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ONPEAEJIEHUE CTPYKTYPHBIX TAPAMETPOB OBPA3IIOB TBEPJOI'O CIIVIABA
BK15, CIIEYEHHBIX B YCJIOBUAX OJJHOOCHOI'O PACTA)KEHUA

IIpuseodenvl pesynvmamsl onpeoeieHuss CmpyKmypHvlX Napamempos oopasyos meepooco
cnaaea BK15, cneuennoeo 6 yciogusax 00HOOCHO20 pacmaiceHus.

Knwouegvie cnosa:  meepovili  cniag,  0OHOOCHOEe — pacmsdiceHue,  CMpPYKmypd,
cmepeomempuiecKue napamempal.

CTpykTypHbIE TIapaMeTpbl CIEYEHHBIX TBEPJAbIX CIJIaBOB OOBIYHO OILEHUBAIOT 10
METOJMUKaM, U3J0XKeHHBIM B [1-3]. MeToauka yCKOpPEHHBIX KOMIIBIOTEPHU3UPOBAHHBIX PaCcYeTOB
CTEPEOMETPUUYECKUX XAPAKTEPUCTUK CTPYKTYPBI CPEIHE3EPHUCTHIX CIHEUEHHBIX TBEPBIX CILJIABOB
npuBeneHa B [4]. OcoOOEHHOCTh ATOW METOJHMKH COCTOUT B HCIIOJIB30BAHWU SMITHPUUYECKOTO
YpaBHEHUS, OIMCHIBAIOIIETO 3aBUCUMOCTh Koddduimenta cmexHoctd C KapOHIHBIX 3€peH
TBEPAOrO CIJIaBa OT OOBEMHOUW J0onM CBA3KM B HeM Vi, M KoddduuueHta Bapuanuu Var
KapOHUIHBIX 3€pPEH IO pa3Mepam:

C=1-0,652(1+2,574Var)V ™ (1)

VYpaBHenne (1) Obul0 moOMydYeHO B pe3yabTaTe OOpaOOTKHM  MHOTOYMCICHHBIX
OMyOJIMKOBAHHBIX B 3apyOC)KHOU JIMTEpaType SKCIEPUMEHTABHBIX JaHHBIX O XapaKTEPUCTHKAX
CTPYKTYPBI CIICUCHHBIX CPEIHE3EPHHUCTHIX TBEPIBIX CIuIaBoB. O0beMHOe conepxanus Co CBS3KU
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Vco B 9TOM ypaBHEHMH IPEIarajioch pacCUYUTHIBATh UCXOSl U3 COJIEPKAHUS CBA3KH, YKa3aHHOTO B
0003HaueHNH CTaHJAPTHON MapKH CIIaBa, 1o Gopmyne

C
— pWC , (2)
(I1=0)pe, + cPwe

Co

IZie ¢ — CO/Iep’)KaHUe CBSI3KU, YKa3aHHOE B 0003HAUYCHUH MapKH TBEPAOIo CIUIABa; pwc — INIOTHOCTD
KapOuya Bonbdpama; pc, — IITOTHOCTh KOOAIbTA.

Ucxons u3 ypaBHeHus (2), Ve, B pamMKax OJHOM MapKH CIUIaBa SIBISIETCS BEIUYUHOM
MOCTOSIHHOM, T. €. Vo= const, 1 He MOXKET BIUATh HA KOA(D(DUIIMEHT CMEKHOCTH KapOUIHBIX 3€PEH,
XOTS TI0 TEXHOJIOTHH JIOMycKaeTcst kKosebanue Ve, B mpenenax + 0,5%.

