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VJIK 621.923
B. C. MAHBEOPOJIA, 1. B. C/IOFOAAHIOK, /1. FO. JUKYJIIH, J. B. TAPTAH

BIIJINB MATHITHO-ABPABMBHOI'O OBPOBJIEHHSA HA SAKICTh IIITIOHKOBUX ®PE3
I3 IBUJAKOPI3AJIbHOI CTAJII

JlociifpkeHo BIUIMB INBHAKOCTI OOCpPTaHHS LIIIOHKOBHUX ()pe3 BHIOTOBJICHUX 3 IIBHIKOPi3aJbHOI CTall HaBKOJO BJIACHOI OCi B IpOLeci MarHiTHO-
a0pa3uBHOro 0OpoOIIeHHs B poOOYNX 30HAX KINBLIEBOrO THITY Ta CKJIaJy MarHiTHO-abpa3uBHOIO IHCTPYMEHTY Ha IIOKa3HHUKH SIKOCTi. BcTaHOBIICHO, 110
301IBIICHHS IIBUAKOCTI 00epTaHHs (pe3 HABKOJIO BIACHOI OCi B JOCIIPKYBAaHOMY Aialia3oHi IPU3BOAUTH O IIJABUIICHHS ITOBEPXHEBOI TBEPOCTI,
3MEHIIy€ IHTeHCUBHICTh (OPMYBaHHS PaliyCy OKPYIVICHHs Pi3aJIbHHUX KPOMOK Ta CYTTEBO HE BIUIMBAE HAa 3MiHY LIOPCTKOCTI POOOYHX MOBEPX OHb.
IIpoBeseHO [IOCIIKEHHs Mpale3JaTHOCTI LIMOHKOBUX (pe3 Micls LUKITYy MarHiTHO-aOpasMBHOrO OOpOOJICHHS, MOKa3aHO, W0 BiIOYBa€eThCS
MJBUINEHHS IX CTiHKOCTI B 2 1 OiybIe pa3u B MOPIBHSAHHI 3 HeoOpoOIeHnMHU. BeranoBeHo, o HallbinbIe Ha Npale3aaTHICTh BIUIMBAE BEIMYMHA Ta
thopma pafiycy OKpyTieHHs pi3aJbHIX KPOMOK Ta IIOBEPXHEBA TBEPAICTh Pi3albHOrO iHCTPYMEHTY.
KutiouoBi ci1oBa: MaruiTHo-abpa3uBHe 00poOIIeHHs, IIMOHKOBA (pe3a, TBEPAICTb, OPCTKICTh, pi3aibHa KPOMKA, 3HOLICHHS.

B. C. MAHBEOPOJIA, H. B. CJIOBOJAHIOK, 1. 0. JUKYJIHH, ]T. B. TAPTAH
BJINSTHUE MATHUTHO-ABPA3HUBHOIM OBPABOTKH HA KAYECTBO INIMOHOYHBLIX ®PE3 C
BBICTPOPEKYIIEN CTAJIN

HccnenopaHo BIMSHHE CKOPOCTH BPAIICHMS IIMOHOYHBEIX ()pe3 U3TOTOBICHHBIX M3 OBICTPOPEXKYIIEH CTaiy BOKPYr COOCTBEHHOW OCH B Tporiecce
MarHUTHO-a0pa3uBHOI 00pabOTKM B paboOYMX 30HAX KOJBIEBOrO THMA M COCTaBa MarHUTHO-a0pa3sMBHOrO MHCTPYMEHTAa Ha MOKa3aTelIu KayecTBa.
VCTaHOBIIEHO, YTO YBEIMYEHHE CKOPOCTH BpallieHHs (pe3 BOKPYT COOCTBEHHOH OCH B HCCIELYeMOM AMAIa30HE NPHUBOAUT K MOBBIIICHUIO
MIOBEPXHOCTHOH TBEPAOCTH, YMEHBIIACT MHTCHCHBHOCTh (DJOPMHPOBAHHS PaaMyca OKPYIJICHHS PEKYIIMX KPOMOK M CYIIECTBEHHO HE BIIHMACT Ha
M3MEHEHHE HIEPOXOBATOCTH padounx moBepxHocreil. IIpoBeneHo HcceoBaHHE PabOTOCIOCOOHOCTH IMMOHOYHBIX (pe3 Mocie IUKIAa MAarHUTHO -
a0pa3uBHOM 00pabOTKHM, TOKA3aHO, YTO UMEET MECTO TOBBIIIEHHE UX CTOMKOCTH B 2 1 60Jiee pa3 IO CPaBHEHHUIO ¢ HEOOPaOOTaHHBIMU. Y CTaHO BJIEHO,
4T0 GOJNIbIIE BCEro Ha PabOTOCIOCOOHOCTH BIHMSACT BEIMYMHA M (opMa paauyca OKPYIJICHHS DPEXYIIMX KPOMOK M INOBEPXHOCTHAs TBEPAOCThH
HHCTPYMEHTA.
KiroueBble ci10Ba: MarHuTHo-abpa3uBHas o0paboTka, MMOHOYHAas (pe3a, TBEPAOCTh, IIEPOXOBATOCTD, PEXYIAs KPOMKA, H3HOC.

