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AHorTauisi. B ctatTi HaBegeHo aHania pobiT No MexaHili pyMHyBaHHS MaTepiania Ta MOXNMWBI LUNSXW BUPILLEHHS
npobnem NporHo3yBaHHs ix pecypcy. OgHUM i3 TakuX LWSXIB € MeTog (opakTanbHOI OLHKWA MOBEPXOHb PYNHYBAHHS ane
Ayxe Mano pobiT po3rnaaatoTb pyiHyBaHHS ryMOBUX AeTanein, a 0cobnmnBo ryMmoBux GhyTepIBOK, L0 NPaLooTh B yMOBaX
abpasnBHO-BTOMHOTO 3HOCY.

Jocnigxytoun noBepxHi yTepiBkW, BCTAHOBNEHO, WO yTepiBka sika He Gyna B ekcnnyatauii Mae Txi, po3ipBaHi
hparmMeHTV rymmn ane He BigipBaHi, TO6TO ryma OnmMpaeTbCs PO3AMPY, CXOXa CUTYaLList i 3 TyMOH B3ATOI 3 FNBMHM 30 MM i
Binblwe. N'yma otpumana 3 rmubuHm 5 Ta 15 MM Mae Binblu piBHOMIPHI 60p0o3aKK, Mae Mano TAXIB | Maixe He Mae He
BigipBaHMX parmMeHTiB rymmn T06TO BEPXHI Lapu pyTepiBkK cnoyaTky cTapitoTb (Big Ail BTOMHOMO 3HOCY), @ NOTiM 3aBaH-
TAXEHHAM CTUPAETLCS.

Came meTop (hpakTanbHOi OLiHKA NOBEPXHI PyIiHYBaHHS r'YMOBOI (hyTepiBKI AO3BOMNSE BUSHAUMTU MAKPOCTPYKTYPHI
XapaKTepuCTUKM T'YMU 3a 3HAYEHHAMM MIKDOCTPYKTYPHIX napameTpis maTepiany 6es akux-Hebyab niariHHuX koediljieHTis.
PesynbTaTit JocnigxeHb CBigYaTh Npo Te, WO NPOLEC PYMHYBAHHA TYMU € HENiHIMHUM; O4YEBMAHO, Y NTOKANbHUX 30HaX,
TOOTO B 30HAX iIHTEHCWUBHOTO PyMHYBaHHS MaTepiany HeNiHinHICTb npovecy byae Binblue, YuM y CepeaHbOMY 3a 3paskom.
Tak B poboTi focnimkeHO 3MiHY (i3nKO-MeXaHi4HUX BMacTMBOCTEN ryMOBOI (PyTepiBKW MO ii BUCOTi | BCTAHOBNEHO, LLO
rymoBa hyTepiBka 3MiHIOE CBOI BMIACTUBOCTI NOCTYNoBO TO6TO cTapie. 3icTapeHuit wap ctaHosuTb 10-15 MM npo, Lo CBi-
[YMTb (ppaKTarnbHa PO3MIPHICTb fika 3MEHLLYETLCS A0 FUBUHK 15 MM, a NOTIM BiGHOBMOETLCA 4O NOYATKOBOMO 3HAYEHHS!
BACTUBOCTI Lie NPWU3BOANTL A0 3HWXKEHHS 34aTHOCTI 'yMU ONMPaTCh 3HOCY | BOHA CTUPAETLCS, B TOW Xe Yac HOBI LWapK
MOCTYNOBO CTapilliakoTb | BTpa4atoTb CBOI BNACTMBOCTI. TakuM YMHOM hpakTanbHa OLjiHKa fae MOXIMBICTb MPOrHO3yBaTy
CTaH ryMoBoOI (pyTepiBKM SIK HA MOBEPXHI MaTepiany Tak i B cepeauHi.

HaBefeHo TakoX pesynbTaTit OCTIDKEHb AMHAMIKM 3HOCY TyMOBOI (DyTepiBKM Ta i 3B'130K 3 hpaKTanbHO Po3Mmi-
PHICTIO, TaK (hpakTanbHa po3MIpHICTb HOBOI (PyTEPIBKM CTaHOBUTL 2,8472, a nicns HanpaLtoBaHHs 7560 roguH 2,8204. Ak
nokasanu AOCMimKEHHS 3i 3MEHLUEHHSIM BUCOTU (DYTEPOBOYHOI MIIMTW 3MEHLLYETLCA | (hpakTarnbHa PO3MIpHICTL Tak Ans
HOBOI NAMTK BUCOTO 270 MM (hpakTarnbHa PO3MIPHICTb CTaHOBUTL 2,8472 | ans nnuTk 3i 3HocoMm 43 mm 2,8204, wwo fae
MOXITMBICTb MPOrHO3yBaTH AOBrOBIYHICTb (CTAPIHHA) r'yMOBOI chyTepiBKM 3a Ti hpaKTanbHOK PO3MIPHICTIO.

KntouoBi cnosa: pakran, ppaktanbHa po3mipHIiCTb, 3HOC, PyiHHYBaHHs, r'yMOBa (byTepiBKa, Knactep, NOBEPXHs!
PYMHYBaHHSI, BTOMHMI 3HOC, abpasnBHMI 3HOC

IIpobGuaema Ta ii 3B’30K 3 HAYKOBHMH Ta NPAKTHYHMMH 3agadyamu. B
OCTaHH1 POKH (paKTAIbHUN aHaATI3 CTaB MOTYXHHUM 1 JIIOYUM IHCTPYMEHTOM IS J10-
CJIIJKEHHSI MEXaHIKU TBepaoro aedopmyemoro tina. [Ipo e cBiguats i myOmikaiii B
nepioNyHIN npeci i ToH 1IHTepec, IKUI MPOSBIISLE 0 IIbOTO MUTAHHA 1H)KEHEpHA IpaK-
tuka [1, 2, 3].

