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HUCCJIEJOBAHUE U AHAJIN3 UH)KUHUPHUHI'A KAYECTBA
HIJIM®OBAHUA HAHOCTPYKTYPHBIX TBEP/IbIX CIIVTABOB

IIpeocmaeneno pesynbmamu OOCHONHCeHb | AHANI3 THHCUHIPUHEY SKOCMI HAHOCMPYKMYPHUX
MeepoUx CHIAsI8 Nicis AIMA3HO-ICKP0B8020 winighyeants. Tlokazano, wo eapmicHa OyiHKa AKOCmi no3a
CYMHIBOM € GAJICIUSUM (PAKMOPOM NpU NOPIGHIbHIL  OYIHYI PI3HUX MEXHON02 [ Ccnocooie
6U20MOGIIEHHS 6UPODIS.

Hpedcmaeﬂeﬂbl pesyiomaniol uccnedo8anull u aHaiusz UHICUHUPUH2A Kadecmea
HAHOCMPYKMYPHbIX m@ep()blx cnjiaeos nocie ajimMda3Ho-UCKpoeo2o uuzud)ogauuﬂ. HOK[IS’[IHO, umo
CMOUMOCMHAsL OYEeHKa Kadecmea HEeCOMHEHHO A6IAemCs BANCHbIM (j)akmopo,w npu cpatmumeﬂbm)d
OYeHKe pa3luiHblx MexHoI02Ull U CNOCOb08 U320MOBNICHUS U30EIUIL.

The results of researches and analysis engineering quality nanostructure hard alloys are
presented after a diamond-spark polishing. It is shown that a cost estimation of quality undoubtedly is
an important factor at the comparative estimation of different technologies and methods of making of
wares.

OueHka, CpaBHEHHME W aHaJM3 KaueCTBEHHBIX XapaKTEPUCTHK H3ICIUA U
MHCTPYMEHTa B  CTOMMOCTHOM  BBIPQXEHHMH  SIBISIETCS  NEPCIIEKTUBHBIM
HampaBineHueM. [loTpeOuTens  WHTEpecyeT  HAJEKHOCTh  NPHOOpPETeHHOU
NPOJIYKIUH, SKOHOMHUYECKas 11e71ec000pa3HOCTh ee nmpuMeHeHuss. OH CYHMTaeT, 4To
Ka4eCTBO CTOMT JICHEI M KauyeCTBO IPHHOCUT JAEHBIH, IIO3TOMY TOTOB ILJIATUTh
6ombie  [1]. Takum oOpa3omM, MOXHO CHAENaTh BBIBOJ, 4YTO MpoOIEMY
KaueCTBEHHOTO pe3yibTaTa CJIEAYET PAaCCMaTPUBATh HE TOJIBKO U XK€ HE CTOJILKO
IpU  W3TOTOBJICHWM W3AENMH W HHCTPYMEHTa, CKOJBKO B IIpolecce Hux
9KCIUTyaTall|K; OHATHO, YTO TAaKUE U3/IENNs HAHIyT CIIPOC Ha PHIHKE.

OcoOeHHO Ba)XHO OLIEHWBATH HAJEKHOCTh, HAlpHMEp, WHCTpYMEHTa B
CTOMMOCTHOM BBIPa)KCHUH TIPH CO3[AHUH U TIOSIBICHUH HOBBIX HHCTPYMEHTAIIBHBIX
MaTepuaoB, KOTOpPbIE IOJIKHBI 00ECIeYrBaTh 110 CBOUM (HU3MKO—MEXaHHYECKUM
CBOWCTBAM M  XHMHYECKOMY COCTaBy MOTPEOHOCTH COOTBETCTBYIOIIETO
TEXHOJIOTHYECKOT0 yKJaaa. EcCiM 1oA TEeXHOJOIMYeCKHUM YKJIaJIOM MOHHMATh
COBOKYITHOCTh TEXHOJIOTH, ONpENENISIOMNX PU3HAKA dKOHOMHUKH, TO CO3/IaHHE
HOBBIX MHCTPYMEHTAJbHBIX MATEPUAJIOB SIBJISAETCS OJHHM M3 (PAaKTOPOB, KOTOPBIiA
MOXET O00eCIe4YHUTh BBICOKOI(PPEKTUBHYIO OOpPaOOTKY COBPEMEHHBIX M HOBBIX
TPYIHOOOpabaThHIBAEMBIX KOHCTPYKIIMOHHBIX MAaTEPHAIIOB.

