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AunHoTtanusi. Kopposusi okaspIBaeT CyHNIECTBEHHOE HEraTHBHOE BIHMsSHHME Ha He(TeI0OBIBAIONIYI0 OTpacib. B CBS3M C 3THM OCTalOTCS
AKTYaJIbHBIMH Hay4YHbIC MCCIIEIOBAHUS B 00JACTH U3YUYEHUSI M COBEPIICHCTBOBAHUS TEXHOJIOTHH 3alIUTHl METAJUIMYECKUX KOHCTPYKIHH OT
KOPPO3WOHHBIX paspymenuii. Haubonee pacmpocTpaHeHHBIM CIIOCOOOM 3alIMTHl BHYTPCHHEH ITOBEPXHOCTH TPYOOIPOBOJOB SBISETCS
HAHECCHHE MOJIMMEPHOrO CJO0S HAa OCHOBE PA3JMYHBIX OPTaHWYECKUX IICHKOOOPa3yrolMX coeAnHeHui. [y MOATrOTOBKU CTalbHOW
MMOBEPXHOCTH K HAHECCHHUIO JTAKOKPACOYHOTO MOKPHITHS TPAJUIIHOHHO MPUMEHSIOT CTPYHHO-a0pa3uBHYIO TEXHOIOTHUIO OUYHUCTKH, HO TIPOLIECC
e€ peanu3alMy CBs3aH C OTPUIATEIBHBIM BIMSHUEM Ha OKPYXKAIOIIYIH0 Cpeay M HEOJHOPOJHOCThIO Aedopmanuu oOpabaThiBacMOit
noBepxHOCcTH. COBPEMEHHOMN albTEPHATHBOW SIBISETCS TEXHOJIOTHS Ja3epHOI OYMCTKH, KOTOpas JIHMIICHA HEJOCTATKOB TPAAUIHOHHOTO
METO/a, HO B TO JK€ BpEMs HE MMEET J[OCTaTOYHOH HAay4YHO-NPAKTUYECKOH Oa3pl, MOJPOOHO ONMMCHIBAIONICH AKCILIyaTal[HOHHBIC
XapaKTEPUCTHKH ITOJIMMEPHOTO MOKPHITHS IPU IKCIUIyaTauu. B pabote mccnenoBanach ajare3MoHHas MPOYHOCTH MOJMMEPHOTO CIIOSI Ha
OCHOBE 3TIOKCHHOBOJIAYHBIX CMOJI, CIIMTOTO aMHHCOAEPIKAI[M OTBEPNTENIEM, Ha TOBEPXHOCTH CTAIBHBIX IUTACTHH Mapku C120, 0UNIEHHBIX
CTpYHHO-aOpa3MBHOW M JIa3epHOM TeXHOJIOTHAMHU. B KauecTBe aOpa3MBHOIO MaTepHalia HCIIOJIB30BANACH YNYUIICHHAsl CTalbHas KOJOTas
npo0s. Jli1st peanu3anum npolecca 1a3epHO OUUCTKY UCTIONIb30BAIKCH [Ba BU/IA OTITOBOJIOKOHHBIX JIA3€POB: C MMITYJIbCHBIM U HETIPEPHIBHBIM
uznydeHreM. OleHKAa MIEPOXOBATOCTH IMOBEPXHOCTH CTANbHBIX IUIACTHH IOCIEC OYHMCTKH MPOM3BOIUIACH C MOMOIIBI MPOGUIOMETPA.
AJre3uoHHas MPOYHOCTH MOJUMEPHOTO CJIO0S ONPEe/esiiach METOAOM HOPMAJIbHOTO OTpbiBa rpudKa. [lokazaHo BiIHMsSHHE BRIOOpA TEXHOIOTHH
Mou(UKAIIMK CTAIBHON MOBEPXHOCTH HAa CTENEHb OYMCTKH U TIyOHMHY MHUKpopenbeda moBepXHOCTH. [IpoaeMOHCTPHPOBAHHO BIHSHHE
MHUKpopelibedha Ha aIre3HOHHYIO0 TPOYHOCTh 3AIMTHOT'O MOJMMEPHOTO CIIOSL.

shegolkovnicita@ya.ru
luknew(@ya.ru

1

KiroueBble ciioBa: aare3MOHHAs] NPOYHOCT, MOJMMEPHBIA CIIOHM, Jla3epHas OYHCTKA, CTPYyHHO-abpa3uMBHAs OYKMCTKA, IIEPOXOBATOCTH,
AMOKCHUAHOE MOKPBITHE.

Effect of laser and shot blasting modification of steel surface on the
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Abstract. Corrosion poses a significant adverse impact on the oil extraction industry. Consequently, scientific research into the study and
improvement of technologies for protecting metal structures from corrosive damage remains highly relevant. The most common method for
protecting the internal surfaces of pipelines involves applying a polymer layer based on various organic film-forming compounds. Traditionally,
shot blasting technology has been used to prepare steel surfaces for the application of paint coatings; however, this process is associated with
negative environmental impacts and non-uniform deformation of the treated surface. A modern alternative is laser cleaning technology, which
eliminates the drawbacks of the traditional method but lacks sufficient scientific and practical data detailing the operational characteristics of
polymer coatings during service. This study investigated the adhesive strength of a polymer layer based on epoxy-novolac resins cross-linked
with an amine-containing hardener, applied to grade St20 steel plates cleaned via shot blasting and laser technologies. Enhanced steel grit was
employed as the abrasive material. Two types of fiber-optic lasers—pulsed and continuous-wave—were used for the laser cleaning process.
Surface roughness of the steel plates post-cleaning was evaluated using a profilometer. The adhesive strength of the polymer layer was
determined via a normal pull-off test using a dolly. The research demonstrated the influence of the chosen steel surface modification technology
on the degree of cleaning and the depth of surface microrelief. Additionally, the effect of microrelief on the adhesive strength of the protective
polymer layer was revealed.
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BBenenune

