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KON-METALLURGIYA VA ISHLAB CHIQARISH SANOATI

I'OPHOAOBBIBAIOILIAS METAJIVITYPI'USI U OBPABATBIBAIOIIA A
HNPOMBIIIJIEHHOCTb

MINING METALLURGY AND MANUFACTURING INDUSTRY
UO‘K: 629.33:621.867:519.6 42 10.70769/3030-3214.SRT.3.3.2025.6
AVTOSAMOSVALLAR EKSPLUATATSION PARAMETRLARI
SAMARADORLIGINI OSHIRISH

P —
N 4 g
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Gaffarov Azamat Alisherovich Atakulov Lazizjon Ne’matovich
Navoiy daviat konchilik va texnologiyalar universiteti “Kon

elektromexanikasi” kafedrasi mudiri professor,
Navoiy, O zbekiston

Navoiy daviat konchilik va texnologiyalar universiteti tayanch
doktoranti, Navoiy, O ‘zbekiston

Annotatsiya. Ushbu magolada karyer sharoitida ishlatiladigan avtosamosvallarning konstruktiv
xususiyatlari va ularning ekspluatatsion parametrlarini optimallashtirish masalalari ko ‘rib chigilgan.
Avtosamosval harakati davomida yo ‘I notekisligi va yuk markazining siljishi natijasida hosil bo ‘ladigan
tebranish jarayonlari matematik modellashtirilgan. Lagranj tenglamalari asosida tebranishlarning
chastotasi, amplitudasi va fazasi aniqlanib, oldi va orqa g ‘ildiraklar orasidagi yuk tagsimotiga ta’siri
tahlil gilingan. Tadgigot natijalari avtosamosval ramasi va asosy elementlarida yuzaga keladigan
mexanik zo ‘rigishlarni baholashga, ularning mustahkamlik chegarasini aniglashga hamda notekis
vo ‘llarda harakatlanish samaradorligini oshirishga imkon beradi. Natijalar ekspluatatsiya jarayonida
qo ‘shimcha yoqilg ‘i sarfini kamaytirish va agregatlarning xizmat muddatini uzaytirishga xizmat qiladi.
Kalit so‘zlar: avtosamosval, ekspluatatsion parametrlar, matematik model, Lagranj funksiyasi, tebranish
chastotasi, amplituda, mustahkamlik chegarasi, yo ‘l notekisligi.

HOBBIIHNEHUE DOO®EKTUBHOCTHU SKCIINIYATAIIMOHHBIX
IHAPAMETPOB ABTOCAMOCBAJIOB

Tagppapoe Azamam Anuwmeposuy Amaxynoe Jlazuzicon Hemamosuu
IIpogheccop, 3asedyrowuil kagedpoii «I opHas s1eKmpomexaHuxar

basoswiii dokmopanm, Hasoutickuii 20cy0apcmeentbiil 20pHblil U .
Hasoutickozo 20cydapcmeeHHo20 20pHO-MEXHOI0UHECKO20

mexnonozuveckuil ynusepcumem, Hasou, Y30exucman
ynueepcumema, Hasou, Y30exucman

Annomayun. B cmamve paccmompensvt KOHCmMpYKmMugHvle 0COOEHHOCMU KAPbEPHLIX ABMOCAMOCEAN08
U 80NMPOCHl ONMUMUZAYUU UX IKCHIYAMAYUOHHLIX napamempos. IIposedeno mamemamuueckoe
MOOenuposanue npoyeccos GUOpayuU, 803HUKAIOWUX NPU OBUINICEHUU ABMOCAMOCEANA NO HEPOBHOU
dopoee u cmewenuu yenmpa msdcecmu 2pysa. Ha ocnose ypasnenuii Jlaepanica onpedenenvt uacmoma,
amMnaumyoa u ¢aza Koreobanui, a maxdice NPOAHAIU3UPOBAHO BIUAHUE PACHPEOeNeHUs. HASPY3KU MEHCOY
nepeoHuMU U 3a0HUMU Kollecamu. Pe3ynomamsl ucciedosanus no3eonsiom OyeHums MexaHuyecKue
HAanpAdsCceHUs, 603HUKAIOWUE 8 pame U OCHOBHBIX 2NeMEHMAX Ad8Mocamoceand, onpedeIums ux npeoei
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APOYHOCMU U NOBBICUMb YCMOUYUBOCHb OBUICEHUSI NO HEPOsHbIM O0opocam. l[lonyuenuvie OanHble
CNOCOOCMBYIOM CHUNCEHUIO OONOJHUMENbHO20 pacxo0d MONAUBA U YEeIUUEHUI0 CPOKA CIYHCOb
azpeeamos.

Knwuesvie cnosa: asmocamocean, >KCNIyamayuoHHvle napamempbsl, Mamemamuyeckas Mooeib,
Gdynxyus Jlacpanica, wacmoma xonebanutl, amMnaumyod, npeoei NPOYHOCMuU, HEPOBHOCMU OOPOU.

INCREASING THE EFFICIENCY OF THE OPERATIONAL PARAMETERS
OF DUMP TRUCKS

Gaffarov Azamat Alisherovich Atakulov Lazizon Nematovich
Professor, Chairman of the Department of "Mining
Electromechanics' of Navoi State Mining and Technology
University, Navoi, Uzbekistan

Basic doctoral student, Navoi Sate Mining and Technology
University, Navoi, Uzbekistan

Abstract. This article examines the design features of mining dump trucks and the issues of optimizing
their operational parameters. Mathematical modeling of vibration processes arising during dump truck
movement over uneven roads and due to the shift of the cargo center of gravity has been carried out.
Based on Lagrange equations, the vibration frequency, amplitude, and phase were determined, and the
effect of load distribution between the front and rear wheels was analyzed. The research results make it
possible to assess the mechanical stressesin the dump truck frame and main components, determinetheir
strength limits, and improve stability when operating on uneven roads. The findings contribute to
reducing additional fuel consumption and extending the service life of the units.

Keywords: dump truck, operational parameters, mathematical model, Lagrange function, vibration

frequency, amplitude, strength limit, road unevenness.

Kirish. Karyerlarda avtosamosvallarning
avtoyo‘llar bo‘ylab harakatlanishi jarayonida
yuzaga keladigan tebranishlarni tizimli o‘rganish
katta amaliy ahamiyatga ega. Ushbu masalani hal
etish avtosamosval jihozlariga ta’sir qiluvchi
kuchlarni hisoblash, ularning xavfsizlik chega-
raarini, aylanmagarshilik dargjasini hamda boshga
ishlash ko‘rsatkichlarini aniqlash imkonini beradi.
Shuningdek, avtosamosvalning konstruktiv ele-
mentlariga ta’sir etuvchi kuchlarning kattaligi va
yo‘nalishi aniqlangach, turli chuqurlikdagi o‘yuqlar
mavjud bo‘lgan karyer texnologik yo‘llarida
harakatlanish vagtida uning asosly elementi —
ramada yoriqlar va sinishlar paydo bo‘lishi mumkin.
Yo°l notekisligidan kelib chiqadigan kinematik
qo‘zg‘aluvchan tebranishlar, jumladan, avtosamos-
vaning tekis bo‘lmagan yo‘l qoplamasidan o‘tishi
vagtida bgjariladigan umumiy ishni aniglash uchun
asosy energiya munosabatlari  hisoblanadi.
Natijada, karyer bo‘ylab harakat jarayonida
qo‘shimcha yoqilg‘i sarfi ortadi.

Materiallar va usullar. Avtosamosval ra-
measi va yo‘l yuzasi o‘rtasidagi bog‘lovchi vazifasini
osma tizim oldi va orga osmaar bajaradi. Oldi va
orqa osmalar silindrining bo‘shlig‘idagi gaz bosimi

3,150,025 va 3,79+0,028 MPa ni tashkil qiladi.
Osma silindrda ishlaydigan suyuglik sifatida azotli
amortizator suyugligi ishlatiladi. Ramaikkita4 va7
lonjerondan va ko‘ndalang o‘rnatilgan metallarni
payvandlash yoki shtamplash orqali biriktiriladi (1-
rasm).

Lonjeronlar ~ rama  uzunligi  bo‘ylab
o‘zgaruvchan balandlikdagi qutti shaklidagi qismga
ega. Birinchi ko‘ndalang metall 1 diametri 245x45
mm bo‘lgan trubadan yasalgan va oldingi o‘qning
markaziy richagi kronshteyn orqali biriktirilgan.
Ikkinchi ko‘ndalang metall 2 bu rama yon qism-
larini birlashtiruvchi pastki ko‘ndalang metalldan,
oldingi osma ramaga kronshteynlar orqgali birik-
tirilgan. Oldingi osma ko‘ndalang shtanga pastki
ko‘ndalang metallga biriktirilgan. Yon lonje-
ronlarga uchinchi ko‘ndalang metall 3 payvand-
langan, u ramaning o‘rta qismini mustahkamlaydi.
Orqa ko‘prikning markaziy richagi uchinchi
ko‘ndalang metallga biriktirilgan. Og‘darish mexa-
nizmi tsilindrlarining pastki tayanchlari, kronsh-
teynlar uchinchi ko‘ndalang metallning uchlariga
payvandlanadi. Ulangan ikkita diametri 325x36 mm
bo‘lgan quyma quvur tayanchdan iborat.
Lonjeronlar va ko‘ndalang metallar 10HSND
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GOST19281-89 markali legirlangan po‘latdan
yasalgan. 10XSND markali legirlangan po‘lat rama
quyidagi mexanik xossalarga ega: cho‘zilish
chidamliligi V= 540 MPa, oquvchanligi cT=400
MPa, zarba kuchi minus 70 °C da aN=30 N.m/sm?
ga teng. Platforma esa yuqori sifatli, yedirilishga
bardoshli 18XGNMFR markali legirlangan po‘lat-
dan yasaladi va uning mexanik xususiyatlar

quyidagicha: cho‘zilish chidamliligi 6V=1100 MPa,
oquvchanligi 6T=1000 MPa, zarba kuchi minus
40 °C da aN=30 N.m/sm? gateng [1-3].

/ g i l\ J‘

1-rasm. Umumlashtirilgan koordinatalarini
hisobiy sxemasi.

Differentsia tenglamalar tuzish va
avtosamosvalning massa markazidan o‘tadigan
gorizontal 0‘q, ya'ni rama atrofida tebranishlar 1-
rasmda umumlashtirilgan koordinatalarini  hisobiy
sxemasi shaklida keltirilgan.  Avtosamosval
o‘zining vertikal bo‘ylama tekisligida tebra-
nayotganligi sababli, tizim ikki erkinlik dargjasiga
ega. Umumlashtirilgan koordinatalar uchun avto-
samosvalning O massa markazining vertikal
siljishini Z va uning aylanish burchagi ¢ ni
avtosamosval o‘qlariga parallel ravishda o‘tadigan
o‘q atrofidaolinadi.

Natijalar. Avtosamosval harakatlanishida
kuzovdagi yuklarning markazdan ma’lum bir
masofaga siljishi natijasida oldi va orqa g‘ildi-
raklarda markazga nisbatan tebranish harakati
vujudga keladi. Bu tebranish jarayoni murakkab

bo‘lganligi uchun Lagranj funksiyasi orgali yechimi
tahlil qilindi.
d (aL\ oL
2 (55) 3 =0 @)
buyerda; L - Lagranj funksiyasi, L=Ey — Ep,
Ex, Ep - avtosamasva kinetik va potensia

energiyas (Joul), q - umumlashgan koordinatalar
sistemasi avtosamasval kuzoviga yuk ortilgandan

keyin tekis paralel harakat qilishi natijasida
quyidagi kinetik energiyalar hosil bo‘ladi.
_mv?  Jew? Q. 2,2

By ==+ =5, +p%0%) )

Potensia energiyalari: Ep = Epy + Ep,,

Ep; - avtosamosval og‘irlik kuchining
potensial energiyas (Joul), Ep, - avtosamosval
osmalarining potensial energiyasi (Joul).

Epq =k_Qx (©)
E1321:71 (x, +x — lp)?,

k
E1922:72 (%o +x + l‘P)Z; (4)

bu yerda; Q - yuk va avtosamosval og‘irlik
kuchi (kg), x, - osmaning muvozanat xolatidagi
boshlang'ich koordinatasi, [ - ikki g‘ildirak
orasidagi masofa(m), ¢ - avtosamosval ramasining
goorizont bilan tashkil gilgan burchagi (gradus),
k, - orqa g‘ildirakdagi osmaning bikrligi (N/m),
k, - oldi gildirakdagi osmaning bikrligi (N/m).

