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AHHOTALMSA:

Ymby wmnamuii makonaga OyryHTH KyHAAa KypWIMII MaTe€pualapd CaHOaTUAa
TOOOpa KEHI Kyjam KacO era€rraH HeHrusa OETOHJap Ba YJIApHUHT (DUBUK-
MEXaHHUK XOCCaJapUHHU SXIIHIAI OYiinya MabIyMOTIIap Keatupuiaran. Mccukimmk
M30JISIIMOH MaTepuaiapra Oyiran exXTuéx Wui cailmH omub Oopaérran Oup
BaKT/1a MaxaJIJIUH Ba CAaHOAT YNKUHIWIAPH aCOCH A IOKOPHU camapaiopiuKKa era
KOMITa3WIIMOH MaTepHaJIapHU WNUIA0 YuKapuil ymoly moi3apd MyaMMOHHU

CTPYKTYpa, SUYIHUK, U300 IUA, MTOPTIIAHAIICMCHT.

Introduction
AHHOTAIIUA:
B nanHOM Hay4yHOW cTaThe NpelcTaBiieHa WHGOpMalMs O JErkoM OeToHe,
KOTOPBIM CEroiHsg CTAHOBHUTCS BCcE 0ojiee MOMYJISIPHBIM B MPOMBIIIICHHOCTH
CTPOUTENIbHBIX MaTepUAJIOB, U YIYUIIEHUHU €r0 (PU3NKO-MEXaHUYECKUX CBOWCTB.

HeunmitapuaH Oupu Oyia ojaim. Q
Kanur cy3map: ydyBuaH KYJILKYIIUK OETOH, MHKPOKPEMHE3eM, HCCUKIIUK,

HpI/I 9TOM CIIPOC Ha TCINIOHU3O0JIIIHMOHHBIC MAaTCPpHallbl, OCHOBAHHLIC HA BBICOKOM

3 PEKTUBHOCTH, PACTET C KaXIbIM rofoM. [Ipom3BOACTBO KOMIO3UIITMOHHBIX
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MaTepuagoB Ha OCHOBE OBITOBBIX M IPOMBIIUIEHHBIX OTXOJOB MOXET CTaTh
OJTHUM U3 PEIICHUIN 3TON aKTyalbHOU MpOOIEMBI.

Annotation:

This scientific article provides information on the improvement of lightweight
concrete and their physical and mechanical properties, which are increasingly
used in the construction materials industry today. At the same time that the
demand for thermal insulation materials is increasing year by year, the production
of high-efficiency composite materials based on local and industrial waste can be
one of the solutions to the current problem.

KiroueBble cJioBa: JCTy4dasd 30JIa, HCHO6€TOH, MUKPOKPCMHEC3CM, TCILIO,
CTPYKTYpa, INIOTHOCTDb, U30JIALUA, ITIOPTIIAHIICMCHT.

Keywords: Fly ash, foam concrete, microsilica, heat, structure, density,
insulation, portland cement.

Kupum

Byryuru kynpa kypwiuiinra Oynaran tamaOmap HuxosTAaa omiau.byHra ca®ab
XO3UpPrd KyHJa 3aMOHaBUM KypWIMII Y4YyH KOHCTPYKCHS Ba Oyromiiap
Taiépraniia, acocaH eHT W1 KypUJIHIll aiénapuad KeHr GoinaiaHuiIMOKIA.
Kypunuiga unuiatuiagurad oFup OETOH YpHUra 3aMOHABUN €HIMJI MCCUKJIUK
M30JIAIIAATIOBYN OCTOHIAPHH HIIJIATAII OWHOHUHT YMYMUW OFUPIUTUHU 5 MapTa
KamaTupuimm MyMkuH. Pecnyonmukammspa Ilpesumaentumus TamadbOyciapu
OwIaH KypWIHII MaTepHaJJlapy CaHOATUTa KarTa Y3rapuill Ba SHTUJIAHUIILIAP
OolTaH/IH.

V36kucron  Pecny6mmkacu — npesmentmHuHr  2019-iimn  20-¢eBpanmaru
“Kypunuin Marepraiapyd CaHOATUHU TyOJaH TaKOMUJUTAIITUPUII Ba KOMILJIEKC
PUBOXKIAHTUPUII "yopa Tanoupiapu tyrpucuaa’” ru [IK-4198 kapopu acocuna
[1].

JlaBIaTHUHT WKTUCOMUETIATH HWINTHPOKWHU SHAJAa KUCKAPTUPHIL, KyPHUITHII
MaTepuaiapy CaHOATUHHU OOLIKAPHIL TU3UMHHHUHT CaMapaOpiIUTriHU OIIUPHIIL,
MaxaJUIMid  XOM améHW 4YyKyp KadWTa HIUIAIIHU  TallKWil  eTHUIIHU
par0aTiIaHTUPUILL, UIFOP TEXHOJIOTHSUIAPHU )KOPUN €TUII, UIITa0 YUKapHIaéTran

