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HAHOMATEPHAJIBI B TEXHOJIOI'HAX
MEXAHUYECKOUW OBPABOTKHA

IIpugeoen 0630p cospemenHo20 cocmosaHus npumMeHeHus
HAHOMAMEPUAN08 8  MeXHONIO2UAX —MeXanuveckou obpabomku — 6
UHCIPYMEHMANbHIX — KOMRO3UMAX — ONsi  JIe3GUUHbIX U AOPA3UBHBIX
UHCIMPYMEHMO8, 8 CMAZOUHO-0XIANCOAIOUIUX MEXHOIOSUUECKUX CPeOaXx.

Kniouesvie cnosa: nanomamepuanvi, mexmonocuyeckue — cpeowi,
KOMNO3Umul, 1e36UliHble UHCIMPYMEHMbl, aMOPa3uUsHble UHCIPYMEHMbL.

IoctanoBka  mpoOiaembl.  Hanomarepwansl —  Marepuaisbl,
coJieprKalie CTpyKTypHBIE 3JIeMEHTHI (KPUCTAJUIUTHI, BOJIOKHA, CJIOH, TIOPHI
U IIp.), TEOMETPHUYECKUE Pa3Mephl KOTOPBIX XOTS OBl B OJHOM HaIlpaBIICHUH
HE TPEBBIMIAIOT HAHOTEXHOJOTMYecKor rpaHumbl — 100 HM, obmanmarorime
Ka4eCTBEHHO WHBIMH II0 CPaBHCHHWIO C TPAIWINOHHBIMU (PH3MUYCCKIMH,
XAMHYCCKAMH, MEXaHWYECKIMH W  OWOJIOTHYECKUMH  CBOHCTBAMH,
(YHKIIMOHATBEHBIME U SKCILTYyaTAIIMOHHBIMU XapakTepuctukamu [1].

AHaJM3 TOC/JAeAHUX HCCJIefoBAaHMA M nyOaukaumii. Pa3mepsl,
OTPaHMYMBAIONINE  NPUHAIISKHOCTH  KAaKOro-Imbo  Marepuayia K
HaHOOOJIACTH, TOCTATOYHO YCIOBHBI. ABTODSHI [1] 0TMeUaroT, 4YTO BEepXHAA
TpaHHIa JHana3oHa OOyCIIOBJICHAa CYIIECTBEHHBIM H3MEHEHHEM CBOMCTB
MaTepHaJIOB MPH pa3Mepax CTPYKTYPHBIX 31eMeHTOB < 100 HM, a HIDKHASA
rpaHHIa JarasoHa CBs3aHa c KPUTHYECKUM pa3mepoM
HAaHOKPHUCTAJNIMUYECKOTO ~ MaTepuana Kak CTPYKTYpHOTO  JJIEMEHTa,
HMMEIOIIEr0 YMOPAJOYCHHOE CTPOEHHE, T.€. KPUCTAJUIMYECKYIO DPELIETKY.
Cornacuo [2], BepxHsisi rpaHHIla HaHOJHMANA30HA OOYCIOBIEHA TEM, YTO
pasmep < 100 cCOOTBETCTBYeT MaKCHUMaJbHOMY 3HAYCHHIO paguyca
JEUCTBUS CUJI  AJIEKTPOMArHUTHOTO B3aMMOJEHCTBHS, ONpPEIENSIOIU
CHUHTE3 HAHOYACTHUI, HIKHSS TpaHUIA CBs3aHA C paguycoM JeicTBus
ONM3KOACHCTBYIONMX CHJI, MMEIOIIMM BEIMYMHY NOpsaKa Oirkaiiero
MEXKAaTOMHOIo paccTosiHus. Ilpu 3ToM ciegyeT MMeTb BBUAY, 4TO IS
HAHOYACTHUIl Pa3MepHBIN dPPeKT uMeeT OMpypKaIMOHHYIO TPHPOAY, UTO
IIPH TOCTHIKEHUH XapaKTepHOTO pa3Mepa COMPOBOXKIACTCS MEPEXOoJ0M Ha
HOBBIM YpOBEHb DAa3BUTUS U HM3MEHEHUEM CBOMCTB KOHJEHCUPOBAaHHOM
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¢das3pl, a BenmMUMHA OMHKANIIETO MEXAaTOMHOTO pAacCTOSHHUS MOXET
COCTaBJIAITH OT IOJICH HAHOMETPA 10 HECKOJBKIX HAHOMETpPOB [3].

HziioskeHne OCHOBHOro Marepuasna. B Hacrosiuee  Bpems
HaHOMAaTepHaJbl HAXOIAT Bce OoJee IMMPOKOE IPHMEHEHHE BO BCEX
OTpacisaX MPOMBIIIIEHHOCTH, B TOM YHCIE B IIPOLECCAX MEXaHMYECKOU
00pabOTKK ¥ BO MHOTOM SIBIISTFOTCS] 0a30H JUIs pacIIipeHusi BO3SMOXHOCTEH
TEXHOJIOTHI JIe3BUHHOM W anMa3Ho-aOpa3uBHOI 00pabOTKM, MO3BOJISIS
BBICOKONIPOU3BOAUTENBHO M KAUECTBEHHO  W3TOTaBIMBaTh  JAeTald
COBPEMEHHOM TEXHHMKHM W3 KOHCTPYKIIMOHHBIX MaTEpHAOB C BBICOKHMU
(U3MKO-MEXaHMYECKUMH CBOHCTBAMH.

