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Hagedeno 3 nimepamypuux oanux ma npoananizoeamno Qisuxo-
XiMIuHI npoyecu, wo 6i00y8aromvbCs HA Kpauyi pi3aibHO20 TH-
cmpymenmy nio wac pobomu. Pozensnymo noeedinky meepoux
CNIA8i6 ma WeUOKOPI3AIbHUX cmaiell 8 YMOBAX Pi3aHHs ma 00-
MIHYIOUI Mexanizmu ix pyuHysanus. Brasano wiisixu nioguwyeHHs
pidcyuol 30amHOCmi IHCMPYMEHmy mMa NOOO0BHCEHHS MEPMIHY
toeo cnyocou. OOHUM i3 NEPCHEeKMUBHUX MemOOi8 BUPIULeHHs.
npobnemu € cmeopeHHs KOMRO3uyitinux nokpummis. Egpexmue-
HUM 3MIYHIO8AYEeM Yux NOKPUMMIE MOJCYMb CIy2ye8amu gyeneye-
6l Hanompyoxu. Hasedeno ¢omoepagii excnepumenmanoro
OMPUMAHUX NOKPUTNIMIG 3 8Y2IeYeBUX HAHOMPYDOOK HA MOOETbHUX
RIOKAAOKAX, WO MAIOMb CIPYKMYpPY NOGCHI.

Cran nmpoo6semu. TexHomoris 00poOKU MeTajiB pi3aHHAM MPO-
JOBXKYE 3aJMIIATHCh OAHIEIO 3 TIPOBITHUX Cepe]l pi3HOMAaHITHHUX 3ac0o0iB
00pOOKH MeTaiB.

JlokanbHi yMOBH pOOOTH KpaKH pi3abHOTO IHCTPYMEHTY JIyKe
cxiansi [1]. ¥V mpomeci pisanHs Ha poboUiil Kpaiiii iIHCTpYMEHTY OITHO-
YacHO MPOTIKa€E IUTHH psa Gi3UUHUX Ta XIMIYHHAX TPOLECIB 3 CYyTTEBUM
MPOSIBOM MK HUMH CHHEPreTHYHOro edekry [2], ToOTO iX B3a€MHOTO
nigcumoBanHs. CyKyIHa JIisl IIUX MPOLECiB MPU3BOAUTH 10 PYHHYBaHHS
MaTepiany IHCTPYMEHTY IIISXOM HOro 3HOIIYBaHHS a00 BUKPHIITYBaH-
Hs. HaBiTh He3HAUHE MOPYIIEHHS TeOMeTpil pi3anbHOI Kpaiiku MpHU3BO-
JUTh JI0 MIBUJIKOT'O 3POCTaHHS JIOKAJIBHOI TEMIIEpaTypy MaTepiany pis-
151, 30UTBIICHHS CUJIM TEPTS, MEXaHIYHUX HANpPY>KeHb, CTyIeHs nedop-
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Mallii i, SIK HACJIJIOK, CYTTEBOTO 3MEHIICHHS pPi3ajbHOI 31aTHOCTL. [le
HEraTHBHO BILJIMBA€ HA TEOMETPII0 Ta po3Mipu 00pobieHoi aerai: 30i-
JBIIYETHCS MIOPCTKICTh 11 MOBEPXHi, 3HMKYETHCS BUTPHMKA JIOIYCKIB,
KpiM TOTO, 3pOCTalOTh €HEPreTUyHi BUTPATH Ha 0OpOOKY, Yac BUKOHAHHS
3a/1aHOi Orepallii, BUTpaTH Marepiany IHCTpPYMEHTY BHACIIIOK Horo mona-
TKOBOr0 nieperodyBanHs. OCOONIMBO CHIBHO TepesIiueHi HeraTUBHI SBUINA
MIPOSIBJISIFOTRLCSI TIPH 00POOITi JIeTajell Ha BepcTaTax-aBToMarax Ta 3a HasiB-
HOCTI 3MIIHFOFOUOr'0 TIOKPUTTS Ha IHCTPYMEHTI, sIKe PyHHYEThHCSI B IIPOIIEC]
nepeTouyBaHHs. Y BCIX TEXHIYHO PO3BHHEHHMX KpaiHax Oe3lepepBHO Be-
JYThCS TIOUIYKW e(DEKTUBHHUX LUISIXIB BUPIIIEHHS MPOOIEMH IMiABUILICHHS
CTIMKOCTI pi3aJIbHOTO IHCTPYMEHTY B KOHTEKCTI MaTepialo3HABYMX ACIIEK-
TiB 3 ypaXyBaHHSIM HOBITHIX JIOCSITHEHb B TaiTy31 MaTepiaJo3HABCTBA.

[HIMM, HEe MEHII BaXKITMBUM HANPSAMKOM MiJABUIIEHHS pi3aibHOL
3MATHOCTI THCTPYMEHTY Ta HOro CTIMKOCTI € MOIIYyK ONTHMAaJIbHUX YMOB
pi3aHHS — PXKUMIB pi3aHHS Ta BIUIMB Ha IIEH MPOIIEC CIEIialbHIUX Mac-
THUJIBHO-OXONO/KYIOUMX PiINH, a TaKOX BUKOPHCTAHHS MOBEPXHEBO-
AKTUBHUX PCUOBHH, SIKI BUKIMKaOTh edekT Pebinnepa. OqHak mei Ha-
NPSIMOK JTOCTI/KEHb MU pPO3IJIsiIaTH He Oymemo, a 30cepeuMocs Ha
MOBEJIIHI[I MaTepialiB Iij yac pi3aHHs.

