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Woodworking and chemical wood processing

Epilamization of mechanical devices...
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PaccmoTpens! mpo6iaeMbl HHHOBAIMOHHBIX TEXHOJIOTHI MOAN(DHUKALUY TOBEPXHOCTEH TPEHHsS, B YaCTHOCTH 000-
PYZOBaHMs, MaTEPUAIOB, TPYLIMXCS JeTaneil M y3JI0B C IMOMOIIBIO CMa30YHBIX Macel Ha OCHOBE mephTOpHpo-
BAHHBIX OJINTOMEPOB M Macell PaCTHTEIBHOTO NPOUCXOKACHHUS. V3ydeHo BIMsSHAE MHOTO(YHKIIHOHAIBHBIX CMa-
30YHBIX KOMIO3UINI HA OCHOBE (PTOPCOAECPIKAIIETO MOTUIPONIIICHOKCUIHOTO Mpoaykra Mapku 6CPK-180-05 u
IKCIIEPUMEHTAIIBHOTO druiiaMa « TpubokoHIIeHTpaTa» Ha TPHOOIOrHYeCKHUE XapaKTePUCTUKH pabOThl CMa30qHOM
CHCTEMBI Ha OCHOBE PAIriCOBOTO M TAJUIOBOTO Macell. lMccienoBaHo BIMSHHE KOHIEHTPALMH SIHIAMa, BETHUHHBI
MEXaHHUYECKOH Harpy3KH U BPEMEHH Ha IMPOTHBOM3HOCHBIE CBOMCTBA KOMITO3HIIMN PACTUTEIBHOTO Macia U (ro-
pupoBaHHO# 100aBKH. [Toka3aHO, YTO HAMOONBIIIUME IPOTHBOU3HOCHBIMH CBOHCTBAMH 00J1aIaf0T MACIISTHBIC KOM-
TIO3MIIMY Ha OCHOBE PAIiCOBOTO Maciia B MPUCYTCTBUH 2—3 % nepdropupoBaHHOTO SrmiaMa. [lokaszaHo, 4To HH-
TEHCHUBHOCTh M3HOCA, OLIEHNBAaeMas B MPOIECCe MCIBITAHUI Ha YETHIPEX MIAPUKOBOI MAIIMHE TPEHHS C CHIOBOH
Harpy3koif B 50-350 H B npucyTCTBUM SMMIaMHUPYIOIINX KOMITO3UIMH, OblTa MpUeMIIeMOil Ui oOecrieueHust pa-
60TOCIIOCOOHOCTH MEXaHNIECKOTO YCTPOHCTBA, a IIPOTUBOM3HOCHBIE CBOMCTBA MACIISTHBIX KOMIIO3UIIMH Ha OCHOBE
PACTHUTETBHOTO CBHIPBS, 3aBUCENN KaK OT CBOMCTB MPUMEHSIEMOr0 MMIAMUPYIOIET0 COCTaBa, TaK U OT XapaKTepa
pacopeneieHus BEJINYUH MEXaHUYCCKUX HArpy30K B IIpoLEcCe HCTIBITAHUH JABYX MapoK 3IHUJIaMOB. OTMequO,
YTO MOJOKHUTEIBHBIM (PAaKTOPOM HCIOJIB30BAHUS TEXHOJIOTUH IIPUMEHEHNUS (PTOPCOAEPIKAIINX SMIAMOB B COCTaBE
CMa30YHBIX CMECEH ABNIAETCS HAOMIONABIIEeCs YBEIUICHHE BI3KOCTH paboueil KOMITO3UINN IO CPABHEHHUIO C HC-
XOZHBIMH Maciamu. [lomydeHHbIe pe3yabTaThl IPeICTaBISIIOT HHTEPeC sl pa3paboTKH METOJOJIOTHH JITHTEIbHON
9KCIUTyaTallii MEXaHWYECKHX YCTPOWCTB M ITOBBIIIEHHS X M3HOCOCTOHKOCTH B YCIOBHSX MEXaHOXMMHUYECKHX
BO3/ICHCTBUIL.
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poliecc TpeHUs IpH padoTe MEXaHWYECKUX
YCTPOHCTB 00YCIOBINBACT X W3HOC, BHI3bIBA-
IOIUH mocTeneHHoe cpabaThiBaHNe KOHCTPYKIIH-
oHHOro Marepuana. [Ipu anurensHOM BO3AEUCTBUU
3TO MPUBOAUT MEXAHUUECKYIO CUCTEMY B COCTOSIHUE
HEMPUTrOAHOCTH. 17151 yBETMUESHHUS CPOKa CITY KOBI Jie-
TaJleil MaIllvH 1 MEXaHU3MOB HCTIOJB3YIOT pa3InyHbIe
MO/IXO/IbI, CBS3aHHbIEC C M3MEHEHHEM pa3MepoB, (Gop-
MBI, MacChl HCIIBITHIBAIOIINX TPEHHE ACTaJIeH, a Takke
OCYIICCTBIISIOT MOIU(PHUKAIMIO TTOBEpXHOCTH [ 1, 2].
OCHOBHBIM NPOIIECCOM, TPUBOASIINAM K BBIXOY

W3 CTpOS MAIllMH MU MEXaHU3MOB IpHU IKCILTyaTa-
WM, ABIsAETCA TpeHue. [l yMeHbllIeHus: u3Hoca
TPYIIUXCS JIeTallell IPUMEHSIOTCS Pa3HOOOpas3HbIe
CMa304HbIE KOMIIO3ULINU. BBenenne MunepaibHOro
Maclia ¥ pa3HOOOpPa3HBIX MPUCAIOK B ONPEAETCHHBIX
KOHIIEHTPALIMSAX MO3BOJISIET CYIIIECTBEHHO U3MEHATh
yCIIOBUSI paObOThl MEXaHMYECKOH CHCTEMBI, a J0-
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TOBEYHOCTh COXpPAHEHHs CMa3KH Ha MOBEPXHOCTAX
TPYIINXCS JeTajiel 1aeT BO3SMOKHOCTD YBEJINUUBATD
CPOK CJIy’)Obl MEXaHUUYECKOH cucTeMbl. B coBpe-
MEHHOM MAaIlIMHOCTPOEHUH MPUMEHSIOT PA3JINIHbIE
CMa304HbIe Macia, B KOTOpPbIE J00aBISIOT B Kade-
CTBE MPOTHBOU3HOCHBIX KOMIIOHEHTOB MOPOIIKH
JUCIIEPTUPOBAHHBIX METAJUIOB, OKCUIOB, IpaduTa,
CyIb(UIOB METAJUIOB MIEPEMEHHON BaJCHTHOCTH U
MIOJIMMEPHBIC YACTHUIIBI [3—5].