V. S. MAIBORODA, I. V. SLOBODIANIUK, D. YU. DZHULII, D. V. TARHAN
INFLUENCE OF MAGNETO-ABRASIVE MACHINING ON THE QUALITY KEYWAY MILLS MADE
OF HIGH SPEED STEEL

Experimental investigations of influences of magneto-abrasive machining conditions on the quality parameters of keyway mills made of high speed steel
were carried out. It was determined that an increasing in angular velocity of mills around its own axis during the machining does not lead to the
intensification reducing of roughness parameters and formation radiuses of cutting edge rounding. But it increases the hardness of working surfaces due
to the frictional hardening. The best results for hardening were obtained at using powdered with round shape, which provides increasing of hardness to
value 10-11,5 GPa at the initial 8-9 GPa, reduction of roughness at using splinter powders with high abrasive ability, which provides value of Ra 0,45
um at the initial 1,4 pm. By using the method of magneto-abrasive machining can be increased the keyway mills tool life by forming the necessary size
of radiuses of cutting edge rounding and increasing of the hardness of the surface layers of the working elements. Experimentally was investigated that
at the angular velocity of mills around its own axis 500 rpm and using as magneto-abrasive material the diffuse powder made from PR R6M5 with grain
size 160/100 pum the tool life increases in 2-2,3 times.
Keywords: Magneto-abrasive machining, keyway mill, hardness, roughness, cutting edge, wear.

Beryn. B 3B’s3Ky 3 IpUCKOpEHUM TEMIIOM PO3BHUTKY
TEXHIKM Ta CYYaCHOIO0 aBTOMATH30BAHOIO BHPOOHUIITBA
aKTYaJIbHAM € MiJIBUIIEHHS €)eKTUBHOCTI Ta HAAIWHOCTI

TEXHOJIOTTYHOT O nporiecy, AKUH BU3HAYAETHCS
eKCIUTyaTaIlitHUMHU BIIACTUBOCTSIMU pizaiabpHOTO
incrpymenrty (PI).

B 3HauHiil Mipi TOKa3HUKHU SKOCTI IHCTPYMEHTY, TaKi
sk (pi3UKO-MEXaHIuHI BIIACTUBOCTI MOBEPXHEBOTO MIAPY
poOOYHX eNeMeHTIB, iX MiKpOreoMeTpis, BeIUYWHa Ta
¢dopma oxpyrieHHs pizanpHEX KpoMok (PK) Ha Beix
eIIEMEHTaX, IO NPUHMAIOTh aKTWBHY YYacTh y pi3aHHI,
¢dbopmyroThCS Ha (IHIMHMX eTamax BHUTOTOBICHHA. Jlis
3a0e3MeueHHs MMiABUIICHAS 3a3HAYCHUX XapaKTePHUCTHK,
SKi B TOHANBIIOMY BH3HAYAIOTh HANIAHICTE Ta
mpame3gaTHuii ctaH Pl TpamumiiHO BUKOPHCTOBYIOTH
CydJacHi MeTOau OOpOOIEeHHS, M0 TOEAHYIOTH B CO0i
KOMIUIEKCHHH BIUIMB €HEPTridl pPi3HOTO IOXO/KEHHS Ha
TOBEpXHEBUH mmap BHUpoOiB. OmHaKk OLTBLIICTD 3 TaKWX
METO/IiB € BUCOKOBAPTICHUMH Ta CITA0OKOHTPOIHOBAHUMHU
1 B TOBHIH Mipi He 3a0e3NedyloTh KOMIUIEKCHOT'O
MiIBUIIEHHS MapaMeTpiB skocTi. OmHEM 3 CydacHHX

