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PE3YJIBTATHI HCCJIEJIOBAHUM

MOBEPXHOCTEM KOHCTPYKI_II/IOHHUOI?'I CTAJIN
HHOCIJIE SJIEKTPOJIMTHO-IIVIASMEHHOU OBPABOTKH

A. 1. Morpeonsk!, K. A. Isaopal, JI. B. Manaukos?
'Cymckuil eocyoapcmeenmwlil yHusepcumen,
Cymul, Vepauna,
2Hayunwiii pusuxo-mexnonocuneckuii yenmp MOH u HAH Yipaunul,
Xapvkos, Ykpauna
[loctynuna B pegakuuto 24. 09. 2014

IIpencraBieHbl pe3yabTaThl SKCTICPUMEHTATBHBIX UCCIICTIOBAHUI MOBEPXHOCTHEBIX CIOEB 00pa3IoB
13 KOHCTPYKITMOHHOHN CTaJIH MOCJIE IPUMEHECHHSI 3JIEKTPOIUTHO-TIIIa3MEHHON 00paboTKu. YcTaHo-
BJICHO BIIMSIHUE TPWJIOKCHHOTO HAMPSDKEHUS, MPOMOJDKATEIHFHOCTH TPOIECCa M KOHIICHTPAITH
ANEKTPOIUTA HA MUKPOTBEPIAOCTh M TIEPEHOC JIETHPYIOIIETO dJIEMEHTa K TTOBEPXHOCTH. Pe3ynbrarhl
MIPOBEICHHBIX WCCIICIOBAHUH MMOKA3INA IIEJIECO00Pa3HOCTh MPUMEHEHUS TTOKPBITHA MOJIHNOICHOM
JUTSI TIOBBITIICHHSI TBEPJIOCTH M U3HOCOCTOMKOCTH.

KutroueBblie ¢j10Ba: 3JCKTPOIMTHO-TUIA3MEHHOE JISTHPOBAHUE, MOIU(PUKALIHSI TIOBEPXHOCTH, TIOKPbI-
THE, U3HOCOTONKOCTD.

PE3YJIBTATH JOCJIII)KEHb
IMOBEPXOHb KOHCTPYKIIMHOI CTAJII
MICJS EJEKTPOJITHO-IIJIA3SMOBOI OBPOBKH

O. JI. llorpednsk, K. A. Isaxtopa, JI. B. Manikos

[pencrapieHi pe3ynbraTi eKCIIEPUMEHTAIBHUX JOCIIDKCHb TIOBEPXHEBHX IIAPIiB 3pa3KiB 3 KOHCTPY-
KIIIHHOI CTaii Micis 3aCTOCYBAaHHS €IEKTPOINITHO-IIA3MOBOI 0OpoOKH. BcTaHOBIEHO BIUTMB TIpH-
KJ1aJIeHO1 HalpyTH, TPHBAJIOCTI TPOIIECY Ta KOHIIEHTpAIIii eJIeKTPOIIITY Ha MiIKPOTBEPIIICTh Ta epeHe-
CEHHJ JIETYIOUOT0 €JIEMEHTA JI0 MOBEpXHi. Pe3ynsraTi mpoBeieHNX J0CIiPKeHb ITOKa3aIIH JOIITbHICTD
3aCTOCYBaHHSI TOKPUTTIB MONIOICHOM JIJISl ITiIBUILIEHHS TBEPIOCTI 1 3HOCOCTIHKOCTI.

Kuaro4oBi cjioBa: eleKTpOIITHO-TIIA3MOBE JIETYBaHHS, MOTUQIKAIlis MOBEPXHi, TOKPUTTS, 3HOCO-
CTIMKICTB.

RESULTS OF INVESTIGATION
OF THE SURFACES OF CONSTRUCTION STEEL
AFTER ELECTROLYTIC-PLASMA PROCESSING
A. D. Pogrebnjak, K. A. Diadiura, L. V. Malikov

The results of experimental studies of the surface layers of samples of construction steel after applying
electrolytic-plasma treatment have been presented. The nature of the influence of the applied voltage,
duration of the process and the electrolyte concentration on the microhardness and transfer of alloying
element to the surface have been determined. The results of the research showed the reasonability of
applying molybdenum coatings to increase the hardness and wear resistance of machine parts.
Keywords: electrolytic-plasma alloying, modification of surface, coating, wear resistance.

