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3MaIyBaJbHUX /I0/IATKIB HOBOTO MOKOJiHHS,

B acleKTaxX MeXaHOXiMil CTajJeBOi MOBEPXHi

IIpedcmasneno unenom-xopecnondenmom HAH Yxpainu B.1. Ilexnem

Y docnioncenni eusienerno ocobnueull cman KaAmMiona Maznio, 3 GUHUKHEHHAM 3a00POHEHUX NPAGULAMU 8I060pY eneK-
MPOHHUX Nepexodis, Y HAHOWAPT Nepexionozo ncesdokapbioy 3aniza, MEXAHOXIMIUHO YMEOPeH020 Y CKAAdi mep-
Mb0B020 NOBEPAHEE020 WAPY CMATI. Busueno Komniekcny HaHOMOHKONIIBKO8Y 6Yd08y 0Cmanib020. 3p00aeHo
BUCHOBOK PO MONICIUBICTNG ePEeKMUBHOT 3AMIHU MIHEPATLHUX NOPOUKIE CEPNEHMUNIMIE — NPUPOOHUX 2I0POCULL-
Kamis mazinio — cunmemuunumu oic-xeramamu mazniio (1) ax smawyeanvnumu 000amxamu 108020 NOKOJIHHSI.

Kmonoesi croea: bic-xenamu mazniio (1), cmanv, mepmst, HaHOWAPU, 0Jce-CREKMPOCKONISL.

MacTuibHi MaTepiaiu, BUpoOJIeHi 3 POCIMHHOI CUPOBUHM, aKTYaJIbHi 3 OIS Cy4aCHUX IIPO0-
JIeM €KOJIOTil, MeUINHH, T0OYTOBOI POOOTOTEXHIKU TOIIO i CTBOPIOIOTH AJTBTEPHATUBY TIPOYK-
tam HaToBOTO TOXO/KeHHS [ 1—4]. Tomy BuHUKae notpeda B eHeKTUBHUX 3MATyBATbHUX J10-
JlaTKaxX HOBOTO MOKoMiHHS. [lepcniekTuBHMME € KoMIlekcu MetastiB x&kuTTs (Mg, Ca, Cu, Mo Ta
iH.) 3 B-AUKapOOHIIBHUMU JIiraHIaMU i TiIPOKCAMOBUME KMCJIOTAMM, 1[0 He BMIIILYIOTh IIKi/I1-
BUX JIJIsI IOBKiJIst hocopy Ta HaBiTh cipku |2, 4]. Sk BusiBusiocs [ 5], MeTasoxenatu CTaloTh J0-
HOpaMU MeTaJeBOTO 10HA JIJIs MEXaHOXIMIYHUX PeakIliii yTBOPEHHST TePThOBUX IapiB. SABuiie €
VHIKaJTBHUM 3 TTO3UITIN CTPYKTYPHOTO BiJTHOBJIEHHS in situ (“peBiTasizailii”) 3HOIIEHUX TOBEPXOHb.
CsiToBa IpakTHKa “HapolyBaHHs” POOOYNX 30H MOTOPHKX JBUTYHIB 3aCTOCYBAHHSIM HIOPOIIKIB
MiHepaJIiB micss “¢eiikoBux” yCmixiB Ta “rpyboro” eMipuamy akileHTyBajla yBary Ha CIIOJyKax
MarHifo, 30KpemMa cepreHTHHiTax |6, 7] — foro MpUpOIHUX TiIpoCHTiKaTax.

[Murysanus: Mimyk O.0., Kosanb JLI., [I3i06a B.I., Ilexupo B.I. OcobuBocti Oic-xemaTHUX KOMILIEKCIB
Maruito(II), gk ekosoriuHo 6e3nMeyHnX BUCOKOEEKTUBHNX 3MAlllyBaJbHUX J0AAaTKIB HOBOTO TIOKOJIHHS, B ac-
MeKTaX MeXaHoXiMil crasmeBoi mosepxHi. Jonos. Hay. axad. nayx Yip. 2020. Ne 6. C. 83-91. https://doi.org/
10.15407 /dopovidi2020.06.083
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OzHaK HEepeKOHJMBOrO HayKOBOTO OOIPYHTYBaHHs izeil “pesiTaizallii’ Ta epeKTUBHOCTI
MarHi€BUX iHTPEIIEHTIB, a TAKOK HAYKOBUX 3aCa/l MO0 PO3POOJISTHHS 3MAIIyBaTbHUX J0ATKIB
HOBOTO MOKOJTIHHSI Ha ChOTO/THI BCE II1€e He iCHYE. YCi CyJacHi TeHIeHIIi1 6e3mocepeHbo JOTUIHI /10
HAaKTyalbHIMUX MPOOJIEeM PO3BUTKY TIEPCIIEKTUBHOTO HATIPSIMY B HAYII MIPO TEPTS Ta 3HOIILY-
BaHHS METAJIB, 1[0 CTOCYEThCI HAHOMEXaHOXIMIUHUX IepPeTBOPEHb TePTHOBOTO IIapYy.

