBaHHs y BKitodeHHsIX WC, Mo,C, (W,Mo),C.

PyiinyBanHs cIu1aBiB BimOyBaeTbcs B OUMbIIINA Mipi mif Ji€l0 pO3TATYHOYUX Ha-
npyxeab. CTHCKarOUui HAPY>KEHHsI 3HUXKYIOTh UyTIMBICTh MaTepiaidy 10 KOHLEHTpa-
TOPiB HaNpyXeHb 1 MiABUILYIOTh BTOMHY MILlHICTb MaTepiaily. AGCONIOTHI 3HaUYEHHS
3cyBY AU(paKkuiiHUX BiAOMTKIB MPHU3BOIATH A0 3HAUYCHb HANPYKEHb NPUOIU3HO Of-
HAKOBHX I10 Pi3HUX JNiHIAX, HE3BAXKAIOYH HA MOXIJINBI BIIXUIJICHHS MOAYIIIB MPY>KHOCT1
JUTSA TIUX BiTOUTKIB. 3CyB audpakmiiHUX BigOWUTKIB MOKe OyTH IMOB’sI3aHUH, KpiM Ha-
NPY)XEHb, 13 YTBOPEHHSAM Je(eKTiB KPUCTAIIYHOI CTPYKTYpPH IMEPLIOrO TUILY 3TiTHO
[5], B AKHX HAINpYXEHHS MIBUAKO CIIaJal0Th i3 BiCTaHHIO Bin medekriB. o mux ge-
(eKTiB BITHOCATHCS TOUKOBI AedeKTH (IIOpH, aTOMH BTIICHHS Ta iH.).

Bimomo, mo TBepmicTh KapOiiB 3aleKUTh B OCHOBHOMY Bifl TBOX (haKTOpiB —
MIacTUYHOI HedopMartii BHACTIIOK HEOJHOPIAHOCTEH aTOMHOTO MacITady i MIITHOCT1
xiMigHOro 3B’s3Ky. [lin HEOIHOPIAHICTIO aTOMHOrO MacIiTaby pO3YyMIEThCS PO3Mi-
LICHHS B Kap0izax MK CyMDKHMUMH ATOMHHMH TUTOIIMHAMH MEHII IPOHUKHHUX aTOMiB
BYIJICLIO, AKI YCKJIaIHIOIOTh YTBOPEHHS IUIOLIMH 3CYBY. POJb «3aKIMHIOBAaHHS» ILIO-
IIMH (32 PaxyHOK YTBOPEHHS 3B’SI3KiB MK aTOMaMd METaly 1 BYIJIELIO) OCOOIHBO
BEJIMKA Y BUMAJIKy KapOiliB 3 reKCaroHalbHOIO CTPYKTYPOIO, JI¢ HasBHA BCHOI'O OJHA
IJIOIIMHA 3CYBY [6].

VY po6oTi BCTaHOBIIEHO, 11O 31 30UIBLUICHHSAM BMICTY MOJIIOEHY B CIUIaBl 3HMKY-
€THCSL MIKPOTBEpAICTh. Lle MOsSCHIOETECS THM, IO B CIIJIaBaX, JETOBAHUX MEHLIOK Ki-
JIBKICTIO MO0y crocTepiraeTbes OUIBIIMIA BMICT KapOigHol dasu.

ExcriepuMeHTanbHO BUSIBIICHO, IO MIKPOTBEPIICTh PENiTY 31 30UIBIIEHHAM PO3Mi-
PY YaCTHHOK 3MEHILIYETHCS, II0 MOXKHA HOSICHUTH (OPMYBaHHSIM OiMbII OAHOPIZHOI
IpiOHOKPHCTATIIYHOI CTPYKTYPH, SIKa OOYMOBJICHA BUCOKOIO IIBUAKICTIO OXOJIOAKEHHS.
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BcTaHoBeHo, 1110 HaBHILI MOKA3HUKH MIKPOTBEPOCTI MAIOTh CIIJIABH 3 BMICTOM
Monioneny 5-7 mac.% (puc.1).
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Puc. 1. B BMicTy MOTIOIEHY Ta TPaHYJIIOMETPHYHOTO CKJIA Ty Ha MiKPOTBEPIiCTh CIUIABIB:
O ~ 180 MKM; %= ~ 250 MKM; B~ 450 MKM

B pe3ynbTati NOpiBHAIBHUX BUIPOOYBAaHb BCTAHOBJIEHO, L0 3HOCOCTIMKICTh Ya-
CTHHOK PEIITy, 110 MaloTh OLNbLINKA BMICT MONIOAEHY MEPEBUILY€E 3HOCOCTIMKICTh Ya-
CTHHOK, L0 MalOTh MEHIIMH BMIicT MomiOaeHy — B 3 1 Oiibiue pa3iB. 3HOCOCTIMKICTB
cheprHuHUX YaCTMHOK BH3HAYaJIach 3a BTPATOI0 MACH B 3aJIEKHOCTI Bill LUIAXY TEPTS
(puc. 2).