Koppo3ust HaHOCHT KOJIOCCANBHBIN yIepo
CTAJIBHBIM  KOHCTPYKLUSAM, 3KCITyaTHPYEMBIM
B YCIIOBHUAX aTMOC(epHON M KOPPO3UOHHO-arpeccrB-
HoM cpenpl. K mocnemHelt MOXKHO OTHECTH JICHCTBUE
BJIard M arpecCUBHBIX XMMHUYECKUX COEAMHEHHH
Ha BHEIIIHWE U BHYTPEHHUE MOBEPXHOCTH CTATBHBIX
TpyO MpH UX SKCIUTyaTalllK B HEIPax 3€MIIH, B TOM
qycye npy Jo0bae HehTH, C BBICOKUM COJICpKaHUEM
B TpAaHCTIOPTHPYyeMOM (IIIOUAE BOIBI, TBEPABIX
aOpa3sMBHBIX YacTUIL], a TAKXKE YIJIEKUCIIOTO Tasa
U CEpOBOIOPOJA.

KopposuonHssie pa3pymienns B HeTerazoBoi
OTpacii NPUBOAAT K SKOHOMHYECKHM 3arpaTram
Ha pEMOHT 000pyIOBaHus B pa3Mepe oT 2 a0 5%
or BBII pandcrpan ¢ pa3BUTONl  3KOHOMHUKOM.
Buenpenwe n paspuTre MeTOI0B OOPBOBI C KOppo3uei
MOTYT CHHU3UTh 3TH 3aTpathl Ha 15-35% [1-3].

Haubonee pacmpocTpaHeHHBIM cIIocoOoOM
3aIUTHl METANIMYECKUX KOHCTPYKLMH B HeTeraso-
BOM OTpaciy, B YaCTHOCTHU, BHYTPEHHEN TIOBEPXHOCTh
CTaJbHBIX TPYOOIIPOBOJOB, SBISIETCS HAHECEHHE
MOJIMMEPHBIX TOKPHITHH.

3aIMTHBIE TOJIMMEPHBIE IOKPBITHS, HA OCHOBE
STOKCHIHBIX CMOJI, ITOCTIE OTBEPIKICHHUS 00pa3yIoT
TEPMOPEAKTHUBHBIA MaTepUal C BBICOKOH IMPOYHO-
CTBI0, XUMUYECKON U KOPPO3UOHHON CTOMKOCTBIO,
Orarojapst YeMy OHM HallUIW LIMPOKOE MPUMEHEHHE
B MPOMBILIUICHHOCTH [4—6].

BaxpedmuM CBOMCTBOM IS 3allIUTHBIX
MOJIMMEPHBIX IOKPBITHH SBISETCS MX aAre3us
K 3al1IIaeMOl OBEpXHOCTH [7].

Hnst obecrieueHust yciioBuid 00pa3oBaHUs
a/Ire3VOHHBIX CBS3€H Ha TPaHMIIe KOHTAaKTa IOJIUMEp —
CTaJlb HEOOXOJUMO TIOATOTOBHUTH ITOBEPXHOCTH
cyOctpara. I[loaroroBka peanusyercsi myTeM OYUCTKU
MOBEPXHOCTH OT 3arpsI3HAIOLIMX COSIMHEHNUH, CIeI0B
KOPPO3HH U ()OPMUPOBAHIEM PA3BUTOI0 MUKPOPEIIb-
eda, omenmBaemoro mepoxoBatocTbio. lllepoxopa-
TOCTh OTBEYAET 3a IUIOMI3h KOHTAKTa MOJUMED —
CTaJIb U HAIIPSAMYIO BIIMSIET HA QATE3MOHHYIO IIPOY-
HOCTb 3alIUTHOM cucTemsl [ 8, 9].

HauGonee pacripocTpaneHHON TEXHOJIOTHEH
MOATOTOBKM TIOBEPXHOCTH SIBISETCS CTPYHHO-
aOpa3uBHass 00pabOTKa pa3IMYHBIMH a0pa3uB-
HbIMH Matepuanamu. [loBepxXHOCTh cTamu mocie
MoJ00OHON MOTU(UKALUU TPUOOPETAET Pa3BUTYIO
MOpP(OJIOTHIO, YTO MO3BOJSIET AOOUTHCS BBHICOKON
aJATre3MOHHON TPOYHOCTH TOJMUMEPHOTO  CJOS
K cyoctpary [10, 11].

B Toxe Bpems, Ui TEXHOJOTHUU CTpyHHO-2
Opa3suBHON MOIM(UKAIMM XapaKTepHbI CIEAYIOIINe
HEJIOCTATKU: HETATHBHOE BIIMSHHUE HA OKPY’KAIOLIYIO
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cpeny, Hu3Kast 3Q(EKTUBHOCT TIPH OYKCTKE MOBEPX-
HOCTEH C CJIO)KHOM TeoMeTpHell, HEOAHOPOAHOCTb
nedopManii MOBEPXHOCTH, a TAKKE 3aBHCHUMOCTH
ot (hopMbI 1 KadecTBa abpa3uBHOro MaTeprana [12, 13].