MaxCyJloTiiap TypJapuHH JuBEpCUUKAINS KWIHII Ba EKCHOPT XaKMUHU
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KEHTaUTUPHI, TapMOKKAa MHBECTHLMSJIAPHU Kald0 KUIUII XaKuJard Kapopu
WXpOcH Ba Y30kucton PecryGmukacu mpesnentuamar 2019-itmn 23-Maiinaru
“Kypwiuill Matepraiapyu CaHOATHHU KaJall pUBOKIIAHTUPHUINTA OUJ KyIIuMya
yopa-tanoupnap tyrpucuaa’ I11K-4335 connu kapopiap Kadyn KWmHAM. [2].
V36kucron Pecny6mukacu npesaentunuar 2023 imn 16 despangarn “2023-
Hunna KalTa THUKJIAHYBYM €HEpPrusi MaHOajdapuHM Ba EHEPIrus TEKOBYM
TEXHAJOTUSIIAPHU  KOPHM  €TUIIHM  JKaJa/UIAlITUPUII  4Yopa-TaaOupiapu
tyrpucuaa’” ru [1IK-57 connu xapopura acocan 2023 innga 250 Ta Kypuudiil
MaTepHaJlIapy MIUIad YUKapyBYM KOpXoHajapHH (uemMeHT — 23 ta, fumr — 101
Ta, 0XaK — 126 Ta) Tabuuil ra3gad KyMHUp EKUIIFUCUTA YTKA3UII OCNTruIaHax.
Xo3upru JaBpia MaBxkyd OYyiraH HMCCHUKJIMK  H30JIALMOH MarephallapHU
SHTWJIAII Ba TAKOMWUIAILITUPUIL A013ap0 XxucobnaaHaau. Mccuknmuk u30as1uoH
Matepuaiiapra Oyiran exTHE&K Huwi calimH ommub OopaéTran Oup BakTAa
MaxaJJIuii Ba CaHOAT YMKUHIWJIAPU acoCHJa IOKOpH camapaJopiuKKa era
KOMIMA3WLMOH MaTepuajUlapHU HIIa0 yYukapuml ymoly gom3ap0d MyaMMOHHU
ednmiiapuaad oupu 6yna onaau. CaHoat UILIA0 YUKAPUIIMHUHT XO3UPTH YCULITU
TaOUUi pecypciapHd MCTEbMOJ KWIMIIHUHT JIOMMUW YCHILWTA, EHEPIrHs
HMCTEHbMOJIMHUHT ~ ONIMINNTA, YUKUHIWIAPHUHT Kymaumwmra Ba arpod-
MYXUTHUHT  HUdiaociaHummra oaud  Kenagu.  3aMOHAaBUM  KypHIIMIL
MaTepUAIIAPUIIYHOCIUTA UIUIA0 YMKApUII CcaMapaJopiUrUHU  OUIWPHIII,
TEXHOJIOTHK >KapaéHIApHUHT TaHHAPXMHU Ba MEXHAT 3UYJIUTMHU KaMalTUPHIL,
MOJIJIMI Ba EHEPIUsl pecypciiapuiaH OKWIoHa (hoiganaHuin Kabu MyaMMOJIapHU
xan Kuiuil OunaH yamOapuac Oofnuk. Camapaid KOHCTPYKTHB Ba MCCHKJIUK
M30JSIMMOH  MaTepHallJIapHU  ApaTHIl Mypakkald >xapaéH Oynaubd, KypHIIMIL
MaTtepuaiiapu GaHUHUHT YCTYyBOp MYHAIUIIUIApUIAH OUPUAND. ANTHIII 5KOU3KH,
Oy 60opama xoMaménan oKmiIoHa GhoiTalaHuIl, TEXHOTeH YUKUHIUJIAPHH UIILTa0
YUKAPUIITa TYJIHK ka0 dTUI YCTyBOp axamsitra sra. CaHoaT YMKUHIMIApUIaH
¢oiiamaHuil KypuuIl MaTepUaUIapMHA HWIUIa0 YMKApUIl XapaxaTiapuHU
Tabunii XxoMm aménapaaH wunuiad uyukapumra HucOatan 10-30 dowusra
KaMalTUpUII UIMKOHUHU O€paJiu.

Anabuétnap taxinuiau. ByryHru kKyHaa eHruws OetoHra Oyiran tanad opTuo
6opmokna.bynra cabab® OyryHru KyHAaru Kypuiaulina OFvup OETOH YpHUTA
3aMOHABUN EHTWJI MCCUKJIMK M30JISIMAIOBYM OCTOHJIApHU MILIATUII OUp KaH4ya
KyJIaluKIIap spaTMokaa.EHrun GeToHa IeMEeHT Ba arperar YpHUHU OOCYBYH

cudaruga YUKUHAWIAD Ba KYyIIMMYa MaxcyjdoTiaapaaH (ougamaHumamp.
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Mynnait yukuHAUIapAaH OWPH HMCCUKIMK ENEKTp CTaHCHUsIapuia KymuMmya
MaxcyaoT cudaruaa Kynm MUKAOpAA MIUIA0 YMKApUIaJWraH y4yBYaH KYJAHP.
Kywin KynHUHT KaTTa KucMU (poiiaaHuiIMai Koauo, arpod-MyXHT Ba cakJjall
MyaMMOJIAPUHU KEJITUPUO YMKapaau. Y4yyBUYaH Kyj OUIaH CUHTEpJIaHTaH €HIHII
O0eToH MILIAd YMKapull Ky MUKJIOpJAA KyJHU KalTa MIUIAIIHUHT camapaiu
ycynu xucobnanaau.CaHoaT YUKUHAWIApU acocuaa €Hruia OETOH oiuil Oyiinua
Oup KaH4Ya XOPIKUN OTUMIIAP TAJAKUKOT UIIUIAPHUHH OO OOpHUIITaH.

1. Exab Moxamen Xoccuu Para6, “Mccukivkka yngaMian eHruia 6eToHaap, nau
Oy11 Kyn Mukpocdepanapu OyaraH KOMIO3UT OUPUKTUPTrUWIap EpAaMu/ia OJHIIL
(Kapocroiikue nerkue OETOHbI Ha KOMIIO3UI[MOHHBIX BSDKYIIMX C TOJBIMH
30JIbHBIMU MHKpocdepamu.)”. Ymly TaaKUKOT HIIMHUHT MaKCcajau; KOMIIO3UT
OOFJIOBUMIIAP BA UCCUKJIMK EJIEKTP CTAHCHUSCH KYJIHUJaH MUKpoduiiep épaamMuaa
€HTUJI NCCUKIIMKKA YU JaMIIM OETOHJIapHU OIUILIUp.(ABTOpEedepar qucceprauuu
Ha COMCKAHME YYEHOH CTENEHU KaHAUAaTa TEXHUYECKHX Hayk, MockBa-2015 r)
[3].

