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The defective areas of tanks constructions with abnormal dispersion of magnetic parameters (strength of
self-magnetic dispersion field and local change of the field gradient) are analyzed using the magnetic
memory method. More than 80 horizontal and vertical tanks made of steel ST3 and 09G2S were exam-
ined without their retirement from service and some of them were partially subjected to full inspection in
different geographical regions (Northern Europe, Yamalo-Nenets Autonomous Okrug, Eastern Siberia
and Far East). It was determined that the character of distribution of the strength and gradient of
self-magnetic dispersion field atop damages provides visualization and recording of corrosive fracture
and cracks using compact magnitometric devices similar to SCM (stress concentration meter). It is
shown that stress concentration zones can be identified by a magnetic signal without any optional visual
control and the values of strength and gradient of the self magnetic field provide determination of the
damage parameters. In most cases (90 %) the results of traditional methods of non-destructive testing
(eddy current flaw detection, fluorescent magnetic testing, ultrasound detection and optical visual con-
trol) match the location of magnetic anomalies and corrosive crack-like damages of tanks.

Keywords: cylindrical steel tanks (vessels); metal magnetic memory; stress concentration lines; strength
of self-magnetic dispersion field; non-destructive testing; corrosion; crack.
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ONPEJAEJIEHUE YIIPYI'UX XAPAKTEPUCTHUK CTPYKTYPHBIX
COCTABJIAIOIUNX CTAJIEN X12 U P6M5
METOJIOM ATOMHO-CUJIOBOH MUKPOCKOIIUU

© M. A. Maukparos, U. H. Crenankun'

Cmamus nocmynuna 23 oexabps 2015 a.

MeronamMu aTOMHO-CHIJIOBOI MUKPOCKOIIMH IIPOBEJIEH CPABHUTEIIBHBIN aHATIN3 YIPYTUX XapaKTePUCTHK
CTPYKTYPHBIX COCTABJIIIOIINX MHOTO(ha3HBIX MaTepHaoB. B mporiecce B3anMoneCTBISI BEPIIIHEI 30H-
Jla C HOBEPXHOCTBIO HCCIIELYeMOro odpasia B IMHAMUYECKOM PEKUME PabOThI aTOMHO-CUJIOBOTO MHK-
pockona (GpUKCHPOBATH U3MEHEHHS TUHAMIYECKHX XapaKTEPHCTUK MUKPOKOHCONH (aMILTUTYAY U (azy
KolleOaHuii, PEe30HAHCHYIO 4YacToTy). B pesynbsrare OIHOBpEMEHHO C BU3yallM3alMed Tormorpaduu
HOBEPXHOCTH PErUCTPHPOBANIN (Pa30BbIi KOHTPACT MOIMMOPGHBIX MATEPHAIOB C HAHOMACIUTAOHBIM
paspenienureM. Mcrone3yst nomyyeHHbIe JaHHbIE, ONPENEIISUIN YIIPYTHe XapaKTePUCTUKU CTPYKTYPHBIX
COCTABIISIIOIIMX M YIIPOYHEHHBIX CIIOEB cTaei enedypurHoro kinacca X12 u POMS. [liist onenku yripy-
I'MX XapaKTepPUCTHK MOBEPXHOCTHO-MOAU(DUIMPOBAHHBIX CIIOEB MAaTepUaIoB IPOBOMMIN CONOCTABH-
TebHBINA aHan3 (pa30BOro KOHTpACTa Ha IOATOTOBIEHHOM TOBEPXHOCTH COCTaBHBIX (U3 ABYX IOJIOBUH,
KaX/Iasi U3 KOTOPBIX MMelia MOAU(HUIMPOBAHHbIA ci10ii) 00pa3ioB. CoBmelnas oOpasipl 10 HOBEPX-
HOCTSM ¢ MOAU(UIIMPOBAHHBIMU CIIOSIMH, ITOJIOBUHKH KECTKO CKPEIULUIA U MECTO CThIKA HUTU(OBAIIY.
TosyueHHbli nonepeyHblii MUKPOIUTH( MO3BOMISUT UCCIEAOBATh TOHKHME IPOCIOMKH ABYX MOIUGbH-
IIMPOBAHHBIX CIIOEB U MOIOKKY ¢ 00enXx cTopoH. OIeHKa YIPYIHX XapaKTepUCTHK CTPYKTYPHBIX CO-
CTaBJIAIOIIMX M TOHKMX IIOBEPXHOCTHBIX CJIOEB CTallel [I0Ka3alla, 4To KapTHHA pacrpeeneHus $ha3oBo-
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0 KOHTPACTa, (POPMHPYIOLIETOCs [PY CKAHUPOBAHKH IIOBEPXHOCTH 00PA3LOB, OTPaKAaET CBOWCTBA pa3-
HOPOJIHBIX MarepraioB. [IpeIOKEHHYI0 METOIMKY MOMKHO HPUMCHSITH UIS OIPENCICHUS MOMYIISI
YIPYTOCTH KaK YIMPOYHEHHBIX CIIOEB MAJIOH TOJIIMHBL, TAK U CTPYKTYPHBIX COCTABISIOIINX.

