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AnoTauist. Bemyn. TIepCrieKTHBHIM HATPSMKOM OLUHKH CTPYKTYPH MATEPIalliB € 3aCTOCYBaHHS (pakTansHOro dopmamsmy. Horo
BHKOPHUCTAHHSI JI03BOJISIE POTHO3YBATH JISSKI BJIACTUBOCTI MaTepialliB Ha OCHOBI JIOCJI/DKEHHST BIUIMBY Ha HHX PI3HUX PEKHMIB 00pOOKH,
[I0 MPH3BOANTH O 3MiHM ()PaKTATBHOI PO3MIPHOCTI ENEMEHTIB CTPYKTYypH. 30KpeMma, UyTJIMBICTh MEXaHIYHHX BIACTHBOCTEH [0
(paKTanbHOI PO3MIPHOCTI CTPYKTYpH BUSBICHA /UL MAJIOBYIJICLIEBUX CTajlell Ta YaBYHHHX BaIKiB. B poOoTi 3ampornoHoBaHO mpoBecTn
[ACUBHUI CKCIIEPUMEHT, METOIO SIKOTO SIBJISIEThCS BCTAHOBJICHHS BiILIOBIHOCTI MK MEXaHIYHMMH BJIACTHBOCTSMHU CEPEIHBOBYITICLICBOT
craii Ta QpaKTaIbHOI PO3MIPHICTIO eIeMEHTIB 1i cTpykTypu. Ilacuenuii ekcnepumenm. B Xo[i POBE/ICHHS CKCIIEPUMEHTY BCTAHOBJICHA
BIIMOBIHICT MK (ppakTajbHOI po3MipHicTIO mepuity crami 115 Ta mokasnukamu i TBepmocti HB i mMexi mimHHOCTI o7 [TokasHuku
TBEPAOCTI Ta MIITHOCTI AOCIIIKYBAHOI CTali 3pOCTaIOTh MPH 301IbIIEHH] (pakTambHOT po3MipHOCTi Hepuity 3 1,680 mo 1,917. Taxuit miaxin
MO>KHa BHKOPHCTOBYBATH IIPU IPOTHO31 IMOKa3HUKIB MIITHOCTI CEpeIHBOBYTIICIIEBUX CTae Ha OCHOBI aHANI3y (hpaKTaIBHOI PO3MIPHOCTI
neputity. dpakraabHa PO3MIPHICTh CTPYKTYPH BU3HAYAIIACH 33 IOIOMOTOI0 METOIHKH, 110 00 €/IHy€e KIITHHHHIT Ta KPAITKOBHI CIOCOOH, 1110
30LIBLINIIO TOYHICTD 1i 0OurcneHns. Bucnosku. Otpumana (pakTanbHa MOZEIb OLIIHKY MEXI IUIMHHOCTI Ta TBepAoCTi crani 115 Ha ocHOBI
aHaJIi3y CTPYKTYPH IEPIITY MICIs Pi3HUX PEKUMIB TepMidHOI 00OpOOKH. Pe3ynbraTi cBildaTh Mpo 4y TJIMBICTH MEXaHIYHHUX BIACTUBOCTEH
10 3MiHHU (ppaKTaIbHOT PO3MIPHOCTI €JIEMEHTIB CTPYKTYPH BHACIIIOK JIii TepMiIHOT 0OPOOKH.