B kauecTBe anbTepHaTUBBI paccMaTpUBAETCA
TEXHOJIOTHSI JIA3€PHON OYHCTKH. DTO IEpeaoBOU
crroco0 Momu(UKAIIA TOBEPXHOCTH, B KOTOPOM
UCTIONB3YEeTCS BBICOKODHEPTETHYECKUN JIa3epHBIN
Tyd JUIS yAaJeHus 3arps3HSAIONUX COEIMHEHUH
1 GOpMHUpPOBaHUS MHUKpoOpeabeda MOBEPXHOCTH.
B cpaBHeHMH ¢ TPQAWUMOHHBIMH  IOAXOJAMHU
MOJATOTOBKM METAIUIOKOHCTPYKIHMH K HAHECEHUIO
JIAKOKPACOYHOTO TIOKPBITHSI, OHA OTIIMYAETCS KOJIO-
TMYHOCTBIO, BBICOKOH TOYHOCTB, 3(h(hEeKTUBHOCTHIO
Y THOKOCTBIO HACTPOWKH Mpoliecca MOJ(DUKALIIH.

Jlazepras oumcTtka ocHoBaHa Ha GOTOTEp-
MUYECKOW a0JAIny — HarpeBe MeTauia J0 TeMIle-
parypsl Mex(a3HOH TpaHHUIBl C MOCICTYIOUIM
WCTIApEeHUEM IMOBEPXHOCTHOTO ciod. JlokampHoe
BO3/ICHCTBHE JIA3EPHOTO M3TYYCHHUSI U BOSHUKAIOIIIEE
JIaBJI€HUE pa3pylIAlOT 3arps3HEHHs, a IJIa3MeH-
HBIH 1UTel¢ co3aaeT 30Hy BHICOKOTO BHYTPEHHETO
JABJICHHUA C MUKIAMH HarpeB-OXJaXIeHHe. JTO
CIOCOOCTBYET H3MEHEHHUIO (HU3UKO-XUMHUECKUX
CBONCTB ITOBEPXHOCTH.

KiroueBbie mapameTpsl mpoliecca Ja3epHon
OYHCTKU — MOIITHOCTh, HHTEHCHUBHOCTH M YacTOTa
n3iydyeHust. [Ipn HU3KOM MHTEHCUBHOCTH yAAJIA-
I0TCS 3arps3HEHUs 0e3 M3MEHEHUsT MOPQOIOTHH,
TOTJa Kak BBICOKAS HMHTECHCHBHOCTH BBI3HIBACT
TUIaBJICHUE MeTajljla ¥ BEIOPOC BeIecTBa, (OpMHpYs
pas3BuThIii Mukpopensed [14-17].

DyHIaMEHTaIBHBIM TTApaMETPOM Jla3epHOU
MOIM(DUKAITAH SIBIISETCS TUIT H3ITYICHIS: HEMPEPHIB-
HOE WM UMITyJibcHOe. Kaskias mMeeT cBon 0coOeH-
HOCTH, XapaKTEPUCTUKH 1 00JIaCTH PUMEHEHUS.

HempepriBHOE N1a3zepHOE M3IydeHHE OOecrie-
YHBAET OCTOSTHHBIN TIOTOK SHEPTUH, YTO JIENIaeT ero
3 (EKTUBHBIM TSI OYUCTKH KPYITHOMACIITaOHBIX
MIPOMBIIIIEHHBIX OOBEKTOB C BHICOKOW TPOU3BOIH-
TENBHOCTHIO. braromaps BBICOKOW MOIIIHOCTH, OHO
CMOCOOHO YIIAIATH TPYTHOOT/IENSIEMbIE 3arpS3HEHNSL.
[Ipu 3TOM BBICOKAst MOIITHOCTh M3IIYYECHUS MOXKET
MPUBOUTH K M30BITOYHOMY TEIUIOBOMY — BO3JICH-
CTBHIO Ha MaTepHall U BBI3BIBATH €r0 MOBPEKICHHUSI.
HenpepriBHBIE Na3epbl MIMPOKO HWCHOIB3YOTCS
Onaronapsi cBOM JOCTYHNHOCTH W INPOHU3BOAMTEIIb-
Hoctu [18, 19].

NmrmysiecHOE M3myyeHre 0CHOBAHO Ha MCTIONb-
30BaHUM CEPUHM KOPOTKHMX HMITYJILCOB C BBICOKOH
SHEPrUeH, TO3BOJISIOIICH YAAISTH ¢ 00padaThIBACMOI
MOBEPXHOCTH PXKABUMHY U OKCHJIHBIE COCIMHEHHS.
XapakTepusyeTcst MEHBIIEH CpefHEN MOIITHOCTBIO,
YTO TO3BOJSET 00pabaThiBaTh IMOBEPXHOCTh 0€3
neperpesa [20].
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B nacrosmee Bpemsi, Ui TEXHOJIOTHUU Jia-
3epHOI OYMCTKH, OTCYTCTBYET €AMHBIA CTaHAAPT,
PEIVIAMEHTUPYIOIINM CTENEHb OYUCTKH CTalbHOU
MTOBEPXHOCTH TIepe]l HAHECEHNEM JIAaKOKPAaCOYHOTO
MOKPBITHUS, aHAJIOTHYHBIN MEKAYHAPOJHOMY CTaH-
nmapty ISO 8501-1 must crpyiiHO-aOpa3uBHOTO
croco6a MoTu(UKAITHH.

Taroke OTCYTCTBYIOT B JOCTATOYHOM OOBEME
9KCIEPUMEHTANIbHBIE JTaHHbBIC, PaCKpBIBAIOIIAS
B3aMIMOCBSI3b TApPaMETPOB HACTPOUKH JIa3epHOTO
M3ITydaTels ¥ aare3nOHHON MPOYHOCTH TOJINMep-
HOTO CJIOS, B YaCTHOCTH, Ha OCHOBE 3IOKCHIHBIX
cmoin. Tem He MeHee, Hay4YHbIe pabOoThI, pacCKphIBa-
IOIHE ATY B3aMMOCBS3b, AKTHBHO ITyOIUKYIOTCS
B nocieaaue roasl [21-23].

