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Pegpepam. Oonum u3 nymeil ygeruueHusi npouzBoOUmMenbHOCMuU 00pabomku u obecneyeHus
BbICOKO20 Kauecmeda 006paboOmaHHOU NOBEPXHOCMU SGIAEMC NPAGUNIbHLIL 6b100p U UCNOAb308AHUE
CMA30UHO-0XAAdCOalowUx scuokocmei. Pewenue 3a0au nogviuenus 3¢h@exmusHocmu peanu308bl8ai0Ch
nymem 6bl00pa cocmaga CMAa304HO-0XAAACOAIOUUX HCUOKOCU, KOMOPAsL ObLIA NPULOMOBIEHA HA OCHOBE
omx0008, 006pazyiIowWuxca 8 npoyecce NPOU3BOOCMBA MACLONCUPOBOU NPOOYKyuu. Imo obecneuum
CHUDICEHUE DKOL02UHECKOU HAZPY3KU HA cucmemy OKkpyodicaroujell cpedvl. Takoice 6oavuioe eHumanue 8
nociedHee  epems  yoensemcs — Oyewke — OelUCmeusi  CMA30YHO-OXAANCOAIOUUX — dHCUOKOCHel
MOOUPUYUPOBAHHBIX  YeAEPOOHBIMU MAMEPUANAMY, 6 HACMHOCMU, YelePOOHLIMU HAHOMPYOKAMU U
epagumom. H3-3a ocobennHocmeli ux QuU3UKO-MEXAHUYECKUX CBOUCMS, YelepoOHble MOOUPUKAmMOpbl
OKA3bIBAIONM GIUSHUE HA NPOYECCbl Pe3anusl, U 3aKOHOMEPHOCHU dMO020 GIUsHUSL 00 CUX NOP U3VUeHbl
HedocmamoyHo. B oannoii cmamve npoodonsiceno uccredosanue uUsMeHeHUs. 8A3KOCMU B0O0OMACIAHOU
IMYTLCUOHHOU CMAZOUHO-0XAANCOAIOUEl HCUOKOCU OM 8APLUPOBAHUSL PA3MEPA MACISHbIX KANeib,
KOHYenmpayuu OUCNepcHol haszvl U 68e0eHUs. MEEPOOPA3HBIX 6bICOKOOUCHEPCHBIX MOOUDUKAMOPOS.
Yemanoeneno, umo ymenvuenue pasmepa macisaHuix Kaneib, NOGbIUEHUE KOHYEHMPAYUU OUCNEPCHOU
Gaszvl u  mMoouuyuposanue 6000MACHAHOU IMYIbCUOHHOU CMA30YHO-OXAANCOAIOUC  HCUOKOCMU
BbICOKOOUCNEPCHBIMU Y 2I1ePOOHBIMU MAMEPUALAMU NPUBOOSIN K YBENUUEHUIO 8I3KOCTIU.