[NepeniunMo ocHOBHI (i3W4HI Ta XiMi4HI IPOLIECH, SIKI MarOTh Mi-
ciie B MaTepiasi pi3nsd Ta NPU3BOIATH BPEUITI PEIlT 0 pyHWHAIil iH-
CTPYMEHTY:

1. IligBuieHHsT TemmepaTypu pobouoi Kpallkd BHACHITOK TEpPTs
Ta 3pi3aHHs mapy MaTepiany aerani. JlokanbHa TemIepatypa Ha Kpaiii
moxke csaratu 800 rpagycis 3a Llensciem [3; 4];

2. 3poctraHHsl CHIIM Ta Koe(ilieHTa TepTs, i, SIK HACIiIOK, TpH-
CKOpE€He 3HOUTYBaHHA [5];

3. BuHuKHEHHS 3MIHHUX Ta 3HAKO3MiHHUX HAIPY>KEHb, sIKi JIOKa-
JIBHO MOXKYTh TIEPEBUIIYBATH THMYACOBY MEXY MIIHOCTI (G;) [6; 7;8];

4. TInactuuna nedopmariis [8; 10; 117;

5. 3poctaHHsS MIBUAKOCTI Ta MOBHOTH MPOTiKaHHS AW(QY31HHUX
niporiecis [12];

6. IHinitoBaHHS XIMIYHUX MPOIECIB, 30KpeMa OKHCHEHHS TIOBEPX-
HeBux mapis [12; 13];

7. Bibpariist Ta KonMMBaHHS, 1, BIANOBIHO, BTOMHE pyliHyBaHHs [14; 15];

8. XimiuHa B3aeMOIis MaTepiaty pisiis 3 Marepiaiom Aerani [14; 16];.

Meta gaHoi po6oTH — aHANII3 CyJ9acHUX Teopil pyHHYBaHHS 1 Mill-
HOCTi pi3aJIbHOrO IHCTPYMEHTY Ta PO3pOOJIeHHS MPUHIUIIB (OPMYBaHHS
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KOMIO3HLIIHUX ITOKPUTTIB, 3MIJTHEHUX BYTJICIIEBUMH HAHOTPYOKAMHU.

®axTopH, 0 BIIMBAIOTH HA CTIKICTh Pi3aIbHOTO iHCTPYMeH-
Ty. Po3ristHeMO OUThbII JICTAILHO CYMICHY JIFO TIEPETIYCHUX BUIIE TPOIIC-
CiB Ha JIerpajallilo BIaCTUBOCTE MaTepianiB pi3ajJbHUX IHCTPYMEHTIB.

1. [TigBuIIeHHS TemIepaTypu MaTepiaily pi3ajibHOro iHCTPYMEH-
Ty, 0cOOJIMBO Ha pi3aibHil Kpailli, OJHOYACHO 3 BHHUKHEHHSM JIOKAJTb-
HUX TPAJi€HTIB MEXaHIYHWX HANpPY>KeHb Ta IUIACTHYHOI Jedopmartii
MPU3BOUTS JIO IHIIFOBAHHS Ta 3pOCTaHHS qUQY3iiHUX nporeciB. Tpeda
MiIKPECTUTH, IO Yac MPOTIKaHHA iHiliHoBaHUX AU(QY31IHHUX MPOLECIB
BITHOCHO HEBEJIMKHI (XBHJIMHHU, 200 1X YaCTKH) TOMY BOHHU IPOTIKAIOTh
YaCcTKOBO 1 HETOBHO, SIK II€ MOTJI0 O MaTH Miclle, HalpUKIaa, IPH TPH-
BaJoOMy Biamami. Ale, 3 iHIIOTO OOKY, BHHMKA€ CHHEPreTHYHUH edekT
MiZICKIIEHHS. CYMICHOI Jii, 1110, B CBOIO Yepry, NMPHCKOpIoe nudys3iiHi
MPOLIECH OCKUIBKK BCi MaTepiany AJs pi3aibHOrO iHCTPYMEHTY € reTe-
POTeHHUMH, TO Ma€ Micle Jerpajaamis iX BUXiqHOT CTPYKTypH. B pizHux
MaTepianax I1ie MPOSABISETHCS M0 PI3HOMY, aJie 3araJIbHUM € TiIBUILCHHS
PYXOMOCTi MEX 3epeH, KOaJleCIICHIisl TBEPAUX YaCTOK, PO3Maj TBEPANX
PO3YHHIB, 301LMBIIEHHS [JIACTUYHOI TeopMallii, yTBOpEHHS HOBHUX (pa3.
VYce ne 3MiHIOE (SIK IPaBUIIO, TOTIPIIY€E) BUXiAHI BIACTUBOCTI IHCTPY-
MEHTY. 3BiJICH BHUTIKa€ Ba)KJIMBa yMOBa 30€peKEHHS BUXiJHUX BIACTH-
BOCTEH IHCTPYMEHTY: HOro TepMOJAMHAMIYHUI CTaH MOBUHEH OYyTH SKO-
Mora OuTbIl cTaOUIBHUM, TOOTO MaKCUMallbHO HAOMIKEHUM IO PiBHO-
BaXHOT0. SIKkpa3 miBUIIEHHS TEPMOAMHAMIYHOI CTa0ITBHOCTI CTPYKTY-
pH 100MBAIOTHCS PO3POOHUKH, HAMIPUKIIAJ, CKIAJHOJIETOBAHUX IHCTPY-
MEHTAJIBHUX CTajeH, ki MOKHa BUKOPHCTOBYBATH B SKOCTi Pi3aJIbHOT'O
IHCTPYMEHTY TP BiIHOCHO HEBEIMKUX TeMIlepaTypax — 10 MOYaTKy
po3najy MapTeHCUTY. BuIbIll TEpMOAMHAMIYHO CTaOLILHUMH € TBEpi
CIUIaBH, HANpUKJIAJ, Ha OCHOBI KapOiay BoJb(ppamy 3 KOOAILTOBOIO
3B’S13K0I0, OCKITBKM KOOAJIBT 3 Kap0ioM Bosb(paMy yTBOPIOE KBa3ili-
HapHy cucteMmy Co-WC eBTekTHYHOrO THIY. | X04a CTpyKTypa CHIIbHO
3aeBTEKTUYHMX CIUTaBiB, Takux sk BK8, BK6, BK3, mae B cBoemy ckiia-
Il BUPOJUKEHY €BTEKTHKY — TBEpPAWH PO3UMH HA OCHOBI KOOAJIBTY, IO
KPHCTANI3YEThCS HA MOBEPXHI MepBUHHUX KpucTaiie WC, BOHa JOCHTh
cTaOlibHA MPHU HAOJMKEHHI JI0 BUCOKUX TemriepaTyp. [CHyBaHHS BHPO-
JDKEHO! eBTEKTHKH B I CHCTEMi BUKOPUCTOBYETHCS, HANPUKIIAM, MIPH
BHCOKOTEMIIEpAaTYpHOMY BiJNalli MPECOBOK 3 TOPOIIKIB KOOANbTy Ta
KapOiy BoIb(pamy.