KiioueBble cj10Ba: aTOMHO-CHIIOBass MUKPOCKOIIMS; CTaJM JIeieOypUTHOTO Kilacca; MOAU(UIMPOBaH-

HBIC CJIOU; MOAYJIb YIIPYT'OCTH.

Kak u3BecTHO, METOJJOM aTOMHO-CHJIOBOM MHKPOCKOITHH
(IMHAMWYECKHH DPEXUM) B TPOIECCe B3aMMOJICHCTBHSA
30HIa C IOBEPXHOCTHIO HCCICAYCMOTo o0pasia peru-
CTPUPYIOT HU3MCHCHUA JUHAMHUYCCKUX XapPAKTCPUCTHUK
MHUKPOKOHCOJM (aMIUIUTYIIBI W (a3bl KoieOaHWid, pe3o-
HAHCHOM 4acToThl). B pe3ysibrare oJHOBpPEMEHHO C BU3ya-
nmu3anyel Tornorpadgun moBepxHOCTH (HUKCUPYIOT (aso-
BBl KOHTPACT IMOJMMOPGHBIX MarepuasioB [1], 4To B
CBOIO OuYepeNb IMO3BOISICT MCCIEIOBATh CBOWCTBA CTPYK-
TYPHBIX COCTaBILTIOMHKX. TaK, I0 0COOEHHOCTSM B3anMO-
JIEWCTBHSI 30HAA C HCHBITYEMOH ITOBEPXHOCTBIO MOKHO
OLICHHUTH, HAIPHMEP, MOIYIb YIPYTOCTH MUKPO- U HAHO-
METPOBBIX 00JaCTell TeTEePOreHHBIX MaTepUAIOB M TOH-
KuX cioeB Ha HuX [2]. B To ke Bpems wucciemoBaHue
CTOJIb HEOONBIINX OOBCKTOB METAJUIMYECKUX CILIABOB C
MOMOIIIBIO TPAAUIUOHHBIX METOIMK, OCHOBaHHBIX Ha pa3-
pylieHuu 00beMHOT0 00pasiia, HeBO3MOXKHO [3].

WuTepnperanust (pa3oBoro KoHTpacTa, MOTYyYSHHOTO
Ha MHUKPO- U HaHOOOBEKTaxX CIUIABOB, COMOCTABHMa IIO
CBOEH CyTH C MECTOJAaMU HAaHOMHACHTUPOBAHUA JJIA aHa-
TH3a YIpYyTruX XapaKTePHCTHK KaK OTACIBHBIX KPHCTAl-
JIOB, TaK M TOHKHX MOBEPXHOCTHBIX clloeB [4 — 6]. AKTy-
ANBHOCTh OIEHKH MOAY/IS YHPYTOCTH MHKPOOOBEKTOB
00ycIioBJIeHa HEOOXOAMMOCTHIO TOYHOTO MOJICITUPOBAHHUS
B3aUMOJICHCTBUS (a3 B TETEPOTCHHBIX MaTepHaiax IpH
BO3IICHCTBUH Ha HUX BHEITHHUX (PaKTOPOB, B IIEPBYIO OUe-
penp MexaHudeckoi mpupoast [7].

Llens paboTBI — OLEHKA YHPYTHX XapaKTEPHCTHK
CTPYKTYPHBIX COCTaBISTIOIIMX M TOHKHX ITOBEPXHOCT-
HO-MOJU(HUIIMPOBAHHBIX cioeB cTayield X12 u POMS me-
TOZOM aTOMHO-CHJIOBOH MHUKPOCKOIIHH.

