KOHTPOJIb U USMEPEHUSA

WCCNELOBAHWUE MEXAHWYECKMX CBOMCTB
CTPYKTYPHbIX 3/IEMEHTOB MOKPbITUA

MAYA )11 FTOJIb®A

A.Useinov*, K.Kravchuk®, I. Maslenikov*, V.Reshetov*

A.Yceunos™, K.Kpasuyk*, 1.MacaeHukos®, B.Pewemos™ / useinov@mail.ru

MeToA0M MHCTPYMEHTA/IbBHOI0 UHAEHTUPOBAHUS UCCNE0BaHbl MEXaHMYeCkre CBOMNCTBA CTPYKTYPHbIX
371eMeHTOB, GOpPMUPYIOLLMX NPUNOBEPXHOCTHbIA 06beM Ma4Ya ans ronbda. OnpeaeneHbl 3aBUCUMOCTU

MeXaHU4YeCckux CBOMCTB OT rNy6uHbI,
NnoBepXHOCTU.

a Takxe Mopdonorus M napameTpbl

LepoXxoBaToCcTn

The mechanical properties of the structural elements forming the near-surface volume of a
golf ball were studied by instrumental indentation. The dependences of mechanical properties
on the depth, and also morphology and roughness of the surface are defined.

OHUM K3 aKTUBHBIX ITOTpebuTeel BBICOKUX
TeXHOJIOTHI U HOBBIX MaTepHaJIOB SIBJISETCS
CIIOPTUBHASI UHAYCTPHSA. OpUTHHAIbHbBIE
TeXHHYeCKHe pellleHHUsI U YHHUKaJIbHble CBOMCTBA
HCIIONIb3yeMBIX H3/le/IMH CYLeCTBeHHO BIHSIOT Ha
YPOBEHb CIIOPTHUBHBIX JOCTHUXKEHUHN U IIOMOTAIOT
nobuBaThCs Bce Hoslee BBICOKUX Pe3y/IbTAaTOB KakK
npodecCHOHaTbHBIM aT/IeTaM, TaK U TI06UTeIM.
B 4acTHOCTH, COBpeMeHHBbIe MSIUHU /s Tonbda
IpeaCcTaBASIOT COO0M CI0XKHBIE MHOTOKOMIIO-
HeHTHBIe U3Je/IUs U SIBASIOTCS XOPOUIUM IIpHUMe-
POM HayKoeMKOH IpoayKuuH [1]. CBoricTBa Ms4a
JOJIKHBI 06eCIIedTh MaKCUMAIbHYIO JATbHOCTD U
YCTOMYHUBOCTh TPAEKTOPHH II0JIETA, a TAK>Ke KOH-
TpoJIpyeMoe II0BeJleHHe TP KOPOTKHUX yAapax. B
LieHTpe Msiua 06bIYHO HaXOAUTCS IVIOTHOE TSKeJloe
PO K3 pe3nHomnonobHoro moaumMepa [2], koropoe
obecrieunBaeT HaAKOIJIEHHeE ITOTeHIIMATbHOM SHep-
TUU IIPU yAape Msida KIOMIKON U IIpeBpalleHUe
ee B KHHETHYeCKYI0, He06X0AUMYIO OIS I10JIeTa
Ms4a Ha AaJIbHHUe PaccTosiHUS. [loMepHoOe siApo
3aK/II0YEeHO B JKeCTKYIO IIJIACTUKOBYIO 000JI0UKY,
YMEeHBIIAIOIYIO NPEITYyYecTh Ms4a U Jle/lalollyIo
ero 6osee 5keCTKUM. [lJI1 KOHTPOJIS yAapa U yCTOM-
YHBOCTH B II0JIeTe IIOBEPXHOCTh Msidua MMeeT CIle-
LIMAIbHYI0 GOPMY U COCTOUT U3 HECKOIBKHUX CJIOEB
IJIaCTHKA (06BIUHO ITONIMYpeTaHa), IIOKPBITHIX CIIe-
LIMaIbHOM YCTOMYMUBOM K IJapalliHaM KpacKoH [3].

