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BBegenue

Cranb — OIVH 13 K/II0UeBbIX MaTeprasoB, IIIMPOKO HCII0/Ib3yeMbIX B Mupe. CTanb MapKy
0311C OTHOCHKTCS K CTIJIaBaM C HU3KUM CO/iepyKaHieM yTjiepo/ia U, 61arojapsi CBoeit JOCTYITHOM TieHe,
TIPOCTOTE TIPOU3BOACTBA U 00pPabOTKH, MPUMEHSIETCS AJIsi CO3/jaHUsI CTa/IbHBIX W3/Ie/TUi MacCOBOTO
norpebsienusi. OCHOBHBIM ~ HeJOCTaTKOM CTajii  Mapku 03rmc  siBiaseTcss HU3Kasi — ee
KOPPO3UOHHOCTOMKOCTb, 3TO OOYC/OB/EHO HU3KUM COjlep)KaHheM JIeTUPYIOLIUX 3/IeMEeHTOB
TIOBBIMIAIOIINX KOPPO3UOHHYIO CTOMKOCTh, TAKMX KaK XpPOM, HUKe/Tb UK MONUOZEeH, UTO BIMSET Ha
ee CrtoCOOHOCTD MPOTUBOCTOSITH KOPPO3HUHM 0COOEHHO eC/TH CTasTh He UMEeT 3all[UTHBIX TIOKPLITHH [1].

Koppo3uss —oaHa u3 Haubosiee pacrpoOCTpaHEHHBIX U Pa3pyLIUTeNbHBIX TPobseM, C
KOTOPBIMU CTaJIKMBAIOTCS Pa3/IMuHble OTPAC/IU MPOMBIILIEHHOCTU. OUH 13 Ba)KHEUILNX acleKTOB
60pbOBI C KOppO3Wel — TIOBLIIIEHHe JOTOBEUYHOCTH MaTepuasnoB. be3 afekBaTHOW 3alllUThI OT
KOPPO3UOHHBIX TPOLIeCCOB, MeTa/UInyeckhue KOHCTPYKLMM, TpyOOINpOBOAbl, MallMHbI U
obopy/ZioBaHWe TIO/[BEPral0TCsl YCKOPEHHOMY HW3HOCY, UTO TPUBOAWT K HEOOXOAMMOCTU YacCThIX
PEMOHTOB, 3aMeHbI TIOBPEX/IeHHBIX 3JIEMEHTOB U CHIKEHUIO 0011[ei Ha/Ie)KHOCTH 00BEKTOB.

MeTtopoorus

B HacTosiiiee BpeMsi OJHUM U3 HauOoJiee MCIoJIb3yeMbIX CTIOCOCOOB 3allyThl TOBEPXHOCTU
CTa/IbHBIX KOHCTPYKLUH SIB/SIETCS TAKOKPACOYHble MOKPbITUs. CyTh Npe/jiaraeMoii HaMU MeTOAUKU
3aIUThl META/UIMYeCKUX KOHCTPYKLIMMA OT KOPPO3UM SIBJSITECS UCI0/Ib30BaHWe OKCHZA rpadeHa. B
JAaHHOUW paboTe HaMU TIPOBE/IEHBI OIBITHI 0 MOJEPHU3ALIMK TOBEPXHOCTH cTasu 03rc myTem
HaHeCeHUs] KOMITIO3UTHOTO TOKPBITHSI COCTOSIILIETO W3 C/0eB OKCHfa rpadeHa W MOC/eAyrOIIero
TIOKPBITUS €r0 MOKCUAHON KPaCKOM.

UcxogubiMyi  oOpa3uiaMu  SIBAS/IMCh  00pa3ubl  cTamu  Mapku  031cC  Ka3aXCTaHCKOTO
npousBoAcTBa AO «QARMET». Crane 03rC OTHOCUTCSI K HeJIerMPOBAHHBIM  YI/IePOAUCTBIM
KOHCTPYKLIMOHHBIM KaueCTBeHHbIM cTasisiM [2]. TTo criocoOy mostyuenust cTaab Mapku 0311C sIB/IsieTCst
xonogaHoKaTaHou. Ctank mMapku 031C rpejcTaB/isieT COO0M YI/IepOAUCTYI0 HU3KOJIETMPOBAHHYHO
cTanb ¢ copepxanueM yriaepoza ot 0,10 mo 0,18%. Ona Takke cogepxxut mapranets (0,30-0,60%),
kpemuuit (10 0,30%), a Takxke He 6osee 0,035% cepsl U dhocdopa. OcTanbHAs YaCTh COCTaBa — 3TO
kene30. Takasi ctasmb 00/1ajaeT XOPOIIMMH MeXaHUYeCKUMH CBOWCTBAMH, TIOJAXOJUT /i/isi 00paboTKM
Yl CBapKH, ¥ IIMPOKO KCIIO/Ib3YeTCsI B CTPOUTE/IbCTBE U MAllIMHOCTPOEHUH.

