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BJIMAHUE TJIEIOINEI'O PA3PAJA HA CTPYKTYPY BE3BOJIb®PAMOBBIX

TBEPJbIX CIIJTABOB

B cTaThe paccMOTpPEHBI MEXaHU3MbI MOIU(DHKALINH CTPYKTYPBI 0€3BOIB(PAMOBBIX TBEPIBIX CIUIABOB TH-
na TH-20, npuBoaAIIKe K MOBBIIICHAO MOBEPXHOCTHON TBEPAOCTH M H3HOCOCTOMKOCTH HHCTPYMEHTOB. IIpen-
CTaBJICHBI PE3YIbTAaThl CKAHUPYIOLICH 31ICKTPOHHOH MUKPOCKOIIUM H PEHTICHO(A30BOr0 aHAIH3a.

Beeoenue

O06pabotka BONBHPaMOKOOATBTOBBIX
TBEPIBIX CIUIABOB TJICIOLINM Pa3psiioM TO-
CTOSIHHOTO TOKa, BO30y)kKIaeMoM B cperne
OCTaTOYHBIX aTMOC(EPHBIX Ta30B aBJE-
Huem 1,33...13,33 Ila, HanpsbkeHUEM ro-
perus 1...5 xB npu mnnorHoct TOKa
0,05...0,5 A/M’, wuacroTe HMITY JTbCOB
100 T'u + 20 % ¥ OTHOUIEHUH TUIOLIAH
a"Honma k momanu karoma 0,010...0,015,
obecrnieunBaer (POpMHUPOBAHHE YHUKAIb-
HBIX CTPYKTYPHO-(a30BBIX COCTOSTHUN B UX
MOBEPXHOCTHBIX CIIOSAX, & TaK)Ke IHPOKHUN
macmTad Monmudukauuu CTpykTypbl [1].
DTO MPUBOAUT K M3MEHEHUIO SKCILTyaTa-
IIUOHHOTO TOBEAEHHUS MOIUPULIHPYEMBIX
U3IENIUI B YCIOBHSIX TPUOOMEXaHHUYECKO-
ro ¥ TPHOOXUMHUYECKOTO BO3ACHCTBUSI.

OOmuM HEJOCTaTKOM  BOJBb(Ppamo-
KOOAJBTOBBIX TBEPABIX CIUIABOB SIBISIETCS
MOBBIIIEHHAsT JE(PUIUTHOCTD HCXOJHOTO
BOJIb()PAMOBOTO  CBIPbS, ONPEAEISIOIIErO
X (PU3HKO-MEXaHUUECKHUE XapaKTePUCTH-
ku. IlosToMy B mocnenHee Bpems Kak 3a
pyOexoM, Tak U B OTEUECTBEHHOH MPaKTH-
ke MeTaioodpadboTku Bce Ooblee pac-
MPOCTPAaHEeHUE MOJNy4aroT Oe3BoJIb(ppamo-
BbI€ TBEpAbIE CIUIABbL. B KauecTBe OCHOBBI
TAKHUX CILIABOB HCIOJB3YeTCs KapOua Wiu
KapOOHHUTPH TUTAHA, & B POJIU CBS3KH —
HUKEJNb U MONUOIeH. SIpKuM mpencraBu-
TEJIeM NaHHOW IPYMNIbl SBJISETCS TBEPABIA
cruiaB TH-20 mo 'OCT 26530-85.

besBonbppamMoBbie TBEpPABIE CIUTABBI
OTJIMYAIOTCSI BBICOKOH TBEPIOCTBIO, OKa-
JIUHOCTOWKOCTBIO, TTOHMKEHHOM CKJIOHHO-
CTBIO K aJr€3MOHHOMY B3aUMOJEHCTBHIO C

Mawunocmpoenue. Memannypaus

101

oOpabarbiBaeMbIM  MaTepuaioM. OpHaKO
Oe3Bosb(ppaMoOBBIe CIJIABBI UMEIOT OoJee
HU3KUH, 4YeM Y BOJIb(PPaMOKOOATBTOBBIX
TBEPAbIX CIUIABOB, MOAyJb YIOPYTOCTH,
MEHBIIYI0 TEIUIOMPOBOAHOCTD U YAAPHYIO
BS3KOCTb. YKa3aHHbIE CBOWcTBa 0e€3-
BOJIb(DPAMOBBIX TBEPIBIX CILIABOB MO3BO-
50T uX 3P PeKTUBHO UCTONB30BATH ISt
MOJIyYHCTOBOH M YHCTOBON 0OpabOTKH yT-
JIEPOAMCTBIX M JIETHPOBAHHBIX KOHCTPYK-
LOHHBIX CTajJel C BBICOKUMH CKOPOCTSIMH
pe3aHusi U OTHOCUTEJIBHO HEOONbLINMHU
CeYSHHUSIMU Cpe3a.