Kniouesvie cnosa: 653x0cmov, cMA304HO-0XAACOAIOUAS HCUOKOCTb, OUCHEPCHOCTb, KOHYEHMPAYUs,
MoOughuxamop, y1bmpaseyx.
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Abstract. One of the ways to increase processing productivity and ensure high quality of the treated
surface is the correct choice and use of lubricants and coolants. The solution to the problems of
increasing efficiency was implemented by choosing the compositions of lubricants and coolants, which
were prepared based on fat-and-oil waste products. This will ensure a reduction in the environmental
burden on the environmental system. Also, the greatest attention has recently been paid to evaluating the
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effect of lubricants modified with carbon materials, in particular, carbon nanotubes and graphite. Due to
the particular features of their physical and mechanical properties, carbon modifiers have an impact on
cutting processes and rules of the impact have not been sufficiently studied so far. This article continues
the study of changes in the viscosity of a water-oil emulsion coolant from varying the oil droplets size, the
dispersed phase concentration and the introduction of solid-phase highly dispersed modifiers. It was
found that reducing the size of oil droplets, increasing the concentration of the dispersed phase and
modifying the water-oil emulsion coolant with highly dispersed carbon materials lead to an increase in
viscosity.
Keywords: viscosity, lubricant cooling liquid, dispersion, concentration, modifier, ultrasound.
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Beenenue. B pesynbraTe NIpoOBEAESHHOTO JIMTEPATYPHOTO aHaAIM3a OBLIO BBISBICHO, YTO Ha BSI3KOCTh
CYIIECTBEHHO OyJeT BIMATH pa3Mep MAaciSHBIX Kallelb M 4acTHIl TBepAo(a3HbIX BHICOKOANCIIEPCHBIX
MOJH(UKATOPOB. 3aKOHOMEPHOCTH JAHHOTO BIMSHHS MOTYT MPOSBISITHCS MO-PA3HOMY JUISL PA3IMYHBIX
BHUIIOB 3MyJbCcHil U BBogMMOro Marepuana [1]. OcoOblif HHTEpeC MpencTaBIsieT UCCIEAOBaHHUE BIUSHUSL
MacysiHBIX Kalelb W 4YacTHll TBepHo(a3HbIX BBICOKOIUCIIEPCHBIX MOIU(PHKATOPOB Ha BSI3KOCTb
BOJIOMACISIHBIX OMYJIBCHOHHBIX CMa309HO-oxJakmaromuii xuakocteit (COX). Pesynprater panee
MPOBEICHHBIX 3KCIIEPUMEHTAIBHBIX HCCICIOBAHNH MOATBEPKAAIOT, YTO YBEIHMUYCHUE IUCIICPCHOCTH H
BBezleHHe MonaudukaTtopoB B coctaB COXK BbI3bIBacT MoBBIIEHNHE 3(PEKTUBHOCTH TPOIECca Pe3aHus
MeTamuioB [2-3].

B pamxax naHHOW pabOTHI OBUIM NMPOAOJKEHBI UCCIIEIOBAHUS MO COBMECTHOMY BIMSHHIO pasMepa
MAaclIHBIX Kalelb, KOHIEHTPAI[MM JOWUCHEepPCHON (a3l M BBEACHHBIX B COCTaB BOAOMACIISHOM
smynbcoHHOM COJXX BBICOKOTUCTIEPCHBIX YITIEPOIHBIX MaTEepHajoB HAa H3MEHEHue Bsa3KocTH. llpu
WCITIONIb30BAaHUM 00OpYNOBaHMSA MO YJIBTPa3ByKoBoMY (V¥Y3) IHCIEprHPOBAHUIO I[eJICHANPABICHHO
BapbUPOBAIM pa3Mepbl MAaciSHBIX Kameidb W KOHIEHTpaluio mucrepcHoi ¢as3sl amynscun COX.
Hcnonb3oBaBinasics KOHIEHTpalus MOAU(pHKATOpa 0OcTaBajlach HEU3MEHHO.

Hay4nas HOBU3HA MPOBEIEHHOTO SKCIEPUMEHTAIBHOTO HCCIIEIOBAHUS COCTOUT B TOM, YTO BIIEPBBIE
paccMOTPEHO M3MEHEHHE BIHSIHUS paHee oTMedeHHbIX (pakTopoB COXK Ha BS3KOCTH IO CXEMe ITOJHOTO
(haKTOpHOTO DJKCIICPUMEHTA IPH IOJHOM KOHTPOJE TEMIIEPaTyphl HCCIEeIyeMOH TEXHOJIOTHYECKOH
cpenbl. B pesynbTaTe MpoBEIEHHBIX 3KCIEPUMEHTOB MOXKHO B JalbHEHIIEM NpeayraiplBaTh MPOLECCH
M3MEHEHHS HE TOJIBKO PEOJIOTMYECKUX, HO ¥ TpHOOIornIecknx cBoiicTs uccienxyemsrx COX.

Martepuansl u mMeronsl. O0bekTOoM mccienoBanuii 0sima COXK, KoTOpasi paHee HCIONB30BAIACh B
JKCIIEPUMEHTaX Mo m3ydeHuo BiustHusA aucniepcHocTd COX Ha s dextuBHOCTE MAO [2]. B KauecTBe
moaudukaropos COX ucmonp30Baiu MOPOIIOK YIJIEPOJHOrNO0 HAHOMATEpHaia B BUIC KOHITIOMEPATOB
yriepoaubix  HaHOTPyOOK (YHT) (cunresupoBan B HIIIl «IlepcrieKTHBHBIE HUCCIEAOBAHUSA |
TEXHOJIOTUMY», berapycs) i nopomrok texauueckoro rpadura (TT') mapku T'K-2 [2].