2. ComkuHa, ['anuna HukonaeBHa, ‘MuHepan naxra uiuiad YAKApUIIHUHT KYJ
Ba YMKWHIWIApUTa aCOCIaHTaH €HTWJI aBTOKJIaBiaHmaraH Oeronmap (Jlerkue
OETOHBI HEaBTOKJIABHOTO TBEPJAEHHUS HA OCHOBE 30JI U OTXOJOB NPOU3BOJCTBA
MHUHEpAIbHOW BaThl)”. YOy TaIKUKOT HMIIUHUHT MaKcald; MHHEpas I1axTa
Unuiad YMKApUIl YUKUHIWIAPH Ba HUCCUKIUK E€JEKTP CTAHCHSUIApU KYJIHJaH
dolianaHuIl acocuJa €Hruj aBTOKJIaBjIaHMaraH OCTOH HIILIA0 YMKapHUII Ba
OETOHHUHT ONTUMAJI TAPKUOWHHU TAHJIALI, YIAPHUHT XyCYCHUSTIAPUHH YPraHUIILL
TEXHOJIOTHSJIAPHU pUBOXKIIaHTUpULI. (ABTOpedepar AuccepTali Ha COUCKaHNE
YUYEHOMU CTENEHU KaHauaara Texundeckux Hayk, Hosocubupck-2002 r) [4].

3. KoBans Enene CepreeBHe, “KyMup KyJIWHUHT YUKUHAWIAPUIa acOCIIAHTaH
ysuin Oetonnap (Slueucthle OETOHBI Ha OCHOBE 30JIONIIAKOBBIX OTXOJOB OT
Cokuranus yris) TaJlkMKOT WIIMHUHT MakKcaJu; Kyl Ba IIJIaK €praMuja €HIUI
0eTOH TapKUOWHU UILIa0 YMKUILL, TYJIIMPYBUYM Ba Mypakkad 0ofioBuM cudaTtuia
yukuHAWwIapuaad  Gongananuml.(Maructepckas guccepranus, KpacHospck
2022 r) [5].

4. Klara Krizova,Jan Bubenik,Martin Sedlmajer, “lOxopu xapopamiapaa
OeToH/1a eHI|JI CHHTEpJIaHTaH yuyBYH Kyl arperariapuaas ¢oinananum (Use of
Lightweight Sintered Fly Ash Aggregates in Concrete at High Temperatures)”.
Wnmuii TaAKUKOT WIIMJA Kyl arperard OWiIaH MyCTaxKaMJIaHTaH EHIHII

o6eronnunr 600, 800 Ba 1000 ° C xapoparraya 4uJIaMJIMIUTHHN YPTaHWITaH,
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IOKOPH XapOpaTHUHI OETOHHHMHT MEXaHUK XOcCcajapura TabCHUpPU CHHOB
HAMyHaJllapuJa aHUKJIAHWITaH Ba MHKPOCTPYKTypara TabCUPH pEHTIEH
CTPYKTypaBUH TaxJIMJI Ba CKaHEpPJIM €JIEeKTPOH MHUKpOCKON Epaamuia
yprauwirad. (“Journal Buildings” Yexua,2022-iun) [6].

5.Mehmet Oguzhan Kale, Hakan Caglar, Arzu Caglar, Ahmet Celal Apay, Selguk
Cimen, “Nevsehir BuosTHaaH nemM3a arperaru €paaMuja viuiad dukapuiiral
EHIUJ OCTOHHUHT XyCYCHUATIAPUHU y4yBYaH Kyl OWJIaH aJIMAalITHPUII OpKaJu
axumnani ( Improving of Lightweight Concrete Properties Produced with Pumice
Aggregate of Nevsehir Region with Fly Ash Substitutio)”. YOy Tankukor canoar
YUKUHAWIAPUHA Y9yBYaH Kyl OWJIaH aJIMAIITUPUIMTHUHT EHTHJI OCTOHHHHT
(UBUK-MEXaHUK XYyCyCHUSITIapura TabCUPUHHM aHUKJamra kaparwirad. [y
MyHOcabar OwjiaH eHrujl 0eToH HaMmyHaiapu Typiu HucoOariapaa (1%, 3% Ba
5%) nemeHT YpHUHM OOCyBUM MarepHall cudaruga ydyBuM Kyl Epramuja
taii€épnanran.( Academic Platform Journal of Engineering and Science 9-2, 302-
308, 2021) [7].

6. Mohammed Tijani, “KoHCTpYKTHB €HIrui OETOH MILTA0 YUKAPHIL YUYYH FOKOPH
XaXMIK yuyBun KynHu oupriamrupui (Incorporation Of High-Volume Fly Ash
To Produce Structural Lightweight Concrete)” .Ymby TagkukoTga KarTa
X@KMIard YUKUHAWIAp Ba KYyIIMMYa MaxcyjaoTiapiaH ¢oiiianianral XoJaa
KOHCTPYKTUB €HTWJI O€TOH WIiad YUKApUIl UCTUKOOIapu  KypuoO
apkunag. Aupuk  TYnaupyBun cubaTthaa WIIATHIAUTAH EHIHJI MaTephain
KCHTaUTUpWIITaH CJaHell Ba KEHralTHpWiraH kepam3uT ¢oigaaaHuIagu.
YukuHauIap Ba KyIMM4Ya Maxcyaomiap XaxMu 0yiinya IEeMEeHT YPHUHU 00CyBUN
ydyBYaH KYJIHHUHT KarTa Xaxxmugal (50% Ba 70%) nbopar 6ynran. Cukuwinnira
MYyCTaxKaMJIMK, OSTWIWINra MyCTaxkamjauk, 28 Ba 56 KyH JaBoMuia
KYPUTHITAH/Ia €JIACTUKIIMK MOAYJIM Ba KUPUIIIHIIN, IITYHUHTJEK, STHTH X0JIaTAaru
3UWIMK YYYH UYYKHUII Ba COJIMIUTHPMA OFUPIUK KaOW MEXaHMK XYCyCHSTIapu
Vpranwinagu. lllyHuHraex, MIIKagaHUIIra YUJAMIIAIUK, CyB HIMMYBYAaHIIHUK,
XJIOp MOHJIApHU KUPUIIINTA YAJAMIIAIINK, My3JIalll Ba dPUIITa YHIaMIHINK KaOu
YUAAMIIMIIMK Xycycustinapu ypranuiara. TapkuOuga 50% yuyBuaH Ky OyiraH
Oapua eHrun OeTOHJIAp MeEXaHWK XOCCAJTAPUHUHT eTapiu Japaxasa