Henpto paboThl SBIISIETCS HCCIEIOBAHHE
CTETICHH OYHCTKH W MIEPOXOBATOCTH CTALHOW
MTOBEPXHOCTH TOCTIE BO3ACUCTBUS UMITYJIHCHOTO U
HETIPEPHIBHOTO JIA3EPHOTO W3IYYCHHUsS M CPaBHEHHUE
PE3YIIBTATOB C TPAAUIFIOHHON CTPYHHO-a0pa3uBHOM
o0Opabotkoi. OUEHUTHh AATE3NOHHYIO MPOYHOCTH
IMOJIMMCPHOT'O IMMOKPBITHA T1OCIIC HpCI[BapHTCHBHOﬁ
MOILI/I(l)I/IKa]_[I/II/I paccMaTpuBa€MbIMU TEXHOJIOT MU,

PaGora sBnsercss oTIpaBHON TOYKOH st
JTAIbHENIIETO N3yUYEHUS BO3MOKHOCTEM TEXHOJIOTUI
Na3epHON OYHMCTKU U €€ TPUMEHEHUs B 00JNacTH
3aIUTHI TOBEPXHOCTH TPYOOTIPOBOIOB B HE(TENO-
OBIBAIOIIEH OTPACITH.

post@uestniR-vsuet.ru
MartepnaJibl 1 METOABI

B kadecTBe KCIEPUMEHTAIBHBIX 00pa3oB
ObUTH BBIOpaHBI TIACTUHBI U3 cTanu Mapku Ct 20.
Pazmep mnactun: 100 x 50 x 3,9 MM.

HcxonHoe cocTosiHME HM3y4aeMoOM MOBEpX-
HOCTH OTHOCHTCA K THIly «A» cormacao ['OCT P
NCO 8501-1-2014.

B xauecTBe OCHOBBI HOJIMMEPHOTO AaHTUKOP-
PO3MOHHOIO CJIOA HCIIOJIb30BANACh SMOKCHAHO-
(eHONMBHAS CMOIIa C OTBEPIUTENIEM aMUHHOTO THUIIA.

[Ipy moAroTOBKE CTAJIBHOM MOBEPXHOCTHU
K HAaHECEHHIO MOJIMMEPHOTO MOKPBITHSI UCIIOJIB30-
BaHbl JBa NPUHIMIIMAIBGHO Pa3HBIX crocoba
OYHCTKU W MOAX(HKAIMK TOBEPXHOCTH: Ja3epHbIN
U CTpyHHO-a0pa3HBHBIH.

Jns mazepHON OYMCTKH W MOAM(UKAIINH
CTaJIbHOM MOBEPXHOCTH UCIOIB30BAINCH /IBa BUA
ONTOBOJIOKOHHBIX JIa3€pHBIX H3JIydaTesnen: uM-
MyJIbCHBIA U HENPEPBIBHBIM.

CrpyiiHo-aOpa3uBHasl OYMCTKA MOBEPXHOCTH
CTaJIBbHBIX IUIACTUH TPOU3BOJAWIACH B 3aKPBITOM
CTaMOHAPHOM KaMmepe HamopHoro tuna. B kauectse
a0pa3uBHOIO Marepuana MPUMEHsSUIACh CTajbHas
nuTas KoioTas Apoosb ynyumenHas (JACKY), usro-
toBieHHas coryacHo ['OCT 11964.

[TapameTps! poLieccoB MOAN(HKALIMH CTAIb-
HOH MTOBEPXHOCTH MPUBEACHBI B TA0IHUIE 1.

Tabnuna 1.

[TapameTps! porieccoB MOAN(DUKALIMN CTaJIbHON OBEPXHOCTH

Table 1.

Parameters for steel surface modification processes

TexHoNOTHS MOAUDHUKAITN

ITapametpsl nponecca
Parameters

Modification technology MoruHocTs, BT

YacroTa uzmyueHus, kI 1|

IMnomans naTHa, cM? | JITHMHA BOJIHBI, HM

Laser cleaning, continuous source

Power, Watt | Radiation frequency, kHz Spot area, cm? Wavelength, nm
Jlasepnas 0uMCTKa, HMITYIBCHEIH HCTOYHHMK 100 500 1.8
Laser cleaning, pulsed source 1080
JlasepHast OUKMCTKA, HEMPEPHIBHBINA HCTOYHHUK 1500 5000 12,6

CrpyiiHo-abpa3rBHasi OUUCTKA
Blast cleaning

JCKY, dpakius 0,7-0,8 MM, naBieHre MOAAYX U3 COTJIa COCTABIAET 6 aTM
DSCU, fraction 0.7-0.8 mm, supply pressure from the nozzle is 6 atm

C TIOMOIIIBIO KaXKION TEXHOJIOTHH MOTU(pHKa-
uu Obuto 006padoTano mo 10 cTanbHBIX TUTACTHUH,
B3ATBIX W3 OJHON IPOU3BOJCTBEHHON MapTHH.
Cpennee Bpems Ipoliecca MOTUGUKAITUN TTOBEPX-
HOCTH OJIHOTO 00pasma Jyis KaXKJI0H TeXHOJOTHUHU
coctaBisuio 15-20 cexyH.

Ha xaxio¥i nnactuHe mociie mpouecca Mo-
TU(UKAITUHN TPOBOAMIIACH OIICHKA IIEPOXOBATOCTH
MTOBEPXHOCTH B TISTH TOYKAX TPH IIOMOIIN ITPOGHUITO-
Metpa «Time Group Inc TR220». Ba3zosast jauHust
nu3MepeHni cocrapisiia 0,8 mM. Pesynbrar 3adukcu-
pOBaH B BHJIE CpemHEAPH(DMETUIECKOrO 3HAYCHUS
Jutst mapaMeTpoB R,, Ra 11 Riax [24].
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Ilepen HaHECEHHEM KUAKOTO MOJIHMEPHOTO
CJI0S1 TUTACTHHBI 00€3KUPUBAIIN TPOMBIBKOH XUMH-
YEeCKH YUCTHIM alleTOHOM.