Bucoki TemnepaTypy Npu3BOIATH HE JIMIIE 10 Aerpaaallii CTPyK-
TYpH, & ¥ A0 3MEHIIEHHS MIITHOCTI Pi3aJIbHOTO IHCTPYMEHTY. Y PI3HHX
MaTepianax BHCOKOTEMIIEpATypHA MIIIHICTh 3a0€3MeUyeThCs PI3HUMHU
MEXaHi3MaMH, aje 3aBXKJIU € BKIMBUM YUHHUKOM YCIIIIHOI po0OTH
pi3aIbHOrO 1HCTPYMEHTY. 31e0iMbIIOro BHUKOPHUCTOBYIOTH TYTOIUIABKI
(hasu Ta npoiecu GOPMyBaHHS, SIKi € HAHOLIBII PIBHOBAKHUMH, HAIIPH-
KJIaJl, PeaKilisi eBTeKTUYHOI KpHUCTaIi3allii, ska JI03BOJIsIe 30epiratu Me-
XaHiuHi BJIacTHBOCTI no0 Ttemmeparyp ~0,97,,. IlepcriektuBHUMU, 3
OTJISITY BUCOKOTEMIIEPATYPHOI MIITHOCTI, € MITYYHO CTBOPIOBAHI KOMIIO-
3MINHHI MaTepiajiu, B SKHX KOHTPOJIbOBAHO PErYITIOEThCS Mik(pasHa
B3aeMofist. Taki MaTepianyd MOXYTh 3a BHCOKHX TeMIIepaTypax JOCHTh
JIOBro 30epiraTv BUXIiJHI BIIACTHBOCTI.

2. Ilpotec TepTs HE MOXKHA BIOKPEMHUTH BiJ MpPOIECy pi3aHHS
OCKUTBKH BOHH IHILIIOIOTH 1 CYIPOBOMXKYIOTH OJTHE OAHOTO, ajie MOBeIi-
HKa MaTepiaiiB OKPeMO MPH TePTi BiAPi3HAETHCS BiJ] TOBENIHKA OKPEMO
npu pizanHi. [Ipu cymicHiii aii, Ti YMHHUKY, SKi BIJIMBAIOTH HA MPOIIEC
TEpPTs BiNIrpaloTh BaXJIMBY POJb 1 MpH pi3aHHi. JJo HUX BiAHOCATHCS B
MepIry Yepry NpolleCH 3HOIIYBAaHHs, HaJHMAaHHS (TIepeHoC OJHOTO Ma-
Tepiany Ha iHIIWI IpHU TepTi) Ta KOB3aHHSI, SKHH XapaKTepPHU3YEThCS KO-
edimieHTOM TepTs. 3aKOHOMIPHOCTI MOOYJOBH 3HOCOCTIMKOro Martepia-
7y B 3arajbHUX pHUcax Bigomi. Lle rereporeHHicTh i peryssipHIiCTh CTpY-
KTypH 3 MOEJHAHHSAM B OIHOMY Matepiaii ¢a3 3 pi3sHUMH BIACTUBOCTSI-
MU, 3[aTHICTh O YTBOPEHHS ONTHMAJIbHUX BTOPUHHHX CTpYKTYyp. Hanu-
MaHHS, SK MPABUJIO, BiI0YBAETHCS 32 BU3HAUYCHUX MAPaMETPiB TEPTS OIHO-
(ha3HKX Ta TUIACTUYHHMX MaTepialliB 3 HU3BKOI MIIHICTIO. Takuil BUMNaI0K
MOXKE MaTé Miclle KOJM HENpaBWIBLHO MigiOpaHo marepian iHCTpYMEHTY
NpH pi3aHHI M’IKoro abo B’s3koro matepiany. KoedimieHT TepTsi OaskaHo
MaTd SKOMOra MEHIIWH, OCKUJIBKY JIETKEe KOB3aHHS (3 MAJIMMU BUTpaTaMH
eHeprii Ha mepeMillieHHs MaTepiany) 3aro0irac HaJIMIaHHIO, 3MEHIITY€E eHe-
preTHyHi BUTpaTH Ha 0OpOOKY pi3aHHAM, 3MEHIIYE IOPCTKICTh IMOBEPXHi
netani. Ha ceorofHilHil JeHb He iCHye MaTepiany pi3aibHOTO iHCTpyMe-
HTY, Y SIKH OW CBiZJOMO, IIPY CTBOPEHHI, 3aKJIaJaBCsl HU3bKUN KOe(ilieHT
TEpPTSl MpU OJHOYACHIA BHCOKiH CTiikocTi 10 3HOCcy. Lle mosicHroeTbes
CKJIQJIHICTIO BUPIIICHHS TMTaHHS OJHOYACHOI'O TIOEJHAHHS TEpPETiueHnX
BUIIIE BJIACTHBOCTEH 3 HU3bKUM KOC(DII[IEHTOM TepTs (K MPaBUIIO, OCTaH-
Hili He KOHTPONIOEThCS). KOHTponboBaHe yTBOPEHHS 3aXUCHUX OKCHITHUX
TUTIBOK (TaK 3BaHE «TPETE TIINOY), SIKi BUKOHYIOTh POJb TBEPAOTO MacTHia i
3MEHIIYIOTh KOS(IIiEHT TepTs, MOMIMPEHO MPH PO3pOoOLIi TPUOOTEXHIUHHUX

