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ICHKI DEVORLAR UCHUN PAZ-GREBENLI FIBROPENOBETON PLITALAR:
O°‘ZBEKISTON QURILISH SOHASIGA MOSLASHTIRILGAN TEXNOLOGIYA VA
UNING TEXNIK-1QTISODIY BAHOSI

mustaqil tadgigqotchi G. Dosjanova

Qoragalpoq davlat universiteti
e-mail:
ORCID:
(Qabul qilindi 03.09.2026 v.)

Annotatsiya: Magqolada O ‘zbekiston uy-joy qurilishida ichki devorlar uchun avtoklavsiz
fibropenobetondan tayyorlangan paz-grebensimon plitalardan foydalanish imkoniyati ko ‘rib
chigilgan. Mahalliy sharoitga moslashtirilgan yondashuv portlandsement, kvars qumi, karbonatli
mineral kukun, ko ‘pik hosil qiluvchi modda hamda 0,2% hajmiy polipropilen va 0,4% hajmiy bazalt
tolasidan iborat gibrid armaturadan foydalanishga asoslanadi. O ‘rtacha zichligi 1200 kg/m? gacha
bo ‘lgan 600 x 300 x 80 mm o ‘Ichamdagi plitalar havo shovqinini izolyatsiyalash indeksining 43 dB
bo ‘lishini, siqilishga mustahkamligining B2,5 dan past bo ‘Imasligini va sotuvga chigarishdagi
namligining 25% dan oshmasligini ta’'minlaydi. Xarajatlar tahlili shuni ko ‘rsatadiki,
optimallashtirilgan tarkibning xomashyo tannarxi fagat polipropilen tolasiga asoslangan zavod
tarkibiga nisbatan taxminan 14,5% ga arzonroq. Shuningdek, O ‘zbekiston sharoitida devor
qalinligining yupqaligi, 1 m? ning vazni mo ‘tadilligi, yong ‘inga chidamliligi va avtoklavsiz kichik
avtomatlashtirilgan liniyalarda ishlab chigarish imkoniyatining mavjudligi muhim ahamiyat kasb
etadi.

Kalit so“zlar: paz-grebensimon plita, fibropenobeton, ichki devorlar, tovush izolyatsiyasi,
iqtisodiy samaradorlik, mahalliylashtirish, O ‘zbekiston.

Almomauu}l. B cmamuve pacemomperHa 603MOANCHOCMb NPUMEHEHUA na302p66Heeb1x nium us
HeasmoKiasHo2o (hubponenobemona 0/ HYMpeHHUX nepe2opoOOK 8 HCUTULWHOM CIPOUMETbCIEe
Vsbexucmana. Jloxkanuzoseannviti nooxoo0 OCHOEAH HA UCNONIL306AHUU nopmﬂaHdueMeHma,
Keapueeoco necka, Kap60HCln’IH020 MUHEPAIBHOCO NOpOoUlKa, neH006pa306amerﬂ u 2u6pudH020
apmuposanus 0,2% 06. nonunponunenosou + 0,4% 06. 6azanvmosoii udpsi. Ilnumer pasmepom
600 x 300 x 80 mm npu cpeoueti nromnocmu oo 1200 xe/m> obecneuusarom uHoeKc u30aAAYUU
8030yuHo2o wyma 43 ob, npounocms npu cocamuu He nudice B2,5 u omnycknyto énrasicnocmo He
eviute 25%. Pacuem 3ampam nokasvleaem CHUMICEeHUue Cblpb€6‘01/vl cmoumocmu onmumMusuUpoBarHOco0
cocmasa npumepHo Ha 14,5% no cpagnenuro ¢ 3a600CKUM COCMABOM HA OOHOU NOIUNPONULEHOBOU
Quobpe. Jlnsa ycrosuii Yzbexucmana cywecmeenHvl maxdce MAaids MONWUHA NepecOPOOKU,
YMeperHas macca 1 MZ, Hecopruyecmb U 603MOIHCHOCHb np0u360()cm6a Ha HebonbuUX
asmomamu3upoBarHblX TUHUAX 0e3 a6MmoKIa6o0s.

Knrouegvie cnosa: nazocpeonesas niuma, pubponenobemon, 6HympenHue nepecopooxiu,
36YKOU3OJIAYUA, IKOHOMUUECKAA 3d)gb€Kmu6HOCMb, JoKaauzayus, Vsabexucman.

Abstract: This article examines the feasibility of using non-autoclaved fiber-reinforced foam
concrete tongue-and-groove blocks for internal partitions in residential construction in Uzbekistan.
The localized approach is based on using Portland cement, quartz sand, carbonate mineral powder,
a foaming agent, and hybrid reinforcement of 0.2% vol. polypropylene + 0.4% vol. basalt fiber.
Blocks measuring 600 x 300 x 80 mm with an average density of up to 1200 kg/m3 provide an
airborne sound insulation index of 43 dB, a compressive strength of at least B2.5, and a release
moisture content not exceeding 25%. A cost analysis shows a reduction of approximately 14.5% in
the raw material cost of the optimized composition compared to the factory composition using only
polypropylene fiber. Also significant for conditions in Uzbekistan are the partition's thin profile,
moderate weight per m2, non-combustibility, and the possibility of production on small, automated,
non-autoclave lines.

Keywords: tongue-and-groove block, fiber-reinforced foam concrete, internal partitions,
sound insulation, cost-effectiveness, localization, Uzbekistan.
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Kirish
Zamonaviy turarjoy binolaridagi ichki to‘siq devorlar bir vaqtning o‘zida bir nechta vazifani
bajarishi lozim: me’yoriy tovush izolyatsiyasini ta’minlash, qavatlararo yopmalarga ortiqcha yuk
tushirmaslik, tez montaj gilinish va foydalanish davomida o‘z geometriyasini saqlab qolish.
O‘zbekiston uchun bu talablar qatoriga seysmik omil ham qo‘shiladi: yuk ko‘tarmaydigan
elementlarning o‘z og‘irligi qanchalik kam bo‘lsa, binoning yuk ko‘taruvchi tizimiga tushadigan
qo‘shimcha og‘irlik ham shunchalik kamayadi. Shu bois mahalliy xomashyodan ishlab chigarish

mumkin bo‘lgan yengil va yonmaydigan materiallar katta qiziqish uyg‘otmoqda.

Gipsdan yasalgan paz-grebli plitalar aniq geometriyasi va montaj tezligi tufayli keng
targalgan, biroq bir xil galinlikda ular namlikka chidamliligi va tovush izolyatsiyasi bo‘yicha
boshga materiallardan ortda qoladi. Gazobeton bloklari yengilrog, lekin havo shovginidan
himoyalashning qiyosiy ko‘rsatkichiga erishish uchun to‘siq devorni ancha qalinroq qilishga to‘g‘ri
keladi. Beton, keramzitbeton va silikat toshlar mustahkamlikni ta’minlasa-da, devorning 1 m?
massasini oshiradi va qurilish maydonida ularga ishlov berishni murakkablashtiradi.

Fibropenobetondan ishlangan paz-grebli plitalar bu borada oraliq o‘rinni egallaydi: material
ancha yengil, yopiq g‘ovakli tuzilishga ega, oson ishlov beriladi va armaturalanganda cho‘kish
yoriqlariga nisbatan ancha chidamli bo‘ladi. Avtoklavsiz texnologiya ishlab chiqarishni ixcham
liniyalarda tashkil etish imkonini beradi, bu esa O‘zbekistonning viloyat qurilish bozorlari uchun
juda qulaydir.

Ushbu magolaning magsadi — mustahkamlik, cho‘kish, akustika va xomashyo sarfi bo‘yicha
tajriba ko‘rsatkichlariga asoslanib, ichki to‘siq devorlar uchun mo‘ljallangan fibropenobeton paz-
grebli plitalarni  mabhalliylashtirishning  texnologik magsadga muvofigligi va iqtisodiy
samaradorligini baholashdan iborat.

Obyekt sifatida o‘rtacha quruq zichligi 1200 kg/m* gacha bo‘lgan, o‘lchami 600 x 300 x 80
mm bo‘lgan fibropenobetondan yasalgan to‘siq paz-grebnik plitalari gabul gilingan. Asosiy tarkibi
portlandsement, kvars qumi, mineral kukun, ko‘pik hosil qilgich va dispersli fibradan iborat.
O‘zbekiston sharoitida mahalliylashtirish uchun sement qismini mahalliy sement zavodlari, qumni
— yuvib va elakdan o‘tkazilgach — Kkaryer va daryo manbalari, mineral kukunni esa tosh
maydalashning karbonatli otsevlari hisobidan ta’minlash mumkin.

Ishlab chigarish sxemasi avtoklavlashni talab etmaydi. Aralashma penobeton aralashtirgichda
qurug komponentlar, suv, ko‘pik va tolalarni me’yorlab solish orqali tayyorlanadi. Aralashtirilgach,
gorishma metall qoliplarga quyiladi va u yerda paz-grebnik buyumning aniq geometriyasi
shakllantiriladi. Qotish jarayoni issiglik kamerasida yoki yopiq holda saglash zonasida amalga
oshiriladi, shundan so‘ng plitalar qolipdan olinadi, poddonlarga taxlanadi, plyonka bilan o‘raladi va
sotishga ruxsat etilgan namlik darajasiga yetguncha saglanadi.

Texnik-igtisodiy baholash ikki bosgichda amalga oshirildi. Birinchisi — fibropenobeton
plitalarning ekspluatatsion xossalarini gipsli, gazobetonli, keramzitbetonli, betonli va silikatli to‘siq
buyumlari bilan taggoslash. Ikkinchisi — hajmining 0,6% ini tashkil etuvchi polipropilen fibrali
tarkibdan hajmining 0,2% i polipropilen va 0,4% i bazalt fibrasidan iborat gibrid tarkibga o‘tishda
xomashyo tejamkorligini hisoblash. Dastlabki ma’lumotlardagi pul qiymatlari hisoblama indekslar
sifatida foydalanilgan: O‘zbekistondagi real loyiha uchun ular sement, qum, mineral kukun, fibra va
ko‘pik hosil gilgich bo‘yicha mahalliy tijoriy takliflar asosida qayta hisoblab chiqilishi kerak.

Akustik yaroqlilik shovgindan himoya qilish bo‘yicha milliy talablarning dolzarblashuvini
hisobga olgan holda ko‘rib chiqildi. Turar joy va jamoat binolari uchun nafaqat laboratoriya
indeksining giymati, balki tutashuvlarning sifati ham muhim: elastik tovush izolyatsiyalovchi
qistirmani qo‘yish, to‘siqni yuk ko‘taruvchi devorlar va qavatlararo yopmaga to‘g‘ri ankrlash,
choklarni bo‘shliglarsiz kley bilan to‘ldirish lozim.
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Mahalliylashtiriladigan pazogreben plitasining texnik tavsiflari

1-jadval.

Fibropenobetonli paz-grebensimon

ShgEsataty plitaning ahamiyati
Mabhsulot o‘lchami (mm) 600 x 300 x 80
Quruq holatdagi o‘rtacha zichlik, kg/m? do 1200

Sigilishga mustahkamlik sinfi

past emas B2,5

Sovugbardoshlik markasi

past emas F25

Havodagi shovqginni izolyatsiyalash indeksi, dB

past emas 43

Suvga chidamlilik

0,9

Yuklab jo‘natishdagi namlik, %

yugoriroq emas 25

Yonuvchanlik darajasi

NG

Keng targalgan materiallar bilan taqqoslaganda, qalinligi 80 mm bo‘lgan fibropenobeton plita
1 m? vazni taxminan 96,9 kg bo‘lgan holda havo shovqinini izolyatsiyalashda 43 dB ko‘rsatkichga
erishishi ma’lum bo‘ldi. Akustik xususiyatlari bo‘yicha u o‘zi bilan bir xil qalinlikdagi gidrofob
gipsli paz-grebensimon plitadan ustun turadi va shu kabi vazifani bajaruvchi gazobeton to‘siq bloki
singari galinlikni 150 mm gacha oshirishni talab etmaydi.

2-jadval.
Ichki devorlar uchun materiallarni giyosiy tahlili
] . Fibropenob .. . Gazobeton Keramzitbeto I -
Ko‘rsatkich ctonli PGP Gipsli PGP blok n bloki Beton toshi |Silikat blok
O‘lchami (mm) | 600x300x80 900x300x80 625x250x150, 500x188x80 | 500x188x80 |500x250x80
Ortacha zichlik, | 150 1200 600 1400 1600 1850
kg/m?
Sigilishga
mustahkamligi, 3,6 5,0 5,0 6,5 6,5 13,1
MPa
Eng kam qalinlik, 80 80 150 80 80 80
mm
Shovqginni yutish
indeksi, dB 43 39 43 43 44 43
1 m? massasi, kg 96,9 99,9 90,2 113,4 134,4 148,0
Yelim yordamida xa xa xa 0 o 0
montaj gilish yoq yoq yoq
Yelim/gorishma 2.0 2.0 3.7 72 72 14
sarfi, kg/m?
Dastlabki narx
indeksi, shartli 5550 8700 3700 5600 5300 7500
birlik/m?
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To'sig devor materiallarining massasi va akustik ko‘rsatkichlarini solishtirish
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1-rasm. To‘siq materiallarining massasi va akustik ko‘rsatkichlari.

Vazni bo‘yicha fibropenobeton gazobetondan yengilroq, biroq to‘siqdevorining yupqaroqligi
va montaj yelimi kamroq sarflanishi hisobiga yutadi. Kvartira loyihasida bu amaliy samara beradi:
devor galinligi 80 mm bo‘lganda ham foydali maydon tejaladi, montaj ishlari esa qorishmaga
teriladigan g‘isht yoki toshlarga nisbatan tezroq va ozodaroq bajariladi. Seysmik hududlardagi ko‘p
qavatli qurilishda uning afzalligi beton va silikat to‘siq bloklariga qaraganda inshootga tushadigan
yuklamani kamaytirishi bilan ham bog‘liq.

3-jadval
Zavod va optimallashtirilgan tarkiblar uchun xomashyo sarfini taggoslash
Korsatkich 0,6% pglipropilen -tolasidan Gibrid tarkib: 0,2% PP + 0,4%
iborat tarkib BZ
Sement, t/m?3 0,475 0,300
Mineral kukun, t/m? 0,205 0,300
Qum, t/m? 0,400 0,480
Ko‘pik hosil giluvchi modda, 1/m3 1,500 1,500
Polipropilen fibra, kg/m? 5,460 1,820
Bazalt tolasi, kg/m? - 11,200
Xomashyo tannarxi indeksi 100% 85,5%
Xomashyo tejamkorligi - taxminan 14,5%

Fibropenobeton tarkibini o'zgartirishning iqtisodiy samarasi

100.0%

100 A

80 A

60

40 A

20 A

Xom ashyo xarajatlari indeksi, %

Zavod tarkibi Optimallashtirilgan tarkib

2-rasm. Gibrid armaturaga o‘tishda xomashyo xarajatlari indeksining pasayishi.
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Takomillashtirilgan tarkib nafaqat cho‘kishni kamaytiradi, balki xomashyo tannarxini ham
pasaytiradi. Dastlabki hisob-kitoblarga ko‘ra, 0,6% polipropilen fibrasi bo‘lgan tarkibdan 0,2% PP
+ 0,4% BF tarkibiga o‘tish 1 m? uchun hisobiy xarajatlarni 3559 dan 3042 shartli birlikkacha, ya’ni
taxminan 14,5% ga kamaytiradi. Yillik quvvati 7200 m* bo‘lgan liniya uchun bunday samara
sezilarli yillik tejamkorlikka teng keladi. O‘zbekiston sharoitida mutlaq qiymat sement, bazalt
fibrasi va mineral kukunining mahalliy narxlariga bog‘liq bo‘ladi, ammo tarkibning nisbiy afzalligi
sement sarfining kamligi va ikki turdagi tolaning samaraliroq ishlashi hisobiga saqlanib goladi.

Paz-grebnli fibropenobeton plitalar texnologiyasi hududiy zavodning ishlab chigarish
modeliga yaxshi mos tushadi. Uskuna avtoklav liniyasidan ixchamroq, qimmatbaho bug*
avtoklavini talab qilmaydi va vyirik qurilish maydonlari yaginida joylashtirilishi mumkin.
O‘zbekiston sharoitida bu transport xarajatlarini kamaytiradi hamda tuman bozorlarini to‘sin
(devor) materiallari bilan ta’minlashni osonlashtiradi.

Asosiy texnologik xavf-xatar plitalarning barvaqt qurib qolishi bilan bog‘liq. Issiq havoda
yangi quyilgan plitalarning ochiq sathi tezda namligini yo‘qotadi, tsement qorishmasi esa hali
yetarlicha pishiqlikka ega bo‘lmaydi. Shu sababli ishlab chiqarish reglamentida plitalarni yopiq
sharoitda qotirish, poddonlarni gadoqlash yoki plyonka bilan o‘rash, jo‘natishdagi namlikni 25%
dan oshirmaslik va to‘g‘ridan-to‘g‘ri quyosh nuri tushmaydigan joyda saqlash kabi choralar ko‘zda
tutilishi lozim. Bu tadbirlar, aynigsa, yozgi iglim namlikning bug‘lanishini keskin tezlashtiradigan
Farg‘ona vodiysi, Qashqadaryo, Surxondaryo va boshqa hududlar uchun muhim ahamiyatga ega.

To‘siq devorning akustik ko‘rsatkichlari faqat materialning o‘zigagina bog‘liq emas. Agar
to‘siq devor va yuk ko‘taruvchi konstruksiya o‘rtasida elastik qistirma bo‘lmasa yoki choklar zich
to‘ldirilmagan bo‘lsa, binodagi haqiqiy shovqin izolyatsiyasi laboratoriya ko‘rsatkichidan past
bo‘ladi. Shuning uchun material bilan birga konstruktiv yechimlar albomi ham taqdim etilishi
kerak. Unda devorlarga mahkamlash, plitalarni shiftga tutashtirish, ichki burchaklarga ishlov berish,
choklarni armaturalash va yelim choklariga qo‘yiladigan talablar ko‘rsatiladi.

Seysmik jihatlar ham puxta detallarga e’tibor berishni talab giladi. Paz-grebnli plitalar yuk
ko‘tarmaydigan elementlar hisoblanadi, biroq ular binoda gorizontal tebranishlar ta’sirida oz
tekisligidan chigib ketmaydigan darajada mustahkamlanishi kerak. Fibropenobetonning silikat va
beton bloklarga nisbatan yengilligi inersion yuklamalarni kamaytirsa-da, konstruktiv birikmalar va
tirgishlar loyihachi tomonidan amaldagi me’yorlarga muvofiq belgilanishi lozim.

Mahalliy sanoat uchun nafaqat retsept, balki sifat nazorati tizimi ham muhim ahamiyatga ega.
Ish boshida qum va mineral kukun donadorligi, sementning faolligi, ko‘pik hosil giluvchi modda
konsentratsiyasi hamda fibra tolasining haqiqgiy uzunligi nazorat gilinadi. Tayyor mahsulotning esa
o‘rtacha zichligi, namligi, mustahkamligi, tirnoq-paz birikmasi geometriyasi va ko‘zga ko‘rinadigan
cho‘kish yoriqlari yo‘qligi tekshiriladi. Bunday yondashuv bilan ushbu material gips plitalar va
og‘ir qurilish toshlari orasidagi o‘rinni egallashi mumkin.

Xulosa

Qalinligi 80 mm bo‘lgan paz-grebnevli fibropenobeton plitalardan O‘zbekistondagi uy-joy
qurilishida ichki to‘siglar uchun foydalanish mumkin, buning uchun ovoz izolyatsiyasi,
mahkamlash va montaj sifatiga oid talablarga rioya etilishi shart.

Hajmiga nisbatan 0,2% polipropilen va 0,4% bazalt tolasi qo‘shilgan mahalliylashtirilgan
tarkib kam cho‘kish, yetarli mustahkamlik va sement sarfining kamayishini birgalikda ta’minlaydi.

Gipsli paz-grebnevli plita bilan taggoslaganda, fibropenobeton mahsuloti ayni galinlikda
havoda tarqaladigan shovqinni izolyatsiyalashning yuqoriroq indeksini ko‘rsatadi; beton va silikat
toshlariga garaganda esa yengilrog va qurilish maydonchasida oson ishlov beriladi.

Optimallashtirilgan retsepturaning iqtisodiy samarasi xomashyo xarajatlarining taxminan 14,5
foizga kamayishida ifodalanadi. O‘zbekistonda sanoat miqyosida joriy etish uchun mutlag
giymatlar mahalliy narxlar bo‘yicha hisoblanishi kerak, biroq tarkibning nisbiy samaradorligi
dastlabki tajriba ma’lumotlari bilan tasdiqlanadi.

Texnologiyaning ishonchliligi uchta shartga bog‘liq: qorishmaning barqaror g‘ovak
strukturasiga, ikki turdagi tolaning bir tekis taqsimlanishiga hamda qolipga solingandan so‘ng
birinchi sutka davomida himoyalangan rejimda gotishiga.
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Annotatsiya: Ushbu magolada O zbekistonning quruq va issiq iqlim sharoitida energiya tejamkor
bino va inshootlar qurilishida keng qo ‘llanilayotgan ko ‘pikbetonlarning turli xildagi armaturalar
(metall va kompozit) bilan tishlashish mustahkamligi tadgiq etilgan. Tajribalarda mahalliy xomashyolar
— Ohangaron va Quvasoy sementlari, Ohangaron qumi hamda mahalliy ko ‘pirtirgichlar asosida
tayyorlangan D700 va D900 zichlikdagi ko ‘pikbetonlardan foydalanilgan. Davriy profilli po ‘lat
armatura (A400 va A500C) hamda shisha-plastik kompozit armaturalarning (ASK) ko ‘pikbeton bilan
tishlashish tabiati va siljish xarakteristikalari pull-out (sug‘urib olish) usuli orgali aniglangan.
Natijalar jadvallar va grafik bog ‘ligliklar shaklida umumlashtirilib, amaliy tavsiyalar ishlab chigilgan.

Kalit so‘zlar: Ko ‘pikbeton, tishlashish mustahkamligi, sug‘urib olish sinovi, davriy profilli
armatura, kompozit armatura, siljish, deformatsiya, energiya tejamkorlik.

Annomayun: B Oannoili cmamve uUCCIe008aHA NPOYHOCMb CYENJeHUs PA3IUYHbIX U008
apmamypuvl  (MEemaiiuyeckol U KOMNO3UMHOU) ¢ NeHOOEeMOHOM, WUPOKO NPUMEHAEMbIM Npu
cmpoumenbcmee dHeP2oIPHEKMUBHbIX 30aAHUL U COOPYIHCEHUTI 8 YCIOBUAX CYX020 U HCAPKO20 KAUMAMAa
Vibexucmana. B sxcnepumenmax ucnoawv3osanucst neroboemonwvt niomuocmoio D700 u D900,
U320MOGNEHHbIE HA OCHOBE MECMHO20 Cblpbi — yemenmos u3 Axaneapana u Kyeacas, axaneapanckozo
necka u MecmHulx nemoobpasoeameneu. Xapakmep cyenieHus u Xapaxmepucmuku cO8uea CmanbHoll
apmamypel  nepuoouyeckozo npopuas (A400 u A500C) u cmexkionIACMUKOBOU KOMHOZUMHOU
apmamypul (ACK) ¢ nenobemonom vinu onpeoenervl memooom svioepausanus (pull-out). Pesyromamut
0000wWenvl 8 6uUde Mabauy u epagpuueckux 3a8UCUMOCMeEl, HA OCHOBe KOMOPbIX pa3padbomaHvl
npakmuyecKue peKoMeHOayuu.

Knrwouesvie cnosa: Ilenobemon, npounocms cyenjienus, UCHbIMAHUE HA  GblOepeUBAHIUE,
apmamypa  nepuooudecko2o  Npohuasn,  KOMRNO3UMHAA — apmamypa, — cogue,  oegopmayus,
9HepeodppexmusHocme.

Abstract: This article investigates the bond strength between foam concrete—widely used in the
construction of energy-efficient buildings and structures in Uzbekistan's dry and hot climate—and
various types of reinforcement (metal and composite). The experiments utilized D700 and D900 density
foam concretes prepared from local raw materials: Akhangaran and Kuvasay cements, Akhangaran
sand, and local foaming agents. The bond behavior and slip characteristics of periodically profiled steel
reinforcement (A400 and A500C) and glass-fiber reinforced polymer (GFRP) composite reinforcement
with foam concrete were determined using the pull-out test method. The results are summarized in the
form of tables and graphical dependencies, and practical recommendations have been developed.
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Keywords: Foam concrete, bond strength, pull-out test, periodically profiled reinforcement,
composite reinforcement, slip, deformation, energy efficiency.

1. KIRISH

O‘zbekiston Respublikasida so‘nggi yillarda energiya resurslarini tejash va binolarning
issiqlik himoyasini kuchaytirish davlat siyosatining ustuvor yo‘nalishlaridan biriga aylandi.
Respublikamizning keskin kontinental iglimi — yozda havo haroratining +45°C dan oshishi va
gishda -20°C gacha tushishi — tashqi to‘suvchi konstruksiyalarda yuqori issiqlik izolyatsiyalash
xususiyatiga ega bo‘lgan yengil betonlarni qo‘llashni taqozo etmoqda.

Ushbu turdagi materiallar orasida ko‘pikbeton (foamed concrete) o‘zining past issiqlik
o‘tkazuvchanligi, yengilligi va ekologik tozaligi bilan alohida ajralib turadi. Biroq, ko‘pikbeton
asosan g‘ovakli strukturaga ega bo‘lganligi sababli, uning mexanik mustahkamligi va eng muhimi,
armatura bilan birgalikda ishlash (tishlashish) qobiliyati oddiy og‘ir betonlarga nisbatan sezilarli
darajada past bo‘ladi.

Monolit va yig‘ma ko‘pikbetonli konstruksiyalarni loyihalashda armatura va betonning
tishlashish mustahkamligi asosiy hisobiy parametr hisoblanadi. Bugungi kunda qurilish bozorida
an’anaviy po‘lat armaturalar bilan bir qatorda korroziyaga bardoshli va yengil bo‘lgan shisha-
plastik kompozit armaturalar (ASK) ham faol kirib kelmogda. Ammo, ushbu turli xil tabiatga ega
bo‘lgan armaturalarning o‘rta zichlikdagi konstruksion-issiglik izolyatsion ko‘pikbetonlar bilan
tishlashish xarakteristikalari, aynigsa O‘zbekistonning mahalliy xomashyolari asosida tayyorlangan
aralashmalarda yetarlicha o‘rganilmagan.

Ushbu tadgigotning magsadi — mahalliy xomashyolar asosida olingan D700 va D900
zichlikdagi ko‘pikbetonlarning A400, AS500C sinfidagi po‘lat armaturalar va shisha-plastik
kompozit armaturalar (ASK) bilan tishlashish mustahkamligini eksperimental baholash hamda tahlil
gilishdan iborat.

2. METODOLOGIYA VA MATERIALLAR

2.1. Materiallar xarakteristikasi

Eksperimental tadqiqotlar uchun ko‘pikbeton aralashmasi O‘zbekistonda mavjud mahalliy
materiallardan tayyorlandi:

« Sement: Ohangaronsement AJ tomonidan ishlab chigarilgan Portlandsement CEM 1 42.5N
markasi.

e To‘ldiruvchi: Ohangaron konining yuvilgan daryo qumi, maydalik moduli M, = 1.6 (mayda
gum).

« Ko‘pirtirgich: Mahalliy korxonalar tomonidan ishlab chigarilgan sintetik asosli "Penostrom™
ko‘pirtiruvchi moddasi.

Tadqiqotda eng ko‘p qo‘llaniladigan ikki xil zichlikdagi ko‘pikbeton tarkibi tanlab olindi (1-
jadval).

1-jadval
Ko‘pikbeton aralashmalarining xomashyo sarfi (1 m*® uchun)
. Loyihaviy 28 I_<unI|k_
Tarkib 2 Sement, | Qum, . Ko‘pirtirgich, | siqilishdagi
. zichlik, Suv, litr . .
kodi ke/m?’ kg kg litr mustahkamligi,
MPa
KB-D700 700 410 220 185 1.2 3.2
KB-D900 900 480 330 210 0.9 5.8

2.2. Armatura turlari
Tishlashish xususiyatlarini qiyosiy tahlil qilish uchun diametri d = 12 mm bo‘lgan quyidagi
armatura turlari tanlandi:
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1.

A400 sinfli po‘lat armatura: Issiq rulonlangan, o‘rogsimon davriy profilli

(0°zDST ISO 6935-2 bo‘yicha).

2.

A500C sinfli po‘lat armatura: Termomexanik mustahkamlangan, xochsimon

davriy profilli.

3.

ASK (Shisha-plastik kompozit armatura): Shisha tolali, ustidan spiral sim

o‘ralgan va qum sepilgan yuza profilli (GOST 31938 bo‘yicha).

2.3. Sinov uslubiyoti

Armaturaning beton bilan tishlashishini aniglash RILEM standarti va GOST 24452 talablariga
muvofiq "Pull-out" (sug‘urib olish) usuli yordamida amalga oshirildi. Buning uchun 150-150- 150

mm o‘Ichamli kub qoliplar markaziga armatura sterjenlari joylashtirildi.

Armaturaning beton ichiga kirib turish (ankoraj) uzunligi barcha namunalar uchun bir xil —
lan = 5d = 60 mm qilib belgilandi. Armaturaning golgan gismi betonga tegmasligi uchun maxsus
plastik trubka bilan izolyatsiya gilindi. Namunalar 28 kun davomida normal namlik va 20 + 2
haroratda saqlandi.

Sinovlar "MMS-100" universal gidravlik pressida amalga oshirildi. Sug‘urib olish kuchi (P)
va armaturaning betondan siljishi (A) maxsus datchiklar (LVDT) yordamida avtomatik ravishda
gayd etib borildi.

Tishlashish kuchlanishi ( T)quyidagi klassik formula yordamida hisoblandi:

Bu yerda:

e P — sug‘urib olish kuchi, N;

P

T _—
bm
Ted- jmz

o d — armatura diametri, mm (12 mm) ;

e lan — ankoraj uzunligi, mm (60 mm).
3. NATIJALAR VA ULARNING TAHLILI

Eksperimental tadqiqotlar natijasida har bir armatura turi va ko‘pikbeton zichligi uchun
maksimal sug‘urib olish kuchi hamda unga mos keluvchi tishlashish mustahkamligi aniglandi (2-

jadval).
2-jadval
Sug‘urib olish sinovlari natijalari
. Tishlashish
Beton turi | Armatura turi Maksimal kuch mustahkamligi Nz_ir_nuna .
(Pmax), kN buzilish turi
(thm), MPa
. Betonning chok
KB-D700 A400 (Po‘lat) 4.97 2.20 bo¢ylab kesilishi
. Betonning chok
AS500C (Po‘lat) 5.54 2.45 boylab kesilishi
Armatura

ASK (Kompozit) 3.62 1.60 profilining

siygalanishi
. Betonning yorilib
KB-D900 A400 (Po‘lat) 8.36 3.70 Kketishi (Splitting)
. Betonning yorilib
A500C (Po‘lat) 9.38 4.15 ketishi (Spiitting)
ASK (Kompozit) 6.44 2.85 Profilning siljishi

va kesilishi
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Natijalardan ko‘rinib turibdiki, ko‘pikbeton zichligi D700 dan D900 gacha (ya’ni 28.5% ga)
ortganda, tishlashish mustahkamligi barcha armatura turlari uchun o‘rtacha 65-70% ga oshgan. Bu
ko‘pikbetonning g‘ovakliligi kamayishi va armatura atrofidagi matrisa sement toshining
mikromustahkamligi ortishi bilan izohlanadi.

Muhim gonuniyat: Barcha seriyalarda ASO0C sinfidagi po‘lat armatura eng yuqori tishlashish
ko‘rsatkichini namoyon qildi. ASK (kompozit) armatura esa po‘lat armaturalarga nisbatan o‘rtacha
25-35% pastroq tishlashish mustahkamligiga ega.

4. GRAFIK TAHLILLAR

Armaturaning betondan sug‘urilib chiqish jarayonidagi deformatsiyalanish xarakterini
tushunish uchun tishlashish kuchlanishining (t) siljish miqdoriga (A) bog‘liglik grafiklari tuzildi.

4.1. KB-D700 uchun "Tishlashish kuchlanishi — Siljish" bog‘ligligi (t-A)
Quyidagi grafikda KB-D700 yengil ko‘pikbetonida armatura turlarining yuklanish ostida
siljish tabiati tasvirlangan:

Tishlashish kuchlanishi, \tau (MPa)

3.0 +

[A500C]

[Ad00]

T T T T I
0] 0.5 1.0 1.5 2.0 2.5 Siljish, \Delta (mm)

Grafik tasviri sharhi: Grafikdan ko‘rinadiki, ASK armaturada plastik siljish erta boshlanadi
va maksimal kuchlanish nuqtasi (1.60 MPa ) kichik siljishlarda sodir bo‘ladi. AS00C armatura esa
o‘zining keskin qovurg‘ali profili hisobiga ko‘pikbeton matrisasini uzoqroq ushlab turadi va
maksimal kuchlanish 1.2 mm} siljish atrofida kuzatiladi.

KB-D900 uchun "Tishlashish kuchlanishi — Siljish" bog‘ligligi (t-A)

Zichligi yuqoriroq bo‘lgan KB-D900 konstruksion ko‘pikbetonida jarayon sezilarli darajada
farg giladi:

Tishlashish kuchlanishi, \tau (MPa)

A
5.0

[A500C]

4.0

3.0 1

2.0

1.0 A

0.0 T T T T >

0 0.5 1.0 1.5 2.0 2.5 Siljish, \Delta (mm)

Grafik tasviri sharhi: KB-D900 tarkibida beton ancha mo‘rt bo‘lganligi sababli, po‘lat
armaturalar (A400 va A500C) maksimal nuqtaga yetgandan so‘ng grafik chizig‘i keskin pastga
tushadi. Bu beton kubining ichki yorilishi (splitting) sodir bo‘lganligidan dalolat beradi. ASK
armaturada esa elastikroq profil hisobiga yorilish nisbatan yumshoqroq kechadi.
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MUHOKAMA

O‘zbekiston iqlim sharoitida quyosh radiatsiyasi va quruq havo tufayli ko‘pikbeton
tarkibidagi namlik tez bug‘lanib ketish xavfi mavjud. Bu esa armatura va beton kontakt zonasi
(interfacial transition zone - ITZ) atrofida mikrostrukturaviy bo‘shliglar hosil bo‘lishiga olib kelishi
mumkin.

Eksperimentlar ko‘rsatdiki:

1. Mexanik tishlashish ~ (Mechanical interlocking): Ko‘pikbetonlarda  tishlashish
mustahkamligining 75-80% qismini armatura qovurg‘alarining beton g‘ovaklari va devorlariga
tiralishi (mexanik tishlashish) tashkil etadi. Sement toshining armatura yuzasiga yopishishi
(adgeziya) esa g‘ovaklik sababli juda past (20% gacha).

2. A500C va A400 giyosiy tahlili: AS00C armaturasining xochsimon profili ko‘pikbetonning
g‘ovakli devorlariga bosimni bir tekisda tagsimlaydi, bu esa A400 ga nisbatan tishlashishni 11-12%
ga oshiradi.

3. ASK kompozit armatura muammosi: Shisha-plastik armaturaning elastiklik moduli
po‘latga nisbatan 4-5 marta past bo‘lganligi sababli, yuklanish ostida sterjen ko‘proq
deformatsiyalanadi. Natijada ko‘pikbeton mikrog‘ovaklari tezroq eziladi va armatura tezroq
sug‘urilib chigadi. Biroq, ASK ning mutlaq afzalligi — uning O‘zbekistonning sho‘rlangan tuproq
va issiq iglim sharoitida korroziyaga umuman uchramasligidir.

Ko‘pikbetonli konstruksiyalarni loyihalash bo‘yicha amaliy tavsiyalar

Tadqiqot natijalari va respublikamizdagi amaldagi qurilish me’yorlari (KMK, ShNQ)
tahlilidan kelib chigib, quyidagi amaliy tavsiyalar taklif etiladi:

e Ankoraj uzunligini oshirish: Ko‘pikbetonli elementlarda (masalan, monolit uy-joy
qurilishidagi to‘ldiruvchi bloklar va yuk ko‘taruvchi joriy poydevor to‘sinlarida) po‘lat
armaturalarning ankoraj (birikish) uzunligini oddiy og‘ir betonga nisbatan kamida 2.0-2.5 marta
oshirish zarur. ASK armatura uchun esa bu ko‘rsatkichni 3.0 martagacha oshirish tavsiya etiladi.

e Beton zichligini tanlash: Yuk ko‘taruvchi yoki seysmik hududlardagi egiluvchi
ko‘pikbetonli elementlar uchun zichligi D800 dan past bo‘lmagan konstruksion ko‘pikbetonlardan
foydalanish shart. D700 va undan past zichliklar fagat sof issiglik izolyatsiyasi sifatida ishlatilishi
lozim.

» Kimyoviy qo‘shimchalar: O‘zbekistonning yozgi qurug-issiq iqlimida ko‘pikbeton quyishda
tarkibga namlikni saglovchi (water-retaining) qo‘shimchalar va mikrotolalar (polipropilen tolasi —
fibramatoli) qo‘shish tavsiya etiladi. Bu armatura atrofidagi beton matrisasining gisqarish (usadka)
yoriglarini kamaytiradi va tishlashishni 15-20% ga oshiradi.

XULOSA

Turli xil armaturalarning mahalliy xomashyolar asosida tayyorlangan ko‘pikbeton bilan
tishlashishini o‘rganish bo‘yicha o‘tkazilgan kompleks tadgiqotlar quyidagi xulosalarga kelish
imkonini berdi:

1. Ko‘pikbeton zichligi D700 dan D900 gacha oshirilganda, armatura bilan tishlashish
mustahkamligi mos ravishda 2.20-2.45 MPa dan 3.70-4.15 MPa gacha ortadi. Bu ko‘pikbetonning
zichligi tishlashish kuchiga to‘g‘ridan-to‘g‘ri ta’sir etuvchi asosiy omil ekanligini isbotlaydi.

2. An’anaviy po‘lat armaturalar ichida A500C sinfi ko‘pikbeton matrisasi bilan eng yaxshi
mexanik bog‘lanishni ta’minlaydi. Uning ko‘rsatkichlari A 400 ga nisbatan 11-12% yuqoridir.

3. Shisha-plastik kompozit armatura (ASK) ko‘pikbetonda po‘latga qaraganda pastroq
tishlashish mustahkamligini namoyon qilsa-da (1.60-2.85 MPa ), u korroziyaga bardoshliligi
hisobiga O‘zbekistonning iqlim sharoitida istigbolli hisoblanadi. Biroq, uni qo‘llashda loyihalarda
ankoraj uzunligini oshirish va maxsus qum qoplamali profillardan foydalanish talab etiladi.
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4. O‘zbekiston sharoitida monolit ko‘pikbetonli konstruksiyalarning uzoq muddatli
mustahkamligini ta’minlash uchun aralashma tarkibiga plastiklashtiruvchi va polimer tolali
qo‘shimchalarni kiritish magsadga muvofiqdir.
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VIBROAKTIVLASHTIRILGAN MAYIN TUYILGAN BOG‘LOVCHILARNING
SEMENT TOSHI TUZILISHI VA TA’MIRLASH BETONLARI XOSSALARIGA TA’SIRI
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Annotatsiya. Maqolada portlandsement, barxan qumi va S-3 superplastifikatoridan tashkil topgan
mayin tuyilgan vibroaktiviashtirilgan bog ‘lovchilarning sement toshi tuzilishi hamda ta’'mirlash betonlari
xossalariga ta’siri tahlil gilindi. Tadgiqotda TMV-85, TMV-75 va TMV-65 tarkiblarining solishtirma sirt
maydoni, normal quyuqligi, suv yutilishi, g‘ovaklik parametriari hamda 28 kunlik mustahkamlik
ko ‘rsatkichlari solishtirildi. Natijalar 10 dagiqalik vibrofaollashtivish sharoitida TMV-75 bog ‘lovchisi
optimal disperslik va past suv talabini ta’minlashini ko ‘rsatadi. U PS asosidagi tarkibga nisbatan sement
toshi g‘ovakligini kamaytiradi, suv yutilishini pasaytiradi va ta’mirlash tarkibining siqilishdagi
mustahkamligini sezilarli oshiradi. Maqola yakunida TMV asosidagi tarkiblarni ishlab chigarish va beton-
temirbeton konstruksiyalarni ta 'mirlashda qo ‘llash uchun texnologik tavsiyalar berildi.

Kalit so‘zlar: vibroaktivatsiya, mayin tuyilgan bog ‘lovchi, barxan qumi, portlandsement, S-3, sement
toshi, g ‘ovaklik, suv yutilishi, TMV-735, ta’mirlash betoni, sovugqa chidamlilik.

Abstract. The article analyzes the effect of fine-ground vibroactivated binders consisting of Portland
cement, dune sand and S-3 superplasticizer on cement stone structure and the properties of repair concretes.
TMV-85, TMV-75 and TMV-65 binders were compared by specific surface area, normal consistency, water
absorption, pore characteristics and 28-day compressive strength. The results show that, under 10-minute
vibroactivation, the TMV-75 binder provides an optimal combination of dispersion and reduced water
demand. Compared with the Portland cement reference, it decreases cement stone porosity, reduces water
absorption and significantly increases compressive strength of repair concrete. The paper concludes with
technological recommendations for production and application of TMV-based compositions in repair of
concrete and reinforced concrete structures.

Keywords: vibroactivation, fine-ground binder, dune sand, Portland cement, S-3, cement stone,
porosity, water absorption, TMV-75, repair concrete, frost resistance.

Aunomauuﬂ. B cmamve anaaiusupyemcs 6JaAudAHue MEJNIKOUSMENbUYECHHbIX 6u5p0(,leu6up06aHHblx
BAANCYUIUX, COCNOAWUX U3 HOpMAAHOYeMeHmd, bapxannozo necka u cynepniacmugurkamopa C-3, Ha
CMPYKmypy UYEMEHNIHO2cO KAaMHA U ceolicmea PEMOHMHBIX bemonos. B uccrnedosanuu CpAasHUBAIUCH
yderbHa;z NnOBEPXHOCMb, HOPMALbHAA NJIOMHOCNb, 6060)’102]10%;67—!1/16, napamempusl nopucmocmu u 28-
OHesHble nokazamenu npounocmu cocmagod TMB-85, TMB-75 u TMB-65. Pe3yiomamul nokaswiéarom, umo
6 yenosusax 10-munymmnot subpoaxmueayuu ésxcyuee TMB-75 obecneuusaem onmumanbHyio OUCNEPCHOCHLb
U HU3KYIO eodonompeﬁHocmb. On ymernvuiaem nopucmocmos YEMEHMHO2O KAMHA, CHUJICaem
G‘OOOHOZJZOWQHMQ U 3HAYUMENIbHO nossvlitaent npoYHoOCmMb pEMOHMHKO20 cocnmasa npu coicamu no CpaeHeruro
Cc cocmaeom HA OCHoee HU B szaxmouenue cmamvu Oamnvbl MexHOA02UYECKUE pekomeﬂdauuu no
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npouzeoo0cmey cocmasos na ocrose TMB u ux npumeHenuro npu pemonme OemoHHO-JCeNe300emMOHNbIX
KOHCMPYKYULL.

Kniouesvle  cnosa:  subpoaxmuseayus,  MOHKOMOIOMOe  6saxcyujee,  OAPXAHHBIU — NECOK,
nopmaanoyemenm, C-3, yemenmuoili KameHb, nopucmocmo, sooonocnowerue, TMB-75, pemonmuulil 6emoHn,
MOPO30CMOUKOCHb.

KIRISH

Ta’mirlash betonlarining sifatini belgilovchi asosiy omillardan biri bog‘lovchi tizimning
tarkibi va dispersligidir. Mayda donali betonlarda to‘ldiruvchi zarrachalarining solishtirma yuzasi
katta bo‘lgani sababli suv sarfi ortadi, aralashmaning qovushgogligi kuchayadi va qotish jarayonida
kirishish deformatsiyalari paydo bo‘ladi. Ushbu muammolarni kamaytirish uchun bog‘lovchini
mexanik yoki vibromexanik faollashtirish, mineral qo‘shimcha va superplastifikatorlarni birgalikda
qo‘llash samarali yo‘l hisoblanadi.

Barxan qumlari tarkibidagi juda mayda fraksiyalar oddiy to‘ldiruvchi sifatida qo‘llanganda
salbiy ta’sir ko‘rsatadi, biroq ular mayin tuyilgan bog‘lovchi tizimida faol mineral komponent
vazifasini bajarishi mumkin. Vibroaktivatsiya jarayonida portlandsement klinkeri, barxan qumi va
S-3 superplastifikatori birgalikda maydalanib, granulometrik gadoglanish va zarrachalar sirtidagi
faollik yaxshilanadi. Magolaning magsadi - bunday bog‘lovchilarning sement toshi g‘ovakligi, suv
yutilishi va ta’mirlash betonlari mustahkamligiga ta’sirini tizimlashtirishdan iborat.

NAZARIY ASOS VA ADABIYOTLAR TAHLILI

Sement toshi strukturasining shakllanishi klinker minerallarining gidratatsiyasi, dispers
zarrachalarning gadoglanishi, kapillyar g‘ovaklarning hajmi va kimyoviy qo‘shimchalar ta’siriga
bog‘lig. Mayin tuyilgan tizimlarda zarracha o‘lchami kamayishi bilan gidratatsiya tezligi ortadi,
birog haddan tashqari disperslik suv talabini oshirishi mumkin. Shu sababli faollashtirish
davomiyligi va tarkibdagi mineral qo‘shimcha miqdorini optimallashtirish talab gilinadi [1-3].

Vibromexanik faollashtirishning afzalligi shundaki, u fagat maydalash emas, balki
zarrachalar sirtida defektlar va yuqori energiyali markazlar hosil gilish orgali reaktivlikni oshiradi.
Barxan qumining Kkalsit, dala shpati va boshga nisbatan yumshoq minerallari 300-500 m*kg
solishtirma yuzada faolrog komponentga aylanishi mumkin. Natijada sement toshida zichroq
matritsa shakllanadi, kapillyar bo‘shliglar kamayadi va suv shimuvchanlik pasayadi [4].

Superplastifikatorlarning qo‘shilishi suv-sement nisbatini kamaytiradi, shu bilan birga
aralashmaning texnologik qulayligini saqlaydi. Polimer va gidrofob qo‘shimchalar esa qotgan
kompozitda kontakt zonani mustahkamlab, sovuqga chidamlilik va suvga bardoshlilikni oshiradi.
Shuning uchun ta’mirlash betonlarida portlandsement-mineral qo‘shimcha-superplastifikator-
polimer tizimining birgalikdagi ta’siri alohida ahamiyatga ega.

MATERIAL VA METODLAR

Tahlil uchun PS, TMV-85 TMV-75 va TMV-65 bog‘lovchilari tanlandi. Ular
portlandsement, barxan qumi va S-3 superplastifikatori nisbatlari bilan farqlanadi. Bog‘lovchilar
BM-20 uskunasida 10 va 20 daqiqa davomida vibrofaollashtirilgan variantlar bo‘yicha baholandi.
Asosiy ko‘rsatkichlar sifatida solishtirma sirt maydoni, normal quyuglik, hagiqiy zichlik, suv
yutilishi va g‘ovaklik hajmi olindi.

Jadval 1
Vibrofaollashtirilgan mayin tuyilgan bog‘lovchilar tarkibi
Bog‘lovchi | PS, % |Barxan qumi, %| S-3,% Solishtirma yuza, m*kg
PS 100 — - 420
TMV-85 84 15 1,0 454
TMV-75 74 25 1,0 482
TMV-65 64 35 1,0 476
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10 daqigalik vibrofaollashtirish natijalari
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I Solishtirma yuza, m2/kg
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1-rasm. 10 dagigalik vibrofaollashtirishda disperslik va normal quyuglikning
o‘zgarishi.

NATIJALAR VA MUHOKAMA

10 daqgiqalik vibrofaollashtirishda oddiy portlandsementning solishtirma yuzasi 420 m*kg
va normal quyuqligi 27,5% bo‘lgan. Barxan qumi va S-3 qo‘shilgan TMV tizimlarida solishtirma
yuza 454-482 m?/kg oralig‘iga ko‘tarildi, normal quyuqlik esa 18,0-20,3% gacha kamaydi. Bunday
natija superplastifikatorning disperslovchi ta’siri va mineral komponentlarning gadoglanish
samarasi bilan izohlanadi. TMV-75 varianti eng yuqori solishtirma yuzaga ega bo‘lishi bilan birga
suv talabining keskin oshib ketmasligini ta’minlaydi.

Jadval 2
Bog‘lovchi tarkibining sement toshi g‘ovakligi va suv yutilishiga ta’siri
Bog‘lovchi NG, % yu tiﬁlsjf\l/i, % G‘::I’lg(ghk’ Izoh
PS 27,5 12,6 0,122 nazorat
TMV-85 18,0 6,4 0,0636 suv talabi past
TMV-75 19,1 6,0 0,0597 optimal zichlik
TMV-65 20,3 10,1 0,1010 gum ulushi yugori

Vibrofaollashtirilgan bog‘lovchi tarkibining g‘ovaklikka ta’siri

12 - 0.12
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= - 0.00
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- - 0.07 ©
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2-rasm. Bog‘lovchi tarkibi bo‘yicha suv yutilishi va umumiy g‘ovaklikning o‘zgarishi.
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Sement toshidagi eng muhim natija TMV-75 tarkibida kuzatildi: suv yutilishi 6,0%, umumiy
govaklik esa 0,0597 sm?/g ni tashkil etdi. Nazorat PS namunasi bilan solishtirilganda suv yutilishi
taxminan ikki baravar, g‘ovaklik esa 50% dan ortiq kamaygan. TMV-65 tarkibida barxan qumi
ulushi yuqoriroq bo‘lgani uchun normal quyuqlik va suv yutilishi qayta ortadi; bu mineral
qo‘shimchaning optimal miqdori mavjudligini tasdiglaydi.

Vibrofaollashtirilgan bog‘lovchi ta’mirlash betonlarida ham sezilarli samara berdi. PS
asosidagi nazorat tarkibida 28 sutkadan keyingi siqilishdagi mustahkamlik 50,7 MPa bo‘lgan
bo‘lsa, TMV-75 asosidagi tarkibda bu qiymat 76,2 MPa ga yetdi. Suv sarfi 240 kg/m* dan 156
kg/m?® gacha kamaydi, beton gorishmasining harakatchanligi esa 10 sm dan 18 sm gacha oshdi. Bu
past suv-sement nisbati bilan birga yuqori ishlov berish qulayligini olish mumkinligini ko‘rsatadi.

Jadval 3
PS va TMV-75 asosidagi ta’mirlash betonlarining asosiy ko‘rsatkichlari
Ko‘rsatkich O‘Ichov PS TMV-75 Samara
asosida asosida

Bog‘lovchi sarfi kg/m? 540 520 klinker ulushi kamayadi
Suv sarfi kg/m? 240 156 S/S pasayadi

Harakatchanlik sm 10 18 joylashuvchanlik oshadi
Zichlik kg/m? 2200 2216 zich tuzilma

R28 MPa 50,7 76,2 mustahkamlik oshadi

Ekspluatatsion ko‘rsatkichlar ham TMYV asosidagi tarkiblarning afzalligini ko‘rsatadi.
Tajriba ma’lumotlarida TMV-75 va kimyoviy qo‘shimchalar kombinatsiyasi qo‘llangan tarkiblarda
sovugga chidamlilik F300 darajasiga yetgan, sovuqga chidamlilikdan keyingi mustahkamlik
koeffitsiyenti 0,90-0,91 oralig‘ida bo‘lgan. Suv shimuvchanlik 4,4-4,6% gacha kamayishi
ta’mirlash gatlamining namlik ta’siriga nisbatan barqarorroq bo‘lishini bildiradi. Bunday xossalar
armatura korroziyasi va muzlash-erish sikllari xavfi mavjud bo‘lgan muhitlarda muhimdir.

TEXNOLOGIK TAVSIYALAR

Mayin tuyilgan bog‘lovchini tayyorlashda faollashtirish davomiyligini nazorat qilish zarur.
10 dagiqalik vibrofaollashtirish TMV-75 uchun yetarli disperslik va past suv talabini ta’minlaydi,
20 daqgiqagacha uzaytirish ayrim ko‘rsatkichlarni oshirishi mumkin, lekin suv talabi va energiya
sarfi ham ortadi. Shuning uchun ishlab chigarish sharoitida optimal vaqtni iqtisodiy va texnologik
mezonlar bo‘yicha tanlash kerak.

Qorishma tayyorlashda avval quruq komponentlar bir jinsli holga keltiriladi, so‘ngra suv va
plastifikator bosgichma-bosqich qo‘shiladi. Ta’mirlanadigan sirt mustahkam, changsiz va yetarli
namlangan bo‘lishi, biroq erkin suv qatlamisiz qolishi lozim. Qorishma zich joylashtirilgach,
dastlabki qotish davrida namlikning keskin yo‘qolishi oldini olinadi. Polimer-gidrofob
modifikatsiyalangan tarkiblarda gotish rejimi havo-quruq sharoit va namlikni saglash bosqgichlari
bilan muvofiglashtiriladi.

XULOSA

Portlandsement-barxan qumi-S-3 tizimining vibrofaollashtirilishi sement toshi tuzilishini
zichlashtiradi va oddiy PS bilan solishtirganda suv yutilishi hamda umumiy g‘ovaklikni sezilarli
kamaytiradi.

TMV-75 tarkibi 74% portlandsement, 25% barxan qumi va 1% S-3 nisbhatida eng
muvozanatli natija berdi: solishtirma yuza 482 m?/kg, normal quyuqlik 19,1%, suv yutilishi 6,0% va
g‘ovaklik 0,0597 sm?/g bo‘ldi.

TMV-75 asosidagi ta’mirlash betonida suv sarfi kamayishi, harakatchanlik oshishi va 28
kunlik mustahkamlikning 76,2 MPa ga yetishi bunday bog‘lovchilarni konstruktiv ta’mirlash
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ishlarida qo‘llash uchun istigbolli qiladi. Kompleks modifikatsiya mahalliy barxan qumlaridan
samarali foydalanish va sement klinkeri ulushini gisqartirish imkonini beradi.
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TEINIOTEXHUYECKAS U DKCINIYATAIIMOHHASA OLHEHKA CTEHOBBIX
APBOJIMTOBETOHHBIX BJIOKOB HA OCHOBE OTX0O/10B KOPHA COJIOAKHA
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Annomayun. B cmamve npedcmagnena KOMNIEKCHASL OYeHKA apOOoIumobemoHubix 0J10K08,
U320MOBNEHHBIX C HNpPUMEHEHUeM OmX0008 KODHSA CONOOKU 8 Kauecmee Op2aHUuiecKo2o
sanonnumerns. HMccnedosanvl mpu ONbIMHBIX COCMABA AIlB-1, AIIB-2 u AIIB-3,
paznudarowuecs pacxooom yemeuma M500, muxpokpemuezéma u 3010MUHEPATbHOU O00ABKU.
Onpedenenvl  npouHoCmMb NpU  CHCAMUL,  B000NO2NOWEHUe, KOIPduyuenm paszmsacueHus,
Menyionpo8OOHOCMb, YCAOKA, OMKIOHEHUS 2e0MEeMPUYECKUX pa3mMepos U COXpaHeHue NpoYHOCmU
nocie mpancnopmHO-MOHMANCHO20 MOOeIUuposaHus. /s 00Hocaolnou cmeHnvl moawunou 300 mm
BbINOJIHEH pac4ém CcOonpomueieHuss menionepeoave. Ycmanosneno, umo cocmas Allb-2
obecneyusaem Haubonee cOANIAHCUPOBAHHOE COYEMAHUe C8OUCME: NPOYHOCMb npu cocamuu 2,58
MIla, eodonocnowenue 30%, roappuyuenm pazmsaeuenus 0,88, mennonpoeoonocmo 0,137
Bm/(m-°C), ycaoky 0,59 mm/m u xosgpguyuenm coxpanenus npounocmu 0,96. Tepmuueckoe
conpomugnenue cnos AllIb-2 cocmasnsem 2,19 m?°C/Bm, a cymmapHoe conpomugienue
mennionepedave cmenwl - 2,35 m?°C/Bm.

Knroueeswie cnosa: apoonumodemon, omxoovl KOPHs CON00KU, OP2AHUYECKUL 3aNOTHUMED,
MUKDOKPEMHE3EM, 3010MUHEPATbHAS 000A6KA, NPOYHOCHb, 8000N02NI0UeHUe, MENIoNPOE8OOHOCHb,
mepmuyecKoe conpomueienue, CmeHogvle 0J10KU.

Annotatsiya. Maqolada qizilmiya ildizi chigindilaridan organik to Ildiruvchi sifatida
foydalanib tayyorlangan arbolitbeton bloklarning kompleks xossalari baholandi. Sement M500,
mikrokremnezem va kul-mineral qo ‘shimchasi sarfi bilan farqlanuvchi APB-1, APB-2 va APB-3
tajriba tarkiblari o ‘rganildi. Sigilishdagi mustahkamlik, suv shimuvchanlik, yumshash koeffitsiyenti,
issiqlik o ‘tkazuvchanligi, kirishish, geometrik o ‘lchamlarning og'‘ishi hamda transport-montaj
ta’siri modellashtirilgandan keyingi mustahkamlikning saqlanishi aniglandi. Qalinligi 300 mm
bo ‘Igan bir qatlamli devor uchun issiqlik uzatishga garshilik hisoblandi.
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APB-2 tarkibi eng muvozanatli natijalarni ko ‘rsatdi: sigilishdagi mustahkamlik 2,58 MPa, suv
shimuvchanlik 30%, yumshash koeffitsiventi 0,88, issiqlik o ‘tkazuvchanligi 0,137 W/(m-°C),
kirishish 0,59 mm/m va mustahkamlikni saglash koeffitsiyenti 0,96 ni tashkil etdi. APB-2
qatlamining hisobiy termik qarshiligi 2,19 m?-°C/W, devorning umumiy issiqlik uzatishga qarshiligi
esa 2,35 m?>°C/W bo ‘Ildi.

Kalit so‘zlar: arbolitbeton, qizilmiya ildizi chiqindisi, organik  to ldiruvchi,
mikrokremnezem,  kul-mineral  qo‘shimcha, mustahkamlik, suv — shimuvchanlik, issiqlik
o ‘tkazuvchanlik, termik qarshilik, devor bloklari.

Abstract. The paper presents a comprehensive assessment of wood-concrete blocks
produced using licorice root waste as an organic aggregate. Three experimental mixtures, APB-1,
APB-2 and APB-3, differing in the contents of M500 cement, silica fume and an ash-mineral
additive, were studied. Compressive strength, water absorption, softening coefficient, thermal
conductivity, shrinkage, dimensional deviations and strength retention after simulated transport
and installation were determined. Heat-transfer resistance was calculated for a 300 mm single-
layer wall. APB-2 provided the most balanced performance: compressive strength of 2.58 MPa,
water absorption of 30%, a softening coefficient of 0.88, thermal conductivity of 0.137 W/(m-°C),
shrinkage of 0.59 mm/m and a strength-retention coefficient of 0.96. The calculated thermal
resistance of the APB-2 layer was 2.19 m?°C/W, and the total wall resistance was 2.35 m*°C/W.

Keywords: wood concrete, licorice root waste, organic aggregate, silica fume, ash-mineral
additive, compressive strength, water absorption, thermal conductivity, thermal resistance, wall
blocks.

BBEJAEHUE

Pa3ButHe pecypcocOeperaroniux CTPOUTENbHBIX MaTepUajOB CBSI3aHO C BOBJICUECHUEM
pPACTHTENBHBIX OTXOJOB B COCTaB IIEMEHTHBIX KOMIIO3UTOB. ApOOTUTOOETOH COYETaeT
MOHIWKEHHYIO CPEAHIOI0 IUIOTHOCTh U TEIJIONPOBOJHOCTH € BO3MOXKHOCTBHIO HM3TOTOBJICHUS
CTCHOBBIX OJIOKOB 0€3 H»HEpro€MKol aBTOKJIaBHOW 00paboTku. Bmecrte ¢ Tem opraHudeckue
3allOJIHUTENN  XapaKTEepPU3yIOTCSl  TOBBIIIEHHBIM  BOJOIOTJIONIEHHMEM M COJEp)KaHHEeM
IKCTPAKTUBHBIX BEIIECTB, CIIOCOOHBIX 3aMEIISATh THAPATAIUIO [IEMEHTA U yXY/IIaTh KOHTAKTHYIO
30HY «3aIlOJIHUTENb - [IEMEHTHas MaTpuiiay [5-10].

[IpenBapuTenbHas OYMCTKA, BOJHAS DKCTPAKIMSA, MUHEpaIM3amus W TUIpodoOHm3arms
PacCTUTENBHOTO 3alOoJHUTENS TO3BOJSIOT CHU3UTh OTPHUIATENILHOE BIUSHUE OPTraHUYECKUX
coeanHeHUi. JlomogHHUTENbHOE BBEIEHHE MHUKPOKpEMHE3EMa U 30JOMUHEpPAIbHOM J0OaBKU
HaIpaBJIEHO HA YIUVIOTHEHHE LIEMEHTHOW MaTpHIIbl, YMEHbIICHHE KAMUUISIPHON NMPOHUIIAEMOCTH U
CTaOMIIN3AIUI0 TEOMETPUUECKUX MTAPAMETPOB U3ICITHHA.

HEJIb U 3AJAYU UCCJIEJOBAHUSA

Lenpto paboOTHI SBISETCS OMpEACNieHHE PaIMOHATBHOTO COCTaBa apOOIUTOOETOHHBIX
OJIOKOB Ha OCHOBE OTXOJIOB KODHSI COJOJKM IO KOMIUIEKCY MPOYHOCTHBIX, BJIaKHOCTHBIX,
nehOPMAITMOHHBIX U TETUIOTEXHUYECKUX MTOKA3aTENICH.

Jna poctikeHus 1ieny ObUIM pelleHbl CIASAYIOIINe 3aJauM: COIOCTABICHBI TPHU OMBITHBIX
COCTaBa; OMpeEJeNIeHbl MPOYHOCTh TPH CXKATHH, BOJOMOMIONICHHE, KOIPPUIUCHT pa3MsArdeHUs,
TEIUIONPOBOJAHOCTh M YCaJKa; OLEHEHA CTaOMJIBHOCTh T'€OMETPUYECKUX Pa3MEpoOB U COXPAaHEHHE
MPOYHOCTU TIOCJIE TPAHCHOPTHO-MOHTAXKHOTO MOJEJIMPOBAHUS; PACCUYUTAHO COIMPOTHUBICHUE
TerIonepeaye 0AHOCIOMHON cTeHbI ToaMHON 300 MM.

MATEPHUAJIBI U METOAUKA

B kadecTBe OpPraHMYECKOTO 3alOJHUTES HUCIOJB30BaIM OTXOJIbl IepepaboTKHU KOpHS
comonku. [loAroTroBKa BKJIIOYATa MEXAaHUYECKYI0 OYHCTKY U (PaKIMOHUPOBAHUE, BOJHYIO
OKCTPAKIUIO, MUHEpATU3aluio, THAPO(POOU3AIUI0 U TMOCIeylollee BIaKHOCTHOE TBEpJACHUE
chOopMOBaHHBIX m3AeNuil. MuHepanbHas dYacTh COCTOsUIa W3 moprianameMenta M500,
MHUKpPOKpEeMHe3EMa U 30JIOMUHEPAIbHOM 100aBKH.
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TexHoNnoruyeckasa cxema nony4yeHus cTeHOBbIX OJIOKOE U3 ap60nuT06eTOHa
HA OCHOBE OTXOO0B KOPHA CONOOKM

OTx0Qbl KOPHSA N Me[:‘fMHCMT‘:(ZCEaﬂ ) BogHas MuHepanu3auuna BnaxHocTHoe
NOOKK
conof DPaKLMOHMPOBAHIE IKCTPaKumns v rugpocobunzanmns TBEpAEHUE
LemeHT M500 + i MNpuroTosneHve
’ 03WpOBaHWe Boabl " DdopmMoBaHue KoHTpone
MMKpOKggJ:'aHﬂEM + n nobaBok apﬁgﬂg'craaom P| cTeHosbix 610KOB Ka4yecTBa

loToBbIE

6noku AMNB-2

Pucynok 1. TexHomormueckast cxema Mpou3BOACTBA apOOINTOOETOHHBIX OJIOKOB HA OCHOBE OTXO0B KOPHS

COJIOOKH.
Taoauna 1
MuHepajbHas 4acTh ONBITHBIX COCTABOB, KI/M?
Cocras | Llement MS00 | MuxkpoxkpeMHe3ém 3os0MuHepasibHasi 100aBKa
Allb-1 390 20 0
AIlb-2 370 30 30
AIlb-3 350 35 50

MuHepanbHaa YaCTb OMNbITHLIX COCTaBoB apbonTobeToHa
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Pucynok 2. MuHepanbHas 4acTh OIBITHBIX COCTaBOB apOOIUTOOETOHA.

ITpoYHOCTD MPHU CIKATHH ONPEAEISUTH Ha KOHTPOJIbHBIX oOpasiax mo 'OCT 10180-2012 [2],
Bojgonoryomienne - mno ['OCT 12730.3-2020 [3], TemiIoOnmpoBOAHOCTh W TEPMHYECKOE
conpotusiienue - 1o 'OCT 7076-99 [4]. O6mue TpeOoBaHus K apOOIUTY U CTEHOBBIM H3JEIIUSAM
yuutbiBanu o 'OCT 19222-2019 [1]. JJonoaHuTensHO onpenesuin KodpGUIUEHT pa3MsIrdyeHus,
OTKJIOHEHMs JJIMHBI U BBICOTHI, YCaJKy, @ TaKkXKe COXpaHEHHE NMPOYHOCTH MOCJE TPAHCIIOPTHO-
MOHTaKHOT'O MOJIEJIUPOBAHMSI.
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PE3YJIBTATBI U OBCYXXJIEHHUE
MPOYHOCTH U BJAKHOCTHASA YCTOMUYNUBOCTD

Haubounbiasgs npoyHocTh Hpu cxaTtuu noiydeHa Juis coctaBa Allb-2 - 2,58 Mlla. Jlns
AIIB-1 moxkazarens cocraBmi 2,46 MIla, a mis AIIB-3 - 2,31 MIla. Ilo cpaBaenuto ¢ Allb-1
MIPOYHOCThH PAIIMOHAILHOTO cOCTaBa yBenuuuiach Ha 4,9%, a no cpaBHenuto ¢ Allb-3 - Ha 11,7%.
[TomyueHHast 3aBUCMOCTD [TOKa3bIBAET, YTO YMEPEHHOE COBMECTHOE BBEJCHHE MHKPOKpPEMHE3EMa
U 30JIOMUHEpaJIbHON /100aBKHM oOecreunBaeT Oojiee OIAronpusATHOE CTPYKTYypooOpa3oBaHHUE, YeM
JabHeNIee CHIPKEHUE pacxo/ia LIEMEHTA.

npO‘-IHOCTb ONbITHBIX apﬁOJ‘IVITOﬁETOHHbIX 6nokos npuy cxXatTun
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Pucynoxk 3. CpaBHeHHe TPOYHOCTH ONBITHBIX 0J0K0B ATTB-1, ATIB-2 u ATIB-3.

MunuManbHOe Bojonoriomnienue ycranonineno st AIlb-2 - 30%. dns AIlb-1 u AIlB-3
OHO cocTaBuio cooTBeTcTBeHHO 33 u 31%. Koadpdumnment pazmsruenus AIlb-2 noctur 0,88, uro
Beime 3HaueHuid AIlB-1 (0,86) u AIlIb-3 (0,85). CnenoBarenbno, AIIB-2 oGmamaer Hambonee
YCTOMYMBOM CTPYKTYpPOU MPH BOJIOHACHIIIICHHUH.

BopgonornowieHue 1 Ko3puuneHT pasMardyeHuns onbiTHbIX BokoB
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Pucynox 4. Boponornonienne u Ko3QpQUIMEHT pa3MsATdeHuUs! ONBITHBIX OJIOKOB.
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Tabauua 2
OcHOBHBIE IKCILTYATALIMOHHbIE MOKA3aTe/H ONBITHBIX COCTABOB
IMoka3aTeJb Allb -1 AllB - 2 Allb - 3
[Ipounocts nipu cxxatun, MITa 2,46 2,58 2,31
Bogonornomenune, % 33 30 31
Koapdunment pazmsraeHus 0,86 0,88 0,85
TennonpoBoanocts, B1/(M-°C) 0,139 0,137 0,135
OTKIIOHEHUE IIUHBI, MM 2,1 1,6 2,4
OTKJIOHEHNE BBICOTEI, MM 1,8 1,4 2,0
Ycanka 3a 60 cyTok, MM/M 0,68 0,59 0,72
[Ipounocts nocie moaenupoBanus, MIla 2,31 2,48 2,12
Koaddurment coxpaneHust mpouyHOCTH 0,94 0,96 0,92

MaTepuajia 1 CyMMapHOC COIMPOTUBJICHUC TCIIOIICpEAAYUC OIIPECACIIAIN 110 (I)OpMy.]'IaMI

TEINIOTEXHUUYECKAS OIIEHKA CTEHOBOM KOHCTPYKIIUH
JIns mpeaBapUTENbHON OIEHKH TEIUIO3alIUTHON 3((EKTHBHOCTH MPUHSATA OXHOCIOHHAS
CTeHa U3 apOOIUTOOETOHHBIX OsokoB TonmMHOM 300 mMMm. Tepmuueckoe CONPOTHUBIEHHUE CIIOS
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R,,..(ATIB — 2) REY 2,19 M? - °C/BT (3)

R,(AlIB—2 + 0.30 + ! 2,35M%-°C/B (4)
o ) =57 T o137 T2z T 3vM/B

I'me, Ryar - TepMudeckoe conpoTuBIeHHUE cliosi apoonmurodberona, mM?-°C/Bt; § - TommuHa
cTeHbl, M; A - K03(hduiment tertonpoBoaHocT, B1/(M-°C); Ro - cymMapHOe COMPOTHBICHHE
TETUIONIEPEIaue; Ols U Oy - KOA((UIIMEHTHI TETUIOOTIaY BHYTPEHHEH M HApY)KHOH MOBEpXHOCTEH. B
pacuére npuuaTel & = 0,30 M, as = 8,7 B1/(M?-°C) 1 o = 23 Br/(Mm2-°C).

Taouauna 3
TemnorexHu4eckasi OlleHKa OHOCT0HHOM cTeHbl ToJIMHO 300 MM
CoctaB Tomumuaa, M A, Bt/(M-°C) Rmat, M?-°C/BT Rsi + Rse Ro, M2-°C/BT
ATlb-1 0,30 0,139 2,16 0,16 2,32
AIlB-2 0,30 0,137 2,19 0,16 2,35
AIIb-3 0,30 0,135 2,22 0,16 2,38

KOB(I)(I)I/IL[I/ICHT TCIUIOMMPOBOAHOCTH  HUCCIICAOBAHHBIX COCTABOB H3MCHSJICA B  Y3KOM

muamazone 0,135 - 0,139 Bt/(m-°C). MunumanieHOe 3HadeHHe XapakTepHo st AITB-3, omHako ero
npeumyiectBo oTHocuTenbHO Allb-2 coctaBmsier Tonbko 0,002 Bt/(M-°C). Ilpu TonmmHe CTEHBI
300 MM cyMMapHOE COINpPOTHBIICHHE Terulonepenade m3Mmensercs ot 2,32 go 2,38 m*-°C/Br.
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[TosTomMy BBIOOp pAaIMOHATBLHOTO COCTaBa JAOKEH YUMTHIBATH NPOYHOCTh, BOJOCTOMKOCTH H
CTaOMIILHOCTB Pa3MEPOB, a HE TOJIbKO MHHUMAJIBHYIO TEIUIOTIPOBOJHOCTD.

TennorexHW4YecKme nokasaTesin CTeHbl TonwmHon 300 MM
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Pucynoxk 5. TennmorexHudeckue nokasareiau CTeHsl ToamuHon 300 M.

CTABWIBHOCTb PASMEPOB U COXPAHEHHME ITPOYHOCTH
HanMmeHnpne OTKIOHEHHs reOMETpUYECKUX pasMepoB orMeueHsl y Allb-2: mo anune 1,6
MM U 1o BeicoTe 1,4 MM. Ero ycaaka 3a 60 cytok coctaBuna 0,59 mm/Mm, Torna kak y Allb-1 u
AIlB-3 ona gocturna 0,68 u 0,72 mm/M coorBerctBeHHO. [lo cpaBHenuio ¢ Allb-3 ycanka
palroHaIBHOTO cOCTaBa yMeHbIuiIachk Ha 18,1 %.

CTabunbHOCTE reoMeTpUYeCKnX pasMepoB 1 ycagka bnokos
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Pucynok 6. CTabmIbHOCTh TEOMETPHUUCCKUX Pa3MEPOB U ycaka OJIO0KOB.

[lociie TpaHCIOPTHO-MOHTAXHOI'O MOZAEIUpoBanus NpoyHocTh AIIB-2 cHusunacs ¢ 2,58 no
2,48 Mlla, a koadpdumment e€ coxpanenus cocrasui 0,96. lnsg AIIb-1 u AIIb-3 sToT mokasarenb
pasen 0,94 u 0,92. Ilonyuennsle naHHble noxaTBepkaarT, 4ro AlIb-2 mydme coxpanser
L[EJIOCTHOCTh IPU MOJIETTUPYEMBIX MEXAaHUYECKUX BO3JCHCTBUAX.
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CoxpaHeHMe NPo4YHOCTU NocJsie TPaHCMNOPTHO-MOHTa>XHOIro MoAe/IMpoBaHMA
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Pucynoxk 7. CoxpaHeHne MpoOYHOCTH OCIIE TPAHCIIOPTHO-MOHTAXXHOTO MOJICINPOBAHUSL.

TEXHOJIO'NYECKASA UHTEPIIPETALIUA PE3YJBTATOB

PaumonansHoe coueranue mnokaszateneil AlIIB-2 cBA3aHO C COBMECTHBIM JI€WCTBHEM
MIpeIBAPUTENIHOM MOATOTOBKA OPraHUYECKOTO 3aMlOJIHUTEINS M ONTUMHU3AlMY MUHEPAIbHON YacTH.
Bognast  okcTpakuus ~ yMEHBIIAET COAEPKAHME  PACTBOPUMBIX  OPraHMYECKHMX  BEILECTB,
MUuHepaiu3anus GopMHUpPYeT Ha TIOBEPXHOCTH YACTHII 00JIee COBMECTUMBIN C IIEMEHTHON MaTpHIleh
cioi, a ruapodoOu3anus OrpaHMYUBACT WHTEHCHUBHOE IIOIJIONIEHHE BOJBL. MHKpPOKpPEMHE3EM
3aMoJIHSIeT TOHKHE KalWULSIpbl U y4acTBYET B MYIIIOJIAHOBOM peaklMd, TOrja Kak yMepeHHas
JI03UPOBKA 30JIOMUHEpANbHOM [00AaBKM MO3BOJSET YIUIOTHUTh CTPYKTYpy O€3 upe3MepHOro
CHIDKEHHMSI JIOJIH [IEMEHTHOTO BshKytero [7—10].

VBenuueHne copaepkaHust MuHepanbHOM n00aBku B Allb-3 obecneunBaer HeOOJbILIOE
CHIDKEHHE TEIUIONPOBOJAHOCTH, HO COIIPOBOXK/IAETCS YMEHBIIEHUEM MPOYHOCTH, POCTOM YCAAKU U
yxyaumenueMm kosdounuenta pasmsryenus. Allb-1 comgepxur Oonblie 1IeMEHTa, OJHAKO
OTCYTCTBHE 30JIOMUHEpPATbHON 100aBKH HE 00eCneunBaeT MHHHMAIBHOTO BOJOIOTIIOMICHUS M
Hawnyuiield crabuibHOCcTH pasmepoB. [lostomy cocraB AIlb-2 mnpunaT kak Haubosee
cOamaHCUPOBAHHBIM.

MNPAKTUYECKHUE PEKOMEH/JALIUN

Ui M3roToBJIEHHS ONBITHOW NApTUU CTEHOBBIX OJOKOB PEKOMEHIYETCS HCIOJIb30BaTh
coctaB AllIb-2 ¢ pacxomom nementa M500 370 xr/m?, Mukpokpemneséma 30 kr/m® u
30110MuHepanpHOM 00aBku 30 kr/m>. IToAroTOBKAa OTXOJOB KOPHS COJIOJIKH JIOJDKHA BKIIFOYATH
MEXaHUYECKYI0 OYHCTKY, (pPAaKIMOHUPOBAHHE, BOJHYIO S3KCTPAKIHIO, MUHEPAIM3ALUI0 U
rupodobuzanuio. BnakHOCTh 3aM0JHUTENSI HEOOXOIUMO YUYUTHIBATh IPU KOPPEKTHUPOBKE pacxo/ia
BOJbI 3aTBOPEHUS.

[lepen  mpakTHYeCKMM  BHEOPEHHEM  CJEIyeT  JOMOJHUTEIbHO  OMNpeAeNuTh
MOPO30CTOHKOCTb, PABHOBECHYIO SKCIUTYaTallMOHHYIO BIIAXKHOCTh, OMOCTOMKOCTH M H3MEHEHHE
TEIUIONPOBOAHOCTH NPU YBIAKHEHUU. TerIoTeXHUUECKU pacuéT peanbHOU KIIaAKu HEOOXOAMMO
BBIIIOJIHATH C YYETOM PAaCTBOPHBIX ILIBOB, OTAEIOYHBIX CIOEB U KIMMAaTUYECKUX YCJIOBUIN pailloHa
CTPOMTENHCTBA.

3AK/IIOYEHUE
1. KommnekcHasi olieHKa Moka3aia BO3MOKHOCTb MOJYYEHHsI CTEHOBBIX apOOJIUTOOETOHHBIX
OJIOKOB C MCIIOJIb30BaHUEM MPEABAPUTEIHHO 00PaOOTaHHBIX OTXOA0B KOPHS COJIOJKH.
2. Hawmbomee panmoHasbHBIM Tpu3HaH coctaB AlIIb-2, cogepxammii 370 kr/m® meMeHTa
M3500, 30 kr/m* Mukpokpemaeséma u 30 Kr/M? 30JJOMUHEpaIbHON 100aBKU.
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3. AIlb-2 o6GecneuynBaer mpouyHoCcTh Tpu cxarun 2,58 MIlla, Bomomnoriomenue 30 %,
kodpumment pasmsrdenus 0,88, TemnomnpoBoxnocts 0,137 B1/(M-°C), ycamky 0,59 mm/M u
ko3 uuueHT coxpanenus npoynoctu 0,96.

4. Ins omHOCTOWHOM cTeHbl TommuHONH 300 MM TepMudeckoe compoTuBiieHue cios AITb-2
coctasisieT 2,19 M?-°C/BT, a cyMmMapHOe conpoTuBiIeHue Terionepeaaye — 2,35 m?-°C/BT.

5. IlpeumymectBo Allb-2 omnpenensercs Haubosiee CcOATaHCUPOBAHHBIM COYETAHHUEM
MPOYHOCTH,  BOJOCTOMKOCTH,  TEIUIOTEXHUYECKOH  A(PGPEKTUBHOCTH U CTAaOMIBHOCTH
Te€OMETPHYECKUX MTapaMeTPOB.
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0,4% 06. b6azanemosoti puopvl cHudxicaem ycaoky 00 1,5 mm/m, nogviuiaem npouHOCMb NPU CHCAMUU OO0
5,1 Mlla u obecnewusaem npounocmev npu uzeube 3,0 Mlla. Taxoii cocmag modcem Obimb
aoanmuposan 05t npeOnpusmuil Y30ekucmaua 3a ciem ucnoaib308anus NOPMIAHOYeMeHma Kiaccd He
HUaice 42, 5, MECMHO20 Keapyesoco necKka, U36eCntHAK08020 uiu 00JIOMUMOB020 MUHEPATbHO2O NOPOUKA
U KOHMPOIUPYEMO20 PeNCUMA MBEPOCHUS, UCKTIOUAIoue2o bblcmpoe 00e3804cusanie uz0eaull.

Knroueswie cnosa: gpuobponenobemon, ycaoka, noiunponuienosas ¢ubpa, bazaremosas ubpa,
Cyxoul dcapkuil Kiumam, Y3oexucman, OUcnepcHoe apmuposanue.

Annotatsiya: O ‘zbekistonning quruq va issiq iglimi sharoitida avtoklavsiz usulda tayyorlangan
penobetonning cho kishi to‘siq va devorbop buyumlarning ekspluatatsion ishonchliligini belgilovchi
asosiy omillardan biridir. Maqolada polipropilen va bazalt tolasi asosidagi gibrid dispersli
armaturalashni qgo‘llashning mahalliylashtirilgan sxemasi ko‘rib chigilgan. Dastlabki tajriba
ma’lumotlari shuni ko ‘rsatadiki, 0,2% (hajmiy) polipropilen va 0,4% (hajmiy) bazalt tolasi birikmasi
chokishni 1,5 mm/m gacha kamaytiradi, sigilishga mustahkamligini 5,1 MPagacha oshiradi va
egilishga mustahkamligini 3,0 MPagacha ta’'minlaydi. Bunday tarkibni 42,5 dan past bo‘Imagan
markadagi portlandsement, mahalliy kvars qumi, ohaktosh yoki dolomitli mineral kukun hamda
buyumlarning tez suvsizlanishining oldini oluvchi nazoratli gotish rejimini go ‘llash orgali O ‘zbekiston
korxonalari uchun moslashtirish mumkin.

Kalit so‘zlar: fibropenobeton, cho ‘kish, polipropilen tolasi, bazalt tolasi, quruq issiq iqlim,
O zbekiston, dispersli armaturalash.

Abstract: In the dry, hot climate of Uzbekistan, the shrinkage of non-autoclaved foam concrete is
one of the main factors affecting the operational reliability of partition and wall products. This article
examines a localized scheme for the application of hybrid dispersed reinforcement based on
polypropylene and basalt fibers. Initial experimental data show that a combination of 0.2% by volume
polypropylene fiber and 0.4% by volume basalt fiber reduces shrinkage to 1.5 mm/m, increases
compressive strength to 5.1 MPa, and provides a flexural strength of 3.0 MPa. Such a composition can
be adapted for enterprises in Uzbekistan by using Portland cement of grade 42.5 or higher, local quartz
sand, limestone or dolomite mineral powder, and a controlled curing regimen that prevents rapid
dehydration of the products.

Keywords: fiber-reinforced foam concrete, shrinkage, polypropylene fiber, basalt fiber, dry hot
climate, Uzbekistan, dispersed reinforcement.

Kirish

Avtoklavsiz ko‘pikbeton o‘zining nisbatan oddiy texnologiyasi, kam sarmoya talab qilishi va
mahsulotni iste’mol joyiga yaqin yerda ishlab chiqarish imkoniyati tufayli uy-joy qurilishida hamon
dolzarb bo‘lib qolmogda. Bu O‘zbekiston uchun aynigsa muhim: ishlab chiqgaruvchi va qurilish
maydonchasi o‘rtasidagi logistika masofasining uzoqligi to‘siq materiallarining yakuniy narxiga
ko‘pincha sezilarli ta’sir ko‘rsatadi, kichik va o‘rta ishlab chigarish liniyalari esa viloyat
markazlaridagi talabni tezrog qondirishga imkon beradi.

Ko‘pikbetonning zaif jihati — uning cho‘kish deformatsiyalaridir. Qurish jarayonida kapillyar-
govakli strukturadan suv chiqib ketadi, g‘ovaklararo to‘siqlarda cho‘zilish kuchlanishlari, so‘ngra
esa mikroyoriglar paydo bo‘ladi. Quyosh radiatsiyasi va sutkalik harorat o°‘zgarishlari yuqori
bo‘lgan O‘zbekistonning qurg‘oqchil, keskin kontinental iqlimi sharoitida materialning erta qurishi
cho‘kish yoriglari paydo bo‘lish xavfini oshiradi. Shu sababli, mahalliy amaliyot uchun nafaqat
tarkibni to‘g‘ri tanlash, balki material strukturasini mikro va makro darajada boshgarish ham
muhim ahamiyat kasb etadi.

Materialni fagat polipropilen fibra bilan armaturalash vyirik yoriglar ochilishi xavfini
kamaytirsa-da, g‘ovaklararo to‘siqlar deformatsiyasini har doim ham yetarlicha cheklay olmaydi.
Buning sababi polipropilenning elastiklik moduli mineral tolalarnikiga nisbatan pastligidadir. Shu
bois gibrid armaturalash usuli ogilona yechim bo‘lmoqda: past modulli tolalar makrostruktura
darajasida, yuqori modulli tolalar esa mayda g‘ovakli to‘siglar darajasida ishlaydi. Bunday
yondashuv mahalliy qurilish vazifalariga to‘la mos keladi, ya’ni qorishmaning narxini sezilarli
oshirmagan holda yengil, texnologik va yoriglarga chidamli material olish imkonini beradi.
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Magqolaning maqsadi O‘zbekiston sharoitiga moslashtirilgan, kirishishi past bo‘lgan
noavtoklav fibropenobeton tarkibini asoslash hamda armaturalashning qaysi parametrlari
deformatsiyaga bardoshlilik, mustahkamlik va texnologiklik o‘rtasidagi eng maqbul muvozanatni
ta’minlashini ko‘rsatib berishdan iborat.

Asos sifatida o‘rtacha quruq zichligi 1200 kg/m® atrofida bo‘lgan zich, avtoklavsiz
fibropenobeton retsepturasi gabul gilindi. Uni mahalliy sharoitga moslashtirish uchun CEM 1 42,5
sinfidagi portlandsement yoki uning milliy analogi, yiriklik moduli taxminan 2,2 bo‘lgan kvars
qumi, karbonatli mineral kukun hamda ogsilli yoki sintetik ko‘pik hosil qilgichdan iborat tarkib
sifatida garash mumkin. O°‘zbekiston sharoitida mineral kukunni ohaktosh va dolomit
elanmalaridan, shuningdek, donadorlik tarkibi va suvga bo‘lgan ehtiyoji laboratoriyada
tekshirilgach, tosh maydalashdan chigadigan changsimon chigindilardan olish magsadga
muvofiqdir.

Armirlash uch turdagi tola: polipropilen fibra, bazalt fibra va xrizotil tolasi bo‘yicha
baholandi. Amaliyotga joriy etish uchun polipropilen va bazalt fibralari birikmasiga ustunlik berildi:
birinchisi kimyoviy jihatdan barqaror bo‘lib, makroyoriglarning ochilishini samarali cheklaydi,
ikkinchisi esa yuqori elastiklik moduliga ega va qattig sement matritsasida yaxshiroq ishlaydi.
Xrizotil tolalari yuqori disperslikka ega, biroq ularni qo‘llash alohida sanitariya-gigiyenik va
texnologik baholashni talab etadi.

O‘lchami 40x40x160 mm bo‘lgan namuna-to‘sinlar tabily sharoitda saqlandi; ularning
uzunligi va massasidagi o‘zgarishlar 14, 28, 56 va 112 sutkadan so‘ng qayd etib borildi. Siqilishga
mustahkamligi qotib, quritilgandan keyin nazorat kublarida, egilishga mustahkamligi esa kirishish
o‘lchovlari yakunlangach, to‘sinlarda aniqlandi. Mahalliy amaliyot uchun parvarishlash tartibi
muhim qo‘shimcha hisoblanadi: birinchi sutkada mahsulotlar to‘g‘ridan-to‘g‘ri quyosh nuri va
yelvizakdan himoyalanishi, gqolipdan olingandan so‘ng esa plyonka ostida yoki yopiq omborda bir
tekisda quritilishi kerak.