BBE/IEHHUE -MEXaHMYECKUMHU U (PyHKLIMOHAJIBHBIMH CBOM-
OnHUM U3 TEXHOJOTMUYECKUX IMOAXOJAOB K mo- cTBamu [1]. OOGpaGoTka MeTajioB 3IEKTPO-
BBIIIEHUIO U3HOCOCTOMKOCTH U KOPPO3MOHHOW  JTUTHO-TUIA3MEHHBIM METOAOM SIBJISIETCSl  Of-
CTOMKOCTHM [J€Tallel MallMH U MEXaHW3MOB M3 HOM M3 COBPEMEHHBIX M IEPCHEKTUBHBIX
KOHCTPYKLHOHHBIX CTaJIed sBIseTcs MOIU(U- TEXHOJOTHH, KoTopas 3ameHseT aupQy3noH-
Kallys UX IOBEPXHOCTHOIO ¢J10s1. MIcrionib30BaHMe  HbIE ITPOLIECCHI HACBILLEHUS IOBEPXHOCTH (11e-
METO/10B 00pa0OTKH KOHLIEHTPUPOBAHHBIMU [10-  MEHTALMIO, A30THPOBaHHE, CUJIMIHPOBAHHE,
TOKaMU 3HEpruil no3Bossier chopMupoBaTh MO-  OOPUPOBAHUE U JIpP.) M BKIIOYAIOT B ceOs OK-
BEPXHOCTHBIE CJIOM C ONTHMAJIbHBIMU (DU3UKO  CHAMPOBAHHUE, OCAXKICHHE, HACBHIIICHUE U T. II.
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[2, 3]. B mpouecce 00pabOTKH B ANIEKTPOITUT-
HOM IJ1a3Me MMPOUCXOMAT U3MEHEHUS CTPYKTYP-
HO-()a30BBIX COCTOSIHUI U CBOWCTB MarepHuaia.

OTnuyre 37eKTPONIUTHO-TIIIA3MEHHBIX TeX-
nonmorun (OIIT) or TemnoBeix UG Gy3UOH-
HBIX MPOIIECCOB B TOM, YTO NPHU UX MpOBeE.e-
HUU 3HAYUTEIIHHO YCUIINBAIOTCA U YCKOPSIOTCS
¢usnyeckrue M XUMHYECKHE COCTABISIOIINE
npouecca auddy3un U yMEHBIIAETCS BpeMs
npoBeeHus] 00pabOTKU 3a CYET MJIa3MEHHOTO
anektponuza. CoueTaHNe MEXaHHMYECKHX, TETl-
JIOBBIX, XUMHUYECKHX U JIEKTPUUECKUX METOJIOB
o6pabotku nipu DIIT co3maer ycnoBus ams mo-
JTy4YEeHHS Ha MOBEPXHOCTH M3AEIHH MOKPBITUN
C KpHCTaJUIMYEeCKOM M aMOop(HOM cTpyKTypoit
IIMPOKOTO (PYHKIMOHAIBHOTO Ha3HaueHus. Mx
TOJIIIMHA COCTABISIET OT HECKOJIBKUX MHUKPO-
METPOB JI0 HECKOJBKUX JECATHIX JOJICH MUII-
aumeTpa. ONBIT UCTIONB30BaHUS TIa3MEHHOTO
ANEKTPOIN3a MOKa3bIBACT [4], UTO MOKPBITHS,
MOJTyYeHHBIE TAaHHBIM METOJIOM, YCIIEIITHO KOH-
KYPHUPYIOT C MIOKPBITUSAMHU, KOTOPBIE TIOTYYESHBI
AQHOJMPOBAHUEM U TEPMUYECKUM OKCHIUPOBA-
HUEM, a TaKke O0EeCIMeYMBAIOT AIBTEPHATHUBY
JIPYTUM «KOMITO3UIIMOHHBIM Marepuaiam» B
pasHbIX c(hepax MPOMBIIIICHHOCTH.

Lenbto HacToAIIeH pabOTHI ABISETCS UCCIIE-
JIOBaHHE 3aKOHOMEPHOCTEH M3MEHEHUs CTPYK-
Typbl, (pa30BOro cocraBa W MHKpPOTBEPIOCTHU
ctamu 20JI B TOHKUX TOBEPXHOCTHBIX CIOSX
BCJIEJCTBHE (PU3MUECKOTO BO3JEHCTBHS MOHOB
BBICOKOTEMIIEPATypHOU T1a3Mbl M AIIEKTpUYE-
CKOTO pa3psa.

