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KABITAIIIMHO-EPO3IMHA 3HOCOCTIMKICTh A3SOTOBAHHUX B
TJIIOUOMY PO3PSIAI KOHCTPYKIIMHUX CTAJIEA

V' pobomi ma ocuosi emommo-enekmpoximiuHoi meopii KOpPO3IHO-MeXaHIUHO2O 3HOWYB8AHHS MA CMPYKIMYPHO-
eHepeemuyHOi meopii KagimayitiHo2o PYUHY8AHH MEMAi6 OOCIIONCEHO BNIUE Oe3600HE8020 A30MYEAHHS 8 MATIOUOMY PO3PAOL
(FATP) Ha kagimayiiino-epositiny 3nococmitikicms koncmpykyitunux cmanei 20, 45, 40X ma 38XMIOA 6 kopo3itino-akmughux
cepedosuax-ei1eKmporimax.

Kniouoei cnosa: kasimayiiino-epo3iiina 3Hococmiikicms, 6e3600He6e a30Mmy8ants, Mulouuil po3pso.

M. SKYBA, M. STECHYSHYN, V. LIUKHOVETS, N. STECHYSHYNA, M. LUKIANIUK
Khmelnytskyi National University

CAVITATION-EROSION WEAR RESISTANCE
OF NITRIDED IN A GLOW DISCHARGE STRUCTURAL STEELS

Cavitation and erosion resistance of structural steels in corrosion-active environments is determined by the physicochemical
characteristics of their surfaces. Therefore, surface hardening methods are widely used to increase the cavitation resistance of steels. One of
the methods of increasing the cavitation-erosion resistance is the method of anhydrous nitriding in glow discharge (BATR), which in addition
to the effective protection of surfaces is environmentally friendly and due to the lack of hydrogen in the saturated gas mixture significantly
improves the safety of operation of the plants for the closure of nitrogen.

A scientifically sound approach to solving the problem of increasing the reliability and durability of equipment parts subject to
cavitation-erosion wear is only possible taking into account the specificity of the destruction of surface layers in corrosive environments.

On the basis of the fatigue-electrochemical theory of corrosion-mechanical wear and the structural-energy theory of cavitation
fracture of metals, the effect of anhydrous nitriding in a glow discharge (BATR) on the cavitation-erosion wear resistance of structural steels
20, 45, 40X and 38KhMYuA in corrosive media is studied electrolytes.

Keywords: cavitation-erosion wear resistance, anhydrous nitriding, glow discharge

Beryn

KagirtauiiiHo-epo3iiiHa 3HOCOCTIMKICTh KOHCTPYKLIHHHMX CTajed B KOPO3iiHO-aKTHBHHUX CEpEIOBHUINAX
BU3HAYAETHCS (I3UKO-XIMIYHHUMHU XapaKTEPUCTUKAMH IX MOBEPXOHb. TOMy METOIM TOBEPXHEBOTO 3MIlHEHHS
OTPUMAJU IUPOKE MOUIMPEHHS JJIs IMiIBUILECHHS KaBiTallilHOI cTIHKOCTI cranei. OmHUM i3 METOJIB ITiIBHILCHHS
KaBiTaliiHO-epO3iiiHOT 3HOCOCTIHKOCTI € MeTo]| O€3BOJHEBOrO a30TyBaHHs B Tiitouomy pospsiai (BATP), sxuit kpim
€(EKTUBHOTO 3aXUCTY MOBEPXOHb € EKOJIOTIYHO YMCTHM 1 BHACHIJOK BiJICYTHOCTI BOJHIO B HACUYYBaJIbHIN ra3oBiii
CyMiln 3Ha4YHO TOJINIIye Oe3MeKy eKCITyarallii yCTaHOBOK ISl @30TYBaHHS Ta BUKIIIOYAE MOMIIUBICTh BOJHEBOTO
OKpHXUYyBaHHS [IOBEPXOHb a30TYBaHHL.

HaykoBo 0OrpyHTOBaHMI MiIXiJ A0 BHPIIICHHS MPOONEMH MiIBUIICHHS HaIIHHOCTI 1 JAOBrOBIYHOCTI
Jeraneil oOnajHaHHS, IO MiJISraloTh KaBiTallifHO-€PO31MHOMY 3HOIIYBAHHIO, MOXKJIMBUI JIMIIE 3 BpaxyBaHHIM
cnenriky pyiHHyBaHHS MOBEPXHEBHX IAPIB Y KOPO31MHO-aKTHBHUX CEPEIOBUINAX.

Jlo ChOTOAHINIHBOTO JHS HEMaEe €qUHOI JYMKH IPO MOXKJIMBHH MEXaHI3M KaBiTaliiiHO-epo3idHOTo
pyWHYBaHHs MOBepXoHb MaTepiaiiB. CydyacHi Teopii KaBITAL[IIHOTO pylHYBaHHS MOXHA PO3JIUIMTH HA 4 TPYIIH:

1) 3acHOBaHi Ha Teopil rimpoauHamMiuHO1 Aii pizwH [1, 2]; 2) enexTpoximiunoi Aii KaBiTtartifiHoi eposii [3]; 3)
Teopii MUTTEBUX XIMIYHUX peakiliii [4]; 4) TepmomuHaMigHOI Teopii KaBiTariiiHoi eposii [5].

AHami3 pobiT B SKHX pPO3TIAAIOTHECS MEXaHI3MHU KaBITaIllifHOrO pyHHYBaHHS IOBEPXOHb ITOKA3ye, IO
OimpIIiCT aBTOPIB [2, 3, 6, 7] miaATpUMYIOTH po3pobieHy PereeM rimpoanHaMidHy TEOPIro 1 paXyroTh, IO OCHOBHIM
(dakTOpOM KaBiTallIHHOTO PYHHYBaHHS € MeXaHiuHa i OynbOalliku, ska PyHHYETbCS Ha IMOBEPXHI MaTepiaiy.
Pa3oM 3 TuM, BasKJIMBE 3HAYEHHS Ma€ i Kopo3iiiHuit dakrop [3, 8], skuit y psizi BUMAIKIB MOXE BiirpaBaTH TOJOBHY
poNb y KaBiTallitHOMY pyHHyBaHHI. HaifOinpIm 3araqbHO NPUIHATOI TOYKOIO 30py B TaHWH dYac € Ta, M0
KaBiTallifHe pYHHYBaHHS METAJIEBUX IIOBEPXOHb SBISIE COOOK0 KOPO3IMHO-MEXaHIYHHHA TMPOIeC, Yy SKOMY
B3a€EMOIIIOTh MEXaHIuHM#t 1 KOpo3iiHuil pakropu pyinysanus [3, 5,8, 9, 10].

Ilpn npoMy KOpoO3iiHO-MeXaHIYHEe B3HOIIYBaHHS HE MOXE pO3IIIIATUCA SK IPOCTE CyMyBaHHS
MEXaHIYHOTO Ta KOpPO3iiHOTO (akTopiB pyiHyBaHHA. KOpo3iitHO-MeXaHiuHe 3HONTYBAHHS € CKJIAIHAM MPOIECOM, B
SIKOMY KOpPO3is CIIy)KHTh KaTalli3aTOpOM BTOMHOTO pyWHYBaHHS. TepTs 1 KaBiTallis, B CBOIO Yepry, aKTHBI3YIOTbH
mpoTikaHHSA Koposii. Ciil TakoX BiI3HAYMATH, MO aBTOPH PO3TIILAAIOTH 1 aHANI3yIOTh MPOIECH KOPO3iiHO-
Mexanigaoro 3HomryBaHHas (KM3) He nume B cucteMi metan 1 + metan 2 + cepenoBuie (M1 + M2 + C), ae i KM3
B cucteMi Metan + cepegosuiie (M + C).