I'pannyHOE TpeHUe BO3HMKAET Ha TIOBEPXHOCTH
KOHTaKTHPYIOIINX JIeTalieil IpU TOJIIIUHE CJIOS CMa3-
ku menee 0,1 MkMm. B 3ToM ciyyae cuiia TpeHHS
3aBUCHUT OT IPHUPOJIBI U COCTOSAHMS TPYIIUXCS T10-
BepxHOcTel. Hanuune rpaHU4HOrO €105 IPUBOAUT
K YMEHBIICHHIO CHJI TPEHUS IIPU BHECEHUH CMa30y-
Horo Marepuana Oosee yem B 10 pa3 u yMeHbIIaeT
M3HOC MEXaHU3Ma B COTHH pa3. [ paHHuHOE TpeHue
BapraleJIbHO U OIpeNesieT peiesl paboToCnoco0-
HOCTH MEXaHHYecKoro ysna. B TakoMm pexxume mo-
BEPXHOCTH TPEHUS, KaK MPaBHUJIO, HE pa3J/ieNeHbI
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3I'IVII'IaMVIPOBaHMe MeXaHNYEeCKUX YCTDOVICTB...

DepeBoobpaboTka M xumuueckana nepepaboTka gpeBecUHbl

MOJTHOCTBIO CJIOE€M CMa3Kd, U HEMOCPEACTBEHHBIN
KOHTaKT pabo4MX 3JI€MEHTOB y3J1a MIPUBOJUT K Pe3-
KOMY POCTY SHEPrO€MKOCTH M YCKOPEHHOMY H3Ha-
LIMBAHUIO TPYILIUXCA [TOBEpXHOCTEH [6—8].

ATNBTEpHATUBON HIMPOKO MPUMEHIEMOMY CErojI-
HS CIOCO0Y CHMYKEHUSI TPAHUYHOTO TPEHUS 3a CYET
HaJW4YUs MUHEPAJIBbHBIX Macel SBIAETCS UCIIOJIb30-
BaHUE TEPMOCTOMKHUX MOJIMMEPHBIX MaTEpUAJIOB Ha
OCHOBe (hTOpCOAECPKALINX COCTUHEHUI.

OpHMM M3 TaKMX WHHOBAIMOHHBIX HAIIPABICHUH
Pa3BUTHS TPUOOIOTHUECKUX TEXHOIOTHH 1151 MOJTU-
(UKaLK TOBEPXHOCTEH SBISETCS SIMIAMHPOBAHUE.
OnunaMupoOBaHUEM Ha3bIBAIOT MPOLIECC HAHECEHUS
3alIUTHOW MHOTO(YHKIIMOHAIBHON MJICHKH Ha OC-
HOBe (hTOpCOAEpKALINX TOBEPXHOCTHO-AKTHBHBIX
BemiectB (ITAB), koTopble HaHOCATCS HA U3AETHS,
o0opyoBaHue, MaTepuabl, JIOObIe TPYIIHECs Ae-
TaJau M y3JIbl MalllMH U MeXaHu3MoB. [Ipu 3ToMm Ha
HUX 00pasyeTcs TOHYaiIas HaHOpa3MepHas IICHKa
tonmuHoN B 40...100 Hm. TexHonoruu snuaamu-
POBaHUS OTHOCSTCS K 00JIACTH HAHOTEXHOJIOTUH B
MAaIIMHOCTPOEHHH.

PactBops! gropconepxkammx [1AB HazbiBatoT snu-
namamu. [Ipu Hanecenun ¢ropupoBanubix 11AB, a
TaKKe HEKOTOPBIX JPYTHX MPUPOAHBIX OJIMMEPOB Ha
MOBEPXHOCTH TPYLIUXCS AeTanei 00pa3yroTcest Kiac-
CHUECKHE IJIEHKH 1o Tty Jlenrmiopa — briomxert
[9, 10].

OnuiaMupoBaHue — OJIMH U3 Haubosee 3pdek-
TUBHBIX CIIOCOOOB KOMIICKCHOH 3aIllUTHI MTOBEPX-
HOCTHOTO CJI051 JIeTajleil MallluH U yITy4IlIeHHs TaKUX
XapaKTepUCTHUK MOBEPXHOCTEH, KaK COMPOTUBIEHUE
YCTaJIOCTH, aHTU(PPUKLIIUOHHOCTb, a/ITe3MOHHAsI CTOM-
KOCTb, U3HOCOCTOMKOCTb, KOPPO3MOHHAS CTOMKOCTb.
OcoOblii HHTEpEC MOXKET MPEICTABISTh Pa3BUTHE
JTAHHOT'O HANpaBJIEHUS B YCIOBUSAX HCIOJIb30BAaHUS
OuromMacen 1 pa3IMuHbIX BHJIOB MOTOPHOTO TOTTUBA,
MI0JIy4aeMoro U3 MpUpOAHOTo chlphs [11-13].

OnuinaMupoBaHue NPUMEHSIOT K pa3InYHbIM Ma-
TepUajgaM U U3JENIUsAM, MIPEKIEe BCEro K TPYIIUMCS
JIeTaJsIM MalllMH U HHCTPYMEHTOB — IMO/IIINITHUKAM,
BasiaM, OJIOTHAM THJI B MaIlIMHaX JECHOTO KOMILIEK-
ca, IeTaJIsAM MPEeLU3UOHHBIX Y3JI0B TPEHHUS B TOUHBIX
npubopax. dnuaamMaMu 00padaTHIBAIOT KaK MeTa-
JINYeCcKHe, TaKk U HEMETAJINYeCKHe MOBEPXHOCTHU
[6, 10]. DmrnaMupoBaHue MO3BOISIET CYIIECTBEHHO
YAYYIIUTh JUHAMHYECKHE MOKa3aTeNld pa3IndHbIX
TpHUOOJOTMYECKUX CHCTEM, B YACTHOCTH TOALIHUITHHU-
KOB CTaHKOB U PE¥KYIEr0 HHCTPYMEHTA.

CyTb 5NMIaMUPOBAHUS 3aKIIF0YAETCsl B 00paboTKe
TBEP/bIX TPYLLMXCS MOBEpXHOCTEH paznuuHbiMu [TAB.
dTopcoaepKale COeTUHEHHS], N3BECTHBIE CBOEH
TEPMOCTONKOCTBIO, SIBJSIOTCA B 3TOM OTHOIICHHUH
JIOCTaTOYHO TIEPCIIEKTUBHBIMU 00bekTamu |14, 15].

[Iponecc snumamMupoBaHusi OTHOCUTCS K (HU3U-
KO-XMMHUYECKUM METO/IaM MOBBIIIIEHHUS H3HOCOCTOM-
KOCTH ¥ IMEET HEKOTOpbIe TPEUMYIIECTBA 110 CPaB-

HEHMIO C JIpyTUMH TexHoJorusaMu. Ilpenaparst mis
SMUIAMHUPOBAHUS M3HAYAJILHO OBLIN MpeTHA3HAYCHBI
JUIS1 ICTIOJIB30BAHUS B KOCMUYECKON U CIIeIMAIbHON
TEXHHUKE, HO CO BPEMEHEM CTaJld IPUMEHATHCS U B
JIpyrux orpaciax [16, 17].

