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AHHOTANUA

Beenenne. OHnM 13 CrI0co00B IMOBBIIICHNUS (P (OEKTHBHOCTH IIpoLiecca Pe3aHus sBIsieTcs: pa3paboTka HOBBIX
9 QEKTUBHBIX COCTABOB CMa309HO-OXJIXKAAIONX TexHoxorndeckux cpencts (COTC), koTopble O3BOJIST CHU3UTH
CHITy, @ TaK)Ke TeMIIepaTypy pe3aHusi, YBEINYHUB IIPU ITOM CTOMKOCTH PEXYINero HHCTPyMEHTa U KadecTBO oOpa-
6oranHOi noBepxHOCcTH. OIHUM U3 IMyTeH pelIeHus JaHHOH MpoOiIeMsl sBisiercs xumudeckas axrusanust COTC
IpHCaJKaMH M3 HAHOIIMHHUCTBIX MUHEPAJOB ¢ MHHMMAJBHOI CTOMMOCTBIO, OOJIbIINE 3aMachl KOTOPBIX UMEFOTCS
B HeZIpax 3eMJIM. B cBS3H ¢ 9THM IPHBOIUTCS TEOPETHIECKOE 000CHOBAHNE BBIOOPA JAaHHO IPUCAJIKH H €€ BINSHUE
Ha Tpubonornueckue csoiictea COTC. Leas padorbl. Onpenemuts Baustaue Macisinblx COTC ¢ nmpucaakamu U3
HAHOIIMHYCTBIX MUHEPAJIOB Ha CHIDKCHHE CHJIBI PE3aHHs, @ TAKOKe ITOBBIICHHE KadecTBa 00paOb0TaHHO! OBEPXHO-
CTU TIPU CBEPJICHHN KOPPO3HOHHO-CTOIKOM cTainy. MeToasl uccaeqoBanusi. Ha onepaiiin cBepieHus IPOBEACHEI
JKCIEPUMEHTAIIbHBIE UCCIIETOBAHNS, B IPOLIECCE KOTOPBIX OCYLIECTBIsUIACH (DHKCALVSI COCTABIISIIONINX CHIIBI pe3a-
HUSL IPU [IOMOIIH TPEXKOMIIOHEHTHOTO JuHamoMeTpa M-30-3-6k. Lernbio skcriepuMenTa ObUIo ONpeesieHIe BIHs-
nust MacisgHbIX COTC, cozepakalnx nMpUcajku U3 HAHOIIMHUCTBIX MUHEPAJIOB, Ha COCTABIISIOLLYIO CUIIbI PE3aHMs,
a TaKkKe IepoXOBaTOCTh 00paboTaHHON TOBepXHOCTH. C HCIIOIB30BAHHEM MaTEMATHIECKOTO MOJIEIIUPOBAaHYS ObLIa
nosrydeHa Qopmyina st pacdera kod(GUIMEHTa TPeHHs B Ipouecce cBepieHus. PedyasTaTsl padoTsl. B mpo-
Hecce MPOBEACHNUS IKCIIEPUMEHTAIBHBIX HCCIICNOBAHMI MOJIyYeHBI Pe3yJIbTaThl, OKa3bIBaomye 3pGpeKTUBHOCT
ncnonb3oBanus MacisiHEIX COTC ¢ mpucagkaMyu N3 HAaHOIIMHUCTBIX MUHEPAJIoB. [1oTydeHbl SKCIIepUMeHTaIbHbIE
JTaHHBIE KO3((PUINEHTa TPEHWUs,, COCTABILIOISH CHIIbI PE3aHHs, a TAKKe MIePOXOBATOCTH 00pabOTaHHOI IToBEpX-
HOCTH IIPU CBEPJIEHUM C Mcnosb3oBaHueM skcriepumenTansHoit COTC, nogaBaemoii B 30Hy pe3aHus. Pesynbra-
TBI HCCIIENOBaHUN IOKa3any d(QGekTHBHOCTh prMeHenus MoguduuposanHoii COTC o cpaBHEHHIO ¢ Tpaju-
LHOHHBIMH cocTaBamu. BeiBoabl. Moauguuuposannas COTC, B cocTaB KOTOPOW BXOAHUT IMOJACOIHEYHOE MAcio
U TIPUCAJIKU U3 HAHONIMHHUCTBIX MHHEPAJIOB, II03BOJISICT 3HAYUTEIIEHO CHU3UTH KOO (QUILIMEHT TPEHNUS, CHITY Pe3aHus,
a TaKoKe IepoXoBaTOCTh 00pabOTaHHOIT MOBEPXHOCTH, YTO OTKPBIBACT NAIBHEHIIYIO IEPCIIEKTHBY HX HCIIOIb30Ba-
HUS B METAI000pabaThIBaroNIeil IPOMBIIIUICHHOCTH.

Jasi murupoBanusi: Vccnenosanne iusiaust Maciusiabix COTC ¢ ymydmeHHbIME TPHOOIOTHYSCKHMMH CBOWCTBAMH HA CHIIBI PE3aHUS H
LIEPOXOBATOCTh 00paboTanHbIx moBepxHocTed / D.J[. Ymepos, B.B. Ckakyn, PM. xemansaunos, 10.A. Eropos / O6paborka MeTaios

(TexHosnorusi, o6opynoBanue, HHCTpyMeHThI). — 2025. — T. 27, Ne 1. — C. 6-19. — DOI:10.17212/1994-6309-2025-27.1-6-19.

BBenenune

Pa3BuTHe O0TEUECTBEHHOTO MAIIMHOCTPOECHUS
— OJHA W3 MPHOPUTETHBIX 3aJad COBPEMEHHOTO
rocyaapcTBa. B cBs3M ¢ 3TUM akTyajabHO COBEp-
IIEHCTBOBAaHUE YK€ CYIIECTBYIOIIMUX TEXHOJOTHUH,
a TaKXe MOUCK HOBBIX pEIlIEeHUH, MO3BOJSIOUINX B
KOMITJIEKCE TOJYYUTh MOBBIIIEHHE KayecTBa U MpPo-
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M3BOJUTEIHLHOCTH TPOLecCa MEXaHWYECKOH obOpa-
OOTKH ITpH COXPAHEHUHU HU3KOM Ce0ECTOMMOCTH H3-
TOTOBJICHUS TOTOBOTO U3/IETIHSL.

OnHuM ¥3 BO3MOXKHBIX BAapUaHTOB PEHICHUS
yKa3aHHOHN 3a/1a4n SIBJIIETCS pPa3paboTKa HOBBIX
COCTaBOB CMAa304HO-OXJIXKIAIOIINX TEXHOJIOTHYe-
ckux cpeactB (COTC), couerarommx B ceOe BbI-
COKHME CMa3bIBAIOIIME M OXJIAXIAIOIIHE CBOWCTBA.
TpeOyeTcst uccienoBaHne UX BIUSHUS HA TPOIIECC
MeXaHHUECKOH 00pabOTKH, YTO MO3BOJIHUT OTKPHITH
HOBBIE MyTH HX 3¢ ¢deKkTuBHOrO NMpuMeHeHus. On-
HUM M3 CIIOCOOOB pEUICHHs MaHHOW MPOOIEeMbI



TECHNOLOGY

SBIISICTCSl IPUMEHEHHE DKOJIIOTUYECKU 0e30MacHbIX
COTC Ha ocHOBe pacTUTENIbHBIX Maced. B cBoro
ouepenpb, noinydenne takux COTC pgomxHO OBITH
SKOHOMHYECKH OOOCHOBAaHO U HE JIOJKHO MPHBO-
TUTh K OONbIIMM (DMHAHCOBBIM 3aTparaM MpHU UX
U3TOTOBJICHUH.