Bimermmictes mocmigaukiB [3, 10, 11] BBaxae, mo KaBiTamiHHO-€pO3ilfHE 3HOIIYBAaHHS € HACIIIKOM
MiKpOYIapHOTO HaBaHTaXEHHS pinuHO. [Ipr MbOMY 3HOCOCTIMKICTh MaTepialiB BU3HAYAETHCS HE 3BHYAMHUMH 1X
MEXaHIYHUMH XapaKTepHCTHKAMH, a BIACTUBOCTAMH OKpeMHX Mikpoo0’emis [12, 13]. Tomy cipobu BcTaHOBICHHS
3aJIeKHOCTI  KaBITAIlIITHO-epO3iifHOT 3HOCOCTIHKOCTI MaTepialiB Bifg iX MEXaHIYHHMX BIACTHBOCTEH  BHSBHINCH
Gesycmimmnmu [6].
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CrpyKTypHO-€HEpreTHYHa Teopis KaBiTaliiiHoro pyiiHyBanHsS MetaniB [12, 13] y HaiiOutpmii wmipi
JI03BOJISIE JIOCIIINTH KIHETUKY 1 3aKOHOMIPHOCTI KaBiTAIIHOTO 1 TiipoaOpa3iBHOTO 3HOLTYBaHHS MaTepiajliB.

Merta poboTH — Ha OCHOBI BTOMHO-eleKTpoximiunoi Teopii KM3 Ta cTpyKTypHO-€HEepreTH4Hoi Teopii
KaBiTalmifHOro pyHHYBaHHS MeTalliB mociiauTé BIUIMB BATP Ha kaBiTaniiiHO-epo3iiiHy 3HOCOCTIMKICTH MeTalliB B
KOpO3iifHO-aKTHBHUX CEPEeIOBHIIAX-EIEKTPOIIITaX.

MeToanka npoBeeHHs A0C/iIxKeHb.

Martepianu ta cepenoBuma. J{ist nocnimpkenns BrumBy BATP BuOpani konctpykuiiiai cram 20, 45, 40X
ta 38XMIOA, siki HalO1TBII YaCTO BUKOPUCTOBYIOTHCS JJISl a30TyBaHHSL.

Jocnian npoBomyumics B MOJEIBHUX CEpPeIOBUINAX-EIIEKTPOIIITaX: KUCIOMY — 2%-BUif PO34YMH JINMOHHOT
kucnott C6H8O7xH20; meittpanmsaomy — 3%-puii pozunH NaCl; »xopctka Boga — MgSOs X 7H,O — 0343r i
CaCl,x6H,0 — 0,61r Ha 1 guctuiaboBaHOi BOAM; JTy:KHOMY — 25%-Buil po3unH okcuny Kanbiito CaO i 15%
ykposu (C12H12011).

YcranoBka [ AOCTIAKEeHHS KaBiTaliliHO-epo3iiiHOI 3HOCOCTIHKOCTI Ta eJIeKTPOXiMiYHMX
BuMipoBaHb. KasiTaniiiHo-epo3iiiHa 3HOCOCTIHKICTh METasiB, a30TOBAaHUX 3Pa3KiB JOCIIHKYBAIUCS HAa YCTaHOBII
3 Mar”iTocTpukmiiauMm BiOpatopom (MCB). VcranoBka (puc. 1) ckiamgaeThCs 3 YJIBTPa3BYKOBOIO TeHepaTopa
V3JIH-A noryxuictio 150 Bm, wactororo konuBaub 22K[ 1 1 aMIUITY0l0 KOJMBaHb KOHIIEHTPATOpA

5...85mKm . [lana ycTaHOBKa aHaJjoOTi4Ha YCTAaHOBI onucaHii B pobori [14]. YcraHoBKa MICTUTH [Ba
OXOJIO[DKYBAIBHUX KOHTYPH 3 MPOTHJICKHOK HABHBKOK TPYOOK 3MiHOBHKIB i MPUCTOCYBAHHS sl KOHTPOIIO
MIPUITIOBEPXHEBOT TEMIIEPATypPH 3pa3Ka B IPOIleci KaBiTarrii.

BcraHoBIIeHHSI TBOKOHTYPHOT CHCTEMH OXOJIOJDKEHHS JI03BOJIMIIO, SIK TIOKa3aJd MpOBeAeHI BUIIPOOYBaHHS
[14], yHUKHYTH BIUTMBY TEMIIEPATYPHOTO YHHHHKA HA IHTCHCHBHICThH 3HOIYBaHHS MIOBEPXOHB 3Pa3KiB.

[Tpu 3acTocyBaHHI JBOKOHTYPHOI CHCTEMH OXOJIOJKEHHsI POOOUOTO Cepe/IOBMINA BTPATH MacH 3pa3KiB
crani 45 B 3%-my po3unHi NaCl 3MeHIIyoThest B 3,2 pa3u NOPIBHSHO 3 OTHOKOHTYPHOMO 1 B 13,3 pa3u mopiBHSIHO 3
pe3yibraTamMu BHIPOOyBaHb 0€3 CHUCTEMH OXOJIO/PKEHHS CepeloBHIla. Po3polieHa MeTonuka NpOBEICHHS
KaBiTalliHHO-ePO3IHUX BHIIPOOYBaHb 3 JBOKOHTYPHOIO CHCTEMOIO OXOJIOJUKEHHS pOOOYMX CEpEe/OBHII JIO3BOJISIE
OTPUMYBATH B JIAOOPATOPHHUX YMOBaX Pe3yJIbTaTH OLIbII HAOJIMIKEHI JI0 XapaKTEPUCTUK 3HOCOCTIHKOCTI B yMOBax
eKCILUTyaTallil.

KiHeTnky eneKkTpoXiMiuHHMX IpPOIIECIiB Y CTaTHIll BHBYAJIM 3a JIOMOMOrow moteHriocraty I1-5827M i
TpboXeNneKTpoqHol KoMipku SICI-2. Po3umHM B HMX Jociigax MepeMillyBald MarHiTHOw Mimankoto. [lepen
3aATTAM [1K 3pasku BUTpUMYBaIM B CEpelOBHILI MPOTATOM 4Yacy, JOCTATHHOIO A1 BCTAHOBJICHHS IIEpe]l T0YaTKOM
BUMIpPIOBaHHS MIBUAKOCTI 3MIHM TOTeHIiany 3paska He Oimpme 10 MB 3a 30 xB. IIK 3HimMamu B
MOTEHIIOCTATUYHOMY pexxuMi. LIIBHAKICTh PO3rOpTKM MOTEHLIANY (3MiHA MMOTEHIialy poOOUYOro eeKTPOoIy B yaci)
y BCiX Jnocimigax Oyna mocTiiiHOio (MIpY MHOXHHUKY IIBUAKOCTI IOTEHIIany pPIBHOMY OAMHHMIN). Y SKOCTI
CTaHJAPTHOTO CJYXXUB XJIOpP-CpiOHuil enektpon tumy OIBJI-1M1, 3anypenuit B enekrpomit Ha 10...20MM.
JIonoMi>XKHHUI — TUIATHHOBUH €JIEKTPO] PO3MIIIYBaIIK 0 MOBHOIO 3aHYPEHHS MOT0 KOHTAKTY B POOOYOMY PO3UMHI.
CtpyM Mix poOOYHM i JOMIOMI>KHUM €JIeKTPOIaMH BUMIipIOBaIK MiiBoJabTMiniamMiepmerpoM M20.

YcranoBka YATP — 1 ansa npoBefeHHst 0e3BOJHEBOr0 a30TyBaHHsl B TJitouomy po3psiai (BATP).
A30TyBaHHS JIOCII/DKYBaHHMX 3pa3KiB TPOBOAWIMCH Ha ycTaHOBII YATP-1, mpusHadeHiii Ui THOBepXHEBOI
Mo diKaIii neTanei, iIHCTpyMEHTY Ta ocHalieHHs: metogoM BATP.