Knouogi cnosa: cTpykTypa; MeXxaHiuHi BIaCTHBOCTI, HEPIIIT; (ppaKTaibHa pO3MIpHICTh; TepMidHa 00pOOKa
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AHHOTanus. Beeoenue. I1epcrieKTUBHBIM HAIPABICHUEM OLEHKH CTPYKTYPbI MaTEpPUAJIOB SBJISETCS IPUMEHEHUE (PPAKTAIBHOrO
¢opmammma. Ero mcnons3oBaHne MO3BOJSIET IIPOTHO3MPOBATH HEKOTOPHIE CBOMCTBA MAaTepHaIoOB Ha OCHOBE HCCIIENOBAHMS
BO3JICHCTBUS HA HUX PA3INYHBIX PEKUMOB OOpaOOTKH, YTO MPUBOAUT K H3MEHEHHIO ()PaKTAIbHON pa3MEpHOCTH SJIEMEHTOB
CTPYKTYpHL. B 4acTHOCTH, YyBCTBUTEIFHOCTh MEXaHHYECKHX CBOMCTB K (DpaKTAIBHOW Pa3MEPHOCTH CTPYKTYPHI OOHapyKeHa I
MaJIOYTJIEPOAUCTHIX CTANe M YyryHHBIX BAJIKOB. B paboTe mpeuroxkeHO IPOBECTH MAcCHBHBIN SKCIIEPUMEHT, LENIBI0 KOTOPOTO
SBJIACTCS YCTAHOBJICHUE COOTBETCTBUS MEXJY MEXaHHYECKMMH CBOWCTBAMH CpPEIHEYIJIEPOAUCTON cTanmd M (paKTalabHOI
Pa3sMEpHOCTBIO JJIEMEHTOB €€ CTPYKTYpbl. Ilaccuenwiii kcnepumenm. B Xxone NpOBEACHUS OKCHEPUMCHTAa YCTaHOBJICHO
COOTBETCTBHE MEXy (paKTAIFHOHN pa3MepHOCTBHIO IepiauTa cTany 115 u nokasarensmu ee TBeprocti HB, u npenena Texydectu or.
IMokazaTes TBEPAOCTH U MPOYHOCTH HCCIEAYEMOH CTajIM BO3PACTAIOT NPH YBEIMYCHUM (PAKTAIBHOW PasMEPHOCTH HEpIUTa C
1,680 mo 1,917. Takoif moaxon MOXKHO HCIOJIB30BaTh IpPU MPOTHO3E MOKazaTeldeld MPOYHOCTH CPEAHEYITIEPOMUCTBHIX CTaleidl Ha
OCHOBE aHaNU3a (paKkTaIbHONW pa3MepHOCTH nepiuTa. PpakTanbHas pa3MEPHOCTh CTPYKTYPBI ONPEACIIIIACH C TOMOLIBIO METOMKH,
00beANHAIOMEH KIETOYHBI M TOYEUYHBIH CIIOCOOBI, YTO YBEIMYWIO TOYHOCTH €€ BBIUHCIEHHs. Boigoowt. Ilomydena ¢paxrambpHas
MOZIENb OICHKH IIpesiesla TeKy4eCTH W TBEpAOCTH cTanmu 115 Ha OCHOBe aHaNM3a CTPYKTYPHI IIEPIIHTA MOCIE PA3IMYHBIX PEKUMOB
TepMHIECKO 00paboTKu. Pe3ynbTaThl CBUAETENECTBYIOT O YyBCTBUTEIEHOCTH MEXaHHYECKUX CBOMCTB K M3MCHEHMSM (DpaKTaIbHON
Pa3MepHOCTH JIEMEHTOB CTPYKTYPHI BCIIEICTBUE ACHCTBHS TepMUIECKOH 00paboTKH.
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Abstract. Introduction. A promising direction in the evaluation of the structure of materials is the use of fractal formalism. Its
use makes it possible to predict some properties of materials on the basis of studying the effects on them of various processing
modes, which leads to a change in the fractal dimension of the elements of the structure. In particular, the sensitivity of mechanical
properties to the fractal dimension of the structure was found for low carbon steels and cast iron rolls. It was proposed to conduct a
passive experiment, the purpose of which is to establish the correspondence between the mechanical properties of medium-carbon
steel and the fractal dimension of the elements of its structure. Passive experiment. In the course of the experiment, a correspondence
was established between the fractal dimension of perlite steel 115 and its hardness values HB, and yield strength or. Indicators of
hardness and strength of the investigated steel increase with increasing fractal dimension of perlite from 1,680 to 1,917. Such an
approach can be used in predicting the strength indicators of medium carbon steels based on the analysis of the fractal dimension of
perlite. The fractal dimension of the structure was determined using a technique that combines cellular and point methods, which
increased the accuracy of its calculation. Conclusions. A fractal model for estimating the yield strength and hardness of steel 115 was
obtained on the basis of an analysis of the structure of perlite after various heat treatment conditions. The results indicate the
sensitivity of the mechanical properties with a change in the fractal dimension of the elements of the structure due to the action of
heat treatment.