Takum 06pa3oM, IPHUIIOBEPXHOCTHBII 06beM Ms4a,
HeIroCcpeaCTBeHHO KOHTaKTI/IPYIOH_II/II:I C KHIOLHKOI:I,
IpencTaBisieT CO60K MHOTOC/IOMHYIO CTPYKTYPY CO
CJIOKHBIMU BSI3KOYIIPYTUMHU CBOMCTBAMH.

IIpy MpOeKTHPOBAHHUMU TeOMeTPHUH HOBBIX
Msi4YeH C IleIbl0 ONTHMHM3ALUH UX YOPYTHUX U
a’3pOoAHMHAMHYECKHX CBOMCTB OTPOMHBIN HHTe-
pec mpencTaBiseT M3MepeHUe XapaKTepPHUCTUK
OTHe/NbHBIX C/JI0€B HCII0/JIb3yeMBIX MAaTepHaJIOB.
ITpu 3TOM, ITOCKOJIBKY BCe KOMIIOHEHTBHI JOJIKHBI
HaXOJUThCS B OTIMYHOM aJITe3MOHHOM KOHTaKTe,
HCKJII0YalolieM paccIaluBaHHe MS4ya, MexaHHu4e-
CKHe CBOMCTBA COCTABHBIX YaCTel Ms4a B 06veM-
HOM BH A€ MOTYT OT/IMYAThCA OT CBOIICTB ucxon-
HBIX MaTepHaJoB.

sl uccnegoBaHUS MeXaHHUYeCKHUX CBOMCTB
CTPYKTYPHBIX 3JIeMeHTOB, POPMHUPYIOUUX IPUIIO-
BePXHOCTHBIN 06beM Ms4a [J1s ronbda, Ienecoo-
6pa3HO MCII0IB30BATh METOJ HHCTPYMEHTAIBHOTO
HUHOEHTHPOBAHUS.

OMUCAHUE OBPA3LIOB

IIpu npoBefeHUHU H3MepeHHI HCII0Jb30BAJIKCH

IBa obpaswa:

e obpasell A - OTIOJMPOBAHHBIMN IIOIEePEUHBIH
cpes Msida fis ronbda (puc.la);

e obpasen b - menbyl mMs4 6e3 Kakou-1uboO
IIOATOTOBKH.

OrBHY TMCHYM / FSBI TISNCM
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Puc.1. Onmuueckue Mukpogpomozpaguu noAUPOBAHHO20 NoNepevH020 cpe3a maua das 20Abda (06paszeu A)
Fig.1. Optical micrographs of polished cross-section of a golf ball (sample A)

Kaxk moka3ano Ha puc.lb, BHemHsa 060104YKa
Msida COCTOUT M3 MIaCTUKOBOM CKOPJYIIBL, TOJI-
CTOrO MOJINYPETAHOBOIO MOKPBITUS U ABYX TOH-
KHUX CJI0eB KpacKu. OCHOBHOM IeJIbl0 JaHHOU
paboTHl SIBISIIOCH H3y4YeHHe CBOMCTB BHEIIHUX
IOKPBITHM: CJI0S MOJHypeTaHa U ABYX TOHKHX
CI0eB KPacKH, IOMYTHO ObIJIM M3y4YeHbl U MeXa-

PaszpaboTunkaM Ms4ell Haubomee HHTePeCHBI
JaHHBIEe O TBePLOCTH II0o MapTeHcy U dopma
3aBUCHUMOCTH I'/TyOHUHBI BHEpeHU S UAeHTOpa OT
HarpysKH, IIoJy4aeMoOM NPH UCOBITAHUU METO-
JOM MHCTPYMEHTAJIbHOTO MHAEHTHUPOBAHU A, DTH
mapaMeTphl BIUAIOT Ha 3P PeKTUBHOCTH Iepe-
JadHy dSHepruH IIpH yAape MsA4a KIKOMKON U Ha

HHUYeCKHe CBOMCTBA CKOPJIYIH U SI/pa.

ne of the active users of high

technology and advanced

materials is the sports indus-
try. Original technical solutions
and the unique products signifi-
cantly affect the level of sporting
achievements and help both pro-
fessional athletes and amateurs to
achieve better results.