PylinyBaHHS BEJTMKOTO KJIaCy HEOHOPITHUX MaTepiaiiB: METaNIB, TIPCHKUX MO-
pin, OETOHIB, e€JacTOMIpiB, KOMIIO3UTIB 1 1H. — BHU3HAYAETHCS CTOXACTUYHUM
© Kobeup A.C., Jupda B.1., KaneaHkos €.B., Llanioi I.M., YepHit O.A., 2019
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PO3MO1TIOM Ie(PEKTHOT CTPYKTYpH 32 00CITOM 1 CJIa0KOI MOKITMBICTIO peJIaKcallii Jo-
KaJbHUX NepeHanpyr. Take pyliHyBaHHS CYIPOBOIKY€EThCSA CHIIBHOIO (PparMeHTalli€lo
MaTepialy 3pa3ka i OLTbIIMM PO3KHIOM MEX HANpy>KeHb i JJOBrOBIYHOCTI, 00YMOB-
JeHuX 6araToMalTabHUM piBHEM J1e(PEeKTHOCTI pi3HUX po3MipiB. MoientoBaHHs pyi-
HYBaHHS TaKUX CUJIBHO HEOJHOPIAHUX MaTepialliB BUKIMKAE HEOOXITHICTh BUKOPHUC-
TaHHS B1IMOBIAHOTO MATEMAaTUYHOT'O arapara — Teopii ppaKkTaaTbHUX MHOXKHH J1JIs aHa-
713y 0cOOIMBOCTEN €BOIIONIT pyiiHyBaHHS B 00’ eMi Matepiany [4].

BuUKOpUCTaHHS CTaTUCTUYHUX METOMIB I ONMUCY KyMYJSITUBHOTO MPOIECY
YIIKOJIXKEHHS CTPYKTYPHO-HEOAHOPIIHUX MaTepiaiiB MPUITyCKa€e CTOXaCTUYHUM Xapa-
KTep po3noiIy aedeKTiB 3a 00’ eMOM, ajie KOHKPETH1 IMOBIPHICHI peati3allii mporecy
pYWHYBaHHS HE JOCTiKyBanucs. s ommcy mporecy pyHHYBaHHSA OymayBajucs
CXEMHM THITY JaHIforiB MapKkoBa, 1110 J03BOJISIIO BUBHAYATH WMOBIPHICTh PYHHYBaHHS
Marepiaidy Mpu pi3HUX HaBaHTaXeHHAX. Taki moOynoBu OyJid 3aCHOBaHI HA MPUITY-
IICHHSX PO HE3AJICKHICTh CJIEMEHTAPHUX aKTIB pyHHYBaHHs 0€3 ypaxyBaHHS 0CO0-
JUBOCTEN T€OMETPUYHHX MTapaMeTPiB MaTepiaiy.

Tomy BuUKOpHUCTaHHS TeOpii (PpaKkTaIbHUX PO3MIPHOCTEH JJIsi OMUCY MPOLIECY
pyHHYBaHHS TYMOBUX (DYTEPIBOK € aKTyaJIbHUM MUTAHHSM 1 MOTPEOye MOAATBIIOTO
JIOCIIIKEHHS.

AHaJi3 gocaimxenb Ta myoaikamii. [Tigxomau, mo 3’saBUIKCS HEIIOIABHO, 1
BPaxOBYIOTh TPOCTOPOBY CTOXACTUUHICTh XapaKTEPUCTUK HEOTHOPIAHOCTI MaTepiany,
OyJiu 3aCHOBaHI Ha BUKOPUCTaHH1 METOJ1IB Teopii nepkoisii [5]. CTpyKTypH1 0c00-
JMBOCTI 3pa3ka MOJETIOBAIMCS IPAaTYacCTOI0 MOJEIUII0 3 BHUIAIKOBUM PO3IOALIOM
3B’SI3KIB MO 1XHIMA MIITHOCTI. TaKUM YHHOM, aKT PyWHYBaHHS CTPYKTYPHOI'O €JI€MEHTA
(ikcyBaBcsi B IpocTOpi ¥ OyB MOB’S3aHMM 3 IHIIMMH eleMeHTamu. Brpata Hecydoi
3/1aTHOCTI 3pa3Ka IpH bOMY BIJIIIOBIa1a (HOPMYBAHHIO KPUTUUHOTO MEPKOJISILIIITHOTO
KJIacTepa, KU XapaKTepU3yBaBCS CKAISIPHOIO BEJIMUYMHOIO — MMOPOTOM MPOTIKaHHS.
Mopeni TeHIAITHOTO pyHHYBaHHS IpaT4acTOro TUILY yCKIJIaJHIOBAJIUCS, 3’ IBHIINCS O€3-
NepepBHI MOJIEII 13 TPIIIMHAMU CHEIIaIbHOTO BUY, YPAXOBYBAIMUCS MOXKIUBI (IyK-
Tyarlii MIIIHOCTI €JIeMEHTapHUX 3B’ 53KIB 1 1H. [6]. OmHAaK OTpUMaHi TEOPETUYHI i eKC-
MIePUMEHTAIIbHI PEe3yJIbTaTH MOKa3aaIu 0OMEKEHICTh TAKOTO IMIJIX0AY Y 3B’ SI3KY 3 1CTO-
THOIO BIIMIHHICTIO €JIEMEHTAaPHUX HOCIIB MPOIECYy pyHHYBaHHS: 1€pAPXIYHOT CTPYKTY-
pHOI cucTeMu e(eKTiB, sika IMpeacTaBise OUTbIN CKIagHUuN 00’ ekT. Takox dhpakTaib-
HUW aHaji3 pyHHYBaHHS TYMOBHUX e€JEMEHTIB OyJO0 BHUKOpUCTaHO B pobOortax by-
nata A.®., lupau B.1., IlonokoBoi M.A. Ta IHIUX aJie aBTOPH PO3TISAAAIOTH MPOTIEC
pYyHHYBaHHS TYMOBHX €JIEMEHTIB, 1110 HE MPAIIOI0Th B YMOBaX JIii HABKOJIMIITHBOTO Ce-
penoswuia (adpa3uBy, PiIAMHM, KyCKiB TIOPOIH Ta 1HIIOTO), a JIUIIIE K MPOIEC PYHHY-
BaHHS BHACIJIOK AMCUIIATUBHOTO PO3ITPiBY TYMOBOTO €JI€MeHTa. ABTOPH pO3Iiisiia-
I0Th IPOIIEC PYHHYBaHHS, SIK yTBOPEHHSI TPIIIMH Ta IX aBTOMOEBHICTh B IIPOLIEC PO-
60tu BiOpO130JIATOPiB. be3yMOBHO maHi pOOOTH € OCHOBOIO IS TIOMATBIITUX JTOCTI-
JUKeHb pPyHHYBaHHS MIOBEPXOHb TYMOBUX (yTEPIBOK B YMOBAX yJIapHO-APANa0uo0i Ail
3aBaHTaKEHHS MJIMHA.