Hanecenne J1akOKpacOYHOTO  MOKPBITHSA
MPOM3BOJAMIOCE  Ha JTadOpaTOPHON  yCTaHOBKE
0 MIPUHIINAITY OE€3BO3AYIIHOTO PAaCIBUICHUS, MPH
KOTOPOM JKHJIKUI TONMMEpPHBIA MaTepuan pa3ouBa-
€TCs1 B MEJTKMH a3p030J1b C MOMOIIIBK0 MEXAHIUYECKOTO
BpAILICHUS PACIbUIMTENA, IPUBOAUMOIO B ABIKEHUE
BO3JIYITHOW TYPOUHOM.

[Nonmumepu3anus 3aIUTHOTO CII0S MPOUCXO-
Juiia B CyIIMJIBHOM IIKagdy Oe3 KOHBEKLIHH IPH
temneparype B 160 + 5° C B TeueHUH OJTHOTO Jaca.
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M3mepenue ToNIMHBI TOIUMEPHOTO TOKPBITHS
OCYILIECTBIISUIOCH C TIOMOIIBIO TPUOOpa HM3MEpPEHHS
reometrpuyeckux mnapametpoB «Koncranta KS5».
CpenHAs TONIIMHA TOJWMEPHOTO TOKPHITHA
Ha oOpasmax coctaBmia 170 £+ 3 MKM.

Benuuuna anre3voHHONW MPOYHOCTH TOIH-
MEPHOTO CJI0S1 OIIPEEIISIIACH METOIOM HOPMAIILHOTO
otpsiBa Tproka mo 'OCT 32299-2013. Ha kaxxgom
o0pasiie CTaabHOW IIACTHHBI C JAKOKPACOYHBIM

A B

post@uestnik-vsuet.ru
HOKPBITUEM IPOU3BOAMWIOCH 2 HCHBITAHUS IO
OIpEIeJICHUI0 aAre3MOHHOM IpOYHOCTH. 3a pe-
3yJIbTaT MPUHUMANIOCH CpeHee aprupMeTHUIECKOe
BCEX U3MEPEHUI.

PesyabTaThl M 00cy:x1eHne

Bremnuii BUJT TOBEpXHOCTH CTaIbHBIX IUTA-
CTHH /IO W TIOCJe Tporecca MOAU(DUKAIIAN TPeMst
TEXHOJIOTHSIMU MPEJICTABICH Ha PUCYHKE 1.

C D

Pucynok 1. BHemHuii BHJ TOBEpXHOCTH CTaJIbHOW IUIACTHHBI JO M Iocie mpouecca Mmoaupukanuu: A — 0e3
Mojudukanmu; B — nasepHas o4ymcTKa, MMITYJIBCHBIH HMCTOUHMK; C — J1a3epHas OYHMCTKA, HENPEPHIBHBIA HMCTOYHHUK;

D — crpyiino-abpasusHas ounctka JICKY

Figure 1. Appearance of the steel plate surface before and after the modification process: A —untreated; B —laser cleaning,
pulsed source; C — laser cleaning, continuous source; D — shot blasting with improved steel grit

HcxonHoe cocTosiHUE CTaabHOM MOBEPXHO-
ctH (pucyHOK 1 — A) xapakTepusyercss HaTU4ueM
MPOKATHOM OKaJIMHBI ¥ HU3KUM COJIEP)KaHUEM
IIPOIYKTOB KOPPO3HH.

Ha noBepxHOCTH CTaibHOWM IUIACTHHBI, TOJI-
BEPrHYTOM J1a36pHOM OYUCTKE MMITYJIbCHBIM UCTOUHU-
KoM (pucyHok | — B), HaOnmrofaercs yaaneHue ciejoB
PPKaBYMHBI, HO OCTAeTCSI PaBHOMEPHBIH TOBEPX-
HOCTHBIN CJIOM OKMCJICHHOIO METajljia, YTO CBHC-
TEJIHCTBYET O HE3HAUYUTENIBHOM IITyOHHE OYUCTKH.

[Nocne mporiecca azepHOi a0JISAINH, C UCTIONb-
30BaHMEM KCTOYHHMKA HETIPEPHIBHOTO HW3JTyUYCHHS,
3a(MKCUPOBAHA OYUCTKA MOBEPXHOCTH OT MPOYKTOB
KOPPO3WU U YaCTUYHOE YAaJICHHE CJIOS IPOKATHOM
okanuHsbl (pucyHok 1 — C). JlaHHbI# pe3yabTaT BU-
3yaJIbHO COTIOCTaBHMM C CTETIEHBIO OUMCTKU Sa 2 [25],
JIOITYCKAIOIMIA HAMYHE Ha IOBEPXHOCTH TPYIHO
OTIETUMOM MPOKATHOMN OKAJUHBI.

Ha oOpa3siax mociie cTpyiHO# abpa3uBHON
momupurarmu JICKY (pucynok 1 — D) 3aduxcupo-
BaHa ITy0OKasl CTereHb ourcTKr Sa3 [25], mompasy-
MeEBaroIIasi OYUCTKY JI0 BUIMMOW YUCTOM CTaJIu.

Ucxonnast u copMupoBaHHas MIEPOXOBATO-
CTH Tociie 00paOOTKH TPEMS TEXHOJIOTHSIMH MOJTHU-
(pUKaIMy MOBEPXHOCTH OTOOPa)KEHBI B TaOIHLIE 2.
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Tabnuma 2.
Hcxonnas v chopMHUpOBAHHAS MIEPOXOBATOCTH
ocJiie 00pabOTKU TPEeMsI TEXHOJIOTUIMHU
MOJU(PHUKAINHN TIOBEPXHOCTH

Table 2.