In particular, modern golf
balls are complex multi-compo-
nent products of high technol-
ogy [1]. The properties of the
ball should ensure a maximum
flight range and trajectory sta-
bility, and also good control of
short kicks. In the center of the
ball is usually dense and hard
core from a rubber-like polymer

[2], which ensures the accumu-
lation of potential energy upon
impact of the ball and turning it
into kinetic energy required for
the flight over long distances.
Polymer core is encased in hard
plastic shell, which reduces the
jumping of the ball and mak-
ing it harder. For control and
stability in flight the surface of
the ball has the special form,
and consists of several layers of
plastic (usually polyurethane),
coated with a special scratch-
resistant ink [3]. Thus, the near-
surface volume of the ball, which
is in direct contact with the club
is a multi-layer structure with
complex viscoelastic properties.

ero JOoJITOBeYHOCTbh.

When designing the geome-
try of new balls, to optimize their
elastic and aerodynamic proper-
ties, the measurement of the char-
acteristics of the individual lay-
ers of the materials is of great
interest. Thus, since all compo-
nents must be in adhesive contact,
which eliminates the delamina-
tion of the ball, the mechanical
properties of the components in
bulk may differ from the proper-
ties of the original materials.

To study the mechanical prop-
erties of the structural elements
forming the near-surface vol-
ume of a golf ball, it is reason-
able to use the instrumental
indentation.
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Puc.2. HaHomeepdomep “HaHoCkaH-4D"

Fig.2. NanoScan-4D scanning nanohardness tester

NMPUBOPbI U METOA bl UCCNELOBAHUI

MexaHHUYeCKHe CBOMCTBA MHOTOCIONMHOTO Msida
O7si Tonbda HMCCIeZOBATHUCh C HCIONIB30BA-
HHeM HaHoTBepaoMmepa "HaHoCkaH-4D" (PTBHY
THUCHYM) [4-8]. O6mu# Bup npubopa npencTas-
JIeH Ha pHC.2. B 4MC/JI0 METOLOB M3MepeHH,

DESCRIPTION OF THE SAMPLES

Two samples were used for

research:

« sample A - polished cross-sec-
tion of a golf ball (fig.1a);

« sample B - a ball without any
preparation.

As shown in fig.1b, the outer
shell of the ball consists of a plas-
tic shell, thick polyurethane coat-
ing and two thin layers of ink. The
main goal of this work was the
study of the properties of exter-
nal coatings (polyurethane layer
and two thin layers of ink), but the
mechanical properties of the shell
and the core were also studied.

The Martens hardness test and
the dependence of the indentation

HAHO MHOYVCTPHA #6/60/ 2015

depth on the load are most inter-
esting for golf balls developing.
These data affect the efficiency of
energy transfer when hitting the
ball and its durability.

DEVICES AND METHODS
Mechanical properties of multi-
layer Golf ball was investi-
gated using NanoScan-4D scan-
ning nanohardness tester (FSBI
TISNCM) [4-8]. General view of the
device is presented in fig.2.
Among the measurement meth-
ods implemented in this device are
sclerometry tests, measurements
of hardness and elastic modulus by
instrumental indentation, and a
number of methods of atomic force

peanr30BaHHBIX B NaHHOM IIpubope, BXOAAT
UCIIBITAHUS METOLOM CKJIepOMEeTpPHUH, HU3Me-
peHHe TBepOOCTH U MOAY/S YIPYTOCTH METO-
JOM MHCTPYMEHTAJIbHOTO MHAEHTHUPOBAHUS, A
TaK>Xe paJ MeTOJOB aTOMHO-CHJIOBOK MHKPOCKO-
nuu (ACM). HHIeHTHUpYIOIIAs oJIoBKa mpubopa

microscopy (AFM). The indent-
ing head allows to apply loads in
the range from micronewtons to
a few newtons, as well as to mea-
sure displacement in the range
from fractions of nanometer to the
millimeter.