BaxHbIM IperMy1IECTBOM 3TMIAMHPOBAHHUS SIB-
JISIETCSl COXpaHEHUE CTPYKTYpBl 00pabdaTsiBaeMOit
TBEPIOH OBEPXHOCTH 0€3 N3MEHEHUH B YCIIOBUSIX €€
MPOCTON MOIU(UKALINY C IPUIAHUEM [TOBEPXHOCTSIM
AHTUQPUKIUOHHBIX, THAPO(GOOHBIX, 3aLUIUTHBIX U
JpyTHUX MOJIe3HbIX cBoMcTB [10, 13].

[IpakTHyeckn HEN3MEHHBIMU OCTAIOTCSI TeoMe-
TpUYECKUe pa3Mepsl 00pabaTbiBaeMBbIX JeTaleH,
MTOCKOJIbKY TOJILIMHA 3aLIUTHOTO CJIOSI OOBIYHO HE
npesblimaer 100 HM. B mammHocTpoeHuN mpuMeHs-
I0TCSI MHOTO(YHKIIMOHAIbHBIE TOHKOIIEHOYHBIE TI0-
KPBITHSI HA OCHOBE (hTOPCOAECPIKALINX MTOJTUMEPOB U
oiuroMepoB. OJIIMroMepHbIe MOKPBITHS MOTYYaroT U3
pacTBopoB (hTOpcoiepKaIIX coeTuHeHUH. Boimy-
CKaeMble MPOMBIIIJICHHOCTBIO COCTABBI «DMUIaM»,
«®DoJIeoKe» NIPUMEHSIOT B KAY€CTBE aHTUAIIC3HOH-
HBIX Ccpejl, TPUOOTEXHUUECKUX MOKPBITHHA, THAPO-
(OOHBIX CJI0EB B Mapax TPEHUS PAa3IMYHBIX KOH-
CTPYKTOPCKHUX peleHui [5].

Onuiambl TPEACTaBIAIOT 000 MHOTOKOMIIO-
HEHTHbIE CUCTEMBI, COZiepiKalie (GropopraHniecKue
[TAB B pa3nuuHbIX pacCTBOPUTEIISIX M PETYIHPYIOLIHE
no6aBku. B HacTosiee Bpemst OTedecTBEHHAS MTPO-
MBIIUICHHOCTh MPOU3BOIUT SIUIAMBbl Pa3TUYHBIX
COCTaBOB. B wacTHOCTH, H3BECTEH CIlEUATbHBIN
MPOTHBOM3HOCHBIN Mpenapar Mapku «Forumy, co-
JepKallui TOBEPXHOCTHO-aKTHBHBIM OJIUTOMED
CO CTPYKTYpPOi, aHaJIOTUYHOH monuMepy QpTopo-
mwiact-4 ¢ xumuueckor popmynoii (C,F,),(COF),,
rae n = 100...1000. [Ipenapar Ob1 pazpaboran B
HNactutryte xumuu JIBO PAH. K gocrouncrsam
JTAaHHOTO TIperapaTa MO)KHO OTHECTH €r0 HEBBICOKYIO
CTOMMOCTb 10 CPAaBHEHHUIO C 3aITaIHBIMU aHATOTaAMH.

Hcnonb3yrores Takxke mpenaparsl «AcnekT-Mo-
TU(UKATOP» HA OCHOBE MEep(TOPIPONUICHOKCH A
Mousiekynsipaod maccel 2500...9000, popmy-
ae1: CF;CF,0O[CF(CF;)CF,0],CF(CF;)OCF,CF;,
rne n=15...55.

Jis OBBIILICHUST TAPaMETPOB TPHOOTEXHUYE-
CKHX XapaKTEePUCTUK UCTIONB3YIOT (propcoaepxKamime
OJIMTOMEpPHBIE cocTaBbl «DoJeoKe», «Dnunamy», Mmo-
JIMMEP-OJIMTOMEPHBIE MTPOTYKThHI TEPMOTa30InHAMH-
yeckoro cuntesa (TI/l-cunTesa) monurerpadTopITH-
nena (IITDI), BeImyckaeMble MO/ TOPrOBOM MapKoi
«Forumy. [TT®D sipnsiercst oqHUM U3 HauboJiee Tep-
MOXHMMHUYECKH CTOMKHX MOJMMEPHBIX MaTepHAIIOB.

Onuromepsl «Domeoke» («Dmumamy») npen-
CTaBISAIOT c000# 1-2%-10 CyCIIEH3HI0 aKTUBHOTO
MaKpOKOMITIIEKCca BO (PPEOHE C MOJICKYJISIPHOM Mac-
coit 2200...5000, ycnosHoi#i popmyioii R, — Ry, rie
R, — (ropconepxkammii paguka, R, — QyHKIuo-
HanpHas rpynmna tuna: —OH, —COOH, — NH, ,—CF;.
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Takue mpemnaparbl 0OBIYHO MPUMEHSIOT B BUJIC
2—-10%-11 5My’abCHUHN C MUHEPAJIEHBIMH MacJIaMH. 3Ha-
YUTEIHHOE YIyUlIeHHEe CBOMCTB IMMOBEPXHOCTU 00e-
CIieuMBaeTCs Mpu ToauuHe mieHKd B 50...100 M.
[Ipu 5TOM CITOCOOHOCTH TIOKPBITUS YIEPKUBATh HA
00pabOTaHHOW MOBEPXHOCTH CMa3Ky UCKIIIOYAET
«CyX0€» TPEHHE U CHIXKAET U3HOC METAJUTMYECKUX U
HEMETATUYECKUX KOHTAKTUPYIOIIUX TOBEPXHOCTEH
B napax Tpenus. [locne 3akperienust Ha TOBEPXHO-
CTH 3Ta IJICHKa 00JIa/1aeT BHICOKUMHE TUAPOGOOHBIMH
CBOMCTBaMH, XOPOIIIEH XUMHUYECKOH CTAOMITEHOCTHIO,
BBICOKOM TEPMUUECKON CTOMKOCTBIO U JPYTHUMH I10-
JIOKATEIBHBIMH KaueCTBaAMH, B TOM YHCJIE CIIOCO0-
HOCTBIO 3aIIUTUTh KOHTAKTUPYIOIINE MOBEPXHOCTH
OT OKHCJIeHUs U uctupanus. [loBepxHocTh aeranu,
MonuduIpoBanHas GropupoBanHbiM [1AB, yaep-
’KMBAET MAacjo B y3JIe CONMPSDKCHUS U MPEIMATCTBYET
ero crekanuto. [Ipu 3ToM npakTHuecKu MOTHOCTHIO
MpEKpaIaeTcs UCIIAPEHUE Maciia MOCe MpeKpale-
HUS €r0 TOJayu MpU OCTAHOBKE MEXaHU3Ma. ITO —
TaK Ha3bIBaeMbIH 3(P(PEKT «MOJICKYISIPHOTO BOPCay.

