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B CBapHBIX MBax. {1 mpoBeneHHOTO aHaimm3a 3PQPEKTHBHOCTH MHOTOKJIIACCOBOI'O PACIIO3HABAHHUSA TEXHHYECKOTO CO-
CTOSIHUS 00BCKTA UCIIOIB30BAaH HEMPOCETEBOH Kilaccu(ukarop.
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MULTI-CLASS RECOGNITION FOR DETERMINATION THE TECHNICAL STATE OF THE
WELDED JOINT TANK WITH DEFECTS BY USING NEURAL NETWORK CLASSIFIER

The paper shows the efficiency of the multi-class recognition of technical states the welded joint tank by using the neu-
ral network classifier that based on Probabilistic Neural Network.

Implementation of modern multichannel monitoring systems for determination the technical state of spatial objects re-
quires researching of changes of a stress-strain state construction elements which function under the operation pressure
and possible impact its structural integrity. Such researching are needed for prevention of cracks or damage determining
and future prediction of object’s technical state.

In the paper the tasks of a multi-class recognition of a state of multi-site damage the welded joint tank are determined.
In the research was created the model of the object with probable location places cracks. One of them is a vertical crack
and two are horizontal. Directions of their propagation are given. Cracks have the same value. The first researching in-
cluded when cracks turn up one by one. The next one related with multi-focal defects when cracks were arised and they
evolve in parallel and independently. The data of strain in the structural of the welded joint tank where sensors were
attached is given.

The research of the possibility of the error-free recognition was conducted by the developed classifier based on the
stress-strain state of the geometric model of the tank structural elements with multi-site damage, where sensors are lo-
cated. The development of the classifier was done by using Probabilistic Neural Network, which provides the best re-
sults of a multi-class recognition for determination technical state of spatial object with multidimensional vectors of
diagnostic features. As a result, the probability of recognition from the network influence parameter, which shows the
effectiveness of the neural network classifier for localization of single damage and localization of multiple cracks, was
established.

Keywords: multichannel recognition; diagnostic features vector; neural network’s classifier; Probabilistic Neural Net-
work; localization of damage; influence parameter.
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B pobomi onucyemuvcsa 3acmocysanus memody (pakmaibHO20 aHanizy HA NPUKIA0i CMPYKMypu SUCOKOSKICHOL
KoHcmpykyiunoi gyeneyeeoi cmani maprku 20K (emicm gyeneyro 0.16-0.24 %), saxa euxopucmogysanacs Oisi 6U2OMO6-
JleHHs obuuaiox pekmuikayittnux KoaoH. Bci excnepumenmu npoeodunuce npu memnepamypi 6id -50 °C oo +50 °C.
3a mapounuxom cmani 6r1acmugocmi 3paska 3MIHIOIOMbCS He CYMMEBO, d Omoice | NOXUOKA eKCnepuMeHmy 3600Umvcs
00 MiHIMALHOI.
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Memoo gpaxkmanvrozo ananizy 6 pobomax 3 OyiHKU AKOCMI MemanonpooyKyii 3apekomendysas cebe, K HOBULL
SAKICHUU NioOXio, AKUll 6a3yeMvCsl came HA 3MIHI CIMPYKMYpU Memany i € IH8APIaHmHUM npu PI3HUX 30L1bUEeHHAX pomo-
epagii cmpyxmypu 3paska. Memoo ¢ppaxmanvroeo ananizy moosice Oymu 3acmocoganuii 00 6y0b K020 MUNy ma Kiacy
Memaiy, ane y nonepeoHix pobomax i 6 Yiil, 00Panull Memai i3 nepeadcHo gepumo-nepaimuor cmpykmypor. Iiorpy-
HmMaAM 6ubopy came epumo-nepiimnux Memanie € mema 3an04amKy8ants. €OUHO20 NIOX00Y BUGHEHHSI NEGHO2O MUNY
Memainy 3 6UKOPUCMAHHAM QPAKMATbHO20 AHATIZY.