METO/bI UCCJIEJOBAHUI

B cooTBeTcTBMM € MOCTaBIEHHBIMHU 3aJja4aMu
B KauecTBe 0ObEKTa HMcCIe0BaHus Obljla BbI-
Opana xkoHcTpykumoHHas crans 20 JI (0,17—
0,25 C; 0,2—0,52 Si; 0,35—0,9 Mn; mo 0,3 Ni;
1o 0,045 S; no 0,04 P; no 0,3 Cr; mo 0,3 Cu),
IIMPOKO UCIIOJIb3yeMast, IPEANOYTUTENBHO IS
W3TOTOBJICHUS JeTajei 00Lero MaluHOCTPO-
€HHsI, KOTOpbIe pabOoTaIOT pU TEMIIEepaTrype oT
—40 o 450 °C.

O6padorka OIIT Tpebyer THIATENBHOTO
noz0opa KOMOMHAIIUM METaJUl — 3JIEKTPOIHUT
[2]. B nanHoO# paboTe 1 yinydlleHHe TOBEpX-
HOCTHOM TBEPJOCTH, CTOUKOCTH K U3HOCY, KOp-
pPO3UH U YCTAJIOCTHOM IPOYHOCTH KOHCTPYK-
LMOHHOM CTajM, NPEIJIOKEH PACTBOP COAIbBI

koHueHTpauu 0,3 Kr/a B Ka4ecTBe dIEKTPOIIH-
Ta JJIs1 IPOLECCOB IIA3MEHHO-JIEKTPOJIUTHYE-
CKOT'O HaCBILICHHUS.

B 3aBHCHMOCTH OT 25IEKTPOIUTA, BO3MOXKHO
KOMITO3ULIMOHHOE HACBIIICHUE HEMETaJlJInyde-
CKUMH ieMeHTamMu, TakuMu kak O, C, N, B (ux
KOMOMHAIUAMM) WIH KapOua0(hopMHUPYIOLIH-
MM IEPEXOIAHBIMU MeTaJIaMu, Kak W, Mo, V u
T. 1 [4]. HacbllieHue aHOIHBIX MOBEPXHOCTEN
HEMETAJUIMYECKUMHU IEMEHTaMU OOBIYHO OCY-
LIECTBIIIETCA C MOMOIIBIO BOIHBIX PacTBOPOB
IIPOCTBIX HEOPraHWYECKUX COJIEH, conmepka-
LIUX JKEJIaeMbl€ 3JIEMEHTBI U HEKOTOPBIE Opra-
HUYECKUE COCTUHEHMS.

bbuin npoBeneHbI SKCIEPUMEHTHI AIIEKTPO-
JUTHO-TUIa3MEHHON 00paboTKH MOBEPXHOCTHU
00pa3uoB (mapajuleNenunesoB ¢ pa3Mepamu
3 x 20 x 30 cM?) U3 HU3KOYTJIEPOIUCTON CTAIIH
20J1.

Ycnosus
Tabm. 1.

Jlg uccienoBaHuii CKOPOCTh BpallleHUs —
3 00/muH. YactoTa 060poTOB — 3 00/MHUH.

Mophosoruio noBEpXHOCTH 00pa3loB H3Y-
YaJii ¢ IOMOILIBIO PACTPOBOIO AIEKTPOHHO-CKA-
Hupytoriero Mukpockona (POM). UccnenoBanus
(a30BOrO cocraBa, CTPYKTYpbl IPOBOAMIIMCH HA
peHTreHoBckoM mudpakro-merpe JIPOH-3M.
IIpu cvemke AUGPAKIUOHHBIX CIIEKTPOB HC-
nonb3oBasiock uznydeHue FeKo (ammHa Boj-
Hbl coctaBiseT 0,1936 uM) npu GoxycHpoBKU
PEHTIEHOBCKOIo M3iyueHus 1o bpery—bpeHnrta-
HO 0-20 (20 — OpoarroBckuii yrom). 3HaYeHUS
TOKa M HalpsDKeHUs] Ha PEHTTEHOBCKOW TpyOKe
cocraBsuii 15 MA 1 30 kB. Cremka o0pasiioB
IIPOBOAMJIACH B PEKUME HENPEPBIBHOM pEru-
CTparu (CKopocTh 1°/MuH), Tuamna3oH yrios 29
ot 10° o 120°.