[IpakTuyeckoe oOmpoOOBaHME STOW METOAMKH Ui  OLIGHKH CTepEOMETPUYECKHUX
XapaKTEPUCTUK CTaHJAPTHBIX CIIEYEHHBIX CPEJHE3EPHUCTBIX TBEPABIX cr1aBoB rpynmnsl BK (BK6 —
BK20) monrBepauno ee BBICOKYIO 3(D(PEKTUBHOCTh. DTy METOIUKY J0 CHX IMOp YCHEIIHO
UCTOJB3YIOT B METAJUIOrpauuecKkux McciaeoBaHusIX TBepabIX ciutaBoB B ICM um. B. H. bakyns
HAH VYxpannbl. OgHako B ciydae BBIXOJAA 3@ MPEAEbl allpOKCUMalMH (COAEp’KaHUE CBSI3KU
6onee 20% (Macc.); ClieKaHWE TBEPIBbIX CIUIABOB B YCJIOBHSX, OTIMYAIOIIUXCS OT CBOOOJIHOTO
CTeKaHUs1) IPUMEHEHUE 3TON METOJUKHU JJIsl OLIEHKU CTPYKTYPHBIX IMapaMeTPOB TBEPIbIX CIUIABOB
IIPUBOJMIIO K 3HAUUTENBHBIM OTKIOHEHUAM. OLIEHKa CTPYKTYPHBIX NapaMETPOB TBEP/BIX CIUIABOB,
CIIEUEHHBIX B YCJOBMSAX 3aHEBOJIMBAHMS ycaAKu [5—7], CIUIaBOB C IOBBIIIEHHBIM COJEp)KaHUEM
ces3ku (BH25, BK32, BK50, BK65), a Takxe npu criekaHuu 00paslioB ¢ MPUIOKEHHEM K 00pa3iry
pactaruBaromiux cuia [8] He mo3BOsIa OOHApYXHUTHh HAOMIONAIOMIMECS MOJ MHUKPOCKOIIOM
U3MEHEHHs CTPYKTYpbl, a B pAI€ CIIy4aeB IIOJy4YEHHBbIE 1O 3TOM  METOAMKE pacueTHbIE
CTEPEOMETPUYECKHE XAPAKTEPUCTUKU CTPYKTYpbl HMEIM OTPULIATEIbHBIE 3HAYEHHE, YTO B
INPUHLUIE HEBO3MOXKHO. DTH pe3yJabTaTbl YKa3blBAIM HAa TO, YTO IMpPU HCCIIEIOBAHUU 0Opa3loB,
CIIEYCHHBIX B CHEHHU(PUUECKHX YCIOBHUSIX WM UMEIOIIUX pa3Mepbl M COAEP)KaHUE CTPYKTYPHBIX
COCTAaBJIAIONIUX, OTJIMYHBIE OT YCIOBHM ammpoOKCHUMAalMd, HEOOXOAMMO HCIHOJBb30BaTh Ooisee
YHHUBEpCAJIbHBIE METOUKHU, IPUBEACHHBIE B [1].

Kpowme Ttoro, B [9; 10] mokazano, uto i 0ojiee MOJTHOTO ONUCAHUS CTPYKTYPBhI CIICUEHHBIX
TBEPJBIX CIUIAaBOB HEOOXOJUMMO KOJMYECTBEHHO OLEHMBATh TaKXe JApYrHe CTPYKTypHbIE
napameTpsl (1oau TunoB KoHTakToB WC-WC, yaenpHYIO IUIOIIA b KOHTAKTOB Pa3HBIX THIIOB),
OLICHKA KOTOPBIX B yKa3aHHOM METOAMKE HE IIPEyCMOTPEHA.

bonee nmonHbIi yueT mapamMeTpoB CTPYKTYpbl OCOOEHHO BaXKeH JAJIsi 00pa3lioB, CIICUEHHBIX B
YCIOBUSIX OJHOOCHOTO pACTSDKEHMs, TaK Kak B IIPOLECCE TAKOIO CIEKaHWsl IPOUCXOAMT
HEOJHOpOAHAsA NedopMalys pa3HbIX yacTell oOpaslia: OAHOPOJHOE Y/UIMHEHHE LMIMHIAPHYECKON
yacTd U oOpaszoBanue meiku [8]. B coorBerctBuu ¢ [11-13] B ydyacTkax obOpa3sina ¢ pa3ivyHON
CTEIEeHbI0 J1eopMaIi BO3MOXKHO TAK)KE PAa3IMUHOE COCTOSIHUE CTPYKTYPBHI.