OcHoBHbIM nerctBueM MaciaaHbpix COTC asB-
JseTCsl cMa304yHOe, o0ecreunBaroiee HeoOXOoau-
MO€ Ka4ecTBO 00pabOTaHHOW MOBEPXHOCTH, HO IO
OXJIOKIAIOIIMM CBOMCTBAM OHHU yCTYHArOT JIPYTHUM
cpenctBam. B mopapmstoiiemM OOJIBIIMHCTBE Clyva-
€B Ha [TPOU3BOACTBE MPUMEHSIOT BOJIOPACTBOPUMBIE
COTC (aMynbcuM), KOTOPBIE 3a CYET IMOAAYH JIOCTa-
TOYHO OOJIBIIIOTO 00bEeMa CHUKAIOT TEMIIEPaTypy B
30HE pe3aHusl MyTeM KOHBEKTUBHOTO TEII000MeHa,
HO TIPU ATOM YCTYMAlOT MACISHBIM 110 CMa3bIBao-
IIIIM CBOMCTBaM.

AHann3y CcHoco0OB aKTHUBAIMM U COBEPIICH-
ctBoBaHuss COTC, ucnonab3yeMbIx P JE3BUUHON
00paboTKe 3aroTOBOK, IMOCBSIICHO 3HAYUTEIbHOE
KOJIMYECTBO HAYyYHBIX pa0OT, aBTOPBI KOTOPHIX BHEC-
71 O0JIBIION BKJIa B 00JACTh UCCIIEAOBAHUS MeXa-
Huzma aercteuss COTC B nponecce pezanus [ 1-4].

AxtuBanusa COTC peanuzyercs myteM q00aB-
JeHus] B HUX (YHKIIMOHAJIBHBIX MPUCATOK, PA3IU-
YaIOMIMXCS MPUPONON U XMMHUYECKUM CTPOCHHUEM.
B cocraB mpucagok BXOIAT pa3iHyuHbIE aKTHB-
HbIE OpraHUYeCcKHe KOMIIOHEHTHI: (ocdop, XJIop U
cepa. DOTH 3JeMeHThl 00pa3yloT 3alllUTHBIEC IJICH-
KM Ha KOHTAKTHBIX MOBEPXHOCTAX U CIIOCOOCTBY-
I0T MPEIOTBPALICHUIO MOJEKYJISIPHOTO CIEIICHUS
MaTepualia ”HCTPYMEHTa U 3aroToBku. Bo3mMokHO
Takke TpUMEHeHHe TpaduTa, MOPOIIKOB MATKUX
METaJUIOB (IUCYAb(GUT MOJIMOAEHA) U BBICOKOIU-
CIEPCHBIX MOPOIIKOB (CEprEHTHHA), OTHOCSIIMXCS
K HaHOCTPYKTYPHUPOBAHHBIM npucaakam. OHU 10-
3BOJISIFOT CHU3UTH CUJTy TPEHHSI B 30HE PE3aHMsI 3a
CUeT AHTH(PUKIIMOHHBIX CBOWCTB, MYTEM YBEIU-
YEHUsl KOJIMYECTBA OMOPHBIX IUIOLIAJEH KOHTAaKTa
UHCTpyMEHTa ¢ 00pabaThiBaeMOi MOBEPXHOCTHIO.
N3BecTHBI Takke XUMUUYECKHE COCTUHEHUS U TIPU-
cankn Kk COTC, xoropbie 007a1ar0T KaHIIEPOTEH-
HBIM JIEWCTBHEM U OKA3bIBAIOT HETATUBHOE BIUSHUE
Ha YEeJIOBEKa U OKPYKAIOIILYIO CPELY.

[IpoBeneHHBI aHaNM3 HAYYHO-TEXHUYECKOU
JUTEpaTypbl MOKa3al, YTO CYIIECTBYIOIINE METOIbI
u crocoOsl aktuBamu COTC MoryT ObITH 3HaUU-
TenbHO JopaboTaHbl. [Ipu 3TOM co3maHue HOBBIX
MacisiHeIX COTC, nMeromux HU3Kyt0 CTOUMOCTh 1
o0aarouMX 3HJ0TEPMUUYECKUM (OXJIaXKIAI0LIIM )
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b heKToM ¢ YIyYIIEeHHBIMH TPUOOJIOTHICCKUMU
(cma3bIBAIOIIMMH) CBOMCTBAMHU, TaKXe€ OCTAETCS
aKTyaJbHBIM.

Pemenne nocraBiieHHOM 3a/1auy BO3MOXKHO IIy-
TeM jao6aBieHusi B coctaB macisiHeix COTC mpu-
CaJIOK, MPEICTABIAIOMIUX COOON HAHOITIMHUCTHIE
muHepanel. [lo cBouM  (u3HKO-MEXaHMYECKUM
CBOICTBaM 3TH MUHEPAJIbl IMEIOT CXOJICTBO C TaKu-
MU TpUCaTKaMU, Kak AUCYabhua MonubaeHa, rpa-
GUT 1 ceprieHTHH.

OCHOBHOE OTJIMYME pPACCMATPUBAEMBIX TPHU-
CaJIOK 3aKJIIOYaeTcsi B CIOCOOHOCTU K THApopa-
CKIIMHUBAaHUIO CTPYKTYPHBIX IaKETHBIX CIIOEB
(B mporiecce UxX TUAPUPOBAHUS), B PE3YJIBTATE YETO
o0ecrednBaeTcs THAPOCMa3Ka MEXIY CIOSIMH, KO-
TOpasi CIOCOOCTBYET MOBBILIICHUIO TPUOOIOTHYE-
ckoit appexruBHOCTH MacisiHBIX COTC [5].

Takum 00pa3zoM, NpUMEHEHHE MOAUDUIUPO-
BaHHBIX COTC ¢ ucnoibp3oBaHUEM B Kaue€CTBE MO-
TUpUKATOpa TPEHUS HAHOTIMHUCTBIX MHUHEPAJIOB
MOKET MOJIOKUTEIbHO MOBIUATH Ha IPOLECC pe-
3aHUS TPYAHOOOpaOaThIBAEMBIX MAaTEpPUATIOB U HE-
PKaBEIOILIUX CTaJeH C MPUCYIIEH UM HU3KOM TeIIo-
MPOBOAHOCTHIO [6, 7].

OnTuManbeHble peXUMbI pe3aHus [8], kauecTBO
npumensieMbix COTC u cnoco6 ux mogauu [9, 10]
BIIMSIIOT Ha TPOIECC TUIACTUYECKOU nedopmManu,
MIPUBOAS K CHIDKCHUIO TEMIEPATYpPhl M CHIIBI pe-
3aHUS, a TaKKE€ K TOBBIIICHUIO KadecTBa 00pado-
TaHHOM TOBEPXHOCTU W CTOMKOCTH HMHCTPYMEHTA
[11-15].