Kak m3BecTHO BO BceM MHpe B IOCIEIHEE BpeMsl PE3KO YBEINYMBAETCS
MPOM3BOJICTBO TOHKOAMCIIEPCHBIX M HaHO(a3HbIX MaTepuajoB. B CBs3M C 3THM
NPE/ICTABISIET HHTEPEC pa3pabOTaHHBIA HOBBI HAHOCTPYKTYPHBIH TBEpAbIH CILIaB
«BonKap» [2]. OcoGeHHOCTbIO TAHHOTO WHCTPYMEHTAIBHOTO MaTepuaja sBIISETCS
TO, YTO B €ro cocraBe ToJbkO 3epHa WC ¥ HET CBSA3YIOMIMX, TAKMX KaK KOOAjbT,
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HUKEJIb W JIPYTHX JIOPOTOCTOSIIMX MarepuayioB. VcxomHblii Matepuan 1o
MPECCOBAaHUs M0 CHENUAIbHOM TEXHOJOTHH NpeacTaBisieT coboit nopomok WC ¢
pasmepamu 40-70HM, a B IOJYyYEeHHOM TBEpAOM cIulaBe pasmepsl 3epen WC
yBennuuBatotcs 10 100HM. Bricokue gpu3nko—MexaHn4ecKue CBOiicTBa Marepuana
N0 CpPaBHEHHIO C M3BECTHBIMH TBEPIABIMH CIUIaBaMH  OOECIIEUHMBAIOTCS
BBICOKO/IUCTIEPCHBIMH 3€pHAMU U MPOYHBIMHM T'PAaHUYHBIMH CBSI3SIMH MEXKIYy HUMH,
YTO OOBSICHSETCS MaJbIM BPEMEHEM W CPaBHUTEIBHO HEBBICOKOW TEMIIEPaTypou
crnekanus. Ilpumenenue pexymux IUacTUH M3 crulaBa «BonKap» mnozBonsier
3HAYUTEIHHO MOBBICUTH IIPON3BOJUTEILHOCTh 00pabOTKN pE3aHUEM.