Umumiy potensial energiya Lagranj funk-
siyasiga quyidagicha bo‘ladi

Ep = —Qx + k[(xo + x)? + lg?], (5)
A (L) =9 24

dt (6(,22) - gp P

oL 5192

== —2kl2g, (6)

Yuqoridagi tenglamalardan quydagicha sis-
tema hosil bo‘ladi.

§p2<p + 2kl2@ = 0, ()
agar 2kxo=Q bo‘lsa,
2% + 2kx = 0, (8)

g
Garmonik tebranishlar nazariyasiga asosan
tebranishlar fazasi va burchagi quyidagicha
x=Asin(w,t + a);
¢ = Bsin(w,t + B);
bu vyerda w;, w, -
(rad/s),
oldi va orgatomondagi osmalarning umumiy
bikrligi,

2

9
tebranish chastotasi

_ C1Cp
C1+Cy’
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17 g (10)
C2+2C
Umumiy og‘irlik kuchi
Q: (myuk + ma)g; (11)

Yugoridagi garmonik tebranishlar tengla-
masidan quyidagi chastotalar aniglandi.
2Kk18,
q

,zk 12
w,; = szgz ; (12)

Avtosamosval uchun orqa va oldi g‘ildiraklari
uchun tebranish chastotalari quyidagicha,

(,01:

W = 2C1Cog ;
1= (C1+C0)(myuk+ma),
_ 4C,Cogl? ;
(1)2 - \/(C2+2C0)(myuk+ma)l72’ (13)
Ikki g‘ildiraklarni tebranish chastotalari

matematik jihatdan ikki xil gonuniyat asosida
farglanadi asosan yuk qo‘yilish masofasi bu
tebranishlarni turlicha qilishi mumkin. Majburiy
tebranma harakat va garmonik (erkin) tebranma
harakatda davom etilishi magsadga muvofiq
bo‘ladi.

Agar massa markazi kuzovning massa
markazidan p=1+50 sm gacha o‘zgarishini, Q=324
(tonna), Co=2.510° (N/m), C1=2*10° (N/m),
C»=2,2*10° (N/m), [=6.65 (m), bo‘lganda ikki
g‘ildirakdagi tebranishlar chastotasi 2-rasmda
keltirilgan.

2-rasm. Oldi va orqa g ‘ildirakda hosil bo ‘luvchi
tebranish chastotasi.

Tezlik o‘zgarmas holda massa markazi muvo-
zanat vaziyatidan ma’lum bir masofaga siljigan
onda g‘ildiraklarda hosil bo‘ladigan tebranish
chastotalari 2-rasmda keltirildi. Oldi g‘ildirakda
massa markazi muvozanatdan katta santimetrlarga
siljiy boshlasa chastotalar fargi bir biridan yuqori
darajada farq qila boshlaydi. 1 sm ko‘chishda
chastota ikki g‘ildirakda 3,171 va 3.174 rad/s
atrofida bo‘la boshlaydi. Agar bu ko‘chish 50 sm

bo‘lsa 14,4 va 6.6 rad/s qiymatlar gayt etildi. Karyer
avtosamosvallarining ekspluatatsiya jarayonida go-
rizontal holatda massa markazining 0 dan 50 sm
gacha siljishi orqa g‘ildirakning chastotasi 6.6 rad/s
ni, oldi g‘ildirakning chastotasini 14.4 rad/s ga teng-
lashishini ko‘rsatdi. Ushbu qgiymatlar avtosamos-
vallar ekspluatatsiyajarayonadasilkinishlar evaziga
og‘irlik markazining kochishini bildiradi [5]. Agar
giymatlarni  9-ifodaga bog‘liq holda o‘zgarishi
hisobga olinsa, tebranishlar fazas va burchagi 3-
rasmdagidek bo‘ladi.

Massa markazi qochishi evaziga avtosa-
mosval ramasida gorizontal hosil bo‘ladigan
burchak o‘zgarishi paydo bo‘ladi. Ushbu giymatlar
3-rasmda keltirilgan bo‘lib, og‘irlik markazining
ko‘chishi bilan avtosamosvalning gorizontal tekis-
likda qgiyalik burchakning hosil bo‘lishi bilan izoh-
lanadi. Albatta ushbu burchakning maksimal qiy-
Mati bo‘yicha ish olib boriladi.

3-rasm. Massa markaz gochishi evaziga
avtosamosval ramasida hosil bo ‘ladigan burchak
o‘zgarishi.

4-rasm. Ramani normal holatidan og ‘ish
masofasi grafigi.

Avtosamosvalning gorizontal  tekidlikda
ramadahosil bo‘lgan burchak giymati orqali siqilish
masofasini grafigi 4-rasmda keltirilgan. Demak
og‘ish masofasi maksimal 6.5 sm ni tashkil qilsa
yuqoridagi 7-ifodaorgali yuklamalarni erkin tushish
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tezlanishiga nisbat olgan holda ifodalanadi [6-10].

Notekis yo‘lda avtosamosval harakatlanayot-
ganda massa markazining gorizontal siljishi va
massa markazidan o‘tadigan gorizontal o‘q atrofida
massaning aylanish burchagi garmonik tebranish-
larni ifodalaydi. Yuklangan avtosamosval uchun
tabiiy tebranishlarning siklik chastotasi yuklanma-
ganiga nisbatan bir oz pasayadi, buning sababidan
inertsiya kuchlari o‘zgaradi. Tebranishlar amp-
litudasi yo‘l qo‘yib bo‘lmaydigan darajada katta
bo‘ladigan notekis yo‘lda harakatlanayotganda
avtosamosvalning harakati har doim keskin tezligi
mavjudligi, buning natijasida avtosamosval jihoz-
lariga yuklanish qabul gilinishi mumkin bo‘lmagan
dargada oshadi [4,6]. Tebranishlar natijasida
avtosa-mosval ishchi gismlarida sinish, buralish,
cho‘zilish va bir nechta deformatsiya hollatlari kelib
chigishi mumkin.

5-rasm. Tebranma holatda vujudga keluvchi
yuklamani massa orqali ifodalovchi grafik.

5-rasmda avtosamosval 30 km/soat tezlik
bilan umumiy yuk miqdori 324 tonnani tashkil
gilganda va massalar markazi 50 sm ga farq gilgan
avtosamosvalda 441 tonna yuk miqgdoriga teng
keluvchi yuklama hosil bo‘lishi aniqglandi [8].
Magolada qarab chigilayotgan avtosamosvalda
cho‘zilish chidamliligi 6V=540 Mpa tashkil gilsabu
yetarli shart hisoblanadi lekin tezlik 45 km/soat
tezlik bilan umumiy yuk miqgdori 324 tonnani
tashkil gilganda va massalar markazi 50 smgacha
farq qiladi. Bunday yuklama hosil bo‘lishida ra-
maning materiali mustahkamlik chegarasi yuqori-
roq bo‘lmasa sinish, buralish va cho‘zilish holatlari
kuzatiladi.

Xulosa. Avtosamosvallar normal holatda
yuklash massasidan kelib chigib, harakatlanish
davomida inertsiya kuchi va tortish kuchlari
natijasidayuzaga kel adigan amplitudaviy tebranish-
lar yuqori chastotasida nominal kuchning 36% ga
oshishi va pastki chastotada esa 24% ga kamayishi
umumiy amplitudaning yuqori va pastki chastotalar
farqini 60% ni tashkil etdi.
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IMPROVING THE INTENSITY OF THE STEELMAKING TECHNOLOGICAL
PROCESSBASED ON FUZZY LOGIC
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Abstract. This article analyzes the application of a fuzzy logic system for controlling complex and
uncertain technological processes occurring in a 30-ton Electric Arc Furnace (EAF-30). Research
findings show that 80% of the melting process (42 minutes) is carried out using an electric arc. In
traditional control systems, rapid fluctuationsin arc current exceeding or falling below 17 kA have been
identified as a cause of process interruptions. Therefore, this study proposes the fuzzfication of arc
current, voltage, and arc length using Gaussian membership functions. Based on critical thresholds—
arc current in the range of 17-38 kA and voltage from-6% to + 8% —linguistic variables were devel oped.
Using the Mamdani algorithm, optimal electrode control during the 17-20-minute melting phase ensures
improved energy efficiency, reduced electrode consumption, and increased product output. The research
results demonstrate that integrating Fuzzy control into traditional systems is an effective approach for
intensifying the steelmaking technological process.

Keywords: steelmaking, Fuzzy logic, arc current, arc length, Gaussian function, Mamdani algorithm,
automatic control, electrodes movement.

INOBBIIIEHUE THTEHCUBHOCTHU TEXHOJOI'MYECKOI'O ITPOOECCA
CTAJIEILIABJIEHUSI HA OCHOBE HEUETKOU JIOTUKH

Paxmonoe Hkpomotcon Ycmonosuu Koporcoooea Maxsyna @axpuooun kusu
Hoxmop mexnuueckux nayx, npogeccop, 3a8edyioujuti Kageopoil PhD Jloxmopanm kagedpwr « dnexmpocnaboicenuey
«Bﬂekmpocnaﬁofcenue» Tawxenmckozo eocy()apcmseHHaeo Tawxenmckoeo zocydapcm(fenHozo MexXHuYecKoeo yHusepcumemada,
mexHuueckozo ynugepcumema, Tawkenm, Y3bexucman Tawxkenm, Y3bexucman

Annomauyun. B oannou cmamve npoaHanusuposano npumeHeHue CUcmemvbl Hedemkou J102UKU OJis
VAPABAEHUSL CLONCHBIMU U HEONPEOeNeHHLIMU MEXHON02UYeCKUMU npoyeccamu, npoucxooawumu 6 30-
MOHHOU 271eKkmpody2osoi cmaneniasunvrol newu ([CII-30). Pe3yrbmamsl ucciedoeanuti nokazai,
umo 80% npoyecca niasxu (42 munymuol) ocywecmeisiemcs ¢ UCNoIb308aHUeM dnekmpuyeckoll oyau. B
MPAOUYUOHHBIX CUCTNEMAX YNPAGIeHUs GblsAGleHbl nepebou 6 npoyecce, Bbl36AHHbIE PE3KUMU
KOJIeOaHUAMU 0Y208020 MOKA Gblle UNU HUNCE NOPO208020 3HaueHus 17 KA. B céasu c smum 6 pabome
npeonodcena gazsupuxkayusi 0y208020 MOKA, HANPANCEHUS U ONUHbL OYeU HA OCHOBE 2aA)CCOBCKUX
@yukyuil npunaonexcnocmu. Paspabomanvl nunzeucmuyeckue nepemenHvle Ha OCHO8e KPUMUYECKUX
epanuy: mox oyeu 6 ouanazoume 17-38 kA u nanpsscenue om -6% oo +8%. C ucnonvsosanuem
aneopumma Mamoanu obecneueno onmumanbHoe YnpagieHue 08UdNCeHuemM 1eKmpooos 6 meyerue 17—
20 munymmou ¢asel nIAGKU, YMO NO360AUNO NOBLICUNMb IHEPLEMUUECKYVIO IDDEKMUBHOCIb, CHU3UMb
Pacxo0 31eKmpooos U y8eauiums npoussooumenbHocms. Pezyniomamul ucciedosanus noomsepicoarom,
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Umo uHmezpayus HeyemKou J102UKu 6 MpaouyuoOHHble CUCIEMbL YPABIeHUsl A8NAeMCs I PeKmueHvIM
peuienuem 0Jisi UHMEeHCUDUKAYUU CIATIeNIA8UILHO20 MEXHON02UYECKO20 npoyeccd.

Knroueevie cnosa: cmanennasnenue, Heuemkas 102UKa, mox 0yeu, OnuHa dyau, eaycco8cKdas yHKYus,
ancopumm Mamoanu, agmomamuieckoe ynpasienue, 08UNCEHUE IIeKMPOOO8.