B a10ii cBsA3M 1enb HacTosmed paboThl — KOJMYECTBEHHO OLEHHUTh COCTOSIHUE CTPYKTYPHBI
oOpa3uoB TBepaoro crasa BK15, cieueHHBIX B yCIOBHSX 0JJHOOCHOTO PAaCTsKEHHUs, IPU HanboJee
MIOJIHOM y4eTe MapaMeTpOB UX CTPYKTYPBI.

MeToauka uccjae10BaHuK

HccnenoBanu oOpa3ubl, H3rOTOBJIEHHbIE M3 cMecH TBepaoro cmiaBa WC —15% Co
CrieluanbHOM (OpMBI B BUJE TaHTENEH, KOTOphIe ClIEKalId B BaKYyMHOM Iedu MpH TeMIleparype
1350 °C u BHemHeM pactsaruparonieM Hampspkenuu 1,03 Mlla. [Ipu Takom HanpspkeHuM oOpaser
1ocjie 3HaYUTEIbHOTO YAJIMHEHUs ¢ oOpa3zoBaHueM Iueiiku 8] paspymancs.

Ha ontuueckom mmkpockonne MHUM-10 ¢ nmomomipto 1u¢poBoil KaMepbl-oKyjspa MpH
yBenudeHur x1000 Obutn mosydeHsl ¢oTorpaduu MUKPOCTPYKTYp CILIaBa B ABYX XapaKTEpPHBIX
Toukax oOpasma (puc. 1).: okoJlo Mecta pa3pbiBa oOpasma (Touka A) U MeCTa ero KpEeIUICHHS B
3axuMax (Touka b).
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LW
Puc. 1. Brewnuii 6uo obpaszya nocie
CNeKaHuss 8  YCIOBUAX  OOHOOCHO2O
PACMANCEHUS. KPECMUKAMU OmMMedeHbl
Mecma ¢pomoepaghuposanuss cmpykmypul

2

ITo ¢oTorpadusim MUKPOCTPYKTYp JTUHEHHBIM
METOJA0M aHanusa [1;9] OIIPENETUIN
CTEPEOMETPUYECKUE XapaKTEPUCTHKH CIUIaBa |
MIPOAHATU3UPOBAIN TIOTYUYCHHBIE PE3YJIbTaThI.

Pe3yabTaThl uccieioBaHuii U UX 00Cy:KIeHHE

[Tomydennsie  QoTtorpaduu  CTPYyKTyphl H
pe3ynbTaTthl  UX  00pabOTKM 1O  METOJMKaM,
IIPUBEACHHBIM B [1], moka3aHbl Ha puc. 2 U ONHUCAHBI
B TabuuIe.

Kak Bugum, paxe 1o  ¢doTorpadusm
HeTpaBieHHoro umuda (puc. 2 (a, 6)) MOXKHO
KOHCTAaTUPOBaTh Oojbliee 0O0bEMHOE COAep)KaHUe
Co-a3br B Touke A. Takoe pasnuuue B coAEp:KaHUH
(a3 CBUAETENBCTBYET O TOM, YTO NPHU MPUIOKEHUU
pacTArUBaIOIINUX HArpy30K, KaK M MPeACKa3bIBATIOCh B
[12], (hazoBbie COCTABJISIOIINE B CILIaBe
nepepacnpesiensoTcs.  JTOT  pe3yiabTaT  TakKxke
CBHUJIETEJILCTBYET O JIETKOW TpaHCHOPMUPYEMOCTH
KapOUIHOTO cKeneTa [9] u MUrpanuu >kuakou $assl B
pacTsHyTyI0 30HYy B oObeme oOpa3lma B mpoliecce
BSI3KO-IUIACTUUECKOTO TEUEHUS CIIJIaBa B LEJIOM.