C nmempl0 W3y4YEHHS BO3MOXKHOCTEH pAaIMOHANBHOTO NIIM(OBAHUS |
NPUMEHEHNS IIA(OBAHHBIX HHCTPYMEHTOB IIPH UX HCIIOJIb30BAHUH MPEACTABISIET
MHTEpEC IPOBEJCHHE COOTBETCTBYIOIIMX  MCCIIEOBAHUH.  DKCHEPUMEHTBHI
MPOBOAWINCh, HAa  YHHUBEPCAIbHO—3aTOYHOM  cTaHke wmonenn  3/1642E,
MO/JICPHU3UPOBAHHOM JUII 00PaOOTKH METOAOM ajIMa3HO—HCKPOBOTO HUIM(OBAHUS
(AUWIL). HlnupoBaHue OCYHIECTBISIOCh TOPILOM Kpyra 12A2-45° AC6 ma
Meramtindeckoil  cBszke MI-01 ¢ 06paTHON MHONAPHOCTHIO MOACOSTUHECHUEM
MOJIOKUTEIBHOTO  TIOJIIOCA  MCTOYHMKA IUTaHWS K  aJMa3HOMY Kpyry, a
OTPHUIATENHHOTO — K 00pabaTeiBaeMOMy MaTepHaiy. FICTOYHHKOM NMUTAHUS SBISICS
CTEIUATIbHBIH TEHEPaTOpP HMITYJIbCOB. OJIEKTPUYECKHE PEXHUMBI COCTABIISIH:
BEJIMYHNHA TEXHOJOTHYECKoro Toka |, = 5A, gacToTa 3mekTponMiyiascos f =
22’1, CKBaXHOCTh N = 2. M3yyanoce BIMSHUE PEXXUMOB PE3aHUS — MOMEPEYHOM
nozxaun (Snon), cxopoctu pezanus (V) W XapakTEpUCTHK ajMa3sHOro Kpyra —
3epHHCTOCTH (Z), KoHueTpauuu (K) TpH 3TOM OLCHHBanach yieibHas
cebecronmocts  mutuposanus  (Cuw, kom/cm’). OTMETHM, 49TO  yjAe/IbHAS
cebecTonMOCTh HITM(OBAHUS TAKKe KaK M OTHOCHTENIBHBIM pacxon anmaszoB (d,
MI/T) JaJIeKo He BCeraa OTpakaeT JydlMid BapuaHT unutddoBanus. HeBbicokas
ylenpHas ce0eCTOMMOCTh CBSI3aHA C HU3KUM OTHOCHUTENIbHBIM PAacXo/I0OM ajiMa3oB
(60mB1ION CheM MaTepHala); MPH 3TOM COBEPIIEHHO HE TapaHTUPOBAHO BHICOKOE
KauecTBO HUIM(OBAHHBIX HMHCTPYMEHTOB. Ha3BaHHBIE KpPHUTEpUH  SIBISIOTCS
KOCBEHHBIMU M HE OTPaKalOT OJHO3HAYHO KauyeCTBEHHOE COCTOSHHE W3JICNUH 1
MHCTPYMEHTAa B peajbHBIX YCIOBHAX OKcIUTyaTtanuu. llpu omnpexneneHuH
ONTHMAJIBHBIX YCJIOBUHM alMa3HO—MCKPOBOTO HUIN(GOBAHHS HAHOCTPYKTYPHOTO
TBepaoro ciuiaBa «BonKap» nmpuMeHeH 1moxo/1, COOTBETCTBYIOINNA HHKUHUPUHTY
KavecTBa. [yl OEHKHM PEaIbHOTO COCTOSHMS MHCTPYMEHTa Mociie NIH(OBAaHUS B
YCHOBUSIX 3KCIUTyaTallud, YTO Ba)KHO A MOTPEOMTEINs, MPUMEHSTCS KPUTEPHH,
KOTOPBI OILIEHWBAET WHTETPaIbHBIA IMOKa3aTedh KadecTBa. OJTOT KpUTepUid
YUUTBIBAET CTOMKOCTh MHCTPYMEHTA, XapaKTePH3yeMyIO AJIMHOW ITyTH PE3aHHs B
Merpax (L, M) W COOTBETCTBEHHO CE0ECTOMMOCTh MEXaHWYECKOW 00paboTKh
pe3aHueM, a TakxKe yaesbHYI0 ce0eCTOMMOCTh NUTH(OBAHUS U MPECTaBISET CO00i
CyMMapHYIO TEXHOJOTHYeCKyto cebectommocTh (Cm, kor/muH). Takum oOpazom,
(hakTHYECKH OIIEHMBAETCS HAJISKHOCTh HHCTPYMEHTAa B CTOMMOCTHOM BBIPayKEHHUH.
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TexHomormyeckas ce0ECTOMMOCTh PACCUYUTHIBANIACH 10 U3BECTHON METOIUKE
[3]. ®opmyna asst TexHONMOTHUECKO# cebectoumocTu (Cn, KOT/MHUH) UMEET BHII:

466,05 +0,16Cwu V
Cm=37,2+ L , 1)

rae Cm — ynenbHas ce0ecToMMOCTh NUTH(OBaHuUs (3aT0UKH), kKor/cM3; L — mmuHa
IyTH PE3aHus, M.
JnuHa myTn pe3anus L npu ToueHNMH paccuuThIBanach 1o hopmyse:
L= zdl ,
1000S
rze d — muametp 3aroToBk, MM; | — JutMHa 3aroToBKH, MM; S — mogava, Mm/00.

