AL

9 { 22 <U3UUSULP CULMrUMESNR@3UL UrRNRISUL, ShSNRE3UL,
ucuunh3mEh 64 UNNrSh LURUCUPNRGSNRL

sUrsSUrUMESNk@G3UL b4 ThLururnh@3ut <UsSUUSULk U29UshL
<uvuLuuruu

LELLP SUSPUP UNKU3UL

<MUPUDPL SNRHULULENP UMPSNRMLULULUUL RUPNLLE D
<ELLNY ULSEUELS Ur<tusuyuL LuruLsnr@srb UrSuarnihe3ul
SthuLNLNShU3bk UTULUNhY

5.23.01 - «Chuwpwpwlwl Ynuunpnyghwbip, 2kuptip, Yuwnnygubip, shtwpwpwlwt
Wniptip W 2htiwpwpwywt dbfuwihlw» Jwutwghunnyjudp

inbfuuhywlywu ghnnpniubitiph pliluwdnth ghnwlwl wunhwih hwgdwl
winbUwfununipjwl

ucluvushnr

EMedUuL 2023

MHHHUCTEPCTBO OBPA30OBAHUS, HAVKH, KYJILTYPbI U CIIOPTA
PECIIYBJIMKH APMEHMUSI

HALMOHAJIbHbII YHUBEPCUTET
APXUTEKTYPbI H CTPOUTEJLCTBA APMEHUH

MYPAJIAH HEJLJIM FATHKOBHA
PAZPABOTKA TEXHOJIOI'HH NNPOU3BO/ICTBA BECUEMEHTHbBIX
HCKYCCTBEHHbBIX KAMEHHbBIX MATEPHAJIOB HA OCHOBE
MMPOU3BOJICTCBEHHBIX OTX0/10B BYJIKAHUYECKHX TY®OB

ABTOPE®EPAT
JICCEPTAIHMN HA COMCKANNE YHCHOI CTENCHN KaH/ILaTa TCXHHHMCCKNX Hay K
110 cnennanbnoctn 05.23.01 = “Crponte/ibubie KOHCTPYKIUH, 3111, COOPYKEHN,

CTPONTEIBHBIC MATCPHILL M CTPOHTCILHAA Mexanmka”

EPEBAH 2023

© National Library of Armenia OCR by Portmind



Uinbbwfununipywt podwy hwunwndb b Swpnwpwwbnngeiwb b ghtwpwpniewl
Cwjpwutnwh wqguiht hwdwuwpwunug

Shuwlwh ghijwywp’ intifut.ghun. phlyuwént, Rnghtin
UW.U. Upgnufwhijwt
MNwpnnuwlwt punnhdwtunutibpn’ wlifuli.ghwn.anlnnp, wpnbbunp
L.P. Ybjuguib

inbifutghin, phljuwdne, nngbitn

MU Uygbwjwt
Unwowwnwp Yuqiwlbpwnipynis' < ghtnniagniiilinh waqgw)ht whwnbdhw
Nuwanwwbngmip - Yujwbwm £ 2023p.  nhijwbdpbph  18-pb dwdp  149-hu
Swpnwpwwybnmpwt U shtwpwpnipul <wjwunwbh  wqquihb hwdwuwpwbht
(BCLUL) Yhg gnpdnn << PNY-h 030 «Chuwpwpnipintys dwubwghinwlwb funphprh
Uhuwnnd hbnlywy hwugking' 0009, p. Gpluwb, Stpjw th., 105:
Winbbwfununipjwp Yupbih £ dwinpwbw] 864UL-h ghnwlwl gpunwpwlind hbnlyuwg
hwugtiny' 0079, p. Gpluwl, Uwnh thnn. 17/1:
Utindwapht fupbh £ dwinpww) 86LUL-h wwannbwlwl Ywjpnul® www.nuaca.am
Ubindwaghpt wnwpywsd £ 2023p. untidptiph 3-hu:
Uwubwghnwlwl funphpnh ghnwlwt pwpnnnup' S

nbfuli.ghw.pljuwdnt, gngbin £.9. Lhjbigjwt

Tema anceeprawnm yrsepacicna B Hammonainios YIHBCPCHTETE apXHICKTY PR I CTPOHTCILCTRA
Apsmenim

Hayunnii pykosoamrens: KAHIUIAT TEXHIMCCKNX HAYK, A0HIeHT
AL Apsymanan

JIOKTOP TEXHUMECKNN Hay K. npodeccop
H.B. Knstaan

KAHMAAT TEXHHUCCKIX HAYK, J01CH T
P.A. Aversn
Haunonannuoii akagemun nayk PA

Oduunansupie onmoneHTh:

Beaymas oprannsanma:

Jammra cocrontes 18-ro aexabps 2023 1. 8 14" vacos Ha 3aceanii CHCUHATHANPOBAHHOTO COBETH
030 “Crponteancrso” BAK PA, aeiicrsyiomero npn HarnonaasHoM yHHBEPCHTETE apXHTCKTYPhI 1
crpourensersa Apmennn (HYACA). Aapec: 0009, r. Epesan, yi. Tepana, 105,

C aucceprannedi MokHO o3HakoMiThen B Hayunoit GuGmmoree HYACA no aapecy 0079, ¢
Epesan, ya. Mappa 17/1.

C aropedeparom MomkHO 0IHAKOMHTBEA HA OfHimansiom caiite HYACA W w i s am
Astopedepar pazocian 3-ro Honbps 2023 1.
Yeenniii cekperaph CHCIHATHINPOBAHHOIO CORCTA:

KAHANAAT TEXHUHCCKHX HAYK, J0HCHT O.T. Kenemxan

© National

ry of Armenia

Uuchusuver LL<uLnirt PLNhUSHLE

Lhnwgnnmpjub wpnhwiwbnuyniut ne hpunwwyniyggniup

Qwjwunwbl wpuwphnd hwnth £ ghtwpwpwnbuhlulywl ot ghlnpunhy
wpdtipwdnp hwinfwuhputipny odnywd hpwphuwdht inm$wpwptiph whuwlwupubph
pwqiwquunipywdp b dhjpnuwynp dbnp funpwbwpn uwgdng dwywiubph hwpnwn
wwwputipny: <wy dnnnynpnh Ynndhg npwip nuptipny Yhpwndt Gu hngnp, puwlbh,
wwanywuwhwl, Guwdpowght, huly  dbpeht  hwpnipudjwyngd bwl gwn wy
gnpdwnlwlwl Lpwlwyngniuubiph Ywnnygubiph ppwlwbwgdwt hwdwp: Hpwbp
bwl d68 dwywutinny wpunwhwbidb) Bu w)) Gpypubp: Upnniupnud, hwinbwwtiv lbU<y
nwnhbbipht, unngdwbt  dbfuwbhwlwl  nwbwynd  pwpwhwtingph  swihwqug
dedwowlw|  wpyniiwhwudwt  wwpwgwind, Jwhwgnpdyng  hwipwywpbpnud
Ynunwlyyty B whnbih pwbwlnpjwdp pwthnlbp, npnup wnwlg wit b uwlwywhnn
dbn hwupwwbinnuegniunud |nupg nwpwdplbip bu qpunbigumd, huswbu bwl pewgnyt
puwwwhwwbwlwl fuunhputp U wnwewgund: Wu wanwing bpdwéd nm$wpwpwihts
pwihnuutiph oguwhwunwp (nunhthqughwt) fuhuin wpnhwlwl nunbuwlhwt o
puwwywhwywiwywu fuunhp k:

Gpypnpn hhduwhwpgp, husp ns wwlwu Yupliop £, nu hwbipwwbnmpwt puntpph
hwpuwnnigyniitiiphg dGhh" nnibwpwpwiht wpdbpwdnp wwwptbph bwnqlwl
oginwgnpddwl  hpwdwywhwlt £ Wu  wnnwdnd,  Ynonwldwsd  puihnbbiphg
2hbwpwpuinbiubhyuywu L nbynpwinhy  pumpwgpbpny  plwlwbpt  Jdnin
nnbwpwpbph  dpwpunwnpdwl  nbuuhiulwy  huwpwynpnigiwt unbindnuip Lu
wpnhwlwt futnhp £, hugp b hwunhuwbnd £ unyt woluwnwlph wnwugpp:

Cwjwuwnwuh  wnhtipp, wnwbdtwwbu npwbg  dwupwhwwhy L hnobudwl
dwubhyubipt,  hugwbu hwpnup £, odindwd B pwpdp wlhnpynipwdp: Sknwlw
nnbwiyniptiph  ntwlyghnuniwlnpjwt  wnwbduwhwnlnieniitbpp  dhwbguidw)
oppuwgwih htup Gu  hwunhuwbnd  wugbdbun  wphbunwlwl  pwpwlynebiph
unwgdwl hwdwp b htwpwynpapints nwihu dawlb) gwhnipwpbp wpnwnpniwb
nbfuuningpuw:

Chnwgnuniwl bywwnwlp

Upfuwinwtph  hhibwlwt  bwuwwwlu £ hwodh  wnbbind  <wjwunwbndd
nnihwpwpbiph wpyniiwhwbdwl wphndipnd gnjugwd  huljuwjwlywl dwlwubpng
pwihnuibiph phdpwlw 68 wlwhynyeiniup, npwtg hhiwb Ypw dowlyl) wiugbdbun
wphunwlywl  pwpwunipbph  pwnwnpwlwqdbp,  nwnwuwehplp  Jbpehuibiphu
$hahywdbfuwtpywlwl  hwinlynyeyniiibipp’  pwgwhwynbind  npwig  Yhpwndwl
ninpuntbipp, bwb dowyb| npwughg wwpptip  gnpéwnbwlwl  bpwbwlnpniiubp
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niibignn PR wAplibiph (Wbt npdbwpwpbp,  Bpbuwwywndwl  uwibp,
Guapupg bt Shdnp wwpptin b owyt) wpownpnpwt gwdptubpgwnwp
pupdpwpey bt wkiutngng

Shinwgnintul bbbl fulinhptipp

& Cwpwuinwbnnd  hpwpluwdhl wwwpbtphg  2htwpwpwlwl hwopwnbph,
phunnbbbinh  ne pwiuiutitiph gwigmpbiph - wpownpnejwt  hwdwp  Bpljwp
inwphtbip 2whwgnpdwd hwbipwdwipbpngd gnjuwgwsd pwihnuutph dwywubph
drnwydnp  gUwhwewned b ppwlutiwgdon - hBnwgnnngegnistbpnd ppwtig
pungnldnn wwpwinbivwlbiph bwjubwlwb puopageint’ hwayh walbing bwlb
unwgynn wphbunwljwl pupuwbyniph grtiwht quddwt:

< Cunpywd  hpwpluwdht pwpwiympbnh  phdpwlwt  ne hwbpwpwlwlwl
pwnunpwlwqdtph, phuhuwiljwb wlnhynipiwl wunhtwuh,
$hghywdbuwuhulwl ne nblnpunhy] hwdwihp punipwgpbiph hinwgnnn b
hEnwgw wauwwnwuptbiph hwdwp wnwdb nwghnbw) nbuwlubph Jepgtwlwl
puunpnyni:

< bluybnwihu bnpbinh puqduwinniwh hbnwgninnainiubbph hpwlwbwgnud.

v yndynghnwiht  Yuwwlgwiympbph  pwnunphsubph’  Uwnphnuiwuhih-
Yuwwwiht wwwybkptynph, nandhnwht ne wymdwuphluinwht gnilyubph
hwwnlynpiniuibph nunwbwuhpnugnit,

v bptip wbuwlh' Ugwpwyh, Uuhh b Upphlyh hwlpwdwipbiph nnibwpwihnu-
ubiphg unwgywd (guiynipbph hwinhywswihwlwt Ywadbph b hhduwlwy
$hahywibluwthwlwl hwinynipjniuubph npngnud:

< Yndwnghnwiht Yuwwygwlynpbph Gulbnwht pununphsubph  nbwlyghnb-
nibwlynipgniiitiph b uwnnigwdpwgnjugdwl wpngbulbiph awnwbwuhpniiniu
wwydwbwynpywsd Uynyeh Ynughunpwghwny b Showdwiph etipdwunhéwing;

< fpdnnhuwdhywlywl hwadwplh dbpndnipiudp wphbunwlwl pwpwbyniptph
pwnwnpwlwgdbph L unwgdwl  wbfubninghwbbtiph  Guplinpuwgnyl
swithwbubiph pwgwhwjnnud.

v ndwynghiuwght Yuywlhgwymph quiigwdnid punwnphsubph pwziuny b
nnwbg hwdwnbin wnwgnud,

v Yndwnghinwht  Yuwwhgwbnptinh  hpgpumwgdwy,  hndngbbwgdwt L
Ywnngywopwipli  dlwynpdwl  hwdwp wbhpwdbon  eph pwbiwynipjwl
plapnipyni,

v ipnpdwidnigubinh wwnpwundwl b gtipdught dawldwy owwnhdw nkdhdutiph
puunpnupgwts hhduwdnpnud:
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< Ubgtidun - wphbiunwlwl  pwpwbjnipbiph  punwnpulwaqdbpp  dwynd'
ptpdnnhuwdhywlywl  Jbppndnippudp pugwhwpnywd  quwunwplubph
nunnpndwdp.
¥ Yndwyngpunwihu Juwwlygwyniptinh pwnwnphsutinh oupnpiiwg

pwuwlmpniiubph  punpnipinis’  hwdwdwi  npwtg  hwwnlnyeyniitbiph
hbnwgnnnipjwl wpryniupubph,
v Juwwhgwlynip-jgwiynya oupinhdw) puwliwlnieniuiiph pwnpniegniu:

< Uughdbun  wphbunwlwl  pwpwiyniebph  wwwpwundwl ne funwgdwl
unbfutininghwlwl dbpnnutiph L obipdwyht dpwldwl ntidhdubph puwnpnigmu’
hwdwdwju  unwgynn  wphbunwywl  pwpwiniplinph  Ywnnigwdpwihu
wnwldbwhwinynipniutiph:

< UphGunwlwl  pwpwiniptiph  ubnddwl  wdpnipjwy,  spwjwidwt L
pbpwdwgbihnipjwl punypwgnpbph npngnid:

< Ubgbidbun - wphiunwlwl  pwpwlympbph  owwhdw| pwnunpwliwqitph L
unwgdwl wbfutninghwubiph puwpneint’ hwayh wnbibing unwgywd Ynysh
hEnwgnunywd hhdbwlwl hwinynipniibpp:

Chunwgnndw wnwpljwb

Cwjwunwtp  hpwpluwdht  wwwptbph  wpymbwhwbdwl  pwintlbph
nbuwlubph ne dwjwiibph Gannd, bwhiiwlwl hEnwgnnnyeniiitipny hbunwgw
wfuwwwupbbpnd - Yhpwndwt  hwdwp  wowdb]p  nwghnbiw  nwpwnbuwutph
punpnpinit - b Jbipghtitiphu $hghlwphdpwlwl  n  $hghlwdbuwbplwlw
wuhpwdbown punyewagnpbph npnanud:

% Oquwgnpdtind  punpdwd  pwpwlnipwiht  pwihntubph  phdpwlwl
whwnpynipjwl hwbqudwlpp,  npwbghg  wugbdbun wphbunwlw
pwpwyjnptiph  unwgdwl  hwdwp  unpnnuiwt  henwgnunngeniitibpng
wuhpwdbpn  odwunuwl Wniebph  pluwnpnipinil . gpwbg  hwdwihp
hbwnwgnunieniu, wit Ujwnwnndubipnd, np npwip pwgh wwhwgynn
$hahywdbuwihywlwy b wbiupyulwt punpwgpbph wwywhnynwhg, Ywl
sfuwpwnbUu Jwjp wwwph gniuwhu nbynpwnhy hwnwihoubpp:

% Cunpyuwd puwlwl pupwbynipwihl pwtnuubiph nt odwlnwl Wmebph hhiwl
Ypw wigbdbn wphbunwlywl pwpwiynipbph pwnwnpwlwqdbph, unwgdwl
wnbfutininghwyh L npduwlwl  bdnpubiph  hwdwynniwbh  wpnpwinnp
nwnuuwuhpniypyniiubpp:

< Ywunwnpywd wpnpunnp nwnwbwuhpnyzgniitbiph wpnynibpipny - wugbdbtn
wnhbunwlwb pwpwbymptiph wnunwnpniRjwl uwlwykubpguwnwp



nbutninghuwjh dawlnidp:
*:*Uztulﬂlmé wugbidbuin  wphbunwlwl  pwpwljnpbph  wpownpnpwl L
Yhpwndwl
wpryniwybnnipjwt guuwhwinnudp:

gnnduwluwl nbjuthluwntnbuwlwt b plwwywhwwbulu
< ni@jnt
Upfuwwinwtiph dpnnwpwtinyeiniup hhdugws £ nbuthwlwt gpuljwtinpgyut dke
hwpght Ybpwpbpynn ndjwiubph hLut{LugLuqndu.lU, ybpndnipyut b hpwlwtwgyuwsd
thnpédwpwpwlwl  hbnwgnunngeymibph - wwbwynpdwb e Junwpdwt Jpuws:
Gluunpebph  nt unwgynn  wphbunwlwl  pwpwbynpbph  $hahlwphdhwlwl
Unipwpwbwljwl hbunwgnunnpmitbpt hpwlwbwgyby Gu phuhwluu
pwnwnpwhwqdtph  dbpindniegut,  nhbbptughw; ebpdwiht, nbungbuwgpuht
bnwbwlbbph  Yhpwndwdp, huly  $hghhwdbuwbhulywt  hbnwgninnipiniiibinp
Yuwuwwpyby Bu hhduwlwunwd gnpdnn unwbnupn depnnubpny b swihwghinnpby
Yuwybpwgywéd uwppbpny:
L | npnt
< Cwjywunwuh <wupwwbnnipgywt phihwwbu wlpnhy hpwphiwdht  nnuwhy
pwihnuutiph L ubthuinwipt wwwlbptlynph  Uppwnwgyuwépltiph  hbupny
bwinppnudwuhhuwnwiht Yndynghnwipt Guwwlhgwineh  unwgdwl
nbhuuninghuyh  dowlynud® npw $hghywphdhwlwu  defuwuhqdh  dbwynpdwi

nwnuitwuhpnipjwdp:
& Qwjwunwih  <wipwwbnnewt  hpwpluwdht wnibwihtt  pwithniitbph oy
upjhuwnwiht wwwlybpeynph  htupny  180...200°C  gbpdwuwnhwlingg

obipdwidawldwdp, puwlwb nm$wpwpbpht hpbug $hahlwdbfuwthlywlwu ne
gniubpwuguyht  nbynpwwnhy  punipwgpbpng  hwdwnpbh  wphbunwlwy

pwpwinipwiht  wwwpwunywdpubph  unwgdwlt b wpownpnpul
nbjutninghwutph dawynud:

Snpéuwlwi wpdtpp

& Cwupwwybnnegniind nwutywl  wwphutp  whwgnpdywd  hwbpbipng

Ynunwldwsd  huluywdwdw)  wnchwpwpwihl  pwihnubiph  oquwhwnuip
(nunhihqughwl) uwlwywhnn  dbp  Bplpnud
gninuinbnbiuwlut bywinwlubipngd ogunwgnpdtih nwpwsépubip unbindty, hsp
pwgh wpnhwhwl  nbwbuwlwl  hhduwfuinphg, ménd £ bwl  powgnyu
plwwywhwwbwlwl futinhp:

“ Smpwpwpwihi - Ewihnbutiph - Ghpwndwdp,  pp o Shghyuwibluwbhlulwl
gnibbpwbguih  gblnpun]  hwnlwihpbtpnd - plwlwupt  hwdwnptip

hbwpuwynprypmi— Yuw
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wnhtiunwyw pwnwjht wwwnpwunywdputiph wnunwnpnRinup
huwpwynpoiinit £ nwjhu bwwybiu - ndbine hwbpwwbnngeywl  puntpph
hwpunnyeyniiiphg  deyh"  oinbwpwpwhu wwjwputiph
futiwynnulwl ogunwgnpddwl Yuplnpwgnyl futnhpp:
< b hwohy wnibwpwihnubiphg unwgywd [guwlyniptiph phdhwlwl wlnhynyewl
wninbughwih,  dawywd  wbgbdbun  wphbunwlwt  wnbwpwpbiph
pwnunpwlwadtipp b unwgdwl nbjulninghwlbipp pny| BU tnwihu bjwqugnyl
dwhuunwiubpny  dlwynpliy gnpdwpwbwihl  wpnwnpnyeint, npnbn  wnwg
htinwgw dbfuwihlwlwl pwulwpdtp dwlnwiubtiph, htwpwynp Yihuh vnwtwg
gubijwgwd swihtiph, dubiph nuGwpunwpwwbinwlwt dwlunbuptinh pwpdpnpul
Epbuwwuindwl uwibp, win pynd bwl nbynpwnpy b hwnwlwht:
< Lwwuphnwwuhpyuinwiht - wwywhbpblnph  juywhgwlynipny - wphbunwlwl
nnibwpwpbph wpnwnpngeniut hp gwop Fubipqumnwpnipjwdp Yupbnpugnyl
gnpduwlwi b intnbuwlwb bpwbwyngni niuh ubithwlwl hwpnwn Eukpglinhly
nbiuntpuibp sniutignn dbip Gpyph hwdwp:
Upyymuptbph huwpwynp Ubpnpnudp
Shinwhbunwanunwwl wpfuwnwuph wpryniipbipp Ywpnn Bu hhdp  nuintiwg
hwupwybnneonud  hpwpfuwdht - wwwpubph  wpyniiwhwudwl  pwihnblbph
hbupny pbwlwt pwpwujnetipht hwdwnpdbp 2htwpwpwnbubhyuwlwl punipwgptp
nt wpdtipwynp gniutipwtguyht b wy nynpwinhy hwnlwuhgutip niubignn wigbidbum
puwinw)hl uwibiph,
Gwpunwpwybnwywl dkwynp nwpptiph b wy wponwnpuanbuwlubpnh gnpdwpwlwiht

wpdtipwynp

wphGunwywu wwnpwunwdptubph'  bpbuwwwindwu
wpnwnpniegwt Yugdwlbpydwu hwdwp: Ladwd wwnpuwunywdpubin punniiwl Gu
(wjt Yhpwnmd gntbine wpyniiwptinwywt b pwnwpwghwlwl 2huwpwpnipju dbg’
Ywnnygutiph dwpwpwwbnwlwl puqiwptnye dbwynpauwdubph hwdwp:

w Lint nt

< Lpwphuwsht wnhwpwnbiph wpryniiwhwudwl pwihnuutiph’ npybiu wigkidbun
wphbunwlwl pupwiyniebnh hnwpwih fuwnunipnh pwnwnphs, oguwgnpddwl
huwpwynpnipjniutibiph Yepndnipjwt wpryniupubpp:

& Cwpuplywd Yndynghunwiht Yuwuwygwynyebiph Guwybinw bt punwnphsutiph
nbwhghnuniuwyngniuipp dhjjutg  Uhwwdwdp U thnfuwgnbignipjut
hpwlwbwgdwl wwjdwuubipp:

% Uugbbun  wphbunwlwt  pwpwiynpbph  owwnhdw| pwnwnpwlwqdtph UL
otipdwdowldwl nkdhdubph punpnye)niup:



% Utgbidbbin wphbunwywl pwpwbnebph wpnwnpnpjuwt uwlwykubpguwnwp
Lnbl'tm'ﬁlnqhwm dpwldwb b Yhpwndwb huwpwynpnigniitbpp:
& Unwgdwd  wphbunwlwl  pwpwympbph  npulwlwt  punipwgpbph
hbwnwgnunipniutbpp:
tRjwl niuptibph hwywuwnpnipint

Shunwlwt  pnipp gpnypubph,  Gwuwpdwd  Bgpulwgnipgniiubph b
wnwownynipniuubph hwjwumnhngaimt nu hhljhl.;..lqn[ulmﬁmﬁjnlbﬂ hwunuinynud bu
thnpdwpwpwlwb  hbwnwgnnmpiniutbph bpwbwlwih  dwdwiny, thnpatwlwb
hinwgninnipjnibubiphg unwgywséd wpryniptubph Ybpindnieniubpny:

MNwnuwuwuhpnipgniiubipti ne hinpdwpynuiubpt hpwhwbwgyb) 6 hwdwaw|u gnpdnn
whnwlwl unwunwpnubph, oqunwagnpéyb) Bu dwdwuwlwyhg $hahywphdhwlw,
nbkbngbbwhwquiht b nh$bpbughw  ebpdwjhu,  $hghlwibuwuhljwlyuwl
hEwnwgnundwy Enuwuwlubpp:

Lwpnpwwnnp  nwnwibwuhpnygniubbipl ppwlwbwgyb) Bu 88<ULhH  «Chuwpw-
pwlwt ynipbph b wywnpwunydwdpubph nunwitiwghnwhnpdwpwpulws, «Gpguwljw
dhgwdwyph, onpwiht wwpwpubph wwhwywimnpuwt b wpynibwdbn oqunwagnpddwl
hhduwhwpgbiph  nwnWuwghnwlwt», << Shompnisbbph Uywnbdhugh
Gpypwpwbwlwl Shwnnginiuttiph puuinhnnunh «Nbnpninghwih ne hgninnuywjht
bpypwpwumpjwus b «<nphgnu-95» UMC jwpnpwinnphwbbpnud:

Chnwgnunnipju wpryniupubph twhiwihnpdwhwywbinipniip

Unbbwhnunipjwt  hhduwlwt  wprymibpubpp glymgdl; B B8CG<ULH
«Chuwpwpwhwt  ympbph,  wwwpwunwdpubph b Ynbuwnpniyghwubiph
wpunwnpniwly, «Chuwnwpwlwt wpnwnpagjwl nbutnnghw b Yugdwlbpwnids
U «twiwwwphubp b Yuwdnipubp» wdphnutbph hwdwwnbn bhunn, htuswbu bwl
EGplwt pwnwpnud 2019p. Yujwgwsd «Swpunwpwwbnnpwl b sghtwpwpnipjwl wpnh
hpdbwfutnhpltipp» funpwgpny 11-pn Uhgwiqquiht ghnwdnnnynud:

Unbbwhununipjwl hpwwwpwynuwiutipp

Uwnbbwfununipjut  hhduwlwl npnypubpt nt hbnwgnnnijwl wpryniupubpp
hpwwywpwlywsd Bb 6 ghnwywy hnnywdubpnu, npnighg 3-p’ Scopus Lt Web of science
ghunwnbnbluwnduwlwl anbdwpwbiibpnud:

Unbbwfununipjwl Yuqip b Swijwip

Unbbwlunumpiniup  pwnyugwéd £ ubpwdnyeynibhg, 5  gfuhg, punhwunip
bqpuijwgnipymitibiphg,  oquwgnpdywd  gpwlwbnpjwt  gwblhg:  Upluwwnwlpp
owpwnpwd £ hwdwlwpgsny' 131 Eoh dpw, npt hp dbe pungpynud £ 18 ulwp, 17
wrynwwl, gpwlwtnyew 116 widwbnud:
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Unwoht gunthup tdhpws £ hwdwofuwphwht wnbfuthywlywt gpulwuniejwl dbg
wnbbwfununejwt pnywbnwynyppuip YEpwptipnn ndwiutiph hwywpwgpdwtu nt
ybipindnuyp)wbp:

Cwdwdwyl  dwidwbwywyhg  wwinytipwgnuutiph,  pwnwpwynenyawl
ghinwunbiuthuywt whuwhiwl wnweptpwgh htin dhwuhb wdpnng wafuwphnu, wn
pUnW Uwl Cwjwunwlny, wawg £ dnynud witwhup hwunwwni Ynugbuyghw, npp
hwyuh Ywnth wwywgw utpntunutiph qupgugdwl hwdwp wuhpwdban  pUuwluwb
nbuniputbph  wwhuwnup: Muwyiwbwynplwd wju  hwigudwupny, ubpyuwynudu
wpryniiwpbpwlwt  pwihnbubph  ogquwgnpdnuip  nuipdty £ Yuplinpwgnyl
funhpubiphg dbyp: Utp  bplph hwdwp' punpjwb Wwhywidwt U puwlwb
wwowptbph fubwynqupwn oquuwgnpddwl bwwwnwlny, wnwldUwwbu Yuplnp £
pwpwiynptph wpnynwhwbdwt b Gwdwl wpynpnud wnwewgwd pwintlbinh
whnth d6d nu Juowbguynp Ynunwlynuwiubph  oquwhwtnuip,  Jwubiwynpuwwybiu,
wphbunwlwl pupwbynipbph wpunwnpnuRjwl dbg:

Gplpnpn gintfup hpdwd £ wbgbdbn wphbunwlywl pwpwinptiph unwgdw
Uywwwyn]  Yhpwndnn  Buubowht - Wngekph o plnpngjwup,  hwdwihp
$hahywphthwlwt b $hghywibiuwbhiwlwl punipwgptiph  nwnwtwuhpnigjwbp,
Jbpghttbphu  Yhpwniwl  wpyniwdnnput  ne - hwnwgnnngegniilbiph
dbpnnwlwpghu:

Cwywunwth <wipwwtnngeywl wniptiph hhug wbuwlutphg (Pynipwlwuh, Uuhh,
Upphlh, bplwlywy b $tyghwh) punndby bu Gptiph’ Pynipwlwbh, Uuph W Upphlh
whybph  (hwdwwwinwupwbwpwp  Ugupwyh, Uuph L Upphyh  hwupwywiptin)
wnbwpwpbiph wppniwhwbdwl wprynpnud wnwwgwsd pwpwpwihntubinp, npnug
whinwbhnyeyniup  npnady £ dtipghtiphu  phdhwwt  pwnunpniejniutiph,
nblingblwgpuwiht wuwihgh, nh$tntughw| gbpdwiht U quuqyudh Ynpunh Ynpbiph,
hhdbwlwt $hahywibfuwthwlwl punpwgptiph U dwndwt wpynipnud unwgywsd
hwinhywswihwlwt Yugdtph Jepndnipjniutiph wpnynupnud:

Urynwwly 1-nwd plipgwd b ogunwgnndywsd nnibuwjht wywpbbiph® Ugupwyh, Uuhh
u Upphyh hwbpwywptiph phdhwlywl pwnwnpwlwqdtinh wprynipltinp:



Unyntuwly 1
dqmmqnpb;{wb nn$uyht wwwnubph phthwlwb punwnpulwgqdbpp

G Swipptiph pubwlip, % pun quitiqwsh

Yuyjpp $i0, | Tio, | ALO; | Fe0: | MgO Ca0 K:0+Na;0 | SO: | Tl
Uqupuly | 61,61 | 1,06 | 1885 | 621 | 212 | 441 3 175 | 097
Uuh 69.000.28 | 16,06 | 256 | 0,68 | 2,00 5.98 0,46 | 2,62
Upphy (63,95 (079 | 1622 | 315 | 079 | 301 885 - | 235

Ugnwwlubp 2-nd b 3-nud ubplujwgiwd  Bu unyl omduwghtl - wwywpbiph
wpryniwhwlnwihg  wnwowgwd  pwpwpwhnuubph  $hghlwdbuwuhulw
punipwgpbph  dhohtwgywsd  wdwibp nt dwndwl  wpyniipnd unwgyws
[quijnptinh hwwnplwswihwlwt Yugqdbpp:

Unynwuwl 2
Snibtiph hhiuwlywl $hahiwidbuwthyuwlwl punipwgnbiph dhehuwgywsd
inyjuiutinp 5
i Ziipas bpwlwt Owlynin- fpuwlpw- | Mwnhnwly Ubinudwu
Yiipp IUI.I"II'Il[B]r;IhQ. Yhunyegmiup, | unudp, thllnlﬁ]?lllﬂ widpnupyniup,
q/ud % % pp/d UM
L'Uo,uqmuu 2,54 345 16,7 4344 24.8
lu'uh ' 2,37 442 21,8 45+4 19.8
Upphy | 2,49 473 7.4 42+4 18,2
Unjnwly 3
Snibwpwihnutbiphg unwgywsd (guuynyebph hwinhjwswihwywt Yuagdp —
|
, wagnquﬂbgufr‘l&ii?gwm fungnpni)wl Sﬁfuﬁﬂ,i"bﬂ,";"i
Culbpujuynp | MR L dnirip, (d<0,16),
|25 | 1,25 | 063 | 0315| 016 = wifg |
Ugquipuly | 18,23 | 381 | 58,81 | 79,22 | 95,58 29 2100 ‘
Uuh | 1734 | 3216|5346 | 75,52| 95.68| 2.7 200
Upphly 15,65 34,zsi 54.97 | 7'7”,28‘ 96,16 2.8 2500 |

Uugbldbun wphbunwlwl pwpwynipbph pwnwnpuljuqdbpnd ogunwgnpddty |
Undwnghunwht Yuwwhgwtynye, nph pwnunphsubpt GU bwnphnwwuhihYwnwht

1o
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wwwltptynpp, anndhunwiht Yud wynudwuhhwnwiht hpulwnt wwywptbph b
wnnthwht thngnt Uppwnugyuwéptbipp:

Swppbip gnyubp nibignn wynuwuhhwunwiht hnwpwiht - wwwpubph hupny
unyuwtdwl puwlwl gnitbpwuqubipny wpdbpwynp ybipguwhwpnwnphs ne nbynpwahy
wphbunwlwl pupwiht wWwwnpwundwdpubph unwgdwb hwdwp, npwbu Jhwlgnn
pwnuwnphs  Yhpwndwsd  vwinphnwwupihunwht - wywlbpblynpt wwwhndl £
dpguwpunwnpuiph pwjwpwp $hahywibfuwtbulwl hwinbuuhzubip U sh wanby
ybpohttbiphu puwlwl gniubpwugh dpw: Unyt wotuwnwupnid oguinwgnpéut) £ n=2,9
uhhljwinw)ht dnnny niubignn snp Gwinphnwdwuphlwnwiht wwwlbpbynpp:

Swdp ebpdwumnhfwbwiht  wwydwbbbpnd  obpdwdwldwl, huswbu  bwl
UbpoLwpwmwnpwpttiph spwhwyniunipjwt pupdpwgdwl Uwywnwyny bhpwb) Gu
nnndhwnwghu wwwph L wynwwuhihlwwnwhtu hpwlwniu wwwnh
uppwnwgywdpubpp:

Yndynghunwiht  Yuwwwlgwuniph  pwnwnphsubph  hwdwinbn  wnwgnwip  nng
fuwnunipnud wwywhnyb) £ dwydwiwiht hwdwubin pwgfunud:

“ndynghnwiht juwwlgwuniph punwnphsutph phuhwlywt pwnwnpwlwqdtnh
dbpnidnipjwt wpryniipubpp - ubpyujwgywd  Bu wn4-nd,  huly  hhdbwlwb
$bhahywitfuwbhlwlywl punipwgptpp’ wn. 5-nud:

Unyniuwy 4
Uhihjwinwiht wwwlbpbynph, nnndhuwiht b wynwwuhhywinwht hpwlwnid
wwwnplbiph phihwlwt pwnwnpwlwqdtipp

Ujniph i Swppbph pwuwyp, % pun quugywdh
wbuwlp | Si0, | Ti0:2| ALO; | Fe;05/ Na;0| SO:| MgO | CaO | CO; | K:0 | T
Uhihywunw-
jhu wwwys- (70,5 - | 11 | 07 [244| 11| 15| 07 | - -
pion || | w1
Fnndhn - | = . - | - | - (209|303 | 444| - | 44
722|08] 202 01 |02[02] - [ 03| - [02] 58
Ugnwuh- | 724 08| 73] 02103104 - [ 05| - [03] 48
thunwih - 487710 158 | 88|06 05/ 07| 03| - | 03] 23
hpwlwymu
agunubn  [455] 0] 385 74 [0a[oe2] - [ 21 - o7 75
el P | iy 1
53,8/ 02| 21,4 | 16 [02(23| 02| 10| - [ 03] 19




Urynwwy 5 Upwlywd inwulbipynt pununpwywaqdtpny b wwnpwuindwl wnbjutininghwny

Fnnihunwht U wynuwuhihywnwihu wwwnubiph hhdtwlyuw unwgywd  thnpawbdniputinh nwnubwuhpnieiniuttpp  huwpwinpnipjnt G by
$hahywibluwuhywlwl punypwgntinh dhohtiwgywd njuutinp pwgwhupnbnt  Jmpwpwlgni ujniph wnwldbwhwnynigniubbipt nt

i hplul.jLuUT owlynnlt- | Lpulju- Yundpniginiup | Ubinddw wnwybnyeiniulipp dnwltiph blwindwdp:
Uwjwph whuwlp | funnggoip, | Unipinip. | unuip, (puwn Unnup  jwdpnipjniup, 2nppnpn_giniup Uhpdws £ unwgywd wughdbln wphbunwywy pupwujnyptinh
| g/ul® % | i3 uwitinnubh) UMw hwnlnpyniiinh htwnwgnnnyjniutpht: Swubbplynt punwnpwlywqdtipny
Tnjndfun _L 2,82 4 X7 | 06 35-45 12,8 ‘ wwnpuunwd thnpawbidniubinp bupwpyyby Bu wltwnhnwlwb hbunwqutnijwl,
Upnudwuh- i I npu k. huwpwinpnig)niu E il wwpqupwbing jipuwpwlginip pununpulyugdng b
ihywenughs | 251 : | 50 30-40 56,3 ] nbfutnnghwiny unwgywd wugkibun wphbunwlwl pwpwlngbnh fuwnuniprubinh
MAHIR | | 30 | wwwnpwundwl uwwnwyny dawlywd inbhuunnghwywu htwppubipp: <wdwdwu
c wihpws & whighiblin SRS et npw, puwnpdb by ouyunhduwg pununpwiwgdtpny fuwnunipnubiph wwinpuundwl,

futnwgdwl L gbipdwihu dowldwl ntidhdubn: Punpywd nbdhdutipny wwinpuunywd

dtiph U u u wnbjul dpwldwlip: 4
gk £ RROT U, AR TP ol ghitp ngpetL wbgbdbun pupwbjniptinh hwdwp npnauby Bu futnniwl, opwljjwudwt b ubnddwl

phpinnhuwdhjwlwl hwyywnly, nwnuuwuhpds bb hpwphuwihl wwwpubiph hiupny
b wywhwhwy  ubhlwinuipng Yywuwlgutynipbph  $hahuphihwlul
qnpdplpwgLtinp, npnug wpryniipnud - unwgywd Ghppuh tubpghwh puwgwuwlwu
wnpdbputiph dbdnupjniutiph  bpnidnyajniup hngbky £ huwpwdnp nbwlghwubiph
hpwlwbwgdwu Gwuwujwphubipp, npup uljunid Bu 2984-nud, npl kY hwiwnpdbp £

wdpnipjwl  punipwapbipp L ufwp 1-nud ubplujwglwsd  bu Jupghuttiphu
Ywujwdnipjwl qpwdhyutipp: Cwdbiwinnpul  Uwwunwlyny hhnwgnundwd L
ubpyuywgywd bu - bwl Uquwpwyh, Uuhh U Upphyh hwlpwywiptph plwluwt
wnihwpwpbiphg unngywd thnpawtidnubiph Yepnuiwy hwinynieyniubibpp:

25°C ghptwunhGwbht: <wauh wnlting wyn hwbqudwbpp, hpwlwbwgyby U unp RSN Uquipuith wnd [ UbndtwG wiprpmt, UNw -~ Spubulog pao g tiggwdfy, %
yndwnghghwutiph pwnwnpnuyejwl L wdpwgdwl nbdhuubph puinpnipinl - Butiny é i o 313
htinlywihg. H K] d
v Jwuwwygnnh ng Obd wwpniuwyniRyniy, - Apw unipp  dwtpwgnud - djntu ;: 1 %
pwnunphsutiph htin W quugyudnui nnug hwuuwpwswth pwfund, 3 i l =48 %_
v oph owwhdw pwlwlnyayni, npu wbhpwdtipn £ uwwnphnuiwuhhywinwiht %zn '1 § é-
wiwywlytiptynph hhnpwunwgdwl, quiigjwadh hwiwubnwgdwl u = \ %
wwuinpwunywdputinh duwdnpiwl hwdwp, A 5 _]1 \'ﬁl lé :i
v wipwgdwl nkdhdh (opiwunhbul — dwiwlwl) plwnpnueynit’ Ujniph wuhpuw- J ll % S Ii; g'
dhgin $phahlwibiuwuhwlwl gmguiihputiph wuywhnydwl nhwpnud: 10 4 = % | i 2
rupunnhuwdhyulul Ytipindnipjwl wpnynwupubipp enyy bU wnwihu Gagpunkint 1 \ b X i
yndwnghinwiht Yuwwlgwujniph, htnbwpwnp vwl npwug hhdwl Ypw unwgynn 5 % N < 1
wughbun wphbunwywu pwpwlynipbiph pwnunpnugniubinp: Upryntupnud dowlyby ]| % !
bU wwubbplnt pununpuluqdtn U nputg wwinpwundwl whuninghw’ Uquipwyh, - +_1:5c- i ' T s 1956 960 1965 1970 1976 g
Uuhh b Upehyh hwtpwijwiptinhg ptipduwd nnibuwyht (gwtynuakipny nt yndwnghwnwyht oun G, g/
lu.unqwugwhjmrabpnq: w) Uquipwlh hwtipwuyph pwluwb  wphbupwljwb pupwbyniatin
12 13
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dbpndbny unwgywd wpryniuptbpt wluhw)n £ nuntnd, np dowlywsd wugbdbumn
pwpwnipbph hhduwlwt npwlwlywt hwnynyeniubph gnigwthaubpp qquihnpbu
gbpwquugnud B nyb hwipwywpbph puwlwl pwpbph npuwlwlwl gniguthpubpht:
hunnipjwl gnigwlihubipp pwndpwgh 6U wybih pwt 10%- nd Uquinwlh, 15%- nd Uuhh
L 25%-nd Upphbh hwipwdwipbph pwihnuubph nbwpnd, ubnddwt wdpnupwu
gnigwuhaubpp’ 15...20%-ny Ugquwpwlh, 25..30%-ny Uuph b 22..27%-nd Upphlh
hwupwyuwyptiph pwthnutbpny wWwwpwunwsd thnpdwudnubph wwpwguwnud, huly
opwlywiudwl gnigwbhoubpp pninp Gpbp wbuwyh wphbunwlwu pwpbph hwdwp dnn
Bpynt wuqud gudp Bu hwdbdwnwsd puwlwu pwpbph gpwlpwudwy htw: Unwyby
pwnap ubnddwb wdpnygnit gnigupbipwd thnpdwudnubiph hwdwp npnoyty £ bwl
phpwdwzbihnypywt gniguthpp: Uprynupnid wwpquby £, np b tnwppbpnigynits unyb
hwupwywypbph  puwlwu  pwpbph, dowlwsd pwnunpulwgdbpny  unwgywd
wphbunwhwt  pwpwunipbpp  dnnwynpuwbu Bpymt wiqud  wydbh Yuns bBu
phpwdwydwt uhwndwdp:

Chugbpnpn gqiaup Udhpdwsd £ ownndwpwpbph wpyniuwhwbdwt  pwihnltubph
hbupny wugbdbun wphbunwlwb  pwpwljnebph wpnwnpniejwlt  nbnbuwlwl
wpryniiwybinngpjwtt nt wigbdbun wphbunwlwt pwupwiht wpnwnpunbuwlubph
dpgnibwlnipjwtip' h hwdbdwn gbdbunwiht yuwwlygdwdp wphbunwlwl b pwlwl
pwpwht hwdwtdwt wwwnpwunywdpubiph:

Upluwwnwupmd  phpwd £ ghdbunwihi b wlghdbun  winwpbinnuubiph
hwdbdwwnneniup Junbihph wwjdwbwlwb wpdbpny (14g wwdwbwlwl Junbihpu
punniuting 29,242 Ywd 70004 4wi): Upryniupnid wlihwin £ nwnunwd, np b hwdbdwn
gtdbuinwiht wnipwpbnntubph, dowlwsd wughlbun wphbunwlwl pwpwnebpu
hptug wnbnbuwlwt  wpynuwdbnnpwdp gbpwquiugnd Bu wydbh pwb Bpyne
wlgw:

ussLUuunuNr@E3UL <hULULUL HNR3E[LENE B4 UPMSNkLLLENE
<MrusSuruuduo 5L €6SEY3UL 9hsSuLUL <NJUTLErNRY

1. Upgnuiwljwu Up.U., Sunpgub <U., Upgnudwijwb Ud.U., Unipwnuwt LS.
Quywunwih  hpwpfuwdht  wnbtiph  sbpdwluyniunipywl  hitnwgnunniemu
hpwhwymt pbpl phwnttbpnd npybu  (guiymipbp npwlg  whnwubhnewu
quwhwndwl hwdwp // 36<UL Ghinwlwb wtuwnnyaniuubp.- 2018.- IV(71).- ko 31-
40:



. Arzumanyan Ar.A., Arzumanyan Av.A., Muradyan N.G. Heat-acid-resistant light
concretes on the base of volcanic tuff lava and pumice aggregates of Armenia, Key

Materials. (2019) Vol. 828 pp.141-145.
10.4028/www scientific.net/KEM.828 141

Engineering

. Sahakyan E.R., Arzumanyan Ar.A., Muradyan N.G. Physical and chemical processes of
volcanic rock hardening with alkaline silicats. IOP Conf. Series: Materials Science and
Engineering Vol. 698 (2019) 022078 10.1088/1757-899X/698/2/022078

SUnipunyuu LS. <pwpluwghtt wwwplbph  wpmynibwpbpuywl  pwtintiibphg
wlgbidbun pwpwyynpbiph unwgdwy nbfutninghwlwb gnigwtihgubph npnonud //
BTLUL Stnbljwghp.- 2020.- N2.-Ep 92-108:

. Badalyan M.M., Karapetyan AK, Muradyan N.G. et al. Possibility of Tuff Waste
Application in the Procdution of Thermal Insulation material. JAER.Vol.1 N2 (2021) 7-12
10.54338/27382656-2021.1-2

. Sahakyan E.R., Arzumanyan Av.A., Muradyan N.G. Inorganic polymeric materials based

on natural silicate and aluminosilicate raw materials. Key Engineering Materials. (2022)
Vol. 906. 1-6. 10.4028/www scientific.net/KEM.906. |

CLACULNRT BRPULUSNRR3NRALLED

- Uqupwyh, Uuph U Upphyh hwtpwiwiptinh nnihwpwihnuutinh $hahlwphdhwlwy,
Unipwpwiwlwt b $hahhwibuwuhjwlwl punpwgptinh Yepindnipiniilibpp gnyg
Gu by, np Gpbp nhwh wnhwpwptinh wpyniiwhwudwl Pwhntiibnt hptug
phipwlywl, wwywpwghnwlwu b nbubhyulwl  wawbdbwhwnynpnltubpng
whnwth  Bu ogunwgnpddbint  wlghdbun  wphbunwlwl  pwpwbynipbph
pwnunnulwqdbpnud:

- 4ndynghunwiht uywhgwynyetiph buybnwiht pwnwnphstbiph nbwyghnuntuw-
yrgyniiibiph U junnigywdpwgnjwgiwl gnpdptpwglbph nunwibwuhpnipiniuibpp
eyl wybght wwnabl, np uinwiht  thnghbiph  dhubpwiubpp  dnfuwgnting
wywihwywt b hnnuiwihwlwl uhihwintbph htiv, wnwewgunid bu Yuuwwlygnn
huwwnynipjniuiipny uhiplywinttn b wyniwuhhlwinbbp: dbpghtiu hwunwnyt &
phupwlywl nbwlghwutiph phpdnphuwdhlwlwl hwadwplng' wwydwbwdnpywsd
wjuwhuh Yhubinhlwlwl gnpdnuibipny, huswhupp bb Wmph Ynugblnpwghwl b
dhowywjph ebpdwunhtwup:

- Ugwlyby BU Bpyne inbuwyh Yndwnghnwiht uwwlygwiynyptip, npntp hpbughg
utipyuywgunud Bu thnghtbp’ unwgywsd bwinphnudwuhhuwnwht wwwlybpblnph,
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nnihuyht thnpne L lgniyubiph’ Yud
wnuwiwuhhuwinwght, wnwgywdpny:  Lunnphnulwuhihwinuwght
wwwltpbynpp Ywgdnu £ Yyndwynghinwht uwwygwuynieh punhwbnip quugywsh
25%-p, huy ogunwgnpdywd (gniyp’ 75%-p:

tpynt
hwdwinbin

nbiuwly nnindhunwhl

. Unwowplyyty Gu Jbg owpnhdw) pwnunpwlwaqdbp Gphnt nbuwl Yndwynghuwht

Yuwwlhgwiynipbpny b bplip wbuwly innbwpwihnubph (gwiyniptipny:

Uqwpwlh nnwpwihntiubph wywpwquind punpdb B 75% guune b 25%
Yndwnghwnuwghts uwwlhgwiynip, huy Uuhh b Upphyh nbwpnud® 70% gwiynya b 30%
Yndwynghunwht jwwwlgwbyne hwpwpbpnyginiubpp:

Cutnwlbgyby £ oph pwbwlyniegynip, npt wbhpwdbon £ juwnunipnubph
hndngbbwgdwl, hhnpuwinwgdwl b Ywnmgdwdpwiht dbuwdnpdwl hwdwp, hwoyh
wnubny wnbuwlhh  Quyneh  wnwbduwhwwnynyeniitbpp
opwlyjwiudwt b dwhbpbuwiht  gpuwwhniiwlnipjut  Yepwpbpjw), qquihnpb
wwjdwuwynpywd npwtg hwnplwiht fuqdnd U, hwnlwwbu, nbuwlwpwnp
dwlbpbuny: Upwldwsd pwnwnpulwqdbpnud gnip-whun hwpwpbipnyainiup gutgnud
£ 0,10...0,12-h uwhdwlubpnud:

JnLwpWusnL

. Npngdlp G fuwnbnpnubiph wwnpwundwt ne funwgdwt  wnbfuuninghwlwb

dbpnnutpp b gbpdwht dawldwl nkdhdubipp’ Blubing wphbunwywl pwpwiynyetph

Yunngywépwihtt wnwbduwhwulnipniuubiphg, npnup htiunlywubpu b,

v jnipwpwtiginip inbuwlh ninthwiht pwihnuh wywquwiht dwndwdph fuwntnipihu
wybjwgynud £ hwdwwnbn wnwgdwt wpryniupnd unwgywd  Yndwnghuwhu
Yuwwwhgwiynyep b fuwntgnud 10...12 pnyb nbinnnipjwdp:

v tunwgnuit ppwlwtwgynid £ dwdpdwdp wjupwl dwdwbwl, dhusk suwynpybl
hwpe W thwynt dwhbpunypubp:

v Qbpdw)ht dpwldwb owwnhdw) nbdhdp hnlywu . sbpdwuinhéwuh pwpdpwgnid
20-hg dhtigk (90£5)°C’ 2 dwid, wwhnpwlnd Upywd ebpdwunhbwlnd 2 dwd
30pnwb, nphg htivin etipdwuwnhwuh pwpépwgnud dhusl 200°C' 2 dwd b owd
obipdwumhwund wwhnpwlnud 2 dwd 30 pnwyb, wunhbwlwpwp hndugnud'
dhtst ubitywluyhtu shpdwunhéwuh hwuubp:

Ugquwpwyh, Uuph L Upphlyh hwupwiwiptiph puwlywl wnnbwpwnbpl hptitg
hhduwlwt  npwlwlwt  hwwnlnyegnitbpnd ghend BU bnyt hwbpwywyptiph
nnibwpwihnutbphg unwgywsd wphbunwlwt pwpwiympbphl, npnug funnyewu
gniguithaubipp pwpapwgby Bu 10...25%-ny, ubnidwl wdpnyaywup' 15...30%-ny, huy

opwlwudwl b phpwdwzd haubpp bwaby BU wybh pwb Gpyne wlquid:
¥
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Fuwhwu pupbph  hwdbdwn  wugbdbun wphbunwlwt  pwpwiyniebph
npwlhwlwl  gnigwuhgubph  wnwydbimipgniip - fupwt o hwbnhuwbnud
hwupwywyptipnd — Ynunwlywd  dhjpnbwdnp funpwbwpn dbiph hwuting
unibwpwihnuph  wpynibwdtinn - b owhwdbn  oguwgnpdiwt  hwidwp,
huwpwynpggnit nwiny  dhwdwdwuwl  ndtine  hwupwwbonput hwdwp
Inowqgnyl pwwwhwwbwlwl fuinhputip:

Unwowplnipynits

Utip hwupwwbunipniind plwlwl abuniputibph nwghntwy ogunwgnpddwl,
2htuwynpliph wpynwpbipnuyeniuinud Ynunwldwsd J68 dwywiubipny pwihnuttbph
ubipgpwydwt, plwwwhywuwlwt futnhpubph  nddwt’  wdfuwppnt  qugtiph
wpunwibindwy, unnpgbntjw opbiph wnunndwl  Ypbwindwl, husybu  bwb
wphbunwlywt pwpwynipbiph Gpyunpwybgnpwt pwpdpwgdwt buywwnwlbbpny
wnwowplyymd £ Yhpwnty wbyhtybp Yuwywygwymptph hbupnd wgbdbun
wphbunwlwl pwpwiyniptip’ piwntutp, npnup 2unphhy tn$wpwhnuutiph pupanp
wlinhynipjwl, htwpwynp £ unwliw Eubpquiitiwinqulwl nkfubninghwlbpng:
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MYPAJISIH HEJLIH TATHKOBHA

PABPABOTKA TEXHOTOTHH NMPOH3BOJACTBA BECHEMEHTHBIX
HCKYCCTBEHHBIX KAMEHHBIX MATEPHAJIOB HA OCHOBE
HPOIBO/JCTCBEHHBIX OTXO/JIOB BYJIKAHHYECKHX TY®OB

PE3IOME
ﬂl[CWp‘l'&lll“l Ha COMCKAHHC y‘lcll(}ﬁ CTCHCHH KaHJInIara TEXHHHYCCKHX HayK no ClneunaisHocTi
05.23.01 = “CrpoureibHbie KOHCTPYKIUMH, 3AaHHA, COOPYKECHHA, CTPOHTEILHBIC MATCPHAIL 1

CTpOHTELHAS MeXaiika’

APMEIIHH — CTpana, KoTopas Dorara anacaMu BYJTKAHHYCCKHX 'I“yl'll()li. Oﬁilﬂilﬂlﬂlllll.\( QOABLIHM
]')I]'lllDOGpﬂ'tRl:M TEXHHYCCKHX H 1ll'.‘ICOpﬂ'I'IIBI-INK croiicre. Ha HNPOTHAKCHHH MHOTHX BCKOB 'I‘}'ll’l
HCNOIB30BANICA B KAMECTBE OCHOBHOIO CTPOHTEALHOIO Matepuaia. Kpynnomacmrrabuas Ao00nia
ATOro KaMHA B Cro tﬁpﬂ(){‘l‘l'l(a B HACTOHAIICC BPEMA TTPHBCIH K ONPOMHBIM CKOILICHHAM |‘_w|mm,|x
OTXOJ0B, KOTOPBIC 3aHHMAIOT IHAMHTCALHBIC TEPPHTOPHH H CORAAIOT U8 pCl.'.lI'\"ﬁ.'lIIKH ccpbé'sm,lc
AKOIOIHUMECKHE W XOSIICTBCHIBIE lellﬁJll.‘MbI. ”ﬂlIJIy"II['ICl’.‘ PELICHHE ITHX Ilp{)ﬁ.l'lf:M. B TOM YHCIC
¢ APHPOJAOOXPAHHBIX MOZHIMI, JAKOUACTCA B HCNONBIORAHHH HAKONHBIIHXCA OTXOM0B JUI
NPOH3ROJACTRA  HIACHHI M3 HCKYCCTBCHHBIX  TV(OBBIX MATEPHAIOB, KOTOPBIE (10 CBOHM
IKCTUIVATAIHOHHBIM CBOHCTBAM HE YCTYNAOT HPHPOAHBIM MATEPHAIAM, HTO I ABIACICA LENbIO
HAYHHLIX  HCCICAOBAHKIL, NPEACTABICHHBX B HAacrosmedl auccepraumonnoii  pabore. Jlas
JOCTHHRCHHA HOCTABJCHHON  1enn NPCABAPHTCIILNO Obln PeCHbL janavud, CBAZaHnBIE C©
FANOJIHHTEIAMH W BAKYHIHMHA HCKYCCTBCHHBIX MATCPHAIOB.

Ha ocHoBanum HCCCTOPUIIIIE['{} AHAITH3A Oﬁlllllplmﬁ

Hudopmaii,  NpHBCACHHOIT B

TEXHHYECKOI JuTeparype no  Jannoii TeMe, CBA3AHHOIT ¢ TECOPETHUECKHMI H

IKCHEPHMCHTAILHBIMI OCHOBAMH, Bhlﬁpallbl HANPABJICHHA H NOCNCA0BATCABHOCTE TPOBCIACHMA
ncciaeaosanuii. Ha NEPROM ITANC HIVHCHA 3ABHCHMOCTE HHTCHCHBHOCTH NPOTCKAHHA TIPOLIECCOn
CTPYKTY p(mﬁpa'mnamm B HNPHCYTCTBHH  IICTOYHBIX CHIIHKATOBR O1 XHMHHYECKOH aKTHBHOCTH
I}'tl]ﬂBl-lX NOPOHIKOR. B PEIVALTATE CHOKHEIN lI)II‘i“KO-KIIMH‘-ICGKIIK TPOLECCOB, ONPE/ICINCMBIX B
OCHOBHOM (DHIHYCCKUM RIAMMOJICHCTRHEM H XMMHYECKIMM PCaKIMaME MEKLY CHANKATAMN
HATPHA 1 MEHCPATAMI HATTOAHWTCA, oﬁpa'iyuvrcsl CHIHKATL H WNOMOCHJIHKATE HATPHA, KOTOPBIC
obnajgaT  cBoiicTBAMH BAKYILHX  MaTCpHAIOB. locaemee NOJATBEPAICHO  TAKKC H
TEPMOJHHAMHYECKHMH PACHETAMH NTPOTCKAHNA XHMHYCCKHX PCﬂKI{Hﬁ. OGYCJIUHJICNHI:IX TAKHMH
Illillfl'(‘lp'dMll. KK KOHLUCHTPAIHA BEHICCTBA, TEMIEparypa cpeiibl. Dra Pflﬁ()'l'fl NOFBOIHIA BRIABHTE

HEKOTOPBLIC OCHOBHLIC NPEANOCLIUIKH, (Yﬁccill.“ﬂll-lalﬂllll!t PEAIBHYIO BOSMOKHOCTL NOJYUCHHS