OCOoOJMBICTIO 11i€] YCTAHOBKH € BUKOPHCTAHHS B SIKOCTI HACHYYIOYOTO CEPE/IOBUINA B MPOLIEC] a30TYBaHHS
0€3BOJIHEBMX Ta30BUX CyMimied (Cymiln a30Ty 3 aproHoM), HIO BHKIIIOYAE BOJHEBE OKPHUXUYBaHHS MOBEPXHI
MeTay. BifCyTHICTh BOAHIO B HACHYYIOUOMY CEPEIOBHIL, SKUH € MOOpHM BIJHOBHHKOM MeTaly i HeHTpami3ye
KUCEHb, BUMAarae 3aCTOCYBaHHS OCOOJIMBO YMCTHX HACHUYIOUMX Ta3iB (99,99%) 1 BenuKol repMEeTHYHOCTI CHCTEMH
ra3ornocTayaHHs Ta BaKyyMHOi kamepr. HaBiTb HeBenmka KinbkicTh kucHIO (0,1%) BUKIINKAa€e yTBOPEHHS OKUCIIB Ha
MOBEPXHI METaly i Pi3KO 3HIXKYE MUdy3it0 a30Ty B MeTall. TOMy Ha BiJMiHYy BiJl YCTAHOBOK, IO MPALIOIOTh 3
BOJHEBOMICHUMH HACHIyIOUMMH CEpENOBHUINAMHU (aMiaK, CyMIII a30Ty 3 BOJHEM), I YCTaHOBKAa Ma€ B CHCTEMi
razo3abesneyeHHs] KHCHEBUH YIIOBIIOBAY, KU HEHTpalidye 3ajJUIIKH KUCHIO B HACHUYIOUOMY CEPEeIOBHIII Iepej
HOro NMonagaHHsM y BaKyyMHY Kamepy.

Jns 3a0e3meyeHHS HE3AJIE)KHOCTI EHEpPreTHYHHX mapameTpiB pexumy bBATP ycranoBka Oyma
MOJIepHi30BaHa. Y HAalIOMY BHIIaJKy OYJIO 3alpOIIOHOBAaHO KOHCTPYKTHBHE PIllIeHHS, IPE/ICTaBICHE Ha PUC.2.

Kopmyc xamepu 1 ciayrye aHomom, BcepemuHi SKOTO pO3MIIIeHa MigBicKa KaToda 2, A0 Hei miJ € JHaHui
cTakaH 3, y SKOMY BCTaHOBIIOIOTBCA 3pa3ku 8. 3 BHYTPIIIHBOI CTOPOHH CTAaKaH HArPIBA€THCS CITiPATBHUM
HarpiBaueM 4 Ha KepaMiuHiil TpyOIIi 3 BHBOIOM OJHOTO 3 KiHI[IB HIXPOMOBOI OOMOTKH Yepe3 IeHTPaIbHY KepaMidHy
TpyOKy 5. CrTymiHP HarpiBy peryirO€ThCsI 332 JONOMOTOI aBToTpaHc(hopmartopa 6. bBamactHuit peocrat 7
3aCTOCOBY€ETHCS JUISI 3MiHH CITIBBITHOIIIEHb Mi’K CTPYMOM 1 HAaIIpyTOIO.

KonTpons Temmepatrypu mpoBomuBcs 3a momoMororo mipomerpa mozeni AINIPC-M. BumiproBansHa
CHCTEeMa IpoMeTpa TApOBaHA B YMOBAX, aHAJIOTIYHUX PEaTbHOMY TIHIOYOMY PO3PSIY.

MeranorpadiuHuii, peHTTeHOCTPYKTYPHUH i MiKpopeHTreHOCHeKTpaIbHUN aHaTi3. MeTtanorpadidni
nociimkenas nicist BATP nmpooauivcst Ha MUIIIHAPHYHAX 3pa3Kax, SKi po3pi3aliucs 1Mo AiaMeTpalbHil IIIOnHHI
(oTpumyBamu mBa HamiB-mWIiHApa). OTpuMaHi IUIOMMHE NUTiQyBamW 1 TMONIpyBalHM TPH IPOMHIBAaHHI
JMCTHIILOBAHOIO BOJIOIO Ta Ii/IaBav TPABIECHHIO B 3 %-My CIMpPTOBOMY po3urHi a30THOI kuciaotu (HNO3).

BuMiproBaHHS TOBIIMHHU HITPUAHOI 30HU MPOBOAMIN HAa Mikpockormi MUM-10, oo m03BOis€ IPOBOIUTH
KiJIBKiCHU aHai3 (p)a30BOro Ta CTPYKTYPHOT'O CKJIaly a30TOBAHHUX IIOBEPXOHb.
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MixkpoTtBepicTs Bu3Ha4amm Ha MikporBepaomipi IIMT-3 npu HaBanTaxkenHi 0,98 H 3 dikcamieto 3HaueHb
MIKTPOTBEP/IOCTI SIK Ha TIOBEPXHi, Tak i Ha BigcTani Bix Hei 0; 25; 50; 100; 200; 300; 500 MxMm.

3anMmKoBi HaNpy>XEHHS 3HaXOIWIN 3a MeTonoM M. M. JlaBuieHkoBa HIISIXOM BHUMIipPIOBAHHS BEJIMYMHHU
MPOTHHY IJIOCKOTO 3pa3Ka B MPOILeCi CTPABIIOBAHHS a30TOBaHOTo 1mapy [15].

PenTtrenodasosuii aHaii3 a30ToBaHUX 3pa3KiB MpoBomuM Ha mudpakromerpi JIPOH-3 y dinsrpoBaHOoMy
BUIIPOMIHIOBaHHI 3aJli3HOTO aHOAa B jiama3oHi KyTiB ( Bixg 20° mo 100° 3 kpoxom ckanyBanHs 0,1° i wacom
excrio3unii 10 c. PeHTreno3ioMka npoBoariiacs BiJi HOBEPXHI B IITMOMHY a30TOBAHOTO IIapYy.

dazoBuii ckiax MOKPHUTTIB 10 1 micas TepMidHOi O0OpOOKM aHasli3yBalu Ha PEHTTEHIBCHKIM YCTAaHOBII
JIPOH-1 B C0-K, - BUNIpOMiHIOBaHHI.

XimMiuHHMH CKIJIaj] TOBEPXHEBHUX IIAPiB MOSIEMEHTHO aHaJIi3yBaBCs Ha €HEPTOIUCIIEPCIHHOMY CIIEKTPOMETPi
«Link 860/500» 3 BukopucranHsM mporpamuoro 3adesmedeHHs DIGIMAP, skuii Ga3yeTbcsi Ha ITUCKPETHOMY
CKaHyBaHHI €JIEKTPOHHUM IIPOMEHEM ITOBEPXHi 3pa3zka abo nurida 3 ¢ikcaliero IHTEHCHBHOCTI BUIIPOMIHIOBAaHHS B
KOXXHIH TOYIl CKaHyBaHHS.

Osxe-cniekTpockormis  npoBommiacst  Oske-mikpozormom «JEOL» JAMP-10S. VYcrtaHoBka 103BOJISIE
MIPOBOAMTH JOCIIIIPKEHHS] METO/IaMH PACTPOBO] €NIEKTPOHHOT MiKPOCKOMIT, €JIEKTPO-0KECIEKTPOCKOMII.