YuuTeiBasg ONpENENsIy)  pPOib
CBOWCTB MOBEPXHOCTHOIO CJIOsi B olecrie-
YeHUH HAJIEKHOCTH, PabOTOCOCOOHOCTH
U CTOMKOCTH PEKYLIMX HHCTPYMEHTOB, B
HACTOsAIIEe BpeMs OOJbIIOE BHUMAHUE
yIENAETCS CO3MaHHI0, Pa3BUTHIO U COBEp-
IIEHCTBOBAHUIO  PA3JM4YHBIX  METOMOB
SHEPreTHYECKOr0 BO3JCHCTBUSI HA  IO-
BEPXHOCTHBIE CJIOM HHCTPYMEHTAJbHBIX
MaTepUaoB.

ITpoBeneHHbIe npeiBapUTEIbHbIC
UCCJIeIOBAHKS BJIMSTHUS TJICIOLIETO pas3psi-
Jla Ha CTOHKOCTh 0e3BOJIb()PAMOBBIX TBEP-
ObIX CILIABOB TOKA3aJd MEePCIEeKTHBHOCTD
JaHHOTO MeTona oOpaboTku. YcTaHOBIE-
HO, YTO MPH BO3AEHCTBHUHU TJCHOIIETO pas-
psina Ha paboune MOBEPXHOCTH PEKYIIUX
IUIACTUH WX CTOHKOCTb TIOBBIIAETCS B
2...3 pa3a. B ¢Bsi3u C 5TUM LIeNBbIO AAHHOMH
paboThl SIBIAETCS] BBISBIECHHE MPOTEKA0-
IIUX CTPYKTYPHO-(pa30OBBIX MpeBpalleHuit
B TOBEPXHOCTHBIX CJIOSX Oe3Bosb(pamo-
BBIX TBEPAbIX CILJIABOB B MPOLIECCE UX MO-
ouduupyromeil  o0paboTKu  TICIOIUM
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paspsiioM, KOTOpble MOTYT BIIUSATH Ha TO-
BbIIIEHUE TBEPAOCTH U CTONKOCTH HHCT-
pPYMeEHTa.

Memoouxa uccineooeanus.
Pesyavmamot ucciedosanusn
u ux oocyrncoenue

HccnenoBanue mponeccoB monupu-
KallMd CTPYKTYPbl TTOBEPXHOCTHBIX CJIOEB
U3y4aJii HA MapTUU MHOTOTPAHHBIX HeEre-
peTauuBaeMbIX IUJIACTHH W3 TBEPAOrO
craBa TH-20 B MCXOOHOM COCTOSIHUU U
MOJBEPTHYBIINXCST 00paboTKe mpu pas-
JUYHBIX SHEPTETUYECKUX XapaKTEePHUCTU-
Kax TIIEIOIIEr0 paspsiaa U BpeMeHu odpa-
OOTKHU B HEM.

Hsmepenue TBepmoctu padodeit mo-
BEPXHOCTH TBEPIOCIUIABHBIX MHOTOTIPaH-
HBIX [JIACTHH 1O METONy Bukkepca mpowus-
BOMJIOCH COTJIACHO CTaHAAPTHOW METOU-
KU npu Harpyske 294,2 H, npunoxxeHHOH B
teueHue 10 c.

B pabore wuccnenomanace 3aBHCH-
MOCTh MPUPALIESHUS] TIOBEPXHOCTHOU TBEp-
OOCTH IDIACTHH OT OCHOBHBIX (PaKTOPOB
npouecca MoguduIupyromeil o00paboTKku B
TICIOIIEM paspsie ¢ YACNbHOH MOIIHO-
cTio roperns ot 0,20 1o 0,88 kBT/M?, ko-
Topasi ObljIa anmmpPOKCUMHUPOBAaHA TIOJHHO-
MOM BTOPOH CTENEeHH, OTBEYAIOIIHM Tpe-
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OoBaHUIO POTATAOENBPHOCTH W AJEKBATHO
NPEACTABIIAOIINUM SKCIICPUMEHT.