CraH npo06JieMH MeEXaHOXIMIYHUX NIEPETBOPEHD TEPTHOBOTO miapy. Ha choro/ui Biziomo, 1110
3HOCOCTIHKMI KprcTanmoaMopMHUN TePThOBUH THap CyOMIKPOHHOI TOBIIUHK i ONTUMAJIbHWUIT Mi-
Kpopesibed TepThOBOI MOBEPXHI € HACIIKaMU Tiepebiry B MOBEPXHEBUX MIapax MpoIeciB aedop-
Mallii BiJf KBa3icTaTMYHOIO Ta AMHAMIYHOIO CTUCKYBaHHS i3 3CYBOM, po3IlapyBaHHs i II0ApiOHeH-
H¢ TIPUTIOBEPXHEBUX (a3, (MiXK )TOBEPXHEBOTO TepeHeceHHsT HAaHO(MiKpO)(parMeHTiB TEPTHOBOI
MIKPOCTPYKTYPH, AECTPYKILii MOJIEKYJI CEPEJIOBUIIA, IPUBHECEHHS Y TEPThOBUI I1AP CTPYKTYPHO-
TBIPHUX, MEXaHOXIMIYHO aKTHUBHUX Ta “BUMYIIEHO  MEXaHOXIMIYHO aKTHUBHUX €JIEMEHTIB 3 iX
nedopMaIliiiHO-aKTUBOBAHUM T1€PEPO3NoAiioM. /I cTaseil y 30HaX CTUCHEHHST JIOCSATAETHCS
meska Troronio 13 TTla (Hugoniot elastic limit) i ayst maprencury (o 200 °C) nposigauMu cTa-
I0Th IMHAMIYHUH BiITTyCK Ta moJiMopdHi epeTBOPEeHHS TePTHOBOTO TIapy. Temiieparypa 3poc-
Ta€ BHACJII/IOK ITPEBAJIIOBAHHS €K30TEPMIUYHUX ITPOIIECIB sIK BTOPUHHUI YMHHUK.

Jludysilina cTpyKTypHO-€HEepreTHYHA Teopisd caMOOPTaHi3allii TeEPThOBOI KOHTAKTHOI 30HU
Bb.I. KocTenbkoro /10 MexaHOXiMi4YHO aKTHBHUX BiJIHOCUTD €JIEKTPOHETaTHBHI €JIleMeHTH KUCeHb
Ta cipky, ¢hocdop, xmop i azor. Buminaore i inmn rpynu. CTpyKTYpPHO-TBIpHI efleMeHTH (Ta K
cipka i ByrJets [8]) € “kartanizatropamMu” CTPYKTYPYBaHHSI TEPTHOBOTO TIAPY, aJie BUTICHIAIOTHCS
3 HAHOIPOIIAPKIB MEXAaHOXIMIYHO aKTUBHUMU ejieMeHTaMU. EJIeKTpOTIO3UTUBHI ejleMeHTH (Me-
TaIn) € “BUMYIIEHO” MEXaHOXIMIiYHO aKTUBHUMU. Bysu cripobu [9] momupury 1e MOHATTS Ha
BCIO TiepioinyHy cuctemy. [Iisaxu ix noTpanisiHes: B TEPTbOBUM 1IAp MOB’A3aHi1 3 (MixK)IT0OBEpX-
HEBUM IepEeHECEHHSIM CTPYKTYPHUX HAaHO(PArMeHTiB (Bi/fl CTPYKTYPHO-TBIpDHUX €JIEeMEHTIB) i3
3aJIy9eHHSIM HAaHOKOMIIOHEHTIB cepe/ioBuIia. “BuMytiieHa” ak TMBHICTh — 11€ CIIPUSTHHS TTiJ] BILJIU-
BOM THUCKY 1 fepopmaliiii “ckeroBanHI0” HaHO(MPArMeHTIB Y HAHOKOMITO3UT — 3MilllaHuH ajire-
siitamit map (mixing layer, milling layer, PD-map). Mloro BUHNKHEHHS € 3aBepIIEHHAM MepIIoi
CTazlii MeXaHOXIMIYHOTO YTBOpeHHSI TepThoBoro Imapy. Ha nactymniii crazmii nedopmartiiino-
aKTHUBOBaHI TIOTOKU TIEPETBOPIOIOTH 3MINIAHUH aJIre31MHUI TIap y CIOPiAHEHUH 10 cTam audy-
3iftHnii abo HaBnaku. [xest “pesiTasisaliii” MOBepXOHb MPOIOHYE MarHieBMicHI MiHepasin [6] 1st
MPaKTUYHOI peasiizailii MexaHoxiMiuHOI TpaHcdhopmMallii B HAIPIMKY YTBOPEHHS “HapoInieHoro”
mudysiitHoTO TIapy.