1-jadval.
Armaturalovchi tolalarning asosiy xususiyatlari

Tolaning |Diametri, Uzunligi, = Zichlik, Cho‘zilishdagi Cho f]l:(“hgli.'k Ylan?.
turi mm mm g/sm? uzayish, % mustankamii MOcut,

' chegarasi, MPa MPa

Polipropilen | 0,018 12,0 0,9 10,0-25,0 400-770 %50%%
80000-

Bazalt 0,018 12,0 2,6 1,4-3,6 1600-3600 110000
Xrizotil 0,028 1,35 2,6 0,5-0,7 910-3100 68000

Armaturalashning cho‘kishga ta’sirini baholash uchun fibropenobeton deformatsiyasi
armaturalanmagan matritsa deformatsiyasi, tolalar elastiklik moduli, armaturalashning hajmiy
koeffitsiyenti hamda tolalarning uzunligi va diametri bilan aniglanadigan bog‘liglikdan
foydalanildi. Hajmiy ulush bir xil bo‘lganda, tolalarning elastiklik moduli yuqoriligi va geometrik
o‘lchamlari kichikligi yoriglar paydo bo‘lishining oldini olish samaradorligini oshiradi. Biroq,
tolalarning umumiy miqdorini oshirish texnologik cheklovga ega: aralashma to‘yingach,
kesaklanish yuzaga keladi, g‘ovak strukturaning bir me’yordaligi buziladi va natijada haqiqiy
cho‘kish ortadi.

Tolasiz nazorat ko‘pikbetoni eng katta cho‘kishi bilan ajralib turadi. Monoarmiyalash
deformatsiyalarni taxminan 15-24% ga kamaytiradi; yakka tolalar orasida eng past ko‘rsatkichlar
hajmiy ulushi 0,8% bo‘lgan bazalt fibrasi va 0,4% bo‘lgan xrizotil uchun qayd etilgan. Shunga
garamay, cho‘kish va mustahkamlik o‘rtasidagi eng yaxshi muvozanatni gibrid tizim namoyon etdi:
hajmiy ulushi 0,2% bo‘lgan polipropilen va 0,4% bo‘lgan bazalt fibrasi.
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2-jadval
Mahalliylashtiriladigan tarkiblar va sinovlarning asosiy natijalari
Egilish | 112
Mineral | . s N dagi sutkalik
Tarkibi SCMENt | QUM e, FIPTE %6 yr ZIChITK, ISIATSR, 1 srai chotkis
gm Kgm™ - po/m? am. gm 2 kamlik h,
, MPa |mm/m
Tolasiz 300 480 300 0 0,26 | 1216 4,4 1,9 2,34
I +53 | 300 480 300 0,2+0,4 0,26 | 1207 51 3,0 1,50
1+ 63| 300 480 300 0,4+0,2 0,26 | 1220 4.8 2,9 1,65
I+ B3 | 300 480 300 0,4+0,4 0,26 | 1256 5,0 4,3 -
B3+XP | 300 480 300 0,4+0,2 0,26 | 1214 45 3,7 -
B3+XP | 300 480 300 0,2+0,4 0,26 | 1238 4.6 2,5 -
B3+XP | 300 480 300 0,4+0,4 0,26 | 1245 4.4 4,0 -

112 sutkadan keyingi cho'kish, mm/m

Dispers armaturalash orqali cho'kish deformatsiyalarini kamaytirish
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Nazorat

ko'pikbeton

1-rasm. Nazorat, monodispers va gibrid tolali ko‘pikbetonning cho‘kishi.

PP 0.2%

Bazalt 0.8%
0.8%

Xrizotil 0.4%

PP 0.2% +
BZ 0.4%

0,2% PP + 0,4% BZ gibrid tarkibi cho‘kishni armaturalanmagan tarkibga nisbatan 36% ga,
bazalt tola bilan monoarmaturalangan variantga nisbatan esa taxminan 17% ga kamaytirdi. Amalda
bu nafaqat chiziqli deformatsiyaning kamayishini, balki to‘siq plitalari barvaqt quriganda ko‘zga
ko‘rinadigan yoriqglar paydo bo‘lish ehtimolining pastligini ham anglatadi.

Tolalarning turli kombinatsiyalarida fibrokopiktobonning mustahkamligi

Mustahkamlik, MPa

_‘0\35'\1

?°

g
610‘

AY
Bly?g o
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B Egilish, MPa

2-rasm. Har xil fibra birikmalarining sigilish va egilishdagi mustahkamligini taggoslash.
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Olingan samara tolalarning turli migyosda ishlashi bilan izohlanadi. Nisbiy uzayishi
yugori bo‘lgan polipropilen tola yoriq paydo bo‘lishi boshlangandan so‘ng deformatsiyalarni
o‘ziga oladi va yoriqning kengayishini makrodarajada ushlab turadi. Elastiklik moduli ancha
yuqori bo‘lgan bazalt tolasi esa g‘ovaklararo qattiq to‘siqlarning deformatsiyalanishiga
samaraliroq qarshilik ko‘rsatadi. Shu sababli, ikki turdagi tolaning birikmasi shunchaki
armaturalashning “yig‘indisi”’ni emas, balki ancha barqaror fazoviy strukturani hosil giladi.

0,4% PP + 0,4% BZ tarkibi egilishga yuqori mustahkamlikni ta’minlaydi, biroq seriyali
ishlab chigarish uchun unchalik qulay emas: tolalar sarfi ortadi, gorishmaning qovushqogligi
oshadi va g‘ovak hosil bo‘lishining bir me’yordaligi buzilishi xavfi paydo bo‘ladi. Ishlab
chiqarish barqarorligi va mahsulot tannarxi muhim bo‘lgan O‘zbekiston korxonalari uchun
0,2% PP + 0,4% BZ tarkibini magbul deb hisoblash oqgilonadir. Bu tarkib ortiqcha
fibroto‘yinishsiz yetarli darajada egilish mustahkamligini va minimal darajada kirishishni
ta’minlaydi.

Qurug va issiq iglim sharoitida tarkibni joriy etishda texnologik intizom hal giluvchi
ahamiyat kasb etadi. Qorishma barqaror zichlikka ega bo‘lishi, mahsulotlar esa bir tekis qotishi
va qurishi lozim. To‘g‘ridan-to‘g‘ri quyosh nuri ostida mahsulot sirtidan suvning tez
bug‘lanishi armaturalashning foydasini yo‘qqa chiqarishi mumkin, chunki matritsa yetarli
mustahkamlikka erishmasdan turib yoriglar paydo bo‘ladi. Shuning uchun mahalliy texnologik
reglamentda qoliplarning ustini yopish, yopiq joyda saglab qgotirish, topshirish namligini nazorat
qilish va yangi plitalarni shamol tegadigan joyda saqlashni taqiqlash kabi qoidalar bo‘lishi
kerak.

Mahalliy karbonatli jinslardan olingan mineral kukunni qo‘llash bir vaqtning o‘zida
sement sarfini kamaytirib, ko‘pikli strukturani barqarorlashtiradi. Biroq, mayda dispersli
to‘ldiruvchining ortigcha miqdori suvga bo‘lgan talabni va kirishishni oshirishi mumkin,
shuning uchun retsepturaga mahalliy sharoitdan kelib chigib tuzatish Kiritish sinov gorishmalari
natijalariga asosan amalga oshirilishi lozim. To‘ldiruvchining magbul nisbati nafaqat uning
narxi, balki qorishmaning cho‘kishiga yo‘l qo‘ymasdan mayda g‘ovakli strukturani saqlab
golish gobiliyati bilan ham belgilanadi.

Seriyali ishlab chigarishni yo‘lga qo‘yishdan oldin retsepturani shunchaki mexanik
ko‘chirish emas, balki uni mahalliy xomashyoning amaldagi xususiyatlariga moslashtirish
muhim. Tarkib o‘zgarishiga, aynigsa, mineral kukunining suvga bo‘lgan talabi, ko‘pikning
turg‘unligi va aralashtirishdan keyingi fibraning haqiqiy uzunligi sezgir bo‘ladi. Suv-gatlam
nisbatining hatto biroz oshishi ham cho‘kishni sezilarli darajada kuchaytirishi mumkin, shu bois
sinov qorishmalari yangi aralashma zichligi va g‘ovak strukturasining geometriyasini nazorat
gilish bilan birga amalga oshirilishi lozim.

Viloyat korxonalari uchun fibrani ikki bosqichda qo‘shish magsadga muvofiq: avval
polipropilen fibrani qorishma suviga yoki aralashmaning suyuq qismiga, so‘ngra mineral
suspenziya birlamchi aralashtirilgach, bazalt fibrani qo‘shish kerak. Bu tartib bo‘lakchalar hosil
bo‘lish xavfini kamaytiradi va tolalar hajm bo‘ylab bir tekis tagsimlanishini yaxshilaydi. Quruq
dozalash usulidan foydalanilganda, past hajmli konsentratsiyalar uchun yetarli aniglikdagi
tarozi nazoratini qo‘llash zarur.

Issig iglimni inobatga olgan holda, texnologik reglamentda nafagat retseptura, balki
saglash shartlari ham belgilanishi lozim. Yangi tayyorlangan mahsulotlar solingan qolip va
tagliklarni ochiq quyosh ostida qoldirish mumkin emas; yopiq ombor, plyonka bilan o‘rash va
asta-sekin quritish eng magbul yechimdir. Aks holda, cho‘kish kuchlanishi pishiq sement
matritsasining shakllanishidan ko‘ra tezroq yuzaga keladi.
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3-jadval.
Fibropenobetonni mahalliy sharoitda ishlab chigarishning nazorat parametrlari
Nazoratlanuvchi

parametr Tavsiya etiladigan mahalliy talab Nazorat gilish sababi
Sement Sinfi CEM I 42_,5 dan past bo‘l_magan golipdan yechish _mu_stahkamligiga
yoki tasdiglangan analogi tez erishish

Qum yiriklik moduli 2,0-2,3 atrofida; loyli | g‘ovaklararo to‘siqlarning barqaror
aralashmalar migdori minimal tuzilishi va mustahkamligi

Mineral kukun suv yutishi tekshiril_gan karbonat Cho‘kishini 0_shirmagan_h_01da

kukuni sement sarfini kamaytirish
Fibra 0,2% hajm. PP + 0,4% hajm. BZ; bir mikro va makro yoriglar hosil
tekis tagsimlangan bo‘lishini cheklash

yopiq joyda saqlash, quyosh va
shamoldan himoya
zichligi, namligi, mustahkamligi va
ko‘zga ko‘rinadigan yoriqlarning
yo‘qligi

Qattiglashish barvagt suvsizlanishning oldini olish

Tayyor
mahsulotlar

qurilish maydonchasida sifat
bargarorligi

Xulosa

O‘zbekiston sharoitida avtoklavsiz fibropenobetonni polipropilen va bazalt fibralari bilan
gibrid armaturalash qurishish deformatsiyalarini kamaytirishning texnologik jihatdan o‘zini
oglaydigan usuli hisoblanadi.

Barcha ko‘rsatkichlar majmuiga ko‘ra, tarkibida 0,2% (hajmiy) polipropilen va 0,4% (hajmiy)
bazalt fibrasi bo‘lgan aralashma eng maqgbul sanaladi: bunda qurishish taxminan 1,5 mm/m ni,
sigilishga mustahkamligi — 5,1 MPa ni, egilishga mustahkamligi esa — 3,0 MPa ni tashkil etadi.

Monoarmaturalash qurishishni kamaytirsa-da, past va yuqori modulli tolalarning gibrid
birikmasi kabi mikroyoriqlarga chidamlilik, mustahkamlik va texnologiklik o‘rtasidagi
muvozanatni ta’minlay olmaydi.

Mabhalliy sharoitga moslashtirish mahalliy xomashyodan mineral kukun tanlashni, ko‘pik
hosil qiluvchining sement bilan mutanosibligini tekshirishni hamda quyosh va shamoldan
himoyalangan sharoitda dastlabki gotish jarayonini majburiy nazorat gilishni talab giladi.
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Annomanyua. B pabome uccaedosano érusnue oxcuoa amomunus (A1:03) u cudpoxcuoa antomunus
AIl(OH)s na cpoku cxeamvi8aHusi YeMEHMHBIX GANCYUUX. Y CIMAHOBIEHO, YO 868€0eHUEe AIOMOCOOEPICAUIUX
606616‘01(' oKaswvleaent CywecCmeeHHoe 6JIUsHUE HA npoyeccol eudpamauuu KIIUHKEPHbIX MUHEPAO6, USMEHA
KUHemuKy cmpykmypooopaszosanust yemenmnoz2o mecma. Onpeoenelbl onmumaibivie 003UposKu 000a6oK,
o6ecneuu6ar0u¢ue pezyiuposarue CpoOKoe HaA4Yalad U KOHYA CXeamvleéaHU:sl bes CYWeCmeerHH020 CHUJINCERUA
NPOYHOCMU YEMEHMHO2O0 KAMHAL. HOﬂy'ieHHble pesyibmambl Mocym 6blI’I’Ib UCnob306aHbl NnpuU pa3pa60ml<e
CReyUanIbHbIX ObICIMPOMBEPOCIOWUX U PE2YIUPYEMBIX NO CPOKAM CXBAMBIBAHUS YEMEHMHBIX KOMNOZUYULL.

Knioueevie cnoea: yemenm, eoudpamayus, OKCUO QUIOMUHUS, SUOPOKCUO AIOMUHUSL, CPOKU
CX6Aanvl6aHUA, L;eMeHmell:i KAaMeHb, aﬂmMocodepofcamue 0obasKu.

Annotatsiya. Ishda alyuminiy oksidi (Al-Os) va alyuminiy gidroksidi Al(OH)s; ning sement
bog ‘lovchilarning qotish muddatlariga tasiri tadgiq etilgan. Alyuminiy tarkibli go ‘shimchalarning kiritilishi
klinker minerallarining gidratatsiya jarayonlariga sezilarli ta’sir ko ‘rsatib, sement qorishmasida struktura
hosil bo‘lish kinetikasini o ‘zgartirishi aniglangan. Sement toshining mustahkamligini sezilarli darajada
kamaytirmagan holda gotishning boshlanishi va yakunlanish muddatlarini tartibga solishni ta ’minlaydigan
go ‘shimchalarning magbul miqgdorlari aniglangan. Olingan natijalardan tez qotuvchi hamda gotish
muddatlari boshgariladigan maxsus sement kompozitsiyalarini ishlab chigishda foydalanish mumkin.

Kalit so“zlar: sement, gidratatsiya, alyuminiy oksidi, alyuminiy gidroksidi, gotish muddatlari, sement
toshi, alyuminiy tarkibli qo ‘shimchalar.

Abstract. This study investigates the effect of aluminum oxide (Al:Os3) and aluminum hydroxide
Al(OH)s on the setting time of cementitious binders. It was established that the incorporation of aluminum-
containing additives significantly affects the hydration processes of clinker minerals and alters the kinetics
of structure formation in cement paste. The optimal dosages of the additives were determined, allowing the
initial and final setting times to be regulated without a significant reduction in the strength of the hardened
cement paste. The obtained results may be used in the development of special rapid-hardening cement
compositions and cementitious systems with controlled setting times.

Keywords: cement, hydration, aluminum oxide, aluminum hydroxide, setting time, hardened cement
paste, aluminum-containing additives.

Brenenue

OnHMM W3 BOKHEHIIMX TEXHOJOTHYCCKUX MapaMeTPOB IEMEHTHBIX BSOKYIIMX SBISIOTCS
CPOKU CXBATBIBAHUS, OMPEIEISIONINE BO3MOXHOCTh TPAHCIIOPTUPOBAHUS, YKIAKH U YIUIOTHEHUS
OCTOHHBIX cMecedl. PerymmpoBaHuMe CpPOKOB CXBaThIBAaHHS OCYIICCTBIISCTCS  Pa3TUIHBIMU
XUMHYECKUMHU U MUHEPaIbHBIMU JOOaBKaMHU.

OcoOblif UHTEpEC MPEACTABIIAIOT COSIUHEHUS AIFOMHHHS, TTOCKOJBKY aTlOMHHATHAs (a3a
[IEMEeHTa SBJsETCS Haubosee akTUBHOM MpU HaYalbHOM THApaTalui. BBegeHne okcuaa aToMUHUS
Y THJIPOKCHJIA aTIOMUHUS CIIOCOOHO M3MEHSTHh KOHIICHTPAIIMIO MOHOB AJTIOMUHUS B JKUIKOH (aze
[IEMEHTHOTO TECTa, BIUSSA HA CKOPOCTH 00pa30BaHUS THAPOATIOMUHATOB KaIbIUSl.

[lenprto pabOTHI SIBJISICTCS WCCIICIOBAHWE BIHUSHUS OKCHJIA QIIOMHHHS H THIPOKCH]IA
QTIOMHUHUSI Ha CPOKH CXBATHIBAHUSA MTOPTIAH/IIIEMEHTA.

Matepuajbl 1 METObI HCCJIEI0BAHNS

Jlist mpoBeieHust UCCIIEIOBAHUIA MCTIONB30BAIH:

[TopTnanguement 1111 500;

Oxkcun amromunns Al2Os;

I'unpokeun amomunust AI(OH)s;

Boja nuteeBoro kauecTna.

JloGaBKY BBOAMIN B KOJIMYECTBE: % OT Macchl IEMEHTA.

0,5% 1,0 % 1,5% 2,0 % 3,0% 5,0%

Cpoxku cxBaTbhIBaHUS Onpeesuii npudopom Buka cornacuo tpedoanusm 'OCT 310.3.
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Tabmuma 1
CocTaB HccneayeMbIX IIEMEHTHBIX KOMITO3UITUI
No coctaBa Al0s, % No cocraBa | AI(OH)s, %
1 0,5 7 0,5
2 1,0 8 1,0
3 1,5 9 1,5
4 2,0 10 2,0
5 3,0 11 3,0
6 5,0 12 5,0

Pe3yabTarsl ucciie0BaHuii

Hayunas HoBM3Ha uccnenoBanus. Haydnas HOBH3HA paOOTHI 3aKIII0YACTCS B YCTAHOBJICHUHU
3aKOHOMEPHOCTEU BJIMSHUS OKCUJIA ATIOMUHUS U TUAPOKCHJIA aFOMUHHUS HA KHHETUKY IIPOLIECCOB
rujpaTaldd I1EMEHTHBIX MHUHEpPAJOB M CPOKM CXBaTbIBaHMS 1IEMEHTHOro TecTa. BriepBbie
MPOBEJICHO CPaBHUTEIIbLHOE HCcleaoBaHne J(PPEKTUBHOCTH YKA3aHHBIX —aIFOMOCOJEPKAIIIX
100aBOK B OJIMHAKOBBIX YCIIOBUSX JO3UPOBAHUSI.

YcTaHoOBIEHO, UTO OKCHU/T aJTIOMUHUS OKa3bIBaeT 00J1ee HMHTEHCUBHOE BIIUSIHUE Ha MPOLIECCHI
CTPYKTYPOOOpa30BaHUs [IEMEHTHOTO KaMHs 110 CPAaBHEHUIO C THAPOKCHJIOM aJTFOMUHUS BCIICJICTBUC
YCKOPEHHOTO B3aUMOJICHCTBUSI C THUIPOKCHUIOM KalblMsg W OOpa30BaHHs THAPOATIOMHHATHBIX
COE€IUHEHUN.

[TonydyeHHble pe3yabTaThl MO3BOJSIOT PEKOMEHI0BATH MPUMEHEHUE OKCHJIa AJIOMHUHUS B
KauecTBe 3(PPEKTUBHOTO YCKOPUTENSI CXBAThIBAHUS LIEMEHTHBIX CHUCTEM, a TUPOKCUIA aTIOMUHUS
— Kak 00Jiee MSTKOTO PEryJsaTopa MpoIeccoB TBEPACHHUS.

Tabnuua 2

BrnusiHre okcua ¥ THIPOKCHU/IA QJIFOMUHUSI HA CPOKU CXBATHIBAHUS
Coneprxanue Cpoxku CXBaTBhIBAHUS, Cpoxu cxBaThIBaHUS, MUH
AlLOs, % MUH Copepxanue

Haugamo Konen Al(OH)s, % Hauwamo | Konen

0 140 225 0 140 225
0,5 130 210 0,5 135 217
1,0 118 198 1,0 126 206
1,5 105 184 1,5 116 193
2,0 95 170 2,0 108 181
3,0 70 150 3,0 92 165
5,0 50 120 5,0 83 145

[TomyyeHHble pe3yabTaThl CBUICTEILCTBYIOT O TOM, 4YTO 00€ J00aBKM CIIOCOOCTBYIOT
YCKOPEHUIO TIPOIIECCOB CXBAThIBaHMS IIEMEHTHOTO Tecta. Hambosee BbIpaKeHHBIH 3(¢eKT
Ha0JI0AaeTCs IPU UCIIOIB30BAHUN OKCHA aTFOMHHUS.

IIpakTH4Yeckast 3HAYUMOCTD

Pe3ynbTaThl Hccne0BaHUs MOTYT OBITh UCIIOJIB30BaHbI:

NIPY TIPOM3BOJICTBE OBICTPOTBEPACIOLINX CTPOUTEILHBIX PACTBOPOB;

JUTSL U3TOTOBJIEHUS CYXUX CTPOUTEIIBHBIX CMECEH;

IIPU IIPOU3BOJICTBE PEMOHTHBIX COCTaBOB;

JUI 3MMHETO OETOHUPOBAHHUS;

Ipu pa3paboTKe CHENHMAIBHBIX TAMIIOHAXXHBIX U HUHBEKIIUOHHBIX PACTBOPOB.

Vcnonb30BaHue amoMOCoAepKalluxX J00aBOK IMO3BOJSET COKPATUTh MPOAOKUTENBHOCTh
TE€XHOJIOTHYECKOT0 IIUKJIA U3TOTOBJICHUS U3IEIUNA U MTOBBICUTD POU3BOIUTEIBHOCTD IIPEANPUATHN
CTPOMUTEJIBLHON NHIYCTPHH.
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Mexanuszm oeiicmeus okcuoa u 2uOPOKCUOa ailOMUHUA

B HavanpHbIl mepuoa ruApaTalMM lIEMEHTa HauOosee axkTHUBHOW (a3oi sBisercs
TpexkanblueBblid antoMuHaT (CsA). [Ipu BBeZieHUN OKCHJAa AIIOMUHUS YBEITMUMBACTCS KOJIMUECTBO
AaKTUBHBIX  QJIIOMHUHATHBIX  LEHTPOB, 4YTO TMPUBOAUT K YCKOPEHHOMY 0Opa30oBaHHIO
TUIPOATIOMUHATOB KaJIbLIUS.

OcHOBHBIE peaKIIUd MOTYT OBITH MTPEICTABIEHBI CIETYIOIINUM 00pa3oMm:

Al,0; + Ca(OH), + H,0 — calsiy gidroalyminaty;
C3A+ CaS0, X 2H,0 + H,O0 - ettringit.

®opMupoBaHUE STTPUHTHUTA MPHUBOAUT K OBICTPOMY BO3HMKHOBEHHUIO MPOCTPAHCTBEHHOM
KPUCTAJIIMYECKON CTPYKTYphI, 0OecredrBaronieil yCKOpeHHOe CXBaThIBAHUE IEMEHTHOI'O TECTA.

I'mapokcu anrOMUHMS MPOSIBIISIET AaHAJIOTMYHBIM MEXaHU3M ACHCTBHSA, OJIHAKO BCIEICTBUE
MEHBbIIeH pacTBOPUMOCTH MPOIIECC MOCTYIICHUS] HOHOB AJTIOMUHUS B XKUAKYIO a3y MPOUCXOAUT
MIOCTENIEHHO, 4YTO OOBACHSAET MEHee BBIpAKEHHBIH yckopstonmid 3ddext. PesymbraThl
WCCIIEIOBaHUY NPUBECHBI B TaOIHIIaX

Ta0numa 3
Bnusiaue 106aBok Al2O3 Ha MPOYHOCTH IIEMEHTHOTO KaMHS
JloGaBka Ho3uposka, % [Ipounocts yepes, Mlla
KonTposns 1 cyTku 7 CyTOK 28 CyTOK

AlOs 0 18,4 37,2 50,6

AlLOs 0,5 20,1 38,4 51,8

AlOs 1,0 22,3 40,8 52,5

AlOs 1,5 24,1 42,7 52,9

AlOs 2,0 24,5 43,1 52,3

AlOs 3,0 25,3 44,2 52,2

AlLO:s 50 26,0 46,3 51,8

Tabmma 4
Bnusiaue no6aBok Al(OH)s: Ha MpOYHOCTH IIEMEHTHOTO KaMHS
JloGaBka Ho3uporka, % [Tpounocts uepes3, Mlla
Kontposs 1 cyTku 7 cyTok 28 cyTok

Al(OH)s 0,5 19,2 38,0 51,2
Al(OH)s 1,0 20,7 39,5 52,4
Al(OH); 1,5 21,9 40,7 53,1
Al(OH); 2,0 22,4 41,2 53,0
Al(OH)s 3,0 22,4 41,8 52,8
Al(OH)s 50 22,7 41,0 52,0

AHanu3 pe3yabTaToB MMOKA3bIBAET, UTO HCCIeayeMble J0OaBKH HE TOJIBKO COKPAIIAIOT CPOKU
CXBaThIBaHUS, HO ¥ TIOJOXKUTEIHHO BIUSIOT HA PAHHIO MPOYHOCTh IIEMEHTHOTO KaMHSI.
MaxkcuManbHbii 3¢ deKT JoCTUTaeTCs MpH CoAepKaHUU OKcua amoMunus 1,5 %.

MukpocmpykmypHuulii ananu3

MuKpOCTpYKTYpHBIE HCCIEAOBAHUS MMOKA3ali, YTO BBEICHUE AIIOMOCOAEpKAIUX 100aBOK
crocoOCTBYeT (HOpMUpPOBaHHIO OoJiee TUIOTHOM CTPYKTYphl IIEMEHTHOTO KamHs. B cTpykType
HaOII0/1aeTCsl yBEIMYEHUE KOJIMUYECTBA MIONbYATHIX KPUCTAJUIOB JITTPUHTUTA W IUIACTHHYATHIX
THIIPOAFOMUHATOB Kaiblus. PrucyHok 1
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VYnoTHeHUE CTPYKTYPhI TPUBOJUT K YMEHBIIICHUIO OOIIEH MOPUCTOCTH IIEMEHTHOTO KaMHS
Y TIOBBIIIICHUIO €T0 MPOYHOCTHBIX XapakTepucTuk. OcoOeHHO 3aMeTHBIH 3 dekT HabmogaeTcs npu
nosupoBkax 1,0-1,5 %.

Polimer
ko'prikchalar

Polimer |
ko'prikchalar

A\ & .‘?‘.Sx

SEM MV S0
View flaldd 135 pm
SEM MAG 200 mx

MIRAS TESC

Pucynox 2 - MukpoctpykTypa 28-cyTounsx 00pasios, yBenmuenHas B 10 000 pa3: cnesa -
KOHTPOJIB, cripaBa - ¢ 1% Al(OH)s

O0cy:xaeHne pe3y1bTaTOB

YcKopeHHE CXBaTBIBAHUS OOBSCHSACTCS YBEIMYCHHEM KOHIICHTPAIMHA ATFOMHUHATHBIX
coeuHEHMH B cucteMe. MOHBI alfOMUHMS aKTUBHO YYacTBYIOT B 00pa30BaHUU TUAPOATIOMUHATOB
KaJIBIUSl U ATTPUHTUTA, KOTOPhIC (DOPMUPYIOT TPOCTPAHCTBEHHBIN KapKac IIEMEHTHOTO KaMHSI yKe
Ha paHHUX CTAJUSIX TBEPACHUS.

OkcHJl aMOMUHUS TIPOSIBISICT 0OJiee BBICOKYIO 3 (EKTUBHOCTh BCIEACTBHE OOJBIICH
XMMHYECKON aKTUBHOCTH B IIEIOYHOM Cpejie IIEMEHTHOTO TecTa. [ MAPOKCHA amOMUHUS EHCTBYET
0oJiee MATKO, 00ecIeunBas OCTEINEHHOE BEICBOOOKIEHNE HOHOB AJIFOMUHHSL.

I'padmyeckoe mpeacraBaeHUe pe3yIbTaToB.

W3 rpadmka BUIHO, YTO YBEIHUYCHUE JTO3UPOBKH AFOMOCOICPIKAIINX JO0ABOK IMPUBOIUT K
3aKOHOMEPHOMY COKpAIllEHHWI0 CPOKOB Hayana cxBaTbiBaHusa. [lpu coxepxkanmu 2 % okcuaa
QATFOMHUHMSI BpeMsl Havalla CXBaThIBAHUS COKpAIIaeTcs mpuMepHo Ha 32 %, Toraa Kak THIAPOKCHT
aTIOMHHUS 00ecIieunBaeT CHIbKeHMe Ha 23 %.
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W3 rpaduka BUAHO, YTO YBEIWYCHUE TO3UPOBKHU ATFOMOCOJIEPIKAIINX JOOABOK MPUBOIUT K
3aKOHOMEPHOMY COKpAIIlCHHWI0O CPOKOB Hadayia cxBaTbiBaHus. Ilpm comepxkammm 2 % oOkcuua
ATIOMHUHMS BpeMsl Havalla CXBaThIBaHUs COKpallaeTcs nmpumepHo Ha 32 %, Toraa Kak TUAPOKCHUT
aIITOMUHUS 00ecreunBaeT CHIKeHne Ha 23 %.
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Bopgoygdepxuearllan cnocobHocTb, %

Konuyecteo gobaekn, %

Pucynok 3 TloBeileHHE BOIOYACPKUBAIOIICH CIIOCOOHOCTH, C BBEJICHHEM
J00aBKH.

IKoHOMHUYeCKast IPPEeKTUBHOCTH NPUMEHEHHS 100aBOK

PacueTsl mokas3pIBaroT, YTO COKpallleHHe cpoKOB cxBaThiBaHMs Ha 20—30 % no3Bosser:

YMEHBIIUTH TPOAOKUTEILHOCTh TEXHOJIOTMUYECKOTO IHKIIA;

MOBBICUTH 000paunBaeMocTh popm Ha 10-15 %);

CHU3HTH 3aTPAThl HA TETUIOBYIO 00pabOTKY;

YBEJIMYUTH MPOU3BOUTEIHHOCTD MPEANPUATHI COOPHOTO JKeIe300eTOHA.

DKoHOMHUYECKHI 3(P(PEKT 0COOCHHO 3aMEeTeH NpPH IMPOU3BOJICTBE CYXHX CTPOHMTEIBHBIX
cMeced U U3MIeJIMU Ha OCHOBE IIEMEHTHBIX KOMIIO3UIIUH,

3akio4eHue

VYCTaHOBIIEHO, YTO OKCHUJ AJIIOMHHHS W THUAPOKCUJ ATIOMHHHS OKa3bIBAIOT YCKOPSIOIIEE
BO3JICHCTBHUE HA MPOLIECCHI CXBATHIBAHUS LIEMEHTHBIX BSIKYIIHX.

BBenenue 2 % oxcuaa anroMUHMS COKpalllaeT BpeMs Hauyana cxBarbiBaHus co 140 mo 95
MHHYT, a KOHIIa CXBaThIBaHUA — C 225 10 170 MUHYT.

I'mapokcua amOMHMHHSA TakXe CIOCOOCTBYET YCKOPEHMIO CXBAaTbIBAHHSA, OJHAKO €ro
BIIUSTHUE MEHEE BBIPAXKEHO MO0 CPABHEHUIO C OKCHJIOM aJTFOMUHUS.

OnTuManbpHas J03UpPOBKA HCCIEAOBaHHBIX a00aBok cocrtasiser 1,0-1,5 % oT Macchl
IIeMEHTa, 4YTo obecreunBaeT 3(P(EKTUBHOE pEryJupOBaHHE CPOKOB CXBaThIBaHUS 0e€3 pHCKa
Ype3MEPHOr0 YCKOPEHHUS T'MIpaTallMOHHBIX MPOLIECCOB.

[TonydeHHbIe pe3ynbTaThl MOTYT OBITH UCIIOJIB30BaHbI MPU Pa3pabOTKe OBICTPOTBEPACIONINX
[IEMEHTHBIX KOMITO3UIIMOHHBIX MaTEPHAJIOB U CIIEHUAIBHBIX CTPOUTEIBEHBIX PACTBOPOB.
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TOSHKENT SHAROITIDA TASHQI DEVOR TO‘SIQLARI VA DOIMIY TEMIRBETON
QOLIPLI YIG‘'MA-MONOLIT KONSTRUKSIYALARNING TEXNOLOGIK
ISHONCHLILIGINI OSHIRISH

Sh.A. Ibraximov
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Annotatsiya. Maqgolada Toshkent shahrining seysmik-iglimiy sharoitida tashqi devor to‘siglari va
doimiy temirbeton golipli yig ‘ma-monolit konstruksiyalarning texnologik ishonchliligini oshirish masalalari
yoritildi. Uch gatlamli devorlarda shishaplastik dyubellar va poliamid ankerlarning ishlashi, dyubelni
kovakli g‘isht tanasining ko ‘prik zonasiga yo ‘naltirib o ‘rnatish zarurati, ikki gatlamli devorlarda polimer
armaturalovchi to ‘rlarni vazifasiga mos tanlash, shuningdek doimiy temirbeton qolip asosidagi zinapoya-lift
uzeli devorlarini ogim usulida barpo etish bo ‘yicha tavsiyalar tizimlashtirildi. Qurilish jarayonida
shablonlar, inventar reyka-tartiblash, kirish nazorati, betonlash gamrovini cheklash, foto-fiksatsiya va
operativ chek-listlarni go ‘llash orqali yoriglanish, geometriya buzilishi va pardoz nugsonlari xavfini
kamaytirish imkoniyati asoslandi.

Kalit so‘zlar: tashqi devor, uch qatlamli devor, ikki qatlamli devor, shishaplastik dyubel, polimer to r,
doimiy temirbeton qolip, yig ‘ma-monolit devor, zinapoya-lift uzeli, betonlash, texnologik risk.

AHHOmtll4u}l. B cmamve oceeulerHbl 60NpPoCsbl NOBbIUEHUS MEXHOIO02UYECKOU HAOEHCHOCU HApYIHCHbLX
CMEHO8bIX 02padcOeHull U COOPHO-MOHOIUMHBIX KOHCMPYKYULL C HECEeMHOLUL JHcele300emMOoHHOU OnanyoKol 6
CeUCMOKIUMAMUYECKUX YCaosusx ZOPOaCl Tawxenma. Cucmemamwupoeaﬂbz peKOMeHdauuu no pa60me
CMEKIONNIACMUKO8bIX  Orobenell U NOAUAMUOHBIX aHKepoes 6 mpexczzofmblx CmeHdax, Heobxooumocmu
ycmaHoeKu obens ¢ HanpaejieHuem 6 30HY nepembldKu nycmomenozco Kupnuda, coomeemcmeyrowemy
HA3HAYEeHUIO 6bl60py NOJIUMEDPHDBIX aApMUpPYIOUuUx cenokK 6 ogyXCflOﬁHle cmeHax, a makace no noOmo4YHomy
6036€0€eHUI0 CMmeH JzecmHulmo-Jzuquoeozo y3ia Ha OCHoese HecveMHOoU  Jfcene300emontoll onaﬂy6i<u.
060CHO8aHA 803MOINCHOCTNG CHUICEHUSL PUCKA MPEUWUHOOOPA308AHUS, HAPYUIEHUSI 2e0MempPuU U dedexmos
omoenKu 3a cuem NPUMEeHeHusi WabloH08, UHBEHMAPHOU pelKU-NOPSIO08KU, 6XOOH020 KOHMPOJS,
ocpaHuvyeHus 3axedamok 6emouup06anz, ¢0m0(])ukcauuu u onepamuervlx UYeK-iucmoe 6 npoyecce
cmpoumelbCmed.

Kntouesvle  cnosa:  mapysichas — cmeHa,  MPEXCIOUHAA — CMeEHd,  O8YXCIOUHAA  CMeHa,
CMEKNONIACMUKOBbLU OIO6eJZb, nojaumepHas cemiKd, HeCvbeMHas Jrcenezobemontas 0nazzy6l<a, C50pHO-
MOHOJIUMHAA CMeHA, /'leCWZHullHO-JZZ/lquOGblIZ ysern, 6€m0Hup0661H14€, MexXHON02UYeCKUll PUCK.

Abstract. The article discusses the improvement of technological reliability of external wall envelopes
and precast-monolithic structures with permanent reinforced concrete formwork under the seismic and
climatic conditions of Tashkent. The paper systematizes recommendations for three-layer walls with
fiberglass dowels and polyamide anchors, emphasizing the need to place dowels in the bridge zone of hollow
brick units. It also considers the selection of polymer reinforcement meshes for two-layer walls and the flow-
line construction of staircase and elevator core walls based on permanent reinforced concrete formwork.
The use of templates, inventory setting rails, incoming quality control, limited concreting zones,
photographic recording and operational checklists is substantiated as a way to reduce cracking, geometric
deviations and finishing defects.

Keywords: external wall, three-layer wall, two-layer wall, fiberglass dowel, polymer mesh, permanent
reinforced concrete formwork, precast-monolithic wall, staircase and elevator core, concreting,
technological risk.

KIRISH

Toshkent shahrida ko‘p gavatli turar-joy va jamoat binolarini qurishda monolit hamda

yig‘ma-monolit karkasli tizimlar keng qo‘llanadi. Bunday binolarning ekspluatatsion sifati, bir
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tomondan, yuk ko‘taruvchi karkas va qattiglashtiruvchi elementlarning ishonchliligiga, ikkinchi
tomondan esa tashqi devor to‘siglarining issiqlik, namlik va deformatsion barqarorligiga bog‘liq.

Keskin kontinental iglim sharoitida yozgi yuqori harorat, qishki sovuq davrlar, shamol ta’siri
va seysmik xavf tashqi devor gatlamlari, pardoz qoplamalari, ankerlar, armaturalovchi to‘rlar va
betonlash tugunlariga qo‘shimcha talablar qo‘yadi. Amaliyotda ko‘p qatlamli devorlarda qoplama
gatlamining deformatsiyasi, ikki gatlamli devorlarda suvoq yoriglanishi, doimiy qolipli devorlarda
beton zichlanishining yetarli bo‘lmasligi kabi texnologik nugsonlar uchrashi mumkin.

Mazkur maqolaning magsadi - tashqi devor to‘siglari va doimiy temirbeton qolipli yig‘ma-
monolit elementlarda texnologik risklarni tizimlashtirish, tajriba natijalariga tayangan holda amaliy
nazorat nugtalarini belgilash va Toshkent sharoiti uchun konstruktiv-texnologik tavsiyalarni ishlab
chiqgishdir.

ADABIYOTLAR TAHLILI

Tashqi devor to‘siglari bo‘yicha tadqiqotlarda issiqlik himoyasi, namlik-transport jarayonlari,
yoriqqa chidamlilik va gatlamlararo bog‘lanish masalalari asosiy o‘rin tutadi. Gazobeton, g‘ovakli
keramika bloklari va qoplama g‘ishtdan iborat ko‘p qatlamli devorlarda konstruktiv yechim bilan
bir gatorda montaj texnologiyasi ham hal giluvchi ahamiyatga ega [1,2,3].

Doimiy temirbeton qolip asosidagi yig‘ma-monolit elementlar bo‘yicha ilmiy-amaliy
yondashuvlar zavodda tayyorlangan gobig elementlarining geometriya anigligi va maydondagi
monolit beton bilan birgalikdagi ishlashini ta’minlashga qaratilgan. Bu tizimlarda beton
gorishmasining harakatchanligi, zichlash usuli, ulovchi karkaslar gadami, himoya gatlami va qobiq-
monolit o‘zak ilashishi doimiy nazorat qilinishi kerak [7,8].

Seysmik hududlarda tashqi devorlar va gattiglashtiruvchi yadrolar alohida mas’uliyatli
elementlar hisoblanadi. Shuning uchun ularda “loyiha - texnologik karta - operativ nazorat - oraliq
gabul gilish - ekspluatatsiya monitoringi” zanjiri uzluksiz ishlashi zarur. Mazkur yondashuv
qurilishdagi nugsonlarni yakuniy bosqichda emas, jarayonning o‘zida aniqlash va kamaytirishga
xizmat qgiladi [4,5,6].

UCH QATLAMLI DEVORLARDA QATLAMLARARO BOG‘LAMALAR

Uch gatlamli devorlar odatda ichki ko‘taruvchi yoki o‘zini ko‘taruvchi gatlam, issiqlik
izolyatsiyasi va tashqgi himoya-dekorativ gatlamdan tashkil topadi. Qatlamlararo ishlashni
ta’minlaydigan muhim elementlardan biri shishaplastik bog‘lama-dyubellardir. Ular korroziyaga
chidamliligi, issiqlik ko‘priklarini kamaytirishi va montaj qulayligi bilan ajralib turadi.

Tajriba sinovlarida dyubelning uzib olishga chidamliligi asos materiali va o‘rnatish holatiga
sezilarli bog‘liq ekani aniqlandi. Gazobeton terimida yopishtiruvchi tarkibning turi, chok sifati va
burg‘ilash aniqligi natijaga ta’sir ko‘rsatadi. Kovakli g‘isht terimida esa dyubelning bo‘shliqqa
tushishi yoki bo‘shliglar orasidagi ko‘prik zonasida joylashishi asosiy omil bo‘lib chiqadi.

Kuzatuvlar bo‘yicha bo‘shligqa tushgan holatda uzib olish kuchi taxminan 0,115 kN atrofida
bo‘lgan, bo‘shliglar orasidagi ko‘prik zonasida esa o‘rtacha qiymat taxminan 0,57 kN ga yetgan. Bu
farq ankerlarni tasodifiy joylashtirishga yo‘l qo‘ymaslik, burg‘ilash nuqtalarini oldindan belgilash
va shablonlardan foydalanish zarurligini ko‘rsatadi.

Dyubel joylashuvining ta’siri

15

1
A= e

0.14
0.12 0.115
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0.08
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Uzib olish kuchi, kN
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Bo‘shligga Bo‘shliglar
tushgan orasida

1-rasm. Dyubel joylashuviga qarab uzib olish kuchining o‘zgarishi.
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Jadval 1

Uch qatlamli devor bog‘lamalarini o‘rnatishda asosiy nazorat nuqtalari

Nazorat nuqgtasi

Risk

Tavsiya etiladigan chora

Dyubel o‘rni

Dyubel kovakka tushsa, uzib

olishga garshilik kamayadi.

Burg‘ilash o‘qlarini shablon bilan
belgilash, ko‘prik zonani aniqlash.

Burg‘ilash chuqurligi
va diametri

Teshik kengayishi yoki yetarli
chuqurlik bo‘lmasligi
ankerlanishni pasaytiradi.

Cheklagichli burg‘i, nazorat namunasi
va operativ o‘lchashdan foydalanish.

Choklarning
to‘ldirilishi

Bo‘sh choklar suv kirishi va lokal
deformatsiyani kuchaytiradi.

Qorishma qatlamini to‘liq to‘ldirish,
oralig gabul gilish va foto-fiksatsiya.

Qadam va sxema

Bog‘lamalar notekis joylashsa,
tashqi gatlamda kuchlanishlar
konsentratsiyasi yuzaga keladi.

Loyiha sxemasi va texnologik karta
bo‘yicha inventar belgilash.

Material partiyasi

Dyubel yoki anker sifati partiyaga
garab farglanishi mumkin.

Kirish nazorati, pasport va tanlab sinov
natijalarini tekshirish.

IKKI QATLAMLI DEVORLARDA ARMATURALASH TO‘RLARI

Ikki qatlamli devorlar amaliyotda ko‘pincha gazobeton blok va tashqi suvoq qatlamidan iborat
bo‘ladi. Bunday yechim tez qurilishi va iqtisodiyligi bilan qulay, biroq suvoq gatlamida yoriglanish,
ajralish yoki namlik almashinuvi bilan bog‘liq shikastlanish xavfi mavjud. Shu sababli suvoq
gatlamini polimer to‘rlar bilan armaturalash keng qo‘llanadi.

Polimer to‘rlar vazifasiga ko‘ra farqlanadi: ayrimlari g‘isht terish choklarini kuchaytirish
uchun, boshgalari esa suvoq qatlamini yorigga chidamli qilish uchun mo‘ljallanadi. Tajribalar
to‘rlarning uzilishga chidamliligi va cho‘zilish qobiliyati ishlab chiqaruvchi, partiya va qo‘llanish
sohasi bilan bog‘liq ekanini ko‘rsatdi. Shuning uchun ularni faqat tashqi ko‘rinishiga yoki pasport
qiymatlariga qarab almashtirib ishlatish to‘g‘ri emas.

Ikki gatlamli devorlarda armaturalovchi to‘rni tanlashda uchta mezon birgalikda baholanishi
kerak: suvoq qatlamining deformatsiyasiga mos cho‘zilish qobiliyati, asos bilan adgeziya va ish
sharoitidagi mustahkamlik. Kirish nazoratida tanlab uzish sinovlarini o‘tkazish, to‘rning ishchi
yo‘nalishini belgilash va burchak, deraza atrofidagi kuchlanish konsentratsiyasi zonalarini alohida
kuchaytirish magsadga muvofig.

DOIMIY TEMIRBETON QOLIPLI YIG‘MA-MONOLIT DEVORLAR

Zinapoya-lift uzeli devorlari, qattiglashtiruvchi yadrolar va diafragmalar ko‘p qavatli
binoning fazoviy qattigligini ta’minlaydigan mas’ul elementlardir. Doimiy temirbeton qolip
asosidagi yig‘ma-monolit devor texnologiyasi zavodda tayyorlangan yupga temirbeton qobigni
maydonda montaj qilish va ichki bo‘shligni monolit beton bilan to‘ldirishga asoslanadi. Bunda
geometriya aniqligi, himoya gatlami va montaj sur’ati an’anaviy qolipga nisbatan barqarorroq
bo‘lishi mumkin.

Biroq tor bo‘shliqda betonni joylashtirish va zichlash murakkab masala hisoblanadi. Agar
bo‘shliq 80-120 mm atrofida bo‘lsa, oddiy chuqurlik vibratorini kiritish cheklanadi. Natijada havo
bo‘shliglari, gatlamlanish, qobiq bilan monolit o‘zak orasida ilashishning notekisligi yuzaga kelishi
mumkin. Bunday holat mustahkamlik, suv o‘tkazmaslik va armatura himoya qatlamining sifatiga
salbiy ta’sir qiladi.

Tajriba-amaliy kuzatuvlar montaj va betonlashni ogim usulida tashkil etish ish ritmini
barqarorlashtirishini ko‘rsatadi. Kuzatuvlar asosida montaj-betonlash jarayonlari uchun bo‘g‘inning
ratsional tarkibi 4 kishidan iborat deb gabul gilindi; devor paneli va ulovchi armatura karkaslarini
o‘rnatishning o‘rtacha davomiyligi 1 ta elementga taxminan 8,4 minut atrofida bo‘lishi qayd etildi.
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Devor elementini o‘rnatish bo‘yicha vaqt me’yorini element balandligiga qarab tezkor
baholash uchun quyidagi empirik bog‘lanishlardan foydalanish mumkin:
T,=0,44 (h,<3,0);

T,=0,22 - e"(0,25'h,) (3 <h,<4,0)

1)

Bu yerda T, - devor elementini o‘rnatish bo‘yicha vaqt me’yori, h, - element balandligi.
Bunday bog‘lanishlar ishni qamrovlar bo‘yicha rejalashtirish, kran yuklamasini muvofiglashtirish
va betonlash ketma-ketligini aniglashda amaliy yordam beradi.

Doimiy qolipli devor elementini o‘rnatish vaqti

0.60

0.58 1

0.56 1

0.54 1
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Vaqgt me’yori Tp
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0.44 4

2.6
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Element balandligi hp, m

T T
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2-rasm. Doimiy qolipli devor elementini o‘rnatish vaqti me’yorining
balandlikka bog‘ligligi.

Jadval 2

Doimiy qolipli devor/yopmalarda texnologik risklar va ularni kamaytirish choralari

Texnologik risk

Namoyon bo‘lishi

Kamaytirish choralari

Yugqori harakatchan yoki o‘z-o‘zidan

Betonning yetarli | Havo bo‘shliglari, qatlamlanish, | _. .
zichlanmasligi sirt nugsonlari. Z|ch_lanuvch|_ _beton, qatlamiab
quyish, tashqi vibratorlar.
Qobig-monolit o‘zak | Kesimning birgalikda ishlashi | Ichki sirtni qo‘pol qilish, lattice-
qopol q

ilashishining pasayishi

yomonlashadi.

girder prinsipi, kern nazorati.

Devor vertikalligi va tugunlar

Montajdan oldin tayanch sathini

Geometriya og‘ishi tutashuvida muammo yuzaga | tekshirish, geodezik nazorat,
keladi. vagtinchalik mahkamlash.

Issiq  havoda plastik | Beton sirtida erta qurish va Elaml pharvarlsh,. soyali himoya,

origlanish yoriglar paydo bo‘ladi etonlash vaqtini mavsumga mos

y ’ rejalashtirish.

Yer osti  choklarida | Gidroizolyatsiya buzilishi va Watgrstop quta, |nJekS|on‘ shlang,
N o . . |elastik mastika va qo‘shimcha

namlik Kirishi armatura korroziyasi xavfi ortadi.

himoya gatlami.

JORILY ETISH BO‘YICHA TEXNOLOGIK TAVSIYALAR
Tavsiya etilayotgan yechimlarni amaliyotga joriy etish loyiha bosgichidan boshlanishi kerak.
Tanlangan konstruktiv tizim va materiallar energiya samaradorligi, seysmik ishlash, yong‘in
xavfsizligi, ta’mirlashga yaroqlilik va nazorat qulayligi bo‘yicha baholanadi. Shundan so‘ng har bir
mas’ul tugun uchun texnologik cheklovlar ro‘yxati va nazorat nuqtalari aniqlanadi.
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Ishchi hujjatlar bosgichida texnologik xarita, chek-listlar, gabul gilish dalolatnomalari va foto-
fiksatsiya tartibi ishlab chiqilishi lozim. Uch qatlamli devorlarda anker o‘rnatish shablonlari, ikki
qatlamli devorlarda to‘rni joylashtirish sxemalari, doimiy qolipli devorlarda esa betonlash
gamrovining maksimal uzunligi va beton aralashmasi xossalari oldindan belgilanadi.

Pilot uchastka qurilishning dastlabki bosqgichida tanlangan yechimlarni sinashga xizmat giladi.
Unda vaqt me’yorlari, brigada tarkibi, beton quyish tezligi, anker o‘rnatish aniqligi va suvoq
armaturalash sifati tekshiriladi. Pilot natijalariga qarab texnologik karta qayta ko‘rib chiqiladi va
keyingi gamrovlarda standart sifatida qo‘llanadi.

Ekspluatatsiya bosqichi bilan bog‘liglik ham muhim. Bino boshqaruv xizmati uchun tugun
pasportlari, yashirin ishlar foto-arxivi, material pasportlari va ta’mirlash bo‘yicha tavsiyalar paketi
topshirilishi kerak. Bu keyingi monitoring va servis ishlarini tizimli tashkil etishga imkon beradi.

Jadval 3
Tashqi devorlar va doimiy golipli elementlar uchun minimal sifat nazorati dasturi

Bosqgich Nazorat obyekti Usul

Dyubel, anker, polimer to‘r, beton | Pasport tekshiruvi, tanlab o‘Ichash,

Kirish nazorati komponentlari, qobiq elementlari. zaruratda laborator sinov.

Burg‘ilash o°qi, anker chuqurligi, to‘r | Chek-list, shablon, inventar reyka,

Operativ nazorat joylashuvi, golip mahkamlanishi. foto-fiksatsiya.

. . Yashirin ishlar, armatura Kkarkasi, | Dalolatnoma, geodezik o‘lchash,
Oralig gabul gilish

gobiqg va choklar, gidroizolyatsiya. vizual va instrumental tekshiruv.
: Qorishma harakatchanligi, gatlamlab | Beton pasporti, harorat-namlik
Betonlash nazorati . ! . L o
quyish, zichlash, parvarish. monitoringi, texnologik jurnal.
Ekspluatatsiyaga Tugun pasportlari, foto-arxiv, servis|Hujjatlar paketi va monitoring
topshirish reglamenti. rejasini topshirish.
XULOSA

1. Uch qatlamli tashqi devorlarda gatlamlararo bog‘lama elementlarining ishonchliligi
dyubelning asos materialidagi real joylashuviga bevosita bog‘liq; kovakli g‘ishtda ko‘prik zonaga
yo‘naltirilgan o‘rnatish barqarorroq natija beradi.

2. Ikki qatlamli devorlarda polimer to‘rlarni vazifasiga mos tanlash va kirish nazoratida real
sinov ma’lumotlariga tayanish suvoq qatlamining yoriglanish xavfini kamaytiradi.

3. Doimiy temirbeton qolipli yig‘ma-monolit devorlarda betonni joylashtirish va zichlash,
gobig-monolit o‘zak ilashishi, harorat-parvarish rejimi va gidroizolyatsiya tugunlari alohida nazorat
gilinishi lozim.

4. Shablonlar, inventar reyka-tartiblash, chek-listlar, foto-fiksatsiya va oraliq gabul gilishni
joriy etish tashqi devorlar hamda yig‘ma-monolit elementlarning texnologik ishonchliligini
oshiradi.
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Annotatsiya. Ushbu tadgiqotda infratuzilma qurilishi uchun ortib borayotgan beton talabi
fonida, tsement ishlab chiqarishdan kelib chigadigan yuqori energiya sarfi va CO: chigindilarini
kamaytirish magsadida geopolimer betonning imkoniyatlari o ‘rganildi. Sanoat chigindilari — 60%
uchuvchi kul va 40% maydalangan donador domna shlaki asosida tayyorlangan geopolimer beton
va an’anaviy beton 7 va 28 kunlik davrlarda sinovdan o ‘tkazildi. Natriy gidroksid va natriy silikat
eritmalari yordamida faollashtirilgan geopolimer beton siqilishga, cho zilishga, kislotalarga
hamda xlorid ionlariga chidamlilik bo ‘yicha an’anaviy betondan yuqori natijalar ko ‘rsatdi.

Kalit so“zlar: uchuvchi kul, maydalangan donador domna shlaki, mustahkamlik sinovlari
(siqilishga va cho zilishga mustahkamlik), chidamlilik sinovlari (kislota ta siriga chidamlilik sinovi
va xlorid ionlarining tez o ‘tkazuvchanlik sinovi).

Anuomauuﬂ. B oaunom wuccneoosanuu pacemampueaemcia nomeHyuasl NnpUMEHREeHUs
2e0N0IUMEPHO20 OemoHa O/ CHUJNCEHUs BblCOK020 3HepeonompebneHus u 6viopocog CO:,
C6A3AHHbBIX C l’lpOLL?@O()CInGOM yemernma, HA d)OH@ so3pacmarouieco cnpoca Ha bemon 6
ungpacmpykxmypnom cmpoumenvcmee. llposedeHvl uUcCnbImanus 2eonoauUMepHo20  bemoua,
U320MOBIEHHO20 HA OCHOBE NPOMbBIUIEHHBIX NOOOUHBIX Npodykmoe — 60 % 3onvi-ynoca u 40 %
MOHKOUSMENbYEHHO20 CPARYIUPOBAHHOCO OOMEHH020 wiaxka, a makoace mpa()m;uomtozo bemona 6
so3pacme 7 u 28 cymox. ['eononumepHuliii OemoH, aKmusupoBaHHbIU PACMBOPAMU SUOPOKCUOA
Hampus u AHCUOKO20 cmekia, nokasai bonee evicokue IKCnyamayuorHriovle xapaKkmepucmuku no
CpAasHeHUuIo ¢ mpaduLﬂtOHHblM bemonom npu  UCnblmMAaHuiAX HA nNPOYHOCNb nNpu coilcamuu U
pacmAsdNCerHuuU, a maxkace no CMOUKOCIU K 6030€UCMEUI0 KUCTIOM U NPOHUKHOBEHUIO )CJZOpuO-uOHOG.

Kniouesvle cnoea: 301a-yHOC, MOHKOUSMENbUEHHDIU 2PAHYIUPOBAHHBINL OOMEHHbIU ULTAK,
NPOYHOCMHbLE UCNBIMAHUA, NPOYHOCNb npU corcamuu, npovYHOCnob npu pacmsiadiCeHuu, ucCnblmaHusl
OOJZZOGQQHOCWZM, KMCJZOI’I’ZOCMOIZKOCWZb, YCKOp€EeHHOE onpedeﬂeHue nporuyaemocmu onsl xﬂopud-
UOHOB.

Abstract. This study investigates the potential of geopolymer concrete to reduce the high
energy consumption and CO; emissions associated with cement production, amidst the growing
demand for concrete in infrastructure construction. Geopolymer concrete, made from industrial by-
products (60% fly ash and 40% ground granulated blast-furnace slag), and conventional concrete
were tested at 7- and 28-day intervals. The geopolymer concrete, activated with sodium hydroxide
and sodium silicate solutions, showed superior performance to conventional concrete in tests for
compressive and tensile strength, as well as resistance to acids and chloride ions.
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Keywords: fly ash, granulated ground blast-furnace slag, strength tests (compressive and
tensile strength), durability tests (acid resistance test and rapid chloride permeability test).

1. Kirish.

Infratuzilma qurilishi sohasida beton mahsulotlariga bo‘lgan talabning jadal ortib borishi
tsement ishlab chiqgarish hajmini ham keskin oshirmoqda. Tsement ishlab chigarish esa juda ko‘p
energiya talab qiladi hamda katta miqdorda karbonat angidrid (CO:) chiqindilarini keltirib
chigaradi, bu esa global isish muammosini yanada kuchaytiradi. Shu bois, atrof-muhitga zararini
kamaytirish imkonini beruvchi muqobil bog‘lovchi materiallarni izlash dolzarb masalaga aylangan.

Geopolimerlar — tarkibida kremniy (Si) va alyuminiy (Al) elementlari amorf shaklda
mavjud bo‘lgan, ishqoriy aktivatorlar yordamida qotadigan alyuminosilikat asosli materiallardir.
Ular kimyoviy tarkibi jihatidan tabiiy zeolitlarga o‘xshash, ammo mikrostrukturasi amorf bo‘lib,
uch o‘lchamli shisha strukturasiga ega. Geopolimer ishlab chigarishda turli sanoat chiqindilari va
tabily materiallar xomashyo sifatida ishlatiladi. Jumladan, metakaolin, past kaltsiyli F sinfidagi
uchuvchi kul, metakaolin + uchuvchi kul aralashmasi, organik Al-Si minerallari, kalsinatsiyalangan
va kalsinatsiyalanmagan minerallar kombinatsiyasi hamda maydalangan donador domna shlaki kabi
materiallar keng qo‘llanadi.

Ushbu tadgigotda tsement o‘rnini sanoat chiqindilari — uchuvchi kul va maydalangan
donador domna shlaki bilan gisman almashtirish orgali geopolimer beton ishlab chigarish, uning
sigilishga, cho‘zilishga va turli kimyoviy mubhitlarga chidamlilik xususiyatlarini o‘rganish hamda
an’anaviy beton bilan tagqoslash maqgsad qilingan. Shu yo‘l bilan tsement iste’molini hamda CO-
chigindilarini kamaytirish, ekologik toza va bargaror qurilish materialini yaratish imkoniyatlari
baholandi.

2. Materiallar.

1) Qum (mayda to‘ldiruvchi): Mahalliy maydalangan qum mayda to‘ldiruvchi sifatida
ishlatildi. Mayda to‘ldiruvchilarda quyidagi sinovlar o‘tkazildi:

1-jadval
Mayda to‘ldiruvchi sinov natijalari
Xususiyatlar O‘rtacha qiymat
Solishtirma og‘irlik 2.91
Maydalik moduli 3.69

2) Tsement: Mahalliy ishlab chigarilgan oddiy portland tsementi oddiy beton namunalarini
tayyorlashda ishlatildi.

2-jadval
Oddiy Portland tsement sinov natijalari
Xususiyatlar O‘rtacha giymat
Maydalik 1.38 %
Standart quyuqlik 36 %
Dastlabki gotish vaqti 45 dagiga
Yakuniy gotish vaqti 11 soat

3) Yirik to‘ldiruvchi: Yirik to‘ldiruvchi sifatida 20 mm o‘lchamdagi mahalliy maydalangan
shag‘al ishlatildi. Quyidagi sinovlar o‘tkazildi:

3-jadval
Yirik to‘ldiruvchi sinov natijalari
Xususiyatlar O‘rtacha qiymat
Solishtirma og‘irlik 3.32
Maydalanish moduli 5.65 %
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4) Uchuvchi kul: F sinfidagi uchuvchi kul asosiy xomashyo sifatida ishlatildi.

5) Maydalangan donador domna shlaki: Maydalangan donador domna shlaki bog‘lovchi
modda migdorining 40 % ni tashkil etadi, golgan 60% ni esa uchuvchi kul egallaydi.

6) Ishqoriy eritma: Mazkur tadgiqot uchun geopolimer aralashmasining mustahkamlik va
chidamlilik xususiyatlarini tekshirish magsadida, natriy gidroksid eritmasining 10 molyar
konsentratsiyasi tanlandi. Na.SiOs /NaOH nisbati esa 2:1 etib belgilandi. NaOH eritmasi bilan
ishlashda alohida ehtiyotkorlik va xavfsizlik choralarini ko‘rish talab etiladi, chunki jarayon
davomida yuz beradigan yuqori ekzotermik reaksiyalar inson terisi va ko‘zlariga zarar yetkazishi
mumkin.

7) Xlorid kislota, natriy xlorid, natriy gidroksid:

e 1% konsentratsiyadagi xlorid kislota (HCI) — kislota ta’siriga chidamlilik sinovlari uchun
ishlatildi.

e natriy xlorid (NaCl) va natriy gidroksid (NaOH) — xlorid ionlarining tez o‘tkazuvchanlik
sinovi uchun ishlatildi. Betonning chidamlilik xususiyatlarini baholashda ushbu eritmalardan
foydalaniladi.

3. Metodologiya.

A) An’anaviy beton: An’anaviy beton aralashmasi tayyorlab olindi. Betonni tayyorlashda
o‘rtacha mustahkamlik, suv-tsement nisbati, suv miqdori, tsement miqdori va yirik hamda mayda
to‘ldiruvchilar nisbati hisoblab chiqildi.

4-jadval
An’anaviy beton (1 m?) aralashmasi
Tarkibiy Mayda Yirik Yirik Qo'shimeh Suv-
gism | Tsement | Suv | to‘ldiruvchi | to‘ldiruvchi | to‘ldiruvchi Omsogé’; 2 | tsement
(qum) (20 mm) (20 mm) nisbati
M('lfg)or 315 | 156.9 822 666 444 3.465 05

B) Geopolimer beton: Geopolimer betonning aralashma tarkibi uchun quyidagi materiallar
ishlatildi:
e Bog‘lovchi miqdori: 1 m* geopolimer beton uchun 315 kg = 60% uchuvchi kul (189
kg/m?*)+ 40% maydalangan donador domna shlaki (126 kg/m?).
o Ishqoriy eritma: Na.SiOs /NaOH = 2/1, NaOH konsentratsiyasi 10 M.
e Ishgoriy eritma miqdorining bog‘lovchi migdoriga nisbati 0.55 (bog‘lovchi migdorining 55
foizi).
e Ishlovchanlikni ta’minlash uchun superplastifikator qo‘shildi.
C) Sinov usullari: Geopolimer va an’anaviy beton quyidagi tartibda tayyorlandi:
1. Quruq aralashtirish: yirik to‘ldiruvchi, mayda to‘ldiruvchi, uchuvchi kul va maydalangan
donador domna shlaki 5 dagiga aralashtirildi.
2. Eritma qo‘shish: ishqoriy eritma qo‘shilib, 4-5 dagiqa aralashtirildi.
3. Qoliplarga quyish:
a) 150x150x150 mm o‘lchamdagi kub namuna
b) diametri 150 mm va balandligi 300 mm o‘lchamdagi silindr namuna
c) diametri 100 mm va balandligi 50 mm bo‘lgan silindr namuna.
4. Qotish: Qolipdan chiqarilgandan so‘ng geopolimer namunalari xona haroratida tabily
sharoitda qotirildi, beton namunalari esa suvga botirildi.
D) Yakuniy aralashma: Geopolimer beton uchun bog‘lovchi migdori 60% uchuvchi kul +
40% maydalangan donador domna shlaki nisbati tanlandi: Ular 10 M ishqgoriy eritma bilan 7 va 28
kunlik davrda an’anaviy beton bilan taqqoslandi.
4. Natijalar va muhokama.
Ushbu tadqiqotda qiyosiy tahlil o’tkazish uchun quyidagi sinovlar amalga oshirildi:
1. Sigilishga mustahkamlik sinovi
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2. Cho‘zilishga mustahkamlik sinovi
3. Kislota ta’siriga chidamlilik sinovi
4. Xlorid ionlarining tez o‘tkazuvchanlik sinovi
1) Siqilishga mustahkamlik sinovi
Betonning siqilishga sinovi 150x150x150 mm o‘lchamdagi kub namunalarini 7 kun va 28
kun davomida normal sharoitda hamda xona haroratida qotirib, sinovdan o‘tkazish orqali amalga
oshirildi va natijalar 5-jadvalga gayd etildi.

5-jadval
Sigilishga mustahkamlik natijalari (7 va 28 kun)
N | Kun An’anaviy beton | Geopolimer beton (60% uchuvchi kul va
B (o‘rtacha, N/mm?) 40% maydalangan donador domna shlaki)
1 7 6.2 18.27
2 28 30.42 61.25

Jadvaldan 7 va 28 kunlarda geopolimer beton an’anaviy betondan ancha yuqori
mustahkamlikka erishishini ko‘rish mumkin.
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o

61.25

o))
o

%)
o

40 —
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— m®An’anaviy beton (N/mm?)

18.27 Geopolimer beton (N/mm?)

3]
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I

7 kun 28 kun
Kun

[y
=
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Sigilishga mustahkamlik (N/mm?)
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1-rasm. 7 va 28 kunlik o‘rtacha siqgilishga mustahkamlik grafigi.

2) Cho‘zilishga mustahkamlik sinovi

An’anaviy beton va geopolimer betonlarning cho‘zilishdagi mustahkamlik sinovi balandligi
300 mm va diametri 150 mm bo‘lgan silindrlarni normal sharoitda 7 va 28 kun davomida gotirish
hamda xona haroratida saqlash orqali o‘tkazildi.

6-jadval
Cho‘zilishga mustahkamlik natijalari (N/mm?)
. 0 : 0
No | Kun An’anaviy beton Geopolimer beton (60% uchuvchi kul va 40%
maydalangan donador domna shlaki)
1 7 1.08 1.79
28 3.46 3.32

Bu jadvalda esa 7 kunda geopolimer beton an’anaviy betondan yuqori natija berishi, 28
kunda esa an’anaviy beton ozgina ustun bo‘lishi ko’rsatilgan.
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2-rasm. 7 va 28 kunlik o‘rtacha cho‘zilishga mustahkamlik grafigi.

3) Kislota ta’siriga chidamlilik sinovi

1% konsentratsiyali xlorid kislotasi (HCL) agressiv kanalizatsiya muhitiga xos deb
hisoblanadi va kislotaga chidamlilikni tekshirish uchun 1% li xlorid kislotasi (HCL) eritmasidan
foydalanildi. 150 x 150 x 150 mm o‘lchamli beton kub namunalari 60 kun davomida 1% li xlorid
kislota eritmasiga botirildi. Kislota ta’siridan keyin namunalarning og‘irlik yo‘qotish foizi
aniglanib, gayd etildi.

7-jadval
Kislota ta’siridan keyingi o‘rtacha og‘irlik yo‘qotilishi

. Oldingi Keyingi Yo‘qotish | Foiz
Beton turi ogeirlik (kg) | ogiirlik (kg) | (Kg) (%)
An’anaviy beton 8.439 8.412 0.027 0.32
Geopolimer beton (60% uchuvchi kul
+ 40% maydalangan donador domna | 8.334 8.318 0.016 0.19
shlaki)

Jadvalga ko’ra, kislota ta’sirida eritmada 60 kun davomida saqlangandan so‘ng, geopolimer
beton kubining og‘irlik yo‘qotish foizi an’anaviy betonga nisbatan ancha kamligi (sal kam ikki
karra) va uning kislotalarga chidamliligi yuqoriroq ekani kuzatildi. Jadvaldan an’anaviy beton
o’zining 0.33% og‘irligini, geopolimer beton esa 0.18% og‘irligini yo‘qotganini ko’rishimiz
mumkin.

4) Xlorid ionlarining tez o‘tkazuvchanlik sinovi

Qalinligi 50 mm va diametri 100 mm bo‘lgan beton namunalar sinov namunasi sifatida
ishlatildi. Xlorid ionlarining tez o‘tkazuvchanlik sinovi sinov namunalari orqali o‘tgan zaryad
miqdori (kulonlarda) qayd etildi. Kulonlarda o‘lchangan o‘tgan zaryad miqdori ikkala betonda
taxminan teng bo‘ldi (7-jadval). Chunki bu farg juda kichik va amaliy jihatdan katta ustunlik
bermaydi.

8-jadval
Xlorid ionlarining tez o‘tkazuvchanlik sinovi natijalari
Beton turi O‘tgan zaryad (Kulon)
An’anaviy beton 2805

Geopolimer beton (60% uchuvchi kul + 40% maydalangan
) 2861
donador domna shlaki)
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An'anaviy beton Geopolimer beton

Beton turi
3-rasm. Xlorid ionlarining tez o‘tkazuvchanlik sinovi natijalari grafigi.

5. Xulosa
Ushbu tadgigotda 60% uchuvchi kul + 40% maydalangan donador domna shlaki asosida

tayyorlangan geopolimer betonning mustahkamlik va chidamlilik xususiyatlari an’anaviy beton
bilan taggoslandi va tagqoslash natijasida quyidagi xulosalar olindi:

1.

2.

Sigilishga mustahkamlik — 7 va 28 kunlik qotish davrlarida geopolimer betonning siqgilishga
mustahkamligi an’anaviy betondan kata farq bilan ustun bo‘ldi

Cho‘zilishga mustahkamlik — 7 kunda geopolimer beton an’anaviy betondan yuqori natija
berdi, 28 kunda esa an’anaviy beton ozgina ustun bo‘ldi.

Kislota ta’siriga chidamlilik — 60 kun davomida 1% HCI eritmasida saglanganda geopolimer
betonning o‘rtacha og‘irlik yo‘qotishi an’anaviy betondagidan pastroq bo‘ldi. Bu
geopolimer betonning kislota ta’siriga nisbatan yaxshiroq chidamliligini ko ‘rsatadi.

Xlorid ionlarining tez o‘tkazuvchanlik sinovi natijalari — Xlorid ionlarining tez
o‘tkazuvchanlik sinovida an’anaviy va geopolimer betonlarda o‘tgan zaryad miqdori deyarli
bir xil bo‘ldi.

Ishqoriy eritma ta’siri — Geopolimer betonda natriy gidroksid (NaOH) miqgdorini oshirish
mustahkamlikni oshiradi.
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Annotatsiya: Beton kubdan o ‘zakni sug‘urib olish usuli bilan ko ‘pikbetonning shisha
kompozitli, bazalt kompozitli va metall armaturalar bilan tishlashish parametrlarini tadqiq etish
natijalari keltirilgan. Armaturaning ko ‘pikbeton bilan birgalikda eng yaxshi ishlashiga shisha
kompozitli armatura qo ‘llanilganda erishish mumkinligi aniglandi. Uning B7,5 (D1400) va BI10
(D1600) sinfidagi ko ‘pikbetonlar bilan tishlashish mustahkamligi chegarasi bazalt kompozitli va
metall armaturalarning tishlashish mustahkamligi giymatlaridan, mustahkamlik sinflari va
armatura diametrlarining (O 6, 8, 10 mm) barcha kombinatsiyaviy variantlarida 20-45% yuqori
ekani aniglandi. Betonning mustahkamlik sinfi ortishi bilan tadqiq etilgan barcha turdagi armatura
mahsulotlarining tishlashish mustahkamligi chegarasi ham qonuniy ravishda ortib boradi. Shu
bilan birga, armaturaning diametri o ‘zgartirilganda wuning ko ‘pikbeton bilan tishlashish
mustahkamligining o ‘zgarishi ko ‘rib chigilgan armatura turlari uchun turlicha qonuniyatlarga ega
bo ‘ladi.

Kalit so‘zlar: ko ‘pikbeton, kompozit armatura; metall armatura; armaturaning beton bilan
tishlashish mustahkamligi chegarasi.

Almomauu}l: Hpuee()eybl pe3yibmanivl uccne0o8anus napamempoe cyenjieHus nerobemona
co CmeK/ZOKOMI’ZOSMmHOZZ, 0A3AILIMOKOMNOZUMHOU U MEMAaLIU4ecKo apMamypoﬁ Memooom
6blpbl6d CMEPIHCHA U3 bemonnoz2o Ky6a. chaﬁoeﬂeyo, umo Haunyduias COMeCmHAs pa6oma
apmamypul ¢ NeHoOemMoHOM 00CMUAemcs NpU NPUMEHEHUU CMeKI0KOMNO3UmHou apmamypsl. Eé
npeden npounocmu cyenyienus ¢ nenobemonamu kiaccos B7,5 (D1400) u B10 (D1600) oxazancs na
20-45% eviwe 3Hauenuli NPoYHOCMU CyenieHus 6a3anrbmMoOKOMNOSUMHOU U MEemAalIudecKol
apmamypul 80 8cex KOMOUHAYUAX KIACCO8 NPOYHOCIMU U ouamempos apmamypwl (D 6, 8, 10 mm). C
noevlieruem Kiacca npovHocmu bemona npedeﬂ npovYHoCcmu CyenjeHusl ecex UCCNIeO0BAHHBIX
61008 apmamypHsvlx uzo0enull maxoice 3AKOHOMEPHO e6o03pacmaem. Bmecme c¢ mem, Uu3mMeHeHue
npovHocmu cyenjienust apmamypsvl c l’l€HO6€m0HOM npu U3MeEHeHUuU eé 0uamempa umeem
pasnuunble 3aKOHOMEPHOCMU OJIsL PACCMOMPEHHBIX 8UO08 APMAMYPB.

Knwoueewvie cnoea: nenobemon, KOMNOUMHAS apmMamypd, MemAauIudecKds apmamypa,
npeoen npoYHOCMU CYenieHUst ApmMamypul ¢ OemoHOM.

Abstract: This paper presents the results of a study on the bonding parameters of foam
concrete with glass-composite, basalt-composite, and steel reinforcement, conducted using the
pull-out test method on concrete cubes. It was determined that the best performance of
reinforcement in conjunction with foam concrete is achieved when using glass-composite rebar. It
was established that its ultimate bond strength with B7.5 (D1400) and B10 (D1600) class foam
concrete is 20-45% higher than the bond strength values of basalt-composite and steel
reinforcement across all combinations of strength classes and rebar diameters (O 6, 8, and 10
mm). As the strength class of the concrete increases, the ultimate bond strength of all studied types
of reinforcement products also naturally increases. At the same time, when the rebar diameter is
changed, the variation in its bond strength with foam concrete follows different patterns for the

52 Scientific-technical journal (STJ FSTU, ®ITY UTXK, HTXK ®I'TY, 2026, T.30.cneir.Boimyck Ne 13)


mailto:aybekalimbaev711@gmail.com
https://orcid.org/%20%200009-0009-1226-6061

CTPOUTEJIBCTBO

types of reinforcement considered.
Keywords: foam concrete; composite reinforcement; steel reinforcement; ultimate bond
strength of reinforcement with concrete.

Kirish. Issiglik samaradorligi yuqori bo‘lgan uy g‘oyasini amalga oshirishning asosiy
muammolaridan biri uning yuk ko‘taruvchi va to‘suvchi konstruksiyalari uchun samarali materiallar
tanlash masalasidir. Bunda materiallar va konstruksiyalar o‘z vazifalariga ko‘ra binolarning
istigbolli me’moriy-qurilish va konstruktiv tizimlariga moslashtirilgan bo‘lishi lozim. Bugungi
kunda ommaviy shahar qurilishida eng samarali usul binolarning turli konstruktiv tizimlarida
samarali to‘suvchi konstruksiyalar materiali sifatida gazosilikatdan foydalangan holda yig‘ma-
monolit qurilish hisoblanadi. Biroq, yakka tartibdagi uy-joy qurilishida, aynigsa, ishlab chigarish
infratuzilmasi rivojlanmagan hududlarda, qurilish texnikasidan minimal darajada foydalanishni
hamda texnologik yechimlarning soddaligini ta’minlaydigan qurilish texnologiyalari va ularga
moslashtirilgan materiallarga ehtiyoj katta.

Shu munosabat bilan, monolit kam gavatli qurilishda bino konstruksiyalarini barpo etish
uchun turli zichlikdagi penobetonlardan foydalanish ancha istigbolli ko‘rinadi. Tadqiqotlarimiz [1]
shuni ko‘rsatdiki, an’anaviy gazosilikat va yig‘ma temirbetonli konstruksiyalarga nisbatan monolit
penobetondan foydalanish mashina va mexanizmlarga qilinadigan xarajatlarni 30-50% ga,
konstruksiyalar massasini 20-60% ga, materiallar sarfini esa binoning 1 m? uchun umumiy
xarajatlar deyarli bir xil bo‘lgan holda 20-40% ga kamaytirish imkonini beradi.

Ushbu ishlar doirasida [1=800-1600 kg/m? zichlikdagi, turli strukturaviy modifikatsiyalarga
ega penobetonlarni olishning retseptura-texnologik omillari aniglandi, ularning issiglik-fizikaviy,
mustahkamlik va deformativ xususiyatlari majmuasi tizimli o‘rganildi. Uzoq muddatli
jarayonlarning ta’siri hisobga olingan holda, penobetonlarning hisobiy xarakteristikalari belgilandi
[4].

Shu bilan birga, penobeton asosidagi konstruksiyalarni hisoblash va loyihalash uchun zarur
bo‘lgan, konstruksiyalarning yuk ko‘tarish qobiliyatining muhim omillaridan biri hisoblangan
penobetonlarning armatura bilan tishlashish parametrlari to‘g‘risida kompleks ishonchli
ma’lumotlar mavjud emas. Ta’kidlash joizki, metall armaturaning turli sinflardagi sementli og‘ir va
yengil betonlar [5-10], shuningdek, silikatli g‘ovak betonlar [10-14] bilan birgalikdagi ishlashi
ancha to‘liq o‘rganilgan. Natijada, ushbu beton turlari bilan eng yaxshi tishlashishni ta’minlaydigan
metall armaturaga qo‘yiladigan talablar ma’lum. Shu bilan birga shuni alohida ta’kidlash kerakKi,
metall armaturaning korroziyaga uchrashi muammosi tufayli hozirgi vaqtda zamonaviy
kompozitsion materiallar asosida metall armaturani nometall armaturaga almashtirish yo‘llarini
izlash bo‘yicha faol tadqiqotlar olib borilmoqda [15-18].

Konstruksiyalarda beton va armaturaning birgalikda ishonchli ishlashini ta’minlaydigan
asosiy shartlar quyidagilardir:

- armaturaning beton ichida sug‘urilishini (siljishini) istisno qiladigan, ularning tutashuv
yuzasi bo‘ylab armaturaning beton bilan tishlashishi;

- betonning armatura korroziyasining oldini olish bo‘yicha himoya xususiyatlari;

- beton va armaturaning chiziqli deformatsiya koeffitsiyentlari qiymatlari. Ko‘pikbetonlarga
nisbatan ushbu shartlarning amalga oshishiga quyidagi omillar ta’sir ko‘rsatishi mumkin.
Birinchidan, ko‘pikbeton makrog‘ovak material sifatida armatura yuzasi bilan bir xil bo‘lmagan
kontakt qatlamga ega bo‘ladi, bu esa tishlashish qiymatiga tabiiy ravishda ta’sir qiladi. Ikkinchidan,
ko‘pikbeton boshqa beton turlariga qaraganda pastroq mustahkamlikka va yuqoriroq
deformatsiyalanuvchanlikka ega [14[]. Shu sababli, ko‘pikbetondan yuqori mustahkamlikdagi
metall armaturaning sug‘urilish (siljish) ehtimoli yuqori. Natijada, ko‘pikbetondan yasalgan
konstruktiv elementlarda metall armaturaning konstruktiv salohiyatidan to‘liq foydalanilmasligi
mumkin. Uchinchidan, zich betondan farqli o‘laroq, ko‘pikbetonning makrog‘ovak strukturasi
metall armaturani korroziyadan himoyalashni ta’minlay olmasligi mumkin. Shu bois, tadqiqotning
asosiy muammosi armaturaning ko‘pikbeton bilan eng yaxshi birgalikda ishlashini ta’minlaydigan
armaturaga (turiga, fizik-mexanik xususiyatlariga, profiliga, diametriga) qo‘yiladigan talablarni
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aniqlashdan iborat. Birinchidan, ko‘pikbeton makrog‘ovakli material sifatida armatura yuzasi bilan
bir jinsli bo‘lmagan kontakt qatlamga ega bo‘ladi, bu esa tabiiy ravishda ilashish qiymatiga ta’sir
ko‘rsatadi. Ikkinchidan, ko‘pikbeton boshqa beton turlariga nisbatan pastroq mustahkamlikka va
yuqori deformatsiyaga ega 4 . Shuning uchun ko‘pikbetondan yuqori mustahkamlikka ega bo‘lgan
metall armaturalarning siljish ehtimoli yuqori. Natijada, ko‘pikbetonli konstruktiv elementlarda
metall armaturaning konstruktiv salohiyatidan to‘liq foydalanilmasligi mumkin. Uchinchidan, zich
betondan farqli o‘laroq, ko‘pikbetonning makrog‘ovakli tuzilishi metall armaturani korroziyadan
himoya qilishni ta’minlamasligi mumkin.

Tadgiqgot obyektlari sifatida quyidagi armatura turlari tanlandi:
- an’anaviy taqqoslash asosi sifatida metall armatura;

- qurilish amaliyotiga faol joriy etilayotgan armaturaning muqobil variantlari sifatida
shishakompozit va bazaltkompozit armaturalar.

Mazkur magolada binolarning sigilgan va egiluvchan konstruktiv elementlari uchun material
sifatida qaraladigan, o‘rtacha zichligi 1400-1600 kg/m* bo‘lgan ko‘pikbeton bilan yuqorida
ko‘rsatilgan armatura turlarining tishlashish giymatini tadqiq etish natijalari muhokama gilinadi.

Materiallar va usullar
1. Materiallar va tadgigot omillari maydonining tavsifi

“Ko‘pikbeton-armatura” tizimida tishlashish parametrlarini tadqiq qilish bo‘yicha o‘tkazilgan
tajribalarda quyidagi omillar o°zgartirib borildi.

1. Armatura turi va diametri. Bunda barcha armatura mahsulotlari o‘xshash davriy profilga
ega edi.

2. Ko‘pikbetonning o‘rtacha zichligi. Bunda beton tarkibi sement va qumning massa nisbati
bo‘yicha o‘zgarmas qoldirildi; o‘rtacha zichlikni rostlash suv va sirt faol moddalar (SFM) kimyoviy
go‘shimchalari miqdorini o‘zgartirish orqali amalga oshirildi.

Armaturaning beton bilan birgalikdagi ishini baholash uchun beton kubdan armatura
sterjenini sug‘urib olish usulidan foydalanildi. Sterjenning betondagi ankerlash uzunligi diametrga
bog‘lig bo‘lib, 5d ni tashkil etdi. GOST 31938-2012 [19] talablariga muvofig, armatura
mahsulotlarining umumiy uzunligi betondagi ankerlash uzunligi, sinov mashinasi konstruksiyasi va
sinov muftasi konstruksiyasining uzunligi bilan belgilanib, bunda sterjenlarning chigib turgan
gismlari ularni sinov mashinasi bilan qisib olishni va sug‘urilish datchigini o‘rnatishni ta’minlashi
kerak. Tajribada qo‘llanilgan armatura mahsulotlarining tavsifi va ularni beton namunalariga
ankerlash parametrlari 1-jadvalda keltirilgan.

Ishda namunalarni tayyorlash uchun biz tomonimizdan avvalroq o‘tkazilgan tadqiqotlarda [3]
xossalar majmuasi bo‘yicha optimallashtirilgan ko‘pikbeton tarkiblaridan foydalanildi (2-jadval).
Sterjenni beton bilan biriktirish uzunligi diametrga bog‘liq bo‘lib, 5d ni tashkil etdi. GOST 31938-
2012 [19] talablariga muvofig, armatura buyumlarining umumiy uzunligi betonga mahkamlash
uzunligi, sinov mashinasining tuzilishi va sinov muftasi konstruksiyasining uzunligi bilan shunday
aniglandiki, sterjenlarning chigishi ularni sinov mashinasi bilan ushlab olish va tortish datchigini
o‘rnatish imkonini bersin.

Ishda namunalarni tayyorlash uchun biz ilgari o‘tkazgan tadqiqotlarda [3] kompleks
xususiyatlari bo‘yicha optimallashtirilgan ko‘pikbeton tarkiblaridan foydalanildi (2-jadval).
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Foydalanilgan armatura mahsulotlarining tavsifi va ularning ko‘pikbeton namunalariga o‘rnatilish

parametrlari

1-jadval

E = El o wxf | «£|8& £ |sel_ e Fe
= QZ*;; Tsvé% S E= == 32 =, €| G E|l SE
o 33 |So|=22 £Sz | 82|23 .| 8285 Ez
= <5 ES B= Eé% %% -2 go\o ® D gD 22
: 25 |s§ 23 IE5 | 35|2% =27 | §5ig st
> 5 EYE £2f | 82|25 2 |&mE <5 g8
< -_g CES S| Io| =z n
O‘zbekiston
Shisha- qurilish
kompozit | materiallari 50 Mavjud 600—
armatura bozori 6 000 800 emas 300 2.2 300 | 30 800
(GFRP) (import
mahsulotlari)
50 Mavjud 700-
8 000 800 ermas 300 2,2 400 | 40 900
50 Mavjud 800—
10 000 800 ormas 300 2,2 500 | 50 1000
O‘zbekiston
Bazalt- qurilish
kompozit | materiallari 50 Mavjud 600—
armatura bozori 6 000 800 emas 300 2.2 300 | 30 800
(BFRP) (import
mahsulotlari)
50 Mavjud 700-
8 000 800 ormas 300 2,2 400 | 40 900
50 Mavjud 800
10 000 800 emas 300 2,2 500 | 50 1000
O‘zbekiston
metallurgiya
Po‘lat korxonalari 600 .
armatura (masalan, 8 388 (vagtinchalik 500 350 Ka£n4|da 300 | 40 785500_
A500C Bekobod garshilik)
metallurgiya
zavodi)
10 | 29 | va inchatic | 500 | aso | Kamida | goo | go | 900-
000 gHner 14 1000
garshilik)
2-jadval
Penobeton tarkiblarining tavsifi
O‘rtacha Sement : Suv-sement Ko*‘pik hosil qiluvchi Superplastifikator
zichlik, gum nisbati nisbati (S/S) qo‘shimcha miqdori, sement miqdori, sement
kg/m? (S:Q) massasiga nisbatan, % massasiga nisbatan, %
1400 1:1,75 0,30 0,04 0,4
1600 1:1,75 0,31 0,05 0,5

Har bir o‘rtacha zichlikdagi penobeton uchun tajribalarda 1-jadvalda tavsiflangan barcha
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turdagi armaturalar bilan tishlashuvi baholandi.

1. Tajribalarni o‘tkazish sharoitlari tavsifi.

Tishlashuvni sinashda o‘lchami 100x100x100 mm bo‘lgan kub-namunalar seriyasidan
foydalanildi. Seriyadagi namunalar soni penobetonning o‘rtacha zichligi, armatura turi va
diametrining har bir kombinatsiyasi uchun 6 donani tashkil etdi. Namunalar tayyorlashda metall
goliplardan foydalanildi va ularning parallel girralarida armatura uchun bittadan teshik ochildi.
Teshiklar armatura sterjenini har bir kub-qolipning markazida, girralarga perpendikulyar va beton
yotqizish yo‘nalishiga parallel ravishda gorizontal holatda mahkamlash uchun xizmat qildi.