8



MarepiaiiB, aje He BUKOPUCTOBYETHCS IMpU po3poOlli pizajbHUX Martepia-
JIB, OCKUIHKH OKCHJHI TLTIBKM HE YTPUMYIOTBCS B 3a30pi 1 BHOAJISIOTHCS
Pa30oM 3i CTPYXKKOIO i3 30HH pi3aHHS.

3. BuHUKHEHHS HaNpyXeHb MepuIoro poay (1o BpiBHOBAKYIOTh-
csl B MEKax rabapuTiB Tilla) Ta APYroro (BpiBHOBAXKYIOTHCS B MEXax 3ep-
Ha) B pi3aJIbHOMY IHCTPYMEHTI Mae pi3Hy npupony. [IpoHrKHEeHHS pi3ls B
JIeTallb CYITPOBOKYETHCS IIACTUYHOO JIehOpMAaITi€r0 MaTepialy AeTall Ta
NpyXHOIO AedopMaliielo mMartepiany pisus. HampyxeHHs mepmioro pomy
BPIBHOBXXYIOTHCSI B MEKaX pi3aJIbHOI MIaCTUHU a00 i 0OMeKeHOl 30HH.
HampyxeHHst apyroro poiy BpiBHOB&KYIOTHCS 3aBXKIM B MEXKaxX 3epHa
Matepiany pisus. Kapruna posnoniny npyxHUX aedopmaliii BcepeauHi
MaTepiary pisis jayxke ckiaaHa. CHibHI TPajliEHTH HANPYKeHb BUHUKAIOTh
B PI3HMX TOYKax Marepiaiy pidld depe3 HEepiBHOMIpHICTH AedopMalliid Ta
TEIUIOBUX TONIB. B CBOIO uepry icHyBaHHS IpaJi€HTIB HaNpY>KeHb IiJICH-
nroe tudy3iiHy pyXxoMicTh aTOMIB i, TAKMM YMHOM, BILIMBAa€E Ha Jierpaja-
LiF0 BUXITHOT CTPYKTYpHU MaTepiaiy pisLsl.

3HaKO3MIHHI HAIPYKEHHs, SKi BUHUKAIOTh MpPU pi3aHHi, 30UTb-
IIYIOTh BTOMY MaTepialy pi3iis 1 IpH iX JOKaJIbHOMY HAKOIWYCHHI BU-
11e KOPOTKOYaCHOT MeXi MIITHOCTI MOXYTh PU3BECTH JI0 TIOSIBU Ta TO-
JaNBIIOr0 PO3MOBCIOKEHHS TPIIMHA. MaTepiai pi3ls MOYMHAE KpH-
HIMTHUCS, SIKII0O Ma€ HEAOCTaTHHO BHCOKY BTOMHY MIIHICTh. Mexa
BTOMHOI MIIIHOCT1 H)KYA 32 MEXKY TUMUYACOBOI MIITHOCTI i BU3HAYA€ThCA
pSIOM YMHHUWKIB, OCHOBHUM cepell SKHX, € 3aXOAH MO TabMyBaHHIO
PO3IIOBCIOJDKEHHSI BTOMHOT MikpoTpimuHu. EdextuBanM 3acobom 60-
POTHOM 3 PO3MOBCIOPKEHHSIM MIKPOTPILIMHU € CTBOPEHHS Ha 1i HUIAXY
Oap’epiB y BUIJIANI YaCTWHOK iHINOI (pa3u 3 BHUCOKOK TBEpAICTIO. 3
OIJIAly Ha IIe, JAMCIICPCHO3MII[HEHI Ta KOMIIO3UIlIIiHI MaTepiaiu, Mo
MAaIOTh B CBOEMY CKJIaJi (a3 3 BUCOKOIO MEXKEI0 MIIHOCTI, 3AaTHi ede-
KTUBHO Mi/IBULIYBaTH BTOMHY MILIHICTb.

4. Y mporeci pizaHHs jnedopmaliito pisig Tpeda 0oOMeKyBaTu B
MeKax TPYXKHOI 007acTio (He BUXOSMYM 32 MexKi 3akoHy ['yka), ToOTO
HEOOXiTHO BUKOPHUCTOBYBaTH MaTepiald 3 BHUCOKUM Monyiem FOHTa.
Aunte, sIK IpaBUII0, BUCOKOMOYJIbHI MaTepialii MalOTh BUCOKY KPUXKICTb,
TOOTO IOYMHAIOTh PYHHYBATHCS iHOAI HABITh HE JOCATHYBILH MEXI1 Mpo-
MOPIIMHOCTI. 30UTBIICHHS YacTKH IUIACTUYHOI jaedopmailii Martepiary
PI3Ls A1 MOXKIIMBOCTI penakcallii Harmpy>KeHb 3MEHIIye HOro TBEpIiCTh,
0, B CBOIO YEpPry, HEraTHMBHO BiJOMBAETHCSA HA PI3aJIbHIM 3ATHOCTI.
3HOBY X TakH, BHPIIINTH Take MPOTUPIYYS MOXKHA 3aBISKH peaizarii
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NpUHOUTY MOOYJOBH KOMITO3MI[IHOTO Matepialy, TOOTO TO€IHAHHS
M’SIKOi MeTaieBOi MaTpuIli 3 TBEPAUMHU, BUCOKONPYKHUMH 3MIIHIOIOYNMH
BOJIOKHaMU. B Takomy Matepiaii M’sika MaTpHUIL [lepeae Ta nepepo3nomi-
Jsie HampY)KEeHHS Ha 3MIIHIOIOUY CKJIaJOBY KOMITO3MIII MK 11 pisHUMH
obnactsamu. [Ipu 11poMy, KOMITO3UIIIHHUN MaTepiaa MOXKE OTHOYACHO MATH
BUCOKY TBEPJICTb Ta peIaKkCyBaTH HaJIMIpHI HAIIPyKEHHSI.