MyCTaxKaMJIUTUHU KypcarraH. (A thesis submitted to the Graduate Council of
Texas State University in partial fulfillment of the requirements for the degree of
Master of Science with a Major in Engineering August 2021) [8].
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7.Seyed Navid Hashem Moniri, Fathoni Usman, “Kyn Ounan apanamtupuirad
eHrun kynukOeToH rumITHUHT xycycusariapu (Characteristics of Lightweight
Foamed Concrete Brick Mixed with Fly Ash)”. Ymly TaakukKoTHUHT acocuit
Makcaad y4yBYaH KYJUIM €HTHJI KYNUKIA OCTOHJAH TalépiiaHraH FUILITHUHT
CUKWIMIIIATA MYCTaxXKaMJINTH, OTWIWILIJArd MYCTaXxKaMJurd Ba CyB
MIUMYBYAHJIUTH KaOM MEXaHUK XyCyCHUATIapuHH OaxoyamgaH uoOopar.
Tapxubuma 10% yuysuan kyn Ba 10% kymuk Oynran HamyHanap 28 KyH CyBaa
KOTIaH/JIaH CYHI 3TWJIMII Ba CUKWJIUIIra €HI IOKOPU MYCTaXKaMIIMKKa Jesipiau 3
MIla Ba 9,1 MIla ra Moc paBumga spumraniaurd  a"nukiaasau.(“SSRG
International Journal of Civil Engineering” 2019-iiun,28-Mapr) [9].

8.IlaBmenko T. M,“Kyn Ba nuak-OeToHnmapHUHT sHTH TexHonorusicu (Hosas
TEXHOJIOTHS 30JI0IJIAKOBBIX 0€TOHOB)”. YOy TaJKMKOTAA KyJI Ba ILJIAKJIU O€TOH
UIuUIad YMKApUII SHIM TEXHOJOTHSUIAPUHM spaTuil. YIIOy TEXHOJIOTUK €YUM
OETOHHUHI MYCTaXKaMJIMTWHUA OLIMPHILNTa UMKOH Oepaau Ba UEMEHT capPuHU
kamatupuiarad. (BectHuk IlpuaHenpoBCKol TOCYIapCTBEHHOW —akaJeMUuu
CTPOUTENBHCTBA U apXUTEKTypbl, 2017, Ne3 (229-230) ISSN 2312-2676) [10].
9.By Kum 3uen, baxenoBa C.W, Taur Ban Jlam, “Tapkubuma muHepan
KyluMyanap, y4yBYaH KyJI,JJOMHAa NUIAK OYJiraH KYnmuK OCTOHHHHT MEXaHUK
Xycycusiiapuau sixumuiam (BiusHue mMuHepanbHbIX 100aBOK, JIeTyuel 307bl,
JIOMEHHOTO IIUIaKa Ha MEXaHMYEeCKHe CBOMCTBa meHoberoHa)”. Tamkuxkoraana
OpraHUuK-MHUHEPATHUHT OMPrajvKaard TabCupu 0axoJaHaau.

CP 50000 cynepruiactugukaTopiau Kymumuagap Ba (aoa  MuHepanl
KyluuMyanap - KyJ, nulak Ba MUKpokpeMHe3eH MK-90 kynukiau OeTOHHHHT
XyCycHusiTiapu Oyiinya apajaliMaJapHUHT HUCOAaTJapuHM  XHMCOOJIaHTaH.
TankukoTiap HaTHXKaJapy IIyHU KYpcaTaJuKy, OJIMHIaH ATUJIUILI Ba 00CUM Ky4u
KYTikiu 6eToH, Mmoc paBumga 0,526 nan 1,061 MIla Ba 1,69 nan 8,22 MIla raua
yarapran. (Kypnan "CtpourtenbctBo u pekoHcTpykius” 2020r). [11].

Ym0y ofMHraH TaJKUKOT HIIap TaXJIWIA Y4YyBYaH Kyl acocuja HILIad
YUKUAJTaH €Hruja OETOH KOpUIIMalapu Ba YJIapHUMIILIA0 YMKApUILA dHEPrus
caMapaIopJIMKHU OLIMPHUII XaMJa PECYPC TEKAMKOP TEXHAIOTHSUIAPHU SIPATUII
coxacuJa MXOOMIM HaTWKajmap OJMHTAHIUTHHU Kypcaraad. AMMO HCCUKJIHK
VTKa3MalauraH  eHruja  OCTOHJIApHUHT  (U3HK-MEXaHUK  XOCCaJapUHU
TaKOMUWJUTAIITUPUII Ba FOBAK Ty3WJIMalIM OETOHJIApra KyUIMJIaIuraH KUMEBUM
KyIMMuajgap yCTuAa eTapiuda WIMHNA TaJKUKOTIAp Ba TaxpuOa-CHHOBIAPHU

o0 OOpHUIIMaraHWHY TaCTUKIIAMIH.

\
\
\
\



https://omegajournals.org/

Omega Journal of Inclusive Education and Practice
ISSN (E): 3072-4694

Volume 01, Issue 02, May, 2026

Website: https://omegajournals.org

Licensed under a Creative Commons Attribution 4.0 International License.