Keywords: structure; mechanical properties, perlite; fractal dimension; heat treatment

Beryn .
IlacuBHMI exciepuMeHT

3acrocyBaHHS MaTeMaTUYHUX MeTomiB [1—3] mus
OI[IHKK CTPYKTYpH Ta BIACTHBOCTEH  MarepiamiB
MIPU3BOJIMTH JI0 €KOHOMIi KOIITIB HA TpsMi icuTr. Kpim
TOTO BOHHM 3aCTOCOBYIOTHCS B CHUTYaIlisIX, KOJH IPSAMi
iCIUTH B CHWJIy TEXHIYHHX OOMEXEHb IPOBECTH IyXKe
ckiaaHo. ToMy IX PO3BUTOK BaXJIMBUM K 3 HAyKOBOI,
TaK 1 3 MPAKTUIHOI TOYOK 30Dy .

[lepcrieKTHBHUM TiJIXOJOM 3 TOYKH 30pY OLIHKH
CTPYKTYpPH METaJiB Ha PI3HUX MACIITAOHUX PIBHAX €
3aCTOCYBaHHSI Teopil (pakragiB Ta MyJIbTH(pPaKTaIiB
[4—6]. OcHOBU (hpaKTaNTEHOTO MOJACTIOBAHHS IS OI[IHKU
CTPYKTYpH 1 BIIACTUBOCTEH MarepialiB pO3KpUTI B
poborax [7; 8]. MoBy ¢pakransHOro Qopmanizmy
BHKOPUCTOBYIOTh TIPH BHPINICHHI HEKOPEKTHUX 3aaad

MeTOol0  MACHBHOTO  CKCICPUMEHTY  SIBIISLIIOCS
3adikcyBaTH  BIUIMB  CTPYKTYpH Ta  BJIACTHBOCTI
CEpeIHbOBYTJICIIEBOI  CTali IUIIXOM  BHKOPHCTaHHS
(bpakTaabHOTO ¢bopmaiizmy, TOOTO UISIXOM
CHIBCTABJICHHA OTPUMAaHUX EKCIEPHUMEHTAIBHUX JaHUX
31 3HAYCHHSAMHU (pakTaTbHOI PO3MIPHOCTI EIEMEHTIB
cTpykTypu. @paxTtampHa po3MipHICTE D eleMeHTIB
CTPYKTYpH  BH3Hayajacs 3a  pO3pOOJCHOI  Ta
3aMaTeHTOBaHOK MeToaukor [16]. B ocHoBi 1iei
METOAMKH  JIGKUTh  MOMIYK  30KHOCTI  3HAYCHb
¢pakranbHOI PO3MIpPHOCTI OOYMCIEHOI 32 JIOMOMOIOI0
KIITHHHOTO Ta KpPamKoOBOro  MeToiiB. [lacuBHwMiA
CKCIICPUMCHT MOOYJO0BaHO Ha OOpOOIl CTATHCTHYHUX
JIAHUX TI0 XIMiYHOMY CKIaay, pekumMaM oOpoOKH Ta

MaTrepiallo3HaBCTBA [9], inenTudikarii . . . .
. .y MEXaHIYHAM BJIACTHBOCTSIM, IO B3sTI 10 Mapii craii
OaraTokpurepiambHuX  TexHojorid [10], ckimamHux
. . 115 [17]. PesymbraTd MO CTAaTHCTHIHUM JaHUM Ta
CHCTEM [11], pamkyBaHHI  KpUTEpiiB  SKOCTI

(bpakTanbHIM PO3MIPHOCTI CTPYKTYpH HaBEJACHO B
TaOINII.