Kak n3BecTHO, BO3MOXKHOCTH 3(P(PEKTHBHO HCIOIB30BaTh MAaTEPHAIIBI B
WHCTPYMEHTaX ONpeAeseTCsS IIMPOKAM KOMIUIEKCOM HX  (DU3UKO-
MEXaHUYECKHUX CBOMCTB: — MPENEIOM NPOYHOCTH MPHU PACTSKEHUH, CKATUU
1 u3rnoe; — BEIMIMHON TBEPIOCTH U €€ 3aBUCHMOCTBIO OT TEMIIEPATYPhI; —
TEMIEPATYpPHOM 3aBHCHMOCTBIO TIIpEJENa BBIHOCIUBOCTH; — MOJIYJIEM
ynpyroctd; — Kod¢pdunuentamu IlyaccoHa, JMHEHHOrO pacHIMpeHHs,
TEIUIO- U TEMIEepaTyponpoBogHOCTH U Ap. K sTomMy mepedHio cnemyer
JI00aBUTH XUMHUYECKHI cocTaB u XUMHUYECKHE CBOIMCTBa
HHCTPYMEHTAJIHHOTO MaTepuania.

[IpumeHeHne B MaTepHaiaXx HaHOPa3MEPHBIX COCTABIAIONIMX OKA3bIBaeT
MOJIOKUTENIBHOE ~ BIMAHHE TIPAKTHYECKH Ha BECh KOMIUIEKC CBOICTB,
NPENONpPENeISIIOINA ~ UX  PabOTOCIIOCOOHOCTh B MHCTPYMEHTAX  JJIs
MeXaHH4eCKOH 00pabOTKH. AHanM3 M3MEHEHHs CBOWCTB MAaTepHajoB MpHU
CHIDKEHUM BEIMYMHBI 3€pHa J0 HAHOPa3MepoB IIOKAa3bIBa€T, 4YTO B
MaTepualie  yBEIMYMBAIOTCS  TBEPAOCTh, ITPOYHOCTH TpPH  M3THOE,
TEPMOCTOMKOCTb, CHIKAKOTCS YYBCTBHTEIBHOCTh K CMEHE TEMIIEPATypHI,
a/ire3VOHHast aKTUBHOCTh K KOHTAaKTHPYIOIEMY MaTepHaiy, 1 dy3noHHas
aKTHBHOCTh. ~ OTMEYEHHOE  caMbIM  HEMOCPEICTBEHHBIM  00pazoM
CKa3bIBaeTCs Ha 3((PEKTUBHOCTH TEXHOJIOTHH MEXaHIMIEeCKOi 00paboTKH.

OT10 Kacaercs BCeX BHJOB HHCTPYMEHTOB — CTaJbHBIX, U3 TBEPABIX
CIUTABOB, KEPaMUKH WM CBEPXTBEPIBIX MAaTEpHalOB, KaK B TPaJUIMOHHOM
BUZIE, TaK U C 3AUIUTHBIMH MOKPHITHAMH. B 3HAYMTEIHHON CTENEHH 3TO
OTHOCHUTCS M K MaTepuajaM 3allliTHBIX MOKpeITHH. Kpome Toro, Ha ocHoBe
HAaHOPA3MEPHBIX COCTABISIONINX U3TOTABINBAIOTCS MACTHl M CYCIICH3HUH IS
MEXaHHIeCKOH 0O0pabOTKH, CMa30YHO-OXJIAXKAAIONINE TEXHOJIOTHIECKHE
cpensl (COTC) npakTHUeCKH IS BCEX BUIOB 00PaOOTKH.

Marepuansl Ui MHCTPYMEHTOB MOTYT OBITh HaHOCTPYKTYPHBIMH,
HAHOKOMITO3UTHBIMH U HAHOCIIOWHBIMU (pHC. 1).
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Puc. 1. Budvl nanomamepuanos: a) HAaHOCMPYKMypHble,
0) HAHOKOMNO3UMHbLE, 8) HAHOCILOUHbLE

PaccMoTpyum mpuMephl IPUMEHEHHsS HAaHOMATepHAIoB B JIE3BHHHBIX U
abpas3uBHBIX HHCTpyMeHTaX, COTC 1 MexaHudecKoi 00paboTKH.

Hucmpymenmanvuvie u  Ovicmpopedxcywjue  cmanu. [Ipn
W3TOTOBIICHUM WHCTPYMEHTOB JUII MEXaHHYECKOH 00paboTKH HaxomasT
IpUMEHEHHE O0BEMHO- M IMOBEPXHOCTHO-HAHOCTPYKTYpHBIE cTanmu. [l
MONMYYCHHUSI B CTAAX OOBEMHO-HAHOCTPYKTYPHOTO COCTOSHHHM (pHc. 2)
UCIIONB3YIOTCSL  Pa3lIMuHble METOAbl TEepMOMEXaHW4ecKol 00paboTkwy,
TEXHOJIOTUH, obecrnieynBaronye nedopmanmoHHoe YIpOYHEHHE
MaTepualioB, METOJbl WHTEHCHBHOM IuiacTUueckoil nedopmarmu. U3
MOCJIEHUX JJIsl M3TOTOBJICHHS WHCTPYMEHTOB HauOojee NepcreKTHBEH
METOJI paBHOKaHAIHHOTO YTJIOBOTO MPECCOBAaHMUS — MO JTaHHBIM [4], 32 cdyeT
W3MENbUCHNS] 3€pHAa NOA JCHCTBHEM WHTEHCHUBHBIX HAINPSKEHUH U
nedopmanuii ciura B ooObemMe 00padaTeiBaeMOro Marepuaia 3HaYUTEILHO