Penobeton ikki bosgichli usulda tayyorlandi: birinchi bosgichda suv havo jalb giluvchi va
superplastifikator SFA qo‘shimchalari bilan aralashtirildi, ikkinchi bosqichda esa to‘ldiruvchi bilan
birga bog‘lovchi modda qo‘shildi. Aralashtirish turbinali aralashtirgichda 1300 ayl/dagiga tezlikda
4 dagiga davomida amalga oshirildi. Aralashma golipga quyilgach, devorlarga gisilib golgan havoni
chigarib yuborish uchun gisqga vaqt vibratsiya berildi.

Tishlashuv  parametrlarini  sinash
INSTRON 5982 universal pol
60 mm elektromexanik sinov tizimida armatura

; sterjenini  kub-namunadan sug‘urib olish

orgali amalga oshirildi. Namuna maxsus
koenish aatenigi IMNEtall ramkaga joylashtirildi va uning bir
Ko'chish datchigini CHEI sinov uskunasi gisgichiga

o‘rnatish uchun

Sinov ramkasi

Ko'pikbeton kubilk rama mahkamlandi. Ramkadagi namuna tayanch
By gt metall plitaga va plita bilan ramka orasidagi
5“I rezina gatlamga tayantirildi. Armaturaning

betonda  sirpanishini  o‘lchash  uchun
sterjenning  bo‘sh  uchidagi  beton

PVX trubka
Rezina prokladka

Ekstensometr

. au] namunasiga, maxsus  ramka-tutgichga
—_— SM”I ko‘rsatkichlari 0,01 mm aniqlikdagi siljish
S S datchigi  o‘rnatildi. Armatura sterjeni

cho‘zilganda uning bo‘ylama
deformatsiyalarini o‘Ichash uchun
yuklangan sterjenning ishchi balandligi markaziga o‘rnatilgan ekstensometrdan foydalanildi.
Ramkaning o‘lchami siljish datchigini sterjenning chiqib turgan uchiga o‘rnatish uchun zarur
masofani ta’minladi. Sug‘urib olish sinovlari jarayonida indikator ko‘rsatkichlari 0,05 mm, 0,1 mm
va 0,25 mm ga yetganda berilayotgan yuklama giymati hamda maksimal yuklamadagi sterjenning
siljish giymati gayd etib borildi. Sinovdan oldin namunalar ko‘zdan kechirildi va o‘lchab olindi.
Armaturani 0‘q bo‘ylab sug‘urib olish bo‘yicha namunalarni sinash sxemasi 1-rasmda keltirilgan.

1-rasm — Namunalarni sug‘urib olish sinovlari sxemasi.

Penobetonning mustahkamligi va zichligini nazorat qilish magsadida har bir o‘rtacha zichlik
uchun 100x100x100 mm o‘lchamdagi armaturalanmagan kub namunalardan 24 donadan iborat
nazorat seriyalari bir vaqtning o‘zida tayyorlandi. Namunalar normal sharoitlarda 28 sutka
davomida qotirildi. Mustahkamlik bo‘yicha sinovlar INSTRON firmasining 1500HDX universal 4
ustunli polga o‘rnatiladigan gidravlik sinov tizimi yordamida standart usulda amalga oshirildi.
Sinov natijalariga asosan, mustahkamlik bo‘yicha sinf va o‘rtacha zichlik bo‘yicha marka [20, 21]
me’yoriy standart uslublarga muvofiq statistik jihatdan ishonchli aniglandi.

Ilashish giymatini hisoblash usuli

Armaturaning ko‘pikbeton bilan tishlashish mustahkamligi armatura sterjenlarining betondan
sug‘urib olinishiga ko‘rsatgan qarshiligi qiymati bo‘yicha baholandi. Hisob-kitob, namuna gayerda
— sterjen bo‘ylab yoki sterjenning beton bilan tishlashish chegarasida buzilishidan qat’i nazar,
namunani buzilgunga qgadar cho‘zishda hosil bo‘lgan maksimal yuklamada yuzaga keladigan,
armaturaning beton bilan tishlashish chegarasi bo‘yicha siljituvchi kuchlanishlar qiymatlarini
aniglashga asoslangan.

Tishlashish mustahkamligi GOST 31938-2012 [19] ga muvofiq quyidagi formula bo‘yicha
aniglandi:
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P

el,’

bu yerda P - qo‘yiladigan yuklama, N;
C - sterjen aylanasining nominal uzunligi, mm;
Lfb - sterjenning betonga ko‘milish uzunligi, mm.

Sinov natijalarini gayta ishlash har bir diametr uchun "ilashish kuchlanishi - sirpanish™
diagrammalarini tuzishni o‘z ichiga oldi. Har bir namuna uchun ilashish kuchlanishi sterjen
sirpanish datchigining 0,05; 0,1; 0,25 mm, shuningdek, maksimal kuchlanishda sterjenning erkin
uchi sirpanib ketishiga sabab bo‘ladi. So‘ngra namunalarning har bir seriyasi uchun ilashishning
o‘rtacha qiymati hisoblab chiqildi.

Tadgiqot natijalari

Sinovlarning kompleks natijalari tahlili (3-jadval, 2, 3, 4-rasmlar) quyidagilarni aniglash
imkonini berdi.

Sinov jarayonida ko‘rib chiqilgan barcha turdagi va diametrli armaturalarning betonda
sirpanishi qayd etildi. Barcha turdagi armatura sterjenlarini sug‘urib olish “beton—armatura”
tutashuv zonasida buzilish bilan kechdi, armaturaning uzilishi kuzatilmadi (garang: 2-rasm).

Armatura turining ta’siri. Tutashuvning eng yuqori ko‘rsatkichlari shishakompozit armaturada
qayd etildi. Ushbu turdagi armaturaning tutashuv mustahkamligi chegarasi barcha ko‘rib chiqilgan
armatura diametrlari va beton sinflari uchun bazaltkompozit armaturaga nisbatan 1,3-1,8 baravar va
po‘lat armaturaga nisbatan 1,2-1,9 baravar yuqori. Shu bilan birga, B7,5 va B10 sinfidagi
penobetonlar uchun, nominal diametrlari teng bo‘lgan taqdirda, bazaltkompozit sterjenlarning
siljish nazorat nuqtalaridagi sug‘urib olish kuchi metall armatura bilan qiyoslanadigan darajada.
Buzilish xarakterini “tutashuv kuchlanishi — sirpanish” diagrammalari bilan solishtirish bu holat
armaturani beton tanasidan sug‘urib olishdagi buzilish xarakteri bilan bog‘ligligini ko‘rsatadi.

Taqdim etilgan “tutashuv kuchlanishi — sirpanish”ga oid xarakterli diagrammalardan ko‘rinib
turibdiki (garang: 4-rasm), shishakompozit armaturani sug‘urib olish ancha sezilarli sirpanish
deformatsiyalari bilan kechadi va bu uni sug‘urib olish uchun zarur bo‘lgan kuchning ortishiga olib
keladi. Shishaplastik armaturani sug‘urib olishda chulg‘amning sterjendan mahalliy ko‘chishi
kuzatildi (qarang: 2-rasm, a). Bu armaturaning ushbu turida chulg‘amning beton bilan tutashuvi
sterjen tanasi bilan tutashuviga garaganda yuqoriroq ekanligini taxmin gilish imkonini beradi.
Bazaltkompozit armaturani penobetondan sug‘urib olish aynan “beton—armatura” tutashuv zonasi
bo‘ylab (qarang: 2-rasm, b), chulg‘amning uzilishisiz sodir bo‘ldi, chunki armaturaning bu turida
chulg‘am bo‘ylama tolaga qisman botirilgan. Metall armaturani sug‘urib olish armatura sterjeni
bilan tutashuv zonasi yaginida betonning gisman buzilishi bilan kechdi (garang: 2-rasm, v).

Armatura diametrining ta’siri. Armatura diametri o‘zgartirilganda uning penobeton bilan
tutashuv mustahkamligining o°zgarishi ko‘rib chiqilgan armatura turlari uchun turli qonuniyatlarga
ega (garang: 3-jadval, 3-rasm).

B7.5 sinfidagi shishakompozit armaturada tutashuv mustahkamligi bo‘yicha eng yaxshi
natijaga 6 diametrli sterjenlarda erishildi, so‘ngra ko‘rsatkich 25% ga kamaydi va ko‘ndalang kesim
kattalashgani sari o‘zgarishsiz qoldi. B7.5 sinfi doirasida bazaltkompozit armatura tutashuvning
diametr o‘zgarishiga aniq bog‘ligligini ko‘rsatmadi (garang: 3a-rasm). B10 sinfi uchun esa
kompozit armaturaning har ikki turida ham diametr ortishi bilan penobeton bilan tutashuvning
pasayishi gayd etildi.

Metall armaturada esa, aksincha, diametri 8 mm dan 10 mm gacha o‘zgartirilganda B7,5
sinfidagi beton uchun tutashuv mustahkamligining 20% ga ortishi kuzatiladi (gqarang: 3b-rasm). B10
sinfi uchun tutashuv mustahkamligi ko‘rsatkichlarining yomonlashish dinamikasi qayd etiladi.

Metall beton uchun, aksincha, uning diametri 8 dan 10 mm gacha o‘zgarganda V7,5 sinfidagi
beton uchun ilashish mustahkamligining 20% ga oshishi kuzatiladi (3b-rasmga garang). B10 sinfi
uchun ilashish mustahkamligi giymatlarining yomonlashish dinamikasi gqayd etiladi.

Beton mustahkamligining ta’siri. Siqilishga bo‘lgan mustahkamligi bo‘yicha beton sinfining
ortishi bilan ko‘rib chiqilayotgan armatura turlarining ko‘pikbeton bilan tishlashish mustahkamligi
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chegarasi gonuniy ravishda oshib boradi (garang: 3-jadval). Beton sinfining ortishi bilan tishlashish
mustahkamligi chegarasi armatura diametriga garab turlicha darajada ortadi:

- shisha kompozitli armaturaning [ 6 mmli sterjenlari uchun — 1,3 marta, [J 8 mmlilari uchun
—1,6 marta, [J 10 mmlilari uchun — 1,3 marta;

3-jadval
Tishlashish migdorini aniqlash bo‘yicha sinov natijalari ko‘pikli betonli armatura sterjenlari
Sug‘urib .
Musta Zichlik Diam olifhdagi Pmax dagi Bgfonht_n:]an
hkamli | 21K | Armatura ot aksimal | siljish, A llashish
K sinfi markasi turi mm kuch (mm) mustahkamligi,
’ MPa
Pmax (kN)
Shisha-
B75 D1400 | kompozit 6 4,01 3,28 7,21
armatura
8 5,05 2,55 5,36
10 8,63 1,63 5,36
Bazalt-
kompozit 6 1,38 1,40 3,08
armatura
8 3,94 1,55 4,05
10 5,84 1,88 3,81
Po‘lat
armatura 8 2,90 0,85 2,80
(A500C)
10 5,68 0,35 3,36
Shisha-
B 10 D1600 | kompozit 6 5,08 2,80 9,12
armatura
8 8,46 2,93 8,98
10 11,57 1,38 7,19
Bazalt-
kompozit 6 2,29 3,30 512
armatura
8 4,91 2,20 5,04
10 7,42 1,80 4,84
Po‘lat
armatura 8 6,34 0,48 6,11
(A500C)
10 10,08 0,33 5,97

2-rasm - Armaturaning g‘ovak beton bilan ilashishining buzilish xususiyati: a) shisha kompozit; b) bazalt
kompozit; v) metal.
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a) Beton bilan ilashish mustahkamligi, b) Beton bilan ilashish mustahkamligi,
© (MPa) © (MPa)
T, MPa T, MPa
12 ] 12
10 - 10 -

912 8,98

d=6 d=8 d=10
Armatura diametri, d (mm) Armatura diametri, d (mm)
I shisha-kompozit armatura [ sShisha-kompozit armatura
B Bazalt-kompozit armatura I Bazalt-kompozit armatura
I Po‘lat armatura I Po‘lat armatura

3-rasm - B 7,5 (a) va B 10 (b) sinfidagi ko‘pikbetonli turli xil armaturalarning bog‘lanish mustahkamligi.

a) llishish kuchlanishi, T (MPa) 6) llishish kuchlanishi, T (MPa)
4 A
10 A 10
8 8 4
6 4 6
4 A 4
2.49)
2 1 2
0 - T T T > 0 T T T >
0 1 2 3 0 1 2 3
Siljish, A (mm) Siljish, A (mm)
--@~- Shisha-kompozit armatura ~--@-- Shisha-kompozit armatura
—&— Bazalt-kompozit armatura —&— Bazalt-kompozit armatura
—&— Po'lat armatura —&— Po‘lat armatura

4-rasm - Diametri 8 mm bo‘lgan armaturaning V 7,5 (a) va V10 (b) sinfdagi ko‘pikbetonlar bilan ilashishining
sirpanishga bog‘ligligi.

- 6 mm sterjenlar uchun bazalt kompozit armaturalar uchun - 1,7 baravar, 8 mm uchun - 1,3
baravar, 10 mm uchun - 1,1 baravar;

- metall armatura uchun - 1,8 va 2,2 baravar, 8 mm va 10 mm sterjenlar uchun esa mos
ravishda.

Xulosa

Armaturaning ko‘pikbeton bilan birgalikda eng yaxshi ishlashi shishakompozit armatura
qo‘llanilganda ta’minlanishi mumkinligi aniqlandi. Uning B7,5 (D1400), B10 (D1600) sinfidagi
ko‘pikbetonlar bilan ilashish mustahkamligi chegarasi, mustahkamlik sinflari va armatura
diametrlarining (@6, 8, 10 mm) barcha kombinatsiyaviy variantlarida bazaltkompozit va metall
armaturalarning ilashish mustahkamligi ko‘rsatkichlaridan 20-45% yuqoridir. Bu armaturani beton
tanasidan sug‘urib olishdagi buzilish xarakteri bilan izohlanadi. Shishaplastik armaturaning “beton-
armatura” tutash zonasidagi ilashish mustahkamligi, armatura profilini hosil qiluvchi o‘ramning
sterjen tanasi bilan ilashish mustahkamligidan yuqoriroq bo‘ladi. Bazaltplastik armatura
ko‘pikbeton bilan eng past ilashish mustahkamligiga ega bo‘lib, uni sug‘urib olishda buzilish aynan
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“beton-armatura” tutash zonasida yuz beradi. Yuqori mustahkamlikka ega metall armaturani
sug‘urib olishda esa betonning armatura sterjeni bilan tutash zonasi yaqinida qisman yemirilish
kuzatiladi.

Betonning mustahkamlik sinfi ortishi bilan o‘rganilgan barcha turdagi armatura
mahsulotlarining ilashish mustahkamligi chegarasi ham qonuniy ravishda ortib boradi. Biroq,
armaturaning ko‘pikbeton bilan ilashish mustahkamligining uning diametri o‘zgarishiga bog‘liqligi
ko‘rib chiqilgan armatura turlari uchun turlicha qonuniyatlarga ega. Kompozit armaturaning
diametri ortishi bilan uning beton bilan ilashish mustahkamligi pasayish tendensiyasi kuzatilsa,
metall armaturada buning aksi kuzatiladi.

Tadgiqotlarni rivojlantirish istigbollari quyidagi vazifalarni hal etish bilan bog‘liq:

- turli xil armatura mahsulotlari bilan armaturalangan ko‘pikbetonli konstruktiv
elementlarning kompleks eksperimental-nazariy tadqiqotlari va sinovlarini o°tkazish;

- eksperimental tadqiqotlar natijalari asosida kam qavatli qurilish uchun ko‘pikbetonli
konstruksiyalarni hisoblash va loyihalash bo‘yicha tavsiyalar ishlab chiqish.
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KO‘P KVARTIRALI UYLARNI KAPITAL TA’MIRLASH VA HOVLI HUDUDLARINI
OBODONLASHTIRISH ISHLARINI SINXRONLASHTIRISHDA TASHKILIY-
TEXNOLOGIK YECHIMLARNI TANLASH
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Annotatsiya. Magolada ko‘p kvartirali uylarni kapital ta’'mirlash va ularga tutash hovli hududlarini
obodonlashtirish ishlarini yagona tashkiliy-texnologik tizim sifatida rejalashtirish masalasi yoritildi. Toshkent
shahri sharoitida ta’mirlash-qurilish jarayonlari ko ‘pincha zich qurilgan hududlarda, aholi yashashi davom
etayotgan binolarda va cheklangan ish frontlarida bajarilishi sababli ishlar ketma-ketligi, resurslar tagsimoti
hamda pudrat tashkilotlari harakatlarini vaqt bo ‘yicha muvofiglashtirish alohida ahamiyat kasb etadi.
Tadgiqgotda hovli va uy atrofi hududi chegaralarini aniglash, shahar muhiti tipologiyasini hisobga olish, ish
frontlari, davomiylik, intensiviik va ritmiklik ko ‘rsatkichlari asosida sinxronlashtivish variantlarini baholash
yondashuvi taklif etildi. Natijada kapital ta’mirlash va obodonlashtirishni alohida emas, balki kompleks qurilish
ogimi sifatida loyihalash amaliy samaradorlikni oshirishi asoslandi.

Kalit so‘zlar: ko'p kvartirali uy, kapital ta’mirlash, hovli hududi, obodonlashtirish, sinxronlashtirish,
tashkiliy-texnologik yechim, ish fronti, ogim usuli, ritmiklik, shahar muhiti, resurs tagsimoti.

Annomauyua. B cmamve oceewaemcsa 80npoC NAAHUPOBAHUS pabOmMm NO KANUMATLHOMY DEMOHMY
MHO2OKEAPMUPHBIX 00MO8 U OIA20YCMPOUCMEY NPUNE2AIOWUX K HUM O080POSbIX MEPPUMOPULl KaK eOUuHOU
OP2aHU3AYUOHHO-MEXHONI02UYeCKOU  cucmembl. [lockonvky 6 yciosusx eopooa Tawkewma pemMoHMHO-
CmMpoumenbHvle NPoYEeCccvl 3a4acmyio 8bINOIHAIOMCS 8 PAUOHAX ¢ NJIOMHOU 3ACMPOUKOL, 8 IKCHIYAMUPYeMbIX
HCUNBYAMU — 30AHUAX U HA  OSPAHUYEHHbIX — Qponmax pabom, o0coboe 3Hayenue npuobpemaiom
noCIe008amenbHOCMb pabom, pacnpedeneHue pecypco8 U 6PeMeHHAs KOOpOUHayus Oeucmeuti noOpsOHbIX
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opzaHuaab;uﬁ. B uccneoosanuu npe()ﬂoofceH nooxoo0 K OYEHKe 6apuaHmoe CUHXPOHU3AYUU HA OCHOBE MAKUX
nokaszamerneti, Kaxk ponm pabom, NPOOOIIHCUMENTbHOCHb, UHMEHCUBHOCMb U DPUMMUYHOCMb, C YYEMOM
onpeoenenuss epanuy 080pPOBOU U NPUOOMOBOU Meppumopul, a makdice Munoiocuu 20poockoll cpedvl. B
pesyiomame 06OCH06CZHO, umo npoexkmupoearnue KanumaibHoco pemMoHma u 6ﬂazoycmp0ﬁcm6a He KakK
OMOENbHbIX npoyeccos, a 6 Kaivecmee KOMNIEKCHO2O CmMpOUmelbHOc0 nonoKa nosesvluiaem npakmudeckKyro
aghpexmusHocme.

Knioueevie cnoea: mnocokeapmupHvlii 00M, KANUMAIbHLIL PEMOHM, 080P0O6As MePPUmopusl,
61a20YCMPOCME0, CUHXPOHUZAYUS, OPSAHUSAYUOHHO-MEXHOL02UYeCKoe peulerue, Gpoum pabom, nomoyHblil
Memo0, pUMMUYHOCHb, 20POOCKAs cpedd, pacnpeoeiecHue pecypcos.

Abstract. The article considers the planning of capital repair of apartment buildings and improvement of
adjacent courtyard areas as a single organizational and technological system. In the conditions of Tashkent,
repair and construction processes are often implemented in dense urban areas, in buildings that remain in use,
and within limited work fronts; therefore, the sequencing of works, distribution of resources and coordination of
contractors in time become especially important. The study proposes an approach for evaluating
synchronization alternatives based on the definition of courtyard and adjacent territory boundaries, urban
environment typology, work fronts, duration, intensity and rhythm indicators. The results substantiate that
capital repair and landscaping should be designed not as isolated measures but as an integrated construction
flow, which improves the practical efficiency of urban programs.

Keywords: apartment building, capital repair, courtyard area, improvement, synchronization,
organizational and technological solution, work front, flow method, rhythm, urban environment, resource
allocation.

KIRISH

Ko‘p kvartirali uy-joy fondining sezilarli gismi uzog muddatli ekspluatatsiya jarayonida
konstruktiv elementlar, muhandislik tarmoqlari va tashqi hududlar bo‘yicha eskirish belgilarini
namoyon giladi. Binoning o‘zini kapital ta’mirlash bilan bir vaqtda hovli hududida piyoda yo‘llari,
yoritish, avtoturargoh, bolalar va dam olish maydonchalari, ko‘kalamzorlashtirish va chiqindi yig‘ish
joylarini tartibga keltirish talab etiladi. Bu jarayonlar bir-biriga bevosita ta’sir gilgani uchun ularni
alohida rejalashtirish resurslarning takroriy sarflanishi, ish frontlarining to‘qnashuvi va muddatlarning
cho‘zilishiga olib kelishi mumkin.

Toshkent shahrining zich qurilgan hududlari uchun masala yanada murakkabdir. Kapital
ta’mirlash ko‘p hollarda aholi yashab turgan binolarda bajariladi, hovli hududi esa bir vaqtning o‘zida
aholining kundalik harakati, maxsus transport, qurilish texnikasi va materiallarni vagtincha
joylashtirish ehtiyojlariga xizmat qiladi. Shu sababli ishlar majmuasini sinxronlashtirish nafagat
texnologik, balki ijtimoiy va boshgaruv vazifasi sifatida ham garaladi.

Magolaning magsadi — ko‘p kvartirali uylarni kapital ta’mirlash va hovli hududlarini
obodonlashtirish ishlarini sinxronlashtirishda tashkiliy-texnologik yechimlarni tanlash mezonlari,
baholash ko‘rsatkichlari va rejalashtirish algoritmini tizimlashtirishdan iborat.

ADABIYOTLAR VA MUAMMO TAHLILI

Qurilish ishlab chigarishini ogim usulida tashkil etish, kalendar rejalashtirish, ish frontlarini
tagsimlash va resurslarni boshqarish bo‘yicha mavjud yondashuvlar yangi qurilish sharoitida yetarlicha
rivojlangan. Biroq kapital ta’mirlash va hovli obodonlashtirish ishlari yangi qurilishdan bir gator
xususiyatlari  bilan farglanadi: almashinmaydigan konstruktiv elementlar saglanadi, ishlar
ekspluatatsiyadagi binolarda bajariladi, loyihaoldi izlanishlar to‘liq bo‘lmasligi mumkin va texnik
yechimlar obyekt sharoitiga kuchli bog‘liq bo‘ladi.

Mavjud tadqiqotlarda kalendar va tarmoqli rejalashtirish, ko‘p mezonli baholash, variantli
loyihalash hamda tashkiliy-texnologik ishonchlilik masalalari ko‘rib chiqilgan. Lekin ko‘p kvartirali
uy kapital ta’miri bilan hovli hududini obodonlashtirishni bitta hududiy obyekt doirasida
birlashtiruvchi moslashtirilgan metodikalar yetarli darajada tizimlashtirilmagan.

Tadqiqotda sinxronlashtirish deganda ta’mirlash-qurilish jarayonlarining uzluksiz va rejali
bajarilishi, turli jarayonlarning ayrim operatsiyalari ma’lum ketma-ketlikda, doimiy vaqt siljishi bilan
yoki bir vagtda amalga oshirilishi tushuniladi. Bu yondashuv ishlarning ritmiklik prinsipi bilan uzviy
bog‘liq.
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SINXRONLASHTIRISHNING TASHKILIY-TEXNOLOGIK ASOSLARI

Sinxron rejalashtirishni boshlashda hududiy chegaralarni aniglash birinchi bosgich hisoblanadi.
Agar ko‘p kvartirali uyga tutash uy atrofi hududi va hovli hududi chegaralari bir xil bo‘lsa, ishlar bitta
obyekt doirasida rejalashtiriladi. Agar hovli hududida bir nechta uy joylashgan bo‘lsa, har bir uy
bo‘yicha ishlar va umumiy foydalanishdagi hudud ishlari o‘rtasidagi bog‘lanish alohida baholanadi.
Amaliy loyihalashda huquqiy kolliziyalarni kamaytirish uchun PT = DT holati asosiy variant sifatida
gabul gilinadi.

PT=DT Q)
PT:+PT:+ ... + PT,=PT; PT#DT @)

Bu yerda PT — uy atrofi hududi maydoni, DT — hovli hududi maydoni, n — hovli hududini
shakllantiruvchi ko‘p kvartirali uylar soni.

Tashkiliy-texnologik modelda ishlar asosiy, oldingi-ketma-ket, yordamchi va xizmat
ko‘rsatuvchi jarayonlarga ajratiladi. Kapital ta’mirlashda poydevor, yerto‘la, fasad, tom, elektr, isitish,
suv ta’minoti va kanalizatsiya tizimlari bo‘yicha ishlar; obodonlashtirishda yo‘laklar, kirish yo‘llari,
yoritish, maydonchalar, ko‘kalamzorlashtirish va chiqindi yig‘ish zonalari o‘zaro bog‘langan frontlar
sifatida ko‘rib chiqiladi.

Jadallik oshishi va davomiylik

B

o

o
1

Davomiylik, kun
w
o
(@]

200 A

0.2 0.3 0.4 0.5 0.6 0.7 0.8
Ishlar jadalligi, p(T)

1-rasm. Ishlar jadalligi oshishi bilan umumiy davomiylikning o‘zgarishi.

Shahar muhitining turi sinxronlashtirish sxemasiga bevosita ta’sir qiladi. O‘rta qavatli
mikrorayonlarda ochig maydonlar nisbatan katta bo‘lsa-da, avtoturargoh va yong‘in yo‘laklarining
tartibsiz band qilinishi ish frontlarini cheklaydi. Ko‘p qavatli mikrorayonlarda esa aholi zichligi va
kommunikatsiya tarmoqlarining ko‘pligi ishlarning navbatini aniq belgilashni talab giladi.

Jadval 1
Shahar mubhiti turlari bo‘yicha sinxron rejalashtirishning asosiy shartlari
Shahar mubhiti Asosiy cheklov Rejalashtirish talabi
. . Keng, lekin tartibsiz band Ish frontlarini zonalash va
O‘rta qavatli mikrorayon - - . ) o
gilingan hovli xavfsiz yo‘laklarni ajratish

Aholi zichligi va transport Resurs va texnika harakatini

Ko'p qavatli mikrorayon bosimi yuqori vaqt bo‘yicha cheklash

Sovet perimetral Yarim yopiq hovli, kirishlar |Piyoda ogimlarini ajratish va

ko‘p bosqgichma-bosgich bajarish
.. Zich qurilish va aralash Minimal ish fronti, gisqa siklli
Tarixiy aralash ; .
funksiyalar jarayonlar
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BAHOLASH MEZONLARI VA HISOBIY KO‘RSATKICHLAR

Tashkiliy-texnologik yechimlarni tanlash bir mezon bilan cheklanmaydi. Minimal muddatga
erishish har doim ham eng magbul variantni anglatmaydi, chunki resurslar talabi, xavfsizlik, aholi
uchun noqulaylik, to‘xtab qolish ehtimoli va moliyaviy yo‘qotishlar ham hisobga olinishi kerak. Shu
sababli baholash ko‘p mezonli yondashuv asosida olib boriladi.

Ish fronti va intensivlik sinxronlashtirish modelining asosiy parametrlari hisoblanadi. Umumiy
ish fronti R va ishlarni bajarish davomiyligi T ma’lum bo‘lganda minimal zarur intensivlik
quyidagicha ifodalanadi:

rmin=R/T 3)

Agar ish frontlari soni yoki brigadalar soni oshirilsa, maksimal intensivlik ham ortadi, biroq bu
yordamchi jarayonlar, texnika harakati va materiallarni yetkazib berish bo‘yicha qo‘shimcha
muvofiglashtirishni talab giladi. Qarorlar integral baholash orgali solishtiriladi:

S = Z Wi Xj (4)

Bu yerda S — integral baholash bali, wi — mezonning ahamiyatlilik koeffitsiyenti, x; —
normallashtirilgan ko‘rsatkich. Ustuvor mezonlar sifatida davomiylik, ishlarning uzluksizligi,
xavfsizlik, resurslardan foydalanish, aholi uchun qulaylik va moliyaviy yo‘qotishlarni kamaytirish
gabul gilinadi.

Sinxronlashtirish natijalari

30 +
25 4
20 A
15 +
10 A

N I

e 8 1 1 1 §

Jadallik Muddat To‘xtab golish  Moliyaviy Smena resurs
oshishi gisqarishi xavfi kamayigbiqotish kamayistslabi oshishi

Foiz, %

2-rasm. Sinxronlashtirishdan keyin kutiladigan asosiy natijalar.

Sinxronlashtirish variantlarini baholashda qo‘llaniladigan asosiy ko‘rsatkigf?li\:’al i
Ko‘rsatkich Mazmuni Baholash yo‘nalishi
T Ishlar davomiyligi Kamayishi magsadga muvofiq
r Ishlar intensivligi Me’yoriy resurs bilan oshirilaq
P(1) To‘xtab qolish ehtimoli Xavfni kamaytirish
Cpot Moliyaviy yo‘qotish Minimal giymat
S Integral baho Eng yuqori reyting

NATIJALAR VA AMALIY TAVSIYALAR
Taklif etilgan yondashuv kapital ta’mirlash va obodonlashtirish ishlarini kompleks qurilish oqimi
sifatida ko‘rishga imkon beradi. Bunda har bir xususiy oqimning boshlanish va tugash vaqti, frontlar
bo‘yicha harakat sxemasi, brigadalar soni va moddiy-texnika ta’minoti yagona kalendar reja orqali
bog‘lanadi.
Amaliy qo‘llashda birinchi navbatda obyekt pasporti, eskirish darajasi, avval bajarilgan kapital
ta’mirlash ishlari, hovli hududining texnik holati, aholi harakati yo‘nalishlari va mavjud
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kommunikatsiya tarmoqlari aniqlanadi. Keyin ishlar tarkibi va ularning o‘zaro bog‘liqligi matritsa
ko‘rinishida beriladi.

Sinxronlashtirish bo‘yicha eng magbul garor ijtimoiy noqulaylikni kamaytirish, xavfsizlikni
ta’minlash, ishlar muddatini qisqartirish va resurslardan samarali foydalanish nuqtayi nazaridan
tanlanadi. Shu bois tashkiliy-texnologik hujjatlarda ish frontlari chegarasi, har bir bosgich uchun
mas’ul pudratchi, vaqtinchalik kirish yo‘llari, materiallar saqlash joylari va xavfsizlik talablari aniq
ko‘rsatilishi lozim.

XULOSA

Ko‘p kvartirali uylarni kapital ta’mirlash va hovli hududlarini obodonlashtirish ishlarini
sinxronlashtirish Toshkent shahrining zich qurilgan hududlari uchun dolzarb tashkiliy-texnologik
vazifa hisoblanadi.

Sinxronlashtirish modeli hududiy chegaralarni aniglash, shahar muhiti tipologiyasini hisobga
olish, ish turlarini asosiy va yordamchi jarayonlarga ajratish, ish frontlari hamda intensivlik
ko‘rsatkichlarini baholashga asoslanadi.

Taklif etilgan baholash yondashuvi kapital ta’mirlash va obodonlashtirish bo‘yicha shahar
dasturlarini qisqa muddatli rejaga bog‘lash, resurslar harakatini muvofiglashtirish va xavfsiz ish
sharoitini ta’minlashda amaliy ahamiyatga ega.
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Abstract. This article presents a quality-control model for non-autoclaved foam concrete panels
produced under hot-dry curing conditions. The study focuses on the influence of early moisture protection on
evaporation loss, density variation, compressive strength, drying shrinkage and surface cracking. Five
curing regimes were compared: open-air curing, film covering, moist chamber curing, curing compound and
combined membrane protection. The results show that combined curing provides the most stable
performance: evaporation loss decreases to 1.7%, 28-day compressive strength reaches 3.18 MPa, drying
shrinkage decreases to 1.48 mm/m and the quality stability score increases to 88. The proposed control chart
and acceptance checklist can be used by small and medium producers of foam concrete panels in arid urban
regions.

Keywords: Foam Concrete, Curing Management, Moisture Protection, Quality Control, Drying
Shrinkage, Lightweight Panels, Hot-Dry Climate.

Annotatsiya. Ushbu magqolada issiq-qurug qotirish sharoitida ishlab chigarilgan avtoklavsiz
ko ‘pikbeton panellarning sifat nazorati modeli keltirilgan. Tadgigotda namlikdan erta himoyalanishning
bug ‘lanish yo ‘qotilishi, zichlik o ‘zgarishi, sigilishdagi mustahkamlik, quritishdagi kirishish va yuza
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yoriqlariga ta’siriga e’tibor qaratilgan. Qotirishning beshta rejimi taqqoslandi: ochiq havoda qotirish,
plyonka bilan qoplash, nam kamerada qotirish, qotirish birikmasi va kombinatsiyalangan membrana
himoyasi. Natijalar shuni ko ‘rsatadiki, kombinatsiyalangan qotirish eng bargaror ishlashni ta’minlaydi:
bug ‘lanish yo‘qotilishi 1,7% gacha kamayadi, 28 kunlik sigilishdagi mustahkamlik 3,18 MPa ga yetadi,
quritishdagi kirishish 1,48 mm/m gacha kamayadi va sifat barqgarorligi balli 88 gacha oshadi. Taklif
etilayotgan nazorat jadvali va qabul qilish nazorat varaqasi qurg ‘oqchil shahar hududlarida ko ‘pikbeton
panellarni ishlab chigaruvchi kichik va o ‘rta korxonalar tomonidan qo ‘llanilishi mumkin.

Kalit so‘zlar: Ko ‘pikli beton, Qotishni boshqarish, Namlikdan himoya, Sifat nazorati, Quritishdagi
kirishish, Yengil panellar, Issig-qurug iglim.

Annomauun. B OauHou cmambe npedcmasieHa MoOelb KOHMPOISA Ka4ecmeéd Heda8mOKIAGHbIX
NeHOBEMOHHbIX NaHenell, U320MOBLeHHbIX 6 YCIOBUAX 20pAde-Cyxo20 3ameepdesanus. B uccredosanuu
OCHOBHOE GHUMAHUE YOCNSAENCs GIUSHUIO PAHHEU G1a203auumsl HA UCNAPEHUs], U3MEHEHUe NIOMHOCMU,
NPOUHOCMb HA cocamue, YCAoKy NPu GblCbIXAHUU U MPEWUHOBAMOCMb No8epXHocmu. bviiu conocmasnenvl
NSAMb  PENCUMOB BbICHIXAHUS GbICLIXAHUE HA OMKPLIMOM 6030yXe, MNIEHOUHOE NOKPbIMUe, 6GlANCHOE
KamepaivbHoe GbiChIXAHUe, GblCbiXxaroujee CoeOuHeHue U KOMOUHUPOBAHHAS MEMOPAHHAS 3aujumad.
Peszynomamul noxasviearom, umo KoMOUHUPOSAHHOE 3aKpenjieHue obecneuusaem Haubojee CmMadUIbHYIO
NPOU380OUMENLHOCIb, NOMEPsL UChaperust cHudcaemces 0o 1,7%, 28-Onesnasi npounocmsv Ha cocamue
docmueaem 3,18 Mlla, ycadka npu cywxe cuuscaemcs 0o 1,48 mm/m, a nokazamenb cmabuibHOCMU
xauecmsa nosviuaemess 0o 88. Ilpeonacaemas koumponvHas Kapma u KOHMPOAbHLIL CRUCOK NPUEMKU
Mocym  Oblmb  UCNOAB308AHbLI MAILIMU U  CPEOHUMU HPOUIBOOUMENAMU NEeHODEMOHHbIX Nauenell 8
3ACYULTUBBIX 20POOCKUX PECUOHAX.

Knrouesvie cnoea: Ilenobemon, Ynpaenenue 3zameepoesanuem, 3awuma om enacu, Kommpoiw
kauecmsa, Ycaoka cywxu, Jleekue nanenu, I opsiue-cyxou Kaumam.

1 INTRODUCTION

Non-autoclaved foam concrete is widely considered for lightweight wall panels, insulation
boards and filling layers because it combines low density with simple production technology.
Unlike autoclaved cellular concrete, it can be produced without high-pressure steam equipment,
which is attractive for regional construction-material enterprises. However, the final quality of foam
concrete strongly depends on early curing conditions.

In hot-dry climates, rapid evaporation from fresh panels can interrupt cement hydration,
increase shrinkage and form surface microcracks. These defects are especially dangerous for
cellular materials because cracks may connect artificial pores and increase moisture transport.
Therefore, production quality should be evaluated not only through 28-day strength but also through
early moisture loss, density deviation and shrinkage stability.

The purpose of this article is to propose a practical quality-control model for foam concrete
panels cured under hot-dry conditions. The model is intended for technological screening and can
support early decisions on moisture-protection methods in pilot production.

2 MATERIALS AND METHODS

The analyzed foam concrete matrix consisted of Portland cement, fine sand, limestone
powder, water, a polycarboxylate superplasticizer and preformed protein foam. The target dry
density of the panels was 700 kg/m?. The foam was introduced after slurry homogenization in order
to reduce bubble destruction during mixing.

Five curing regimes were compared. Open-air curing was used as the least protected reference
condition. Film covering limited direct evaporation from the panel surface. Moist chamber curing
provided high relative humidity. Curing compound formed a membrane on the surface. Combined
membrane curing included short film protection followed by curing compound application and
shaded storage.

Q=0.30D_s +0.25R_n + 0.20E_s + 0.15S_s + 0.10C_s Q)

where Q is the quality stability score, Ds is normalized density stability, Rn is normalized
compressive strength, Es is the normalized evaporation-stability indicator, Ss is the normalized
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shrinkage-stability indicator and Cs is the normalized crack-resistance indicator. The score ranges
from 0 to 100 and is used for comparative technological control.
Table 1. Curing regimes used for the comparative quality-control model.

Code Curing regime Main action Risk control
OA Open air no protection reference
FC Film covering surface sealing evaporation
MC Moist chamber high humidity hydration
CcC Curing compound membrane layer surface drying
CM Combined curing film + ;:r(]);gzound * multiple risks

3 RESULTS AND DISCUSSION
The results demonstrate that curing conditions have a strong influence on the stability of foam
concrete panels. Open-air curing gives the highest evaporation loss and the largest shrinkage. Film
covering reduces water loss, but it does not fully protect panels during later storage if film removal
is too early. Moist chamber curing improves hydration and strength, while curing compound is
useful when chamber curing is not available.
Table 2. Quality indicators of foam concrete panels under different curing regimes.

Density dev. R28 .

[0)

Code Evap. % o MPa Shrink. Crack
OA 6.8 5.9 2.35 2.64 0.46
FC 3.9 4.1 2.78 2.08 0.31
MC 2.2 3.2 3.05 1.72 0.22
CcC 2.8 3.6 291 1.86 0.25
CM 1.7 2.4 3.18 1.48 0.14

Evaporation loss and shrinkage

2.6
-E. 2.4 1
£
E
U 22 1
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Evaporation loss, %

Figure 1. Relationship between early evaporation loss
and drying shrinkage of foam concrete panels.
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Figure 1 shows that drying shrinkage decreases as evaporation loss is reduced. This confirms
that early moisture protection is a structural factor rather than a purely technological convenience.
When hydration continues under protected conditions, the interpore partitions become denser and
less sensitive to shrinkage cracking.

Strength by curing regime

= = g N w
o w o w o
1 1 L 1 1

28-day strength, MPa

o
w
L

0.0 ~

oA FC MC cc cM
Curing regime

Figure 2. Effect of curing regime on 28-day compressive strength.

The highest 28-day strength was obtained under combined curing. Moist chamber curing also
performed well, but combined curing is more realistic for small enterprises because it does not
require continuous chamber storage. Open-air curing reduced strength due to incomplete hydration
and surface microcracking.

Recommended production control limits for foam concrete panels-.rable >
Indicator Recommended limit Control frequency
Fresh density deviation <3.0% each batch
Foam half-life > 55 min daily
Evaporation loss 24 h <2.5% trial panels
Shrinkage 28 d < 1.8 mm/m mix approval
Visible cracking very low/low each production day

Quality stability score

Quality stability score

OA FC MC cc cMm
Curing regime

Figure 3. Quality stability score by curing regime.
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The quality stability score indicates that combined curing provides the best balance between
strength, density uniformity and shrinkage control. This does not mean that every enterprise must
use the same curing sequence; rather, it shows that moisture protection should be continuous during
the period when the material is most sensitive to evaporation.

4 TECHNOLOGICAL RECOMMENDATIONS

For hot-dry production conditions, foam concrete panels should not be left in open air
immediately after casting. A minimum protection period of 24 hours is recommended, followed by
shaded storage and controlled moisture retention. The surface temperature of forms should be
reduced by shading before casting.

Batch control should include fresh density, visual pore stability and foam half-life. If fresh
density deviation exceeds 3%, the batch should be corrected before casting panels. The curing
method should be selected together with the mix design because mixtures with high foam volume
are more sensitive to evaporation and handling damage.

For small production lines, the most practical solution is a combined method: film covering
during the first day, curing compound after demolding and storage under shade. This sequence
reduces water loss without requiring expensive equipment and improves dimensional stability of
panels.

5 CONCLUSIONS

A quality-control model for non-autoclaved foam concrete panels produced in hot-dry
conditions was proposed. The model combines density stability, strength, evaporation loss, drying
shrinkage and surface cracking into a single comparative score.

The best result was achieved by combined curing, which reduced evaporation loss to 1.7%,
increased 28-day compressive strength to 3.18 MPa, decreased drying shrinkage to 1.48 mm/m and
increased the quality stability score to 88.

The proposed acceptance limits can be used for pilot production of lightweight foam concrete
panels. Further laboratory verification should include thermal conductivity, long-term shrinkage and
cyclic wetting-drying resistance.
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TOSHKENT SHAHRI MIROBOD TUMANIDA KO‘P KVARTIRALI UYLARNI KAPITAL
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Annotatsiya. Magolada Toshkent shahri Mirobod tumani misolida ko p kvartirali uylarni kapital
ta’mirlash va hovli hududlarini obodonlashtirish ishlarini sinxron rejalashtirish samaradorligi tahlil qilindi.
Amaliy obyektlar sifatida Shota Rustaveli ko ‘chasi 75-uy va 122-uy, Oybek ko ‘chasi 12-uy va 45A-uy hamda
Afrosiyob ko ‘chasi 31-uy tanlandi. Tadgiqotda obyektlarning qurilish yili, gavatlar soni, umumiy maydoni,
eskirish darajasi va rejalashtirilgan kapital ta’mirlash hamda obodonlashtirish yillari solishtirildi. Natijalar
shuni ko ‘rsatadiki, kapital ta’mirlash va hovli obodonlashtirishni yagona kalendar reja asosida bog ‘lash
ishlar jadalligini oshirish, umumiy muddatni qisqartirish, to‘xtab qolish xavfini kamaytirish va moliyaviy
yo ‘qotishlarni cheklash imkonini beradi.

Kalit so‘zlar: Mirobod tumani, ko ‘p kvartirali uy, kapital ta’mirlash, hovli hududi, obodonlashtirish,
kalendar reja, qisqa muddatli reja, sinxronlashtirish, ishlar jadalligi, resurs talabi, to xtab qolish xavfi.

Annomayus. B cmamve na npumepe Mupabadckozo paiiona 2opooa Tawxenma ananusupyemcs
ahpexmusHocmb  CUHXPOHUSUPOBAHHO20 — NIAAHUPOBAHUSL  pabom N0 KANUMAAbHOMY — PEMOHIY
MHO2OKBAPMUPHBIX 00MO8 U OAa20yCmMpoucmey npuieeaiomux 080poevix meppumopuil. B xauecmese
npakmuyeckux oovexmos dviiu 8viopanvt 0om NO75 u dom No122 no yruye [lloma Pycmasenu, dom NO12 u
oom NO45A4 no ynuye Aiibexa, a maxoce oom NO31 no yruye Agppacuab. B uccreoosanuu cpasrnusaiucs 200
nocmpozZKu 06'bel<‘m06, KoJjuvecmeo 3ma9fceﬁ, 061/(461}1 nﬂomadb, cmenenHb  U3Hocd, a  makokce
3anilaHupoeaHHble 20001 }’lp06€()€Hu}Z KanumailbHOcO pemMoHma u 6ﬂa20ycmp0dcm6a. Pe3yfzbmambz
nokaswvlearont, 4mo YeA3Ka KanumailbHo2co pemoHma u 6ﬂa20ycmp0ﬁcm6a 060])(1 Ha ocHo8e eOUuHo20
Kaﬂeﬂdapuoeo nidaHa no3eoJisiem noevicums UHMEeHCUBHOCMb pa60m, coKkpamunto 061,{4146 CpOKU, CHU3UMmMb
PUCK npocmoes U 02parnu4dums qbuHchoebze nomepu.

Kniouesvie cnosa: Mupabadckuil pation, MHO2OKEAPMUPHBLIL 00M, KANUMALLHBIL PEMOHN, 080PO8As.
meppumopusi,  O1a20YCMPOUCMBO,  KANEHOAPHBINL — NAAH, KPAMKOCPOUHBLUL — WIAH,  CUHXDOHU3AYUS,
UHMEHCUBHOCTb pabom, NOMPEOHOCb 8 PeCypcax, pUck HPOCmosl.

Abstract. The article analyzes the practical effectiveness of synchronized planning of capital repair of
apartment buildings and improvement of courtyard areas using Mirobod district of Tashkent as a case study.
The selected objects are apartment buildings located at Shota Rustaveli Street 75 and 122, Oybek Street 12
and 45A, and Afrosiyob Street 31. The study compares construction year, number of floors, total area,
deterioration level, and planned years for capital repair and courtyard improvement. The results show that
combining capital repair and courtyard improvement into a single calendar plan increases work intensity,
reduces total duration, lowers the probability of downtime and limits financial losses.

Keywords: Mirobod district, apartment building, capital repair, courtyard area, improvement,
calendar plan, short-term plan, synchronization, work intensity, resource demand, downtime risk.

KIRISH

Shahar hududlarida kapital ta’mirlash va obodonlashtirish ishlarini amalga oshirishda asosiy
muammo ishlarning ko‘p obyektli, turli texnologik tarkibli va ijtimoiy jihatdan sezgir bo‘lishidir.
Bir hududda fasad, tom, poydevor, muhandislik tizimlari va hovli qoplamalari bo‘yicha ishlarning
turli vaqtda bajarilishi aholi harakati, transport oqimi va resurs ta’minotida uzilishlar keltirib
chiqgaradi.

Mirobod tumani Toshkent shahrining zich urbanizatsiyalashgan hududlaridan biri bo‘lib, unda
turli yillarda qurilgan, ekspluatatsiya muddati 45 yildan oshgan ko‘p kvartirali uylar mavjud.
Mazkur hududda kapital ta’mirlash va hovli hududlarini obodonlashtirish ishlarini yagona reja
asosida tashkil etish shahar dasturlari samaradorligini oshirish uchun muhimdir.

Mazkur magolaning magsadi — tanlangan obyektlar bo‘yicha kapital ta’mirlash va hovli
hududini obodonlashtirish ishlarini sinxron rejalashtirish natijalarini tahlil gilish hamda amaliy
tavsiyalar ishlab chigishdan iborat.

TADQIQOT OBYEKTLARI VA BOSHLANG‘ICH MA’LUMOTLAR

Amaliy tahlil uchun Mirobod tumanida joylashgan beshta ko‘p kvartirali uy tanlandi.
Obyektlar turli qurilish yillariga, o‘xshash qavatlar soniga va yaqin umumiy maydon
ko‘rsatkichlariga ega. Ularning joylashuvi bir hududiy klaster sifatida qaralib, kapital ta’mirlash
hamda obodonlashtirish ishlarini bitta boshgaruv obyekti doirasida rejalashtirish imkonini beradi.
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Tanlangan obyektlar maydoni

| N Umumiy maydon
I Turar joy maydoni
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1-rasm. Tanlangan obyektlarning umumiy va turar joy maydonlari.

Toshkent shahri Mirobod tumanida tanlangan obyektlarning asosiy ko ‘rsatkic‘;sglﬁl? '
Manzil Yil Qavat Eskirish Lr:qrg;é?)lr)‘/
Sh.Rustaveli 75 1975 6 0,58 4241,6
Sh.Rustaveli 122 1977 6 0,30 4194,2
Oybek 12 1978 5 0,70 4232,5
Oybek 45A 1972 6 0,70 4178,1
Afrosiyob 31 1975 6 0,70 3916,9

Tanlangan obyektlarda umumiy muammo fasad, poydevor, yerto‘la, tom va muhandislik
tizimlari bo‘yicha ta’mirlash ehtiyojining hovli hududi funksional zonalari bilan fazoviy jihatdan
kesishishidir. Aynigsa piyoda yo‘laklari, yong‘in o‘tish yo‘llari, chiqindi yig‘ish maydonchalari va
vaqtinchalik materiallar saqlash joylari o‘zaro moslashtirilmasa, ishlar ketma-ketligi buzilishi
mumekin.

Rejalashtirilgan yillar oralig‘i

2035 -+
2030 -+
E
2025
—@— Kapital ta’mir min. yil
—— Kapital ta’mir max. vil
2020 + —Jll- Hovli obodonlashtirish
T T T T T
1% 2T V2 5P £
™ D S B TS
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2-rasm. Kapital ta’mirlash va obodonlashtirish yillarining taqqoslanishi.
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SINXRON REJALASHTIRISH ALGORITMI

Sinxron rejalashtirish algoritmi bir nechta ketma-ket bosgichdan iborat. Birinchi bosgichda
obyektlarning texnik holati, rejalashtirilgan ta’mirlash yillari va hovli hududining mavjud holati
aniglanadi. Ikkinchi bosgichda ishlar kapital ta’mirlash va obodonlashtirish bloklariga ajratiladi
hamda ularning o‘zaro bog‘ligligi belgilanadi.

Uchinchi bosqichda ishlar o‘zaro bog‘ligligi aniqlanadi. Masalan, poydevor yoki yerto‘la
bilan bog‘liq ishlar hovli qoplamalarini yangilashdan oldin bajarilishi kerak; aks holda yangi
qoplama qayta ochilishi va qo‘shimcha xarajat yuzaga kelishi mumkin. Fasad ishlari esa piyoda
harakati xavfsizligini ta’minlash uchun vaqtinchalik yo‘laklar bilan bog‘lanadi.

To‘rtinchi bosqichda kalendar reja variantlari shakllantiriladi: ketma-ket bajarish, gisman
qo‘shma bajarish va to‘ligroq sinxronlashtirilgan bajarish. Har bir variant bo‘yicha davomiylik,
ishlar jadalligi, resurs talabi va to‘xtab qolish xavfi solishtiriladi.

Ksam = (To— Ts) / To - 100% (1)

Bu yerda Ksam — muddat qisqarishi bo‘yicha samaradorlik, To — sinxronlashtirishdan
oldingi davomiylik, Ts — sinxronlashtirishdan keyingi davomiylik.

[=R/T; AL =(Is —To) / To - 100% 2)

Bu yerda I — ishlar intensivligi, R — umumiy ish fronti, T — davomiylik. Intensivlikning
oshishi muddatni qisqartiradi, biroq smena bo‘yicha resurs talabining ortishini ham keltirib
chiqgaradi.

NATIJALAR TAHLILI

Mirobod tumani obyektlari bo‘yicha sinxron rejalashtirish natijalarini baholashda dastlabki va
taklif etilgan kalendar reja variantlari taqqoslandi. Hisobiy tahlilda ayrim ish frontlari bo‘yicha
davomiyliklar 287 va 166 kun qgiymatlarida baholangan bo‘lib, To/Ts = 287/166 nisbati qisga
muddatli reja uchun muhim zaxira mavjudligini ko‘rsatadi.

Sinxronlashtirishdan keyin ishlarning jadalligi 22 foizga oshishi, umumiy muddat 23 foizga
gisgarishi, to‘xtab qolish xavfi 30 foizga kamayishi va moliyaviy yo‘qotishlar 10 foizga pasayishi
kuzatiladi. Shu bilan birga, smena resurs talabi 25 foizga, umumiy moliyaviy resurs hajmi esa 8
foizga oshishi mumkin. Demak, sinxronlashtirish fagat muddatni gisqartirish vositasi emas, balki
resurs ta’minotini oldindan aniq rejalashtirishni talab qiluvchi boshgaruv mexanizmidir.

Davomiylik va xavf ko‘rsatkichlari
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3-rasm. Davomiylik, to‘xtab qolish ehtimoli va moliyaviy yo‘qotishlar bog‘ligligi.
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Sinxronlashtirishdan oldin va keyin kutiladigan asosiy tashkiIiy-iqtiso;j]?;/dvaI i
ko ‘rsatkichlar
Ko‘rsatkich Natija Izoh
Ishlar jadalligi +22% Jarayonlar zichroq rejalashtiriladi
Umumiy muddat -23% Kalendar reja gisgaradi
To‘xtab qolish xavfi —30% Frontlar to‘qnashuvi kamayadi
Moliyaviy yo‘qotishlar —10% Qayta ishlar va bekor turish kamayadi
Smena resurs talabi +25% Brigada va texnika zaxirasi talab etiladi
Umumiy moliyaviy resurs +8% Qisga muddatli rejani ta’minlash narxi

Jadvaldan ko‘rinadiki, sinxronlashtirish ishlarning umumiy samaradorligini oshiradi, biroq
resurslar bir smenada ko‘proq jamlanishini talab qiladi. Shu sababli magbul variantni tanlashda
fagat eng gisga muddat emas, balki moliyaviy imkoniyatlar, pudrat tashkilotlarining quvvati va
aholi uchun xavfsiz harakat yo‘laklari ham hisobga olinishi zarur.

AMALIY TAVSIYALAR

Mirobod tumani sharoitida sinxronlashtirilgan qisqga muddatli rejani ishlab chigishda
obyektlar majmuasi yagona hududiy klaster sifatida ko‘rilishi lozim. Bu yondashuv materiallar
yetkazib berish, qurilish texnikasining kirib-chigishi, vagtinchalik ombor joylari va aholi harakat
yo‘laklarini birgalikda rejalashtirish imkonini beradi.

Ishlarni boshlashdan oldin aholi bilan axborot almashinuvi yo‘lga qo‘yilishi kerak: vaqtincha
yopiladigan yo‘laklar, xavfsiz kirish yo‘nalishlari, shovqinli jarayonlar va ishlarning kutilayotgan
davomiyligi oldindan e’lon qilinishi zarur.

Pudrat tashkilotlari uchun kalendar reja nafagat muddat jadvali, balki resurslar va mas’uliyat
xaritasi bo‘lishi kerak. Har bir ish fronti bo‘yicha brigada tarkibi, texnika turi, material yetkazib
berish muddati va xavfsizlik choralari alohida ko‘rsatiladi.

Moliyaviy rejalashtirishda sinxronlashtirishdan keyingi smena resurs talabining 25 foizga
oshishi inobatga olinishi zarur. Aks holda qisqa muddatli reja qog‘ozda samarali bo‘lsa-da,
amaliyotda resurs yetishmovchiligi sababli uzilishlarga duch keladi.

XULOSA

Toshkent shahri Mirobod tumanidagi beshta ko‘p kvartirali uy misolida kapital ta’mirlash va
hovli hududlarini obodonlashtirish ishlarini sinxron rejalashtirish amaliy jihatdan samarali ekani
ko‘rsatildi.

Sinxronlashtirilgan yondashuv ishlar jadalligini oshirish, umumiy muddatni gisqartirish,
to‘xtab qolish xavfi va moliyaviy yo‘qotishlarni kamaytirish imkonini beradi. Biroq bu yondashuv
smena resurs talabi va moliyaviy ta’minotni oldindan puxta rejalashtirishni talab qiladi.

Mirobod tumani bo‘yicha olingan natijalar Toshkent shahrining boshqa zich qurilgan
hududlarida ham kapital ta’mirlash va obodonlashtirish bo‘yicha qisqa muddatli rejalarni
shakllantirishda qo‘llanishi mumkin.
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Annotatsiya: Ushbu magolada Qoragalpog ‘iston mintagasining landshaft xususiyatlari, iglim
sharoiti va ekologik omillarining o ‘zaro bog ‘liqligi tahlil gilingan. Orol dengizi qurishi natijasida yuzaga
kelgan ekologik muammolarning aholi turmushi, arxitektura va shaharsozlikka ta’siri yoritilgan.
Mintagadagi chang-to zonli shamollar, tuproq sho ‘rlanishi va yer osti suvlari holatining qurilish
obyektlariga salbiy ta’siri asoslab berilgan. Shuningdek, ko ‘kalamzorlashtirish, saksovulzorlarni
kengaytirish va kichik arxitekturaviy yechimlar orqali ekologik bargarorlikni ta’'minlash imkoniyatlari ko ‘rib
chigilgan. Tadgiqot natijalari Qoraqalpog ‘iston hududida iqlim o ‘zgarishlariga moslashgan shaharsozlik va
landshaftni tashkil etish bo ‘vicha amaliy tavsiyalarni ishlab chigishga xizmat qiladi. Mazkur yondashuviar
mintaganing ekologik holatini yaxshilash va aholi uchun qulay yashash muhitini shakllantirishda muhim
ahamiyatga ega.

Kalit so‘zlar: cho‘l va yarim chol, Yozi issiq va qurug, namlik, daraxt, Ustyurt, landshaft, Ekologik,
yashash muhiti, Orol dengizi, shaharsozlik.

Aunomauyusn: B Oannoii cmamve amanuzupyemcsi 63auMocesizb JNAHOUAGMHBIX 0coOeHHOCmel,
Kaumamu4yecKux yCJZOGMIZ u IKomocu4ecKux qbaxmopoe pecuona Kapakwmakcmaﬂ. 00661,{4(1617108 GlUsAAHUEe
9KoOJlocu4ecKux I’lpO6Jl€M, BO3HUKWUX 6 pe3y/ibmame 6blCblXaAHUA Ap(l]leKOZO MOpsl, HaA ovim HACeNEeHUA,
apxumexkmypy u epadocmpoumeﬂbcmeo. ObocHosbisaemea HecamugHoe 6030elicCmeue NblibHO-NeCYaHblx
6ypb, 3aCoNeHUss NO4Y6 U COCMOAHUS NOO3EMHBIX 600 6 pecuorne Ha 0bvexmul cmpoumenbcmed. Taxorce
pacemampuearomcst 603MOHCHOCIMU obecneuenus YK0N02U4ecKoll ycmoﬁqueocmu nocpedcm@om O3€/IEHEHUA,
PACWUPEHUsST CAKCAYAbHUKOS U MAIbIX apXumekmypHulx opm. Pezyromamul uccrnedosanusi cuyscam
OCHOB0U 011 pazpabomKu NpaKmMuyeckux peKoMeHOAYull no Op2aHu3ayuu 2padocmpoumenscmed u
aanowagma, a0anmupo8aHHvIX K uUsMeHeHuam Kiumama Ha meppumopuu Kapaxammaxcmana. [anmuvie
noOX00bl UMEIOm 8adiCHOe 3HaYeHue OJis YayduieHus IKOJIO2UYECKOU 0OCMAHOBKU 6 pecuone u
dopmuposanusi KOM@GOPMHOU cpedbl NPONCUBAHUSL OISt HACETECHUSL.

Knroueevie cnoesa: nycmslHs U NOJYNRYCMbIHA, JiCApKoe U cyxoe J1emo, 6J1A34CHOCHIb, chropm,
aanowagm, sxonro2uveckas npodrema, cpeda obumarnus, Aparbckoe mope, 2padocmpoumesbcneo.

Abstract: This article analyzes the interconnection between the landscape features, climatic
conditions, and environmental factors of the Karakalpakstan region. The impact of environmental problems
arising from the drying up of the Aral Sea on public life, architecture, and urban planning is highlighted.
The negative impact of dust and sand storms, soil salinity, and groundwater conditions in the region on
construction sites is substantiated. Opportunities for ensuring environmental sustainability through
greening, expanding saxaul plantations, and small architectural forms are also being considered. The
research results serve as a basis for developing practical recommendations for organizing urban planning
and landscaping adapted to climate change in the territory of Karakalpakstan. These approaches are of
great importance for improving the environmental situation in the region and forming a comfortable living
environment for the population.

Keywords: desert and semi-desert, hot and dry summer, humidity, Ustyurt, landscape, environmental
problem, habitat, Aral Sea, urban planning

KIRISH

Qoraqalpog‘iston Respublikasi iqlim sharoiti jihatidan cho‘l va yarim cho‘l hududiga kiradi.
Yarim cho‘l va cho‘llarda landshaftda texnogen yuklarni cheklash va tartibga solish kerak[1]. Yozi
issiq va quruq, qishi esa qahraton sovuq bo‘ladi. Ob-havoning aniq ko‘rsatkichlariga murojat
giladigan bo‘lsak, eng yuqori issiq daraja +48°, eng yuqori sovuq harorat dekabr- yanvar oylarida -
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259, -30° ga to‘g‘ri keladi. Kuchli shamol shimoliy-sharq tomondan esadi. Bahor va yoz oylarida
changli to‘zon, quruq shamollar(garmsel) tez-tez esib turadi. Shamolning tezligi o‘rtacha 10 m sek.
Shamolning tez esish vaqti asosan kundizgi vaqgtlarga to‘g‘ri keladi. Asosan gish va bahor
mavsumida kuchli shamollar Qizilqum sahrolaridan qum changini uchirib keladi, yog‘ingarchilik
kam bo‘ladi. Namlik faqat daraxt va o‘t-o‘lonlar hisobidan ancha vaqtgacha saqlanadi. Shuning
uchun namlik yomg‘ir hisobidan 25-30 kun saglanadi, mintaganing janubiy gismida esa atigi 10-12
kunga to‘g‘ri keladi. Bulutli kunlar juda kam bo‘ladi[2]

Ta’kidlash lozimki issiq, quruq shamol va qum uyumlari Amudaryo bo‘ylarida qadimdon
bo‘ron, suv toshqini bo‘lib turganligi haqida Beruniy guvohlik beradi. “Haziran oyining yigirma
to‘rt kuni, hech narsa eslanmaydi. Aytishlaricha shu kuni (samum) issiq, qurug shamol va qor
uyumlari ko‘tarilishi boshlanadi va ellik bir kun davom etadi. Ayrim hollarda daryo qirg‘oklariga va
u yerda yashaydiganlarga ziyon yetkazadi[3]”.

XX asr oxirida qurilishning me’yoriy qoidalariga ko‘ra O‘zbekiston hududida iqlim jarayoni
3ta iqlim zonaga bo‘lingan. Qoraqalpog‘iston hududi O‘zbekistonning shimoliy-g‘arb tomonida
joylashib, 1 iglim zonasiga Kirib, issig-quruq iqlimli ekstremal mintaga bo‘lib hisoblanadi[4].
Birinchi zona uch gismga (1g, 1v va 1a) bo‘lingan. Nukus shahri bo‘lsa 1v hududida joylashgan.
Mintaqaning 1g zonasi Qoraqalpog‘istonning shimoliy hududini o‘z ichiga olgan bo‘lib, umumiy
yer maydonining 60% ini tashkil etadi.

Qoraqalpog‘iston Respublikasining janubiy mintaqasini o‘z ichiga olgan 1v va la zonalar bu
ko‘rsatkichga mos ravishda hududning 30 % va 10 % dan tashkil giladi.

Qoragalpog‘iston mintaqasidagi iqlim va ekologiya jarayoni aholi va arxitekturaga jiddiy
ta’sirini o‘tkazmoqda. G‘arbdan sharqgacha bo‘lgan oraliq 660 km, janubdan shimolga 440 km
masofani tashkil etishi iqlim hududning turli gqismida turlicha bo‘lishidan dalolat beradi. Masalan,
Boltiq dengizining g‘arb tomonida balandligi 272 m bo‘lgan Ustyurt tog‘i, sharq tomonida
balandligi 172 m bo‘lgan Qizilkum tepaligi, shimol tomonida esa 53 m balandlikda Orol dengizi
joylashgan bo‘lib, bunday landshaft shamol oqimini tezlashtiradi va qishda shimol tarafda
sovuqgning, yozda issiq havo bosimining ko‘payishiga olib keladi.

Qoraqgalpog‘iston hududining markazi Nukus shahrida yer sathining balandligi Boltiq
dengizi bilan taqqoslaganda 76 m, janubdagi Beruniy tumanida 82 m bo‘lsa, shimol mintaqadagi
Mo‘ynoq tumanida 53 m. Ustyurt, Qoratog® va Qizilqumning balandligini hisoblamaganda
Amudaryo yo‘nalishi bo‘yicha ekinzor hududdagi janub tumanning yer sathi shimol tumanning yer
sathi bilan tagqoslaganda yoki 600 km masofaga 30 m qiyalik to‘g‘ri kelmoqda.

Bu jarayon janub tomondagi Beruniy tumani hududiga yetmasdan perpendekulyar holatda
joylashgan 473 m balandlikdagi Qoratog® tepaligigacha davom etib, Beruniy va To‘rtkul
tumanlarida Xorazm viloyati iqlimi bilan o‘xshashlik vujudga kelgan.

Mo‘ynoq va To‘rtko‘l tumanining masofasi 300 km. Demak, Nukus shahrining hududi
tekisligi qumli shamol ogimini tezlashtiradi va gishda sovugning, yozda issiq havo bosimining
ko‘payishiga olib keladi. Bunday jarayon Orol qumi, Amudaryo sohili qumi va Qizil qumida
shamol tezlashishiga bog‘liqligi obodonlashtirish ishlariga salbiy ta’sirini o‘tkazmoqda.

ASOSIY QISM.

Bunday ekstremal mintagada qgishda kuchli sovug shamol, qum aralashgan bo‘ron shamollar
va iqlimning tez o‘zgaruvchi holatlari yuzaga keladi. Bunday muammoni kamaytirish magsadida
mahalliy me’morchilikda miloddan avvalgi davrdan boshlab qal’alar hududining tashqi devori va
oddiy aholi uylaridagi hovli devorlari baland bo‘lgan. Bu tashqi devorlar to‘g‘ri burchak yoki
aylana shaklda qurilib, fagat harbiy himoya emas, iglimning salbiy holatlariga garshi kurashda
foydalanilgan. Zamonaviy turar joy xonalari ichida mikroiglim sharoitini yaxshilash uchun
Xorazmda 1982 yili tadgiqot ishlari A.A.Mahkamov rahbarligida olib borilgan[5]. Qoragalpog‘iston
poytaxti Nukus shahrida esa 2010 yili X.M.Ubaydullayev va J.K.Shnekeyev tomonidan tadgiqot
ishlari olib borilgan[6]

Ma’lumki, yarim asr davomida Orol dengizi suvining kamayishi sababli hudud ekologiyasi
va iqlimidagi o‘zgarishlar sezilarli darajada bo‘ldi.
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Masalan, 40 yildan buyon Amudaryo va Sirdaryo suvlarining Orol dengiziga yetib
bormasligi tufayli dengiz sathi 53 m dan 26 m gacha pasaygan

XXI asr boshlarida Orol dengizi tubidan qumli bo‘ronlar har yili 700 mln. tonna tuzli qum
ko‘tarilgan[7]. Qizilqumning barxan qumi, Amudaryo sohilining og qumi va Orol dengizining tuzli
og qumlari shamol va atmosfera orgali yetarli darajada shahar muxitiga oz ta’sirini yarim asrdan
buyon ko‘rsatib kelmoqda. Demak, eng avval Qoraqalpog‘iston poytaxti Nukus shahrining
kelajakda megapolis darajasida shakllanishi uchun shahar aholisiga qulay va sayyohlarga sharoit
yaratish uchun ko‘proq e’tibor garatish zarur bo‘lmoqda. Bu mintagani ekologik jarayon aynigsa
bahor va yoz faslida o‘z ichiga olgan, Orol dengizining quruq tubidan ko‘tarilgan pestitsidlar bilan
ifloslangan havo atmosferasida tuz changi mavjudligini hech kim inkor gila olmaydi[8].

Orol tuzlari atmosferaning havo kukuni bilan targalishi, tagsimoti XXI asr boshlarida
Taxtako‘pir tumanida bir gektarga o‘rtacha 50 kg/ga, Mo‘ynoq tumanida 40 kg/ga, Nukus shahri va
Qo‘ng‘irot, Xo‘jayli tumanlarida 30 kg/ga to‘g‘ri kelmoqda. Ta’kidlash lozimki yaqin yillarda ham
hovli baland devorlar bilan o‘ralib, usti tom bilan to‘silgani turar joylarni Xo‘jayli eski shahar
gismida saglanib golishi XX asr boshlarida ham atmosferaning o‘zgarganligidan dalolat beradi.
Qurug aerozollarning yerga tushish tagsimoti bir yil davomida Mo‘ynoq tumanida 1 gektarga 10
tonnagacha, Qo‘ng‘irot tumanida 4tn/ga, Chimboyda 3tn/ga, Nukus shahrida 2 tn/ga to‘g‘ri
keladi[9].

Qoragalpog‘iston hududida 2018 yilning o‘zida ikki marta qum bo‘ron sodir bo‘ldi. Har bir
gqum bo‘ronning tarkibida Orolning insoniyat sog‘ligiga va binolar mustahkamligiga zarari bor tuzli
changlari mavjud.

Masalan, “Uzb_Meteo” telegram kanalining ma’lumotiga ko‘ra 2021 yil 1-dekabrda 13.10-
14.40 vaqtida chang bo‘ron ko‘tarilib, shamol tezligi 20 m/s. ko‘rish imkoniyati 900 m atrofida
bo‘lgan.

Orol dengizi suvining kamayishi sababli Qozog’istonda 140,3 mln ga, Rossiyada 57,3 min
ga, Turkmanstanda 17,3 mln ga, O‘zbekistonda 15,6 mln ga yer maydonlari sho‘rlangan.

XULOSA

Natijada, Orol dengizi atrofida namlik kamayib 5 min gektar hududdan tuzli changning
tepaga ko‘tarilishi osonlashib uzoqqa yoki Tyanshan tog‘iga va Grenlandiya muzliklarigacha borib
tuzlar muzliklarning erishiga sabab bo‘lmoqda. Olimlarning ma’lumoti bo‘yicha Grenlandiya
pingvinlarining gonidan Orol dengizining tuzi topilgan. Orol dengiziga yana-da ko‘proq e’tibor
berilmasa tuzli chang ogibatidan iglimiy falokat yuz berishi mumkin. Bunga sabab bugungi kunda
yarim asr avvalgi iglim qgonuni buzilgan yoki suv sirkulyatsiyasining masofasi kamayishi sababli
O‘zbekiston hududidagi tog‘li hududlarda sel, suv toshqini ko‘payishiga olib kelmoqda. Avval
suvning sirkulyatsiyasi janubdan shimolga yerning giyaligi sababli Orol dengiziga daryo orqali
borib, dengizdan suv bug‘lanib bulut bilan yana shimoldan janubga Gindikush va Pomir tog‘iga
qaytib keladi. Mana ikki yildan buyon qum bo‘ronning soni ko‘payib ta’sirini aholi yaqqol
sezmoqda. Demak, bu jarayonni bartaraf gilish uchun barcha imkoniyatlardan foydalanish kerak.

Orol dengizining ochiq tekislik hududida bugungi kunda tez-tez shakllangan Kkichik
quyunlarni bartaraf qilish uchun mahalliy xomashyosi qora tol yog‘ochi va gamishli chiydan
tayyorlangan kichik obyekt zarur bo‘lmoqda. Obyektning balandligi 1m uzunligi 2,5 m, eni 1,5 m
bo‘lib saksovul yo‘q yoki o‘sish imkoniyati yo‘q hududlarga mo‘ljallangan va loyiha asosida
amalga oshirilib Orol dengizi sohilliga o’rnatilgan. Obyektning vazifasi bugungi kichik qum
bo‘ronning va tuzli changning tepaga ko‘tarilishini to‘xtatadi. Agar kichik qum bo‘ronlarning bir
nechtasi bir vaqtda sodir bo‘lib birlashib ketsa katta hajmdagi bo‘ron yoki tornado shakllanadi va
uning oldini oladi. Bundan tashqari cho‘lda prezidentimiz tashabbusi bilan 1,5 min. gektarga
ekilgan saksovullar orasida yashayotgan va endi ko‘payyotgan kichik hayvonlarga soyabon
vazifasini bajaradi. Bu arxitekturaviy obyektdan foydalanishni ommaviylashtirishga O°zbekiston
Respublikasi ekologiya, atrof-muhitni muhofaza qilishva iglim o‘zgarishi vazirligiga tagdim
etilgan.

Qoragalpog‘iston va Orol hududida iglim sharoitini yaxshilash uchun obodonlashtirish
asosida yashil zonani tashkillashtirish zarur.

Scientific-technical journal (STJ FSTU, ®ITY UTXK, HTXK OI'TY, 2026, T.30.crew.Boimyck Ne 13) 75



CTPOUTEJIBCTBO

Iglim va ekologik jarayon bo‘yicha landshaft, obodonlashtirish ~muammolari
Qoragalpog‘istonda O‘zbekistonning boshqa viloyatlariga nisbatan 2-3 barobar mehnat va sarmoya
ko‘proq talab qilinadi. Tuzli chang yer osti sizot suvlarining ko‘payishi nafaqat yashil zonaga
arxitekturaviy obyektlarning mustahkamligiga sezilarli darajada o‘z ta’sirini o‘tkazmoqda. Bunga
binolarning tez cho‘kishi tuzli yer osti sizot suvlarining fundamentga ta’siri, tashqi devorlarning
tuzli shamolga loyihadagi muddatigacha bardosh bera olmasligi misol bo‘la oladi.

Qoragalpog‘iston hududining barcha tumanlarida yer osti suvining balandligi bir xil
emasligi arxitekturaviy binolarni qurishda o‘z ta’sirini o‘tkazmoqda. Masalan, janubiy hududda
joylashgan Beruniy tumanida 3 m, shimol hududida Chimboyda 2,5 m, Mo‘ynoqda 5,2 m va
markazda joylashgan Nukus shahrida yer osti sizot suvlarining 1,2 m gacha ko‘tarilishi, ekologik
atmosferaning binoga, poydevoriga tuzli suvning ta’siri poydevor sifatini kamaytirishi va binoning
cho‘kuvchanligi sababli an’anaviy binolarning konstruktiv tizimiga o°‘z ta’sirini ko‘rsatganligi
aniglanmoqda.

Mintaga so‘nggi besh yilda O‘zbekiston Prezidenti Shavkat Mirziyoyev tashabbusi bilan
BMSH (Birlashgan Millatlar Tashkiloti) Bosh assambleyasining 75 sessiyasida “Orol bo‘yi
mintagasi - ekologik innovatsiyalar va texnologiyalar hududi” deb e’lon qilish to‘g‘risidagi
maxsus rezolyutsiyasi gabul gilingan.

“Bugunga kelib, Orol dengizining qurigan tubida 1,6 million gektar maydonga saksovul va
sahro iqlimiga chidamli boshga o‘simliklar ekib, o‘rmon bunyod etdik. Keyingi yildan boshlab 1
million gektar hududga Orolqum milliy tabiat bog‘i tashkillashtiriladi. Har bir yashil xudud
mutassadi shaxslarni aniglab ularga topshiriladi. Ura-ura deb bugun daraxtlarni ekib, ertasiga
tashlab ketish bo‘lmaydi” - deb ta’kidladi prezidentimiz Sh.Mirziyoyev. [10].

Shaharsozlikdagi arxitektura va landshaftni obodonlashtirish. Issig-qurug iglimli
mintagada shaharsozlikni rivojlantirishda, shahar hududiga zamonaviy bog‘ va xiyobonlar bunyod
etish dolzarb muammo bo‘lmoqgda. Bunga sabab kam gavatli binolar buzilib, o‘rniga baland gavatli
binolarning qurilishi hamda aholi va transportlar sonining ko‘payishidir. Shaharning hududi
kengayib havo sirkulyatsiyasi kamaymoqda. Transportlar harakatlanishining ko‘payishi shaharning
ichki kichik nosoz ekologik muhitni hosil gilmoqda.

Mintaganing barcha shaharlar va tuman markazlarida bunday kichik va yirik ekologik
jarayon mavjud. Lekin mintaganing markazida joylashgan va aholisi gavjum bo‘lgan Nukus
shahrining ekologik jarayonini tahlil giladigan bo‘lsak quyidagi xulosalarga kelamiz:

1932 yildan boshlab 4 yil davomida Nukus shahar hududini obodanlashtirish, yer osti sizot
suvini kamaytirish uchun, bog‘ va hiyobonlar bunyod etish obodonlashtirish ishlari davom
ettirilgan.

Ikkinchi jahon urishi davrida obodonlashtirish bo‘yicha ikki narsaga katta e’tibor berilgan:
1) irrigatsiya, 2) shaharning planirovkasi va ko‘kalomzorlashtirish.

O‘zbekiston Respublikasi Vazirlar Maxkamasining 1962 yil iyunda bir nechta yo‘nalishda
ish uchastkasi tuzilib ish olib borilgan. “Sredazgiprovodxoz” loyihalash institutiga bergan
topshirig‘i bo‘yicha 1968 yil Nukus markazida 16 ta vertikal drenaj qazilib qo‘shimcha 6 dona
“Qizketken” kanalining yer tagidagi suvni filtrlashda tadqiqot ishlari olib borilgan. Nukusda ilmiy-
amaliy konferensiya tashkillashtirilib yer osti sizot suvining yuqori ekanligi muammosi ko‘tarildi.
Konferensiya maslahati asosida shahar markazidagi irrigatsiya tarmoqglarini betonlab goplash ishlari
bajarildi. 1980 yildan keyin Orolning ekologik ta’siri kuchayib bog‘larning rivojlanish saviyasi
kamaydi. Mustaqillik yillarining boshlarida Orol dengizidagi tuzli gumlarning atmosfera va yer osti
sizot suvlari orqali ta’siri sababli nosoz ekologik muhit hosil bo‘lib, “Botanika” va “Jengis” bog‘i
yo‘q bo‘lib ketdi va o‘rnida sport kolledji, jahonga tanilgan 1.V.Savitskiy muzeyi va 4000
tamoshabinga mo‘ljallangan Amfiteatr qurildi.

Nukus shahriga yer osti sizot suvi yaqin bo‘lganligi, Orolning tuzli oq qumi, Qizilqumning
ta’siri, ekologik jarayonni shakllantirib Jengis (pobeda) nomidagi parkdagi daraxtlarning yo‘q
bo‘lib ketganligi sababli janub tomondagi temir yo‘l vokzalining yonidagi daraxtzor hududga
ko‘chirildi[11]. Masalan, Toshkentdagi darxtlar balandligi o‘rtacha 15 metrgacha bo‘lsa, Nukus
shahrida daraxtning balandligi ikki barobar kamligining sababi shundaki, ekologik jarayon daraxt

76 Scientific-technical journal (STJ FSTU, ®ITY UTXK, HTXK ®I'TY, 2026, T.30.cneir.Boimyck Ne 13)



CTPOUTEJIBCTBO

va o‘simliklarga salbiy ta’sirini hamda binolarning tashqi materiallarga va cho‘kishiga o°z ta’sirini
sezilarli darajada ko‘rsatmoqda. Shahar bo‘yicha Botanika bog‘i hududida binolar qurilib ketgan
bo‘lib, fagat Amir Temur parki 4 ga, Istiglol bolalar parkida 4,3 ga jami 8,3 ga maydonga ega bog*
bor.

2013 yili 3,4 ga suv maydoniga ega “Kvadrat” deb nomlangan ko‘lning atrofida hududi
14,3 ga, “Istiglo]l” bolalar bog‘i va shaharning aholi hududi gavjum bo‘lgan 23 - kichik tumanining
janub tomonida A.Dosnazarov ko‘chasi bo‘yida Amir Temur istirohat bog‘i 8,1ga hududga
kengaytirildi. 2013 yili Nukus shahrida davlat dasturi asosda rekonstruksiya ishlari olib borilib
shahar markazidan kesib o‘tuvchi Do‘stlik kanali 4 km uzunlikda ikki sohilidagi cheti betonlanib,
qayta ta’mirlandi va ikki tomoniga bulvar sifatida 18,1 ga hududni zamonaviylashtirish va
obodonlashtirish ishlari muallif ishtirokida 2015 vyili bajarildi (1.4.6-rasm). Bu usul Nukus
shahridagi yer osti sizot suvlarini ozgina kamaytirdi

Shahar hududida bundan tashgari bir nechta xiyobonlar shakllandi. XXI asr boshlarida
Jo‘qargi Kengashning old qismida Samarqanddagi Registon ansambli singari kompozitsiya
shakllandi va uning markazida hiyobon bunyod etildi. Hiyobonda jahonning eng yaxshi xushbo’y
daraxtlari, zamonaviy favvora, Berdaq haykali o‘rnatilib shahar markaziga xos xiyobon shakllandi.
Shaharda bir nechta xiyobonlar bunyod etildi: aeroportning old gismida 5 ga maydonga ega
xiyobon, 1.V.Savitskiy muzeyi xiyoboni, Qoragalpog davlat universitetining Berdag muzeyi
xiyoboni, Mustaqillik maydoni xiyoboni, Ona yodgorligi old gismidagi xiyobon, “Imom eshon
Muhammad jome” masjidi xiyoboni.

Orol dengizining qurigan tubiga 2018-2021 yillar mobaynida 1,6 min.ga maydonga “yashil
goplama” bunyod etilgani bilan bu 30% ni tashkil etadi.

Mutaxassislar ma’lumotiga ko‘ra janubiy Orol bo‘yiga ekilganiga 3 yil bo‘lgan o‘simliklar
balandligi 2 m ga yetib chang va qumning havoga ko‘tarilishini to‘xtata boshlagan. Bir dona
saksovul 4-10 tonna ko‘chki qumni to‘xtatish imkonini bergan. Bugungi kunda o‘simliklarni ekish
asosida yangi o‘rmonchilik ekotizimlarini bunyod etish sababli, bu hududga quyon tulki, qirg‘avul,
tung‘iz va sayg‘oqlar kelishiga imkon berildi. Akademik Z.Noviskiyning ma’lumotiga ko‘ra yaqin
yillarda bu hududda asalchilik va tuyachilikni rivojlantirishni yo‘lga qo‘yilishi rejalashtirilgan.

Shunindek, shaharda tashkil etilgan bog‘, xiyobon, bulvarlarning umumiy maydonlari 70
gektar yoki aholi bilan taqqoslaganda shaharsozlik me’yori bo‘yicha 10 % ni emas, 2 % ni tashkil
etmoqda.

Ekologik muxit asosan yoz mavsumida avj olishini hisobga olib aholisi gavjum bo‘lgan
Nukus shahrida 4 ta an’anaviy va 5 gavatli keramzit betondan qurilgan turar joylarda 2010 yil
iyulda tajriba ishlari olib borildi. Tajriba o‘tkazish jarayonida barograf, gigrograf va termograf
uskunalari binoning hovlisiga, koridoriga, mehmonxona, yotogxona va lodjiyasiga 1m balandlikda
joylashtirilib bir hafta davomida kuzatildi. Tadgiqot iyul oyida 5 ta binoda olib borilib, binoning
xona va tashgaridagi namlik va harorat darajasi aniglandi. Harorat 1 va 2 tipdagi bino
yotogxonasida normal holat yoki 29 gradusga to‘g‘ri keldi. Bunga hovlidagi daraxtlarning borligi
va binoga kirish qismida katta hajmdagi dalon xonasi eshigi shimolga qaratilganligi sabab bo‘lgan.
Tadgiqot olib borilgan binolarda 1 va 2 - tipdagi uylarda namlik 56 foizgacha ko‘tarilsa, boshqa
tiplarda 10 foizgacha kamaygan.

Natijada, Qoraqalpog‘iston hududi ekologik jihatidan jahon mummosiga aylanib bo‘lgan.
Agar Orol dengizining barcha sohiliga saksovul bunyod etilsa, saksovulning o‘sish imkoni yo‘q
hududdagi qumning tepaga ko‘tarilishining oldini olishga muallifning loyihasidagi kichik
arxitekturaviy obyektlar joylashtirilsa va Orolga suvni yetkazish imkoni topilsa Qoraqalpog‘iston
hududi jannat makoni bo‘lar edi.
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TEINIOTEXHUYECKAS U BJJA’)KHOCTHASA OIITUMU3AIIUA IEHOBETOHA C
HEPJIUTOBBIM HAITOJIHUTEJIEM VIS DQHEPT'O®PEKTUBHBIX CTEHOBBIX
SJIEMEHTOB

A.C. Ucmaitinosa

Jlokmopanm Ypeenuckozo 2ocyoapcmeenHo2o ynusepcumema
E-mail: ismaylovaaysuliw676@gmail.com
ORCID: https://orcid.org/0009-0000-4596- 0759
(Ilonyuena 03.09.2026 2.)

AHHOIntll(uﬂ. B cmamve npedcmaeﬂen AHATUMUYECKUL NOOX00 K NpoOeKmuposaruIo HeaemoKiaeHo2co
neHobemona, MOOUPUYUPOBAHHO2O BCHYUEHHbIM NEPAUMOM U KAPOOHAMHBIM MUKPOQDUIIEPOM, Os
3H€p203d)gb€Kmu6Hblx cmenosvix dnemenmos. OcHo6HOe 6HUMAHUe yaEﬂeHO COBMECMHOMY YynpaejleHuio
NA0OMHOCMbIO, NPOYHOCMbIO nNpu  Corcamul, menﬂonpoeodnocmbm, KanuuiApHbIM 60001102/101/L;€HM€M u
VCMOUYUBOCMbIO CIMPYKMYPbL 8 paHHuUe CpoKu meepoeHus. Paccmompensi uemvipe cocmasa 6 ouanazoue
naomuocmu 550-850 ke/m?. Iloxazarno, umo cocmas PFC-750 obecneuusaem naubonee coanancuposautulii
Komniekc ceoticmg: npounocms 3,58 Mlla, mennronposoonocms 0,142 Bm/(mK), ymepennoe
8000NO2NOUeHUe U  HAUOOALWULL UHMeSPANbHblL  nokazamenv  ggexmusnocmu.  IIpednosicentHvle
PeKOMeHOayuu Mo2ym UCHOAb308AMbCS NPU NPed8apumenbHoM noobope cocmasos neHobemoHa O0s
MaAlodMAdMNCHO20 CMPOUMelIbCmea 6 HCAPKO-CYXux U 3aCOJNEHHbLX PecUOHAX.

Knrouesvie cnosa: Ilenobemon, Bcenyuennwiti  Ilepnum,  Kapbouwammuoii  Muxpoghunnep,
Tennonposoonocmo, Kanunnaproe Bodonoznowenue, Cmenogvie Inemenmsi, Kapro-Cyxoti Knumam.

Abstract. The article presents an analytical approach to designing non-autoclaved foam concrete
modified with expanded perlite and carbonate microfiller for energy-efficient wall elements. The primary
focus is on the joint control of density, compressive strength, thermal conductivity, capillary water
absorption, and structural stability during the early period of solidification. Four compositions with
densities ranging from 550 to 850 kg/m3 were considered. It was shown that the PFC-750 composition
ensures the most balanced set of properties: strength of 3.58 MPa, thermal conductivity of 0.142 W/ (m'K),
moderate water absorption, and the highest integral efficiency indicator. The proposed recommendations
can be used in the preliminary selection of foam concrete compositions for low-rise construction in hot, dry,
and saline regions.

Keywords: Foam concrete, Inflated perlite, Carbonate microfiller, Heat conductivity, Capillary water
absorption, Wall elements, Hot-dry climate.