Y pobomi npoananizoeano pesynbmamu pizHUX munie eunpoOyeaHv, HAOAHI NOPIGHANbHI XAPAKMEPUCTUKYU IX
@paxmanenux posmiprocmeii. IIpogedeno eunpobysanHa 3pasKié Ha KOPOMKOYACHUL po3mse ma YOapHuil eueut. Yoa-
PHUlL 8U2UH 0d€ HAUOLTbW YYMAUBI NOKASHUKU WOO0 CMPYKMYPHO20 CIAHY Memainy, 8 Mol 4ac, AK 6unpoOy8aHHs Ha
KOPOMKOYACHUL pO3MsA2 ONUCYE eHepeemudti 3Minu. MemoOoom pakmansHo2o ananizy 00CAIOHNCeHO MUMUACO8] KPUBI
npu YOapHomy HABAHMANCEHHI | 8IONOBIOHT NOBEPXHI 31AMIB.

OcHo8HUMU YMOBAMU 3ANOYAMKYBAHHA MPIWUHU € ycepeOHeHe HaNPYICeHHs — NeGHUll eHepeemuyHull oap ep, ni-
ClIAl AKO20 BUHUKAE MPIWYUHA, A MAKOIC HAKONUYEHA eHep2is MIKpoHanpyiceHv. B pobomi 3pobneno npunywjenns, ujo
OCHOBHA POJIb NPOABY AHIZ0MPONIT BUSHAUAEMbCS eHEPRIEI0 PO3NOBCIOOINCEHHS | Matlice He 3ANedHCUmsb 6i0 enepeii 3apo-
OJICEeHHs. MPIWUHU.

Taxum wuHoM, Cni6cmasients GpakmaibHuX po3MIpHOCHEN KPUSUX PYIHY8AHHS 3 IONOGIOHUMU (DPAKMATLHUMU
PO3MIDHOCIIAMU NOBEPXOHb 31AMi6, NOKA3AIU, WO GNIUG AHI30MPONIT npoxamy mac micye quwie Ha cmaoii po3noscio-
OJICeHHsL MPIWUHU, eHeP2isl 3aPOOINCEHHS MPIWUHU NPAKIMUYHO He 3ANedHCUMb 810 HANPSAMKY NPOKAMY.

Knrouogi cnosa: ¢ppaxmanvra posmipnicms, anizomponis Memany, NO8epxXHi pYUHy8aHHs, MEXAHIUHi UNPOOY-

BAHHAL.

Beryn. ITocraHoBka npo6JieMun

BBaxaerbest, mo MOHATTS (QpakTaibHOI po3Mip-
HOCTi Y METaJI03HABCTBI HAOYJI0 MIMPOKOT MOIMYJISIPHO-
cTi 3aBIAKH BUXoay y 1998 porti pobotu [1], y 3B's13Ky
3 aHa30M CTPYKTYpPHU, 30KpeMa TOBEPXOHb PYHHY-
BaHHS METAJICBUX KOHCTPYKIii. [Ipu npomy ciin Bia-
MITHTH, IO NpobieMa 3abe3nedeH s HaAiiHOCTI po-
00TH MOCYIUH THCKY, MAIIMH, MEXaHi3MIB, TOILO IIic-
JIs. BUIEPIAHHS HUMH MIPOEKTHOTO PECYpCy KOKHOTO
POKY CTa€ aKTyaIbHIIIOO.

Jlnst miHiMI3aIlii BUTpAT HA iarHOCTYBaHHS OyII0
3aMpOTIOHOBAaHO METOJ (PpaKkTaIbHOTO aHai3y, SKHMA
MOe OyTH 3aCTOCOBaHWH SK NPHU PYHHIBHOMY, TaK i
HEpYHWHIBHOMY KOHTpOJIsiX. OCOONMBICTh TAHOTO TIij-
XOMy TOJIATAa€ y TMPOCTOTI HOTro BUKOPHCTAHHS: IS
JOCTIKeHHST HeoOXigHa (hoTorpadis cTpyKTypH MiK-
po-, Me30-, ab0 Makpo- piBHs [2], Ta BU3HaYeHHS (pa-
KTaJIbHOI po3MipHOCTI [3].

Takum YMHOM, 3aCTOCYBaHHS (DPAKTaIHLHOTO Me-
TOIY pa3oM i3 IHIIMMH METOJIAMH KOHTPOJIIO HaJae
MOXKJIBICTh BUSIBUTH OUIBII HAOYHY KapTHHY JiarHO-
CTHKH, 30KpeMa 3 TOYKH 30PY PO3BUTKY Ae(EKTiB.