TexHOJIOTHsI HAHECEHUS TTOKPBITHS UMEET 00JIh-
IUEe MEPCHEeKTUBBI HA MPOU3BOJICTBE U MOXKET
NPUMEHATHCA MPAKTUUECKU oBceMecTHO. Heco-
MHEHHBIN UHTEPEC MPEACTABISICT MUIAMUPOBAHNE
MOBEPXHOCTEH TPEHUS MIJIBHBIX alapaToB JIeco3a-
roToBuTeNibHOM TexHukH [10]. 3neck neranm pado-
TaIOT B YCIOBUSX IPAHUYHOTO TPEHUS, UCIIBITHIBAS
MaCIISTHOE «TOJIOJIAHKEY.

[IpocToTa TexHomoruu HaHeceHus (Gropcomaep-
JKAIUX MOJUMEPHBIX MOKPBHITUI HA TOBEPXHOCTH
TpeHUs AeTajel MO3BOISECT OCYUIECTBISATh IHU-
JIAMUPOBAHUE B YCJIOBHUAX JECO3arOTOBUTEIBHBIX
npeanpustuii. CoxpaHeHHe aHTUPPUKIIMOHHOTO
MTOKPBITHSI HA TOBEPXHOCTIX MOXKET OBITh JIOTIOJIHHU-
TEJIBHO 00ECIICUEHO 3a CUET IPHUCAJI0K, BBOJUMBIX B
CMa304HOE MacJo.

B nacrosiee BpeMs y:KeCTOYAIOTCS IKOJIOTHYE-
CKHe TpeOOBaHMS K TOILIUBY U CMA30YHBIM Marte-
puaiaM, UCIOJIb3yeMbIM B CEITbCKOM XO3SUCTBE U
JIECHOM KOMIUTeKCe. B ¢BsI3u ¢ 3TUM BeayTcs paspa-
OOTKH I10 TIOJYYCHHIO TOIUIUBA U3 BO30OHOBIISIEMbBIX
HCTOYHUKOB U IMPOBOJISATCS PAOOTHI 110 3aMEHE BUJIOB
TOILJIMBA U CMAa30K, MOJYYCHHBIX U3 He(TernpomykK-
TOB, HA MaTE€PHUAIBI PACTUTEIHLHOTO MPOUCXOXKICHHUS,
B Ka4€CTBE KOTOPBIX MOKHO UCTIOIB30BaTh XUMUYEC-
CKU MOIU(DUIIMPOBAHHBIC PAIICOBOE, TAJIIOBOC MIIH
KyKypy3HO€ Maclia ¥ cMaski [6, 12].

[IpumMeHeHue TauIoBOTO Maciaa MOXKET JOTIOTHU-
TEJILHO YJTy4IlaTh OAKTePHUIIUIHbIC CBOWCTBA CMa30u-
HBIX cocTaBoB [12, 25-28].

s ycunenust 3¢(ekra cMa3Ku B CHCTEMbI BBO-
JIAT HAHOJUCTICPTUPOBAHHBIC YACTUIIBI C BBICOKUMHU
aJIre3nOHHBIMU cBoMcTBamu [ 18-20, 29, 30].

YuuThIBasI COBPEMEHHbIE TCHACHIIMU COSPEKECHUSI
MIPUPOJIBI, OTIPEICICHHBIC YCUIIHS CIeIyeT HapaB-
JISTh Ha UCIIOJIb30BAHHUE B KAY€CTBE CMAa30YHBIX Ma-

TEpPHAJIOB BEIECTBA BO30OOHOBIISIEMOTO ITPUPOJHOTO
MPOUCXOXK/IeHHs. Tak, NCTIOIh30BaHUE MAIIMHHOTO
Macna s 3pGEeKTUBHONW pabOThl MUIOPEKYIIETO
MHCTPYMEHTA B JIECHOM XO3SHCTBE HEM30EKHO TPH-
BOJIUT K M3JIMIIHEMY 3arpsi3HCHHIO MTOYBHI He(Te-
MIPOLYKTAMH.

Lenb pabotbl

Heﬂb pa60TBI — OLCHKA BO3MOKHOCTHU IMPAKTHU-
YCCKOro NpuMCEHCHUS U TpI/I6OJ'IOFI/I‘ICCKI/IX Xapak-
TCPUCTUK (bTOpCO,Z[ep)KaH_[I/IX SIIUJIaAaMOB B COCTaBEC
OMOMAaCISIHOM KOMITIO3UIIMK HAa OCHOBE PACTUTCIIb-
HBIX MacCe€lI.

Martepuanbl U meTogbl

B paborte ncnonb30Bany cMa30uHbIe MHOTO(YHK-
LHOHAJIbHBIE KOMIIO3UIIMKA Ha OCHOBE MepgTOpIIo-
JIUMPONMIEHOKCHAA THUIIAa MPOAYKTa C TOPrOBOH
Mapkoit 6CDOK-180-05 u sxcnepuMeHTaNbHBIN TPU-
OOKOHIICHTPAT, IPE/ICTABIISIONIHIA COO0H CYCIICH3UIO
¢ropconepxkamero [IAB B pactBopuTtene nepg-
TopMmeTmiInukiIorekcane. Cozxepxxanue QpTOpUIHBIX
noHoB coctanisuio 0,003 u 0,005 Mr/r nonmumepa
COOTBETCTBEHHO.

B kauecTBe paboueil cMa3Ku HCIOJIb30BAIH
pancoBoe ('OCT 31759-2012) u TtamioBoe Macio
(I'OCT 14845-179).

Jist onpenienenust IpOTUBO3aJUPHBIX M TPOTHBO-
W3HOCHBIX CBOMCTB MaceJ M UCCIeJOBaHUs TPHOOII0-
TMYECKHUX XapaKTEPUCTUK CMAa304HbIX KOMIIO3HULIUH,
HCIIBITaHUS MPOBOANIIM HA YETHIPEXIIAPUKOBOM Ma-
LIMHE TPEHUS TUMa MaluHbl TuMkeHa — ANIINH-
repa (puc. 1) mo crangapTHoil MeToguke. OUKCH-
poBaln pa3MEpHOCTH OTIIeYaTKa MOBPEXKAECHUS U
ko3¢ ¢unmeHt tpenus [21, 31].

il
//Z’//JM@//—//W///////

P

Puc. 1. YcraHoBKa U1 HCCIIEI0BAHHS TPHOOJIOTHYECKUX XapaK-
TEPUCTHUK: [—3 — Y316l TPEHHUS; p — YCUIIHE TPCHUS

Fig. 1. Installation for the study of tribological characteristics:
1-3 — friction units; p — friction force

DU3HKO-MEXaHUYECKUE XapaKTSPUCTUKHU ChIPbS U
MaTepHaJIOB ONPECIISIIH 10 CTAHIAPTHBIM METO/IHU-
kam, uznokeHHbIM B 'OCT a1 COOTBETCTBYIOIIETO
BHUJIa U3MEPEHUII.