B pesynbrate cratucTuueckon 00-
pa60TKI/I SKCINEPHUMEHTAJIBHBIX JAHHBIX IMO-
Jy4YeHa MaTeMaTudeckas MOJENb B HaTy-
PaJIbHBIX 3HAYCHUAX
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HOJ’IyLIeHbI 3aBI/ICI/IMOCTI/I, HpeI[CTaB-
JICHHBIC Ha pI/IC. 1, TTOKA3bIBAKOIHNEC N3MCEC-
HEHUsI TBEPIOCTH OT ABYX (haKTOPOB MO-

muuuupyromeir 06paboTku Tpu  3HAYe-
HUHM TPETHEro, HAXOAIIErocs Ha OCHOB-

HOM ypOBHE.

ANERNERNERNE
ANEANEANEANEA

Puc. 1. Bmusaue miotHOCTH TOKA J W BpeMeHH 00padoTku T (a), HAMPSHKCHHS TOPSHHS TIICEOIICTO Paspsaa
U u mrotHOCTH TOKA J (0), HANMPsDKCHUA TOPSHUA Tiactomero paspaga U u Bpemenn o0pabotku T (B) Ha mpuparme-
HHE NOBEPXHOCTHOM TBEPAOCTH IUIACTHH W3 TBepAOro cmiaasa TH-20
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Ha ocHoBaHuu aHaius3a IMpencTaB-
JICHHBIX PE3YyJbTAaTOB MOACIUPOBAHUA OBI-
JU ONpeJesieHbl 3Ha4Y€HUS OCHOBHBIX Ia-
pamerpoB MoauduImpyOIed o00padoTKu
TBEpAOro CIUIaBa B TIEIOLIEM paspsije, co-
OTBCTCTBYHOLIUE HauOOJBINIUM 3HAYECHHUSIM
MPUPALLECHNUsT MOBEPXHOCTHON TBEPAOCTH
(mo 15...20 %)).

Taxe u3 aHanu3a MpeACTaBIEHHBIX
Ha pucC. | 3aBUCUMOCTEN YCTAHOBJIEHO, YTO
HanOoJbllIee BIUSHUE HA MPUPAIICHUE TO-
BEPXHOCTHOMN TBEPAOCTH OKa3bIBAIOT dHEP-
reTUYeCKUe XapakTEePUCTUKHU TIEHOLIEro

paspsina, Takue Kak HamnpsDKeHHE TOpEeHHUs
paspsina U, kB, u motHOCTb TOKa J, A/M.
Meraorpaguyeckiii  aHaIu3 MpU
MOMOIIM  B3JIEKTPOHHOW  MHKPOCKOIHUHU
TBEPIOCIUIABHBIX IUJIACTUH B COCTOSIHUH
NOCTaBKU (pHUC. 2, a) CBUAETENLCTBYET O
HAJIMYMN B KauecTBE TBepAOH (asbl Kap-
ouna turana (TiC) co cpemHeil TIomaabo
3€peH, paBHOM 2,3 MKMZ, 4 B KAYECTBE CBsl-

3YIOLIET0 KOMIIOHEHTA BBICTYIA€T HUKEIIb-
MOJMUOICHOBAasT CBs3Ka. | paHUIBl 3epeH
KapOUIHOM (pa3bl SIBJSIFOTCST Pa3MBITBIMU, &
3epHa UMEIOT CIIOKHYIO (hopMmy.

Puc. 2. CprKTypa TBEPAOTO CILIaBA TH-20: a — ucxonnoe cocrosnue; 6 — nocie oGpaGOTKHU ¢ YETbHONH MONTHOCTBIO
roperns paspana 0,20 kBT/M% B — mocite 06paboTKy ¢ yAeIbHOM MOITHOCTEEO ropeHHs paspsaaa 0,30 kBr/M?%;, T — mocite o6paboTKH ¢ yaeIb-

HOM MOIHOCTBIO Topenmst paspsfa 0,88 kBr/M*

Mawunocmpoenue. Memannypaus

103



Becmnux Benopyccrxo-Poccutickozo ynueepcumema. 2011. No 1 (30)