Hccnenosanu oopasusl (10 X 15 mm) craneit nenedy-
putHoro kiacca X12 u P6MS. IloepxHOocTHO-MOAMDH-
[IUPOBAHHBIC CIIOM COENWHSUH, oOpamias Moauduuupo-
BaHHbIE TIOBEPXHOCTH JIPYT K 1pyry (puc. 1).

CuHTe3 GOPUPOBAHHOTO CIIOS OCYIICCTBISLIM XUMH-
KO-TepMHUYECKol 00pabOTKOW CTad B TIOPOIIKOBOW CMe-
CH Ha ocHOBe kKapbOuma Oopa mpu Temmeparype 950 °C B
TEYEHHUE YETHIPEX YacoB. B kauecTBe akTUBaTOpa MCIIOIb-
3oBaim (propbopar xanmus KBF,. TToBepxHOCTHBIN CI0it
W3 HUTPHUA TUTaHA Ha MCCIIEyEMBIX 00pasiax Mmojaydyainn
METOJIOM HMOHHO-TUTA3MEHHOTO OCaXKJICHHUS B BaKyyMHOM
kamepe npu gasinenuu 1073 [la u Temneparype He Goiiee
600 °C. TlokpeiTue (okomo 1 —2 MKM) HaHOCHIIH TIOCTC
TEPMUYECKOH 00pabOTKH CTaIH.

Jna ananmu3a (a3oBOro KOHTpacTa HCIOIB30BAIN
aToMHO-cuJI0Boi Mukpockorn HT-206 (benapych) ¢ 30H-
qoM XSCXI11 (Mikro masch). O6pazen momemanu Ha
MIPEMETHBIA CTOJMK MUKPOCKOTIA TAKUM 00pa3oM, 4TOOBI
00JIacTh CKaHWPOBAHMsI 30H/a OXBAThIBaja TOHKHE TPO-

CIIOWKH MOAN(MUIIMPOBAHHBIX CIOEB M MPUMBIKAIOIIYIO K
HUM OCHOBY (cM. puc. 1, 6). IloBepxHOCTH mHpenBapu-
TeNbHO NUIM(OBANM, TOJIMPOBATN M TPaBHIU B S5 %-M
CIIUPTOBOM pPACTBOpE a30THOW KucioThl. CKaHUpys MO-
BEPXHOCTH 00pasiia, 30H] COBEPIIIA BEIHYKICHHBIE KOJIe-
OaHMs C pe30HAHCHOMW YacToTol. B MOMeHT nepexoya rpa-
HUIBI MEXIy CTPYKTYpHBIMH COCTaBISIONIHNMHU (ha3a Ko-
neGaHni 30HIa MEHSIACh, OTPaXKasl pa3IHdyre B yIPYTUX
XapakTepucTuKax wmarepuaioB. Ilo u3meHeHuio azbl
oLieHUBaIH (ha30BbIM KOHTpACT (KapOUAHBIX YaCTHIL U T10-
BEPXHOCTHO-MOJTU(HUIIMPOBAHHBIX CIIOEB).

W3BecTHO, 4TO MOHOKapOHWIbI, oOpa3yemble JeTH-
PYIOIIMMH 3JIEMEHTAMH BBICOKOMIPOUHBIX cTaner (WC,
W,C, Mo,C, Cr;C,, VC), obnanaioT BBICOKUMH TBep-
JOCThI0O M MozayneMm ympyroctu [8,9]. IlpoBeneHHbII
aTOMHO-CUJIOBOM aHalu3 CBOMCTB KapOWIHBIX YaCTHII
MOKa3aJl, YTO CIIOXKHBIC M0 XMMHYECKOMY COCTaBYy BKIJIO-
yeHus craneit POMS n X12 takke UMEIOT MOBBILLIEHHbBIE
[0 CPaBHEHHUIO C METAJUIMYECKOM MaTpHIell Xapak-
TEPUCTUKH.