Hocissmu mmactuuHoi nedopmanii KpUCTaIiyHOTrO Tina € JUcio-
Kalii — JiHilHI gedekTH KpucTaniynoi ctpykTypu. [Ipu pizanHi renepy-
BaHHS JTUCJIOKAIlill Ha TIOBEPXHI Pi3aJIbHOT KPalKu, SIK OJTHOTO 3 MOXJIH-
Bux mkepen Mpanka-Pina, myxe iHTeHcuBHe. IX BemuMka IIIBHICTB i
HIBHJIKICTD TIEPECYBaHHA, SKA MiJCHIIIOETbCA ICHYBaHHSM TPaji€HTIB
HanpyXeHb, Malla eHEepris aKTUBalil MOXYTh NPU3BOAWUTH 10 BUHHK-
HEHHS CYTTEBOI IJIACTUYHOI JedopMallii MaTepiany pi3ajibHOrO iHCTpY-
MeHTy. Lle siBullle HemomycTUMe, OCKUIBKH MPHU3BOAUTE 10 BTPATH T'€0-
METPHUYHHUX PO3MIPiB pi3ajbHOTO IHCTPYMEHTY.

5. udysiline nepeMillieHHsT aTOMIB, iHII[IHOBaHE BUCOKMMH TEMIIC-
patypamu, rpaJi€eHTaMd Hampy:KeHb, TIACTHYHOIO edopMalli€lo Mpu3Bo-
JMTH JI0 JIeTpajiallii BUXiHOI CTPYKTYpu Matepiaity pisist. Lle npossiseTs-
¢ B MJBHIIEHHI PYXOMOCTI MEX 3€PEH, PO3BUTKY MPOIECY KOAECHeHIIiT
3MIIHIOIOYHMX YaCTOK, 3MiHI (ha30BOro CKJIaay — MOsiBI OUIBII a00 MEHII
TEPMOIMHAMIYHO CTIMKUX (a3, Iepepo3nOoALTy JIEeryIounX eleMeHTIB, iHi-
IialliFOBaHHS TPOIIECIB XIMIYHOI B3a€MOJIii — OKMUCHEHHIO, HITpHIi3allii,
BUHHUKHEHHIO TIGPEMIHHOIO CKJIaay TBEPIMX PO3UMHIB 1 Take iHmIe. Y pe-
3yJbTaTi TAKMX CTPYKTYPHO-(ha30BHX 3MiH BUXIiJHI BIACTHBOCTI MaTepiany
Pl MOYMHAIOTH 3MIHIOBATHCS, SIK MPABHJIO, MOTIPIIYIOTHCA. 3aroOirTi
npoTikaHHIO UQY3IHHUX TPOIECiB MPAKTUYHO HEMOXKIIMBO, MOXKIHBO
JIMILIE B PI3HOMY CTYIeHi X 0OMexuTH. [I7ist KOXKHOTO pi3ajibHOro Matepia-
Jy iCHYIOTh KOHKPETHI 3aX0/i TalibMyBaHHsI qu(y3iHHUX MpPOIECiB, BUXO-
JsT4M 3 1X CTPYKTYpH, (ha30BOr0 CKJIa Ty, CIIBBIIHOMICHHS PO3MIpPIB aTOMIB,
iX mpupomm ToIo. AJle 3aralbHIM HalpsIMKOM € JIOCSITHEHHS! sikomora Oi-
TBIIOT TEPMOAMHAMIYHOI PIBHOBArd Mk ()a3ami, [0 YTBOPIOIOTh MaTepi-
al pi3ig. 3po3yMizo, MO0 B TEPMOJAWHAMIYHO HEPIBHOBAXKHUX CHCTEMAax
uQy3iiiHI TPOLECH IHIIIIOIOTHCS TPH MEHILIHMX €HEPreTHYHUX BUTpaTax —
MaroTh MAJIMH €HepreTMYHui Oap’ep i MPOTIKArOTh OLTBII IHTEHCHBHO Ta
MOBHO. 32 YMOB ICHYIOUMX TEXHOJIOTIYHHX TPOLIECiB BUTOTOBIICHHS pi3a-
JBHUX THCTPYMEHTIB JIOCATTH JOCTATHBHO TIOBHOI TEPMOIMHAMIYHOI PiBHO-
Barv B Martepiaii iHCTPyMEHTY NPaKTUYHO HEMOXKIIMBO. TOMY B KOXKHOMY
KOHKPETHOMY BHIIAJIKy JOOMBAIOTHCSI IEBHOI'O KOMIIPOMICY MiXK CTyINEHEM
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TEPMOJITHAMIYHOI PIBHOBAarn Marepialy Ta yMOB HOro BUTOTOBJICHHS 3
ypaxyBaHHSM pe3yJbTaTiB MOAAJIBIIO] POOOTH IHCTPYMEHTY B KOHKPETHUX
YMOBaX pi3aHHSL.