511 TipoBefieHUs1 MCC/IelIOBaHUM M3 JIaHHBIX TOJIOCOK TOJIIIMHOW 3 MM ObUIM BbIpe3aHbl
KBa/IpaTHBIE 00pasibl pasMepamu 10x10 mm. YacTh 00pasiioB MOKphIBa/aCh aHTUKOPPO3HOHHBIM
TIOKPBITHEM Ha OCHOBe OKCH/ja rpadeHa.

[Tporecc mosiyueHUsi aHTUKOPPO3WOHHOTO TIOKPBITHS 3aK/touancs B gobaemeHun 0,2 mMr
okcuzia rpadena B 100 My Bopl U abHelIeli 00paboTKe pacTBoOpa B y/UIbTPa3ByYKOBOW BaHHE MpU
MOIIIHOCTH yJibTpasByka 120 Bt B TeueHne 60 MuHyT. Vcrnosb3yemas y/abTpa3BYKOBasi BaHHA
CE-7200A (Yacrora yneTpasByka 42 000 I'n, MakcMManbHas MOLHOCTb yibTpa3Byka 120 Br,
MakcuMasbHasi MOIIHOCTb HarpeBa 100 BT. (Puc.1).
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Puc. 1 — ITonmyueHre aHTUKOPPO3UOHHOI'O ITOKPBITUS

I[Mpouecc MOKpbITHSI 00pa3lioB TOMyUYeHHbIM AHTUKOPPO3WOHHBIM TOKPBITHEM COCTOST B
TIpe/IBapUTE/ITHHOM TIOATOTOBKE 00pa3IioB MyTeM 00e3)KUPUBAHUS U [Ja/TbHENIIIeM MTOrPY>KeHUH UX B
MOJIyUeHHYH0 CYCIeH3U0 (aHTUKOPPO3WOHHOe TMOKpbITHe). [Ipoljecc HaHeceHUs! TMOKPLITUS Ha
o0pasipl OCYIIeCTB/IS/ICS TP TIOMOLIM BBILIEYKA3aHHOW YJIbTPa3BYKOBOM BaHHBIL. (OOpa3iibl
MOIPY)Ka/IUCh B aHTUKOPPO3HMOHHOE IIOKPBITHE IIPU MOLHOCTU yibTpasByka 120 Bt pexume
KoHTposis1 HarpeBa — 40 C B Teuenue 30 MUHYT (pHCYyHOK 2). OOpasiibl BBICYIIIMBAIUCH TPH
KOMHATHOU TeMIlepaType B TeyeHre 24 4acOB BHe COJTHEUHBIX JTy4el.

Puc. 2 — mokpbITHe 00pas3IioB MO/yYeHHBIM AHTUKOPPO3UOHHBIM TTOKPLITHEM

PeHTerHOCTPYKTYpHBIM aHanmu3 mpoBojuscs Ha AudpakromeTpe D8 Discovery. CbEéMKY
nudpakTorpamMm rpoeogumu pu Co Ko n3nyuenuu, B pexkuMe padbotsl Tpybku U = 40 kB, [ =40 MA;
Juvana3oH qudpakiMoHHbIX yr/oB 20 usMeHsiiu ot 20° go 120°; mar cbemku coctasssii 0,1.

OHeproAinCriepCHOHHBIM aHamM3 00pasl0B C AHTUKOPPO3WOHHBIM M TIOKpbITHEM U 0e3
TIOKPBITHSI IPOBOZAWJICS TIPY TMOMOILM CKaHUPYIOLLEro 3/1eKTpoHHOro Mukpockorna Helios NanoLab
650.

Pe3synbTaThl

OudpakTorpamMma Ay ctaau 3MC MOKa3bIBaeT, UTO IOC/e 3aUMCTKUA MOBEPXHOCTU CTau
vcue3aet oauH K ripy 80,94 rpagycax, 3a KOTOPbIM ObUIM OTBETCTBEHEHHBI aTOMBI YTJIepOa.