MeTo10 po6OTH € BUKOpUCTaHHS (PPaKTAIBHOTO aHATI3Y JJIS JOCIIIKEHHS MPO-
1[eCy 3HOCY Ta PYWHYBaHHS MOBEPXOHb T'YMOBHUX (PyTEPIBOK, 110 MPALIOIOTh B YMOBaX
yAapHO-JPSATIar0Yoi Jii 3aBaHTaXXEHHSI MJIMHA, @ TAKOK MPOTHO3yBaHHSI iX JIOBTOBIYHO-
CTI.
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OcHoBHUIT MaTepiaa aociaiaKenb. Hkue po3risamaeTbes oaHa 3 BaXKIMBUX
CTOpIH MEXaHIKU PyHHYBaHHs TBEPAMX TUI — ()paKkTaldbHUII aHANI3 MOBEPXHI PyHHY-
BaHHs TYMOBHUX ()yTepIBOK IpH il HA iX MOBEPXHI 3aBaHTaXKeHHsI MJMHA. Bukopuc-
TaHHS (PPAKTAILHOTO TPAKTyBaHHS PYWHYBAaHHS TYT LIJIKOM JIOPEYHO MO HACTYTHUX
npuunHax. [Ipu yaapHo-apsinarodiii aii 3aBaHTaXXeHHs] MIIMHA, Ha TOBEPXHI (QyTepiBKU
YTBOPIOIOTHCSI KABEPHU Ta MOJAPSIUHY, BHACIIJOK BUPUBAIOYO] /11 BETMKUX IIMATKIB
MOpOJH 1 1X JpsANaHHs M0 NOBEpXHI (yTepiBKU. YTBOPEHI OOPO3JKU Ta MOAPSIUHU
MarOTh HEPETYJISIPHY CTPYKTYPY 3 HAABHICTIO PI3HOTO POy HEPIBHOCTEH (IIIOPCTKICTH)
puc. 1. BaxnnBoro 0coOMMBICTIO TaKO1 MOBEPXHI € CTATUCTUYHA CaMOT10/100a penbedy
MOBEPXHI; MPU IIbOMY BJIACTUBICTh CAMOIIO100U 30€piraeThCcsi Ha MaKpo-, Me30- 1 MiK-
pOpiBHAX. Yce 1€ A03BOJIE€ MOJETIOBATH TaKy HEPEryJsipHY CTPYKTYpY (ppakTaiib-
HUMH [TOBEPXHSIMHU.

L

0 — 3 HassBHUMHU noApsnmuHamMu micis 1221 ro-
JTUHU POOOTH
Pucynok 1 — [loBepxHs ryMOBO1 yTepiBKH

a— 710 podoTH B MIIHHI

3riHo TBepKeHb [7] y rymoBid ¢yTepiBIl Mif i€l0 3aBaHTAKEHHS MIIMHA
(KyJIb Ta IIMATKIB MOPOAM) B1IOYBa€eThCs €(eKT 00’ €MHOTO CTUCKY, 110 B CBOIO YEPTyY
MPU3BOAUTDH 10 AUCHUIIATUBHOTO PO3IrpiBy Ta BTOMH MaTepialy 1 HOro pyHHyBaHHS
BHACHI10K cTapinHa. Takox ¢yTepiBKa cripuiiMae Apsmnarouy Jito abpa3uBy sika Ha Bi-
AMIHY BiJ] yAapy, CTBOPIOE JIOKAIbHUI CTHCK IMMOBEPXHEBOTO IIapy I'yMH, a BPaXOBY-
IOYH T€, 10 TaKUX a0pa3sUBHUX YaCTUHOK 0arato TO MOBEPXHEBHI IIap JOCUTH LIBU-
1Ko crapie. Takum UMHOM 3HOC TYMOBOI (hyTEpPIBKH 3aJIEKHUTH BiJl 6aratboX (pakTopiB:
JpsTaryoi /i abpa3uBHUX YaCTOK, YJIapHOI J1i KyJib Ta BEJIUKUX IIMATKIB MOPOJIH,
TeMrepaTypu, 4acTOTU 00epTaHHs, CITIBBIIHOIIICHHS BOJIM 1 TBEp10i pakiiii Ta 6arato
1HIIOTO.