Initial and resulting roughness after processing
with three surface modification technologies

Rumnax,
MKM

TexHomorust MOTU(UKAITN Rz, R,

Modification technology MKM | MKM
Be3 momudukarmm
No modification 3.1 13 111
JlasepHast OUHCTKA, HMITYJIbCHBII
HMCTOYHUK 7.8 1,5
Laser cleaning, pulsed source
JlazepHas ouncrka,
HENpPEepbIBHBINA HCTOYHUK
Laser cleaning, continuous source
CrpyiiHO-aOpa3uBHAs OYMCTKA
Blast cleaning

11,8

22,7 4,7 42,8

32,1 6,1 45,9

[Ipu aHanu3e pe3yjabTaTOB M3MEPEHHS IIe-
POXOBATOCTH BBISIBIICHO, YTO MPU HCIIOJIH30BAHUU
CTpYyHHO-a0pa3MBHON TEXHOJIOTHU MOAU(UKAIN
TOBEPXHOCTH YAAJIOCh JOOWUTHhCS HAMOOJIBIIErO
NpUpOCTa BBICOTHI HepoBHOCTel npoduis (R,) Ha 90,3%
Y YBEJIMYCHUE CPETHETO apu(METHIECKOTO OTKIIOHE-
Hust npoduiis (R,) va 78,7%.
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[pu MogudrKaIMKi HOBEPXHOCTH HMITYJILCHBIM
U3IIydeHneM 3a(h)MKCUPOBAHO YBEJIMYECHHUE CPEIHETO
apudmeTryeckoro oTkiIoHeHus npodunst Ha 13,3%.
IIpu BO3nEHCTBUM HA MOBEPXHOCTh U3ILy4aTesIeM,
TCHEPUPYIOIINM HEMPEPHIBHOE U3TYUCHUE, YBEIIH-
YEHUE ITOTO MapameTpa cocTtaBisieT 72,3%.

[Ipr 006paboTKEe TOBEPXHOCTH HETTPEPHIBHBIM
J1la3epoOM BBICOTA HEPOBHOCTEH MTPOMUIS BHIIIE
B 2 pa3a, a cpeHee OTKIOHEHHE MPOQUIIS BHITIE
B 3 pasa, ueM npu 00pabOoTKe J1a3epOM UMITYIIbC-
HOTO THUIIA.

MaxkcuManbHast BBICOTA TIHKA IIEPOXOBATO-
ctH (Rmax) TIOCITE Ta3epHOM aOIIAIINN UMITYIbCHBIM
HUCTOYHUKOM YBEJIMYUBACTCS OTHOCHTENBHO WC-
XOJIHOM MOBEPXHOCTH Ha 5,9%, Tor/a Kak y Hempe-
PBIBHOTO J1a3epa M CTPYHHO-a0pa3MBHON OYUCTKH
HaOIFOJTAeTCS COMOCTAaBHMOE YBEIWYECHHUE 3TOTO
napamerpa Ha 74,1% u 75,8% coOoTBETCTBEHHO.

Hawnbonee pa3BuThblii MUKpopenbed MOBEpX-
HOCTH TIOCJIE BO3JIEHCTBHS A0pa3UBHBIM MaTePHATIOM
OOBSICHSIETCS TE€M, YTO OCTPOYTOJBHBIE YaCTHUIIBI
JIpoOM, TPHU CTOJKHOBCHHMU C 00padaThIBaGMBIM
U3JIeNTueM, IPUIAIOT TOBEPXHOCTH aHKEPHBIH MPO-
(nb, Toapa3yMEBAIONIMA HATMYHE YTITyOJIeHHHA
B 00pabOTaHHOI TOBEPXHOCTH U, KaK CJENICTBUE,
YBEJIMYEHUE TUIOIIA/IN, B JAJIbHEUIIEM KOHTAKTH-
PYIOILLEH C KUIKUM MOJTUMEPHBIM COCTaBOM.

Paznmmanas mMopdoorus moBepxXHOCTH OCe
Moau(uKanuy OBYyMsI BUIaMU Ja3epHBIX H3ITyda-
TeJen 06'LSICH5[CTCH U3MCHCHHEM HHTCHCHUBHOCTU
HA3TyYEHHUS.

HNHTEeHCHBHOCTh M3IYYeHHS XapaKTepU3yeT
IUIOTHOCTH MOIITHOCTH HA €IMHUILY TUIOIIAIHN Jia3ep-
Horo ny4a. Ot e€ BeTMYMHBI 3aBHCUT BO3MOXXHOCTD
OKa3bIBaTh BIMSHUE Ha MHUKpOpenbed CTalbHOU
mmoBepxHoctu [17].

Ucxons w3 ypaBHenus (1) ycraHOBIEHO,
YTO WHTEHCUBHOCTH MU3IYUYCHHS JJISI HMITYJIbCHOTO
nasepa coctaBisieT 55,5 Br/cm?, a i Henpephis-
noro 119,1 Br/cm?. TemmepaTypa MOBEPXHOCTH
CTAIBFHOM TUIACTHHBI TTOCIE BO3IEHCTBUSI MUMITYIIbC-
HOTO H HENPEPBIBHOTO M3ITy4eHUH cocTaBisieT 45° C
1 67° C COOTBETCTBEHHO.

(1

rae: | — MHTEHCHBHOCTH JAa3€pHOTO H3Iy4YeHUS,
Bt/cm?; P — MOLIHOCTS J1a3epHOTO u3nyyarens, B;
A — IWI0MIa/1b JTA3EPHOTO MATHA, CM?.