BO3pacTalOT €ro TBepAOCTh (B 3—5 pa3) u npexen Tekydectu (B 2—4 pasa).
"ol £ ITyancou

Ti(CN),

Ti(CN)
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a) 0) 6)

Puc. 2. MemoOwi nonyuenus 06bemMHo-HaHOCMPYKNYPHO20 COCIOSHUSL

6 cmansx: a) cmpykmypa cmanu nociu TMO; 6) cmpykmypa cmanu Y84,

oucnepcuonHo-ynpounennol Hanopazmeprvimu exmouenusmu TI(CN) [5];
8) CXeMa PABHOKAHANLHOO Y2ll08020 NPECCOBANUSL

Jns  momydeHWssT Ha HWHCTPYMEHTaX M3 CTald IIOBEPXHOCTHO-
HAaHOCTPYKTYPHBIX CJIO€B HCIIOJIB3YyeTCAd INHUPOKUN Kpyr TEXHOIOTUM
MOJU(UIMPOBaHUS MaTEepUAIOB — IIa3MEHHBIE, Jla3epHble U T.A. Takue
TEXHOJIOTUM  TO3BOJIAIOT MOBBICUTH  CTOMKOCTH HHCTPYMEHTOB U3
ObicTpopexymmux craiei 1o 10 u Gosee pas.

K TexHonmormsM, oOecredHBalOIUM IOBEPXHOCTHOE HAHOCTPYK-
TYpUPOBaHHE OTHOCHTCS W MUKPOIAYTOBOE OKCHAMPOBAHHE aTFOMHUHHEBBIX
CIUIABOB C MOAM(UIIUPOBaHWEM 0a30BOrO  3JIEKTPOIUTA  ajJMa3HoO-
rpaduToBEIMH yriepomHbIME Matepuaiamu [4]. IIpm stom Qopmupyercs
ci0i noKpbITHs TonuuHou 10 300 MKkM, MUKpOTBEepAOCThIO A0 25 ['Tla.

Teepovie cnnagwbi. [l TOMydeHHWsS HAHOCTPYKTYPHBIX TBEPIBIX
CIUTAaBOB HCIIOJIB3YIOTCS HCXOIHBIC HAHOpPa3MEpHBIC IMOPOUIKH KapOHIOB
Boib()pama, TUTaHA, TaHTana. Kak M3BECTHO, NPU YMEHBUIEHHH pa3Mepa
3epHa HMCXOJIHBIX KapOHMJOB 3HAUUTEIBHO YBEJINYHMBAIOTCS MEXaHUUECKUE
CBOMCTBa TBEpABIX CIuiaBoB (puc. 3) [6], uTo oOecmeyMBacT MOBBILICHHUE
paboTOCIOCOOHOCTH OCHAIIEHHBIX MU HHCTPYMEHTOB.

Pa3paboran uHCTpyMeHTaNIbHBIN kKoMno3uT «BonKapy, crieueHHbIN U3
HaHOpa3MepHOro Topoimka kapbuma Bodbppama 6e3 Co-csizku [7].
Martepuan xapakTepu3yeTcs BHICOKUMH MEXaHHYECKHMH CBOHCTBaMHU —
TtBepaocTh 23 I'Tla, koaddumuent tpeumHocToiikoctn K. = 8 MITa-mY2
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Puc. 3. Csoiicmea meepovix cniasos (pazmep sepua: 1 —0,8-1,3 mrm;
2-0,5-0,8 mxm; 3 —0,2-0,5 mrm; 4 — <0,2 mrm) 6 3agucumocmu onm cooeprucaHus
Kobanebma: a) — meepoocmy,

0) — npeden npounocmu npu uzzube

HccnenoBannss  paboTOCIIOCOOHOCTH  HMHCTPYMEHTa, OCHAIIEHHOTO
cmaBoM  «BonKap», B cpaBHEHMHM ¢ pe3laMH, OCHAIIEHHBIMHU
TpaaMLUMOHHBIM TBepAbIM ciuaBoM BK6 (tBepnocts 15 I'Tla, koaddunnent
TpemuHocToiKocTH Ki, = 13 MIla-m*?), mpu ToueHnH ctanu X12M (56-58
HRC) nokasanu noBbIIeHHe CTOUKOCTH 10 2,5 pas.

Kepamuka. MetonamMu MOpOIIKOBOM METAJUTYpIUU U3 HaHOPa3MEPHBIX
MOPOIIKOB ~ W3TOTABJIMBAIOTCS  OKCHJIHBIE, KapOHIHbIE, HHUTPUIHBIE
KepaMHUYeCKHe KOMIIO3UTHI HHCTPYMEHTAJIBHOIO Ha3HaueHus. Kpome Toro,
B KepaMHMYEeCKHX  KOMIIO3MTaX  MCHOJB3YIOTCS ~ HaHOpa3MepHbIe
HAaITOJTHUTEIIH, HAIIPUMEpP «YCBD» U3 MOHOKPUCTAILIOB SizNy.