Ilocne  TpaBneHuss oOpasna pEaKTUBOM
MypakaMu B MHKPOCTPYKTypE CIIJlaBa OINHCaHHAs
3aKOHOMEPHOCTb pacmpenesneHuss (a3 1o IuHe
o0Opa3ia Takke JOBOJBHO XOPOIIO MPOCICKUBACTCA
(puc. 2, g, 2).

0 e

Puc. 2. @®omoepaghuu muxpocmpykmyp meepooeo cniasa BKS ¢ mouxaxA (a, 8, 0) u b (6, 2, e):
HempagienHvle (a, 6), mpaesienHbvle 8 meueHue 5 mun peakmusom Mypaxamu (8, 2), mpagienHvle 8
meyeHnue 5 mun peakmueom Mypaxamu u 1 mun xnopHvim sxcenezom (0, e), x1000.
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CrepeoMeTpHYecKHe XapaKTePUCTHKHU TBepaoro ciiiaa BK15

XapakTepuCTHKa CILIaBa Touka A Touka b
(Bo371E MecTa (Bo371E MecTa
pa3pbiBa) KpEIUICHHUS])
o, MM (1TMHA BeeX ydacTKOB Co-(has3bl Ha CyMMapHOMU JJTMHE 371 267
CEKYILIUX)
/. wc, MM (amuHa Beex ydacTkoB (azsl WC Ha cyMMapHOil [uinHe 1105 1209
CEKYIUX)
Nwc (001mee konuuecTBO ydacTkoB (a3l WC, mpuxoasmuxcs Ha 182 209
CYMMapHYIO JUIMHY CEKYITNX)
INco (001mee kommuecTBO yyacTkoB Co-(hasbl, MpUXOIAIIUXCS Ha 116 101
CYMMapHYIO JUIMHY CEKYITNX)
mwc.co (oOmiee konnyecTBo KOHTakKTOB WC—Co, mpuxoasimuxcs 232 202
Ha CyMMapHYIO JUIMHY CEKYIIUX)
mwc-wcaw) (KosmuecTBo KoHTakToB WC-WC ¢ 6iu3kum K 10 9
11eaTbHOMY COBIIAJICHUIO KPUCTAUTMYECKUX PELIETOK
COTIPUKACAIOUTNXCSI MIJIOCKOCTEH )
mwc-wcw) (konudectBo KoHTakToB WC—-WC ¢ HenosHbIM 20 14
COOTBETCTBUEM KPUCTAJUIMUECKUX PELICTOK COMPUKACAIOLIIXCS
[JIOCKOCTE)
mwc-wc(m) (konndectBo KoHTakToB WC—WC ¢ nonHbIM 85 135
HECOOTBETCTBUEM KPUCTAITNYECKUX PELIETOK
CONIPHUKACAIOUINXCSI MJIOCKOCTEHN )
mwc-wc(o) (0011ee kommuecTBo KOHTakToB WC-WC) 115 158
Vo, Yo(00nemMHOE conepkanue Co-daspr) 25,1 18,1
Vwe, % (o6vemHuoe coaepkanue $hazer WC) 74,9 81,9
/co, MKM (cpenHsis muprHa Co MPOCIIONKH) 1,2 0,9
dwc, MKM (cpennuii pazmep 3epeH WC) 2,25 2,14

T3 =
Swc-Co, MM/MM® (yZI€NTbHAS TUTOIIA/h KOHTAKTHOHM MOBEPXHOCTH
'WC—Co), (% oT ob61eil nionau noBepXHOCTH I'PaHMIL)

464 (66,8%)

404 (56,1%)

Swe-wem), MM /MM’ (ynenbHasi Iiomaasr KOHTAaKTHOM 20 (2,9%) 18 (2,5%)
noepxHoctt WC—WC ¢ yueToM TuIia KOHTaKTOB)
Swe.wcen, MM /MM 40 (5,8%) 28 (3,8%)