Ximiuauii ckaanx (% mo maci): C — 0,33; Si — 0,25;
Mn — 0,55; P — 0,032; S — 0,03; Cr — 0,14; Cu — 0,23;
Mo — 0,01; N — 0,01. [dna TepMooOpoOKH 3pa3ku
marpisamucs 10 860 °C mpu Burpummi 300 ¢ Ta
OXOJIOJUKYBAJIMCh B PI3HUX CEPEIOBHIIAX JI0 3a3HaUCHOI
TEeMIlepaTypy 1 Jacy B HaBeneHid (Tabi.). PpakranbHa
PO3MIpHICTh TIEpJiTy BH3HAYajlach MpH 301IBIIECHHI
ctpykrypu B 500 pa3is.

OaraTormapaMeTpUIHUX TEXHOJorid [12], ams mporHo3y
MEXaHIYHUX BJIACTHBOCTEH YaBYHHUX BajkiB [13] Ta
MaJjoByrieueBux ctaned [14] nuiixoM BCTaHOBIEHHS
YYTJIMBOCTI (PaKTaJbHOI PO3MIPHOCTI CTPYKTYpH JO
KpuTepiiB sikocTi [15].

B po0oTi 3anpomoHOBaHO  MOCHIAWTH  3MiHU
CTPYKTYPH CEPEIHBOBYIIIHIIEBOI CTaNi MiCisl TEPMIUHOL
00poOKM TUIAXOM peecTpariii ppakTaIbHOI PO3MiIPHOCTI
1i CKJIaJI0BHUX.
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Tabruys
Buxinni xani / Initial data
Yac . Mexa ®pakranbHa
TBepaicTb . L.
OXOJIOIKEHHS, IIMHHOCTI PO3MIpHICTh Crpykrypa
HYV h
t or, MIla nepiiry, D
0
>00°C 415 1 305 1,917
2,2 cex
0
>00°C 233 720 1,803
7 cex
0
>00°C 212 655 1,732
30 cek
0
>00°C 192 590 1,626
65 cek
Bona,
650°C 209 645 1,753
300 cex

Crpykrypa crani 115 mics oxomomkenns g0 500 °C
mpoTsiroM 2,2 cexk cCKIamajmaca 3 CITKH  (epury
~ 7 %, mepaiTy y BUIUIAI OKpEeMHX IUITHOK ~ 12 %,
romgatoro OeiiHiTy ~ 12 % Ta mapteHcuty ~ 69 %.
[licns oXONMOMKEHHS TPHUBANICTIO 7/ CceK CTPYKTypa
cxananacs 3 35 % depury i 65 % nepumity; nicns 30 cex
— 50 % deputy Ta 50 % mepnirty; micist 65 cex — 65 %
¢depury Ta 35 % mepmity. Ilicis oxomomKeHHS
TpuBajictio 300 cex ¢epur Ta mepuit MaB (opmy
BeNWKUX  obnacteli  HempaBwibHOI  Qopmu, IO
HiZKpectoe iX gpakransHy npupoay. CTpyKTypa craii B
IFOMY BUTIAIKY ckiamanacs 3 60 % ¢epury ta 40 %
HepIIITY BiAMOBIAHO.
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Ha pucynkax | Ta 2 HaBeneHi CHiBBiZHOIICHHS MiX
YacoM OXOJIOJDKCHHSA f, MEXaHIYHHUMH BIIACTUBOCTSIMHU
HB Ta o7, ¢paktanbHOIO po3MipHICTIO mepmity D i
PIBHSHHA perpecii, mo X ONUCYIOTh.