Ha pucyHke 3 mpejcTaB/ieHbl pe3y/bTaThl PeHTIeHO(a30BOr0 aHanaM3a 00pasloB CTaiu
3I1C, nony4yeHHBIX Ha OCHOBE WCIO/b30BaHUsl nporpaMMel Match! 3. VI3 aHanM3a peHTreHOBCKUX
canMkoB ctarmu 3I1C 10 ¥ rocsie MexaHUUeCKoW 06paboTKH ee MOBepXHOCTH, BUJHO, UTO B 1ieJIOM
JU(ppaKLMOHHbIe KapTHHBI UMEIOT XOpolllee COBIaZleHue.
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Ha pucyHkax 4 v 5 npeficTaB/ieHbl pe3y/bTaThl SHEPTO/IMCIIEPCUOHHOTO aHa/IM3a 00pa3iioB
ctamu 031C, KaK C aHTUKOPPO3WOHHBIM TOKPBITEM Ha OCHOBe OKcuja rpadeHa, Tak u 6e3 Hero.

Ca Kal

T100pm ' CKol_2

l10‘J|lmI

CornacsHo MMO/Iy4eHHbIM [JdaHHBIM, COCTdB IIOBEPXHOCTHU CTa/IM H3MEHSAETCA: YBE/JINUYHBAETCA

Fe Kal 0 Kal

100um ! T 100pm !

cojep)kaHue yriaepoja U KMC/I0OpOJa — OCHOBHBIX 3JIeMEHTOB OKCH/a rpageHa, B TO BpeMsl Kak
TIPOLIEHTHOE COZlep>KaHue >KeJie3a CHI)KaeTC s, UTO CBU/IeTe/IbCTBYEeT O HA/IMUMY aHTUKOPPO3UOHHOIO
MOKPLITHSl. Ba)KHO OTMeTWUTh, YTO CpaBHUTE/bHBIM aHalIu3 >SHEProAMCIIePCUOHHBIX [aHHBIX,
TO/TyYeHHbIX KaK 10 HOpPMaid K IUIOCKOCTH, TaK M BOJb TOMEpevyHoro cpesa obpasia cray,
noATBepxJaeT 3((eKTUBHOCTb MCIOIb30BaHHOW HAaMM MeTOJWKHU >KUAKO(A3HOrO0 HaHeCeHWs
MOKpbITHsA. To/IMHA TOYYeHHOrO CJIos OKCHZA rpadeHa coCTaB/sgeT OKOJO 5 MHKPOH, 4TO
AEMOHCTPHUPYET ero 3HauMTe/IbHOE B/IMAHNE Ha 3allliTHbIEe CBOMCTBA MaTepHaJid.

5.73 112.35]0.27 1 0.35]0.05 | 0.03 | 0.05 | 0.15
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Puc. 4 — EDX data 03PC steel

CocraB cranu mapku 03rC rokasbiBaeT COOTBeTCTBHUe cocrtaBy coryiacHo ['OCTy 14673
(Tabsuma 1)

Tabnurja 1. Xumuueckuii coctaB cramm 3ric ('OCT 14637), B % macchl

Elemen | Fe Si Mn Cu As Ni S C P Cr N

t

31c 98 0,05- | 0,40- 0,14- 0,01
015 | 0,65 <0,3 <0,05 0.22 <0,04 | <0,30

" Fe Kal

CKol.2 0 Kal

100pm 100um

Element C @) Al Si Ca Ti Fe Cu Zn
6.62 2.51 1.78 0.2 0.03 0.15 87.88 | 0.67 0.16

Puc. 5 — EDX data 03PC steel + coating

3ak/iroueHue

PentreHozmdpaki[MOHHBINA aHau3 obpasiioB ctanu 3I1C mokasas, uTo Npyd MeXaHHUeCKOu
3aUMCTKe TTIOBePXHOCTH MeHsieTcsl AUdpaKIMOHHasl KapTHHA. B03M0OKHOM MPUUMHON MCYe3HOBEHUsI
JU(PaKIMOHHOTO TIHKa 1pu 81 rpajiycax siB/isieTcs yjaneHrue abcopOMpoOBaHHbBIX aTOMOB YTJiepo/ia C
MOBEPXHOCTU. Takyke yMeHbIaeTcsl A0/ AU(PPAKLMOHHBIX MMUKOB >Keje3a, UTO TakXe CBS3aHO C
y/Ja/ieHreM C MIOBEPXHOCTH Psifia OKCH/OB Kejle3a, TAKUX KaK MarHeTUT U MarreMuT.

Takke pe3y/nbTaTbl SHEPrOAUCIIEPCMOHHOTO aHa/iM3a BbISIBUMM 3(D(eKT, MoATBep K Aar0LIni
BO3MOJKHOCTh (D)OPDMUPOBAaHUSI Ha TOBEPXHOCTH CTajM CJIOSI aHTUKOPPO3MOHHOT'O MOKPBITHS, UTO
CTIOCOOCTBYET yBeIMUeHHIO CPOKa ee KOPPO3UOHHOM CTOMKOCTH.