Annotatsiya. Maqolada energiya tejamkor devor elementlari uchun ko ‘pchitilgan perlit va karbonatli
mikrofiller bilan modifikatsiyalangan noavtoklav ko ‘pikbetonni loyihalashga tahliliy yondashuv keltirilgan.
Asosiy e’tibor zichlikni, siqgilishdagi mustahkamlikni, issiqlik o ‘tkazuvchanlikni, kapillyar suv
shimuvchanlikni va gotishning dastlabki muddatlarida strukturaning bargarorligini birgalikda boshgarishga
garatilgan. 550-850 kg/m3 zichlik oralig ‘ida to ‘rtta tarkib ko ‘rib chiqildi. PFC-750 tarkibi eng muvozanatli
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xossalar majmuasini ta’'minlashi ko ‘rsatilgan: mustahkamlik 3,58 MPa, issiglik o ‘tkazuvchanlik 0,142 Vt/
(m-K), o ‘rtacha suv shimuvchanlik va eng yuqori integral samaradorlik ko ‘rsatkichi. Taklif etilgan tavsiyalar
issig-quruq va sho ‘rlangan hududlarda kam qavatli qurilish uchun ko ‘pikbeton tarkiblarini dastlabki
tanlashda qo ‘llanilishi mumkin.

Kalit so‘zlar: Ko ‘pikli beton, Ko ‘pchitilgan perlit, Karbonatli mikvofiller, Issiglik o ‘tkazuvchanlik,
Kapillyar suv shimuvchanlik, Devor elementlari, Issig-qurug iglim.

1 BBEJAEHUE

[TeHoOETOH OTHOCUTCS K JIETKUM LIEMEHTHBIM KOMIIO3UTaM, B KOTOPBIX TEIUIOU30JISIIIMOHHAS
3¢ (HEeKTHBHOCTL OMpeesieTcss 00bEeMOM M PaBHOMEPHOCTBIO HMCKYCCTBEHHO C(HOPMHUPOBAHHBIX
BO3IYUIHBIX TMOp. [l CTEHOBBIX SJEMEHTOB Takas CTPYKTypa IO3BOJIIET CHHU3UTh Maccy
OTPKIAIONINX KOHCTPYKIMKA W YMEHBIIUTh Teruionorepu 3aaHus. OJHAKO yMEHbBIICHUE
IUIOTHOCTH OOBIYHO COMPOBOXKIACTCS CHI)KEHHEM IPOYHOCTH, POCTOM BOJOMOTJIOUICHUS U
MOBBIIEHHON 9YBCTBUTEIHHOCTBIO K PEXKUMY yXO/Ia.

B ycnoBusix xapko-cyxoro kiimMaTta oco0oe 3HaueHUE NMPUOOpeTaeT YCTOMUYUBOCTH MOPOBOM
CTPYKTYpBI M 3allUTa MaTepuaia OT PAHHETO HCIAPEHHs BJiard. BeICTpas moTeps BOIBI MOXKET
MPUBECTH K YCAJOYHBIM MHUKPOTpEIIMHAM, a OTKpbITas KamWwUIspHas CETh IOBBIMIAET PHUCK
cojeBoro mnepeHoca. I[losToMy mnpoekTHpoBaHHE NEHOOETOHA JOKHO YYHUTHIBATH HE TOJBKO
MapoYHYIO IJIOTHOCTh, HO U BIQYKHOCTHO-TEIUIOTEXHUYECKUE MTOKA3ATEIH.

Llenp paboThl 3aKiIO4aeTcsi B pa3padOTKE pacdyeTHO-aHATUTHYECKOTO MOJX0/Aa K BBIOOPY
cocTaBa I€HOOETOHa C TEpPJIUTOBBIM HAMOJHUTENEM U KapOOHAaTHBIM MHKPO(GUIIEPOM,
00ECTIeYNBAOIIETO PALMOHATIBHOE COYETAaHHWE TPOYHOCTH, TEIJIOM3OJISLMOHHBIX CBOWCTB U
BJIAarOCTOMKOCTH.

2 MATEPHUAJIBI U METO/IbI

B kayectBe 0a30BOl CHUCTEMBl paccMaTpUBAJCS HEABTOKJIABHBIM MEHOOETOH Ha
MOPTIAHIIEMEHTe, TOHKOM IIeCKe, BCIIyYCHHOM TIepiuTe, KapOOHATHOM MHUKpodmIiepe,
MOJINKApOOKCHIIATHOM cyTmepIuiacTuGpuKaTope U 3apaHee MpUroToBleHHON OenkoBoi neHe. [lepaut
WCIIOJIb30BAJICS KaK JITKM MHHEPAIbHBIA KOMIIOHEHT, CHIDKAIONIUH CPEAHIOI IUIOTHOCTh U
TEIUIONPOBOJAHOCTh, @ KapOOHATHBIM MUKpOQMIIEp - KaK KOMIIOHEHT, YJIYYIIAIOIIUNA YMaKOBKY
YaCTHUIl B UEMEHTHON MaTpuLE.

CpaBHuTeNbHAs cepus BKIIIOYaja YeThIpe COCTaBa C 1eNieBoi mioTHocThi0 0T D550 mo D850.
B ornmume oT mpenenpHOro 0OJIerdeHus, BBHIOpAHHBIM JHMANa30H OPUEHTHPOBAH HA CTECHOBBIC
JJIEMEHTBI, KOTOPHIM TpeOyeTcsi HE TOJIbKO HHU3Kas TeIUIONMPOBOJHOCTh, HO M JOCTATOYHAsS
MIPOYHOCTH JIJISI TPAHCIIOPTUPOBAHUS, KIAJKH M SKCILTyaTaIluH.

| =0.35Rn + 0.30Tn + 0.20W + 0.15 C, 1)
rae | - uaTerpanpHBIA okazatenb 3¢ dexkTuBHOCTH; Rn - HOpMHpPOBaHHASI MPOYHOCTH; In -
HOPMUPOBAHHBIN  TEIUIOTEXHUYECKUH mokazatenb, Wn - HOPMHUpPOBaHHBIM  IOKa3aTelsb

BojtonorsonieHus; Cn - HOPMUPOBAaHHBIN MMOKA3aTeb KAWIIPHOTO BOJIOMOTIIONICHUS. YeM BhIIe
3HaueHue |, Tem 6osee cOaaHCUPOBAHHBIM CUUTAETCS COCTaB.

Tabmuma 1.
CocTaBbl IEHOOETOHA C EPIUTOBBIM HAMIOJHUTEIEM JJIsi CPABHUTEIBHON OLICHKH.
Cwmem. Lem. Ilep. MF B/11 D
PFC550 260 42 55 0.44 D550
PFC650 280 38 65 0.41 D650
PFC750 305 32 78 0.38 D750
PFC850 335 24 90 0.36 D850

KonnuecTBO KOMIOHEHTOB B TaOuule NMpUBEAEHO B Kr/m?, kpome ortHomeHus B/LI. Ilena
BBOJWJIACH Ha 3aKIIOYUTEIBbHOM CTaAuM IEPEMELIMBAHUSA II0CIE IOJYYEHHs] OJHOPOIHOMN
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LIEMEHTHO-MUHEPAJIBHON CyCIeH3ud. Takol TOpSAOK TMO3BOJSAET YMEHBIIUTh Pa3pyLICHUE
BO3IYIIHBIX Y€K M CTAOMIN3UPOBATh (PAKTHUECKYIO MIIOTHOCTh CMECH.
3 PE3YJIBTATHI U OBCYXIEHHUE

[lonyyeHHBIE pPacUETHO-CKPUHUHIOBBIE [TAHHBIE IOKA3bIBAIOT 3aKOHOMEPHOE IOBBIIICHHE
MMPOYHOCTH TIPH YBEIMYCHUH TUIOTHOCTH. DTO CBA3aHO C POCTOM JOJU TBEPIAON IEMEHTHO-
MHUHEPAIBHOM MaTpPULbl U YBEJIMYECHUEM TOJILIHMHBI MEKIOPOBBIX meperopoaok. Ilpu stom
TEIJIOMPOBOJAHOCTD TAKKE BO3PACTAET, TOCKOJIBKY YMEHBIIACTCS OTHOCUTEIBHBIN 00beM BO3/yXa B
CTPYKTYpE Marepuala.

Tabnuma 2.
PacueTHble cBoiicTBa HCH06CTOHHHX COCTAaBOB II0CJIC 28 CYTOK TBCPJACHUS.
CMmen. IlnioTHOCTH R2s A Boaa B/1I.
PFC550 545 1.72 0.096 34.6 0.42
PFC650 635 2.64 0.118 31.8 0.36
PFC750 720 3.58 0.142 28.7 0.31
PFC850 825 4.36 0.171 26.4 0.29
Density and strength relationship
& 4.0 ~
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Dry density, kg/m?

Pucynox 1. CBs13b My CyXO0il IUIOTHOCTBIO U TPOYHOCTHIO Ha C)KAaTHE
neHo0eToHa ¢ MoaudUKaIei epInToM.

KpuBass Ha pucynke | oTpakaeT MOYTH JUHEHHOE MOBBIIIEHUE MPOYHOCTH B BHIOPAHHOM
Jana3oHe MmiIoTHOCTH. OJIHaKO MpaKTHUECKUil BBIOOp cOCTaBa HE JOJHKEH OCHOBBIBATHCS TOJBKO
Ha IPOYHOCTH, TIOCKOJIBKY  YBEJIMYEHUE IUIOTHOCTH  YXYAIIAECT  TEIJIOM3OJIILUOHHYIO
3¢ (EKTUBHOCTh CTEHOBOTO 3JIEMEHTA.

Density and thermal conductivity
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Pucynok 2. CBs3b MEXAY CYXOH IUIOTHOCTBIO U
TETIONPOBOIHOCTHIO.
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PucyHok 2 mokasbIBaeT, 4yTO TEIIONPOBOAHOCTH Bo3pacTtaer oT 0,096 mo 0,171 Bt/(m-K).
Cocrae PFC-550 o6mamaer Hawrydmield TEIDIOM3OJISIIMOHHON CIMOCOOHOCTBIO, OJHAKO €ro
IIPOYHOCTh OrpaHuuuBaeT o6nacte npuMmeHeHus. CoctaB PFC-850 Oosiee mpouHblid, HO €ro
TEIUIOTEXHUYECKOE MMPEUMYIIECTBO [0 CPAaBHEHUIO ¢ OoJiee JIETKUMU BapUaHTAMU CHUKAETCS.

Tabmuma 1.
O6nacTu panMoHAIHLHOTO MPUMEHEHHS UCCIICTIOBAHHBIX COCTABOB.
KJIace OcHoBHoOE KoncTpykuunonHnoe ObaacTn
NMPEeUMYIIeCTBO OrpaHHYeHHne NpUMeHEeHHUsI
D550 CampbIit HU3KUN A Huskoe 3nauenue 3aJIMBHAs
R28 TEIUION30JISALIUA
D650 MaitoBecHbIi YmepeHHoe HEHECYIUE CTECHBI
3HaueHne R28
D750 cOaraHCUpOBaHHBIHI KonTtpons CTEHOBBIE OJIOKH
OTBEPIKICHHS
D850 BBICOKHI Rog Bonee Beicokoe 0a30BbIC CIION
3HAYCHHE A

Integral efficiency of mixes

& =) @
o o =]
1 1 1

Integral efficiency score

N
o
1

PFC-650
Mix code

PFC-750

PFC-550 PFC-850

Pucynok 3. MaTerpansasbiii 6amt 3¢ pekTnBHOCTH TeHOOSTOHHBIX
COCTaBOB, MOAN(DHUIIMPOBAHHBIX IEPIIUTOM.

WHTerpanbHasi olleHKa MOKa3bIBaeT, YTO HaMOOMNbIM OanaHc mocturaetcs y cocraBa PFC-
750. Ero npenmyIiecTBO CBSI3aHO C TEM, YTO MPHUPOCT MPOYHOCTH YK€ TOCTATOYEH JJISl CTEHOBBIX
OJIOKOB, a YBEJIMYEHHE TEIUIONPOBOAHOCTH €IIe HE MPUBOAUT K IMOTEpE TEIIOM30JSIIUOHHON
¢bynkuun. CoctaBel 00jiee HU3KOW IJIOTHOCTH IIE€TI€COO0pa3Hbl JJII HEHECYIIEH TEITON3O0JISIIINH,
TOrJa KaK COCTaBbl BBICOKOW IIJIOTHOCTH pAalMOHANBHBI TaM, TJe TpeOyeTcs TMOBBIIICHHAS
TE€XHOJIOTUYECKas MPOYHOCTb.

4 TEXHOJIOI'MYECKHUE PEKOMEHJIAIIUU

Jns monmy4yeHus: CTaOMIIBHON CTPYKTYpPBl PEKOMEHIYETCSl MPEIBAPUTEIHFHO KOHTPOJIUPOBATh
KpPaTHOCTb U CTOMKOCTh MHeHbl. PaKTUyecKas IUIOTHOCTh CBEKEW CMECH JOJDKHA IPOBEPATHCS B
KKIOW MapTHH, TOCKOJIbKY OTKJIOHEHHUE TUIOTHOCTH SIBJISICTCS OBICTPBIM HHIUKATOPOM HAPYIICHUS
MOPOBOM CTPYKTYpHI. B sxapkyto moroay Gopmsl ciaenyeT 3aluiaTh OT MPSMOTO COJHIA U BETpa B
Te€4YeHHE NePBbIX 24-48 yacos.

[lepnuToBBIA KOMIOHEHT JOJKEH BBOIUTHCS B CYXYIO CMECh IOCJE MPEABAPUTEIBHOTO
MepeMEeIIMBaHusl IIEMEHTa, Mecka W Mukpodumiepa. CIUIMIKOM WHTCHCUBHOE IIEPEMEIINBAHNE
rmocJe 100aBICHUS TIEHbI HE JOIMYCKAeTCsl, MTOCKOJIbKY OHO MPHBOJIUT K Pa3pyIICHUIO BO3AYITHBIX
sueek. Jlms  yMEHbBIIEHUS BOJMOTMOTPEOHOCTHM W TIOBBIIICHHS  OJHOPOJHOCTH  MATPHILBI
PEKOMEHIIyeTCSl ~ NMPUMEHATh  CYNMepIIacTU(GUKATOP  COBMECTHO C  ONTHMH3WPOBAHHBIM
BOJIOBSDKYIIIUM OTHOIICHHEM.
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5 BbIBOJOB

Pa3paboTana cpaBHUTEIbHAS cepHsi ICHOOSCTOHHBIX COCTABOB C IEPIMTOBBIM HAITOJHUTEIEM
1 KapOOHATHBIM MUKPOGMILIEPOM ISt SHEProd(h(HEKTUBHBIX CTCHOBBIX AJIeMeHTOB. [lokazaHo, 4TO
CHI)KEHUE TUIOTHOCTH YITy4IlIaeT TeIUIOTEXHUYECKUE MTOKa3aTeNt, HO TpeOyeT KOHTPOJISI IPOYHOCTH
Y KalWUIAPHOTO BOJIOTIOTIIOICHUSI.

HauOonee cOanaHCUpOBaHHBIM B NpeAJIOKEHHON cepun sBisgercs coctaB PFC-750 ¢
IUIOTHOCTBIO OK0JI0 720 kr/m?, mpouHocthio 3,58 MIla u temnonposogHocthio 0,142 Bt/(Mm-K).
Takoif BapuaHT MOXKET OBITb PEKOMEHJIOBaH Uil MOCJenyrolel J1abopaTopHONH NPOBEPKU U
OTIBITHOTO M3TOTOBIICHUS CTEHOBBIX OJIOKOB.

[IpakTuyeckass 3HaYMMOCTb pPAOOTHI 3aKIIOYAECTCS B MPEAJIONKEHUHM KOMIIAKTHOIO aJropUTMa
MpeIBapUTEIIFHOTO  BBIOOpAa  COCTaBa, KOTOPBIM  OJHOBPEMEHHO YYHTHIBACT MPOYHOCTH,
TETJIONPOBOIHOCTD U BJIAYKHOCTHYIO YCTOHYHMBOCTh MaTepHala.
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PEI'YJIMPOBAHUE PAHHEI'O CTPYKTYPOOBPA3OBAHUS HIEMEHTHO-
NMECYAHOM MATPHUIBI JJIS1 HEABTOKJIABHOTI'O IIEHOBETOHA C
HNUCIIOJB30BAHUEM AS u Sika® ViscoCrete®-1095

Komuposa X.
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Annomayun. Paboma nocsesiwena oyenke GuusHUs yckopumens meepoeHus AS u
noauxapbokcunamnuozo  cynepniaacmuguxkamopa Sika® ViscoCrete®-1095 na Hopmanvhyio
2yCmomy YemMeHmHO20 mecmd, CPOKU CX8AMBIBAHUS U PA3GUMUE NPOYHOCU MEeTKO3EPHUCTOU
YEeMEeHMHO-NeCUaHoU  MAmpuysbl, — UCNOIb3YEMOU  KAK  NPOMENCYMOYHAS — MOOelb  Npu
NPOEeKMUpoBanuu HeasmokiaeHozo nenobemona D400. B omauuue om uccredosauuil, 2oe
OCHOBHOE GHUMAHUe YOeNsemcs yice CEOpMUPOBAHHOMY NeHOOemoHy, 6 HAcmoAwel cmamve
PaccmMompena cmaous N0O20MOBKU MAmMpuysbl 00 68edeHuUsi mexHuyeckoll newuwvl. Iloxazano, umo
npu oosuposre AS 0,05-0,08% nopmanvnas cycmoma npakmuuecku He UMeHAEemcs, moedd KaK
npu 0ozax eviuie 0,3% cpoku cxeamvi8anus pe3ko coOKpawaromcs. [ns meako3epHucmo2o bemona ¢
NOCMOAHHOU NOOBUNCHOCMbIO payuoraivubil unmepsanr AS cocmaesun 0,07-0,09% om maccol
yemenma. Ilpu coemecmmnom npumenenuu AS u Sika® ViscoCrete®-1095 6 oosze 0,9% npounocme
yepe3 28 cymox HopmanvHo2o meepoenus oocmuzana 64,1-65,6 Mlla, umo na 41-44% eviwe
bazo6020 cocmasa ¢ cynepniacmugukamopom 6e3 yckopumens. Ilonyuennvie pe3yrbmamuol
000CHOBLIBAIOM  GLIOOP XUMUYECKOU YACMU KOMNIAEKCHOU Moouduxkayuu 01 nociedyoujeco
Gopmuposanus cmabunvrou nopucmou cmpykmypust D400.
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Kniouesvte cnoea: nenobemon, yemenmunoe mecmo, meakosepHucmoliii 6emon, AS, Sika®
ViscoCrete®-1095, CPOKU cxeambuvl8anusl, panHss npouHoCcma, 6000UEeMEHMHOe OMHOULCHUE.

Annotatsiya. Mazkur ish AS gotishni tezlashtiruvchi go ‘shimchasi va Sika® ViscoCrete®-
1095 polikarboksilatli superplastifikatorining sement xamirining normal quyugligi, qotish
muddatlari hamda avtoklavsiz D400 ko ‘pikbetonni loyihalashda oraliq model sifatida
go llaniladigan mayda donali sement-qum matritsasining mustahkamlik rivojlanishiga ta’sirini
baholashga bag ‘ishlangan. Asosiy e’tibor shakllangan ko ‘pikbeton xossalariga qaratilgan
tadgigotlardan fargli ravishda, ushbu magolada texnik ko ‘pik Kiritilishidan oldingi matritsani
tayyorlash bosqgichi ko ‘rib chigilgan. Ko ‘rsatilishicha, AS 0,05-0,08% migdorda qo ‘llanganda
sement xamirining normal quyugligi deyarli o ‘zgarmaydi, birog 0,3% dan yuqori dozalar gotish
muddatlarining keskin gisgarishiga olib keladi. Doimiy harakatchanlikka ega mayda donali beton
uchun AS ning maqbul migdor oralig ‘i sement massasiga nisbatan 0,07-0,09% ni tashkil etgan. AS
va Sika® ViscoCrete®-1095 superplastifikatori 0,9% miqgdorda birgalikda qo ‘llanganda, normal
gotish sharoitida 28 sutkadan keyingi mustahkamlik 64,1-65,6 MPa ga yetgan. Bu ko ‘rsatkich
tezlatkichsiz, faqat superplastifikator qo ‘llangan bazaviy tarkibga nisbatan 41-44% yuqoridir.
Olingan natijalar keyinchalik D400 ko ‘pikbetonda barqaror g ‘ovak tuzilmani shakllantirish uchun
kompleks modifikatsiyaning kimyoviy gismini tanlashni ilmiy jihatdan asoslaydi.

Kalit so‘zlar: ko ‘pikbeton; sement xamiri; mayda donali beton; AS; Sika® ViscoCrete®-
1095; qotish muddatlari; dastlabki mustahkamlik; suv-sement nisbati.

Abstract. This study is devoted to evaluating the effect of the AS hardening accelerator and
the polycarboxylate superplasticizer Sika® ViscoCrete®-1095 on the normal consistency of cement
paste, setting time, and strength development of a fine-grained cement-sand matrix used as an
intermediate model in the design of non-autoclaved D400 foam concrete. Unlike studies that mainly
focus on already formed foam concrete, this article examines the matrix preparation stage prior to
the introduction of technical foam. It is shown that, at an AS dosage of 0.05-0.08%, the normal
consistency of the cement paste remains almost unchanged, whereas dosages above 0.3% lead to a
sharp reduction in setting time. For fine-grained concrete with constant workability, the rational AS
dosage range was found to be 0.07-0.09% by weight of cement. When AS was used together with
Sika® ViscoCrete®-1095 at a dosage of 0.9%, the 28-day compressive strength under normal
curing conditions reached 64.1-65.6 MPa, which is 41-44% higher than that of the reference
mixture containing the superplasticizer without the accelerator. The obtained results substantiate
the selection of the chemical component of complex modification for the subsequent formation of a
stable porous structure in D400 foam concrete.

Keywords: foam concrete; cement paste; fine-grained concrete; AS; Sika® ViscoCrete®-
1095; setting time; early strength; water-cement ratio.

BBenenune

HeaBToknaBHBIN NEHOOETOH OTHOCHUTCS K MarepHuajaM, KayecTBO KOTOPBIX OIpEIeIsieTCs] He
TOJIBKO OOLIEH MOPUCTOCTBIO, HO M COCTOSTHMEM LIEMEHTHOW MaTpHIIbl, pa3Aeistolleld BO3AyIlHbIe
sueriky. 1Ipn HU3KOM cpenHel TUIOTHOCTH MaTepual OCOOEHHO YYBCTBUTEJIEH K BOJOLIEMEHTHOMY
OTHOILCHHIO, CKOPOCTH THAPATALUN U YCTOMUMBOCTH MEXKIIOPOBBIX Ieperopolok. Ecim marpuna
OCTAETCsl HEJJOCTATOYHO CBS3aHHOM HA PaHHEH CTaJuu, BBEJCHHAs II€HA YAaCTUYHO PA3pyILAETCs,
BO3pACTaeT BEPOSATHOCTh OCAJKHM, BOJOOTAEICHUS U YKpynHeHus 1op. IlosTtomy BbIOOp
XMMHUYECKHX J100aBOK 11€71€cO00pa3HO HauyMHaThb HE C TOTOBOTO IEHOOETOHa, a € aHajau3a
LIEMEHTHOI'O T€CTa U MEJIKO3EPHUCTON LIEMEHTHO-TIECYaHON CUCTEMBI.

B npuHATOM TEXHOJIOTMYECKOM CXEME OCHOBHBIMH XUMHUYECKMMH PEryJATOPAMHU BBICTYNAIOT
yckoputenb TBepaeHus AS u cynepmiactudukatop Sika® ViscoCrete®-1095 Ha ocHOBe
MOJUKapOOKCUIATHBIX 3(GupoB. IlepBblii KOMIOHEHT 3a/1aeT CKOPOCTh (POPMUPOBAHMS HAYAIbHOU
CTPYKTYpBbI, BTOPOI1 IO3BOJISIET CHU3UTh BOJOLIEMEHTHOE OTHOLIEHHE O€3 IOTEPH MOABMKHOCTH. VX
COBMECTHOE JIeHCTBHE JOJDKHO oOecreuyuBaThb HE TOJIBKO POCT MPOYHOCTH, HO U Ooisee
ONMarompusTHBIE YCJIOBUS JUIS TIOCIEAYIOUIETO BBEACHUS IIE€HBI, IOCKOJBKY YCTOWYHBOCTD
MEHOOETOHHOM CMEeCH 3aBHCHUT OT BSI3KOCTU U CBSI3HOCTH MaTpPUIIBL.
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Lenp HAacTOAIIECH CTAThU - ONMPEACIUTH PAllMOHAIBHBIA TUAMAa30H JO3UPOBKH AS M OIEHHTH €ro
coBmectuMocTh ¢ Sika® ViscoCrete®-1095 mo mokaszaTenasiM HOPMalbHOW TyCTOTBI, CPOKOB
CXBaTbIBaHUS U MPOYHOCTU MEJIKO3EpHUCTON MaTpuilbl. [loydyeHHble JaHHbIE TPeIHA3HAYEHBI [
00OCHOBAaHUSI XMMHUYECKOH 4YacTH KOMILIEKCHOTO MOAM(HKATOpa B TEXHOJOI'MH HEaBTOKIABHOTO
nenoberona D400.

Marepuajbl M1 MeTOABI

B xavecte Bspkymiero npumensuics noptiaanainementr CEM | 42,5 N. MogensHast maTpuna s
IIPOBEPKH TMPOYHOCTHOrO dddekra npeacTaBisuia co0oi 1IeMEHTHO-IecYaHblii OeToH ¢
COOTHOIIICHHEM IIeMeHT:Tilecok = 1:4 u pacxomom nemeHta 385 kr/m3. IloaBmkHOCTH cMecH
MO JEPKUBajach Ha YpOBHE pacIulblBa craHaapTHoro konyca PK = 27-28 cm, 4ro mo3Bosnio
COIIOCTABJIATh COCTAaBBl TPH OJUHAKOBOH TEXHOJOTHYECKOW KOHCHUCTCHIMHU. YCKOpHTenb AS
BBomuics B KonmmuectBe 0,05-3,0% ot maccel iemenTa; cynepruiactugukarop Sika® ViscoCrete®-
1095 ucnonp3oBaics B g1o3ax 0.4; 0,6 u 0,9%.

HopManpHyt0 T'yCTOTYy LIEMEHTHOIO TECTa M CPOKM CXBaTbIBaHUs OLEHMBAJIN II0 CTaHIApPTHOM
METOJIMKE C mpUMeHeHueM mnpubopa Buka. [ MEIKO3epHHUCTBIX COCTAaBOB OIpEEsUIN
BOJOLIEMEHTHOE OTHOILIEHHWE, pacIuIblIB KOHyca M  IPOYHOCTh IPU  CXKATUU  IOCIE
TeIUIOBJIaKHOCTHONH 00pabotku (TBO) u HopmanpHOro TBepaeHus. [lns kaxaoro cocraBa
pe3yabTaThl MPOYHOCTH NPUHUMAIUCh KaK CpPEeIHUE 3HAUYEHUS MO0 CepUH O0paslloB; YHMCICHHBIE
3HA4YCHUs B TAOJIUIAX IPUBEICHBI IS CPABHUTEIILHOW OLIEHKHU BIIHSHUS TO3UPOBKHU AS.

Tabnuya 1.
Brusnue AS na nopmanvHyio 2ycmomy u cpoxku CX6amul8anusl YeMeHmHO20 mecma
AS, % HI'IT, % HauaJjio cxBaTbiBaHusI Konen cxBaTbIBaHUS
0 24,75 4-00 8-30
0,05 24,75 3-50 8-10
0,07 24,75 3-40 8-00
0,10 25,25 3-20 6-30
0,30 25,75 1-50 5-10
1,00 27,0 0-50 2-10
3,00 28,25 0-15 0-25
Tabauya 2.
IIpounocme menkozeprucmo2o bemona npu payuoHaIbHblx 003ax AS
Sika® Rex mocae
ViscoCrete®- '3\/3’ B/11 I:II:’ TBO, 28 cyT., E:;i;::g; g%pgiﬂbﬁ(ﬁ;
1095, % MIla ’ ”
0,6 0 0,46 | 28 42,2 43,1
0,6 0,07 | 0,46 | 28 51,2 56,2
0,6 0,09 | 0,46 | 27 50,1 55,6
0,9 0 0,43 | 28 43,4 45,6
0,9 0,07 | 0,43 | 28 62,3 65,6
0,9 0,09 | 0,43 | 27 61,6 64,1
PesyibTarhl

M3MeHeHne HOpMalbHOU TYCTOTHI ITPpU ManbIx 03ax AS okaszanock MunuMaibHbIM. [Ipu 0,05-
0,08% mnokazaTesnb coxpassics Ha ypoBHe 24,75%, TO €CTb YCKOPHUTENb HE YBEIMYMUBAI
BoIonoTpeOHOCTh Tecta. Haunnas ¢ 0,09-0,10%, ormedwancs nocrenennsii poct HI'LT, a mpu 1-
3% yBenMYeHHE CTAaHOBMUJIOCH TEXHOJOTHYECKU 3HAYMMbIM. DTO YKa3bIBaeT Ha TO, YTO CIHUILKOM
BBICOKAsi KOHLEHTpALMsl 3JIEKTPOJIUTAa yCKOpsSeT 00pa30BaHUWE PAHHUX THIAPATHBIX MPOAYKTOB U
MOBBIIIAET COMPOTUBIICHUE 1€()HOPMUPOBAHHIO LIEMEHTHOTO TECTA.
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Effect of AS and PCE-superplasticizer on cement paste consistency
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Pucynok 1 — 3aBUCHMOCTH HOPMAJIBHOI TYCTOTHI [IEMEHTHOTO TECTA OT JO3UPOBKH
AS u npucyrctBus Sika® ViscoCrete®-1095.

AHanu3 CpOKOB CXBaThIBaHHUs MOKa3asl MHOW Xapaktep uaMeHenus. [axe mpu 0,05-0,08%
Ha0I110/1a710Ch HEOOJIbIIOE COKpAIleHHe Hayalla U KOHIA CXBAThIBAHUS, OJJHAKO OHO HE HapyIIaio
TEXHOJIOTHUECKUH HHTepBai mnepepaborku cmecu. Ilpum nozax 0,3% u BeIIIe mporecc pe3Ko
YCKOPSUICS: HA4aJIo CXBaThlBaHUs cMemanoch 10 1 4 50 muH u meHee, a npu 2-3% HOPOUCXOAUIIO
MOYTH MTHOBEHHOE 3arycteBanue. JlJis MEeHOOSTOHHON TEXHOJOTUU TaKOW PEKHUM HEXKEIIATEeJICH,
MOCKOJIbKY BpeMsl Ha BBOJ 1 pABHOMEPHOE pacrpeziesieHue MeHbl CYIECTBEHHO COKPAIAETCs.

B menko3zepHuctom OetoHe neidicTBHe AS MpoSBIIIOCH 0o0Jiee OTYETIMBO Yepe3 MPHUPOCT

Strength response of fine-grained concrete matrix
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Pucynok 2 — I[Ipo4HOCTD MEIKO3EPHUCTON MaTPHULBI IIPH PasiHdHbIX q03ax AS n Sika®
ViscoCrete®-1095

npounoctd. [Tpu Sika® ViscoCrete®-1095 B no3e 0,6% parmonanbhbiii quanazon AS 0,07-0,09%
oOecnieunsi  28-CyTOYHYIO MpoOYHOCTH 55,6-56,2 Mlla mnpu HopMmanbHOM TBepAeHuH. llpu
yBeIU4eHUM J103bl cynepruiactupukatopa 10 0,9% u coxpanenun AS 0,07-0,09% npounocts
Bo3pocya 1o 64,1-65,6 MIla. Ilpu nanpreiimem noBeimernu AS 1o 0,3-0,5% sddexr cHmxkancs,
YTO MOATBEPKAAET HATMYNE ONTHMYMA.

Oo6cy:xnenune

[TonydeHHbIE 3aKOHOMEPHOCTH OOBSCHAIOTCS COYETAaHMEM JBYX MeXaHH3MOB. Sika®
ViscoCrete®-1095 mucnieprupyeT EMEHTHbBIC YaCTHUIIbI U CHIDKACT KOJMYECTBO CBOOOIHON BOJIBI B
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CHCTEME, YTO CO3/IaeT MPEIINOCHIIKM Ui Ooyiee MIIOTHOW YHMakoBKH TBepaou ¢aszbl. AS, B CBOIO
o4yepenb, YCKOpSET paHHHE TUApAaTalliOHHbIE pEaKIMH M CI0COOCTBYyeT Oosiee OBICTpOMY
00pa30BaHMIO KOHTAaKTHOW ceTkM Mexnay wactunamu. [lpm mozax 0,07-0,09% stu >ddexTsi
COTJIACYIOTCSI: CMECh COXpPaHSeT IPHEMIIEMYIO IOJBH)KHOCTb, HO CKOPOCTH (OPMUPOBAHUS
CTPYKTYpbI Bo3pactaeT. [Ipu M30BITOUHBIX 033X YCKOPHUTENS OOpa3yeTcsl CIMIIKOM JKEeCTKas U
OBICTPO CXBATBHIBAIOIIASICS CUCTEMA, UTO YXY/IIAET TEXHOJIOTUYECKYIO IPUTOAHOCTb.

Jns nenoberona D400 BakeH He TOJIBKO aOCOJIIOTHBIM YPOBEHb HPOYHOCTH LIEMEHTHO-
MeCYaHOW MAaTpHIlbl, HO M €€ COCTOSIHUE K MOMEHTY BBEJCHMs IeHbl. MarTpuua ¢ HHU3KUM
BOJIOIICMEHTHBIM OTHOIIEHMEM ¥ YMEPEHHO YCKOPEHHOW THApaTalueil Jydiie YIAepKHBaeT
MEXIIOPOBBIE IEPErOPOJKH, CHHMXKAET BEPOSTHOCTb BOJOOTIENEHUS U ocaaku. [lostomy
BeIOpanHblid wHTEpBaT AS 0,07-0,09% sBiISeTCS TEXHOJOTHYECKH OOOCHOBAHHBIM TEPEXOTHBIM
3BEHOM OT MHCCIIEJJOBAHMN LEMEHTHOIO TeCTa K MPOCKTHPOBAHUIO IMEHOOETOHHBIX COCTABOB C
GGBFS, akTuBHpOBaHHBIM IIEOJIMTOM ¥ METAKAOJIUH-THIICOBBIM KOMITOHEHTOM.

3akiiroueHue

1. Ycranosneno, uro AS B koiunuectse 0,05-0,08% mnpakTudyecku HEe U3MEHSET HOPMAJIbHYIO
ryCTOTY UEMEHTHOTO TeCTa, HO YMEPEHHO COKpAIIAeT CPOKH CXBaTbIBAaHHS, COXpaHSA
TEXHOJIOTMYECKUN UHTEPBAJ MepepabOTKU CMECH.

2. Tlosemmenune AS Bbime 0,3% MPUBOAWT K PE3KOMY COKPAILICHHUIO CPOKOB CXBATBIBAHUS U
pOCTy BOJIOMOTPEOHOCTH, TMOITOMY Takue ITO3MPOBKHM HelenecooOpa3Hbl ISl MEHOOETOHHOM
TE€XHOJIOTHUH.

3. CoBmectHoe npumenenre AS 0,07-0,09% u Sika® ViscoCrete®-1095 0,9% obecrnieunBaet
MAaKCUMaJIbHBI TPUPOCT MPOYHOCTH MEIKO3EpPHUCTON Marpuibl: 10 64,1-65,6 Mlla nocne 28
CYTOK HOPMaJIbHOI'O TBEPAECHUS.

4. Pammonaneubii wHTepBanm AS 0,07-0,09% mnpuHAT Kak OCHOBa ISl IOCIEAYIOIIETO
MOJy4eHUsT HeaBTOKJIAaBHOTO rmneHoOeTtoHa D400 ¢ KOMIUIEKCHOM MUHEpanbHO-XUMHYECKON
MoauuKaImei.
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CTPOUTEJIBCTBO

Almomamm. PaCCMompeHbl mexHoaocu4eckue u - CcmpyKmypHvle npednocwﬂku NnoBvblUEHUA
npodYHocmu  meniou3oAAYUOHHO-KOHCMPYKYUOHHbIX OnoKo6 Ha ocHose BCNYYEHHO2O0 6EpMUKYaUma be3
CYWECMBEHHO2O )YBENUUECHUA pacxoaa yemenma. Haylmaﬂ u()e;z pa60mbz 3QKNI0YAEMCsT 6 KOMNJIEKCHOU
MOOL@uKaL;uu cucmemsl «Yyemermuas mampuya — 6€pMMKleum06bllz 3anoIHuUmesv), 6Kﬂ}01lalou4€ﬁ
gseoenue MMKpOerMH€3éMa, 30]lbl-yHOCA U cynepnﬂacmu¢ummopa 6 cocmaes esocyweco, a makoice
noCie008amenvHyio 0opabomky nogepxwocmu gepmuxyauma pacmeopom NaOH, ocudkum cmexiom u
euopogoouzamopom ['KXK-11. [lokazano, umo nosviuleHue NPOYHOCMU ONpedeNsiemcs He HMONbKO
YNi10OmHEeRUuem UYemenmHoco KamHia U 06pa30661Hu€M OONOAHUMEIbHBIX eudpocuﬂukamelx qbaa, HO U
cocmosiHuem mexchasHou nepexoonou 30mvl. Ilo pesyremamam anAnU3a cOCMAaso8, PEeHMmM2eHOPA308bIX
OAHHBIX U MUKPOCMPYKIMYPHBIX U300paAdNCEHU O0DOCHOBAHO, YMO KOMNWIEKCHAs 00pabomka CcHudcaem
OMKPBIMYIO NOPUCIOCMb NOBEPXHOCU  3aNOIHUMENs, nogvluiaem aodze3uro u gopmupyem 6onee
VCMOU4UBLI KOHMAKM «3ANOJHUMETb — YEMEeHMHbIU KameHby. [Ipednosicennviil nooxoo obecneuusaem
payuoHalbHoe codemanue HU3ZKOU niomuHocmu, menxzouaommuormoﬁ 34)¢7€Kmu6HOCmu U NOBLIUEHHOU
9Kcnﬂyamauu0HHoﬁ HaoescHocmu BEPMUK)IUMOBbLX onokos.

Knrwueevie cnosa: GCI’lyquHbllJ eepmuxkyium,  menjiou3oiAYUOHHO-KOHCMPYKYUOHHblE 6JZOKM,'
YEeMEeHMHAsT MAmpuya; MUKPOKPEMHE3EM, 301d-YHOCA, CYNePRIACTIUGUKAMOp; MediCOa3Has nepexoOHds
30Ha, eudpoghobuzayusn; C—S—H-zenw.

Annotatsiya. Mazkur ishda sement sarfini sezilarli darajada oshirmagan holda ko ‘pchitilgan
vermikulit asosidagi issiglik izolyatsion-konstruktiv bloklarning mustahkamligini oshirishga xizmat giluvchi
texnologik va strukturaviy omillar ko‘rib chigilgan. Tadgiqotning ilmiy g‘oyasi ‘‘sement matritsasi —
vermikulit to ‘Idirgichi” tizimini kompleks modifikatsiyalashdan iborat bo ‘lib, bunda bog ‘lovchi tarkibiga
mikrokremnezyom, uchuvchi kul va superplastifikator kiritish, shuningdek, vermikulit yuzasini ketma-ket
ravishda NaOH eritmasi, suyuq shisha va GKJ-11 gidrofobizatori bilan ishlov berish nazarda tutilgan.
Ko ‘rsatilishicha, mustahkamlikning ortishi faqat sement toshining zichlashuvi va qo ‘shimcha gidrosilikat
fazalarning hosil bo‘lishi bilan emas, balki fazalararo o ‘tish zonasining holati bilan ham belgilanadi.
Tarkiblar tahlili, rentgen-fazaviy ma’lumotlar va mikrostrukturaviy tasvirlar natijasida kompleks ishlov
berish to ‘ldirgich yuzasining ochiq g ‘ovakligini kamaytirishi, adgeziyani kuchaytirishi hamda “to ‘ldirgich
— sement toshi” chegarasida bargarorroq kontakt hosil gilishi asoslab berilgan. Taklif etilgan yondashuv
vermikulitli bloklarda past zichlik, issiglik izolyatsion samaradorlik va yuqgori ekspluatatsion
ishonchlilikning ogilona uyg ‘unligini ta 'minlaydi.

Kalit so‘zlar: ko ‘pchitilgan vermikulit; issiglik izolyatsion-konstruktiv bloklar; sement matritsasi;
mikrokremnezyom; uchuvchi kul; superplastifikator; fazalararo o ‘tish zonasi, gidrofobizatsiya;, C—S—H-gel.

Abstract. This paper examines the technological and structural prerequisites for increasing the
strength of thermal-insulating structural blocks based on expanded vermiculite without a significant increase
in cement consumption. The scientific concept of the study is based on the complex modification of the
“cement matrix — vermiculize aggregate” system, involving the incorporation of silica fume, fly ash, and a
superplasticizer into the binder composition, as well as the sequential treatment of the vermiculite surface
with a NaOH solution, liquid glass, and the GKZh-11 water-repellent agent. It is shown that the increase in
strength is determined not only by the densification of the cement stone and the formation of additional
calcium silicate hydrate phases, but also by the condition of the interfacial transition zone. Based on the
analysis of mix compositions, X-ray phase data, and microstructural images, it is substantiated that the
complex treatment reduces the open porosity of the aggregate surface, improves adhesion, and forms a more
stable “aggregate — cement stone” contact. The proposed approach ensures a rational combination of low
density, thermal-insulating efficiency, and enhanced service reliability of vermiculite blocks.

Keywords: expanded vermiculite; thermal-insulating structural blocks; cement matrix; silica fume; fly
ash; superplasticizer; interfacial transition zone; hydrophobization; C-S—H gel.

Beenenne
Benmydennbiii  BepMUKYIHUT sBIseTCS AI(PGEKTUBHBIM JIETKUM TOPHUCTHIM 3alOTHUTENEM s
MOJIYYCHHA TCIUIOU3O0JIAIUOHHO-KOHCTPYKIUOHHBIX MATCpHUaJIOB, IIOCKOJBKY XapaKTCPU3YCTCA
MaJiol HACBIMTHOM MJIOTHOCTHIO ¥ Pa3BUTON MOPOBOM CTPYKTYpOi. BMecTe ¢ TeM BbICOKast OTKphITast
IOPHUCTOCTH U BOAOMOITIOMCHUEC 3€PCH MOI'YT CHUKATh IMTPOYHOCTb HEMEHTHBIX KOMITO3UTOB 3a CUHCT
JIOKAJILHOTO TepepacnpeaesieHus] BOIbI, pOCcTa KaMUUIIPHON MOPUCTOCTH U OCJIA0JIeHUS KOHTaKTa
Ha Tpanuie pasgena (a3 [1, 4]. [lodToMy MOBBIMIEHUE MPOYHOCTH BEPMHUKYJIHUTOBBIX OJIOKOB
1enecoo0pa3Ho paccMaTpUBaTh HE KaK pe3yibTaT MPOCTOrO YBETHMYEHHUS Pacxoja LIEMEeHTa, a Kak
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3a/1aqy HampaBiIeHHOTO (JOPMHUPOBAHMS TIOTHOW IEMEHTHOW MATPHIILI U CTAOWIBHON Mex(a3zHOU
MEPEXO0HOM 30HBI.
MeTtononornyeckasi OCHOBa UCCIIEIOBaHMSI BKIIIOYAET J[Ba B3aUMOCBS3aHHbIX HarpaBieHus. [lepBoe
HampaBlieHHE TPeIycMaTpUBAET MOIU(MUKALNIO IIEMEHTHOTO BSDKYIIETO MHUKPOKPEMHE3EMOM,
30JI0H-yHOCA M CYNEepIUIaCTU(PHUKATOPOM, 4YTO O0OECIEeYMBAET CHM)KEHUE BOJOLEMEHTHOIO
OTHOIICHUS, MUKPO(DMIIJIEPHOE YIIJIOTHEHUE U PAa3BUTHE JONOIHUTENbHBIX THApaTHBIX (a3. Bropoe
HaIlpaBJICHUE CBSI3aHO C XUMHUYECKOW MOJrOTOBKOM IOBEPXHOCTH BCIIYYEHHOI'O BEPMHUKYIIHTA,
HaNpaBJICHHOW Ha YMEHbIIEHHE OTKPBITHIX Je()EKTOB, MOBBIIIEHHUE TUAPO(GOOHOCTH U yIIydllIeHHEe
aJre3MOHHOTO B3aUMOJICHCTBUS C IIEMECHTHBIM KaMHeM [2, 3].
DU3NKO-MEXaHUUECKUE XapaKTEPUCTHUKH BEPMUKYIMTOBBIX OJIOKOB OIPENENSIOTCS COBOKYITHBIM
BJIMSIHUEM KauecTBa IIEMEHTHON MAaTpHIbl U COCTOSHUS KOHTAKTHOM 30HBI MEXKIY LIEMEHTHBIM
KaMHEM U 3€pHAMH 3anoyiHuTeNsl. [Ipy NMOBBIIEHHOW NMOPUCTOCTU MaTpPULbl U HENOCTATOYHOM
CLICTVIEHUU OBEPXHOCTU BEPMUKYJINTA C THJIPATHBIMHU IPOAYKTaMU 1IEMEHTA Harpys3Ka repenaercs
HEPaBHOMEPHO, YTO CIIOCOOCTBYET Pa3BUTHIO MHUKPOTPEILMH U MPEXICBPEMEHHOMY pa3pyLICHUIO
KOMIIO3UTA.
Haubosnee 4yBCTBUTENBHBIM 3JIEMEHTOM CTPYKTYPHI sBIIsIeTCs Mex(da3Has nepexoaHas 30Ha. B Heit
KOHUEHTPUPYIOTCS KalWJUIAPHBIE MOPBI, JOKAJIbHBIE MYCTOTHl M J€(EKThl CLEIJICHHS, KOTOphIE
(GopMHUpYIOT MOTEHLHUANbHbIE MyTH paspyuieHus. CrenoBaTeiabHO, MOBBIMIEHHE NPOYHOCTH U
JOJITOBEYHOCTH MaTepuaia JI0JKHO 00ecreuynBaThCsl OJTHOBPEMEHHBIM YIIJIOTHEHUEM IIEMEHTHOTO
KaMH$ ¥ (QyHKIIMOHAJIN3AMe MOBEPXHOCTH BEPMUKYIUTOBOTO 3aII0JIHUTEIS.

MarepuaJibl M1 METOABI HCCJICAOBAHUS
st 060CHOBAaHUSL ONTUMAIFHOTO COCTaBa MHOTOKOMIIOHEHTHOTO BSDKYIIETO MPOAHATU3UPOBAHO
BIIUSIHUE MUHEpPAJbHBIX U XMMHYECKUX J00aBOK HA NPOYHOCTh LEMEHTHOW CHUCTEMBI.
MHUKpOKpeMHE3EM paccMaTpUBAICA KaK BBICOKOIMCIIEPCHBIM AKTUBHBIH KOMIIOHEHT, CIOCOOHBIN
3aM0JHATh MUKPOIIOPBI M BCTYNaTh B MYLIIOJIAHOBOE B3aWUMOJEHCTBHUE C THIPOKCUIOM KaJbLUs C
oOpazoBanueM  jonosHuTensbHoro  C—-S—H-rens. 3oma-yHoca ~ MCIOJB30BaJlach  Kak
TOHKOJIUCTIEPCHBIT MUHEPAJIbHBIM HAMOJHUTEIb C YaCTUYHOM MYIIIOJAaHOBOM AaKTUBHOCTHIO, a
CynepIuiacTu(UKaTOp — Kak KOMIIOHEHT, CHUKAIOLIUI BOJIOTIOTPEOHOCTh CMECH U TOBBIIIAOIINI
IUIOTHOCTB [IEMEHTHOTO KaMHs [5—7].

Pesyabrathl u 00cyx1eHue

Ta0numa
CocTaBbl JyIs ONPEJICIICHUS] ONTHUMAJIbHBIX 3HAYCHUH MHOTOKOMIIOHCHTHOTO BSXKYIIIETO
Tarkib Hement | MK | CII | 3oaa-ynoca | B/I] Rcx, 28 cyT., MIla
IlemeHT 400 0,410 45,3
MK 4 % 384 16 0,400 47,7
MK 6 % 376 24 0,395 49,2
MK 8 % 368 32 0,390 51,5
Zoma 6% | 376 24 0,387 46,4
3oma 8 % | 368 32 0,380 47,0
3om1a 10 % | 360 40 0,373 47,5
CI10,5% | 400 2 0,395 46,5
CII1,0% | 400 4 0,382 48,6
CIT 1,5 % | 400 6 0,372 49,2

Hannbie Tabmuubl 3.1 CBUAETENBCTBYIOT, YTO BBEICHHE MOAUPHUIMPYIOMIHUX J100aBOK H3MEHSET
MPOYHOCTH L[eMeHTHOfI CUCTCMbI B 3aBUCHUMOCTHU OT HUX IPUPOALI U JO3UPOBKH. B KOHTPOJIbHOM
coctaBe 0e3 100aBOK MPOYHOCTH cocTaBisieT 45,3 MIla. [Ipu ucnonb3oBaHUM MHUKPOKpEMHE3EMa
HaGHIOI[aCTCSI MOCJICAOBATCIIBHOC TOBBINICHUC MPOYHOCTH, YTO OG’LHCHHGTCH COUYCTAaHUEM
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MUKpomLepHoro 3QQexra u MyII0ITaHOBON PEaKlnu, B pe3ylbTare KOTOPOi 4acTh CBOOOTHOTO
Ca(OH). npeoOpasyeTcs B JONOIHUTENbHbIE HU3KOOCHOBHBIE I'MJIPOCUIIMKATBI KaJIbLIUS.
[IpumeHeHne 307bI-yHOCAa TaKke O0ECHEeYMBAET MNPUPOCT IMPOYHOCTH, OJHAKO BBIPAKEHHOCTh
pdeKxTa HUXKE MO CPaBHEHHIO C MHUKPOKPEMHE3EMOM, YTO CBA3aHO C MEHbILICH peakIMOHHOMN
AaKTUBHOCTBbIO B paHHHME CpokH TBepAeHHs. CynepriacTU(pUKaTOp MOBbIMLAET 3P(HEKTUBHOCTH
LIEMEHTHOW CHCTEMBI 3a CUeT AMCIEPrUpOBaHMS YaCTHUIl LleMeHTa U cHuxeHus B/Ll, Bciencreue
Yero YyMEHbIIAeTCs KalmwulsipHas NOpUCTOCTh. llodydeHHble pe3ylnbTaThl IOKa3bIBAIOT, YTO
HauOONbIINN CTPYKTYPHBIH 3(dekT oxumaercs Nmpu paruoOHAIBHOM COYETAHUHM MHUHEPATbHbIX
00aBOK M XUMUYECKOTO TUIaCTU(UIIUPOBAHUSL.

Mikrekremnezem migdori ortishi bilan sigilishdagi mustahkamlikning o'zgarishi Zola-u'nos migderi ortishi bilan sigilishdagi mustahkamlikning o’zgarishi

(&) Mikrokremnezam (b} Zola-u'nos
£% = . 5319

521
514
50 4
49 4
48 4

47 4

18 puticalik shgplishclacy rrustahniamil. MPa
2B sutkalik sagileshdags mustahkambk, MPa

46 4

Zolau'nos migdon, %

ME migdan, %
Puc. 3.1. IIpo4HOCTb OT KOJIMYECTBA MUKPOKPEMHE3EMA Puc. 3.2. IIpoyHOCTb OT KOJIUYECTBA 30JIbI-YHOCA

Conocrasnenue pucyHkoB 3.1 u 3.2 moka3bIBaeT, 4TO MHKPOKpEMHE3EM OOeCreunBaeT
0osiee MHTEHCHBHBII NPHPOCT MPOYHOCTH MO CPABHEHHUIO C 3050i-yHoca. Takas 3aBUCHUMOCTb
oOyciioBieHa 0osiee BBICOKOM YIAEIHHOM MOBEPXHOCTHIO MUKPOKpPEMHE3EMa M €ro CIIOCOOHOCTHIO
yCcKopsATh  (opMmupoBaHue jononHuTensHoro C-S—H-rens. 3oma-yHoca NpeuMyIIECTBEHHO
YIIy4qIIaeT TPaHyJOMETPUIECKYIO YITAaKOBKY U BHOCHT BKJIAJl B IO3/IHEE IMYIIIOJIAHOBOE TBEPICHHE.
CrnenoBaTenbHO, MHKPOKPEMHE3EM MOXET paccMarpuBaThCsi KaK OCHOBHOW — aKTHUBHBIN
MOI[I/I(l)I/IKaTOp HGMCHTHOfI Marpuipl, a 30Jla-yHOCa — KakK I[OHOHHHTGHBHBIﬁ KOMITIOHECHT,
MOBBIIAIOLINNA TNIOTHOCTh U TEXHOJIOTUYHOCTD BSKYIIEH CUCTEMBI.

Superplastifikator miqdori ortis hi bilan sigilishdagi mustahkamlikning o'zgarishi

(c) Superplastifikator
53

524
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Puc. 3.3. [IpouHOCTb OT KONHMYECTBa CynepriacTiudukaTopa.
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Ha pucynke 3.3 mpezacraBieHa 3aBHCHMOCTh HPOYHOCTH OT JIO3MPOBKU CyNeEpIUIacTH(UKATOPA.
BBenenne 100aBKM TO3BOJSIET CHU3UTH BOAOIIEMEHTHOE OTHOLICHHWE TIPU  COXPAHEHHH
y1oOOYyKJIaIbIBAEMOCTH, YTO OCOOCHHO BAXKHO IS JIETKMX KOMIIO3UTOB C MTOPHCTBIM 3aIIOTHUTEIIEM.
[Tpn n30BITKE BOABI BO3pacTaeT 00bEM KAWUISPHBIX MOP M yXyALIaeTcs aare3us B MexdazHou
30HE; MO3TOMY CTPYKTYPHBIH 3P deKT cynepruiacTu(ukaTopa cBsA3aH HE TOIBKO C TEXHOJIOTHYECKUM
YIIy4ILLIEHUEM CMECH, HO U ¢ (hOpMHpOBaHUEM OoJiee IIOTHON LIEMEHTHON MaTpUIbL.

JIsisi TIONTBEPKACHUSI MEXaHU3Ma TMOBBIIICHUS MPOYHOCTH MPOBENEH aHAIN3 PEHTIeHO()A30BBIX U
MHUKPOCTPYKTYPHBIX J@HHBIX LEMEHTHOIrO BspKylero. CoBMecTHass MHTEpIpETalMs 3TUX JaHHBIX
MO3BOJISIET YCTAaHOBUTH M3MEHEHHs (Pa30BOro cocraBa, CTETNICHb YIDIOTHEHHS [IEMEHTHOTO KaMHS U
0ocoOeHHOCTH  (OPMHMPOBAHUS ~ KOHTAKTHOM  30HBI IpPU  BBEICHUU  MHKPOKpPEMHE3EMa,
cynepiacTupukaTopa U BEpMHUKYJIUTOBOTO 3anojaHuTens [3, 8].

Gidratatsiyalangan portlandsement matritsasi (nazorat): modellashgan XRD difraktogramma Gidratatsiyalangan portlandsement matritsasi + 10% mil XRD di
G35, C,S, C3A, C4AF va Ca(OH); reflekslari; Cu Ka, 26 = 10-70° Amorf 510, / C-5-H halo va pasaygan Ca(OH); reflekslari; Cu Ka, 26 = 10-70°
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Puc. 3.4. 'mpparupoBaHHas EMEHTHasI MaTpULa Puc. 3.5. llement + 10 % MukpokpemMHe3eM

Gidratatsiyalangan portiandsement matritsasi + 10% h XRD difrakt: G 0 matritsasi + 10% + oddiy vermikulit: XRD
Kuchaygan halo va biroz pasaygan Ca(OH), reilekslan Cu Ka, 26 = 10-70° Vrm* reflekslari va nisbatan saqlangan Ca(OH)y; Cu Ka, 28 = 10-70"
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Puc. 3.6. llement + MK + cynepmnactudukarop Puc. 3.7. llement + MK + CII + oObrunbIit
BEPMUKYJIUT

Pucynku 3.4-3.6 moxasbIBaroT, 4TO MOAUMUKAIMS IIEMEHTHOW MaTpHUI[bl MUKPOKPEMHE3EMOM H
CYNEepIUIaCTU(PHUKATOPOM COMPOBOXKIAETCS CHUKEHUEM OTHOCHTEIBHOTO COZEPIKAaHUSI CBOOOJHOIO
Ca(OH)., yBenuueHuem J0iM €1a00 KPUCTAIUIM30BAaHHBIX THAPOCHIMKATHBIX (a3 u Oomee
PaBHOMEpHBIM pacHpeieseHueM MNpoAyKToB ruaparaimu. OpgHako pucyHOK 3.7 ¢Quxcupyer
COXpaHEeHue HE/0CTaTOYHO TUIOTHOU KOHTaKTHOH 30HBI npu UCTIOJIb30BaHUU
HEMOAU(DUIIMPOBAHHOTO BCITYyYEHHOT'O BEPMHUKYIINUTA. DTO MOATBEPKIaeT HEOOXOAUMOCTD Mepexo/ia
OT MPOCTON MOAMPUKAIMK BSDKYIIETO K KOMIUIEKCHOMY BO3/ICHCTBHIO Ha BCIO CUCTEMY «MaTpula
— 3aIIOJTHUTEIIbY.
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Puc. 3.9. [lemeHT + MEKpOKpEMHE3EM

Puc. 3.10. Lement + MK + CIT Puc. 3.11. Hement + MK + CII + oObraabIit
BEPMUKYIIUT
MHukpocTpykTypHble H300paxenuss 3.8—3.10 moATBep)KIar0T, YTO IOCIENOBaTeIbHOE BBEJCHHE
MHUKpPOKpEeMHEe3EMa U cynepIuiacTu(pukaropa yMEHbUIAET KOJIUYECTBO KPYMHBIX KaWUISIPHBIX MOP
U MOBBIIIAET OJHOPOJHOCTh IIEMEHTHOIO KaMHs. BmecTe ¢ Tem pucyHok 3.11 mokasbIBaeT, 4to npu
KOHTaKTe ¢ HEOOpaOOTaHHBIM BEPMHUKYIUTOM COXPAHSIOTCS YYACTKH Pa3pBIXJICHHS W HETOIHOTO
cuersieHus. CrenoBaTenbHO, YIUIOTHEHHWE LEMEHTHOW MaTpHlbl SBISETCS HEOOXOAMMBIM, HO
HE0CTAaTOYHBIM YCIOBHEM MOBBILLIEHHUS MPOYHOCTH BEPMHUKYIUTOBOTO JIETKOTO OETOHA.
Moaudukanuss MOBEpXHOCTH BCIHYYEHHOTO BEPMUKYIMTA BBINOJHSIACH IO TEXHOJOTHYECKON

TexHonormyeckas cxema KOMMJeKCHOM MoandUKaLUM NOBEPXHOCTU BEPMUKYNUTA

n MCXOANHﬁ_ Mpocensanue n LLenoynas obpaborka n Ounstposatue / B Cywka nocne wenouHow
BCNYYeHHbIH yAanexue nuinu = OTAenexHe pacTeopa o6paborkn
BEPMUKYNMT

1 %-Hbiit
pacreop

HacTHYHaR AeruapaTauma
NOBEPXHOCTHOMO CNOR; Pa3suTHe
rpynn Si—OH; pocT wepoxosaTocTn

G O6paborka Cyuwxa nocne

KUAKHM CTEKIOM 06paGoTKM XMAKHM CTEKNOM

a Tepmodukcaums / m MoauduuupoBaHHbli

OKOHYaTeNbHaR CywKa BEPMUKYNUT

pacTeop
XUAKOTO
cTekna

=

Komnnexcas cxema NaOH —
xuakoe crekno — MKOK-11

GOPMMPOBAKME TOHKOR
CUNMKATHOA NNEHKM; SaCTHHO®
CINAKABAHME MUKDOTDELIH

# ruapoo6HO CTabuNM3HPOBaHKYIO
1OBEPXHOCTB; KONMYECTBO OTKPLITBIX
TPEUWH ¥ NIOp COKPALLAETCH.

[ Yenostbie o6osHayenms: T — Temneparypa, T — BPeMS BLAEPKKH ]

Puc. 3.12. Cxema moauduKalMy MOBEPXHOCTH.
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cxeme, mpuBeAeHHOH Ha puc. 3.12. Llenmp 00paboTkm 3aKiIroyasliach B CHHIKEHHUH OTKPBITOH
MIOPUCTOCTH, YMEHBIIEHUU BOJIOIMOIVIOIIEHHUS, IIOBBIIICHUM IIOBEPXHOCTHOW AaKTHMBHOCTU U
(dhopMupoBaHuU OoJIee TUIOTHOW MeX(a3HOU MePEXOAHON 30HBI C IEMEHTHBIM KAMHEM.

Cxema Ha puc. 3.12 oTpakaeT MOCIIeI0BaTeIbHOCTh KOMIUIEKCHOM 00pa®oTku 3amomHutens. Ha
IIEPBOM 3Tarle MPOBOAUTCS IIe04Has akTuBanus pactBopom NaOH, nosbliaromnias peakiiuoOHHYIO
CHOCOOHOCTh M IIEPOXOBAaTOCTh MOBEPXHOCTU. Ha BTOpOM sTame 00paboTKa >KUIKUM CTEKIOM
dbopMuUpYeT TOHKUI CHUJIMKAaTHBIA CJIOM M YacTUYHO NEpeKpbIBaeT OTKpbIThie mopel. Ha
3aBepmatomieM stane ruapododuszatop ['KXK-11 cHmxaer kxanuuisipHoe BOAONOIVIOIIEHHE U
cTabunu3upyeT mnoBepxHOCTh. IlociienoBarenbHOE NpPUMEHEHHE ATHX onepanuil olOecrneunBaeT
cuHepreTueckuit 3 eKt, MoCKONbKY KaxkJ1asi CTausi KOMIEHCUPYET OrpaHUYEeHUs IPEAbLIYILEH.

Tab6muma
Mopdoorrnueckne mpu3HaKH TOBEPXHOCTH BEPMHUKYITUTA ITOCIIC MOIA(DHUKAIIIH
Cocrosinune OTKpbITHIE
Meton P Anresus I'mapododHOCTH
MOBEPXHOCTH NMOpPbl, MKM
Cnoucras bIXJIas .
be3 o6paboTku > P 7| 15-25 Hunskuit OtcyrcTBYyeT
OTKPBITHIE Te(PEKTHI
AKTUBHUpOBaHHAS .
NaOH P i 10-15 Cpenunuit Cna0as
1epoxoBaTas
YuioTHeHHas .
XKunkoe crekio ’ 7-10 Cpennuii Cpennss
CWJIMKATHas TJICHKA
Bonee riaaKas Cpenne-
TKXK-11 AL 1 6-8 PEMHE” | Bricoxas
BOJOOTTAJIKHBAOIIAS BBICOKHIA
YnorHeHHas .
Komnnexcnas ’ 3-5 Bricokuii Bricokas
MUKPOTIJICHOYHAS

Jannele Tabmumbl 3.2 TMOATBEPXkKAAIOT, 4YTO CMOCOO0 OOpabOTKM CYIIECTBEHHO BIHSIET Ha
MOpP(OJIOTMYECKOE  COCTOSHHE  IOBEPXHOCTH  BEepMUKyAMTa.  McXomHelii  3amoiHMTENb
XapaKTepPU3YyeTCs PHIXJION CIOUCTOM CTPYKTYPOil M OTKpPHITBIMU AedekTaMu pazmepoM 15-25 MM,
YTO CO3/aeT YCIOBHSA JJs IOBBILIEHHOIO BOAOMNOIVIOMIEHUS M CJIa0OM ajre3uu ¢ IEeMEHTHOU
MaTpuLei.

[Tocne o6paborku NaOH pa3mep OTKpBITBIX MOp yMmeHbImaercs g0 10—15 MM, a MOBEpXHOCTH
npuobperaer Oosiee Pa3BUTHIM MHKpopenbed, CHOCOOCTBYIOUIMA MEXaHHYECKOMY 3alleTJICHHUIO.
O06paboTKa KUIKUM CTEKJIOM CHIDKAET pasMep mop a0 7—10 MKM 3a cueT 00pa30BaHMs CUITMKATHON
rwieHku. ['KXK-11 noBsitmaer ruipooOHOCTh M YMEHbIIaeT KanWUIIpHBIN nogcoc Boasl. Hanbonee
BBIpQKECHHBIA D(PQPEKT OTMeUaeTcs TNpH KOMIUIEKCHOH o00paboTke, KOrJa OTKPBITBIE TOPBI
COKpAInarTcs 10 3—5 MKM, a MOBEPXHOCTb CTAHOBUTCS IUIOTHOM, MHUKPOIUICHOYHOH U Ooiee
MPUTOIHOM 1151 POPMUPOBAHUS IPOYHOU KOHTAKTHOMN 30HBI.

a) bes 00OpaboTku 6) NaOH
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B) Kunkoe crexmo / T'KOK-11

r) KommekcHast o6pabotka

Pucynoxk 3.13. @parmMeHThl HOBEPXHOCTH BCITyY€HHOT'O BEPMUKYJIUTA: a — 0e3 00paboTku; 6 —
nociie NaOH; B — mocre cuukaTHO-TuAPOo()OoOHOM 00paboTKH; T — IMOCIIE KOMIUIEKCHOM
o0paboTku

Pucynox 3.13 Bu3yasnbHO moATBEpkaaeT MOP(OJOTUUECKUE M3MEHEHHUsS, OTPAXECHHBIC B TaOJIHIIC
3.2. Y HCXOAHOTO BEPMHKYIUTAa HAOMIONAIOTCS PACKPBITHIC MOPHI, TPEHIMHBI M CIabOCBs3aHHBIC
cionctele ydacTku. lllemodnast akTHBaIMs HMOBBIIIAET IEPOXOBATOCTh MOBEPXHOCTH, CHIIMKATHO-
ruapodoOHast 00paboTKa YaCTUYHO MEPEKPHIBAET OTKPBIThIE NE(EKTHI, a KOMIJIEKCHash 00padoTka

dhopmupyeT OoJiee MITIOTHBIN U CTAOWIBHBINA TOBEPXHOCTHBIN CIIOM.

Tabnuua
Xapakrepuctuka MexdazHoil mepexoqHON 30HbI
I'mapatHble
Bapuanr Mexdasnas 30Ha IHopucrocrb (l)ailll:l CaencrBue
bes [Ipocnoiika 1o 40
P A Bricokas Cnabo pa3Butsl | Huzkas aaresus
00paboTKH MKM, pazzeneHue a3z
YactnuHo .
. JlokansHOE YacTuuHbIN
NaOH YIUIOTHEHHBIN CHmxena
3apacTaHue pocT
KOHTAaKT
Kunkoe PoBHbIil  miieHOYHBIN | YacTUYHO CunukaTtHas YmMmepeHnHoe
CTEKJIO uHTepdeiic IIEPEKPhITA IJICHKA YIIy4IlIeHHE
TFKOK-11 CrabwmmupoBanHas | KamwisapHocTs | YaepxkuBatorcs | YcroitunBas
30Ha CHIKEHA Jy4nie CTPYKTypa
CmiomHasi — TJIOTHAS
KommniekcHas Munumanenas | C-S-H moctuku | JlonroBedHocTh
30Ha 0e3 MyCTOT

Puc. 3.14. MoanduumpoBaHHbIH BEPMUKYIIUT

BEPMUKYIHUT

Puc. 3.15. KMB + monudunupoBaHHbIH
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MukpocTpyKTypHbIN aHaian3 pucyHkoB 3.14 u 3.15 mokasbiBaeT, 4To XUMHUYeEcKas oOpaboTKa
BEPMUKYJIUTA TMPHUBOAUT K YIUIOTHEHHIO IOBEPXHOCTH, YACTUYHOMY IEPEKPHITHIO OTKPBITHIX
Ne(QEeKTOB M TIOBBIIICHHIO YCTOWYMBOCTH KOHTAKTHOW 30HBI. (COBMECTHOE WCIIOIb30BAHHE
MOJU(PHUIMPOBAHHOIO BEPMUKY/IMTAa M YIJIOTHEHHOM IIEMEHTHOW MaTpullpl oOecreunBaeT Oonee
3¢¢deKTuBHYIO0 Tniepefayy Harpy3kd OT MaTpullbl K 3aloJHUTENI0, CHUXKAET BEpPOSITHOCTh
paspyleHHs 110 rpaHulle pas3zena (a3 U MOBBIIIAET SKCIUTYaTallMOHHYIO HAJeKHOCTh KOMIIO3UTA.

Gidratatsiyalangan portlandsement matritsasi + 10% + + gan vermikulit XRD
Vrm* refiekslari nisbatan sust, halo kuchaygan va Ca(OH); pasaygan; Cu Ka, 28 = 10-70*

12004
| (X}

il Fazalar
1009 \ €3S — alit
| €5 — belit
C3A — alyuminat
CoAF — ferrit
800 { Ca(OH); — portlandit
Vrm* — yermikylith xomashyo reflekslari
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Pucynok 3.16. KMB + moanduunrpoBaHHBII BEPMHUKYIIHT.

Pucynox 3.16 moarBepxiaeT BIUSHHE KOMIUIEKCHOH Monudukanmuu Ha (a3oBBId COCTaB U
CTpYKTypy Kommo3uTa. [locme oOpaOOTKM BEpMUKYIUTa M NPUMEHEHHS MOAHPHUIMPOBAHHOTO
BSOKYIIEro yMeHbInaetcst aosst ceodoguaoro Ca(OH)., ycunuBaercs opmupoBanne C—S—H- u C—
A-S—H-da3, a mexdasznas nepexoaHas 30Ha mpuodOperaeT Oonee MIOTHBIN xapakrep. OCHOBHOMN
CTpYKTYpHBIH 3ddexT 3akmodgaercss He B 00pa3oBaHMM  KPYIHBIX  KPUCTALUTHICCKUX
HOBOOOpa30BaHUil, a B YBEJIMYCHUH KOJUYECTBA CIA00KPUCTAIUIMYECKUX THAPATHBIX (Pa3, KOTOphIE
YIUIOTHSAIOT LIEMEHTHBIA KaMEHb U MOBBIIIAIOT aJr€3HUI0 C BEpPMUKYIUTOBBIM 3all0JIHUTEIIEM.
BriBoABI
1. YcTaHOBIEHO, YTO NOBBILIEHHE MPOYHOCTU TEIUIOM3OJIALIMOHHO-KOHCTPYKIIMOHHBIX OJIOKOB Ha
OCHOBE BCIIYYEHHOTO BEpPMHUKYIHTA JOJDKHO OCHOBBIBATHCSI HAa KOMILJIEKCHOM YIPaBICHUU
CTPYKTYpOIl LIEMEHTHOW MaTpHUIbl U MeK(pa3HOU mepexoqHol 30HbI. OIHOCTOPOHHEE YBEINYCHUE
pacxofa IeMEHTa He SIBISIETCSA PAllMOHATBHBIM PEIICHUEM, MTOCKOIbKY MOXKET YXYIIIUTh TEXHUKO-
SKOHOMMYECKHE [10Ka3aTeIN MaTepuaa.
2. Momudukanuss  UEMEHTHOTO  BSDKYIIETO  MHKPOKpEMHE3EMOM,  30JI0H-yHOCA U
CYNepIuIacTU(PUKATOPOM CIIOCOOCTBYET CHIDKEHHIO KAMWUISPHOW TOPUCTOCTH, MOBBIIICHUIO
IUIOTHOCTHU IIEMEHTHOTO KaMHS M Pa3BUTHUIO JTOTOJTHUTEIBHBIX THMApPOCHIUKATHBIX (a3. Haunbonee
BBIPQXEHHBIN BKJIaJ] B MPUPOCT MPOYHOCTM BHOCUT MHUKPOKPEMHE3EM, TOrJa Kak 30ja-yHoca U
cynepriacTupukaTop 0OECNeurBalOT  JIOTMOJIHUTEIBHOE YIUIOTHEHHE M TEXHOJOTHYECKYIO
CTaOUIIBHOCTH CMECH.
3. KommuiekcHast 00paboTka BEpMHUKYJIUTOBOTO 3anonHuTens o cxeme NaOH — xwunkoe crexiio —
I'KXK-11 yMmeHbIIaeT OTKPBHITYIO IOPUCTOCTh TIOBEPXHOCTH, IMOBBIMIAET TUAPOPOOHOCTH H
YCUJIMBAaeT  aJAre3MOHHOE  B3aMMOJEHCTBME C  LeMeHTHoW  Marpuueid.  CoBmelieHue
MOAU(PUIIMPOBAHHOTO  BSDKYIIETO ¥ 0OpaOOTAaHHOTO  3allOJIHUTENSI TO3BOJIIET COXPAHHTH
TETJIOU30JIALIMOHHBIE MPEUMYIIECTBA BEPMUKYIUTOBBIX OJIOKOB M OJHOBPEMEHHO MOBBICUTH HX
MIPOYHOCTH U JIOJITOBEYHOCTD.
4. TlomydeHHble pe3yiabTaThl MOATBEPXKIAIOT, YTO IMpe[jaraeMasi TEXHOJOTUS MOXKET ObITh
UCIOJIb30BaHa NMpH pa3paboTke 3HEProd(p(eKTUBHBIX JIETKMX CTEHOBBIX MAaTEpUAOB, B KOTOPBIX
MPOYHOCTh O00OEecreynBaeTcsl HE TOJIBKO COCTaBOM BSDKYIEro, HO U  IeJIeHApaBIeHHBIM
YIPaBIEHUEM CTPYKTYPOH MOBEPXHOCTU IIOPUCTOTO 3AIIOTHUTETIS.
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CURING-REGIME DEPENDENT HYDRATION AND PORE-STRUCTURE
REFINEMENT OF NON-AUTOCLAVED D400 FOAM CONCRETE MODIFIED WITH
GGBFS AND ACTIVATED NATURAL ZEOLITE

Kodirova Kh.

Karakalpak State University, Karakalpakstan, Uzbekistan
*Corresponding author, e-mail: khalidakadirova@gmail.com
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Abstract. This paper evaluates how curing regime influences hydration development,
microstructural densification and performance balance in non-autoclaved D400 foam concrete
modified with a GGBFS-type slag, activated natural zeolite and a metakaolin-gypsum component.
Three compositions were compared: a control mix, a mix with 40% finely ground GGBFS, and an
optimized composite-mineral system containing 30% GGBFS, 8% composite modifier and 0.07%
AS accelerator. Samples were cured under normal curing (NC) and thermal-moist curing (TMC)
regimes. The optimized composition exhibited the highest hydration degree (0.81 under NC and
0.86 under TMC), while crystallinity decreased to 16.2% and 14.9%, respectively, indicating a
more amorphous and dense hydrate matrix. The same composition reached 4.57 MPa under NC
and 3.35 MPa after TMC at 28 days, with thermal conductivity of 0.073-0.080 W/(m*C) and
shrinkage reduced to 0.64-0.68 mm/m. The results show that the curing regime does not act
independently; its effect is strongly controlled by the mineral composition of the binder and the
ability of activated zeolite and GGBFS to stabilize the foam-matrix interface.

Keywords: D400 foam concrete; activated zeolite; GGBFS; thermal-moist curing; hydration
degree; microstructure; shrinkage; thermal conductivity.

Annotatsiya. Mazkur maqgolada GGBFS turidagi shlak, faollashtirilgan tabiiy zeolit hamda
metakaolin-gipsli komponent bilan modifikatsiyalangan avtoklavsiz D400 ko ‘pikbetonda
parvarishlash rejimining gidratatsiya jarayoni rivojlanishi, mikrostrukturaning zichlashuvi va
ekspluatatsion xossalarning muvozanatiga ta’siri baholangan. Uch xil tarkib o ‘zaro taqqoslangan:
nazorat tarkibi, 40% mayda tuyilgan GGBFS qo ‘shilgan tarkib hamda 30% GGBFS, 8% kompozit
modifikator va 0,07% AS tezlatkichdan iborat optimallashtirilgan kompozit-mineral tizim.
Namunalar normal parvarishlash (NC) va issiglik-namlik bilan parvarishlash (TMC) rejimlarida
gotirilgan. Optimallashtirilgan tarkib eng yuqgori gidratatsiya darajasini namoyon etgan: NC
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sharoitida 0,81 va TMC sharoitida 0,86. Shu bilan birga kristallik darajasi mos ravishda 16,2% va
14,9% gacha kamaygan, bu esa gidrat mahsulotlari matritsasining ko ‘proq amorf va zich tuzilishga
ega bo ‘Iganini ko ‘rsatadi. Aynan ushbu tarkib 28 sutkada NC sharoitida 4,57 MPa, TMC dan keyin
esa 3,35 MPa siqilishdagi mustahkamlikka erishgan. Uning issiqlik o ‘tkazuvchanligi 0,073-0,080
W/(m-°C) oralig ‘ida bo ‘lib, kirishish deformatsiyasi 0,64-0,68 mm/m gacha kamaygan. Natijalar
shuni ko ‘rsatadiki, parvarishlash rejimi mustaqil omil sifatida emas, balki bog ‘lovchining mineral
tarkibi  hamda  faollashtirilgan zeolit va GGBFS ning ko ‘pik-matritsa  chegarasini
barqarorlashtirish qobiliyati bilan chambarchas bog ‘liq holda ta’sir ko ‘rsatadi.

Kalit so‘zlar: D400 ko ‘pikbeton; faollashtirilgan zeolit; GGBFS,; issiglik-namlik bilan
parvarishlash; gidratatsiya darajasi; mikrostruktura; kirishish; issiqlik o ‘tkazuvchanlik.

Annomayua. B cmamve oyenusaemcs 6iusAHUE pedcUMA MEEPOEHUs HA paA3eumue
cuopamayuu,  YNioOmHeHue MUKPOCMPYKMYpbl U OAIAHC  IKCHIYAMAYUOHHBIX — CBOLCME
Heaemoknasnoco  nenovemona D400, mooupuyuposannoco  wnakom  muna  GGBES,
AKMUBUPOBAHHBIM NPUPOOHBIM YEOUMOM U MEMAKAOIUH-2UNCOB8LIM KOMNOHenmoM. CpagHU8anucsy
mpu cocmaea: KOHMPOAbHAs cmecb, cocmad ¢ 40% monxomonromozo GGBFS u
ONMUMUSUPOBAHHASL KOMNOZUYUOHHO-MUHEpalbhas cucmema, cooepocawai 30% GGBFS, 8%
Komno3uyuonno2o moougpuxamopa u 0,07% ycxopumena AS. Obpasyvl meepoenu 6 yclro08usx
Hopmanvrozo meepoeruss (NC) u mennosnaxcnocmuou oopabomku (TMC). Onmumusuposannulii
cocmae nokazan Hauborvuiyio cmeneusv euopamayuu: 0,81 npu NC u 0,86 npu TMC. Ilpu smom
cmenenwb  KpUCMAUIUYHOCMU — CHUSULACL — coomeemcmeeHHo 0o 16,2% u  14,9%, umo
ceuoemenvcmeyem o Gopmuposanuu 0Oonee AMOp@HOU U NIAOMHOU MAMPuyvbl 2UOPAMHBIX
HO8000pazoeanuu. Imom dce cocmas 8 eospacme 28 cymok oocmue npouHocmu npu cocamuu 4,57
MIla npu NC u 3,35 Mlla nocie TMC, npu kos¢gpgpuyuenme mennonposoornocmu 0,073—0,080
Bm/(m-°C) u cnuscenuu ycaoku oo 0,64—0,68 mm/m. [lonyuennvie pe3yiomamsi NOKA3b18AION, YMO
pedcum meepoenus He Oelicmeyem KaK camocmoamenvublii pakmop, e2o e1usHue 8 3HaUUmenbHoll
cmeneHu onpeoessemcs MUHEPAIbHbLIM COCABOM BANCYUe20 U CNOCOOHOCIbIO AKMUBUPOBAHHO20
yeoruma u GGBFS cmabunusuposams epanuyy pazoena «neHa — mampuyay.

Knrwouegvie  cnoea:  nenobemon  D400;  akmusuposanmwiii  yeoaum,  GGBFS;
MEeNJIoBIaANCHOCMHASL ~ 00pabomka,  cmenewsb — 2uopamayuy;,  MUKpOCMPYKmMypa,  ycaoka,
MenIonpo8oOHOCHIb.

Introduction

Non-autoclaved foam concrete is attractive for energy-efficient building envelopes because it
combines low density and low thermal conductivity with a relatively simple manufacturing process.
However, its practical performance depends on the stability of the cementitious matrix formed
around air pores. Insufficient hydration, an open capillary network and unstable inter-pore walls
lead to excessive water absorption, shrinkage and strength scatter. Therefore, the curing regime and
mineral composition of the binder must be considered as interacting factors rather than independent
processing variables.

Thermal-moist curing can accelerate early hydration, but in low-density foam concrete it may also
intensify moisture redistribution and alter the balance between crystalline and poorly crystalline
hydrate phases. Activated natural zeolite and finely ground GGBFS can modify this response. The
zeolite provides aluminosilicate reactive sites and adsorption capacity, while GGBFS contributes
latent hydraulic reactivity and microfiller action. When these components are combined with a
metakaolin-gypsum modifier, AS accelerator and Sika® ViscoCrete®-1095, the matrix can be
densified without sacrificing the target D400 density range.

The aim of this study is to compare the effect of normal curing and thermal-moist curing on
hydration degree, crystallinity, strength, thermal conductivity, shrinkage and moisture stability of
modified D400 foam concrete. The analysis emphasizes the relationship between curing regime,
phase formation and performance indicators.

Materials and methods

96 Scientific-technical journal (STJ FSTU, ®ITY UTXK, HTXK ®I'TY, 2026, T.30.cneir.Boimyck Ne 13)



CTPOUTEJIBCTBO

The experimental system was based on CEM | 42.5 N Portland cement, local quartz sand, a finely
ground GGBFS-type slag, activated natural zeolite, a metakaolin-gypsum component, Sika®
ViscoCrete®-1095 superplasticizer, AS accelerator and a synthetic foam-forming agent. The target
dry-density class was D400. Three compositions were selected for detailed comparison: (1) control
composition, (2) 40% GGBFS composition and (8) optimized composite-mineral composition with
30% GGBFS, 8% composite modifier and 0.07% AS accelerator.

Foam concrete mixtures were prepared by first homogenizing dry mineral components, then adding
mixing water containing dispersed chemical admixtures, and finally introducing pre-generated foam
at low mixing intensity to avoid bubble destruction. The specimens were demolded after initial
curing and then subjected either to normal curing (NC, 20+-2 *C and high relative humidity) or
thermal-moist curing (TMC). The properties measured after curing included degree of hydration,
crystallinity, compressive strength, thermal conductivity, shrinkage deformation, water absorption
and softening coefficient. SEM observation was used to support the interpretation of pore-wall
compactness and matrix morphology.

Table 1
Selected D400 foam concrete compositions used for curing-regime comparison
WIS Average
Composition Mineral modification . density, Role in comparison
ratio
kg/m3
Reference matrix
1 Control composition 0.39 398 without mineral
optimization
5 GGBFS - 40%; Sika® 0.37 384 Slag microfiller and
ViscoCrete®-1095 — 0.6% ' latent hydraulic effect
8 GGBFS - 30%; composite 0.32 381 Optimized dense matrix
modifier — 8%; AS — 0.07% ' and stabilized pore walls
Table 2
Hydration and crystallinity after 28 days
- Hydration Hydration Crystallinity Crystallinity
SEmIRes e degree NC degree TMC NC, % TMC, %
Control 0.55 0.58 22.8 21.1
GGBFS-40 0.68 0.72 19.7 18.2
Optimal CM 0.81 0.86 16.2 14.9
Results

The degree of hydration increased systematically with mineral modification. The control
composition showed 0.55 under NC and 0.58 under TMC. Incorporation of 40% GGBFS increased
these values to 0.68 and 0.72. The optimized composition reached 0.81 under NC and 0.86 under
TMC, demonstrating that thermal-moist curing was most effective when the matrix contained both a
fine slag fraction and a reactive aluminosilicate-zeolite component.
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Hydration development after 28 days
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Figure 1 — Degree of hydration of D400 foam concrete after 28 days under NC and TMC.

The crystallinity index decreased as the modifier system became more complex. The optimized
composition had crystallinity of 16.2% under NC and 14.9% under TMC, compared with 22.8%
and 21.1% for the control. This trend indicates a shift toward a more poorly crystalline hydrate
matrix, which is consistent with the presence of secondary C-S-H and aluminosilicate hydrates
formed through pozzolanic and latent hydraulic reactions.

Table 3
Mechanical and thermo-physical response of selected compositions

R c R c lambda lambda Shrinkage Shrinkage
Composition | NC, | TMC, NC, TMC, | (& mm/gm TMC,
MPa MPa W/(m*C) W/(m*C) ’ mm/m
Control 2.21 1.58 0.109 0.110 2.54 2.99
GGBFS-40 3.84 2.05 0.072 0.085 1.01 2.60
Optimal CM 4.57 3.35 0.073 0.080 0.64 0.68

The performance indicators followed the same structural trend. The optimized composition
attained the highest compressive strength under both curing regimes. Under NC, the strength was
4.57 MPa, which is more than double the control value. Under TMC, the strength reached 3.35
MPa. Thermal conductivity was maintained at a low level (0.073 W/(m*C) under NC and 0.080
W/(m*C) under TMC), while shrinkage dropped from 2.54-2.99 mm/m for the control to 0.64-0.68
mm/m for the optimized composition.
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Strength-thermal conductivity relationship
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Figure 2. Relationship between compressive strength and thermal conductivity under
different curing regimes.

Table 4.
Moisture-related indicators of selected compositions
Composition Water absorption Softgn_ing Moisture at 1 Moisture at 180
Wm, % coefficient day, % days, %
Control 53.2 0.65 45.1 10.7
GGBFS-40 25.6 0.75 22.7 3.2
Optimal CM 17.3 0.88 14.6 1.6

The moisture regime confirmed the densification effect. The water absorption of the optimized
composition was 17.3%, while the control absorbed 53.2%. The softening coefficient increased
from 0.65 to 0.88. Drying kinetics were also improved: after 180 days the residual moisture of the
optimized foam concrete was 1.6%, whereas the control retained 10.7%.

Drying kinetics of D400 foam concrete samples
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Figure 3. Drying kinetics of D400 foam concrete compositions.
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Figure 4. SEM morphology of the optimized D400 foam concrete matrix (composition 8, NC).

Discussion

The results demonstrate that curing regime cannot be evaluated separately from the mineral
composition of the matrix. TMC accelerated hydration, but its effect on strength was not
automatically superior to NC in every case. The control and GGBFS-only compositions showed
lower TMC strengths than NC strengths, which may be related to moisture redistribution in a
relatively open pore network. In contrast, the optimized composition retained a high level of
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strength after TMC because the composite modifier reduced capillary continuity and stabilized
inter-pore walls.

The decrease in crystallinity is not a negative result in this system. For foam concrete, a dense,
continuous and partly amorphous hydrate matrix is preferable to a coarse crystalline structure that
may create stress concentrators around pores. Activated zeolite likely contributes through two
mechanisms: adsorption-assisted water redistribution and pozzolanic reaction with calcium
hydroxide. GGBFS provides additional reactive calcium-aluminosilicate material and fills the space
between cement particles. Together with the PCE superplasticizer and AS accelerator, these
components create a matrix capable of maintaining low thermal conductivity while improving
strength and shrinkage resistance.

Conclusion

1. The optimized D400 foam concrete composition containing 30% GGBFS, 8% composite
modifier and 0.07% AS accelerator showed the highest degree of hydration: 0.81 under normal
curing and 0.86 under thermal-moist curing.

2. Mineral modification reduced the crystallinity index from 22.8-21.1% for the control to
16.2-14.9% for the optimized composition, indicating the formation of a denser and less crystalline
hydrate matrix.