Juist nociipKeHHs pO3MOIuTy €JIEMEHTIB 10 TOBIMHI MOKPHUTTS MPOBOIMIIOCS PO3IMIICHHS 10HIB aproHy 3i
mBUAKiCTIO 3 HM/XB. JIOKaIbHICTh 30H JTOCHIHKEHHS TIPH [IBOMY CTaHOBHJIA 0111 1MKM. MIKpOTBEPIiCTh TOKPUTTS,
PO3IONIT MIKPOTBEPAOCTI MO TOBIIMHI MOKPHUTTS BU3HAdaiud Ha MikporBepaomipi [IMT-3 mpu HaBaHTaXeHHI
0,98 H.

e
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) It il - 18 _% o
Puc. 1. Cxema ycTaHOBKHM /U1l KaBiTauiiiHo-epo3iiiHnx Puc. 2. Cxema MojepHi3anii ycTaHOBKH AJIsl peastizanii mpouecy
BUNPOOYBAHB i MOTEHIIOCTATHYHHUX J0C/Ii/IzkeHb MaTepiaJis: 1- a30TYBaHHA Y TJIiIOYOMY PO3psii 3 ABTOHOMHMMM NapaMeTpamMu
reHepaTop yJbTPa3ByKOBUX KoJMBaHb Y3/IH-A; 2- HacHyeHHs: 1 — kopnyc kamepu; 2 — migBicka; 3 — ctakaH; 4 —
MarHirocTpukuiiiamii Biopatop (MCB); 3-koHueHTparTop; 4- HarpiBa4; 5 — HeHTpaJbHa KepaMiuHa TPyOKa; 6 —
norenniocrar I1-5827M; 5-eexkTpoa nopiBHAHHSA (XJ10p- aBToTpaHcopmartop; 7 — 6ajJacTHMIi peocTaT; 8 — 3pasku

cpidHuii); 6-3pa3ok (podouuii esleKTPoa); 7-NJIaTHHOBHI
(1onomixHmii) esiekTpos; 8-BaHHa 3 propomaacty ®4; 9-
30BHIilLIHIH KOHTYP 0X0J10/;KeHHs; 10-KOHTYP 0X0JI0’KEeHHS B
30Hi KaBiTanii; 11-By30J1 Kpinuienns 3pa3ka; 12-macTuHa
OnopHa

Buxiaa ocHOBHOro Matepiaiy.

[Ipu mpoBemeHHI HOCIIIKEHD BIUIUBY PEKUMHIX MapaMeTpiB Ha (Pi3MKO-XiMiYHI BIIACTHBOCTI a30TOBAHUX
IIapiB METATIB €KCIIEPUMEHTAIBFHO 3HAMICH] PEKUMI, 0 320€3MeUyIOTh IPUHHATHI XapaKTePHCTHKI

MIITHOCTI, TIACTUYHOCTI, OIip BTOMHOMY pyHHYBaHHIO i T. iH. OgHAaK 3HAWIOEHI PEKUMH a30TYBaHHS i
BIMOBITHI €KCIUTyaTaIliitHi XapaKTepUCTHKN OBEPXOHD YacTO HE PO3TIISAAIOTECS y B3aEMO3B 3Ky 3 CTPYKTYpPHHM
1 (ha30BUM CKJIaJIOM MMOBEPXHEBUX IIAPIB 1 HE aHAI3YIOThCS Ha 0a3i 3arajibHUX 3aKOHOMIPHOCTEeH (DI3MKK MIITHOCTI 1
IJIACTUYHOCTI KPUCTANIYHUX TiJl.

BpaxoByroun, 1mo 3MiHa MiKpOTBEPIOCTI IO TOBIIMHI AUQY31HHOTO Mapy XapaKTepu3ye CITiBBITHOMICHHS 1
O30T CTPYKTYpHHUX 1 (a30BHX CKIAJOBHX MMOKPHUTTS, 4 TAKOXK MOXKE CIYKHTH MIPOI EHEProeEMHOCTI
moBepxHeBuX miapiB [15], mocmipkeHO BIUIMB TIapaMeTpiB IOHHOTO a30TyBaHHS Ha 3MiHY MiKPOTBEPIOCTI
(puc.3, a, b).

AHai3 OTpUMaHUX Pe3yIbTATiB AOCIIIPKEHb TO3BOIHMB C(HOPMYIIOBATH 3arajibHi 3aKOHOMIPHOCTI 3MiHU
MiKpOTBEPAOCTI HITPHAHOI 30HH 3aJIeKHO BiJl 3SMiHH TTapaMeTPiB PeKUMY a30TyBaHHS:

1) MakcUMaJTbHA TBEPAICTE i ABMIYETHCS 3 MiABHIIEHHSIM BMICTY BYTJIEITIO0, KITBKOCTI Ta BUIY JIETYIOUHX
eJIeMEHTIB OCHOBH (KpuBi 1...4 Ha puc.3, a); HasIBHICTb JIETYIOYMX, OCOOJIMBO HITPHI0YTBOPIOBAIBHUX CIEMEHTIB
Mae HabaraTo OLTBINHMIA BIJIMB HA BEMYMHY MIKPOTBEPIOCTI aHix Byrieis (kpusi 1, 2, 3 Ha puc.3 a);

2) 3 TiJBUIIECHHAM TEMIIEPATYPH a30TYBaHHS MiKPOTBEPIICTh HITPHIHOI 30HM 3HIKYETHCSA 1 IMBHIKICTH
3HMKEHHSI I IBUIILY€THCS 13 301IBIIEHHSM CTYIICHSI JISTYBaHHS Ta BMICTY BYTJICIIO OCHOBH;

3) i3 30LTBLIEHHSIM BMICTY a30Ty i THCKY I'a30BOTO CEPEIOBHINA MIKPOTBEPAICTh 3pOCTAE, aie MIBHIKICTH
3pocTaHHs HabaraTo MEHIIa 3a IMBUAKICTH ii 3HMKEHHSI IPY TiIBUILEHH] TeMIIepaTypH;
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4) 30UTbLIEHHS Yacy a30TyBaHHS IPH HE3MIHHMX TEMIIEpaTypi, THCKY 1 CKJIagy Ta30BOi CyMill He
3MIHIOIOUM BEJIMYMHY MIKPOTBEPIOCTI CIIpUsie OUIBII TUIABHOMY 1 IMEpexoy 10 TBEPIOCTI OCHOBU 3 OJHOYACHUM
PO3LIMPEHHSIM 30HH i1 MiABUIICHUX 3HAYeHb MIiKpOoTBepaocTi (puc.3, b).

ITia |
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T.K .
L s U 100
¢ 6 : B s 0.1 0.2
y v ' fr, MEM
Bl 268 P 1la

Puc.3. a) 3anexHnicTs MikpoTBepaocTi HiTpUAHOI 30HN Bix Temnepatypu T,K (cyuwiabHi ginii); Bmicty azory C,%
(mrTpuxoBi Jinii); THCKY ra3osoi cymimi p,Ila (uTpuX-myHKTUPHI JiHii) 115 cTaneii: 1 — 38XMIOA, 2 — craanb 40X, 3 — cranas 45,
4 — cranb 20 ib). Po3noain mikporsepaocti HV1 no ToBumHi audysiiinoro asoroBaHoro mapy 3paskis craii 40X nporsirom 1 —
1rox,2—-2rox,3-3roxnid4—4rox

MakcumanbHa MIKPOTBEPIICTh HITPHIHOI 30HM OoTpumaHa Ha crtaimi 38XMIOA BHaciigok Toro, mio
HITPHUJIH JIETYIOUMX €JIEMEHTIB MalOTh BHIIY TBEPAICTh, TUCIEPCHICTh, TEPMIUHY CTIHKICTh TOPIBHSHO 3 HITPUAAMH
3aj1i3a, a 3HWKEHHS MIKPOTBEP/IOCTI 3 MiIBUIIEHHSIM TEMIIEPaTypH a30TYBaHHS MOSCHIOETHCS 3HUKEHHSIM CTYIEHIO
JMCKPETHOCTI HITpUAIB. BHACHIIOK TOro, 1m0 HITPUIM 3aji3a BiAPI3HAIOTHCS HEBEIMKOK TEPMIYHOIO CTIHKICTIO i
BEJIMKOI0 IIBUAKICTIO Koaryssiii [15, 16] TBepaicTh ByIJelEeBUX CTaledl Majio 3aJIeKUTh BiJl TeMIepaTypu
asortyBaHHs (kpuBa 4 Ha puc.3, a).

3rigHo naHux [16] AucrepcHICTh BKIIOYEHBb HITPUAIB JIETYIOUMX €JIEMEHTIB YMHUTH BUPILIAJIbHUNA BIUIMB
Ha BEJIMYMHY 1 PO3MOJUT MIKPOTBEPIOCTI MO TOBIIMHI a30TOBAaHOrO miapy. Tak, MOCIHIIKEHHS TOHKOI CTPYKTYypHU
azoroBaHoi cram 40X 3a JOMOMOror pPacTpoBOro ejeKTpoHHOro Mikpockony PEM-200 mokaszanu, mo npu
MiJIBUIIEHHI TemrepaTypu a3oryBaHHst 3 833 o 873K muromna moBepxHi HITPUIB 30UIBIIYETHCS B CEPEAHBOMY B 38
pasiB i, BIANOBIJHO, 3HIKYETHCS MIKPOTBEPAICTb.