CnenoBarenbHO, BO3HHMKAeT HEOOXOIUMOCTh
B TEOPETHUYECKHUX HCCIEIOBAHUSIX, B MPOBEICHUU
1a0b0paTOPHBIX M MPAKTUYECKUX HUCIBITAHUH, Ha-
IIPaBJIEHHBIX Ha pa3paldOTKy MOAU(PUIIMPOBAHHBIX
COTC c ucrnonp30BaHUEM B Kau€CTBE MOAUPHUKATO-
pa TpeHHs] MPUCATO0K U3 HAHOTJIMHUCTBIX MUHEpa-
noB (ITHM), coueraronux B ce6e MOMHUMO BBICOKO-
IO CMa3bIBAOLLETO TAKXKE M OXJIAXKIAIOLIee ACUCTBHE,
HeoOxoquMoe Tpu 00paboTke TpyaHooOpadarsiBae-
MBIX MaTepUAJIOB U HEP>KABEIOLIUX CTAJICH.

Ilenv wuccnedosanuii: ONPENETUTH BIUSHUE
Macisiabix COTC ¢ mpucagkamMu W3 HaHOTJIMHH-
CTBIX MHUHEPAJIOB HA CHIKEHHE CWJIBI PE3aHusl U
MOBBILIIEHUE Ka4yecTBa 00pab0TaHHOMN MOBEPXHOCTU
TP CBEPJICHUU HEPIKABEIOIIEH cTau.

3aoauu, pemaembie A TOCTUKEHUSI MMOCTAB-
JICHHOM LICJIN:

1) o6ocHOBaTh BHIOOP MPHUCATKH K MACISHBIM
COTC pns TOBBIINICHUS WX TPUOOJIOTHYECKOMN
s exTuBHOCTH;
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2) TEOpETUYECKH U HKCHEPUMEHTAJIbHO MOJ-
TBEpAUTH 3P (HEKTUBHOCTH MPUMEHEHHS B KAYECTBE
Monudukaropa Tpenus Kk MaciasaeiM COTC nmpuca-
JIOK M3 HAHOTJIMHUCTBIX MUHEPAJIOB U UX BIUSHUE
HAa TOBBIIICHUE TPUOOIOTUYECKUX CBOUCTB;

3) Ha OCHOBE COBPEMEHHBIX MOJIOKEHHUM TEOPUU
pe3aHus MPOU3BECTH aHATU3 BIUSHUS MPUCATOK U3
HAHOTJIMHUCTBIX MUHEPAJIOB, MPUCYTCTBYIOIIUX B
Macasaeix COTC B xadecTBe MoauduKaropa Tpe-
HUSl, HAa COCTABJISIONINE CUIIBI PE3aHUs U IIIEPOXOBa-
TOCTh 00pa0OTaHHOW MTOBEPXHOCTH.

OBPABOTKA METAJIJIOB

MeToauka uccjaeaoBaHuil

[Tpu ne3BuitHOI 00paboTKe TpyAHOOOpadaThiBa-
€MBIX MaTepUAJIOB, a TAK)KE HEPHKABEIOIINUX CTaje
C HCIOJIb30BaHUEM pasnnyHbIX 1o coctary COTC
OT TIOZIaBa€MOM B 30HY pE3aHUS TEXHOJIOTUYECKOM
cpeabl 00BIYHO TPEOYIOT KaK CMa3bIBAIOIIETO, TaK U
oxJaxkaromero aeiicreusa. OqHaKko, Kak MpaBHIIo,
HOBBIIIEHUE CMa3bIBarollero 3Qdexra HeyKIoH-
HO BEJET K YXYIIICHUIO OXJIaKIAIOIIero JeHCTBUS
takux COTC. D10 00CTOSATENBCTBO MOOYXKIACT K
TIOWCKY aJIbTEPHATUBHBIX pEIICHUH, B pe3yJbrare
kotopeix noayuyeHHsle COTC OynyT obnanarh BbI-
COKHMMH KaK CMa3bIBAIOLINMHU, TaK ¥ OXJIaXKIAIOIIH-
MH CBOMCTBaMH.

Ha ocHoBaHHMM BBIIIEU3TI0KEHHOTO MOSBHUIIACH
HEOOXOAMMOCTb MPOBEACHUS HKCIEPUMEHTATIbHBIX
HCCJIEJIOBAHUMN, HANPABICHHBIX Ha pa3pabOTKy MO-
mudunupoBaHHbIX MacissHeIX COTC ¢ mpumeHeHu-
em [THM B kagecTBE OCHOBHOTO MOIU(DHUIIUPYIOIIIE-
IO DJIEMEHTA, C LIEJIbI0 YMEHBIIIEHUS 3aTpaT YJHEPTUU
B IIPOLIECCE PEe3aHusl, MOBBIIIEHHUs KayecTBa oOpa-
0OTaHHOI JIETaJId U pecypca HHCTPYMEHTA.

HUcnonb3oBanue I[IHM wumeer psan mnpeumy-
niectB. Hampumep, OHU SBISIOTCS MNPUPOAHBI-
MU HCKOIIa€MBbIMH M HAXOASTCS B HEApax 3¢MIIH B
0O0JIBIIIOM KOIUYECTBE, UMEsl TIPU ATOM MHHHUMAJIb-
HYI0 CTOUMOCTh. OJTHUM U3 BUIOB HAHOTJIMHUCTBIX
MUHEPAJIOB SIBIAETCS OEHTOHHUT, B OCHOBE KOTOPOTO
JICKUT MOHTMOPUJUIOHUT (HAHOJAMCIIEPCHBINA CUIIU-
KaT B BUJIE JIUCTOBOM CTPYKTYPHI).

[To cBouM (QU3UKO-XMMHUYECKHM CBOWCTBAM
yKa3aHHbIE MaTepHualbl HMMEIOT MOJIOKUTEIbHbBIE
O0COOEHHOCTH, TaKHE€ KaK BO3MOXKHOCTH THApOpa-
CKIIMHUBAHUS CTPYKTYPHBIX MAKETHBIX CJIOEB MPHU
THJIPUPOBAHUM, UYTO OOECHEUMBACT THIPOCMA3KY
MEXy CIOSMH, CIOCOOCTBYSI YBEIUYEHHUIO TPH-
oonornueckoit 3ddextuBHocT Takux COTC.

8 Tom 27 Ne 1 2025

TEXHOJIOI'UA

OnucanHOe SIBJICHHE OTIMYAET TPUOOIOTHUECKHE
CBOMCTBa MOHTMOPWJJIOHUTA OTHOCUTEIBHO MOJIU-
(hUKaTOpPOB TPEHUS, HA3BAHHBIX BHIIIIE.

IIpu ruapupoBaHUY TaHHOU IIPUCAIKH, 110 CPAB-
HEHUIO C BBHIINICONUCAHHBIMU MOJU(UKATOPAMHU
TPEHUsl, 3a CYET PACKIMHHUBAIOIIETO JCHCTBUSA TO-
BEPXHOCTHO COPOMPOBAHHOM BOJBI TPEHHE MEXKIY
MakeTaMu MUHEpaia NepeXOAUT U3 CyXOro B KHJI-
KOCTHOE 100 rpannuHoe TpeHue. [ uapupoBaHHbIe
YaCTUIIBI MUHEpasa Mpy MOMalaHui B KOHTAKTHYIO
30HY MHCTPYMEHTA U 3arOTOBKH BMECTE C MACIISIHBI-
M COTC BBINOMHSAIOT (PYHKINIO «HAHOPa3MEPHBIX
MOJIIIMITHUKOB CKOJIbKeHUs» [ 16, 17], koTopbie mo-
3BOJISIFOT CHU3UTh BEPOSITHOCTh BOSHUKHOBEHUS a/1-
F€3MOHHOI'0 U3HOCA MHCTPYMEHTA.