OTxe, MeTOI0 POGOTH € BCTAHOBIICHHS B3a€EMO-
3B’SI3KIB MiXK (PpaKkTaTbHUMH PO3MIPHOCTSIMH KPUBHUX
pyHHYBaHHS 1 MMOBEpXOHb PYHHYBaHHS 3aJI€KHO BiJ
HaTIPSAMKY IPOKATYy.

Marepian pociaigxeHHs

JIJis BUSIBJIICHHST XapaKTePHUX O3HAK aHI30TPOIIii
[4], 3 dparmenty 3pyiiHOBaHOI OOMYalKK KOJOHH O
2200 MM 1 TOBIIHHOIO CTIHKH 12 MM, 13 BUCOKOSKICHOT
ByriaenesBoi cram 20K [5], Oynu BupizaHi 3pa3ku s
ICITUTIB Ha KOPOTKOYACHHM PO3TAT Ta YAAPHUN BUTHUH
[6] y TppOX HampsiMkax: oB3goBxkHbOMY (HIT), morme-
pearomy (ITIT) ta mix xkyrom 45°.

IcuTr Ha KOPOTKOYACHWHA PO3TAT NPH KiMHAT-
Hil TeMIepaTypi Ta BUIPOOYBaHHS HA YAapHUI BUTHH

B miamasoni Temmeparyp Big —50 °C no +50 °C Gymu
MpoBeJieHI Ha MaoMipHuEX 3paskax llapmi [6] 3 mo-
JATBIIAM aHAli30M TPOQiTIB KpPUBHX 1 TMOBEPXOHb
pyHHYBaHHS 32 JOTTIOMOTOI0 (PPaKTAITEHOTO METOMY.

Sk MoxHa GauyWTH, 3a pe3yJbTaTaMH ICITUTIB Ha
KOPOTKOYAaCHUH PO3TAT, 3HAYHOI CXWIJIBHOCTI MeTaiy
JI0 aHi30Tporii He BHSBJICHO, 32 BHHAITKOM JESIKOTO
BIAXMJICHHS BIZIHOCHOTO 3BY)XKCHHSI IO3OBXKHIX 3pa3-
KiB TMOPIBHAHO 3 IHIIMMH 3pa3kaMH, L0 HMOBIpPHO
MTOB’s13aHE 3 PO3BUTKOM TPIIIMHU BiTHOCHO HATIPSMKY
npokaTty (tabm. 1).

3 iHmoro 60Ky BiOMO, 110 HAWOIIBIT YyTIUBH-
MH MTOKa3HUKaMH MO0 CTPYKTYPHOTO CTaHy MeETaiy,
Yy TOMY YHCHi 1 T0 CXIJIBHOCTI TIPOKATy 0 aHi30TpO-
mii, € pe3yapTaTH BUMPOOYyBaHb HAa YAApHUH BUTHUH
[7]. Tak, 3rigHO A0 KPUBOi KPUXKO-B'SI3KOTO MIEPEXOTY
NpU yIAPHUX HABAHTAXKCHHIX, O3HAKAMU aHI30TPOIii
MOXYTb OyTH pi3HI 3HaUEHHs TEeMIeEpaTypH KPHXKO-
B’s13k0r0 nepexony Ty (ToOTo 3cyB 1o TemnepaTypHii
0ci), a TaKOX 3arajbHa BEIIMYMHA YIAPHOI B’SI3KOCTI
JUTSL 3pa3KiB pi3HOTO HampsMKy [8, 9]. Lli o3Haku Bij-
OMBAIOTHCS TAKOXK HA XapakKTepi 1 TUIONII Mij TUMYa-
COBUMH KPWBHMH pyHHYBaHHsA. T0OTO BHIIOMY 3Ha-
YEeHHIO CyMapHOI €Heprii 3apojpKeHHS 1 PO3MOBCIO-
JOKSHHSI TPIIIMHU BiAMOBifae Oiblla TUTOIA i KpH-
BOIO yaapHOi B’SI3KOCTi (puc. 1). Ane HalOUIBIT TOUHY
OIIIHKY MOJXKHAa OTPHMATH, BPaxOBYHOUHU (PAKTAIbHY
PO3MIPHICTh TPOQUII0 KPUBOI, TPH CIIBCTABICHHI 3
(pakTambHOIO PO3MIpHICTIO 311amiB (Tadu1. 2).