6. OKHMCHEHHS MepeBaKHO MeTajIeBOi KOMIIOHEHTH MaTepialy iH-
CTPYMEHTY € OCHOBHHMM IIPOIICCOM XiIMIYHOI B3a€MOIii 3 OTOYYHOUUM
CEpPEeIOBUIIEM ITiJ] Yac pi3aHHsA. BOHO Ma€ Sk MO3UTHBHY, TaK 1 HEraTHB-
HY TeHJICHI[il. BUHUKHEHHS TOHKOI ITIBKA OKUCIIIB 3 BEJIUKOIO aJre3iii-
HOIO MIIIHICTIO MPU3BOJUTH JIO MTOBEPXHEBOIO 3MIIIHEHHS METaly, IIijl-
BUIIEHHS HOTO0 pi3ajbHOI 3IATHOCTI Ta 3HOCOCTiIHKOCTI. [IpoTe HaaMip-
HE OKHCJICHHS, 3 TIEPEBUILCHHSIM ONTUMAaJIbHOI TOBIMHH OKHUCHOI ILTiB-
KM Ta 3HIKCHHSM aJIre3ii, 3SMEHIIYE I1i TOKa3HUKH 1 CIIPUSE TT1IBHUILCHIN
BHUPOOLI pixKy4oi Kpaiiku. OCKiIbKM Ha MPaKTHIII PETyIIOBATH MPOIEC
YTBOPEHHS ONTHMAJIbHOI OKHUCHOI TUIIBKM HEMOXIUBO, OKHUCIICHHS MO-
’KHa BBa)KaTH HeOaKaHUM MPOLECOM.

7. BiOparist Ta KOMMBaHHS IHCTPYMEHTY MiJl Yac pi3aHHS MPU3BO-
JUTH JI0 TOSIBH 3HAKONEPEMIHHUX HampyXeHb, iX MOIIUPEHHIO BIIIKO
MaTepiany BiJl pi3aJIbHOI KpaliKu Ta HAKOIMWYCHHIO, 110 CIPUSIE BUHUK-
HEHHIO BTOMHHUX TpimuH. ToMy OakaHo, 00 Matepiai pi3ls MaB SIKO-
Mora OUIbIi MPYXKHI XapaKTEpPUCTUKU Ta 3[AaTHICTH IO OMOPY BHHHK-
HEHHIO, a TaKOX OJIOKYBaHHIO PO3IOBCIOKCHHS MIKPOTpIMH. 3 1i€l
TOUYKU 30py KOMITO3UIIIfiHI MaTepiajii MarOTh XOPOIIly IMEPCIICKTUBY 3a-
CTOCYBAHHIO, OCKUIBKM cama iXHs NPHPOAa CTBOPEHHS 3aJ0BOJIbHSE
TakuM BuMoram. OJHUM 3 BUPIIIAIbHUX YMHHHUKIB KOMITIO3HIIIT, ajie Ba-
KKHUM Y peajizalii, € peryJaboBaHa B3a€MOJisi KOMIIOHEHTIB Ha MixK(a3-
Hiit Mexi [17; 18]. ChopMyBaTH onTUMAIILHY 3a CKJIaJIOM Ta PO3MipamMu
30HY Ha MeXi po3iny a3 HalOUIbIT eEeKTHBHO MOXKHA BUKOPUCTOBY-
toun auQy3iiHI MPoIecH, 110 BiNOYBaIOThCS MPH Biamam. AJe 3ame3mne-
YUTH TaKy B3a€MOJif0 Tpeba 3 ypaxyBaHHIM yTBOPEHHS TePMOAWHAMI-
YHO PIBHOBaXKHHUX CTAHIB, BiJIIOBITHO 0 11.5.

8. XimiuHa B3aeMoOfisl MaTepialiB pi3ls 1 AeTani 3 YTBOPEHHSIM
HOBHX CIONYK MOXJIMBA 332 YMOBH INPOTIKaHHS PO3BUHEHUX AU(DY3iii-
HUX TIPOIIECiB 00 MEXaHIYHOIO JIETYBaHHS B IIPOIleCi pizanHs. Sk mpa-
BUJIO, MPOLIECH XiMi4HOI B3aeMoaii abo He MaroTh MiCIs MpU pi3aHHI,
a00 X BUHUKHEHHS HEe MPU3BOJUTD IO CYTTEBOI BTPATH Pi3alibHOI 31aT-
HOCTI, 4epe3 0 HUMH MO>KHa 3HEXTYBATH.

3 HaBE/ICHOTO BUILE BUTIKAE, IO MPOTHIISATH TaKild CKIaIHINA pyHHY-
104ii1 JIii epeniueHnX MpoLeciB MOXKYTh MaTepiaiy, 0 MaloTh LA Habip
BIINIOBIIHUX BJIaCTUBOCTEH. Ha ChoromHimiHii JieHb MatepiaiiB, siki O mo-
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BHOIO MIpOIO 1 OTHOYAaCHO €PEKTUBHO MPOTHIISUTH TAKOMY CKIIQJHOMY PYyH-
HYBaHHIO He icHye. ToMy /ISl KOKHOTO MaTepiay pi3aibHOro IHCTPYMEHTY
€ ONTHUMAaJIbHA, aJic 00OMEXKeHa 00J1acTh Horo 3acrocyBanHs. OCKUIbKYM 00po-
Oka pi3aHHSM B Cy4acHil TEXHOJOTIi BUTOTOBJIEHHS JieTaJlel Ty>Ke MOIIIpe-
Ha TOPS/L 3 BAOCKOHAICHHSIM TPaJIULIIMHUX MaTepialliB, IHTEHCHBHO BEIYyTh-
CsI TIOIIYKOB1 POOOTH 31 CTBOPEHHSI HOBUX Pi3aJIbHUX MaTepiaiB.