Ha pucynke 2 npoaeMoHCTpHpOBaHa CpeIHSA
aJre3MOHHasl IPOYHOCTh HMOJIMMEPHOrO CIJIOS IS
paccMaTpuBaeMbIX TEXHOJOTMH MOAW(UKALMH
CTaJIBHOM MOBEPXHOCTH.
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18 o, MITa/MPa CTpyiiHo-aBpasveHas ouucTka
/ Abrasive blasting
16 MNa/MPa
12
HenpepbisHoe
wanyseHue / Continuous
radiation;
UmnynecHoe 6,5 MNa/MPa
6 wanyyenue f Pulsed
radiation;
Bes mopudukaumm / 2,4 MNa/MPa
Untreated;
1,2 MMNa/MPa
0
PI/IcyHOK 2. CpeHHHH aArc3uoOHHasA IMMPOYHOCTH
MOJIMMEPHOTO CJI0s JJIA TpéX TEXHOJOT UM

MO[[I/I(bI/IKaHI/II/I IMOBEPXHOCTHU

Figure 2. Average adhesive strength of the polymer
layer across three surface modification technologies

HawnbGomnp1ras anre3noHHast MpOYHOCTH 3a(HK-
CHpOBaHa Ha 00pa3lax MOJMMEPHOIO HOKPBITHSA
C IIpeIBapUTENILHON CTPYHHO-a0pa3uBHOW MOJH-
¢ukanumeit. I[lpupoct aare3nOHHONH NPOYHOCTH
cocrasisieT 92,5% oTHocUTENBHO 00pa3La MOJH-
MEPHOTO CIIost 0e3 MpeBapUTEIHHON OUUCTKH.

HanmeHnsiiast BenmdrHa aire3u HaOroJaeTCst
Ipy MpeIBapUTEIbHOM BO3ACHCTBUU HA IOBEPX-
HOCTb HUMITYJIbCHBIM M3JIYYCHUCM, HC YUYUTbhIBasA
MOBEPXHOCTH 0e3 MoIu(pUKaIIUY.

[lonvMepHOE MOKPBITHE C MPEABAPUTEIBHON
00pabOoTKOM HEMPEPBIBHBIM M3Ty4EHUEM IEMOHCTPHU-
pyer Ha 63,1% 0oJiee BHICOKYIO aJIre3HOHHYIO TPOY-
HOCTb 10 CPAaBHEHHIO C UMITYJIbCHOM 00pabOTKOM.

AJre3voHHasi IPOYHOCTD MOIMMEPHOTO CIIOS
noclie TpeABapuTeNbHON MomuduKkanueld adpa3uB-
HBIMH MaTepuajlaMM B 2,5 pa3a BbIllle, YeM I10CTe
nporecca abJIsK HENPEPHIBHBIM JIA3€POM.

Ha pucynke 3 mpo/ieMOHCTpHpPOBaH XapakTep
OTpBIBA TPHOKOB TIPH OTPENEICHUH aare3uOHHON
MIPOYHOCTH MTOJUMEPHOTO CIIOSI.

Habmtomaercs: SIBHO BBIpaXKEHHBII aire3roH-
HBII XapakTep OTphIBa rpHOKa Ha 00pasiie MOKPHITHS
C TIpeIBapUTENILHON  J1a3epHOl  MoauduKanuen
UMITYJIbCHBIM MCTOYHHKOM, YTO CBHIECTEIHCTBYET
0 CPaBHUTEIHFHO HU3KOM CTENEHH MEXaHHYECKOTO
CHEIUICHUS MEXY MOJTMMEPOM U CTAIIBIO.

IIpr OTpBIBE JTAKOKPACOYHOTO MOKPBITHSA
MocJie BO3JIEMCTBHSA HENPEPBIBHBIM H3ITy4YEHUEM
Y CTPYyHHO-a0pa3sMBHONW OYUCTKOW HaOII0JaeTCs
CMEIIaHHBIA XapakTep OTpbIBAa IPHOKa, C HATMYUEM
YYacTKOB aJIN€3MOHHOIO M KOI€3MOHHOIO paspylie-
Huil. [lpm 3ToM Ha oOpa3max ¢ mpenBapUTeILHON
MouduKaipei abpa3uBaMu KOT€3HOHHBIN XapakTep
OTpbIBa 00Jiee BBIPAKECHHBIM.
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Pucynok 3. Xapakrep OTpbIBa TpHOKOB IIpU OINPEIEICHUH aJIre3MOHHON HMPOYHOCTH MOJMMEpPHOro cios: A — 0e3
Moudukanmu; B — nazepHas o4ncTKa, MMITYJIBCHBIH HMCTOYHMK; C — Ja3epHas OYHMCTKA, HENPEPHIBHBIA HMCTOYHUK;

D — crpyiino-abpasusHas ounctka JJCKY

Figure 3. Dolly detachment behavior during adhesive strength testing of the polymer layer: A — untreated; B — laser
cleaning, pulsed source; C — laser cleaning, continuous source; D — shot blasting with improved steel grit

CymiecTBeHHasi pasHHUIla B aAre3MOHHON
MIPOYHOCTH MOJUMEPHOTO CIOSI MEXKAY MpEeABapH-
TEeIbHOW O00paOOTKOM UMIYJIBCHBIM JIa3epOM
U CTpYHHO-a0pa3uBHON OUYUCTKOM — 3TO CIEICTBHE
CO3/IaHUS Pa3HOM Penbe()HOCTH W pa3sHON BEINYMHBI
MOBEpXHOCTHOM »Heprun. 13 ypaBHeHus (2) BUAHO,
YTO BHYTPEHHSS JHEPTUsA MOBEPXHOCTHOIO CIIOS
3aBHUCHUT OT IUIOUIA U MOBEPXHOCTH pazfena das,
TO €CTh OT IJIOMIAAN KOHTAKTa >KUIKOTO MOJUMEPHOTO
COCTaBa U CTAJIbHOM OBEPXHOCTH.