3a MeTaJIoXiMiYHUMU OIliHKaMu [9], Ty’KHO3eMeJIbHI MeTau, 30KpeMa TaKoXK MarHiii, Hajie-
JKaTh 710 POMOTOPIB PEOJIOTIUYHO “TIACTUYHUX TEPThOBUX BTOPUHHUX cTPYKTYp (BC I Tumy).
Aune Bce )k “BUMyIlIeHa MeXaHOXiMiuHA” aKTUBHICTh Maruito Ta kambilito pizHa [10]. Kambiiit €
CYIIYTHUKOM TEePTHOBUX TIAPiB OKCUHOTO THUITY. 32 iHIIUMU pe3yJbTaTaMu OXe-aHasidy [7],
MarHiil BubipHo crabinisye 1mceBgokapOiani cTpykrypu 3ajisa. [lemenTuT i nepexigni kapo6iau
“pozumnsiorbes” Bif nedopmartii [11], cnpusioun rpaditusaiiii MOBepXHi, TPOTE B TEPTHOBOMY
mapi nceBAoKapOiiHi HAHOMPOIIAPKY (32 IUHAMIYHOTO PO3KJIALy MAPTEHCUTY) € KBa3iCTIKUMU
1o nedopmartiii Ta BTpartu crexiomeTpil. Ajie abpasuBHO-3HOCOCTIIKa MiKpocTpyKTypa [7] BMmi-
HyBaja KpiM KHCHIO Ta Y3TO/KeHUX mpodiiB Martito 3 ByrieneM e i cipky (13—15 ar. %).
Yepes B3aeMO1iI0 IBOX CTPYKTYPHO-TBIPHUX €JIEMEHTIB BILJIMB MarHilo HEMOXKJIMBO TPAKTyBaTH
OJTHO3HAYHO.
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3arajioM, BUHUKHEHHSI BHYTPIIIHIX HAHOTPAHUIIb 3 X 0COOJIMBOCTSIMHU € “TOHKUM” i BCe 1ie
MAaJIOBHBYEHNM (hi3MIHO-XiMiUHIM eheKTOM Y IMKJI epeTBOpeHb TepThoBoro napy. MIMoBipHo,
PISHUIIS MiK MAarHi€M i KaJbIliEM y CBOEPITHOCTI B3a€EMO/Iii 31 CTPYKTYPHO-TBIDHUM eJieMeH-
TOM — ByrJeneM. MerajieBUil MarHiii, a He KaJblliil 3aCTOCOBYIOTh Y BUPOOHUIITBI YaBYHIB SIK
eJIeMeHT, 10 3MiHI0E (hopMy TpadiToOBUX BKJIIOYEHD y cTasi. ToMmy “KiaiodoBuii” Maruiii — y mnpo-
ImapKax ICeBA0KapOiIHIX MiKPOCTPYKTYP TE€PThOBOI IOBEPXHI 3a BifIcyTHOCTI cipku (MiKpo-
crpykryp B-tumny [12], BC I tumy [8]). Onnak 3ayBaxkerno [4], mo atomu 6ic-xenaty marniio(11)
30cepeiKeHi TIIbKY B afcopOIiiHOMY Tapi, Xoua i 3a nmepeBaskHOTo (11010 OKUCHEHHS ) HaBYyT-
JIelIoBaHHS CyOMIKPOHHOTO T€PTHOBOIO IHapy. AHaji3youn pes3ysbratu pooit [4] i [7], BinsHa-
4rMO, 110 B [4] Bce & He OyJia BpaxoBaHa MeBHA XapaKTepHa CHElM(piYHICTh CIEKTPIB MarHilo,
SIKY LIFOCTPYEMO JIaJIi.

Meta poboTu moJisirajia y BUSIBJCHHI PO3IO/ITY MAarHilo B TePThOBOMY Iapi 3a YMOBH Biji-
CYTHOCTI CipKM i BUBUEHHSI TIEPETBOPEHb HAHOTPAHUIl “3MINIaHUN aAre3iHui<«>anudysiaui”
HAHOIIAPY JIJIsI BUTIA/IKIB HOPMAJIBHOTO IPAHUYHOTO TEPTSI CTATIEBOI TTapu Ta Oic-XelTaTHUX KOMII-
sekciB mar"ito(I1) sk mepcrnekTMBHUX 3MaIyBaJIBHUX JI0/IATKiB HOBOTO TIOKOJIIHHS.

O0’€KTH Ta METOH JOCTIAKeHb. 3riJHO 3 6IOMIMETUYHUM IPUHIIUIIOM CUHTE3YBaJIK KOOP-
puHaniiai cnoayku Maruio(I1) i piguany 6asy ecreproro tumy [2—4, 13] (taba. 1). Meroauku
cuHTe3y Oic-XesaTiB Ta eTHJIaypary — MaJjoB’si3koro (2,63 MM2/C, 40 °C) ectepy J1aypuHOBOI
KUCJIOTU — omucaHi B [2, 4]. Ileft ecTep po3unHse KOMILIEKCH i CTBOPIOE 3 HUMU MACTUJIbHI KOM-
TTO3UIII1 CHHTETUIHUX OJIUB 3 BUCOKUM 1HIEKCOM B’SI3KOCTI.