3 HaBeJCHWX PHCYHKIB BUIUTHBA€E, IO 30UIBIICHHS
Yacy OXOJIO/UKEHHS CTali NMPHU3BOAWUTH IO 3MEHIICHHS
(pakTadpbHOI PO3MIPHOCTI TEPIITY Ta A0 3MEHIICHHS
MTOKA3HUKIB MiltHOCTI ctami 115.
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Model 17,73*t"(-0,04)*D"4,81 Model 118,20%t"(-0,05)*D"3.55
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Puc. 1. 3anesxcnicmo meepoocmi 6i0 ppakmanvHol Puc. 2. 3aneaxcnicmo mesrci naunnocmi 6i0 ppaxmanvHoi
PO3MIpHOCTI nepaimy ma 4acy eumpumxu / PO3MIDHOCII NEPAIMY ma 4acy Umpumku /
Fig. 1. Dependence of hardness on the fractal dimension  Fig. 2. Dependence of the yield strength on the fractal
of perlite and time of endurance dimension of perlite and the time of endurance

OTpumaHi pe3yibTaTH CBig4aTh TIPO Te, IO
(dpakTanbHa  PO3MIPHICT  €IEMEHTIB  CTPYKTYpPH BucHoBKHM
3MiHIOEThCS B Mekax Bix 1,680 no 1,917, Tobro gyTnmBa
JI0 BIUIMBY  TepMiuyHOi  0OpoOKHM, MO  MOXKHA
3aCTOCOBYBAaTH TPO  TPOTHO31  KPUTEPiiB  SKOCTI
CEepEIHBOBYTIJICLIEBUX CTAJICH.

[InsxoM 3acTOCyBaHHS (PaKTaTIHHOTO MOICTIOBAHHS
OTpYMaHi PiBHSIHHS OIIIHKU TBEPAOCTI Ta MEXKI TUTMHHOCTI
Bil TEeMIlepaTypH OXOJIO/DKCHHS Ta  (paKTaiabHOT
PO3MIPHOCTI TIEPIIITY.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. Mishutn A. Modified expanded clay lightweight concretes for thin-walled reinforced concrete floating structures / A. Mishutn,
S. Kroviakov, O. Pishev, B. Soldo // Technical Journal. — 2017. — Vol. 11, Ne 3. — Pp. 121-124. — Pexum poctymy :
https://hrcak.srce.hr/186657

2. bonpmakoB B. U. IlpumeHeHHe TEOpeTUKO-MHPOPMALIOHHOTO IOAXOAA Ul HMICHTU(HKAIMU CTPYKTYpHl MeTamia /
B. 1. Bomsmaxos, B. H. Bomayk, 10. U. Iy6pos // Bicuux IIpuaHinpoBchKol qep>kaBHOI akageMii OyJiBHUITBA Ta apXiTEKTypH. —
2014. — Ne 8. — C. 4-9. — Pexxum gocrymy : http://visnyk.pgasa.dp.ua/article/view/4134

3. bonpmrakos B. U. O npuMeHeHNN HIMHTAIIOHHOTO MOZENINpoBanus B Matepuanosenenun / B. M. Bomsmakos, B. H. Bomuyk,
10. U. Hybpos // Merano3naBcTBo Ta TepMmiuHa o0poOka wmeramiB. — 2015. — Ne 4. — C. 26-31. — Pexum pnocrymy :
http://mtom.pgasa.dp.ua/article/view/26-3 1

4. Mandelbrot B. B. The Fractal Geometry of Nature : monograph / [B. B. Mandelbrot]. — New-York, San Francisco : Freeman,
1982. — 480 p. — Pexxum noctymy : http://www.amazon.com/Fractal-Geometry-Nature-Benoit-Mandelbrot/dp/0716711869

5. Fractals and properties of materials : monograph / [V. Bol’shakov, V. Volchuk, Yu. Dubrov]. — Saarbrucken : Lambert
Academic Publishing, 2016. — 140 p.