Bblcokre MexaHHYeCKHEe CBOMCTBA JIEMOHCTPUPYET KepaMHUYECKHH
KOMIIO3UT, crhedeHHBIH u3 mopomka ZrO,-Y,;03-Ce0,, mnoixy4eHHOro
METOJIOM a3p030JIbHOTO PACHBUIMTENBEHOTO IHposn3a [8]. MaTepuan moxer
3¢ PEKTUBHO MCHOIB30BATHCS JUISl U3TOTOBIICHNS! HHCTPYMEHTOB, HallpUMeEp
KepaMHUYECKUX  CKalblleNed, NPUMEHATHCS B KauecTBE  CBS3KHU
WHCTPYMEHTAIBHBIX KOMIIO3UTOB Ha OCHOBE KyOMUYECKOro HUTpHIa Oopa
(puc. 4, a). CoiicTBa KOMIO3UTa 00YCIOBJIEHBI OCOOEHHOCTSAMHU CTPOCHUS
HCXOJIHBIX IMOPOIIKOB — OHHU MPEJICTAaBIISIIOT c000il cdepsl pasmepom 1-4
MKM ¢ (pakTagpbHON BHYTPEHHEH CTPYKTYpOH, COCTOSAIINE U3 OKCHIHBIX
yacTuil pasmepom 16-25 um (puc. 4, 6)
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a) 6)

Puc. 4. Cmpyxkmypa komnosuma cBN+ZrO,-Y,03-CeO; (@), sHewnuil 610 oxcuoHvix
NOPOWIKO8 U 6HympenHee cmpoenue yacmuybl (6)

Cunmemuueckue ceepxmeepovle mamepuansi. VI3roTaBauBarTCs
CIIEAYIOIME CHHTETHYECKUE CBEPXTBEPIbIE MaTepualibl Ul OCHAIEHUS
JIe3BUIMHBIX HMHCTPYMEHTOB Il 00paboTKM pesanumeM (puc. 5, a):
HAaHOCTPYKTYPHBIA TONUKPUCTAIUNINYSCKAN anMa3 W KyOW4eCKWd HUTPHUJ
Oopa (puc. 5, 6); HONUKPUCTAIIMYCCKHH KOMIIO3HT Ha OCHOBE anMmasza U
KyOuueckoro HuTpuaa 00pa; MOHOKPHCTAJUTMUECKHI alMa3 W KyOudecKuit
HUTpHA Oopa.

BbICOKOUMCTBIN NOMMKPUCTANNYECKMIA
anmas (o 20 Hm)

CHHTETUYECKMI MOHOKPUCTaNNYECKMit
anmas lla (001)<100>

TpapuumoHHbid PCD (co cesiskoit)

BbICOKOUUCTBIN NONUKPUCTANNYECKIN

cBN (<0,5 Hm)
CUHTETUYECKUA MOHOKPUCTaNNNYECKUA
cBN (001)<100>
TpapuumorHbi PcBN (co cBsiskoi) TeepaocTs no Kuyny, Ma
0 50 100 15(
a)
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0)

Puc. 5. Teepoocmov ceepxmeepovix mamepuanos (a), cmpykmypa
HAHOCMPYKMYPHBIX NOTUKPUCIIALTUYECKUX AIMA3A U KyOuuecko2o Humpuoa 6opa
(6) (0anmuwie Sumitomo Electric Ltd)

B mommkpucTamimdeckoM KOMIO3WTE B KadyecTBE HaHOPa3MEpHOM
COCTaBIIAIOMICH MOXXET OBITh HCIOJNB30BAaHBl KaK 3€pHAa CBEPXTBEPIOTO
MaTepHaa, Tak 1 KOMIOHEHTHI CBSI3KH.

Ha pucyHke 6 mpeAcTaBieHBl IOPOUIKH, IIOJYYEHHBIE IIyTeM
KOMIAKTHPOBAaHUSA alMa3HBIX HAHOIIOPOIIKOB JIETOHAIIMOHHOTO CHHTE3a
0e3 MX PEKPUCTAIUIM3AIUN B YCIOBUAX BBICOKHX JAaBICHHH M TEMICpaTyp
[4]. Tlomy4yeHHBIE TOPOIIKK MOTYT UCIIOJIB30BAThCS KaK JUIsl PEIU3HOHHOM
abpas3uBHON 00pabOTKHM pa3IMYHBIX MATEPHANIOB, TaK M JIJIS CIIEKaHUS Ha UX
OCHOBE aJIMa3HbIX HAHOCTPYKTYPHBIX MOJUKPUCTAIIIIOB.