Cratuctuieckyo o0paboTKy pe3yabTaToB 3KC-
MEPUMEHTA TPOBOAMIN CTAHIAPTHBIMU METOIAMH.
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Puc. 2. Kunernueckue KpuBble MPOTUBOU3HOCHBIX CBOMCTB
MACIISTHBIX KOMITO3UIMNA: / — TaJUIOBOE Macio; 2 —
HE3MUIaAMHUPOBAHHOE PANICOBOE Maciio; 3 — JmuiiamMm
TPUOOKOHIIEHTPAT B PAaliCOBOM Maciie; 4 — dIuiIaM
6CDK-180-05 B TamuroBom Macie; 5 — smuiam 6CDOK-
180-05 B panicoBom Macie

Fig. 2. Kinetic curves of antiwear properties of oil compositions:
1 —tall oil; 2—rapeseed oil; 3 — epilam Triboconcentrate
in rapeseed oil; 4 — epilam 6SFK-180-05 in tall oil; 5 —
epilam 6SFK-180-05 in rapeseed oil

Pe3ynbTtaTtbl M 06CyKAeHUE

Hcnonb3oBaHue pacTUTEIBHBIX Maces B KAYECTBE
KOMIIOHEHTOB CMAa30YHbBIX KOMIIO3HUIUI MO3BOJIUIO
oreHUTh 3P (PEeKT BIAMSHUS J0OABOK ITUIIAMOB Ha Xa-
pakKTep MEXaHUYECKOTO U3HOCA B PEKUME MEXaHOXHU-
MHYECKOTro Bo3JieiicTBus. [lemeBoe parcoBoe Macio
LIMPOKO MCIIOIB3YEeTCs TSl TPOM3BOACTBA OHOIU3e-
JIs1, @ TAJUIOBOE MACJIO SIBIISIETCS] KPYITHOTOHHAYXKHBIM
OTXOJIOM IIEJITIOII03HO-0yMasKHOM MPOMBIIITICHHOCTH
[22-24, 32, 33].

Pe3synbrarel cpaBHUTEIBHBIX UCTIBITAHUI CMa304-
HBIX CBOWCTB KOMITO3ULIM, TPEACTABIEHHBIE B BUJIE
KMHETHYECKUX KPUBBIX M3HOCA (PHC. 2), XapaKTepu-
3yIOT BBICOKHE TIPOTHBOM3HOCHBIE CBOWCTBA Macedl,
MoauduuupoBanusix [IAB mo cpaBaenuto ¢ 6azo-
BbIM MacioM. Kak BUAHO u3 puc. 2, HauOOIbIIHN
a¢dekt nokazana MoaUpUKAIUS Maca MUIAMOM
mapku 6CDPK-180-05.

JlarHbIe puc. 2 MO3BOJISIOT COTOCTABUTH APPEKT
SMHUIIAMUPOBAHHMS, JOCTUTAEMBIH ITyTeM J00aBICHHS
3%-ro0 ’nuaama, Ui pa3iuyHbIX TUIIOB PACTUTENb-
HBIX Macell. Kak BHAHO, HAMOONBIINI 3aIUTHEIN
¢ dexT HabmroaaeTcss BO BCeX CIydasx MpH Hallu-
YUH 3MKJIamMa, YTO TO3BOJIsET B 2—3 pa3a CHU3UTh
paspyuiaroruii 3p ekt npu TpeHun. BiausiHue 3mm-
JIAaMMPOBAHUSI TIPU UCTIONIb30BAHNH TAJIJIOBOTO Maciia
JIaJI0 OTHOCUTEIBHO MEHbIIHN S PEKT, ITO-BUIMO-
My, BCJICACTBUE €ro OOJbIIel MEXaHOXUMHUECKON
AKTHBHOCTH, CBSI3aHHON C XMMHUYECKUM COCTABOM
TaJIoBOro Macia [25, 34, 35].

Bnusaue xonnentparuu smmwtama 6CDOK-180-05
B 0a30BOM MacJjie Ha MPOTUBOM3HOCHBIE CBOMCTBA
CMa304YHOM KOMITO3UIIMU B 3aBUCUMOCTH OT OCEBOM
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Puc. 3. BiisiHre KOHIIEHTpALIUH SITHIaMa Ha TPOTHBOM3HOCHBIC
CBOMCTBa KOMIIO3MI[MH Ha OCHOBE PAIICOBOrO Macia
(anmmnam mapku 6CPOK-180-05); npomoKUTeNbHOCTD
ucnbITanuil 60 mun: / — Harpyska 150 H; 2 — 250 H;
3—350H

Fig. 3. Effect of epilam concentration on the antiwear properties
of a composition based on rapeseed oil; epilam brand
6SFK-180-05; test 60 min: / — load 150 N; 2 — 250 N;
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Puc. 4. 3aBucuMocTh MHTEHCUBHOCTH M3HOCA OT Harpy3Ku U
TISITHA M3HOCa mapukoB (amam Mapku 6CDK-180-05);
MPOJIOIKUTEIIBHOCTD UCTIBITaHUsT 60 MUH; KOHLICHTpA-
1S SMTUIaMa B KoMnosunuu 2 %

Fig. 4. Dependence of the wear rate on the load and wear spots
of the balls; epilam brand 6SFK-180-05; test duration
60 min; the concentration of epilam in the composition
is 2 %

Harpy3Ky Ha IIApPHUKH, MOJIYYCHHBIC B UCIIBITAHUU
Ha YeThIpeX MIAPUKOBON MallnHE, MPEICTaBICHO
Ha puc. 3. OnTuManbHas KOHIICHTPALMS dIIHIaMa B
CMa30YHOM KOMIIO3UITMH MPAKTUYECKU HE 3aBUCHT OT
BEJIMUMHBI HATPY3KHU U cOCTaBAeT nopsiaka 2—3 %.
CHIDKEeHIE KOHIICHTPAIINH dMHUIaMa CyIIeCTBEHHO
TIOBJIMSIIO HA MHTEHCUBHOCTH U3HOCA, 0COOCHHO TIPH
YBEJIIMYCHUU TECTOBOW Harpy3ku Oosiee 350 H, uro
MOXKHO, 0-BHJIUMOMY, OOBSCHUTh YMEHBIIICHUEM
TOJIIMHBI AHTU()PUKIIMOHHOM IIJICHKH 33 CUeT pas-
PYLICHHS MOJISKYJISIPHOTO «BOPCay.

