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wqntignupjwt wpnniup pripwnhbil thophpughts ungndgh b hbunwgw goyljuw-
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pwluwl dwybplunypught sbipnbph pwjpuyndp ibnh BU nubund duybpline-
pwiht 2ipuntph hnwdwdpwynpnd b gpuhhuwgnut: Wn tnthnfunipyniittipp
hwuntiu Bu quihu npubu 2thinuit nintiignn donwlwl gnpdntibp L hpbug
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np pwpdn mbuwlwpwp ebpdnibwlniput gnpdwlhg niubgnn 2thwuympbpp
whnp £t wywhnybu pwpap wpluwnnwlmpiniu: <wdwdwi Jdowljwd dbpn-
nwlwpgh' thnpdwpwpwlwl hbnwgnuniputl Bu Gupwplyb WYA:19032,
WVA:19283, WVA:17828, WVA:19620, 6KX-16, TUMP-457, AO A3 YPAN Juwl-
vhoubph 2thwiympbpp, npnup hwdwunwgpdbp B dhpwqguihtt  unwb-
nwpuubph wwhwboubpny, L Pwunblfn-8 shwlynipp, npp unbndlby &
CUMNLnud: Pnpdwpwpwlwt hbwwgnnnipniubph pupwgpnd wdpnng ebipd-
wunhbwlwiht whpnyend Pwunbthn-8 dwljuhzh 2thwnpp gnigwpbpnud £
pwpdp pumpwagptin, W sthdwt gnpdwygh wpdtipubiph gpdw quianp sh qbipw-
quugnud 5%, husp pwdupwpnud £ dhpwqquiht uinwbinwpnh wwhwbstbpp:

Ppulwtwgyt) b bwb thnpdwplyndtbp 2thwanygh pgnebpdwhl wusy-
dwlbbpnuf® punn TOCT P UCO 7881-94-h wwhwusbbiph, dGY wpgbjwydwl
pupwgpnud thnpdpwldwl bupwpywd sthwtyniptiph dwitiplnpwihu sbpdwu-
nhSwth wép quuwhwnbine b wib 2hwiynph nGuwlwp sepdntnulnypwi: gnp-
Swygh hbwn hwibdwnbn hudwp: Unwgdwd wjwubph Yepmdnyeimup gnyg
t tnwihu bwl, np gbpdwuinhwuh wéh wdbbwihnpp wpdtp nuh Pwuubthun-8
2hwlyniep, hul wibklwdbd wpdbipp' 6KX-16 athwlyniep: 330°C pwpép obpd-
wuwnhbwth wwydwbbbpnw wluwwnn 2thwtympbph nbwpnd, nppwb 063 £
nbuwlwpwp shpdnbwlynewt gnpdwlhgp (hnpp £ obpdwunhbwuh wép),
wipwl Jwowlwinu k sthwungen:

Unwgywd wpnyniuplbipp hwuwnwnmd by, np a2thwynipbph hwdwp wnb-
uwluwpwp stpdntiwyaenitp hwtnhuwbnu £ Snllghntiv) wwpwdbop: Wo
tmpg wnabgnipini £ gnpdnud fpwig woluwnwlpuwih suhwthaubiph dpw, L
hwunwnynd £ wjs Jupludp, np pwpdp gbpdniiwlnpwl gnpdwlhg mubignn
tynplipp gnigwpbipnud B Yuyns 2hwghnwlwt punipugpbp:

2nppnpn gintup Whpywd E pwqdwpwnwnphs Ynptiph Yhpwndwdp
wwhwgynn $nitlghntivy hwnlnpniubpny wupbunwgbipd 2thwbynpbph L
npwig uinwgdwb nbfutnnghwih d2wldwibt m nbubpunbinbuwluwl hhd-
vwinpdwup:  Lywnwly  nbbwind  wWwhwugynn  $nijghntiuyg  hwinlyne-
pintibbpny wupbunwgbpd 2hwbnipbph pununpuljuqdpnd Yhpwnbine €€
hwUpwpymuwpbpmput b dbnwnipghwliwt wpyntiwpbpnipjub puthnt-
ubpp, punpyt) b hnpdwghnwlwy hbnwgnnniput £ Bupwplpyt £€ Upwytp-
nnt wnudwdnyuwiwt wpnwnpnipult pwpwdubpnd ywpnuwlynn L pupdp
obpdnibwnipjwt gnpdwiljhg (628 2/ygY4) mubgnn Swjwihinp: Lnp 2thw-
Unipbph  unbnddwt tywnwln <UNCnd dulduws Pwunbuhin-8 (L
Hnunh wpwnUwghp N 2909A, 2015 p) 2thwunieh pwnwnpwlwqip pnmugby
E npwbu pwquihtl pununpuljugd:

Yunnwpwd hbnwgninnipiniutibph hhdw Ypw dawlyby b wnwownpyby
b wupbunwgbipd, wwhwueynn $nlighnuwy hwnlnieniiubpny wpgbjulwiht
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stipdwluyni «Puwintlhn-10» widwdp Yndynghnwhts np sthwtynye: Unw-
owplynn Pwunbupin-10 2hwiynpp’ npwbiu ghinwluwt bnpnyp, wdpwgpyb £
<< gnunh 2022p. N 752Y wpunntiwqpny: Sunphhy punuwnpuluginud $ugu-
ihinh Yhpwndwl, pun Windows dpwapuyhtt dhowiwipnul hwuwlbihnpyudp
dpwlwd dpwaph hwydwnplubiph, wnwewplunn Jthwiyniph wbuwlwpwnp ebpu-
niuwynipjwl gnpdwlhgp Ywqdnd £ 1,07 4R yg °C:

Puunbtuhin-10 pthwyniph wnwydbpnpgyniuttiphg dG4b wit b, np wuhpw-
dannipinit sh wnwgwund® Jauilbint gnjnipynis niibignn inbifuingng hwiubiphg
nwppbipynn nbutininghwlwl gnpdplipwg Upw wWwinpwundwl hwdwp: $n-
thnjudwt Bb Bbpwplymd dhuwt wwnpwundwl ppwgwlwpgp L ubfutn-
(nghwluwl ntdhiubpp: Pwuinbuhin-10 2thwiyniphg Bplwlh tpwbwlnyeudp
«Ihpwp dwluhop wdnndtipbiwlbph b denpnynhunbuh Jugnibph wpgb-
jwluh Ybpnhpubph Wwnpwundwy wbluuninghwlwt ufubdwt pbpdws k oy,
4-mul;

UM Ywbwdnph dwubwsninh «Cthwghwnipinius puquihlt ghunwhb-
nwgnuinwiwl wpnpwnphwinud wwinpwunyby bu Pwunbbhn-10 athwlyni-
phg 2thwlwl bepnhpubp’ Gplwlh Yywbwynpudp «Nipwp dwluhoh dbpb-
uwubiph b dawnpnwynihnbuh ugntiiph wpgbpulubph hwdwp b Gupwplys
wpnpwinnp b unbbnuiht hnpswpynuiubph: Sthwdwdwspuhl  punipu-
qpbpy Pwuuwbupwn-10 athwliniep, pun FOCT P UCO 7881-94-h, qwpnpuwnnp
thnpdwpynwitbph wprynipnud gniguiptpnud £ puipdp woluwnndiwlnpgnit L
pwjwpwpnd £ dGwnpnynihinbuh  Jugnbtbph  wpgbulughts ubpnhputph
winwtnwpnntibph wwhwlgubpp: Unwowplymd £ wiu ubplujuglty unbb-
nujht thopadwpynuiubiph UM< bplypubiph Ephwpninuiht wpdwlwquih Jugnt-
utph wpgbluluht UGpnppbtiph hwjwunwgpdwt pwpnpwninphugnud (N,
Unulgw, BHWWXKT, uwbUnuiht thopdwpynwubp’ pun TM Ne 02-001-91
BHUWKT dbpnnhluwih):

bphwyh Lpwtwynyeyudp «pwp dwluhoh wyunndbpbuwtbph wpgb-
wiubpnd Yhpwnbim bwywnwlny Ywnwpdb) BU Pwunbupn-10 sthwtynyph
thnpdwpynuitbp’ puwn SAE J-661 dhowaquiht unwunwpinh wwhwligltiph: Up-
mniipnd gnyg £ wipdws, np Fuunbithn-10 2thwiniph athdwl gnpdwlhgp
gptipt dunw £ hwuwnwwnilu wawsht b Gplpnpn wpgbuldwl wpynlw-
Ytwnnpjuile npnpdwl pipwgpnd L Yuqdnd £ 0.4, husp pudwpwpnid § pthw-
Uniptiphtt ubiplujwgdnn wwhwbglbpp: Swpwgdwl ghlytiph dwdwbwl sh
Uhwinynd athdwl gnpdwlgh Wwaqnud: Cunhwlwnwyp, 2wt gnpdwljhgp
dudwumd k£, b 360°C Jhusl 530°C phpdwunh6wlwsht whpnypnd uadnud E
0,5...0,55, pwdwpwnbiny dhowqquihls unwnupnh wwhwisbpp:

Puwunbupwn-10 othwlyniph 2thdwt gnpdwlihgp pwpap £ dunud bwl
wnwsht L Gpypnpn wpgbuljdwt  wpynibwdbunmput Ynpnwnh Ybpw-

13



L Uhpuitilyun faamtinginh Upuinpuunng I
Y

= Uhmnnmhuthh
unwnuluits walihh htn bt Yusgnlilibnh
enhlibubtinh wunpuminnd sungtauijibh
dh.r‘nur[ufuuh
v rifiplatiy
Lipnhplibinh g Uwdpuljsuugupnd

Lpahptbph stpdughly b fuustsppusdguty
Squined

Ll 4. Pwuwnbthin-10 2thwity
’ intphg bphwih bzu:bluhnlpjwdp «Nhpuwps
wyunindbpbbwlbiph 4 denpnynihinbuh Juignliiph wqulemjhtl:L:ll:m}:‘#t?ﬁ 2;1‘
wuwnpwundwl nbhubininghwljwl upubdwl ;

u

mt:ul:‘wmlsztl.:m;wugnq Unipbiph Rwjpwjdwlip: Sunphhy hpbug wdhowluts Ynb-

f e wngbjwlugpht uhuwdwnwyh dwytipinyph htin, wn Wynipabip
n quihu npubu stipdnypyuis Ywbhsubip b Wuwunuwinud by Lupqh'—-1

14

© National Libr:

of Armenia

(whuyhtt pthwhwt Ubpghph 2thdwt  dwlbplngpl mdght Jwynuwhg: Uy
umpbph  wldhowluwt  Ynunwlndwl  hbwbwbpny unbnddnd BU twl
wudwiutp’ pwpdp b Yugn 2ihdwt gnpdwlhg wywhndbn hwdwp:

Cthwhwwynwd, npunbin nbinught etipdwunhbwlp Yuqdnd t gpbpb
1000°C, yJuapdhynyhinh, $wjuhinh b dwpdwph thnont waljwnpnibt wpgb-
(lynud U bwl opquiiwljwl Yuwwwlgnn Ympbiph winnuwlu n tipnhnulp, htuwybu
Uwl dnundbipubph wnwowgnup: YTw Juwnwpdnud £ wyn Wnyebiph wnhbghny
hwinympniilbph b swipdbint 2unphhy: Upnniupnad dbdwtind b dhodnib-
Ynywiht thnfuwgnbgnipiniiubpp, b pwpdpwind Bu sthdwl gnpdwlhgubiph
wndbiptbipp: Pwunbhn 10 2hwiymiph Ubpnpnup Bplwih bpuwwynipjudp
«Mipuip  dwluhoh  dbpbbwubph  wpgbiwlubph  Ynénwltbpndd,  nwpbliut
20000 hunn wpuwnpaEwl wwpdwltbpnwd, wywhndnd £ nbnbuwlwl
wpnnibwdnngegnis 3183840npwdh (792000 nnip) swihnyg, hul dhinpn-
wnihnbuh Jugnubbph wpgbpulubph Ynénuwlbbpnd, nwpbljwt 5000 hwn
wpunwnpapjwl  wwpdwbbbpnd, wywhngmd § obnbuwluwt wpyniow-
Jbwnegniu 2617020 gpuwdh (651000 nnip) swihn;:
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1. Sbhuthyulwl weweplipwgh wwjdwubpnd Hniilghnliwg hwnlnye-
jniutiipny hwdwlgywd wnjhdbpwiht hhdpnd wuptiuvnwebpd  wpgbwluyht
gbpdwluwnts Yndwynghinwhte athwtynyatiph unbndnulp dwlwliuywlhg 9thw-
Wnpwghunpjuwl Yuplnp ghuwnblithuluwl bwbwhnents nlibignn L
wpnhwlwl hhdufuinhpbbphg dbyu £ Uswldwd b wnwowpydwsd Bu wjuw-
hwbgynn $niiyghntiw hwinhmpgniiubpng b hwdwlgdwd pwpn. wynihdbpught
hhdpny wupbunwgbpd wpgbpuluyht 2thwlwl Ubpnhpltph wpownpnejw
wbfutninghwitipp  nbinhtiwfuwnthsubpnud snp - Gnwiiwyny  punwnphsutiph
puwnbdwl, wawug ndhsutiph Yhpwndwl, 2hwlwl Ubpnhptiph dhwihng b
GpYthnt wpnwnpnipjul nklutnnghwbbpp:

2. Upgbpwluwihtt shwignygh wpluwwnitwlnipputs dpw wannn gnpdnl-
utiphg wdbuwlwplnpp gbpdwunpwbwih gnpdnlit £ Tthiwt pupwgpnul
olipdwuwnhbwth pupdpwgnuip hwtgtigunid £ athwiynipbiph hwannyenitiubph
thnihinfuntpjutip. thnppuwtingd £ pthdwl gnpdwlhgp, dEdwtnud £ dwydwl ndg-
unipjnip, U wpryniipn wpgbwluihtt athwqnygp Ynpguned £ wotuwin-
nibwynipgniup: Rbpdwunpéwtwht gnpdnuh dpw Yupbh £ wanty’ ginfubing
2thwiyniptiph stipdniiwymipyut gnpdwlhgp, npu £ htwpwdnprpinds Yuw'
dbdwgubint pthwlympbph bhahwdbiuwbhiwywl hwanynpnditbpp b pupa-
nugubin npwig wouwmniiwlnpniup:

3. Cwwunwunduwsd £, np bphwih pwbwyngewdp «Opwp dwlthoh wy-
wndtipbiwbph b dbnpnynihinbuh Jugnliubph wpgbpwlubph $ntulyghntiugg
hunymipgmuutpny 2hwynipliph 2thdwl gnpdwlgh Ywhudwdnyeniip dwltpt-
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L thnfund Bu $niulyghnbiv hwnlnipnitubpny 2thwitynpbiph dwybpunipuwht
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ASCHYAN Grigor

DEVELOPMENT OF TECHNOLOGY FOR OBTAINING ASBESTOS-FREL BRAKE
PADS WITH REQUIRED FUNCTIONAL PROPERTIES

SUMMARY

The purpose of the work is to develop a technology for obtaining ashestos-free
brake pads with the required functional propertics using waste from the mining and
metallurgical industry of the Republic of Armenia and to study the process of structure
formation in the surface layers of brake friction materials. A study is focused on the wide
range of brake pads manufactured in the Russian Federation and Ukraine, intended for
brake units of dual-purpose vehicles "Ural” and subway wagons.

The principles of creating asbestos-free composite [riction malerials have been
developed with the necessary functional properties using fibers and powders obtained
from the waste of the mining and metallurgical industry of the Republic of Armenia,
which are capable of operating under high-temperature conditions of short-term and
repeated braking.

For the first time have been revealed the thermophysical and endogenous properties
of fayalite (Fe2Si104), which is part of the slags of the Alaverdi copper smelter and is used
as a regulator of functional propertics in the composition of friction linings.

By choosing the specific heat coefficient as a functional parameter, structural
transformations of the surface layers of brake friction materials with functional properties
under conditions of high-temperature friction were revealed for the first time, and the
structure formation mechanism was modeled.

A program has been developed for automatic caleulation of the specific heat
coefficient of composite materials with functional properties depending on the volume
content of components with access to the Windows software environment, displaying the
import and export fields of the program using the Winforms method. The program allows
to calculate the minimum or maximum cocflicients of specific heat of friction materials
and seleet the percentages of components for the development of friction materials with
different cocflicients of specific heat.

For the first time, the thermophysical and endogenous properties of fayalite
(Fe2Si104), contained in the slag of the Alaverdi copper smelter and used as a regulator of
functional propertics in the composition of brake friction materials, have been revealed.
The mechanism of structure formation has been studied, according to which fayalite with
a high heat capacity coefficient exhibits endogenous properties and absorbs the generaled
heat, increasing the friction properties of the composite.

For the hirst time, an environmentally friendly, effective, heat-resistant brake
composite material based on the polymer Bastenit-10 using fayalite (RA Patent. No.
752Y, 2022) and its production technology have been developed based on the study of
binders, fillers and regulators of functional properties used in brake friction materials. It 1s
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