OtpuMaHi pe3yNnbTaTH MiATBEP/PKYIOThCS JaHHMMH PEHTTEHOCTPYKTYPHOro aHaimizy. Bigomo, mio
MaKCHMaJlbHa MiKpOTBEpAICTh a30TOBAHOTO 1APy BiJNOBIJAE YTBOPEHHIO KOTEPEHTHHUX 3apOJIKIB HITPUAHOI a3y,
0 BHUKJIMKAIOTh HANOUIBLII CIOTBOPEHHS KPUCTAJIUHOT TpaTKHM MAaTpHIl, YyCEpPEOHEHE 3HAUCHHsS SIKHX
XapaKTepU3y€eThCs NIMPUHOIO 1 IHTEHCUBHICTIO TU(PPaKIIHHUX MaKCUMyMiB ¥ -(ha3u. I3 30iIbIICHHSIM TeMIiepaTypu
A30TyBaHHsI 1 POCTOM HITPHJIHHUX YaCTOK KOTE€PEHTHICTh MOPYIIYETHCS, CIIOTBOPEHHS TPATKU MATPHIll 1 TBEPIICTh
nrapy 3MeHIIyeTsest (puc.3, a).

Jleryrodi eneMeHTH MiJBUIIYIOUM PO3YMHHICTH a30Ty B JieroBaHiil y'-(asi, mpUBOAATH A0 3MEHIICHHS
koedimienta Horo nudy3ii 1 1O 3MEHIIEHHS TOBIMHU Iudy3iitHOro mapy. ToBIMHA 3MEHIIYETHCS TAKOXK MO Mipi
30UbIICHHS BYyINelo Marpuii. [Ipyu 11bOMy KOHIIEHTpaIllis a30Ty B MOBEPXHEBOMY Imapi €-(a3u 3MIHIEThCS
He3HauHo. Tak, KinbkicTh €-a3u Ha crani 20 cranoBuia 19%, a Ha ctam 45 — 21%.

AHaJi3 BIUIMBY MapaMeTpiB iOHHOTO a30TyBaHHS Ha 3MiHY TOBIMHH HIiTpHIHOI 30HHM hy i amdysiitHoro
mrapy h Tta mikporsepmocti HV1  mokaszaB MOKIHMBICTE €()EKTHBHOTO pPETYJIIOBAaHHS IMX XapaKTEPHCTHUK,
HacamIiepell, NUIIXOM 3MiHH TeMmepaTypu a3oTyBaHHA. OTxe, TeMmepaTypa a30TyBaHHSA € HaWOUIbII
YHIBEpCAIBHUM 1 3HAYHUM €HEepreTHYHHM HapameTpoM mpotecy (puc.4). Ilpun npomy HalOUIBII IHTEHCUBHUHA picT
nu(y3iiHOTO mIapy criocTepiraBes Uit ByrierneBol crami 45 (kpusa 2 3aneskHocti h=f(T) ua puc.4), a HaiiMmeHmmit
s neroBanoi ctaii 38XMIOA (kpuBa 3 Ha puc.4). OcTaHHE MOSICHIOETHCS HU3HKOIO PYXOMICTIO 30Ty B HITpHAAX
JIETYIOUHX €JIEMEHTIB, SIKi OJOKYIOTh Mu(y3ifo B TBepAoMY po3uuHi [16]. ['mbrHa 1 iIHTEHCHBHICTE POCTY HITPUIHOI
30HM hn, HaBmakw, 36iTBIIYETHCS TIPU 30iTBIICHHI CTYIICHS JIETYBaHHS HITPHUIOYTBOPIOBAIGHUMHU €JIEMEHTAMH,
SIKIMH € OUTBIIICTH JIETYIOUMX €JIEMEHTIB 32 BUKIIFOUCHHSIM aITFOMIHIIO 1 KPEMHITO, SIKi AeII0 3HMKYIOTh PO3YHHHICTD
azory [16]. Y mopanpiioMy, HITPUAN 341132 1 JIETYIOYHX €JIEMEHTIB 3aBaXatoTh Au(dy3il a30Ty B TOBUIMHY METaNy i
MIPUCKOPIOIOTH PO3BUTOK 30HH BHYTPIIIIHBOT'O a30TyBaHHSI.

3 MmiABUINEHHSIM KOHIIEHTpAIlii a30Ty B Ta30Bii cymirti 10 75% 301IbIIyeTHCS TOBIIMHA HITPHAHOT 30HH hy,
aJe moanbiie 30iIbUICHHsT 30Ty IPUBOIUTE IO 3MCHIICHHS Ny, 0 MOXK/IMBO BUKIIMKAHO MOTIPLICHHSIM OYHUCTKH
TTOBEpXHI METaNly BHACNIIOK MEHIIOI KiHETHYHOI eHeprii i0HIB a30Ty MOpiBHAHO 3 ioHamu aproHy [15] (puc.4,
sanexxuocti v=f(C%, Ny)).

36imbIIeHHS] THCKY a30TO-apTOHHOI CyMIIlli  TIPaKTHYHO HE 3MIHIOE TOBIMMHY audysiiiHoro mapy h, are
JIETII0 301IBIITY€E TOBIIMHY HiTpUAHOI 300K hy (3anexwuocTi h=f{p) i hn=f{p) ITpUX-IlyHKTHPHI JiHil Ha puC. 4).

3acTocyBaHHS METONY aKTUBHOIO IJIAHYBAaHHS €KCIICPHMEHTY JO3BOJIIIM OTPUMATH CTATUCTHYHI MOJEII
BILIMBY I0HHOTO a30TYyBaHHS Ha TOBIIMHY 1 MIKPOTBEPAICTh 3MIITHEHOTO MIapy. Y pe3ynbTaTi CTATHCTHIHOI 00pOOKH
eKCTIEPUMEHTAIBHAX JaHUX MpH 5%-BOMY piBHI 3HAUMMOCTI OTpUMaHi HACTYIHI PIBHSHHS perpecii:
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y, = 256,12+18,27x,;
y, =16,72+0,95x, +0,16x, +0,20X,;
y, = 7,30-0,65x, +0,08x, +0,19X,.

Je y1 — 3arajpHa ToBIMHA mudysiiiHoro mapy h; y» — TOBIIMHA HITpHIHOT 30HH hy; Y3 — MIKpOTBEpAICTh
HV1; X; — Temneparypa a30TyBaHHS; X2 — BMICT a30Ty B ra3oBiii cymimn C, a X3— THCK I'a30BOi CyMiIlIi.

LTS s

19 4 80O 4

15 4 SO0
114 400+

94 SO0 4

5 &0 7% w0 100
50 263 &fﬂ,"
P lia
Puc. 4.3anexuicTs ranéunu audysiiinoro wapy h (cyuiasni ronki ginii) i HirpuaHoi hy (cyuinbHi ToBeTi JiHii) 30HM Bix
TeMInepaTypu; Bif BmMicty azory C B HacHuyBaJbHiil cymimi (mrpuxosi ainii) i Big THcKy P (IITPUX- MyHKTHPHI JiHil) A9 craneii: 1 —
40X; 2 — 45; 3 - 38XMIOA

AmHasti3 oTpUMaHuX MOJEJIeH MiITBEPIDKYE paHillle OTPUMaHi pe3y/ibTaTd 10HHOTO a30TyBaHHs 1 JIO3BOJISIE
3a Bigomumu mnapamerpamu BATP 3Halit TOBHIMHY HIiTpuAHOI Ta qudy3iiiHOI 30H, a TAKOX MIKPOTBEPIIiCTh
HITPHUIHOI 30HH.