U=o-71[%]s @
dT

TJIe: G — SHEeprusi 00Pa30BaHMs SIUHUIIBI TOBEPXHO-
cru, Jlx/m%; T — temneparypa, K; do/ dT — temnepa-
TypHbIi K0d(pumment, [k / (M*K); S — miomans
MOBEPXHOCTH pa3jiena, M2,

3akiIouyenue

Ilpn peanu3anuy TEXHOJOTUH JIA3epHOIL
OYHCTKH TIOBEPXHOCTH C UCIIOJIb30BAaHUEM HM-
MyJIBCHOTO M3ITydaTelsi ObUIM yIaIeHbl MPOIYKTHI
KOPPO3MOHHOT'O MPOIIecca ¢ MUHUMAIBHBIMH H3Me-
HEHUsIMH MUKpopenbeda 1 6e3 Harpesa cyOcTpara.
[TooOHBIA PEeKUM OYHCTKH TIOIXOIUT JUIS TEPMO-
YyBCTBUTEILHBIX MATEPHAIIOB U / WX JIAKOKPACOYHBIX
MOKPBITHH, JKCIUTyaTalusi KOTOPBIX HE IMOJpa3y-
MEBaeT HAXOXKICHHE 3alHIIaeMOil MeTaNIOKOH-
CTPYKLHHU B arPECCUBHBIX YCIOBHUAX CPEIbI.

Hcronp30BaHNEe HEMPEPHIBHOTO JIA3€PHOTO
W3ITyYEHHsI TO3BOJISIET YAAIUTh ITPOJIYKTHI KOPPO3UH
Y YaCTHYHO TPOKATHYIO OKAJMHY, a TaKkxke cop-
MUPOBATh Pa3BUTHI MUKpOpENIbed MOBEPXHOCTH.
OTu siBNEHUs HAOMIOAAIOTCS 3a CYET OONbILeH HHTEH-
CHBHOCTH M3JIy4eHHS JIa3epa, IPU ITOM OTMEYaeTcst
MOBBIILICHUE TEMIIEPATYPbI U3EITHSL.

Taxum 00pa3oM, 3ahKCUPOBAHO BIIMSHKE BUIA
Y MHTEHCHBHOCTH H3JY4YEHHs Ha IIEPOXOBATOCTh
CTaJIbHOW ITOBEPXHOCTH.
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Taxxe moaTBepxkaeHa Y3PPEKTUBHOCTD Tpa-
MUIIUOHHOW TEXHOJOTHH CTPYHHO-a0pa3uBHOM
Moaudukanuu ¢ ucnoibzoBanuem JICKY s
(bopMHpOBaHUs aATre€3UOHHO-TIPOYHBIX 3aITUTHBIX
MOJIMMEPHBIX TOKPHITHH.

Pe3ynbraThl cpaBHEHUS TEXHOIOTUI JTA3€PHOU
W CTpyHHO-a0pa3uBHOW MoAM(UKAMH JEMOH-
CTPHUPYIOT, YTO Ja3epHasi oO0paboTKa HempephIB-
HBIM H3JIy4Ye€HHEM, OOeCleurBasi COIOCTAaBUMYIO
C TPaJIUIMOHHON CTPYHHO-a0Opa3suBHON OYHUCTKOM
HIEPOXOBATOCTh, CHOCOOHA CTaTh 3KOJIOTHYECKU
0e301macHO anbTepHATHBOM.

[IpumeHeHne HEMPEpHIBHOTO  JIA3€PHOTO
U3JIydaresss HauOosee BEpOSTHO TPU BHEIPEHHUH
TEXHOJIOTHH JIa3epHOW MOIM(UKALMM IS OUUCTKU
CTaJIbHBIX TPYOOIPOBOJOB B HE(PTEra30BOM OTpacy,
TaK Kak JaHHBIA BUJ METAIJIOKOHCTPYKIUI 00pa-
OaTpIBaeTCs B OONMBIIMX 00bEMaX B paMKax MpOH3-
BOJICTBEHHBIX IIPOLIECCOB U TpeOyeT pPa3BUTOTO
MHUKpopenbeda MOBEPXHOCTH it POPMUPOBAHHS
KOPPO3UOHHOCTONKOTO MOJIMMEPHOTO MTOKPBITHSI.

HoBusHa pa0®oTbl COCTOUT B OIpenesieHUH
aJre3MOHHONM TPOYHOCTH TMOJUMEPHOTO  CJIOA
Ha OCHOBE 3IMOKCHIHBIX CMOJI, CIIUTOTO OTBEPIH-
TEeJIEM aMUHHOTO TUIIA, HAa CTAIbHON IOBEPXHOCTH,
MOM(UIIMPOBAHHON TEXHOIOTHEH JTa3epHON OUHMCTKH
C HCTIONIb30BaHHUEM JIBYX BHJIOB M3TydaTeNei.

[IpakTnyeckasi 3HAUUMOCTH HCCIICTOBAHHMS
BBIPAXKAaeTCsl B TOM, YTO HOJyYCHHBIE JAHHBIE MOTYT
CIIy’)KATh OCHOBOW JUTS pa3pabOTKH HOPMAaTHBHON
0a3bl, ananoruynoit ISO 8501-1, uro akTyanbHO
JUTS BHEIPEHUS JIa3€PHBIX TEXHOJIOTUH B TIPOMBILI-
JIEHHOCTB.

JlanpHeliye vccienoBaHyst B JAHHOM 00J1acTH
HalpaBJieHbl Ha U3YYEHHE KOPPESIIMM HACTPOEK
JIa3epHOro M3Iyvaresst ¥ PU3MKO-XUMHYECKHX Xa-
paKkTepucTUK 00pabOTaHHOI MOBEPXHOCTH.
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