TankukoT MeTononoruscu.VMICCUKIMK 3JIEKTp CTAaHCHSJIAPUHUHT KyJd Ba
uutakiapu (M9C) — KaTTUK EKWJIFUHUHT €HUIIA HATHXKACHIa MUHEPaT KOJIJIUK
xucoOmananu. Xap HuwiM yprada KyBBarra sra OWTTa d3JEKTp CTaHcusicH |
MUJUIMOH TOHHAraya Kyl Ba IUIaK YAKUHAWIAPU XOCHII OYiIaau, KyJd acoCHUiaru
EKWITHHU €KAIUTraH MCCUKJIMK DJIEKTP CTAHCHSCH 3Ca 5 MWUIMOH TOHHaraya
YUKUH]IA XOCUJI OYIaau.

Enrun 6etonnapra Kyin YaHTHHH KyIuiaMa cudaruaa KApUTUIIT OpKaI KyMHUHT
OMp KUCMHUHU aJIMAIITUPHUII Ba IIEMEHT capPuHU KaMaWTHPHUIIT MyMKUH. EHTHI
OeToHra Kymmumnaguran Kya Mukgopu  150-250 kr/m3 Ba yHIaH KYmnpok
onuHagu.Eurun O6eron tapkubura gucnepcaura  3000-4500 cm2/r Oynran
kymap 70-90 kr/m3 kyummiranja eHruia OSTOHHUHT CYB TaJlaOuaHIUTH aMmalia
yarapmaiinun. Kyn mukmopu 300 kr/mM3 Ba yHIaH OpTHK OyiraHja 3ca €HIUJ
OeTOHHUHT cyB TanaOuaniuru xap 50 kr kymra 5-6 % opragu. Kumésuit
TapkuOura Kypa €Kwiru Ky Ba nuiakaan noopar CuO2, A1203, ®e203, CaO,
MrO Ba Oomkaiapaan mOopaT Ba €HMaraH €KWJIFMHU XaM Y3 WYUra OJIau.
Euunru Kymu Ba LUIAKK HMIUIMK MO0 YMKAPMIIHUHT aTHTU 3-4% yuyH
WIUTATATIAAN.

VY4uyBuaH Ky MUKpOHHUHT yayuuapuaan 0,14 MM raga 6ynrad yigamaard €Hr
Maiiga 3appadaiap OynuO, ynap CHUKJIOHJIAp Ba €NEeKTPOGUATPIAPHHU TO3aJIalll
xKapaCHUaa TyIIaau, CYHTpa Kyid WuFrud EpraMuiia KypykK Xojaa axparud
onuHagu. Kyn 3appadaJlapyHUHT KYMUWIWTK IHAPCUMOH IIAKJITa Ba CUJUIMK
IMIIACUMOH F03ara era. TyTyH rasjapu OpKajld WYKOTHII >KapaéHHUaa Ky
arMocdepanu udnocianTupuid MyMKHH. K030H arperamiapuaa epurad Kyil
VTXOHA €KpaHJIapH, IIYUTIAap Ba OOIIKA €JIeMEHTIApHUHI TpyOanapu CUpTHUra
YTupuO, KyHraH mjIaKk MaCCaCUHH XOCHUJ KUJIa/IH.

Typnu xun EKWIFUIAPHUHT €HUINMJAH XOCWJ OYJraH Kyl acocaH KpEeMHH,
AJTIOMHHUHN, TEMHp, KaJICUI, MArHUM, KaJTui, HATPUM, TUTAH Ba OJITUHTYTYPT KaOH
Typiau XWJI eJEeMEHTIIAPHUHT OKCHAJapuaaH ubopar OynuO, OyTyH ngaBpuit
*KaaBaa Oyilyiad Typau Xuil €JIeMEHTIIapHU Y3 W4HUra oJui MyMKuH. Kumépuii
TapkuOU Ba CTPYKTYpaBHM XyCycCHsTJIapUra Kypa, Kyl-LIUIaK Marepuauiapu
IIMIIACUMOH, KPHUCTaJUl Ba OpPraHMK MaTepuajiapra OYJIMHMIIA MYMKHH.
HIumaciMOH KOMIOHEHTIIAp IOKOpU OOCUM TabCUPUIA XOCUIT OYIaIu.
Hccnkmuk 3reKkTp CTaHCHUSUIADUHUHT KyJIM Maiia aucriepce apaiamma Oyiuo,
acocaH  KylIpaHr Tycra  era.XoMmame€  MarepUaUIApUHUHT  aCOCHM

napameTpiapuaad Oupy yJIapHUHT TPaHYJIOMETPUK TapKuOuaup.Mukpoaucmnepc
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3appadajap MHUKJIOPUHUHI  KYNMaWWIIA  MAaTepUATHUHT  I[UIACTUKIIUTUHU
omupanu. llynnait kumu6, xoM amé Ky4aupok OOFJIaHUIIHNA HAMOEH KUJaau,0y
eca Talu€p MaxCyJIOTJIAPHUHT MYCTaXKaMJIMK XyCyCHUSTIapura W oOuil TabCcup
kypcaranu.bynnan  tamkapu, TpaHYJOMETPUK  TapKuO  MaTepUaTHUHT
afCcOpOCHMOH  XyCyCHUSATIApUHM  aHUKJIAllla MyXdM  axaMusarra  ora.
3appauanapHUHT yayamiiapu OViinda TaKCUMIIAHMII HaTwxKajgapu onuHrat.10%
rada Kyn (xaxxm Oyinua) guamerpu 11,53 mMkMm raua OynaraH 3appauajiapiaf
noopar. Kynmaunr 50% raya kucmunu auamerpu 71,11 MM rada Oyaran 3appainap
tamkun etagu.Kymauar 90% wnu aumamerpu 160,82 mxMm rasa Oynran
3appadajiap TallKWI €Tagu. J3appadajapHuUHr yprada pguamerpu 80,93
MKM.1000°C raua kuzgupuiaranaa wykorunuviap 5,2% HM TalIKWI STAU.
CkanepinoBuu enekTpoH Mukpockon (CEM) €pnamuia omuHTaH Ba Maiijia KyMUp
3appadajJapuHUHT aKCApUATH HOTEKHMC FOBAK IO3aM IIap Iakiauaa Oyiuo,
nrametpu 80 man 200 mukpomerprada. byHIaH Tamkapu, KHYUKPOK coxamiap
XaM MaBXyIJIUTH TabKUJIaHAIH.