73
Swe-wem) , MM /MM

170 (24,5%)

270 (37,6%)

Swewc(o)» MM*/MM® (0611ast yienbHas TLIOMa b KOHTAKTHOM
nosepxHoctu WC-WC)

230 (33,2%)

316 (43,9%)

Y4CTOM BCCX THUIIOB KOHTaKTOB)

Cwe-wcm) (K03(hGHUIHUEHT CMEKHOCTU KapOUIHBIX 3€peH C 0,04 0,03
Y4ETOM OIPEJICTICHHOTO THUIMa KOHTAKTOB- HJICAIBbHBIX)

Cwc-wem) 0,09 0,05
Cwe-wcm) 0,37 0,52
Cwce-wc(o) (KO3hPULIINEHT CMEXHOCTU KapOUIHBIX 3€PEH C 0,50 0,60

[locne Takoro TpaBi€HUS MOKHO YETKO OIPENEATh TaKHWE XapaKTEPUCTUKH TBEPIOTO
craBa, Kak kKoiandectBO KOHTakToB WC—WC pasHoro Tumna, xonuuectBo KoHTakToB WC—Co,
CpemHUil pa3Mep KapOUIHBIX 3€peH M CPEIHIOK TOJIIMHY MPOCIoeK cBssyromiei ¢aspl. [Ipu
yIaJeHUH CBS3KH XJOPHBIM 3Kele3oM (puc. 2, 0, e) mepepacrpesesieHHe CBS3KH IO JIJIMHE
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3arOTOBKM CTAHOBMTCS MEHEE BBIPAKECHHBIM, XOTsl OOJbIIEEe COJEpXKAHHME CBSA3KH B TOUKE BO3JIE
MECTa pa3pblBa OCTAETCS 3aMETHBIM.

C yueToM IOCIETHETO, HCCIEJOBAaHUS MPOBOJWIM TOJIBKO IO IEPBBIM JIBYM THUIIAM
¢doTorpadwii, MoTydeHHBIM AJII HETPaBICHHOTO Iutuda (puc. 2, @, 6) U TPABIEHHOTO PEaKTUBOM
Mypakamu (puc. 2, 6, 2).

MeTtouKa U IPUHLHUII ONPEE/IEHUs TapaMeTPOB MUKPOCTPYKTYpBI IipuBeseHsl B [9; 10]
pe3yabTaThl — B TAOIUIIE.

W3 npuBeneHHBIX TaHHBIX cienyeT, 4to B Touke b cogepxkutcs 18,1% 06. Co, B Touke A —
25,1% 006. Cpennuii pazmep 3epHa B 00enX TOYKax oOpasia OJMHAKOBBIA U COCTOBISIET 2,2 MKM.
KomuectBo koHTAaKkTOB 3epeH WC—WC (1 wewe) B TOuke A cocraBmsier 115, B Touke b— 158, 1. €. B
30HE YBEIMYEHHOM edopmariun odmee kosmuecTBo KoHTakroB WC—WC ymensiuiocsk Ha 27,2%.

OOmas uMHA y4yacTKOB KoOanbTa Ha CyMMapHOM JUIMHE CeKylIMX Lc, B TOuke A OOJIbIIE B
1,4 pa3a, yto 0OYCJOBIEHO YyBEIMYEHHEM IIMPUHBI MPOCIOUKH KOOanmbTra /o, M KOJIMYECTBA
yuacTkoB Co-¢a3sl N¢o, T. €. IpU TpaHC(HOpPMAIMU CKeJleTa pacIIMPHINCh ObIBIINE MPOCIOWKH U
HOSIBUJIUCh HOBBIE BCIIECJACTBHE pa3pblBa KOHTAKTOB C IIOJIHBIM HECOOTBETCTBHEM MIwC-WC(m) MU
3aII0JIHEHHS] UX KOOAIbTOM. DTO MOATBEPHKAACTCS YMEHBUIEHUEM KOJIMYECTBA KOHTAKTOB MIwC-wWC(m)
B Touke A. OOmas mmHa yuactkoB WC Lwc ymensimiacs B 0,9 pasa, 1. e. anuHa yyactkoB WC B
Jpyroi TOYKe yBEeJIW4YMIIach TOJbKO B 1,1 paza.