Jo Bu3HaueHHs (paKTanbHOI PO3MIPHOCTI Ipo-
(a0 THMYacoOBOi KPWBOi, IO BiINOBITAa€ 3arajibHii
poboti pyityBanHs (Dy), B TOMy 4nCIIi Ti€l YaCTUHH
KpHWBOI, SIKa BiAMOBITae eHEPrii 3apOHKEHHS TPIIIHHN
(Dxmax.), 32CTOCOBAHO MiaXiM, KUK HAOYyB PO3BUTKY Y
po6oti [10]. Kpim Toro, B Ta0JI. 2 HaBeACHO NaHi II0-
o ¢paktarbHUX po3mipHocTel 31amiB (Dg), a Ha
pHC. 2 — TUTIOBI TIOBEPXHI 37IaMiB yIapHUX 3pa3KiB.
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Ta6mug 1. Pesynprat BUIpoOyBaHbh Ha KOPOTKOYACHUN PO3TAT

Hampsimok po3rainyBaHHs MexaHi4Hi BITaCTHBOCTI
3pasKa BiJTHOCHO HaIPSIMKY MpO-
Kary OB, MIla O, MlIla 8, % v, %
| e 412 268 32,0 62,5
il 415 264 31,7 67,1
Min 45° 419 263 31,6 68,7
PN Tabmuus 2. B3aeM03B's130K (pakTaabHUX PO3Mi-

pHOCTEll KpUBHMX pyHHYBaHHS 1 BIANOBIHHUX ITOBEp-
XOHB 371aMiB B jiamazoni remmeparyp -50 °C...+50 °C

Temneparypa | Ppakranbua po3MmipHicTh
n 0
T’ C kaax ‘ Dst ‘ Dk
IloB310BKHIN HAPAMOK PYiiHYBaHHS
te S1 -50,0 1,216 1,960 | 1,149
e S2 -50,0 1,251 1,962 | 1,153
a0 S3 19,5 1,148 1,961 | 1,217
a) S4 22,0 1,363 1,959 | 1,209
el S5 50,0 1,249 1,953 | 1,160
- o S6 50,0 1,349 1,956 | 1,157
o wr\\ i) Ionepeynnii HANPSAMOK pyHHYBAHHSA
. \\ S7 -50,0 1,311 1,956 | 1,159
1 \\ S8 -50,0 1,257 | 1,962 | 1,158
000 e
| l' N 9 19,5 1312 | 1,958 | 1,196
. L N —me Y S10 22,0 1,318 | 1,952 | 1,193
-“nn::-na LE03 2603 3503 AE03 5600 Sl 1 50,0 1’309 1’959 1’171
0) S12 50,0 1,272 1,961 | 1,154
HanpsiMmok pyiiHyBaHHS Hig KyTOoM 45°
S13 -50,0 1,247 1,963 | 1,097
S14 -50,0 1,318 1,972 | 1,138
S15 19,5 1,319 1,936 | 1,133
S16 22,0 1,342 1,951 | 1,154
S17 50,0 1,269 1,959 | 1,125
S18 50,0 1,268 1,960 | 1,124
e i Amnani3 manux Tabj. 2 moKa3aB, II[0 B3a€EMO3B'S-
_ S i o 30K MiX (ppakTaIbHUMHU PO3MIPHOCTSIMH KPUBHX PYyi-
Foes HYBaHHS Ha CTajii 3apOUKEHHS TPIIIMHM 1 BIATIOBiA-
B) HUX TOBEPXOHb PYyWHYBaHHS 3pa3KiB MalOTh CXOXHH
xapakrep (puc. 3 — nyHkTupHa JiHis). Tak, i 3pas-
Puc. 1. TumMyacoBi KpuBi pyiiHyBaHHs 3pa3KiB Ha y/a- KiB y BCIX HampsAMKax 3aJIeKHICTb MOXe OyTH alpok-
pHHI BUrHH TIpH TemmepaTypax Bix -50 °C mo CUMOBaHa JiHIIHO, IO CBLAYMTH HPO TOH (akT, 10
+50 °C B pisHHMX HampsIMKax: a) MOB3IOBIXKHil HaNpsIMOK IIPOKAaTy HPaKTHYHO HE BiAOMBAETHCS Ha
HANpPAMOK PyiHYyBaHHs; 0) MONEPEYHUN HAMpPS- eHeprii 3apoPKeHHs TPILIMHHU, OT)KE Ha cTalii 3apo-
MOK PyHHYBaHHS; B) HANPAMOK PYHHYBaHHS i JUKCHHSI pyWHYBAaHHS aHI30TPOINiS MPAKTHYHO HE BU-
KyToM 45° SIBIISETHCA.
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VY Toif e gac B3a€EMO3B'A30K MK (paKkTaTbHUMHI
PO3MIPHOCTSIMH KPHMBHX, SIKi BKJIIOYAIOTH SIK CTaJilo
3apO/KEHHS, TaK 1 CTaJil0 PO3NOBCIOKEHHS pyHHY-
BaHHS, Ta BIANOBIIHUMH PO3MIPHOCTSMH ITOBEPXOHB
pyHHYBaHHS 3pa3KiB, MalOTh Pi3HMH Xxapakrep (puc. 3
— JIBOKpAITKa ITyHKTUPHA JIiHis).