Mopudurupyromas 00paboTka BbI-
3BIBAET PsIl U3MEHEHUI B CTPYKTypE TBEP-
JOr0 CIUIaBa, CBSI3AHHBIX C TOSIBICHHEM
YETKUX TPaHUIl 3epeH KapOumHoW (asbl,
ocobeHHo mnpu 00paboTke TMIACTHH C
yI€IbHON MOIIHOCTBIO FOPEHUs TICIOLIEerO
paspsina W, pasroii 0,20 u 0,88 kBt/m’,
YTO MOXKET OBITh OOBSICHEHO 00pa3OBaHU-

€M TI0 TPaHHULaM 3epPeH TBEPAOro pacTBopa
TiC + Mo,C, nepepacrpeneieHueM HHUKe-
Jisl BIOJIb TPAHWIl 3epeH TBepaou (asbl u

YaCTUYHBIM MEPexXonoM MonubaeHa U3
TBEPAOU (hasbl B CBSZYIOMIYIO.

IlpencraBnenns O MexaHHU3Max MO-
audukanuy CTPyKTypbl 6€3BOIBPPAMOBBIX
TBEPIBbIX CIUIABOB HAIOT PE3yJbTaThl HC-
CJIEOBAHUS MO BIIUSTHUIO YIEJIBbHOW MOII-
HOCTH TJICIOLIETO paspsifa Ha XapakTep
pacripeneneHusl 3JIEMEHTOB, TOJy4YEeHHBIC
NpU TOMOIIM MHKPOPEHTTEHOCTIEKTPaTThb-
HOro aHaju3a (puc. 3...5).

Puc. 3. PacnpeaencHue HHTCHCHBHOCTH PEHITCHOBCKOTO H3IYUCHHA HHUKEA. a — HCXO[HOE COCTOSHHE,
6 — mocste 06paGOTKH ¢ YEIbHON MOIHOCTHIO roperHs paspana 0,20 KBT/M% B — Tocie 06paGoTKH ¢ y/eIbHOM MOIHOCTIO TOPEHHS Pas-
psima 0,50 kBT/M?; r — mocte 06paGOTKH © yAeNbHOM MOITHOCTRIO roperHs pazpsga 0,88 kBr/M”

Puc. 4. PacnpencncHue MHTCHCHBHOCTH PEHTTCHOBCKOTO HM3IYUCHHA THTAHA. a — MCXO[HOE COCTOSHHE,
6 — mocite 06paGOTKH ¢ YEIbHON MOIHOCTHIO ToperHs paspsana 0,20 KBT/M% B — Tocie 06paGoTKH ¢ y/IeTbHOM MOIHOCTIO FOPEHHS Pas-
psima 0,50 kBT/M; T — mocte 06paGOTKH © yAeIbHOM MOITHOCTRIO roperus pazpsga 0,88 kBr/M”

Puc. 5. PacnpeaencHue MHTCHCHBHOCTH PEHTTEHOBCKOTO H3IYYCHHUS YINIEPOAA: a — UCXO[HOE COCTOSHHE,
6 — mocte 06paGOTKH ¢ YIEIbHON MOIHOCTHIO roperHs paspsana 0,20 KBT/M% B — Tocie o6paGoTKH ¢ y/IeIbHOM MOIHOCTHIO TOPEHHS Pas-
psima 0,50 kBT/M?; r — mocte 06paGOTKH © yAeNbHOM MOITHOCTRIO roperHs pazpsga 0,88 kBr/M”

Mawunocmpoenue. Memannypaus
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AHanu3 pe3yJbTaToOB M3JIyYEHHs HU-
KeJis, THTaHa W YIJiepoAa IMOATBEPKIAAeT
CHETIaHHbIE TPEATIONIOKEHUs] O Tmepepac-
npeaeNeHNy HUKENsl BAOJb TPAHULl TBEP-
noit (asel W 0Opa3oOBaHUU IO TPAHUIAM
3epeH TBepuoro pacreopa TiC + Mo,C.

PesynpraTter  MeTamnorpapuueckoro
aHaJIM3a W Pe3yJbTaThl paclpeneeHus
MUKPOTBEPAOCTH MO TIyOMHE MO3BOJISIOT
cHenaTh BBIBOA, YTO INIyOMHAa Momudumu-
POBAHHOTO CJIOS hy, MKM, TaK ke, KaK H Yy
OMHOKApOWIHBIX TBEPABIX CIUIABOB [1], B
OoJpIIe CTENeHW 3aBUCHUT OT YAEJNbHOU
MOILIIHOCTH ropeHus paspsga W, kBt/M’, 1
MaKCUMAaJIbHOE 3HAUEHHE €€ COCTaBJIsIeT
120 mxm + 30 %. JlaHHYIO 3aBUCHMOCTH
MOKHO TMpPEACTaBUTh B BHUJE CTENEHHON
(byHKIMY, 2 UMEHHO

hy=65-W*. )