Puc. 6. [Tonuxpucmannel Ha ochose YIA: a) uacmuya nOIUKPpUCIALIUYECKO20
anmasd, NOIyHeHHAs 8aAKYYMHO-MepMU1eckoll 00pabomxoll nopouKa aimasa
0emoHaAyUoOHHO20 CUHmMe3a;

0) CKO ANIMA3HO20 KOMRAKMA, NOJIYYEHHO20 YOAPHO-60IHOBOU KOHCONUOAYUell
nopowxa YJ[A
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HHCTPYMEHTOB,
HauOOJIbIIEN
C HaHOCTPYK-

Kak IIoKas3ajinu CpaBHUTCJILHBIC HCCIICAOBAHUA

OCHALICHHBIX  pa3IMYHbIMU  AJIMa3HBIMU MaTcpUuaaMu,

paboTOCIIOCOOHOCTBIO  XapaKTepU3YIOTCS HHCTPYMEHTBI
TYpHBIM TNOJIMKpHCTAIIINUecKuM anMaszoM (puc. 7) [9]. HyxxHO oTMeTHTS,
YTO HaWMEHbIIEH pPabOTOCIIOCOOHOCTRIO  OONAmar0T  HHCTPYMEHTHI,

OCHAIICHHBIE MOHOKPUCTAJTIMYECKHUM AJIMa3OM.

hg, MKM
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Puc. 7. 3asucumocns usHOCA AIMAZHBIX UHCIPYMEHMOS NPU MOYEHUU MEEPO020
cnaasa (WC 7 %) om Onunvl nymu pe3anus
v =20 m/mun.; S = 0,1 mm/06.; t = 0,5 mm)

B Ttabmuue 1 mpenacrtaBieHbl JaHHBIE MO BIMSHUIO pa3Mepa 3epHa

KyOHW4ecKoro HUTpuIa 60pa Ha CBOHCTBa MHCTPYMEHTAIBHOTO KOMIIO3MTA.
Tabauya 1

Duszuro-mexanuyeckue ceolcmea KOMRO3UmMos cpa&mtmoﬁ B8eIUYUHOL 3epHa

KyOuyeckoz2o Humpuoa 6opa (dannvle Sumitomo Electric Ltd)
TpaguuroHHbIH
TNommkpucrammmyeckuit MOJIMKPUCTAINTNYECKUT
TIBTPAAUCIICPCHBIIN MaTrepHan Ha OCHOBE
Moxasarems IZIyGI/IzeCKI/Iﬁ :I/ITpI/I)l Ky61/1qicxoro HHUTpHUAA
6opa Oopa
BH BL
Coneprkanne KyOHIecKkoro 99.9 8590 50-60
HUTpHIA 60pa, %o
CBsizka — Co TiN
Pa3mep 3epHa, MKM <0,5 1-3 0,5-3
TBepaocTs, 293 K 50-55 3540 30-35
I'Tla 1273 K 20 12 12
[pouHocth 293 K 1,35 1,4 1,05
HPHPAPHIBS, -1 1573 K 1,6 0,55 1,1
I'Tla

8
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CTabuUiIbHOCTh Ha BO3IYXE,

K 1621 1270 1270

Kak BumHO, yMeHbIIeHHE pa3Mepa 3epHa KyOMdecKkoro HUTpHaa Oopa
MPUBOANUT K TMOBBIMIICHUIO (DU3WKO-MEXaHHICCKUX CBOICTB KOMITO3UTA.
Oco0eHHO HYXHO OTMETHTH PE3KOe M3MEHEHHE CTa0MIFHOCTH Ha BO3AYXE,
YTO NP HCIOJIb30BAHUM B MHCTPYMEHTE Marepuaia ¢ yJIbTPaJuCIepCHBIM
3epHOM KyOMYecKOro HHUTpuAa Oopa, IO3BOJHUT IOBBICHTH CKOPOCTb
pe3aHusL.

Kax nokazano B [10], ymeHbIIeHHE pa3Mepa 3epHa B MOJIUKPUCTAIIIE HA
OCHOBE KyOuueckoro Hutpuaa oopa ¢ 2—10 mxm mo 0,1-0,4 MKM mO3BOJISIET
Opd  TOYCHWH HaBapeHHOW mpoBodoku 75 (64—67 HRC) mnoBbicuTh
CTOWKOCTH OCHAII[CHHOTO MOJHKPUCTAJUIAMH HWHCTpYMeHTa Oornee 2-X pa3 u
YBEJIUYHUTH CKOPOCTH pe3aHus B 1,8 pasa.

B roModazHOM TeTepoCTpYKTypHOM KOMIIO3HTE «TETEPOHUT» B
KadecTBE CBI3KH HCIIOJB30BAH HAHOPA3METHBIH MOPOMIOK KyOHYIECKOT0
HUTpUAa Oopa, YTO MO3BOJIIIO PE3KO MOBBICHTH €T0 MEXaHHUYECKHE
cBoiicTBa. Takol KOMIO3UT MOKET OBITH MCIOIB30BaH B WHCTPYMEHTE
JUIS Hape3aHus pe3bObl B IETAISAX U3 MAaTEPUAIOB BHICOKOW TBEPAOCTH —
BEJIIMYMHA JIOMArollell IOoJaYd TMpH TOYEHHUH 3aKaJICHHOH CTanu
WHCTPYMEHTOM, OCHAIIEHHBIM KOMIIO3UTOM «Te€TEPOHHUT» > 1,5 MM/00.

HyxHO wuMeTh BBHIY, YTO H3rOTOBJICHHE HAHOMAaTEPHAIOB JJIs
HHCTPYMEHTOB, HCTIONB3YEMBIX B MeXaHU4eCKOi o0OpaboTke,
COTIPOBOXKIACTCS 3HAYUTEIHHBIMU TPYAHOCTSMH B IONYYCHHH HCXOITHOTO
CBIPBS, pealM3aIliy TEXHOJIOTHH TOIyIeHUS MaTepHajoB ¢ HAaHOPa3MEePHOM
CTPYKTYpOll W 0OECHeYeHHH COXPAaHHOCTH HAHOCTPYKTYPHI B CBSI3H C
mepepacipeesicHHeM HaNpsDKEHHH B TPOIeCCe XPaHCHWH, TaK H B
YCIIOBHSIX TEPMOOAPHUECKOTO HATPYKEHHUS B MPOIECCE IKCILTyaTaIlHH.