Measurement of mechanical
properties and surface topography
were performed using the same
device by moving the sample from
one working position to another
with the help of motorized tables.

The hardness and elastic mod-
ulus were determined by the
method of instrumental indenta-
tion in accordance with ISO 14577-
1:2002 using Berkovich indenter
(diamond triangular pyramid).
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[103BOJISIeT MPUKJIAABIBATh HATPY3KHU B JHalla30He
OT e IMHHUIL MUKPOHBIOTOHOB 10 HECKOJIbKHX HBIO-
TOHOB, a TaK>Ke M3MepsSITh CMeIlleHUs B AHUalla30He
OT 0JIel HAHOMETPOB 0 MHJIZILMeTpa.

H3MepeHH ST MeXxaHHUYeCKUX CBOKCTB U TOIIOrpa-
buwu penveda OBepXHOCTH OBIIM IIPOBeJeHEl Ha
3TOM Xe IpHboOpe IyTeM IepeMellleHHUs obpasiia U3
o HOro paboyero Moyo>KeHU s B IPyroe C IIOMOIIBIO
MOTOPHU3HUPOBAHHEBIX CTOTHKOB.

TBepAoOCTs U MOAYJ/Ib YIPYTOCTH OIpeaesssiuch
MEeTOJOM MHCTPYMEHTA/IbHOIO HHIEHTUPOBAHU A B
cooTrBeTcTBUHU c TOCT P 8.748-2011 (0TeyecTBeHHBIH
aHaJIOr MeXAYHapoaHOro ctaHgapra ISO 14577-
1:2002). HakoHeYHUK npeacTaBasl cob6011 UHeH-
TOop bepKroBHYa - aIMa3sHyI0 TPeXIPaHHYIO ITKUpa-
MHULIY.

Metogmamu ACM u3MepsaaIuCh Tomorpadpusd
penbeda MOBEPXHOCTHU U IIapaMeTPHl LIepOX0BaTO-
CTH.

NOCTPOEHUE KAPTbI TBEPAOCTH
Penbed moBepxHOCTHU (pHC.3) B 06/1aCTH HUCIBITA-
HUs 6B HCCIeloBaH, IIpeXXe BCero, AJIs OIpe-
HeleHUs ee CpellHel LIepOXOBATOCTU. PeXXUM
HCIOBITAaHUS UHAEHTHUPOBaHHEeM HoAbupancs
HCXOJ sl U3 HePOBHOCTH HCC/Ie/lyeMOH IIOBEePXHO-
CTH. YCTAaHOBJIEHO, YTO TOML[MHA KaXXJ0rO0 C/05
KPacKY BapbUPyeTCd B mpefenax 14-18 MKM.
I[Ipodunp TBEpPOLOCTH U MOLYJISL YyIPYLOCTH
cpe3a Ms4a Ovl mocTpoeH Ha 6a3e 3 MM (puc.4).

0 10 20 30 40 50 60
MKM / [1m

Vi3MmepeHHe NpoduIsi HauHMHAaeTCs B obnacTtu
Puc.3. Obpaseu A: peabed cnoes Kpacku, NOAY4eHHbIl Mmemo-
oom ACM

Fig.3. Sample A: relief map of ink layers, obtained by AFM

anpa (koopauHaTa 0) ¥ 3aBeplIaeTcsl BHYTPH CI0S
noidypeTaHa (IyHKTUPHAsl JTUHUS Ha puc.la).
YacTe mpoduas Mexkay 1300 1 2400 MKM COOTBET-
CTBYeT BHYTPeHHeMY CJI00.

Surface topography and rough-
ness were measured by AFM
Methods.

HARDNESS MAPPING

The surface topography (fig.3) was
investigated, primarily to deter-
mine the average roughness of the
test area. The indentation condi-
tions were chosen based on rough-
ness of the investigated surface. It
is established that the thickness of
each layer of the ink varies from 14
to 18 pm.

