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Annomauusn. Iocmanoexa npoonempr. Ha xaxaoM maciitaOHOM YPOBHE BBISIBIISIIOTCS HOBBIE OCOOCHHOCTH
CTPYKTYpBI MaTepHalia, XapakTepU3yIolllie TO WIK WHOE ero KauecTBO. Tak, HapuMmep, B CTANIAX Ha MUKPOCTPYKTYp-
HOM YpOBHE BBISBJISIFOTCSI OCOOCHHOCTH 3€PEHHOM CTPYKTYPBI, apaMeTpbl KOTOPOH B 3HAYUTENILHOM CTENEHU BIMSIOT
Ha MIPOYHOCTHBIC CBOICTBAa MeTayua. TakuM oOpa3oM, Ui BRIOOpa MaclTada mpeacTaBieHus (paKkTaabHOTO 00BEKTa,
HaIpuUMep, 3JIEMEHTOB CTPYKTYPhl BAIKOBOTO YYT'YHA HIJIM CTAJIH, HEOOXOIMMO OIpenenuTh uaTepBait (1), B KOTOpoM
coOJIFoTaeTCs. ero caMorono0ue, ¥ Ha 3TOM HHTEpBaJie JAOJDKEH OBITh BHIOpAH TOT MacmTad, MPUMEHEHHE KOTOPOTO
TTO3BOJIUT BHIOPATh aJeKBATHYIO eMy (pPaKTaIbHYIO pa3MEpHOCTh. 3a ONTHMAJBHBIN MacITad MpPecTaBICHUS CTPYKTY-
B IPUHAMAETCS TOT, IPU KOTOPOM KaK MHHHMYM B JIBYX PSIIOM CTOSIINX TOYKaX u3 psina (2) ¢pakrambHBIE pa3mep-
HOCTH MUHHMAJIBHO Pa3UYaloTcs Mexay coboit. [lociemHee oOBsACHIETCS TEM, YTO MPH STOM HAWIYdYIIAM 00pa3oM
coOro1aeTca CBOMCTBO caMomonooms cTpyKTypsl. IlpuBenen mpumep BbiOOpa macmTada MpenCcTaBICHUS CTPYKTYPHI
gyryHHbIX BankoB ucnonxaeHus CIIXH (a) n uciomnenns CHIXH (6) ra naTepBane yBenndenuit ot x100 go x1 000 ¢
3amaHHbIM maroMm A/ = 100. Peanuzanus JaHHOTO 3Talla MCCIEIOBAHUH MO3BOJIIIA ONPEACTHTD YKCIIEPHUMEHTAIEHBIM
IMyTeM ONTHMAIIBHBIA MacIITad IMpeICTaBIeHNs CTPYKTYPhI BAIKOBOTO YyTyHA IpH yBenumdeHud x200 — s MymbTad-
PaKTaIbHOTO aHAJIN3a €€ HJIEMEHTOB: BKJIFOUCHHUH MJIACTHHYATOrO U MIApOBUAHOTO rpadura, kapounos. Ileas. Onpene-
JUTh ONTHMAIIBHBIA MacmITad MpenCTaBICHHUS CTPYKTYPHl BAJKOBOTO UyTyHa JJIS MYyJNbTH(PAKTAIHHOTO aHAJIN3a ee
AJIEMEHTOB: BKJIFOUCHHUH MJIACTUHYATOTO M IAPOBUAHOTO TpaduTa, KapouaoB. Boteod. Y cTaHOBIIEHO, 4TO (hpakTaibHas
Pa3MEepHOCTh HCCIEIYEMBIX 3JIEMEHTOB CTPYKTYPHI M3MEHSIACHh B IPeJeiax IMOTPEIHOCTH onbiTa 5+7 %, 4To cBuze-
TENBCTBYET 00 YHUBEPCATBHOCTH 3TOH OLIEHKH, M, COOTBETCTBEHHO, HaJ)KHOCTH ¥ SKOHOMHUYECKOM BBIUTPHIIIE, C TOU-
KU 3pEHHsI OCHAICHHOCTH 3aBOJICKHX J1a00paToOpuil JOPOTOCTOSIIUME METaLIorpad)uuecCKuMH MUKPOCKOIIaMu ¢ 0oJiee