Temneparypa, nOCTUrHyTass B KOHTaKTHOM
30H€ MHCTPYMEHTA U 3arOTOBKH, JAEHCTBYET Ha CO-
nepxkamuecss B MacisgsHblx COTC moBepXHOCTHO
copOupoBaHHble Bomol makeTel [THM, mpuBojs,
B CBOIO O4epe/ib, K UCTIAPEHUIO BIIark U 00ecrieunBast
sHporepmudeckuii dpdext. OmHolt n3 0coOEHHO-
CTell HAHOIIMHUCTBIX MUHEPAJIOB SIBIAETCA TO, YTO
BIIPOIIECCE UCTIAPEHUS BbIICIICHHBIE TAPbl OCTAIOTCS
B CHCTEME, a IIPU CHIDKEHUU TEMIIEpaTyphl Bblle-
JICHHBIN TIap KOHJIEHCUPYETCs, BO3Bpallasch o0par-
HO B CTPYKTYDY.

B mnpouecce pesanus TpyaHOOOpaOaThIBaEMbIX
MarepuangoB, K KOTOPbIM B TOM YHCJIE OTHOCSTCS
U HEep)KaBeloIlIMe CTaJH, YCOBEPILIEHCTBOBAHUE TpPU-
oonornuecknx xapakrepuctik COTC ocoOeHHO ak-
TyaJIbHO, TIOCKOJIBKY TpH 00paboTKe TaKUX MaTepH-
anoB goctynn COTC B KOHTaKTHYIO 30HY 3aTPyIHEH.

Paccmotpum citydaif, korna npuMeHsieTcsl CTaH-
naptHoe COTC 06e3 mpucagok, MPensTCTBYIOMINX
a/iIre3MOHHOMY CXBaTBIBAaHHIO MPU 00pabOTKE TPYy-
HOOOpPa0aThIBAEMBIX MaTEPHAIIOB.

BcnenctBre BICOKUX yAETbHBIX HATPY30K, IPU-
CYTCTBYIOIIMX B IIPOLIECCE PE3aHUS U ICHCTBYIOIINUX
Ha KOHTAKTHbIE TOBEPXHOCTU HHCTPYMEHTA, ITPOKC-
xomut BeiTecHeHHe COTC u manbHeiiee cxBaThi-
BaHUE CTPY’KKH C UHCTPYMEHTAJIbHON OCHOBOM.

Takum 00pa3oM, BO3HUKAIOT YCIOBHS TSl aji-
Te3MOHHOTO CXBAaTBIBAHUSA MEXJy MEpelIHel Mo-
BEPXHOCTBIO PEKYIIETO HHCTPYMEHTA U CTPYKKOH
(puc. 1, a).

Bo Bropom ciyuae macisinbix COTC ¢ mpucan-
Kol rpaduta wim Aucyiib(huaa MoIuOACHa, TIonaias
B KOHTaKTHYIO 30HY B Tiporiecce pezanus (puc. 1, 6),
OyZeT MpOTHUBOACHCTBOBATh CXBATHIBAHUIO CTPYKKH
C PEXYIIMM HMHCTPYMEHTOM, TEM CaMbIM YIIydllas
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MocTukmu
CXBATbIBAHUS

KpUCTALIMYCKUE
MI0CKOCTH TpaduTa
o pucyinsduiua
Moanubena

__TMacisgHas

- cyberanums
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Puc. 1. [Ipumepsl peanu3aiy BO3MOXKHBIX KOHTAKTHBIX B3aUMOJICHCTBHM HA MepeaHen
MOBEPXHOCTHU PEXKYILIEr0O MHCTPYMEHTA!

a — 6e3 nogaun COTC («cyxoe» pezanue); 6 — npu Hammuun B MacisitHom COTC rpadura, Koto-
PBIiT BBICTYIIAaeT B Ka4eCTBE MPUCAIKH; 6 — pH Hannunu B Macisinom COTC mpucanku B BUIE

THPUPOBAHHOTO HAHONIMHHUCTOTO MuHepana; ///] — obnacTe BBICOKOM JIOKaJIbHOU Jieopma-
n; OM — oOpabarbiBaeMblil MaTepuai; V — nuHelHas ckopocTh; MM — HHCTpyMEHTaIbHBINA

Marepual
Fig. 1. Examples of possible contact interactions on the rake face of a cutting tool:

a — without MWF feeding (“dry” cutting); 6 — with graphite in the oil-based MWF, acting as an
additive; ¢ — with an additive of a hydrogenated nanoclay mineral in the oil-based MWF; ¥.///—
the area of high local deformation; WM — work material; V' — linear velocity; TM — tool material

YCIIOBUSI TPEHUS B 30HE PE3aHUs. ITO MOXKET AOCTH- IIpu ycnoBuM CXOKECTH KPUCTAJUIMYECKUX pe-
raThCsl 3a CUET HEOIMYIICHHS aAT€3MOHHOIO CXBAaThl-  IIETOK rpaduTa Wi JUcyabpuaa MoaubaeHa U Ha-
BaHUS MAaKeTaMu CIIOEB rpadura WM JUCYIbGHIa HONIMHHCTHIX MUHEPAJIOB B IEPBOM CIydae BO3MO-
MoMOeHa MEXKTy COOOI. JKEH CJIBUT CJIO€B, KOTOPBIM IIPOUCXOIUT «BCYXYIO»,
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a BO BTOPOM CJIy4ae CO3/aI0TCsl YCIOBUS KHUIKOCT-
HOTO TPEHUS NIPU CONPOBOXKAECHUN T'MAPOPACKINHU-
BaHUs (puc. 1, 8), YTO HEMIOCPEACTBEHHO BIMSET Ha
Tpubonoruueckue cpoiictea COTC.

JUis oLleHKH TepMOAMHAMHUYECKHUX Mpeodpaso-
BaHuii [IHM, koTOopbI€ MOT'YT IPOUCXOIUTD B MACIISA-
HoM COTC npu 06paboTke MaTepHaioB pe3aHueM,
IIPOBEJIEM aHAJIU3 UX MOBEAEHUS IIPU FUApaTalluy U
neruaparanuu. JlaHHas npucaaka UMeeT KpucTall-
JIMYECKYIO PELIETKY, COCTOSALIYIO U3 TPEX CIOEB U
00pa3yIollyt0 MaKeThl C OTPULIATEIbHBIM 3apsAaoM,
KOTOpBIE CO3/al0T OTTAJIKHMBAIOIIUE CUIIbI, obecre-
YMBasi IPU 3TOM PACKIMHUBAIOLINH 3P dexT [5].

VYnoMsiHyThIE paHEe HAHOINIMHUCTBIE MUHEPAJIbI
0051a1al0T TEePMOAMHAMUYECKMMHU CBOMCTBAMH, U
9TO JieJaeT BO3MOXKHBIM MX HMCIIOJIb30BaHUE B BUJE
npucanok k MacisiueiM COTC.