FUZZY MANTIG‘I ASOSIDA PO‘LAT ERITISH TEXNOLOGIK JARAYONI
INTENSIVLIGINI OSHIRISH

Raxmonov | kromjon Usmonovich Qorjobova Mahzuna Faxriddin qiz
Doctor of Technical Sciences, Professor, Head of the Department
of Electrical Supply, Tashkent Sate Technical University,
Tashkent, Uzbekistan

PhD Doctoral student of the Department of Electrical Supply,
Tashkent State Technical University, Tashkent, Uzbekistan

Annotatsiya. Ushbu maqolada 30 tonnalik elektrda po‘lat eritish pechida (DSP-30) yuz beradigan
murakkab va noaniq texnologik jarayonlarni boshqarishda fuzzy mantiq tizimining qo ‘llanilishi tahlil
gilinadi. Tadgigotlar natijasida aniglandiki, eritish jarayonining 80 foizi (42 dagiga) elektr yoy
yordamida amalga oshiriladi. An’anaviy boshqaruv tizimlarida elektr yoy toki 17 kA dan keskin oshib
yoki kamayib ketishi natijasida ishlab chigarish to‘xtab qolish holatlari aniglangan. Shu sababli,
magolada Fuzzy tizimi orgali elekir yoy toki, kuchlanishning Gauss funksiyalari asosida fuzzifikatsiya
gilingan. Elektr yoy tokining 17-38 kA, kuchlanishning -6% dan +8% gacha bo ‘Igan kritik chegaralari
asosida lingvistik toifalar ishlab chigilgan. Mamdani algoritmi asosida 17—20 daqgigalik eritish davrida
elektrodlarning optimal boshgaruvi ta'minlanib, energiya tejamkorligi, elektrod sarfi kamayishi va
mahsulot unumdorligi oshishi kabi natijalarga erishilgan. Tadqgigot natijalari Fuzzy boshgaruv
tizimining an’anaviy tizimlarga integratsiya qilinishi orqali po‘lat eritish texnologik jarayonining
samarali boshqaruvni ta’'minlashi asosida texnologik jarayon intensivligini oshirishiq aniglangan.

Kalit so‘zlar: polat eritish, Fuzzy mantig ‘i, elektr yoy toki, yoy uzunligi, Gauss funksiyasi, Mamdani

algoritmi, avtomatik boshgaruv, elektrodlar harakati.

Introduction. The metallurgical industry is
one of the most important strategic sectors of a
country's economy. This sector is developing not
only by increasing production volumes but also
through the expansion of export potential and
modernization of technologies. In recent years, both
the number of enterprises operating in the
metalurgical industry and the volume of
manufactured products have grown significantly.
Specifically, while there were 974 enterprises in
2020, their number reached 1289 in 2024 as aresult
of the establishment of small and medium-sized
joint ventures. These enterprises are divided into
ferrous and non-ferrous metallurgy sectors based on
the production process, with ferrous metallurgy
being more complex and energy-intensive
compared to the processing of non-ferrous metals.
Furthermore, due to ongoing developments in
construction and the economy in Uzbekistan, the
demand for steel products as aleading product in the
ferrous metallurgy sector is  continuously
increasing. However, it should be noted that the

steelmaking process is one of the most complex
technological processes to control automatically. In
steel production technology, melting the primary
charge using electrodes is significantly more
complex and energy-intensive than rolling semi-
finished steel products. Therefore, conducting
research in the field of control systems for
steelmaking technological processes in electric arc
furnaces (EAFs) is of critical importance.
Literature analysis and methods. It is well
known that the steelmaking process is multi-stage
and non-linear in nature. Due to this non-linearity,
the electrical parameters of the arc change sharply
in a short period of time [1, 2, 3, 4]. This, in turn,
complicates the optima control of electrode
movement, which is primarily based on maintaining
the electric arc length within an optimal range. In
such a complex process, the automatic control
system in electric arc furnaces must operate rapidly
and reliably. In this context, the electric arc current
becomes a critical variable that directly affects the
arc length between the electrodes and the metal
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during the melting of the primary charge. In short,
due to the complexity, non-linearity, and dynamic
nature of the EAF technological process, the
application of expert operationa knowledge
becomes essential. Therefore, integrating modern
and intelligent digitalization technologies to
effectively monitor electrode movement speed and
arc length in such a complex and non-linear process
will enable the reduction of electrode wear and
electric energy consumption.

For the development of a modern control
system for the steelmaking technological process, a
30-ton EAF-30 currently operating in the republic
was selected as the research object. In this furnace,
a semi-finished steel product is produced in 55
minutes, of which 42 minutes—or 80% of the
process time—is spent on electric arc melting. A
hydraulic power regulator is used as the drive
mechanism to control electrode movement, whichis
integrated into a PLC (Programmable Logic
Controller) cabinet. The S7-1500 controller is
installed in the PLC cabinet, and electrode
movement is regulated using the TIA-Portal
programming environment based on the control of
arc length. When the EAF-30 is activated, dueto the
presence of solid scrap metal, arc current fluctuates
sharply and the phase current imbalance increases.
As a result, the arc current often exceeds the
setpoint, and traditional control systems face
significant challengesin maintaining precise current
vaues during these rapid fluctuations.
Consequently, abrupt increases or decreases in arc
current can lead to interruptions in the steelmaking
process, negatively impacting productivity.

Based on the practical and scientific studies
conducted, it was determined that the use of fuzzy
logic based on artificial intelligence is an effective
approach to address the problems faced by current
digitized control systems in steelmaking. Fuzzy
logic is particularly well-suited for processes with
nonlinear and complex dynamics and can be easily
integrated into existing traditional  control
architectures [5, 6, 7, 8, 9]. A Fuzzy logic-based
control system can adapt to variationsin arc current
and voltage values, and in a nonlinear system, it
adlows for optimal regulation of electrode
movement to maintain arc length within acceptable
limits [10,11]. By adjusting the arc length using
Fuzzy logic, electrode breakage can be minimized,

el ectrode consumption reduced, and the intensity of
the steelmaking process increased, leading to
improved product yield.

Results. Based on the above analysis, it is
necessary to develop a control system within the
fuzzy logic framework that can account for even the
smallest variations in electric arc parameters. The
functional sequence of managing electrode
movement and maintaining arc length within
optimal limits using Fuzzy logic in an (EAF) is
presented in figure 1.

U p
Input D Fuzzification
[ L

Decision Making

DB el
S—t

5
H

Defuzzification i

P

Figure 1. Sequence diagram of regulating
electrode movement based on Fuzzy logic to
maintain optimal arc length.

Controller

Electrode

conirol

As shown in figure 1, the development of a
Fuzzy control system for regulating electrode
movement in the EAF-30 involves the following
stages. initially, the input parameters must be
transformed into Fuzzy linguistic sets through a
fuzzification process. For this purpose, Fuzzy logic
membership functions were developed for the
variationsin arc current, arc voltage, and arc length.

At the beginning of the primary charge
melting process in the EAF, the minimum arc
current value starts at 17 kA. Therefore, the lowest
acceptable current value was set at 17 kKA. The
variations in arc voltage were expressed in
percentages, and corresponding Fuzzy linguistic
variables were defined and subsequently fuzzified.

Note: If thearc current, voltage, and arc length
fall within a specific interval, the following fuzzy
linguistic terms are used in accordance with the
values of Fuzzy variables:

For arc current:

15-19 kA — Very Low — (VL)

17-27 kA — Close to Normal — (CN)
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I>37 kA — Out of Range — (OR)

Table 1

Critical values affecting arc current and voltage
Cate- Interval Desc- Inax cat Interval Desc- Unax
gory (kA) ription (kA) egory (%) ription )
Th [12;0]17; vaylow | 17 Boun 6-4 |Veylow| 375
L [22;5]23: Low 23 Min [-4-2,5] Low | 384

M [22;9]27; Medium 27 Med |[-25;-1,5 25 | Medium | 390
H [32;’3; High 33 Max [2.5; 4 6] High | 416

[36; 37; Very ) i
ThH b High 37 M [6: 8  |VeryHigh| 425

For arc voltage:

360-380 V — Very Low — (VL)

384-395 V — Close to Normal — (CN)

U >425V — Out of Range — (OR)

In the Fuzzy logic-based control system,
during the fuzzification stage, arc current and
voltage are considered highly variable parametersin
the EAF process. The differences in these
quantitative parameters are described using
membership functions. Given that the variation
patterns of input parameters are uncertain and
exhibit a naturally exponential character, the use of
Gaussian membership functions is considered
highly effective for modeling such physica
processes. Therefore, Gaussian membership
functions were selected to represent arc current and
voltage in this Fuzzy logic control framework.
These functions are defined according to the
following equation (1) within the Fuzzy logic
methodology.

ug(f) =
{e—(%) | if x € (xg — 60, (X + 60)} (1)
1, if x=xp

Using equation (1), Gaussian membership
functions were constructed for all the critical arc
current values specified in table 1. These functions
were  visualized using different  colors
corresponding to their respective influence levels
(figure 2).

Figure 2. Fuzzy Gaussian membership functions
for arc current influencing the electric
steelmaking process.

To ensure universality in managing the
steelmaking process in EAFs of various capacities,
the critical values of arc voltage were expressed in
percentage terms.  Accordingly, appropriate
membership functions were developed based on
these values (see table 1 and figure 3).

Figure 3. Fuzzy Gaussian membership functions
for arc voltage influencing the electric
steelmaking process.

After the fuzzification stage, the decision-
making mechanism is activated. To determine the
resulting output, it combines fuzzy membership
functions derived from the knowledge base. As
illustrated in figures 2 and 3, the Gaussian
membership functions corresponding to arc current
and voltage values are merged. In the Fuzzy
decision-making mechanism, the Mamdani fuzzy
system operates according to its own agorithmic
rules, using if-then logic, which reflects the
reasoning of an expert familiar with the steelmaking
process.

Discussion. In the Mamdani system, the
output values are obtained through the centroid
defuzzification method. Based on the resulting
Fuzzy membership degrees, the system defines
optimal arc length boundaries appropriate for the
complex nature of the steelmaking process.
Following the development of Fuzzy linguistic
variables for arc current and voltage, further
research was conducted to determine the critical
boundary values for arc length, presented in table 2.

Using the Mamdani agorithm, the system is
able to automatically determine how many
centimeters and in which direction the electrodes
should move, based on variations in arc current and
voltage. In figure 4, the arc length boundaries
derived from the values in table 2—depending on
critical arc current and voltage—are shown as a
pulse-type membership function graph generated
using the Mamdani system.
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Table 2
Critical valuesfor arc length variation levels
Arc length
Category | Interval (sm) Description critical vaue
lmax! (Srﬂ)
. Very short (needsto be
ThLarc [2; 5] increased) 5
) Slightly short (still
Larc [6; 10] needsincrease) 10
Marc [12; 24] Normal length 24
Harc [26; 35] Extended length 35
[le[36< Very long (needs to be
ThHarc 1 reduced) 45

Figure 4. Pulse-type membership function for arc
length based on the Fuzzy decision-making
mechanism.

According to the dataillustrated in figure 4:

When arc length is small, i.e.,2cm <1<7 cm,
and especially 1 <5 cm, the term “Very Short” (VS)
is applied, and a signal is sent to rapidly raise the
electrodes.

When arc length is in the medium or normal
range, i.e., 12 cm <1< 24 cm, the system uses the
term “Close” (C) and sends a signal to maintain
electrode position within this range.

When the arc length exceeds | > 45 cm, the
term “Out of Range” (OR) is used, and a signal is
sent to rapidly lower the electrodes.

In this case, the electrodes continue to move
downward until the arc length returns to the normal
range, a which point a new signal slows down
electrode movement to maintain stability. In this
Fuzzy control system based on artificia
intelligence, the optimal range for managing arc
length—from the moment the solid charge beginsto
melt until the liquid metal state is reached—was

found to be approximately 17—-20 minutes. Oncethe
primary metal in the furnace bath has reached the
liquid state, the el ectrodes remain immersed, and the
melting process proceeds smoothly.

Conclusion. The study confirms the
effectiveness of applying Fuzzy logic for
controlling the complex and nonlinear technol ogical
process of electric arc steelmaking. By analyzing the
behavior of key parameters such as arc current,
voltage, and arc length within a EAF-30, it was
demonstrated that traditional control systems face
significant limitations in maintaining stable
operation during rapid fluctuations—often resulting
in electrode damage and process inefficiencies. To
address these challenges, a Fuzzy logic-based
control approach was developed using Gaussian
membership functions and the Mamdani inference
model. This control system accurately responds to
variations in arc current and voltage by adjusting
electrode movement to maintain the arc length
within defined optima boundaries. The research
established critical threshold values for each
parameter, and a comprehensive rule base was
formulated to guide the decision-making
mechanism of the Fuzzy system. Simulation results
showed that, within the first 17-20 minutes of the
melting process—where electric arc conditions are
most dynamic—electrode movement can be
efficiently managed to reduce energy consumption
and electrode wear. Furthermore, the integration of
Fuzzy logic enables adaptive, real-time control,
making it a practical and intelligent solution for
enhancing the stability, productivity, and energy
efficiency of the steelmaking process. The proposed
Fuzzy control strategy not only optimizes electrode
regulation but aso contributes to the digital
transformation of metallurgical operations, offering
a scalable model for implementation in electric arc
furnaces of varying capacities.
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Abstract. This paper explores modern technological approaches to recycling dust waste generated
during the production of ferrosilicon. The study focuses on metallurgical dusts with a high content of
silicon dioxide (SiO:) as the primary material. Their composition and physicochemical properties were
analyzed, and a sodium hydroxide (NaOH)-based processing technology was proposed. In this method,
silicon is extracted in the form of water-soluble sodium silicate, which is subsequently converted into
amor phous silicon dioxide. Compared to sublimation-based technologies, the proposed method operates
at lower temperatures, consumes less energy, and offers greater environmental safety. The potential use
of the processed products in the construction materials industry (e.g., slag blocks, silicate bricks, plaster
mixtures) is also discussed. The results confirm that the NaOH-based recycling technology is both
economically viable and environmentally sustainable.