Taakukot metamgonorusicu Kymumya cudaruna By Kum 3uen, baxenosa C.U,
Tanr Ban Jlam, “TapkuOuaa MUHEpan KyliuMuaaap, y4yBYaH KyJ,JOMHA IUIAK
OynraH KYNMUKOCTOHHUHT MEXaHWK Xycycusriapura sxmmnam (Brusaue
MUHEpaJbHBIX J00aBOK, JIETy4Yel 30JIbl, TOMEHHOTO NUIaKa HA MEXaHUYECKHUE
CBOMCTBa MEHOOETOHA)”. OYyiinua TaJAKUKOT WIUIApU KYpuO UYuKWiIagu. Ymioy
TAJIKUKOT METOAMKACUJAa OpPraHUK-MUHEPAJTHUHT OWprajiukgard TabCUpU
6axonanaau.CP 5000® (CunkPoan-5000) cynepriacTudukaTopiu KyummMyanap
Ba (aom MHMHEpand Kymumyanap - Kyj,lIjJak Ba MHUKpokpemHe3zeM MK-90
KYMUKJIM OCTOHHUHT XyCyCHSTIapHu Oyiinuya apajaliMalapHUHT HUCOATIapUHU
xucoOnanran. TaAKUKOTIIap HaTKalapy IIyHU KYpcaTaauKu, OJMHTAaH ATHIINII
Ba CUKWJIMIIITA OYJIraH MyCTaXKaMJIMK Ky4d KYTHUKIU 0eToH, Moc paBuiia 0,526
nan 1,061 MIlIa Ba 1,69 nan 8,22 MIIa raua y3rapras.

TanKUKOT-CHHOB TAAKUKOT yCy/ulapu. TaJAKUKOT HMIIJA WIUIATUIAIUTAH XOM
amé KBapll KyMH, Y4yBYHM KYJLIOKOpU TPaHyJalu JOMHA IUIAKH, MUKPOCUIIMKAT
Ba MOPTJICHLIEMEHT UIUIATHITaH. XaKUKui 3uwiry 2,66 r/cm3 Ba yiuamaaru
Jlo napécunan (Betnam) kBapu kymu Ymauamnapu 0,14 mMm nan 1,25 mm raua
Oyiran kBapll KyMH 3appajapu OETOH apajialiMallapy yuyyH HO3MK arperar
cudaruna onuHrad.bynnan tamkapu, Oy umiia Xakukui 3uaiurd 2,34 r/cm3
Oynaran Xai [IXOHr MCCHKJIMK €JIEKTp CTAaHCHSICMHMHI Y4YyBUM KyJIU

unuiaTwiral, Ba Kxoa 3aBomgmmaH XakMKdd 3uaiaurd 2,29 r/cM3  1oKopH
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rpaHyjialyd JOMHa IUakujgaH Qoimananwirad. byHnan tamkapu, Kymmmua
cudaruga OETOH apanamManapuaa Xakukuid suwmra 2,15 1/cm3  6ynran
mukpokpeMueseM (MK-90) wummmarwiran. TankukoTnapHu — YTKa3WIil — y4yH
nopmianauement (C) CEM U 42,5H onunrad."byT con" (Bernam) 3aBomauaa
unuiad yukapuwirad OynuO, yHUHT Xakukud 3uwidrd 3,10 r/cM3 ra TeHr
(bU3UK-KUMEBUMA 1-xanBanga

MarepuaniapHUHT XapaKTepuCTUKAJIApU

kentupuiras [11].

1->xagBan MarepuaiapHUHT PU3UK-KUMEBHUI XyCyCUSTIapy

Vpraua kumEBHit il 3YTEC JIin| MK-90
Tapkuou, % macc. (mement) | (yuyByaH Kyn) | (iomHa nuiaku) | (MHKPOKPEMHE3EM)
Si02 22,56 59,91 35,45 91,63
AlLOs 5,29 23,29 13,52 2,24
Fe O3 3,47 5,67 - 2,48
S0; - 0,49 0,14 -
K>O 0,61 - 0,28 -
Na,O 0,14 - - 0,56
MgO 2,01 1,45 7,89 -
CaO 63,37 1,68 40,88 0,52
TiO, = - 0,50 -
. ¥ 2,55 7,51 1,34 2,57
YMyMUi 3UHITHK, KI/M3 1100 850 830 760
Maxcyc cupt MaiinoHu, 3660 3980 4550 10150
cM2/T
* - §HMIIIATH WYKOTHIII

[Tnactudukanusiiopun  kymmmya cudaruga CP5000 (CunkPoan-5000)
cynepIuiacTU(puKaTopuaaH CP5000 cyB  capdunu
KamaThupaau. YHUHT Xapoparaaru 3uaiaur 25+5°C na 1,1 r/cm3ra TeHr Oynras.

dbolgananuITaH.