B pabGore [18] mpuBeneH mnoapoOHbI TepMH-
YECKUH aHaJIu3 MOHTMOPWIJIOHHUTA C BBIACICHUEM
temneparypHoro auanazona (80...220 °C), npu
KOTOPOM MPOSIBIISICTCS YHIOTEPMUUYECKHUM (Teruio-
nornomatonuit) ¢ dexr. B Hauane quanazona mpo-
UCXO/IUT yAaJeHHe afCOPOLMOHHOIO CJIOS BOJBI,
IIOCJIE YEro C NOBEPXHOCTH MHUHEpaja BBIBOJUTCS
MexXnakeTHas Boja. IIpu yBennyeHun temmepary-
pel 10 600 °C mpouCcXOAUT MOJHOE pa3pylleHue
KPUCTAJUINYECKOM pelIeTkH (CriekaHue) MUHEepaa,
BBI3BAHHOE YJJaJICHUEM CTPYKTYPHOIO CJI0S1 BOJBL.

M3BecTHO, YTO B IpoLEcce pe3aHus NpU He-
OOJIBIIMX KOHTAKTHBIX HArpy3kax MPOUCXOIUT
rpaHu4Hoe Tpenue [19], a mpu MHTEHCUBHON IUIa-
CTUYECKOH nedopmanuy HaOIOAaeTcsl yKe «CXBa-
TBIBAaHME» CTPY’KKH C IIEPEAHEN TOBEPXHOCTHIO MH-
CTPYMEHTA.

Jist ouleHkH 3¢ GEKTUBHOCTH ONMUCAHHOM BBIIIIE
I[THM B coctaBe macisubix COTC Obutu npoBene-
Hbl Ja0OpaTOpHbIE HUCHBITAHUSA IO ONPEACICHHIO
HMIIUPUUYECKOTO KOAPPHUIMEHTA TPEHHS B YCIOBU-
X, IPUOIMKEHHBIX K ITPOLIECCY CBEPIICHUS.

B paGortax [20, 21] onucansl pa3ziuyHble Me-
TOABl ompeneneHus ko3dduuueHra TpeHus cma-
304HBIX MaTe€pUalioB, B KOTOPBIX YKa3aHO, YTO HE
BCEIa MOXKHO IPOM3BECTH OLEHKY (PaKTHUYECKOIO
Ko3((uIeHTa TpeHHus C HCIOJIb30BaHUEM OIpe-
JIEICHHOTO METO/la MEXaHU4eCKOH 00paboTKU U C
IIPUCYIIEH KaXKI0My M3 METOJOB MHAMBHUAYaJIbHON
0COOEHHOCTBIO. B cBOIO 0Yepesib, MHUPOKO UCHIOb-
3yemMasi MeTOJIMKa 110 OIpeiesIeHHI0 Kod(duuneHTa
TPEHMsI HA YETHIPEXIIAPUKOBON MAaIlIMHE HE M03BO-
JII€T BOCIIPOM3BECTH UMUTALIMIO MPOLECCa TPEHHUS,
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00pa30BaHHOTO, HaIIpUMEpP, B KOHTAKTHON 30HE pe-
JKYLIETO MHCTPYMEHTA € 3arOTOBKOM IPH CBEPJICHUU.

DOKcnepuMeHTaidbHas OHeHKa 3((EeKTUBHO-
ctu pazpaboranHoro COTC Ha macnsiHON OCHOBe
C UCIIOJIb30BaHUEM B KauecTBe MoAu(uKaTopa Tpe-
Hus [THM, a Taxoke oneHka ero TpuOoJIoruueckux
CBOMCTB pEaJM30BbIBAJIACh IIPU HCIOJIb30BaHUU
METO/IMKU ompeneneHuss Kod(hUIMEeHTa TpeHUs
«BEPYECHUE KOHYCA 110 KOHYCY» Ha paJHalIbHO-CBEp-
TuibHOM cTanke 2K522.

OKCIIEpUMEHTAJIBHBIN CTEHJ BBICTYIIA]1 B Ka-
4yecTBE TPUOOMETpPA, IMO3BOJISIOIIETO OMNPENEsTh
SMIUPHUECKUN KOI(PPULIMEHT TPEHUS B yCIOBHUSAX,
NpUOMKEHHBIX K Ipoleccy cBepieHus. B kaue-
CTBE MHJEHTOpA OBLIO HMCHOJIb30BAHO CIHPAIBHOE
cBepio u3 crtanu P6MS ¢ usMeHeHHOU reoMeTpueit
pexyIIei KpoMkH (puc. 2). 9To obecrneynBaio mnpo-
LIECC TpeHUsl MHJEHTOpa (CBepsia) O KOHUYECKYIO
MIOBEPXHOCTh KOHTpPTENA (3arOTOBKH).

B mpouecce uccienoBaHuii Ha CTOJE CTaHKa
YCTAHABIIMBAJICS JTUHAMOMETP TPEXKOMIIOHEHTHBIN
M-30-3-6K, KOTOpBIH IO3BOJISIET PErUCTPUPOBATH
KaK O0CEBYIO CHIIy, TaK U KpyTAlui MoMeHT. Ha nu-
HaMOMETpe MpPU MOMOIIM (JaHLa U TPEXKYIadKo-
BOTO MAaTpOHA 3aKperisiiack oopadbaTsiBaeMast 3aro-
TOBKA U3 KOppo3uoHHOCTOMKOM cTanu 12X18HI0T

/A
g

i
f X
M# ‘ A
Puc. 2. Teometpus pexyiieit KpOMKH MOAU(DUATTAPO-
BaHHOTO CBepJia (MHIEHTOPA):

1 — XoHTpTeno (3aroToBKa); 2 — HMHACHTOP (CHHpAIbHOE
cBepio); 3 — ma3 it moxaun B 30HY TpeHmst COTC; 4 —
ckBo3HOE oTBepeTue M ynaiaenus COTC

Fig. 2. Geometry of the cutting edge of a modified
drill (indenter):
1 — counterbody (workpiece); 2 — indenter (spiral drill);

3 — circular groove for supplying to the cutting zone; 4 —
through-hole for removing MWF
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C 3apaHee IOJly4YE€HHBIM OTBEPCTUEM. 3.5
B pommu wuHzaeHTOpa BBICTYHANO CIHU- ; 30
panbHOE cBepiio auamerpoM D = 10 mm & |
¢ yrmioM 3arouku 2¢ = 118°, u3roros- &
JeHHOe U3 OBICTPOpEXKYLIeH cTanu E 2.0
P6MS5 co ckpymieHUsIMH Ha pexyluei g 15
KpoMKke (puc. 2). E 10
Perucrpanus 3Ha4yeHMd OCEBOM z 0.5
CHJTBI ¥ KPYTAIIETO MOMEHTA OCYIECT- = 00

BJISUIaCh IIPU IIOMOILM JUHAMOMeETpa 0.0
TpeXKOMIIOHEHTHOro M-30-3-6x, cur-
HaJl OT KOTOPOIO 4epe3 yCWINTENb U
aHasoro-QpoBoil  mpeobdpazoBareib
nepeJaBajcs Ha IEPCOHAJIBHBIN KOM-
IBIOTEP AJI JaJbHEMIIEro IOCTpoe-
HUS rpauyecKoil 3aBUCUMOCTH.