Keywords: ferrosilicon, metallurgical waste, silicon dioxide, recycling technology, sodium hydroxide,
sodium silicate, environmental safety, construction materials.
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MexHUYecko20 yHueepcumemd,
Tawxenm, Y3b6exucman Tawxenm, Ysb6exucman Tawxenm, Y30exucman
Tawxenm, Ys6exucman
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Aunnomauyun. B oannoii pabome paccmampugaromcsi cospeMeHHbvle MeXHONo2UYecKue nooxoowvl K
nepepabomke noliesblx 0MX0008, 00PA3YIOWUXCA NPU NPOU380OCcmEe Geppocuruyus. B uccredosanuu
OCHOBHOE BHUMAHUE YOeNeHO MEeMALyP2UdeCcKUM NbLIAM C bICOKUM COOEPAHCAHUEM OUOKCUOA KPeMHUs
(Si0:) 6 rauecmee nepsuunoco mamepuana. lIpoananusuposansvi ux cocmas u QUIUKO-XUMUYECKUE
C80UCMBa, a Mmaxice NPedlodAHCeHA MEXHON02US nepepabomku Ha ocHoge eudpokcuoa nampus (NaOH).
B smom memooe kpemHuil uzgnekaemcs 6 8uoe 6000paACmeopuUMO20 CUIUKAMA HAMpUs, KOMOpslil 3amem
npeobpazyemcs 68 amopghHuill Ouokcuo kpemuus. Ilo cpagneHuro ¢ mexHono2uaMuy, OCHOBAHHbIMU HA
cyonumayuu, npeonazaemvlii Memoo pabomaem npu 6olee HUSKUX MeMnepamypax, nompeoisem
MeHbvue 3Hepeuu u obecneyugaem 001bULYIO IKONI02UYECKYIO be3onachocmy. Takowce obcyscoaemcs
HOMEHYUATbHOE UCNONb3068AHUE NePepadOMAaHHbIX NPOOYKMO8 8 NPOMbIULIEHHOCIU CMPOUMEIbHbIX
mMamepuanog (Hanpumep, WLNAKOONIOKU, CUTUKAMHBIL KUPNUY, wmykamypHole cmecu). Pe3ynomamol
noomeepxcoaiom, 4mo mexHono2us nepepabomru Ha ocroée NaOH sensemcsi Kak 3KOHOMUYECKU
8b1200HOU, MAK U IKOJIO2UHECKU YCIMOUYUBOI.

Knrwuesvie cnoea: ¢heppocunuyuii, omxoobt Memaiiypeuieckoco npouzso0cmed, OUOKCUO KPEeMHUS,
MexHono2Uuss nepepabomkuy, 2UOPOKCUO HAMPUsL, CUTUKA HAMPUs, 9KOJIo2udeckas 06e30nacHOCmb,
cmpoumenvHble Mamepuavl.

NATRIY GIDROKSIDI YORDAMIDA METALLURGIYA
CHIQINDILARIDAN KREMNIY DIOKSIDINI AJRATIB OLISH
TEXNOLOGIYASI

[ i X r
Xoliqulov Donyor Xojiev Shoxrux Shaymanov | krom UdOme_ atov
Baxtiyorovich Toshpo‘latovich |smatulla o‘g“li Shuxratjon

’ P 8 Jumaboyevich

Texnika fanlari doktori, professor,
Toshkent davlat texnika universiteti
Olmaliqg filiali direktorining fan va
innovatsiyalar bo ‘yicha o ‘rinbosari,
Toshkent, O zbekiston

Toshkent daviat texnika univer siteti
Olmaliq filiali "Metallurgiya"
kafedrasi o ‘qituvchisi assistenti,
Toshkent, O zbekiston

Toshkent davlat texnika universiteti
Olmaliqg filiali metallurgiya
kafedrasi PhD nomzodi,
Toshkent, O zbekiston

Toshkent davlat texnika universiteti
Olmaliq filiali "Metallurgiya"
kafedras dotsenti, PhD,
Toshkent, O zbekiston

Annotatsiya. Ushbu ishda ferrosilisiy ishlab chigarish jarayonida hosil bo ‘ladigan chang chigindilarini
qayta ishlashning zamonaviy texnologik yondashuvlari ko ‘rib chiqiladi. Tadgiqotda asosan tarkibida
kremniy dioksidi (SiO:) yuqori bo ‘Igan metallurgik changlar birlamchi material sifatida o ‘rganildi.
Ularning tarkibi va fizik-kimyoviy xossalari tahlil gilindi hamda natriy gidroksidi (NaOH) asosida gqayta
ishlash texnologiyasi taklif etildi. Ushbu usulda kremniy suvda eruvchan natriy silikat shaklida ajratib
olinadi, so‘ngra u amorf kremniy dioksidiga aylantiriladi. Sublinatsiyaga asoslangan texnologiyalar
bilan solishtirganda, taklif etilayotgan usul pastroq haroratlarda ishlaydi, kamroq energiya sarflaydi va
yuqoriroq ekologik xavfsizlikni ta’minlaydi. Shuningdek, gayta ishlangan mahsulotlardan qurilish
materiallari sanoatida (masalan, shlakobloklar, silikat g ‘ishtlar, suvoq aralashmalari) foydalanish
imkoniyatlari muhokama qilinadi. Natijalar shuni tasdiglaydiki, NaOH asosidagi gayta ishlash
texnologiyas igtisodiy jihatdan ham foydali, ham ekologik bargarordir.

Kalit so‘zlar: ferrosilisly, metallurgiya ishlab chigarish chigindilari, kremniy dioksidi, gayta ishlash
texnologiyasi, natriy gidroksidi, natriy silikat, ekologik xavfsizlik, qurilish materiallari.

Introduction. Ferrosilicon is an aloy widely
used in the production of steel and cast iron,
composed primarily of silicon and iron. It serves as
a key deoxidizing and aloying additive in the
metallurgical  industry. The production of
ferrosilicon iscarried out in electric furnaces at high

temperatures, where silicon dioxide (Si0O-) and iron-
containing raw materials are processed under
specific technological conditions[1].

This process generates a significant amount of
dust and gaseous emissions. Ferrosilicon dust
consists of silicon oxides, carbon, meta particles,
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and other fine components, which, if released into
the atmosphere, can have harmful environmental
impacts [2]. Accumulation of this dust within
production facilities poses health risks to workers
and may damage technological equipment [3].

Efficient recycling of dust produced during
ferrosilicon manufacturing isapressing issue today.
Techniques such as granulation, briquetting, or
reuse as raw material in other industrial sectors help
mitigate environmental issues while also providing
economic benefits. Recycled dust can be utilized in
the production of slag blocks, silicate bricks, and
plaster mixtures, thereby contributing positively to
the construction materialsindustry [4].

Therefore, implementing effective dust
reduction and recycling technologiesin ferrosilicon
production is crucia from the standpoint of
environmental protection and resource efficiency.

Electric arc furnaces (either open or closed
types) are typically used in ferrosilicon production.
These furnaces operate at temperatures between
1600°C and 1800°C and are designed to process
SiO: and iron scrap, using graphite electrodes
cooled by water to generate an arc [5].

The amount of dust generated depends on
severa factors:

1. Furnace power and capacity;

2. Grade of ferrosilicon being produced;

3. Quality and composition of raw materials;

4. Efficiency of the gas-cleaning system.

The concentration of dust in purified gas is
typically less than 0.03 g/m?. If an electric furnace
produces 10,000-50,000 tons of ferrosilicon per
year, approximately 30-50 kg of dust is generated
per ton of ferrosilicon, which corresponds to 300
2,500 tons of dust annually per furnace. Thisamount
varies depending on process conditions and the
efficiency of dust collection systems. A substantial
portion of this dust contains valuable silicon dioxide
and other recoverable components.

Ferrosilicon dust collected in gas-cleaning
systems can be used in the remelting of silicon
aloysin the form of briquettes or granules, as well
as in other technical applications. Studies have
shown that incorporating up to 10% of this dust into
raw mixtures for slag blocks, silicate bricks, and
plaster mixtures improves materia strength and
reduces cement consumption. Pre-granulating the
dust into particles with diameters of 3-5 mm

facilitates easier transport. A granulator with 1 mm
holesizeistypically used, and the resulting granules
achieve a density of 0.6-0.7 g/cm?, making them
suitable as feedstock for aloy remelting [6].

Materials and Methods. In this study,
ferrosilicon dust samples were analyzed to
determine their physica and chemical properties,
including granulometry, bulk density, and elemental
composition. The average chemical composition of
the selected dust samples was as follows (in wt%o):

Si02: 79.6-86.9; SIC: 0.4-2.24; Total C: 3.3~
5.4; Totd Fe: 1.23-3.08; AlOs: 0.25-0.84; CaO:
0.25-0.84; MgO: 0.4-1.05; Tota S: 0.3-2.1.

The research was conducted in the following
stages:
1. Sample Preparation: Representative dust
samples were collected from a ferrosilicon
production facility, dried, and sieved to isolate
fractions smaller than 1 mm.

2. Chemica Anaysiss The elementad
composition was determined using an X-ray
fluorescence spectrometer, focusing on major
components such as SiO2, Fe, Al.Os, CaO, MgO, C,
and other oxides.

3. Recycling Experiments. The dust was
treated hydrothermally using a sodium hydroxide
(NaOH) solution. The reaction was carried out at
80-100°C for 1-3 hours, resulting in the formation
of water-soluble sodium silicate (Na.Si0s).

4. Product Separation: Amorphous silicon
dioxide was recovered from the sodium silicate
solution via acid precipitation. The resulting
precipitate was filtered, dried, and analyzed.

5. Evaluation: The products were assessed
both quantitatively and qualitatively. The efficiency
of the process, energy consumption, and
environmental safety were evaluated to determine
the feasibility of large-scale industrial application.

This methodologica approach aims to assess
the potential of recycling silicon-rich waste on an
industrial scale, with a focus on economic viability
and environmental safety.

Results and Discussion. During the study,
samples of dust generated from the ferrosilicon
production  process were  subjected to
physicochemical analysis. According to the results,
silicon dioxide (SiO:) was identified as the main
component, with its concentration ranging from
79.6% to 86.9%. In addition, the presence of carbon,
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iron, auminum, calcium, and magnesium oxides,
along with other minor impurities, was confirmed.
These findings indicate that such waste materials
represent a promising source for obtaining silicon-
rich products through appropriate recycling
techniques.

In the recycling stage, the dust was treated
hydrothermally using a sodium hydroxide (NaOH)
solution. As aresult, silicon-containing compounds
in the dust reacted with NaOH to form water-soluble
sodium silicate (Na2SiOs). The chemical reactions
involved in this process can be represented as
follows:

M@2SiOs + 4NaOH — 2Na»SiOz + 2Mg(OH)2

FexSiOs+ 4NaOH — 2NaxSiO3 + 2Fe(OH):

ZnSiOz + 2NaOH — NazSiOz + Zn(OH)2

Alx(SiOz)3 + 6NaOH — 3NaxSIOz +
2Al(OH)3

This confirms that a significant portion of the
silicon content is converted into a soluble form,
which is a prerequisite for further separation and
purification of silicon dioxide.

Following the alkaline treatment, the resulting
sodium silicate solution was subjected to acid
precipitation to isolate amorphous silicon dioxide.
This step involved the addition of a mineral acid
(e.g., HCI or H2S04), which led to the formation of
a white precipitate of SiO.. The precipitate was
filtered, washed, and dried for further analysis.