3aBUCUMOCTh MHTEHCUBHOCTU M3HOCA IIAPUKOB
OT BEJIMYUHBI 0CeBOM Harpy3ku oT 5 H mo 250 H mms
CMEeCH paIicoBOTO Macja MpEe/CTaBIeHa Ha pucC. 4.
MutencuBHEBIN N3HOC HAOMIOLAICS B HAa4aJIbHOM
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MEepUOJI€ UCMIBITAHUNA MPU MUHUMAJIBHONU OCEBOU
HarpysKe, 4TO CBS3aHO C BBICOKMMH Y/IeThHBIMU Ha-
Ipy3KaMH B IIATHE TOYEYHOTO KOHTAKTA IIAPUKOB, KO-
TOPBIE BBI3BIBAIOT Pa3PYIICHHE MOJICKYISPHOTO CIIOS,
Y TPEHHE TPOUCXOMUT B YCIOBUAX «MACISHOTO IO-
nomanusy. [To Mepe popMupoBaHus MSITHA KOHTAKTa
Y YBEJIMYECHUS €T0 aKTUBHOW IUIOMIAIN YPOBEHB
YIEIbHBIX HATPY30K CHIIKAETCS, YTO MPUBOIAUT K
M3MEHEHUIO PeXKUMa TPEHUS U3 00IaCTH IPaHUIHOTO
TpeHHs B THApoanHaMu4deckoe. [Tpu aTux pexnmax
0OBIYHO HAOIIOJAETCS MOHOTOHHOE H3HAIIUBAHUE
(pUKLMOHHBIX TTOBepXHOCTEH [16, 19].
HarnsnapiM onTBepkaeHUEM 3TOT0 3 dekTa
SIBJISIFOTCSI UCCJICIOBAHUS T10 ONPEACIICHUIO KOA(-
(buIMeHTa TPEHUS U €T0 3aBUCHMOCTH OT BEJTUYUHBI
Harpy3ku. Pesynbrarhel mpencraBieHbl Ha puc. S.
Koa¢pdumuent TpeHus umen MakCUMallbHOE 3Ha-
YCHHME Ha HAYaJIbHOM JTalle MCIBITAHUN U TI0 Mepe
YBEIUYCHUsI aHTU()PUKIIMOHHON IJICHKH MOHOTOHHO
CHUKAJICS 0 HEKOTOPOTO KOHEYHOTO 3HAYCHUSI.
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Puc. 5. 3aBucuMocTs Ko PHULHEHTA TPEHUS OT Harpy3KH (yc-
JIOBHSI, CM. puC. 4)

Fig. 5. Dependence of the friction coefficient on the load (con-
ditions in Fig. 4)

ITo naHHBIM puc. 5 BUJHO, YTO B Clly4ae 3IU-
JJaMUpPOBaHMs CMa3K{ Ha OCHOBE paricoBOro macia
3HaYeHue Oe3pazMepHOro Kod(hduureHTa TpeHus
MOHOTOHHO CHHUaeTcsi Oonee yem B 1,5 pasza npu
YBEJIMYEHUH YCUJIMBAIOIIEH HArpy3ku B 6 pas, 4To
MOATBEPXKIAET 1eJIecO00pa3HOCTh MCIONb30BaAHMUS
(dTopcomepKAIMX MUIAMOB AJISl TOBBILICHHS H3HO-
COCTOMKOCTH pabOTAIONIMX MEXaHH3MOB B YCIOBHSIX
MEXaHOXUMHYECKHNX BO3JICUCTBUM.

[IpoBeneHHbIe HCTIBITAHUS TIOKa3ajl, YTO CMa-
304Hasi KOMITO3UIHUS, coiepxaras 10 5 % snuiama,
XapaKTepu30Baach MOBBIINIEHHON BA3KOCTHIO, KOTO-
past Oosiee ueMm B 1,3 pasza nmpeBocxoauia BI3KOCTh
HCXOJHOTO MacJa.

BbiBoAbl

Ha ocHoBanuu npoBeIEHHBIX UCCIIEOBAHUI TIPO-
THBOU3HOCHBIX CBOMCTB MAaC/ISHBIX KOMIIO3UIIUM Ha
OCHOBE PaICcoBOro Maciia, TaJIOBOro mMacia u propu-
POBaHHBIX AIMIAMOB, BHIMIOJIHEHHBIX HA YEThIpEXIIa-

PHUKOBOH MalIMHE TPEHHUs, ObUIO YCTAHOBIICHO, YTO
MIPOTUBOM3HOCHBIE CBOWCTBA MACIISTHON KOMITO3UIIMN
HA OCHOBE PACTUTEIBHOIO CBIPbS 3aBUCAT KaK OT
CBOWCTB 3MMJIAMHUPYIOLIETO COCTaBa, TaK U OT Je-
rpajiupyOLMX BEINYNH MEXaHUIECKUX HArPYy30K, O
YeM CBHJICTEIbCTBYIOT PE3YJIbTaThl CPABHUTEIBHBIX
WCTBITAHUH IBYX MapOK SIHJIaMOB.

VHTEeHCUBHOCTH M3HAIIKMBAHUS (PUKLIUOHHBIX
MTOBEPXHOCTEHN B 3HAUUTENBHON CTENEHU 3aBUCUT
OT yZEJIbHBIX HAarpy30K CONpSATraeMbIX AeTajel B
30HE KOHTaKTa TPEHUE — CKOJIbKEHUE, BEJINUNHA
KOTOPBIX OTNPENEIIIeTCS YCIOBUSIMU PaOOTHI y3JI0B
TpEeHUs, IEPOXOBATOCTHIO TOBEPXHOCTEN AeTanel
U peKMMaMH CMa3KH.

JlONONMHUTENBHBIM MOJIOKUTENBHBIM (DakTOpOM,
CHOCOOCTBYIOIIUM NMPUMEHEHUIO (TOPUPOBAHHBIX
SMWJIAMOB, MMO3BOJISIIOIINX CYIIECTBEHHO YBEIMYH-
BaTh CPOK CIIy>KObI MEXaHUYECKHUX YCTPOMCTB, SIB-
JsieTcst HaOIoIaeMoe yBEIMYEHHE BI3KOCTH CMa3KH,
YTO JIEJIAET MPOLECC SKCILTyaTauu 0osee yI1oOHbIM.
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The innovative technologies to modify friction surfaces are considered. It is shown that epilamization, as a
process of applying a protective multifunctional film on equipment, materials, friction parts and products
components, includes the effective use of not only traditional lubricating oils based on petroleum products, but
also compositions based on perfluorinated oligomers and oils of vegetable origin. The effect of multifunctional
lubricating compositions based on a fluorine-containing polypropylene oxide product of the brand 6SFK-180-05
and experimental epilam Triboconcentrate on the tribological characteristics of the lubrication system based on
rapeseed and tall oil has been studied. The effect of epilam concentration, mechanical load and time on the antiwear
properties of the vegetable oil composition and the fluorinated additive was studied. It has been shown that oil
compositions based on rapeseed oil in the presence of 2-3 % perfluorinated epilam have the highest antiwear
properties. The intensity of wear, estimated during testing on a four-ball friction machine with a force load of 50—
350 N in the presence of epilaminating compositions, was acceptable for the performance of a mechanical device.
The antiwear properties of oil compositions based on vegetable raw materials depended both on the properties of
the applied epilamy composition and on the nature of the distribution of mechanical load values during the testing
of two brands of epilams. A positive factor in the use of technology for the use of fluorine-containing epilames in
lubricating mixtures is an increase in the viscosity of the working composition compared to the original oils. The
results obtained are of interest for developing a methodology for the long-term operation of mechanical devices and
increasing their wear resistance under mechanochemical impacts.
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Suggested citation: Proshina O.P., Ivankin A.N. Epilamirovanie mekhanicheskikh ustroystv dlya povysheniya
iznosostoykosti v usloviyakh mekhanokhimicheskogo vozdeystviya [Epilamization of mechanical devices to
increase wear resistance under mechanochemical impact]. Lesnoy vestnik / Forestry Bulletin, 2024, vol. 28, no. 1,
pp. 130-138. DOI: 10.18698/2542-1468-2024-1-130-138