JocnimKeHHsIMA TaKoX BCTAHOBJICHO, II0 Yy MOYAaTKOBUHM mepion BUIPOOYBaHb
CIOCTEPIraeTbesl MPUIPALIOBaHHS CIUIaBiB, MOYATKOBE 3HOLICHHS IOBEPXOHBL cdep.
[Ipn npomy, mpumpantoBaHHs chEpPUUHHX YACTHHOK BiOYBA€THCS B IMEPiOA LULIXY
TepTs o abpazuBy A0 1000 M. XapakTepHOIO PUCOIO MTPOLECY 3HOUTYBaHHS KOMIIO3H-
LiffHKUX CIUIaBiB € cTabii3amis 3HOUTYBaHHS CIUIABIB MIiCIsl IPUTUPAHHSL.

BcranoBineHo, 1o jeryBanHsl MOJIiOIEHOM B KiTbKOCTi 5 — 7 % (mac.) penity min-
BHUIIY€E 3HOCOCTIMKICTh CEPUUHUX YACTHHOK, OJCPKAHMUX BiALEHTPOBUM PO3MHUJICH-
HAM (pHC. 2).
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Puc. 2. 3HOCOCTIHKICTh ChepNIHNX YaCTHHOK JIETOBAHOTO Ta HEJIETOBAHOTO PEIITY:
apun \\/C+W,C; =l=_ 3% Mo, =t — 5% Mo; == — 7% Mo; == —10% Mo
[Ipu npomy neryBaHHs MoniOaeHoM B KibkocTi 10 — 20 % (Mac.) 3HMXKY€E 3HOCO-
cTiliKicTh cpepuuHnx dacTUHOK. Lleil edekT MOKHA MOSCHUTH MIIHICTIO YaCTUHOK
JIETOBAHOTO PENITY 3 OUIBIINM BMICTOM MOJIOJEHY, B SKUX 3HOLICHHS, PyHHYBaHHA 1
BUKPHILYBaHHS TOCTPHUX KYyTiB YACTHHOK BifI0OyBa€ThCS 3a OUIBILI JOBIHM IEpiof MpH-
MPALIOBAHHSL.
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BcranosneHo, 1110 0lHUM 3 OCHOBHHX MapaMeTpiB MPOIIECy, Ha SIKUI BILUIMBAE Jie-
TYBaHHSA PEITy MONIOZEHOM, SBISETHCS MIBUAKICTH ITOJJa4i BUJIMBKA B 30HY TUIABJICH-
Hs. ToMy eKcCrepuMEHTalbHO BCTAaHOBJICHA 3aJISKHICTh MIBUIKOCTI 1MOJadi BUJIMBKA
BiJ BMiCTy Moni0aeHy B pemniti (puc.3).

35,5

LIBMKICTH TOMAYi BUITMBKA, M/C,
x1073
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BwmicT Momi6aeny, % (Mac.)

Puc. 3. BB neryBaHHS peniTy MOJiOIeHOM Ha IMIBUAKICTE TI01a4i BUIIUBKA
TIPH BiJIIEHTPOBOMY PO3ITHIICHHI

Buknnkae iHTepec 3aKOHOMIPHICTh 3HIMIKEHHS IIBHIKOCTI 1MOJa4i BUJIMBKA NpPHU
3pOCTaHHI BMICTY MOJIIOZIEHY, 10 MOXHA MOSICHUTH YTBOPEHHAM CKJIanHoi KapOinHoi
¢azu (W, Mo),C, sika Mae OLIbLI BUCOKY TEMIIEpaTypy IJIaBJICHHS, 38 PaXyHOK 4Oro i
CIIOCTEPIraeThes AeSKEe 3MEHIICHHS IIBUIKOCT IUIABJICHHS BWIMBKY. TakUM YMHOM,
BCTaHOBJICHI OCHOBHI ONTHMAaJbHI MapaMeTpy MpPOLECY PO3NMUIICHHS: CHUJIa CTPYMY
1a3mMoBoi ayru — 550-590 A, manpyra — 38-40 B, mBuakicTe o0epTaHHS BUJIUBKA —
7500 00/XB., MIBUAKICTH 0AaYl BUIHUBKA — 34—34,5X10’3 m/c.

JloTpuMaHHsI BKa3aHMX MapaMeTpiB 103BOJISAE OTPUMYBATH MAKCUMAJIBHY KUTBKICTb ce-
PHUYHMX YaCTHHOK PEJIITY, JIETOBAHOro MOMTioeHoM, po3mipoM Mertte 180 mxM (puc. 4).
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Puc. 4. BromB neryBaHHS peliTy MOJiOIEHOM Ha TPaHYJIOMETPUIHUHA CKIal CHEPHIHIX
YACTUHOK [PH BiLUEHTPOBOMY pO3MuIIcHH: == _WC+W,C; =l=— 3% Mo, =ue= — 5% Mo;
== — 7% Mo; =e=— 10% Mo; =@= —20% Mo

O6nacts noctpoenna

Hacrora noBTopeHHs, %

Amnasiz TpaHyJIOMETPHUYHOI0 CKJIAAy CEepUYHUX YaCTHHOK ITOKa3ye, 110 31 30i-
JIBILCHHSM BMICTY MOJIIOIeHY, KpiM 3HMKEHHS IIBUIKOCTI MOJa4i BUJIMBKA, CIIOCTEPi-
Ta€ThCsl PiCT KUTBKOCTI YACTHHOK OUIBIIOTO PO3MIpy.