(IHIIHUX METOMNIB, SIKMH IHTEHCUBHO PO3BUBAETHCS — €
MarHiTHo-aOpazuBHe o00poOneHHs (MAO) B poGoumnx
30HaX KijgpreBoro Tumy. Jms oOpobneHHS Oeranen
CKJIAJIHOI MPOCTOPOBOi (POPMHU, IO SKHUX BIAHOCHUTHCS PI,
JIOIUTBHO BHUKOPHUCTOBYBATH POOOYl 30HH 3 KiJBIIEBUM
po3TamryBaHHSAM ~IMHpWHOIO TOoHanm 3-5 wmm  [1].
XapakTepHUM JUTS TAKHX CXEM € Te, [II0 CUJTH IIPUTHCKaHHA
MarHiTHo-abpasuBHoro mopomky (MAII) mo meram B
OCHOBHOMY CTBOPIOIOTHCS 32 PAaXyHOK CHJI AWHAMIYHOTO
MOXOPKEHHSI TIPY BIAHOCHUX pyxaX JAeTalli Ta IMOPOIIKY i,
B MEHIIN Mipi, 32 paXyHOK MarHiTHOro mois. B mporeci
00poOIeHHsT meTanb 0a3yeThCs MM TIEBHUM KyTOM MO
poOoUoi 30HM, pPyXaeThCs B3AOBXK Hel Ta obOepraeTbes
HaBKOJIO BJIACHOI oci (oci onpaBkw) [2—4]. ToMy BasKIHBIM
€ BHM3HAUCHHs BIUIMBY IIBHIKOCTI OOEPTaHHS OIPAaBKH
HaABKOJIO BJIACHOI OCi Ha TIiJIBHIICHHS MapaMeTpiB SKOCTi
TOTOBOTO iHCTpyMeHTy. Ilomepenni HOCiKEeHHs BIUIUBY
nporecy MAO Ha QiHIIIHNX eTamax BUTOTOBJICHHS Pl 3
PI3HHX MarepialliB CBiA4aTh MPO MEPCHEKTHBHICTH HOTO
3actocyBanHsa [1, 3, 5, 6], ame B mmx poOorax He
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JOCII/DKEHO BIUIMB KYTOBOI  IIIBHJKOCTI
JleTaliell HaBKOJIO BJIACHOI OCl.

[IpakTHyHO BiACYTHS HayKOBO-TeXHIUHa iH(opMais
PO BIUIMB JIAHOTO METOAY Ha SIKICTh Ta eKCIUTyaTaliiHi
BJIACTHBOCTI  INIMOHKOBUX  ()pe3  BHUIOTOBICHHX 3
IIBHJKOPI3aJbHOI CTaJi 3 ypaXyBaHHSIM KiHEMaTHYHHX
apaMeTpiB MPOIIECy.

MeToro naHoi poOOTH € JOCHIPKEHHS BIUIMBY
MarHiTHO-a0Opa3uBHOTO OOpOOJIeHHsST B pPOOOYMX 30HAX
KIJIBIIEBOT'O THITY HA MTOKA3HUKH SIKOCTI IIITIOHKOBUX (hpe3 13
LIBHIKOPI3aJIbHOI CTAI.