References

[1] Choi Y.H., Lee J., Yang J. Development of a service parts recommendation system using clustering and classification of ma-
chine learning. Expert Systems with Applications, 2022, v. 188, no. 2, p. 116084. doi.org/10.1016/j.eswa.2021.116084

[2] Nawrocki W., Stryjski R., Kostrzewski K., Wozniak W., Jachowicz T. Application of the vibro-acoustic signal to evaluate wear
in the spindle bearings of machining centres. In-service diagnostics in the automotive industry. J. of Manufacturing Processes,
2023, v. 92, no. 4, pp. 165-178. doi.org/10.1016/j.jmapro.2023.02.036

[3] Heinicke G. Tribochemistry. Berlin: Akademie-Verlag edition, 1987, 495 p.

[4] Garkunov D.I. Tribotekhnika, konstruirovanie, izgotovlenie i ekspluatatsiva mashin [Tribology, design, manufacture and op-
eration of machines]. Moscow: Moscow Academy of Agriculture Publ., 2002, 629 p.

[5] Butenko V.I. Nauchnye osnovy nanotribologii [Scientific foundations of nanotribology]. Taganrog: Taganrog Institute of Tech-
nology Publ., 2012, 275 p.

[6] Abrazumov V.V., Kotenko V.D. Modelirovanie protsessa rezaniya drevesnykh kompozitov na mineral 'nykh vyazhushchikh
[Modeling the process of cutting wood composites on mineral binders]. Moscow state forest university bulletin — Lesnoy
vestnik, 2005, no. 6, pp. 58-62.

[7] Taylor R.I., Sherrington I. A simplified approach to the prediction of mixed and boundary friction. Tribology International,
2022, v. 175, no. 11, p. 107836. doi.org/10.1016/j.triboint.2022.107836

136 Lesnoy vestnik / Forestry Bulletin, 2024, vol. 28, no. 1



3nNuMnammnpoBaHme MexaHU4YeCcKUX YCTPOMICTB... [OepeBoobpaboTka n xummuueckas nepepaboTka gpeBecuHbl

[8] Atzor M., Mallor F., Pozuelo P., Fukagata K., Vinuesa R., Schlatter P. A new perspective on skin-friction contributions in
adverse-pressure-gradient turbulent boundary layers. International J. of Heat and Fluid Flow, 2023, v. 101, no. 5, p. 109117.
doi.org/10.1016/j.ijheatfluidflow.2023.109117

[9] Danusso F., Levi M., Gianotti G., Turri S. Some physical properties of two homologous series of perfluoro-polyoxyalkylene
oligomers. European Polymer J., 1994, v. 30, no. 5, pp. 647-651. doi.org/10.1016/0014-3057(94)90075-2

[10] Kononov G.N., Ugryumov S.A., Fedotov A.A. Khimicheskoe vzaimodeystvie drevesnykh chastits so svyazuyushchim na os-
nove furanovogo oligomera v strukture drevesno-struzhechnykh plit [Chemical interaction of wood particles with a binder
based on a furan oligomer in the structure of chipboards]. Encyclopedia of Chemical Engineer, 2014, no. 1, pp. 24-26.

[11] Kolesnikov V.I., Pashkov D.M., Belyak O.A. Design of double layer protective coatings: Finite element modeling and ma-
chine learning approximations. Acta Astronautica, 2023, v. 204, no. 3, pp. 869-877. doi.org/10.1016/j.actaastro.2022.11.007

[12] Markov V.A., Ivankin A.N., Sa Boven’, Doronin D.Yu. Tallovoe maslo kak syr’e dlya proizvodstva biodizel 'nogo topliva [Tall
oil as a raw material for the production of biodiesel]. Dvigatelestroyeniye, 2022, v. 288, no. 2, pp. 72—83.

DOI: 10.18698/jec.2022.2.72-83

[13] Monaca A., Murray J., Liao Z., Speidel A., Robles-Linares J.A. Surface integrity in metal machining. Part II: Functional per-
formance. International J. of Machine Tools and Manufacture, 2021, v. 164, no. 5, p. 103718.
doi.org/10.1016/j.ijmachtools.2021.103718

[14] Rodrigues S.P., Evaristo M., Carvalho S., Cavaleiro A. Fluorine-carbon doping of WS-based coatings deposited by reactive
magnetron sputtering for low friction purposes. Applied Surface Science, 2018, v. 445, no. 7, pp. 575-585.
doi.org/10.1016/j.apsusc.2018.03.113

[15] Zhang T., Zhang W., Liu H., Wang G., Zhong Y., Zhou M., Zhu Q., Li H. Synthesis and characterization of a novel fluo-
rine-containing triblock copolymer as a potential binder. European Polymer J., 2021, v. 159, no. 10, 110760.
doi.org/10.1016/j.eurpolym;j.2021.110760

[16] Baranov A.V., Vigdorovich E.N. Epilamiruyushchie pokrytiya instrumenta [ Epilamizing tool coatings]. Vestnik Moskovskogo
gosudarstvennogo universiteta priborostroeniya i informatiki. Ser. Priborostroenie i informatsionnye tekhnologii [Bulletin
of the Moscow State University of Instrument Engineering and Informatics. Ser. Instrument making and information
technologies], 2014, no. 53, pp. 108—115.

[17] Ishchenko S.A., Fisenko P.P., Inshakov S.V., Balabanov V.I. Ekonomicheskaya effektivnost’ ot vnedreniya epilamirovaniya
kutternykh nozhey [Economic efficiency from the introduction of epilamation of cutter knives]. Myasnaya industriya [Meat
Industry], 2014, no. 4, pp. 44-45.

[18] Bykov V.V., Balabanov V.I., Golubev 1.G., Golubev M.I., Okladnikov L.V. Nanotekhnologii i nanomaterialy v lesnom
mashinostroenii i tekhnicheskom servise [Nanotechnologies and nanomaterials in forest engineering and technical service].
Moscow: MSFU, 2013, 74 p.