IIpu cxkanupoBanuu 00Opa3IOB B 00IACTH KapOUIHBIX
BKIIIOYCHUH U3MeHeHne (asbl koieOaHHid 30Ha COCTaBH-
10 50 — 60 (cramp X12) u 25 — 30 enunnn (crans P6MS)
(puc. 2, a, 6). Ilpu 3TOM MOIYNh YHPYTrOCTH METaJTH4e-
CKOW Marpuibl (MApTEHCUTA) — OJHOW U3 CTPYKTYPHBIX
cocrasisronmx — cocrasisul okoiio 200 I'Tla. ITockois-
Ky BeJIMYMHA cKayka (a3bl KoJeOaHuil mpu nepexojae KaH-
TUJIEBEpaA C MaTPHILbl HA BKJIIOYEHHE MPONOPLHUOHATBHA
YIpYruM CBOMCTBAM YacTHULbl [2], MOXHO 3aKIIIOYUTH,
4yTO KapOuapl ctamy X12 uMeroT OOIbIne TBEPIOCTh U
MOJIyJIb YIIPYTOCTH, YeM BKJIFOUEHUs cTainn POMS.

[t OleHKH YNPYTUX XapaKTePHCTHK MOBEPXHOCT-
HO-MOIU(DHUIUPOBAHHBIX CIOEB, COMOCTABUMBIX IO pa3-
MepaM C KPYIHBIMH KapOWIHBIMU BKJIIOYEHUSMH, MPO-
BOJIWJIM COTIOCTABUTEJIBHBIN aHaIu3 (a3zoBOro KOHTpacTa
MOBEPXHOCTH 0Opas3mna. i 3TOro M3BECTHBIC BETUYHUHBI
MOAYJCH YNPYTOCTH METAIMYCCKOM MAaTPHIBI WU CIIOS
Hutpuaa tutana (TiN), HAaHeCEeHHOro Ha OJHY W3 YacTe
o0pasa, COMOCTAaBISLIM C MONYYCHHBIMH 3HAYCHUSMH
(a3 xonebaumii 30H7a. VCKOMBI MOIYNb YHPYroCTH
6opunnoro cinost (FeB) ompenensnu myrem mnmHEHHOM
anmpOKCUMAITUH.

Ha puc. 2, 6, 2 ipeacTaBnensl pe3ynbTarbl CKaHUPO-
BaHUS 00pa3IoB ¢ OOPUIHBIM CJIIOEM W TMOKPBITHEM H3
HUTpHIA TUTaHA. BHIHO, 9TO IPU CKAHUPOBAHUH OCHOBBI
u3 cranu X12 (cMm. puc. 2, 6) ¢daza xonebanuii 30112 co-
CTaBJIsJIa OKOJIO 68 €IMHMII, 3aTEM OHA MU3MEHWJIACh, J10C-
TurHyB 3HadeHud 112 (cioit TiN) u 108 eaunun (cioit
FeB). B ciy4ae cocraBHoro o6pasma (cM. puc. 2, 2) dasa
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Puc. 1. Cxema (@) u pororpadus (6) obpasua (I — mIacTUHbI U3
HCIBITYEMbIX MaT€PHANIOB; 2 — OTBEPCTHS O] Kpernex; 3, 4 — mo-
BEPXHOCTHO-MOAHU(DUIIUPOBAHHBIC ~CJIOW); CTPEJIKOM  [OKa3aHbI
GOKOBBIC CEUCHHUS MOAM(DUIIMPOBAHHBIX CIOCB Ha TPAHULEC MEXIY
JIByMsI COCTaBHBIMH YacTsMU 00pasiia B 001acTH CKaHUPOBAHUSI T10-
BEPXHOCTH 30HIOM-KaHTHUIICBEPOM aTOMHO-CHIIOBOTO MHKPOCKOIIa

Mmensutack ¢ 71 no 110 (cocrapnstonme POMS u TiN) u
¢ 68 o 105 equnnt (X12 u FeB).

Pesynbrarel onpenencHus: MOAYIACH YHPYTOCTH IPH-
BeleHBl B TaOmuie. BuOHO, YTO pacyeTHbIC 3HAYCHHS
MOJYJIl YHOPYroctu OGopuIHOro cios mjis oboux obOpas-
[[OB IPAKTHYECKH COBIAnaroT. HeGonpmioe oTkIOHEHUE,
MO-BUAUMOMY, OOYCJIOBJIEHO HEKOTOPOH HEOAHOPO.-
HOCTBIO CTPYKTYPHBIX COCTABIISIOIIUX.