MexaHOXiMiUHi TIepeTBOPEHHS TEPTHOBUX MOBEPXOHD 1 3MaIlyBaJibHI BJACTUBOCTI BUBYAIU
auist ctanti maprercutHoro kiaacy ISO 683-17-100Cr6 (1 % mac. C, 1,5 % mac. Cr), sika BinoBizae
crami 1IX15 (TOCT 801-8), srizao 3 ASTM D 4172-03 (oxH0OiuHe KOB3aHHST) Ha MPUCTPOL
Falex FB-AW Test — 4oTUPUKYJIbKOBA CXeMa 3pa30K—KOHTPTIJIO, OJIHAKOBI TPH cTallioHapHi
Ta oiHa pyxoMma 3araptoBani Ky, HRC 62—64, niametrpom 12,7 mm, 16 xstacy Tounocti. Mipoio
MPOTU3HONTYBAJIBHUX BJIACTUBOCTEN € ycepeaHeHU fliameTp D cJii/liB 3HONTYBaHHS CTallioHap-
HUX KyJib, 2 aHTU(DPUKIIIHHUX — ycepepHeHi KoedillieHTn TepTs /ISt TepInX i ocTanHix 15 xB
npouecy (f,,, Ta «im)- MapTEHCUTHA i3 3aJMIIKOBOIO ayCTEHITHOIO cTpyKTypa crani 100Cr6
HiCJIS1 TEXHOJIOTIT 3arapTOBYBAHHS CIIPUSIE 32 YMOB HOPMAJIbHOTO TPAHUYHOTO TEPTS YTBOPEHHIO
Ha MMOBEPXHi KiIHEMAaTHYHOTO 3pa3ka TOHKOIUIIBKOBOTO 00’€KTa JOCJIKEHHST — 3HOCOCTIIIKOTO
ITapy TepThOBUX MIiKPOCTPYKTyp B-tumy. Ix BmactuBocTi BuBYanm MeTomamm MeTasorpadii,
ontuynoi mikpockorii (Neophot-21), ckaHyBaJbHOI €JIEKTPOHHOT MIKPOCKOIII Ta €Heprojuc-
MepciitHOTO eJIEKTPOHHO-30H/[0BOTO PEHTTEHIBCHKOTO MiKpOaHasi3y, iHTerpajbHO OIiHIOBAJIU
XIMIYHUH CKJIa/l HA TIMOMHY BUXO/Y TaMMa-KBaHTIB — nmpuban3Ho 2 MkM. TOHKOILTIBKOBY Gy 10-
BY JIOCJIJIKYBQJIM METOZAMU O3Ke-CIIEKTPOCKOIIi Ta HAHOPO3MOPOIIYBaHHS 10HAMU Ar’ (osxe-

Tab6auys 1. BioMiMeTHYHMIA IPUHIAIL BUCOKOE(EKTUBHIUX MACTUJIbHUX KOMITO3HIIii
HOBOTO IIOKOJIiHHS: “0a3a ecrepHoro tuiy + Gic-xenar maruio(IT)”

CuHTe30BaHi KOMIIOHEHTH Buicr cipku Cxopouena Ha3Ba
Etusnaypat (6asa ecTepHOTO THITY) 0 EtLa
bic(nonennmnaneroaneraro)marniii(11) 0 Mg(DdAcac),
bBic(N-metunnekanorigpoxcamaro )maruiin(11) 0 Mg(N-MDH),

ISSN 1025-6415. /lonos. Hay, axad. nayx Yxp. 2020. No 6 85



0.0. Miwyx, JI.I. Kosanv, B.1. /[3106a, B.I. Ilexnvo

cyomikposons JEOL JAMP-9500F Ta osxe-mikposzonz JEOL JAMP-10S). ITupokwii (10 1000 Mrm)
OIHOPIIHUIT ITY4YOK i0HIB AT CIIPSIMOBYBAJIH i/l KYTOM B3JI0BK CMYT KOB3AHHSI i TIPOTH CHIIA TEPTSL.
3anobiranu 3a6pyaHeHHI0 00’€kTiB cipkoro. ClieKTpasbHa YMCTOTa eKCIEPUMEHTY Ha BCiX
crajisgx OyJia J0CTaTHHOIO, 06 OTPUMATH T€PThOBI MIKpOCTPYKTYpH B-Tumny [12] 6e3 cipku. Ha
JKaJib, il MIKPOZIOMIIIIKa, X04a i JKOPCTKO 0OMEKYEThCSI CTAHIAPTOM HAa BUTOTOBJIEHHS, 3aBIK/IH
npucyTHd y BuxigHii ctani 100Cr6. Y Hamumx gocaipkeHHIX MiKPOCJTIN CIpKH CTIIoCTepiraanucs
Ha “po3irpiTnx” MiKpOAIJIAHKAX TEPTHOBUX TTOBEPXOHD. ¥ BCiX BUIAJKaX il KOHIIEHTpAIlisl, BUMi-
PsTHA METOJIOM PEHTTEHIBCHKOTO MiKpoaHastidy, He niepeBuiiyBaia sHadenss 0,2 % mac. (0,3 at. %).

PesyibraTu JOCHiIKEHD Ta iX 00roBOpeHHs. 3MalllyBaJbHi BJTaCTHBOCTI KOMITO3UINH — ec-
tepuux 0,03 Mosb/s1 po3unHis Gic-xesatis Maraio(11) — BUSBHINCS 32 TIPOTU3HONTYBaTbHUMU
(D =0,53+0,58 mm) i antudpukmiitaumu (f = 0,046 + 0,049) xapakTepucTUKaMu KPaIuMU TIO-
piBHSHO 3i 3pa3kamu oyinB Ta eekTuBHUM [9] Tpukpesundocdarom (ASTM D 4172), marni-
€BMICHUMU MiHEpaJbHUMU HoAaTKamMu [7] i etusnaypatom (auB. Taba. 1) [4]. TunoBy misnsta-
Ky TepTbOBOI TIOBEPXHi CIIi/ly 3HONTYBaHHS /IS 3MantyBaabHoro noaatky Mg(DdAcac), imoc-
Tpye puc. 1.