OeCHEMEHTHLIX  HCKYCCTBeHHBIX TydomaTepuaios. OauH U3 HEX CBASAH ¢ ONpEiC/IeHHEM
KOJIHYECTRa uu.lu;;. HEODXOAMMOIN JUIH THAPOTAIMK, TOMOTCHHIAIMI | CTPYKTYPoODpaionanms,
JPYIHE — C YCTAHOBJICHHEM PEKUMOB NPHIOTOBJICHUA cMeceil, (opmoBanus w3geamii u ux
Tepmoodpaborkn. Hanbosee panuas 10 3HA4HMOCTH NPEANOCHUIKA CBA3ANA ¢ BBIGOPOM HCXOAHbBIX
MATCPHAIOB M CHOCODOR  MOAYHEHHA  KOMIOSHUMOHNBIX  Bsyuwmx.  Pykosojacrsyach
BBILICHICPEUHCICHHBIMA  TIPENOCLUIKAMHE, paspaboTanbl COCTABLL M TEXHOJIOMMI JIBYX BHIOR
OeCUEeMENTHBLIX MOPOIKOOOPA3HBLIX KOMIOSHIMOHHBIX BHKYIIHX C HPHMCHEHHEM Oe3BOAHOIO
CHANKATA HATPUA (CHIMKAT-rIbI0a). KOTOPBIE ABJIACTCA OTXOA0OM CTEKOILHOIO NIPOMIBOACTBA
Epesanckoro Jlamnosoro sasoja (8 nactosmee spems — "IpannCan"), a racke amyx
pasHOBHANOCTEI  HanoanuTeneii JonoMuTos  JIycajsopekoro  MECTOPOAJICHHA 1
WNOMOCHIMKATOB TYMaHAHCKOr0 MECTOPOKIcHNA. | IpeiBAPHTC/ILHO NMPOBLACHO BCECTOPOHHEE
H3YUCHHE CBOICTE HCXOMHLIX MATCPHAION, B TOM YHCAC ¢ HCnob3osannem jmddepenunanio-
TEPMHYECKHX METOMOB MCCICIOBAHNA, XHMYCCKOIO aHannsa, perareHorpadn ¥ dIeK ipoHHo
MHKPOCKOTTMIL,

B kauccrse sanojumieneii HCKYCCTBEHHBIX TY(OMATCPHAIOB NPUMEHCHBI OTCCBL TY(DOBLIX
OTXO00B Arapakckoro, AHHACKOro n ApTHKCKOro Mectopousienuit. Kpirepusmu s rakoro
BRIOOPA  MOCHYKHIN  PE3YILTATE OPHCHTHPOBOYHON OUCHKH 00OBEMOB TY(JOBRIX OTXOM0B M
Pe3YIbTATRE HIYHCHHHE HX NHMHEKO-MHHCPAJIONHHMCCKHX COCTABOB, XHMHYCCKOI AKTHBHOCTH,
PAUMOAKTHBHOCTH H OCHOBHBIX (MHIHKO-MEXAHHUECKHX CBOIICTS,

SuaunTebiblii 00LEM IKCHEPHMEHTAILHBLIX HCCICAOBAHNI JIHCCePTAHOHROMN paboThl Coazan
¢ BONPOCAMH  OITHMH3IAUMH  COCTABOR M TeXHONOUHIT  [OJAYMEHHS  HCKYCCTBEHHBIX
Tyhomarepuanon. HPeKTHBHOCTL KaAKA0H pazpaboTKH OLCHHBAIACH 110 PE3YJALTATAM W3y CH s
CTPYKTYPHO-TEKCTYPHBIX 0CODCHHOCTEH H JICKOPATHBHOCTH MATEPHAIA, 8 TAKKE €ro POHHOCTH,
IWIOTHOCTH, BOJAONOIIOWICHHS M HCTHPACMOCTH. B pesysibTare BBUICACHO WICCTh HAMAYHIIMX
COCTAROR, 110 KOTOPLIM MOMKHO, NPHMEHAR BHIOPAHHLIC ONTHMAILHBIC PCKUMBL IPHIOTOBICHNS,
thopmosanis 1 repmoobpaboTEM NOJYUHTL HCKyCeTBeHHbIC Ty(omatepnaisl, obralaonme, 1o
CPaBHEHWIO ¢ NPHPOIHBIMIE TY(DaMu, VIYUIIEHHBIMI CBOTICTBAMH. B CBA3ZH € ITHM HOABHIACH
peaibiag BOIMOKHOCTS JUIS OPranusainy B pectybimke BucokodpperrnBapX npeanpuatuii no
HPOH3BOJCTBY MHICANI PASIHYHOIO HASHAYEHHA W3 HCKYCCTREHHBIX DECIEMEHTHRIX MATEPHANOR
Ha ocHose Tyossix 0TX0/108. Kpome 1010, Ha paspaboranibiX KOMHOZHIHOHHBIX BAKYUHX 1PH
IPAMOTHOM MCIOIBL3OBAHMN CBOICTE OFPOMHOIO PA3HOOGPAINS IIOTHBIX W HOPHCTBIX CHITYUMX
TOPHBIX OPOL APMCHHHM, MOKHO B [EPCHCKTMBE 1HOAYUNTE OGCCHEMEHTHBIC CREPXILIOTHLIC,
BBICOKOIPOYHBIC, KHCJAOTOYNOPHBIC, OFHCYIOPHBIC, YLTPANOPHCTBIC, CREPXMOPO3OCTOIKHE,

CBC[]XH(&pOL"I'Oﬁ KHE H JIPYTHE MATCPHAILI HOBOI'O HOKOJICHM.
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MURADYAN NELLI GAGIK

DEVELOPMENT OF TECHNOLOGY FOR THE PRODUCTION OF NON-CEMENT,
ARTIFICIAL STONE MATERIALS BASED ON INDUSTRIAL VOLCANIC TUFF
WASTE

ABSTRACT
Dissertation submitted to receive Academic Degree of Doctor of philosophy (Ph.D.) Engineering,
Speciality 05.23.01 — “Building construction, buildings. structures, construction materials and

structural mechanics™

Armenia is rich in reserves of voleanic wifls, which have a variety of technical and decorative
properties. TufT has been used as a primary construction material for centuries. Large-scale mining
of this stone and its processing have led to accumulations of tuff waste, which occupies large
territories and creates environmental and economic problems for the republic. The best solution to
these problems, including from an environmental point of view, is 1o use the accumulated natural
stone waste material for the production of artificial tuff materials items. which are not inferior to
natural materials in their performance properties, which is the goal of the scientific research
presented in this thesis.

For this purpose. the tasks were previously solved related to artificial materials aggregates and
binders, Based on a comprehensive analysis of the extensive information given in the technical
literature on this topic. the directions and sequence of research are selected according to the
theoretical and experimental foundations. At the first stage, the dependence of the intensity of
structure formation processes in the presence of alkali silicates on the chemical activity of tuff
powders was studied As a result of complex physicochemical processes determined mainly by
physical interaction and chemical reactions between sodium silicates and filler minerals. sodium
silicates and aluminosilicates are formed. which have the properties of binders.

The thermodynamic calculations of the chemical reaction also confirmed the latter. It considers
factors such as concentration, average lemperature. This work has identified some prerequisites
that provide a real possibility of obtaining non-cement. artificial wff materials. Some of these
prerequisites are related to determining water quantity needed for hydration, homogenization, and
structure formation. The others are related to setting the regimes lor preparing mixtures, molding,
and heat treatment. The most vital premise is the choice of starting materials and methods for
obtaining composite binders, Guided by the above prerequisites. the compositions and technologics

of two types of non-cement. powdered composite binders have been developed using anhydrous



sodium silicate (silicate lump). which is a waste product of the glass production of the Yerevan
Lamp Factory (L’i:r.and Sun), as well as two types of fillers: dolomites of the Lusadzor deposit and
aluminosilicates of the Tumanyan deposit.

A comprehensive study of the properties of the starting materials was carried out, including the
use of differential thermal research methods. chemical analysis, X-ray diffraction, and electron
microscopy. Screenings of tufl waste from the Agarak, Ani and Artik deposits were used as fillers
of artificial tuff materials. The crileria for such a choice were the results of an approximate
assessment of the volumes of tuff wastes and the results of studying their chemical and
mineralogical compositions, chemical activity, radioactivity, and basic physical and mechanical
properties. Significant amount of experimental research in the thesis is related to the issues of
optimizing the compositions and technologies for obtamning artificial tufl’ materials. The
effectiveness of each development was evaluated based on the results of studying the structural and
textural features and decorativeness of the material, as well as its strength, density, water
absorption. and abrasion. As a result, the six best compositions were identified. according to which
it is possible. using the selected optimal modes of preparation. molding, and heat treatment to obtain
artificial tuff materials with improved properties compared to natural ones. In this regard. there was
a real opportunity for the organization in the republic of highly efficient enterprises to produce
items of various purposes of artificial non-cement materials based on tuff waste. Furthermore. by
utilizing the developed composite binders and taking advantage of the properties of the diverse
range of dense and porous rocks found in Armenia, it is possible to produce a new generation of
non-cement materials that are super-dense, high-strength, acid-resistant. refractory. ultra-porous.

super-frost-resistant, super-heat-resistant, etc.
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