6. bompmakoB B. WM. Tomomormdeckue u (pakTaidbHble HWHBAPHAHTHL CTPYKTYPHl UL OIEHKM KadecTBa Merayua /
B. U. bonpmakos, B. H. Bomuyk, 10. U. y6pos // domosini HAH Vkpaiau. — 2017. — Ne 4. — C. 42—48. — Pexxum poctymy :
https://doi.org/10.15407/dopovidi2017.04.00

7. OcHOBBI opraHu3aiuu (pakTanbHOro MojenupoBanus : MoHorpadus / [B. W. Bonsmakos, B. H. Bomuyk, 0. 1. y6pos]. —
Kues : Axagemnepuoarnka HAH Ykpaunsr, 2017. — 170 c.

8. Bonbiakos B. . Opranusanus ¢paxransHoro moaenuposanus / B. 1. Bonpiakos, B. H. Bomuyk, 10. U. Iy6pos // [lonosiai
HAH Vxkpainn. — 2018. — Ne 6. — C. 67-72. — Pexxum noctymy : https://doi.org/10.15407/dopovidi2018.06.067

9. Bolshakov V. I. Regularization of One Conditionally Ill-Posed Problem of Extractive Metallurgy / V. 1. Bolshakov,
V. M. Volchuk, Yu. I. Dubrov // Metallofizika i Noveishie Tekhnologii. — 2018. — Vol. 40. — Ne 9. — Pp. 1165-1171. —
Pexum nocrtymy : https://DOIL: 10.15407/mfint.40.09.1165

10. Ilytn mHASHTUUKAIMN NTEPUOANIECKUX MHOTOKPHTEPHAIBHBIX TexHosoruit : MoHorpadwus / [FO. [lyopos, B. Bonbsmakos,
B. Bonuyk]. — CaapOprokkes : Palmarium Academic Publishing, 2015. — 236 c.

11. Bompmaxo B. M. ®pakraneHeii moaxox mpu uaeHTH(uKanuu cinoxsbelx cucteMm / B. U. Bomsmaxos, B. H. Bouyk,
0. W. Oy6pos // Homomimi HAH Vkpaimm. - 2017. - Ne 6. — C. 46-50. — Pexum nocrymy
https://doi.org/10.15407/dopovidi2017.06.00

12. Bomuyk B. H. K npumenenuto ¢paxransHoro ¢opmannzmMa OpH  pPAHKAPOBAHMM KPUTEPUEB KadyecTBa
MHoOTromnapaMerpuieckux texHonoruii / B. H. Bomayk / Metamnodusnuka u HoBelmue texxomoruu. — 2017. — T.39. — Ne 3. —
C. 949-957. — Pexxum noctymy : http://mfint.imp.kiev.ua/ru/abstract/v39/i07/0949.html

53


https://hrcak.srce.hr/186657
http://visnyk.pgasa.dp.ua/article/view/4134
http://mtom.pgasa.dp.ua/article/view/26-31
http://www.amazon.com/Fractal-Geometry-Nature-Benoit-Mandelbrot/dp/0716711869
https://doi.org/10.15407/dopovidi2017.04.00
https://doi.org/10.15407/dopovidi2018.06.067
https://doi.org/10.15407/dopovidi2017.06.00
http://mfint.imp.kiev.ua/ru/abstract/v39/i07/0949.html
http://mfint.imp.kiev.ua/ru/abstract/v39/i07/0949.html
http://mfint.imp.kiev.ua/ru/abstract/v39/i07/0949.html

METAJIO3HABCTBO TA TEPMIYHA OBPOBKA METAJIIB Ne 2 - 2019 ISSN 2413-7405

13. Volchuk V. Method of material quality estimation with usage of multifractal formalism / V. Volchuk, I. Klymenko,
S. Kroviakov, M. Oreskovi¢ // Tehnicki glasnik — Technical Journal. — 2018. — Vol. 12. — Ne 2. — P. 93-97. — Pexxum noctymy :
https://doi.org/10.31803/tg-20180302115027

14. bonsmakoB B. M. MarepuanoBequeckie aclekThl NPUMEHEHHsS BEWBIECTHO-MYJIbTH()PAKTANBHOTO MOAXOAA [UI OLCHKU
CTPYKTYPBI U CBOHCTB Manoyriiepoauctoii cranu / B. Y. bonbuiakos, B. H. Bomuyk // Meramnodusuka 1 HOBEHIINE TEXHOIOTHHU. —
2011.—T. 33. - Ne 3. — C. 347-360.