BBICOKHM pa3pelIeHUEM.
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Anomayia. IMocmanoska npooremu. Ha KoXKHOMY MaclITaOHOMY PDiBHI BHUSBJISIOTBCS HOBi OCOOJIMBOCTI
CTPYKTYpH Matrepiaidy, IO XapaKTepu3ylOTh Ty a0o iHIIy WOTro BIACTUBICTh. Tak, HANpWKIAA, Yy CTalIiIX Ha
MIKpOCTPYKTYPHOMY PpiBHI BHSIBITIOTBCS OCOOJMBOCTI 3€pPEHOI CTPYKTYpH, TapaMeTpH sSKoi 3HAYHOIO MIpOIo
BIUIMBAIOTH HA BIACTHUBOCTI MIHOCTI MeTairy. TakuM 9uHOM, U1a BUOOpY MacmTaly moJaHHs (paKTaIbHOTO 00'€KTa,
HaIpUKJIaA, €IEMEHTIB CTPYKTYpH BaJKOBOTO HYaBYyHYy a00 crami, HeoOXimHO Bu3HA4WTH iHTepBan (1), B gKkomy
JOTPUMYETHCS HOr0 caMOmomiOHICTh, 1 HA IIbOMY IHTEpBaJl NMOBHHEH OyTH OOpaHMil TOW MacmTad, BUKOPHUCTAHHS
SIKOTO JI03BOJINTH BUOpATH afieKBaTHY HoMy (hpakTalibHy pO3MIpHICTh. 3a ONTUMabHUI MaciiTald MoJaHHs CTPYKTYpH
NPUIMAETBCS TOM, NpH SIKOMY, SIK MIiHIMyM Y JBOX TOYKax, LIO 3HaXOIAThCA Mopyd, 3 psany (2), ¢paxranbHi
PO3MIpPHOCTI MiHIMaJIbHO BIJIPI3HSIOTbCS MK c00010. OCTaHHE TOSICHIOETHCS THM, LIO TPH LIOMY LIOHAWKpalie
JOTPUMYETBCS BIIACTUBICTH caMONOAiIOHOCTI cTpyKTypH. HaBeneHo mpukian BuOopy Macmrady MOJAaHHS CTPYKTYpH
yapyHHUX BajkiB BukoHaHHi CIIXH (@) 1 Buxonanus CHIXH (6) na intepBaii 30unbmens Big x100 mo x1 000 i3
3amanuM kpokoM Al = 100. Peanizaiisi JaHOTO eTaiy A0CIiHKEHb J03BOJIMIA BUSHAYUTH CKCIICPUMECHTAILHUM HUIIXOM
ONTHUMAILHUNA MaciTad MOAaHHS CTPYKTYPU BaJKOBOTO 4aByHY NpH 30umbineHHi x200 — mist MynbTH(paKTanbHOro
aHaNi3y il eJIEMEHTIB: BKIIOYEHb IUIACTUHYACTOTO i Kynscroro rpadity, kapoinis. Mema. BusHauuTi onTHManbHUAN
MacmTad IOJAHHS CTPYKTYpH BaJKOBOTO 4YaBYHY ISl MYJNbTH(PaKTaNbHOrO aHami3y ii eleMEHTIB: BKIIOYEHb
IUTAaCTHHYACTOr0 ¥ Kymsictoro rpadiry, kap0OiniB. Bucnoeox. YcraHoBieHo, Mo QpakranbHa pO3MIpHICTH
JOCHIKYBaHUX €JIEMEHTIB CTPYKTYpH 3MIiHIOBajlacd B MeXax NOXMOKM pociigy 5+7 %, o CBIIYMTH IIpO
VHIBepCaIBHICTP i€l OWIHKH, i, BIAIOBITHO, HAIIHHICTh Ta EKOHOMIYHHN BUTPAII, 3 MOTJIALY OCHAIICHOCTI 3aBOICHKIX
nabopaTopiif JOPOTUMHU MeTaNorpadigHIMH MIKPOCKOTIaMH 3 01 BUCOKOIO PO3ILTHHOIO 3MaTHICTIO.