Mikpoginsaku 71 2 XapakTepu3yIOTh TePTbOBY MiKPOCTPYKTYPY Ha MeXKi 3 TIepITUMU TTPOs-
BaMU MaKpomacTuyHoi gedopmartii (aus. puc. 1, a). Mikpozinsuka 7 — 11e TUIIOBAa MiKPOCTPYK-
Typa B-tumy [12], mpoBisiHa 32 yMOB HOPMAaJIbHOTO TPAHUYHOTO TEPTSI METAJiB, il aHaJi3 y ac-
[eKTaX BIUIMBY MarHif0 Ha MeXaHOXIMIil0 cTajieBoi MOBepXHi i € Merot poborTu. Bubip Mikpo-
ALIAHKY 2 00yMOBJIEHO 3HAYHOIO KOHIIeHTpallieo MarHiio (2,2 at. %). Koncrarysanu HasgBHiCTb
(cyvacHuii mpuaz 3abesriedye pO3AiIbHY 37aTHICTh 1 4yTauBicTh [14]), aje peHTreHOCIeKT-
paJibHy “HEBUIMMICTH  Maruiio Ha MikpoiagHi 1. [luag 11 gociipkeHHd 3aCTOCOBYBAJIU METO]T
0’Ke-CcIeKTpocKolrii (puc. 2).

Jlerasmizaliis xapakTepHUX (hOPM OKe-CITeKTPiB MarHio (IWB. puc. 2, a) JJis Pi3HUX MpoIIap-
KiB TepTHhOBOI ITOBEPXHi BUSBJISIE HASIBHICTD /IBOX IHTEHCUBHUX CIEKTPATbHUX JIiHIN TPUHITUIIOBO
piznoro Tuiy: Mg* (ciextp 7) Ta Mg (ctiektp 2). 3HauHa pi3HUIIS Y PO3TAITyBaHHI WX JIiHIH, SKa
cranoButh 50 €B, cBiIuuTH 1pO Te, 1110 BOHU Bi/IIIOBIIAI0Th PI3HUM HOMEHKJIATYPHUM OKe-TIePexo-

1 MEM

Puc. 1. Enexrponno-mikpockorniune 3o6paskents (SEI) TepTboBOi MOBEPXHIi CJTily 3HONIYBAHHS CTaIl[iOHAPHOI
KyJ1i, yTBOpeHoro BrposoB:x 60 XB reptsa B ecrepromy posunni Mg(DdAcac),: @ — TepThoBa OBEPXHS B IIeHTP]
caiy; 6 — MIKpOCTPYKTypa BUALIEHOI AiIAHKY; 7, 2 — HEHTPU 0COOMMBUX MIKPOALIAHOK pizHoro tuiry. CTpiaka
BKA3Y€E HAIPSIMOK CUJIA TEPTSI
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Puc. 2. XapaxrepHi oxe- (a) i penTreniscobki (6) crextpu B fiamasoni Mg K BUTIpOMiHIOBaHHS /IS BUIAKY
TepThoBoi MikpoaisHky 7 (cexTp 7) Ta 2 (criektp 2). Crextpu 71 2 3apeecTpoBaHO 3a OJHAKOBUX YMOB: PEHT-
TeHIBCbKi — Tepesi PO3MOPOITYBAaHHAM; O’Ke- — y MiIMOBEPXHEBOMY MPOIIAPKY 3 MAKCHMATHHOIO aMILTiTy 00
ainiit Mg* Ta Mg (MgO). HenepepsHi BepTuKasli BiIIOBIZA0Th MO3HAYEHHSIM YCiX (Y TOMY 4ucJIi 3a00pPOHEHUX )
niarpaMuux repexoniB Mg s K (1s) Bakamncii (BpaxoBaHO 3CyB Bij audepeHIliioBaHHs peabHuX oKe-JiHil;
KLy, — niniga Mg K )

nam. [TopiBHAHHSA ke BKa3aHUX OKe-JIHiN 3 larpaMHUMU JIOBOJIUTD, 110 JiiHist Mg* HaNIeXKUTh 10
MaJIoMOBIpHUX oxe-niepexoiis tuimy Mg KL,L,, Toxi sax ana tunosoi jinii Mg [15] ne oxe-
nepexoau Mg KL,,L,q, 3CYHYTI i/l BIIMBOM PeJTaKCalliiHuX i KOPEIAiiHnX eeKTiB.