The yield and purity of the obtained silicon
dioxide were evaluated, showing that the process
effectively  extracts  SiO.  with  minimal
contamination. The method aso demonstrates
significant energy savings and environmental
advantages compared to conventional high-
temperature sublimation methods.

Amorphous silicon dioxide was extracted
from the resulting sodium silicate solution via acid
precipitation. The SiO. sample obtained was white
in color, lightweight, and exhibited high dispersity.
These characteristics suggest its potentia
application in the construction materials industry.

According to experimental data:

Theefficiency of dust processing using NaOH
was approximately 85-90%;

The purity of the precipitated amorphous SiO:
exceeded 95%, indicating its suitability for
industrial-scale use (Figure 1).

These results confirm that the developed

method allows for efficient recovery of high-purity
silicon dioxide from ferrosilicon dust waste, with
minimal energy input and without the need for high-
temperature treatments. The fina product may be
integrated into production processes for silicate
bricks, plaster mixtures, or as areinforcing additive
in cement-based composites.

Fig.1. Effect of Temperature on SiO: Extraction
Efficiency.

This graph shows that increasing the
processing temperature from 80°C to 100°C
improvesthe efficiency of silicon dioxide extraction
from ferrosilicon dust using sodium hydroxide.

The process aso demonstrated a 20-25%
reduction in energy consumption compared to
conventional  sublimation-based  technologies
(Figure 2).
Duetotherelatively low operating temperature (80—
100°C), the proposed method is not only energy-
efficient but also technologically smple and
operationally safe. This makes it attractive for
potential industrial application where low thermal
load and environmenta safety are critica
requ3i5ements.

Energy Consumption (kwh/kg)

Sublimation Method
Method

NaOH-Based Treatment

Fig.2. Comparison of Energy Consumption
between Sublimation and NaOH-Based
Processing.
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This chart illustrates that NaOH-based
treatment requires approximately 25% less energy
(2.0 kWh/kg) than the traditional sublimation
method (2.7 kWh/kg), highlighting its energy
efficiency.

Conclusion. The results of this study
demonstrate that the sodium hydroxide-based
technology for processing silicon dioxide-
containing metallurgical wasteis both economically
efficient and environmentally sustainable. The
amorphous SiO: obtained via acid precipitation
from the sodium silicate solution showed high
purity (above 95%) and favorable physical
properties such as whiteness, low density, and high
dispersibility—making it suitablefor applicationsin
the construction materialsindustry.

Furthermore, incorporating granules and
briquettes derived from ferrosilicon dust into
building materials not only enhances their strength
but also reduces cement consumption. This
promotes the valorization of metallurgical waste as
a secondary resource.

One limitation of the method is the corrosive
nature of sodium hydroxide and the need for proper
disposal of by-products. However, taking into
account itsoverall energy efficiency, environmental
safety, and high product yield, the proposed method
can be considered a promising aternative to
traditional high-temperature sublimation
technologies.

In particular, the hydrothermal treatment with
NaOH at relatively low temperatures (80-100°C)
leads to the formation of water-soluble sodium
silicate, from which amorphous SiO: can be
efficiently extracted. This low-temperature process
not only consumes 20-25% |less energy compared to
sublimation but a so reduces harmful emissions and
operational complexity.

While sublimation remains effective for
producing ultra-pure  silicon, it demands
significantly more energy and involves more
complex infrastructure. In contrast, the NaOH-
based method offers a balance of simplicity,

environmental  compliance, and  industria
applicability.
Nevertheless, the corrosive environment

generated during the process may cause degradation
of equipment, increasing instalation and
maintenance costs. Additionally, the recycling or
neutralization of large volumes of NaOH and
secondary products remains a technological
challenge.

Despite these drawbacks, the NaOH-based
recovery technology stands out as a viable and
scalable approach to transforming silicon-rich
metallurgical waste into valuable industria
products. Future work should focus on scaling up
this process for industrial implementation and
evauating long-term operationa and economic
performance.
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Annotatsiya. Ushbu tadgiqotda “Olmaliq KMK” AJ Mis eritish zavodida texnologik gazlarni yuvish
natijasida hosil bo ‘Igan texnogen eritmalardan disprosiy (Dy), molibden (Mo) va tellur (Te) kabi noyob
metallarni selektiv ajratib olish imkoniyatlari termodinamik asosda baholandi. Har bir metall uchun
potensial-pH (E-pH) diagrammalari FactSage dasturi yordamida shakilantirildi va bargaror fazalar
aniqlandi. Tahlillar Dy ni ishqoriy muhitda (pH>7,5) Dy:0s shaklida, Te ni oksidlovchi neytral sharoitda
(pH=5-8, E=0,5-0,7 V) TeO: ko ‘rinishida va Mo ni pH=5-9 oralig ‘ida (E=0,0-0,5 V) MoO: sifatida
ajratish mumkinligini ko ‘rsatdi. Har bir element uchun cho ‘kma faza xususiyatlari va raqobatdosh
ionlarning ta’siri o rganilib, selektiv ajratish uchun optimal sharoitlar belgilandi. Xususan, nigoblovchi
reagentlar (EDTA, sitrat) yordamida Dy ning selektivligi oshirilishi, oksidlovchi kuchni boshgarish
orgali Te ni birinchi bosgichda ajratish, hamda fazaviy farglardan foydalanib Mo ni boshga metallar
fonida cho ‘ktirish mumkinligi asoslab berildi. Tadqiqot natijalari texnogen eritmalardan igtisodiy
jihatdan ahamiyatli komponentlarni samarali gjratib olish va chigindisiz texnologiyalarni ishlab chigish
vo ‘nalishida muhim ahamiyat kasb etadi.

Kalit so‘zlar. texnogen eritmalar, noyob metallar, selektiv cho ‘ktirish, potensial-pH diagrammasi,
termodinamik tahlil, FactSage dasturi, ikkilamchi resurslardan foydalanish.

HCCJEJOBAHUE BO3MOXXHOCTEHN U3BJEUYEHUA PEIKNX
METAJIJIOB U3 TEXHOI'EHHBIX PACTBOPOB

Xyooiimypamos Mymanuébxanos
Xooxncuee Illoxpyx Kapuwiuboee Illep300
HIyxpamatcon Cauoanoxon
Townynamoeuu beemaxamam yznu
Jicymaboesuy Cauoonumxanosuy
3aseo i g
Kanouoam mexnuueckux Hayx, asedyrouguii Kagheopoit
Memannypeuu AImManeikckozo Hoyenm xagpedper memannypauu Hoyenm kaghedper memannypauu
doyenm Kagpedpvl memanirypeuu
Gunuana Tawkenmckozo Anmansikckozo gunuana Anmansikcrkozo guauana
Anmanvixckozo guauana
20CY0apCMBEHHO20 MEXHUYECKO20 Tawxenmckozo 2ocyoapcmeennozo  Tauikenmcko2o 20cy0apcmeennozo
Tawkenmckozeo 2ocyoapcmeeniozo
YHUBepcumema, kanouoam MexXHUYecKo20 yHueepcumemd, MexHuuecKko20 yHueepcumemd,
MexHU4ecko20 yHueepcumemd,
MexHuYecKux Hayk, ooyexm, Anmanvix, Y30exucman Anmanvix, Ysbexucman
Anmanvix, Y36exucman
Anmanvix, Y36exucman
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Annomayun. B Oawnuoli pabome Ha MePMOOUHAMUYECKOU OCHOB8E OYUEHEHA B03MONCHOCHb
CeleKMUBHO20 pa3z0eieHUs peOKux mMemannos, makux kax oucnposutl (DY), moruboen (M0) u mennyp
(Te), uz mexnocennvix pacmeopos, 06PA3VIOWUXCSL 8 Pe3YIbmame NPOMbLEKU MEXHOL0UYECKUX 24308 HA
meodennasunvHom 3a600e AO «Anmanvikckuii I'MKy». C nomowpwio npocpammer FactSage nocmpoensi
ouaepammul nomenyuar—pH (E-pH) ona kascooco memanna u evisisnenvt ycmotiuugvie ¢pazvl. Ananuzol
nokazanu, ymo DY moowcem Ovime pasoenen 6 wenounou cpede (PH>7,5) 6 sude Dy:0Os Te @
oxucaumenvHo-Heumpanvrou cpede (PH=5-8, E=0,5-0,7 B) 6 suoe TeO:, a Mo 6 duanazone pH=5-9
(E=0,0-0,5 B) 6 6uoe M0O.. /{ns kaxcoo2o snemenma uzyueHvl C80UCMEA 0CANCOCHHOU pa3zbl U GAUSHUE
KOHKYPUPYIOWUX UOHOB, ONPEOeieHbl ONMUMATbHbLE YCI08UsL CEIeKMUBHO20 pazoeieHus. B uacmuocmu,
nokaszano, umo cearekmusrocms DY moorcno nosvicumo, ucnonwvsys mackupyrowue peazenmul (3/[TA,
yumpam), T€ModcHo omoeaums Ha Nepeoti CMaou, KOHMPOIUPYs. OKUCTUMETbHYIO CnHocoOHocmb, a MO
MOMCHO 0caoumv Ha poHe Opyeux Memannios, uUcnoawv3ysa ¢aszosvie pasiuuus. Pesyrvmamuol
Uccneo08anuil umerom OoIbuoe 3HAYeHUe 8 HaNPasieHuu dPHeKmueHo2o 8blOeNeHUsT IKOHOMUYECKU
BAICHBIX KOMNOHEHMO8 U3 MEXHO2EHHBIX PACMBOPO8 U PA3PAOOMKU 6€30MXOOHbIX MEXHON02ULL.

Knrwuesvie cnosa: mexrnocennvie pacmeopul, pedKue Memaiivl, CeleKMUBHOE 0CaNiCOeHue, OUuazpamma
nomenyuan-pH, mepmoounamuyeckuti ananuz, npoepamma FactSage, ucnonvsosanue emopuunvix
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Abstract. In this study, the possibility of selective separation of rare metals such as dysprosium (Dy),
molybdenum (Mo) and tellurium (Te) from technogenic solutions formed as a result of washing process
gases at the copper smelter of the Almalyk MMC JSC was evaluated on a thermodynamic basis.
Potential-pH (E-pH) diagrams for each metal were generated using the FactSage program, and stable
phases wer e identified. The analyses showed that Dy could be separated in an alkaline medium (pH>7.5)
as Dy:0s, Te in an oxidizing neutral environment (pH=5-8, E=0.5-0.7 V) as TeO., and Mo in the pH
range 5-9 (E=0.0-0.5 V) as MoO.. The properties of the precipitated phase and the effect of competing
ions were studied for each element, and the optimal conditions for selective separation wer e deter mined.
In particular, it was demonstrated that the selectivity of Dy can be increased by using masking reagents
(EDTA, citrate), Te can be separated in the first stage by controlling the oxidizing power, and Mo can
be precipitated against the background of other metals using phase differences. The results of the
research are of great importance in the direction of efficient separation of economically important
components from technogenic solutions and the devel opment of waste-free technologies.

Keywords. technogenic solutions, rare metals, selective precipitation, potential-pH diagram,
thermodynamic analysis, FactSage program, use of secondary resour ces.

Kirish. Zamonaviy metallurgik sanoatda | tarkibida ba’zida juda past konsentratsiyalarda
ishlab chigarish jarayonlari natijasida katta | bo‘lsa-da, iqtisodiy va strategik ahamiyatga ega
miqdorda texnologik eritmalar, ya’ni metallarga | bo‘lgan noyob va gimmatbaho metallar (NQM) —
boy suyuq chiqindilar hosil bo‘ladi. Ushbu eritmalar | platinaguruhi metallar (PGM), oltin, kumush, reniy,

KON-METALLURGIYA VA ISHLAB CHIQARISH SANOATI www.srt-journal.uz
IF'OPHOJOBBIBAIOIIASA METAJITYPI'US U OBPABATBIBAIOIIASA ITPOMBIIIJIEHHOCTD
MINING METALLURGY AND MANUFACTURING INDUSTRY 28


http://www.srt-journal.uz/

SANOATDA RAQAMLI TEXNOLOGIYALAR

OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH

DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

germaniy, indiy, iridiy va boshgaar mavjud
bo‘ladi [1]. Ularni qayta ishlash va ajratib olish
nafagat igtisodiy jihatdan foydali, balki ekologik
barqarorlikni ta’minlash nuqtayi nazaridan ham
muhim ahamiyat kasb etadi [2].