3. The optimized composition combined high compressive strength (4.57 MPa under NC and
3.35 MPa under TMC) with low thermal conductivity (0.073-0.080 W/(m*C)) and reduced
shrinkage (0.64-0.68 mm/m).

4. Activated natural zeolite and GGBFS improved moisture stability: water absorption
decreased to 17.3%, and the softening coefficient increased to 0.88.

5. For non-autoclaved D400 foam concrete, thermal-moist curing is most effective when
combined with a mineral system that stabilizes pore walls and limits capillary connectivity.
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PA3BPABOTKA TEXHOJIOI'MHX ITPOU3BOJACTBA U TEXHHUKO-
IKOHOMHNYECKOE OBOCHOBAHME BEPMUKYJUTBETOHHbBIX CTEHOBbBIX
BJIOKOB HA KOMITIO3UIIMOHHOM BAKYIIIEM

XK.A. Typraes', H.K. TaxupxaHop?

'Kaparannaxckuii 2ocyoapcmeennviii ynusepcumenm
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Annomauyus. B cmamve paccmampusaromes: mexHoI02u4eckue u mexHuKo-9KOHOMUYeCKUe OCHOBbl
npouU3600CmMea  MENKUX CMEHOBbIX GePMUKYIUMOCMOHHbIX ON0KO8 HA  KOMHOZUYUOHHOM  BSINCYUEM.
Ipeonoscena nociedosamenvHas cxema KOMAIEKCHOU MOOUDUKAYUU — BCHYUEHHO20 — GEPMUKYIUMA,
BKIIOYAIOWAS  WENOYHYI0 00pabomKy, cywKy, o00pabomKy JHCUOKUM CHMEKIOM, 2uopogobusayuio u
mepmopurcayuro. Ha ocnose 3KCnepumMeHmanivHblX U pACYemHblX OAHHbIX 6bINOJIHEHA OYEHKA GIUSHUSL
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MUKPOKpeMHe3emda, 60@014€M€HWIH020 OMHOUIEHUA U pacxoda GEPMUKYIUMA HA NPOYHOCMb npu cocamuu u
useube. Ilposeden pacuem Cblpbesoll CMOUMOCIU BEPMUKYIUMOOEMOHA U CPAGHUMENbHLIL AHAIU3
cmoumocmu 1 ]l/lz CmeHbl U3 eepMuKyﬂumo6em0Ha u 2a306em0Ha. 1701<a3aH0, umo npumeHeHue
MOOUGDUYUPOBAHHO20 BEPMUKYAUMOOEMOHA NO360J5Iem NOAYHUMb CMEHOB0U Mamepuanl ¢ 00CMaAmoyHoul
npoO4YHOCNIbI0, CHUMNCEHHbIM 60()01’102/1011461-!146]% U OKOHOMUYEeCKUM Sd)gbek‘l’l’IOM 3a cuyem UCKIIOYEHUA
aOI’lOJZHumeJZbelx menjio- u 2u0pou30ﬂm;u0HHbzx CJlloéees.

Kﬂlolleﬂble cioea: gepMuKmem05em0H, KOMNO3UYUOHHOE esaicyuyee, GcnyIlEHHblﬁ BEPMUK)TIUMI,
MUKPOKPEeMHE3eM, CYNepuiacmuukamop, NOoaHbli (akmopuvlli NAaH, CMeHo8ble OOKU, MEeXHOA0SUHEeCKas
cxema, covlpvesdst Cmoumocntb, IKOHOMUYECKAA 34)¢€Kmu6HOCWZb.

Annotatsiya. Magolada kompozitsion bog lovchi asosida mayda devorbop vermikulitbeton bloklar
ishlab chigarishning texnologik hamda texnik-igtisodiy asoslari ko ‘rib chigilgan. Ko ‘pchitilgan vermikulitni
kompleks modifikatsiyalashning ketma-ket texnologik sxemasi taklif etilgan bo ‘lib, u ishqoriy ishlov berish,
quritish, suyuq shisha bilan ishlov berish, gidrofobizatsiya va termofiksatsiya bosgichlarini oz ichiga oladi.
Eksperimental va hisobiy ma’lumotlar asosida mikrokremnezyom, suv-sement nisbati hamda vermikulit
sarfining siqilish va egilishdagi mustahkamlikka tasiri baholangan. Vermikulitbetonning xomashyo tannarxi
hisoblangan hamda vermikulitbeton va gazbetondan qurilgan 1 m? devor giymati bo ‘yicha giyosiy tahlil
o ‘tkazilgan. Ko ‘rsatilishicha, modifikatsiyalangan vermikulitbetondan foydalanish yetarli mustahkamlikka,
kamaytirilgan suv shimuvchanlikka hamda qo ‘shimcha issiglik va gidroizolyatsiya gatlamlarini qo ‘llash
zaruratini bartaraf etish hisobiga igtisodiy samaradorlikka ega devorbop material olish imkonini beradi.

Kalit so‘zlar: vermikulitbeton; kompozitsion bog ‘lovchi; ko ‘pchitilgan vermikulit; mikrokremnezyom;
superplastifikator; to ‘liq faktorli reja; devorbop bloklar; texnologik sxema; xomashyo tannarxi; iqtisodiy
samaradorlik.

Abstract. The article examines the technological and techno-economic foundations for the production
of small-sized vermiculite concrete wall blocks based on a composite binder. A sequential technological
scheme for the complex modification of expanded vermiculite is proposed, including alkaline treatment,
drying, treatment with liquid glass, hydrophobization, and thermal fixation. Based on experimental and
calculated data, the effects of silica fume, the water-cement ratio, and vermiculite content on compressive
and flexural strength are evaluated. The raw material cost of vermiculite concrete is calculated, and a
comparative cost analysis of 1 m? of wall made of vermiculite concrete and aerated concrete is carried out.
It is shown that the use of modified vermiculite concrete makes it possible to obtain a wall material with
sufficient strength, reduced water absorption, and an economic benefit due to the elimination of additional
thermal and waterproofing layers.

Keywords: vermiculite concrete; composite binder; expanded vermiculite; silica fume;
superplasticizer; full factorial design; wall blocks; technological scheme; raw material cost; economic
efficiency.

Brenenne

Pa3Butne sHeproddPexkTHBHOIO CTPOUTENBCTBA TpeOyeT BHEAPEHHS JIETKMX CTEHOBBIX
MaTepuaioB, KOTOPbIE€ COBMEMIAIOT MOHMWXEHHYIO IUIOTHOCTb, JOCTaTOYHYIO IPOYHOCTbD,
TEIJION30JIAIIMOHHYI0 CITOCOOHOCTh M AKCIUTYaTallMOHHYI) YCTOMYHBOCTh. B ATOM OTHOIICHHH
BEPMUKYJIUTOOETOH IPEICTABIIAET MPAKTHYECKUI MHTEpEC, MOCKOIbKY BCIYYEHHBIH BEPMUKYIUT
o0JazjaeT pa3BUTOM MOPUCTON CTPYKTYPOM U HU3KOHM TETUIOMPOBOIHOCTHRIO [ 1, 2].
Bwmecte ¢ TeM BBICOKasi BOAOIOTIIONIAIONIAS CTIOCOOHOCTh BEPMUKYJIUTA U C1abasi KOHTAKTHAs 30HA
MEXIYy TOPUCTBIM 3alOJIHUTENIEM M 1EMEHTHOM MaTpHUIled OrpaHUYMBaIOT MPOYHOCTHBIN
nmoTeHnuan Mmarepuana. [[03TOMy TMOBBIIIEHHWE KadecTBAa BEPMHKYIUTOOCTOHA IIENIECO0Opa3HO
CBS3BIBATh HE TOJBKO C YBEIWYCHUEM pacxojia IEeMEHTa, HO M C KOMIUIEKCHOW Moaudukanmen
3arOJTHUTENS U BSOKYIIEH cuctemsl [3, 4].
[lens wuccrmemoBaHUST COCTOMT B Pa3pabOTKE TEXHOJIOTHYECKOHW CXEMBbI MPOU3BOJCTBA MEJKUX
CTCHOBBIX BepMI/IKyJII/IT6eTOHHBIX 6JIOKOB Ha KOMIIO3MIIMOHHOM BSXKXYIIEM U O6OCHOBaHI/II/I ux
TEXHUYECKON M SKOHOMHYECKOH d(PPEKTUBHOCTH.

Matepuajbl 1 METOBI
TexHonornyeckas cxema MPOU3BOJCTBA BKJIIOYACT MPEIBAPUTEIBHYIO MOATOTOBKY BCIYYEHHOTO
BEPMUKYJIUTA: TPOCEMBAaHME, MICIIOYHYI0 00paboTky pactBopoM NaOH, cymky, o0paboTky
KUJIKAM CTEKJIOM, THUAPO(OOM3alHMI0 W OKOHYATENbHYI0 TepMmodukcanuroo. [lociae moaroToBku
MOJU(UIIMPOBAHHBIA BEPMHUKYJIUT BBOJUTCS B LIEMEHTHYIO CHUCTEMY C MHUKPOKPEMHE3eMOM U
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cynepruiactTuukaTopoM. Takasi mOCIET0BATEIBPHOCTh CHMKAET BOZOIOTIIOMIEHUE 3alOTHUTENS U
MOBBIIIAET MJIOTHOCTHh MeX(ha3HOM 30HHI [5].

Jlnisi OLIeHKW BJIMSIHWS COCTaBa NMPUMEHEH IMOJHBINA (hakTOpHBINA TulaH 2°. B KkadecTBe OCHOBHBIX
(akTOpOB HPUHATHl PacXxo] MHUKpOKpeMmHe3ema X1, BOJOLEMEHTHOE OTHOLIeHHEe X2 U pacxol
BCIIy4EHHOr0 BepMuKyiuTa X3. OTKIMKAMHU CIIY>KMJIM IPOYHOCTh IPU CKATUU U MPOYHOCTH IIPU
uzruoe.

Taoanma 1.
Hcxoanblie JaHHbIE MPOYHOCTH BEPMHUKYJIUTOETOHA

CocrosiHue Mapka | Llement | Ilecok | Bepmuk. | Boga | MK | CIT | B/I] | peyx | Rex | Rusr

HeobpaboranHblii D400 190.8 98.1 1111 110.664 | O 0 | 058|400 | 08 | 0.22

HeobpaboTtanHblit D500 233.2 | 164.11 | 102.69 128.26 0 0 | 055|500 | 16 | 035

HeobpaboranHblii D600 286.2 219.0 94.8 143.1 0 0 0.5 | 600 | 2.0 | 0.85

Moaudurmposannsiii | D400 180.0 94.5 112.6 99.0 10.8 | 2.16 | 0.55 | 400 | 1.4 | 0.47

Moaudurmposannsiii | D500 220.0 159.1 105.1 110.0 132|264 | 05 | 500 | 21 | 0.73

Moaudurmposannsiii | D600 270.0 212.9 97.6 1215 16.2 | 3.24 | 0.45 | 600 | 25 | 1.04

CpaBHEHHE HCXOJHBIX COCTaBOB IIOKa3bIBae€T, 4YTO MoAU(UKAIMs BsDKyIIeEro W 0o0paboTka
BEpPMHUKYJIMTA TOBBIIIAIOT MPOYHOCTh BO BceX Mapkax ImioTHocTd. [lmst D400 mpouHOCTh TipH
cxkaruu Bo3pacraer ¢ 0,80 mo 1,40 Mlla, mns D500 - ¢ 1,60 mo 2,10 MIla, s D600 - ¢ 2,00 no
2,50 MITa.

MPOYHOCTb UCXOOHLIX U MOONDULINPOBAHHbBIX COCTaBOB

2.5 - m HeobpaboTaHHbI

I MoawnduunpoBaHHbIA

2.0

Rox, MlMa

0.5 A

0.0 -

D400 D500 D600

PI/IcyHOK 1 - I3meHeHue IMPOYHOCTHU IPHU CKATHU BepMI/IKyJII/IT6eTOHa.
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MpPOYHOCTb Npu n3runbe

BN HeobpaboTaHHLIA
N MoguthuUVpoBaHHbINA

1.0 A

0.8

0.6

Ru3r, MlMa

0.4 1

0.2 1

0.0 -

D400 D500 D600

Pucynok 2 - VI3MeHeHHne IPOYHOCTH NPH W3THOE BEpMUKYIUTOSTOHA.

Tadoauma 2
MaTpuiia nJiaHA M pacyeTHbIE 3HAYEHUS TPOYHOCTH
Ne x1 X2 X3 MK, kr/m? B/I1 V, kr/m? Rex Rusr
1 -1 -1 -1 0.0 0.45 97.6 1.97 0.79
2 1 -1 -1 13.2 0.45 97.6 2.31 0.94
3 -1 1 -1 0.0 0.55 97.6 1.56 0.53
4 1 1 -1 13.2 0.55 97.6 1.9 0.7
5 -1 -1 1 0.0 0.45 112.6 1.3 0.45
6 1 -1 1 13.2 0.45 112.6 1.67 0.61
7 -1 1 1 0.0 0.55 112.6 0.92 0.27
8 1 1 1 13.2 0.55 112.6 1.38 0.47

MakcuMaibHble 3HAUYCHHUSI MPOYHOCTH TOTYYCHBI NMPU HATHYUU MUKPOKPEMHE3eMa, TOHMKEHHOM
B/I] u meHbIIEM pacxojie BEPMHKYJIHTA. ITO MOATBEP)KIAET, YTO CTPYKTYpooOpasyromas poJib
MUKpPOKpPEMHEe3eMa MpOosBIsAeTcss HanOosee d3PPEeKTUBHO MPH OTPAaHHUYECHHOM KOJIHYECTBE BOJBI B
LIEMEHTHOU cucteme [6, 7].

OTKJIMKW NOJIHOro (hbaKTOPHOIro nJiaHa 23

BN Rcox
s Ruar
2.0 1
1.5 A
©
c
=
1.0
0.5 A
0.0 -

1 2 3 4 5 6 7 8

Pucynok 3 - OTKIMKY NONMHOTO (haKTOPHOTO TuIaHa 23,
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Taoauna 3
PacuerHbie k03 PpuuueHTsI perpeccun
Ko>dpdumment o q?q?;gi o Rex, MITa Rusr, MITa
bo CPEALHIL YOBCH® 1.6248 0.5956
OTKJINKA
bl MHUKPOKPEMHE3EM 0.1884 0.0852
b2 B/IT -0.1868 -0.1027
b3 BEPMHUKYJIHT -0.3105 -0.1447
b12 X1X2 0.0136 0.0052
b13 X1X3 0.0185 0.0044
b23 X2X3 0.018 0.0221
b123 X1X2X3 0.0099 0.0026

[HonoxurenbHbld KO3()PHUIMEHT MHUKpPOKpEMHE3eMa IIOKa3bIBA€T €ro YIPOYHSIOUIee BIHSHHE.
Otpunarensubiii ko3dduuuent B/L] yka3piBaeT Ha CHHKEHHE MPOYHOCTU MPH YBEIMUYCHHUU JTOIU
BOJbI, @ OTPHULATEIbHBIH KOA((UIMEHT BEPMHUKYIUTA MOATBEPXKIAECT, YTO POCT COJEp>KaHUs
MOPUCTOTO  3AIIOJHUTENS TOBBIAET TEIUIOU30JISIIMOHHOCTh, HO YMEHBIIAET IPOYHOCTHOMU
MOTEHIMAJ MaTepuaa.

Taoauna 4
PacueTHO pekoMeH1yeMble IPOU3BOJACTBEHHbIE COCTABBI
Mapka | LHemenr | [lecok | Bepmuk. | Bona | MK CIl | B/l | peyx | Rex | Rusr
D400 | 4800 | 945 | 1126 | 990 | 108 | 2.16 | 055 | 400 | 1.4 | 0.47
HACXOIHBIN
D400
190.0 85.15 111.75 104.5 10.8 2.3 0.55 | 400 1.7 0.5
OITTHM.
D500
. | 220.0 159.1 105.1 110.0 13.2 2.64 0.5 500 21 | 0.73
HACXOIHBIN
D500
227.5 152.7 104.1 116.25 | 13.2 2.5 0.51 | 500 2.5 0.8
OITTHM.
D600
.| 270.0 212.9 97.6 121.5 16.2 3.24 | 0.45 | 600 2.5 1.04
HUCXOIHBIN
D600
280.0 | 203.58 96.99 126.0 16.2 3.24 | 0.45 | 600 2.7 1.2
OIITHM.

OnTuMu3MpoBaHHBIE COCTaBbl 00ECNEUNBAIOT MOBbIIIeHUE pouHocT: At D400 no 1,7 MIla, ans
D500 mo 2,5 MIla, ns D600 no 2,7 MIla. Oto no3BoisieT paccMaTpuBaTh MOJIU(UIUPOBAHHBIN
BEPMUKYJIUTOOETOH KakK MEePCIEeKTUBHBIA MaTepHal sl MEJIKUX CTEHOBBIX OJIOKOB.
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S heKT oNTUMU3aLWK MPON3BOACTBEHHbBIX COCTaBOB

2.5 4

2.0 A

1.5

Rcx, MlMa

1.0 4

0.5 A

0.0-

Bl cxonHblh Moaud.
N ONTMMU3MPOBaHHbIA

D400

D500

D600

Pucynoxk 4. DddexT onTumMuzaniy Npon3BoICTBEHHBIX COCTaBOB.

TexHUKO0-IKOHOMHYECKOe 000CHOBaHHE
DOxoHoMmHuueckass 3(PQPEKTUBHOCTh MaTepuaa OIEHUBATACh HE TOJNBKO MO CcTOoMMOCTH | M3
BEPMHKYJIUTOOETOHA, HO M 10 CTOMMOCTH TOTOBOTO CTEHOBOTO PEHICHHS. JTO Ba)KHO, TIOCKOIBKY
TpaIUIIMOHHAS Ta300€TOHHAS CTEHA YacTO TPEOYeT AOMOIHUTENBHOTO YTEeIUICHUS, THIPOU3OIISIIHH,
KJICEBBIX COCTABOB, A00€ENCH, (hacaHON CETKH U CTPOUTENBHBIX paboT [8-12].

Ta6auna S
HTorosasi CTonMOCTh ChIPbeBOM YaCTH BEPMHUKYJIUTOeTOHA Ha 1 M°

Mapka/BapuaHTt basa Jo6aBku Hroro 6101ket. | UTOr0o cCMJIMKOH.
D400 6e3 MK 872891 31650 904541 1091141
D400 ¢ MK 896651 31650 928301 1114901
D500 ¢ MK 907612 31650 939262 1125862
D500 6e3 MK 878572 31650 910222 1096822
D600 ¢ MK 926741 31650 958391 1144991
D600 6e3 MK 891101 31650 922751 1109351

[Ipu ucnonb30BaHUU OIOMKETHOTO TUAPOPOOH3aTOpPa CTOMMOCTH CHIPHEBOW YacCTH HAXOAMTCS B
mranazone 904 541-958 391 cym/m®. CHIMKOHOBBIA BapuaHT TUAPO(POOHM3AIMU 3HAYUTEITHHO
YBEIUYMBAET CTOMMOCTb, MO3TOMY JJIsI MacCOBOIO IMPOU3BOJCTBA 11€1€CO00PA3HO HCMOIb30BATh
HKOHOMHYECKH JIOCTYITHBIA COCTaB 00pabOTKH.

1200

1000 A

800 A

TbIC. Cym/M3

400 A

200 A

CblpbeBas CTOMMOCTb BepMMKyJ’IV‘ITDGeTOHa

600 A
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Tabauua 6.
CpaBHeHue cTouMOCTH 1 M? CTEeHbI M3 BEPMHUKYJINTO0ETOHA M Ta300€TOHA
Bb JKoHOMHSA | JKOHOMUS Bbc JKoHOMHS | DKOHOMUS
Ilena Bb o . o
MAaTepHAaJIbI Mar. Mar., % KJIAJIKOM ¢ pao. ¢ pao., %

900000 270000 47426 14,9 354112 124791 26,1
950000 285000 32426 10,2 369112 109791 22,9
1000000 300000 17426 5,5 384112 94791 19,8
1100000 330000 -12574 -4,0 414112 64791 13,5
1200000 360000 -42574 -13,4 444112 34791 7,3
1300000 390000 -72574 -22,9 474112 4791 1,0
1350000 405000 -87574 -21,6 489112 -10209 -2,1

IIpu nene BepmukymurodeTona 950 000-1 000 000 cym/m® 3KOHOMHS MO Marepuazam
cocraBusieT 5,5-10,2 %, a ¢ yuetom pabor - 19,8-22,9 %. Jaxe mpu mere 1 200 000 cym/m?
COXpaHSETCA MOJIOKUTEIbHBIN 3P HEKT o 0011Ieli CTOMMOCTH CTEHOBOT'O PELICHUSI.

CpaBHEHMe CTOMMOCTU 1 M? CTeHbI C y4eToM paboT

480000 - e
460000 A
440000 A
z
s 420000 -
>
o
400000 A
380000 -+
=@~ BepMmukynuTobeToH ¢ Knagkoim
360000 FasobeToHHas cTeHa ¢ paboTamu
0.9 1.0 1.1 1.2 1.3
LieHa BepMuKyuTobeToHa, cyM/M3 leb
Pucynox 6 - CpaBHeHHE cTOUMOCTH 1 M? CTEHBI C y4eTOM padorT.
3ak/aoueHne
PazpaGoTranHas TEXHOJIOTMYECKass CXeMa KOMIUIEKCHOM MOAM(UKAUN BEPMHUKYJIHTA U

IIPOU3BOJICTBA BEPMUKYJIUTOETOHHBIX OJOKOB TO3BOJISET YIY4IIUTh CTPYKTYypy MaTepuaia,
CHU3UTH BOJIOIOTIIOIIECHHUE IIOPUCTOTO 3AIIOJIHUTENS U ITOBBICUTH IIPOYHOCTH T'OTOBBIX U3IEIUM.
Haubonee 3naunMbIMu (pakTOpamMy, BIMSIOIMMH Ha MPOYHOCTH, SIBISIOTCA PACXOJ] BEPMUKYJIHUTA,
BOJIOIIEMEHTHOE OTHOIICHHWE W HAIWYHE MHUKpOKpeMHe3ema. OntumusnpoBaHHble cocTaBbl D400-
D600 obecrnieunBaroT palMOHANbHOE COYETAHHE IUIOTHOCTH, MPOYHOCTU U TEIUIOM3OJISALMOHHBIX
CBOMCTB.

TexHUKO-?KOHOMMUYECKHUH aHaIU3 MOATBEP)KIAET KOHKYPEHTOCIIOCOOHOCTh BEPMUKYJINTOOCTOHHOM
CTEHBl 10 CPAaBHEHUIO C Ta300€TOHHOW CTEHOH, TPeOYIOWeH TOMONHUTENBHBIX TEIUIO- H
TMJIPOU3OJSALMOHHBIX CI0€B. OKOHOMHMYECKMH A(PQEKT JOCTUraercss 3a CuUeT COKpalleHUs
MaTepHuasoB, onepanui U TpPYA0EMKOCTH CTPOUTEILCTBA.
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O‘ZBEKISTONNING KESKIN KONTINENTAL IQLIM SHAROITIDA BAZALT
FIBROBETONLI KOMBINATSIYALASHGAN YO‘L PLITALARINI LOYIHALASH VA
QO‘LLASH ISTIQBOLLARI
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Annotatsiya. Mazkur ilmiy maqolada O zbekiston Respublikasining keskin kontinental iqlim sharoiti -
voz faslidagi ekstremal yuqori harorat (quyosh ostida yo‘l yuzasi +70°C gacha), qishki davrdagi manfiy
haroratlar (-25°C gacha) va sutkalik harorat amplitudasining kattaligi, shuningdek xalgaro tranzit
vo ‘laklaridagi (M39, A373, M37) og ‘ir vaznli transport oqimi sharoitida avtomobil yo ‘llarining konstruktiv
mustahkamligi va xizmat muddatini oshirish muammosi kompleks tarzda tahlil gilinadi. An’anaviy asfalt-
beton qoplamalarning issiqlik ta’sirida plastik deformatsiyaga uchrashi (koleya hosil bo ‘lishi) va an’anaviy
sement-beton plitalarining chok va chetki gismlarida yorilish hamda uvalanish jarayonlari muhandislik-
nazariy nuqgtai nazardan izohlanadi. Muammoning yechimi sifatida plitaning chetki, eng yuqori kuchlanish
konsentratsiyasi kuzatiladigan zonalarini mahalliy bazalt tolali fibrobeton bilan izchil kombinatsiyalash
texnologiyasi taklif etiladi. Magolada ushbu texnologiyaning nazariy-matematik modeli, konstruktiv
parametrlari, ishlab chigarish texnologiyasi va texnik-igtisodiy samaradorligi asoslangan.

Kalit so‘zlar: kombinatsiyalashgan yo'l plitasi; bazalt fibrobeton; kontinental iqlim; cho ‘zilish
mustahkamligi; chidamlilik; harorat kuchlanishi; yo ‘I qurilishi texnologiyasi; importni o ‘rnini bosish.

Annomauusa. B Oannou HayuHoU cmamve KOMWAEKCHO AHANUSUPYEMCs Npoobiema NOGbIUEHU
KOHCMPYKMUBHOU — NPOYHOCMU U CPOKA  CAYIHCObL  ABMOMOOUNbHBIX  00PO2 8  YCIOBUAX — Pe3KO
KOHMUHenmanbhoeo knumama Pecnybnuku Y30exucman - 9KCmpeManbHO 8blCOKUe MEMNEPATYPbL 8 TeMHULL
nepuood (0o +70°C Ha 00podACHOU NOBEPXHOCTU OO CONHYEM), OMPUYameibHble MeMnepamypsl 6 3UMHUL
nepuod (0o -25°C) u Oonvwias cymounas amnaumyoa memnepamyp, a makdice msidHCeN08eCHblll
MPAHCNOPMHBIN HOMOK HA MENCOYHAPOOHLIX MPan3umuslx Kopudopax (M39, A373, M37). C unoicenepro-
meopemuyeckoll  MoOuKu  3peHus  00vAcHAemcs — naacmuveckas — oegpopmayus  MpaOUYUOHHBIX
acghanbmobemonHvIX NOKpuimull nod 6o3delicmeuem menia (00pasosanue Koieu) u npoyeccvl mpewjun u
KDOUleHUsL 8 WBAX U KPasx MpaouyuoHHbIX YeMeHMOoOemonHbIX naum. B kawecmee pewienus npooOiemvl
npeonazaemcs mexHoaoeus noCie008amenbHO20 KOMOUHUPOBANUS KPAUHUX, HAUOOLee HANPANCEHHbIX 30H
NIUMbL ¢ MeCmHbIM  OA3aTbMOBONOKHUCIVIM  Qubpobemonom. B cmamve 000CHO8aHbL MeopemuKo-
MAMEMAMUYECKas MoO0elb, KOHCMPYKMUGHbIE NAPAMEMpPbl, MEXHON02Uss NPOU3800Cmea U MEXHUKO-
IKOHOMUYECKASL IPPEKMUBHOCIb OAHHOU MEXHOI0SUU.

Knrouesvle cnosa: rxombumuposannas — 00podicHas — nauma;  6a3aibmosviii  uopobemoH;
KOHMUHEHMAIbHBIU KIUMAN, RPOYHOCHb HA PACMSdICeHUE, 00I208€4HOCTID, MeMNepamypHoe HanpsajiceHue;
MEXHON02USL OOPOIAICHO2O CIPOUMENTLCMEA, UMNOPMO3AMeUeHUe.

Abstract. This scientific article comprehensively analyzes the problem of increasing the structural
strength and service life of highways in the conditions of the sharply continental climate of the Republic of
Uzbekistan - extremely high temperatures in summer (up to +70°C on the road surface under the sun),
negative temperatures in winter (up to -25°C) and a large daily temperature amplitude, as well as heavy
traffic flow on international transit corridors (M39, A373, M37). From an engineering-theoretical
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perspective, the plastic deformation of traditional asphalt concrete pavements under the influence of heat
(coil formation) and the processes of cracking and crumbling in the joints and edges of traditional cement
concrete slabs are explained. As a solution to the problem, the technology of sequentially combining the
edge, most stressed zones of the slab with local basalt fiber fiber concrete is proposed. The article
substantiates the physico-mathematical model, structural parameters, production technology, and the
technical and economic efficiency of this technology.

Keywords: combined road slab; basalt fiber concrete; continental climate; tensile strength;
durability; temperature stress; road construction technology; import substitution.

Kirish

Bugungi kunda O‘zbekistonda avtomobil yo‘llari tarmog‘ini rivojlantirish, xalqaro tranzit
yo‘laklarini (masalan, M39, A373, M37 magistrallari) modernizatsiya gilish va ularning yuk
ko‘tarish qobiliyatini oshirish davlat siyosatining ustuvor yo‘nalishlaridan biridir. Rasmiy
ma’lumotlarga ko‘ra, Respublika umumiy foydalanishdagi avtomobil yo‘llari tarmog‘ining umumiy
uzunligi 42 ming kilometrdan ortigni tashkil etadi, shundan davlat ahamiyatidagi yo‘llar ulushi
sezilarli qismni egallaydi. Biroq, mamlakatimiz hududida uzoq yillar davomida yo‘l qoplamasi
sifatida asosan asfalt-beton qoplamalarga ustuvorlik berilishi bir qator jiddiy konstruktiv va
igtisodiy muammolarni yuzaga keltirmoqda [1-3].

O‘zbekistonning keskin kontinental iqlimi yoz faslida haroratning keskin ko‘tarilishi (soyada

+45°C dan yuqori, quyosh ostida yo‘l yuzasi +70°C gacha) va qishda -25°C gacha pasayishi,
shuningdek sutkalik va yillik harorat amplitudasining kattaligi (ba’zi hududlarda 80-90°C gacha
yetishi) bilan xarakterlanadi [9]. Bunday sharoitda an’anaviy asfalt-beton gqoplamalar quyidagi
zaifliklarni namoyish etadi:

- Plastik deformatsiyalar: yuqori haroratda asfalt tarkibidagi bitum yumshaydi va og‘ir vaznli
yuk mashinalari (ayniqgsa, qishloq xo‘jaligi mahsulotlari va xalqaro tranzit tirlari) ta’sirida yo‘lda
chuqur g‘ildirak izlari (koleya) va to‘lqinsimon deformatsiyalar hosil bo‘ladi;

- Termooksidlanish va eskirish: yuqori ultrabinafsha radiatsiya va harorat ta’sirida bitumning
tezlashgan eskirishi, yoriglar tarmog‘ining (“timsoh terisi” tipidagi yoriqlar) paydo bo‘lishi;

- Iqtisodiy yuklama: asfalt qoplamalar o‘rtacha har 3-5 yilda joriy va kapital ta’mirlashni talab
qgiladi, bu esa davlat budjetiga doimiy va o°‘sib boruvchi moliyaviy yuklama olib keladi.

Bunga muqobil sifatida so‘nggi yillarda sement-beton qoplamalar keng joriy etilmogda (misol

uchun, «Toshkent-O‘sh» A373 avtomobil yo‘lining Qamchiq dovoni qismi). Sement-beton
goplamalar yuqori gattiglikka ega, issigda yumshamaydi va xizmat muddati 40-50 vyilni tashkil
etadi. Ammo an’anaviy yaxlit sement-beton plitalarning ham o‘ziga xos jiddiy kamchiligi bor:
plitalarning choklari va chetlari harakatdagi transport g‘ildiragining dinamik urilishi, harorat
kengayishi va muzlash-erish siklari natijasida tez uvalanadi, sindiriladi va ko‘ndalang yoriqlar hosil
qiladi. Mazkur muammo ushbu tadqiqotning asosiy obyekti bo‘lib, uning yechimi sifatida
fibrobetondan foydalanilgan kombinatsiyalashgan yo‘l plitalari texnologiyasini mahalliy sharoitga
moslashtirish taklif etiladi [1-4].

Fibrobeton bilan mustahkamlangan yo‘l qoplamalari bo‘yicha tadqiqotlar jahon amaliyotida
uzoq tarixga ega. AHSH, Xitoy, Rossiya va Yevropa mamlakatlarida olib borilgan tadgiqotlarda
polipropilen, po‘lat, shisha va bazalt tolalari qo‘llanilgan fibrobetonlarning chidamlilik
ko‘rsatkichlari o‘rganilgan. Ko‘pchilik tadqiqotchilar ta’kidlashicha, fibra qo‘shilgan beton
matritsasida cho‘zilishdagi chidamlilik va yorilishga qgarshilik ko‘rsatish xususiyati 25-60 foizgacha
ortadi, bu esa aynigsa plita chetlari va choklari kabi yugori kuchlanish konsentratsiyasi zonalarida
samarali hisoblanadi.

Xitoyning Shinjon-Uyg‘ur muxtor rayoni va Qozog‘istonning janubiy viloyatlari kabi
O‘zbekistonga o‘xshash kontinental iqlim sharoitida olib borilgan tadqiqotlarda ham xuddi shunday
natijalar qayd etilgan: fibra bilan mustahkamlangan chetki zonalarga ega beton plitalarning xizmat
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muddati oddiy plitalarga nisbatan 1,5-2 barobar uzaytirilgan. Shu bilan birga, aksariyat xorijiy
tadqgiqotlarda import gilinadigan shisha yoki po‘lat tolalar qo‘llanilgan, bu esa mahalliy sharoitda
yugori tannarx muammosini keltirib chigaradi [5-7].

O‘zbekistonda bazalt xom ashyosining (xususan Jizzax viloyati konlari) mavjudligi va bazalt
tolasi ishlab chigarish quvvatlarining shakllantirilishi ushbu muammoni hal qgilish uchun qulay
shart-sharoit yaratadi. Shu sababli, mazkur tadqiqotda xorijiy tajribadan farqli o‘laroq, mahalliy
xom ashyo bazasida ishlab chigarilgan bazalt tolasini kombinatsiyalashgan yo‘l plitalarida qo‘llash
masalasi ustuvorlik kasb etadi.

3. Tadgiqot magsadi, vazifalari va usullari. Tadgigotning magsadi - O‘zbekistonning iqlim-
geologik sharoitiga mos kombinatsiyalashgan (asosiy gismi oddiy yo‘l betoni, chetki zonalari bazalt
fibrobetoni) yo‘l plitasining nazariy, konstruktiv va texnologik asoslarini ishlab chiqishdan iborat.
Buning uchun quyidagi vazifalar qo‘yildi:

- plita konstruksiyasida yuzaga keladigan kuchlanishlar tagsimotini nazariy tahlil gilish;

- bazalt fibrobetonning mexanik va kimyoviy xususiyatlarini oddiy beton va shisha fibrobeton
bilan giyosiy baholash;

- termik va mexanik kuchlanishlarni hisoblash uchun matematik modelni taklif etish;

- ishlab chigarish va yotgizish texnologik reglamentini ishlab chigish;

- texnik-igtisodiy samaradorlikni an’anaviy yechimlar bilan giyosiy hisoblash.

Tadgigotda muhandislik mexanikasi usullari (kuchlanish-deformatsiya tahlili), empirik-
matematik modellashtirish, shuningdek qiyosiy texnik-igtisodiy tahlil usullaridan foydalanildi.
Nazariy xulosalar xalqaro meyoriy hujjatlar va mahalliy yo‘l qurilishi tajribasiga asoslangan
ma’lumotlar bilan tagqoslandi.

4. Asosiy gism. Ilmiy tadqiqotlar va yo‘l qoplamalarining holatini kuzatish natijalari shuni
ko‘rsatadiki, yo‘l to‘shamasi konstruksiyalarining yemirilish jarayoni vaqt o‘tishi bilan to‘planib
boradi. Bu dastlab ko‘zga ko‘rinmaydigan mahalliy mikroyoriglar ko‘rinishida to‘planib, borib-
borib yaqqol ko‘rinadigan chuqur yoriqlarga aylanadi.

Transport vositasining g‘ildiragi yo‘l plitasining markazida harakatlanganda, kuchlanishlar
plita bo‘ylab tekis tagsimlanadi va beton asosan siqilishga ishlaydi. Biroq, g‘ildirak plitaning
chetiga yoki burchak qgismiga kelganda, plita cheti konsol (osma to‘sin) sifatida ishlay boshlaydi.
Bunda plitaning ustki qismida juda katta cho‘zilish kuchlanishlari yuzaga keladi. Oddiy beton esa
sigilishga juda mustahkam bo‘lsada, cho‘zilishga va egilishga o‘ta zaif hisoblanadi (siqilishdagi
mustahkamligining atigi 10-12 foizini tashkil etadi) [2, 4].

Natijada plitaning chetlarida mikroyoriqlar paydo bo‘ladi, wularga suv kirishi va
O‘zbekistonning qish mavsumidagi sutkalik muzlash-erish sikllari (muzlagan suv hajmi taxminan
9% ga kengayadi) ta’sirida beton tez fursatda uvalanib, buzilib ketadi. Plitaning chetki yuqori
qismini kuchaytirish uchun an’anaviy po‘lat armatura ishlatish har doim ham kutilgan natijani
bermaydi, chunki himoya qatlami kichik bo‘lganda armatura korroziyaga uchraydi yoki ochilib
golib, avtomobil shinalariga zarar yetkazishi xavfi tug‘iladi.

Shuningdek, plita cheti ostida yotqizilayotgan asos (grunt yoki shag‘al qatlam)ning turli
uchastkalarda notekis zichlanishi natijasida yuzaga keladigan “pumping” effekti (suv va mayda
zarrachalarning plita ostidan siqib chigishi) ham chetki zonalarning tezlashgan buzilishiga sabab
bo‘ladi. Bu omil, aynigsa, yuqori namlik davrlarida (bahor va kuz mavsumlarida) kuchayib boradi.

Ushbu zaiflikni bartaraf etishning eng samarali yo‘li - plitaning konstruktiv tuzilishini
kombinatsiyalashdan iborat. Plitaning asosiy o‘rta qismi an’anaviy og‘ir yo‘l betonidan (Klass
B30/B35) tayyorlanadi, ammo eng ko‘p kuchlanish tushadigan va yorilish xavfi yuqori bo‘lgan
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chetki zonalari (plita chetidan ichkariga garab 15-25 sm kenglikda va yuzadan 5-8 sm chuqurlikda)
yugori cho‘zilish mustahkamligiga ega bo‘lgan fibrobetondan izchil quyiladi [10].

Fibrobeton tarkibidagi mayda tolalar (fibralar) beton matritsasi bo‘ylab dispers holatda
tarqalib, uch o‘lchamli mustahkamlovchi to‘r hosil giladi va mikroyoriglarning kengayishiga yo‘l
qo‘ymaydi. Maqgolada shisha toladan foydalanish ham ko‘rib chiqilgan bo‘lsa-da, O‘zbekiston
sharoiti uchun mamlakatimizda (xususan Jizzax viloyatida) keng yo‘lga qo‘yilgan mahalliy bazalt
tolasini (bazaltovaya fibra) qo‘llash texnik va igtisodiy jihatdan yuqori samara beradi.

Bazalt tolasi va shisha tolasining giyosiy xususiyatlari

Ko‘rsatkich Bazalt tolasi | Shisha tolasi (E-glass) Po‘lat tolasi
Cho Z‘hShdaﬁ/llF‘};“Stahkamhk’ 3000-4800 2000-3500 1000-1500
Ishgoriy muhitga bardoshlilik Yuqori Past/O‘rta Yugori (past korroziya)
Korroziyaga moyillik Yo‘q Qisman (ishgorda) Yuqori
Zichligi, g/sm? 2,6-2,8 2,5-2,6 7,8
Mahalliy ishlab chigarish (0°Z) | Bor (Jizzax) Cheklangan Bor, am?;/:fio”oz'ya

Jadvaldan ko‘rinib turibdiki, bazalt tolasi cho‘zilishdagi mustahkamlik va ishqoriy muhitga
bardoshlilik bo‘yicha shisha tolasidan ustun, shu bilan birga po‘lat tolasiga xos korroziya
muammosidan xoli. Bazalt tolasi quyidagi asosiy xususiyatlari bilan ajralib turadi:

- Yugori kimyoviy va ishqoriy bardoshlilik: beton gorishmasining ichki ishgoriy muhitida
shisha tolasi vaqt o‘tishi bilan yemirilishi mumkin, bazalt tolasi esa mutlago korroziyaga
uchramaydi;

- Mexanik mustahkamlik: bazalt tolasining cho‘zilishdagi mustahkamligi po‘latnikidan 3-4
barobar yuqori va u juda yengildir, bu plitaning umumiy vaznini oshirmaydi;

- Xavfsizlik: transport harakati natijasida plita yuzasi yeyilganda ham, ochilib golgan bazalt
tolalari ingichka va yumshoqgligi sababli avtomobil shinalarini shikastlamaydi;

- Issiglik barqarorligi: bazalt tolasi 600°C gacha haroratda xususiyatlarini yo‘qotmaydi, bu
O‘zbekistonning ekstremal yozgi haroratlari uchun muhim ahamiyatga ega.

G‘ildirak ta’siri soni va plita galinligiga qarab yorilish ko‘rsatkichini aniglash uchun xalgaro
tajribada quyidagi empirik formula qo‘llaniladi:

C=28xNxH

bu yerda: C - yorilish ko‘rsatkichi; N - standart o‘q yuklamasining ta’sirlar soni (million
hisobida); H - plitaning galinligi (dyuymda).

O‘zbekiston sharoitida issiqlik ta’sirida plitaning yuqori va pastki qatlamlari o‘rtasida harorat
gradiyenti (AT) yuzaga keladi. Plitada hosil bo‘ladigan issiqlik kuchlanishi quyidagicha
ifodalanadi:

6 t=(axExAT)/2

bu yerda: a - betonning chizigli kengayish koeffitsiyenti (taxminan 1.0-1.3 x 10°° /°C); E -
betonning elastiklik moduli (30-36 GPa atrofida); AT - plitaning yuqori va pastki sirtlari orasidagi
harorat farqi (O‘zbekiston sharoitida yozda 25-35°C gacha yetishi mumkin) [9].

O‘zbekistonning issiq va quruq havo sharoitida kombinatsiyalashgan yo‘l plitalarini
tayyorlashda ikki xil texnologik yondashuv tavsiya etiladi:

1. Yig‘ma temir-beton usuli (Zavod sharoitida plitalar tayyorlash): Qolipga metall armatura
to‘ri o‘rnatilgandan so‘ng, qolipning chetki qismlari maxsus ko‘tarilma to‘siqlar (shtorkalar)
yordamida ajratiladi. Markaziy qismga oddiy yo‘l betoni quyilayotgan vaqtda, chetki bo‘shliglarga
bir paytning o‘zida bazalt-fibrobeton qorishmasi uzatiladi. Qorishmalar quyilgach, to‘siglar sekin
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yugoriga tortib olinadi va plita yaxlit vibropresslanadi. Bu ikki xil beton gatlamining molekulyar
darajada mustahkam tutashishini ta’minlaydi.

2. Monolit usuli (Yol qurilish maydonida tadbiq etish): Zamonaviy yo‘l yotqizish
kombaynlari ishlaganda, kombaynning chekka bunkerlariga fibrobeton qorishmasi alohida uzatiladi
yoki oddiy beton yotqgizilgandan so‘ng, plitaning chetki zonalariga fibrobeton pnevmatik purkash
(pnevmonabrizg) usuli bilan Kiritiladi va tekislanadi.

O‘zbekiston sharoitida beton tarkibidagi suvning tez bug‘lanib ketishining oldini olish
magsadida qorishmaga albatta maxsus superplastifikatorlar va suv tutuvchi kimyoviy qo‘shimchalar
qo‘shilishi, yangi yotqizilgan beton yuzasiga esa suv o‘tkazmaydigan plyonka hosil qiluvchi
vositalar (kyuringlar) sepilishi shart. Bundan tashqari, beton qotish jarayonida yuzada termal
yoriglar paydo bo‘lmasligi uchun yotqizishni erta tong yoki kechki soatlarda amalga oshirish,
shuningdek quyosh nurlaridan himoyalovchi vaqgtinchalik yopgichlardan foydalanish tavsiya etiladi
[10, 11].

Texnik-igtisodiy solishtirma tahlil

Kombinatsiyalashgan

Ko‘rsatkichlar An’anaviy Asfalt Oddiy Sement- Bazalt-fibrobeton
goplama beton plita olita
. o 3-5vyil (tez-tez 20 - 25 yil 40 - 50 yil (yugori
Xizmat muddati (yil) ta’mir talab) (choklarda sinishlar) bardoshlilik)

Past (plastik

Yugori (lekin harorat

Maksimal (fibra

Yozgi issiqga o . - o .
: - o deformatsiya, iz choklarida yorilish yorilishlarni butkul
chidamlilik (+70°C) golishi) bor) to*sadi)
Saqglash va ta’mir Juda yuqori (har yili | O°‘rtacha (choklarni Minimal (deyarli
xarajatlari yamash) tez-tez to‘ldirish) xarajat talab gilmaydi)

Xulosa va tavsiyalar

1. O‘zbekistonning iqlim sharoiti yo‘l qurilishida an’anaviy yondashuvlardan voz kechib,
gattiq va innovatsion konstruktiv yechimlarni, xususan kombinatsiyalashgan sement-beton
goplamalarni keng joriy etishni talab giladi.

2. Bazalt yoki shisha tolali fibrobetondan foydalanilgan kombinatsiyalashgan yo‘l plitalari
plita choklari va chetlarining yemirilishi bilan bog‘liq bo‘lgan asosiy texnologik muammoni to‘liq
hal etadi va nazariy-matematik asosda isbotlangan.

3. Mahalliy bazalt fibrasidan foydalanish import o‘rnini bosish va mahsulot tannarxini
sezilarli darajada kamaytirish imkonini beradi, bu esa milliy igtisodiyot manfaatlariga mos keladi.

4. Taklif etilgan matematik modellar (termik kuchlanish, fibra ta’sirida mustahkamlik ortishi,
charchoq umri) loyihalash amaliyotida aniq muhandislik hisoblari uchun asos bo‘lib xizmat qilishi
mumkin.

5. Texnik-igtisodiy tahlil natijalari shuni ko‘rsatadiki, ushbu texnologiya asosida yo‘l qurish
plita galinligini 10-15% ga tejash bilan bir gatorda, yo‘llarning kapital ta’mirlashlar orasidagi
muddatini 2-3 barobarga uzaytiradi va 30 yillik istigbolda umumiy egalik xarajatini 35-45% ga
kamaytiradi.

6. Keyingi tadgigotlar uchun tavsiya etiladi: turli fibra hajmiy ulushlari (1-3%) bo‘yicha
laboratoriya sinovlarini o‘tkazish, shuningdek pilot loyiha doirasida amaliy sinov uchastkalarini
barpo etish.
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Abstract. The article considers the technology for producing non-autoclaved foam concrete using a
modified foam-structuring carbonate-silicate additive. Dedusting dust from cement production, limestone
crushing carbonate dust, silica fume, and aluminosilicate dust were used as the raw material basis of the
additive. The distinctive feature of the proposed development is the two-stage mechanical activation of the
mineral base, air classification with separation of a foam-active fraction with a particle size of 1-15 um and
a matrix fraction with a particle size of 15-45 um, followed by organosilicon hydrophobization to a water
contact angle of 70-95° and foam-adapting treatment with a foaming agent solution. The proposed approach
increases the stability of technical foam in cement suspension, reduces the settlement of the foam concrete
mass after molding, densifies interpore partitions, and decreases water absorption and shrinkage. The
obtained results show that the developed mixtures provide foam concrete with an average density of 405-620
kg/m? and a 28-day compressive strength of 1.85-3.65 MPa, confirming the possibility of using the material
for thermal-insulating and structural-thermal-insulating non-autoclaved products.

Keywords. Non-autoclaved foam concrete; technical foam; foam-structuring additive; carbonate-
silicate additive; cement production dedusting dust; limestone carbonate dust; organosilicon water
repellent; mechanical activation; air classification; foam adaptation; interpore partitions.

Annotatsiya. Magolada modifikatsiyalangan ko ‘pik strukturasini shakllantiruvchi karbonat-silikat
qo ‘shimcha asosida avtoklavsiz ko ‘pikbeton ishlab chigarish texnologiyasi ko ‘rib  chigilgan.
Qo ‘shimchaning xomashyo bazasi sifatida sement ishlab chiqarish jarayonidagi changsizlantirish changi,
ohaktoshni maydalashda hosil bo‘ladigan karbonat changi, mikrokremnezyom hamda alyumosilikat
changidan foydalanilgan. Taklif etilayotgan ishlanmaning o ziga xos jihati mineral asosni ikki bosqichli
mexanik faollashtirish, havo yordamida klassifikatsiyalash orqali zarracha o‘lchami 1-15 um bo ‘Igan
ko ‘pik-faol fraksiyani va 1545 um o ‘lchamdagi matritsali fraksiyani ajratish, keyinchalik esa suv bilan
namlanish burchagini 70-95° gacha yetkazuvchi organokremniyli gidrofobizatsiya hamda ko ‘pik hosil
qiluvchi modda eritmasi bilan ko ‘pik muhitiga moslashtiruvchi ishlov berishdan iborat. Taklif etilgan
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yondashuv sement suspenziyasida texnik ko ‘pik barqarorligini oshiradi, qoliplashdan keyin ko ‘pikbeton
massasining cho ‘kishini kamaytiradi, g ‘ovaklararo to ‘siqlarni zichlashtiradi hamda suv shimuvchanlik va
kirishishni pasaytiradi. Olingan natijalar ishlab chigilgan qorishmalar o ‘rtacha zichligi 405-620 kg/m? va
28 sutkalik sigilishdagi mustahkamligi 1,85-3,65 MPa bo ‘igan ko ‘pikbeton olish imkonini berishini
ko ‘rsatadi. Bu esa mazkur materialdan issiglik izolyatsion va konstruktiv-issiglik izolyatsion avtoklavsiz
buyumlar ishlab chigarishda foydalanish mumkinligini tasdiglaydi.

Kalit so“zlar: avtoklavsiz ko ‘pikbeton; texnik ko ‘pik; ko ‘pik strukturasini shakllantiruvchi qo ‘shimcha;
karbonat-silikat qo ‘shimcha; sement ishlab chiqarishdagi changsizlantirish changi; ohaktosh karbonat
changi; organokremniyli gidrofobizator; mexanik faollashtirish; havo klassifikatsiyasi; ko ‘pikka
moslashtirish; g ‘ovaklararo to ‘siglar.

Annomauus. B cmamve paccmMompena MEXHONO2USL NOAYYEHUs HEABMOKIABHO20 NEHOOEMmOHA C
UCNOTL306AHUEM MOOUPUYUPOBAHHOU NEHO-CMPYKMYpupyiouwe KapOOHAmHO-CUTUKAmHou 00baexku. B
Kayecmee culpbeoll 0CHOBbL 000ABKU UCNONIb308AHbL NbLIL 00ECHbLIUBAHUS YEMEHMHO20 NPOU3800CMaa,
KapboHammuas nolib OPoOIeHUS U3BECTNHAKA, MUKPOKPEMHE3EM U AIOMOCUTUKAMHASL Nblib. OmauyumensbHou
0cobeHHoCcmbIo  npedniazaeMoll  papabomku  AGNAemcs  08YXCMAOUUHAS  MeXAHUYeCKAas aKmueayus
MUHEPATLHOU OCHOBbI, 030VUIHAA KlAcCUpuKayusi ¢ @vloesieHuemM NeHOaKmuHol @Opaxkyuu pasmepom
yacmuy 1-15 mxm u mampuunou gpaxyuu pasmepom 15—45 mxm, ¢ nocredyowell 0peanoCUIUKOHOBO
auopogodbuzayueli 00 kpaesozo yena cmauueanus 6o0ou 70-95° u nemoadanmupyiowei obpabomxoi
pacmeopom nenoobpazosames. Ilpednodcennvili NOOX00 NO8bILUAE YCIMOUYUBOCHb MEXHUYECKOU NeHbl 8
YeMeHMHOU CYCneHsull, CHUdcaem O0CaoKy NeHOOEeMOHHOU MAcchl NOCAe QOPMOBAHUS, VIIOMHIEM
MEJICNOpOsble NepecopooKl, d Makdice yMenbuiaem 8000no2nowenue u ycaoky. Ionyuennvie pe3yiomamol
NOKA3bI8AIOM, 4O pPa3padoOmanuvie CMecu NO380SIOM NOLYYAMb NEHOOEMOH CO CpeoHell NAOMHOCHbIO
405-620 ke/m* u npounocmoio npu cocamuu 6 gozpacme 28 cymok 1,85-3,65 MIla, umo noomeepocoaem
B03MOICHOCMb NPUMEHEHUS MAMepuala 0Jisk Meniou30AYUOHHbIX U KOHCMPYKYUOHHO-MENL0USO0ISIYUOHHBIX
HeasmoKIAGHbIX U30EUIL.

Knwouesvie cnosa: neasmoxknasHwili neHOOEMOH; MEXHUYECKAs NeHd, NeHO-CIMPYKMYPUpyiouast
000a6Ka;  KAPOOHAMHO-CUNUKATHAS  000A6KA; NblIb  00EeCHbLIUGAHUS YEMEHIMHO20 HPOU3B0OCMEd;
KapOOHamMuasi NbLIb U3GECMHAKA, OP2AHOCUIUKOHOBbIL 2UOPOPOOUIAMOp, MeXaHUYecKas aKmueayus,
6030YUIHASL KIACCUDUKAYUSL, NEHOA0ANMAYUSL, MENICNOPOBbIE NEPE2OPOOKLU.

Introduction

The production of cellular concretes is one of the promising directions in the development of
energy-efficient building materials. Among such materials, non-autoclaved foam concrete occupies
a special place because it can be manufactured without expensive autoclave equipment and high
thermal-energy consumption. Unlike aerated concrete, in which the porous structure is formed by
chemical gas generation, in foam concrete the air pores are created by introducing preformed
technical foam into a cement-mineral suspension.
The main technological challenge in foam concrete production is preserving a stable and uniform
porous structure during mixing, molding, and early hardening. In an alkaline cement environment,
foam films are partially destroyed, individual bubbles coalesce, and the proportion of open capillary
pores increases. This leads to higher water absorption, lower strength of interpore partitions, and
greater drying shrinkage.
One effective way to solve this problem is to use finely dispersed mineral additives that can not
only densify the cement matrix but also participate in stabilizing the surface of air pores. However,
the ordinary introduction of mineral powders does not always provide a stable effect: particles may
either become excessively wetted by water and move into the cement phase or disrupt the foam
system. Therefore, special preparation of the additive is required, aimed at regulating its dispersion,
surface properties, and compatibility with the foaming agent.
The aim of the study is to develop the composition and production technology of non-autoclaved
foam concrete with a modified foam-structuring carbonate-silicate additive based on powdered
wastes from cement and limestone production.

Materials and Research Methods
Portland cement, mineral filler, water, foaming agent, polycarboxylate superplasticizer, basalt or
polypropylene microfiber, and a modified foam-structuring carbonate-silicate additive were used as
the main components of the foam concrete mixture.
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The mineral base of the modified additive included cement production dedusting dust, limestone
crushing carbonate dust or limestone screening fines, silica fume, and aluminosilicate dust. This
composition was selected considering the possibility of using local powdered wastes, compatibility
with the cement binder, and the need to form dense interpore partitions.

The technology for producing the modified additive included the following stages: dosing of the
mineral-base components; the first stage of mechanical activation to a specific surface area of 3500-
4200 cm?/g; air classification with separation of a foam-active fine fraction with a particle size of 1-
15 um and a matrix fraction with a particle size of 15-45 um; mixing of these fractions in a ratio of
60:40-80:20; organosilicon hydrophobization to a water contact angle of 70-95°; foam-adapting
treatment with an aqueous foaming-agent solution; and drying to a moisture content of not more
than 2.0%.

The foam-active fraction was intended to fix particles at the “air-water-cement suspension”
interface and increase the stability of technical foam bubbles. The matrix fraction performed the
function of a microfiller, contributing to densification of interpore partitions, reduction of capillary
permeability, and decrease in shrinkage deformations.

Technical foam was prepared separately from a protein-based or synthetic foaming agent and water
using a foam generator. The expansion ratio of the technical foam was 8-14, and its stability after
30 minutes was not less than 85%. The prepared foam was introduced into the cement-mineral
suspension at the final mixing stage in a gentle mixing mode for 60-120 seconds.

Figure 1 - Technological scheme for the production of non-autoclaved foam concrete
with a modified foam-structuring carbonate-silicate additive
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Note: The scheme includes two interconnected technological lines. Line | is for the productlon of the modified additive, and Line Il is for foam concrete production.

Figure 1. Technological scheme for producing non-autoclaved foam concrete with a modified foam-structuring
carbonate-silicate additive.
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The scheme includes two interconnected technological lines. The first line is intended for
producing the modified additive and includes dosing of cement production dedusting dust,
limestone crushing carbonate dust, silica fume, and aluminosilicate dust; mechanical activation; air
classification; mixing of fractions; organosilicon hydrophobization; foam adaptation; and drying.
The second line is intended for producing foam concrete and includes preparation of a cement-
mineral suspension, separate production of technical foam, gentle mixing, molding, and non-
autoclaved hardening.

Table 1

Compositions of the Developed Foam Concrete Mixtures

Component Mix 1, wt.% | Mix 2, wt.% | Mix 3, wt.%
Portland cement 32.00 36.00 40.00
Mineral filler 31.00 29.00 24.80
MO(_jI_fled foam-structuring carbonate-silicate 8.00 12.00 16.00
additive
Basalt or polypropylene microfiber 0.03 0.06 0.10
Foaming agent 0.55 0.42 0.30
Polycarboxylate superplasticizer 0.20 0.25 0.30
Water 28.22 22.27 18.50

An increase in the content of the modified additive from 8 to 16% is accompanied by an increase in
the proportion of the structure-forming fine dispersed phase and a decrease in water consumption in
the mixture. At the same time, the amount of foaming agent decreases because the stabilization of
air pores is additionally ensured by the foam-active fraction of the additive and its foam-adapted
surface.
Research Results

The physical and mechanical properties of the developed mixtures were compared with control
mixtures of non-autoclaved foam concrete that did not contain the modified foam-structuring
carbonate-silicate additive.

Table 2
Properties of Foam Concrete Specimens
Indicator Mix 1 | Mix2 | Mix3 | Control1l | Control 2 | Control 3
Average density, kg/m? 405 515 620 420 530 650
Settlement of foam concrete
mass after 60 min, % 18 14 1.2 56 4.2 35
Compressive strength after
24 h. MPa 072 | 112 1.55 0.38 0.70 1.05
Compressive strength after | 35 | 550 | 595 0.95 1.60 2.35
7 days, MPa
Compressive strength after
28 days, MPa 1.85 | 2.80 3.65 1.35 2.15 3.05
Water absorption, % 45.0 | 395 34.0 52.0 46.0 39.0
Drying shrinkage, mm/m 2.60 2.25 1.90 3.30 2.80 2.30
Thermal conductivity
coefficient, W/(m-°C) 0.102 | 0.125 | 0.144 0.110 0.135 0.159

Analysis of the results shows that the use of the modified additive significantly reduces settlement
of the foam concrete mass. For the developed mixtures, settlement after 60 minutes was 1.2—1.8%,
whereas for the control mixtures this value ranged from 3.5 to 5.6%. This confirms the stabilizing
effect of the foam-active fraction and the foam-adapted particle surface.

The 28-day compressive strength of the developed mixtures was 1.85-3.65 MPa, which is higher
than the corresponding control values. Mix 2 is the most rational option for structural-thermal-
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insulating use; it has an average density of 515 kg/m?, a compressive strength of 2.80 MPa, water
absorption of 39.5%, and drying shrinkage of 2.25 mm/m.

40
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—o— Developed mix (with modified additive)
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3.0 =4= Control mix 2 (with limestone additive)
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Figure 2 - Change in foam concrete strength depending on the mix composition.
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Figure 3 - Comparison of water absorption and shrinkage of developed and control mixes.
Note: Tests were carried out on samples with a density of 600 kg/m?®.

Graphical analysis shows that increasing the content of the modified foam-structuring additive
increases the strength of foam concrete, while water absorption and shrinkage decrease
simultaneously. This is associated with the complex action of the additive: stabilization of air pores,
densification of interpore partitions, and reduction of capillary permeability.

Discussion
The obtained results are explained by the structural features of the developed additive. Due to
partial hydrophobization, the foam-active fraction with a particle size of 1-15 um can attach to the
surface of air bubbles and reduce the probability of their coalescence. The matrix fraction with a
particle size of 15-45 um acts as a mineral microfiller, reducing defects in interpore partitions.
Organosilicon hydrophobization to a water contact angle of 70-95° is an important technological
technique. If hydrophobization is insufficient, the particles are completely wetted by water and are
not retained on the surface of air pores. If hydrophobization is excessive, their compatibility with
the cement suspension deteriorates. The stated range provides a balance between foam activity and
particle participation in the formation of the cement matrix.
Foam-adapting treatment with a foaming-agent solution additionally improves the compatibility of
the additive with technical foam. As a result, the additive does not destroy the foam when
introduced into the cement-mineral suspension; on the contrary, it contributes to preserving a
uniform porous structure.
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Economic and Technological Efficiency
The developed foam concrete can be produced without autoclave treatment, which reduces capital
and operating costs. An additional economic effect is achieved through the use of powdered wastes
from cement and limestone production in the functional additive. Compared with traditional
autoclaved aerated concrete, implementation of the technology makes it possible to reduce the cost
of 1 m® of products by lowering heat-energy consumption, reducing the use of natural mineral raw
materials, and utilizing local wastes.
In addition to the economic effect, the technology has environmental significance because it
involves the use of cement production dedusting dust and limestone crushing carbonate dust in the
production of building materials.
Conclusion
A raw material mixture for producing non-autoclaved foam concrete with a modified foam-
structuring carbonate-silicate additive has been developed. The additive is characterized by a two-
fraction structure, controlled surface hydrophobicity, and a foam-adapted coating, which ensures its
effective performance in the technical foam and cement-mineral suspension system.
It has been established that the use of the additive reduces settlement of the foam concrete mass,
increases compressive strength, and decreases water absorption and shrinkage. The most rational
composition is the mixture with an average density of 515 kg/m?, a 28-day compressive strength of
2.80 MPa, water absorption of 39.5%, and shrinkage of 2.25 mm/m.
The proposed technology can be recommended for pilot industrial implementation in the production
of thermal-insulating and structural-thermal-insulating products made of non-autoclaved foam
concrete.
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CTEHOBBIE MATEPUAJIBI HA OCHOBE U3BECTKOBO-IIEOJIUTHBIX BAKYIIUX
N3 CbIPbA BEJIBTAYCKOI'O MECTOPOXJIEHUSA
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Annomauus. B cmamve paccmompenvi mexmono2uueckue peuwleHus NOJYYeHUs CHEHOBbIX
MAmMepuanos Ha OCHO8e U38eCMKOBO-YEOJIUMHO20 BANCYULe20 C UCHONb308AHUEM NPUPOOHO20 YEOauma
beromayckozo  mecmopoorcoenus. Ilpoananuzuposano eluAHUe  ycKopumenell meepoeHus,
cynepnaacmughukamopa CII-1, uacmuurnotl 3amensl 8axcyujeco nopmiaHoOyemMenmom, cnocooa popmosanus
U MEeNnIo6LANCHOCMHOU 00pabOmKY HA NPOYHOCMb, WIOMHOCMb U MOPO30CMOUKOCG MAMEPUAos.
Hoxkaszano, umo esedenue NaCl, CaCl2 u eunca nosvuuaem npounocms xammus oo 15-20 Mlla,
cynepnaacmugpukamop CII-1 ysenuuusaem npounocmv 6 1,5-2 pasa, a 3ameHa Hacmu 8aXCYULE20
NOpMIAHOYEeMeHmoM NO380J8em Noay4ams KameHs npounocmvio 0o 30 Mlla. Ha ocHose ussecmkoso-
YeONUMHBIX KOMROZUYUL BO3MONCHO NOTYUeHUe Kepam3umobemonos mapku M50-75 u eubponpeccogannvix
CMEHO0BbIX OI0K0G C YIYUULEHHBIMU NOKA3AMENAMU 00JI208EYHOCTIU.

Knrouegwle cnosa: u3secmro8o-yeonumtoe gacyuee; CmeHosbie Mamepuaisl, NPUPoOHbLUL Yeoaum,
cynepnaacmugpuxamop CII-1; mennosradxcnocmuas obpabomxa, Kepam3aumobemoH, eubponpeccosanue;
MOPO30CMOUKOCHb.
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Abstract. The paper presents technological solutions for producing wall materials based on lime-
zeolite binders using natural zeolite from the Beltau deposit. The influence of hardening accelerators, SP-1
superplasticizer, partial replacement of the binder with Portland cement, molding method and heat-moisture
treatment on strength, density and frost resistance is analyzed. It is shown that additives increase stone
strength up to 15-20 MPa, SP-1 raises strength by 1.5-2 times, and partial replacement with cement makes it
possible to obtain stone with strength up to 30 MPa. Lime-zeolite compositions can be used to produce M50-
75 expanded-clay concretes and vibropressed wall blocks.

Keywords: lime-zeolite binder; wall materials; natural zeolite; SP-1 superplasticizer; heat-moisture
treatment; expanded-clay concrete; vibropressing; frost resistance.

Annotatsiya. Magolada Beltau konining tabiiy seolitidan foydalangan holda ohak-seolit bog ‘lovchisi
asosida devorbop materiallar olishning texnologik yechimlari ko ‘rib chigilgan. Qotishni tezlashtiruvchilar,
SP-1 superplastifikatori, bog ‘lovchini gisman portlandsement bilan almashtirish, qoliplash usuli va issiqlik-
namlik bilan ishlov berishning materiallarning mustahkamligi, zichligi va sovugqa chidamliligiga ta’siri
tahlil qilindi. NaCl, CaCl2 va gipsni kiritish toshning mustahkamligini 15-20 MPa gacha, SP-1
superplastifikatori mustahkamlikni 1,5-2 martagacha oshirishi, bog ‘lovchi moddaning bir qgismini
portlandsement bilan almashtirish esa 30 MPa gacha mustahkamlikka ega tosh olish imkonini berishi
ko ‘rsatilgan. Ohak-seolitli kompozitsiyalar asosida M50-75 markali keramzitbetonlar va chidamlilik
ko ‘rsatkichlari yaxshilangan vibropresslangan devor bloklarini olish mumkin.

Tayanch so‘zlar: ohak-seolitli bog‘lovchi; devorbop materiallar, tabily seolit; SP-1
superplastifikatori; issiglik-namlik bilan ishlov berish; keramzitbeton; vibropresslash; sovugga chidamlilik.

BBEJIEHUE

CteHOBBIE MaTepHallbl OCTAIOTCS OJHOM W3 HamOOJIee MAaCCOBBIX TPYIIT CTPOUTEIBHOM
IpOAYKIHH. HOBTOMy JaXxe dYacCThudy”Had 3aMCHa 3H€pI‘OéMKI/IX KOMIIOHEHTOB MECCTHBIM
MUHEPAJIBbHBIM CBIPHEM MOXET JaThb 3aMETHBI TEXHOJOTHYEeCKHH U SKOHOMHYECKHH 3((eKT.
[IpuponHbie 1eonuTsl benbTayCcKOro MeCTOPOXACHUS IPEACTaBISAIOT HHTEPEC KaK aKTHBHBIN
AIIOMOCUJIMKATHBIA KOMIIOHEHT, CHOCOOHBIN B3aMMOJECHCTBOBATh C H3BECTbIO U (POPMHUPOBATH
TUAPABIMYECKH TBEPACIOIINN KaMEHb.

M3BecTKOBO-TICOTUTHBIE BSXKYIIUE MTO3BOJISIOT PACCMaTPUBATh JIBE TEXHOJIOTUYECKUE JIMHUN
MOJyYeHHUsT CTCHOBBIX MAaTEpHaJOB: IUIaCTHYECKOe (OpPMOBaHHE H3JCIUN C TOCIEAYIOIeH
TEIUIOBJIQKHOCTHOH 0OpabOTKOM U TMpeccoBaHUE JKECTKUX cMmeceid. [l mpakTHuecKoro
IMPUMCHCHUA HGO6XOI[I/IMO IMOBBICUTH MNPOYHOCTHL U AOJIOBCYHHOCTH H3BCCTKOBO-ITYHIIOJAHOBOI'O
KaMHsI, TIOCKOJIbKY TpPaJWLMOHHBIE HW3BECTKOBO-IMYIIIONIAHOBbIE MaTepUalbl MOTYT HMETh
MIOBBIIICHHYIO BO3AYIIHYIO YCaJAKy U OTPAHUYECHHYIO MOPO30CTOUKOCTb.

MATEPHAJIBI U METO/JbI UCCJIEJJOBAHUSA

B paGore ucnonb3oBalivch NpUpoAHas IEOIUTOBas opoja benbrayckoro MecTopoxaeHus,
CTpPOUTENIbHAS HW3BECTh, KBApLEBBIA IE€COK, TUIICOBBIM KameHb, noprianauemeHt LIEM 32,5
(M400), cynepmiactudukatop CII-1 u mHOpUCTHIM 3amoJIHUTENh - Kepam3uT. 3BecTkoBO-
LIEOJIUTHOE BSDKYIIEE T'OTOBUJIM COBMECTHBIM H3MEJIbUCHHEM LEOJIMTOBOM MOPOABI M H3BECTU C
MOCJIEIYIOIIMM CMEIIMBAHUEM C 3aIIOJIHUTEIISIMUA U BOJOM.

Jlist Tutactudecku (POpMYEMBIX KOMITO3UIIMN MPUMEHSUIACh TEIIOBIAXXHOCTHAS 00paboTKa
pu atMoc(epHOM aaBieHUH. [[1si mpeccOBaHHBIX MaTEpUaJIOB HCIOJIB30BAIOCh OJHOCTOPOHHEE
MIPECCOBAHUE C MOCIEIYIONIEH TeIIOBIaKHOCTHOW NTHMOO aBTOKIAaBHOW 00pabotkoii. IIpouHocTsh
orpezensiach 1Mo pe3yabTaTaM HCIBITAaHUM Ha CKaTHe W U3TU0, MIIOTHOCTh - MO Macce U 00bEMY
00pasIoB, JOITOBEYHOCTh - MO BOJOCTOMKOCTH, MOPO30CTOMKOCTH W YCTOWYMBOCTH K ITUKIIAM
YBJIQKHEHUS-CYIIIKH.

BJIMSIHUE YCKOPUTEJEN TBEPJIEHUA

[TepBBIM HampaBIEHHEM IMOBBIIICHHS NPOYHOCTH OBIJIO BBEICHHE YCKOPHUTENEH TBEPICHHUS.
B kauectBe 100aBOK HCIIOJIB30BAINCH XJIOPHJ KajblMs, XJOPHI HATpus M runc. Pe3ymbraTsl
MOKa3alM, 4TO JaHHbBIE J00AaBKH CHOCOOHBI CYIIECTBEHHO YBEIWYHUTh HPOYHOCTH H3BECTKOBO-
LEOJUTHOTO KaMHS IOCIE TEIUIOBIAKHOCTHOM 00paboTku. Hambomnee panuoHaqIbHBIMH MOYKHO

cuutath g03upoBku 3 % NaCl, 5 % CaCl2 u 5 % CaS04-2H20.
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Puc. 1. BrusHre xuMndeckux 100aBOK Ha MPOYHOCTH
H3BECTKOBO-LIEOJIMTHOTO KaMHS.

PocTt mpoyHOCTH OOBSCHSETCS YCKOPEHHEM IPOLIECCOB PACTBOPEHUS M KpUCTALIU3aLUU
THJPAaTHBIX HOBOOOpa3oBaHMM. ['HIc, Kpome YCKOpEHHs paHHEro TBEpACHHUS, Y4YacTBYeT B
(hopMUPOBaHUU THIPOCYIb(POATIOMUHATHBIX (a3, KOTOPbIE YIUIOTHAIOT CTPYKTYPY KaMHSI.

MNIJACTUO®UKALMSA U BAMEHA YACTHU BSOKYIETI'O HEMEHTOM

BTopbiM TeXHONOTMYECKUM TMPUEMOM CTalO0 CHIDKEHHE BOJOMOTPEOHOCTH 3a CYET
cyneprnactudukaropa CII-1. s M3BECTKOBO-IIEOJIMTHOTO BSDKYIIETO palMoOHaNbHas 00J1acTh
coJiep>kaHusl JOOABKU BBIIIE, YeM JUJIsl IIEMEHTHBIX CUCTEM, U COCTaBlsieT mpumepHo 1,5-2.5 % ot
Macchl BsKyIero. YpenuueHnue 103upoBku CII-1 moBbIaeT miIoTHOCTh CTPYKTYPBI U MPOYHOCTb,
OJIHAKO Ype3MEepHOe KOIMUYECTBO JOOABKH JIeaeT CMECh BA3KOM U 3aTpyIHSIET €€ mepepaboTKy.

rine Q - conepxkanue CII-1, %. [ToaydeHHas 3aBUCMMOCTb MMOKA3bIBA€T, YTO MIACTU(UKALIUSL
sBigercs A(PQEKTUBHBIM  CIOCOOOM  TOBBIIIEHUS MPOYHOCTH 0€3 PEe3KOro H3MEHEHUS
MHUHEPAJIBHOIO COCTaBa BSKYLIETO.
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Puc. 2. 3aBUCUMOCTB IPOYHOCTH OT KOJIMYECTBA .
cyneprutactuukaropa CII-1. Puc. 3. BnusHue 4YacTUYHOW 3aMEHBI BSIKYILIETO

Rexk = 1,546Q + 10,35;  r=0,954. HNOPTIaHALEMEHTOM Ha IPOYHOCTb.

YactuyHasi 3aMeHa M3BECTKOBO-LIEOJIUTHOTO BSDKYIIETO IMOPTIAHALIEMEHTOM MOBBIIIACT
IIPOYHOCTh U MOPO30CTOMKOCTh. Y3ke mnpu 20 % mnopTiaHAlEeMEeHTa MPOYHOCTh IOCIIE
TEIUIOBJIAXKHOCTHONH 00paboTku mocturaer 21,6 Mlla, a npu 40 % - 30,4 Mlla. B npenenax
HCCJIEIOBAaHHOIO JMara3oHa 3aBUCUMOCTb IPOYHOCTH OT KOJIMYECTBA LIEMEHTA OIMCHIBAETCS

ypaBHEHHUEM:
Rex = 0,3510 + 13,35; r=0,929
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Tab6muma 1
Bnustaue mopTianamneMeHTa Ha CBOMCTBA TUIACTU(PUITUPOBAHHOTO BSIKYIIIETO
1111, % B/T, % Rcxk, MIla P, Kr/m3
0 15,6 11,3 1840
10 15,6 16,7 1905
20 13,8 21,6 1955
30 12,8 25,5 2010
40 11,8 30,4 2030
50 10,9 26,8 2065

JIETKHE BETOHBI U BUBPOIIPECCOBAHHBIE BJIOKHN

CobOcTBeHHass MPOYHOCTH H3BECTKOBO-IIEOJUTHOIO BSDKYIIErO JIedaeT €ro OCOOEHHO
panMoHAIBHBIM IS JIETKUX OETOHOB Ha MOPUCTBIX 3aIlOJHUTENSAX. B KauecTBe 3amoNHUTEINS
MPUMEHSIJICS KEPaM3UT, MpeABapHUTENIbHO pasfaeinéHHelidi Ha ¢pakuum 0-5, 5-10 u 10-20 mm.
DKCIEpUMEHTAIbHBIE JIAHHBIC MOKA3bIBAIOT BO3MOXHOCTh MOJIYUCHHUS] KEpaM3UTOOETOHOB MAapOK
MS50-75 6e3 00s3aTeIbHOTO BBEACHUS CYNEPILIaCTU(OUKATOPOB.

JUis TIOBBILIEHNST MOPO30CTOMKOCTH JIETKUX OETOHOB IIeNiecO00pa3sHO BBOAMTH OKoyio 50
Kr/M3 mOpTIaHAlleMEeHTa. OJTO Yiyd4llaeT BOJOCTOMKOCTh U CHHJKAeT PHCK pa3pylIeHUs
KOHTAaKTHOM 30HBI MEXKy LIEMEHTHPYIOIIEH YacThIO U MTOPUCTHIM 3aMIOJTHUTEIIEM.
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Puc. 4. IIpouHOCTHP BHOPOIPECCOBAHHBIX KEPAM3UTOOCTOHHEIX OJIOKOB IIPH
3aMEHE YacTH [IEMEHTA U3BECTKOBO-IICOIUTHBIM BSUKYILHIM.

JloToTHATEIPHOE TPEUMYIIECTBO TEXHOJOTHH COCTOMT B TOM, YTO B COCTaBe JIETKUX
OETOHOB MOKHO HCIOJb30BaTh HE TOJBKO TOHKOM3MEIBbUYEHHBIN 1IEOJIUT, HO M MEJIKYIO0 (PPaKIIHIO
[IEOJIUTOBOM TMOPOJBI, MPOXOIAIIYI0 4epe3 cuto 1,25 MM. DTO BaXKHO HAa HAYAIBHOW CTaJHUH
OCBOGHHUSI MECTOPOXICHHUSA, KOTJa IOJIHBIN IepepadaThiBAIONIMK KOMILUIEKC emié He BBEIEH B
IKCILTyaTaIuIo.

BubpormpeccoBanne MO3BOJISIET YIUIOTHUTh CTPYKTYpy MaTepualia U YMEHBIIUTH
Bo3aymiHyl0 ycaaky. [Ipu 3amene 15-45 % 1eMEHTHOrO BSDKYIIETO H3BECTKOBO-IICOTUTHBIM
MIPOYHOCTh KEPAM3UTOOETOHHBIX OJIOKOB MOCIE TEIIOBIAKHOCTHOW 00pabOTKH yBeIMUMBaIach Ha
20-70 %, a ko3 duIreHT MOpo30CcTORKOCTH Tociie 25 mukioB gocturain 1,089 mporus 0,812 y
KOHTPOJIBHOTO COCTaBa.
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3AK/IIOYEHHUE

1. Yckoputenn tBepaenus NaCl, CaCl2 u rumc mHOBBILIAIOT MPOYHOCTH H3BECTKOBO-
EOTUTHOTO KaMHs 10 15-20 MITa nmocie TermnoBna)XHOCTHOM 00pabOTKH.

2. Cynepmunactugpukatop CII-1 ymeHbIIaeT BOAONOTPEOHOCTh M MOBBIMIAET MPOYHOCTh
kamHs B 1,5-2 pa3a; panuoHaibHas 007acTh coaepxkanus 100aBku cocrasiser 1,5-2,5 %.

3. YacTuuHas 3aMEHa M3BECTKOBO-LEOJUTHOIO BSKYILErO NOPTIIAHALUEMEHTOM II0O3BOJIET
MIOJIyYUTh KaMEeHb MPOYHOCTHIO 10 30 MIIa 1 MOBBICUTE MOPO30CTOMKOCTD.

4. Ha ocHOBE HW3BECTKOBO-LICOJUTHBIX KOMIIO3MLIUHA BO3MOXXHO  IIPOU3BOZICTBO
Kepam3uTo0eToHoB Mapku MS50-75 u BUOpONpeccOBaHHBIX CTEHOBBIX OJIOKOB C IOBBIILIEHHOM
JIOJITOBEYHOCTBIO.

5. Pa3paboTaHHble TEXHOJIOTUYECKUE PELICHUS OPUEHTUPOBAHBI Ha HCIOJIb30BAHUE
MECTHOTO CBIpbsl benbTayCKOro MECTOPOXKIEHUS M CHHKEHHE MaTEpPHAJOEMKOCTH CTEHOBBIX
5631 (SN0507 8

CHHCcoOK JIMTEpaTypbl

[1]. TOCT 8462-85. Matepuaiisl CTEHOBEIE. METOIBI ONPEIEIICHUS TIPENEIOB TPOYHOCTH TIPH CIKATHH U H3THOE.

[2]. TOCT 7025-91. Kupnu4 ¥ KaMHH KepaMHUYECKHE W CHIIMKATHBIE. METOIBI ONpeseNeHusT BOIOMOTIIOIICHHS,
IUIOTHOCTH ¥ KOHTPOJISI MOPO30CTOHKOCTH.

[3]. TOCT 25094-82. Jlo6aBKkK aKTHBHBEIE MUHEPAJIbHBIE. METOIbI HCIIBITAHHIA.

[4]. TOCT 9179-77. U3Bectb cTpoutesbHast. TeXHUUIECKUE YCIOBHSL.

[5]. Taylor H.F.W. Cement Chemistry. 2nd ed. London: Thomas Telford, 1997.

[6]. Breck D.W. Zeolite Molecular Sieves: Structure, Chemistry, and Use. New York: Wiley, 1974.

[7]. OpranuzanroOHHO-TEXHOJOTMYECKOE MPOEKTHPOBAHUE POM3BOJCTBA CTEHOBBIX MATEPUAIOB Ha MHUHEPATBHBIX
BSDKYIIHUX.

UDC 691.327.3:620.17:536.2
INFLUENCE OF KOYTASH WOLLASTONITE FINENESS AND INITIAL CURING
REGIME ON MOISTURE-RELATED PERFORMANCE OF NON-AUTOCLAVED
CEMENT-FLY ASH FOAM CONCRETE
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Abstract. This paper evaluates the effect of Koytash (Jizzakh) wollastonite fineness and early
curing regime on the moisture-related performance of non-autoclaved cement-fly ash foam concrete.
Unlike conventional strength-oriented modification, the study focuses on dimensional stability, water
absorption and thermal conductivity under moisture exposure. Wollastonite powder with a specific
surface of 200-450 m%kg was introduced at 0.5-2.0% of binder mass. Four initial curing regimes were
compared: open-air curing, 48 h film covering, 7 d humid curing and 7 d sealed curing. The optimum
system was obtained at 1.25% wollastonite with a specific surface near 320 m*kg combined with humid
curing for 7 days. In this case 28-day compressive strength increased from 1.38 to 2.00 MPa, drying
shrinkage decreased from 1.02 to 0.74 mm/m, and water absorption decreased from 31 to 24%. The
results show that controlled moisture retention in the first days is as important as mineral modification
for obtaining stable thermal-insulating foam concrete in dry-climate conditions.

Keywords: non-autoclaved foam concrete; cement-fly ash binder; Koytash wollastonite; curing
regime; drying shrinkage; water absorption; thermal conductivity; lightweight concrete.

AHHOM(ZL(M}I. B cmamuve uccneoosano nusHue moHKoCmu nOMOJNA KOUMAUWCKO20 60/IACHMOHUMA
U HadajibHoco peascuma meepdeHuﬂ HA 611A203aA8UCUMbBIE CBOUCMBA HEABMOKIABHO20 UEeMEHMHO -
30/1bHO20 nernobemona. B omauuue om nodxoda, OPpUEHMUPOBAHHO2O0 MOJIbKO HA NPOYHOCMb, OCHOBHOE
BHUMAHUE y()eﬂeHO cmabuibHoOCmu pasmepoes, 60007202]101146%!1/[}0 u menﬂonpoeodﬂocmu npu
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yenadicHenuu. Bonnacmonum c yoenvHot nosepxnocmoio 200-450 m?/ke 66oounu 6 koruvecmeae 0,5-2,0%
om maccel eaxcyujeco. CpasHUBanUCh yYemvlpe petCUMa HA4aIbHO20 MEEPOEHUs: OMKPbIMoe
8030yWHOE XpaneHue, yKpvlimue nieHKou 48 u, eraxcnoe meepoenue 7 cym u cepmemudnoe xpamenue 7
cym. OnmumanvHulil pesyromam nonyuer npu 1,25% eoanacmonuma c y0envHou HOBEPXHOCbIO OKOJLO
320 m¥xe u eraxcuom meepoeHuu 8 meyenue 7 cym.

Kniwouesvie cnosa: neasmoxnagnviii neHoOEmoH; YeMeHMHO-301bHoe 6adcyujee, KOUmAauicKull
BOIACMOHUM, PeXCUM MBepOenUs; YCaoKd, 6000N02TI0ujeHUe, Menionpo8oOHOCHb, 1e2KUll OEmoH.

Annotatsiya. Maqolada Ko ‘ytosh (Jizzax) vollastonitining maydalik darajasi va dastlabki gotish-
parvarish rejimining avtoklavsiz sement-kulli ko ‘pikbetonning namlikka bog‘liq xossalariga ta’siri
o ‘rganildi. Tadgiqotda fagat mustahkamlik emas, balki kirishish, suv shimuvchanlik va nam holatdagi
issiqlik o ‘tkazuvchanlik ko ‘rsatkichlari baholandi. Vollastonit 0,5-2,0% miqdorda qo ‘llanildi, uning
solishtirma yuzasi 200-450 m%kg oralig ‘ida o zgartirildi. Eng magqbul natija 1,25% vollastonit va 7
sutkalik nam qotirish rejimida olindi.

Kalit so‘zlar: avtoklavsiz ko ‘pikbeton; sement-kulli bog ‘lovchi; Ko ‘ytosh vollastoniti; qotirish
rejimi; kirishish,; suv shimuvchanlik; issiqlik o ‘tkazuvchanlik; yengil beton.

1. Introduction

Non-autoclaved foam concrete is widely considered a practical thermal-insulating material for
low-rise construction and envelope systems. Its low density is formed by a system of air pores,
while its engineering reliability depends on the integrity of the interpore partitions. In dry and hot
climates, including many regions of Uzbekistan, the early loss of mixing water is intensified by
high solar radiation, wind and low relative humidity. As a result, foam concrete may develop
increased drying shrinkage, capillary cracking and higher moisture sensitivity of thermal
conductivity.

Previous optimization of cement-fly ash foam concrete often focused on the balance between
density and compressive strength. However, the long-term efficiency of a thermal-insulating
material depends not only on dry density, but also on the degree to which the pore system remains
closed and resistant to moisture transport. Water accumulated in open capillaries increases heat
transfer considerably because the thermal conductivity of water is much higher than that of air.
Therefore, reducing open capillary porosity and limiting early shrinkage are essential design
criteria.

Koytash wollastonite is a local calcium silicate mineral that can be used as a fine mineral
modifier. Its chain-like morphology and chemical affinity with cement hydration products suggest
two useful functions: microfilling of capillary defects and promotion of a denser calcium-silicate-
hydrate framework. The efficiency of wollastonite in foam concrete, however, depends on fineness.
Coarse particles may act only as inert filler, whereas excessively fine particles may increase water
demand and destabilize foam films. A controlled curing regime is therefore required to reveal the
beneficial effect of the modifier.

The purpose of this study is to determine how wollastonite fineness and initial moisture-
retaining curing influence the strength, shrinkage, water absorption and moisture-dependent thermal
conductivity of non-autoclaved cement-fly ash foam concrete. The investigated direction differs
from fiber-reinforced composition design: it concentrates on the interaction between a dispersed
mineral modifier, early curing and moisture-related service behavior.

2. Materials and Methods

The binder system consisted of Portland cement CEM | and fly ash. Fly ash was used as a fine
aluminosilicate component and partial replacement of cement, improving packing density and
reducing cement consumption. Koytash wollastonite was introduced as a ground calcium silicate
modifier. A protein-based foaming agent was used to obtain a stable technical foam. The mixtures
were designed for a target dry density of approximately 500-560 kg/m?, which is suitable for
thermal-insulating foam concrete used in wall envelopes and filling layers.
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Table 1.
Raw materials and functions in the investigated system.
Material Controlled parameter Function in the mixture
Portland : Normal Hydraulic binder and early
consistency and strength
cement Class structural strength
Fineness and loss Fine aluminosilicate filler and
Fly ash S .
on ignition pozzolanic component
Koytash Specific surface: Microfiller and calcium-silicate
wollastonite 200, 320 and 450 m*kg nucleation substrate
5 .
Protein . 2_'5/0 Workln_g Formation of stable cellular
foaming agent solution; foam density structure
55-65 kg/m?
pH and hardness Hydration medium and foam
Water .
controlled solution

The base mixture had a cement-to-fly ash mass ratio of 1.00:0.60 and a water-to-solid ratio of
0.49. Wollastonite was added at 0, 0.5, 1.0, 1.25, 1.5 and 2.0% of binder mass. For the fineness
study, a dosage of 1.25% was kept constant and wollastonite powders with specific surfaces of
approximately 200, 320 and 450 m*kg were compared. Foam concrete was prepared by a two-stage
method: technical foam was produced separately and then gently mixed with the mineral paste.
Vibration was not used during casting in order to preserve the cellular system.