Y BUNAJKY JeTaizaiii peHTreHiBChbKUX CIIeKTPiB (AMB. puc. 2, 6) OyJia BUsIBJIEHA HAsIBHICTD
HU3bKOIHTEHCUBHOI, IOBTOPIOBAHOI /I/ISI MIKPOCTPYKTYP B-THUILy 3arajioM, HIMPOKOI KOMILJIEKCHOI
“ocobmBocti” (crrextp 7). ITpuxoBuME BEPTUKAISIME TTOMiYeHO giarpamHi Jinii Mg, 3cyHyTi 10
MeHImx eHepriit Ha 19,4 eB. Oxpewmi nmikn crekTpa 7 MoxxHa 110B’s13atH i3 3ab6oponennmu KL - ta
KM ,-nepexonamu. Bemmuuna scysy KL, -minii, nosnayenoi sk Mg*, nopismioe 19,4 eB, mo Biamo-
Bijae pisnuii enepriit pesakcanii K (1s) ta L, (2s) piBHiB y ioHi Mng MOPIBHSHO 3 HEUTPAIHHUM
aromoM. 3abopoHena BasieHTHa Jiniss KM, (IIyHKTHPHA BEPTUKAIb) 3CyHYTa 10 GiIbIINX eHepriii,
1110 MOsKe OyTH HacTiIKoM Kopessiiiaux ta shake-up mporecis. Bona criBBigHocuThes it 3 JriHi-
€to Tuny Mg KB' [i nagBHiCTL KOpPEJIOE 3 TPUCYTHICTIO HEBiZOMUX TTIKiB X, ta X, Ha 0kKe-CIeKTPi.
[HTeHcHBHICTD TUIIOBOI eMiciiiHol JTiHil MarHiio KL,, (Mg K ) (cniektp 7) icTOTHO 3MeHIeHa.

Ak cBimuuTH aHATI3 O/lep:KAHUX JAHUX, Y IEBHUX IIPOIIAPKaX MiKPOCTPYKTYpH B-tuity (Mmi-
Kpogingrka 7) rpyma aromiB Mg* 36epiracrbest, iIMOBIpHO, B 0COOJIMBOMY cTaHi (hi3MYHOIo ioHa
Mg, i 115 HUX HiBeJIbOBAHI MEPEXO/IH, IO BiMOBIIAOTH KaHATY PO3K/Iay 1s BakaHcii 3a ydacTio
L,,(2p)-piBHiB, HaToMicTb Bift0yBatoThCs 3a yuacTio L, (2s)-piBHs Mario, 1mo 3a60poHeHo npaBy-
JlaMu Bigoopy.

3a IHTeHCUBHICTIO oXe-JiHiss Mg* (n1uB. puc. 2, a) Bianosijgae kouienTpaiii Mg*, sxa € cy-
MIpHOIO 3 KOHIIEHTpaIli€io ioHiB Mg (171g Mmikpopinguku 2). Ckias TepThOBOTO MApy, KOMILTEKC-
HO OI[iHEHN I MIKPO30OHIOBUMI METOJIaMU PEHTTEHIBCHKOTO Ta OJKe-aHaIi3y, HaBelIeHo B TabJI. 2.

[TopiBHsAHHS MIKPOMIASAHOK 11 2 CBIAUNTD MPO iX pi3HUl (Hi3MIHO-XIMITHUN CTaH, X04a caMm
ernsaypar (auB. Tabs. 1) Hacuuye TepThOBUI 1Iap ByraereM |2, 4]. Oxe-nipodiaoBaHHs Ha
MiKpOIiastHIlI 2 mig agcopOIiiitHUM BUSIBUJIO IIap HaHOCyMiln okcuIiB 3akiza i Mg (1o
14,7 at. %). Jlinii Mg* ne 3apeectpoBaHo, aje € Kaibiliii B Mexkax 0—0,8 at. %. Hamu Briepiie
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Puc. 3. Tlpodisi po3nozisy ToJOBHUX CTPYKTYPHO-TBIp-
HUX Ta MEXaHOXiMiYHO aKTHBHUX €JIEMEHTIB Y TEPTHOBO-
My TI0BEPXHEBOMY miapi Mikpogiusiaku 7 (aus. puc. 1, 6)
JUUIS CJTiJTy 3HOIITYBAaHHS CTAIliOHAPHOI CTaJIeBOI KYJIi TTic-
JIsI TEPTSI B CEPEIOBUIII CHHTE30BAHOTO €CTEPHOTO PO3-
anny 6ic-xemary Mg(DdAcac),: 1 — maHorpanums mix
Pi3HUMU TIPOIIAPKAMU TEPTHOBOTO MOBEPXHEBOTO IIAPY
(rmubuna 140 uM); 2 — posMuTa HaHOrpaHuIs (B OKOJI
340 um). TopusonTtasnpHi JiiHii: 3, 4 — piBeHb KOHIIEHTpa-
il ByrJemio i 3amiza B 06’emi crasi 100Cr6 BiamoBinHo;
5 — piBenp Konuentpauii samisa B uemenruri Fe,C;
6 — nmiama3oH KOHIIEHTPAITil 3a7Ti3a y CKJIa/Ii TepeXiHuX
KapOiIiB THITy -KapOiny 3aisa

BUSIBJIEHO MarHiii B CyOMiKDOHHOMY OKCHIHOMY
mapi, 1o € xapakTepHuM Juig kasbitito [10]. [leit
pesyJbrar 1ie notpebye BUBUEHHs. DymoBa
TEPTHOBOTO APy Ha MIKPOIJISAHIIN 1 CKIafHIIIa
(puc. 3).