So‘nggi yillarda ilm-fan va texno-
logiyalarning rivojlanishi  natijasida texnologik
eritmalardan NQMni gratib olishning yangi va
samarali usullari ishlab chiqildi. Jumladan,
gidrometallurgik jarayonlar, ion amashinish,
suyuglik—suyuqglik ekstraksiyasi, ionli suyugliklar
yordamida gjratish, shuningdek, elektrokimyoviy
cho‘ktirish  kabi usullar amaliyotda keng
go‘llanilmoqda [3].

Masalan, Zhuang va hammualiflar (2022)
tomonidan taklif etilgan gibrid gidrometallurgik
yondashuv misolidaeritmalardan platina guruhidagi
metallarni  deyarli  to‘liq  ajratib  olishga
erishilgan [4]. Bai va boshgalar (2022) esa qutbli
aprotik erituvchilar yordamida selektiv ekstraksiya
mexanizmini asoslab bergan [5]. Shuningdek, ionli
suyugliklar asosidagi ekstraksiya (Lee va boshq.,
2022) ekologik xavfsiz va yuqori tanlab olish
qobiliyatiga ega bo‘lib, an’anaviy organik
erituvchilarga samarali aternativ hisoblanadi [6-8].

Ushbu ilmiy tadqgiqotlar shuni ko‘rsatadiki,
texnologik eritmalarni chuqur tahlil qilish va
ulardan giymatli komponentlarni gratib olish uchun
murakkab va ko‘p bosqichli texnologik yondashuv
zarur. Bunda eritma tarkibi, pH, oksidlovchi muhit,
kompleks hosil bo‘luvchi reagentlar va cho‘ktirish
sharoitlari muhim rol o‘ynaydi [9].

Mazkur ishda metallurgik zavodlardan gjralib
chigadigan texnologik eritmalarni tahlil qilish,
ulardan gimmatbaho metallarni gratib olish uchun
optimal texnologik sxemani ishlab chigish, apparat
zanjiri tanlash va ekologik-texnik asoslarini bayon
qilish ko‘zda tutilgan.

Mis ishlab chigarish jarayonida hosil
bo‘ladigan texnologik gazlar, odatda, yuqori
miqgdorda oltingugurtli komponentlar — asosan SO-
(oltingugurt (1V)-oksidi) va SOs (oltingugurt (VI)-
oksidi) ni o‘z ichiga oladi. Atrof-muhitga zarar
yetkazmaslik vaushbu gazlarning igtisodiy jihatdan
samarali qayta ishlanishini ta’minlash maqsadida
ular sulfat kislotasi (H2SO4) ishlab chiqarish yo‘li
bilan utilizatsiya qgilinadi. Bu jarayonning muhim
bosgichlaridan biri — gazlarni dastlabki bosgichda

suv yordamida yuvish bo‘lib, uning natijasida

changlarni hamda SO. va SO; ni 0‘z ichiga olgan
texnologik eritma hosil bo‘ladi [10].

Mazkur texnogen eritmalar, bir garashda,
asosan kidotalilik manbai sifatida ko‘rilsa-da,
ularning tarkibida turli darajadagi og‘ir metallar,
nodir elementlar va hatto gimmatbaho metallar
mavjud bo‘lishi mumkin. Bunday elementlar,
jumladan, Ag (kumush), Sb (surma), Te (tellur), Dy
(disprosiy), vaboshgametallar, misboyitmalarining
pirometallurgik qayta ishlanishi, eritilishi va
tozalash jarayonlari davomida gazsimon fazaga
o‘tib, keyinchalik suv orqali kondensatsiyalanadi.
Shu bois, bunday eritmalarni oddiy chigindi sifatida
ko‘rish o‘rniga, ulardan iqtisodiy jihatdan giymatli
komponentlarni  gjratib  olish  imkoniyatlarini
o‘rganish dolzarb hisoblanadi [11].

Texnologik gazlarni yuvishdan hosil bo‘lgan
texnogen eritmalardan gimmatbaho va nodir metal -
larni gratib olish nafagat ikkilamchi resurdardan
foydalanish samaradorligini oshiradi, balki ekologik
xavfsizlikni ta’minlashga, korxonaning chiqindisiz
ishlab chiqarishga o‘tishiga ham xizmat qiladi.
Ushbu tadqiqot shunday eritmalar tarkibini o‘r-
ganish, ulardan iqtisodiy jihatdan ahamiyatli kom-
ponentlarni gjratib olish texnologiyalarini ishlab
chigish va baholashga garatilgan [12].

Tadgigot obyektlari. Tadgiqotning asosiy
obyekti sifatida “Olmaliq KMK” AJ ning Mis
eritish zavodida eritish pechlaridan chigadigan
texnologik gazlarni yuvishdan hosil bo‘lgan
texnogen eritmalar tanlandi. Shunday eritma
namunalaridan  birining  kimyoviy  tarkibi
1-jadvaldatagdim etilgan.

1-jadval.
Texnogen eritmaning kimyoviy tarkibi (mg/l)

Ne Element Konsentratsiyasi, mg/|
2 Sn 205,32
3 S 142,49
4 Cl 119,47
5 Dy 112,39
6 Te 92,04
7 Ni 70,80
8 Pb 21,77
9 Fe 18,67

10 Cu 17,88

11 Zn 17,79

12 Br 16,99

13 S 16,55

14 Ag 12,04

17 As 4,27

18 Mo 2,58
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1-jadval natijalariga ko‘ra, eng yuqori
konsentratsiyaga ega elementlar bu: gaay (Sn —
205,32 mg/l), oltingugurt (S— 142,49 mg/l), xlor (Cl
— 119,48 mgl/l), disprosiy (Dy — 112,40 mg/l) va
tellur (Te— 92,04 mg/l).

Og‘ir metallar (masalan: qo‘rg‘oshin — Pb,
temir — Fe, mis — Cu, rux — Zn) miqdori nisbatan
past (20 mg/l atrofida yoki undan kam), bu esa
eritmaning deyarli shaffofligiga mos keladi.

Noyob yer metallaridan biri bo‘lgan disprosiy
(Dy) 112,40 mg/l bilan sezilarli dargjada yuqori
bo‘lib, bu eritmaning texnologik gazlar bilan
bog‘ligligini ko‘rsatadi.

As, Sb, Ag, Mo kabi mikrokomponentlar ham
mavjud bo‘lib, ularning kontsentratsiyasi 2—16 mg/I
oralig‘ida [1-4].

Tadgigot metodologiyasi. Eritmalarning
kimyoviy tarkibini chuqur o‘rganish uchun
zamonaviy analitik usullar — atom-absorbsiya
spektroskopiyasi (AAS), induktiv ulanishli plazmali
massa-spektrometriya  (ICP-MS), ion xromato-
grafiyasi va boshga laboratoriya metodlari qo‘l-
lanildi. Aniglangan elementlarni gratib olishda
kimyoviy cho‘ktirish, ekstraksiya, ion almashinish
va membranali gjratish texnologiyaarining sama-
radorligi baholandi. Natijalar, ushbu texnogen
eritmalarni oddiy chigindi sifatida emas, balki
iqtisodiy giymatga ega ikkilamchi resurs sifatida
ko‘rib chiqish zarurligini isbotladi.

Shu tariga, texnologik gazlarni utilizatsiya
qilish jarayonida hosil bo‘ladigan eritmalardan
nodir va gimmatbaho metallarni gratib olish, bir
tomondan, chigindisiz ishlab chigarishga xizmat
gilsa, ikkinchi tomondan, korxonaning ekologik
xavfsizligini oshirib, resurdardan kompleks foy-
dalanishni ta’minlash imkonini beradi.

Texnologik gazlarni yuvishdan hosil bo‘lgan
eritmalar tarkibida turli ionlar, jumladan, gim-
matbaho (Ag), yarimmetallar (Sb, Te) va nodir
metallar (Dy) mavjud bo‘lib, ularning har biri
ma’lum sharoitda (pH va elektrokimyoviy poten-
sial) barqaror fazaga o‘tadi yoki cho‘kma hosil
giladi. Shuning uchun ushbu komponentlarni sa-
marali gratib olishda potensia-pH (E-pH)
diagrammalarini tuzish muhim amaliy va nazariy
ahamiyatga ega[1].

E-pH diagrammalari (Purbe diagrammalari)
ma’lum elementning suvli muhitdagi termodinamik
barqarorlik holatini aks ettiradi. Bunday diag-

rammalar asosida eritmadagi ionlarning gaysi
sharoitda erigan ion, gattiq cho‘kma (oksid,
gidroksid, sulfid va boshgalar) yoki elementar
holatda mavjud bo‘lishi aniqlanadi. Bu esa
metallarni selektiv ajratish va cho‘ktirish jara-
yonlarini nazorat gilishgaimkon beradi.

Texnologik eritmalarda bir nechta element
ionlari bir vagtda mavjudligi sababli, ularning
o‘zaro kimyoviy ta’sirini hisobga olgan holda
optimal pH va elektrod potensial giymatlarini anig-
lash kerak bo‘ladi. Aynigsa, Ag*, Sb**, Te*" kabi
ionlar noorganik kislotalar yoki oksidlovchi muhit
ta’sirida turli oksidlanish dargjalarini hosil gilishi
mumkin. Shu nuqtayi nazardan, ushbu metallar
uchun E—pH diagrammalari asosida cho‘kma hosil
bo‘lish chegaralari aniq belgilab olinadi.

Shuningdek, bu diagrammalar gjratish jara-
yonining ekologik va texnologik xavfsizligini
ta’minlashda ham muhim rol o‘ynaydi. Chunki,
noto‘g‘ri pH yoki potensial sharoitda xavfli birik-
malar (masalan, uchuvchi gidridlar, eriydigan
kompleksonlar) hosil bo‘lishi mumkin. E—pH
diagrammalar bu kabi noxush holatlarning oldini
olishga xizmat qiladi.

Shunday qilib, texnogen eritmalar tarkibidagi
gimmatbaho va nodir metalarni samarali va
selektiv cho‘ktirish, ularni qayta ishlash texno-
logiyasini ilmiy asosda rejalashtirish uchun poten-
sid—pH diagrammalarini tuzish zarur va dolzarb
hisoblanadi.

Ushbu tadgiqotda Dy, Mo va Te metallari
uchun potensial—-pH (E—pH) diagrammal arini shakl-
lantirishda FactSage 8.2 dasturiy kompleksidan
foydalanildi. FactSage — termodinamik ma’lumotlar
bazasi vafazadiagrammalarini avtomatik hisoblash
imkoniyatiga ega zamonaviy dasturiy platforma
bo‘lib, u metallurgiya, kimyo va materialshunoslik
sohalarida keng qo‘llaniladi.

Olingan natijalar va ularning
muhokamasi. Texnologik eritmalardan noyob
metallarni selektiv gjratish texnologiyalarini ishlab
chigishda ularning suvli muhitdagi termodinamik
barqarorlik xususiyatlarini chuqur o‘rganish zarur.
Aynigsa, disprosy (Dy), molibden (Mo) va tellur
(Te) kabi metallar eritmasharoitidaturli oksidlanish
darajalarida, ion yoki cho‘kma fazalarida mavjud
bo‘lishi mumkin. Ularning qaysi sharoitda (ya’ni
ma’lum pH va elektrod potensial (E) qiymatlarida)
barqaror fazaga o‘tishini oldindan aniqlash selektiv
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cho‘ktirish jarayonini ilmiy asoslash imkonini
beradi.

Diagrammalarni
metrlar hisobga olindi:

1. Tizim: Metall — H.0 (298,15 K haroratda,
ya’'ni 25°C);

2. Faollik: 1 mol/kg (standart konsen-
tratsiyada);

3. Yopig muhit: 1 atm bosimda, kislorod va
vodorod bosimlari standart holatda.

Eritmadagi noyob metallarning potensial-pH
diagrammalarini qurishdan magsad suvli eritmada
har bir metalning ion, oksid, gidroksid va metall
shakllari mavjudlik chegaralarini aniglashdir.

Diagranmalarda har bir metall uchun
barqaror fazalar (masalan, Dy*" / Dy20s3(q), MoO4*"
/" MoO2(q), Te(OH)s>~ / TeOxq) / Te(q) va
boshgalar) aniglanib, ularning pH va potensialga
bog‘ligligi grafik tarzda ifodalandi. Bu esa, eritma
tarkibida mavjud bo‘lgan boshqa metallar
ishtirokida har bir komponentni selektiv gjratish
imkonini tagdim etdi [3-8].