Ha ocHoBe Moan(ukaTOpOB TOTOBWIIM BOJHBIC CYCIIEH3UH, KOTOPBIE MOABEPralii MEXaHHIECKOMY
MePEeMEIINBAHAIO U YIbTPa3ByKoBoMy (Y3) IOHCIIEprHpOBaHMIO (MCHOJIB30BAaHHOE O0OpyZOBaHHE — Y3
JucrnepraTop morpyxkHoro tuma (mpou3BoactBo BI'YUP, bemapycs)), mocie dWero BBOAWIM B HHUX
KOHLIEHTPAT 3MYJIbCUH U NOJy4eHHbIE TAKUM 00pa30M CMECH CYCHEH3UHU M SMYJIbCHH BHOBb HO/BEPTalH
V3 nucneprupoBaHMIO 0 JOCTHIXKEHHS OIPEJENICHHBIX pPa3MEpOB KOMIIOHEHTOB JHCHEPCHBIX (as.
[MapaynensHo (C LENBIO TMOJYYEHHS CPAaBHHUTENBHBIX JAHHBIX) IMOJBEpraid Y3 AHUCIEPTUPOBAHUIO
BOJHBIE OMYJILCHH, HE cojepxamme MoanpukaropoB. KommbloTepHbIH MHKpOCKOMN (TIPOM3BOACTBO
YHITYII «CrextpaBTOMaTKOMIUIEKC», bemapyck) m nporpamma AutoScan Studio 3.0 (mpousBoxacTBO
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3A0 «CrieKTpOCKOMUYECKUE CUCTEMBI», berapych) ObUTH MpeAHa3HAYCHBI IS TOTYYCHUS H300paKeHHH
Karesb JUCHEPCHON (a3bl U U3y4eHHsI CTPYKTYPHBIX ocobeHHocTel uccienyemoin COX.

O6pasmsr COX oobemom 150 Mur 3anmmBany B CTEKIAHHBIA CTakaH (BHYTPeHHHH auamerp 58 MM u
BbIcoTa 80 MM). Y3 00paboTKy ocymiecTBIsUN mpH yacToTe 22 K[l ¥ BRIXOJHOW MOIIHOCTH TeHepaTopa
40 BT. Baskocts smynscrn COXK m3Mepsui ¢ MOMOIIBI0 BIHCKO3UMeTpa KanmuispHoro tuna BITK-2 mo
CTaH/AaPTHOI METOJMKE — IIyTEM YCTAaHOBICHUS BPEMEHH MCTEUCHUS ONPENEIEHHOTO 00bEMa KUAKOCTH
yepe3 Kamwislp BHCKO3UMETpa IOA JCHCTBHEM CHIBI TsKecTH. Ha OCHOBaHMH MONTYyYEHHBIX
9KCIIEPUMEHTAIBHBIX JaHHBIX ONPEACISIM PACUYETHBIM IMyTeM 3HAau€HHE KHHEMaTHYECKOH BS3KOCTH.
Yucno u3MepeHHd BS3KOCTH cocTaBwio 15. 3Hauenue Ttemmepatypbl smyiascun COXX cocraBmsiio
25+0,2°C, T.K. B TEYEHHE BCEX OKCIIEPUMEHTOB IPOBOJIWICS 3aMep KaXAOro u3 00pasuoB
TEXHOJIOTHYecKoi cpeabl Tepmomerpom TP-101.

B kauyectBe (akTOpPOB, BIMSIONMX HA BS3KOCTb, AJISI TIOJyYEHHUS] PErpecCHOHHON 3aBUCHMOCTH
BBIOpaHbl TBepaodazHble BBICOKOIMCIIEPCHBIE MOIM(DUKATOPHI, KOHIEHTpAIMs TUCIEPCHOH (a3bl u
pa3Mep MacJSHBIX Karesb (Tabmuna 1).