Base for the hardness and elas-
tic modulus profile amounted
to 3 mm (fig.4). Profile measure-
ment begins at the core (coordi-
nate 0) and ends within the layer

of polyurethane (dotted line in
fig.1a). Part of the profile between
1300 and 2400 pm corresponds to
the inner layer.

The following indentation
parameters were selected:

* loading time of 10 sec.;

» maximum load of 5 mN;

« hold-time at maximum load of
5sec.

In these conditions, the depth of
indentation has ranged from 2 to 8
pm depending on the test area.

The hardness profiles show that
the shell has the largest hardness
and elastic modulus. The core has
the same hardness as the polyure-
thane layer, but lesser modulus
of elasticity. Fig.5 shows typical

curves of loading-unloading,
obtained by instrumental inden-
tation. The experimental curve
for the core (green curve) shows
that deformation is mostly elas-
tic in nature, unlike the external
layers, which are characterized
by a significant share of plastic
deformation.

In a separate experiment, the
profiles were brought to ink layers,
but acquired data showed no sig-
nificant changes of the properties
in the ink area, what corresponds
to the results of multicyclic inden-
tation of the surface of the ball in
the radial direction.

Instrumental multicyclic inden-
tation with partial unloading of

#6/60/2015 NANO INDUSTRY
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Puc.4. Mpopuau meepdocmu H (a) u modyas ynpyzocmu E (b), cHambie yepe3 59po (0-1300 mkm), 8HympeHHuli caoli (1300-
2400 mkm) u caoli noauypemata (2400-3200 mMkm)
Fig.4. Profiles of hardness H (a) and elastic modulus E (b), obtained through the core (0-1300 pm), inner layer (1300-2400 uym) and

polyurethane layer (2400-3200 pm)

the surface of the sample B (fig.6)

was conducted under the following

parameters:

« time of each part of loading and
unloading of 2 sec.;

e maximum load of 750 mN;

+ hold-time at maximum load of 5
sec.;

 number of cycles in one measure-

ment of 25;
¢ maximum penetration depth of

the indenter of 75 pm.

It turned out that the material of
the surface of the ball has consid-
erable fluidity, as during loading
and unloading the depth of pene-
tration varies with delay. The hard-
ness increases linearly up to a depth

HAHO MHDYCTPUA #6/60/ 2015

equal to the thickness of two lay-
ers of ink, and when it exceeds the
hardness value is reduced, but not
significantly, as the influence of the
upper layers (fig.7).

CONCLUSION

The mechanical properties of differ-
ent areas of the near-surface volume
of a golf ball were studied by instru-
mental indentation NanoScan-4D
scanning nanohardness tester. The
combination of this method with
the precision positioning enabled
to determine the dependence of
mechanical properties on the depth
and along the profile. Morphology
and surface roughness were studied

by AEM. The results of the study are
given in the table.

The dependence of hardness on
the depth was investigated on the
surface of the sample B (a ball) by
the instrumental multicyclic inden-
tation, and the results are consis-
tent with the data obtained on sam-
ple A (cross-section of a ball).

The experimental results in gen-
eral correspond to the informa-
tion of the developer of the balls
about the properties of the materi-
als. The most significant are data
about the viscoelastic properties of
the coatings, whose wear and tear
shows that the ball loses its perfor-
mance. [
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Tny6uHa, MKm
Depth, pm

0 25 5 7,5

Puc.5. Tunu4Hble Kpusble HazpyskeHus/pas2py3ku: 3eneHas Kpu-
8as — 8 06aAacmu 510pa; YepHAs Kpueas — 8HYMpPEHHe20 CAOS; CU-
HS1S1 KpUBas — N0AUYpemaHo8020 cAosl

Fig.5. Typical curves of loading and unloading: the green curve -
in the core area; the black curve - in the inner layer; the blue
curve - in a polyurethane layer

Beinu BBIOpaHBI Clelylolile IHapaMeTpPhl

MHJeHTHPOBAHH !