Takum 00pa3om, H3MEHEHHE TEXHOJIOTNYECKON ce0eCTOMMOCTH OTIpeIeNseTC s
BIIMSHUEM JIBYX (DakTOpoB — Ce0ECTOMMOCThIO HUIM(OBAHHS M CTOHKOCTBIO
MHCTPYMEHTA.

Jlnst OUeHKM BIMSHUS BapHaHTa HUTM(OBAHMS Ha CTOWKOCTh MHCTPYMEHTA
HEOOXOINMO YCTaHOBUTH ONTHMAIIBHBIC PEKHMBI PE3aHUS, TIPH KOTOPBIX CIEIYET
MPOU3BOIUTH HCHBITAHUA. V3BECTHO, YTO AN KaXKJOH IMapbl KOHTAKTHUPYIOMIHNX
HMHCTPYMEHTAJILHOTO M 00pabaThIBaeMOT0 MAaTepHAIOB CYIIECTBYET CBOE 3HAYCHHE
ONTHMAJIBFHON TEMIepaTypsl M CKOPOCTH, INPH KOTOPOH pabOTOCIIOCOOHOCTH
PEXYILIEro WHCTPYMEHTa peaju3yeTcs Haubonee monHO [4, 5]. DKcnepHMeHTHI
NPOBOJMIINCh Ha TOKapHO—BUHTOpe3HOM craHke 16K20 mnpu ToueHum 0Oe3
oxnakaenus 3akanennon cranu XBIT (HRC, 55...58), pa3meps 3arotoBku d = 45
MM, | =200 mm npu crneayromumx pexumax: V = 110 m/muH, S = 0,075 MM/00, t =
0,2 MM. Pe3Iipl uMenH Cleayrolnue reOMeTPHUSCKUE mapameTpsl: y = -5% a = 8°%; 4
= 0% ¢ = 45°% ¢, =15° 3a xputepuil 3aTymieHus ObLI NPUHAT U3HOC MO 3aTHEH
noBepxHoctu h,= 0,4 MM, KOTOPBI H3MEpPSIICS HEMOCPEICTBEHHO Ha CTAaHKE C
MOMOUIBI0 MUKpOCKoma «Mup — 2».

Ha puc. | mpexacraBneHa 3aBUCHMOCTD JUIMHBI ITyTH PE3aHHUS OT CKOPOCTH
pe3aHusl, 3HaYeHHWE KOTOPOW MOXKHO CUMTATh ONTHUMAIBHONH IIPH HPOBEIACHUH
COOTBETCTBYIOIINX CHCTEMHBIX HUCIBITAHUH MHCTPYMEHTOB; OTMETHM, UTO IoJada
U rTyOMHA pe3aHusi HECYNIECTBEHHO BJIMSET HA 3HaYEHHE ONTHMAJIbHOM CKOPOCTH
pe3anus. BpIABIEHHAas CKOpPOCTh pE3aHUs INPH TOYEHHH HAHOCTPYKTYPHBIM
TBepAbIM crutaBoM «BonKap» (V = 110 mM/MuH) Obiia npuHsTa B KauecTBe 0a30BOM
NpU OIIEHKE ONTHUMAaJbHOTO BapUaHTa HUIM(OBAHUS IUIACTHH IO CTOHKOCTHBIM
MOKa3aTesIM MHCTPYMEHTA (JUTMHA TTyTH pe3aHus L, m).