Marepian i pe3yJbTaTH JA0CTiTKEeHD.
ExcrieppuMeHTanbHi  IOCHI/PKEHHST BHKOHYBAJIWCh — Ha
IIMIOHKOBHUX  (pe3ax 5,5 MM 3 JTOBXKUHOI POOOYOT
yactTiHM 20 MM  BHTOTOBJICHMX 3 IHCTPYMEHTaJIBbHOI
mBHAKOpizaidpHOi crami — P9. YV BuxigHomy craHi
LIOPCTKICTh pOOOYUX MOBEPXOHb (pe3 — Ra cknanana 1,4—
1,5mMkM, moBepxHeBa TBepmicth  HV200=8-8,5 I'Tla.
30BHIMIHIA BUIIIA] pi3albHOI KPOMKH (pe3 y BUXIZHOMY
cTaHi HaBeseHO Ha puc. 1. BinzHaunMo HasBHICTH Ha HUX
3aJIMPOK 1 KOHIIEHTPATOPIB HANPY>KEHb Y BUIJISAI BUPHBIB
Ta CKOJIIB.

obepTaHHS

Puc. 1 — 3oBuinmHi# Burisag PK mmonkoBux ¢pes y BuxiqHoMmy
cTaHi

MAO BUKOHYBaJH Ha EKCIEPUMEHTAILHOMY
BepcTarti [3], sikuii 3a0e31euye MOXKIIHUBICTh PEBEPCHBHOIO
obepTaHHsT OOpOOIOBAHOIO THCTPYMEHTY HABKOJO OCI
KUIbIIEBOI BaHHM 3 PEryJibOBaHOK MIBHIKICTIO Ta
omHOuacHe oOepTaHHS HABKOJIO BJIAcHOI oOcCi mpH
HaXUIJIEHOMY 0a3yBaHHI BiJHOCHO IUIOIIUHK POOOUYOi 30HH.
OO0poOeHHs (ppe3 BUKOHYBAIH MPHU HACTYIHHX yMOBaXx:
mwBHAKICTE pyxy Pl B3moBX KinbleBoi BaHHU 2,5 M/C;
4acToTa 00EpTaHHS IHCTPYMEHTY HAaBKOJIO BJIACHOT OCi — o
BapitoBajach B jmiamazoni 100-900 06/xB, BemuuHMHA
HAMpPYXEHOCTI MArHITHOTO TOJS B MArHITHIA CHCTEMI He
3anoBHeHiit MATI ckianana H=183 kA/m; yac 0OpobieHHs
— 180 c. Bimznauumo, mo MAO BUKOHYBalld 32 YMOB
3MiHU HAMPSIMKY PYXY HABKOJIO OCi KiJibIIeBOi BaHHH [ 7], a
caM€ B pEXHMi «HATIKaHHSI» MarHITHO-aOpa3WBHOTO
inctpymerty (MAI) Ha oOpoOmOBaHy MOBEPXHIO — dac
ckmagaBs 60c, a B pexumi «crikanas» — 120 c. Kyr
0a3yBaHHSI (pe3 BIOHOCHO TOPWU3OHTAIBHOI IUIONIMHH
pob6ouoi 30HM — P=35°. Jlns BimHOBNeHHS hopmu MAI B

pexumMi «CTIKaHHS, KON OCHOBHA Maca
(hepoadpa3MBHOTO CEPEIOBHINA BUTICHAETHCS B HIDKHIO
YaCTHHY pobouoi 30HM BHUKOPHCTOBYBAJIH

BigHOBIIOBaIbHUHN cTprkHeBHi enemeHnT (BCE) 310 mm,
Kyr ©OasyBaHHA sKkoro ckmamgaB  40°  BigHOCHO
TOPM30HTAIBHOI TUIONIMHY KibIieBoi BanHHM [1, 8, 9].

Ho ta micns MAO KOHTPOJIOBAJIM: IMOPCTKICTh
TOBEpXHI Ha cTpiumi ¢pe3 Ha  YIOCKOHAIEHOMY
mpodinorpad-mpodimomerpi  momenmi  Kamidop  296;

TIOBEPXHEBY TBEpJOCTI Ha MikporBepaomipi [IMT-3 mpu
HaBaHTaXeHHI Ha iHzmeHTop 2 H; paniyc oxpyrienns PK
OLIIHIOBAJIM Ha 1HCTPYMEHTAJIbHOMY Mikpockomni YIM-2M
3a rapameTpoM K (puc. 2), sSIKuii BU3HAYAIIH 38 CIIPOIIEHO0
METOJIMKOI0, aHAIIOTIYHOK METOAY, HaBeneHoMmy B [10] Ta
MiAX0OM 7O BHMIpIOBaHb, SKi peaji3oBaHi Ha
BUMiproBaibHOMY Komiuiekci MicroCAD [11].