BpaxoBytoun Bce BUIIIECKa3aHe, 3aBJAaHHS BU3HAYCHHS JTOBIOBIYHOCTI TYMOBOI
(yTepiBKU CyTTEBO YCKIIATHIOETHCSI.

Yce 11e IpUBOANTH AOCTITHUKIB 10 JOCUTh BaXKJIMBOTO BUCHOBKY: /ISl OLIHKH
MEXaHi3MiB pyiHYBaHHS 'yMOBO1 (PyTepiBKH HEOOX1/IHA IHTEerpajibHA BEJIMYUHA, TOOTO
1HTerpanbHUi 1H(QOpMaLIHHUN TapaMeTp, 0 HalOUIbII TOBHO XapaKTepU3y€e PyHHY-
BaHHs QyTepoBkH B 1siomy. Ha nymky aBropis [1, 7 ,8] Takoro iHTETrpajibHOIO BEJU-
YUHOIO MOKE CIIYKUTH (ppakTaiibHa po3MipHicTh. Came (ppakTalibHa OllIHKA MaTepia-
J1B, OCTaHHIM 4acOM JOCUTh HIMPOKO BUKOPUCTOBYETHCS HAYKOBISIMH, TaK SIK 3/1aTHA
00’eananaT 6arato (pakTopiB, 110 BIUIMBAIOTH HA IOBMOBIYHICTH MaTepialy.
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Hamu 3anponoHoBaHo 10CTiIUTH 3MiHY (PpakTaabHOT pO3MIPHOCTI TYMOBOT (Dy-
TEpiBKU Ha PI3HUX eTanax ii poooTH.

Jlia ¢pakTanbHOTO aHamizy MOBEPXHI pyHHYBAHHS 3pYyYHO CKOPHCTATHUCS €KC-
nepuMeHTaIbHUM IpuitoMoMm benya MannensOpoTa; Ha HOro JyMKy, Taka IOBEPXHS
PYWHYBaHHS € MMOBEPXHEIO 3 JOKAIBHOIO (PAKTAIBHOIO PO3MIPHICTIO, BOHA MA€ CaMo-
no100y ¥ AJi1 HeT MO>KHA BUKOPHCTOBYBATH CITIBBIIHOIICHHS NEpUMETpa U IO Yy
BUTJISAII

d,
L(8)-[S(s)]> abo d, :ﬂg—@’
g S (5 )
ne d, = d-1 (TyT, sk 1 Bu1LE d, — ppakTagbHa po3MIpHICTh NOBEPXHI pyiHYBaHHs); L —
JIOBXKHMHA «OEperoBoi JIiHI» MIOPCTKYBaTOi ad0 CBITIIOI 30HU Ha (pakrorpami; S —
TIJIOIIIA IIUX 30H; 0 — KPOK BUMIpYy a00 Tak 3BaHUHN «ETaJOH.

Jns  pocmipkeHb Oynum BigiOpaHi 3pa3ku TymMoBOi (yTepiBKHM MIIMHA
MILIP 3,5x4,0 nepmoi ctaaii noApiOHEHHS, sika He OyJia B eKCIUTyaTallli Ta Ti€l, 110
npomnpaitoBaia 1296, 2640, 4392, 5454 ta 7560 rogun Ha I1iBI'3K M. Kpuswuii Pir.
3pa3ku Oymu 310paHi i1 yac 3ynuHKYA MIIMHA Ha 00CITyTOBYBaHHS Ta TPOMIXKHI OTJIS M
CTaHy ociaHOi ¢pyTepiBKU. JloCmiKyBaluch K podoya yacTiHa GyTepiBKH sKa O6e3-
MOCePEIHhO KOHTAKTYE 3 3aBAaHTAKCHHSIM MJIMHA, TaK 1 HEpoOoUya yacTUHA (THUIBHUN
01K), 11100 TOCTIAUTHU CTYIIHb

. - 2,850
CTapiHHS TymMH B 00’eMi. 3a A ysis B—a— B -
e3yJbTaTaMH  JOCIIKECHb . O
pesy . £ 2,840 e
BCTaHOBJICHO 3aJIeKHICTh 2
bpakTasbHOT  PO3MIPHOCTI g 489 N
D 2 2830 .
MOBEPXHI pYWHYBaHHS T'yMO- & s
BOi (pyTepiBku BiJ ii Hampa- % 2’820 \_
roBaHHs (puc. 2). & 2’815
. N 9
SIx BUIHO 3 rpadiky, He & 0 2000 4000 6000 8000
HanpauroBanns, roa
Ja CTOpoHa (PyTepoBOY- .
pO.f.SO CTOp OU (by °p 0 0 =Q==Po0oua yactuna == TwibHUI OiK
HOI IJINTH MaiKe He 3MIHMIIa
CBOIX BJIACTHBOCTEH, a poO- PucyHok 2 — 3anexHicTh pakTaabHOT pO3MIPHOCTI Bif

HaIpaIfoBaHHs T'yMOBOi (yTepiBKH

N
e
S

0oya yacTMHA 3 YacOM BTpa-
yajga 3JaTHICTh OMNUPATUCHh
3HOCY PO, IO CBITYUTh 3HU-
KEHHSI (PpaKTanbHOI pO3Mip-
HOCTI.