B ocranHiii yac Bce Oinplie yBard MpUIISETCS BUBYCHHIO CTPYKTYPHOTO CTaHy IMOBEPXHEBUX LIAPIB LIS
aHAI3y TPOIIECiB 3HOIIYBAHHS METAiB HA OCHOBI (Di3MKK MIITHOCTI 1 MITACTHYHOCTI KpUCTATigHUX T [15].

3a JOMOMOTr o0 PEeHTIeHOCTPYKTYPHOI'O aHAITI3Y 3HAMIeH] 3MIHH TTapaMeTpiB KPHUCTAIIYHOI TPATKHU 3aJICIKHO
BiJl 3MIHU PEKMMIB I0HHOTO a30TyBaHHSI, 110 J03BOJISIE KIJIBKICHO OLIIHUTH XapaKTEPUCTUKU MILIHOCTI TOBEPXHEBOTO
mrapy (puc.5).
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Puc.5. @) 3aiexHicTh BiTHOLIEHHs MapaMeTpiB KpucTaaiuHoi pewitku (c/a) i koHueHTpauii a30Ty B moBepxHesomy mapi (Kn)
i b) mapamerpis c i a Bix pexxumis azoryBauus (7, C, p) crani 40X

PesyibTaTi peHTTEHOCTPYKTYPHOTO aHANi3y MiATBEPIKYIOTECS Pe3yIbTaTaMi MeTalorpadiyHoOTo aHami3y,
BEIIMYMHOIO 1 XapaKTepoM PO3NOIiLTy MiKpoTBepaocTi (puc.3). Tak, mapameTp TpaTkd @ CYTTEBO 3MCHIIYETHCS, a
mapamMeTp ¢, HaBIaKh, CYTTEBO 301IBIIYETHCS MPH 301IBIICHH] TeMITepaTypu a30TyBaHHs (puc. 5, b), mo npuBomMTEH
10 30iTBIIEHHS BiIHOEHHS ¢/a (pHc. 5, a).

Bracnimox audysii a3oTy B rubuHy mrdy3iHHOTO mapy MPH ITiIBUIICHH] TeMIIepaTypH a30TyBaHHS, HOTO
KOHIEHTpaliss Ky Ha TOBEpXHI HITPUOHOTO IIapy 3MEHIIYEThCS, a OT)KE 3MEHIIYEThCS KUIBKICTH a30Ty I,
BI/IMIOBIIHO, MiKPOTBEPAICTh HITPHIAHOTO IIapy (pHc. 5,a).
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3MEHIIEHHS CIIOTBOPEHb KPHCTAJIYHOI TpaTKH (3MEHIIEHHS BiJHOIICHHA ¢/a) 13 30iJbIIeHHIM
KOHIIEHTpalil a30Ty B razoBid cymimi (miHis ¢/a(N2) Ha puc. 5,a) OJTHOYACHO KOMIICHCYETHCS IiJBHIICHHSIM
KOHIeHTpauil a3oTy B HiTpuaHil 30HI Kn(N2) (puc. 5,a) i npU3BOIUTE 10 HE3HAYHOTO 30LTBIICHHS MIKPOTBEPAOCTI
MTOBEPXHEBOTO Mapy (puc.4).

301TBIICHHS TUCKY Ta30BOi CYMIIII MPaKTUIHO HE 3MIHIOE BIIHOIICHHS MapaMeTpiB c¢/a (p) (puc. 5,a), 1mo
MiATBEPDKYETHCS XapaKTepoM 3MiHM mapaMeTpiB ¢(p) i a(p) Ha puc. 6,b i B 3a1laHUX yMOBaX 3MiHa THCKY ra30BOi
CyMillli MPaKTHYHO He BIUTMBAE Ha MiKPOTBEPIIiCTh HITPUAHOI 30HHU (IpsiMa 4 Ha puc. 3,a).

PeHTreHOCTpYyKTypHHM aHaTi30M BCTaHOBJICHO, MIO HE3aJIE)KHO BiJ CKiIagy ra3oBoi atMocdepu B
moBepxHeBoMy I1api yrBoproethes € (FeosN), v/ (FesN) 1 o — dasu. [Ipu nbomy, da3oBuii CKiIa i CIiBBITHOIICHHS
(ha30BUX CTPYKTYp B a30TOBAHOMY IIapi MOXKHA PETYIIOBATH LIUISIXOM 3MiHHM PEKUMHHUX NTapaMeTpiB a3oTyBaHHs T,
Clp(pnc 6,a, b, c).
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Puc.6. 3anexuicts dazoBoro cxiany audysiiinoro mapy crami 40X Bix pexxumis ionnoro asorysanusi (7; C; p): a) BmicT &-da3sn, b) y’-
hasu i c) a-daszn, %

AHati3 OTpUMaHUX 3aJIe)KHOCTEH MOKa3ye, N0 HAalOLIBII CYTTEBO BILIMBAE HA KUIBKICTh YTBOPEHHS TUX YX
iHIMX (a3 Temneparypa Hpolecy 10HHOro a30TyBaHHs. Tak, 3 1i HiBUILEHHSM, 3MEHIIYETHCS KUTBKICTh €-(ha3u B
TOBEPXHEBOMY mapi (puc. 6, @) 1 oIHOYACHO 36iJIbIHy€TbCH KiJIbKiCTh ¥’ 1 o — (a3 (pnc 6, b, ¢). I3 36inbIICHHSM
BMICTY @30Ty 1 TUCKY I'a30BOi CyMmilii 361HBHIy€TI>C$[ KUIBKICTD € — cpasn (puc. 6,a) i 3MEHILYETHCS KiJBKICTh Y —
¢azu (puc. 6, b). Hpn L[bOMY KOHIICHTpaLlisl a30Ty 1 THCK ra30BO{ CyMlHll IPaKTUYHE He BIUIMBA€E Ha BMICT o — (asu
(puc. 6, C), KUIbKICTb SIKOT KOHTPOJIIOETHCS JIMILE TeMIIEPAaTypOI0 I0HHOTO a30TyBaHHS B TIIIOYOMY PO3DPSIi, sKa, B
CBOIO Yepry, 3aJIeKUTh BiJ] CHEPreTUYHNX XapaKTEPUCTHUK MpoLecy (TyCTHHH CTPYMY 1 Halpy>KeHHS Ha eJIeKTPOoAax
ra3opo3psAIaHOI KaMepH).

BpaxoByroun pi3ky pi3HHLIO (I3UKO-XIMIYHMX BJIacTHBOCTEH (DAa30BUX CTPYKTYPHUX CKIIaJIOBUX
A30TOBAHOTO IIapy 1 MOXKJIMBICTh PErYJIOBAHHS iX KUIBKOCTI 1 CITiBBiJHOILIEHHS MK HUMH, IOSBIISIOTHCS IIMPOKI
MOJKJIMBOCTI OTPUMAHHSI IIAPIB 13 38J]aHUMHU  XapPaKTEPUCTUKAMU TTOBEPXOHb.

Sk mokaszanu OararouwcenbHi gocmimkenHs [15, 17-19] ctpykrypa mapy i #oro ¢dasoBmii ckian
BU3HAYAIOTh CKCIUTyaTaliiiHi XapakTepHCTHKH BHPOOIB. 30KpeMma, sl BIAKPUTHX map TepTs (3yO4acTi koieca,
31pOYKH JIAaHIFOTOBUX TIepe/ady, Majblli KOHBEEPIB 1 T.J.) 3aCTOCOBYIOThCS JAETAJI 3 BUCOKOIO TBEPAICTIO, CHOPMOBaHi
Ha 6a3i € — ¢a3u (FexN). [uis 3akputux nap tepts (IMAMIMITHAKA KOB3aHHS, 3y0uacTi Kojeca, KOpoOKH mepenad i
T.1.) HeoOXigHe (OpPMyBaHHS a30TOBAHOTO MIApy 3 PO3BHHYTOK HITPHIHOK 30HOIO, SIKa CKJIAJAETHCS 3
MAaJI0a30TUCTUX TUIACTHYHUX HITpumaux ¢a3 y i vy~ (Fes N i Fes N), sixi qo6pe mpupoOISIOTECS Ta JIOKATi3YIOTh
IUTACTHYHI AeopMallii i epenIKoIKarTh PO3BUTKY MPOIECy PYHHYBaHHs JeTalll.