KomnosuniiiHi mokpuTTsi 3MilHeHi ByIJlelleBUMH HaHOTPYO-
KaMHi. Buxonsuu 3 HaBeJICHOr0 aHaJli3y MPOIIECIB pyHHYBaHHS MaTepia-
Ty TIpH pi3aHHI MO’KHA IPOTHO3YBAaTH MEPCIEKTUBY BUKOPUCTAHHS B SIKO-
CTi pi3aJILHOTO - KOMIO3UIIHHOTO OKPUTTS, B SIKOMY BUKOPHCTOBYIOTh-
csl sIK 3MIIHIOIOYA CKJIaJIoBa ByruierieBi HaHOTpyOku (BHT), a maTpuiiero
CJIyTy€ TYTOIUIAaBKWIH MeTan abo cruiaB. Take KOMITO3MIIIHHE MOKPUTTS
MOKHa HAaHOCUTH Ha TPaJUIIiMHI MaTepiaiu Juis Pi3ajibHOrO IHCTPYMEH-
Ty, SIKi 3IaTHI BUTPUMYBATH TemIlepaTypH Bimamy Ouist 600 °C smpo-
JIOBX, IPUHANMHI, TPHIALATA XBHJIMH, TOOTO 30epiraTv BHXiIHI CTPYK-
Typy Ta BIACTHBOCTI MPOTATOM IBOTO Yacy. Y Meplry Yepry me crocy-
€ThCS TBEPJIUX CILIABIB Ta MIBUAKOPI3aJIbHUX CTaJICH.

BHT nmocuTh OBHO 3a40BOJBHSIOTH BUMOraM A0 3MIIHIOKOYO]
KOMITOHEHTH KOMITO3UIIHHOTO MaTepialy — MaloTh BHCOKY HAaHOTBEp-
JICTh, MIIHICTh Ta MOMyJb FOHra [19], TOOTO 31aTHI €PEKTUBHO 3Mill-
HIOBaTH MeTaJieBy MaTpuIlto. KpiM Toro, BCTaHOBJIEHO, 10 BOHU MarOTh
HU3BKUH Koe(illiEHT TepTs Ta BUCOKY 3HOCOCTIHKICTh [20], 110 3HUXKYE
SHepreTHYHi BUTPATH MPH Pi3aHHi, 3MEHIIYE BUCOTY pelbe]y MOBEPXH,
30iIbIIye CTIHKICT (DOPMHU Ta BHUXiIHY T€OMETPII0 1HCTPYMEHTY, Mil-
BHIIY€ CTAJIICTh JIOMYCKY JETAJICH.

VY nomnepeunomy nepernHi BHT marote po3mip Bix ogvHUIB 10
JIECATKIB HAHOMETPIB, B 3aJIGKHOCTI BiJI TOrO Y4 OJAHOCTIHHI, BOHU YU
0araToCTiHHI, a iX JOBXKWHA MOXE CATaTH JCCATKIB MikpoH [21; 22]. 3a
ICHYIOUOI KJIaCH(IKAII€I0 3MIIHIOIOUUX KOMIIOHEHT KOMITO3UI[IHHOI0
MaTepiany 1€ BiJllIOBi1a€ BU3HAUCHHIO: OJJHOMIPHi, Oe3MepepBHi Ta KiH-
1IEBI 32 JIOBKMHOK HUTKOBUIHI KpucTanu [18]. Kommo3uitiiini matepia-
T 3 TaKUM 3MIIHIOBAYeM MO)KHA BHKOPHUCTOBYBAaTH B YMOBAaX JIOKaJIb-
HOT'0 HarpiBy Ta BEJIMKOTO JIOKAJILHOIO HABAHTAXKEHHS 30BHINIHIMU CH-
namu. Taki yMOBH BUHHKAIOTh NIPU pi3aHHI Ta TEPTi.

BaxximuBUM MOMEHTOM TIPU CTBOPEHHI KOMITO3UIIHHUX TOKPHTTIB,
smiriHeHnx BHT, € 3a0e3meueHHst BUCOKMX 3HAYCHB CHJIM aJIre3il TOKPUTTS
10 MiAKIa KA, TOOTO 10 TBEPAMX CIUIaBiB a00 MIBUAKOP3AJIBHUX CTajieH.
Haii6inpimmii edext aare3iiiHoi MIITHOCTI TAKOrO MOKPUTTS MOXKHA OUiKY-
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BaTH, SIKIIO 3a0€3M1eUNTH BUHUKHEHHS Ta nojaipimid pict BHT 6e3mnoce-
PEIHBO HA TOBEPXHI MiJKIIAJIKU, 3aKPIUBIIM X TOPIIMH 10 HEl. YMOBH
TaKoOro POCTY MOKHA BiITBOPUTH, SIKIIO CPOPMYBATH KaTaJliTHYHI LEHTPH
quist BupoiyBanHs BHT 6e3nocepeiHbo Ha OBEPXHI MM IKIIaKH.

B Hamiii podorti BiqTBOpeHO moyatkoBy crpoly copmysari BHT 3
JOTPUMaHHAIM C(OpMYJIbOBaHMX BHIIlE BUMOT Ha TIOBEPXHI MaTepialy,
KU BUKOPUCTOBYETHCS TIpH pi3aHHi. Ha puc.1, a moka3zaHo katamiTuuHi
HiKeJeBi eHTpH, cOpMOBaHi HA TIOBEPXHI OCOOIMBO YUCTOI MIIKIAIKH 3
TOHKOIO TITIBKOIO OKCHJIY KPEMHIIO, sIKYy OYyJIO OTPUMAHO 3a CTaHAApTHUMU
pexuMaMi B yMoBax audysiliHoro Bimmamy. Taki IEHTpU CIYTYIOTb Mic-
ISIMH JIUCOITIAIlil MOJICKYJT BYTJICIIEBMIIIIYFOUMX Ta3iB 3 BUUICHHSIM aTOMIB
BYIJICIIO, SIKi, JU(PYHIYIOUM IEPEBAXXHO MO TOBEPXHI KATAJITUYHOIO
HEHTPY 1 B fioro 00’emi, mounHatots yrBoproBat BHT (puc.1, 6), nusixom
noOyI0BM Ha HOro MOBEPXHI 3apOJKIB BiMIOBITHUX YIPYIOBaHb, 3 SIKHX B
nopansmomy i popmyrotscst crinka BHT.