a)

Puc. 2. Ilpuxiaan ¢parMeHTiB IOBEpXOHb 3/1aMiB B
Hazpizi 3paskiB Illapmi micng BumpoOyBaHb Ha
yIApHUIl BHTUH INIPU PI3HHX TeMIlepaTypax: B
MOB3AOBXHbOMY HampsmKy npu +50 °C (a); B
roriepeyHoMy Hamnpsamky mpu +19,5 °C (6); min
KkyToM 45° ipu -50 °C (B)

1400
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1.350 .
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1.200 . \
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Puc. 3. B3aeMo3B's130K (hpakTambHUX PO3MIPHOCTEH
IUISHOK KpWUBUX pYHHYBaHHS Ha CTafii 3apo-
JOKSHHS TPIIIUHM 1 BiAIOBITHUX ITOBEPXOHH 371a-
MiB y 3pa3kax (IBOKpamka IMyHKTHpHA JiHISI) Ta
B33a€MO3B'S130K (hpaKTaIbHUX PO3MIPHOCTEH KpH-
BHX 3arajJbHOTO PYyHHYBaHHS 1 BiJIOBITHHX IO-
BEPXOHb 3JIaMiB y 3pa3kax (IyHKTHUpHa JIiHIsN):
TIOB3JIOBXHIH HanpsIMOK (a); IonepevyHuil Ha-
npsiMok (0); miyx KyTom 45°(B)

Tak, niHIfHY 3aJ€XHICTh MAalOTh JIMIIE 3Pa3KH,
BupizaHi mix 45° (puc. 3, B). [ moB310BKHBOTO Ha-
mpsMKy (puc. 3, a), a TakoX Ui 3pa3KiB, BHPi3aHUX
roriepedHo (puc. 3, 6) 3aMeKHICTh Ma€ MOJiHOMiab-
HU{ BHZ APYTOTO MOPSAAKY.
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TuMm He MeHIe, TOH (QaKT, IO B Pi3HUX HAMPSIM-
KaXx iICHYIOTb Pi3Hi THIIH 3aJIC)KHOCTEH, MOKE CBITUYMTH
npo o3Haku aHizorpomii. OTXe, BIUIMB aHi30TPOMil
NPOKATy BiJIOMBAETHCS JIUIIE HA CTalil PO3BUTKY PyH-
HYBaHHs, 10 Ma€ OyTH BpaxoOBaHO IpH BUOOpi MaTe-
piany BiANOBITHOTO IPU3HAYECHHS.