OcHOBHUI BKJIaJ B MIiABHINCHHS TPAHUIIl BUTPHUBAJOCTI MPH 3HAKO3MIHHUX HAaBaHTAKCHHIX MAa€ 30HA
BHYTPIIIHBOTO a30TyBaHHS (00 — aza). s migBUIIEHHS >XapOMIIHOCTI TaKOXX OCHOBHE 3HA4YEHHS Ma€ 30Ha
BHYTPIIIHBOTO a30TyBaHHS, alie 2-TO POAY, TOOTO KOJIM yTBOPIOIOTHCS HIiTpuaW Jieryrounx enemeHTiB TiN, ZrN i
HfN [16].

VY BUIaiKy eKcIUTyaTamii AeTaneil B KOPO3iMHMX CEepelOBHINAX MpHU IMiIBUIICHHX TeMIlepaTypax Oa’kaHo
oTpuMyBaty Au(y3iliHI HMIApK 3 TOBEPXHEBOIO HITPUIHOKO 30HOI0. BOJOAiI0YM BHCOKOI KOPO3iHHOO CTIHKICTIO €-
¢daza OJOKye TPAHCHIOPT aTOMIB KHCHIO B MATPHIIO 1 MEPEHIKOKAE il edekra aacopOliiHOrO MOHMKESHHS
MimHOCTI (edekt Pebinmepa) B CTATHYHMX yMOBaxX 1 B yMOBaX Jii 3HAKO3MIHHUX HarpyxeHs [15, 16].

[omanpmri peHTreHOCTPYKTYPHI JOCIiIKEHHS (ha30BUX CTPYKTYPHUX CKIIAJI0BHX 10HHO-230TOBAHUX IIAPiB
JO3BOJIMTH TIHOIIE 3pO3YMITH MEXaHI3MH iX YTBOPEHHS, OIIHUTH KINBKICHMH Ta SIKICHAW iX BIDIMB Ha (i3UKO-
XIMIYHI BJaCTHBOCTI a30TOBAHUX ITOBEPXOHb i, M0 HAWBAXITUBIIIE, 3MIHIOBATH IIi BIACTUBOCTI 3aJIKHO BiJ] YMOB
eKCIUTyaTallii JeTaaeil MarivH.

ITpu BATP B noBepxHeBOMY Miapi pOPMYIOThCS 3AIUIIKOBI HanpyskeHHs cTucky [16, 18-20], siki € oaHiero
3 TpPUYMH IMiJBUINCHHS KaBiTaiHHO-€PO3iHOI CTIHKOCTI, KOpPO3IMHO-MEXaHIYHOI 3HOCOCTIMKOCTI a30TOBaHHUX
MTOBEPXOHb METaliB. BCTaHOBJIEGHO, MO 3aMIIKOBI HANPY)KEHHS OCATAIOTh MAKCUMYMY Iicis 4 TOA. a30TyBaHHSA
[15]. PeHTreHOCTpYKTYpHHUM aHATi30M TaKOXX BCTAHOBIICHO, IO HE3alEXKHO Bill CKIaay ra3oBoi atMocepd B
MOBEPXHEBUX Iapax ycix azoroBaHumx MarepianiB yTBoproroThest €(Fez3N),y (FesN) i a-dazn(FeisN2). ABTopm
pobit [15, 16] cTBep/KyIOTH NMPO HAasBHICTh Ha a30TOBaHIW moBepxHi & — da3u. Hitpuam po3MimryroTecst Ha
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MTOBEPXHI B MOPSJIKY 3pPOCTaHHS BMICTY a30Ty B Qazax: E—e—y —o. HasBHicTh Ha moBepxHi & — (a3 Hamu He
BHUSIBJICHO.

[IpoBeneni moCHiPKeHHS! TOKa3yloTh, MmO (pa3oBWil CKiag 1 CHiBBiIHOIIEHHS (Da30BUX CTPYKTYp B
a30TOBaHOMY IIapi MOXKHA PEryJIIOBaTH HUIIXOM 3MiHM mapameTpiB BATP: ckmamy rasoBoi atMocdepu B xamepi,
THCKY 1 TeMIIepaTypu.

AHasti3 OTpUMaHHX JIAHUX TaKOX IOKA3ye, 10 HaOUIBII CYyTTEBO BIUIMBAE HA KiJbKICTh YTBOPEHHUX THX YU
iHOmX (a3 TemMIrepaTypa i0HHOTO a30TyBaHHS. Taxk, 3 11 MiJBUIIEHHSIM 3MEHIITYEThCS KIJIbKICTh € —(ha3u 1 30171 —

LIYETHCS KUTBKICTD ¥ 1 0—(a3. IIpy mboMy BMICT a30Ty i TUCK Ta30BOI CyMillli HE BIJIMBAE HA KUTBKICTH O.-
a3y, BMICT SIKOT KOHTPONIOETHCS JIMIIE TEMIepaTyporo mporecy asoryBanHs [15, 18]. Ilposemeni Hamu
JOCII/DKEHHSI BKa3ylOThb 1 Ha Te€, IO TOBIIMHA HITPUAHOI 30HW, 3arajbHa TOBHIMHA u(y3iHOrO Imapy,
MIKpPOTBEPHICTh IOBEPXHi, BEJIMUMHA 1 XapakTep pO3IOALTYy HalpyXeHb CTUCKY KOHTPOJIOIOTHCS, B OCHOBHOMY,
TEMITEpPaTypoIO MPOLECY a30TyBaHHs. Buile cka3aHo, 0 MAKCUMYM BHYTPIIIHIX HalpyXeHb CTUCKY 3HAXOAUTHCS
Ha Bigmami 10...15 MKM Big moBepxHi, TOOTO micis mpoxopkeHHS & 1 € —¢a3. & — (da3a yTBOPIOETbCSA B pe3yJIbTaTi
($a3oBoi mepekpHcTaNizallii MPH OXOJIOJKCHHI B THUX OONMacTsIX € — (asu, Jie KOHIICHTpAIis a30Ty CKIaJae
11...11,35% mo maci [16]. & i € — pa3u MICTATh BETUKY KUJIBKICTh TIOP, CTIHKH SKUX OKHCHEHi. OKUCHEHHS CTIHOK
TIOp MPOXOJIUTH TP OXOJIOHKEHHI 3pa3KiB Ha MOBEPXHI BHACHIJIOK TOTO, 1110 IOBEPXHEBI 00’ eMU € — (a3u 3’€THaHI 3
MOBEPXHEIO0 KaHaJaMH, sIKi IPOITyCKAIOTh KUCEHb MOBITPs. TakuM 4MHOM, y Mpolleci 3apo/UKEHHs 1 po3BUTKY (a3
MIPOXOJIUTH peJlaKcallisi 3aIMIIKOBUX HaNpyXKeHb 1 1X 3cyB B IHOMHY audysiliHoro mapy (puc. 7). HasBHicTh nux
MIKpPOMOp 1 MIKpPOTPIIIMH CIpUsiE€ IHTEHCUBHOMY KOpO31HHO-MEXaHIYHOMY 3HOIIYBaHHIO, OCOOJMBO Ha
MMOYaTKOBOMY €Talli HMKJIIYHUX HaBaHTa)XeHb IPH TepTi Ta KaBiTawii. OTxKe, SMEHIIIEHHS TEMIIEPATypH a30TyBaHHS
MPUBOJMTE 10 30UIBLICHHS MaKCUMyMY 3aJIMIIKOBUX BHYTPIIIHIX HalpyXeHb, 110 BKa3ye Ha 3MEHIICHHS
MTOBEPXHEBOT MIKPOITOPHCTOCTI 1 JI0 301IIBIIIEHHS IIMKJIIYHOT IOBFOBIYHOCTI ITOBEPXHI.
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Puc.7. 3miHa 32/ IMIIKOBHMX HANPY:KeHb 110 TOBIMHI JupYy3iliHOro mapy ioHHo-a3oToBaHoi noBepxHi craji 40X 3asexHo Bix
TemMmepaTypu asotyBanHs, °C: 1-600; 2-560; 3-520 npu t=6 roa. i 4-600 npu =4 rox