CynepractTuukaTopHUHT  onTUMan jgo3acd  1,5% HM  Tamkuia eraau
MOPTIAHIIIEMEHTHUHT OFUPJIUTUA OeTOH Kopuiimaiapuaa cyB capdunau 30% ra
KaMaTUpUIIT UMKOHUHU Oepaau.FoBakiau Ty3uiaMaHU SpaTHIl YUYyH XaKUKUN
suanurd 1,02 r/cm3 ra tenr 6ynran EABASSOC (E-A-B Associates Bayley-
Edge Ltd. Anrms) kYUK XOCHJI KWJIYBYM UIUIATWITaH. YOy TaaKUKOTIapaa
kynuk xocun kunyBun EABASSOC cyB Owman  2,5%  HucOarna
cytontupwian. KYymukHUHT  OapKapopiuru KaOu  KYNMUK  XOCHJI  KWJIMII
XyCycHusiTiapu ycyn Ommnan 6axomananu.lOkopu Te3nukaa apaiamTUupUIl yIyH
100 mn xaxmmu EABASSOC (2,5%) kynuk XOCWJI KWJIYyBUYM MOJIJAHU
3aHIIaMaiurad nyaataad tai€épaanrad 300 Ml XaXXMIIM WIUIITa COIUHAIU Ba
10000 aiin/mun Tesnukma 10 makuka JaBOMHAA MAppakid apalalliTUPrAyaa
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apamamtupmwiand. Kynuk ymaoB kombacura (200 mu1) yTKa3wigd Ba IapXoi
KYIUK XaXMU yiyaHau [11].

EABACCOC kynuk XOCHJ KWIYBUUCUHUHI CHHOB HaTWKaJIapu 2-KaaBaliia
KEJITHPHUIITAH.

2-xanBan KYnukim Xocuin KUyBYMHHE Oaxosall TeCTH

XaxMuil MaccaBuii 3UWIHK (T/71) 45
Tect BakTH (coar) 1 2 3
Kymuk xocu 6yiwm 6apkapopsuru (%) 92 76 65

CuHoBnaH yTkazwiraH Oapya O0eToH HaMyHanapuHUHT 3udiaura 900 kr / m3,
3UYJIUTH €ca

TaHJIAHTaH KYIUKIU OETOH KOMIO3ULIUJIAPUHUHT KaTTUKJIAIITUPUIITaH X0JIaTaa
cukuinmy 7,5+ 10 Mlla vy tamkun ety beToH apanammanapHUHT TApKUOWHU
xucobmaniia KyluJaru Koujanap xucoora OJIMHIaH:
CynepriacTUKJIAIITUPYBUMCH3 KYNUKIM OETOH apajamMaiapd Y4yH CyB-
nemeHt Hucbatu W/C=0,5% Oynumm kepak.Tagkukornap HaTWKacuia
apajamManap ydyH cynepruiactudukaropiu  kynukiu - 6eron  CP5000
B1/11=0,25% skannuru anuknanan.HazopaTr Tapkubau Kynuk OETOH HaMyHacu
(Ku-1) muHepan KymMMyajgapHM Y3 WYWra oiamaiam (ydyBYaH Kyll, FOKOPH
rpaHyjiaqd JOMHA UUIAKHM, MHUKPOKPEMHE3€M) Ba CylepIuiacTUPUKATOP.
Kymukmm 6eron Ko6-2 Ba K6-3 xomnosunusutapuaa W/(LI+MK-90)=0,5% Ounan
30% kyMHH Maccacu OyiiM4a aaMaIlITHPUII YYyH JOMHA IUIAK Ba y4yBYaH Ky
unpatwirad. Kynukmm 6etron K6-4, K6-5, K6-6 Ba K6-7 Tapkudura CP5000
cynepruiacTukiaamTupyBun Ba 10% 1ieMeHT YpHUHU 00CYyBUYM MHUKPOKPEMHE3ZEM
MK-90 nnmatunrad. bynaan tamkapu, ymly KOMIO3ULUATIAP OFUPIUK OYViinda
30% Ba 100% xymuau anmamrrupuin yayH I (momua mutaku) Ba 3Y (ydyBuaH
Kyn) naH oiinananradn. Kynukimn 6eToH apaianiMaiapHUHT KOMIIO3UIIUSIIApHU 3 -

JKaJBaiaa keatupwirad. [11].
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3-xaaBan Kynukiau 6eToH KOpUlIMaTapuHUHT TapKUOU.

n/m B/ JUIT 3V/11 SR5000/11 MK-90/11 i Ky
(Cys/ueme (momHa (YayBuan (SR5000/mem | (Muxpoxkpe (emeHT) (xymmK)
HT) IITaKU/KYTIAK) KYJI/KYTIVK) €HT) MHe3eM/IieM
€HT)
K6-1 (nazopar 0,5 - - - - 350 375
HaMYHAacH)
K6 -2 0,5 - 0,3 - - 350 263
K6 -3 0,5 0,3 - - - 350 263
K6 -4 0,25 - 0,3 0,015 0,1 315 345
K6 -5 0,25 0,3 - 0,015 0,1 315 345
K6 -6 0,25 - 1,0 0,015 0,1 315 -
K6 -7 0,25 1,0 - 0,015 0,1 315 -
/i SR5000 | JIUI (momua 3V MK-90 B B* Ky (m?)
(SR5000/ | mumaku/KymuK) (YuyBuan (MuxpokpeMH (cyB) (cyB) (xynuK)
IIEMEHT) Ky1/ KYIIUK) €3eM/IIEMEHT)
Kau-1 (mazopar - - - - 175 175 0,571
HaMYHAacCH)
K6 -2 - - 113 - 175 186,3 0,565
K6 -3 - 113 - - 175 197,6 0,564
K6 -4 5,25 - 113 35 88 98,8 0,612
K6 -5 5,25 113 - 35 88 110,1 0,611
K6 -6 5,25 - 458 35 88 133,3 0,594
K6 -7 5,25 458 - 35 88 179,1 0,590

Kypyk xonarna nopmiaHALEMEHT, KyM, YUyBYaH KyJl, FOKOpPH I'paHyJiajid JOMHA
HIUTAKA Ba MUKpOKpeMHe3eM "MacrtepMux" apanmamrupruunra conuHaau Ba 50
20°C xapoparnma | pmakukagaH 3 jmakukKaraya
apajalmTUPWIaId KeHHUH CYB Ba cylepruiacTuukaTtop KyIIwiaan Ba 2 JaKuKa
napomuga apanamrupwian.by Baktna EABACCOC kynumk Xocwil KWIyBYH

allJl/MUH ~ TE3JIMKIA

reHeparopra ys3atwimb Typwiagu. [eHeparop Epaamuaa KYmuK OETOH
nypKajiagu Ba 1 JTaKUKa

apaylallTUPIIIATIU. ApaaliTAPUWITaHaH CYHT AapX0Jl KYMHUKIN OCTOH KOJHUIITa

apajamTuprayra JaBOMU/1a
KyWmiu Ba 24 coar 1aBOMHJIa CTaTUK XojlaTAa yuuiad Typuiaau.