%

R L5 R ¢ #

Puc. 1. ®opmyBaHHs KaTaJiTHYHUX HiKEJIEBHUX LEHTPIB Ha MOBEPXHI MTOKPUTTS
3 OKCHLy KpeMHilo (@) Ta BupoiyBanHs Ha Hux BHT (6)

CdopmoBane, Takum ynHOM, TIOKpUTTS 3 BHT, mae ctpykTypy
MOBCTi, TOOTO XaOTHMYHO PO3TALIOBAHMUX TOHKHUX HUTKOBUAHUX OaraTo-
[IapOBUX TPYOOK BYTJIELIO, TOPIIi SKUX 3aKpIlUICHO HA HIKEJIEBHX KaTa-
TMTUYHHX LeHTpax. BincyTHicte nepeBaxHoi opientanii BHT mo3Bomse
OYiKyBaTH 130TPOMii MEXaHIYHUX BIIACTHBOCTEH KOMIIO3HMIIHHOTO TO-
KPHUTTS TAaKOXK 1 HA MOBEPXHI pi3lis, 30KpeMa B HAMpPSIMKY il CHIIH, IO
BUHUKA€E MpHU pizaHHi. Lle € BaKMMBUM YMHHUKOM, OCKUIBKUA HANPSMOK
Ii1 cUITM pi3aHHsI 3MIHIOETHCS B Mpolieci 00poOKH sIK B 4aci (3MiHa reo-
MeTpii pi3ajabHOI Kpaiiku), Tak 1 B 3aJKHOCTI BiJl BUIY pi3aHHs (popMu
pi3anbHOi MIacTuHM, 1i 3aTouyBaHHs). HasgBHICTH aHI30TPOIIiT MOKPUTTS
3MEHIIye O0JIACTh WOTO 3aCTOCYBaHHS, TOMY Oa)XKaHO MaTH TOKPUTTS
130TPOITHI 32 BIACTHBOCTSIMH.
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BucnoBku. HactynmHum KpokoM B mojaiibliiid po3poOii KoMITo-
3MINIHHOTO OKPUTTS € BupoiyBanHs BHT Ha nmoBepxHi marepiany pi3-
s, a MOTIM 3amoBHeHHs npoctopy Mixk BHT meramom abo cruiaBom.
Taxi orneparlii MO>KHA 3/1IHCHIOBATH PI3HUMU METOAMH, aJie, IIPU I[bOMY
Tpeba MaTH Ha yBa3i, 110 Ha MEXI1 PO3AUTYy METaly, SKUM 3allOBHIOETHCS
npoctip mixk BHT, i camumu BHT HeoOXigHO CTBOPHTH yMOBH JAJIs KO-
HTPOJILOBAHOI B3aeMOIii. SIk BKa3zyBasocs BHUIIE, 1ie HAUOUTbIN edeKTH-
BHO MOYKHA 3pOOHTH IIUIAXOM TU(Y3iHHOTO BiANaly.
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HpI/IBeI[eHBI U3 JIMTCPATYPHBIX JAaHHBIX W TPOAHAJIU3UPOBAHBI (1)I/I3I/IKO-
XUMHUYECKUEC MPOLCCChI, KOTOPBIC MPOUCXOAAT Ha KPOMKE PECIKYHICTO UHCTPY-
MCHTa BO BpeM:A pa6OTI)I. PaCCMOTpeHO MOBCACHUC TBEPALIX CIIJIABOB U ObICT-
POpPCIKYyIIUX cTajiel B YCIOBUAX PE3aHUA U NOMHUHUPYIOHMIUE MEXAHU3MbI UX
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paspyiieHus. YKa3aHbl [IyTH MOBBIIIEHUS PEKYIIEH CIOCOOHOCTH UHCTPYMEH-
Ta U YBEJIMYCHUE €ro CPOKa CIy:KObI. OMHUM M3 MEPCIIEKTUBHBIX METOJOB pe-
HIeHHsT TPOOJIEMBI SIBIIETCS CO3/IaHUE KOMITO3UIIMOHHBIX TMOKPHITHH. Dddek-
TUBHBIM YIIPOYHUTEIEM ITHUX MOKPBITHH MOTYT CIYXKHTh YIJIEPOIHBIE HAHOT-
pyoxu. Ipusenensl GoTorpaduu 3KCIEPUMEHTATIBLHO TONYYSHHBIX MOKPBITHIA
U3 YIIIEPOAHBIX HAHOTPYOOK HA MOJENBHBIX TMOUIOKKAX, KOTOPbIE HMEIOT
CTPYKTYpY BOIIOKA.
Puc. 1, cimcok aut.: 22 HauM.

Panarin V. E., Svavilny N.E., Hominich A.1, Kindrachuk M.V., Korbut E.V.
The potential possibilities to hardening of cutting tool by composite
coatings with carbon nanotubs

The literary data of physical and chemical processes which occur on edge of the
cutting tool to operating time are analyzed and resulted. The behavior of hard
alloys and fast-cutting steels in the conditions of cutting and dominating mech-
anisms of their destruction is considered. The ways to increase a cutting ability
of the tool and increase service life are specified. One of perspective methods
for this problem solution is creation the composite coatings. Effective rein-
forcer to these coatings can serve carbon nanotubs. The photos of experimen-
tally obtained coatings from carbon nanotubs on modeling substrates which
have felt structure are resulted.
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