Ha puc. 2 npeacraiens! 3aBucuMoctr cebecronmoctu numnposanns (Cus) u
CYMMapHOM TeXHOJOrnyeckoir cedectommoctd (Cm) OT MONEPEYHON MMOa4YH
(Snon, mm/nB.xon). Kak BugHO HamMeHbluee 3HaueHne Cui obecriedMBacTCs Mpu
M OoBaHUM € TIONIepedHOH nogauer Snon = 0,15 mm/nB.x01. Ho nipu aTtom (Taba.
1) cTOMKOCTh MHCTPYMEHTA P MCIIBITAHUH OKasbiBaeTcs HauMeHbmer (L = 1100
M). Haubonbmas croiikocts (L = 1350 M) oOnapyxuBaeTcs npu HUIH(OBAHUH C
Snon = 0,05 mm/nB.xon. Takum oOpazom mnuHy myTtu pesanus (L, M) MoxHO
CUUTATh OTIPEIEIISIFOLM (axropom CyMMapHOH TEXHOJIOTUYECKOH

)
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C€6€CTOI/IMOCTI/I, HaVMCHBIIICC 3HaA4YCHHC KOTOpOﬁ obecneunBaeTcs
HIJ'II/I(I)OBE[HI/II/I HWHCTPYMEHTOB C MHUHUMAJIbHOM nonepequi?I nouaqeﬁ.
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JvHa myma pesamms L, M
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1100

70 90 110 130 150
Ckopocth pe3anus V, M/MuH

Pucynok 1 — 3aBHCUMOCTD JJIMHBI TyTH PE3AHUS OT CKOPOCTH PE3AHUS:
S =0,075 mM/006, t = 0,2 MMm.
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Tlonepeunas mogaua Snon, MM/IB. X0

PucyHok 2 — BausiHue morepeyHoii mojady Ha ce0ecTOMMOCTh NUTH(OBaHUS U

TEXHOJIOTHYECKYI0 cebecTonmocTh: 1-TexHonornyeckas cebecroumocts (Ct), 2 —

Cebecronmoctp nutrpoBanus (Cr)
V=25 m/c; xpyr 12A2-45° AC6 100/80 M1-01-4.
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Tabmuua 1 — Biusiuue nonepeunoit monauu (Snon, MM/B.X0) Ha JUIMHY ITyTH
pesanust (L, m)

[Monepeunas noxaun Snon, 0,05 0,10 0,15
MM/JIB.X0]

Jmuna mytu pesanus L, m 1350 1250 1000

IMomoOHBI  XapakTep COOTHOILIEHUH, HO MEHEEe  KOHTpAaCTHBIN

oOHapyXuBaeTcs M MpH aHamu3e BIUSHUS ckopoctu (V, m/c) Ha ceOecTOMMOCTD
NUTHQOBAaHUA ¥ CYMMAapHYIO TEXHOJIOTHUYECKYI0 cebectonmocTs (puc. 3). C poctom
ckopoctd 110 35 m/c cebecToMMOCTh NUTM(OBAHUS CHIKACTCS, UTO OOBACHIETCS
TJIaBHBIM 00pa3oM TOBBIICHHEM IPOW3BOIUTENBFHOCTH 00paboTku. Ho mpwm
UCIIBITAHWM HMHCTPYMEHTOB 3aTOYEHHBIX C 3TOM CKOpPOCTBIO CTOHKOCTH WX
cHmkaeTcs (Tabn. 2), YTO €CTECTBEHHO IPHUBOJUT K YBEIMUYCHHIO CyMMapHOM
TEXHOJIOTHUECKOW cebecTouMocTH. Kak BHIHO U3 TNPHUBEICHHBIX JaHHBIX
HavMeHbIIee 3HaueHne Cm obecreunBacTcs npu ckopoctu V = 15 M/c, TO ecTh
ONTHMAJbHOE 3HAUeHHE €€ CMEN[aeTcsi B CTOPOHY MEHbUIMX 3HA4YCHUHL.
CrenoBarenbHO, MOXKHO KOHCTaTUPOBaTh, YTO HA  MIAJSIMX  PEKUMAX
unoBanust crasa «BonKapy», HecMOTpsi Ha 3aMeTHO 0oJiee BBICOKHE 3HAUYCHHS
cebecronMocTH NUIMGOBAHHS, YTO OOBICHSAETCS M OOJNbIIEH HHEPrOEMKOCTHIO
nporecca, OCHOBHOI BKJIaJ B CYMMAapHYIO TEXHOJOTHYECKYI0 Ce0eCTOMMOCTb, €
CHI)KEHHE, BHOCAT KaueCTBEHHbIC TTOKa3aTenu, obecreunBaronye 0oaee BHICOKYIO
CTOHKOCTH NITH(OBAaHHBIX HHCTPYMEHTOB (INTMHA ITyTH pe3aHus L, m).