I'OCT 12730.1-78 ( BeTOHHUHHT 3UWIMKHU aHUWKJAII yCy/ulapu) Tajabiapura
MyBopuK 150x150x150 MM ynauamparu KyO HaMyHalapHH CHHAIl OPKajld
aHukJaHa . Kynukin OETOHHMHI CHUKWIMILITa OYJAraH MYCTaXKaMJIUK Ky4H
(MIla) 1, 3, 7, 14 Ba 28 cyTkanapna aHUKJIaHAIW, [Ty OwWsiaH Oupra KYmUKIU
OeTOHHMHT srunuimira Oynran wmycraxkammuk kyun (MlIla) 100x100%400 mm
Vayamaaru HamyHajgapuaa aHukianras [11].

Taxnun Ba Hatwxkanap. TapkuOuaa NOpTIAHIUEMEHT, KyM, yUyBYaH Ky, FOKOPH
rpa”Hyiaid  JIOMHa CP  5000D

[UJIaKK,  MUKPOKPEMHE3eM  Ba

cynepruiactudukaropu Oyiaran kynuk O0etoH HamyHanmapu 1, 3, 7, 14 Ba 28
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CyTKajapJa eTWIMII Ba CHUKWIMIIra OylraH MyCTaxKaMJIMK 4Yerapanapu
AHUKJIAHTaH. AHUKJIAHTaH HaTuxkanap 4-xaaBaiga KeITHPUITaH.

4-)xanBan Kynukiy 6eTOH KOpUIIMAIAPUHUHT TapKUOU

n/m SUdITHK 1-3-7-14-28 kyHIuK 28 KyHJIMK STHIUIIIArd
(xr/™m?) CHUKWJINIIAATH MYCTaXKaMITHK mycTtaxkamiuk (Mlla)
(MIla)
1 3 7 14 28
K6-1 (nazopar 855 0,54 | 1,03 | 1,1 | 1,38 | 1,69 0,526
HaMyHacH)
K6 -2 861 0,49 | 1,17 | 1,37 | 1,87 | 2,46 0,578
K6 -3 866 0,65 1,23 1 1,69 | 2,5 | 3,23 0,631
K6 -4 848 1,66 | 3,61 | 4,12 | 501 | 5,53 0,787
K6 -5 852 1,77 | 4,01 | 4,58 | 5,55 | 591 0,841
K6 -6 836 2,47 | 6,76 | 7,76 | 8,07 | 8,22 1,061
K6 -7 841 2,38 | 6,37 | 7,14 | 7,68 | 7,89 1,034

beton HamyHanmapyuHUHr 28 KyHJIMKAA OTWIMIIAArd MYCTaxKaMJIMK —Ba
CUKWIMIILJIATA MyCTaxKaMJIMK KuiMaTiapu KyH aasomuzaa 0,526+1,061 Mlla Ba
1,69+8,22 MIla opanuruga Oynaau. bapua HaMyHaJapHUHT 3UWIMIH KYPYK
xonaraaru Kynukiau 6etoH (W = 0%) xucoobuit Hamiuk 3uwarugad (W =100%)
0ymm6, 900 kr/mM3 Hu Tamkua etaay [11].

Xynoca ypHHAA IIyHU AUTUII MYMKHHKH, CAaHOAQT KOPXOHAJIApW YMKUHIUIAPH,
XyCyCaH, METaJUTYpIusl LUTaKIapuiad OETOH TYIAUPYBUMIIAp UILIA0 YUKAPUILIA
¢doiiganaHuil HaTWKacUIa MIUIA0 YMKApWIAETraH TYJIIUPYBUYM Ba MEHIWI
OCTOHHUHI TaHHApXW KaMasIWd, YUKUHIWIAp TallWIl, YJATU3AlUS KAJIUII
XapaXkaTjJapuHu KaMaluiuura, arpo) MyXUT Ba €KaJIOrus TO3aJUrura
SPUIINAIAIN, KOPXOHAHMHI HMKTUCOMUETH YCHINM TabMUHIAHAIU.bus Kkypuo
yrran By Kum 3uen, baxenoBa C.M, Tanr Ban JlammapHMHT TaaKuKOT
unutapuga Ko6-6, K6 -7 (8,22 Mlla Ba 7,89 MIla) Tapkubiu KymuKOETOHHUHT
CUKWIMIIIATK MYCTaXKaMJIMTH OyiiM4ya IOK KyTapa OJUIl XyCyCUSTIIApU aH4a
AXIIM HaTHXKa OepraH Ba Oy HaTHKajap OMJIaH MOC paBUIIa KEPAMUK FUILITHUHT
MycTaxkamiauru (>7,5 Mlla) Ounan TakkociaHaau, Oy eca FUILITHUA KYTUKOETOH
OnokJapra aaMalITUPUII UMKOHMATH siparanu.byngan xypuHu® TypyOauku
caHOaT KOpXOHajapW YMKWHIWIApPU KYLIraH XoJIaTAa XaM ap30H XaM
MyCTaxXKaMJIUTU Oyinya SIHTM KypWJIHII MaTepuaUIapUHU SpaTUll HMKOHU

oepanu.
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