[lepedus
nobepxua PR

Puc. 2 — Cxema Bu3Ha4yeHHs mapameTpa K

3oBuinHIK Bursia PK mmonkoBux ¢pe3 micins MAO
NpeACTaBIeHO Ha puc. 3. B pesyapTaté mpoBeneHHsS
eKCIIEPUMEHTAJIbHUX JIOCHIDKEHb TI0Ka3aHo, IO Ha
poOounx TOBEpXHSIX (Qpe3 3HIKYETbCS HIOPCTKICTH 1
BUJIANIAETBCS  peryisipHuid  Mikpopenbed, a 3 PK
BUJIANAIOThCS  3aUPKU  Ta  3ayceHli, (OpMyeThbCs
piBHOMIpHa Ta TrJajKa ICTOTHUX
KOHIIEHTPATOPIiB HAMPY)KEHb.

noBepxHsi  0e3

Puc. 3 — 3ouimmnii Burisag PK mmonkosux ¢pes nicins MAO

Ha mepmomy erami BHKOHYBaJIM JOCIIJKECHHS
BILUIMBY IIBUKOCTI 00epTaHHs (Ppe3u HABKOJIO BIACHOT OCI
— wo, fKa cxmagana 100 06/xB, 500 06/xB, 900 06/xB B
npoteci MAO Ha 3MiHY HIOPCTKOCTI POOOYHX TTOBEPXOHb,
HOBEPXHEBY TBEpIiCTh, BeluunHy okpyrieHHs PK. Jlns
¢opmyBanHss ~ MAI  BHUKOPHCTOBYBaJIM  MAarHiTHO-
abpa3uBHUIA TIOPOILOK ®epoman 3EPHHUCTICTIO
200/100 MKM 3 JOmaBaHHSM MACTHIBHO-O0XOJOKYIOYOTO
texHonoriuHoro cepenosuia (MOTC) mapku Acdon [1,
12, 13]. PesynbraTd BIUIMBY IMBHIAKOCTI 0OepTaHHA (pe3
HaBKOJIO BJIACHOI OCi Ha IMOKa3HHUKH SKOCTI MPEICTaBICHO

Ha puc. 4.
INokasaHo, 110 mpu 301IBIICHHI YaCTOTH OOEPTAHHS
IHCTpYMEHTY HaBKOJIIO BiacHOi — @o 10 900 00/xB

BiOyBaeThCs OUIBII IHTCHCHBHHUI TPOIEC 3MI[HEHHS
TMOBEPXHEBOro Tmrapy (muB. puc. 4, a), mo Moxe Oyru
TIOB’s13aHO 3 TIEPEeBaXHOI (HpHKIiiHOI B3aemMoziero MAI
3 00pOOITIOBAaHUMHY TTOBEPXHSAMHU.

3MiHa BENWYMHHA o B 3a3HAYCHOMY Jialla30Hi HE
MPU3BOINTE 10 CYTITEBOI iHTeHCH(}iKaIii mporecy
TOJIipyBaHHA POOOYHMX TOBEPXOHB (hpe3, He3BaKAIOUHM Ha
30UTBIIEHHS ~ TUIAXYy — 0OpoGiienHst  (amB. puc. 4, 6).
Po3paxyHku BHKOHAHI 3a METOIMKAMH, HaBEJCHHMHU B
[6, 11] moka3yroTh 110 came CITiBBiAHONIEHHS MIBUAKOCTI
obepranas Pl HaBKOIO BiacHOI oci — wo IO MIBHIKOCTI
o0epTaHHS HAaBKOJIO OCi KUTBLEBOI BaHHH — ¢ HPH
@0=500 06/XxB € HaWOUTBII ONTUMANBHUM U NIaHOTO
po3Mipy Ta Tty ¢pe3. OTpuMaHi JaHi cBiAYaTh, 110 IPH
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BHUKOPHCTaHHI B Iporieci 0OpoOJIeHHs 3a3HAYECHOTO BHIIE
THUITY TIOPOIIKY caMe TaHTEHIialbHa CKJIa/I0Ba IIBHIKOCTI
MAO — Vr , mo BU3Ha4Ya€ YMOBH B33a€MOJii Ta TEPTI MiXk
MAI Ta 06po0:II0BaHNMY TIOBEPXHSIMU 1 BiJIIrpa€ BaXKIUBY
POJb B Iporeci 3MiITHEHHS IIOBEPXHEBOTO IIapy poOodnx
€IIEMEHTIB.