Kirwuosi cnoBa: onmumanshuil macumab, ppakmanbHa posmipHicms, MyTbmu@dpakmanbHull ananis, epagim, kapoiou

38



Bicnuk [IpuaHinpoBcekoi aepskaBHOI akaaeMii OyaiBHUITBA Ta apXiTekTypH, 2015, Ne 11 (212) ISSN 2312-2676

SELECTION OF SCALE OF PICTURE OF STRUCTURE

FOR ITS MULTIFRACTAL ANALYSIS
VOLCHUK V. N.,' Dr. Sc. (Tech.), Ass.-prof.

! Department of Materials Science, State Higher Education Establishment «Pridneprovs’ka State Academy of Civil Engineering and
Architecture», 24-a, Chernyshevskogo  str.,  Dnepropetrovsk 49600, Ukraine, tel. +38 (0562) 47-39-56,
e-mail: volchuky@yandex.ua, ORCID ID: 0000-0001-8717-6786

Summary. Problem statement. Each scale level detectesthe new features of the structure of the material
describing of it quality. For example, features of the grain structure are revealed in different kind of steel on microstruc
ture level, and its parameters greatly influences on the strength properties of the metal. Thus, to select the scale of
representation of a fractal object, for instance the elements of structure of roll iron or steel is necessary to determine the
interval (1), where observed its self-similarity, and on this interval should be selected the scale, the use of which will
allow him to choose adequate fractal dimension. For optimal scale structure of repose is taken one in which at least two
adjacent points of the series (2), the fractal dimension is minimal differences between them. This is explained by the
fact that this is best observed property of self-similarity structure. An example of the selection of the scale
representation of the structure of cast iron rolls execution of SPHN (a) and execution SSHN (b) is shown on interval of
increases in the range of x 100 to x 1000 with a predetermined pitch A/ = 100. The implementation of this phase of
research allowed to determine experimentally the optimal scale of representation of structure of iron roll with increasing
x200 for multifractal analysis of its elements: inclusion of the plate and nodular graphit, carbides. Purpose To
determine the optimal scale structure representation for iron roll multifractal analysis of its elements: inclusion of the
plate and nodular carbides. Conclusion. 1t was found that the fractal dimension of the structural elements of the test
ranged from experimental error 5+7%, which testifies to the universality of this assessment, and therefore reliability and
economic benefits, in terms of the equipping of laboratories expensive metallurgical microscopes with higher
resolution.

Keywords: optimal scale, fractal dimension, multifractal analysis, graphite, carbide.
Beenenne. Ilpu ¢pakranbHoM aHanmu3ze — uHTepBail (1), B KOTOpOM cCoOOMIOTAeTCs €ro

BCeTJa TMpearoyiaraeTcs, 4Yro H3y4yaeMoMy  CaMomojoOue, W Ha 3TOM HHTEpBajle JOJDKEH
00BEKTYy, HE3aBUCUMO OT Macmraba ero  ObITh BBIOpAaH TOT MacmiTad, HpPUMEHEHHE

N300paKeHUs, npuUCyIIe CBOHCTBO  KOTOPOTO ITO3BOJIUT BBHIOpATh a/IeKBaTHYIO €My
caMoroo0usi, KOTOpOe 3aKJoYaeTcs B TOM,  (pakTalbHYIO pa3MEpPHOCTb.
9T0 B JI000OM Macmrabe ero CTpyKType Jns  3TOro  SMOHMPHYECKH  337aeM
MPUCYLIN OJHU U T€ )K€ CUHTYJSIpHOCTH [1; 2].  Hekoropwlil mar A/ u3MeHeHHs MacmTaba oOT
s peanbHoro ¢paxrania, KOTOPbIM SBIISETCS T R 3atem B wuHTepBaie (2)
CTPYKIypa = MHOTUX = MCTAJUIOB, = CYICCIBYCT gy iypcnsores OLICHKH (dpakTamTbHBIX
HEKOTOPBIM MacmTad JAIMHBI 7, TAKOH, YTO MPH PA3MEPHOCTEHH B TOUKAX MACIITAGOB
YBEIMUCHHAX  MCHBIIMX WM OoypImIMX  OT b U 4 Ao + (1 +nAD, ()
3TOro Mmacmraba CBOMCTBO — caMoOIOa00us L
BHM3yallbHO He (ukcupyercs. Mcxoms us 31oro, TAC = o
CBOWCTBO €amomo100us (ppaKTaoB U3y4aeTcst 3a onTUManbHBIN MacmiTad MpecTaBICHUS
B OIIPEJICNICHHBIX MaCIITa0ax: CTPYKTYpBl IPUHUMAETCI TOT, NPU KOTOPOM
Lin ST oy (1) KaK MUHHUMYM B JBYX PSAJIOM CTOSIIIMX TOYKax
Ha kaxaom macmrabHOM ypoBHE BbIsiBIsi- A3 Pifd (2) ¢pakragbHBIC  Pa3MEPHOCTH
[OTCSL HOBbIE OCOGEHHOCTH CTPYKTypsl Mare- ~ MHHUMAIBHO — DasIUYaloTCs MEXIy — COOOH.
pHala, XapakTepu3yIolHe TO WIH MHOe ero ka-  110C/eIHee OOBSACHSCTCS TE€M, YTO TPH STOM
yectBo. Tak, HampuMmep, B cTajsix Ha  HAHIYdIIHM 00pa3oM CcoOJI0aeTCsl CBOKWCTBO
MHIKPOCTPYKTYpPHOM YPOBHE BBIBISIOTCS 0CO- ~ CAMOTIOJIOOHS CTPYKTYPBI.
OCHHOCTH 3C€PEHHOW CTPYKTYphI, TapameTphbl IKCNepHMEHTAIbHbIE Pe3y/IbTaThl H HX
KOTOPOH B 3HAYMTEIBHON CTENCHM BIMsOT Ha ~ 00CYy#Ienme. Hwke Ha pucynke mpusesieH
IIPOYHOCTHBIE CBOIiCTBA MeTaia [3]. npumep BbeIOOpa MacmTaba MpeAcTaBICHUS
Takum o6pasoM, ai1st BbIGopa Macmuraba ~ CTPYKTYphl UYTYHHBIX BAIKOB HCIONHEHHS
mpeacTaBieHusl  (QpakTaabHOTO  OOBEKTa, CIIXH (a) n wucnonuenns CIIXH (0) na