Bonpmo#it pe3epB TOBHIMICHHS PabOTOCIOCOOHOCTH HHCTPYMEHTOB
3aKJIF0YaeTCsl B CO3/IaHMU U HMCIIOJIb30BAaHUU MHCTPYMEHTOB C 3allIUTHBIMH
MOKPBITUSMH, KOTOPbIE BO MHOTHX CJIydasX SIBJISIOTCS HAHOMaTepuajaMu.
Takue MOKpBITHS HAHOCATCS Ha BCE BHIBI MHCTPYMEHTOB — W3 CTaJIeid,
TBEpJBIX CIUIAaBOB, KEPAMHUKH M CBEPXTBEPABIX MarepuayioB (puc. ).
3anuTHBIC MOKPBITHS MOTYT OBITh Kak OJTHO-, TAK ¥ MHOTOCJOiHbIe. Kpome
MOBBILICHUS] CTOHKOCTH WHCTPYMEHTA, MOKPBITHE C HAHOKPHUCTAJITHYECKO
CTPYKTYpPOHi, B OTIMYMH OT MUKPOCTPYKTYPHOT'0, 00ECIIEUNBACT CHHKCHHUE
CWJI pe3aHusl B Iporecce OOpabOTKH W IIEPOXOBATOCTH 00paboTaHHOM
MOBEpXHOCTH (puc. 9).

Hanomatepuanbsl Hanu NpUMEHEHHE B aOpa3WBHBIX MHCTPYMEHTaX,
KaKk B KauecTBe aOpa3WBHBIX JJIEMEHTOB, TaK W B KaueCTBE KOMIIOHEHTOB
cBa3kn. Ha pucynke 10 mpeacraBneHsl  (ororpaduu  HM3IOMOB
aIMa3CcoIepXKAIMX KOMIIO3UTOB C MEIHO-OJOBSHHON CBSI3KOW 0€3 M C

9
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BKJIFOUCHHEM HAHOPa3MEpHbIX YacTHl[ Meau. [lokazaTenu HM3HAIIUBAHUS
anMa3CcoAepKalMX KOMIO3UTOB C J00aBKaMHU HAHOPA3MEPHBIX YAaCTHUI
Meon w© ojoBa mpuBedeHsl B Ttabimmme 2 [13]. Kak BunHO,
paboTOCIOCOOHOCTh HHCTPYMEHTOB H3MEHSETCS 3a CYET YBEIUYCHHS
TBEPJOCTU CBSA3KH M (OPMUPOBAHUS HPU pa3pylieHHH H3loMa ¢ Oojee
CJIOKHO# MOBEPXHOCTBIO, YTO CBSI3aHO € OOJIBLIMMH 3aTPATAMU SHEPTHH.
Jnst moBbIneHust pabOTOCIIOCOOHOCTH a0pa3UBHBIX MHCTPYMEHTOB CO3/IAHBI
KOMIIO3UTBI, KOTOPBIC 10 CBOEMY CTPOCHHIO HE OTHOCSATCS K HaHOMaTepHaliaMm,
HO B HX CTPYKType MOJ JCHCTBHEM YCIIOBHH MpoIiecca SKCIUTyaTalldd UMEIOT
MecTo HaHOd(dekThl. Pa3paboTaHsl HOBBIC KOMIIO3UTHI HA OCHOBE CETYATBIX
HOHHO-KOBAJICHTHBIX CTPYKTYP, CIIOCOOHBIC aJalTHPOBAThCS K YCIOBHSM
TEPMOOAPUUYCCKOTO HArPY)KCHUST B 30HE OOpPabOTKH, T.€.  OOJajarome
3 HeKToM peaKIOHHOTO 00paTUMOTo camoapMupoBaHus (puc. 11) [14].
2 > . ’q.r_-m_._ 4 B

J. MEM/MHH Lim ~
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Puc. 8. Hanonoxpvimue TiAIN na meéepoocniasnom pesye (a), 6u0 U3HOUEHHO2O
yuacmka uncmpymenmog uz kepamuxu BOK-71 u xepamuxu BKK ¢
nanonokpoimuem Ti-(Ti,A)N-(Ti,Cr,AI)N npu cyxom npodorvrHom mouenuu cmaiu
50I" (58 HRC) (v = 348 m/mun.; S = 0,15 mm/06.;
t=0,5um) (6) [11], ckopocms usnawusanus uncmpymenma uz IICTM na ocrose
Kybuueckozo Humpuoa 6opa de3 nokpeimust (1) u c nokpvimuem (cBN amop@.) (2) npu
mouenuu cmanu XBI” (60 HRC) (8), onuna nymu pe3anust npu ¢)peseposanuu cmaiu
XI2B® (2) [12]

Tabauya 2
Tokazamenu usHAUWUBAHUS UHCIPYMEHMALLHBIX KOMRO3UNOE CUCEMbl
Cu+Cu,+Sn+Sn, +Co+armas