FactSage dasturidan foydalanish, metallar-
ning murakkab redoks tizimlaridagi  xatti-
harakatlarini termodinamik nuqgtai nazardan model
qilishga imkon berdi. Aynigsa, selektiv cho‘ktirish
sharoitlarini aniglashda yuqori aniglikdagi poten-
sia-pH chegaralari va bargarorlik zonalari anig-
lanishi, texnologik jarayonni optimallashtirishda
muhim omil bo‘ldi.

Shunday qilib, mazkur tadgiqotda Dy, Mo va
Te elementlari uchun tuzilgan E—pH diagrammalari
(1, 2, 3-rasmlar) texnogen eritmalardan ushbu
noyob metallarni ilmiy asoslangan selektiv gjratish
strategiyasini ishlab chigishdamuhim vositasifatida
Xizmat qildi.

gurishda quyidagi para-

1-rasm. Mo-H20 sistemasi uchun Purbe
diagrammasi.

Molibden (Mo) texnogen eritmalarda turli
oksidlanish darajasida mavjud bo‘lib, uni cho‘k-
tirish jarayonida asosan qattiq oksid shakllar
(MoOs, Mo0:) yoki metal holatdagi Mo gralib
chigishi mumkin. 1-rasmda tasvirlangan diag-
rammada termodinamik jihatdan barqaror fazalarni
inobatga olgan holda, MoOs(q) cho‘kmasi ~0-5 pH
va0,5-1,2 V elektrod potensial sharoitida, MoO2(q)
esa5-9 pHva0,0-0,5 V oralig‘ida hosil bo‘ladi. Mo
ni metal holatda gratish esa fagat kuchli gayta-
ruvchan mubhitda, ya’ni pH>9 va E<-0,2 V sha
roitida amalga oshiriladi. Amaliy jihatdan samarali
va bargaror gjratish usuli sifatida, molibdenni ney-
tral muhitda (pH=5-9) va taxminan 0 V atrofidagi
potensialda MoO2(q) shaklida cho‘ktirish magsadga
muvofiq hisoblanadi.

Eritma tarkibidagi molibden uchun Purbe
diagrammasi 1-rasmda tagdim etilgan.

2-rasm. Dy-H,0 sistemasi uchun Purbe
diagrammasi.

Disprosiy (Dy) texnogen eritmalarda Dy?**
ionlari shaklida mavjud bo‘lib, u ishqoriy muhitda
osonlik bilan Dy20s(q) shaklida cho‘kma hosil
qiladi. Termodinamik tahlil natijalariga ko‘ra, Dy
cho‘kmasi barqaror ravishda pH > 7,5 sharoitda
hosil bo‘ladi, elektrod potensial esa bu jarayonga
deyarli ta’sir ko‘rsatmaydi (2-rasm). Shuning uchun
Dy ni eritmadan gjratib olish uchun pH dargasini 8-
10 oralig‘iga ko‘tarish, masalan, NaOH yoki
NH4OH qo‘shish orqali ishqoriy mubhit hosil qilish
zarur. Bu sharoitda Dy selektiv tarzda Dy20s(q)
shaklida grdib chigadi va boshga metallar
(masalan, Mo va Te) hali cho‘kma holatiga
o‘tmagan bo‘ladi.
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Tellur (Te) texnogen eritmalarda asosan
oksidlangan holatda, ya’ni Te*" yoki Te(VI) ionlari
sifatida mavjud bo‘lib, ularni selektiv gjratish uchun
pH 5-8 va 0,5-0,7 V oralig‘idagi elektrokimyoviy
sharoit optimal hisoblanadi (3-rasm). Ushbu
sharoitda TeO2(q) barqaror fazada hosil bo‘ladi.
Aynigsa, eritma muhitiga yengil oksidlovchilar
(masalan, H-0:) kiritish orqali potensialni kerakli
darajada ushlab turish mumkin. TeO: cho‘kmasi
neytralga yaqin pH sharoitida hosil bo‘lishi, uni Dy
vaMo kabi boshgametallar bilan ketma-ket gjratish
imkonini beradi.

3-rasm. Te-H»0 sistemas uchun Purbe
diagrammasi.

Shunday qilib, Dy, Te va Mo ni eritmadan
ketma-ket gjratib olish uchun eritma muhitining pH
va potensia dargaarini  bosgichma-bosgich
boshgarish, har bir element uchun optimal sharoitda
cho‘ktirish jarayonlarini amalga oshirish orqali
selektiv gjratish strategiyasini shakllantirish zarur.

Noyob metallarni eritmadan selektiv gjratish
imkoniyatini tahliliy baholash. Disprosiy (Dy) ni
texnogen eritmal ardan selektiv gratish imkoniyatini
baholash shuni ko‘rsatadiki, Dy** ionlari suvli
eritmada barqaror Dy20s cho‘kmasi shaklida faqat
pH > 7,5 sharoitidagraladi. Birog, ishqoriy muhitda
boshga ionlar — jumladan, Cu?*, Zn?*, Ni** va Fe*"
kabi og‘ir metallar ham o‘zlariga xos gidroksid
cho‘kmalarini hosil qilishi mumkin. Bu esa Dy ni
boshga metallar fonida selektiv gjratish jarayonini
murakkablashtiradi.

Tahliliy  yondashuvga ko‘ra, pH=8-9
oralig‘ida Dy bilan bir vaqtda yuqoridagi og‘ir
metallar ham qisman cho‘kishi ehtimoli mavjud.

Shu sababli selektivlikni ta’minlash uchun oldindan
ekstraksiya qilish  yoki eritmaga niqoblovchi
reagentlar (masalan, EDTA, dtrat kidotas)
qo‘shish tavsiya etiladi. Bu reagentlar og‘ir metallar
bilan kompleks hosil qilib, ularni eritmada
bog‘langan holatda ushlab turadi. Natijada Dy**
ionlari tanlab ajralib chiqishi va Dy20s shaklida
cho‘kishi uchun zarur sharoitlar hosil qilinadi.
Shunday yondashuv Dy ni boshga ionlardan
selektiv gratib olish imkonini sezilarli dargada
oshiradi.

Tellurni (Te) texnogen eritmadan selektiv
gjratib olish jarayonida u suvli muhitda asosan pH
58 va 0507 V eektrokimyoviy potensia
oraligida TeO: shaklida cho‘kadi. Biroq, ushbu
oksidlovchi sharoitlarda Sn(1V), Sb(ll1), Fe(l1l) va
Ag(]) kabi boshqga ionlar ham cho‘kma hosil qilishi
mumkin bo‘lgan fazalarda mavjud bo‘ladi. Bu esa
Te ning selektiv gjratilishiga ragobatdosh ta’sir
ko‘rsatadi.

Bunday holatda oksidlanish-gaytarilish
potensidlari fargi asosida bosgichli  gjratish
strategiyasini qo‘llash mumkin. Tadqiqotlar shuni
ko‘rsatadiki, TeO: ning barqaror fazasi Ag va Sb
oksidlariga  nisbatan  pastrog  potensialda
shakllanadi. Shu sababli eritmadagi oksidlovchi
kuchni nazorat ostida ushlab turish, xususan, H20-
kabi oksidlovchi reagent miqgdorini ehtiyotkorlik
bilan sozlash orgali tellurni boshga metallar
cho‘kmasi hosil bo‘lishidan oldin ajratib olish
mumkin bo‘ladi. Bunday yondashuv Te ni yuqori
selektivlik bilan gratish imkonini beradi va keyingi
bosqichlarda boshqa elementlar bilan to‘g‘ri
ishlashga zamin hozirlaydi [6, 8, 10].

Molibden (Mo) texnogen eritmalarda odatda
Mo®* ionlari shaklida mavjud bo‘lib, u pH=5-9 va
0,0-0,5 V oralig‘idagi elektrokimyoviy sharoitda
MoO: ko‘rinishidagi oksid cho‘kmasi sifatida
graadi. Shu bilan birga, ushbu pH muhitida temir
(Fe), rux (Zn) va qo‘rg‘oshin (Pb) kabi og‘ir
metallar ham gidroksid shaklida cho‘kma hosil
gilishi mumkin. Bu esa Mo ni selektiv gratish
jarayonida ayrim murakkabliklar tug‘diradi.

Birog, bu metallar orasidagi fazaviy farq —
ya’ni Mo oksid shaklida, boshqa metallar esa
ko‘pincha gidroksid shaklida cho‘kishi — selektiv
ajratish uchun muhim imkoniyat tug‘diradi. Ushbu
farqdan foydalangan holda fazaviy tanlab olish
yondashuvi orqali MoO: ni eritmadan boshqa
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metallar cho‘kmalaridan ajratib olish mumkin.
Natijada, molibdenni bargaror va aniq sharoitda,
boshga metallar ishtirokini minimallashtirgan holda
samarali gjratish imkoni hosil gilinadi.

Xulosa. O‘tkazilgan tadqiqot natijalari shuni
ko‘rsatadiki, mis eritish texnologiyasi natijasida
hosil bo‘ladigan texnogen eritmalar tarkibida Dy,
Mo va Te kabi noyob metallar mavjud bo‘lib, ularni
selektiv gjratib olish imkoniyati mavjud va ilmiy
asosda asoslanadi. Har bir element uchun potensial—
pH diagrammalari asosida eng qulay cho‘ktirish
sharoitlari aniqlanib, texnologik jihatdan qo‘lla-
nilishi mumkin bo‘lgan optimal pH va elektro-
kimyoviy potensial oralig‘i belgilandi [8-9].

Dy ni pH>7,5 da Dy-Os shaklida, Te ni pH=5—
8 va E=0,5-0,7 V sharoitda TeO- holatida, Mo ni
esa pH=5-9 va E=0,0-0,5 V oralig‘ida MoO:

shaklida gratish mumkinligi isbotlandi. Biroq,
eritma tarkibida mavjud bo‘lgan boshqa og‘ir
metallar (Fe, Zn, Cu, Ag, Sb va boshgalar) bilan
ionlararo raqobat selektivlikka to‘sqinlik qilishi
mumkin.  Shu  sababli  selektiv  gratish
samaradorligini oshirish ~ uchun bir  qgator
yondashuvlar — jumladan, nigoblovchi reagent-
lardan foydalanish, oksidlovchi muhitni nazorat
gilish hamda cho‘kma fazalar orasidagi farqlarga
asoslangan filtratsiya texnologiyalarini qo‘llash
tavsiya etiladi.

Natijada, texnogen eritmalarni chuqur tahlil
gilish va ulardan noyob metallarni ajratib olish
orgali ikkilamchi xomashyo manbaaridan foyda-
lanish dargjasini oshirish, chigindisiz texnolo-
giyalarga o‘tish va ekologik xavfsizlikni ta’minlash
imkoniyatlari kengayadi.
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Annotatsiya. Mis metaliga talabning oshishi, qayta ishlanishi qulay bo ‘lgan sulfidli mis rudalari
zaxiralarining kamayishi oksidlangan, aralash tarkibdagi, balansdan tashgari mis rudalarini gayta
ishlab kerakli komponentlarni ajratib olishga zarurat uyg ‘otmoqda. Lekin oksidlangan misrudalarining
murakkab mineralogik tarkibi, gidrofillik xususiyati gayta ishlashda giyinchiliklar keltirib chigaradi.
Mazkur magolada oksidlangan misrudalari tarkibidagi mis minerallarining fizik-kimyoviy xususiyatlari,
gayta ishlash texnologiyasini tanlashdagi ahamiyatlari, flotatsiyalanish qobilyatini oshirishda
qo ‘llanilishi mumkin bo ‘Igan reagentlar va gidrometallurgik qayta ishlash usullari tahlil qgilingan.
Kalit so“zlar: oksidlangan mis rudasi, misning oksidli minerallari, flotatsiya, sulfidlab flotatsiyalash,
sulfidlovchilar, gidrometallurgiya.
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Abstract. The growing demand for copper and the depletion of easily processable sulfide copper ore
reserves necessitate the processing of oxidized, compositionally mixed, and off-balance copper ores to
extract valuable components. However, the complex mineralogical composition of oxidized copper ores
and their hydrophilic properties present challenges in processing. This article analyzes the
physicochemical properties of copper minerals contained in oxidized ores, their importance in selecting
appropriate processing technologies, potential reagents for improving flotation performance, and
hydrometallurgical processing methods.

Keywords: oxidized copper ore, oxidized copper minerals, flotation, sulfidization and flotation,
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Kirish. Rangli metal ishlab chigarishga
bo‘lgan talab oxirgi yillarda sezilarli darajada oshdi.
Statistik ma’lumotlarga ko‘ra dunyo miqyosida mis
metali iste’moli yiliga o‘rtacha 23-26 million
tonnani tashkil etadi. Bunga sabab sifatida
elektrotexnika hamda elektromobillar  ishlab
chiqarish xajmining keskin oshishi ko‘rsatilmoqda
[1].