HAIpUMep, SIEMEHTOB CTPYKTyphl BalkoBoro  HMHTepBaie ysemmueHuit or x100 mo x1 000 ¢
qyryHa MM CTajid, HEOOXOAMMO OMpelenuTh  3aJaHHBIM marom A/=100.
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Puc. Bvibop onmumanvrozo macuumada npedcmagienus Cmpykmypbi
sankosozo wyeyna (a — CIIXH, 6 - CIIIXH) 6 3asucumocmu om )pakmaipoHOU pasmepHoCmu ee d1eMeHmos
(pasmeprocmo epagpuma — pso 1; pasmeprocms kapo6uoos — pso 2)

W3 pucyHnka ciemyeT, 4To camoroaoodue,
KaK OCHOBHAs Ka4YeCTBCHHAs XapaKTCPUCTHUKA,
MoATBepkAaomas  (QpakTalbHYI0  MPUPOAY
ucciueayemMoro  o0ObeKTa, B YKa3aHHOM
WHTEpBalle  MacmTabOB  COXpaHseTcs B
BBIICTICHHBIX ~ oOmactsax. Ha  ocHoBaHuu
pe3yNbTaToOB pacuera bpaxTanbHOI
Pa3MEpHOCTH AJIEMEHTOB CTPYKTYPBI YyTYHHBIX
BaikoB  ucnosHenus CIIXH mo 235
(hOoTOCHUMKAaM 33 ONTHMAJBHBIA MAacIITad
MIPEJICTABICHHS] CTPYKTYpbl 4YyryHa BbIOpaH
Macmtad x200, TOCKONBKY B JABYX PSAIOM
CTOSITITNX Maciirtabax (x100, x300)
(dpakTanbHble  pPa3MEPHOCTH  MHUHUMAIBHO
paznuuanuch, Mexnay cobou: 1,714,...1,717 —
Ui ToiactuH4yatoro  rpadurta (psam 1);
1,860,...1,840 — myis kapOouoB (psin 2).

Ha pucynke 6 mnpuBeAeHBl pe3yibTaThl
BBIOOpa  ONTUMAJIBHOTO  Macirada s
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NPEJCTaBICHUSI  CTPYKTYpPbl  IIAPOBHIHOTO
rpajpura BankoB wucnonHenwss CIHIXH. B
KauecTBE ONTUMAJbHOrO  Maciiraba s
MPEACTABICHUS CTPYKTYpbl YyTryHa BbIOpaH
takke Macmrad x200. B gmamasone
yBenuueHuit ot x100 go x300 ¢pakranbHas
pasmepHocTh rpadura uzmensuiach ot 1,600 o
1,640, a xapobumoB — ot 1,870 mo 1,890, uro
CBUJIETEJILCTBYET O COXPAaHEHUM CaMOIOA00Ms
3JIEMEHTOB CTPYKTYpBbI Ha TaHHOM
MacIITaOHOM JUamna3oHe W TOATBEPKIACT HUX
bpakTanbHyIO IPUPOTY.

Peanuzanus naHHOro 3Tana MccieroBaHUMN
MO3BOJIMJIA OMPECNIUTh JKCIEPUMEHTAIbHBIM
MyTeM ONTUMAJIbHBIA MacITad MpeicTaBiICHUs
CTPYKTYpBI BAJIKOBOTO YYT'yHa MPH YBEIHUECHUHU
x200 — nns MyJabTU(QPAKTAIBHOTO aHaIW3a €€
9JIEMEHTOB: BKJIIOYEHMH IUIACTUHYATOTO U
IapOBUIHOTO rpadura, KapOoUIOB.
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OKOHOMHWYCCKOM BBIMI'PBIIIC, C TOYKHU 3PCHUA

. Bolshakov V.I.

PasSMECPHOCTDb HCCIICAYCMBIX 3JICMCHTOB OCHAIlICHHOCTHU 3aBOACKHUX J1a60paT0p1/H?1
CTPYKTYPBI HU3MEHSIACH B npeaenax  JIOPOrOCTOSAIMNMHA MeTauIorpaduIeCKUMH
MOTPELUTHOCTHA OIIbITa 5+7 %, 41O MHUKPOCKOITaMH C Oonee BBICOKUM
CBHUJICTEIILCTBYET 00 YHHMBEPCATBHOCTH JTOH  Pa3pCIICHUCM.
OL€CHKH, H, COOTBCTCTBCHHO, HAJACKHOCTU H
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