CkopocTb
CBsi3Ka KOMITO3UTa W3HAIUBAHUS, Teeprocts | Kosduument
3 HRBgo W3HAIIMBAHUS
MM°/49ac
Cu+Sn 0,72 90 1,00
Cu+Sn+Co 0,36 89 0,50
Cu+Cun+Sn+Sn,(0,5 %)+Co 0,33 100 0,46
Cu+Cu,+Sn+Sn, (2,0 %)+Co 0,14 102 0,19

D¢ dexr nposBiseTcss B 00paTUMOil CMEHE IUIOTHOCTH HPUBHUTHIX K
MOBEPXHOCTH HAMOJHUTENS (YHKIMOHAIBHBIX TPYII IOJUMEpa MOJ
JCUCTBUEM  MEXaHMYECKUX M  TEPMOMEXAHHYECKHX  HalpsHKCHHM.
MaxkpOoCKOITHYEeCKUM NPOSIBJICHUEM caMoapMHpOBaHUS SIBJISIETCSI
o0OpaTuMoe MOBBILIEHHE MOJYJISl YIIPYrOCTH KomIiio3uta B 1,2—3,7 pa3a nox
JNCHCTBUEM HANPSOIKCHUN CKaTHs WM caBura, uro cocrasiser 25-80 %
BEJIMYMHBI €ro  Mpejiena BBIHOCIMBOCTH. MeXIy  ITOJMMEPHBIMHU
KOMITOHEHTAaMH CaMOapMHpOBAaHHE pealn3yercs Ha ydacTKax 2—3 HM,
MEXXIY METaJIONOINMEPHBIMU KOMIIOHEHTaMH — 1520 HM.

Coznannble WHCTPYMEHTAJIbHbIE KOMITO3UTHI obecrieunBaroT
TOBBIIIEHHE  NPOM3BOMUTENBHOCTH  Oe3znedexktHoro  mumrdoBanHus
HHCTPYMEHTANBHBIX cTaneil B 1,6-2,2 pasa mpu Oompmei B 1,8-3,5 pasza
CTOMKOCTH MHCTPYMEHTA 0 CPABHEHUIO C CEPUHHBIM aHaioroM (puc. 12).

3HaYNTeIbHOE BIUSHHE Ha PabOTOCIIOCOOHOCTH aIMa3HO-aOpa3UBHOIO
HMHCTPYMEHTA OKa3bIBAIOT HAHOPA3MEPHBIE MOKPHITHS Ha 3€pHAX anMasa.

B kavecTBe mpuMmepa MOXHO mnpuBecTH HOKpbiTHE ZrO,-Y,03 [15]
tommuHOW m0 30-70 HM, KOTOpOE TIIOBBIIIAET BS3KOCTH pa3pyIICHUS
WHCTPYMEHTAIBHOTO KOMIIO3UTA YCIOBHUSIX BUOPALMOHHBIX AMHAMHUYECKHX
Harpy30K U o0ecrednBaeT MUHIMHU3AINIO H3HOCA MHCTPYMEHTA B IIpoIiecce
9KCILTyaTal}y.

11
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Puc. 9. Muxpocmpyxmypnoe (a) u hanocmpykmyproe (6) nokpuvimue
Ha uHCmpymMenme, U3HOC NO 3a0Hell NOBEPXHOCIU UHCIMPYMEHMA
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Puc. 10. Uznomsr komnosumos cucmem Cu+Sn+anmas (a)
u Cu+5 % Cu,+Sn+anmas (6)
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CMmazouHo-oxnaxpatomue texHonorndeckue cpeasl (COTC) — eme
OHO MEPCIEKTHBHOE HAMpaBliCHHE MPHUMEHEHHE HAaHOMATEPUAOB B
MeXaHUIecKor 00paboTKe.

NH—C—NH—R— NH—C—NH—R—

R 4

75 W“{% X 779’“-‘ “““ N
v 7 N ” //// N
% 7, /‘&% o DY,
Puc. 11. Cxema peanuzayuu 3¢pghexma camoapmuposanus 6 KOMRO3UMmMe
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Puc. 12. Cpasnenue pabomocnocobHocmu waughosanibHbix
kpyeos 12R4 150x5x3x32 npu o6pabomre meepooco cnnasa BK15

HanouacTuisl B COTC o0ecreynBaroT MHOBBILICHHE
TEIUIONPOBOAHOCTH CPEIbl M €€ CIIOCOOHOCTH CHMXKATh TEMIIEpPaTypy B
30H¢ 00paboOTKH, TeMIeparypy HWHCTpYMEHTa # 00paboTaHHOTO
maenaus. B COTC moryT Mcmonib30BaThCsl Kak METAIMYECKHE, TaK U
HeMeTalinueckue  HaHowactuuel  (tabn.  3)  [16].  OcHoBo#
HaHocTpykTypupoBaHHbIX COTC sBuseTcs BOJa, Macio U Jpyrue
KHUJIKOCTH.

Breicokyio  3ddexkruHocts  ummetor COTC ¢ yriepoiaHbIMu
HaHovactuiamu — Qysueporaamu (hysmiepen C-60, bymiepen C-70, ogHo- u
MHOT'OCTEHHasi HAHOTPYyOKa, MHOTOCJIONHAsI OJIMA IpaibHasi HAHOYaCcTHIa —
actpaieH), GymieputoM (MOIEKYISIPHBIME KpucTaiuiaMu) (puc. 13).