ITpu dpoxycuposke o bperry-bpenrano, ¢o-
KyC PEHTI'€HOBCKOW TPYOKHM M NMpHEMHas LIelb
JETEKTOPa PacloNOKEHbl Ha OKPY)KHOCTH TO-
HUOMETpA, B LIEHTPE KOTOPON HAXOAMTCS IIJIO-
ckuil oOpasen. Perucrpanus audpaximoHHON
KapTHHBI OCYILECTBISIETCS NPU CHUHXPOHHOM
BpallleHUH JeTeKTopa M oOpasla BOKPYI OCH
TOHUOMETpa. YIIIOBasi CKOPOCTh BpallleHHUs Jie-
TEKTOpa mpeolpa3yeTcst OJIOKOM JIeTeKTUPOBa-
HUS B 2JIEKTPUUYECKHUE UMITYJIBCBI, KOTOPBIE YCH-
JIMBAIOTCS U JAJIe€ UCIOJB3YIOTCS B KaueCTBE
MH(GOPMALMOHHOTO CHTHAJIA s U3MEpEHHUs

00paboTKK  TpeJCTaBleHbl B
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M PETUCTPAIMU CKOPOCTH MMITYJIbCOB PEHTIE-  HECIUIOUIHOCTh, MPEPBIBUCTOCTh, JIHUCKPET-
HOBCKOT'O U3JIy4YEHUS. HOCTh M HEPABHOMEPHAS TOJIIMHA.
Tabmuna 1
Paswiep nsiTia Bpems narpeBa, | Hanpsikenne, | Cuiia Toka
9 9 9
O0pasubl Cocras aHona | o0pa0oTkwu, o U,V LA
MM
Oopaszer 1 a 200—220
Poen — = 2746 6 1820
Oopaszerr 2 MOJTUOJICH 180—200

OKCIIEpUMEHTANIBHBIE PE3YJIbTaThl Iepesa-
BaJIMCh HETMIOCPEICTBEHHO B IPOIPaMMHBIN Ia-
KeT noaaepxkku skcrepumenta DifWin-1 (TOO
«Oranon [ITL») ans npenBapuTenbHOU 00-
pabotku. VaeHTupuKanus KpUCTAIITMYECKUX
(a3 mpoBoAMIACH C TIOMOIIBIO MPOTPAMMHOTO
nakera CrystallographicaSearch-Match (Ox-
ford Cryosystems, www.crystallographica.co.
uk) Mpu HaJIOKEHHBIX OrPAaHUYEHHSIX Ha de-
MEHTHBIM cocTaB oOpasiia MmyTeM aBTOMaTHye-
CKOTO CPaBHEHHUs IOJIYYEHHBIX PE3YJIbTAaTOB C
KapTtoukamu 6a3sl naHHbIX PDF-2 ¢ nmocnenyro-
el py4Hoi BEIOOPKOH.

MuKpoTBEpIOCTh IOBEPXHOCTHBIX CIIOEB
00pa3loB 10 M Mociie 00pabOTKU HM3MEpsUIU
METOZIOM BJIaBJIMBaHUS aJIMa3HOTO MHACHTOPA
Ha npubope [IMT-3M npu nHarpyske 100 r u
BbIAIEpAKKE oA Harpy3koi 10 c. Mccnenosanne
N3HOCOCTOMKOCTH TPOBOAWIN Ha YCTAaHOBKE
JUIsl UCTIBITAaHUN Ha aOpa3suBHOE M3HAIIUBAHHE
00pa31oB NPH TPEHUH O HE )KECTKO 3aKpeIyIeH-
Hble YacTHlbl abpasuBa. M3HOCOCTOWKOCTH
HCIBITYEBOIO MaTepHuajla OLICHUBAJIACh IIyTEM
CPaBHEHHMsI €r0 M3HOCA C U3HOCOM 3TAJIOHHOIO
obpasua (crans 20J1).