BapsupoBanue ynpapisronux (pakTopoB BBITOJHEHO MO CXEME MOJHOTO (PaKTOPHOTO KCIIEPUMEHTA.
Bcero 6puto mpurorosieHo 12 map oOpasmoB COX ¢ pasnudHBIMH pa3MepaMH MAacIsTHBIX Kalleib, B
K0 u3 Hux 8 map conmepxanu moaudukaropel YHT (COXyyr) u Texuuueckoro rpadpura (COXqr) ¢
pa3MepaMy 4acTHIL MPUOIU3UTENHHO B 2 MKM, 4 ocTaBIuMecs: mapbl Obun 6e3 Moaudukatopos (COXK,).
Conepxxanne moaudukaropa B COX cocrasisno 0,1 mace. %.

Tabmmma 1 — Mccnenyemble GpakTopsl M YPOBHH MX BapbUPOBAHUS

®daxTop HatypanbHble 3HaueHHS Hopuuposarisie
3HAYCHUS
MTOPOIIIOK YIIIEPOIHOTO 1
HaHomarepuana YHT
Momudurarop MTOPOIIOK TEXHUYECKOTO
+1
rpadurta TT
0e3 1obaBKH 0
10 -1
KonnenTparms 30 —0,046
muctiepcHo ¢asbr, Ceo, T/ 50 0,398
100 +1
1 -1
Pa3zmep macnsHbIx 3 0
Kanenb, Rg,, MKM
p 5 +1

PesyabTaTtel M ux o0cy:xaenme. CraTucTHdeckass o00pabOTKa AKCIIEPUMEHTAIBHBIX JaHHBIX
OCYyILIECTBJIEHa B COOTBETCTBHMM C TocoOusimu [4—6]. AnekBaTHOe ypaBHEHHE perpeccuud B
HOPMHPOBAHHBIX KOOPJMWHATaX, IMOJYYCHHOC Ha HUX OCHOBE C YUYETOM CTaTUCTUYECKON 3HAYNMOCTH
K03((ULNEHTOB, UMEET BHUI:

Y =0,9688+0,1617X, —0,0066 X, —0,0105X, X, —0,0043X, X, +0,0106 X * +

+ 0,0599X,% —0,0195X,* +0,0101X, X%,
rae X, = 0 ns COX Ges MOTU(PHUKATOPA; X, =~1 oz COX ¢ YHT 0,1 macc. %; X, =1 gz COX ¢
TI 0,1 macc. %,

« = Ceox =55

) 45 — KOHIIeHTpanus auctiepcHor ¢azsl COX;

X,= 2Cp -15 — pasmep kanen» COX.

84




ISSN 2305-2538 HAYKA B HEHTPAJIbHOM POCCHHM SCIENCE IN THE CENTRAL RUSSIA, Ne 4 (64), 2023

METO/Ibl OLEHKM KAYECTBA MATEPHAJIOB, METAJUIOB, TEXHUUECKUX XU/IKOCTEM, U3JIEJINIA, MALLMH, OBOPY IOBAHHS,
MTOTOYHBIX JIMHUIA B ATPOIIPOMBIIIUIEHHOM KOMIUIEKCE

AHanu3 Ko3(QQUIMEHTOB PEerpeccuy IMOKa3bIBaeT, YTO HanOoJiee BIHUAIOMNMM (aKTOPOM SBISETCS
koHueHrpaus aucnepcHoi daszel COX. Ilpuuem 5Ta 3aBHCHMOCTH CYIIECTBEHHO HENWHEWHas W
aJIeKBATHO AaINIMPOKCUMHUPYETCS MOJMHOMOM 3-H CTemeHHW, KOX(QQHUIMEHTH KOTOPOTO 3aBHUCSAT OT
BBEIOpaHHOTO MaTepHuaia TBepA0(a3HOTO BEICOKOIUCIIEPCHOTO MoauprukaTopa. Pasmep MacisiHBIX Karenb
B HCCJIENOBAHHOM JWama3oHe — (aKTop, MEHee BIHMAIOIINN Ha BA3KOCTh SMYJIbCHHA. YMCHBIICHHE
pa3Mepa MacIsMHbBIX Kalellb YBEINIHBACT BA3KOCTh B cpeaHeM Ha 3 %.