* BpeMs Harpyxenusd - 10 c;

* MaKCHMaJbHas Harpyska -5 MH;

* BBIJep>KKa IIPHM MaKCHMaJIbHOM Harpyske -5 c.

B maHHBIX YCIOBUAX IyOHMHA UHAEHTHUPOBA-
HHS COCTaBJIA/Aa OT 2 10 8 MKM B 3aBHCHMOCTH OT
06/1aCTH UCIIBITAHUS.

H3 npoduner TBepooCTH BHAHO, YTO CJIOH
CKOPJIYIIBI KMeeT caMble 6o/bIIHe TBePAOCTh U
MOJY/Ib YIIPYTOCTH. SIIPO KMeeT TaKyI0 Ke TBep-
IOCThb, YTO M CJIOH MOJIHMYpeTaHa, HO MeHbIIHH
MOAY/Ib yOPYTOoCTH. Ha pHc.5 MOKa3aHbl TUIIMY-
Hble KPHBble Harpy>KeHHUSI/Pa3rpy3KHu, MOIYy-
YeHHBIe IPHU UCOBITAHUH METOJ0M HHCTPYMeH-

Du3uKo-MexaHuvecKue ceoticmea nosepxHocmu obpasua A
Physico-mechanical properties of the sample A surface
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rnyeuHa, MKM
Depth, pm

100

Puc.6. fluazpamma MHO20UUKA08020 UHOEHMUPOBaHus 06pasua b
Fig.6. Multicyclic indentation chart for the sample B

Ta/JbHOTO HMHAEeHTHUPOBaHUA. Ilo 3KCIIepUMeH-
TaJbHOU KPHUBOM AJs obnacTu sxpa (3eneHas
KpHUBas) BUAHO, YTO JePpopMallUs LMeeT Ipe-
MMYILIeCTBeHHO YIIPyTHUH XxapaKTep B OTJIMYHe
OT BHENIHHUX CJIOEB, XapaKTePU3YOUUXCS 3Ha-
YMTE/LHOM JOJIeH IJIACTUYeCKOU AedpOopMalliH.

B oTmenpHOM 3KCIIepHMeEHTe NPOoGUIH OBIIU
JoBedeHBl IO C/l0eB KpPaCcKH, OJHAKO IMOIY-
YeHHBIe JaHHBbIe He [I0Ka3aJlH CYIeCTBEHHOTIO
M3MeHeHH s CBOMCTB B 00/1aCTH IMOKPACKH, YTO
COTJIACYyeTCsI C IPeACTaB/JIeHHBIMH HHUKe Pe3yib-
TaTaMHd MHOTOIMKJOBOIO MHJAEHTHPOBAHUS
IIOBepPXHOCTHU MsS4Ya B pajHalbHOM HaIlpaBJiie-
HHH.

MHOroLHKJI0BOe HHCTPYMEHTAJ/IbHOEe UHIEeH-
THPOBAaHHe C YaCTUYHOM pa3rpy3KoH Ha II0BepX-
HocTHu obpasna b (puc.6) 6p1710 IpoBeneHO IIpH
CleAyoIIUX IapaMeTpax:

CTPYKTYPHbIi 3/IeMeHT Siapo  BHYTPEHHWiA C/IOV I'Ionuyg;e;;uonbm BHy'rr:(ﬁ:x: cnon BHEII.:.II;-IaMcl;I( I:I:now
Structural element Core Inner layer Polyurethane layer R e Outer ink layer

LLlepoxoBatocTb, Ra
Roughness 0,94 118 0.6 0,16 0,52
TeBepaocTb, Mna
Hardness, MPa 8,2 42 8 25 20
Mogaynb ynpyroctu, Mna
Elastic modulus, MPa 88 590 125 250 200
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Puc.7. 3asucumocmp meepoocmu H om 2ay6uHbl 8HeApeHus
uHdeHmopa 8 o6pasey b (nosepxHOCMb UCXOOHO20 Ms4a), no-
AYYEHHAs Memo0OM MHO20UUKA08020 UHOEHMUPOBAHUSI