PE3YJIBTATHI UCCJIEJJOBAHUM U X
OBCYXKXIEHUE

PesynbTarhl McciaenoBaHus CTPYKTYpbl MOBEp-
XHOCTH 0o0pa3ua 1 (JaryHHOE MOKPBITHE) MPH-
BeIeHBI Ha puc. 1—2. AHaiu3 U300paxeHuil,
MOy YEHHBIX METO/I0M PACTPOBOM AIIEKTPOHHON
MHUKPOCKOIIUH, TO3BOJISIET 3aKIIOYMTh, YTO B
pesynbrare DIIT npoucxoaut uaMeHeHne Mop-
¢donoru nosepxnoctu cranu 20JI. Ha mosepx-
HOCTH 00pa3loB ObUIM OOHApYKEHBI Karuie-
oOpasnble yacTuubl. Ha puc. 1 moBepxHOCTh
o0pasna XapakTepusyercs HEOJHOPOJHOCTHIO
(BOTHOOOPA3HOCTHIO) TMPH  MHUKPOCKONHYE-
CKOM MCCJIEJIOBAaHUM CJI0S1 3a(PUKCUPOBAHO €T0O

1A
x790

30kV

3

OECY

Puc. 1. M3o0paxeHue MOBEPXHOCTH CTPYKTYPbI OCHOB-
Horo metana ctaib 20J1 ¢ maTyHHBIM MOKPBITUEM, TTOTY-
YEHHOI'O C MOMOIIBI PACTPOBOM 3JEKTPOHHON MHUKpPO-
CKOMHUU: ¢ — NoBepxHOCTh ctanu 20J1; 6 — nonepeynoe
CCUYCHUC MTOKPBITHA; 6 — MMOBEPXHOCTD IMOKPBITHUA
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B HekoTOphIX MecTax CIIOM OTCYTCTBYET.
Wsmepenne mukporseproctn (H ) mokasamn
CJIEIYIOIINE PEe3yIbTaThI:

* moBepxHOCTh (285 MIla) — 30Ha BIUsHUSA
(279 MIla) — cepnuesuna (254 Mlla);

* TOJIIIMHA CJIOS HACHILEHUS 15 MKM;

* TONIIMHA CJOS C 30HOW BIHUSHUS —
120 MKM.

[To-BuAMMOMY, UMEHHO C Y4E€TOM TOTO, YTO
oOpabotka noBepxHoctu MeronoM JOIIT ocy-
IIECTBIISIIACH TPH EPUOTUUECKOM MTOBBILIEHUN
U MTOHWXEHUH TUIOTHOCTH MOIIHOCTH Harpesa,
MOXHO OOBSCHUTH COOTBETCTBYIOIIYIO MEPUO-
JUYHOCTh B U3MEHEHUH MHUKPOTBEPAOCTH IO
[TyOMHE YIIPOUHEHHOTO CJIOSI.

Puc. 2. MukpoctpykTypa oOpasnia MornepeyHoro cede-
HUs 00pasia, moiay4yeHHas Ha npudope [IMT-3 (x500)

P C3YJIbTAaThbL MeTanorpa(quecxoro aHaJin3a
MOKa3aJIM HAJIMYKEC paCIlJIaBJICHHBIX BKJIFOUCHHU

OKCHJIOB, CYJIb(DHUIOB M CHIMKATOB Ha MOBEPX-
HOCTH 00pa3uoB u3 cranu 20J1 (puc. 1, ).

[ToBepXHOCTHBIC CIIOM (OPMHPYIOTCSI B pe-
3ynbrare MOAM(MUKAIMHM OCHOBHBIX 3JIEKTPOJI-
HBIX TPOIIECCOB, B OCHOBHOM YCHIICHHBIMH 32
CYET IJIa3Mbl XUMUYECKUMH PEAKLUSIMU U AUQ-
(Gy3MOHHBIMH TPOLIECCAMH HA TMOBEPXHOCTSX
ANIEKTPOJIA.

PesynbraThl McciienoOBaHUS CTPYKTYpBI IO-
BEPXHOCTH 00Opa3zma 2 (MOIHOICHOBOE ITOK-
pBITHE) IPUBEAECHBI Ha puc. 3—4.