Mikpoctpykrypa B-tuny (MikposmiisHka 1)
XapaKTePU3YETHCS HAHOMIAPYBATOI OYI0BOIO
teprboBOoro mapy. Ilin rpadituzoBanum (ByT-
senb 62,4 aT. %) 3HAXOANUTHCS HABYTJIEI[bOBAHUI

(10 9,2 ar. %) Ta okucHeHui “npunioBepxHeBuil HaHomap” (6m3bko 130 HM). Marniit (MgO)
CIOJTM He BXOJINTh, ajie BiH yTBOPIOE cerperariii 3 60Ky moBepxHi Ta Hanorpauuti 7. Mixk HaHOTpa-
HutstMu 1 1 2 BUSIBIISIETBCSL OKMCHEHUH “TiepexiiHuil Hanomap” TmepexiiHoro KapOiay 3ajisa 10
200 um. Tonu Mg TyT Takox BificyTHI, aje € mromimka Mg* B mexxax 9,0—11,6 ar. %. Ilix nanorpa-
HUIEeIo 2 3HAXOAUTHCS “TiAIIOBEPXHEBUI HaHOIAp” OKMCHEHOTO i JIETOBAHOTO MAarHieEM IIeMEHTH-
Ty (moHazx 210 uM). ¥ HbOMY KOHIIeHTpalliss Mg* 3MeHIIyeThCs 10 3HUKHEHHSI, HATOMICTb BMiCT
Mg 3poctae no 6,9 ar. %. 3pocrators i “KosuBanus” (no 7,3 aT. %) KOHIleHTpailii Xpomy (He
poisocTpoBano). KoHieHTpaiist K KaibIlilo XaoTHYHO 3MiHIOETHCS B ianaszoni 0—0,4 at. %, ane
BiH BiZICYTHIH Mix HaHOTpaHUIsIMH 1 Ta 2. Y mpolnapkax, OTpUMaHUX 32 BiJICYyTHOCTI CipKH, TTPO-
SIBUJIACh OUiKyBaHa, ajie I0Ci He 3apeecTpoBaHa TEHAEHITIS — SBHA KOPEJSAIlis MarHii—KUCEHb.

. . . . o1
Ta6auys 2. TIOpiBHAHHS OCOOJMBHUX MIKPOILISHOK TEPTHOBOI MOBEPXHI .
MacruibHa KOMIO3HIIig — ecTepHuii po3unH Gic-xematy Mg(DdAcac),

Iosepxnesa Tun [12] i nudepenttiroBanust

o . . 2
IaTerpanbHUil CKIaM MIKPOIIISHKY *, aT. %

MiKPOJIiJISTHKA :
MiKPOCTPYKTYPH

(nuB. puc. 1, 6) Fe Cr C (0] S Mg Mg* Trrmmi
1? B-tun (-) 79,8 1,3 13,3 2,9 0 0,2 2) 0,5
2 b-tun (1,54 Mxm) 45,8 1,0 18,3 32,2 0,2 2,2 0 0,3

1 . -1 .. . ° .
Ocpose naBantaxentsa 392 H, msuaxkicts 20 ¢, tepmocTabinizamnis 75 °C, rpusamicts 60 xs.

2 .o . . .
MeTo/1 eHEPrOIUCTIEPCIHHOTO eJIEKTPOHHO-30H/I0BOTO PEHTTEHIBCHKOTO MiKpOAHAIIi3Y.

3 . . . .
3pobiteHo monpaBKy Ha BMicT Mg* 3riiHo 3 pe3yibrataMu oxKe-poiIioBaHHsa TepThoBOTO mapy (puc. 3) i

HOPIBHSJIBHOTO MiKpoaHasi3y (IuB. puc. 2, 6).
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Hanorpanums 1 € mexxeto “sminmannil agre3inunii<>audysiitnnit” Hanomapu. Peosoriuni sk
BJIACTUBOCTI Ta epekT “peBiTasizalii” TepThOBOTO Mapy 00yMOBJIEH] “peakIfiitHicTIo” HaHOmIapy 3
karionom Mg*. OTike, 6ic-xematu maruito(11) [4, 13] 3 TeXHOIOTTYHUX MTO3UITIH CTAIOTH PEATHHOTO
aJIBTEPHATUBOIO TIOPOIIKAaM MiHepaJiB 3 IX HeraTUBHOIO MikpoabpasusHicTio [7]. Pesyiasraru go-
CJIJPKeHHS CBIT4aTh MPO MOTYKHUUM MOTEHIa] XiMil KOOPJAUHAIIIMHUX KOMIIJIEKCHUX CIIOJYK Y
eKCIIePUMEHTAIbHOMY BUBYEHHI IIPOOJIEM MEXaHOXIMil TePThOBOI TTOBEPXHi.

BucHoBku. /[ociiizKeHO 3HOIIEH] MTOBEPXHI 3arapTOBAaHUX 3Pa3KiB CTajli MAPTEHCUTHOTO
KJIacy IicJisg TepTs B ecTepHuX posurHax Oic-xesaris maruio(11) i BusgBieHo edekru ix MexaHo-
XiMi9HOTO (HETEPMiYHOr0) HACHYEHHS KaTiOHOM MarHio. oro posmoin y KBasipiBHOBaXHIX
IpOIIapKax MceBA0KapOiIHIX i HAHOOKCUIHUX CITOJIYK 3ajIi3a B 1Iapi TePThOBOr0 HaHO(MIKpPO)-
komroszuta Fe—C—O—Mg Ha cyOMiKpOHHUX IIMOMHAX 3aPEECTPOBAHO Ta BUBYEHO BIIEPIIE 32
BizcyTHOCTI cipku. MarHiit “noticHuB” ByTJielb Ta “po3KUCHUB” TePTHLOBUN ITap, 3B’ A3YI0UN KU-
CeHb Ta BiJJHOBJIIOI0YHM 3aJ1i30, 1110 3a0€311€YNJI0 BUIIY B'SI3KICTh CTPYKTYPH.