3a 1aHUMU 3aMipiB BU-
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Bucota ¢hyTepoBOYHOI IUTHTH, MM

cotn (PyTEpPOBOYHOI IUIUTH \\
Oysio T1oOyJ0BaHO  3aJIeXkK- 100 ~o_
HICTh 3HOCY IUIMTH Bij 11 Ha- 50 —
npairoBanHs (puc. 3).

[ToeqnaBmm rpadiku 2 0

0 2000 4000 6000 8000

Ta 3, OTpPUMAEMO B3a€E- Hanpamosanss, ro
MO3B’SI30K MDK ~ 3HOCOM Pucynok 3 — 3anexxHicTb 3HOCY (hyTepOBOUHOT IIUTHU Bif

11 HaIpaIrBaHH
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dbyTepoBOUHOI TIUTH Ta (pa-

KTaJIbHOIO Pa3MIipHICTIO
(puc. 4).
[Momanemm JIOCJII-

JHKSHHS 3HOCY TYMOBOI IIJTUTH
JIaJTA 3MOT'Y BUCYHYTH TIPHITY-
HICHHS PO 3MiHY (13UKO-Me-
XaHIYHUX BJIACTUBOCTEMN
IJTUTU TI0 ThuOuHI. bo sk 3a-
3HAYaJIOCh PaHIIlIe MOBEPXHE-
BHII 11ap CTapi€ 1 MEHIIIE OIHU-
paetbcs po3aupy. Came rim-
OuMHa TpPaBMOBAHOTO IIapy
MO€E CBIAYUTU TIPO JOBTOBI-
yHIcTh (yTepiBku. Tak Oyio
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Bucota ¢pyTepoBOYHOT ITUTH, MM
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2,81 2,82 2,83 2,84 2,85
®pakraipHa po3MipHICTh, D

Pucynok 4 — 3anexHicTh BUCOTH ()yTEPOBOYHOI ITUTH Ta

(dbpakTambHOI PO3MIPHOCTI

IIPOBEJICHO JOCIIKEHHS (PpaKkTaIbHOI pO3MIPHOCTI TYMU Ha pi3HIM BiACTaHi BiJl MO-
BEPXHI TUIMTH, KA KOHTAKTY€E 3 3aBAHTAKEHHSIM Ta CIIpUMae Horo Jiro.

3pazku (puc. 5) BUpiI3aIUCh 3 TYMOBOI IJTUTH Ye€pe3 KOXHI 15 MM MpSIMOKYTHOT
dbopmH 1 miggaBaIuCh NUTihyBaHHIO HA NUTiIhyBaIbHOMY Tanepi 3epHucTicTio P150 Ha
MmatuHi Teptss MU-2. [icns BUpiBHIOBaHHS MOBEPXHI MPOBOIUIIOCH (poTorpadyBaHHS

PASE " o

i L 1 { R } ¢ ol
a — IOBEPXHSI IUTUTH, 10 HE
OyJa B eKcruryaTartii

MIKpPOCKOII Ta BU3

— 15 MM Bijg moBepxHi

Havaach (PpakTasbHA PO3MIPHICTH (pHC. 6).

AL

N

Pucynok 5 — 3pasku rymu

Anamizyroun ¢ororpadii moBepXxoHb (PyTepiBKH, BUIHO, 1110 GyTepiBKa sKa HE
OyJia B eKcIUTyaTallii Ma€e TshKi, po3ipBaHi pparMeHTH TYMH ajieé HE BiipBaHi, TOOTO
ryMa OINUPAEThCS PO3IUPY, CXOKa CUTYaLlls 1 3 TYMOIO B34TOi 3 Tiibuau 30 MM 1 O1-
aeine. 'yMa oTpumana 3 TiuOuHM S5 Ta 15 MM Mae O1IbII PIBHOMIPHI OOPO37KH, Ma€e
MaJIo TSKIB 1 Maiyke He Ma€ He BIJIPBaHUX (PparMeHTiB r'yMu TOOTO BEpXHi 1mapu Qy-
TEPIBKU CIIOYATKY CTapitoTh (BiJ Aii BTOMHOTO 3HOCY), a TIOTIM 3aBaHTaXEHHSM CTH-

paeThCs.
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Takum YHMHOM, MCTOL

(dbpakTanbHOT OIIHKUA TOBEP- n 28 0 B
XHI pyHHYBaHHS JIO3BOJISE g 2,84 7
BU3HAYUTU MAKpPOCTPYKTYpPHI 2383 /
XapaKTEpUCTUKH Tijla 3a 3Ha- é 2,82 //
YEHHSIMA MIKPOCTPYKTYPHHUX s 2,81
napameTpiB Marepiainy 0e3 é" 28 /
SKUX-HEOYAb MIATIHHUX KOe- ] 279 /
(birieHTIB. © 578
BucnoBku. 1. Berano- ’ 20 40 60 20
BJICHO, IO Yy3araJbHIOHYUM Biacranp Bijl MOBEPXHi, MM
rnapaMmeTpom IKUN XapakTe- ={=BxuBana Qyrepiska =ll=Hosa ¢pyrepiBka

pu3ye CTaH T'yMOBOi (yTepi-
BKM MOX€E BHUCTyNatu ¢pak-

PucyHok 6 — 3anexHicTh ¢ppakTaabHOT PO3MIPHOCTI Bij

ITIMOMHU PO3TalllyBaHHS IIApiB

TaJbHA PO3MIPHICTb.