Hammane 8 COTC noBepxHOCTHO-akTHBHEIX BetecTB ([TAB) moBpimaer ux
sddexTnBHOCTE 3a cuer peammszaumu 3¢pdekra Pebunmepa. OpmHako mpu
BO3pacTaHN Harpy3KH B KOHTaKTe cBoiicTa [TAB cHIDKalOTCS B pe3ybTare ero
JIecOpOLMH ¢ TPYLIMXCS TIOBEPXHOCTEH M BO3MOXKHOW JIeCTpyKIMH. [10BBICHTD
a¢dexrrBHOCT, TpuMeHeHuss [IAB Bo3moxkHO 3a cuer BBemenusi B COTC

13
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Harouactur] (puc. 14) [18] — HaHOYACTHIBI HAa CTAaWK IWCIICPTHPOBAHUS B
6a3oBoit COTC ¢opmupyeT U3 ero MOJIEKYII CONBBAaTHYIO 000JI0UKY, Onaromaps
copOIM Ha HAHOYACTHIAX MOJeKymsl [IAB mproOperaroT OpHeHTAIHIo
HanOosee OJArONPHATHYIO IS TIOCIEAYIOMIEr0 WX B3aUMOJCHCTBUS B 30HE
KOHTaKTa ¢ TPYLIMMHUCS MOBEPXHOCTSAMH, 4 HAIMYUE COJBBATHON OOOJIOYKH Y
HAHOYACTHI IIPUJACT MM CEAMMEHTALOHHO-arPEraTHBHYIO YCTOHYNBOCTD, YTO
HeoOxoamMo Ut hopMupoBaHust 00beMHO¥ ceTkH B skuakoit cpene COTC.

Tabauya 3
Hanocmpyxmypuposannvie COTC
Basopas Cpennuit Hons B IIpupoct
COTC |Yacruna pasmep obmem TEIUIONIPOBO-
KHUJIKOCTh
YacTHLIBIL, HM| oObeme, %o HOCTH, %o
ITUIICH-
. g Cu TJIUKOJTb 10 0.3 40
= § & BOJIa 100 75 78
= E
558 | Fe STHet 10 0,55 18
=23 TJIMKOJIb
© g Au 10-20 0,026 21
Ag 60-80 0,001 17
13 30
Al,O; 33 4.3 15
< BOJIA 68 50 gé
=
5 = CuO 36 2,3 12
§ s 50 0,4 17
=] E SiC 26 4,2 16
§ s TiO, 15 5,0 30
o ©
g = | cunrern-
) g MHOI‘O_ HeCKOE MACITO & 25-50 150
O CTEHOY | neuews 1,0
Had Y, nenmmkoms/s| @& 15-30 30/13/17
ponHas
TpyOKa ona
BOJA & 70-100

Hyze MKM/MM Ceepno ua P6M5 (6,3 mm), BT3-1

6 YkpuHon-1
/’

YrkpuHon-1+HaHo4acTMUb!
(anmasHbie HaHoTpyOKK, acTpaneHs!)

(=T SIS

—

7 8,5 10 12,5 v, M/MUH

a) 0) 6)

14



BUMNYCK 13, 2012

2) 0) e)

Puc. 13. Brusnue COTC na uzHoc uHCmpymeHma npu c8epieHuu mumaHo8020
cnnasa (a) [17], yenepoonsie nanouacmuywl:
6) ¢yrnepen C-60; 6) pynepum,
2), 0) 00HO- U MHO2OCMEHHAS. HAHOMPYOKA, €) ACMpPaieH

Puc. 14. [Tocmaouiineiti mexanusm nanocmpykmypusayuu COTC:
a), 0), 8) popmuposanue conbeammot obonrouxku uz I[1AB;
2) 6oznukHosenue ppaxmanvhoti cemku 6 ooveme COTC; 0) muxpopenvegh
mpubonapwi 8 npucymcemeuu Hanocmpykmypupogannon COTC

[[lupokoe mnpUMEHEHHE HAHOMATEPHAJIOB OO0ECICUYNBACT PEBOJIIO-
[MOHHBIC M3MEHEHHs B MPOIECCax MEXaHHYECKOH 0OpabOTKU: MOBBILNICHHE
MIPOM3BOIUTEIBHOCTH TIPOIECCOB (OPMOOOPA3OBaHUSI 32 CYET PE3KOTO
YBEJIMYCHUS! CKOPOCTH  PE3aHHs; COBEPIUCHCTBOBAHHWE  TEXHOJIOTHIA
BBICOKOCKOPOCTHOW 00pabOTKHM ¢ TOMyYeHHEM H3JeNuid ¢ TpeOyeMbIM
COCTOSTHMEM TOBEPXHOCTHOTO CJIOS; paCUIMPEHHE CYIIECTBYIOUMX U
pa3paboTKy HOBBIX 00JIACTEH MPUMEHEHHUS HWHCTPYMEHTOB; 3(PQPEKTUBHOE
MOJyYeHHe U TNPHUMEHEHHE PEXYIIUX HHCTPYMEHTOB C 0C000 OCTPhIMHU
PEXKYIIMMHE KPOMKAMH JUTsl (PUHHUIIHBIX TEXHOJIOTHH.

CIHCOK UCNOJIB30BAHHOI JUTEPATYPHI:
15
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