Ha puc. 6 mokaszan oOmmii BuI
DKCIEpUMEHTAIbHOrO creHja. Jlnd
npenotBpamienuss nonaaanuss COTC na u3mepu-
TeJIbHOE 000pY/IOBAHUE B MPOIIECCE MCCIeI0OBaHUI
IIPUMEHSICS CIELMAJIBHBIN 3alllUTHBIA YKpaH.

[TocnenoBarenbHOCTh  BBINOJIHEHUsS  J1abopa-
TOPHBIX HCTBITAaHUIN OblIa crnemyromeit. Ha auna-
MOMETpPE MpHU MOMOIIM TPEXKYJIaYKOBOIO IaTpoHa
U (praHna 3aKpermsioch KoHTpreno 4. Munentop /
3aKpeIUIsuICs B IUINHUHJENIE CTaHKa [IPU IIOMOILH T1a-
TpoHa. Jlanee mociue 3amycka CTaHKa ¢ IOCIEAYIO-
el mojgayeil UCIbITYEMOro MOAU(DUIUPOBAHHOTO
COTC uepe3 na3 2 B KOHTAKTHYO 30HY IIOCTETIEHHO
CO3/1aBajlach OCEBasl Harpy3ka Ha KOHTPTENO € Tpe-
OyeMbIM 3HaUYECHUEM P0 U nanpHeimen dukcanueit
MOMEHTa TpeHMs. Yacrora BpallleHHs LINMUHIEISL
cocrasisiiia 500 06/MuH ¢ 0CeBOM Harpy3Koil Ha UH-
aenrop P, = 2000 H.

Jiis cpaBHeHUs 3GGEKTUBHOCTH ObUIM UCIIONb-
3oBaHbl cienyomue coctaBel COTC: pactuteins-
HOE€ MacJio (ITOJCOIHEYHOE), UHTyCTPHAIbHOE Mac-
1o U-20A, pactutenbHoe Macio (TOACOTHEYHOE)
¢ [IHM u unnycrpuansnoe macino M-20A ¢ ITHM.
ITocrosiunas nomaya COTC cocrapinsia 0,5 11/MuH.

Ha puc. 3 npencraBneHs! pe3yabTaTbl IKCIEPU-
MEHTAJIbHBIX MCCIIEAOBAHUHN I10 ONPEAEICHUIO M-
NUPUYECKOT0 KOA(PPHUIUEHTa TPEHUS C HCIOJb30-
BAaHUEM OIMCAHHON BBIIIE METOJUKH.

B npouiecce TpeHMsl Bpalaromerocs HHACHTOpa
(cBepna) OTHOCUTEIBHO HEMOJBM)KHOTO KOHTpPTENA
ONTUMAJIbHBIM SIBJISIETCS UCIOJIb30BAHME HE CHIIBI
TpEHHsI, & MOMEHTA TPEHUs MTp. B cBoro ouepens,
CWJIa CONPOTHUBIICHUS IEPEMEILEHUI0 HHIEHTOpa
(cBepna) OTHOCUTENIBHO IMOBEPXHOCTH KOHTpTENa

—#—Cyxoe TpeHHE
——11-20A
—4—11-20A c ITHM

2,0 4.0 6,0 8.0 100 120 16.0 18.0

Bpemsa , ¢

~>~TI0aCOMH. MaclIo
=8—Iloacons. Macio ¢ [THM

Puc. 3. 3nauenns momeHnTa TpeHus B cpene pasnuaabix COTC

Fig. 3. Friction torque values in various MWF environments

SIBJISIETCS paCIpeIeIICHHOM CUIION, KOTOpast Halpas-
JIeHa MPOTUBOIIOIOKHO BEKTOPY CKOPOCTH paccMa-
TPUBAEMOTO Tea.

CornacHo pacueTHOU cxeme (puc. 4) cuia Tpe-
HUsA F - eCTh PaBHOICHCTBYIOIIAsA CHJIA, KOTOPYIO
MOKHO ONPEIENIUTh MO MPaBUITy HAXOXKICHUS paB-
HOJICHCTBYIOLIUX MapaslieIbHbIX paclpeaeIecHHbIX
cui. OnpenenuM ee BeTUYMHY U TOUYKY MPHIIOXKe-
HUSl, PaCIONIOKEHHYIO B LIEHTPE JTUHUM KOHTaKTa /
CBepJia U 3aTOTOBKH.

W3 cxembl y371a TpeHUS CIEAyeT, 4YTO Ha UHICH-
TOp (CBEPII0) AEHUCTBYET Mapa CUil {—FTp; FTp} C Mo-
MEHTOM
Fip (D +dy) :
e (M

e D — qnameTp uHAeHTOpa (CBEpIa); d, — IMaMeTp
OTBEPCTUS B KOHTPTECIIC, NI

2M.
F :—Tp' 2

M., =

st paccMmarpuBaemoro y3ia ¢popmyna (2) cBs-
3bIBA€T MEX/Y COOOH MOMEHT U CUITY TPEHHUS.

Hopmanenas cuia PN, JIEUCTBYIOIIAsl MO KOH-
TAKTHOW MOBEPXHOCTH MHCTPYMEHTA, €CTh MPOU3-
BEJIEHUE NIPOEKIUKE HOPMAJILHON CHJIBI P\, Ha CHHYC
yrmia Mexay cuiaMu. Mcnosb3ys ycioBUE paBHO-
BECHUSl C YYETOM CHJIbI HOPMAJIbHOTO JaBJICHUs Ha
TIOBEPXHOCTH MHIEHTOPA (CBepna) P, KOHTaKTUPY-

IOLIEN C KOHTPTEJIOM, TIOJIyYHM
Py sing
PN = 2 ’ (3 )

rae P, — ocesas cuia, H.

Vol. 27 No. 1 2025 11



% OBPABOTKA METAJIJIOB

a0

Ao

a {

Puc. 4. PacueTnas cxema paccMarpuBae-
MOTO y3J1a TPEHUSI:
2¢p — yrom mpU BEpLIMHE CBEpiia, IPa;
FTp — cuna tpenus, H; P — ocesas cuna, H
Fig. 4. Design scheme of the analyzed
friction pair:
2@ — drill apex angle, deg, — friction
force, H; P, —-ax1a1fbrce H

CornacHo 3akoHy AMoHTOHA — KysoHa, Hop-
MajibHas cuiia P, cBsi3aHa ¢ CUIION TpeHUsI FTp,
KOTOPYI0 MO’KHO OIIPEIENHTD CIECAYIOIINM ypaB-
HEHUEM:

pPy sin ¢

2 @

re |\ — SMOMPUUECKUN KOIPDUIIMEHT TPEHHUSL.
[Tocne mpeoOpa3oBaHuil TOTYYUM

4M, )
(D +dy) - Pysing
Janee, UCHONb3ysd MaKCUMAaJIbHbIC 3HAYCHUS
MOMEHTa TPEHMSA, a TaKKe MPUKIIAJIbIBAEMOM
OCEBOM CHJIBI, OIpPEAEISIETCS AMIUPUUECKUI
KO3((UIIMEHT TPEeHUsi Uil paccMaTpuBaACMOroO
ciryyasi.