Fig.7. Hardness H and the depth of penetration of the indenter
dependence for the sample B (the surface of the initial ball),
obtained by multicyclic indentation

* BpeMs Ka’K[IOrO y4YaCTKa Harpy>keHHs U pas-

TPy>KeHUs - 2 C;

* MaKCHMajbHasg Harpyska -750 mH;
e BBIJEP>KKa IIPHU MaKCHMAaJIbHOHU Harpyske - 5 c;
* KOJIMYeCTBO LIMKJIOB B paMKaX OJHOTO U3Mepe-

HUS - 25;

* MaKCHMaJbHas IN1ybHMHa NPOHUKHOBEHUS

HHOEeHTOpa —~ 75 MKM.

OKkasanochp, YTO MaTepHa/l Ha NMOBePXHOCTH
Msi4da obnamaeT 3HAYUTENbHON TeKy4eCThIo, TaK
KaK IIPU HaTPy>KeHUH U PasTPy>KeHUU I1ybuHa
BHeJpeHHUs H3MeHseTCs C 3ala3JblBaHHUEM.
TBepoOCTh IMHENHO yBeJIUUYHNBAETCS 10 IT1yOHUHEL,
PaBHOM TOJIIHHe IBYX C/JI0eB KPacKH, a IIpHU ee
IIpeBHIIEeHNH 3HaUueHHe TBepAOCTH CHUKAeTCH,
HO He 3HAaYMUTeJIbHO, TaK KaK CKa3blBaeTCsd BIUS-
HUe BepXHUX cJioeB (puc.7).

3AK/IIOYEHUE

MexaHHYeCKHe CBOMCTBA Pa3HBIX obnacrTen
IIPUIIOBEPXHOCTHOTO 06beMa Msaua aas roabda
OBITM HCCIENOBAHBl METOJAaMH HHCTPyMeEH-
TAJIbHOI'O UHAEHTHUPOBAHHUS C IOMOIIBIO HAHOT-
BepaoMepa "HanoCkaH-4D". KoMbuHAL U NaH-
HOTO MeToza C PyHKIIMeH IIPeU3HU0HHOIO0 I103H1-
LIMOHHUPOBAHHS I103BOJIMJIA ONpefe/JUTh 3aBU-
CUMOCTH MeXaHHYeCKHUX CBOHCTB OT I'TyOHHEI
M II0 1M He Ipoduis. MopdoIorusa U nmapaMmeTpsl

IIePOXOBATOCTH IIOBEPXHOCTHU OBIIH HCCIeN0BaHBI
MmeTonaMu ACM. Pe3ysIbTaThl UCCIeLOBAHUS IIPU-
BeZleHEI B Tabmuile.

3aBHCHUMOCTbh TBEPAOCTHU OT I'Myb6HHEI OblIa
KCCIe0BaHa Ha MOBepXHOCTH obpa3na b (uesoro
Msi4a) MeTOJOM MHOTOLIMK/JIOBOTO HHCTPYMeH-
TAaJIbHOTO MHAEHTHPOBAHUS, U IMOJyYeHHBIE
Pe3y/bTaThl COTJIACYIOTCS C JAHHBIMH, 3aQUKCH-
POBAHHBIMH Ha obpasrie A (pa3pe3aHHBIN M),

Pe3y/nbTaThl 3KCIIEPHMEHTOB B I[€JIOM COOT-
BeTCTBYIOT HHQOPMAL MU pa3paboTuuka Msaden
O CBOMCTBAaX HCIIOJIb3yeMBIX MaTepHaJIOB.
Hawubosiee 3HaUMMBIMH OKa3a/J1MCh JaHHBIE O BSI3-
KOYIPYTHUX CBOMCTBAX JIAKOKPACOYHOI'O IIOKPHI-
THSI, UCIOJB3yeMOTO AJISI NPUAAHUS MsS4daM
TOBAPHOTO BH/a M JIMMHUTHUPYIONETro YHUCJIO0 yaa-
POB, KOTOpHEe MSY BHOEpKHUBaeT 6e3 moTepu
pabounx XapaKTepUCTHUK.
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