BucHoBku

TakuM 4YWHOM, CIIBCTaBICHHS (QpPaKTATBHUX
PO3MipHOCTEH KpHBHX PYHHYBaHHS 3 BiINOBITHIMH
(pakTaTbHUMH PO3MIPHOCTSIMH TOBEPXOHb 3JIaMiB,
MOKa3ajy, IO BIUIMB aHI30TPOIIii MPOKATy Ma€e MicIe
JIUIIE HA CTAJil PO3MOBCIOKEHHS TPIUHU, CHEPTis
3apOJUKCHHS TPINIMHU TPAKTUYHO HE 3aJCKUTHh BiJ
HATPSIMKY MPOKATY.

IepcrieKTHBH MOAATBIIOI POOOTH MONATAIOTH Y
JOCII/DKeHI PI3HHX MapoK MeTaliB 13  depuro-
HEPIITHOK CTPYKTYPOIO METOOM (hPAKTAIBHOTO aHa-
N3y, TOMYK KOPENAiHHUX 3B’SA3KiB (pakTaibHOI
PO3MIpPHOCTI METOIOM (ppakTaabHOTO aHawi3y i3 (i3u-
KO-MEXaHITHUMH BIIACTHBOCTSMHU METaTiqHAX
00’€KTiB.
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HPUMEHEHUE METOJA ®PAKTAJIBHOI'O AHAJIM3A K HM3YHEHUIO M3MEHEHUA
CBOUCTB METAJIJIA

B pabote onmchiBaeTcsl MpUMeHeHHe MeTola (hpaKkTabHOTO aHalinW3a Ha MPUMEPE CTPYKTYPhl BBICOKOKAYECTBEHHOU
KOHCTPYKIMOHHON yrieponauctoii cramu Mapku 20K (comepkanme yriepona 0.16-0.24 %), xoTopast MCIIOJIB30BaIach
JUIS M3TOTOBJICHHS 00e4aeKk PEeKTU(PHKAIMOHHBIX KOJIOHH. Bce AKCIepUMEHThl MPOBOJMIKCH MPH TeMIeparype OT -
50 °C mo +50 °C. ITo Mapo4HHKY CTau CBOMCTBA 0Opa3iia MEHSIOTCS HE3HAYMTEIbHO, CIIC0BATENILHO, U IIOTPEIIHOCT
9KCIIEPUMEHTA CBOJUTCSI K MUHUMAJILHOM.

Merton (pakTasbHOTO aHAIN3a B pabOTax MO OLEHKE KAauecTBAa METAIIONPOIYKIMH 3apEKOMEH0BaI ce0sl, KaK HOBBIN
Ka4eCTBEHHBIH ITOX0/1, KOTOPHIH 6a3upyeTcss IMEHHO Ha M3MEHEHUH CTPYKTYPBHI METaJlIa M SIBISICTCS MHBAPHAHTHBIM
IPY Pa3iINYHBIX YBEJIMUEHHSX (oTorpaduu cTpyKTypsl obpasua. Meron (pakTansHOro aHaimu3a MOXET OBbITh IpUMe-
HEH K JI00OMY THITY U KJacCy MeTajula, HO B MPEABIAYIINX padoTax M 3TOH, BEIOpaH MeTall MPEUMYIIECTBEHHO (dep-
PHUTO-TIEPIUTHON CTPYKTYphl. B OCHOBE BbIOOpa MMEHHO (heppHUTO-TIEPIUTHBIX METAJUIOB JISKHUT LIEIb YCTAHOBIICHHS
€/IMHOTO IOJIX0/[a METOJIOM (PpaKTaIbHOIO aHAIM3a K N3YUYCHHUIO ONPEeICHHOrO THIIA METAIIA.