TakuMm 4MHOM, ONTHMAaJbHUM BMICTOM MOJIOAEHY NpHU JEryBaHHI PENITy SBIIS-
€ThCA BMICT 5-7%. Bka3aHuii BHCHOBOK TaKOX ITiITBEPIIKYETHCS aHATI30M KiTbKOCT1
BimxomiB (puc. 5).
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Puc. 5. BB neryBaHHS peniTy MOJiOIEHOM Ha KUTBKICTh BiIXO/iB
pYU BiLEHTPOBOMY PO3IIICHHI: B ~ 180 MKM; %* ~ 250 MxM; B~ 450 MKM

BucHoBku. Y po0OOTi BCTaHOBIIEHO, 1110 JIETYBAHHSA PEITY MOIIOAEHOM J03BOJISIE
MiABUIIMTH MEXaHIYHI XapaKTepUCTHKH y B 1,2 — 1,5 pa3u.

[lokazano, mo 30inpIIeHHs BMicTy MoniOneHy Big 5 1o 20 % (mac.) y craBax
PEeiTY IpU3BOANTH 10 301IbIICHHS HANIPY)KEHb CTUCHEHHS B MaTpuuHiil ¢azi W,C Ta
HanpyXeHb po3TsaryBanus BkimoueHs WC, Mo,C, (W,Mo),C, 110 B cBoO uepry mpus-
BOJIUTH 0 3MeHIIIeHHs TBepaocTi Ha 30%.

BcranoBiieHo, 110 HaiBUII MOKa3HUKH (i3UKO-MEXaHIYHUX BIACTHBOCTEH MarOTh
CIUIaBM Ha OCHOBI Kap0iniB Boiab(pamy i3 BMicToM MomniOaeny 5 % (mac.).

[TokazaHo, 110 JeryBaHHS MONIOAEHOM B KiTbKOCTi 5 % (Mac.) miaBUIIye 3HOCO-
CTIMKICTh c()EPUUHMX YACTHHOK y 2-3 pasu, IO 3aJ0BUTBHO Y3TOKYETHCS 31 3MiHOIO
HanpyXeHo-1e(OpMOBaHOro CTaHy (pa30BUX CKIaJOBUX KOMIIO3ULIHHOTO MaTepiaiy i
MOSICHIOETHCS] MEXaHI3MOM 3€PHOTPAHUYHOrO Ta JiepopMariiiHOro 3MirfHEeHHSI.
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1. YU. TROSNIKOVA

THE INFLUENCE OF DOPING MOLYBDENUM ON THE PHYSICAL
AND MECHANICAL PROPERTIES OF THE EUTECTIC ALLOY OF SYS-
TEM OF WC-W,C

The arrival on the market of drilling services of foreign companies has led to a change in drilling
technology and substantially changed the requirements for the material and structures of drill pipes.
The most demanded today are high-strength drill pipes, which occupy more than 70% of the market.
The extreme conditions of operation of drill pipes lead to their destruction.

The main causes of the destruction of drill pipes are cracks. They form in conditions of high loads
and corrosion and abrasive wear. Assessing the statistical data, we can conclude that more than 60%
of pipes are defected due to the wear of the outer diameter of the castle, while other parameters of
the pipe correspond to acceptable standards.

Thus, one of the priority directions in the production and overhaul of drill pipes is the surfacing with
wear-resistant materials of the outer surface of the locks.

The highest values of hardness and strength are achieved on materials that represent a matrix of one refracto-
ry compound reinforced with monocrystalline fibers of another refractory compound. The spherical and
irregularly shaped powder particles of tungsten carbides are used for surfacing on a drilling tools.

The eutectic alloy of the WC-W,C system is relit (78-80 wt. % of W,C, 20-22 wt. % of WC), which
have high hardness and wear resistance.

It was studied the influence of doping with molybdenum on the physical and mechanical properties of the
eutectic alloy of the system WC-W,C obtained by centrifugal sputtering of the rotating electrode.

It is shown that in comparison with the undoped relit, the microhardness of doped with molyb-
denum (5 wt. %), increases by more than 30%, durability is 2 times, and the wear resistance of
spherical particles 2-3 times, which satisfactorily agrees with the change of the stress-deformed state
of the phase components of composite material and is explained by the mechanism of grain bounda-
ry strengthening and deformation strengthening.

Key words: relit, sputtering, doping, durability, hardness, physical and mechanical properties
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