Y mexaHoxiMiuniil niceBpokapOianiit crpykrypi (BC I tumy) marxiii 3HaxoquThest B 0c00-
JIMBOMY (Di3MYHO-XIMIYHOMY CTaHi, MOSICHEHHSI TIPUPOAM SKOTO MOTPEOYE MOAAIBIIOTO HOCIi-
jokeHHs. 1leil craH MpOSIBIISIETHCS Y BUHUKHEHH] €JIEKTPOHHUX MEPEeX0/IiB, 3a00POHEHUX MTPaBHUIIa-
MU Bigbopy.

[TigTBEpKEHO TPUOOTIOTIUHY e(heKTUBHICTh KOMILJIEKCIB Oic(Io/enuianeToaneTaro)- ta
6ic(N-metuekanorigpokcamaTo )Maraito(I1) sk mepcrnekTHBHUX 3ManlyBaJbHUX OAATKIB HO-
BOTO TIOKOJIIHHS /IO CYYaCHUX €KOJIOTIYHO YMCTUX MAaCTUJIBHUX MaTepiasiB, sIKi 3/JaTHI KOHKYPY-
BaTU 3 IPUPOJHUMU CEPIIEHTUHITAMHU, ajie Ha BIIMiHY BiJl HUX € PO3UMHHUMU B OPTaHIYHOMY Ce-
PENOBHIIII.
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OCOBEHHOCTU BUC-XEJIATHbBIX KOMIIJIEKCOB MATHUA(II),
KAK 9KOJIOTUYECKU BE3OITACHDBIX BLICOKOOYOOEKTMBHDBIX
CMA30YHBIX TOBABOK HOBOTO ITOKOJIEHV,

B ACITEKTAX MEXAHOXNMMU CTAJTBHOM IIOBEPXHOCTU

B ncceoBarnun o6HAPYKEHO 0COGEHHOE COCTOSTHIE KaTHOHA MarHusl, € OSIBJIEHHEM 3aTIPEIleHHBIX MTPaBUIaMK
0T6opa 2JEKTPOHHBIX TIEPEXOI0B, B HAHOCJIOE TIEPEXOJHOTO TICEBAOKAPOUIa JKeye3a, MeXaHOXUMUIECKH oOpa-
30BaHHOTO B COCTaBe TIOBEPXHOCTHOTO CJIOSI TPeHUs cTayiu. VI3yuyeHo KOMILJIEKCHOE HAHOTOHKOILJIEHOUHOE CTPOe-
Hue nocyenHero. CrenaH BBIBOJ O BO3MOXKHOCTU d(PDEKTUBHON 3aMeHbI MUHEPAJTIBHBIX TIOPOIIKOB CEPIIEHTH-
HUTOB — IPUPOIHBIX THAPOCUINKATOB MATHUS — CHHTETHYeCKUMU Ouc-xesnatamu Marausi(11) kak cMa30uHBIMEI
n06aBKaMU HOBOTO HOKOJICHUSI.

Knioueesvie cnoea: 6uc-xeramor maznus(Il), cmaiv, mpenue, HaHociou, oxce-cnexmpocKonust.
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PECULIARITIES OF BIS-CHELATE COMPLEXES OF MAGNESIUM(II)
AS ECOLOGICALLY SAFE AND HIGHLY EFFECTIVE LUBRICATING ADDITIVES
OF NEW GENERATION IN ASPECTS OF TRIBOCHEMISTRY OF STEEL SURFACE

The specific character of magnesium cation in the nanolayer of iron transitive pseudo-carbide which is created
tribochemically in the composition of tribofilm of the steel friction surface is found. This specific character of
magnesium appears with the emergence of intra-atomic electronic transitions which are forbidden by the selec-
tion rules. In particular, the magnesium cation can be used as an atomic probe to study the construction and
origin of a friction surface layer (tribofilm). This work concerns the nanomechanical-chemical transformations
of a steel friction surface layer of submicron thickness and the creation of a tribofilm. The complex nanothin-
layer structure of the tribofilm is examined by the methods of SEM, EPMA, AES (submicroprobe), and argon ion
nano-etching. It is found that the metal chelates which are synthesized by the authors, are the donors of a metal
cation to a structure of quasi-equilibrium under-surface-friction nanolayers of iron pseudo-carbide and nano-
oxide compounds. Finally, a conclusion of the opportunity to alternate effectively the mineral powders of ser-
pentines — natural magnesium hydrosilicate — by the synthetic bis-chelate complexes of magnesium(II) as lub-
ricating additives of a new generation is made.

Keywords: bis-chelates of magnesium(II), steel, friction, nanolayers, Auger spectroscopy.
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