J0kV x960

Puc. 3. M3o0paxkeHue MOBEPXHOCTH CTPYKTYPHI OCHOB-
HOro Metana ctanb 20JI ¢ MOMHOIEHOBEIM TTOKPHITHEM
MOJIyYEHHOTO C TOMOLIbIO PACTPOBOU 3JIEKTPOHHOM MHK-
pOCKOTIHHA: @ — TTOBEPXHOCTH cTanu 20J1; 6 — momepeu-
HOE CEYEHHE MOKPBITHS; B — ITOBEPXHOCTH MOKPHITUS
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[ToBepxHOCTH O0Opazma 2 (MOTMOAEHOBOE
MTOKPBITUE ) XaPAKTEPU3YETCsI HATMIUEM PABHO-
MEPHOTO CJIOSI BBICOKOH MHKpPOTBEPIOCTH —
1168 MIla u TommmHoi 35—40 Mkm. 30Ha
BIUSIHUA — 260—265 MKM € TBEpAOCTBIO OT
681 MIla no 446 MIla. Ananu3 n300pakeHnH,
MOJTyYEHHBIX METOJOM PACTPOBOM DIIEKTPOH-
HOM MHKPOCKOITHH, TTO3BOJISICT 3aKIIIOYHUTh, YTO
MpU  3JIEKTPOJIIUTHO-TIJIA3MEHHOW  00paboTKH
MIPOUCXOTUT U3MEHEHUE MOP(OJIOTHU TTOBEPX-
Hoctu craymm 20J1 (puc. 3, 6, 6). Ha nmoBepxHo-
CTH 00pa3IoB 00pa3zyeTcss paBHOMEPHBIN BOJI-
HOOOpa3HbIN penbed.

Puc. 4. MukpocTpykTypa obpasia MOIepeyHoro ceue-
HUS, IOTY9IEHHOTO ¢ moMotkio mpubdopa [TIMT-3 (x500):
a — 710 TpasieHus; 6 — mocne TpasiaeHus (3—4 %
HNO, 8 C,H.OH)

Hanopasmepnsie 3epHa (puc. 4, a), moxydeH-
Hele ipu DIIT oOpaboTke (M YMCTKE, U OCAXK-
J€HUH METAJUIOB), CKOpPEEe BCEro, CBSA3aHbI C
OBICTPBIM  OXJIXKJICHHEM  JIOKAJIN30BaHHBIX
pacIuiaBiIeHHbIX cl0eB mnoBepxHocTH. Creny-
€T OTMETHUTh, YTO MIPOBEICHHBIC UCCIICIOBAHNUS
MTOKa3bIBAIOT, YTO OCHOBHAS YaCTh MHKPOCTPYK-
TypHl (puc. 4, 6) 1, clie0BaTEeIbHO, MEXaHHYEC-
KM€ CBOMCTBa 00pabaTbIBaeMOro MaTepuaia He
m3menstores npu 1T obpabotke.

Pesynbrarel peHTreHOAN(PPAKIIMOHHBIX HC-
cienoBaHuil Ha obpasue 1 (puc. 5) mokazamu
cienyromuid (Ga3oBbI COCTAaB CJIOS TOKPBI-
tus: Fe, Cu + Zn, CutFe,O,, Cu + Fe, Fe.
[Iuky Ha puUC. 5 MOKA3BIBAIOT KAUE€CTBEHHBIN U

KOJIMYECTBEHHBIM cOCTaB (a3 MOBEPXHOCTHU
obpa3ua. Pa3oBbIil COCTAB CIIOA TMOATBEPIUI
OTCYTCTBHE (Da3 BBHICOKOW TBEPAOCTH U CpPaB-
HUTEJIBHO BBICOKYIO HEOAHOPOAHOCTb.

2000 T—%>
0 00-87-0721 Iron .
888?0-1 %80 ef Zinc .

3 -74-1 0 Ee Iron Oxide

0 00-42-1067 Coppef Iron

1500 -4 —0 00-01-1267 Iron

1000 —

500 —
0

26, rpag

Puc. 5. Pe3ynbrarsl peHTIeHOBCKOTO (pa30BOro aHajIu3a
MOKPBITHS JIaTYHbIO

Pesynbrartel peHTreHOAM(PPAKIIMOHHBIX HC-
cienoBanuii Ha obpasue 1 (puc. 6) mokazamu
cnenyromui Ga3oBblii COCTAB CIIOSI TOKPHITHS:
MOOZ, Mo, Fe. Iluku Ha puc. 5 MOKa3bIBAKOT
Ka4eCTBCHHBIN U KOJIIMYCCTBEHHBIN cOCTaB (a3
nmoBepxHocTH oOpasua. [IpucyrcrBue B cioe
OKHCJIa MOHOIeHa O0YCIIaBIIMBAET €ro BHICO-
KYIO TBEPJIOCTb.