[NokazaHo, mo npu mBuAKocTi odepTanus PI HaBkoio
BuacHoi oci 100 Tta 500 006/xB B mpoueci MAO
BiZIOyBaeThcs  30iNmblIeHHS  mapamerpy K,  sKuid
Xapakrepusye BenuuuHy nputymeHHs PK nHa 16,5-
17,5 mxwm, B TO# "ac sk npu we=900 06/XB nuie Ha 5 MKM
(muB. puc. 4, g).

3MeHILeHHs BEIMYHMHY pafiycy okpyrienHs PK npu
MiJBUIICHUX 3HAYCHHSIX (o MOXKE OyTH TOB’sA3aHO a00 3
YMOBaMH OUIBII 1HTEHCHBHOI'O OOpOOJIEHHSI 3aJHBOI
noBepxHi ¢pe3 1 CHpUATIUBIMU yMOBaMH (OpMYyBaHHS
(dbopMu KpoMKH, ab0 3 0cOoOJMBOCTAMHU (OPMYBaHHS Ta
pyHHYBaHHS OKpPEMHUX CTPYKTYpHUX eneMeHTiB MAI
6e3mocepenHbo B nporieci koHtakTy 3 PK dpes mpu MAO
[1, 14].

HV, ITla

8
7

bes MAO 100 500 900
®, 00/xB

08

ARa, MKM

0,2

100 500 900
®, 00/XB

100 500 900
®, 00/XB
Puc. 4 — BB mBUAKOCTI 00epTaHHs IITTOHKOBUX (pe3
HaBKOJIO BJIAcHOI oci B mporieci MAO Ha:
a — IOBEPXHEBY TBEP/IICTh; 6 — HIOPCTKICTh MOBEPXHI;
6 — mapametp k

Hpyruit  eram  pocmimkeHp  mpormecy MAO
BHUKOHYBAJIH IIPH IMIBUAKOCTI 00€pTaHHS IIMTOHKOBUX (ppe3
HaBKOIO BiacHoi oci 500 06/xB. JlocmimKyBanam BIUIAB
ckmagy MAI Ha mapamerpu ix skocti. OOpoOneHHS
BHUKOHYBAJIM IHCTPYMEHTOM C(OPMOBAaHMM 3 HACTYITHHX
MAII: ®epoman 3 po3mipom gactuaOK 200/100 MxM, S330
— 1200/900 mxm, ITP P6MS5 — 160/100 mxMm, Ilapamam —
315/200 kM Ta cymimmio mopowkiB ITomimam M —

315/200 wMxMm 3 gomaBaHHAM 5%
®depoman 160/100 mxm [1, 5].

MMicns muxkry MAO mmoHKOBHX (pe3 pi3HUMH
tumamd MAIl  KOHTpomOBanyM  BENIMYMHY — 3MiHH
LIOPCTKOCTI pobourx moBepxoHb — ARa, napamerpa k — Ak
Ta BEJIMYMHY TOBepxHeBoi TBepiaocTi — HV. Otpumani

pe3yJbTaTH MPENCTaBICHO Ha PHC. 5.