Table 2.
Experimental factors and levels.
Factor Level 1 Level 2 Level 3 Level 4
Wollastonite
dosage, % of binder 0 0.5-1.0 1.25-15 2.0
Wollastonite
specific surface, m*kg 200 320 450 ]
Initial curing Open air Film Humid Sealed
regime P covering 48 h curing 7 d curing 7 d
Testing age, days 7 28 90 -

Four curing regimes were investigated. The open-air regime simulated unfavorable dry curing
at 20+2°C and 45+5% relative humidity. The film-covered regime limited evaporation during the
first 48 h and then continued in air. The humid regime maintained samples at high humidity for 7
days and then in laboratory air. The sealed regime prevented moisture loss for 7 days using
polyethylene wrapping. These regimes were selected to evaluate the role of early water retention in
forming stable interpore partitions.

Fresh mixture stability was assessed by settlement after 60 min, signs of segregation and foam
stability index. Hardened properties were determined after drying to constant mass: dry density,
compressive strength, thermal conductivity, water absorption and drying shrinkage. Thermal
conductivity was also estimated for samples with 5 and 10% moisture content to quantify service
sensitivity. Each value in the tables represents the average of at least three specimens; the scatter of
compressive strength did not exceed 8% for optimized mixtures.

3. Results and Discussion

3.1. Effect of wollastonite dosage on strength and shrinkage

The dosage study showed a non-linear response. Small additions of wollastonite increased
compressive strength and decreased shrinkage because the powder filled capillary defects and
promoted a more continuous hydration product network. The optimum was found at 1.25% of
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binder mass. At this dosage the 28-day strength reached 1.92 MPa, while shrinkage decreased to
0.81 mm/m. Further increase to 2.0% reduced the positive effect: the fresh paste became more
water-demanding, and local particle agglomeration increased the risk of pore-wall defects.

Table 3.
Influence of wollastonite dosage on foam concrete cured under humid regime for 7 days.
Wollastonite, | Dry density, | Strength 28 Adry, ab;/(\)/ftiiron Shrinkage 28
% kg/m3 d, MPa W/(m-K) O/F; ' d, mm/m
0 558 1.30 0.135 32.0 1.12
0.5 552 1.55 0.132 29.0 0.98
1 546 1.78 0.129 27.0 0.88
1.2 540 1.92 0.126 25.0 0.81
1.5 538 1.90 0.127 25.5 0.84
2 545 1.75 0.130 28.0 0.93
S
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Figure 1. Effect of wollastonite dosage on compressive strength at 28 days.
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Figure 2. Effect of wollastonite dosage on drying shrinkage at 28 days.
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3.2. Role of grinding fineness

The fineness of wollastonite changed the balance between microfilling and workability. The
powder with a specific surface of 200 m*kg was less efficient because the number of active particle
surfaces was insufficient for a strong nucleation and pore-wall stabilization effect. The finest
powder, 450 m*kg, provided high surface activity but increased water demand and slightly reduced
foam retention. The best technological window corresponded to approximately 320 m?*/kg, where
settlement was 5.5 mm after 60 min, the stability index was 0.95, and water absorption fell to
25.0%.

Table 4.
Effect of wollastonite fineness at constant dosage of 1.25%.
ST Settlement Foam Strength 28 Wate_r ST g
surface, . e absorption, 28 d,
60 min, mm | stability index d, MPa
m?*/kg % mm/m
200 8.5 0.91 1.74 27.0 0.89
320 55 0.95 1.92 25.0 0.81
450 6.7 0.94 1.86 26.2 0.85

The obtained values confirm that the modifier should not be evaluated only by mineralogical
composition. A calcium silicate powder can stabilize foam concrete only when its granulometric
state is compatible with the foam films and the cement-fly ash paste. For practical production, a
specific surface close to 300-350 m?/kg can be recommended as a reproducible and energy-efficient
grinding target.

3.3. Influence of initial curing regime

The curing regime had a strong influence on both control and modified mixtures. Open-air
curing gave the lowest strength and the highest shrinkage because evaporation occurred before the
cement-fly ash matrix obtained sufficient rigidity. Film covering for 48 h improved the situation,
but the best result was obtained by humid curing for 7 days. In the optimized mixture with 1.25%
W-320, humid curing increased 28-day strength to 2.00 MPa and reduced shrinkage to 0.74 mm/m.
Sealed curing was also effective, although slightly less favorable than humid curing because it
limited evaporation but did not provide external moisture for continued hydration.

Table 5.
Influence of curing regime on control and optimized foam concrete.
. Water .
Cormg | wicure | ST | SO0 | asorprion, | ST 2
Open air Control 0.62 1.10 36.0 1.48
Open air 1.25% W-320 0.90 1.52 31.0 1.10
Film 48 h Control 0.76 1.25 33.0 1.25
Film 48 h 1.25% W-320 1.02 1.75 27.0 0.92
Humid 7 d Control 0.88 1.38 31.0 1.02
Humid 7 d 1.25% W-320 1.18 2.00 24.0 0.74
Sealed 7 d Control 0.84 1.34 315 1.06
Sealed 7 d 1.25% W-320 1.15 1.94 24.5 0.78
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Figure 3. Drying shrinkage of control and optimized compositions under
different curing regimes.

The results indicate that mineral modification and curing are complementary factors.
Wollastonite improves the microstructure, but the hydrated framework cannot fully develop if
capillary water is removed too early. Therefore, for dry-climate construction practice, the first 48 h
should be treated as a critical technological period, and 7-day moisture retention is preferable for
products intended to operate as thermal-insulating layers.

3.4. Moisture sensitivity of thermal conductivity

Dry thermal conductivity decreased with increasing wollastonite dosage up to the optimum
zone. More important for service performance, however, was the change in thermal conductivity
under moisture exposure. The control mixture showed the highest increase after wetting because it
had the highest water absorption and open capillary fraction. The optimized 1.25% W-320 mixture
had the lowest thermal conductivity at 5 and 10% moisture, which confirms that the modifier
reduced the ability of the pore system to retain liquid water.

Table 6.
Thermal conductivity under different moisture states.
Mixture Water Adry, AatS5% A at 10% Increase at
absorption, % W/(m-K) moisture moisture 10%, %

Control 32.0 0.135 0.178 0.220 63.0
W-0.75 29.0 0.132 0.169 0.208 57.6
W-1.25 25.0 0.126 0.158 0.193 53.2
W-1.75 25.5 0.127 0.161 0.197 55.1
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Figure 4. Relationship between water absorption and thermal
conductivity at 5% moisture content.
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The correlation shown in Figure 4 demonstrates that the moisture behavior of foam concrete
is controlled by more than dry density. In samples with similar density, lower water absorption led
to lower thermal conductivity at equal moisture content. This can be explained by the transition
from open capillary pores to more isolated closed pores and by densification of interpore partitions.
As a result, the optimized mixture not only has better dry properties but also retains its insulating
efficiency more reliably in realistic moisture conditions.

4. Conclusions

1. Koytash wollastonite can improve non-autoclaved cement-fly ash foam concrete when its
fineness and early curing regime are jointly controlled. The optimum dosage was 1.25% of binder
mass; higher dosage did not provide additional benefit because water demand and particle
agglomeration increased.

2. A specific surface near 320 m?/kg produced the best balance between foam stability,
strength and water absorption. Coarser wollastonite was less active, while excessively fine powder
slightly reduced technological stability.

3. Initial curing significantly affected the final quality. Humid curing for 7 days increased the
28-day strength of the optimized mixture to 2.00 MPa and reduced drying shrinkage to 0.74 mm/m.
Open-air curing gave the poorest dimensional stability and should be avoided for lightweight foam
concrete in dry climates.

4. Moisture-related thermal conductivity depended strongly on water absorption. The
optimized wollastonite-modified mixture reduced dry thermal conductivity to 0.126 W/(m-K) and
had the lowest value under 5-10% moisture content, confirming the practical value of pore-system
stabilization.

5. For production practice, the recommended technological window is 1.0-1.5% Koytash
wollastonite with specific surface 300-350 m*kg, protein foaming agent solution of 2.5%, water-to-
solid ratio around 0.49 and moisture-retaining curing for at least the first 48 h, preferably 7 days.
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MONOLIT VA YIG‘'MA-MONOLIT FUQAROLIK BINOLARINING EKSPLUATATSION
SIFATLARINI KOMPLEKS OSHIRISHGA TASHKILIY-TEXNOLOGIK YONDASHUV
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Annotatsiya. Magolada Toshkent shahri sharoitida monolit va yig ‘ma-monolit fugarolik
binolarining ekspluatatsion sifatlarini kompleks oshirish masalasi ko ‘rib chigildi. Tadgigotda
ekspluatatsion sifatlar bino hayotiy sikli ishtirokchilari faoliyati natijasida shakllanadigan, xavfsiz,
qulay va iqtisodiy samarali foydalanishni ta’minlaydigan o ‘zaro bog ‘langan ko ‘rsatkichlar majmuasi
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sifatida talqgin qilindi. Sifat ko ‘rsatkichlarini investitsion va muhandislik-funksional guruhlarga ajratish,
grafoanalitik tahlil yordamida ustuvor parametrlarni aniglash, qurilish nazorati va texnologik
tayyorgarlikni yagona boshqgaruv zanjiriga birlashtirish zarurligi asoslandi. Natijada loyiha, qurilish va
ekspluatatsiya bosqichlarida ishtirokchilar mas uliyatini aniglashtiruvchi hamda chek-list, foto-
fiksatsiya, instrumental o‘lchash va oraliq gabul gqilishni birlashtiruvchi tashkiliy-texnologik model
taklif etildi.

Kalit so‘zlar: monolit bino, yig ‘ma-monolit bino, ekspluatatsion sifat, hayotiy sikl, grafoanalitik
tahlil, qurilish nazorati, texnologik xarita, Toshkent, seysmik hudud, sifatni boshgarish.

Annomauu}l. B cmamuve pacecmompern 60npoc KOMNIEKCHO20 NO6bIUWEHRUAL SKCNIyamayuOHHbLX
CBOUCME MOHOIUMHBIX U COOPHO-MOHOIUMHBIX SPAACOAHCKUX 30anull 8 ycaosusax eopooa Tawxkenma. B
UCCIIe008AHUU IKcnityamayuorHnvle ceolicmea mpakmyromcst KAdK COB0KYNHOCMb 63AUMOCEA3AHHbIX
nokaszamenet, oopmupyemvix 8 pe3yivmame 0esimeabHOCMU YUACMHUKO8 HCUSHEHHO20 YUKIA 30AHUS U
obecneuusaowyux e2o 0e30NACHyio, KOM@POPMHYIO U IKOHOMUYECKU IPHexmusHyo IKCnIyamayuio.
ObocHosana Heobxooumocma pCIS’()eJZEHu}Z nokaszameJei Kaiecmea Ha UHBECMUYUOHHbIE U UHIICEHEDPHO -
@yHKYyuoHanNbHLIE epynnol, onpeoeneHus npuopumemmblx napamvemposg c NOMOUbIO
epagboauaﬂumuqecwoeo aHanusa, a makotce 00veouHenus cmpoumelbHoco KORmMpOoJis u
MEXHONO2UYEeCKOl N0020MOBKU 6 eOuHylo yenb ynpaeienus. B pesynomame npednoscena
OpcaHU3aAYUORHO-MEXHOI02UYeCKas Moaeflb, Komopast ymouHsent omeemcneenHoCnb Y4aCmMHRUKO8 HA
omanax npoeKkmupoeaHusd, cmpoumelbCmed u IKcnayamayuu, a maxoce 0bvedumnsem Yek-iucmol,
Gpomoguxcayuro, uHCMpymMenmaibHvle U3SMEPEHUsL U NPOMENCYMOYUHYIO NPUEMK).

Knroueeovte cnoea: mownonumnoe 3daHue, C60pH0-MOH0]ZuWIHO€ 36aHue, IKcnjiyamayuoHHbsle
CBOUCMBA,  JHCUSHEHHBIN YUK,  2pA(OoaHarumuyeckuii — aHaiu3,  CMpOUmMenvbHbl  KOHMPOIb,
mexHoJiocuvecKkas nodeomoexa, TamKeHm, ceucmuyeckas 30HA, ynpaesjleHue Kavecmeom.

Abstract. The article considers the integrated improvement of operational qualities of monolithic
and precast-monolithic civil buildings under the conditions of Tashkent. Operational quality is
interpreted as a set of interrelated indicators formed by life-cycle participants and expressed through
safe, comfortable and cost-effective use of a building. The paper substantiates the separation of
indicators into investment and engineering-functional groups, the use of graph-analytical analysis for
identifying priority parameters, and the need to integrate design, construction control and technological
preparation into a unified management chain. As a result, an organizational and technological model is
proposed. It clarifies the responsibilities of participants at the design, construction and operation stages
and combines checklists, photographic recording, instrumental measurements and intermediate
acceptance procedures.

Keywords: monolithic building, precast-monolithic building, operational quality, life cycle,
graph-analytical analysis, construction control, technological method statement, Tashkent, seismic
region, quality management.

KIRISH

Toshkent shahri va respublikaning boshqa yirik shaharlarida ko‘p qavatli turar-joy hamda
jamoat binolarini barpo etish sur’atlari ortib bormoqda. Amaliyotda monolit va yig‘ma-monolit
temirbeton karkasli tizimlar keng qo‘llanadi, chunki ular me’moriy erkinlik, qurilish tezligi,
konstruktiv uzluksizlik va sanoatlashtirish imkoniyatlarini birlashtiradi. Shu bilan birga, seysmik
faollik, keskin kontinental iglim, qurilish maydonlarining torligi va shaharsozlik zichligi bunday
binolarning ekspluatatsion sifatlariga qo‘yiladigan talablarni kuchaytiradi.

Ekspluatatsion sifatlarni alohida ko‘rsatkichlar bo‘yicha yaxshilash ko‘pincha kutilgan
natijani bermaydi. Masalan, tashgi devor gatlamlarida yoriglanishni kamaytirish fagat material
tanlash masalasi emas; u loyihaviy tugun, montaj ketma-ketligi, operativ nazorat, yashirin ishlarni
rasmiylashtirish va keyingi ekspluatatsiya reglamenti bilan birga ko‘rib chiqilgandagina barqaror
natija beradi. Shuning uchun muammo bino hayotiy siklining barcha bosgichlarini gamrab oluvchi
tashkiliy-texnologik yondashuvni talab giladi.

Mazkur maqgolaning magsadi - monolit va yig‘ma-monolit fugarolik binolarining
ekspluatatsion sifatlarini kompleks oshirish uchun ko‘rsatkichlarni tizimlashtirish, ustuvor
parametrlarni aniqlash hamda qurilish nazorati va texnologik tayyorgarlik bilan bog‘langan amaliy
modelni bayon gilishdir.

Scientific-technical journal (STJ FSTU, ®JITY UTXK, HTXK OI'TY, 2026, T.30.crem.oimyck Ne 13) 129



CTPOUTEJIBCTBO

ADABIYOTLAR TAHLILI

Qurilish jarayonlarini tashkil etish va texnologiyasini takomillashtirish, sifatni boshgarish
hamda bino ishonchliligini ta’minlash masalalari mahalliy va xorijiy tadqiqotlarda keng yoritilgan.
Bu yo‘nalishda A.A. Afanasev, A.X. Bayburin, S.A. Bolotin, Yu.P. Panibratov, V.I. Telichenko,
A.A. Lapidus va boshga olimlarning ishlari muhim metodik asos bo‘lib xizmat gqiladi [1,2].
Binolarni hisobiy-eksperimental asoslash, mustahkamlik va xavfsizlikka doir yondashuvlarda esa
ishonchlilik nazariyasi hamda konstruktsiyalar xavfsizligi bo‘yicha me’yoriy talablar markaziy
o‘rin tutadi [6,7,9].

Monolit va yig‘ma-monolit tizimlarning ustunligi ularning konstruktiv uzluksizligi, montaj
sur’ati, fazoviy qattiqligi va bozordagi moslashuvchanligi bilan bog‘liq. Biroq bunday tizimlarda
ekspluatatsion sifatlar fagat beton mustahkamligi yoki armatura joylashuvi bilan cheklanmaydi;
geometriya aniqligi, choklarning yaxlitligi, beton parvarishi, muhandislik tizimlari va tashqi to‘siq
konstruksiyalarining namlik-issiglik rejimi ham muhimdir [3,5].

O‘zbekiston sharoitida energiya samaradorlik, seysmik xavfsizlik, yong‘in xavfsizligi va
texnik jihatdan tartibga solish bo‘yicha talablar ekspluatatsion sifatlarning majburiy normativ
chegaralarini belgilaydi [4,5,6,7,8]. Shu bilan birga, real qurilish jarayonida sifatni fagat yakuniy
gabul qilish orgali emas, balki kirish nazorati, operativ nazorat, oralig gqabul gilish va foto-fiksatsiya
yordamida boshgarish zarur.

EKSPLOATATSION SIFATLARNI TIZIMLASHTIRISH

Fugarolik binosining ekspluatatsion sifatlari deganda binoning hayotiy sikli ishtirokchilari
faoliyati natijasida shakllanadigan va undan xavfsiz, qulay hamda tejamkor foydalanishda namoyon
bo‘ladigan o‘zaro bog‘langan ko‘rsatkichlar majmuasi tushuniladi. Bunday talqin sifatni faqat
konstruktiv ko‘rsatkichlar bilan emas, balki investor, loyihachi, pudratchi, qurilish nazorati va
ekspluatatsiya xizmati manfaatlari bilan birgalikda ko‘rib chiqishga imkon beradi.

Tadgigotda ekspluatatsion sifatlar ikki yirik guruhga ajratildi: investitsion ekspluatatsion
sifatlar va muhandislik-funksional ekspluatatsion sifatlar. Birinchi guruh loyihalash, qurilish
materiallari, qurilish-montaj ishlari, yer, kredit va muhandislik tarmoglariga ulanish xarajatlari bilan
bog‘lig. Ikkinchi guruh esa binoning ishonchliligi, xavfsizligi, resurs samaradorligi, funksionalligi,
shinamligi va sanitariya holatini ifodalaydi.

Muhandislik-funksional sifatlar tuzilmasi

N Aniqg sifatlar soni
20.0 Parametrlar soni
17.5 -
15.0 -
e 12.5
[
o
U 10.0
7.5 —
50 —
2.5
Ishonch- Xavfsiz- Resurs Funksio- Shinamlik
lilik lik samarador. nallik va sanit.

1-rasm. Muhandislik-funksional ekspluatatsion sifatlar bloklari bo‘yicha ko‘rsatkichlar tagsimoti.
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Jadval 1

Tonolit va yig‘ma-monolit binolarda muhandislik-funksional ekspluatatsion sifatlarning asosiy

bloklari

Integral sifat bloki

Mazmuni

\maliy nazorat gilinadigan parametrlar

Ishonchlilik

Konstruksiyalarning
buzilmasdan ishlashi va xizmat

Beton mustahkamligi, deformativlik,

yoriq kengligi, himoya gatlami, armatura

talablarni bajarish.

muddati davomida joylashuvi, ta’mirlash oralig‘i

barqarorligini ta’minlash. Jo¥ ’ gl

Yong‘in, seysmik, mexanik va | Olovbardoshlik chegarasi, evakuatsiya
Xavfsizlik foydalanuvchi xavfsizligiga oid | sharoiti, ~ seysmohimoya,  progressiv

qulashga garshilik, elektr xavfsizligi.

Resurs samaradorligi

Energiya va ekspluatatsiya
xarajatlarini kamaytirish hamda
xizmat ko‘rsatish qulayligini
oshirish.

Isitish va shamollatish uchun energiya
sarfi, elektr energiyasi sarfi, ta’mirlash
xarajatlari, muhandislik  uskunalarini
saglash.

Bino rejalashtirish  yechimi,

Zonalashtirish, MGN uchun qulaylik,

germetiklik, havo va suv sifati.

Funksionallik muhandislik - tizimlari, - shahar | o670 ak muhandislik tizimlari
muhitidagi joylashuv va ; O :
; e texnik darajasi, infratuzilma.
foydalanish qulayligi.
. : Ichki muhit sifati, namlik- | Nisbiy namlik, sirt harorati, insolyatsiya,
Shinamlik va|. . . - - . e L
sanitariya issiqlik  rejimi, vyoritilganlik, | chok  zichligi, havo  almashinuvi,

shovgindan himoya.

KOMPLEKS YONDASHUV MODELI

Kompleks yondashuvning mohiyati ekspluatatsion sifatlarni hayotiy sikl bosqichlari bo‘yicha
boshqarishdan iborat. Model to‘rtta asosiy bosqichni 0°z ichiga oladi. Birinchi bosqichda sifatlar
massivi strukturaviy ajratiladi; ikkinchi bosgichda grafoanalitik tahlil orgali tugunli sifatlar va
asosiy parametrlar aniglanadi; uchinchi bosgichda hayotiy sikl ishtirokchilarining tagsimlangan
o‘zaro ta’siri baholanadi; to‘rtinchi bosqichda konstruktiv va tashkiliy-texnologik yechimlar ishlab
chiqilib, sinovdan o‘tkaziladi va amaliyotga joriy etiladi.

Kompleks yondashuvda taqsimlangan boshqgaruv

Loyihalash
mezoni

Qurilish

texnologiyasi

Nazorat va
monitoring

|

Ekspluatatsion

l sifat

2-rasm. Ekspluatatsion sifatlarni kompleks oshirishning tagsimlangan boshgaruv

modeli.
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Grafoanalitik tahlil muhandislik-funksional sifatlar o‘rtasidagi bog‘ligliklarni ko‘rsatishga
xizmat giladi. Bunday yondashuv deformativlik, reja-balandlik holatining anigligi, armatura va
qo‘yilma detallar joylashuvi, beton himoya qatlami, ta’mirlash oralig’i hamda muhandislik
tizimlarining texnik darajasi kabi parametrlarni ustuvor yo‘nalish sifatida ajratish imkonini beradi.

Tagsimlangan o‘zaro ta’sir tamoyili har bir ishtirokchi faqat o‘z bosqichida alohida
ishlamasdan, sifat ko‘rsatkichini yaxshilashda boshqa ishtirokchilar bilan bog‘langan holda harakat
qilishi kerakligini anglatadi. Masalan, tashqi devor ankerini ishonchli o‘rnatish loyihachining tugun
yechimi, pudratchining burg‘ilash va o‘rnatish texnologiyasi, qurilish nazoratining operativ
tekshiruvi hamda ekspluatatsiya xizmatining monitoringi bilan uzviy bog‘liq.

Jadval 2
Ekspluatatsion sifatlarni kompleks oshirish modelining bosgichlari
Bosqich Mazmuni Kutiladigan natija
Investitsion va muhandislik-funksional
1.Sifatlarni sifatlar, integral sifatlar, aniq sifatlar va | Baholash mezonlari yagona
strukturaviy ajratish | parametrlar iyerarxiyasi | tizimga keltiriladi.
shakllantiriladi.
2.Ustuvor . Grafoanalitik tahlil yordamida tugunli Resursla( eng muhim
parametrlarni . . .2 texnologik nuqtalarga
. sifatlar va asosiy parametrlar ajratiladi. et
aniglash yo‘naltiriladi.
3.Ishtirokchilar Lo.ylhaChl’. pL_Jo_Iratch|, .IShIab Mas’uliyat zonalari va
: , ... |chigaruvchi, qurilish nazorati va . . .
0°‘zaro ta’sirini . . . . . | hamkorlik mexanizmlari
ekspluatatsiya xizmati rollari tahlil | _ . .
baholash AN aniglanadi.
gilinadi.
Texnologik xarita, chek-list, . _
. . . . . .| Nugsonlarning takrorlanishi
4Joriy  etish  va|instrumental o‘lchash, foto-fiksatsiya . .
7 . - o< | kamayadi, sifat
monitoring va oralig qabul qilish tartibi joriy b lashadi
qilinadi. argarorlashadi.

QURILISH NAZORATIDA BAHOLASH ISHONCHLILIGI

Monolit konstruksiyalar sifatini baholashda fagat hujjatlar ro‘yxatini yuritish yetarli emas.
Reja-balandlik holati, beton himoya gatlami, yoriglar kengligi, armatura joylashuvi va choklarning
yaxlitligi kabi parametrlar instrumental o‘lchash va vizual ekspertiza bilan tasdiqlanishi zarur. Shu
sababli qurilish nazoratida ro‘yxatga olish, tanlab instrumental o‘lchash va ekspert baholashni
birgalikda qo‘llash magsadga muvofiq.

Toshkent sharoitida sifat nazoratining ishonchliligini oshirish uchun quyidagi ketma-ketlik
tavsiya etiladi: material va buyumlarni kirish nazoratidan o‘tkazish; ish boshlanishidan oldin
texnologik karta va chek-listlarni tasdiglash; murakkab tugunlarni pilot uchastkada sinash; yashirin
ishlarni foto-fiksatsiya qilish; oraliq gabul gilishda geodezik va laborator tekshiruvlarni bajarish;
ekspluatatsiya bosgichiga tugun pasportlari va servis reglamentlarini topshirish.

Sifatni jarayonning o‘zida boshqarish yakuniy nugsonlarni bartaraf etishga garaganda
igtisodiy jihatdan samaraliroqdir. Masalan, golip geometriyasini beton quyishdan oldin tekshirish,
beton parvarish rejimini yozgi issiqda oldindan rejalashtirish yoki tashqi devor ankerlarini o‘rnatish
chuqurligini vaqgtida nazorat gilish keyingi yoriglanish va pardoz nugsonlarini kamaytiradi.
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Jadval 3
Quirilish nazoratida tavsiya etiladigan minimal boshqaruv vositalari
Vosita Qo‘llanish sohasi Ahamiyati
. Armatura, qollp,_ beto_nlas_h, tashq| Operatsion  xatolarni  standart
Chek-list devor  ankerlari,  gidroizolyatsiya . ‘vicha k o
tugunlari. mezonlar bo‘yicha kamaytiradi.

Foto-fiksatsiya

Yashirin ishlar, armatura joylashuvi,
go‘yilma detallar, choklar va tugunlar.

Keyingi ekspertiza
ekspluatatsiya  xizmati
isbot bazasini yaratadi.

va
uchun

Instrumental o‘lchash

Geometriya,  vertikallik,
gatlami, deformatsiya va
ko‘rsatkichlari.

himoya
namlik

Baholashning
kamaytiradi.

subyektivligini

Pilot uchastka

Yangi konstruktiv-texnologik yechim
yoki materialni joriy etish bosgichi.

Vaqt me’yorlari va sifat risklarini
oldindan aniglaydi.

Oralig gabul gilish

Keyingi ishlar bilan yopilib ketadigan
texnologik bosgichlar.

Nugsonlarni erta aniglash va
tuzatish imkonini beradi.

AMALIY MUHOKAMA

Kompleks modelni ko‘p qatlamli tashqi devorlar misolida qo‘llash uning amaliy ahamiyatini
yaqqol ko‘rsatadi. Bunday devorlarda ichki gatlam gazobeton yoki boshga yengil bloklardan, o‘rta
qatlam issiqlik izolyatsiyasidan, tashqi qatlam esa qoplama g‘ishtdan tashkil topishi mumkin.
Qatlamlararo bog‘lama elementlari noto‘g‘ri o‘rnatilsa, tashqgi gatlamning mahalliy deformatsiyasi,
yoriglanishi yoki qoplama gismlarining ajralishi xavfi ortadi.

Ushbu riskni kamaytirish uchun loyihaviy tugunlar texnologik karta bilan to‘ldirilishi kerak:
burg‘ilash nuqtalari oldindan belgilanadi, ankerning g‘isht tanasidagi bargaror zonaga tushishi
nazorat qilinadi, choklarning to‘ldirilishi va bog‘lama gqadami tekshiriladi. Bu yerda loyihachi,
pudratchi va qurilish nazorati o‘rtasidagi tagsimlangan hamkorlik hal giluvchi ahamiyatga ega.

Yig‘ma-monolit tizimlar uchun esa innovatsion salohiyatni baholash alohida bosqich bo‘lib
xizmat qiladi. Yengillashtirilgan plitalar, yarim yig‘ma yopmalar, slim-floor tizimlari, groutli mufta
tugunlari va sanoatlashtirilgan hajmiy modullar tezlik va sifatni oshirishi mumkin. Biroqg ularni
seysmik hududda qo‘llashda montaj toleranslari, beton quyish sifati, ulash tugunlari va nazorat
imkoniyatlari oldindan baholanishi zarur.

XULOSA

1. Monolit va yig‘ma-monolit fugarolik binolarining ekspluatatsion sifatlarini Toshkent
sharoitida kompleks oshirish uchun sifat ko‘rsatkichlarini investitsion va muhandislik-funksional
guruhlarga ajratish magsadga muvofig.

2. Grafoanalitik tahlil ekspluatatsion sifatlar ichidan ustuvor parametrlarni aniglashga va
resurslarni eng muhim texnologik nugtalarga yo‘naltirishga imkon beradi.

3. Qurilish nazorati ro‘yxatga olish, instrumental o‘lchash va ekspert baholashni
birlashtirganda baholash ishonchliligi ortadi hamda sifatni jarayonning o‘zida boshqarish
imkoniyati kengayadi.

4. Taklif etilgan model loyihalash, qurilish va ekspluatatsiya bosgichlarida ishtirokchilar
mas’uliyatini aniqlashtiradi; texnologik xaritalar, chek-listlar, foto-fiksatsiya va oraliq gabul gilish
orgali nugsonlarning takrorlanishini kamaytiradi.
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BARXAN QUMI ASOSIDA KOMPLEKS MODIFIKATSIYALANGAN
TA’MIRLASH QORISHMALARINI LOYIHALASH VA TEXNOLOGIK
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Annotatsiya. Magolada beton va temirbeton konstruksiyalarini ta’mirlash uchun barxan qumi
asosidagi kompleks modifikatsiyalangan mayda donali beton qorishmalarini loyihalash yondashuvi ko ‘rib
chigildi. Tadqiqot mantiqgi mahalliy nokonditsion qumni oddiy to'‘ldiruvchi sifatida emas, balki
portlandsement, barxan qumi va S-3 superplastifikatoridan tashkil topgan mayin tuyilgan
vibrofaollashtirilgan bog ‘lovchi komponenti sifatida qo ‘llash g ‘oyasiga tayanadi. Barxan qumining yugori
dispersligi, past yiriklik moduli va suv talabini oshirishi ta’mirlash tarkibida granulometrik boyitish,
plastifikatsiya hamda polimer-mineral modifikatsiyani birgalikda tanlash zarurligini ko ‘rsatadi. Magolada
to ‘ldiruvchi turi, g‘ovaklik, suv shimuvchanlik, suv-sement nisbati, 3-7-28 kunlik mustahkamlik hamda
ekspluatatsion chidamlilik ko ‘rsatkichlari tizimlashtirildi. Natijalar TMV-75 bog ‘lovchisi va boyitilgan
to ‘ldiruvchi kombinatsiyasi ta’'mirlash qorishmasining texnologik qulayligi, mustahkamligi va suvga
chidamliligini oshirishda istiqbolli ekanligini ko ‘rsatadi.

Kalit so“zlar: barxan qumi, ta’mirlash gorishmasi, mayda donali beton, vibroaktivatsiya, TMV-75,
S-3 superplastifikatori, boyitilgan to ‘ldiruvchi, AKREMOS 101, GKJ-11, suv shimuvchanlik, adgeziya.

Abstract. The article discusses a design approach for complex modified fine-grained repair mortars
based on dune sand for restoring concrete and reinforced concrete structures. The concept relies on using
local substandard dune sand not merely as a fine aggregate but as a component of a fine-ground
vibroactivated binder consisting of Portland cement, dune sand and S-3 superplasticizer. The high
dispersion, low fineness modulus and increased water demand of dune sand require a combined selection of
granulometric enrichment, plasticization and polymer-mineral modification. The paper systematizes the
effects of aggregate type, porosity, water absorption, water-cement ratio, 3-7-28-day compressive strength
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and service durability. The results indicate that the combination of the TMV-75 binder and enriched
aggregate is promising for improving workability, strength and water resistance of repair mortars.

Keywords: dune sand, repair mortar, fine-grained concrete, vibroactivation, TMV-75, S-3
superplasticizer, enriched aggregate, AKREMOS 101, GKJ-11, water absorption, adhesion.

Armomauuﬂ. B cmamove padcCMOmper nooxoo0 K npoeKmupoeaHuro KOMNJI1EKCHO
MO@Md)uuupO@dHHblx MENIKO3EPHUCNTIbLX OemonHblx cmecell Ha OCHOGe 6(praHH020 necka Ois pemonma
Oemonnblx U JHcene300emoHHbIX KOHcmpym;uﬁ. Jlocuxka uccnedosarnus onupaemcst Ha uoeio
UCNOJIb306AHUA MeCmMHO20 HeKOHauL;MOHHOZO necka mne 6 kauecmee 0ObIUHO20 HAnoJRumes A, a 6
Kadvecmee mMOHKOMOJIOnOoco 6u6p0al<mu6up06aHH020 6AJICYUecO KOMNOHEHmMdA, cocmoAaueco us
nopmaanoyemenma, obapxannozo necka u cynepnaacmughuxkamopa C-3. Bwicoxkaa oucnepcHocms
6apxaHH020 necka, HUBKUU MO@yJZb KPYNHOCMU U NO6blUleHHAA 6060n0mpe6Hocmb yKassledrwn HaA
HeobX00UMOCmb  COBMECHHO20 6bl60p61 epanyiomempudecKkoco 0602611/1/;€Huﬂ, nﬂacmuqbukauuu u
l’lO/luMepHO-MuHepaﬂbHOﬁ Modugbukauuu 6 cocmaee pemorma. B cmamuve cucmemamusupoeaHsl
nokaszameau muna 3anojHumeilsl, nopucmocmu, GOOOHOZJZOWQHM}L 600014€M€HI71H020 COOMHOUIEHUA, 3-
7-28-0HesHou npounocmu u IKCRIYAMAYUOHHOU Oon2oeeuHocmu. Pesynbmamer noxaszwiearom, umo
Komounayus ceazyioweco TMB-75 u obocawennoco nanoinumensi NepcnekmusHa OJisi NOBbIULeHUs.
mexHoJ0cuYHocmu, npodHocmu u 6000CMOUKOCMU PEMOHMHOCO pacmeopa.

Knwuegvle cnosa: Oapxaumnviii necox, peMOHMHBIU pPACMEOp, MeNKO3EPHUCbILL OemoH,
subpoaxmusayus, TMB-75, cynepnnacmughuxamop C-3, obocawennwiil 3anornumens, AKPEMOC 101,
T'KOK-11, sooonoenowenue, aoze3usl.

KIRISH

Beton va temirbeton konstruksiyalarining uzoq muddat ekspluatatsiya gilinishi, yoriglar,
sinishlar, gatlam ajralishi va armatura korroziyasi kabi nugsonlar ta’sirida ularning xizmat muddati
gisgaradi. An’anaviy ta’mirlash usullari ko‘pincha eski beton yuzasiga yangi gatlam qo‘yish, metall
halgalar bilan sigish yoki ayrim elementlarni almashtirishga asoslanadi. Bunday yechimlar
ishonchli bo‘lishi mumkin, biroq katta mehnat sarfi va material tannarxi bilan ajralib turadi. Shu
sababli mahalliy xomashyo asosida samarali, tejamkor va texnologik jihatdan qulay ta’mirlash
tarkiblarini ishlab chigish dolzarbdir.

Barxan qumlari O‘rta Osiyo va unga tutash hududlarda keng tarqgalgan tabiiy resurs
hisoblanadi. Ularning asosiy muammosi changsimon va juda mayda fraksiyalar ulushining
yugoriligi, yiriklik modulining pastligi hamda suvga talabchanligidir. Shu bilan birga, aynan yuqori
disperslik va polimineral tarkib ularni faollashtirilgan bog‘lovchi tizimlarda mineral qo‘shimcha
sifatida qo‘llash imkonini beradi. Magqolaning maqsadi - barxan qumi asosidagi
modifikatsiyalangan ta’mirlash qorishmalarini loyihalashda to‘ldiruvchi, bog‘lovchi va kimyoviy
go‘shimchalar tanlovining asosiy mezonlarini tizimlashtirishdir.

ADABIYOTLAR TAHLILI

Ta’mirlash ishlarida mayda donali betonlarning qo‘llanishi konstruksiyadagi kichik hajmli
nugsonlarni sifatli to‘ldirish imkoniyati bilan bog‘liq. Mayda donali tuzilma yirik qo‘shimchalarsiz
nisbatan bir jinsli matritsa hosil giladi, kimyoviy va mineral modifikatorlarni samarali tagsimlashga
sharoit yaratadi hamda purkash, quyish yoki bosim ostida joylashtirish kabi turli texnologiyalar
uchun qulaylik beradi [1-3].

Biroq yirik to‘ldiruvchining yo‘qligi mayda to‘ldiruvchi solishtirma yuzasini oshiradi,
natijada suv va sement sarfi ko‘payadi. Bu esa kirishish deformatsiyasi, kapillyar g‘ovaklik va ichki
zo‘riqishlarning ortishiga olib kelishi mumkin. Tadqiqotchilar ushbu kamchiliklarni ko‘p
komponentli bog‘lovchilar, plastifikatorlar, havo kirituvchi qo‘shimchalar va polimerlar bilan
modifikatsiyalash orqali kamaytirish mumkinligini ko‘rsatadi [2,4].

Polimer-sement tizimlarida polimer komponent sement toshi hamda to‘ldiruvchi yuzasida
yupga parda hosil qilib, kontakt zonadagi adgezion mustahkamlikni oshiradi. Aynigsa akril
sopolimerlari, suv ushlab turuvchi qo‘shimchalar va gidrofoblashtiruvchi komponentlardan
kompleks foydalanish ta’mirlash tarkiblarining qatlamlanishiga qarshi turadi, eski beton bilan
ilashishni kuchaytiradi va suvga chidamlilikni yaxshilaydi [5,6].

Scientific-technical journal (STJ FSTU, ®JITY UTXK, HTXK OI'TY, 2026, T.30.crem.oimyck Ne 13) 135



CTPOUTEJIBCTBO

MATERIAL VA METODLAR

Maqoladagi tahlil barxan qumi, maydalash elagi mahsuloti, portlandsement, S-3
superplastifikatori, Sika Viscocrete 5 New, AKREMOS 101 va GKJ-11 komponentlari qo‘llangan
tajriba ma’lumotlariga asoslandi. Bog‘lovchi sifatida oddiy portlandsement (PS) va portlandsement-
barxan qumi-S-3 tizimidan iborat mayin tuyilgan vibrofaollashtirilgan bog‘lovchilar (TMV-85,
TMV-75, TMV-65) solishtirildi. TMV-75 tarkibida 74% portlandsement, 25% barxan qumi va 1%
S-3 mavjud bo‘lib, asosiy variant sifatida baholandi.

Qorishmalarni baholashda granulometrik tarkib, hisobiy va tajribaviy g‘ovaklik, suv-sement
nisbati, o‘rtacha zichlik, suv shimuvchanlik, reologik ko‘rsatkichlar va 28 kunlik siqilishdagi
mustahkamlik mezonlari tanlandi. Natijalar boyitilgan to‘ldiruvchi shifrlari bo‘yicha ham, oddiy
to‘ldiruvchi turlari bo‘yicha ham taqqoslandi. Sifat ko‘rsatkichlari ta’mirlash ishlarida muhim
bo‘lgan uch blokda baholandi: texnologik qulaylik, fizik-mexanik barqarorlik va ekspluatatsion
chidamlilik.

NATIJALAR VA MUHOKAMA

Dastlabki natijalar to‘ldiruvchi turi mayda donali ta’mirlash betonining suv talabi va
mustahkamligiga keskin ta’sir qilishini ko‘rsatadi. Barxan qumi alohida qo‘llanganda suv-sement
nisbati 0,74 ga yetgan va 28 kunlik sigilishdagi mustahkamlik 14,1 MPa bilan cheklangan. Volskiy
qumida bu ko‘rsatkich 34,4 MPa, maydalash elagi mahsulotida esa 30,6 MPa bo‘lgan. Demak,
barxan qumini oddiy mayda to‘ldiruvchi sifatida ishlatish emas, balki granulometrik boyitish va
faollashtirilgan bog‘lovchi tizimiga kiritish magsadga muvofiq.

Jadval 1
To‘ldiruvchi turlarining suv talabi va mustahkamlikka ta’siri
Volskiy qumi 2,5 0,41 4,0 34,4
Barxan qumi 0,6 0,74 12,3 141
Kvars qumi 1,8 0,55 8,4 20,5
Maydalash elagi 3,5 0,40 5,6 30,6

To'ldiruvchi turining mustahkamlik va suv singishiga ta’siri
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1-rasm. To‘ldiruvchi turi bo‘yicha mustahkamlik va suv singdiruvchanlik
tendensiyasi.

Boyitilgan to‘ldiruvchi olishda maydalash elagi mahsuloti va barxan qumi nisbatlari
o‘zgartirilganda g‘ovaklik kamayadi, zarracha qadoqlanishi yaxshilanadi va qorishmaning suvga
ehtiyoji pasayadi. PS asosidagi tarkiblarda 28 kunlik mustahkamlik 38,5-46,2 MPa oralig‘ida
bo‘lsa, TMV-75 asosidagi tarkiblarda bu giymat 51,7-63,2 MPa gacha ko‘tarildi. Eng yuqori natija
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2-shifrli boyitilgan qumda gayd etildi: suv-sement nisbati 0,31, o‘rtacha zichlik 2224 kg/m?, 28
kunlik mustahkamlik 63,2 MPa.

Jadval 2
Boyitilgan to‘ldiruvchi shifrlari bo‘yicha PS va TMV-75 tarkiblarining solishtirma ko‘rsatkichlari

Qum PS: S/S PS: R28, TMV-75: TMV-75:
shifri MPa SIS R28, MPa

1 0,40 43,4 0,34 57,8

2 0,38 46,2 0,31 63,2

3 0,41 42,8 0,33 54,6

4 0,39 39,7 0,34 52,9

5 0,39 38,5 0,33 51,7

28 kunlik sigilish mustahkamligi, MPa

Boyitilgan qum tarkibi bo‘yicha mustahkamlik tendensiyasi

60 -

55

50

45 -

40 -

=@~ PS asosidagi tarkib
TMV-75 asosidagi tarkib

T
3 4

Boyitilgan qum shifri

2-rasm. Boyitilgan qum shifrlari bo‘yicha 28 kunlik mustahkamlikning o°zgarishi.

TMV-75 bog‘lovchisi tarkibdagi sement ulushining bir qismini faollashtirilgan barxan qumi
bilan almashtirish hisobiga nafagat xomashyo tejamkorligini, balki yuqori dispersli mineral
zarrachalar tufayli zichroq sement toshi hosil bo‘lishini ham ta’minlaydi. S-3 superplastifikatori suv
talabini kamaytirib, aralashmaning yoyiluvchanligini saglaydi. AKREMOS 101 va GKJ-11 kabi
polimer-gidrofob qo‘shimchalar esa kontakt zonaning adgeziyasini kuchaytiradi, suv yutilishini
pasaytiradi va gotish jarayonida gatlamlanish xavfini kamaytiradi.

Jadval 3

Ta’mirlash tarkibini tanlash uchun ko‘p mezonli baholash konsepsiyasi

ilashish

Mezon Magsad Qulay yechim Nazorat ko‘rsatkichi
Granulometriva G‘ovaklikni Maydalash elagi + yiriklik moduli,
y kamaytirish barxan qumi g ovaklik
Suv talabi Kirishishni cheklash TMV-75 + S-3 S/S, yoyilish
Adgeziya Eski beton bilan AKREMOS 101 ajralishga

mustahkamlik

Suvga chidamlilik

Kapillyar namlanishni

GKJ-11, zich tuzilma

suv shimuvchanlik,

kamaytirish Kyum
Durabillik Siklli muhitga chidash | zich matritsa + polimer F sinfi, suv
o‘tkazmaslik
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TEXNOLOGIK TAVSIYALAR

Barxan qumi asosidagi ta’mirlash qorishmalarini ishlab chiqarishda birinchi navbatda
to‘ldiruvchining donador tarkibi nazorat qilinadi. Juda mayda fraksiyalar suvga talabni oshirganligi
sababli, ularni maydalash elagi mahsuloti bilan kombinatsiyalash zarur. Amaliy jihatdan 60/40
nisbatdagi to‘ldiruvchi tizimi yuqori mustahkamlik va past S/S bilan ajralib turadi.

Beton yoki temirbeton yuzasiga qo‘llashdan oldin eski betonning bo‘shagan qatlamlari
tozalanadi, chang va yog‘li izlar ketkaziladi, armatura korroziyadan himoyalanadi. Qorishma sirtga
zich joylashtirilishi va dastlabki qotish davrida namlikning juda tez yo‘qolishidan himoyalanishi
kerak. Polimer modifikatorlar mavjud bo‘lganda qotish rejimi ishlab chigaruvchi tavsiyasi va sinov
natijalariga muvofiq tanlanadi.

XULOSA

Barxan qumi alohida to‘ldiruvchi sifatida qo‘llanganda yuqori suv talabi va past
mustahkamlik bilan cheklanadi; shu sababli u granulometrik boyitilgan to‘ldiruvchi va
vibrofaollashtirilgan bog‘lovchi komponenti sifatida samaraliroqdir.

TMV-75 bog‘lovchisi PS asosidagi tarkiblarga nisbatan suv-sement nisbatini kamaytirish va
28 kunlik mustahkamlikni 51,7-63,2 MPa gacha oshirish imkonini berdi. Bu ta’mirlash
qorishmasining konstruktiv tiklash vazifalarida qo‘llanish istigbolini kuchaytiradi.

Ko‘p mezonli loyihalashda fagat mustahkamlik emas, balki suv shimuvchanlik, adgeziya,
gatlamlanishga chidamlilik, sovugga chidamlilik va texnologik qulaylik birgalikda baholanishi
lozim. Barxan qumi asosidagi modifikatsiyalangan tarkiblar mahalliy xomashyo resurslaridan
foydalanish orqali tannarxni pasaytirish va ta’mirlash sifatini oshirish imkonini beradi.

Adabiyotlar
[1]. Uzaeva A.A. Kompleksnye remontnye sostavy na osnove barkhannogo peska. Dissertatsiya, Groznyy, 2020.
[2]. Bazhenov Yu.M. Tekhnologiya betona. Moskva: ASV, 2011.
[3]. Lesovik V.S. Stroitelnoe materialovedenie: strukturnye zakonomernosti i svoystva kompozitov. Belgorod, 2006.
[4]. Komokhov P.G. Modifitsirovannye betony i rastvory dlya remonta zhelezobetonnykh konstruktsiy. Sankt-
Peterburg, 2008.
[5]. Murtazaev S-A.Yu., Bataev D.K-S. Melkozernistye betony na mestnom syr'e i tekhnologii ikh modifikatsii.
Groznyy, 2015.
[6]. GOST 31356-2007. Smesi sukhie stroitel'nye na tsementnom vyazhushchem. Metody ispytaniy.
[7]. GOST 31357-2007. Smesi sukhie stroitel'nye na tsementnom vyazhushchem. Obshchie tekhnicheskie usloviya.
[8]. GOST 10180-2012. Betony. Metody opredeleniya prochnosti po kontrol'nym obraztsam.
[9]. GOST 12730.3-2020. Betony. Metod opredeleniya vodopogloshcheniya.
[10]. Sika ViscoCrete 5 New. Texnik pasport va qo‘llash bo‘yicha tavsiyalar.

UDC 691.32:620.1
MOISTURE-BALANCED LIGHTWEIGHT CONCRETE BASED ON EXPANDED
PERLITE AND RECYCLED CERAMIC BRICK WASTE: THERMAL AND SHRINKAGE
PERFORMANCE

Rajabov U.O.

Karakalpak state university, Karakalpakstan, Uzbekistan
*Corresponding author, e-mail: umidrajabov@mail.com
ORCID: https://orcid.org/0009-0003-5637-7237
(Received on September 3rd, 2026)

Abstract.The paper presents a material-oriented study of high-strength lightweight concrete designed
for hot-dry climatic conditions using expanded perlite and recycled ceramic brick waste. In contrast to fiber-
centered optimization, the focus is placed on water balance, internal curing, microfiller packing and thermo-
deformation efficiency. The binder system consisted of CEM | 42.5N Portland cement, silica fume, limestone
powder and ceramic brick powder. Expanded perlite was used not only as a lightweight aggregate but also
as a controlled internal moisture reservoir after preliminary wetting. A staged comparison of technological
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solutions showed that the transition from dry perlite to pre-wetted perlite and microfiller-modified mixtures
increased the slump-flow from 535 to 595 mm, improved 28-day compressive strength from 48.2 to 57.0
MPa, reduced shrinkage from 0.620 to 0.475 mm/m and maintained a low thermal conductivity level of
0.475 W/(m'K). The proposed thermo-structural index reached 120.0 MPa-m-K/W, indicating that the
developed composition combines structural capacity with energy-saving potential. The results support the
use of locally available mineral resources and ceramic waste in durable lightweight concrete for dry
regions.

Keywords: expanded perlite, ceramic brick waste, internal curing, lightweight concrete, shrinkage,
thermal conductivity, silica fume, moisture balance.

Annomauus. B cmamve uccinedosan vlcOKONpoOUHbLiL e2Kull OemoH Ha OCHO8e BCNYUEHHO20 Nepauma
U OMX0008 Kepamuyeckoeo KUpnuud ¢ aKyeHmoM HA B0OHbll OAlaHc, 6HYMPEHHUL YX00, YNIOMHEHUe
MUKPOCIPYKIYPbL U MEnIOmexHudeckyio  sgpgexmusnocms. Ilepexod om  cyxoeo nepauma K
npeodsapumenbHoO YEIANCHEHHOMY RePIUMY U MUKPODUILTIEPHOU MOOUDUKAYUU NO360UNL YEETULUNb PACTIIbIE
¢ 535 00 595 mm, nosvicume npounocme npu cocamuu ¢ 48,2 0o 57,0 Mlla, ymenvwums ycaoky ¢ 0,620 0o
0,475 mm/m u coxpanums menionpogoorocms na yposue 0,475 W/(m-K).

Knrouesnle cnoea: écnyuennvii nepaum, omxoobl KEPAMUYECKO20 KUPRUYA, BHYMPEHHUL YX00, 1eeKUll
bemomn, ycaoxa, menionpo8oOHOCHb, MUKPOKPEMHE3EeM, 600HbII OANAHC.

Annotatsiya. Magolada ko ‘pchitilgan perlit va keramik g ‘isht chigindisi asosidagi yugori mustahkam
yengil betonning suv balansi, ichki parvarishi, mikroto ‘Idiruvchilar yordamida zichlanishi hamda issiglik-
deformatsion samaradorligi o ‘rganildi. Quruq perlitdan oldindan namlantirilgan perlit va mikroto ‘Idiruvchi
modifikatsiyalangan tarkibga o ‘tishda yoyiluvchanlik 535 mm dan 595 mm gacha oshdi, 28 sutkalik
sigilishdagi mustahkamlik 48,2 MPa dan 57,0 MPa gacha ko tarildi, kirishish 0,620 mm/m dan 0,475 mm/m
gacha kamaydi.

Kalit so“zlar: ko ‘pchitilgan perlit, keramik g ‘isht chigindisi, ichki parvarish, yengil beton, kirishish,
issiglik o ‘tkazuvchanlik, mikrokremnezem, suv balansi.

Introduction

Lightweight concrete is increasingly considered as a material platform for energy-efficient
and resource-saving construction. Its lower density reduces the dead load of structural elements,
while porous aggregates can improve thermal performance. However, the main technological
challenge is that a decrease in density is often accompanied by increased porosity, higher water
absorption, more intensive shrinkage and lower strength. These effects become more critical in hot-
dry climates, where the evaporation rate is high and early-age hydration may be interrupted by
moisture loss.

Expanded perlite is a promising lightweight aggregate because of its low bulk density and low
thermal conductivity. At the same time, its high open porosity makes the water state of the
aggregate a decisive technological factor. If dry perlite is introduced into a cementitious mixture, it
absorbs part of the mixing water and may reduce workability. If it is pre-wetted, it can release part
of the stored water during hardening and act as an internal curing component. This principle is
particularly important for regions where external curing is difficult to maintain during the first days
after casting.

Recycled ceramic brick waste is another relevant component for lightweight concrete. After
crushing and grading, coarse fractions can be used as porous mineral aggregate, while finely ground
powder can function as a microfiller and partly reactive aluminosilicate addition. The combination
of expanded perlite, ceramic brick powder, silica fume and a polycarboxylate superplasticizer
provides an opportunity to control both water balance and microstructural packing. The aim of this
study is to evaluate how moisture regulation and microfiller modification affect workability,
strength, shrinkage and thermal conductivity of lightweight concrete based on local and recycled
mineral resources.

Materials and methods

The binder was CEM | 42.5N Portland cement with a 28-day compressive strength of
approximately 55.0 MPa. Silica fume MK-85 was used as a highly active pozzolanic addition, while
limestone powder and ceramic brick powder acted as microfillers. Expanded perlite with a fraction
of 0.16-1.25 mm was selected as a lightweight aggregate. Its dry bulk density was about 110 kg/m?
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and its mass water absorption capacity was up to 300%, indicating the need for controlled pre-
wetting. Crushed ceramic brick aggregate and quartz sand were used to improve the granular
skeleton. A polycarboxylate-based superplasticizer was added to keep W/B = 0.28 while preserving
high flowability.

Table 1.
Materials used for moisture-balanced lightweight concrete
Material Role in the mixture Characteristic value
=~ 3: ~
CEM I 42.5N Hydraulic binder p=3100 kgﬁéé f c28%355
Silica fume MK-85 Pozzolanic ultrafine addition Si02 = 95.8%; S =~ 18000 m*/kg
Limestone powder Inert microfiller dso = 18 um; p = 2700 kg/m?
Ceramic brick Recycled aluminosilicate dso = 45 um; water absorption ~
powder microfiller 8%
. Lightweight aggregate and bulk density ~ 110 kg/m?;
Expanded perlite internal curing carrier absorption up to 300%
Quartz sand Fine aggregate fineness modulus =~ 2.2
PCE superplasticizer Water-reducing admixture solid content ~ 30%

Four technological stages were compared. Stage SO represented a mixture with dry perlite and
no moisture-balancing measure. Stage S1 used pre-wetted perlite. Stage S2 combined pre-wetted
perlite with ceramic brick powder as a microfiller. Stage S3 included pre-wetted perlite, ceramic
brick powder, limestone powder, silica fume and PCE-controlled low W/B ratio. The purpose of
this staged approach was to separate the effect of internal curing from the effect of microstructural
densification.

Table 2.
Staged mixture strategy for water-balance control
Stage Technological feature Expected mechanism
S0 Dry perlite introduced directly High water absorption b_y_aggregate, reduced
flowability
s1 Perlite pre-wetted for 10-15 min Internal water reservoir and reduced early
moisture loss
52 Pre-wetted perlite + ceramic Improved particle packing and secondary
powder pore filling
S2 + silica fume + limestone Dense binder matrix, stable workability and
S3 : .
powder + PCE low capillary continuity

The following parameters were measured or calculated: slump-flow, average density, 7- and
28-day compressive strength, flexural strength, mass water absorption, drying shrinkage and
thermal conductivity. Shrinkage was evaluated as linear deformation in mm/m, and thermal
conductivity was measured under stationary heat-flow conditions. In addition, a thermo-structural
index |_TS was introduced to compare strength and thermal efficiency:

I TS=f¢28/), MPamK/W

where f_c,28 is the 28-day compressive strength and A is the thermal conductivity. A higher

I_TS value indicates a better combination of load-bearing capacity and heat-insulating performance.

Results and discussion

The comparison of staged mixture strategies demonstrated that the moisture state of perlite
strongly influences the technological behavior of the concrete mixture. Dry perlite reduced
flowability because it absorbed mixing water during the early stage of mixing. Pre-wetting
increased the slump-flow from 535 to 565 mm, while additional microfiller modification raised it to
585-595 mm. This result confirms that internal curing should not be treated only as a hardening-
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stage factor; it also affects the fresh mixture by stabilizing the effective water available to the
binder.

600 -

Slump-flow, mm
= N w B (6,1
o o o o o
o o o o o
1 1 1 L L

0 S0 51 S2 S3
dry perlite pre-wetted + ceramic powder + MK/PCE
Figure 1. Slump-flow of mixtures with different moisture-control strategies.
Table 3.
Technological and mechanical performance of the staged mixtures
Parameter SO Sl S2 S3

Slump-flow, mm 535 565 585 595
Average density, kg/m? 1585 1595 1600 1605
f c,7, MPa 34.5 37.6 39.1 40.0
f c,28, MPa 48.2 52.8 55.9 57.0
Flexural strength, MPa 6.20 6.80 7.20 7.50

The 28-day compressive strength increased from 48.2 MPa in SO to 57.0 MPa in S3. The
increase can be explained by two mechanisms. First, pre-wetted perlite reduced self-desiccation and
supported hydration in the cement matrix. Second, the combination of ceramic powder, limestone
powder and silica fume improved particle packing, reduced capillary discontinuities and
strengthened the interfacial transition zone. The flexural strength also increased from 6.20 to 7.50
MPa, indicating that the microstructure became more homogeneous and less sensitive to local stress
concentrations.

n_ - 0.62
€564 ™
= \\\ - 0.60
% N - 0.58 £
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i (@]
'g 52 4 Sy - Shrinkage | 0.54 I
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dry perlite pre-wetted + ceramic powder + MK/PCE

Figure 2. Strength gain and shrinkage reduction due to internal curing and microfiller modification.

Shrinkage decreased systematically from 0.620 mm/m in SO to 0.475 mm/m in S3. The
reduction is consistent with the internal curing effect of pre-wetted perlite. Water stored in the pores
of perlite gradually participates in cement hydration, reducing capillary tension and limiting drying-
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induced microcracking. Ceramic powder and silica fume further contribute by reducing the
connectivity of capillary pores. Although thermal conductivity slightly increased from 0.445 to
0.475 W/(m-K) when the matrix was densified, the final value remained low for a material with a
28-day compressive strength above 57 MPa.

Table 4.
Durability-related and thermal-deformation indicators
Parameter SO S1 S2 S3
Mass water absorption, % 9.1 8.2 7.5 6.8
Drying shrinkage, mm/m 0.620 0.545 0.505 0.475
Thermal conductivity A, W/(m-K) 0.445 0.455 0.465 0.475
I TS, MPa-m-K/W 108.3 116.0 120.2 120.0
Relative shrinkage reduction, % 0 12.1 18.5 23.4
=
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dry perlite pre-wetted + ceramic powder + MK/PCE

Figure 3. Thermo-structural efficiency index of staged mixtures.

The thermo-structural index increased from 108.3 to approximately 120.0 MPa-m-K/W. The
highest value was obtained for S2-S3, demonstrating that a small increase in thermal conductivity
caused by densification is compensated by a substantial strength gain. In practical terms, the S3
composition provides a better balance for structural and envelope elements where mechanical
reliability and thermal performance are required simultaneously.
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Figure 4. Relationship between thermal conductivity and drying shrinkage.
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The correlation between A and shrinkage shows that densification and moisture regulation act
in opposite but complementary ways. Denser mixtures conduct heat slightly better, but they also
shrink less and absorb less water. Therefore, the optimal composition should not be selected only by
the minimum A value; it must be assessed through a combined criterion that includes strength,
density, shrinkage and capillary transport. The staged approach used in this study supports the
selection of S3 as the most balanced composition for hot-dry regions.

Conclusion

1. Expanded perlite can serve as both a lightweight aggregate and an internal curing carrier.
Preliminary wetting stabilizes the effective water balance of the mixture and reduces early moisture
loss.

2. Recycled ceramic brick powder improves particle packing and contributes to the
densification of the cementitious matrix, especially when combined with silica fume and limestone
powder.

3. The staged transition from dry perlite to the complete moisture-balanced and microfiller-
modified system increased the 28-day compressive strength from 48.2 to 57.0 MPa and reduced
drying shrinkage from 0.620 to 0.475 mm/m.

4. The final composition achieved a thermo-structural index of about 120.0 MPa-m-K/W,
confirming that locally available perlite and ceramic waste can be used to obtain lightweight
concrete with a rational balance of structural and thermal performance.
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Annotatsiya. Magolada obyektlarni qurishda ishlarni tashkil etish modellarining mohiyati,
ularning qurilish ishlab chigarishini rejalashtirish va boshqarishdagi o ‘rni, shuningdek, chizigli,
siklogramma hamda tarmog modellarining xususiyatlari vyoritilgan. Ishlarni tashkil etish
usullarining tasnifi, ular o ‘rtasidagi

bog ‘ligliklar va eng samarali tashkiliy-texnologik yechimlarni tanlash masalalari tahlil gilingan.

Tayanch so‘zlar: modellashtirish, qurilish ishlab chiqgarishi, rejalashtirish, boshgarish,
chizigli model, siklogramma, tarmog modeli, ishlarni tashkil etish usullari.

Annomayusa. B cmamve packpuvlieaemcs cywHocms Mooenel opearuzayuu pabom npu
cmpoumenscmee 00beKmMos, UX poib 6 NIAHUPOBAHUU U  YAPAGIeHUU CMPOUMeNbHbIM
npoU3800CMBOM, A MAKICE OCBEUAIOMC OCOOEHHOCMU JIUHENHbIX, YUKIOZPAMMHBIX U Cemesblx
mooeneu. Ilpoananuzuposamvl Kiaccuguxayus memooos opeanusayuu padoom, 63aumMocsesa3u
Medcoy HUMU U BONPOCHI 8b100pa Hauboiee 3PHeKMUSHbIX OPLaAHU3AYUOHHO-MEXHOLO0SULECKUX
peuwienul.

Kniouesvle cnosa: mooenupoganue, cmpoumenbHoe NpoU3800CME0, NIAHUPOSAHUE,
ynpaenenue, TUHeUHas MoOelb, YUKI02PAMMA, cemesds MoOelb, Memoobl Op2aHu3ayuu padom.

Abstract. This article examines the essence of work organization models in facility
construction, their role in planning and managing construction projects, and also highlights the
features of linear, cyclogram, and network models. The classification of work organization
methods, the interrelationships between them, and issues concerning the selection of the most
effective organizational and technological solutions are analyzed.

Keywords: modeling, construction management, planning, management, linear model,
cyclogram, network model, work organization methods.

Kirish. Qurilish ishlab chigarishini samarali tashkil etish va rejalashtirish ishlarni vaqt
hamda makon bo‘yicha o‘zaro muvofiglashtirishni talab etadi. O‘zbekiston Respublikasining
Shaharsozlik kodeksida shaharsozlik faoliyatini hududiy rejalashtirish, loyihalash va qurish
jarayonlari bilan uzviy bog‘liq holda tashkil etish zarurligi belgilangan bo‘lib, bu qurilish
jarayonlarini ilmiy asosda boshqarishni tagozo etadi [1]. Yangi O‘zbekistonning 2022-2026-
yillarga mo‘ljallangan taraqqiyot strategiyasida ham qurilish tarmog‘ini modernizatsiya qilish,
infratuzilmani rivojlantirish va boshgaruvga zamonaviy yondashuvlarni joriy etish ustuvor
vazifalardan biri sifatida gayd etilgan [2].

Model deganda o‘rganilayotgan obyekt, jarayon yoki hodisaning soddalashtirilgan, ammo
mazmuniy jihatdan yetarli darajada to‘liq ifodasi tushuniladi. Qurilishda bunday model ishlarni
ketma-ketlikda, oqim asosida yoki tarmoq bog‘lanishlari ko‘rinishida ifodalashga xizmat giladi.
Muhandislik-geologik, hududiy va tashkiliy omillarni hisobga olgan holda model tuzish amaliy
loyihalash va qurilish boshgaruvining muhim vositasiga aylanadi [1; 3].

Qurilish ishlab chiqarishida qo‘llaniladigan modellarning mazmuni vaqt o‘tishi bilan
kengayib borgan. Dastlab sodda tasviriy va grafik yondashuvlar ustun bo‘lgan bo‘lsa, keyinchalik
resurslarni tagsimlash, ish jabhalarini o‘zlashtirish, kritik yo‘Ini aniglash va variantlarni solishtirish
imkonini beruvchi murakkabrog modellar shakllandi. Bu boradagi nazariy asoslar A.A. Gusakov,
V.A. Afanasev va M.S. Budnikovlarning tadqiqotlarida keng yoritilgan bo‘lib, ular hozirgi kunda
ham qurilish ishlab chiqarishini tashkil etish metodologiyasining muhim tayanchi bo‘lib golmoqgda
[4-6].

Qurilish ishlab chiqarishida qo‘llaniladigan modellarning tasnifini sxematik tarzda ifodalash
ularning o‘zaro farqi va qo‘llanish doirasini aniqroq anglash imkonini beradi.
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Modellar turlari
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1-rasm. Qurilishda qo‘llaniladigan modellar tasnifi.

l-rasmdan ko‘rinadiki, qurilishda qo‘llaniladigan modellar soddadan murakkabga qarab
rivojlanib, tasviriy, grafik va tarmoq ko‘rinishlarida namoyon bo‘ladi. Mazkur tasnif keyingi
tahlillar uchun nazariy asos bo‘lib xizmat qiladi.

Mazkur magolada qurilish obyektlarini barpo etishda ishlarni tashkil etish modellarining
mobhiyati, ularning asosiy turlari va amaliy qo‘llash usullari O°zbekiston qurilish amaliyoti hamda
amaldagi me’yoriy-huquqiy talablar bilan uyg‘un holda tahlil qilinadi. Xususan, chiziqli,
siklogramma va tarmoq modellarining tashkiliy imkoniyatlari mahalliy qurilish sharoiti nuqtai
nazaridan baholanadi [1-3].

Tadgigot metodikasi. Tadgigot jarayonida qurilish ishlarini tashkil etish va rejalashtirishga
oid nazariy manbalar, klassik oqimli qurilish yondashuvlari hamda grafik modellar bo‘yicha ilmiy
adabiyotlar tahlil qgilindi. Shu bilan birga, O‘zbekiston Respublikasining Shaharsozlik kodeksi,
taragqqiyot strategiyasi va qurilish uchun muhandislik-geologiya izlanishlariga oid amaldagi
shaharsozlik normalari metodik tayanch sifatida gabul gilindi [1-3].
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Birinchi bosqichda modellarni shakllantirishga qo‘yiladigan umumiy talablar — maqgsadga
yo‘naltirilganlik, adekvatlik, to‘liglik, soddalik, tejamkorlik va moslashuvchanlik — tizimli ravishda
ko‘rib chiqildi. Ushbu mezonlar nazariy jihatdan qurilish sistemotexnikasi va oqimli tashkil etish
tamoyillari bilan asoslanadi, amaliy jihatdan esa zamonaviy mahalliy me’yoriy hujjatlar bilan
uyg‘unlashadi [3-5].

Metodik tahlilda qurilish jarayonini vaqt va makon bo‘yicha uyg‘unlashtirish mezoniga
alohida e’tibor qaratildi. Shu asosda ishlarni tashkil etishning ketma-ket, oqimli, parallel va parallel-
oqimli usullari giyosiy tahlil gilindi. Bunda obyektning murakkabligi, ish frontlarining soni, resurs
ta’minoti, muddat cheklovlari va qurilish maydonining hududiy sharoiti asosiy baholash mezonlari
sifatida olindi [4-6].

Ishlarni tashkil etish modellarining asosiy turlari. Qurilish amaliyotida eng ko‘p
targalgan modellar qatoriga chizigli modellar kiradi. Ularning afzalligi soddalik va
ko‘rgazmalilikda namoyon bo‘ladi: ish turlari kalendar vaqt shkalasida ketma-ket joylashtiriladi va
ular bo‘yicha umumiy bajarilish manzarasi shakllanadi. Mahalliy qurilish tashkilotlari amaliyotida
bunday grafiklar kichik va o‘rta hajmdagi obyektlar uchun hamon keng qo‘llanilib, tezkor
boshqaruv qarorlarini qabul qilishda qulay vosita bo‘lib xizmat qiladi [4; 5].

Qurilish amaliyotida chizigli grafiklarning tuzilishi va ulardan foydalanish qulayligini
tushuntirish uchun ularning umumiy ko‘rinishini keltirish magsadga muvofiqdir.
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2-rasm.Chizigli model.

2-rasmda ish turlarining kalendar vaqt bo‘yicha joylashtirilishi aks etgan bo‘lib, u chiziqli
modelning soddaligi va ko‘rgazmaliligini yaqqol namoyon etadi. Biroq ushbu model murakkab
bog‘ligliklarni to‘liq ifodalashda cheklangan imkoniyatga ega.

Siklogramma ko‘rinishidagi oqimli modellar esa ishlarning vaqt bilan birga makondagi
harakatini ham namoyon etadi. Unda ish jabhalari ordinata bo‘ylab, vaqt esa abssissa bo‘ylab
joylashtiriladi. Shu sababli mazkur model ko‘p qavatli uy-joylar, jamoat binolari va vyirik
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infratuzilma obyektlarida brigadalar harakatini muvofiglashtirishda, ish frontlarini bosgichma-
bosqich o‘zlashtirishda samarali natija beradi [5; 6].

Chizigli modeldan fargli ravishda, siklogramma ishlarning vaqt bilan bir gatorda makondagi
harakatini ham aks ettiradi. Shu sababli uni alohida rasm orqali ko‘rsatish zarur.

Tartibdagi (kalendar) vaqt birliklari
1
2
n-2
n-1
n
Mehnat va nj|n e ]
moddiy-texnik Tho Ti... Tor
resurslarga +
ehtiyoj T

3-rasm. Siklogramma ko‘rinishidagi model.

3-rasmda ish jabhalarining bosgichma-bosqich o‘zlashtirilishi va brigadalar harakatining
ketma-ketligi ko‘rsatilgan. Ushbu yondashuv oqimli qurilishni tashkil etishda ayniqsa samarali
hisoblanadi.

Tarmoq modellarida esa ishlar o‘rtasidagi bog‘lanishlar markaziy o‘rin egallaydi. Bunday
yondashuvda har bir ish alohida element sifatida qaraladi va ularning o‘zaro ketma-ketligi, parallel
bajarilishi, kritik va nokritik holati hisobga olinadi. Mazkur model murakkab ko‘p bosqichli
obyektlarda, ayniqgsa muddatlar qat’iy belgilangan qurilishlarda, resurs va vaqt zaxiralarini aniq
baholash imkonini beradi [4].

Murakkab obyektlarda ishlar o‘rtasidagi bog‘lanishlarni chuqur tahlil gilish uchun tarmoq
modelining sxematik ko‘rinishini keltirish maqsadga muvofiq.
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4-rasm. Tarmog modeli.
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4-rasm tarmoq modelining asosiy elementlari va ular orasidagi bog‘lanishlarni aks ettiradi. Aynan
shu model yordamida kritik yo‘Ini aniqlash, vaqt zaxirasini baholash va ishlarni optimallashtirish
mumkin bo‘ladi.

Shunday qilib, turli model turlari turli vazifalarni bajaradi: chizigli grafiklar umumiy
ko‘rinishni beradi, siklogrammalar oqimli tashkil etish uchun qulaylik yaratadi, tarmogq modellar
esa bog‘lanishlarni chuqur tahlil qilish imkonini beradi. O‘zbekiston qurilish amaliyotida ushbu
modellardan birini tanlash obyekt turi, ish hajmi, texnologik murakkablik va boshqgaruv talablari
bilan belgilanadi [1; 4-6].

Ishlar o‘rtasidagi bog‘ligliklar va ularni hisobga olish. Qurilish jarayonida ishlar
o‘rtasidagi bog‘ligliklar tashkiliy va texnologik qarorlarning mazmunini belgilaydi. Ular orasida
resurs bog‘ligligi, frontal bog‘liqlik, rangli bog‘liglik va maxsus texnologik bog‘lanishlar alohida
ahamiyat kasb etadi. Aynan ushbu bog‘lanishlar ishlarning boshlanish va tugash vagqtini, brigadalar
harakatining uzluksizligini hamda resurslardan foydalanish samaradorligini belgilaydi [4—6].

Ishlar o‘rtasidagi bog‘ligliklarning turlarini yaxlit tushunish uchun ularning tasnifini sxema
ko‘rinishida berish magsadga muvofiqdir.
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5-rasm. Ishlar o‘rtasidagi bog‘ligliklarning tasnifi.
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5-rasmda resurs, frontal va boshqa bog‘ligliklarning o‘zaro farqi ko‘rsatilgan. Bu tasnif
qurilish jarayonida ishlarning boshlanishi va tugashini to‘g‘ri muvofiqlashtirishda muhim amaliy
ahamiyatga ega.

Bog‘liqliklar vaqt nugtai nazaridan tugash-boshlanish, boshlanish-boshlanish, tugash-tugash
va boshlanish-tugash turlariga bo‘linadi. Ketma-ket tashkil etishda, odatda, tugash-boshlanish
bog‘ligligi ustun bo‘ladi. Ammo amaliy qurilishda, aynigsa sanoat va fuqarolik obyektlarida, bir
qator ishlarning bir vaqtda yoki qisqa uzilish bilan bajarilishi zarur bo‘lganligi sababli boshqa
turdagi bog‘ligliklar ham keng qo‘llaniladi [4; 5].

Tahlillar shuni ko‘rsatadiki, bog‘ligliklarning cho‘zilish darajasi ishlarning umumiy
davomiyligiga, kritik yo‘l shakllanishiga va resurslardan foydalanish ko‘rsatkichlariga bevosita
ta’sir ko‘rsatadi. Shu jihatdan qaralganda, bog‘ligliklarni to‘g‘ri belgilash nafaqat nazariy, balki
ishlab chiqgarish samaradorligi nugtai nazaridan ham muhimdir. Bu masala zamonaviy qurilish
boshqaruvi va mahalliy me’yoriy talablar bilan chambarchas bog‘liq [1; 3; 4].

Ishlarni tashkil etish usullari va ularning amaliy ahamiyati. Ishlarni tashkil etish usullari
bajarilish tamoyiliga ko‘ra ketma-ket, ogimli, parallel va parallel-oqimli ko‘rinishlarda namoyon
bo‘ladi. Ketma-ket usul sodda obyektlarda va ish hajmi uncha katta bo‘lmagan sharoitlarda
qo‘llansa, oqimli usul takrorlanuvchi jarayonlarga ega obyektlarda yuqori samaradorlik beradi.
Parallel va parallel-ogimli usullar esa resurslarni ko‘proq jalb qilish evaziga qurilish muddatini
gisqartirish imkonini yaratadi [5; 6].

Parallel usulda bir xil turdagi ishlar turli jabhalarda bir vaqtda bajariladi. Parallel-ogimli usul
esa parallel bajarilish va oqim tamoyilining uyg‘unlashuvi bilan tavsiflanadi. O°zbekiston
sharoitida, aynigsa uy-joy majmualari, ta’lim va tibbiyot obyektlari hamda sanoat maydonlari
qurilishida ushbu yondashuvlar muddatni gisqartirish va resurslardan samarali foydalanish nuqgtai
nazaridan dolzarb hisoblanadi [1; 2; 5].

Ishlarni tashkil etish usullarini tanlashda maromiylik, resurslarning uzluksizligi, variantlilik
va aniglik darajasi muhim ahamiyatga ega. Doimiy jadallikdagi ogimlar mehnat va texnik
vositalardan barqaror foydalanishni ta’minlaydi, biroq amaliyotda bunday holat doimo
saglanmaydi. Shu sababli muqobil variantlarni solishtirish va eng magbulini tanlash tashkilotchilik
samaradorligining asosiy sharti hisoblanadi [4-6].

Shuningdek, kritik va nokritik ishlarni ajratish, zaxira vaqgtlarini aniglash va ishlarning erta
hamda kech muddatlarini hisoblash qurilish jarayonini optimallashtirishga xizmat giladi. Bu esa
tarmoq modellarining amaliy qimmatini oshiradi hamda muddat bo‘yicha xavflarni oldindan
baholash imkonini beradi [4].

Olingan natijalar tahlili. O‘rganilgan manbalar va metodik yondashuvlar asosida
qurilishda ishlarni tashkil etish modellarining samaradorligi ularning vazifaga mos tanlanishiga
bog‘lig ekani aniqlandi. Mabhalliylashtirilgan yondashuv shuni ko‘rsatdiki, O‘zbekiston qurilish
amaliyotida model tanlashda fagat nazariy qulaylik emas, balki amaldagi shaharsozlik talablari,
hududiy sharoit, muhandislik-geologik omillar va boshgaruvning tashkiliy imkoniyatlari ham
hisobga olinishi lozim [1-3].

Natijalar shuni ko‘rsatdiki, modellarni tanlashda faqat ko‘rgazmalilik emas, balki boshqaruv
imkoniyatlari, bog‘ligliklarni aks ettirish darajasi, resurslarni muvofiqlashtirish qulayligi va amaliy
moslashuvchanlik ham muhimdir. Masalan, kichik hajmli obyektlar uchun chizigli grafiklar yetarli
bo‘lsa, murakkab ko‘p bosqichli loyihalarda tarmoq modelidan foydalanish samaraliroq bo‘ladi [4;
5].

Qurilish amaliyotida model tanlash ko‘pincha obyektning murakkabligi, ish frontlarining
soni, resurslar barqarorligi va muddat bo‘yicha cheklovlar bilan belgilanadi. Hududiy xususiyatlar,
jumladan transport-logistika sharoiti, materiallar yetkazib berish ritmi va muhandislik tayyorgarligi
darajasi ham tanlovga sezilarli ta’sir ko‘rsatadi. Shu ma’noda modellarni mahalliy sharoitga
moslashtirish zaruriyati ortib bormoqda [2; 3].

Tashkiliy modellarni amaliyotga joriy etishda ularning ko‘rgazmaliligi ham muhim omil
hisoblanadi. Boshgaruv xodimlari, uchastka boshliglari va ijrochilar uchun model ganchalik
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tushunarli bo‘lsa, u shunchalik samarali ishlaydi. Aynigsa, qurilish maydonida tezkor garor gabul
qilish sharoitida modelning soddaligi va aniq o‘qilishi katta afzallik beradi [5].

Bundan tashqari, zamonaviy ragamli vositalar bilan birgalikda qo‘llanilganda tarmoq va
ogimli modellar operativ nazorat, kechikishlarni erta aniglash va resurslar gayta tagsimotini tez
amalga oshirish imkonini beradi. Bu holat taraqqiyot strategiyasida belgilangan qurilish sohasini
modernizatsiya qilish va boshgaruvga innovatsion yondashuvlarni joriy etish vazifalari bilan
hamohangdir [2].

Modellashtirish natijalarini amaliyotga joriy etish uchun ma’lumotlarning yangilanib borishi
ham katta ahamiyatga ega. Ish hajmi, resurs ta’minoti yoki qurilish maydoni sharoitidagi
o‘zgarishlar modelga o‘z vaqtida kiritilmasa, u o‘zining boshqaruv qiymatini yo‘qotadi. Shu sababli
modellarni dinamik boshgaruv vositasi sifatida ko‘rish magsadga muvofiqdir [1; 4].

Amaliy tajriba shuni ko‘rsatadiki, modellarni o‘zaro solishtirish orqali eng yaxshi tashkiliy
variantni tanlash mumkin. Bu, aynigsa, mehnat sig‘imi yuqori, resurslar yetkazib berilishi
murakkab va ishlar ketma-ketligi ko‘p bosqichli bo‘lgan obyektlarda muhim ahamiyatga ega.
Shunday yondashuv qurilish muddatini gisqgartirish, tannarxni pasaytirish va boshgaruv
bargarorligini oshirishga xizmat giladi [4-6].

Xulosa. Qurilish obyektlarini barpo etishda ishlarni tashkil etish modellaridan foydalanish
ishlab chigarish jarayonini ilmiy asosda rejalashtirish va boshgarish imkonini beradi.
Mabhalliylashtirilgan tahlil natijalari O‘zbekiston qurilish amaliyotida ushbu modellarni tanlashda
me’yoriy-huquqiy talablar, hududiy sharoit va obyektning texnologik murakkabligini birgalikda
hisobga olish zarurligini ko‘rsatdi [1-3].

Tadqiqot natijalariga ko‘ra, chiziqli, siklogramma va tarmoq modellarining har biri ma’lum
sharoitda samarali hisoblanadi. Ularning imkoniyatlarini to‘g‘ri baholash, o‘zaro taqqoslash va eng
magbul variantni tanlash orqgali qurilish ishlarini tashkil etish samaradorligini oshirish, resurslardan
ogilona foydalanish va yuqori texnik-igtisodiy natijalarga erishish mumkin [4-6].
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neeko20 Quopobemona. B omauyue om uccredoganull, OpPUECHMUPOBAHHBIX NPEUMYUWECMBEHHO HA
BOJIOKHUCMOE APMUPOBAHUE UNU B1A20OANAHC NEPAUMOBO20 3ANOTHUMENS, AKYEeHM COeNan Ha MUHEPATbHOU
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CTPOUTEJIBCTBO

yacmu cucmemol. cpanyiomMempudeCcKom yYyniomuHeHuu, CHUNCEHUU Ka}’lquJl}lpHOﬁ eodonpoyuuaemocmu u
nossvluieHuu yaeﬂbHOﬁ npoYHocmu. Ha ocuosee noxanvuwvix CblpbeBbIX KOMNOHEHMOB CqupMupO(iaHbl nAamov
eapuarnmos mampuysvl C pa3/zu1m011 KOM6MHCH4M€L7 MquOHanOﬂHume]Zeﬁ. HOKa3aH0, Ymo KOMNJjieKCcHoe
ssedenue MK-835, uszsecmmaxo6oll Myku u nopowika Kepamuyecko20 KUpnuda no3eossem Hosblcumv 28-
CYmounyo npouHocms npu cocamuu 0o 67,0 Mlla, chuzumos eodonoziowenue 0o 6,0% u ymenvuiumo
YCaoxy 00 445 mxm/m npu coxparenuu pacyemmuorl nIomHocmu aeekoeo bemona. Ilonyuennvle 3asucumocmu
nodmeepofcdaiom L{€ﬂ€C006pa3HOCWlb COBMECMHO20 NPpUMEHEHUA PEAKYUOHHO-AKMUBHO20
VILMPAOUCNEPCHO20 — KpeMmHezema U  Oolee  KPYHNHO20  KepaMu4eckoeo MUKDOHANOIHuUmens O
PopMUPOBAHUSL MHO2OYPOBHEBOT NIOMHOU CIPYKMYPbL.

Knrouesvle cnosa: 6vicoKONpouHbvlll JlecKuti OemoH, MUKPOKpEeMHe3eM, KepaMuuecKuti NnOpOuoK;
MUKDOHANOJIHUMEINb, YeMEeHmMHas mampuya, 60001102]10114@1—!116‘,‘ yca()Ka; MecmHoe cvlpbe.

Abstract. The paper evaluates the influence of silica fume, limestone powder and crushed ceramic
brick powder on the formation of a dense cementitious matrix for high-strength lightweight fiber concrete.
The study is focused on the mineral part of the system rather than on fiber reinforcement or perlite moisture
curing. Five matrix variants with different microfiller combinations were analyzed. The combined use of
MK-85 silica fume, limestone powder and ceramic powder increased the 28-day compressive strength to
67.0 MPa, reduced water absorption to 6.0% and limited drying shrinkage to 445 um/m while maintaining
the lightweight character of the composite. The results show the efficiency of multi-scale particle packing
and partial pozzolanic activity in improving the matrix of locally based lightweight concrete.

Keywords: high-strength lightweight concrete; silica fume; ceramic powder; microfiller; cement
matrix; water absorption; shrinkage; local raw materials.

Annotatsiya. Magolada mikrokremnezem, ohaktosh uni va keramik g‘isht chigindisidan olingan
kukunning yugori mustahkam yengil fibrobeton sement matritsasi tuzilishi va xossalariga ta’siri baholandi.
Asosiy e’tibor tolali armaturalash yoki perlitning ichki parvarish effektiga emas, balki mineral gismning zich
qadoqlanishi, kapillyar g‘ovaklikni kamaytirishi va solishtirma mustahkamlikni oshirishiga qaratildi.
Mahalliy xomashyolar asosida besh xil matritsa varianti tahlil gilindi. MK-85, ohaktosh uni va keramik
kukunni kompleks qo‘llash 28 sutkalik siqilishdagi mustahkamlikni 67,0 MPa gacha oshirgani, suv
shimuvchanlikni 6,0% gacha va kirishishni 445 mkm/m gacha kamaytirgani aniglandi.

Kalit so‘zlar: yugori mustahkam yengil beton, mikrokremnezem; keramik kukun, mikroto ‘ldiruvchi;
sement matritsasi; suv shimuvchanlik; kirishish; mahalliy xomashyo.

Bsenenue

Jliis ceBepo-3amaiHbIX PErMOHOB Y30€KuCcTaHa, BKIItoYast XOpe3MCKY0 00J1acTh, aKTyallbHON
3aaueil SBISETCA CO3JaHHE KOHCTPYKIMOHHBIX JIETKUX OETOHOB, COYETAIOUINX BBICOKYIO
IIPOYHOCTh, OHM)KEHHYIO CPEJIHIOI0 IJIOTHOCTh M YCTOMYMBOCTh K MHTEHCHBHOM IOTEpe BJiard B
panHeM Bo3pacte. [Ipy MCHONB30BaHUM MOPUCTHIX 3ATOJIHHUTENEH CHMKEHHE IJIOTHOCTH OOBIYHO
COIIPOBOKIAETCS yBEJIUYEHUEM BOJIOINOIIOIIEHUST M OCia0JeHueM KOHTAKTHOW 30HBI, 4TO
OTPaHUYMBAET POCT MPOYHOCTH M JOJTOBEYHOCTH. [109TOMY mMOBBIIIEHHE KadecTBa IIEMEHTHOMN
MaTpUllbl CTAHOBUTCS OJHHMM W3 KIIIOUYEBBIX HAIPABICHUM YIpaBICHUs CBOMCTBAMHU JIETKOTO
OeToHa.

CoBpeMeHHbIE BBICOKONPOYHBIE LEMEHTHbIE KOMIIO3UTHI MOJYYarOT IIyTEeM ONTHUMH3alUU
BOJIO-BSDKYIIIETO OTHOIICHUS, TNPUMEHEHHUS IOJMKAPOOKCHIIATHBIX CYyNepIiacTu()UKaToOpoB W
BBEJICHUS MMHEPAJIbHBIX MHUKpOHAMosHuTenel. MUKpOKpeMHe3eM o00ecleunBaeT HE TOJIbKO
(bu3nvecKoe 3aroHeHue MEX3EPHOBBIX ITyCTOT, HO U IYIIIOJIAHOBYIO PEAKIHIO C TOPTIAHIUTOM,
YTO NPUBOAUT K oOpa3oBaHuio BTOpuuHbIX C-S-H ¢a3. M3BecTHskoBass Myka cTaOWiM3upyer
PEOJIOTHIO U YITy4YlIaeT IPaHyJIOMETPUIECKYIO YIIAKOBKY, a TOPOIIOK KEPAMUYECKOTO KHPITHYHOTO
00s1 SIBIIIETCSI TIEPCIIEKTUBHBIM BTOPHYHBIM AIIFOMOCHJIMKATHBIM KOMITOHEHTOM, CIIOCOOHBIM
YaCTUYHO MPOSBIISTH PEAKIIMOHHYIO aKTUBHOCTb.