12 Tom 27 Ne 1 2025
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Pe3yabTarsl M HX 00Cy:K/AeHUE

[Tosy4eHHbIE pe3ynbTaThl MOMEHTA TpeHUs M
IpU TIOCTOSHHOM oceBol Harpyske P, = 2000 H
B cpene pasnnunbix coctaBoB COTC npexacrasie-
HBI TpauecKu Ha puc. S.

IIpoBens aHain3 MOJIy4EHHBIX JaHHbBIX (pUC. 5),
MOJKHO CJIeJIaTh BBIBOJ, YTO MaKCUMaJIbHOE 3Haue-
HUE SMITUPUYECKOTO KOAPPHUIIMEHTa TPEeHUs ObLIO
MOJYYEHO TPU YCIOBHH «CYXOTO» TpeHus, 0e3
ucnonb3oBanuss COTC (p = 0,48). Ilpumenenue
I[THM B kauectBe momuduraropa COTC mo3Boms-
€T CHU3UTh IMIHUPUYECKUN KO3(DPUIIMEHT TpeHus,
rjae HauOonbmui dPQPEeKT OT MpUMEHEHHUs TaHHOU
IIPUCAJIKU IPOSBISIETCS Ha IOACOJIHEYHOM Macie
(= 0,11) mo cpaBuenutro ¢ COTC nHa MuHepasb-
HOM ocHoBe (1 = 0,19). D10 roBoputr 0 TOM, 4TO
MacasiHoe COTC Ha 0cHOBE MOACOIHEYHOIO Macia
c [THM ob6naznaet yaydieHHON cMa3bIBaIOLIeH CI1o-
COOHOCTBIO, OOecreunBasi TeM CaMbIM T'PaHHYHOE
TpeHHe (BO3MOXKHO, JaKe )KUJIKOCTHOE).

TakuMm 00pa3oM, MOACOJHEYHOE MAacilo, MO-
mudunuposannoe [THM, sBisiercst Hambonee 3¢-
(EKTHBHBIM 10 CPABHEHHIO C TOICOTHEYHBIM Mac-
oM 6e3 [THM, munepanbubiM Maciiom M-20A 6e3
ITHM, a Taxxe muHepanbHbiM -20A, Moguduiim-
poBaHHbIM ITHM, 4TO CBUAETENBLCTBYET O BHICOKOM
CMa3bIBAIOMICH M HECYIIeH COCOOHOCTH HKCIIEPH-
MeHTasbHOro COTC.

OnpeneneHne 3Ha4eHUN SMITUPUYECKOTO KOI(D-
¢dunMeHTa TpeHUs ¢ MCIOIb30BAHUEM TPETIOKEH-
HOM METOAMKHU I03BOJISIET JaTh KOJIMYECTBEHHYIO
OLIEHKY TPHOOJIOTUYECKUM CBOMCTBAM MOIUUIH-
poBanHbix COTC u momy4uth Gosiee MOJHYIO WH-

0.6

.Illll

Cyxoe TpeHHE H-20A Ioacommeanoe Il 20A ¢ [ToaconreuHoe
MacIo macio ¢ [THM

Texnosornteckast cpeja

=
n

=
'S

=1
(%

=
2

o
=

Puc. 5. 3nadeHus SMIUPHUUECKOTO KOIPPUIINEHTA TPEHUS L

B cpene paznnaabix COTC

Fig. 5. Empirical friction coefficient (i) values in various

MWF environments
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dopmaruio, CBI3aHHYIO C BIMSHUEM MOAU(UKATO-
poB — B naHHOM ciryyae [IHM — Ha cuiy Tpenus.

Cnenyronmm 3TarnoM IOCIIE  UCCIEN0BaHUS
BiusHus MonudunuposanHoro COTC na smnupu-
4eCcKHi KodpPUIUEHT TpeHUs: ObUIO OIpeaesieHue
CWJIBI PE3aHUs NIPU CBEPIEHUU C UCIOJIb30BAaHUEM
ananornyneix COTC. [ns peanu3anuu mHoCTaB-
JICHHOM 3a/1auu B IpOLeCcCce HCCIeI0BaHus ObUI UC-
H0JIb30BaH HKCIEPUMEHTANbHbIN cTena (puc. 6),
OCHAILEHHBIM TPEXKOMIIOHEHTHBIM JUHAMOMETPOM
M-30-3-6x, ¢ BBIBOAOM HH(pOpPMALUMU Ha IEPCo-
HAJIHBIA KOMIIBIOTEP, MO3BOJISIOLINI 0ObEKTUBHO
oueHuTh BiusiHUe pasnuuHbelx COTC Ha cumy pesa-
HUS IIPU OTIEpaLUU CBEPIICHMS.

B pesynprare 3KCIEpUMEHTAIBHBIX HUCCIIE-
JIOBaHUHM mpu 00paboTKe Hep)KaBerollel CTalu
12X18H10T Obly moy4yeHbl 3HaUEHUs! CUIIbI pe3a-
HUSI B 3aBUCUMOCTH OT BpeMeHHU 00pabOTKU U CKO-
poctu pe3anus (puc. 7, a, 0).

AHanu3 NOTYYEHHbIX JaHHBIX [TOKA3bIBAET, YTO
cBepienue 6e3 ucnonb3zoBanuss COTC mpuBonuT K
BO3HUKHOBEHUIO BBICOKOW CHJIBI pe3aHus. Mcnomb-
3oBaHue B kauectBe COTC muHepanpHOro M noa-
COJIHEUHOI'O MaceJsl NMPUBOAUT K CHUKCHMIO CHIIBI
pe3anus Ha 10-20 %. [lonaya Tex ke BUAOB Macel,
HO yxe ¢ [THM, npuBoauT k 60bleMy CHUKEHUIO

Creupg pna npoeegeHuna
3KCMEPUMEHTANbHbIX
nccnegoBaHUi

k2 Untepdeiic MO guHamomeTpa

OBRABOTKAMETALLOV  CAf

cui pesanus (Ha 9-10 %) mo cpaBHEHHIO ¢ Macha-
MU 0e3 MpUCaIKu, MPU TOM HaUMEHBIIasl BEJIHYU-
Ha JJOCTUTaeTCs MpH MoJlaue MOACOTHEUHOI0 Macia
c [THM.

N3 storo cnenyer, yro IIHM, BeicTynaromas
B KaueCcTBE MOAM(PHUKATOPA, yIydllIaeT TpHUOOIOTH-
yeckue coictBa maciustHoro COTC, cniocoOcTBys
CHUKEHUIO TEMIIEpaTypbl B 30HE PE3aHUs U MOBbI-
IICHUIO pecypca (CTOMKOCTH) PEXYIIero UHCTPY-
MeHTa [22].

[Ipencrapnennsie nanHble Ha rpaduke (puc. 7, 0)
JIEMOHCTPHUPYIOT, YTO MPU CKOPOCTAX PE3aHUS 0
20 m/mun gaeiictBue COTC oxa3biBaeT 3HAYUTEIb-
HOE BJIMAHME Ha Cuily pesanus P, OngHako mpu
YBEJIMYEHUH CKOPOCTH pe3aHus PGPEeKTUBHOCTh
COTC cHmKaeTcs, 4TO CBSI3aHO ¢ OONBIION HOIEH
00pa30BaHHBIX CUJI TPEHUS MO 3aJIHEH MOBEPXHO-
CTH UHCTPYMEHTA.