60 60

s E
= 1 5
(=}
T - 45 :
L§> 2 B O
: :
g 30 30 g
g g
g 15 15 aé
§ g
:
=
15 25 35

CxkopocTs pe3anus V, M/c

PucyHok 3 — BiausiHHe CKOPOCTH pe3aHust Ha cebecToMMOCTh HUTH(hOBaHHS 1
TEXHOJIOTHIECKYIo cebecTonmocTs: 1-TexHomorndeckas cebecronmocts (Ct), 2 —
Cebecronmocts numposanus (Ci)

Snon = 0,10 mm/nB.x0x; Kpyr 12A2-45° AC6 100/80 M1-01-4.
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Tabauna 2 — Baustaue ckopoctu pesanus (V, M/c) Ha iy myTH pe3anus (L, M)

CkopocTb peszanus V, M/c 15 25 35

JnHa ytu pe3anus L, M 1300 1250 1100

[Ipu ananmse BIUSHUA 3epHUCTOCTH (Z, MKM) M KOHIIEHTpAIlMH aJIMa3HBIX
kpyroB (K) Ha paccMaTpHUBaeMble MOKA3aTENH MPOLECCOB NUTH(OBAHNUSI H TOUCHUS
3aMeTHOe pasjinyue He oOHapyxkuBaeTcs. PaccunrtanHble 3HayeHus Cmi, KON/MUH
HOJIy4alOTCsl 32 CUET COOTBETCTBYIOIIMX BKJIAZOB YKA3aHHBIX paHee KPUTEPHEB
(Tabn. 3, 4).

Tabnuua 3 — Biustaue 3epHUCTOCTH KPYTroB (Z, MKM) Ha ce0eCTOMMOCTh
1T (OBaHUSI U TEXHOJIOTHYECKYIO Ce0ECTOMMOCTh

3epHUCTOCTH KPYTOB Z, MKM 50/40 | 100/80 | 160/125 | 200/160
Ce6eCTOI/IM030TI> udoBaHust 48 45 38 36
Cuw, xon/cm

TexHoJIOTHYECKAst CE0ECTOMMOCTh 49 50 50 51

Cm, xoIr/MuH

Tabnuna 4 — Bioustane xoHIeHTpanuu KpyroB (K) Ha cebecTonMOCTh NUTH()OBAHUS
Y TEXHOJIOTHYECKYIO ce0ECTOMMOCTb
KonuenTpanms kpyros K 2 4 6 8
CG6GCTOI/IMO30TL T OBaHUS 53 45 36 32
Cuw, xon/cm
Texnonoruyeckas cedbectoumocts Crm,
KOII/MHH

51 50 52 52

Ha ocHOBaHMM H3I0)KEHHOTO MOKHO YTBECpKAATh, YTO Ka4CCTBCHHbBIC
XapaKTCPUCTHUKHU TPOLCCCOB 06pa6OTKI/I MOXKHO OIpEACiATb B CTOMMOCTHOM
BBIpAXKCHNH, W CJICAOBATCIIbBHO CTOMMOCTHAsA OLCHKAa KadyeCTBa HCECOMHCHHO
ABJIACTCA BaXXHBIM q)aKTOpOM npu CpaBHHTeJ’IBHOﬁ OLICHKE PA3JIMYHbIX TEXHOJIOTUH
U CII0CO00B U3rOTOBJICHHUS HSZLCHI/Iﬁ.
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