2500

-87-0721 Iron
-12-0753 Mo
89-5156 Mo

bdenum Oxide
bdenum

<<

2000 —

1500

1000 —

500 —

T
20 40 60 80 100 120
20, rpag

Puc. 6. Pe3ynpraTsl peHTTeHOBCKOTO (ha30BOTO aHAIIN3a
TIOKPBITHS MOJHOICHOM

Pesynbrarhl peHTreHOBCKOTO (ha30BOrO aHa-
JHM3a YKa3bIBAlOT HA TO, YTO KAYECTBCHHO W
KOJIMYECTBEHHO (Da30BBI coCTaB 00pas3IoB
SIBJISITCSl OJJMHAKOBBIM. He3HauuTenpHbIe pac-
XOXKJICHHsST B WHTECHCUBHOCTH IIMKOB MOTYT
OBITH 00YCIIOBIICHBI KaK T€OMETPUIECKOH (hop-
MOi1 00pa3ioB, Tak U HamuaueM 3ddexra npe-
UMYIIECTBCHHOW OPUEHTAINH, T. €. TEKCTYPBI.
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BbBIBO/IbI

CoueraHue MEXaHUYECKUX, TEIUIOBBIX, XMUMHU-
YECKUX M AIIEKTPUYECKUX METOI0B 00padoTKU
npu ucnons3oBanuu OIIT nozBossger mnomy-
4yaTh MOBEPXHOCTb KOHCTPYKIIMOHHBIX CTaJlel
C YJIyYIIEHHBIMU XapaKTEPUCTUKAMHU, TAKUMU
KaK KOPPO3HMOHHAs CTOMKOCTh M CTOMKOCTH K
H3HOCY. DKCIIEPUMEHTAIBHO YCTAHOBIIEHO, YTO
Ha moBepxHOCTH 00pa3noB cranu 20JI mocne
00paboTKe B 2JIEKTPOIUTHON TuIazMe (opMH-
pyercs MOAU(PUIIMPOBAHHBIA CIIOM, KOTOPBIA
HE SIBJISIETCS CIUIOUIHBIM. YCTaHOBIJIEHO, YTO B
pesyabsrarte 00pabOTKH (COCTaB AIEKTPOIUTA -
pacTBOp KoHIeHTpanuu conbl 0,3 Kr/i, cocras
aHo/1a — MOJIMO/ICH) POU30IILIO 3HAYUTEITFHOE
YBEJIMYEHUE MHUKPOTBEPIOCTH B IOBEPXHOCT-
Hbix cioe cranu 20J1 (B 4—35 pa3), 4To 1mo3Bo-
JISIET TIOBBICUTH TPUOOTEXHIUUECKUE XapaKTepH-
CTHKH 3TOT0 Matepuana. [Ipu o6paboTke cramu
B JIEKTPOJMTHOM M1a3Me OONIBIIOE BIUSHHUE HA
CTPYKTYpY (OPMHPYIOLIETOCS CII0Sl OKA3bIBAET
COCTaB IEKTPOJUTA, a BPEMS U TeMIIeparypa
B HCCIJIEyEMOM HHTEpPBAJIC BJIUAIOT, IIABHBIM
00pa3om, Ha €ro TOJIIHUHY ¥ MHUKPOTBEPIOCTD.
[TokpbITHE NaTyHbIO HE IOBBIIIAET TBEPAOCTHU U
M3HOCOCTOWKOCTH, HO CITIOCOOCTBYIOT TMOBBIIIIE-
HUIO KOPPO3MOHHOW CTOMKOCTH IIPU YCIOBUU
MOJTYYECHUS] PaBHOMEPHOTO cios. JanpHenmmue
UCcCclieIoBaHus OylyT HampaBlIeHbl Ha H3yye-
HUE 00JIaCTH, B KOTOPOH MOXXHO BapbUpPOBAaTh
MHUKPOCTPYKTYPY U COCTaB 3TUX IOKPBITHH, a
TaK)K€ UX TOJIIMHY AJI1 ONTHUMM3ALUK TEIJIOo-
CTOMKOCTH, KOPPO3UOHHOW M KaBUTALMOHHOH
CTOMKOCTH IIOBEPXHOCTH KOHCTPYKLHOHHOMN
CTaJIH.
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