2. JlocnikeHo B3a€MO3B’A3KA MK (D13MKO-MEXaHIYHUMHU BJIACTHBOCTSIMH TY-

MOBO1 (yTepiBKU Ta (PAKTATBLHOIO PO3IMIPHICTIO TOBEPXHI PyHHYBaHHS.

3. BcranoBneno, 1o ¢pakraibHa pO3MIPHICTh MOBEPXHI PyHHYBaHHS TYMOBOI

dbyTepiBKH 3MEHIIYy€eThCS HA TUOuHY 15-20 MM, a MOTIM IIIBHINYETHCS J0 MTOYATKO-
BOTO PiBHS, 110 CBIAYMUTH MPO MIAP TYMH KA CTapi€ Mij yAapHO — JAPSMaroyor0 €0
3aBaHTaXEHHS 1 HA0yBa€e 0COOIMBUX BIACTUBOCTEW TOOTO KOHIIEHTPALIIS YIIKOIHKEHb
Yy TOHKOMY ITOBEPXHEBOMY LIapi HA MOPSAOK OLIbIIE HIXK Y MACUBI T'yMHU.

B wWwnN -~

CIMUCOK NNITEPATYPU

. bynat A.®., Ibipaa B.W. ®paktansl B reomexanuke. K.: Hayk. gymka, 2005. 358 c.

. bonblakos B.W., Bonuyk B.H., flybpos t0./. ®paktansl B Matepuanoseaenuu. [JHenponetposck: MTACA, 2005. 253 c.

. MaHpensbport b. ®pakransHas reometpus npupodbl. M.: H-T koMnbtoTepHbIx uccnegosanuit, 2002. 656 c.

. MiBaHoBa B.C. ®pakTanbHas MexaHuka paspyLueHus. 3agaum u nepernekT1Bbl NPakTUYECKOro UCnonb3oBaHus. CaMoopaaHu3yo-

wuecs u hpakmarnbHble cmpykmypbi. Yha: Yum. HedT. uH-T, 1990. C. 3-14.

. llenokoea M.A., KopoTyHoBa E.B., MacTtuHosckuin H0.B. ®pakTanbHbIn Noxog K peLleHmnto 3afayum o HakonneHun noBpexaeHni.

Hoei mamepianu i mexHonoeii 8 memanypeii ma mawuHobydysanHi. 2005. Ne2. C. 80-83.

. Fopynﬂ M.E. MO/J,eJ'IVIpOBaHVIe npouecca paspyLleHns HeogHOPOAHbIX TBepAbIX TN Ha OCHOBE TEOPUWN NEPKONALUNU. Mam. u

anekmpoH. modenup. 8 mawuHocmp. K.: TexHuka, 1989. C. 47-53.

. OcobnmBocCTi pospaxyHkiB ryMOMeTaneBux eneMeHTiB 3 ypaxyBaHHsIM edoekTy o6'emHoro ctucky / B.l. upaa Ta iH. FeomexHidHa

mexaHika. 2018. Bun. 138. C. 160-168.

. Kanrankos €.B. OcobnuBocTi pakTansHOro aHanisy noBepxHi pyiiHyBaHHS ryMOBMX (DYTEpIBOK, L0 NPaLooTh B yMOBax abpa-

31BHO-BTOMHOTO 3HOCy. [eomexHiyHa MexaHika. 2017. Bun. 133. C. 66-74.
REFERENCES

. Bulat, A.F. and Dyrda, V.I. (2005), Fraktaly v geomehanike [Fractals in geomechanics], Naukova dumka, Kyiv, Ukraine.
. Bolshakov, V.I., Volchuk, V.N. and Dubrov, Yu.l. (2005), Fraktaly v materialovedenii [Fractals in materials science], PGASA,

Dnipropetrovsk, Ukraine.

. Mandelbrot, B. (2002), Fraktalnaya geometriya prirody [Fractal geometry of nature], In-t kompyuternykh issledovaniy, Moscow,

Russia.

. Ivanova, V.S. (1990), “Fractal fracture mechanics. Tasks and prospects for practical use”, Samoorganizuyuschiesya i fraktalnyie

struktury, Ufim. neft. in-t, Ufa, USSR.

. Shchelokova, M.A., Korotunova, Ye.V. and Mastinovskiy, Yu.V. (2005), “Fractal approach to solving the problem of damage ac-

cumulation®, Novi materialy i tekhnolohiyi v metalurhiyi ta mashynobuduvanni, no. 2, pp. 80-83.

. Gorulya, P.E. (1989), “Modeling the process of destruction of inhomogeneous solids on the basis of percolation theory”, Ma-

tematicheskoye i elektronnoye modelirovaniye v mashinostroyenii, pp. 47-53.

. Dyrda, V.1., Kalhankov, Ye.V., Tsanidi, .M. et al. (2018), “Specificity of rubber-metal elements calculation with taking into account

effect of bulk compression”, Geo-Technical Mechanics, no. 138, pp. 160-168.

. Kalhankov, Ye.V. (2017), “Features of fractal analysis of fractured surfaces of the rubber liners, which work in conditions of abra-

sive and fatigue wear”, Geo-Technical Mechanics, no. 133, pp. 66-74.