15. Bonmsmaxos B. 1. OcobenHocTn IprMeHeHnsT My IbTH(GpaKTaIbHOTO popMann3ma B Marepuanosenennn / B. 1. Bonbmakos,
B.H. Bomuyk, 10.HW. [y6pos // Homosini HAH Vkpaimu. — 2008. — Ne 11. — C. 99-107. — Pexum poctymy :
http://www.dopovidi.nas.gov.ua/2008-11/08-11-17.pdf

16. Bomsmaxos B. 1., dy6pos IO. 1., Kpuynin ®. B., Borayk B. M. Ilarenr na Bumaxim Ne 51439A. Cnoci6 Bu3HaueHHS
¢bpaxranpHOl po3mipHOCTi 300paxkenHs. — brom. Ne 11. — 15.11.2002.

17. Metamnorpadus xenesza. Tom 2. Crpykrypa cranett / ITox pen. akanemuka @. H. TaBagze. — Mocksa : Merauryprus, 1972. —
284 c.

REFERENCES

1. Mishutn A., Kroviakov S., Pishev O. and Soldo B. Modified expanded clay lightweight concretes for thin-walled reinforced
concrete floating structures. Technical Journal, 2017, vol. 11, no. 3, pp. 121-124.

2. Bolshakov V.I., Volchuk V.M. and Dubrov Yu.l. Primeneniye teoretiko-informatsionnogo podkhoda dlya identifikatsii
struktury metalla [The use of information — theoretic approach to identify the structure of the metal]. Visnyk Prydniprovs'koyi
derzhavnoyi akademiyi budivnytstva ta arkhitektury [Bulletin of Prydniprovs’ka State Academy of Civil Engineering and
Architecture]. 2014, no. 8, pp. 4-9. (in Russian).

3. Bolshakov V.., Volchuk V.N. and Dubrov Yu.l. O primenenii imitatsionnogo modelirovaniya v materialovedenii
The application simulated modelling in materials science]. Metaloznavstvo ta termichna obrobka metaliv [Metall Science and Heat
Treatment of Metals]. 2015, no. 4. pp. 26—31. (in Russian).

4. Mandelbrot B.B. The Fractal Geometry of Nature. New-York, San Francisco : Freeman, 1982, 480 p.

5. Bol’shakov V., Volchuk V. and Dubrov Yu. Fractals and properties of materials. Saarbrucken : Lambert Academic Publishing,
2016, 140 p.

6. Bolshakov V.I., Volchuk V.M. and Dubrov Yu.l. Topologicheskiye i fraktal'nyye invarianty struktury dlya otsenki kachestva
metalla [Topological and fractal invariants of a structure to assess the quality of a metal]. Dopovidi Natsionalnoi akademii nauk
Ukrainy [Reports of the National Academy of Sciences of Ukraine]. 2017, no. 4, pp. 42—48. (in Russian).

7. Bolshakov V.I., Volchuk V.M. and Dubrov Yu.l. Osnovy organizacii fraktal'nogo modelirovaniya [Fundamentals of fractal
modeling]. Kyiv, Ukraine : PH "Akademperiodyka" National Academy of Sciences of Ukraine, 2017, 170 p. (in Russian).

8. Bolshakov V.1, Volchuk V.M. and Dubrov Yu.l. Organizatsiva fraktal'nogo modelirovaniya [Organization of fractal
modeling]. Dopovidi Natsionalnoi akademii nauk Ukrainy [Reports of the National Academy of Sciences of Ukraine]. 2018, no. 6,
pp- 67—72. (in Russian).