Onpeoenenue wiepoxoeamocmu. llpencrapmus-
er unrepec u BiausHue [IHM Ha 3HaueHue mepo-
XOBaTOCTH OOPabOTaHHON MOBEPXHOCTH, KOTOpas
SBIJISIETCS. OJHUM U3 MMapaMeTpoB KauecTBa. Ha 1ie-
POXOBATOCTh 00PabOTaHHON MOBEPXHOCTU BIUSIOT
paznu4dHble (aKTOPBI, TAKKE KaK PEKUMbBI PE3aHUs,
Bug COTC u crocob ero mogayu B KOHTAKTHYIO
30HY, TEMIIEpaTypa pe3aHus u ap. [23, 24].

PaguanbHO-CBEpP/IMAbHBIN
CTaHOK 2K522

_— =5 pi

Puc. 6. SKCHepI/IMGHTaHLHI:If/'I CTCHA MJIs1 UCCICAOBAHUA CUJT PE3aHUs ITPU CBCPIICHUN

Fig. 6. Experimental stand for studying cutting forces during drilling
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BpeMeHHU 00pabOoTKH (a) U CKOPOCTH pe3aHus (6) TIPH MoAadue Pa3TMIHbIX
coctaBoB COTC. Ilomaua macTpymenTa S = 0,076 MM/06. Pexymuii wH-
CTPYMEHT — cBepiio crimpanbHoe (POMS). D = 22 mm. Pacxom COTC —

Fig.

0,5 n/munH

7. Tangential cutting force P, values as a function of processing time

(a) and cutting speed (6) with various MWF compositions applied. Tool

feed

S = 0.076 mm/rpm. Cutting tool — Spiral drill (HSS). D = 22 mm.
MWF consumption — 0.5 1/min

[TpumeHnenrne MOAU(PUIMPOBAHHOIO MACISIHOTO
COTC npu cBepiieHNH 3aTOTOBOK U3 HEPKABEIOIIEH
cranu 12X18H10T ¢ ucnons3oanunem [THM B ka-
gectBe Monupukaropa COTC mo3BossieT CHU3UTH
TEMIIepaTypy pe3aHusl M IIepOXOBaTOCTh 00pado-
TaHHOU ITOBEPXHOCTH.

Ha puc. 8 mokazano cpempneapupmMeTndyeckoe
OTKJIOHeHHE mpoduns Ra, oTpaxaroliee MIepo-
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XOBaTOCTh 00paOOTaHHOHN MOBEPXHOCTH, U3MEpe-

HUE KOTOPOH OCYHIECTBIISIIOCH TPOGUIOMETPOM
TR-200.

BriBOIBI

[Tpumenenne ITHM nipu ux ruipupoBaHUM MO-
3BOJISIET MEPEHTH Ha J>KUIKOCTHOE MEKITAaKETHOE
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Fig. 8. Results of the arithmetic mean deviation of the Ra profile
of the processed surface

TPEHHE CIIOEB MUHEpAJIA, CO3/aBasi 30Hy TUApopa-
CKJIMHUBAHUS M yayd4Ilasi TpUOOIOTUYECKUE CBOM-
ctBa MacisaHbpIx COTC. JlaHHBIN COCTaB MO3BOJISET
CHU3UTh TEMIIEPATYpy B 30HE PE3aHUs IIyTEM KOH-
BEKTHUBHOTO pacrpeneneHus temia B oobeme COTC
C JaJIbHEHIIMM €TO BBIBOJIOM M3 CHUCTEMBI B OKpY-
HKAIOLIYIO Cpeny.

[IpoBenennbie nabOpaTOpHBIE HUCCIEIOBAHUS
nokasaiau, yto npu nopade maciasHoro COTC c
[THM smnupudeckuit Ko3pPUIUeHT TpeHUs UMEeeT
HanMeHblee 3Hadenue (| = 0,11) mo cpaBHEHHUIO €
JPYTUMHU COCTaBaMH.

Bxopsimas B coctaB macistnoro COTC ITHM Ttak-
K€ OKa3aJia MOJIOKUTEIbHOE BIMSIHUE HA CHUKEHUE
cwiIbl pe3anust npu cBepiaeHun cranu 12X18HI0T
(na 10 %) mo cpaBuenuto ¢ nogaueit COTC 6e3 mpu-
CaJloK, a TaK)Ke Ha YMEHBIIEHUE IIEPOXOBATOCTH 00-
paboTaHHOI TOBEepXHOCTH 110 Ra = 3,96 MKM.

Ha ocHoBaHMM BBIILIEN3TI0KEHHOIO MOYKHO CJIE-
JIaTh BEIBOJI O TOM, 4TO HCIoJb30oBaHue ITHM B co-
YEeTaHUHM C IKOJIOTUYECKH O€30MacCHBIMU MacilaMH
OTKPBIBACT MPUHIMUIHAILHO HOBBIE MYTH UX 3(-
(EeKTHUBHOTO HCIIOIB30BaHUS B MPOLIECCE pe3aHMs,
mpu 3ToM ocHOBHOe nercrteue [IHM nampasiieHo
Ha I[OBBIIIEHUE CMA30YHOIO, OXJAKJAIOLIETo, a
Takxke pecypcocoeperaromiero aeiicrsust COTC.
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Introduction. One way to enhance the efficiency of the cutting process is to develop new effective compositions
of metalworking fluids (MWFs), which will reduce cutting force and temperature, while increasing the durability
of the cutting tool and the quality of the processed surface. One approach to address this challenge is the chemical
activation of MWF using additives based on nanoclay minerals, which are characterized by low cost and abundant
reserves in-Earth. In this regard, the theoretical rationale for the selection of this additive and its impact on the
tribological properties of the MWF is given. The purpose of the work is to determine the effect of oil-based additives
with nanoclay minerals on reducing the cutting force, as well as improving the quality of the processed surface when
drilling corrosion-resistant steel. Research methods. Experimental investigations were conducted during a drilling
operation, in which the components of the cutting force were recorded using a three-component dynamometer
M-30-3-6k. The aim of the experiment was to determine the effect of oil-based MWF containing additives from
nanoclay minerals on the component of the cutting force, as well as the roughness of the processed surface. A formula
for calculating the friction coefficient in the drilling process was derived using mathematical modeling. Results and
Discussion. The experimental investigations yielded results demonstrating the effectiveness of using oil-based MWF
with additives made from nanoclay minerals. Experimental data was obtained for the friction coefficient, cutting
force component, as well as the roughness of the processed surface during drilling. These results were obtained
using the experimental MWF, supplied to the cutting zone. The results of the study showed the effectiveness of
using the modified MWF compared to traditional compositions. Conclusions. The modified MWF, which includes
sunflower oil and nanoclay minerals as additives, significantly reduces the friction coefficient, cutting force, as well
as the roughness of the processed surface, which opens up further prospects for its use in the metalworking industry.

For citation: Umerov E.D., Skakun V.V., Dzhemalyadinov R.M., Egorov Y.A. Investigation of the effect of oil-based MWFs with enhanced
tribological properties on cutting forces and roughness of the processed surfaces. Obrabotka metallov (tekhnologiyva, oborudovanie, instrumenty)
= Metal Working and Material Science, 2025, vol. 27, no. 1, pp. 6-19. DOIL: 10.17212/1994-6309-2025-27.1-6-19. (In Russian).
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