C uenpro mosyueHUst HHPOPMALIUU O
BO3AeiicTBUN  Moauduupyromeir  odpa-
OOTKH Ha CTPYKTYPY OTHOEIbHBIX COCTaB-
JSIFOIIMX TBEPIOTO CIUTaBa ObUIO MPOBEIe-
HO M3y4eHHe NU(PPAKIHMOHHBIX OTPaAKEHUH
KapOWIOB THTaHA, MOJHOIEHA W HUKEJS,
MOJTyYE€HHBIX TPU TTOMOIIH aBTOMAaTH3UPO-
BAHHOTO PEHTTEHOBCKOTO KOMIUIEKCA Ha
6aze mudppaxromerpa APOH-3M B Cogy-
U3JIy4EHUU C TPUMEHEHHEM MOHOXpPOMa-
TH3AH TU(PPArupOBAHHOTO MyYKa.
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[Tepron pemeTku CrIaBOB OIICHHUBA-
T MO Pe3yJbTaTaM 3amucu TU(pakIHOH-
HBIX JINHUHA COOTBETCTBYIOLIMX CTPYKTYp-
HBIX COCTABIISIIOLINX, PACIOJOXKEHHBIX Ha
JalbHUX yriax paccesHusi. Pasmep Qpar-
MEHTOB D CBSI3KHM pPacCUUTHIBAIN METOAOM
ANMPOKCUMALIUH 10 (PU3HUECKOMY yIIHpe-
HUIO [ uccinenyeMbx Au(paKkLHOHHBIX
nunuii Ni, Mo u TiC.

IIpu ompeneneHun 3 BBOOMINCH TO-
NPaBKH HA TEOMETPUIO CHEMKH M HEOIIHO-
ponHocTh u3nyudeHus [2]. Ilpu aTom B Ka-
YyecTBe (PYHKIIMH, ONPEIEISIFOIIei pacmpe-
JeJIeHHe WHTEHCUBHOCTH B JIMHUSX 3TAJO-
HAa U wuccheayeMoro odpasia, BbIOWpaIH
byHKIMIO BUAA

1
(lJr(>w<2)Z .

Pasmep D ¢parmeHToB Haxommim w3
BBIPAKECHUS

f(x) = 3)

D=t @
B-cosb
rae 7\, — AJIMHAa BOJIHBI PEHTICHOBCKOI'O U3-
Jy4eHus; © — yroJ paccesiHus.
Ha puc. 6 npencrasnen ¢parmeHT
audpakTorpaMMbl  UCXOJHOTO  obOpasia
cruasa TH-20.
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Puc. 6. ®parmenT audpaxrorpaMmsl TBEpaOTO ciiaBa TH-20 B HCXOAHOM COCTOSTHHH
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IIpu ananmuze momyueHHOH amudpax-
TOTPaMMbl HCXOIHOrO o0pasua croiaBa
TH-20 BuaHO, 4TO (pa30BBIi COCTAB CIUIABA
npencrasied kapounom turana TiC u Hu-
keneM. OTcyTcTBHE OTpaxkeHuil or Mo B
UCCJIETyeMOM HHTEPBAJIE YIJIOB PACCESHUS
CBSI3aHO C TEM, YTO MOJMOIECH PACTBOPEH B
kapounHoit dase [3].

Paccmotpum xapakTtep pacrpenesne-
HUSI MHTEHCHBHOCTH B IU(PPAKIMOHHBIX
JVHUAX HUKEJS] U B OCOOEHHOCTH HM3MEHe-
HUsI UX npoduisd mocyie 00paboTKU TIer0-
UM Pa3psiIoOM C Pa3IMYHBIMU SHEPreTH-
YECKIMH XapaKTePUCTUKAMH HAa IOBEpPX-
HOCTHBIE cyion cruiaBa. OOpaTuMcst BHa4a-
Jie K IepBOil ONnpeaensaroend JUHUA HUKe-
st (111).