MOPOILIKY

1

08

ARa, MKM
o o
= >
Q

o
N

depovan $330
200/100  1200/900

TP P6M5
160/100

Lapavam  Tonivam M
315/200  315/200+
I1160/100

=
E
Z
BS 6
L]
75
;
BesMAO  @epoman $330 TIPP6MS  Llapamam Tlomivam M
200100 1200900 160/100 315200  315/200+
Depoxan
160/100
18
16
14
E 12
10
~ 8
<, 6
4
2
0
Depoman $330 TIPP6MS  [apamam ITomimam M
200/100 1200/900 160/100  315/200 315/200+
®I1160/100
Puc. 5 — Bruus ckitany MAI B nporieci MAO 1imoHKoBUX
(pe3 Ha: a — MOPCTKICTh IOBEPXHI;
0 — MIOBEpXHEBY TBEPIICTh; B — mapametp K
BcraHoBiIEeHO, 10 BUKOPUCTaHHS  OCKOJIKOBHX

piBHOBicHUX THMIB mopoinkiB — ®epoman 200/100 MxkMm Ta
okpyrnux HepiBHoBicHux — Llapamam 315/200 mxm st
thopmyBanus MAI 3a6e3meuyroTh Kpalry MoJIipyBalbHy Ta
abpa3uBHY 3HaTHICTh (IUB. puc.5, @ Ta puc.5, 6) B
TIOpiBHSIHHI 3 IHIIAMU. Le TOSICHIOETHCS
MiKpOTEOMETPHIHUME XapaKTePUCTHKAMH 9acTHHOK MAI
i3 3a3HAYEHUX IIOPOIIKOBHX MaTtepiamiB [1], a came
BEeIMYMHOIO  OKPYTJCHHS  MIKPOpI3allbHUX  KPOMOK
OKPEMHX YaCTHHOK.

Haii0inpmmii  BmmmB  Ha  (QOpMyBaHHS — pafiycy
okpyriienHss PK wmae MAI sxuit  chopmoBanuii 3
HepiBHOBiCHOro  mopomky Ilapamam  315/200 Mxm
(muB. puc. 5, 6), IO MOSCHIOETHCS WOrO ITiIBHIIECHOIO
a0pa3uBHOIO 37aTHICTIO [3].

Haiikpamyi  mokasHWKM 10 3MIIHIOBAJIEHOMY
o0poOnenHio mputamanHi MAI, skuii chopmoBanHo 3
OKpyTJuX piBHOBiCHUX mopomikiB S330 — 1200/900 mkm Ta
ITP P6M5 — 160/100 mxm (zmuB. puc. 5, 6), Tak sSK BOHH
MalOTh TPAKTUYHO cdepuyHy GopMy 3epeH, a IXHS
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abpa3WBHa 3JaTHICTb HE3Ha4yHa 1 mporec 00poOJIeHHS
BiIOYBAETHCS 32 paxXyHOK yAapHO-(OPUKLIHHOI B3aEMOJII] 3
00pOOIIOBAaHUMHU TIOBEPXHSIMU, KA CHOPHSE IUIACTHIHOMY

nedopMyBaHHIO MiKpOHEpiBHOCTEH Ta TOHKOT'O
noBepxHeBoro mapy [1].
JlocmikeHHsT  eKCIUTyaTallifiHUX ~ BJIACTUBOCTEH

mroHkoBux ¢pe3 10 ta micni MAO BHKOHYBaJIM TIPH
(dbpe3epyBaHHI BIAKPUTHX Ta3iB y IUTUTI, BUTOTOBJICHIN 31
Craui 45 npu yacrori odepranns ¢ppe3 — 710 06/xB, nopaui
— 15mwm/xB, momaui Ha 3y0 — 0,01 MmM/3y0, rimOuHA
¢bpesepyBannst — 2wvMm  0e3 3actocyBanns MOTC.
Benuunny 3HOIIECHHS KOHTPOJIIOBAIIN Ha
IHCTPYMEHTAJIbHOMY MIKPOCKOMI IpU BEPIIUHI 3y0a Ha
crpiuti. Kputnune 3HomeHHs BuOpane 3a [15] ta ckiianae
0,3 mMm.