JUis WnTrocTpanyuy BIMSHUS YIPABISIOMAX (AKTOPOB HA BA3KOCTH IIOCTPOCHBI TPAapUKU H30IHMHUH
ypoBHeH BA3KOCTU B KoopiauHaTax Ccox-Rep Am4 pasmuunbix cocraBoB COX (pucynok 1). CpaBHeHue
rpaduKoOB A JBYX TBEPAO(A3HBIX BBICOKOAUCIIEPCHBIX MOAUPHUKATOPOB (pUCyHOK 1: a u 0)
MOKAa3bIBACT, YTO UX BIUSHUC OJUHAKOBO B JHMAIlla30HE KOHIECHTpaImid aucnepcHoit ¢aser 40—100 r/n. B
JMara3oHe KOHIeHTpalmid qucnepcuoit ¢assl 10—40 r/n Bsa3zkocte COX ¢ TT' moaudukaropom HEMHOTO
MPEBOCXOUT OCTAJIbHBIE UCCIICIOBAHHbIE COCTABHI.

TT LTI T4 LT
0.9 0.95 105 L1 L 09 o5 | LO5
44 44 { [ l 44 2
‘ 09 003 Los LI L
g |
s 09 0.|95 105 1.1 LIS 01-9 0.95 '1 LOS 4 1
& =% ) ]
= 34 D:o 3 3
& j 09 0095 Los L1 L1
, |09 095 1 105 Ll1LlI d 7»9 Tﬁ PoLos 10l /
1 [ o L R .L I LI 1 o YL N LR | ng 098 10s 11 118
L T T T T T T T I T T I
mn A0 an ] n 4an a0 &n 0 40 a0 an 100
CCO)K! % CCO)Kv % CCO)K! %
a 0 B

Pucynok 1 — 3aBHCUMOCTB BSI3KOCTH OT yHpaBisFomux ¢akropos mist COXK
pasmmanoro cocraBa: a — COX ¢ TI; 6 — COX ¢ YHT; 6 — COX 6e3 mogudukaTopa

B cBsa3u ¢ Tem, 4TO B pe3ynpTaTe aHAIW3a MOJYYCHHBIX 3aBUCHUMOCTEH Hauboiyiee BIMAIOUINM
(akTopoMm siBisieTcst KoHIEHTpauus nucnepcHoit dazel COX, To HyXHO pa3o0paTbesi, KaKk BIMSIOT U
JIpyrue uccienyeMble (GakTopbl Ha KadecTBO 00paOOTaHHON IOBEPXHOCTH C YYETOM YBEIWYCHHUS
BA3KOCTH.

[l Havyana Hy>KHO YCTaHOBHTH B3aMMOCBSI3b MEXKAY IOJyYEHHBIMH PE3YyJIbTaTaMH I10 BSI3KOCTH W
IIePOXOBATOCTH, 3HAYEHUS KOTOPOW MPUBEICHHI B BHIMICYKAa3aHHBIX padoTax [2, 3]. st sToro cimemyer
pa3obpatecst B camux neiictBusax COXX. Paszgenuts pasmuunsie sddextsr meiicteuit COXK BecbMa
NpoOJIEMAaTHYHO, TaK KaK B OJHHMX CIIydYasX OHM MOTYT IpOSIBISTHECS Kak M IIOJIOKHTENIBHO, TaK H
OTPHIATENIFHO B 3aBUCHMOCTH OT HaNMECHOBAHUS OIEPALMH, PSKUMOB PE3aHUs, OT TEXHOJOTHMYECKUX
ocobOeHHOCTEH 00pabaThiBaeMOro MaTtepuana W T.1. Ha Hamr B3risp, TIaBHBIMH JEHCTBUSIMH, KOTOpPBIC
MOTYT CBsi3aTh IIOJIyYEHHBbIE pe3yJIbTaThl MO BI3KOCTH Ha OyayuieM (GOPMHUPOBaHUM KauecTBa
00paboTaHHO! MOBEPXHOCTH SIBIISETCS PEXKYILee A1 MArHUTHO-a0pa3uBHON 00pabOTKH U CMa3bIBAIOIIEe
— 1711 Ie3BUHHOM 00paboTKH.