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online), l'eomexHiyHa mexarika. 2019. Ne 144 109

Mpo aBTOpIB

Kobeyb AHamoniti CmenaHoeuY, JOKTOP HayK 3 AePXynpaBniHHA, npodecop, pekTop, [HINPOBCLKMI AepXaBHWA arpapHo-
ekoHoMi4Hui yHiBepeuTeT (OOAEY), OHinpo, YkpaiHa, info@dsau.ua

Jupoda Bimaniii InapioHoeuy, JOKTOP TEXHIYHWX Hayk, Npodecop, 3aBiAyBay Bifminy MeXaHiku eracTOMEPHNUX KOHCTPYKLi
ripCbKMX MaLUWH, IHCTUTYT reoTexHiuHoi MexaHiku iM. M.C. MonskoBa HaujioHanbHoi akagemii Hayk Ykpainu (IF'TM HAHY), Oxinpo,
Ykpaina, vita.igtm@gmail.com

KanzaHkoe €s2eH Bacunbosud, acnipaHT, IHCTUTYT reoTexHiyHoi MexaHiku iM. M.C. Monskosa HAH Ykpainu (I'TM HAHY),
[Hinpo, YkpaiHa, kalhankov.ye.v@dsau.dp.ua

Ljanidi leaH Mukonaliosuy, acnipaHT, I[HCTUTYT reoTexHivHoi MexaHiku im. M.C. Monsikoa HAH Ykpaitu (I'TM HAHY), OHinpo,
YkpaiHa.

YepHili OnexkcaHOp AHamonilioguy, acnipaHT, IHCTUTYT reoTexHivyHoi MexaHiku iM. M.C. Monsikoa HAH Ykpainm (IF'TM
HAHY), [Hinpo, YkpaiHa, sanek20.1984@gmail.com

About the authors

Kobets Anatolii Stepanovych, Doctor of Public Administration, Professor, Rector, Dnipro State University of Agriculture and
Economics, Dnipro, Ukraine, info@dsau.ua

Dyrda Vitalii lllarionovych, Doctor of Technical Sciences (D. Sc.), Professor, Head of Department of Elastomeric Component
Mechanics in Mining Machines, Institute of Geotechnical Mechanics named by N. Poljakov NAS of Ukraine (IGTM NASU), Dnipro,
Ukraine, vita.igtm@gmail.com

Kalhankov Yevhen Vasylovych, Ph. D. Student in Department of Elastomeric Component Mechanics in Mining Machines,
Institute of Geotechnical Mechanics named by N.Poliakov NAS of Ukraine (IGTM NASU), Dnipro, Ukraine,
kalhankov.ye.v@dsau.dp.ua

Tsanidi Ivan Mykolaiovych, Ph. D. Student in Department of Elastomeric Component Mechanics in Mining Machines, Institute
of Geotechnical Mechanics named by N. Poljakov NAS of Ukraine (IGTM NASU), Dnipro, Ukraine

Chernii Oleksandr Anatoliiovych, Ph. D. Student in Department of Elastomeric Component Mechanics in Mining Machines,
Institute of Geotechnical Mechanics named by N. Poljakov NAS of Ukraine (IGTM NASU), Dnipro, Ukraine, sanek20.1984@gmail.com

AHHoTauus. B cratbe npueegéH aHanm3 paboT Mo MexaHUKe paspyLUeHNs MaTepuasnos U BO3MOXHbIE NYTK peLle-
HWS npobnem nporHo3npoBaHns 1x pecypca. OJHUM U3 Takux NyTei ABNSeTC MeToq (hpakTanbHOM OLEHK NOBEPXHO-
CTel pa3pyLUeHus, HO 04eHb Mano paboT paccMaTpuBatOT paspyLLEHUs Pe3NHOBbIX AeTanen, 0CO6EHHO Pe3nHOBbIX dy-
TEPOBOK, paboTatoLLmX B yCNoBusX abpasnBHO-yCTanoCTHOrO M3HOCA.

Viccnenys noBepxHOCTM (PYTEPOBKM, YCTAHOBIEHO, YTO (hyTEPOBKa, KOTOPas He Obina B aKCnnyaTaLui, UMEET TSX!,
pasopBaHHble parMeHTbl PesnHbl HO He OTOPBaHHbIE, TO ECTb Pe3nHa CONPOTUBNAETCS Pa3ampy, NOXoXas CUTyaLus 1
C pe3nHo B3ATON ¢ riybuHbl 30 MM 1 Bonee. Pe3unHa, nonyyeHHas u3 rnybuHsl 5 u 15 mm, nmeeT Bonee paBHOMepHble
Bopo3aKM, IMEET Maro TSHKEN U NOYTU HE MMEET HEOTOPBAHHbIX (hParMEHTOB Pe3uHbl, TO ECTb BEPXHUE CMOM (PyTEPOBKM
CHavana cTaperoT (0T AEMCTBIUS YCTANOCTHOrO U3HOCA), a 3aTEM CTUPAIOTCS 3arpy3Kon.