Cnucok MrepaTypsbl
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CoBpeMeHHOe pa3BUTHe HAYKU W TEXHOJOTUH 0Oa3upyeTcs Ha TPUMEHEHWH 3/IeKTPOHUKH,
BBIUMC/IUTE/IBHON TeXHUKH, OMOMeJULIMHCKUX pelleHHil W HaHOoTexHosoruid. B mocnennue
JecaTwieTuss 0COOBI  WHTepeC HayuyHoro cooOIIecTBa BBI3BIBAIOT HAHOMAaTepuanabl U
HaHOTEeXHOJIOTMYeCKHe  TIpOLlecChl, OCHOBaHHble Ha  MOMYNPOBOAHUKOBBIX  CYAb(MHIHBIX
coepuHeHusix. CyllleCTBeHHOe KOJMYeCTBO Hay4HbIX TPYAOB TOCBSIIEHO H3yUeHWIO CyIb(U/oB
MeTaJsIoB, YTO IOJUepKUBaeT yCU/IMBarolleecsi BHUMaHue K JJaHHOW rpymme BelrjectB. OcobeHHO
JeTallbHO UCC/IelyeTcsl HAaHOKPUCTA/UTMUeCKUM Cynb@ua IuHKa (ZnS), KOTOphIA TpUBJIEKaeT
BHMMaHHWe Orarojapsi CBoeMy IOTeHLMany B TaKuMX 00/acTsX, KakK IUIOCKOSKpaHHbIe JWCILIEH,
CBETOJMO/bI, UH(PpaKpacHble ONTHYeCKHEe 37IeMEHThI, 3/IeKTPO/IFOMUHECLIEHTHbIE CUCTEMbI, CEHCOPBI,
na3epHble YCTaHOBKU U (hoTOKaTanu3. ITo 00ycoBiIeHO MHOroobpasreM BO3MOKHBIX CTPYKTYDP U
MOpP(OJIOTHiA, a TaK)Ke BBICOKOM XHMHUECKOW ¥ TepMUYeCKOW CTabM/IbHOCTBIO JAHHOTO Marepuasa
[1].

Cynbhu LMHKa SIBASETC OJHUM W3 TepBbIX M3YUYeHHBIX IOIYNPOBOAHUKOB. Ero
JIIOMUHECI[eHTHbIe CBOMCTBAa ObUIM BbIssB/IEHBI ellle B 1866 roxy [2], cHauasa TpPUMEHSISICh
VCKJTIOUMTE/TbHO B HAyUYHBIX L[eJISIX, a M03/jHee — B MPUKJIA/IHBIX pa3paboTKax. barogapst mmpokomy
[Marna3oHy MpOIYyCKaHMs], OXBAThIBAIOLEMY BUIUMYH M HMH(paKpacHyto obnactu crmekrpa, ZnS
npe/icTaBsieT COOOM TIePCIIeKTUBHBIA MaTepuan AJis CO3[aHWsl pa3HOOOpasHBIX OMTHYECKUX
yCcTpoicTB [3]. DTH XapakTepuUCTHKU fleflaloT ero BOCTpeOOBaHHBIM B MPOU3BO/CTBE ONMTUYECKUX
TIOKPBITUM, CBETOJWO/IOB, JIa3ePHBIX CHUCTeM W APYTUX TpUOOPOB, TAe KPUTHUHBI BBICOKAst
NIpO3payHOCTb M MHUHMMajbHble TIOTepyd 3Heprud. Kpome Toro, ZnS cyllecTByeT B [BYX
KPUCTa/I/TMYeCKUX MOJU(UKALUSIX: Kyouueckoii (caneput, ZB) u rekcaroHansHOU (Broprut, WZ).
[Tpu sTOM haza WZ xapakTepu3syeTcsi IIIMPOKOW 3ampeliléHHON 30HOM — 3.77 3B [4], Toraa Kak y
CTPYKTYyphl ZB oHa coctaBnsieT 3.72 3B [5].

MeTo1Ka 1o/TyueHust TPeKOBBIX 11ab/ioHoB Si0O»/Si ommcana B pabotax [6,7]. CuHres
111a0/I0HOB OCYIIIECTBIISVICS C MCIIOIb30BaHUEM METOZid XUMUUYECKOTO OCaXKAeHUsl. D/IeKTPOUT JJist
ocaxxgeHus: cogepxkan 1,72 r/n xnopuga yuHka (ZnClz) u 1,53 r/n tmomoueBuHbl (SC(NH32)2).
IIpogo/okuTeIbHOCTE OcakeHus cocrtasiasgna 10 muHyT. Ha puc.l npusegeHsl COM-CHUMKU
o0pa31ioB, rosiyueHHbIe ocsie 3XO.
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