Bunpo6oByBaHHSI Ha KaBiTallliHO-ePO3iiHY 3HOCOCTIMKICTh a30TOBAHMX 3pa3KiB B 3% pO3UMHI XJIOPUTY
HATPIIO MOKA3aJIH, 1110 3HOCOCTIMKICTh 3MILHEHNX 3pa3KiB Maiike B 9 pa3iB BHIIa OPIBHSHO 3 HEA30TOBAHUMH (pHC.
8,a). KagiTariiiino-epo3iiiHa 3HOCOCTIHKICT cTaneit 20 i 45 B [bOMY X CEpEeIOBHII ITiCIsI a30TyBaHHs 3pocia B 4,7 i
5,3 pasu, BianosiaHo (puc. 8,0). OcTaHHE MOSICHIOETHCS MIABUIICHHSIM (i3MKO-MEXaHIYHUX KOPO3IIHUX Ta BTOMHHX
XapaKTEePHCTUK a30TOBAHOTO APy MOBEPXOHb METAJIB.
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Puc.8. a)-Kasirauiiino-epo3iiina 3nococriiikicTh ciporo yapyna CH20: 1 — 1o a3oryBanHs i 2 — micJist a30TyBaHHs; ) cTaJI€ii:
1il'—cransb 20; 2 i 2"—craas 45 BignosinHo a0 i micjs a3oryBanHs B 3% po34MHi KYXOHHOI coJIi

KoposiifHa CTIHKICTb y IepuioMy HaOMIKEHHI MOXKe OyTH XapaKTepUCTUKOIO KaBiTaliiHOI 3HOCOCTIHKOCTI
MeTaly B AaHOMy cepefoBuini. Tomy OyJo NpoBeneHO MOPIBHAIBHUMA aHANI3 EJEKTPOXIMIYHHX IapaMeTpiB
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A30TOBAaHMX 1 HEAa30TOBaHUX MOBepxoHb ctaneit 20 i 45 B 3% BomHOMY po3uWHI KyXOHHOI comi. Tak, aHami3
TOJISIPU3ALIHHAX KPUBHX ITOKa3ye 3HAYHE 3HIKEHHS IIBHIKOCTI MPOTIKaHHS KOPO3IMHUX IPOIECIB HAa MMOBEPXHIX
A30TOBaHMX 3Pa3KiB IMOPIBHSIHO 3 HEA30TOBAHIMH.

Ha monspuzaniiinux xpuBux (IIK) azoroBanmx 3paskiB y cTaTumi i B AWHaMili (KaBitamii), € IUITHKH
nacuBHOTO cTany (puc. 9), a [IK He a3oToBaHMX 3pa3KiB iyTh HabaraTo KpyTimre (aHoaHa Ta kaTtoaHa rutku [1K Ha

puc. 9,6 xkpuBa 3), 1110 BKazye Ha OUTBITY MIBHJIKICTh MPOTIKAaHHS aHOJHUX 1 KaTOAHUX peakmiid. Kpim Toro,
1 B CTaTHi, 1 IPH KaBiTalil IPOXOJUTH 3MIIIEHHS PIBHOBOKHOTO MOTEHIiay B 00JIacTh OLIBII JO/ATHIX 3HAYCHB!
Bix -570 MB mu1s crani 45 B cratuni 10 -390 MB 1uist i€l 5k crani micis a30TyBaHHS.
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2 2
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-1.4 -1.0 -06 02 02 06 1.0 4B 14 -10 -06 -02 02 061.0 ¢B
a) 0)

Puc.9. Iloasipusauiiini kpuei azoToBannx 3paskis crani 20 (a) i craui 45 (6) B 3% po3uuni NaCl : 1-craTnka; 2—-kasitanis; 3—
cTajb 45 HopMaJli3oBaHa B cTaTHL

3MEHIIIEHHs IBUJIKOCTI TPOTIKaHHS aHOJHUX 1 KaTOAHUX peakilid i 3CyB PIBHOBRXHOTO IMOTEHIIIAIy B
JIOIATHIO 00JIACTh MOSICHIOETHCSI YTBOPSHHSIM Ha TIOBEPXHI BHCOKOA30THUCTOI &-(ha3u, KA MAE BHCOKY KOPO3idHY
cTifikicTs. EnexTpoHuii moTeHIian mo ToBuMHI € — a3y MpakTHYHO HE MIHSETHCS, 0 OOYMOBICHO HE3HAYHOIO
3MIHOIO BMICTY a30Ty B rpaHuIlsx i€l ¢azu [15].

KinpkicHO 3HAWTH MiIpy MiJBUINEHHS KOPO3iHHOI CTIHKOCTI a30TOBaHMX 3pa3KiB MOPIBHSHO 3
HEa30TOBAaHUMH MOJKHA IMOPIBHABIIM CTPYMH KOPO3ii 3a po3poOJIEHOI0 HAMH METOAMKOIO iX 3HaxomkeHHs. Tak,
cTpyM Kopo3ii ctani 45 B 3% po3unni NaCl B cratuni gopisaioe 0,008 MA, a s azoToBanoi craii 45 — 0,003 MA,
o 2,67 pa3iB MeHILe.

Omxe, MiIBHUINCHHS KaBiTallIHHO-epPO3IifHOT 3HOCOCTIMKOCTI a30TOBaHUX CTaleil OOYMOBJICHO TaKOX
MJBULIEHHSIM X KOPO3iiHOT CTIMKOCTI.

TakuM 4MHOM, HIISIXOM 3MiHH TEXHOJOTIYHMX PEXKUMIB I0HHOTO a30TyBaHHS METAIIB (TEeMIEpaTypH, TUCKY
1 CKJIajly Ta30BO1 CyMillll) MOKHA B IIUPOKOMY JIialla30Hi 3MIHIOBAaTH BJIACTHBOCTI IOBEPXHEBUX a30TOBAHUX IIAPIB:
(izuKo-MexaHiuHi, KOpPO3iiiHi, eIEKTPOXiMIUHI, & BIATAK 1 XapaKTEPHUCTUKH 3HOCOCTIMKOCTI 3aJIe)KHO BiJ| IapaMeTpiB
30BHIIIHBOTO HABAHTAXKEHHsI, HOTO BUIY, XapaKTEPUCTUK poOOYOro cepenoBuiia i T. iH. [Ipu 11bomy HaiiOiibIn
BiJUyTHO HA 3MiHY YCiX BJIIACTUBOCTEW MOBEPXHEBHX a30TOBAHMX IIAPIB BILIMBAE TEMIIEpAaTypa a30TyBaHHS. 3 il
3MEHIICHHSIM 30UIBIIYETHCS KiJbKICTh € —(a3u 1 30UIbIIYETHCS KOpPO3iHA CTIHKICTh, 30UIBIIYETHCS MAKCUMyM
BHYTPILIHIX 3aJMIIKOBUX HANpYX€Hb CTUCKY, IMiJBHUIIYEThCS Majo- 1 0araTolMKIOBA JOBTOBIYHICTD,
MIKpPOTBEPAICTh MOBEPXHEBOTO Iapy. Pa3oM 3 TUM, MpoOBe/ieHI pO3paxyHKHU 3MIIIHEHHSI KOHCTPYKIIHHUAX CTallei 1Mo
Teopii Motto i HabGapo st KorepeHTHUX BUAUIEHb HITPUMIIB 1 o Teopii OpoBaHa Ui HEKOTEPEHTHHX BHILICHD
MOKa3aB, IO iCHYI4i TexHosorii ioHHOro BATP n03BOSIFOTE TEOPETHYHO OCSATHYTH 3HAYHO BHUILNOTO DPiBHS
3MiIIHEHHS a30TOBAHMX IAPiB.
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