[19] Yang L., Huang H., Zeng H., Zhao X. Biomimetic chitosan nanoparticles with simultaneous water lubricant and anti-
inflammatory. Carbohydrate Polymers, 2023, v. 304, no. 3, p. 120503. doi.org/10.1016/j.carbpol.2022.120503

[20] Zulhanafi P., Syahrullail S., Faizin Z.N. Tribological performance of trimethylolpropane ester bio-lubricant enhanced by
graphene oxide nanoparticles and oleic acid as a surfactant. Tribology International, 2023, v. 183, no. 5, p. 108398.
doi.org/10.1016/j.triboint.2023.108398

[21] Kolesnikov V.I. Laboratornye raboty po distsipline «Fizika treniya» [Laboratory work on the discipline «Physics of Friction»].
Rostov-on-Don: Rostov State University of Communications Publ., 2010, 40 p.

[22] Ivankin A.N., Neklyudov A.D., Gorbunova N.A., Baburina M.I., Gorokhov D.G. Biotoplivo iz vozobnovlyaemogo syr’ya:
perspektivy proizvodstva i potrebleniya [Biofuels from renewable raw materials: prospects for production and consumption].
Moscow state forest university bulletin — Lesnoy vestnik, 2008, no. 6, pp. 91-95.

[23] IvankinA.N., Boldyrev V.S., Zhilin Yu.N., Oliferenko G.L., Baburina M.1., Kulikovskiy A.V. Makrokineticheskaya transformatsiya
prirodnykh lipidov dlya polucheniya motornogo topliva [Macrokinetic transformation of natural lipids for obtaining motor fuel].
Vestnik Moskovskogo gosudarstvennogo tekhnicheskogo universiteta im. N.E. Baumana. Seriya Estestvennye nauki [Bulletin of
the N.E. Bauman Moscow State Technical University. Ser. Natural Sciences], 2017, no. 5 (74), pp. 95-108.

[24] Yahya M., Dutta A., Bouri E., Wadstrdm C., Uddin C.S. Dependence structure between the international crude oil market and
the European markets of biodiesel and rapeseed oil. Renewable Energy, 2022, v. 197, no. 9, pp. 594-605.
doi.org/10.1016/j.renene.2022.07.112

[25] Shatalov K.V., Goryunova A.K., Likhterova N.M., Ivankin A.N., Baburina M.1., Kulikovskiy A.V. Primenenie produktov
sul fattsellyuloznogo proizvodstva v kachestve prisadok k toplivam reaktivnykh dvigateley [The use of cellulose sulphate
products as additives for jet fuels]. Moscow state forest university bulletin — Lesnoy vestnik, 2016, v. 20, no. 6, pp. 107-115.

[26] Neklyudov A.D., Fedotov G.N., Ivankin A.N. Intensification of composting processes by aerobic microorganisms. Applied
Biochemistry and Microbiology, 2008, v. 44, no. 1, pp. 6—18.

[27] Alkhalaf M.I., Churchill G.C., Mirghani M.E.S. Chemical composition and antioxidant/antibacterial depictions of zahidi date
palm (Phoenix dactylifera) kernel oil. J. of King Saud University — Science, 2023, v. 35, no. 7, 102817.
https://doi.org/10.1016/j.jksus.2023.102817

[28] Idowu D.O., Aiyelaagbe O.0., Idowu P.A. Chemical composition and biological activities of volatile oil of the stem of
Dombeya buettneri K. Schum. (Sterculiaceae). Scientific African, 2023, v. 20, ¢01624.
https://doi.org/10.1016/j.sciaf.2023.e01624

[29] Pesetskii S.S., Bogdanovich S.P., Myshkin N.K. Chapter 5 — Tribological behavior of polymer nanocomposites produced
by dispersion of nanofillers in molten thermoplastics. Tribology of Polymeric Nanocomposite. Friction and Wear of Bulk
Materials and Coatings, 2013, pp. 119-162. https://doi.org/10.1016/B978-0-444-59455-6.00005-2

[30] Slobodyan M., Pesterev E., Markov A. Recent advances and outstanding challenges for implementation of high entropy alloys
as structural materials. Materials Today Communications, 2023, v. 36, 106422. https://doi.org/10.1016/j.mtcomm.2023.106422

[31] Torres A., Amini C., Cuadrado N.,Travieso-Rodriguez J.A., Lluma J., Vilaseca M. Experimental validation of ball burnishing
numerical simulation on ball-end milled martensitic stainless-steel considering friction and the initial surface topography. J. of
Materials Research and Technology, 2023, v. 22, no. 1-2, pp. 3352-3361. https://doi.org/10.1016/j.jmrt.2022.12.100

JlecHoit BecTHUK / Forestry Bulletin, 2024, Tom 28, Ne 1 137



Woodworking and chemical wood processing Epilamization of mechanical devices...

[32] Del Rio D.D.F., Sovacool B.K., Griffiths S., Bazilian M., Kim J., Foley A.M., Rooney D. Decarbonizing the pulp and paper
industry. Renewable and Sustainable Energy Reviews, 2022, v. 167, no. 10, 112706. https://doi.org/10.1016/j.rser.2022.112706

[33] Aro T., Fatehi P. Tall oil production from black liquor: Challenges and opportunities. Separation and Purification Technology,
2017, v. 175, no. 3, pp. 469—480. https://doi.org/10.1016/j.seppur.2016.10.027

[34] Collins A.M. Chapter 4 — Chemical Techniques. Nanotechnology Cookbook. N.Y.: Elsevier Science, 2012, pp. 35-204.
https://doi.org/10.1016/B978-0-08-097172-8.00004-7

[35] Hanus M.J., Harris A.T. Nanotechnology innovations for the construction industry. Progress in Materials Science, 2013, v. 58,
no. 7, pp. 1056-1102. https://doi.org/10.1016/j.pmatsci.2013.04.001

Authors’ information

Proshina Ol’ga Petrovna — Cand. Sci. (Chem.), Associate Professor, Department of General and
Special Chemistry, Academy of the State Fire Service of the Ministry of Emergency Situations of Russia,
proshina-olga@inbox.ru

Ivankin Andrey Nikolaevich*® — Dr. Sci. (Chem.), Member of The International Higher Education
Academy Of Sciences (IHEAS), Professor of the Department of Chemistry, Bauman Moscow State Technical
University (National Research University) (Mytishchi branch), aivankin@inbox.ru

Received 17.04.2023.
Approved after review 02.10.2023.
Accepted for publication 15.12.2023.

Bxkutag aBTOPOB: BCE aBTOPHI B PABHOM JI0JIC y4aCTBOBAJIN B HAIIMCAHUU CTAThU
ABTOpBI 3asIBJISAIOT 00 OTCYTCTBUM KOH(INKTA HHTEPECOB

Authors’ Contribution: All authors contributed equally to the writing of the article
The authors declare that there is no conflict of interest

138 Lesnoy vestnik / Forestry Bulletin, 2024, vol. 28, no. 1