ObpaboTka TJHEOIUM  pPa3psAaOM
OKa3bIBAET BJIMSHUE HA TOHKYI CTPYKTY-
py, Ha YTO OIHO3HAYHO YKAa3bIBAIOT H3ME-
HeHus1 npoduist TUPPaKIMOHHBIX JHHUH U
COOTHOIIIEHWE WX WMHTEHCUBHOCTeW. Tak,
U3 MOJIyYEHHBIX PE3yJIbTATOB CIENYyEeT, YTO
B HCXOJHOM COCTOSIHUM TNPOQHIb JHHUU
(111) cunpHO Pa3MBIT, OTMEYAETCS ACHM-
METPHsI CO CTOPOHBI OOJBINNX YIJIOB pac-
cestHUsA 20, WHTEHCHUBHOCTb JIMHUU OTHO-
CUTENbHO HeBenuka (puc. 7, a), ¢pusnde-
CKO€ YIIUpeHUe AU(PPAKLUUOHHON JIMHUU
cocrasisier 12,7-107 pax (tabm. 1). Mex-
IUIOCKOCTHOE PACCTOSIHUE 3TOrO OTpaXKe-
Husa coctaByser 0,2060 HM, 4YTO CyuwiecT-
BEHHO TMPEBBIIIACT JIUTEPATyPHOE 3HAYE-
Hue 0,2038 um (cm. Tabm. 1).
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Puc. 7. HpO(I)I/IJ'IB JUHAHN (1 1 1) HHKCJISL: a — HCXOIHOE COCTOsIHME; O — mocse 06paboTKH ¢ y/AeTIbHOH MOITHOCTHIO TOPEHHUS
paspsia 0,20 kBr/M”; B — mocie 06paGOTKE ¢ YGNBbHON MOIHOCTBIO ropeHHs paspsga 0,50 kBT/M?; T — mocite o6paGoTKe ¢ yAeNbHOM MO

HOCTBIO TopenHst pazpsza 0,88 kBr/M
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Tabn. 1. MeskmurockocTHOE paccrostaue d/n, HHTErpaNbHAsT HHTCHCHBHOCTS J, (hm3myueckoe ymupeHue 3
Ju(PaKIMOHHBIX THHHH HUKEIL, pazMep (parMeHToB D B €ro MOBEPXHOCTHBIX CIIOSIX

Jumus (111) Jlamus (220) Tumps (222)
O6pazer d/n, umMm I ] D, d/n, aM d/n, BM I
SKCIIe- STanoH mr. [10%pan | Bm SKCIe- 4 JomMIL T ene- 47 | A
PHUMEHT [4] pHUMEHT oTazon [4] PHUMEHT orason [4]

Hcxoanbrit 0,2060 1317 | 12,7 | 16 | 0,1257 1472 | 0,1026 438
0,20 KB/ 0,2049 981 18,9 | 11 0,1258 246 | 0,1026 384

> 0,2038 0,1252 0,1022
0,50 kBt/™ 0,2054 3850 5,2 38 | 0,1257 710 | 0,1027 606
0,88 KB1/v® 0,2053 8103 4,1 50 | 0,1253 202 | 0,1027 522

BMecte ¢ TeM MEXIUIOCKOCTHBIE
paccTOsIHUS, pacCUHUTaHHbIE IO OTpake-
HUusAM JuHUA HEkens (220) u (222), 6aus-
KM K JINTePaTypHbIM. DTO MO3BOJIET CHe-
JaTh OJHO3HAYHBIM BBIBOA, YTO B HCXOH-
HOM COCTOSIHUHM CIUIaB XapaKTepU3yeTcs

AHU30TPONHEH CBOWCTB W HauOOJbIIas
CTETIEHb HMCKAXKEHUS KPUCTAIUTHUECKOH
peIeTKN HUKEJS MPONUCXOANT IO IIOCKO-
ctsam (111), (220), ansg KOTOPBIX COOTHO-
IIEHNEe WHTEHCHUBHOCTEH OTJIIMYAeTCS OT
sTajnoHa (tabim. 2).

Tabn. 2. CooTHOIMEHNE HHTCHCUBHOCTH JIMHHH HUKEI U1 PA3IIHIHBIX 00Pas3oB

HUHTeHCHBHOCTS JUBPAKIHOHHBIX THHAH, %
Oopecen (111) (220) (222)
Oranon 100 40 10
Hcxoaueria 100 100 16
0,20 kBt/™m 100 18 21
0,50 kBt/™m 100 15 18
0,88 xB1/m” 100 2 6

ComnocraBieHue MpenCTaBIEHHbIX B
Taby. 2 pe3yJNbTaTOB CBUIETENBCTBYET O
TOM, YTO BO3ACHCTBHE TJCIOIIEro paspsiaa
OKa3bIBAET 3HAYHMTENBHOE BIMSHUE HA TMO-
BEPXHOCTHBIE CJIOU CILJIaBa, HA YTO YKa3bl-
BaeT U3MEHEeHHE NMPOQUIst U WHTEHCHUBHO-
ct muHuM (111) HUKeneBol CBAZKH.