KonnyectBo ydacTkoB kobanbTra Ng, BO3Jle MecTa paspbiBa yBenuuuiock B 1,15 pasa, a
yuacTkoB WC Nwc yMEHBIINIOCH U UX 10J1s cocTaBuia 0,87 OT KoJIM4ecTBa y4acTKOB Nwc B TOUKE
b, 1. e. Nwc B MecTe KpemeHust oOpa3ua ysenuumwioch B 1,15 paza. CooTHOlLIeHHE KOJIMYECTBa
koHTakToB WC—Co mwc.co B IBYX Toukax (232/202) cocrasnuser 1,15.

CMexXHOCTh KapOMIHBIX 3€pEH TaKXKe SBHO YMEHBIIWJIACh, YTO €Ie pa3 IMOATBEpXKIaeT
YMEHBIIIEHHE KOJIMYECTBA 3€PEH M HUX KOHTaKTOB Ha OIpeJeleHHOM miomaam oOpasua. Ecmu
paccMaTpuBaTh U3MEHEHUE Pa3IMYHbIX BUJOB KOHTAKTOB, HAHOOJEE YyBCTBUTENIBHBI K MPUI0KEHHIO
pPaCTATMBAIOIMX HArpy30K KOHTAKTBl, y KOTOPBIX HAOIIONAeTCs TIOJIHOE HECOOTBETCTBHUE
KPUCTAJUIMYECKUX PELIETOK CONPUKACAIOLINXCS IUNIOCKOCTEH: X KOJIMYECTBO YMEHBIIMIOCH Ha 37%.

BriBoabI

1. Iloka3ano, 4YTO NMPUMEHEHHE CTATUCTUYECKOrO JIMHEWHOIO METOJAa aHAIM3a IO3BOJISIET
KOJINYECTBEHHO MOJTBEPIUTH HAOII0AaeMO€e BU3YalIbHO pa3IMyuue coAepKaHus a3 B TOUKaX BO3JIE
MecTa pa3phiBa (Touka A) U MecTa KperieHus o0pasna (Touka b).

2. CozeprkaHue CBSI3KM BO3JI€ MeCTa pa3pbiBa oOpasia Ha 7% MpeBBILIAET €€ COoJeprKaHue
BO3JI€ MECTa KperieHus o0pasia.

3. Iloka3zaHo, 4TO MPHUJIOKEHHE PACTATUBAIOLIMX HANPSHKEHUN NMPHU CIIEKaHUH MPUBOJIUT K
U3MEHEHHMIO BCEX MHCCIEJOBAHHBIX IapaMeTpOB CTPYKTYpbl, a »3TO, B CBOIO O4Yepesb,
CBHUJETEJILCTBYET O CYIIECTBEHHOW TpaHchopMaluyu KapOMTHOIO CKejleTa M IMepCleKTUBHOCTH
UCIIOJIb30BAHUS PACTATMBAIOIIMX HAIIPSDKEHUH JUI YIpaBJIeHUs COCTOSIHUEM KapOUIHOTO CKeJeTa.

Hagedeno pesynomamu eusnaueHus CMpYKMYpHUX NApamempié 3paszKie meepooco Chiagy
BK15, cneuenozo 6 ymosax 00HOOCb08020 pO3MALYBAHHS.

Knwuosi  cnosa: meepouti  cnias,  00HOOCbOGe  pPO3MALYEAHHA,  CMPYKMYpd,
cmepeomempudHi napamempu.

The paper gives structural characteristics and values of the basic properties of WC-15Co
cemented carbide in the form of rods sintered in vacuum under tensile stresses.
Key words: cemented carbide, under tensil stresse, structure, stereometric characteristics.
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