OTMeTHM, 4TO 3HAUCHHS MOJYJCH YIPYrOCTH HUTPH-
Jla TUTaHa U Oopua kene3a BapbUpyroTcs oT 256 10 620
u ot 240 o 420 I'Tla [10, 11] B 3aBHUCHMOCTH OT criocoba

A A

59.6

Ap ™

68

] 5 10 15 20 25 MKM

Pesynbrarsl onpenencHUss MOIYIEH YIPYTrOCTH CTPYKTYpHBIX CO-
CTaBISIOIINX 00pa3IoB

Oopaser (cM.  CtpykTypHas W3menenue hasbl Monyne

puc. 2,6,2) cocrapisiomas  konebaHus 30HAA, ef.  ynpyroctd, ['Tla

A X12 68 210

FeB 108 400

TiN 112 420

B X12 68 210

PO6MS 71 225

FeB 105 395

TiN 110 420

MOJIyYeHHs COCIUHEHUH. Pe3ynbraTel aHanu3a He MPOTH-
BOpEYar JUTePaTypPHbIM JaHHBIM.
Takum 00pa3oM, TPOBENCHHBIC HCCIICAOBAHUS 10

OIICHKE YIPYTUX XapaKTEPHCTHK COCTABIIIONINX CTaJICH
nenebypuTHoro kinacca X12 m P6MS, a Takke TOHKHX
MOBEPXHOCTHBIX CJIOEB IOKa3alld, YTO KapTHHA pacmpe-
JeneHus: (pasoBOro KOHTpacTa, (HOPMUPYIOIIErocs MpH
CKaHUPOBAHUU TOBEPXHOCTH 00pa3IOB, OTpa)xkacT CBOM-
cTBa MaTepuaioB. [IpemnoxkeHHass METOAMKA, OCHOBaHHAS
Ha COIOCTaBUTEIHLHOM aHaim3e (a3 KojeOaHWi 30HIa
aTOMHO-CHJIOBOTO MHUKPOCKOIIa, COOTBETCTBYIOIIUX pas3-
HOPOJIHBIM CTPYKTYPHBIM COCTABJISIOLIUM, [O3BOJISCT
OLICHUBATh MOIYJb YIPYTOCTH YIPOYHCHHBIX CIOCB Ma-
JIOM TOJIIIUHBI.

AQ

29 4f-mmmm e

12,4 mm

A =

S i R S S S S S S S S S S S S S ——
o 5 10 15 20

25 MKM

Puc. 2. 3menenne ¢da3pl konedaHus 30012 AQ IPH CKAHUPOBAHUHN oOJ1acTel KapOUIHBIX BKIIIOUCHUH 00pa3nos cranei X12 (a) u POMS (6),
cioeB TiN u FeB na o6pasnax 4 (crans X12) (6) u B (ctans X12 u POMY) (2)
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DETERMINATION OF THE ELASTIC CHARACTERISTICS
OF STRUCTURAL COMPONENTS OF STEELS X210CR12 AND HSS6-5-2
BY ATOMIC FORCE MICROSCOPY
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Atomic force microscopy is used for comparative analysis of the elastic characteristics of the structural
components of multiphase materials. Changes in the dynamic characteristics of the microcantile (ampli-
tude and phase of oscillations, resonant frequency) are recorded in the dynamic mode of the atomic force
microscope operation upon interaction of the probe tip with the sample surface. The phase contrast of
polymorphic materials with a nanoscale resolution is thus recorded simultaneously with the visualization
of the topography of the sample surface. Using the obtained data we determined the elastic characteristics
of structural components and hardened layers of ledeburite steels X210Cr12 and HSS6-5-2. To assess the
elastic characteristics of the modified layers a comparative analysis of the phase contrast was performed
on the prepared surface of composite samples. The samples consisted of two halves and each of them
contained a modified layer. After putting together the modified layers of the both parts the samples were
tightly fastened and the joint was polished. The resulting transverse microsection provided simultaneous
study of thin interface of two modified layers and substrate on both sides of the layers. Evaluation of the
elastic characteristics of the structural components of steels, as well as thin surface layers showed that the
pattern of the phase contrast distribution formed upon scanning the sample surface reflects the properties
of dissimilar materials. The developed technique can be used in determination of the modulus of elastic-
ity of hardened layers of small thickness and structural components as well.

Keywords: atomic force microscopy; steel of ledeburite class; modified layers; modulus of elasticity.
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