BozgeiictBue Treromero paspsma C
YAEIBHON MOIMHOCTHIO ropenus 0,20 KB1/M
Ha MOBEepPXHOCTH obOpasua 1 (cm. puc. 7, 6;
Tabn. 1) MPUBOIUT K CHUKEHUIO HHTEH-
CUBHOCTH OoTpakeHuil smHui (111), (220),
(222) mo cpaBHEHHUIO C UCXOIHBIM COCTOSI-
HUEeM criaBa. JlaHHOE M3MEHEHUE MOXKET
yKa3bIBaTh Ha MepepacrpeneIeHne HUKeIs
B TIOBEPXHOCTHBIX CJIOSIX, B YaCTHOCTH, Ha
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HEKOTOpPOE €ro YMEHBIIEHHE 3a CUeT pac-
TBOPUMOCTH B KapOHe THTaHA MPU OFHO-
BpeMEHHOM m3MenbueHuu (o 11 HM) ero
¢dparMeHTOB U pocTe (PU3MUYECKOro YIIH-
penust nudpakIMOHHON JHHUU B 1,5 pasa
(cm. Tada. 1). Ilpu sTOM perucTpupyercs
3aMETHOE CHH)KEHHE MEXKIUIOCKOCTHOTO
paccrosiauss ymHuu (111) ¢ 0,2060 no
0,2049 mm. Kpome Toro, msmeHsiercs co-
OTHOLIEHWE WHTEHCUBHOCTEH OTpaKE€HUN
N0 OTHOIIEHHIO K S3TaJOHHOMY 0O0pasiy
(cm. Tabm. 2).

O6pabotka crutaa TH-20 Tieromum
pPa3psAOOM C YIeNbHOH MOIIHOCTBIO rope-
aust 0,50 kBt/M” (06pasert 2) COMpOBOKA-
€TCs 3aMETHBIM CYXXEHHEeM Npopuis JH-
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HuH (111), pOCTOM €€ HHTEHCUBHOCTH (CM.
puc. 7, B) W HEKOTOPBIM BO3pPACTAHHUEM
MEJKIUIOCKOCTHOTO PAcCTOSIHUS, a TakKXke
NPUOTKEHHEM COOTHOIIEHHS! HHTEHCHBHO-
cTel K 3TajoHHOMY oOpasuy (cM. Tadm. 2).
Bce T nmaHHBIE MO3BONISIOT CheNaTh 3a-
KJIFOYEHHE O MPOTEKAHUH MO BO3IEHCTBH-
€M TIEIOINEro paspsiia MPOLECCOB pellak-
Calli MCKaKeHUH, XapaKTePHBIX IS HC-
xonHoro criaBa. Ha 3710 Takxke ykasbiBaeT
pocT pasmepa pparmeHToB Ni B TOBEPXHO-
CTHBIX CJIOsIX (cM. Tabu. 1).

HanpHeiiinee ymeHblIeHne (uznde-
ckoro ymmpennst (2o 4,1°107 pan) u cy-
IIIECTBEHHOE BO3PACTaHHE MHTEHCHBHOCTHU
auand (111) HUKENs perucTpUpyroTCes IS
oOpa3ua, TOOBEPrHYTOro  0oOpaboTkKe
TICIOIIUM Pa3psiioM C YAENbHOW MOIIHO-
cteio roperus 0,88 kB1/M* (cm. puc. 7, T
tabn. 1). OgHAakO B 3TOM Cllydae HMeEeT
MECTO TEKCTypa, MPHUBOASINAS MpPaKTHYe-

CKH K MCYe3HOBeHHIO JuHuM (220) u pes-
KOMY CHIDKCHUIO WHTEHCHUBHOCTH JIMHUU
(222) nmukens (cMm. Tabm. 2), 9TO MOXKET
OOBSICHATBCS TIEPEOPUEHTALINEH KpHCTa-
autoB Hukens (3¢dexr camoopraHmusa-
un). CoriacHO TMPOBENEHHOH OIICHKE, B
ciy4ae Takod oOpaboTku obpasma B Io-
BEPXHOCTHBIX €r0 CJOSX (POopMHUPYIOTCS
¢dparmentsl ¢ HanbOonbmmmu (50 HM) pas-
MepamHu.