B pabote npoaHann3upoBaHbl Pe3yJIbTAThl PA3IMYHBIX THIIOB UCIIBITAHUH, MPEICTABICHBI CPABHUTENbHBIE XapaKTepH-
CTHKU HX (pakTalbHBIX pazMepHocTeii. [IpoBe/ieHbl HCTIbITaHKsT 00pa3loB HA KPAaTKOBPEMEHHOE PACTSIKEHUE U yaap-
HbII M3rub. Y aapHelid u3rub naet HauOoJiee YyBCTBHTENbHBIE MOKa3aTeIH CTPYKTYPHOTO COCTOSIHHSI METalljia, B TO
BpeMsi, KaK MCIIBITAHUS Ha KPAaTKOBPEMEHHBIH PacTsHKEHUE ONMCHIBAIOT SHEPreTHYecKne u3MeHeHus. MeTonoM ¢pak-
TaJILHOTO aHAJIN3a MCCIIEA0BaHbl BpEMEHHbIE KPHUBBIE IIPH YIApPHON Harpy3Ke M COOTBETCTBYIOLIME TOBEPXHOCTH U3JIO0-
MOB.
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OCHOBHOW TPHUYHHOW BO3SHUKHOBEHHS TPEIIMHBI SBISIETCS YCPEOHEHHOE HAIPSDKEHHE - ONPENeNeHHBIH dHepreThde-
CKHUil Gapbep, 1mociie KOTOpOro M BO3HHMKAET TPELIMHA, a TakKe HaKOIICEHHAs SHEprsi MUKpoHanpspkeHuid. B pabote
BBIIBUHYTO MPEANOJIOKEHHE, YTO OCHOBHAS POJIb MPOSABICHUS aHU30TPOIHNM ONpEeAeNsieTcs YHepruell pacmpocTpaHe-
HUS U IOYTH HE 3aBUCUT OT SHEPTHH 3aPOXKICHHS TPELIUHEL.

Takum o06pazom, corocraBiieHne QpakTaIbHBIX Pa3MEPHOCTEH KPUBBIX pa3pyIICHHS C COOTBETCTBYIOMINMHU (DPaKTaIbHbI-
MU Pa3MEpHOCTAMU IMOBEPXHOCTEH M37IOMOB MOKAa3alH, YTO BIUSHUE aHU30TPOIMU NPOKATa UMEET MECTO TOJIBKO Ha CTa-
JIUY PacIpOCTPAHEHUs TPELIMHBL, SHEPTUS 3apOKACHUS TPEIIMHBI IPAKTUUECKH HE 3aBUCUT OT HAINIPABJIECHUs POKATA.
Knrwouesste cnosa: ppakrambHas pa3MEepHOCTH; aHU30TPOIHS METaJUIa; TIOBEPXHOCTH Pa3pyLIICHHUS; MEXaHIMYECKHE HC-
IIBITAHHS.

Y0. 0. Shtopfel O. O., ?M. D. Rabkina

UNational Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv,
Ukraine

I The Paton Electric Welding Institute of the NASU, Kyiv, Ukraine

APPLICATION OF THE FRACTAL ANALYSIS METHOD TO THE STUDY OF CHANGES IN

THE METAL PROPERTIES

The paper describes the application of fractal analysis on the structure of high quality structural steel grade 20K exam-
ple (carbon content 0.16-0.24 %), which was used for the manufacture of shells of distillation columns. All experiments
were carried out at a temperature of -50 °C to +50 °C. By the mark of steel, the properties of the sample do not change
significantly, and therefore the error of the experiment is minimized.

The method of fractal analysis in works on the assessment of the quality of metal products has proven itself as a new
qualitative approach, which is based on the change of the structure of the metal and is invariant under different magnifi-
cations of the photograph of the structure of the sample. The method of fractal analysis can be applied to any type and
class of metal, but in previous works, this metal is chosen with a predominantly ferrite-pearlite structure. The basis for
the choice of ferrite-pearlite metals is the purpose of initiating a single approach to the study of a particular type of met-
al using a fractal approach.

The results of different types of tests are analyzed and comparative characteristics of their fractal dimensions are given.
The specimens were tested for short-term tensile and shock bending. Shock bending gives the most sensitive indication
of the structural state of the metal, while the short-tensile test describes the energy changes. Fractal analysis has investi-
gated the time curves at impact and the corresponding fracture surfaces.

The basic conditions for initiating a crack are averaged stress - a certain energy barrier, after which the crack itself oc-
curs, as well as the accumulated energy of the micro-voltages. In the paper it was suggested that the main role of the
manifestation of anisotropy is determined by the propagation energy and is almost independent of the energy of crack
origin.

Thus, the comparison of fractal dimensions of the fracture curves with the corresponding fractal dimensions of the frac-
ture surfaces showed that the effect of rolled anisotropy takes place only at the crack propagation stage.

Keywords: fractal dimension; anisotropy of a metal; surface of destruction; mechanical tests.
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