I[lpu mopiBHsHHI  mpane3gaTHocTi  dpes,  ski
00po0IISLIIHCS MarHiTHO-aOpa3uBHUM METOJIOM TIPH Pi3HUX
LIBHAKOCTSX OOEpPTaHHS HABKOJIO BIJACHOI OCi 3
HEOOpOOJEHUMH  BCTaHOBJEHO, M0 /O  BEIHYWHU
KPUTHYHOTO 3HOUICHHS TaKUi 1HCTPYMEHT Ipaltoe Ha 15—
20 xB mopmie (muB. puc. 6, a), mo ckiaagae 100-130 %
M1 IBULLEHHS CTIMKOCTI.
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Puc. 6 — KpuBi 3HOLICHHSI ITTOHKOBUX (pe3 B 3aJIeKHOCTI
BiJ{ 4acy poOoTH

BceraHoBneHo, 110 Hallkpaliuii npane3aaTHul cTaH y
IIITOHKOBHX (pe3 miciast MAO OKpYIIIMM THIIOM TIOPOIIKY
I[P P6M5 3epructictio  160/100 MkM, Tak sK BiH
3a0e3redye YTBOPEHHS MIOPCTKOCTI POOOYHX TTOBEPXOHb
Ha piBHI Ra=0,18 MxM, cpustimBoi mikporeomerpii PK
MIPUTYIDTIOIOYX X Ha 4 MKM Ta 30UIbIIIyE MIKPOTBEPAiCTh
no 9,9TITla. Ilpu Takomy crani ¢pe3 ix yac podorn
30inbmIyeThest Ha 20 XB B IOPiBHSHHI 3 HEOOPOOJICHUMHL.

OtpuMaHi pe3yabTaTH NOKa3ylOTh, IO MPH 3aIaHUX
pekuMax pisaHHs Ha cTiiiKicTe Pl HaiiGinbmmit BB Mae
BenmnunHa Ta (opma paniycy oxpyrinenss PK, amke npu
Horo 301/IbIIEHH] 3MEHIITYETHCS TOBIIMHA IIapy MaTepiay,
SIKHH 3pi3yeThCsl, 10 NMPHU3BOAWTH 10 HOTO 3MUHAHHS B

pe3ynbTaTi 4oro BiOyBa€THCS OLNBII iHTEHCHBHO IPOLIEC
3HOUIEHHS 3a1Hboi IMoBepxXHi. J[Ig YHWKHEHHS IHOrO
edekTy HeoOXiHO TIPOBECTHM psI JOCTIDKEHb IO
BU3HAUCHHIO ONTHUMAJIbHUX PEeXHUMIB pizaHHs s Pl 3
3a/1aHOI0 BEMMYMHON0 OKpyrieHHs PK.

BucHoBku. B pe3yabTaTi IIPOBEICHUX
eKCTIEPUMEHTAJIbHUX ~ JIOCHI/DKEHb  BCTAHOBJICHO, IO
3MmiHprud  ymMoBu  MAQO  mmoHkoBHX  (pe3 3

MIBUAKOPi3aIbHOI CTalll, TaKi sIK KIHEMaTHKa MpoLecy, THUII,
dhopma i posmipu MAII, MoKkHa KOHTPOJIBOBAHO BIUIUBATH
Ha (opMyBaHHA BIANOBIAHUX MapaMeTpiB  SKOCTI.
BcranoBneno, mo HaiOLIbImIa TONipyBajbHA 3IATHICTH
npuramanHa MAI, cdopMoBaHOMY 3 PpIBHOBICHOTO
ockonkoBoro mopomky ®epoman 200/100 mxMm, a
3MiIHIOBaJIbHE 00po0OsieHHsT — MAI, skuii chopMoBaHo 3
okpyrioro cdepuunoro mopomky S330 1200/900 M.
IIpu pamionampHrx ymoBax MAQO MOXHA IiJIBHIIUTU
CTIWKICTh IIMOHKOBHX (pe3 B 2— 2,3 pa3y, 1m0 MaTUMe
3HaYHUII EKOHOMIYHMI e(eKT Ta 3MEHIIeHHS 4Yacy
00pOOJICHHS AeTalell P BUKOPUCTAHHI IMiArOTOBICHOTO
Pi3aJIBHOTO iHCTPYMEHTY.
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