B Tabn. 3 mpencrasieHsl XapakTepu-
cTuku HekoTopelx orpakeHuin TiC. Bun-
HO, YTO OCHOBHbIE TU(PAKLIHOHHBIE Mapa-
METPBI UCCJIEIOBAHHBIX OTPAKEHUH y HC-
XOJHOro oOpasua crjiaBa U MOcie BO3JeH-
CTBHUSI Ha HETO TJCIOLIUM pPa3psiioM Mpak-
THYECKU He pasnuyarorcs. Ilocnennee
CBUJICTENIbCTBYET, YTO 00paboTKa TIIero-
UM Pa3psIOM MPAKTHYECKH HE OKa3bIBa-
€T BO3JIeHCTBUE HAa KapOu TUTAHA.

Tabn. 3. MeKIrockocTHOE paccrostaue d/n, HHTErpaNbHAs HHTCHCHBHOCTS J, (hm3myueckoe ymupeHue f3
nudpakunonssrx muHEK TiC, pazmep gparMeHToB D B €10 MOBEPXHOCTHBIX CIIOAX

JInans (111) JInnnms (220) JInnus (222)
O6pasery d/m, am I B, D, d/n, um g d/n, uMm :
SKCIIe- STAJIOH HMIL 10'3~pa}1 HM HKCIIe- 4 » HMIL HKCIIe- 4 » HMIL
pUMEHT [4] pHUMEHT sraiion [4] PHUMEHT ook [4]
Hcxonmbrit 0,1528 3320 6.5 34 | 0,1248 1384 | 0,1080 789
0,20 kBr/m® | 0,1528 3769 | 7,1 | 31 | 0,1248 1394 | 0,1080 923
0,1520 0.1245 0,1079
0,50 kBr/m® | 0,1527 3683 | 7,1 | 31| 0,1246 1406 | 0,1079 896
0,88 kBr/m® | 0,1528 3631 | 6,6 | 33| 0,1248 577 | 0,1080 461
Hekotopoe uckiroueHue npeacTaB- 3axnrouenue
nsieT oOpasen, 0OpaOOTaHHBIA TIIECHOIIUM
pasell, -obpad: " Obpabotka TBepmoro cruasa TH-20
paspsioM € yIEJIbHOW MOLIHOCTBIO Trope-
b B TJEIOLIEM pa3psilie BbI3bIBAET IOBBILIE-
Hust 0,88 kBT/M°, y KOTOPOro HMHTEHCHB- N "
o HUE MOBEPXHOCTHON TBepaoctu Ao 20 %,
HocTh JuHUH (222) u (400) HUKe 1o cpaB- 5
HEHUIO C OCTajibHbIMKU OOpa3liaMu, YTO e G yCHOBHer) kepElekoen CIpyRlyl-
MOJKET yKa3blBaThb Ha HEKOTOPOE mepepac- HBIX HSMeHegHH B rig%HO?Z%XHOCTHHX
npenenerane TiC no raybune obpasma, a CIAEE. Ha THYQUHE JI0 2ath.. LoV MEM, 5a-
AMEHHO CHIKEHUE €r0o KOJIHUYECTBA BIOJb KJTIOYAIOIIUXCS B MEpepacnpeneNeHu HU-
miockocteil (222), (400) B MOBEPXHOCT- KeJisl B MOBEPXHOCTHBIX CJIOSAX, PACTBOPH-
HBIX CHOSK, MOCTH €ro B KapOuae THTaHa MPU OIHO-
BPEMEHHOM H3MEJIbYeHUH (PParMeHTOB H
pPOCTE TUIOTHOCTH IUCIOKALMH, Mepepac-
108
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npeneneann TiC mo riybune; obpa3osa-
HUH IO TPaHULaM 3epeH KapOumHoH dasel
tBepaoro pacteopa TiC + Mo,C; nepexo-
e monubneHa w3 TBepHoil (asel B CBs-
3YIOIIYIO.
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Marepuan nocrynun 11.01.2011

The paper deals with the mechanisms of modifying the structure of tungstenfree hard alloys of the TH-20
type, which result in the increase of surface hardness and wear-resistance of tools. The results of scanning elec-
tron microscopy and roentgen-phase analysis are given.
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