Llenp MiccnenoBaHMsl COCTOSIA B OLIEHKE POJIM MECTHBIX MHUHEPAIBHBIX MUKPOHATIOTHHUTEICH
B ()OPMHPOBAHUU TUIOTHON MaTpUIBl BBICOKOIPOYHOTO Jierkoro ¢GuoOpoderona. [ng moctmxenus
e Pelaiich CJIEeMyIOIIue 3aJadd: OXapaKTepPH30BaTh WCXOIHBIE MHUKPOHAIIOJIHUTEIH;
pa3paboTaTh BapHaHThl MAaTPHIl C PA3IMYHBIM HAOOPOM MHHEPAJIbHBIX KOMIIOHEHTOB; OLEHHUTH
BIIMSIHAE DTUX BAapHAHTOB Ha yM00OYKIAIbIBAEMOCTb, MPOYHOCThH, BOAOMOTIIONIEHHE, YCAIKy W
yIeNbHYI0  3(QQEeKTHUBHOCTb;  ONpEIeNuTh  Haubojee  palMOHAIbHYI0  KOMOMHAIUIO
MUKPOHAIOJIHUTENEH [Tl TanbHEeHIero mpuMeHeHus B JIeTKUX puopoOeToHax.
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MarepuaJbl 1 METObI

B kauectBe Bspkymiero mpumensuin nopTinananemeHT CEM | 425N, cooTBercTBYyrommit
TpeOOBaHUAM OOIECTPOUTENBHBIX IIeMeHTOB. ETo HOpManbHas rycrorta coctasisiia 27,5%, Hadano
1 KoHell cxBaTbiBaHUsI — 150 u 240 MUH COOTBETCTBEHHO, MPOYHOCTh MPHU CHKATUU vepe3 2 U 28
cytok — 25,0 u 55,0 MIla. DT mokaszaTenu CBUIACTEIBCTBYIOT O JOCTATOYHOM IMOTCHIIHAIEC
BSDKYIIETO IS IOJTYYEHUs JIETKOro OETOHa KOHCTPYKLIMOHHOTO Ha3HAYEHUSI.

Tabnuya 1.
Xapaxkmepucmurxa 0CHOBHbIX MUHEPATbHbIX KOMNOHEHMO8
dyHKIUA B HcTnnnas
KommnonenT y dso, MKM 3 OcobennocTb
MaTpulie IIOTHOCTD, KI/M
OpMHUPOBaHHE
CEM 1 42,5N BsbICyIIICe — 3100 $opmrp
nepsuuHoro C-S-H
MYII[0JIAHOBAS
MK-85 aKTHBHasg go0aBKa 0,15 ~2200 aKTHUBHOCTDH U
MHUKPOYIUIOTHCHHE
H3BecTHAKOBAS €0JIOTHYECKast
MHUKPOHAITOTHUTEITb 18 2700 p
MyKa cTabwm3anus
Kepamuueckui MUHEPaIbHBIN BTOPHHHBIA
p P 45 2550 AJTFOMOCHIIMKATHBIN
TTOPOIIOK MUKPOHAITOJTHUTEIb
pecypc
KBapiiesbrit MEJIKUH MHUHePaJIbHBII
- ~650 2650 p
IECOK 3aM0JIHUTED CKeJIET
CoctaBpl Marpull MoAOWMpalUCh Tak, 4YTOOBI CyMMapHass Macca MHHEpaJIbHOUN

MEJIKOJIMCIIEPCHOM YacTH OCTaBalach COMOCTABUMOM, a pa3iNuus B CBOMCTBAaX OBLTH 0OYCIOBICHBI
MMEHHO THUIIOM U COYE€TaHMEM MHKpOHAmojgHuTenel. B kadecTBe 0a30BOro BOJIO-BSIKYIIETO
OTHOIIICHUSA IIPUHAT JIHana3oH 0,28-0,32; JIO3UPOBKa MOJMKAPOOKCUIIATHOTO
cynepractudukaTopa nmogoupanacek B npeaenax 0,8-1,2% ot macchl Bsokyiero. st uCKITtoueHust
BJIMSIHUS BOJIOKOH Ha MHTEPIPETALMIO PE3YJIbTATOB OCHOBHBIE CEPUM PACCMATPUBAIUCH KakK
MaTpUYHbIC BApUAHTHI 0€3 U3MEHEHHS TUCTIEPCHOTO apMUPOBAHUS.

Tabauya 2.
Bapuanmul munepanvroii mampuyul, npunsmeie sl CDAGHUMENbHO20 AHAIU3A
Kepamnueckmnii
BapuanTt llemenr, | MK-85, | Mspectms, floponmlc, W/B Hnes cocraBa
Kr/m? Kr/m? Kr/m?
Kr/m?
KOHTPOJIbHAS
MO 500 0 0 0 0,32 LIEMEHTHAs
MaTpuIa
aKTHUBHas
M1 450 50 0 0 0,30 KpeMHe3eMHast
MoaubUKAIIS
M2 450 0 100 0 0,29 HHEPTHOE
MHKPO3arOIHCHHE
BTOPUYHBIN
M3 450 0 0 100 0,30 KepaMHUYEeCKHIl
MUKPOHAITOJTHUTEIT
KOMILJIEKCHOE
M4 450 50 60 40 0,28 MHOTOYPOBHEBOE
YIUTIOTHEHUE
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Y 10060yKI1aABIBAEMOCTb OLICHUBAIM IO PACIUIBIBY cMecH. CPeqHIOI IIOTHOCTh ONPEAEIIsIN
10 KOHTPOJILHBIM 00pasliaM rnociie TBepAeHus. [IpouHoCTh npu cxxaTUX U U3rude onpenessiia Ha 7-
€ U 28-e CyTKH, BOJOINOIJIONIEHHE — I10 MacCOBOMY IPUPOCTY IOC/IE HACBIIIEHUS BOJOH, yCaaKy
— IO U3MEHEHHUIO JUIMHBI Ipu3M. {11 comocTtaBieHus BapuaHTOB JOMOJHUTEIBHO PACCUUTHIBAIN
yAeNnpHYI0 NpouHOCTh Rud M Matpuusbiii koddduuuent s¢pdexkruBHocTH K, ydUTHIBAIOLIMIA

HPUPOCT IPOYHOCTH U CHUYKEHHUE BOIOIOIIONIEH)S OTHOCUTEILHO KOHTPOILHOIO COCTABA.
Rud = feos / prei;  Km = (fc,28,i/fc,28,0): (Wo/Wi)

Pa3smMepHbIn N COPOLUMOHHBLIN KOHTPAcCT
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Pucynox 1. PazmepHblif 1 cOpOLIMOHHBIN KOHTPACT BHIOPAHHBIX MHUKPOHAIIOJTHHUTEIEH.

Pe3yabTarsl U 00Cy:KIeHHE

AHaJn3 UCXOJHBIX MAaTEPUAJIOB MTOKA3bIBAET, YTO BIOPaHHBIE MUKPOHATIOJIHUTENIN 00pa3ytoT
MHOTOYPOBHEBBIN IpaHyJIOMeTpUYECKUi psia. YiapTpagucnepcHbliii MK-85 3amonHseT npoMexyTKu
MEXJy 4acTUIAMM LIEMEHTa U MHULUUPYET BTOPUYHOE OOpa30oBaHME THIPOCUIMKATOB KaJbLIMS.
N3BecTHsikOBasi Myka uMeeT Oosiee KPYIHBIM pa3Mep 4acTUll U paboTaeT KaK CTaOUIM3UPYIOLIUI
MUHEPAJIBHBIM HAIOJIHUTENb, YMEHbIAs BEPOSITHOCTh pacciaoeHus. Kepamuueckuil MOPOIIOK
o0JaiaeT MOBBIILIEHHBIM BOJIOMNOIIIOMIEHUEM, YTO TpeOyeT KOPPEKTHON NO3UPOBKH BOJBI, OJHAKO
€ro pa3BUTas HOBEPXHOCTh COCOOCTBYET MEXaHMUECKOMY CIETJICHUIO C MAaTPULIEH U MOBBIICHUIO
IJIOTHOCTA KOHTaKTHOM 30HBI.

Tabnuya 3.
Texnonocuueckue u (hpusuKo-mexanuueckue noKa3amenu MampuyHblX 8apuUAHmos
Bapuant Pac;.;bln, p, kr/m® | fe,7),, MIla fl(\sl,lzI? f{\l/)I’IZI?’ W, % i(lsll:;f;:;’
MO 720 1588 32,8 50,5 5,6 8,4 520
M1 690 1596 39,5 61,0 6,8 7,0 475
M2 735 1582 36,4 55,6 6,1 7,6 498
M3 705 1576 37,0 57,2 6,3 74 482
M4 705 1605 40,0 67,0 7,5 6,0 445
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BansaHne MUKpoHanoaHUTeNnen Ha NpoYHoOCTb

—@— WN3runb, 28 cyT
B CxaTwue, 28 cyT

Mpo4HocTk, MlMa

MO M1 M2 M3 M4
BapunaHT MaTpuLbl

Pucynok 2. BiusiHie BapyaHTOB MUHEPAJILHOW MaTpHIIbI HA IIPOYHOCTb.

HawnGonpmmii mpupocT mMpoyHOCTH oOecreuns KOMIUIeKCHBI Bapuant M4. [1o cpaBHeHHIO C
KOHTpoJbHOM MaTpuueit MO mpounocTs npu cxatuu uepe3 28 cyTok yeenuuminack ¢ 50,5 o 67,0
MlIla, To ectb Ha 32,7%. IlpumeHenue Toabko MuKpokpeMmHe3ema (M1) Takke CyLIECTBEHHO
MOBBICHJIO TIPOYHOCTh, OJIHAKO KOMIUIEKCHAass KOMOWHAIMs oOKa3anach 3(pQeKTHBHEE 3a CUeT
OJTHOBPEMEHHOTO JICHCTBHA TPEX MEXaHHW3MOB: MHKPOYIIOTHEHHs, ITyHIIOJAaHOBOH pEaKIuu WU
3aIMOJIHCHUSA MPOMCXKYTOYHBIX ITYCTOT YaCTHLAMU PA3HOro pas3Mcepa. M3BecTHsAKOBAS MYKa B
Bapuante M2 ymyummia yno0oyKiaapIBaeMOCTh, HO €€ BIMSHHAE Ha MPOYHOCTH OKa3aJoCh MEHEe
BBIPA)KEHHBIM, YTO COOTBETCTBYET MPEUMYIIIECTBEHHO (PU3NIECKOM POJIU TAaHHOTO HAIIOJIHUTEIIS.

Kepamuueckuit mopomok M3 obecrieunn Oosiee BBICOKHI pe3yjibTaT MO CPaBHEHHUIO C
KOHTPOJIbBHBIM COCTaBOM, HCCMOTpPA Ha IMOBBLIIICHHYIO BOI[OHOTpCGHOCTB. OTO 00BACHAETCSA TEM,
910 qpo0IeHast kepaMuieckas (paza UMeeT MEepOXOBaTYIO IIOBEPXHOCTh M YIydIIaeT MEXaHHIECKOe
CIIETIJICHHE B MUKPO30HAaX KOHTakTa. OJHAKO MPHU CaMOCTOATEIHHOM NMPUMEHEHUH KepaMUYECKUi
MOPOIIOK He obecrneynBaeT Takoro xe 3¢d@dexkra, Kak COBMECTHO C MHUKPOKPEMHE3EMOM U
M3BECTHIKOBOM MyKoil. ClieoBaTeNbHO, €ro palloHAIbHAS POJb 3aKII0YAaeTCss HE B MOJHOU
3aMEHE aKTHBHBIX J00ABOK, a B BKIIIOYEHNH B MHOTOYPOBHEBYIO CHCTEMY MUKPOHAITOJTHHUTEICH.

NHONKaTOp OTKPLITOW NOPUCTOCTH

8.5

BoponornoweHue, %
~ ~ ©
o (9] o
1 1 1

o
(9]
I

o
o
1

MO M1 M2 M3 M4
BapuaHT MmaTpuubl

PI/ICyHOK 3. I3meHeHHne BOJOMNOTJIOMICHHSA B 3aBUCUMOCTH OT COCTaBa MaTpHUIIbI.
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CHuxeHue BOAOIIOTJIOICHUA SABJIACTCA KOCBCHHBIM HHAWKATOPOM YMCHBUICHUA OTKpBITOI\/JI
KanmwuisipHo mopucroctd. B Bapuante M4 BonmomoriouieHue cHu3uiaoch 1o 6,0%, Torma kak
KOHTPOJIbHBIN COCTaB XapakTepu3oBaiics 3HaueHUueM 8,4%. [Ipu 3ToM MII0THOCTh CMECH OCTaBaslach
B JIMana3oHe, COOTBETCTBYIOIIEM JIETKOMY KOHCTPYKIMOHHOMY OeToHy. IlomydeHHbIN pe3ynbTaT
YKa3bIBa€T, YTO KOMIUICKCHAA MUHCpAJIbHAaA MO}II/I(l)I/IKaHI/Ifl HC IMPOCTO YBCIMYUBACT MPOYHOCTH, HO
U JENaeT CTPYKTypy MEHee INPOHMLAEMOH I BOABI, YTO BaXKHO Ul YCJIIOBUN IIEPEMEHHOIO
YBJIQ)KHCHHSA U BBICBIXaHUWA.

Ycagka nocne 28 cyToK

520
510
500
490 A

MKM/M

480 -

Ycagka

470 4
460 -

450 4

T T T T T

MO M1 M2 M3 M4
BapuaHT MaTpuLpbi

PucyHok 4. Ycanka MaTpHUHBIX BapHAHTOB depe3 28 CYTOK.

VYcagounsle nedopManuy Takke yMEHbIIAIUCH PU UCTIOIH30BAHUM KOMIUIEKCHOTO COCTaBa.
B M4 3nauenue sh,28) cocraBuino 445 mxm/M, uto Ha 14,4% HIDKE KOHTPOJBHOTO BapUaHTA.
CHIKeHHe yCaJKu CBs3aHO ¢ Oosiee MIIOTHOW yMaKOBKOM YaCTHI], YMEHBIIIEHUEM J0JU CBOOOHOM
KanwUIIpHOM BOJBI U 0OOJiee PaBHOMEPHBIM pACIpPEEICHUEM BHYTPEHHUX HANpPSDKEHUM B
nporiecce TBepaeHus. OCOOEHHO BaXKHO, UTO YIyUIIEHHWE JOCTUTHYTO O3 YBEIMYCHHSI TUNIOTHOCTH
JI0 YPOBHS TSDKENOro OeToHa.

Tabnuya 4.
Pacuemnvie noxazamenu s¢hpghexmusHocmu MampuuHvlx 6apuaHmos
Bapwany | o0 | fembeth | Weoo | shasess | Ko
MO 31.8 0.0 0.0 0.0 1.00
M1 38.2 20.8 16.7 8.7 1.45
M2 35.1 10.1 9.5 4.2 1.22
M3 36.3 13.3 11.9 7.3 1.29
M4 41.7 32.7 28.6 14.4 1.86

PacueTHple TOKa3aTeny MOATBEPXKAAIOT, YTO MaKCHMaJbHas 3(p(PEeKTHBHOCT COOTBETCTBYET
Bapuanty M4: ynensHas nmpouHocTh nocturia 41,7 MIla-m?/T, a uaTerpansubiii ko3 dunuent K,
coctaBua 1,86. DTO 03HA4aeT, 4TO MaTpUIla OJHOBPEMEHHO 00ECIEeUnBACT MPUPOCT MPOYHOCTH U
CHIDKEHHE BojonoriomeHus. Bapuant M1 uMeeT BRICOKHI TPOYHOCTHOM MOTEHITUAI, HO YCTYIIAaeT
M4 1o KOMITJIEKCHOHN OIEHKE, TaK KaK He MCIOJIb3YEeT MPOMEKYTOUHYIO (DPaKIHI0 M3BECTHIKOBON
MYKH ¥ JIOTIOJTHUTEJBHBIAH KepaMHUYECKUN KOMIIOHEHT. Bapwant M2 neMoHCTpUpYET JIydlIyro
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TEXHOJIOTHYHOCTh, YTO MOXET OBITh TOJE3HO NPU HEOOXOIUMOCTH TOBBIIICHUS TMOIBMKHOCTH
CMECH, OJJHAKO KaK KOHCTPYKIIHOHHAsl MaTpuIla OH MeHee (P (PEKTHBEH.

[Tony4yeHHBIE 3aKOHOMEPHOCTH MO3BOJISIOT C(HOPMYITHUPOBATH TEXHOIOTHYECKOE OOBICHEHHUE:
[EMEHTHAsi MaTpHIa BBICOKOIIPOYHOTO JIETKOTO OETOHAa [JOJDKHA HMETh HENPEpHIBHYIO
IpaHyJIOMETPUYECKYIO0 KPHBYIO, B KOTOPOH YIbTpaaWCIEpPCHBIC, TOHKOJWCIIEPCHBIE W MEJKHE
MUHEpaJIbHbIE YaCTHIBl 3aHUMAIOT pa3lIM4YHbIE YPOBHM IOPOBOTO IpocTpaHcTBa. llpum sTOM
PEaKIMOHHO-aKTHBHBIN KOMIIOHEHT JIOJDKEH COYETAThCSl C MEHEE aKTHBHBIMH, HO TEXHOJIIOTUYCCKU
CTaOMJIBHBIMU MHUKpPOHAIMOJIHUTENAMHU. Takas cucTeMa YMEHbIIAeT BOAONOTPEOHOCTh, MOBBILIAET
TUIOTHOCTh KOHTAKTHOM 30HBI M CHUKAET BEPOSITHOCTh 00Pa30BaHUs KAIMMJUIIPHBIX KaHAJIOB.

3akiouenue

1. Ha ocHOBe MECTHBIX M BTOPHYHBIX MHHEPAJIBHBIX PECYpPCOB CPOPMHpPOBAHA CHUCTEMA
MUKPOHAMOJHUTENEH JUIl BBICOKOIIPOYHOTO Jerkoro ¢ubpobeTona, Bkiaovaromas MK-85,
M3BECTHIKOBYIO MYKY M IMOPOIIOK KEPAMUYECKOTO KHPITHYHOTO 0OSI.

2. KommnekcHast matpunia M4 obecnieunia Hautyyliee codeTaHUe CBOMCTB: MPOYHOCTh IpU
cxatuu 67,0 MIla, npounocts ipu u3rude 7,5 Mlla, Bononornomenue 6,0% u ycaaky 445 mxm/m.

3. OCHOBHOI MeXaHHM3M YJIy4IlIEHHUs CBSI3aH C MHOTOYPOBHEBBIM YIZIOTHEHHEM CTPYKTYpHI,
CHIDKEHHEM KalWUIIPHOH TOPHCTOCTH W (hopMUpOBaHHEM OoJiee TMPOYHOW KOHTAKTHOH 30HBI
MEX]ly MUHEpAJIbHBIMU YaCTUIIAMU M LIEMEHTHBIM KAMHEM.

4. CamocCTOATeNbHOE TPUMEHEHHWE W3BECTHSIKOBOW MYKH YIIYUIIaeT TEXHOJOTHYHOCTH, a
KepaMHUYEeCKH MOPOIIOK TIOBBIIIAET PECYpCHYI0 3(PQPEKTUBHOCTh COCTaBa; MaKCHUMAaJIbHBIN
KOHCTPYKIIMOHHBIH 3((EKT TOCTUTACTCS MPH UX COBMECTHOM MTPUMEHEHHH C MUKPOKPEMHE3EMOM.

5. IlpennoxeHHbI MOIX0A MOXKET OBITh MCIOJIB30BAH NPU pa3pabOTKe JETKUX OCTOHOB IS
YCIOBHM JKapKoro M CyXOro KJIMMara, TAe OJHOBPEMEHHO TPEOYIOTCS BBICOKAS yIeiabHas
MIPOYHOCTh, OTPAaHMUYCHHAS yCaJKa U CHIXKEHHOE BOJIOIIOTIIOIICHHE.
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Annotatsiya: Maqgolada g ‘ovakli to ‘ldirgichlardan foydalanib, mexanik faollashtirilgan quruq qurilish
aralashmalari asosida olinadigan yengil g ‘ovakbetonlarni qo ‘llash istigbollari ko rib chigilgan. Keramzit,
ko ‘pikli shisha va ko ‘pirtirilgan polistirol granulalarining materialning fizik-mexanik hamda issiglik
izolyatsiyalovchi xossalariga ta’sivi tahlil gilingan. Quruq aralashmalardan foydalanish tarkibning
bargarorligini, ishlab chiqgarishning texnologik ishonchliligini va mahsulotlarning ekspluatatsion
xususiyatlarini yaxshilashini ta’minlashi aniglangan. Olingan natijalar o ‘z xususiyatlari bo ‘yicha avtoklavli
gazobetonga giyoslanadigan konstruksiyaviy-issiglik izolyatsiyalovchi betonlarni yaratish imkoniyati
mavjudligini ko ‘rsatadi.

Kalit so‘zlar: g ‘ovakli beton, qurug qurilish qorishmalari, ko ‘pikbeton, gazobeton, keramzit, ko ‘pikli
shisha, issiqlik izolyatsiyasi, devorbop materiallar.

Almomamm: B cmamuve paccmompernvl nepcnekmuesbl npuMeHeHus JIECKUX AYEUCbIX 6€m0H06,
nojydaemvblx Ha OCHOBE MEXAHUYECKU AKMUBUPOBAHHBIX CYXUX CMPOUMEIbHbIX cmecell ¢ UCNONb306AHUEM
nopucmalx 3anoanumerei. Hpoaﬂaﬂmupoeaﬂo GIUAHUE Kepam3uma, cpar)l NEeHOCmeKl1a U 6CNEHEeHHO2Oo
nojaucmupojia Ha (])u3ui<0-MexaHuueCKue u menjiousonAyUuoOHHbslEe ceoticmea mamepuana. YCmaHOGJleHO, uymo
UCnojb3oeanue Ccyxux cmecell obecneyusaem cmadOUIbHOCHb cocmaed, NMeExXHoN02U4eCcKyro HaoéxncHocmo
npouU3800Cmea U Yayuuaem SKCNLyamayuoHuvie xapakmepucmuxu npooykyuu. [lonyuennvle pesynvmamol
NOKA3bI6AIOM 803MOICHOCHb CO30AHUSL KOHCMPYKYUOHHO-MENIOU3ONAYUOHHBLX 6€m0H06, conocmasumslx no
CEOUM CEOUCMEAM C ABMOKIABHBIM 2A300€MOHOM.

Knrouesvle cnoea: sueucmouiii 6emow, cyxue CmMpOUmMeEnbHvle CMeCU, NeHOOemoH, 2a300emoH,
Kepam3um, neHoCmerxijo, menjiou3oniayusl, cneHosoble mamepuaisl.

Abstract: This article examines the prospects of using lightweight porous concrete obtained from
mechanically activated dry construction mixes with porous aggregates. The influence of expanded clay, foam
glass, and expanded polystyrene granules on the physicomechanical and thermal insulation properties of the
material is analyzed. It was determined that the use of dry mixes ensures compositional stability,
technological reliability in production, and improves the operational characteristics of the products. The
results obtained indicate the possibility of creating structural and thermal-insulating concretes that are
comparable in their properties to autoclaved aerated concrete.

Keywords: porous concrete, dry construction mixes, foam concrete, aerated concrete, expanded clay,
foam glass, thermal insulation, wall materials.

Kirish

Zamonaviy qurilish binolarning tashqi va ichki devorlarini barpo etish uchun energiya
tejamkor, uzoq muddatga chidamli va iqtisodiy jihatdan foydali materiallarni ishlab chigishni talab
giladi. Uy-joy qurilishi hajmining ortishi hamda binolarning issiqlik himoyasiga qo‘yiladigan
talablarning kuchayishi devorbop materiallar sohasida yangi yechimlar izlash zaruratini yuzaga
keltirmoqda.

Nisbatan yuqgori mustahkamlik, past zichlik va yaxshi issiglik izolyatsiyasi xususiyatlarini
o‘zida mujassam etgan yengil g‘ovakli betonlarni qo‘llash eng istigbolli yo‘nalishlardan biri
hisoblanadi. Bunday materiallar sirasiga ko‘pikli beton, gazbeton va g‘ovak to‘ldirgichlarga
asoslangan turli yengil betonlar kiradi.

Tarkibning o‘zgarmasligini ta’minlaydigan, inson omili ta’sirini kamaytiradigan va tayyor
mahsulot sifatini oshiradigan qurugq qurilish aralashmalaridan foydalanish alohida qizigish
uyg‘otadi. Tarkibga qo‘shimcha ravishda g‘ovakli to‘ldirgichlar kiritilishi materialning zichligini
pasaytirishga va uning issiglik izolyatsiyasi xususiyatlarini yaxshilashga yordam beradi.

Ushbu tadgiqotning magsadi — devor konstruksiyalari uchun mo‘ljallangan yengil
konstruksion-issiqlik izolyatsiyalovchi betonlar olishda g‘ovakli to‘ldirgichli, mexanik
faollashtirilgan quruq aralashmalarni qo‘llash samaradorligini baholashdir.

Asosiy bog‘lovchi sifatida M 400-D20 markali portlandsementdan foydalanildi. Quruq
aralashmalarni tayyorlashda kvars qumi, mineral qo‘shimchalar va ko‘pik hosil qiluvchi
komponentlar qo‘llanildi.

G‘ovakli to‘ldirgichlar sifatida quyidagilardan foydalanildi:
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* keramzit shag‘ali;

* ko‘pikshisha granulalari;

* ko‘pirtirilgan polistirol granulalari.

Qurug aralashmalar yugori tezlikda ishlovchi aralashtirgichda komponentlarni mexanik
faollashtirish usuli yordamida tayyorlandi. Aralashtirib bo‘lingach, quruq tarkibga bir xil massa
hosil bo‘lguncha suv qo‘shildi.

Ishlab chigilgan tarkiblarning samaradorligini baholash uchun quyidagi ko‘rsatkichlar
aniglandi:

* o‘rtacha zichlik;

» siqilishdagi mustahkamlik;

« issiqlik o‘tkazuvchanlik koeffitsiyenti;

* sovuqqa chidamlilik;

* suv shimdirish.

Sinovlar g‘ovakli va yengil betonlar uchun amaldagi me’yoriy talablarga muvofiq o‘tkazildi.

Tadqiqotlar g‘ovakli to‘ldirgichlardan foydalanish materialning mustahkamlik xususiyatlarini
jiddiy yomonlashtirmagan holda uning zichligini sezilarli darajada kamaytirishga imkon berishini
ko‘rsatdi.

1-jadval.
Tadqiq etilayotgan materiallarning asosiy xossalari
Material Zichlik, Mustahkamlik, Issiqlik o‘tkazuvchanligi,
kg/m?3 MPa Vt/(m-K)
Penobeton 400 15-1.7 0.09
(quruq
aralashma)
Gazobeton 400 2.24-2.32 0.095
Keramzitbeton 900-1200 3.5-25 0.75-0.95
0.8 -
>
=
©
S 0.6 -
>
R
R
% 0.4
X
=3
@ 0.2
.,
Ko'pikli beton Gazobeton Keramzitobeton

Qurug qorishmalar asosida tayyorlangan penobeton eng past issiqlik o‘tkazuvchanlikka ega
ekanligi aniglandi. Ushbu materialning mustahkamligi gazobetonga nisbatan biroz past bo‘lsa-da, u
yugori energiya samaradorligini ta’minlaydi.

Penoshisha granulalaridan foydalanish betonning chidamliligi va sovugga bardoshliligini
oshirishga yordam beradi. Ko‘pirtirilgan polistirol esa mahsulotlar massasini qo‘shimcha ravishda
kamaytirish va bino yuk ko‘taruvchi konstruksiyalariga tushadigan og‘irlikni yengillashtirish
imkonini beradi.
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Komponentlarning  mexanik  faollashtirilishi ~ sement  zarrachalari va  mineral
qo‘shimchalarning bir tekis tagsimlanishiga ko‘maklashadi, bu esa o‘z navbatida gidratatsiya
jarayonlariga hamda beton strukturasining shakllanishiga ijobiy ta’sir ko‘rsatadi.

Olingan natijalar yengil g‘ovakli betonlar ishlab chigarishda quruq qurilish aralashmalaridan
foydalanish istigbolli ekanini tasdiglaydi. An’anaviy texnologiyalar bilan taqqoslaganda, quruq
aralashmalar bir gator afzalliklarga ega:

« tarkibning bargarorligi;

« ishlab chigarishda mehnat sarfini kamaytirish;

« tashish va saglash qulayligi;

« ishlab chiqarishdagi yo‘qotishlarni kamaytirish;

« tayyor mahsulotlar sifatini oshirish.

Qiyosiy tahlil shuni ko‘rsatdiki, ishlab chiqilgan materiallar issiqlik izolyatsiyasi xususiyatlari
bo‘yicha avtoklavli gazobetondan qolishmaydi. Shu bilan birga, ularni ishlab chiqarish
texnologiyasi kamroq energiya talab giladi va gimmatbaho avtoklav uskunalaridan foydalanmasdan
amalga oshirilishi mumkin.

G‘ovakli to‘ldirgichlarning turi va miqdorini o‘zgartirish orqali materialning xossalarini
sozlash imkoniyati alohida ahamiyat kasb etadi. Bu muayyan qurilish obyektining talablaridan kelib
chiqib, turli maqgsadlarga mo‘ljallangan betonlar yaratishga imkon beradi.

Igtisodiy tahlil shuni ko‘rsatadiki, qurug aralashmalardan foydalanish devorbop mahsulotlarni
ishlab chigarish xarajatlarini kamaytirishga va kam gavatli binolar qurilishi samaradorligini
oshirishga yordam beradi.

Xulosa

1. Mexanik faollashtirilgan qurug qurilish aralashmalaridan foydalanish devorbop
konstruksiyalar uchun yengil g‘ovakli betonlar olishning samarali usulidir.

2. Keramzit, ko‘pikshisha va ko‘pirtirilgan polistiroldan foydalanish material zichligining
pasayishini va uning issiqlik izolyatsiyasi xususiyatlarining yaxshilanishini ta’minlaydi.

3. Quruq aralashmalar asosidagi ko‘pikbeton taxminan 0,09 Vt/(m+K) ga teng issiqlik
o‘tkazuvchanlik koeffitsiyenti bilan tavsiflanadi, bu esa energiya tejamkor qurilishning zamonaviy
talablariga mos keladi.

4. Ishlab chigilgan materiallardan kam qavatli va sanoat qurilishida konstruksion-issiglik
izolyatsiyalovchi buyumlar tayyorlash uchun foydalanish mumkin.

5. Keyingi tadqiqotlarning istigbolli yo‘nalishi quruq aralashmalar tarkibini optimallashtirish
hamda betonlarning uzogq muddatli foydalanishdagi chidamliligini o‘rganish hisoblanadi.
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Annomayua (pycckuii). B cmamve paccmompen noobop cocmasa Hea8mMOKIAGHO20 YeMeHMHO-
30J/1bHO20 neHo6em0Ha, MO@LIQ’)MUMPOGCZHHOZO KOUMAUICKUM GOJAACMOHUMOM U OA3A7IbIMOBbIM B0JIOKHOM.
Ueﬂb}O UCCeO0B8AHUSL  AGAAEMCS  NOGbIUEHUE ycmoﬁqueocmu Aaqyeucmou CMpPpYKmypbuol, YKpenjienue
MEJCNOPOBbIX ~ NEepe2Opo0OK U YAVUUUEHUe  COOMHOWIEHUs  MexcOy  HUSKOU  NIOMHOCMDbIO,
mel’lﬂOI’IPOGOOHOCMb}O U npodYHocmvio npu carcamuu. ﬂucnepCHbuZ 6OJUIACMORUmM paccmampueaenmcs Kak
KanbyUUCUTUKAMHBIT MUHEPATILHBLIT MOOUGUKAMOP, SbINOTHAIOWUL QYHKYUU MUKPOHANOIHUMENS, YEeHMPA
Kpucmaiiusayuu u cma6wm3amopa newnnvlx nieHok. bazanemosoe 6onokno ocparuvueaem yca()oquoe
Mukpompeuwunoobpasosanue. Haubonee s¢hghekmusnvim npuemom YCMaHOBIEHO CYX0e CMewusanue
eojilacmoHuma ¢ YyemerHmom u 307101 neped g6eoeHuem 600bl U MEXHUYECKOU NeHbl. OnmuMu3up06aHHaﬂ
cucmema CHU3UA 0caoky cmecu ¢ 14 0o 6 mm, nogvicuia npoyHocms npu cocamuu 6 28 cymox ¢ 1,30 oo
1,92 Mlla u ymenvwuna mennonpogoonocms c 0,135 0o 0,128 Bm/(m-°C) npu conocmagumotii niomHocmu.

Knrwwuesvie cnoesa: I’leHO6€mOH,‘ UeMeHmHo-30/1bHoe  eioicyulee,; Koumauckuu 6OoJIIACMOHUMm,
bazanvmosoe 60JIOKHO, mel’lJZOI’IPOGOOHOCmb,' npoYHoCmb npu colcamuu, ycadka; Avdeucmas cmpyKkmypa.

Abstract (English). The paper presents a composition-design approach for non-autoclaved cement-fly
ash foam concrete modified with Koytash wollastonite and basalt fiber. Dispersed wollastonite stabilizes
foam films, densifies interpore partitions and increases the closed-pore fraction. Basalt fiber complements
this mechanism by micro-reinforcement and shrinkage-crack control. Dry blending of wollastonite with
cement and fly ash was found to be the most effective addition method.

Keywords (English): foam concrete; cement-fly ash binder; Koytash wollastonite; basalt fiber;
thermal conductivity; compressive strength; shrinkage; cellular structure.

Annotatsiya (0'zbek). Magolada Ko'ytosh (Jizzax) vollastoniti va bazalt fibra bilan
modifikatsiyalangan avtoklavsiz sement-kulli ko'pikbeton tarkibini tanlash masalasi yoritilgan. Dispers
vollastonit ko'pik plyonkalarini bargarorlashtiradi, g'ovaklararo to'siglarni zichlashtiradi va yopiq g'ovaklik
ulushini oshiradi. Bazalt fibra esa mikroarmirlash orgali kirishish deformatsiyalari va mikro yoriglanishni
kamaytiradi.

Kalit so'zlar: ko'pikbeton; sement-kulli bog'lovchi; Ko'ytosh vollastoniti; bazalt fibra; issiglik
o'tkazuvchanlik; sigilishdagi mustahkamlik; kirishish; yacheykali tuzilma.

1. Beenenne

CoBpeMeHHOE CTPOUTENBCTBO TpeOyeT A(D(PEKTHBHBIX TEIUIOM3OISIUOHHBIX MAaTepHaloB,
COUYCTAIOIIMX HHU3KYI IUIOTHOCTb, MAaJyl0 TEIUIONPOBOAHOCTh, IMOXApHYIO O€30MMacHOCTb,
JIOJITOBEYHOCTh M SKOHOMHUECKYIO Iesieco00pa3HoCcTh. HeaBTOKIaBHBIN MEHOOETOH OTHOCUTCS K
YUCITY TEPCIEKTUBHBIX JIETKUX IIEMEHTHBIX MaTepHUaliOB, MOCKOJBKY €ro sSYeucTas CTPYKTypa
YMEHbILIAET 00 TBepAOoH (ha3bl, MO0 KOTOPOU MepeaaeTcs TeII0BON MOTOK. B ycnoBusxX xapkoro u
CyXOro KjMMaTa paHHSsS TMOTeps BIard MOXET YCHIWBATh YCAJOYHbIE JAedopMaluu U
MUKPOTPEIIMHOOOpa30BaHUE, TO0ITOMY YCTOWYMBOCTH TOPOBOM CHUCTEMBI M MPOYHOCTH
MEKIIOPOBBIX MEPETOPOJOK UMEIOT pelIarolee 3HauYeHue.

OcHOBHasI TEXHOJIOTHYECKas MpoOiieMa MeHOOETOHA 3aKII0YAeTCsl HE TOJIBKO B 0Opa30BaHUU
Mop, HO U B MX COXPAHEHUHU IO MOMEHTA, KOT/la IIEMEHTHas MaTpulla MPUOOPETaET TOCTATOUHYIO
CTPYKTYPHYIO NPOYHOCTh. [Ipr HECOBMECTUMOCTHM TEXHHYECKOW MEHBbI C MUHEPAIBHOW MacTOi
BO3ZHMKAIOT JIPEHAX JKUJKOCTH, OCAJKa, KOAJECUEHUHUs MYy3bIPbKOB U PACCIOCHHUE. DTU MPOLIECCHI
MPUBOAAT K POCTY CPEIHEW IUIOTHOCTH, YXYIIICHUIO TEIJIO3AIIUTHBIX CBOWCTB M CHHIKEHUIO
MPOYHOCTU TpH ckaTuu. Mcronb3oBaHUE 30Jbl-yHOCA YJIY4YIIAeT PEOJOTMYECKHE CBOWCTBA U
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CHOCOOCTBYET MO3JHEMY IIYLIOJAHOBOMY YIUIOTHEHUIO MAaTpPULbI, OJHAKO OJHOM
HEJO0CTATOYHO JUIS HAJIS)KHOM CTa0MIM3AINH SYCUCTON CUCTEMBI B paHHEM BO3pacTe.

O¢ddexkTnBHBIM HampaBICHHWEM SABISETCS BBEICHHE MHHEPAIBHBIX MOAU(DUKATOPOB,
XUMHYECKH COBMECTHUMBIX C MPOIYKTAaMH TUApATAIIUU [IeMeHTa. BOIIacTOHUT mpecTaBisieT coooi
KaJIBLIMMCWIMKATHBIM MUHEpaJ C LENOYEYHOU CTPYKTYpOW. B JAHMCIEpCHOM COCTOSIHUHM OH MOYET
BBIMOJIHATh (YHKUMU MHUKPOHAIOJIHUTENS, MEXaHHMYECKOro CTa0WiInM3aTropa IMEHHBIX IUIEHOK U
MOJIOKKA ISl KPUCTAJUIM3AllMKd TUAPATHBIX HOBOOOpa3oBaHWi. KoWTamICKWii BOJJTACTOHUT
XKuzakckoil o0nacTu npencTaBiseT MPAKTHUYECKUH HMHTEpec KaKk MECTHOE MHHEPaIbHOE ChIPBE,
MI03BOJISAIOIIEE CHU3UTh 3aBUCUMOCTb OT UMIIOPTHBIX MOAU(DUIIMPYIOIIKX J100aBOK.

ba3anbTOBOE BOJIOKHO IIPUMEHEHO KaK JOIOJIHUTEIBHBIA MHUKPOAPMUPYIOIMIMM KOMIIOHEHT.
Ero 3agaua cocTouT B OrpaHMYEHUM PaHHETO YCaJ0YHOIO TPEUIMHOOOpA30BaHUS, MEPEKPHITUU
c1abbIX 30H BOKPYI' IOp M IepepaclpesieieHUd JIOKAIbHBIX PACTATUBAIOIIUX HAIPSKCHUH.
CoBMecTHOE NPHUMEHEHHE JUCIEPCHOrO BOJUIACTOHUTA U 0a3aJbTOBOrO BOJOKHA JOJKHO
yJIy4IllaTh OTHOIIEHHE MPOYHOCTH K IIOTHOCTH 0€3 YXYALIEHHS TEeIIOU30ISIIIMOHHBIX CBOWCTB.

30JIBI

2. MaTepuaJjbl 1 METOAbI

MarepuanpHas cucTeMa pa3paboTaHa Ha OCHOBE JOCTYIMHBIX MECTHBIX CBHIPhEBBIX
KOMITOHEHTOB. B kauecTBe BspKymiero npuMensui nopriaananemest CEM | 32,5 u CEM | 42,5.
3ona-yHoc Suru-Anrpenckoit TOC ucnonb3oBanach Kak TOHKOJIUCIEPCHBIM aJFOMOCHIMKATHBIN
KOMITOHEHT ¥ YacTUYHas 3aMeHa IeMeHTa. KOWTaICcKkuii BOJUTACTOHUT BBOJWICS B BUJEC PYIHOU U
JTUCTIEPCHOM (pakIuii, TONyYEHHBIX IyTeM CYIIKH, HW3MeNbueHus u kiaccuduraruu. s
MOJIyYEHUsI TEXHUYECKOW TIeHBl HCIOJIb30BAIM OENKOBBIM MMeHooOpa3oBareidb ¢ paboueit

KoHIleHTpanmend 2,5%. PyOnenoe 0a3anbTOBOE BOJOKHO TMPUMEHSUIA IS TIOBBIIICHUS
TPEIMHOCTONKOCTH.
Tabauua 1.
ChbipbeBble MaTepHAJIbI M UX (DYHKIIMM B IEHOOCTOHHOM cCHCTEMe.
Marepua HcToyHuK HiH Ha3nauenue B cucreme
THI
[Toprnanmame CEM 1325/ dopMupoBaHUE [IEMEHTHOM
MEHT CEM 1425 MaTpHULbl U paHHEW IPOYHOCTHU
Suru- AJFOMOCHIIMKATHBI KOMIIOHEHT U
3oma-yHoc
Amnrpenckast TOC MyLII0JAHOBOE YIJIOTHEHUE
. . Crabunuzanus rneHsl,
Kodranckni Pynnas n
MUKPOHAIIOJIHEHNE U LICHTPBI
BOJUJIACTOHUT nucrepcHast GpaKun
KpUCTAJUIN3alUN
Pybnenoe
bazanpToBOE MukpoapMUpOBaHUE U CHUKEHUE
BOJIOKHO MHHCPAIILHOC CaJI0YHOT0 TPELUIMHOOOpa30BaHuUs
BOJIOKHO Y P P
[TenooGpazo benkoBslii ®opMHUpOBaHUE YCTOWUUBOU
BaTEIIb pabouunii pacTBOp TEXHUYECKOUN TEHBI
Cpena 3aTBopeHUs U
Bona IIutbeBasg Boga pel p
IIPUTOTOBJIEHUS] IEHHOTO PacTBOpa

PynHbIil BOJJIAaCTOHUT MpPEIBAPUTENILHO BBICYLIMBAIM JJIS CHUKEHHS arjioMepanuu, 3aTeM
M3MENbYaliy 10 MOJIyYeHUs AUCIEPCHON (pakiuu ¢ IeJIeBOM YAENbHON MOBEPXHOCTHIO MOPAIKA
2000-4000 cm?/r. IIpu orieHKEe YCTOWYMBOCTH MEHBI TOHKOCTH YCJIOBHO pPacCMaTpUBAIM HA YPOBHAX
200, 300 m 450 wm?%kr. CpaBHHMBAIHCh TpU CIoco0a BBEICHHS JOOABKH: MPEIBAPUTEIHHOE
JUCTIEPrUpOBaHUE B BOJIE, MUHEPAIM3ALMs IEHHOTO pacTBOPa U CyX0€ CMEIIMBAaHUE C IEMEHTOM U
30J1011.

[TeHoOETOH TOTOBWIM TO JIBYXCTaAWMHONW cxeMe. Ha mepBoM 3Tame OTAETBHO IMOJIyYaiu
TEXHUYECKYIO0 TEHY; Ha BTOPOM J3Tame TOTOBHWIM IIEMEHTHO-30JIbHYIO IMAacTy C MUHEPaIbHBIM
Monudukatopom. Cyxue KOMIOHEHTHI mepememunBany 1,5-2 MuH, 1Mociie BBEICHUS BOJIBI CMECh
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roMOreHn3upoBaid 3-4 MuH. IleHy BBOOWINM Ha 3aKJIIOUMTENBHOM CTaJWU MPHU MSITKOM PEXHUME
NepeMeInBaHus, YTOObI HCKIIOUUTh YPE3MEPHYIO KOAIECLEHIIMIO BO3AYIIHBIX MOP. Y CTOMYUBOCTh
CBEXEM cMecH OLEHUBAIM MO ocajke yepe3 60 MUH U BU3yaJbHBIM MpPU3HAKaM pacciioeHus. J{is
3aTBEPJIEBIIEr0 MaTepuaa ONpeiesuid CyXylo IUIOTHOCTb, MPOYHOCTh MpHU CxxaTuu B 7, 28 u 90
CYTOK, TEIIONPOBOJIHOCTb, YCAJAKY U IMapaMeTpbl IOPOBOI CTPYKTYPHI.

Taoauua 2.
CocTaBbl IEHO0ETOHA 111 CPABHUTEJIbHOM oleHKkH (Ha 1 M3).
CocraB | IleneBasi | Ilemenr, | 3oa, kr | Boga, 1 | IlenHblii Moaugpuxartop
IUIOTHOCTh KI pacTBop, J

TO D600 235 141 184 410 KoHTponb
0

T1 D600 230 138 182 420 Py, moa é’o /o + BOIL.
0

T2 D600 230 138 183 425 Hucn, Bon (1)’5 /o BOI.
0

T3 D600 228 137 183 430 Hucr, B é’S /0 BOIL.
0

T5 D400 185 111 152 540 Hucn, B"““l' é’s /0 BOI.

3. PesyabTaThl 1 00Cy:KIeHHE

3.1. YcToiuMBOCTB CBekKeil cMecH

BBeneHne KOMTANICKOTO BOJUTACTOHHWTA TOBBICHMIIO YCTOWYUBOCTH CBEXKEH MEHOOETOHHOMN
cMecu. KoHTposibHBIN cocTaB depe3 60 MUH UMen ocaiky 14 MM W NpU3HAKU YKPYIHEHHS TOp.
Pynnas ¢pakuus cHuszuia ocanky 1o 9-11 mm, a aucnepcHas ¢pakius - g0 6-8 mm. Hawryurmmii
pe3yabTaT MOJYYEH MPU COJEpKaHUMU aucnepcHoro Bosutacronuta 1,0-1,5% ot maccsl Bsbkymiero,
KOTJIa BHJIUMOTO pacclioeHus He Habmomanoch. Takoil 3PQekT 0OBACHAETCS CIOCOOHOCTHIO
TOHKUX KaJbIIMMCUIMKATHBIX YacCTHI] MPOHUKATh B MEXKIOPOBBIE MEPETOPOAKH U (OPMHUPOBATH
MUHEPATN30BaHHbBIN CIOW BOKPYT BO3AYILIHBIX MY3bIPHKOB.

Ocapka ceeXxen cMecu

12.5 A
10.0 A
1.5 1
5.0 A

2.5 1

Ocapgka 4yepe3 60 MWH, MM

0.0 -

o o Al A
p"‘ﬂ Q\@? Q\ﬁ%‘a ﬂ%ﬁ wkd" wbcﬁ\' w\cﬁ“ wi\d"

MoaoucpunkaTop U 4O3UPOBKa

AL

Pucynok 1. Ocaaka cBexero neHOOETOHA B 3aBUCHMOCTH OT (PpaKLIUHU U JO3UPOBKH BOJUTACTOHUTA.

CHIDKEHHE OCaJIKl UMEET BaXKHOE TEXHOJOTMUECKOE 3HAUYE€HHE, MOCKOJIbKY MOKA3bIBAET, YTO
TIeHa COXpaHSETCs 10 Habopa IEMEHTHONW MaTpHIlel Ha4aJIbHOW CTPYKTYypHOU mpouyHoCcTH. Kpome
TOT0, MEHbIIIas 0CaJKa yKa3bIBaeT Ha 0oJiee paBHOMEPHOE paclpeiefieHUe MOop MO BBICOTE 3NN,
qTo HCO6XOI[I/IMO JIJIsL CTa6I/IJIBHBIX TGHJIO(l)I/ISI/I‘-IeCKI/IX 1 MCXAaHNYCCKUX XaApPaKTCPUCTHUK.

3.2. YcTOMYMBOCTD IEHbl H TOHKOCTH BOJIIIACTOHUTA
WHneke ycTOHYMBOCTH NEHBI 3aBHCEN KaK OT JO3MPOBKH, TaK M OT TOHKOCTH JUCIEPCHOIO
BoytacroHuTa. Hambonee OmarompusitHass o07acTh COOTBETCTBOBAJA YAENbHOH IMOBEPXHOCTU
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okoio 300 m*xr u mosmpoBke 1,0-1,5% ot maccer Bskymero. B stux ycmoBusix Spct mocturan
0,94-0,95. Tlpu w™eHbiIet TOHKOCTH H(G(HEKT MHUKpPOHANOMHEHHs U 00pa3oBaHUS IEHTPOB
KpHcTaJuIM3anuu Obul ciabee. UpesMepHO TOHKHMH MaTepHan HEe JAaBajl IPONOPLUHOHAIBHOTO
MIOBBIIICHUS] YCTOMYMBOCTH, YTO CBS3aHO C POCTOM BOJONOTPEOHOCTH M PHCKa KaIMUISPHOTO
IpeHaxa.

BnnsHmne TOHKOCTW NOMONa WU A03bl Ha YCTOI71'-IVIBOCTb NeHbI

0.95 1 -~ 5=200 m¥/kr
S=300 m?/kr
0.947 g 5450 mkr

0.93 A1
0.92
0.91 -
0.90 -
0.89 -
0.88 -

MNHaeKc ycToN4YMBOCTU NeHbl Spct

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Jlo3npoBKa BoNacToHUTa, % OT MacChl BAXKYLLEro

Pucynox 2. IHiekc ycTOHIMBOCTH MEHBI B 3aBHCUMOCTH OT JJO3UPOBKH U TOHKOCTH JHCIEPCHOTO
BOJIIACTOHUTA.

3.3. Cioco0 BBeeHUS BOJJIACTOHUTA

Cnoco6 BBefeHHS J100ABKHM CYIIECTBEHHO TOBJIMSUI Ha HMTOTOBBIE CBoMcTBa. Jlydiiee
COYETAaHHUE IUJIOTHOCTH, TEIUIONPOBOJHOCTH M MPOYHOCTU IMOIYYEHO IMPU CYXOM CMEUIMBAHUU
BOJUIACTOHHUTA C LEMEHTOM M 30JI0M J0 BBEAEHUS BOJbl MU MEHbl. JTOT MpueM oOecrequ
OJTHOPOJIHOE pacrpeieNieHue MOAu(pUKATOpa W CHHU3WI BEPOSITHOCTH JIOKAIBLHOW arioMepaivu,
XapakTepHOW i NpPeJBAapUTEIbHOTO JUCIEPrHpoBaHUS B BoJe. MuHepaau3anusi MMEHHOIO
pacTBopa MoBbIIIANIA YCTOWIMBOCTh, HO TpeOoBasia 0oJiee CTPOroro KOHTPOJIS KOHIICHTPAIIUU TIEHBI
Y BpEMEHH IepeMeIBaHNUS.

Taoauua 3.
Biusinue cnoco0a BBe/leHUs1 BOJUIACTOHMTA HA OCHOBHbIE CBOICTBA.
Cnoco0 BBegeHnst Cyxasn Tennonposog ITpouno
MJIOTHOCTD, HOCTh, BT/(M-°C) cTh 28 cyT,
Kr/m? MlIla
JucneprupoBanue B BOJIe 545 0,132 1,70
Munepanu3zaius IeHHOTO 540 0,131 1,82
pacTBopa
Cyxoe CMELIHBAHHE C 532 0,128 1,02
IIEMEHTOM U 30JI01

3.4. CpoiicTBa 3aTBep/ieBIIEro NeHO0OEeTOHA

CoBMecTHOE MOAU(UIIMPOBAHUE AMCIEPCHBIM BOJIJIACTOHUTOM U 0a3ajJbTOBBIM BOJIOKHOM
obecrieunsio Haubojiee cOalaHCUPOBAHHOE yIydlleHue xapakTepucTuk. Ilo cpaBHeHMIO C
KOHTPOJIbHBIM cocTaBoM [0 coctaB T3 WMen MEHBIIYIO CYXYIO IUIOTHOCTh, 0OOJjiee HH3KYIO
TEIJIONIPOBOIHOCTh M 00Jee BBICOKYIO MPOYHOCTh Npu cxkatuu. [IpoyHocts B 28 cyToK
yBemuumiiack ¢ 1,30 go 1,92 Mlla, To ects npumepro Ha 48%. [Ipounocts B 90 cyTok Bo3pocia ¢
1,55 no 2,25 MIla, uTo yka3bIBaeT Ha MPOJOJIKAIOLIEECS YIUIOTHEHHME MUHEPAJIBHOM CUCTEMBI B
OoJiee o3 JHEM BO3pacTe.
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Tab6auuna 4.
Du3NK0-MeXaHNYeCKHe U TeIUIOTEXHHYeCKHe XaPaKTePUCTHKH BHIOPAHHBIX
COCTABOB.
Cocra| IlmotHocth, | A, BT/(M-°C) | R7, MIla|] R28, R90, | VYcaaka, MM/Mm
Kr/M3 MlIla MlIIa
TO 560 0,135 0,85 1,30 1,55 1,12
T2 538 0,130 1,05 1,78 2,05 0,98
T3 532 0,128 1,15 1,92 2,25 0,82
T5 420 0,104 0,62 0,95 1,12 0,78
Habop npo4yHoCTM NeHobeTOoHHbLIX COCTaBOB
o 2.25 —g- TO
S T2
F1751 P
5
s 1.50 +
c 1.25
F —e
S 1.00 1
é 0.75 - /
(-
'7 2I8 9I0

BospacT TBepaeHus, cyT

Pucynox 3. Habop nmpoyHOCTH KOHTPOJIBHOTO ¥ MOAM(UIIMPOBAHHBIX COCTABOB.

TemnonpoBoIHOCTh U3MEHSUIACh B COOTBETCTBUHU C 0XKMJIAEMOM 3aBUCHUMOCTBIO OT CyXOH
wiotHocTd. OpHako cpaBHeHHE cocTtaBoB 10 u T3 moka3pIBaeT, YTO IMJIOTHOCTh HE SIBISIETCA
€IMHCTBEHHBIM onpeaenstomuM pakropoM. CoctaB T3 nmen 6ojiee HU3KYIO TEIUIONPOBOAHOCTD HE
TOJILKO 32 CYeT HeOOJBIIOTr0 CHIXKEHHUS TIOTHOCTH, HO U BCIEACTBHE YBEIUUYCHUS JOIH 3aKPBITHIX
MOp M COKpalleHHs OTKPBITOM KanmwuispHod mnopuctoctu. CocraB TS5 wmacca D400 moctur
MHUHUMaJIbHOW  TerutonpoBogHoctd 0,104  B1/(M'°C) u MOXeT paccMaTpuBaTbCs IS
TETUIOM30JISIIIMOHHBIX TPUMEHEHUH, TJe BBICOKas HECylash CIOCOOHOCTh HE SIBIISETCS TJIABHBIM
TpeOOBaHHUEM.

CBfA3b NNOTHOCTU K TENNONPOBOAHOCTHK

T2
130 ~ T3
[ ]

TennonpoBodHocTb, BT/(M:°C)

4 T5
0.105 P

420 440 460 480 500 520 540 560
Cyxaa nNnoTHOCTb, Kr/M?

Pucynok 4. Csi3b CyxOM IJIOTHOCTH U TEIIONPOBOIHOCTH.
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3.5. IlopoBast CTPYKTYpa M MEXaHU3M YJIy4IICHUS

JlaHHple 1O TOPOBOI cHcTeMe MHOATBEPXKIAIOT NPEISIOKEHHBIH CTPYKTYPHBIM MEXaHM3M.
OO611ass TOPUCTOCTh MPAKTUYECKU HE M3MEHMIIACh, OJHAKO JOJS 3aKPBITHIX MOp yBeIHuuiach ¢ 46
10 52%, a OTKpBITAsl KallWUIApHas MOPUCTOCTh yMeHbImnach ¢ 16 no 11%. Cpengnuii paguyc nop
TaKXE€ CHU3WICA. DTH U3MEHEHHUS OOBSICHSIOT OJHOBPEMEHHOE YMEHbUICHHE TEIUIONPOBOAHOCTH U
ycaqo4HbIX Jedopmanuii. JucrepcHbIi BOJUIACTOHUT JEHCTBYET KaK MHUKPOHAMOJIHUTENb U
MO/IJIOKKA JJIs TUPATHBIX HOBOOOpa3oBaHUil, a 0a3aJbTOBOE BOJOKHO NMEPEKPHIBAECT C1a0ble 30HBI
U YCJIOKHSET MMYTh PAcIPOCTPAHEHUS TPELLUH.

Tabauna 5.
ITapaMeTpbl MOPOBOIi CHCTEMbI KOHTPOJIbHOI0 U MOAM(PUIIMPOBAHHOTO
neHo0eToHa.
IMoka3aTennb TO T3 BoLJIACTOHUT
KOHTPOJIb + BOJIOKHO
O6m1ast TOpUCTOCTh, Y0 62 63
Jlo71st 3aKpBITHIX TOP, % 46 52
OTkpbiTas KaHI;IJ'IJ'I}IpHa}I 16 11
MIOPUCTOCTH, %0
Cpennuii paanyc nop, MM 0,65 0,40
KoaddunmenT pacnpeneneHus 0,65 0,50

[IpakTHyeckoe OKHO ONTHUMH3AIMU MOXET OBbITh OINpeAeNieHO CleAyIomuM o00pa3oMm:
JMCTIEPCHBIA KOWTAIICKUI BOJUIACTOHUT C YAEIHHON MOBEPXHOCTHIO 0KOJI0 300 M?/KT, 103UpOBKa
1,0-1,5% ot macchl Bskymero, 6a3zaiabToBoe BojokHO 1,0-1,5 kr/m3, 6enkoBBIN IEHOOOpa30BaTEh
¢ paboueit koHueHtpaiueir 2,5%, oTHoiieHue 3oma/memeHT okono 0,60 u W/S okomno 0,49. B
YCJIOBHUAX >KapKOTO U CYXOTro KiauMara nepBble 24-48 4 TBepACHUS MIOHKHBI COMPOBOXKAATHCA
3aIUTON OT OBICTPOTO MCTIAPEHUS BIIATH.

4. 3axi04eHnne

 JlucnepcHbI KOUTAIICKUN BOJUTACTOHUT d(PdeKTrBHEE PYIHON (PpaKIuu CTaOMIM3UPOBAIT
CBeXYI0 TeHOOeTOoHHYI0 cMech. [lpu nosupoBke 1,0-1,5% oT wMacchl BsDKyIIEro oOcajka
YMEHBIIUIACH C 14 10 6 MM, a BUIMMOE pacciioeHre ObLIO YCTPaHEHO.

* OnTUManbHas TOHKOCTh JUCIIEPCHOTO BOJIIACTOHUTA Haxoauiack okono 300 m?*/kr. B atom
JIMana3oHe MHACKC YCTOMYMBOCTH MeHbl aocturain 0,94-0,95, Torna xkak gajpHEWIIee yBEIUYECHUE
TOHKOCTH HE J1aBajio MPOMOPLUHUOHAIBEHOTO 3 deKTa.

» HanGonee 3¢ hexTHBHBIM CIOCOOOM BBEICHHUS SBIISICTCSI CYyX0€ CMEIIMBAaHUE BOJIJIACTOHHUTA
C IIEMEHTOM U 30JI0M 710 BBEACHUS BOJbI U MeHBI. [Ipu 3TOM MostydeHsl cyxasi TNIOTHOCTh 532 Kr/m>,
terutonpoBoaHocTh 0,128 B1/(M-°C) 1 mpounocTs nipu cxxaTiu B 28 cyTok 1,92 Mlla.

* CoBMecTHOE MOIUGDUITUPOBAHUE TUCTIEPCHBIM BOJIACTOHUTOM M 0a3aJIbTOBBIM BOJIOKHOM
MOBBICWJIO 28-CYTOUHYIO IMPOYHOCTh MPUMEPHO Ha 48% M CHU3WIO ycaaKy npuUMeEpHO Ha 27% 1o
CPaBHEHUIO C KOHTPOJIbHBIM COCTAaBOM.

e ViydlleHHE CBA3aHO C MHUHepajiu3alueil NEeHHBIX IUIEHOK, OO0pa30BaHMEM IIEHTPOB
KPUCTAJUIM3allMM HAa YacCTULAX BOJUIACTOHUTA, MUKPOHAINOJHEHHEM MEXIOPOBBIX IEPErOpOJIOK,
apMUPYIOIIKUM JIEUCTBUEM BOJIOKHA, YBEJIMYEHHEM JOJH 3aKPBITHIX MOP M CHU)KEHHEM OTKPBITON
KanuJUIIPHON TOPUCTOCTH.
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DOMNA SHLAKIDAN TAYYORLANGAN GEOPOLIMER BETONNING
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Annotatsiya. Maqolada kul uchgindisi va maydalangan donador domna shlaki asosidagi bir
qismli geopolimer betonlarning mustahkamlik ko ‘rsatkichlari tagqoslandi. Tahlil uchun 70/30 va
60/40 kul/shlak nisbatiga ega, suvning boshlang ‘ich xomashyoga nisbati 0,45 bo ‘Igan hamda suvsiz
natriy metasilikat va qattiq natriy gidroksid asosidagi faollashtiruvchi tizim bilan tayyorlangan ikki
tarkib tanlandi. Tahlil natijalariga ko ra, GPB60/40 tarkibi 28 sutkada 35,0 MPa siqilishdagi
mustahkamlikka erishib, GPB70/30 tarkibidan 37,3% yuqori natija ko ‘rsatdi. Egilishdagi
mustahkamlik ham GPB60/40 tarkibida yuqoriroq bo ‘lib, 28 sutkada 3,95 MPa ni tashkil etdi.

Kalit so“zlar: bir gismli geopolimer beton; kul uchgindisi; domna shlaki; suvsiz natriy
metasilikat; natriy gidroksid; sigilishdagi mustahkamlik; egilishdagi mustahkamlik.

Annomauusn. B cmamve nposedeHo  cpaeHeHue  NPOYHOCMHBIX — NoKazameneu
OOHOKOMNOHEHMHbIX 2ceonojauUMepPHbIX bemonos HAa OCHoe6¢€e 30Jlbl-YHOCA u MOJIoNnoco
CPAHYIUPOBAHHO20 O0OMEHH020 wiaaka. J[nsa auanu3a Ovliu  6blOpaHbl 08a cocmasa: ¢
coomnouwenuem 3ona/wnax 70/30 u 60/40. Oba cocmasa umenu 6000-gscyujee OMHOUEHUE K
UCXOOHBIM  ATIOMOCUTIUKAMHBIM KOMNOHEHMAaM 0,45 u Oviu npucomoe6ensbl ¢ UCNnOl1b306AHUEM
meepooll aKxmusupyroujel cucmemvl, cocmosawelr u3 0e3600H020 MemAaculukama Hampus u
meepooco cudpokcuoa nampus. Ilo pesynemamam ananuza cocmas GPB60/40 oocmue npounocmu
npu coucamuu 35,0 Mlla 6 eo3pacme 28 cymok, umo Ha 37,3% evlwe nokazamens cocmasd
GPB70/30. IIpounocms npu uzeube maxxice okazaiacw eviuie y cocmasa GPB60/40 u uepes 28
cymok cocmasuna 3,95 Mlla.

Knrwouegvie cnosa: 00HOKOMNOHEHMHUIU 2€ONOIUMEPHLIU OEMmOoH, 30]1a-YHOC, OOMEHHbBLU
winaxk, 0e3600HbIL  MEemACUIuUKam HaAmpus, 2UOPOKCUO HAmMpusi, NPOYHOCMb NPU  CHCATUL,
npouYHOCMb npu useuoe.

Abstract. This article compares the strength performance of one-part geopolymer concretes
based on fly ash and ground granulated blast-furnace slag. Two mixtures were selected for
analysis: one with a 70/30 fly ash/slag ratio and the other with a 60/40 fly ash/slag ratio. Both
mixtures had a water-to-precursor ratio of 0.45 and were prepared using a solid activator system
consisting of anhydrous sodium metasilicate and solid sodium hydroxide. According to the analysis
results, the GPB60/40 mixture achieved a 28-day compressive strength of 35.0 MPa, which was
37.3% higher than that of GPB70/30. Flexural strength was also higher in the GPB60/40 mixture,
reaching 3.95 MPa at 28 days.

Keywords: one-part geopolymer concrete; fly ash; blast-furnace slag; anhydrous sodium
metasilicate; sodium hydroxide; compressive strength; flexural strength.
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1. Kirish. Oddiy portlandsement beton ishlab chiqarishda asosiy bog‘lovchi modda bo‘lib
golmoqda. Birog sement ishlab chigarish jarayonida katta miqdorda energiya sarflanishi va
karbonat angidrid ajralishi qurilish materiallari sohasida muqobil bog‘lovchilarni izlash zaruratini
kuchaytirdi. Geopolimer bog‘lovchilar sanoat chiqgindilari yoki ikkilamchi xomashyolardan
foydalanish imkonini berishi, sement klinkeri sarfini kamaytirishi va yetarli mexanik xossalarni
ta’minlashi bilan e’tibor qozonmoqda.

Bir qismli geopolimer betonning asosiy afzalligi shundaki, quruq boshlang‘ich xomashyolar va
qattiq ishqoriy faollashtiruvchilar avval aralashtiriladi, so‘ng qorishmaga suv qo‘shiladi. Bunday
“faqat suv qo‘shish” yondashuvi suyuq ishqoriy eritmalarni oldindan tayyorlash, saqlash va tashish
bilan bog‘liq xavflarni kamaytiradi. Shu bilan birga, bir qismli tizimlarda mustahkamlik xomashyo
tarkibi, domna shlaki ulushi, faollashtiruvchi turi va suv miqdoriga juda sezgir bo‘ladi.

Kul uchgindisi xona haroratida nisbatan sekin reaksiyaga kirishadi, domna shlaki esa tarkibidagi
reaktiv kalsiyli fazalar tufayli bog‘lovchi gel mahsulotlarining tezroq shakllanishiga yordam beradi.
Shuning uchun kul uchgindisi va domna shlaki nisbatini tanlash bir gismli geopolimer betonning
siqilishdagi hamda egilishdagi mustahkamligiga bevosita ta’sir etadi. Ushbu maqolaning magsadi
70/30 va 60/40 kul/shlak nisbatlaridagi ikki geopolimer beton tarkibini mustahkamlik nuqgtai
nazaridan taqqgoslashdir. Tanlangan tarkiblar mos ravishda GPB70/30 va GPB60/40 deb nomlandi.

2. Materiallar. Tahlil gilingan ikki tarkib F sinfli kul uchgindisi va maydalangan donador domna
shlakidan iborat alyumosilikatli boshlang‘ich xomashyolarga asoslangan. Har ikkala beton tarkibida
umumiy boshlang‘ich xomashyo miqdori 400 kg/m* (GPB70/30 da 70 foiz kul uchqindisi va 30 foiz
domna shlaki, GPB60/40 da esa 60 foiz kul uchgindisi hamda 40 foiz domna shlaki), qum 600
kg/m?, yirik to‘ldiruvchilar esa 10-20 mm fraksiyalarda 1200 kg/m? qilib olingan. Suv sarfi 180
kg/m? bo‘lib, suvning boshlang‘ich xomashyoga nisbati 0,45 ni (S/Bx=0.45) tashkil etgan. Qattiq
faollashtiruvchi tizim 33,3 kg/m?® suvsiz natriy metasilikat va 16,7 kg/m*® natriy gidroksid
granulalaridan iborat.

1-jadval.
GPB70/30 va GPB60/40 tarkiblarining asosiy komponentlari
. Kul Domna Natriy Natriy
sz{ kl's'? uchgindisi, | shlaki, kSl;:;is metasilikat, | gidroksid, | S/Bx Kr‘ji'slzg't?k
g kg/m? kg/m? g kg/m? kg/m?
GPB70/30 280 120 180 33,3 16,7 0,45 70/30
GPB60/40 240 160 180 33,3 16,7 0,45 60/40

Izoh: GPB - geopolimer beton; S/Bx - suvning boshlang‘ich alyumosilikat xomashyoga nisbati.

3. Natijalar

3.1. Sigilishdagi mustahkamlik. GPB70/30 tarkibi 7 sutkada 19,5 MPa, 28 sutkada esa 25,5 MPa
sigilishdagi mustahkamlikka erishdi. GPB60/40 tarkibida 7 sutkalik sigilishdagi mustahkamlik 20,0
MPa bo‘lib, GPB70/30 tarkibiga juda yaqin bo‘ldi. Biroq 28 sutkada GPB60/40 tarkibi 35,0 MPa
natija ko‘rsatdi. Bu GPB70/30 tarkibiga nisbatan 9,5 MPa yoki taxminan 37,3% yuqori
ko‘rsatkichdir.

7 sutkadan 28 sutkagacha bo‘lgan mustahkamlik rivojlanishi ham ikki tarkibda turlicha kechdi.
GPB70/30 tarkibida 28 sutkalik natija 7 sutkalik qiymatdan 30,8% yuqori bo‘lgan bo‘lsa,
GPB60/40 tarkibida bu o‘sish 75,0% ni tashkil etdi. Demak, 40% domna shlaki ulushi nafaqat
yakuniy mustahkamlikni, balki keyingi yoshdagi mustahkamlik rivojlanishini ham sezilarli darajada
kuchaytirgan.
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Sigilishdagi mustahkamlik natijalari

s GPB70/30 35.0
W GPB60/40

351

301

251

20 1

15 1

Mustahkamlik, MPa

101

7 28
Sutka

1-rasm. GPB70/30 va GPB60/40 tarkiblarining 7 va 28 sutkadagi sigilishdagi mustahkamlik
ko‘rsatkichlari.

3.2. Egilishdagi mustahkamlik. Egilishdagi mustahkamlik natijalari ham GPB60/40 tarkibining
ustunligini ko‘rsatdi. GPB70/30 tarkibida 7 va 28 sutkalik egilishdagi mustahkamlik mos ravishda
2,65 va 3,40 MPa bo‘ldi. GPB60/40 tarkibida esa bu qiymatlar 3,25 va 3,95 MPa ni tashkil etdi. 28
sutkalik egilishdagi mustahkamlik GPB60/40 tarkibida GPB70/30 ga nisbatan 16,2% yuqori bo‘ldi.
Bu holat domna shlaki ulushi ortishi bilan bog‘lovchi matritsaning yaxshiroq shakllanishi va yoriq
paydo bo‘lishiga qarshilikning ortishi mumkinligini ko‘rsatadi.

Egilishdagi mustahkamlik natijalari

B GPB70/30 3.95
W GPB60/40

4.0 1

3.5 1

3.0 1

Mustahkamlik, MPa
N N
=) wn

=
w
)

1.0 1

0.5 1

0.0 -

7 28
Sutka

2-rasm. GPB70/30 va GPB60/40 tarkiblarining 7 va 28 sutkadagi egilishdagi
mustahkamlik ko‘rsatkichlari.
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2-jadval.
GPB70/30 va GPB60/40 tarkiblarining mustahkamlik ko‘rsatkichlari
. .. 7 kun siqilish, | 28 kun siqilish, 7 kun egilish, 28 kun egilish,
Tarkib belgisi MPa MPa MPa MPa
GPB70/30 19,5 25,5 2,65 3,40
GPB60/40 20,0 35,0 3,25 3,95

4. Muhokama. Natijalar shuni ko‘rsatadiki, GPB60/40 tarkibining ustunligi avvalo domna shlaki
ulushining 30% dan 40% gacha oshirilishi bilan bog‘liq. Domna shlaki tarkibida reaktiv kalsiyli
fazalar ko‘p bo‘lgani sababli xona haroratida kalsiy-alumosilikat turidagi gel mahsulotlarining hosil
bo‘lishi tezlashadi. Bunday gel mahsulotlari natriy-alumosilikat gel bilan birgalikda zichroq
bog‘lovchi matritsa shakllanishiga yordam beradi. Natijada 60/40 nisbatli tarkibda siqilishdagi
mustahkamlik sezilarli darajada yuqori bo‘lgan.

GPB70/30 tarkibida kul uchqindisi miqdori yuqoriroq bo‘lgani uchun reaksiyaning xona haroratida
kechishi sekinlashgan bo‘lishi mumkin. Past kalsiyli kul uchqindisining sferik zarrachalari
qorishmaning ishlov beriluvchanligiga ijobiy ta’sir ko‘rsatsa-da, gotgan holatda mustahkamlikning
tez rivojlanishi uchun domna shlakidagi reaktiv kalsiyli komponentlar muhimroq ahamiyat kasb
etadi. Shu sababli GPB70/30 tarkibi 7 sutkada GPB60/40 ga yaqin natija bergan bo‘lsa ham, 28
sutkaga kelib sezilarli darajada ortda qoldi.

Egilishdagi mustahkamlik bo‘yicha farq siqilishdagi mustahkamlikka qaraganda kichikroq bo‘lsa-
da, umumiy tendensiya bir xil: domna shlaki ulushining oshishi egilishdagi cho‘zilish xatti-
harakatini ham yaxshilagan. Egilishdagi mustahkamlik mikro-yoriglar, g‘ovaklar, bog‘lovchi
fazalarning bir jinsliligi va to‘ldiruvchi-matritsa chegaraviy zonasiga sezgir ko rsatkich hisoblanadi.
GPB60/40 tarkibidagi yuqoriroq natija bog‘lovchi tizimning nisbatan zichroq va yaxlitroq
shakllanganidan dalolat beradi.

Chidamlilik masalasida alohida aniglik zarur. Tanlangan GPB70/30 va GPB60/40 tarkiblari
bo‘yicha kislota ta’siriga chidamlilik yoki xlorid ionlarining tez o‘tkazuvchanlik sinovi natijalari
mavjud emas. Shuning uchun ushbu maqolada ular bo‘yicha ragamli tagqoslash berilmadi. Biroq
vizual kuzatuvlarda kul uchqindisi ulushi yuqori bo‘lgan bir qismli tarkiblarda tuzlanish ko‘proq
namoyon bo‘lgani, domna shlaki ulushi oshishi bilan esa bu holat kamaygani qayd etilgan. Bu
GPB60/40 tarkibida reaksiyaga kirishmagan ishqoriy komponentlarning kamrog qolishi va
matritsaning nisbatan zichroq bo‘lishi bilan izohlanishi mumkin. Shunga garamay, bunday
kuzatuvni kislota yoki xloridga chidamlilikning to‘g‘ridan-to‘g‘ri o‘lchovi sifatida qabul qilib
bo‘lmaydi; ushbu yo‘nalishda alohida standart sinovlar talab etiladi.

5. Xulosa

1) GPB70/30 va GPB60/40 tarkiblari bir xil S/Bx = 0,45 va bir xil suvsiz natriy metasilikat—natriy
gidroksid gattiq faollashtiruvchi tizimi sharoitida tagqoslandi.

2) GPB60/40 tarkibi 28 sutkada 35,0 MPa sigilishdagi mustahkamlikka erishib, GPB70/30
tarkibidan 37,3% yuqori natija ko‘rsatdi.

3) Egilishdagi mustahkamlik 28 sutkada GPB60/40 tarkibida 3,95 MPa, GPB70/30 tarkibida esa
3,40 MPa bo‘ldi; bu GPB60/40 tarkibining cho‘zilish xatti-harakatiga sezgir ko‘rsatkich bo‘yicha
ham ustunligini bildiradi.

4) 60/40 nisbatdagi domna shlaki ulushi gotgan matritsaning reaktivligi va zichligini oshirish orqali
mustahkamlik rivojlanishiga ijobiy ta’sir ko‘rsatgan deb baholandi.

5) Kislota ta’siri va xlorid 1onlarining tez o‘tkazuvchanligi bo‘yicha aynan GPB70/30 va GPB60/40
tarkiblari uchun raqamli natijalar mavjud emasligi sababli chidamlilik bo‘yicha yakuniy xulosa
chigarilmadi.

6) Amaliy nuqtai nazardan GPB60/40 tarkibi GPB70/30 ga nisbatan mustahkamlik bo‘yicha
magsadga muvofigroq tarkib sifatida baholandi.
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Annotatsiya. Ishda Qoraqalpog ‘iston Respublikasi sharoiti va mahalliy mineral-xomashyo bazasining
mavjudligini hisobga olgan holda sement-beton yo‘l qoplamalarini kompleks modifikatsiyalashning
dolzarbligi asoslangan. Past klinkerli bog ‘lovchilar, uchuvchan kul, domna shlaki, mikrokremnezem va
mahalliy otgindi jinslar (andezit-bazaltlar, gabbroidlar va boshqgalar) ga bag ‘ishlangan zamonaviy
tadgiqotlar tahlili asosida yo ‘Il betonlarini kompleks modifikatsiyalash konsepsiyasi taklif etildi. Klinkerning
bir gismini 5-10% mikrokremnezem bilan birgalikda 20-50% miqdordagi faol mineral qo ‘shimchalar bilan
almashtirish va ogilona havo yutuvchi modifikatsiyalash beton goplamalarning mustahkamligini, sovugga
chidamliligini va uzoq muddat xizmat gilishini oshirish, shu bilan birga klinkerning solishtirma sarfini va
materiallar narxini pasaytirish imkonini berishi ko ‘rsatilgan [1-4], [6-13]. Mahalliy xomashyolar asosida
sementbeton qoplamalar uchun qorishmalar tarkibini tanlash bo ‘yicha tavsiyalar bilan yig ‘ma jadvallar va
diagrammalar ishlab chigilgan.

Kalit so‘zlar: sement-beton qoplamalar, mahalliy xomashyo, andezit-bazalt, gabbroid, olib ketuvchi
kul, domna shlaki, mikrokremnezem, kam klinkerli bog ‘lovchilar, sovugqa chidamlilik, uzoq muddat xizmat
qilish.

Annomauusn. B pabome obocrhosana axmyaibHOCMb KOMIIEKCHOU MOOUDUKayuy yemeHmooemonHbix
O0POIICHBIX NOKpuIMuUl ¢ yuemom ycaosuti Pecnyonuxu Kapaxammaxcman u Hanuyus MecCmHo MUHEpaibHoO-
coipvesoll 6azvl. Ha ocnoge ananuza coBpeMeHHbIX UCCiedo8aHull, NOCEIUEHHBIX HUIKOKIUHKEPHBIM
BSICYWUM, 30J1e-YHOCA, OOMEHHOMY WINAKY, MUKPOKDEMHE3eMY U MECHHbIM U3BEPHCEHHLIM HOPOOAM
(ande3umo-bazanvmam, 2abbpoudam u Op.), Npeosod’ceHa KOHYenyus KOMNIEKCHOU Moougpuxkayuu
00podicHbIX Demonos. [lokaszano, ymo coemewjeHnas 3amMenHa Yacmu KIuHKepa akmueHbIMU MUHepal1bHbIMU
dobaskamu 6 xoauvecmee 20-50% 6 couemanuu c 5—-10% Muxkpokpemuesema U PAYUOHATLHBIM
8030YX0B0GNEKAIOUUM MOOUDPUYUPOBAHUEM NO360IEN NOBbICUMb HPOYHOCHb, MOPO30CHOUKOCHb U
00/1206€4HOCIb OEMOHHBIX NOKPLIMULL NPU OOHOBPEMEHHOM CHUNCEHUU YOeNbHO20 pacxood KIuHKepa u
cmoumocmu  mamepuanog [1-4], [6-13]. Paszpabomanvl ceo0Hble mabauybl U OUASPAMMbBL  C
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pekomendab;wmu no }’10060py cocmaesoe cmecell 0 L;eMeHm06€m0HHblx nOKpblmulZ HA OCHOBE MeCnmHOo20
CbIpbSL.

Knrouesvle cnosa: yemenmobemonnvie NOKpuIMuUs, MeCmHoe Cblipbe, aHoe3umodasaivm, 2abopoud,
3071a-yYHOC, OOMEHHbIU wiaKk, MUKPOKpeMHE3eM, MAJNOKIUHKEPHblIE  BANCYUUE, M0p0300m0111<‘00n’lb,
00J1208€4HOCHb.

Abstract. The work substantiates the relevance of comprehensive modification of cement-concrete
road surfaces, taking into account the conditions of the Republic of Karakalpakstan and the availability of
local mineral raw material resources. Based on an analysis of modern research dedicated to low-clinker
binders, slag ash, blast furnace slag, microcrystalline earth, and local igneous rocks (andezite-basalt,
gabbroid, etc.), a concept for the comprehensive modification of road concretes has been proposed. It has
been shown that the combined replacement of a portion of clinker with active mineral additives in an amount
of 20-50%, combined with 5-10% microsilica and rational air-absorbing modification, allows for an
increase in the strength, frost resistance, and durability of concrete pavements while simultaneously
reducing the specific consumption of clinker and the cost of materials [1-4], [6-13]. Summary tables and
diagrams with recommendations for selecting mixture compositions for cement concrete surfaces based on
local raw materials have been developed.

Keywords: cement-concrete coatings, local raw materials, andezitobasalt, gabbroid, fly ash, blast
furnace slag, microcrystalline earth, low-clinker binders, frost resistance, durability.

Introduction

In Uzbekistan, including the Republic of Karakalpakstan, technologies for the construction of
roads with cement concrete pavements are actively developing. This is associated with the high
bearing capacity and durability of such pavements under intensive freight traffic [1]. At the same
time, the localization of construction material production and the reduction of imported clinker
content through the use of local mineral resources and technogenic wastes are becoming
increasingly important.

A number of studies carried out using the raw materials of Karakalpakstan have shown the
high potential of andesite-basalt and gabbroid rocks, dune sands and ferruginous rocks as
components of raw mixes for Portland cement clinker production [2-5]. In parallel, many countries
are developing low-clinker cements with fly ash, ground granulated blast-furnace slag, silica fume
and other pozzolans, which can improve frost resistance and concrete durability when curing
conditions and air-entraining admixtures are properly selected [6-13].

The purpose of this work is to substantiate approaches to the complex modification of cement
concrete pavements based on the local raw materials of Karakalpakstan and mineral additives, and
to form recommendation tables and charts for concrete mix design without carrying out independent
experimental research.

STATE OF THE PROBLEM AND RESEARCH TASKS

According to Miralimov and Abirov [1], the share of roads with cement concrete pavements
in Uzbekistan is still considerably lower than that of asphalt concrete roads. However, cement
concrete is considered the main pavement type for highways of international importance, where
long service life and minimal rutting deformation are required. Domestic studies note that the
transition to concrete pavements requires the adaptation of concrete compositions to local raw
materials and climate, including large temperature variations, salt exposure, dry hot weather and
periodic wetting.

For Karakalpakstan, an additional factor is the need for deeper processing of local igneous
rocks - andesite-basalt, gabbroids and tuff breccias - within raw mixes for clinker and mineral
additives to cement [2-5]. This can reduce transport distances and improve the resource
independence of the region.

International practice shows that reducing the proportion of Portland cement clinker by using
active mineral additives such as fly ash, ground granulated blast-furnace slag, silica fume and rice
husk ash improves durability and environmental performance, provided that the water-to-binder
ratio and pore structure are optimized [6-8], [12-14].

Studies on fly-ash concrete for road pavements indicate that cement replacement with fly ash at the
level of 20-30% provides improved frost resistance,
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lower water absorption and higher density of the C40 concrete structure while maintaining or
increasing strength [7,13].

Silica fume in the amount of 3-10% of the binder mass is considered effective for densifying
the cement stone, increasing strength and improving resistance to freeze-thaw cycles [8-11,14].
Against this background, the complex modification of road concretes becomes an urgent task. It
involves the simultaneous use of local raw materials, both in clinker production and as mineral
additives, and technogenic pozzolans such as fly ash and slag, together with silica fume and
chemical admixtures.

MATERIALS AND METHODS OF THE ANALYTICAL STUDY
The study has an analytical and generalizing character and includes the following stages:
1. Analysis of literature sources on the raw-material base of Karakalpakstan for clinker production
and mineral additives [2-5]; low-clinker cements and frost resistance of concrete [6]; road concretes
with fly ash and slag [7,12,13]; and the influence of silica fume and nanosilica on strength and
crack resistance [8-11,14].
2. Formation of a summarized database covering dosage ranges of mineral additives, obtained
strength and deformation characteristics, frost resistance coefficients, changes in dynamic modulus
of elasticity and water permeability.
3. Classification of modification variants by level: binder modification (low-clinker cements and
additives), concrete structure modification (water-to-cement ratio, air entrainment and fibers), and
adaptation to the local raw-material base (replacement of conventional aggregates and clinker
components by local rocks).
4. Development of recommendation tables and graphs for the practical design of concrete mixtures
for cement concrete pavements.
Studies by Orazimbetova and co-authors have shown that the andesite-basalt rock of the Berkut-Tau
deposit, gabbroid rocks, dune sand and brown ferruginous rocks of Karakalpakstan meet the
requirements of the national standard O'z DSt 2950:2015 for raw materials used in Portland cement
clinker production [2-4]. The possibility of obtaining clinkers with satisfactory physical and
mechanical properties from these raw materials has also been demonstrated [5].
The use of this raw-material base makes it possible to reduce the share of conventional clay and
marl in clinker raw mixes; to obtain clinkers with a higher content of aluminosilicate phases and
potentially better sulfate resistance [3-5]; and to form a local base for active mineral additives such
as finely ground andesite-basalt and tuff breccias, which can be used together with fly ash and slag.
BINDER MODIFICATION: LOW-CLINKER CEMENTS AND MINERAL ADDITIVES
he analysis of studies on low-clinker cements [6] and road concretes with fly ash [7,13] allows the
following rational clinker replacement ranges to be identified:
* Fly ash (FA): 20-30% of binder mass for road concretes of classes B30-B40; this reduces water
demand and increases structural density provided that sufficient curing time is ensured.
* Ground granulated blast-furnace slag (GGBS): 30-50% of binder mass in CEM I11/A-B systems to
improve sulfate resistance and frost resistance.
* Silica fume (SF): 5-10% of binder mass in combination with fly ash or slag; at dosages of 3-9%,
increases in strength of 15-27% and improved frost resistance have been reported [8-11,14].

For the conditions of Karakalpakstan, combined binders of the following types are considered
promising: CEM | + FA + SF; CEM 1I/A-S(P) + FA + SF; CEM IlI/A + SF; and CEM 1 + finely
ground andesite-basalt or tuff breccia + SF.

USE OF LOCAL RAW MATERIALS IN COMPLEX MODIFICATION

Taking into account the high potential of andesite-basalt and gabbroids [2-5], their use is
possible in two main directions. At the clinker level, part of the conventional clay component can be
replaced by andesite-basalt and gabbroid rocks during the calculation of clinker raw mixes [3,4].
This makes it possible to obtain clinkers with an improved composition and with physical and
mechanical properties that meet requirements [5].
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At the level of mineral additives and aggregates, finely ground andesite-basalt or tuff breccia
can be used as an active mineral additive at 5-15% of binder mass. Dune sands can be used as a part
of the fine aggregate after granulometric correction, while their optimal combination with fly ash
and slag may increase the density of cement stone [12,14].

CHEMICAL ADMIXTURES AND FIBER REINFORCEMENT

For road concretes with complex mineral modification, the following measures are
recommended:

* use of air-entraining admixtures at about 0.10-0.15% of cement mass to form a stable system
of closed pores and improve frost resistance [6,11];

 use of polycarboxylate-based superplasticizers to reduce the water-to-binder ratio while
maintaining workability;

* local fiber reinforcement with polypropylene, steel or basalt fibers to improve crack
resistance and impact toughness, especially when hard crushed aggregates are used [8,14].

Table 2.
Variants of complex modification of cement concrete pavements (recommendations).
Variant VML Binder type and additives Specific features
purpose
National ~ |CEM | + 20-25% FA + 5-89% SF;| 19 frost _resistance. _ Fiber
A ; . : reinforcement is recommended to
highways air entrainment 0.12-0.15% . .
improve crack resistance.
5 International  |CEM 1I/A-S(P) or CEM HI/A + Eégeggrth;ff'gtir}gg s}gw ;f';tsrena'lﬂ
routes 20-30% FA + 5-10% SF gain YCIes, g
Use of local raw materials,
C Local roads CEM | + 15-20% finely ground|moderate clinker saving and
andesite-basalt + 10-15% FA sufficient durability under WI/C
control.
Industrial sites|CEM 111I/A-B + 20-30% FA + 5-|MProved corrosion resistance and
D . crack resistance; suitable for
and ports 8% SF + steel or basalt fibers . .
aggressive environments.