Tak, B pe3ynpTaTte paHee MPOBEICHHBIX MCCIIETOBAHWK MO MarHUTHO-abpa3smMBHON 00paboTke ObLIO
YCTaHOBJIEHO, YTO MPUMEHEHHE BojoMacissHOW aMynscuoHHON COX ¢ Gosee BBICOKOW TUCTIEPCHOCTHIO
CIOCOOCTBYET YMEHBLICHHIO IIEPOXOBATOCTH MOBEPXHOCTH. OJTO MOXXKHO OOBSCHHTH TEM, 4YTO B
MexaHu3Me npoHukHOBeHHs COJK Ha KOHTAaKTHUPYIOIIME MOBEPXHOCTH IIABHYIO POJb UTPAET HE TOIBKO
KOHLEHTPAIHS AUCIIEPCHON (ha3bl, HO U pa3Mep MaclIsTHBIX Kareib. YeM MeHsbIe OyayT pa3Mephl Kareib
Macia, TeM 3QdeKkTuBHee OyJeT OCYIIECTBIATHCS MPOLECChl MPOHUKHOBEHHUS TUCIIEPCHOH (a3bl B 30HY
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KOHTaKTa, a ITIOBBIIICHHAS BSI3KOCTh, 3aBHCSIIAs OT KOHIEHTpAIMU JUCIEPCHON (a3bl, criocoOCTBYeT
yaepxkanuo COX Ha Tpymuxcs HOBEpXHOCTSIX.

B pabote 1o ne3suitHoi 006paboTke OBIIO ompeneneHo, yto MoxudruupoBanne COX yraepomasiMu
BbIcOKOgucHepcHBIMU MarepuasiaMu Tuna YHT wnu TI' BBI3BIBa€T NOMOIHUTENBHOE YMEHBIICHHE
IIEPOXOBAaTOCTH  00pabaTelBaeMOil ~ MOBEPXHOCTH IO  CPaBHEHHIO  C  HCIOJIb30BAHHEM
ceexxenpurotoBieHHO COXK, KOTOpYIO IpeAaBapUTEIBHO HOABEPTaIn Y3 AWCHEPrHPOBaHUIO. MOXKHO
MPEANONIOKUTh, YTO OT IOBBIIICHUS BS3KOCTH, 3aBHCAINEH OT pa3Mepa MAaCHAHBIX Kamelb W
KOHLEHTPAIlMA JTUCIIEPCHOM (ha3bl, yBEIMYMBACTCS TOJIIMHA CMa304HOW IIJIGHKH, YTO IPUBOIUT K
YMEHBIICHNIO KO3((UIMEHTa TPEHHs, YTO IO3BOJHMT CHU3UTH CHIIBI PE3aHHsl M, CIIEJ0BATENIBLHO,
MOBBICUTH KauecTBO 00paboTku. Beemenne B COXK BBICOKOIMCHEPCHBIX MOIU(PHUKATOPOB TaKXkKe
COKpallaeT BO3MOXXHOCTh KOHTAaKTHPOBAHUS TPYILUXCS MOBEPXHOCTEH, BOCIPUHUMAs Ha ceOsi Ooublne
KOHTaKTHBIE HarPy3KH B 30He 00paboTKH.

3akJ/roueHne. Pe3ynbTaThl MPOBEJCHHBIX UCCIIEIOBAHUH MOKA3bIBAIOT, YTO BS3KOCTH BOAOMACIISTHBIX
smynscroHHBIX COJK Hambosee CymecTBEHHO 3aBUCHT OT KOHLEHTPAIMH JUCIICPCHOM (a3bl, pasmepa
MaciSIHBIX Kallellb ¥ BBEACHHBIX B COCTaB BojomacisgHod sMmynbcnoHHoH COXXK TBepmodaszHbix
BBICOKO/IMCTIEPCHBIX MOAU(HUKATOPOB. TakuMm 00pa3oM, M3MEHs pa3Mep MAaciIHBIX Kallelb, MaTepual
Moau(UKaTOpa W KOHIEHTPALHUIO JUCHEPCHON (a3bl, MOXKHO perynuposatsh Bsizkocth COX B mpenemax
+17 % u, cnegoBaTenbHO, U3MEHATh Xapaktep Aericteus COXK Ha npouecce pe3aHus.
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