/IMeHHO MeTOf hpakTanbHOM OLEHKM MOBEPXHOCTW paspyLUEHUs PE3UHOBON (hyTEPOBKW MO3BONSET ONPeAenuUTb
MaKpOCTPYKTYPHbIE XapaKTePUCTUKN PE3UHbI MO 3HAYEHWUAM MUKPOCTPYKTYPHbIX NapamMeTpoB MaTepuana 6e3 kakux-nnbo
NOArOHOYHbIX KO3hULMEHTOB. Pe3ynbTaThbl UCCNEA0BAHNI CBUAETENLCTBYHOT O TOM, YTO NPOLECC Pa3pyLUEHMS PE3UHbI
SBNSETCS HEMUHENHbIM; OY4EBUAHO, B NTOKamNbHbIX 30HaX, TO €CTb B 30HAX MHTEHCUBHOIO pa3spyLUeHus Matepuana Hemv-
HEeMHOCTb npouecca byaeT Gonblue, Yem B cpegHeM o obpasdy. Tak B paboTe uccneaoBaHo U3MEHEHNe U3NKO-MEXa-
HWYECKMX CBOMCTB PE3NHOBOMN (hyTEPOBKM MO €€ BLICOTE W YCTAHOBMEHO, YTO PE3MHOBAs (DyTEpOBKa MEHSIET CBOU CBOM-
CTBa MOCTEMNEHHO, TO ecTb cTapeeT. CocTapeHHbIn cnoit cocTaenseT 10-15 MM, 0 YEM CBUOETENLCTBYET (hpaKTanbHas
pasmMepHOCTb, KOTOpasi yMeHbLIaeTes A0 rnybuHbl 15 MM, a 3aTeM BOCCTaHABNMBAETCS 4O NEPBOHAYAIbHOMO 3HAYEHNS
Ha rnybuHe 30 MM. 3TO CBMAETENBCTBYET O TOM, YTO B pesynbTaTe yaapHO-LapanaroLwero AenCTBus 3arpy3ki pesuHa
CTapeeT W TEPSIET CBOM CBOWUCTBA. ITO MPUBOAMNT K CHUKEHMIO CNOCOBHOCTM PE3nHbI CONPOTUBIATECS U3HOCY, U OHa CTH-
paetcs, B TO K& BPEMSI HOBblE CIOM MOCTEMNEHHO CTApeloT W TEPSIOT CBOM CBOWCTBA. Takum obpa3om, ppakTanbHas
OLeHKa AaéT BO3MOXHOCTb MPOrHO3MPOBaTh COCTOSIHUE PE3VMHOBOM (DYTEPOBKM, Kak Ha MOBEPXHOCTM MaTepuana, Tak u
BHYTPMW.

[MpuBedeHbI TaKke pesynbTaTbl MCCNEa0BaHWA OMHAMMKM M3HOCA PE3NHOBOW (hyTEPOBKM M €€ CBA3b C (hpaKTarb-
HOM Pa3MEPHOCTbIO, TaK ppakTanbHas pasMepHOCTb HOBOW (DyTepoBKM cocTaBnseT 2,8472, a nocne HapaboTku 7560
yacoB — 2,8204. Kak nokasanu 1ccrnefoBaHns ¢ yMEHbLUEHWEM BbICOTbI (DYTEPOBOYHON NAUTLI, yMEHbLLIAETCS U (hpak-
TanbHas pasMepHOCTb. Tak AN HOBOW MnuTbl BbICOTON 270 MM (hpakTanbHas pasMepHOCTb cocTaBnseT 2,8472 u gns
NANTBI C M3HOCOM 43 MM — 2,8204, 4T0 0aéT BO3MOXHOCTb MPOrHO3UPOBATb LOSITOBEYHOCTb (CTapeHne) pe3nHoBOM dy-
TEPOBKY M0 €€ opakTanbHON pasMepHOCTH.

KntoueBble cnoBa: dpakTan, gpakransHas pasMepHOCTb, M3HOC, paspyLleHre, pe3uHoBas yTepoBka, knactep,
MOBEPXHOCTb Pa3pyLLEHNs), YCTaNOCTHbIN U3HOC, abpasnBHbI M3HOC

Abstract. The article provides an analysis of the work on the mechanics of the destruction of materials and possible
solutions to the problems of predicting their resource. One of such ways is the method of fractal assessment of fracture
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surfaces, but very few papers consider the destruction of rubber parts, especially rubber linings, working under conditions
of abrasive fatigue wear.

Investigating the surface of the lining, it was found that the lining which was not in use has cords, broken rubber
fragments but not torn off, that is, the rubber resists tearing, a similar situation with rubber taken from a depth of 30 mm
and more. Rubber obtained from depths of 5 and 15 mm has more uniform grooves, has few cords and has almost no torn
rubber fragments, there are upper layers of the lining at first aging (from the effect of fatigue wear), and then it is erased
by loading.

Exactly the method of fractal evaluation of the surface of the destruction of the rubber lining allows you to determine
the macrostructural characteristics of rubber according to the values of the microstructural parameters of the material
without any fitting coefficients. Research results indicate that the rubber breakdown process is non-linear; obviously, in
local zones, that is, in zones of intense material destruction, the nonlinearity of the process will be greater than the average
for the sample. So in the work, the change in the physico-mechanical properties of a rubber lining along its height was
investigated and it was established that a rubber lining changes its properties gradually, that is, it is aging. The aged layer
is 10-15 mm, as evidenced by the fractal dimension, which decreases to a depth of 15 mm and then is restored to its
original value at a depth of 30 mm. This suggests that as a result of the shock-scratching effect of the boot, the rubber
ages and loses its properties. This leads to a decrease in the ability of rubber to resist wear and it is erased, at the same
time, new layers gradually grow old and lose their properties. Thus, the fractal assessment makes it possible to predict the
state of the rubber lining, both on the surface of the material and inside.

The results of studies of the dynamics of wear of the rubber lining and its connection with the fractal dimension are
also given, so the fractal dimension of the new lining is 2.8472, and after operating 7,560 hours — 2.8204. Studies have
shown with a decrease in the height of the lining plate, the fractal dimension also decreases. So for a new plate with a
height of 270 mm, the fractal dimension is 2.8472 and for a plate with a wear of 43 mm — 2.8204, which makes it possible
to predict the durability (aging) of a rubber lining by its fractal dimension.

Keywords: fractal, fractal dimension, wear, fracture, rubber lining, cluster, surface of destruction, fatigue wear, abra-
sive wear

Cmambs nocmynuria e pedakyuro 18.01.2019
PexomeHdosaHo k neyamu 0-pom mexH. Hayk B.I1. Hadymbim
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