EFFECT OF SILICA FUME ON STRENGTH AND FROST RESISTANCE

According to the studies by Zhang and Li [10], Golewski [8,9] and Sahin et al. [11],
increasing the silica fume content in the range of 3-9% of binder mass results in the following
effects:

» 28-day compressive strength of concrete increases by up to 15-27% compared with the
control composition without silica fume;

* the relative dynamic modulus of elasticity after 300 freeze-thaw cycles increases, indicating
improved frost resistance;

+ at dosages above 10-12%, the positive effect on strength and durability decreases or
stabilizes, while shrinkage and the risk of shrinkage cracking increase.
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Table 3.
Generalized influence of silica fume on concrete properties (based on [8]-[11]).
SF share of Relative 28-day compressive . .
. Frost-resistance characteristic
binder, % strength (approx.)
0 1.00 Basic level F200-F300
3 110-1.15 Improvement; growth of dynamic modulus
after FT cycles
6 1.20-1.25 Considerable increase in frost resistance
9 195-197 Ma_X|mum effect on strength and frost
resistance
12 1.05-1.10 Po§5|ble reduction of effect; increased
shrinkage
1.30 1 =@~ Relative compressive strength
Relative frost-resistance index
1.25 4
E 1.20 4
B
‘s 1.157
2
:g 1.10 4 \
= 1.051
1.00 A
0.95

0 3 6 9 12
Silica fume content, % of binder

Figure 1. Influence of silica fume content on concrete properties.

EFFECT OF FLY ASH AND SLAG ON DURABILITY OF ROAD CONCRETES

The work of Zhai et al. [7] shows that at a fly ash content of 25-30% in C40 road concrete, an
optimal combination of strength (about 50 MPa at 28 days) and increased structural density is
achieved; the proportion of pores smaller than 20 nm reaches 80%. The FHWA review [13]
confirms that the use of 20% fly ash can reduce water demand by approximately 10%, improving
workability and reducing the risk of drying shrinkage cracking.

In the study by Barragan-Ramirez et al. [12], the combination of 20-30% fly ash with blast-furnace
slag and rice husk ash in a marine environment significantly reduced the chloride diffusion
coefficient and the corrosion rate of reinforcement while maintaining the required strength.

50 4 —.*...Z_fi-rlay strength, MPa - 5.4
£ - Wa&&&sm‘phun, %
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& 481 £
7] °©
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Fly ash content, % of binder
Figure 2. Influence of fly ash content on strength and water absorption of
concrete.
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DISCUSSION AND PRACTICAL RECOMMENDATIONS
1. Binder level. For the conditions of Karakalpakstan, CEM II/CEM IlI binders based on clinker
produced from local raw materials such as andesite-basalt and gabbroid rocks are promising when
combined with 20-30% fly ash and 5-9% silica fume. This approach reduces clinker content and
increases frost resistance and crack resistance, provided that the curing regime and air entrainment
are optimized [2-4], [6-8], [10,11].
2. Concrete mixture level. For highway pavements, the recommended water-to-binder ratio is 0.35-
0.40 with mandatory use of a superplasticizer. Air content should be maintained at 4-6% to improve
frost resistance under freeze-thaw cycles [6]. Crushed aggregates from local rocks such as andesite-
basalt and gabbroid should be used with strict control of particle shape and surface roughness.
3. Crack resistance and fatigue strength. Research on the fracture toughness of concretes with silica
fume and fly ash [8,9] indicates an increase in crack-resistance coefficients at optimal additive
contents and a reduction in brittleness. Fiber reinforcement additionally increases fracture energy
[8,14]. For road pavements in Karakalpakstan, fiber reinforcement of the upper layer is advisable to
improve resistance to repeated traffic loads.
4. Technological aspects. When fly ash and slag are used, concrete must be kept under moist curing
conditions for an extended period of at least 7-10 days, which is particularly important for low-
clinker systems [6,7]. Under the climatic conditions of Karakalpakstan, intensive evaporation must
also be considered; membrane curing compounds and/or polymer admixtures that reduce shrinkage
are recommended.

CONCLUSION

1. The analysis of current studies shows that complex modification of cement concrete pavements
through the joint use of local mineral raw materials of Karakalpakstan (andesite-basalt, gabbroid,
dune sands and tuffites) and active mineral additives (fly ash, blast-furnace slag and silica fume)
makes it possible to reduce the clinker content of the binder and simultaneously improve pavement
durability.
2. The generalized literature data indicate that the optimal clinker replacement ranges are 20-30%
fly ash, 30-50% blast-furnace slag and 5-9% silica fume. At these dosages, strength increases of up
to 15-27%, higher frost resistance and lower concrete permeability are achieved [7-11,13,14]. The
use of local andesite-basalt and gabbroid rocks in clinker raw mixes and as finely ground active
additives complies with the requirements of national standards and makes it possible to form
clinkers with the required physical and mechanical characteristics [2-5].
3. The proposed tables and recommendation charts can serve as a methodological basis for
designing road-concrete mixtures without conducting independent experimental studies. At the next
stage of dissertation research, these recommendations should be verified by field and laboratory
tests considering the specific raw-material deposits of Karakalpakstan.
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Annomauu}l. B cmamuve paccmompernsl cocmae, cmpoerue U  nyyyoianoedasl AakmueHoChb
NPpUPoOOHOll  Yeoaumosol nopoovl benbmayckoeo Mmecmopodcoenuss Kax KOMHOHEHMA U3BeCHKOBO-
YEoIUMHO2O 6:21cyueco. 060614/;61-1171 OaHHbIe XUMUYECK020 U MunepajslocuiecKkoeo anaiusa, cmaHdapmezx
UCNBIMAHUU eu()paeﬂuquKoﬁ aKkmueHocmu u onpedeﬂenu}z cnocobrocmu yeojauma Cce4A3616AMb CaO u
CaSO4 u3 macviyennvix pacmeopos. Ilokasano, wmo ucciedyemas nopooa OMHOCUMCS K AKMUBHbIM
nyyyojaadvam. C pocnmom Cmenenu uyeoaumusayuu yeeiudueaenicia Koauvecneo CBA3AHHOU U36ecmu U
cyabgama Kanbyusi, a 8 NPOOYKMaAx 63aumMo0elicmaus QoOpMupyromcst 2UOPOCUIUKATNbL, SUOPOATIOMUHATIbL U
euépocyﬂbqboaﬂlomuﬂambl Kajlbyu:l. HOle‘{eHHble 3asucumocmu mocynt uUcnojlb3oeamsvCsia npu HA3HAYEeHUU
cocmaesa u36eCmKo60-y€e€0IUNHbLY GANCYUUX U 6bl60p€ peascuma meepdeﬁuﬂ CMEHOBbLX Mamepuajoes.

Knrouesvle cnosa: npupoownvii yeoaum; beromayckoe mecmopoodicoenue;  KIUHONMULOIUN,
nyyyoaaHoeasl AakmueHoCmb, U36€CNKOBO-YeOoJUmHoe sAaxdcyuiee; zudpocuﬂummbz Kajavyus:.

Abstract. The paper analyzes the composition, structure and pozzolanic activity of natural zeolitic
rock from the Beltau deposit as a component of lime-zeolite binders. The study summarizes chemical and
mineralogical data, standard hydraulic activity tests and the ability of the zeolite to bind CaO and CaSO4
from saturated solutions. It is shown that increasing zeolitization intensifies lime and sulfate binding, while
calcium hydrosilicate, hydroaluminate and hydrosulfoaluminate phases form in the reaction products. The
results are useful for designing lime-zeolite binders for wall materials.

Keywords: natural zeolite; Beltau deposit; clinoptilolite; pozzolanic activity; lime-zeolite binder;
calcium hydrosilicates.

Annotatsiya. Maqolada Beltau konining tabiiy seolit jinsining ohak-seolit bog ‘lovchisi sifatidagi
tarkibi, tuzilishi va putssolan faolligi ko ‘rib chigilgan. Kimyoviy va mineralogik tahlillar, standart gidravlik
faollik sinovlari va seolitning to ‘yingan eritmalardan CaO va CaSO4 ni biriktirish qobiliyatini aniglash
ma’lumotlari umumlashtirilgan. Tadqiq qilinayotgan jins faol putssolanlar qatoriga kirishi ko ‘rsatilgan:
seolitlanish darajasi ortishi bilan bog ‘langan ohak va kalsiy sulfat migdori ortadi, o‘zaro ta’sir
mahsulotlarida esa kalsiy gidrosilikatlari, gidroalyuminatlari va gidrosulfoalyuminatlari hosil bo ‘ladi.
Olingan bog ‘ligliklar ohak-seolitli bog ‘lovchilar tarkibini belgilashda va devorbop materiallarning gotish
rejimini tanlashda qo ‘llanilishi mumkin.

Tayanch so“zlar: tabiiy seolit; Beltau koni; klinoptilolit; putssolan faolligi; ohak-seolit bog ‘lovchisi;
kalsiy gidrosilikatlari.

BBEJIEHUE

Pacmmpenue cblpbeBoil 0a3bl CTPOUTEIBHBIX MATEPUAIIOB TPEOYET UCIIOIb30BAHUS MECTHBIX
MUHEpPAIBHBIX ~PECYpCOB, CHOCOOHBIX CHIDKaThb pacxXxoJ OSHEProéMKUX KOMIIOHEHTOB U
OJTHOBPEMEHHO o0ecneunBaTh TpeOyeMble SKCIUTyaTallMOHHbIE cBoiicTBa u3nenuid. Ilpupoansie
LEOJIUTHl B 3TOM OTHOWICHHM TMPEACTABIAIOT 3HAYUTEIBHBIN HHTEpEC, MOCKOIbKY 00Ja1aioT
QTFIOMOCHJIMKATHBIM ~ KapKacoM, TIOBBIIICEHHONW pPEaKIMOHHOW CIIOCOOHOCTRIO W Pa3BUTOU
BHYTPEHHEHN IIOPUCTOCTBIO.

benprayckoe MECTOPOXKAECHHE OTHOCHTCA K IEPCIEKTHBHBIM HMCTOYHHUKAM LEOJUTOBOIO
CBIPbS JJISl CTPOUTENBHONW MHAYCTpUHU. B cocTaBe mopojsl mpeobsiagaloT MHUHEPAIbl IIE0JIUTOBOM
Ipynmsl, B TOM 4YHCJE KIMHONTWIOIUT, a TAaKXE IPHUCYTCTBYIOT IUIArHOKJIa3, CMEKTUTOBbBIE
MuHepasibl ¥ KBapll. Takas xomMOuHamus ompesnenseT e€ MOBeICHHE KaK aKTUBHOW MHHEpaTbHOU
N00aBKHU M KaK KMCJIOI0 KOMIIOHEHTa U3BECTKOBO-TYIIII0JIAHOBOM CUCTEMBI.
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KPATKHE COOBLIEHUA

Ilenp cratbu - CHCTEMATH3MPOBATH OKCIEPUMEHTAIbHBIC JaHHBIE O COCTaBe U
MYIIIOJaHOBOW aKTUBHOCTH MPUPOJHOTO LEONHUTa bempTayckoro MecTOpoXIeHHUs, a TakKxke
MOKa3aTh CBSI3b MEXKIY CTEIEHBIO HEOTUTHU3AINU U CIIOCOOHOCTHIO TIOPOIBI CBS3BIBATH M3BECTH U
cynb(haT KaabIusl.

MATEPHAJIBI U METO/IbI UCCJIEJJOBAHUS

B kadecTBe OCHOBHOrO MaTepuana HMCIOIb30Balach IICOJIMTOBAs Mopoja bempTayckoro
MecTopokacHHs. [10 XMMHUYEeCKOMY COCTaBy OHA XapaKTEpU3yeTCs BHICOKUM conepkanueM SiO2 u
Al203, 4ro sBiIsSETCS TMPENOCBUIKON ISl Pa3BUTHS IMYLIIOJIAHOBON pEakiMd B TPHCYTCTBHU
n3BecTH. JIJI MOJydeHHsT U3BECTKOBO-IICOJUTHOTO BSDKYIIETO MOPOJY COBMECTHO HM3MENIbYAH C
MU3BeCThIO 10 ocTaTka Ha cute Ne008 He Oomee 15 %.

XMMUYECKUIA CoCTaB
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Puc. 1. OxcuaHbIA cocTaB EOTUTOBON moponsl bemprayckoro
MECTOPOXKICHHS.

[TyuonaHoBass akTHUBHOCTh ONpEAEsUIach IO CTaHAAPTHBIM IIOKA3aTeNIsIM: CpOKam
TBEP/ICHHUS, BOJIOCTOMKOCTH, IPOYHOCTH 0Opa3lOB MOCIE TEMJIOBIAXXHOCTHOM 00pabOTKH, a Takke
no koiuyectBy CaO m CaSO4, mornoméHHBIX M3 HACBHIIEHHBIX W3BECTKOBBIX M M3BECTKOBO-
TUTICOBBIX PacTBOPOB. JlOMOTHUTENHHO NPUMEHSUIUCH peHTreHo(a3zoBbiH, auddepeHnaIbLHo-
TEPMUYECKUHN U 3IEKTPOHHO-MUKPOCKOIMMYECKHI METOAbI aHAJIH3a.

COCTAB U CTPYKTYPHBIE OCOBEHHOCTH

PentrenoazoBelii aHanuM3 TMOKaszaj, YTO B MHHEPAIOTHYECKOM COCTaBE HCCIEIyeMOi
MOPOJIBI TIOCIIEIOBATEIBHOCTh OCHOBHBIX (Da3 MOXKET OBITh MpEICTaBlIeHa KaK KIMHONTHIIONUT >>
TJIATMOKIIa3 > CMEKTHUTH > anb(a-kBapi. MexaHudeckas akTHUBAIUs HE MPUBOAWIA K 3aMETHOU
amMopdu3auy KpUCTAIUIOB, OJHAKO WU3MEHsUIAa TUCIIEPCHOE COCTOSIHUE YacTHUI[ U CIIOCOOCTBOBAJIA
HX arperaguu 1npuv JJMTCIbHOM U3MCIbYCHHUU.

Oco0eHHOCTh IIEOTUTOBON CTPYKTYPHI COCTOUT B HAJIMYMM CUCTEMBI KaHAJIOB U OOMEHHBIX
KaTHOHOB. HOE)TOMy peaknusda € U3BCCTHIO MPOTCKACT HE TOJBKO HAa MOBCPXHOCTH YaCTHIl, HO U C
BOBJICUCHUEM 3HAYUTEIFHOM YacTH aTIOMOCHIMKATHOTO Kapkaca. JTO OOBSCHSET BBICOKYIO
cnocobHOCTh benprayckoro neonura cBsa3piBath kak Ca0, Tak u CaSO4.

Taomumal
XHUMHYECKUH COCTAB IIEOJUTOBOM MOpoabl, %o
Oxcup Coaepixanue Oxcup Coaepixanue
Si02 50,8 Cao 1,8
Al203 26,4 MgO 1,5
Fe203 2,8 Na20 10,3
H20+ 6,4 ILILII. 3,2
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ITYOIOJJAHOBAS AKTUBHOCTD

Ilo pesynpraTam wucnbITaHui  benbTayckas 1eonuToBas MOpPoAa COOTBETCTBYET
TpeOOBaHUSAM K AKTUBHBIM MUHEPaJbHBIM J00aBKaM. M3BeCTKOBO-IICOJUTHBIE COCTaBbI IOCIIE
TEIJIOBJIA)KHOCTHOM 00pabOTKHM MOKa3bIBaJld BOJOCTOMKOCTh M IMPOYHOCTb, JOCTATOYHBIE IS
PacCMOTPEHMS OPOABI KAK KOMIIOHEHTA THIPABINYECKOTO BSKYLIETO.
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Puc. 2. IIpo4HOCTh H3BECTKOBO-IICOJIUTHBIX COCTaBOB

MOCJIE TEIUIOBIAXXHOCTHON 00Pa0OTKH. Puc. 3. CaasbiBanue CaO u CaSO4 B 3aBUCHMOCTH OT
CTCIICHHU LI COJIUTHU3 AU,

HaunOonpmmii mpakTH4eCKuii MHTEPEC MPEICTABISIET 3aBUCUMOCTh aKTHBHOCTH OT CTEIICHU
neonutuzanuu. C  yBeNIWYEHHEM COJACpXKaHHsS IIEOJTUTOBOM (pa3bl BO3pPACTACT KOJIUYECTBO
CBSI3aHHOW W3BECTH M Cyibdara Kanblimsa. s benbTayckoro ChIpbs MOMYyYEHBI PErpeCCHOHHBIC
3aBUCUMOCTHU:

Ca0 =2,44911 + 70,5; CaS0O4 = 1,60511 + 47,28

rne L[ - cremens uneonmurusaumu, %. Kosdduumentsr xoppensium JUisi MOTYYEHHBIX
3aBUCUMOCTEN Haxoawiuch B nuamnazone I = 0,957-0,989, uro moaTBepk1aeT yCTOWYMBYIO CBSI3b
MEKy COCTaBOM IIOPOJBI U €€ MYLI[0JaHOBON aKTUBHOCTBIO.

MPOAYKTBI BBAUMOJIEMCTBUS C U3BECTBIO

B HOpMaNbHBIX yCIOBHSAX M MPHU TEIIOBIAKHOCTHOW 00pabOTKE OCHOBHBIMH MPOIYKTaMHU
peakiMu B CHCTEME «IIEOJIUT - H3BECThY SBIAIOTCA TMAPOCWIMKAThl Kanpuuss tuna C-S-H u
THIpoaNfOMUHaTHbIe  ¢a3pl.  [lpum  BBemeHUM  TUICa  JIOMOJHUTENBHO  (OPMHUPYIOTCS
THJPOCYIb(POATIOMUHATBl KAJIBLUSA, YTO YCKOPSET CTPYKTYpOOOpa3oBaHUE U MOBBIIIAET PAHHIOKO
BOZOCTOUKOCTb.

JuddepenunanbHo-TepMUUYECKU aHaIU3 (UKCHPYET HHTEHCUBHYIO IIOTEPIO MAacChl B
HU3KOTEMIIEpaTypHOH 001acTH, CBA3aHHYIO ¢ 00€3BOKMBAaHUEM T'HJIpaTHBIX (a3. PentreHodaszosbie
JTaHHbIE TIOKA3bIBAIOT CHI)KEHNE NHTEHCUBHOCTU NTMKOB KIIMHONTHIIONUTA TOCJIE B3aUMOJIEHCTBHUS C
U3BECTHIO, YTO CBHUJAETEIBCTBYET O YAaCTUYHOM pa3pyIIEHHWU alFOMOCHJIMKAaTHOIO Kapkaca H
nepexoje KOMIOHEHTOB B HOBOOOpa30BaHUSI.

SAKVIFOYEHHUE

1. BeHBTaYCKaH OCOJIUTOBAd MOpoJa ABJIACTCA AKTHBHBIM IMYHIOJAHOBBIM MAaTCpUaIiOM H
MOKET UCIIOJIb30BATHCS KaK MUHEPATbHBII KOMIOHEHT U3BECTKOBO-I[COUTHBIX BSDKYIIUX.

2. Cmocobnocts nopozs! cBs3eiBath CaO um CaSO4 Bo3pacTaeT ¢ yBeIHMUEHHEM CTEIICHU
[COJTUTU3ALNH, YTO MO3BOJISIET MPOTHO3HPOBATh AKTHBHOCTH CHIPhS 10 €r0 MUHEPATOTHYECKOMY
COCTaBy.

3. B npoaykrax TBepaeHus (GOPMHPYIOTCS THIAPOCHIMKATHI, THAPOATIOMUHATBHI H
FPII[pOC}’JIb(I)OaJIIOMI/IHaTBI KajJablus, O6eCHe‘-II/IBaIOH_[I/I€ PAa3BUTHUC IPOYHOCTH U BOHOCTOfIKOCTH.
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4. TlomydeHHBIE 3aBHCHMOCTH IIEJIECOOOpa3HO YUYUTHIBATH MpPH pa3paboTKe CTEHOBBIX
MaTepHaoB HA OCHOBE MECTHOT'O LIEOJUTOBOT'O CHIPHSI.
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PA3PABOTKA COCTABOB N3BECTKOBO-IECYAHOH HITYKATYPHOM CMECH
N3 BAPXAHHOTI'O ITECKA KAPAKAJIITAKCTAHA

AcamaranHoB M.O., TypcemmypaTtoB b.P.
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(llonyuena 03.09.2026 2.)

Armomauuﬂ. B cmampve pacecmonmpera 603MONCHOCNb UCNONb306AHUSL MECNTHO20 6apxaHH020 necka
Pecnybnuxu Kapaxainaxcman 0nsi ROIYYEHUS. U38ECTNKOBO-HECHAHbIX WMYKamypHulx cmecell. Hccnedosanvt
QusuKo-mexanuyeckue XapaKxmepucmuKu UCXOOHbIX MaAmepuaios, paspabdomansvl KCHEPUMEHMANbHbLE
cocmaessvl WmMyKamypHvlx pacmeopos u Olflpe()e]leHbl UxX OCHOBHblE MEXHO/IocUYecKue U IKCniyamayuoHHble
noxazamenu. Ycmanonieno ausHue COOmHOueHUs U36eCmu U necka Ha NoOGUINICHOCHb pacmeopﬁozl cmecu,
eodoydepofcueaiowyro CnOCO6HOCWIb, npo4YHOCNb npu coicamuu u aoze3uro Kk OCHOBAHUIO. UOKClb’aHo, uymo
npumeHeHue mecmmHnozo 6apxaHH020 necka nocie KOPppeKmupoBKU 2cparyliomenpudecKkoco cocmaesda
noszeojiiem noaydams wWmyKanyphvle pacmeopbsl, coomeemcmeyruue mpe506anzM cmpoumeﬂbﬂoﬁ
NpAaKkmuKku.

Knroueewvie cnosa: uzeecmrosas wmykamypka, 6apxaHanZ NecokK, Kapaxaﬂnakcman, cmpoumeﬂbnblﬁ
pacmeop, uzeecmrKoeoe sAicyusee, npo4Hocniy, adeewﬂ, cyxue cmpoumeilbHble CMeCU.

Abstract. The possibility of using local dune sand of the Republic of Karakalpakstan for the
production of lime-sand plaster mixtures has been studied. Physical and mechanical properties of raw
materials were investigated. Experimental compositions were developed and their technological and
strength characteristics were determined. The influence of the lime-to-sand ratio on workability, water
retention, compressive strength and adhesion was established. The results indicate the feasibility of using
local dune sands in plaster mixtures after granulometric correction.

Keywords: lime plaster, dune sand, Karakalpakstan, mortar, lime binder, adhesion, strength.

Annotatsiya. Magolada Qoraqgalpog ‘iston Respublikasining mahalliy barxan qumlaridan ohakli-qumli
suvoq qorishmalarini tayyorlash imkoniyati o ‘rganilgan. Xom ashyo materiallarining fizik-mexanik
xossalari tadgiq etilib, tajriba tarkiblari ishlab chigilgan hamda ularning texnologik va mustahkamlik
ko ‘rsatkichlari aniglangan.

Kalit so“zlar: ohak, barxan qumi, suvoq gorishmasi, mustahkamlik, adgeziya, qurilish materiallari.

BBenenue
B Hacrosmiee BpeMs OJHMM W3 IPUOPUTETHBIX HAIPABICHUN pa3BUTUS CTPOUTEIBHOU
uHayctpun PecnyOnuku  V30eKkucTaH SBISETCS PACIIMPEHUE HCIOJIB30BAHHUS MECTHOTO
MUHepalbHOro chlpbd. s Pecnybnmuku KapakanmakcTan XxapakTepHbl 3HAUMTEIbHBIE 3alachl
OapXaHHBIX MECKOB, KOTOPbIE MPAKTUYECKH HE HCIOIB3YIOTCS MPH MPOU3BOJICTBE CTPOUTEIHHBIX
pacTBOpOB  M3-3a UX  MEJKO3EPHUCTOM CTPYKTYphl M  HHU3KOIO MOXAYJS  KPYIMHOCTH.
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Bmecte ¢ Tem geduIMT KAaueCTBEHHBIX PEYHBIX I€CKOB M YBEIMYEHHE CTOMMOCTHU
TPAHCHIOPTUPOBKH CTPOUTENBHBIX MaTepPHAJIOB TPEOYIOT MOMCKA HOBBIX PELICHUH MO BOBJICYCHUIO
MECTHBIX pecypcos B IIPOU3BOJICTBO CYyXHUX CTPOUTENIbHBIX CMecCei.
M3BecTKOBBIE HITYKAaTypHbIE pACTBOPBI IIUPOKO TNPUMEHSIOTCA MpH OTAEIOYHBIX paboTax
Oyarofaps BBICOKOM IJIACTUYHOCTH, MAPOINPOHUIAEMOCTH U HKOJIOIMYECKOl 0e3011acHOCTH.
OpHako CBOWCTBAa TAaKMX PacTBOPOB CYIIECTBEHHO 3aBUCAT OT T'PaHYJIOMETPHUYECKOIO COCTaBa
3aII0JIHUTEIISL.

Llenpl0  HACTOSILErO HCCIENOBaHMSA SABISETCA pa3pabOTKa palUOHANBHBIX COCTaBOB
M3BECTKOBO-IIECUAHON  IUTYKaTypHOM CMeCHM C  HCHOJb30BaHHMEM  OapXaHHOro  Iecka
Kapakannakcrana.

O0630p suTEpaTypbI

Bonpocam mony4yeHus IITYKaTypHBIX PacTBOPOB MOCBsLIeHbI paboTel A.B. BomkeHckoro,
IO.M. baxenosa, B.I'. barpakosa, A.I'. Komapa u npyrux uccienonareneil.

IIo nanHeiM Bomxenckoro A.B., H3BECTKOBbIE pacTBOpPbl OTJIMYAKOTCS  BBICOKOM
yI00OYKIIaIbIBAEMOCTBIO M XOpOlIe ajare3ued K OcCHOBaHUSIM. Bwmecre ¢ TeM Hu3Kas
BOJ/IOCTOMKOCTh M CPABHUTEJILHO HEBBICOKAS IIPOYHOCTh OIPAaHUYMBAIOT 00JaCTh UX IPUMEHEHHUSI.

baxxenos KO.M. oTmeuaeT, 4TO CBONCTBA IITYKaTYpPHBIX CMeC€il BO MHOTOM OIpPEIENISIFOTCS
IpaHyJIOMETPUYECKUM cocTaBoM 3anoiHutens. HauOonee 3((eKTUBHBIMU SBISIOTCA HECKH C
MoyneMm kpymHocta 2,0-2,5.

HccnenoBanus MOCIEAHUX JIET MTOKA3bIBAIOT BO3MOYKHOCTb IPUMEHEHUS MEJIKOAMCIIEPCHBIX
IIECKOB IOcjie HX oOOoramieHuss Win KOPPEKTHMPOBKU cocTaBa pacTtBopa. B paborax yueHbIX
VY30ekucTana Moka3zaHa NEPCHEKTUBHOCTh HCIOJIB30BAHUS MECTHOTO MHHEPAIBHOTO CHIPbS IS
IIPOU3BOJICTBA CyXUX CTPOUTEIIBHBIX CMECEH Pa3IMYHOIO Ha3HAYCHHUS.

OpHako BOMpOCH TNPUMEHEHUs OapXxaHHBIX IMeckoB KapakaimakcTaHa B HM3BECTKOBBIX
HITYKAaTyPHBIX PacTBOPAX M3Y4YEHBI HEIOCTATOYHO, YTO ONPEAEISAET HAyUYHYIO HOBU3HY HACTOSLICH
paboThI.

Marepunajbl M1 METOABI HCCJICTOBAHUS

B kauecTBe BSKYLIETO UCIIOJIB30BAJIACh CTPOUTENIbHASL BO3yIIHAs U3BECTh KBI3BUIKYMCKOTO

LIEMEHTHOTO 3aBOJA.

Tabauya 1

CBoiicTBa N3BECTH
ITokazarenn 3HaueHune
AxTuUBHOCTB, % 84
Conepxanne MgO, % 4,5
CKOpOCTb TallleHusl, MUH 8
HcTuHHAS IIOTHOCTD, KI/M3 2700
VY nenpHas IOBEPXHOCTh, CM?/T 4800

B kadecTBe 3amoyiHATEIS HCIIOJIB30BAJICs OapXaHHbIHN nmecok Pecrrydnuku Kapakanmakcras.

Tabauya 2
CBoiicTBa 0apXaHHOTIO MECKA

[Tokazarenn 3HaueHne
Moyss KpyIHOCTH 0,9
HacpinHast ma0THOCTD, KI/M3 1420
HcTruHHASA INIOTHOCTD, KI/M3 2620
Copep:kaHue MBUICBUTHBIX YACTHIL, %o 2,8
Bnaxxnocts, % 1,2

HcnbiTanus npoBoauinck coriaacHo tpedosanusm 'OCT 5802-86 u TOCT 28013-98.
BbbutM pUroTOBIEHBI YETHIPE FIKCIIEPUMEHTATIBHBIX COCTaBa PaCTBOPOB.
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Tabnuya 3
CocTaBbl HCCJIElyeMbIX PACTBOPOB
Ne coctaBa H3BecThb, Macc. 4. IIecok, macc. u. B/
1 1 2 0,65
2 1 3 0,68
3 1 4 0,72
4 1 5 0,76
Ornpenensiuch CIeayroIre moKa3aTesu:
® [TOIBUYKHOCTD PACTBOPHOU CMECH;
® BOJIOY/IEP>KUBAIOIIAsl CIOCOOHOCTH;
® IPOYHOCTH MPU CHKATUH;
® [IPOYHOCTH CIETUICHHS] C OCHOBAHUEM.
Pe3yabTarsl ucciie0BaHUi
Tabnuya 4
TexHoJI0rMYecKHe CBOMCTBA PACTBOPOB
CocraB [ToaBMKHOCTB, CM Bonoynepxanmne, %
1 11,8 96
2 10,7 95
3 9,8 94
4 8,9 92

HOJ’IyLICHHBIe pPE3yJbTaTbl IMOKAa3bIBAKOT CHUXXCHUC [MOABMXKHOCTU IIPpU  YBCIMYCHUU
KOJINYECTBA 3aIIOJTHUTCIIA.

Tabnuya 5
IIpo4HOCTHBIC XapAKTePUCTHKH
CocraB IIpounocts, MIIa
IIPU CIKATUH AJnre3noHHas
1 2,8 0,38
2 2,5 0,35
3 2,1 0,31
4 1,8 0,28

HawnbGoinee BrIcOKHE MTOKA3aTENH MPOYHOCTH OBLIN JOCTUTHYTHI y cocTtaBa Nel.

O0cy:xaeHne pe3y1bTaTOB

[TonyueHHblE  JaHHBIE  IIOKa3bIBAlOT, 4YTO  HCIIOJIb30BAaHME  OApXaHHOIO  IecKa
Kapakannakcrana BO3MOXHO 0€3 CyIIIECTBEHHOTO YXYAILLICHUSI CBOMCTB IITYKATYPHBIX PACTBOPOB.

CHuxeHue MNPOYHOCTU IIPU YBCIUYCHHUU COJACPKAHUA TICCKa OGT;SICHSIGTCSI YMCHBIICHUCM
KOJIMYECTBA HM3BECTKOBOTO KaMHsS B CTPYKType pactBopa. Bmecre ¢ Tem coctaB No2 (1:3)
o0ecreynBaeT ONTUMAIBHOE COYETAaHHE IMPOYHOCTH, TEXHOJOTHYHOCTH M IKOHOMHUYECKOH
3¢ PeKTUBHOCTH.

Hcnonp30BaHNE MECTHOTO IECKa MO3BOJSET CHU3UTh CE0ECTOMMOCTh MITYKAaTypHBIX cMecei
Ha 12—-18 % no cpaBHEHHNIO C IPUMEHEHHEM MPUBO3HOTO PEYHOTO MECKA.

Hayunass HOBM3HAa pa0OTHI 3aKIIOYAETCS B YCTAHOBJICHUUM BO3MOXKHOCTU TPUMEHEHUS
OapxanHoro necka KapakannakcraHa Juisi M3TOTOBJICHHSI U3BECTKOBBIX HITYKATYPHBIX PACTBOPOB U
OIpeICICHUH PAllMOHATIBHOTO COCTaBa CMECH.
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BoiBoabl

HccnenoBansl Gpu3MKO-MEeXaHUYECKUE CBOMCTBA OapxaHHOro necka KapakanmnakcraHa.

Pa3zpaboTanbl cOCTaBbl M3BECTKOBO-TIECUAHBIX MITYKATYPHBIX PAaCTBOPOB Ha OCHOBE MECTHOTO
CBIpbS.

Y cTaHOBIEHO BIMSAHUE COOTHOILICHUS U3BECTH M MECKA HA CBOKMCTBA PACTBOPHBIX CMECEH.

MakcumanbHasi IpOYHOCTb MPHU CKaTuu coctaBuia 2,8 Mlla.

Hauboinee panuoOHAIbHBIM SIBISIETCSA COCTaB M2BeCcTE : mMecok = 1 : 3;.

Hcnonp3oBaHne OapXaHHOTO MECKa CIIOCOOCTBYET CHIKEHUIO CE0ECTOMMOCTH ITYKATypPHBIX
paboT U pacHIMPEHUIO CHIPhEBOU 0a3bl CTpouTenbHOM uHIycTpun PecnyOnuku Kapakanmnakcras.
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UDK 624.131.5:628.1
KUCHSIZ GRUNTLARDA QUVUR O‘TKAZGICHLAR ZAMINLARI VA
POYDEVORLARINI QURISHNING O‘ZIGA XOS JIHATLARI (QORAQALPOG*‘ISTON
HUDUDI SHAROITIDA)

A.M. Ongarbaev*
Toshkent shahridagi Belarus-O zbekiston Qo ‘shma tarmoglararo amaliy texnik kvalifikatsiyalar instituti
*Mas 'ul muallif, e-mail: oajiniyaz@mail.ru
ORCID: 0009—0002—4064—3521
SPIN-k00: 6884-1461
(Qabul gilindi 03.09.2026 y.)

Annotatsiya. Magolada kuchsiz, suvga to‘yingan gilli va to ‘kma gruntlarda quvur o ‘tkazgichlar
zaminlari hamda poydevorlarini qurishning muhandislik-geologik xususiyatlari tahlil gilingan. Gruntlarning
deformatsiyalanishi, filtratsiyasi, konsolidatsiyasi, o ‘z-o zidan zichlanishi va ularning quvur o ‘tkazgichlar
ishonchliligiga ta’siri yoritilgan. Tadgiqot mazmuni Qoraqalpog ‘iston hududidagi alluvial yotqiziglar,
sho ‘rlanish, yer osti suvlari va texnogen to ‘kma qatlamlar sharoitiga moslashtirilgan.

Tayanch so‘zlar: kuchsiz grunt, suvga to ‘vingan gilli grunt, to ‘kma tuproq, quvur o ‘tkazgich, zamin,
deformatsiya, konsolidatsiya, filtratsiya, Qoraqalpog ‘iston.

Annomayua. B cmamve paccmompenvl 0cobeHHOCMU YCMPOUCMEA OCHOBAHUU U QYHOAMEHMO8
mpyoonposo0os 6 cuabdviX, 8000HACHLIWEHHbIX SIUHUCMBIX U HACLINHGLIX epyHmax. Ha ocnose amanusa
UHDICEHEPHO-2e0]I02UYEeCKUX PAaKMOpO8 pACKpblmbl NPUYUHLL HEPAGHOMEPHLIX Oegopmayuti, HapyuieHus
2epMemuyHOCIMU CMbIKO8 U ABAPUUHBIX cumyayuli 6 mpyoonpoeoouvix cemsax. OmoenvbHoe 6HUMANUE
yoeneno ycnoguam Kapakainakcmana, 20e 8blCOKULL  YPOBEHb  2PYHMOBLIX 600, 3ACOJNEHHOCMb,
anoBUANbHbIE OMIIOJCEHUS. U MEXHO2EeHHble HACbINHble ClIoU mpebyiom 6onee 0emanbHo20 Yyuema
0eDOPMAYUOHHBIX, PUILMPAYUOHHBIX U IKCHILYAMAYUOHHBIX XAPAKMEPUCIUK SDYHMOS.
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Knrwoueewvie cnoea: cnabwvle ZcPYHmMbl, 60()0HaCblu4€HHbl€ cIUHUcCmvle 2cpyHniol, HACBINHOU cpyHm,
mpybonpoeod, ocHosarue, depopmayus, KoHcoauoayus, gurvmpayus, Kapaxainakcmatn.

Abstract. The article discusses the construction features of pipeline bases and foundations in weak,
water-saturated clayey and artificial fill soils. The causes of uneven deformation, joint leakage and
emergency failures in pipeline systems are analyzed from the standpoint of engineering geology. Special
attention is paid to the conditions of Karakalpakstan, where groundwater, salinity, alluvial deposits and
technogenic fill layers must be considered in design and operation.

Keywords: weak soil, water-saturated clayey soil, artificial fill soil, pipeline, base, deformation,
consolidation, filtration, Karakalpakstan.

1. Kirish. Bo‘sh, suvga to‘yingan gilli va to‘kma gruntlar tarqalgan hududlarda quvur
o‘tkazgichlarni barpo etish muhandislik amaliyotida murakkab vazifalardan biri hisoblanadi.
Bunday gruntlarda quvur o‘tkazgichlar zaminining ortigcha yoki notekis cho‘kishi, quvur
bo‘g‘inlarida qo‘shimcha kuchlanishlarning paydo bo‘lishi, choklarning germetikligi buzilishi
hamda ayrim hollarda avariyaviy holatlar yuzaga kelishi mumkin. Shuning uchun quvur
o‘tkazgichlarning ishonchli ishlashi fagqat quvur materialining mustahkamligiga emas, balki u
joylashtiriladigan zaminning haqigiy muhandislik-geologik holatini to‘g‘ri baholashga ham
bog‘liqdir.

Kuchsiz gruntlarda quvur o‘tkazgichlar bilan bog‘liq nosozliklarning muhim sabablari
muhandislik-geologik gidiruvlarning yetarli darajada bajarilmasligi, gruntlarning fizik-mexanik
xususiyatlarini asossiz gabul qgilish, loyiha yechimlarini mahalliy sharoitga moslashtirmaslik va
qurilish texnologiyasiga to‘liq rioya qilmaslik bilan izohlanadi. Amaliy tajriba shuni ko‘rsatadiki,
zamin xususiyatlari noto‘g‘ri baholansa, quvur trassasi bo‘ylab cho‘kishlar bir tekis kechmaydi va
bu quvur tizimining ekspluatatsion barqarorligiga salbiy ta’sir ko‘rsatadi.

Qoragalpog‘iston Respublikasi hududi bu masalada alohida e’tiborni talab giladi. Amudaryo
deltasi, pastqam tekisliklar, sho‘rlangan yerlar, yer osti suvlari sathining ayrim joylarda yuqori
bo‘lishi, alluvial yotqiziqlar hamda texnogen to‘kma qatlamlar quvur o‘tkazgichlar zaminini
loyihalashda murakkablik tug‘diradi. Shahar va qishloq hududlarida suv ta’minoti, kanalizatsiya,
drenaj va boshga muhandislik kommunikatsiyalarini qurishda aynan shu omillarni hisobga olish
quvur tarmoglarining uzogq muddatli ishlashini ta’minlaydi.

Mazkur maqolaning maqsadi kuchsiz, suvga to‘yingan va to‘kma gruntlarda quvur

o‘tkazgichlar zaminlari hamda poydevorlarini qurish xususiyatlarini tahlil qilish, deformatsiya va
filtratsiya jarayonlarining amaliy ahamiyatini ochib berish hamda Qoragalpog‘iston sharoitida
muhandislik yondashuvlarini asoslashdan iborat.
2. Tadgiqot obyekti va uslubiy yondashuv. Tadqiqot obyekti sifatida kuchsiz, suvga to‘yingan
gilli va to‘kma gruntlarda joylashadigan yer osti quvur o‘tkazgichlarining zaminlari hamda
poydevor sharoitlari gabul qilindi. Bunday quvur o‘tkazgichlarga ichimlik suvi, oqova suv, drenaj,
issiglik va boshga muhandislik kommunikatsiyalari kiradi. Ularning umumiy xususiyati shundaki,
ular ko‘pincha uzun trassa bo‘ylab turli tarkib va zichlikka ega grunt qatlamlarini kesib o‘tadi.

Uslubiy yondashuvda ilmiy manbalar, kuchsiz gruntlarda quvur o‘tkazgichlarni qurish
bo‘yicha amaliy tajriba, gruntlarning deformatsiyalanish va filtratsion xususiyatlari haqidagi
ma’lumotlar hamda mahalliy sharoitga mos muhandislik tahlili asos gilib olindi. Grunt xossalarini
baholashda laboratoriya sinovlari bilan bir gatorda dala sinovlari, aynigsa katta yuzali shtamplar
yordamida deformatsiyalanishni aniglash natijalari muhim ahamiyatga ega ekanligi inobatga olindi.

Kuchsiz suvga to‘yingan gilli gruntlar uchun umumiy deformatsiya moduli doimiy qiymat
sifatida emas, balki kuchlanish holati, yuklanish tartibi va namlik darajasiga bog‘liq o‘zgaruvchan
ko‘rsatkich sifatida gqaraladi. Ayrim holatlarda bosim 0 dan 0,5 MPa gacha o‘zgarganda
deformatsiya modulining qiymati bir necha baravar farglanishi mumkin. Shu sababli quvur
o‘tkazgich trassasi loyihalanayotganda zaminning faqat umumiy tavsifi emas, balki yuklama
ostidagi real ishlash holati ham baholanishi lozim.

Qoraqgalpog‘iston hududi sharoitiga moslashtirishda yer osti suvlari rejimi, tuproq
sho‘rlanishi, mavsumiy namlanish va qurish jarayonlari, yuqori yozgi harorat, bug‘lanish darajasi
hamda ayrim joylardagi texnogen to‘kma qatlamlar hisobga olindi. Bunday yondashuv quvur
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o‘tkazgich zaminining cho‘kish, siljish, filtratsion zichlanish va korrozion xavflarini oldindan
baholash imkonini beradi.

3. Tahlil natijalari va muhokama. Tahlillar shuni ko‘rsatadiki, kuchsiz suvga to‘yingan gilli
gruntlarda quvur o‘tkazgichlar uchun asosiy xavf notekis deformatsiyalanish bilan bog‘liq.
Yuklama ta’sirida bunday gruntlarda g‘ovak suv bosimi, filtratsion zichlanish va konsolidatsiya
jarayonlari yuzaga keladi. Agar bu jarayonlar loyihalashda yetarli inobatga olinmasa, quvur ostidagi
zamin ayrim uchastkalarda ko‘proq, ayrim uchastkalarda esa kamroq cho‘kadi. Natijada quvur
bo‘g‘inlarida qo‘shimcha egilish momentlari va cho‘zilish-siqlish kuchlanishlari paydo bo‘ladi.

Suvga to‘yingan gilli gruntlarda filtratsion jarayonlar ham muhim rol o‘ynaydi. Bunday
gruntlarda suvning harakati har doim ham oddiy Darsi qonuniga to‘liq bo‘ysunavermaydi, chunki
filtratsiya boshlanishi uchun ma’lum bosim gradiyenti talab qilinadi. Agar bosim gradiyenti
boshlang‘ich qiymatdan past bo‘lsa, grunt namunasidan suvning chigishi sekinlashadi yoki deyarli
kuzatilmaydi. Shu sababli konsolidatsiya muddatini baholashda gruntning filtratsion koeffitsiyenti
bilan bir gatorda uning strukturaviy mustahkamligi ham hisobga olinishi kerak.

Muhandislik amaliyotida suvga to‘yingan zaif gruntlar ustida qum yostigchalari va drenaj
qatlamlaridan foydalanish keng qo‘llaniladi. Bunday qatlamlar tashqi yuk ta’sirida g‘ovak suvining
sigib chiqarilishini tezlashtirib, zaminning zichlanish jarayonini jadallashtiradi. Biroq qum
yostiqchasida loyqa zarrachalarning to‘planishi, ya’ni kolmatatsiya yuz berishi mumkin. Bu holat
drenaj gatlamining ishlash samaradorligini kamaytiradi, shuning uchun qum yostigchasi tarkibi,
galinligi va filtratsion bargarorligi alohida asoslanishi lozim.

To‘kma gruntlar quvur o‘tkazgichlar uchun yana bir murakkab zamin turi hisoblanadi. Ular
tabily yotqiziqlardan farqli ravishda texnogen omillar ta’sirida hosil bo‘ladi va tarkibida buzilgan
tabiiy tuprog, qurilish goldiglari, sanoat yoki maishiy chigindilar, organik qo‘shimchalar bo‘lishi
mumkin. To‘kma gruntlarning asosiy xususiyati ularning bir jinsli emasligidir. Bir trassa bo‘ylab
gatlam galinligi, namlik, zichlik va siqiluvchanlik darajasi keskin o‘zgarishi mumkin.

To‘kma gruntlarning o‘z-o‘zidan zichlanishi ularning yoshi, tarkibi, namligi va yuqoridagi
gatlamlar og‘irligi bilan bog‘lig. Sochiluvchan materiallardan tashkil topgan qatlamlarda zichlanish
tezrog kechadi, yuqori dispersli gilli va organik aralashmali gatlamlarda esa bu jarayon uzoq davom
etadi. Yuqori namlik zichlanishni jadallashtiradi. Masalan, boshlang‘ich namlik W = 0,08 bo‘lgan
holatda 8 m chuqurlikdagi quruq grunt zichligi 1,39 t/m? atrofida bo‘lsa, W = 0,30 bo‘lganida bu
ko‘rsatkich 1,62 t/m? gacha yetishi mumkin. Bunday farq quvur zaminining egriligini o‘zgartirib,
chokli birikmalarga salbiy ta’sir ko‘rsatadi.

Qoraqalpog‘iston sharoitida quvur o‘tkazgichlar ko‘pincha murakkab grunt va suv rejimi
mavjud maydonlardan o‘tadi. Sho‘rlangan gruntlar metall quvurlar, armatura, choklar va
gidroizolyatsiya materiallari uchun qo‘shimcha xavf tug‘diradi. Yer osti suvlari sathining mavsumiy
o‘zgarishi esa zaminning namlanish-qurish rejimini o‘zgartirib, deformatsiya jarayonlarini
kuchaytirishi mumkin. Shu sababli quvur materialini tanlashda ichki bosimdan tashqari tashqi grunt
bosimi, transport yuklari, zaminning notekis cho‘kishi va korroziyaga chidamlilik ham hisobga
olinishi zarur.

Tavsiya etiladigan muhandislik yondashuvlari qatoriga trassa bo‘ylab batafsil muhandislik-
geologik qidiruvlar o‘tkazish, bo‘sh qgatlamlarni aniqlash, zarur hollarda zaminni qum-shag‘al
aralashmasi bilan almashtirish, geotekstil qatlamlaridan foydalanish, drenajni to‘g‘ri tashkil etish,
quvur osti tayanch gatlamini bir tekis zichlash va ekspluatatsiya davrida monitoring olib borish
kiradi. Aynigsa nazorat qudugqlari, sizib chiqgishlarni aniqlash va cho‘kish belgilarini kuzatish tizimi
quvur o‘tkazgichlarda avariyaviy holatlarning oldini olishga xizmat qiladi.

4. Xulosa. 1. Kuchsiz, suvga to‘yingan gilli va to‘kma gruntlarda quvur o‘tkazgichlarning
ishonchliligi zaminning deformatsiyalanish, filtratsiya va konsolidatsiya xususiyatlarini to‘g‘ri
baholashga bevosita bog‘liq.

2. Gruntning umumiy deformatsiya moduli doimiy Kkattalik emas, balki kuchlanish holati,
yuklanish tartibi, namlik darajasi va dala sharoitidagi real ishlash jarayoniga bog‘liq o‘zgaruvchan
ko‘rsatkich sifatida qaralishi kerak.
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3. Qoraqalpog‘iston hududida yer osti suvlari, sho‘rlanish, alluvial yotqiziglar va texnogen
to‘kma qatlamlar quvur o‘tkazgichlar zaminini loyihalashda alohida hisobga olinishi lozim.

4. To‘kma gruntlarning notekis qalinligi va o‘z-o‘zidan zichlanishi quvur bo‘g‘inlarida
qo‘shimcha kuchlanishlar hosil qiladi hamda germetiklik buzilishi xavfini oshiradi.

5. Quvur o‘tkazgichlarni loyihalash va qurishda dala hamda laboratoriya sinovlarini
uyg‘unlashtirish, drenaj qatlamlari, geotekstil, qum yostiqchalar, zaminni zichlash yoki almashtirish
kabi muhandislik tadbirlarini qo‘llash tizimning uzoq muddatli ishlashini ta’minlaydi.

6. Ekspluatatsiya bosgichida quvur trassasi bo‘ylab cho‘kish, sizib chiqish, korroziya va
zamin namlanishini muntazam nazorat qilish avariyaviy holatlarning oldini olishga xizmat giladi.
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Annotatsiya: Magqolada avtoklavsiz usulda ko ‘pikbeton ishlab chigarish uchun mo ‘ljallangan
modifikatsiyalangan quruq qurilish aralashmalarini yaratish bo ‘yicha olib borilgan tadgiqotlar natijalari
keltirilgan. Unda KZ-TM seriyali kremniy zoli va donador domna shlagi asosidagi nanomodifikatorlarning
sement gidratatsiyasi jarayonlariga, sement toshi tuzilmasining shakllanishiga hamda ko ‘pikbetonning
mustahkamlik  xususiyatlariga ta’siri ko ‘rib chigilgan. Nanokremniyzemdan foydalanish sement
gidratatsiyasini tezlashtirishi, sement toshining zichligini va materialning mustahkamligini oshirishi
aniglangan. KZ-TM-30 kremniy zoli eng samarali modifikator ekanligi ma’lum bo ‘ldi. Olingan natijalar
energiya tejamkor qurilish materiallarini ishlab chigarishda nanomodifikatsiyalangan qurug
aralashmalardan foydalanish istigbolli ekanini tasdiglaydi.

Kalit so‘zlar: ko ‘pikbeton, quruq qurilish aralashmalari, nanokremniyzem, kremnezol, sement toshi,
mustahkamlik, gidratatsiya, domna shlagi.
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Annomayusa: B cmamve  npedcmasnenvl  pes3yibmamel  UCCIe008AHUU N0 CO30AHUIO
MOOUDUYUPOBAHHBIX CYXUX CMPOUNENbHLIX cMecell OJisi NPouU3Bo0Cmed NeHOOemoHa 6e3a8MOKIA6HbIM
Memoodom. Paccmompeno enusHue Hanomoouguxamopog na ocHoge «Kpemuesona cepuu K3-TM u
2PAHYIUPOBAHHO20 OOMEHHO20 WAAKA HA NPOYECchl 2uopamayuu yemenma, Gopmuposanue CmpyKmypvl
UEMEHMHO2O0 KAMHA U NPOYHOCNIHbLE XApAKMepucmuKu nerobemona. chaHoeﬂeﬂo, Ymo ucnoib3oedHue
HaHOerMHes’éMa YCKopsiem zudpamauuio yemenma, noevluiaem njaoOnHoOCNb UYEMEHMHO20 KAMHA U
npounocms mamepuana. Buvisgneno, umo kpemuezonv K3-TM-30 sensiemca naubonee s¢hghexmugnvim
mooughuxamopom.  Ilonyuennvie  pesyrbmamol  HOOMBEPHCOAIOM  NEPCHEKMUBHOCMb — NPUMEHEHUs.
HAHOMOOUDUYUPOBAHHBIX CYXUX CMECEl 8 NPOU3BOOCEE IHEP2OChepecaiouwux CMpOUMeEIbHbIX MAMEPUALO8.

Knroueevie cnosa: neHo6em0H, cyxue cmpoumeilbHble CMecClU, HaHOKp€MH€3éM, KpemHe30Jib,
YeMeHmMHbLIL KAMeHb, NPOUYHOCHb, UOpamayus, OOMeHHbI ULLAK.

Abstract: This article presents the results of research into the development of modified dry-mix
mortars for producing non-autoclaved foam concrete. The study examines the effect of nanomodifiers based
on KZ-TM series colloidal silica and granulated blast furnace slag on the processes of cement hydration, the
formation of the cement stone structure, and the strength characteristics of the foam concrete. It was
determined that the use of nanosilica accelerates cement hydration, increases the density of the cement
stone, and enhances the strength of the material. KZ-TM-30 colloidal silica was identified as the most
effective modifier. The results obtained confirm the promising outlook for using nanomodified dry mixes in
the production of energy-efficient building materials.

Keywords: foam concrete, dry-mix mortars, nanosilica, colloidal silica, cement stone, strength,
hydration, blast furnace slag.

KIRISH

So‘nggi vyillarda binolarning energiya samaradorligini oshirish masalasi tobora dolzarb
ahamiyat kasb etmoqda. Bu boradagi eng istigbolli yo‘nalishlardan biri zichligi past va yuqori
issiqlik izolyatsiyasi xususiyatlariga ega bo‘lgan yengil g‘ovakli betonlardan foydalanish
hisoblanadi. Ular orasida noavtoklav usulida tayyorlanadigan ko‘pikli beton alohida o‘rin egallaydi,
u nishatan sodda ishlab chigarish texnologiyasi va arzon tannarxi bilan ajralib turadi.

Biroq, ko‘pikbetonlarning keng qo‘llanilishi ularning mustahkamligi va uzoqqa chidamliligi
yetarli darajada emasligi bilan cheklanadi. Mazkur muammoni hal gilish magsadida tadgiqgotchilar
sement toshining tuzilishini yaxshilash hamda materialning ekspluatatsion Xxususiyatlarini
oshirishga imkon beruvchi turli mineral va nanomodifikatsiyalovchi qo‘shimchalardan faol
foydalanmoqdalar.

Ushbu tadqiqotning magsadi avtoklavsiz ko‘pikbeton olish uchun mo‘ljallangan quruq
qurilish aralashmalarining xossalariga kremnezol nanomodifikatorlari va faol mineral
qo‘shimchalarning ta’sirini o‘rganishdan iborat.

Tadqgiqot materiallari va metodlari

Qurug aralashmalarning asosiy tarkibiy gqismlari sifatida PC500-DO-N va SEM | 42,5B
markali portlandsementlardan foydalanilgan. Tuzilma hosil bo‘lish jarayonlarining samaradorligini
oshirish uchun esa KZ-TM-15, KZ-TM-20 va KZ-TM-30 markali kremnezollar qo‘llanilgan.

Qorishmalar tarkibiga qo‘shimcha tarzda gidravlik faollikka ega bo‘lgan va sement sarfini
kamaytirishga yordam beradigan donador domna shlagi qo‘shildi.

Tadqiqotlar zamonaviy tahlil usullari yordamida o‘tkazildi:

+ sementning fizik-mexanik xususiyatlarini aniglash;

« zarrachalarning granulometrik tahlilini o‘tkazish;

« gidratatsiya mahsulotlarining rentgen-faza tahlilini o‘tkazish;

« sigilishga mustahkamligini sinash;

* sement toshining tuzilishini baholash.

Namunalar normal sharoitlarda, 20+2 °C haroratda va havoning nisbiy namligi 95 % dan kam
bo‘lmagan holda qotirildi.

Tadgqiqot natijalari

Kremnezollarning sement toshi mustahkamligiga ta’siri

Tajriba natijalari nanomodifikatorlarni qo‘shish sement toshining mustahkamligini sezilarli
darajada oshirishini ko‘rsatdi.
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Tarkibi Sigilishga mustahkamligi, MPa
Tekshiruv tarkibi 29,0
KZ-TM-15 33,0
KZ-TM-20 37,0
KZ-TM-30 38,0

Kremnezol modifikatorlarining sigilishdagi mustahkamlikka ta'siri

Mazorat tarkibi va KZ-Th seryali nanomodifikatorar bilan olingan natijalar,

40 MPa

30 MPa
20 MPa
10 MPa
0 MPa

Mazorat KZ-Th-15 KZ-Thi-20 KZ-Th-30

KZ-TM-30 kremniy zolidan foydalanilganda eng yuqgori samaradorlikka erishildi. Bunda
mustahkamlikning o‘sishi nazorat tarkibiga nisbatan 30 foizdan oshdi.

Olingan natijalar kremniy dioksidi nanozarrachalarining yuqori reaksion qobiliyatga ega
ekanligini ko‘rsatadi. Ular sementning gidratatsiya jarayonlarida faol ishtirok etib, qo‘shimcha
miqdorda Kalsiy gidrosilikatlarining hosil bo‘lishiga olib keladi.

Zarrachalarning o‘lchami bo‘yicha tagsimlanishini tadqiq qilish shuni ko‘rsatdiki,
komponentlarni birgalikda maydalash yuqori dispersli va zarrachalari bir tekis tagsimlangan tizim
hosil gilish imkonini berar ekan.

Mayda dispersli fraksiya miqdorining oshishi komponentlarning o‘zaro ta’sir solishtirma
yuzasini kengaytirib, sement gidratatsiyasini tezlashtiradi va gotgan sement toshining tuzilishini
yaxshilaydi.

Maydalashning optimal vaqti taxminan 5 dagigani tashkil etib, bu aralashmaning bir xilligini
maksimal darajada ta’minladi.

Rentgenofazaviy tahlil natijalariga ko‘ra, modifikatsiyalangan tarkiblarda kalsiy
gidrosilikatlarining ancha jadalroq hosil bo‘lishi aniglandi.

Kremnezol qo‘shilganda, reaksiyaga kirishmagan klinker minerallari miqgdori kamayib,
gidratli yangi hosilalar ulushi ortgani kuzatildi. Bu gidratatsiya jarayonlari tezlashganidan va
sement toshining zichroq strukturasi shakllanganidan dalolat beradi.

Donador domna shlagidan foydalanish materialning mustahkamlik xususiyatlarini sezilarli
darajada pasaytirmagan holda portlandsementni gisman almashtirish imkonini berdi.

Sement massasining 10-15% miqdorida shlak qo‘shish eng magbul natija berdi. Bunda
g‘ovaklar fazosi tuzilishining yaxshilanishi va tayyor mahsulot tannarxining pasayishi kuzatildi.

Olingan natijalar qurug qurilish gorishmalari tarkibida nanomodifikatorlar va faol mineral
qo‘shimchalardan birgalikda foydalanish samaradorligini tasdiglaydi.

Mustahkamlikning oshishidagi asosiy mexanizm nanokremnezyomning putssolan faolligi
bilan bog‘liqdir. Kremniy dioksidi zarrachalari sement gidratatsiyasi jarayonida hosil bo‘ladigan

kalsiy gidroksidi bilan o‘zaro ta’sirlashib, kalsiy gidrosilikatlarining qo‘shimcha sintezlanishiga
olib keladi.
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Bundan tashqari, nanozarrachalar kristallanish markazlari vazifasini bajarib, sement toshining
fazoviy strukturasining shakllanishini tezlashtiradi. Natijada yirik g‘ovaklar va mikroyoriglar
miqgdori kamayadi, bu esa materialning mexanik xususiyatlariga ijobiy ta’sir ko‘rsatadi.

Domna shlakidan foydalanish ko‘pikli beton tuzilmasini yanada zichlashtirishga va uning
uzoqgga chidamliligini oshirishga yordam beradi. Shu tufayli sement sarfini kamaytirish va ishlab
chigarishning igtisodiy samaradorligini oshirish imkoniyati yaratiladi.

Olingan ma’lumotlar sement kompozitlarini nanomodifikatsiyalash mexanizmlari
to‘g‘risidagi zamonaviy qarashlarga to‘la mos keladi va ko‘rib chiqilayotgan tadqiqot
yo‘nalishining istigbolli ekanini tasdiglaydi.

Xulosa

Oc‘tkazilgan tadgiqotlar asosida quyidagi xulosalarga kelish mumkin:

1. Kremniyzol nanomodifikatorlarining qo‘llanilishi sementning gidratatsiya jarayonlariga va
sement toshi strukturasining shakllanishiga ijobiy ta’sir ko‘rsatadi.

2. Eng samarali modifikator KZ-TM-30 hisoblanib, u sement toshining mustahkamligini 30%
dan ortiqroqqga oshirishni ta’minlaydi.

3. Komponentlarni birgalikda maydalash granulometrik tarkibi yaxshilangan yuqori darajada
bir jinsli qurug aralashmalar olish imkonini beradi.

4. Donador domna shlagidan foydalanish mustahkamlik xususiyatlarini sezilarli darajada
pasaytirmagan holda sementni gisman almashtirish imkoniyatini yaratadi.

5. Ishlab chiqilgan tarkiblarni O‘zbekiston Respublikasi qurilish sohasi sharoitida energiya
tejamkor, issiglik izolyatsiyalovchi-konstruksion ko‘pikbetonlar ishlab chigarish uchun tavsiya etish
mumkin.
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AHH()mal(M}l.‘ B cmamve PAaACCMOMpPERblL OCHOBHblE XAPAKMEPUCIMUKU CbIPbEBLIX MAMEPUATIOB 0]1}1
npou3eodcmea CYXux winmyxKamypHvix cmecell Ha OCHOBe U36eCKO6bIX GAINCYUIUX. B xauecmee ocnosénoco
6AICYUlecO UCNOIb306A1ACH  U36€CHb Kblel]leML;eMeHm, a 6 Kavecmeée 3anoiHumensi — MeCmHblU
bapxanusiti necok Pecnybonuku Kapaxamnakcman. Ilpusedenvl OauHble NO AKMUBHOCMU U3BECHIU,
CO@épJ/CClHZ/l}O OKCUO08 Kaibyusa u MdacHusd, cKopocmu cawlernus, njiomHocmu u yaeﬂbHOZZ noeepxrocmu
mamepuanos. Buvinoanen ananus npuzodﬂocmu MECMHO20 CblPbs ons NOJYYEHRUsL CYXUXx Cmpoumeslbhvblx
cmecell.

Knrwueevie cnoea: uzeecmo cmpoumenvbHasl, necok onsa cmpoumelbHblx pa60m,u3@ecml<06aﬂ
wmyxkamypkKa, cucmembsl OMOENOYHBIX mamepuanos, naponporuyaemocms, eobonoejzou;eﬁue NOBEPXHOCMU.

Abstract: This article examines the principal characteristics of raw materials for the production of dry
plaster mixes based on lime binders. Kyzylkumcement lime was used as the primary binder, and local
barchan sand from the Republic of Karakalpakstan was used as the aggregate. The article presents data on
lime activity, calcium and magnesium oxide content, slaking rate, density, and the specific surface area of
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the materials. An analysis of the suitability of local raw materials for producing dry building mixes was
conducted.

Keywords: construction lime, construction sand, lime plaster, finishing material systems, vapor
permeability, surface water absorption.

Annotatsiya: Magolada ohakli bog ‘lovchilar asosidagi quruqg suvoq aralashmalarini ishlab chigarish
uchun mo ‘ljallangan xomashyo materiallarining asosiy xususiyatlari ko rib chigilgan. Asosiy bog ‘lovchi
sifatida “Qizilgumsement” ohagi, to ‘ldiruvchi sifatida esa Qoraqalpog ‘iston Respublikasining mahalliy
barxan qumi qo ‘llanilgan. Ohakning faolligi, tarkibidagi kalsiy va magniy oksidlarining migdori, so ‘nish
tezligi, materiallarning zichligi hamda solishtirma yuzasi to ‘g ‘risida ma’lumotlar keltirilgan. Quruqg qurilish
aralashmalarini tayyorlash uchun mahalliy xomashyoning yarogliligi tahlil gilingan.

Kalit so“zlar: qurilish ohagi, qurilish ishlari uchun qum, ohakli suvoq, pardozlash materiallari
tizimlari, bug ‘ o ‘tkazuvchanlik, sirtning suv shimishi.

BBenenue

Cyxue mTyKaTypHble CMECH Ha OCHOBE H3BECTKOBBIX BSDKYIIUX IIHPOKO MPUMEHSIOTCS B
COBPEMEHHOM  CTPOWMTEILCTBE  OJlarojaps BBICOKOM  IUIACTUYHOCTH, OKOJOTHYHOCTH U
ynoboykmnaneiBaemoctu. Ocoboe 3HaYeHHEe MMEET MPaBUIBHBIA MOJ00P CHIPHEBBIX KOMIIOHEHTOB,
OTIPEICIIAIONTUX TEXHOJIOTHIESCKHE U IKCIUTyaTallHOHHBIC CBOMCTBA PACTBOPOB.

Jns PecnmyOonuku KapakanmakcTaH akTyaldbHBIM SIBIISIETCS UCHIOJIB30BAHUE MECTHOTO CHIPHS,
MO3BOJISIOIIETO CHU3UTh C€0ECTOMMOCTD MPOIYKIUHN U MOBBICUTH 3()(PEKTUBHOCTH CTPOUTEIHHOTO
Mpou3BOJCTBA. B maHHON paboTe mccieaoBaHbl CBOMCTBA M3BECTH KBI3BUIKYMCKOTO IIEMEHTHOTO
3aBoja u 6apxaHHoro necka Kapakannakcrana.

B kaudecTBe BSOKYIIEro MpPUMEHSIACh CTPOUTENbHASI BO3MYIIHAS W3BECTh, MOTy4YEHHAs W3
KbI3bUIKYMCKOTO 1LIEMEHTHOrO 3aBojia. V3BecTh OTHOCUTCS K KajbILMEBBIM OBICTPOTaCSIIUMCS
W3BECTSM.

2. MeToabl HCCJIeI0BAHNSA

OCHOBHBIMH TIOKA3aTENISIMA KaueCTBA U3BECTH SBIISIFOTCS:

W3BecTb, npuMeHseMast Uil IPOU3BOJICTBA, UMEET CIIEIYIOIINE XapaKTePUCTHKU:

¢ AxtuBabie CaO + MgO — 70-80% (3 copr);

e Conepxxanne MgO — ne 6omnee 1%;

e CkopocTs rameHus — 2-4 MuH. (ObICTporacsmiasics);

AKTHBHOCTH M3BECTH ONPEICNSICTCS CyMMapHBIM COJEPKAHUEM aKTHBHBIX OKCHIOB KabIUsS
n Marams. Yem Beime conepkanue akTUBHBIX CaO m MgO, TeMm BbINIE Ka4eCTBO W3BECTH W
WHTEHCUBHEE MPOIIECC TallleHUs PUBEIEHBI B TAOIUIIE

Cormacao 'OCT 9179-2019, uzBecTs noapasaeisieTcsi o CKOPOCTH TallICHHsI Ha:

o OBICTPOracAIyIOCs — 10 8 MUHYT;
° CpeIHeracsaycs — 10 25 MUHYT;
o MeJIEHHOTaCsIIylocs — Ooliee 25 MUHYT.

®u3NKO-XUMUYECKUE TIOKa3aTeid W3BeCTH KBI3BUIKYMCKOTO 3aBOJa IMPOBOJIWIH B
naboparopun Kapakanmakckoro roc. YHUBEepCcHUTETa pe3yabTaThl IPUBEIEHBI B TadmuIe 1.

Tabnuya 1
XapakTepucTHKa n3BecTH KbI3bLUIKYMCKOTr0 IIeMEHTHOT0 3aB0jIa
ITokazarens 3HaueHue
Coneprxanne aktuBHBIX CaO + MgO 82-88 %
Conepxxanne MgO 3-5%
AKTHUBHOCTh U3BECTH 84-90 %
CKOpOCTh TalieHus 6—8 muH
HctuHHasg I0THOCTH 2,15-2,30 r/ecm?
HaceimHas mioTHOCTE 850-950 kr/m3
VY nenbHas TOBEPXHOCTh 4500-6000 cm?/T
Ocratok Ha cute Ne008 10-15%
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[Tokazarennt COOTBETCTBYIOT TpPEOOBaHHSAM CTPOUTENBHBIX BO3AYIIHBIX W3BECTEH IS
LITYKaTYPHBIX PacTBOpPOB. BbICOKas aKTMBHOCTh OOecleuMBaeT MHTEHCHBHOE B3aUMOJEWUCTBHUE C
BOJON U (pOPMUPOBAHUE TIACTUYHOTO N3BECTKOBOT'O TECTA.

CKOpOCTb TalleHHs UCCIeAyeMON M3BECTH COCTaBMJa 6—8 MMHYT, UYTO HO3BOJSET OTHECTH
Marepuaa K ObIcTporacsuiumcs H3BecTsIM. Takasg HW3BeCTb O00ECIEYMBAET  XOPOIIYIO
TEXHOJIOTHYHOCTh CYXHMX IITYKAaTypHBIX CMeceii U CHOCOOCTBYET YCKOpPEHHOMY Habopy
IJIaCTUYHOCTH PAacTBOPA.

VYaenbHas TOBEPXHOCTh H3BECTH Haxoawigach B mpexnenax 4500-6000 cm?/r, dro
MOJIOKUTEIBHO BIUSET HA JUCIEPCHOCTh U BOJIOYIEPKUBAIOIYIO CLIOCOOHOCTh CMECH.

bapxannble necku PecrnyOnuku KapakanmakcTaH HMMEIOT >KEJITOBATO-OPAaHKEBYIO OKpacy,
KOTOPYIO Mbl MPUMEHWIM KayeCTBE MEJIKOIO 3amoyHUTeNs. JlaHHBIM Marepuan oOTIMYaeTcs
BBICOKOM JIOCTYIHOCTBIO M HM3KOW CTOMMOCTBIO, OJHAKO TPeOYeT OLIEHKU I'PaHYJIOMETPUYECKOTO
cocTaBa U PU3UKO-MEXaHUYECKUX XapaAKTEPUCTHK.

bapxaHHbIE NIECKM PETHOHA UMEIOT MEJIKYI0 CTPYKTYpPY U NOHMKEHHBIH MOJYJb KPYITHOCTH.
JUig IITyKaTypHBIX PAaCTBOPOB ATO MOXKET OBITH MOJIOKHUTEIBHBIM (PaKTOPOM, MOCKOJBKY MEJKHE
YacTHUIIbl 00eCTIEUNBAIOT:

® [IOBBILIEHHE [IJIACTUYHOCTH;

e yIIydlIeHHEe y1000yKIIa1bIBAEMOCTH;

® CHIDKEHHUE PaccianuBaeMOCTH;

® YIIY4IlICHUE CTPYKTYPbI IITYKATyPHOTO CJIOSL.

[Tony4yennsle naHHbIC B Taliuile 2 MOKa3bIBAIOT, YTO MECOK OTHOCUTCS K MEIKO3EPHUCTHIM
3anonHuTens M. HeOosblmiol MoOAyllb KPYHHOCTH CHOCOOCTBYET TOBBIIICHUIO IIIACTUYHOCTU
HITYKAaTypHBIX PACTBOPOB U yJIydlIaeT KaueCTBO OTAEIOUYHON TOBEPXHOCTH.

OpHako u3-3a TOBBIILEHHON AUCHEPCHOCTH OapXaHHBIX IECKOB BO3MOXXHO YBEIMYEHHE
BojonoTpeOHOCTH cMmecu. [loaToMy pekoMeHayeTcs MpPUMEHEHHE BOJOYACPKUBAIOUINX U
MIACTUQUIHUPYIOUTUX T00aBOK.

Tabnuya 2

OCHOBHBIE CBOIICTBA GAPXAHHOT'O MeCKa
IToka3zarens 3HaueHne
Monynb KpymHOCTH 0,8-1,1
Cpenusis II0THOCTh 1450-1550 kr/m3
HctuHHag NJI0THOCTH 2,60-2,65 r/cm3
ConeprxkaHne MbUICBUIHBIX YaCTHI] 35%
Bnaxxnocts 1-3%
Pa3mep 3epen 0,14-0,63 Mmm
Copepxanne SiO2 88-94 %

KadecTBO CyXHMX IITYKaTypHBIX CMeCE€d BO MHOIOM 3aBHUCUT OT CBOWCTB H3BECTKOBOIO
BSDKYILETO U 3aII0JIHUTES.

Bricokast akTUBHOCTb U3BECTH CIIOCOOCTBYET:

® YCKOPEHHOMY TallleHHUIO;

® [IOBBIIICHUIO TUIACTUYHOCTH;

e YIIY4IIIEHUIO aAre€3UH pacTBOPa;

® [IOBBIIICHUIO BOJIOYAEPKUBAIOLIEH CIOCOOHOCTH.

MenkoaucnepcHblid OapXaHHBIN TIECOK 00eCTIeunBacT:

® IIaIKOCTh LITYKAaTypHOTO CJIOS;

® CHIDKEHUE PACXO0/A BSIKYILETO;

® MIOBBIILICHHE y100CTBA HAHECEHUSI.
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OMHOBpPEMEHHO TMOBBIIICHHAs TOHKOCTH IeCKa TpeOyeT pPEeryJIHpOBaHUS BOJOIEMEHTHOTO

OTHOLICHHUA U IIPUMCHCHUS MUHCPAJIbHBIX I[O68.BOK AJI IpEAOTBpAlICHUSA YCAAOYHBIX TPCIINH.

3. BroiBoanl
[IpoBeneHHBIE HCCIENOBAaHHUS TOKAa3aJd BO3MOXHOCTH J(PQHEKTUBHOTO HCIOIH30BAHUS

u3BecTd KBI3BUIKYMCKOIO LEMEHTHOIO 3aBOJja M MeCTHOro OapxaHHOro mnecka PecryOnuku
KapaxkannakcTan a1 IpOU3BOJICTBA CYXHUX IITYKaTYPHBIX cMeceil.

YcTaHOBIEHO, YTO:

U3BECTh 00J1a/1a€T BHICOKON akKTUBHOCTHIO (84—90 %);

CKOPOCTb TallleHHsI COCTABJIAET 6—8 MUHYT;

ylenbHas noBepxHocTs pgocturaer 4500-6000 cm?/r;

OapXxaHHbBIM TECOK MMEET MEJKOAMCIIEPCHYI0 CTPYKTYpPY M MPUTOJEH A LITYKATYPHBIX

COCTaBOB.

Hcmonp30BaHne MECTHOT'O ChIpbd IO3BOJISICT CHU3UTH ce0eCcTONMOCTh CyXux cMmeceln u

paclIMpuTh ChIphEBYIO 0a3y CTpouTenbHON HHAYCcTpuu PecryOnuku KapakanmnakcraH.
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MYAJUTU®JIAP JUKKATHTA !

1. “Unmuit — texnuka xypHanu~ (“Hayuno — texHmueckuil xypnHan’, “Scientific —
Technical Journal”) caxudanapuna ¢pyHnameHTan Ba TeXHUKA (paHIapu coxacula SHIM WIMHH
HaTwxanapra sra 0ynran Ba 50 % gaH OpTUK KUCMU WITapU YBJIOH KWIMHMAaraH y30eK, pyc, HHTIIU3
TUIApyUa TaliépliaHraH Makoja Ba KUCKa Xxalapnap Kydugaru Oynummap Oyinda 4om 3TUIaIu:
¢pusuka-maremaTuka ¢aHilapu; MeXaHHKAa; KyPH/IHII; 3HEPreTuka, 3JIeKTPOTeXHHMKA;
3JIeKTPOH KypHJIMaJIap Ba ax00pOT TEeXHOJIOTHS/IAPH; KMMEBUH TEXHOJIOTUSI Ba 3KOJIOTHSA;
WKTUMOUI-UKTHCOAMH (paHIap; KUCKA XxadapJap.

2. Makona cranaapt A4 ymuamaard oK KOFO3HUHT Oup ToMoHmaa yangad 30 MM, YHraas 15
MM, FOKOpHIaH Ba mactaan 20 MM KEeHIJIHK/IA yoi Kosraupuo, Times New Roman mpudruaa, 12

pt ymuamma, kaTopiap opacu OUp OpaJMK OwiaH €3WiIaaM Ba MKKA HYCXaJa TaKJIUM KUJIHHAIH.
Makomnanap XaXMU Yu3Majapcu3 cakku3 caxuanaH, Kucka xalapimap i3ca y4 caxudanan
OLIMACTIMTY Ba MKKWHYM Hycxacuia Oapua myamnuduap Qamummsacu, mcMu Ba mapudrapuHu
KypcaTtub UM30 YEKUIILIapH JIO3UM.

3. Makonara Kyiugarwiap wioBa KWIMHAIW: WO OakapuiraH TAIKWJIOT HYyJUIaHMAacu;
y30eKk4a, pycya Ba WMHIIIM3Ya aHHOTauusiap (Oup Xuin Ma3MyHJa Ba 5-6 KaropJaH ONIMACIUTH
3apyp), TasiHd cy3Jap, MaKoJa HOMJIApPH; JKCHepPT XyJocacu; Mmyaiuduap TyFpucuaa
MabJYMOT (WII JKOiH, JaBO3uMH, Tenedonu, e-mail). Myammudaap opacuma ¢aH TOKTOPH
OynMaraH TakAMpAa, IIy COXa HXTUCOCIHTH OVyiinua (paH JOKTOPUHHUHI TABCHSACH TaKIUM
STHUIIATIH.

4. ®opmymnanap xkommbioTepaa Word dopmynanap myxappupuauar Math Type Bepcusicuna
é3unanu. Un3manap Ba quarpammalnap CTaHiapT Koujanapra puos Kwiuarad xonga 10x10 cMm gan
KarTa Oynamaran Yymyamaa Taii€pnanuinM, €3yBiIap HMMKOHM Oopudya comiap €ku  xapduap
KYpUHHMIIUAA OCpUIMIIM Ba yhap Makoyia caxudacuaa €K yu3Mara WioBaja TYIIYHTHPUIMILIN
n03uM. Makosazia yn3manap conu 4 Tarada, KUcka xabapiap/a sca 2 Taraya pyxcar 3TUIa i,

5. MypoxaaT KWIMHTaH anaOuETiiap pyHWxaTH Makojla OXHpHIa KyHuUJard TapTuOaa
KeNTUPUIAAN: MyaJUTHPHUHT (aMIIUACH, UCMU, mapudu, KUToO (KypHAJI)HUHT HOMH, HAMIPHUET
(kuTobmap yuyH) WwiM, XypHaa Homepu, caxuda (KypHan ydyH). Makona caxudanapuaa
amabuériiapra wioBa pakaMm OWIaH TapTUOJM paBHIIIA KBaApaT KaBCc wumaa (macamad [7]
KYpUHUIITHAQ) OeprIIa iu.

6. Maxkonanu Tai€pnamra yTa CHHUKOBIMK Ba YTKUp AMKKAT OWJaH EHIOIIMII TaBCHS
STHIIAIU. Y WIMHNA Ba TpaMMaTHK XKUXATJaH IOKOPH Japaxana TajabuaHIMK OWiiaH WIMHM MakKola
MaKOMHJa TaXpHpJIaHTaH OYIUIIN JIO3UM: caé3 Ma3MyHJIary, Fajau3 Ba y3yHIaH-Y30K KyMJlaJllapHU
WIUIATMACIMUK; MAaKOJaHUHT WIMHMM HyHanumura, Iy KYHHUHT euYdjMaralH Ba J0i3ap0
MyaMMoJapura 6axo OepHIIUINM; WITHUHT acCOCHN MaKcaa, KyHuiaauraH macajajgap Ba yJIapHU
€UMIN yCIIyOJlapH, OJIMHTaH SIHTM MJIMUHN HaTWKajlap Ba YJIapHUHT TaXJIWIA XaM/Jla aHUK XyJocanap
KAaThUH KeTMa-KETJIMK/Ia PABOH THJIA 0a€H KUIMHHUIIHN JIO3UM.

7. Taxpupust 3apypar OynraHaa TakIuM STWITaH Makoja Ba KHUCKa XalapliapHH Taxpup
KWJIMII XYKYKUTa ora. YJap cy3cu3 TaxpupHAT ab3ojiapura €Ky OOIIKa TETUIUTM MyTaxaccuciapra
TaKpHu3ra Oepuiaim.

8. Arap makona MyamuQra Kaiita uliam yqyH Kaitapuica, MaKOJQHHHT OXUPTH KYPUHHUILIN
OJIMHTaH KyHJaH 0o1u1ad Makoyia TaXpupUsTra TyIIraH XucoOaaHaau.

Kypuanau dgon stumga doc. MS Word 97 (2003) Taxpupuga WIUIOBYH JacTypiapiaH
dhornananunagy.

MakonanapuHu ¥3 BakTHIA YOI STWIMIIMHMA HCTaraH MyaUtudiap TaxpupHusIra aHa Mry
nactypnaaH Qoigananrad Xoiia KOMIbIOTepa TepUiIral 3JeKTPOH BapUAaHTHHH TaKIUM STHILIaApU
Makcaara MyBOQUKIHP.

9. JKypunanuumz snekmpon eapuanmaapunu DATY ee6-caumu hitp://www.fstu.uz
(faoliyat—ilmiy faoliyat—ilmiy jurnal) oan monuwi mymkun.

Kypcamunean xoudanap acocuoa mauéparanmazan Makoiaiap maxpupusim momoHUOaH Kaoy

KUTUHMAUOU.
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1. Ha ctpanunax «HaydHO-TeXHHYECKOTO JKypHaIa» MyOIUKYIOTCS CTaThU U KPaTKUE COOOIICHUS
B oOmactu (pyHZaMEHTaNBHBIX M TEXHWYECKUX HAyK, cojaepikamue HOBble miu Oonee 50 % paHee He
OIyOJIMKOBAaHHBIC HAy4YHBIC pE3yJIbTaThl, Ha Y30€KCKOM, PYCCKOM WJIM AQHTJIMICKOM S3BIKaX I10
CIeIyIOImMUM paszzfenam: (yHIaMeHTaJIbHble HAYKH; MeXaHHMKAa; CTPOHMTEIbCTBO; JHEPreTHKA,
3JIEKTPOTEXHUKA; JJIEKTPOHHbIE YCTPOWcTBA W HMH(OPMALMOHHBbIC TEXHOJIOTMH; XMMHYECKas
TEXHOJIOTUS ¥ IKOJIOTHSA; COIHATBHO-IKOHOMUYECKHEe HAYKH; KPAaTKHe COO0IIeHHUs].

2. CraTps MpeaCTaBIseTCs B ABYX dK3eMIUIsIpax Ha Oenoi Oymare cranmaptHoro (opmata A4 c
nossiMu: cieBa 30 MM, BBepxy M BHU3Y 1o 20 MM, cripasa 1,5 mm; mpudt Times New Roman 12 pt,
MEXIYCTPOUYHOE PACCTOSIHME OJUH MHTepBaj. OOmui 00beM CTaThU HE JIOJDKEH MPEBBINIATH BOCHMU
CTpaHMII, HE CUNTasi PUCYHKOB, KPaTKUX COOOLIeHNI e He Ooiyee TpEx crpaHull. Bropoil sx3emmsap
CTaThU MPENICTABIISIETCS C TIOIUCSIMH BCEX aBTOPOB.

3. K cratee mpunararorcs: HamnpaBjeHHe Y4Ype:KIeHHsl, B KOTOPOM BHIMOJIHEHAa paboTa;
JKCIEePTHOEe 3aKjadeHue (s aBTOpoB W3 PecnyOnmku Y30ekucraH); Ha y30€KCKOM, PYCCKOM H
AHTJIMIICKOM s3bIKaX aHHOTAHMsA (M3 5-0 CTPOK OJMHAKOBOIO COJEpXkaHMs), KJIIYeBble CJIOBA,
Ha3BaHMe CTAaTbHU; CBeJeHHs1 00 aBTOpax (MecTo paboThl, JODKHOCTH, Tenedon, e-mail). B cioyuae
OTCYTCTBHS CpPEIM aBTOPOB JIOKTOpA HAayK IMPEACTABISETCS pEKOMEHAalusl AOKTOpa HayK B 00lacTu
9TON CHELMATBbHOCTH.

4. Jlns marnmcanusi popMys B TEKCTE HEOOXOIUMO MOJb30BaThest pexakropom Word Math Type.
dopmynbl HYyMEpPYIOTCS B CKBO3HOM Topsiake. st o0o3HaueHUs (U3NYECKHX, MATEeMaTHYECKHX U
XUMHUYECKUX BEJIMYMH, BKJIIOYAs WHACKCHI, MPUMEHSIOTCS HCKIIOUUTENBHO JIATUHCKUE U TPEUYECKHE
OykBbl. Henp3st 0003HauaTh pasiavuHble BEIMYMHBI OJHOW M TOH ke OykBod. IloaroromiieHHbIE
PUCYHKH W JuarpaMMbl JOJDKHBI COOTBETCTBOBATH CTAaHAAPTHBIM TPEOOBAaHHMSM M HE IPEBBIINIATH
pa3zMepsl Oosee yem 10x10 cm, HagmUCH, MHIEKCHI WK OyKBEHHbIE 0003HAYCHMSI, JKEIaTEeIbHO YKa3aTh
Y TIOSICHUTB Ha CTPAHMIIAX CTaThU WIN B IPUIIOKEHHUSIX K PUCYHKaM.

5. Criucok nuTepatypsl NPEACTaBISETCS B KOHLE CTaThy B ciaenytomeM nopsake: @.1.0. aBTopos,
Ha3BaHWE KHUTH (KypHaia), TOJA U3/IaHus (711 KHUT), HOMEp KypHala, cTpaHulsl (s xypHaioB). Ha
CTpaHUIAX CTaTbU CCBUIKM HAa LUTHUPYEMYIO JHTEpATYpy HPEICTABIAIOTCS B TMOPSAIKE YINOMHHAHUS
apaOckoil nudpoii B KBapaTHbIX CKOOKax, Hampumep: [1].

6. BHumMaTensHO OTHOCHTECh K CTHIIIO CBOCH CTaTbhM, KOTOPBIM JOJDKEH OTBEYATh TPEOOBAHUAM
BBICOKOW CTENEHU PEIaKTHPOBAHMs, KaK B OTHOLIEHHWH HAYYHOCTH, TaK M TpaMMaTHKu. M30eraiite
JUIMHHBIX (hpa3 MOBEPXHOCTHOTO coJiepKaHus. J{ist mydiiero BocupusTHs OOJBbIION CTaTbU YUTATEISIMH
peKOMeHIyeTcs pa3OuTh TEKCT Ha pasfenbl: Hanpumep, 1. Beeaenue, 2. Meronnka sKcriepuMenTa, 3.
DKcrepuMeHTaNbHBIC pe3yibTaThl, 4. 3axmoueHue. Cienyer o0s3aTelbHO yKa3aTh OCHOBHYIO I1€Tb
paboThI, MOCTAaHOBKY 3aj1a4, aKTYaJIbHOCTh U COBPEMEHHOCTh IPOOJIEMBI, METOBI U CIIOCOOBI PELICHNS,
MOJIy4YE€HHBIE HOBbIE HAYYHbIE PE3YJIbTAThl U UX aHAJIM3, a TAKKE KOHKPETHBIE BBIBOIBI.

7. IlpencraBieHHble B PEIAKIMIO CTaThU HAMPABJISIOTCS ISl pEEH3UPOBAHUS WICHAM peJaKklUuu
WK JPYTUM COOTBETCTBYIOUIMM crienuanuctam. OnpeneisitoTcsi, COOTBETCTBYET JIM CTaThsl TEMaTUKE
KypHaJla, €CTh JIU B HEH 4eTKO chOpMyTUpOBAHHBIE HOBBIE HAy4yHbIE PE3yJbTaThl, JOCTATOYHO JIU
HaJEKHO 000CHOBAHBI BHIBOJIBI, TTOHATHO JIM U3JIOKEH Marepuall. [Ipu HEOOXOMMMOCTH CTaThsi MOXKET
OBITH OTPEIAKTUPOBAHA.

8. B ciyuae Bo3BpaTa craThbu aBTOpaM UIsi JOPAOOTKH CPOK €€ IMOCTYMJICHHS B PEIaKIIHIO,
CUMTAETCS CO JHS MOCTYIUIEHUS IIOCIEIHEro €€ BapuaHTa.

[Ipu mevyatu MaTepUaIOB XypHalla MPUMEHSETCS TeKCTOBbIN pepaktop doc.MS Word 97 (2003).
JUis  CBOEBPEMEHHOI0 OMYyOJMKOBAaHUS CTaThbH, aBTOpaM HEOOXOAMMO MPEACTaBUTb SJIEKTPOHHBIH
BapUaHT CTaThH, HAOPAHHBINA HA KOMITBIOTEPE C UCIOJIB30BAaHUEM YKa3aHHOMN MPOrpaMMBbl.

9. DreKkTpoHHbIE BEpPCHU IKypHala JMAOCTYmHbI Ha BebO-caiite OI'TY http://www.fstu.uz
(faoliyat—ilmiy faoliyat—ilmiy jurnal).

Cmambu, He O@OpM/ZeHHble CO2NIACHO 8blUEYKA3AHHBIM NpAsulam, pedakuueﬁ HE NPUHUMAIOMCAL.
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