9. Bolshakov V.I., Volchuk V.M. and Dubrov Yu.l. Regularization of One Conditionally Ill-Posed Problem of Extractive
Metallurgy. Metallofizika i Noveishie Tekhnologii, 2018, vol. 40, no. 9, pp. 1165-1171.

10. Dubrov Yu., Bolshakov V. and Volchuk V. Puti identifikatsii periodicheskikh mnogokriterial'nykh tekhnologiy [Road
periodic identification of multi-criteria Technology]. Saarbrucken : Palmarium Academic Publishing, 2015, 236 p. (in Russian).

11. Bolshakov V.I., Volchuk V.M. and Dubrov Yu.l. Fraktal'nyy podkhod pri identifikatsii slozhnykh sistem [Fractal approach to
the identification of complex systems]. Dopovidi Natsionalnoi akademii nauk Ukrainy [Reports of the National Academy of Sciences
of Ukraine]. 2017, no. 6, pp. 46—50. (in Russian).

12. Volchuk V.M. K primeneniyu fraktal'nogo formalizma pri ranzhirovanii kriteriyev kachestva mnogoparametricheskikh
tekhnologiy [On the Application of Fractal Formalism for Ranging Criteria of Quality of Multiparametric Technologies |. Metallofizika i
noveyshiye tekhnologii [Metal Physics and Advanced Technologies]. 2017, vol. 39, no 3, pp. 949-957. (in Russian).

13. Volchuk V., Klymenko I., Kroviakov S., Oreskovi¢ M. Method of material quality estimation with usage of multifractal
formalism. Tehnicki glasnik — Technical Journal. 2018, vol. 12, no. 2, pp. 93-97.

14. Bolshakov V.I. and Volchuk V.N. Materialovedcheskiye aspekty primeneniya veyvietno-mul'tifraktal'nogo podkhoda dlya
otsenki struktury i svoystv malouglerodistoy stali [Material science aspects of the use of wavelet and multifractal approach for
assessing of the structure and properties of low-carbon steel]. Metallofizika i noveyshiye tekhnologii [Metal Physics and Advanced
Technologies]. 2011, vol. 33, no. 3, pp. 347-360. (in Russian).

15. Bolshakov V.I., Volchuk V.N. and Dubrov Yu.l. Osobennosti primeneniya mul'tifraktal'nogo formalizma v materialovedenii
[Features of the multifractal formalism in materials]. Dopovidi Natsionalnoi akademii nauk Ukrainy [Reports of the National
Academy of Sciences of Ukraine]. 2008, no. 11, pp. 99-107. (in Russian).

16. Bol’shakov V.I., Dubrov Yu.l., Kryulin F.V. and Volchuk V.N. Sposib vyznachennya fraktal noyi rozmirnosti zobrazhennya
[Method for determining fractal dimensionality of an image]. Patent product no. 51439A, UA. MPK 7 G06K9/00, bulletin no. 11,
2002. (in Ukrainian).

17. Metallografiya zheleza [Iron metallography]. Vol. 2. Struktura staley [The structure of steel]. Ed. Academician F.N. Tavadze.
Moscow : Metallurgy Publ., 1972, 284 p. (in Russian).

Cmamms  pexkomenoosana 0o nyonikayii 0-pom mexH. Hayk, Ooy. B. M. Bonuyxom (Vkpaina)
0-pom mexn. Hayk, npog. FO. 1. /[yoposum (Yrpaiua).

Hapiiima mo penakuii 12.02.2019.
IpuitasaTa no apyxy 17.02.2019.


https://doi.org/10.31803/tg-20180302115027
http://www.dopovidi.nas.gov.ua/2008-11/08-11-17.pdf
http://mfint.imp.kiev.ua/en/abstract/v39/i07/0949.html