Mis metaligatalab yildan-yilga barqaror o‘sib
bormogda. London metall birjasida 2020-yil
holatiga ko‘ra bir tonna mis narxi 6000-6500 AQSH
dollari atrofida bo‘lgan bo‘lsa, 2025-yil birinchi
choragiga kelib bu ko‘rsatkich 9100-9300 AQSH
dollarini tashkil etdi [2]. Hozirgi vagtda tasdig-
langan va qazib olinadigan mis zaxiraari 890
million tonna deb baholanmoqda. Mutaxassislar
tomonidan olib borilgan tadqiqotlarga ko‘ra yangi
konlar yoki mis gratib olishning yangi tex-
nologiyalari ishlab chigilmasaushbu zaxira 20 yilga
yetadi [1].

An’anaviy sulfidli mis rudalaridan tashqari
oksidli, aralash, balansdan tashgari mis rudaarini
gayta ishlab, kerakli komponentlarni gratib olish
hozirgi kunning dolzarb masalalaridan hisoblanadi
[3, 4, 5]. Lekin oksidli mis rudalarining gidrofillik
xususiyati va murakkab mineralogik tarkibi sulfidli
mis rudalarini qayta ishlashda qo‘llaniladigan

ananaviy texnologiyalardan foydalanishda giyin-
chilik tug‘diradi [6, 7].

Oksidlangan mis rudaari tarkibida mis
karbonatlar — malaxit CuCOs-Cu(OH)., azurit
2CuCOgs-Cu(OH)z, sulfatlar - xalkantit
CuS04-5H20, broshantit CuSO4 -3Cu(OH)z2, antlerit
Cuz(OH)4S0s4, xloridlar — atakamit CuxCl(OH)s,
ayumosilikatlar va fosfatlar -  biryuza
CuO-3A1203-2P205-9H-0, xrikozolla
CuSiOsz'nH20, oksidlar — kuprit CuO va tenorit
CuO va boshqalar ko‘rinishida bo‘ladi [8, 9, 10].

Adabiyot tahlili va metodlar. Maaxit eng
keng tarqalgan misning oksidli minerali bo‘lib, ruda
tarkibida xakotsit, azurit mineralari bilan birga
keladi. Monoklinik kristal tuzilishga ega, unda
misning ulushi 57,57 % ni tashkil etadi [11].
Xrikozolla ma’lum bir kimyoviy formulaga va
tarkibga ega emas, odatda kristal holatdagi mis
silikati va amorf dioksid aralashmas sifatida
tasniflanadi [12]. Kuprit odatda malaxit va
xrikozolla bilan bog‘langan holatda keladi. Havoda
oksidlanish natijasida tenoritga aylanishi oson,
shuning uchun gayta ishlash vagtida tenoritning
xususiyatlarini namoyon gilishi mumkin [13].

Yuqorida ko‘rsatilgan adabiyotlarga tayanib
shunday xulosaga kelish mumkinki, misning oksidli
minerallari, shu jumladan malaxit, xrikozolla, kuprit
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sirt yuzasining yuqori gidrofillik xususiyati sababli
ular suv yuzasida suzishga moyil emas, bu esa
ananaviy flotatsiya jarayonini qo‘llashni murak-
kablashtiradi yoki butunlay ta’qiqlaydi. Malaxit
aniq kristall tuzilishga ega bo‘lganligi sababli
sulfidlovchilar yordamida yaxshi sulfidlanadi,
xrikozolla yuzasi g‘ovakli bo‘lib  kollektor
adsorbsiyasida qgiyinchilik keltirib chiqaradi, bu esa
xrikozolla flotatsiyasini giyinlashtiradi. Kuprit
yuzasida malaxit va xrikozollaga garaganda faol
gatlam kamrog, lekin sulfidlash orgali sirt xusu-
siyatini o‘zgartirish mumkin.

Hozirgi kunda oksidlangan mis rudaarini
gayta ishlashda flotatsiya usuli keng qo‘llanil-
moqgda. Oksidli mis mineralarini flotatsiyalash
to‘g‘ridan-to‘g‘ri yoki sulfidlab amalga oshirilishi
mumkin [14]. To‘g‘ridan-to‘g‘ri flotatsiya yig‘uv-
chi, ko‘pik xosil giluvchilardan foydalangan holda
amalga oshirilsa, sulfidlab flotatsiyalash mineral-

larning sirt yuza xususiyatlarini o‘zgartirish uchun

sulfidlovchilardan foydalanish orgali amalga
oshiriladi [15, 16, 17, 18, 19].
Misning oksidli minerallarini to‘g‘ridan-

to‘g‘ri flotatsiyalashda yig‘uvchi sifatida ksanto-
genat yaxshi samarabermaydi [20]. Xelat kollektori
mis oksidi uchun yaxshi yig‘uvchi xususiyatga ega,
ardlash tarkibdagi rudalarda ham yaxshi samara
beradi [21], lekin ularning kamchiligi selektivlik
xususiyati yo‘q bo‘lib puch tog® jinslarini ham
adsorbsiyalashi  mumkin [22], mazkur tipdagi
yig‘uvchilar bilan solishtirilganda natriy oleat kabi
yog* kislotalari ham yig‘uvchi sifatida, ham
igtisodiy jihatdan samaraliroqdir [23]. Bundan
tashqari gidroksamik kislota[24], oktil gidroksamik
kislota [25], benzogidroksamik kislota [26] lar
malaxitning gidrofoblik xususiyatini oshirib yaxshi
flotatsiyalanishini ta’minlashi mumkin.

Tarkibi murakkab bo‘lmagan, yuqori navli
oksidlangan mis rudalarini flotatsiyalashda to‘g‘ri-
dan-to‘g‘ri usuldan foydalanish mumkin, ammo
sanoatda, murakkab tarkibli, past sifatli rudalar
uchun bu usul past selektivlik xususiyati, yuqori
narxi, olingan konsentratdagi sifatning pastligi
tufayli samarali emas deb baholanadi.

Sulfidlab flotatsiyalashda sulfidlovchilar yor-
damida mis oksidi mineradlarining yuzasida mis
sulfidlari hosil bo‘lishi hatto sulfidli qobiq hosil
bo‘lishi mumkin, shu sababli mis oksidi minerali
mis sulfidi kabi xususiyatga ega bo‘ladi, natijada

yaxshi flotatsiyalanadi [27]. Mis oksidi mineral-
larini sulfidlash jarayonida sulfidlanish natijalariga
ko‘plab omillar ta’sir qilishi mumkin. Masalan,
minera sirtining strukturaviy xususiyatlari, sulfid-
lovchi reagent turi va dozasi, sulfidlanish vaqgti, pH
muhiti, harorat va boshgalar [28, 29, 30].

Sulfidlovchilar sifatida oltingugurt, ammoniy
sulfid, natriy sulfid, natriy gidrosulfid, natriy
polisulfidlar keng qo‘llaniladi [31, 32, 33]. Natriy
gidrosulfid misning flotatsiya samarali sulfidlovchi,
natriy gidrosulfid bilan ammoniy sulfidining 1:1
ardlashmasidan foydalanish flotatsya samara
dorligini sezilarli dargjada oshirgan [34].

Sulfidlovchi reagent miqdori to‘g‘ridan-
to‘g‘ri jarayonga ta’sir ko‘rsatadi, dozani sozlash
orgali mis oksidi flotatsiyasini faollashtirishi yoki
susaytirishi mumkin. Yetarli bo‘lmagan miqdor
mineral yuzasida yetarlicha sulfid pardani hosil
gilmaydi, ortigcha miqdor esa yig‘uvchi reagent
sarfini oshirishi mumkin [33].

Sulfidlanish vagti mineral yuzasida sulfid
parda qoplanishi va intensivligiga ta’sir qiladi, agar
vaqt juda qisqa bo‘lsa sulfidlanish dargjas yetarli
bo‘lmaydi, agar sulfidlanish vaqti uzoq kechsa
sulfidlovchining ta’siri pasayadi, natijada sulfid
parda mineral yuzasidan tushib ketadi va minerallar
yaxshi flotatsiyalanmaydi [35].

Oksidli mismineralari flotatsiyasida pH 8-10
da malaxitning sulfidlanishi va suzuvchanligi
yaxshi bo‘ladi [36], kislotali muhitda ksantogenatlar
parchalanadi [37]. Agar pH 10 dan yuqori bo‘lsa
gidroksid ionlari hosil bo‘lishi kuchayadi va
malaxitning ksantogenatga adsorbsiyasini susay-
tiradi. Mis oksidlari uchun flotatsiya muhiti 9-9,5
eng yaxshi ko‘rsatkich hisoblanadi [38].

Sulfidlash haroratining oshishi sulfidlanish
dargasi va samaradorligini oshiradi, biroq yuqori
harorat ishlab chigarish xargjatlari oshishiga, flota-
mashina va atrof-muhit muammolariga olib kelishi
mumkin [39].

Sulfidlab flotatsiyalashda pulpada hosil
bo‘lgan ortiqgcha sulfidlar jarayonda yig‘uvchi
reagent bilan raqobatlashadi, ya’ni yig‘uvchi
reagentning mineral yuzasiga yopishishiga to‘s-
qinlik ko‘rsatadi, bu flotatsiya samaradorligiga
salbiy ta’sir ko‘rsatadi. Shu sababli jarayonda
magbul parametrlarni — sulfidlovchi miqgdori, vaqt,
pH ko‘rsatkich, harorat va boshgalarni to‘g‘ri
tanlash muhim hisoblanadi.
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Sulfidlab flotatsiyalashda faollashtiruvchi
reagentlardan foydalanish minerallar yuzasida faol
joylar hosil bo‘lishiga va yig‘uvchi reagentning
yaxshi adsorbsiyasiga sabab bo‘ladi. Faollash-
tiruvchilar sifatida abenzoin oksim, antranilik
kislota, kupferron, N-benzoil-N-fenilgidroksilamin,
8-gidroksixinolinlarni qo‘llash xrikozollar flotatsi-
yasida yaxshi natija ko‘rsatgan [40, 41]. Bundan
tashgari 1H-Benzotriazol oksidli mis minerallarini
sulfidlab flotatsiyalashda yaxshi faollantiruvchi
ta’sir ko‘rsatadi, minerallarning sirt barqgarorligini
oshiradi, yig‘uvchi reagent adsorbsiyasi uchun
qulay sharoit ta’minlaydi [42].

Oksidli misminerallari uchun faollashtiruvchi
sifatida ammoniy / amin tuzlarini qo‘llash sulfid-
lanish muhitini yaxshilashi, minerallar yuzasidafaol
joylar sonini oshirishi va sulfidlanishni kuchay-
tirishi mumkin. Bundan tashgari ammoniy tuzi
sulfid ionlarining salbiy ta’sirini kamaytirish uchun
pulpada bufer bo‘lib qatnashishi mumkin [43].
Etilendiamin fosfat mineralarda sulfidlovchi va
yig‘uvchilar adsorbsiyasi tezligini oshirib jarayonni
tezlashtirishi  mumkin [44]. Bundan tashqari
etilendiamin fosfat jarayonda puch tog* jinslarining
birikishi va cho‘kishini tezlashtiradi [45].

Vodorod peroksid yordamida kuprit yuzasini
modifikatsiya qilish va uning sulfidianish
gobiliyatini oshirish imkoni mavjud [46]. Mis
oksidini sulfidlab flotatsiyalashda natriy butil
ksantat (NaBX) va dodetsilamin (DDA) kombi-
natsiyalangan kollektor sifatida foydalanilgan.
Tadqiqot natijalariga ko‘ra NaBX va DDA birga-
likda ishlatish pH 7-11 oralig‘ida fagat NaBX dan
foydalanishga garaganda samaralirog, NaBX va
DDA ning optimal molyar nisbati 2:1. NaBX+DDA
miqdori (100+54) g/t bo‘lganda misning tiklanishi
15,93% dan 76,73% ga oshgan [47].

Xulosa qilib aytganda oksidlangan mis
minerdlarini flotatsiyalash hozirgi kunda keng
targalgan va samaradorligi yuqori usullardan biri.
Lekin oksidli mis minerdlarining yuqori sirt
gidrofillik xususiyati hamda murakkab mineralogik
tarkibi tufayli to‘g‘ridan-to‘g‘ri flotatsiyalash yax-
shi natija bermaydi. Jarayonda sulfidlovchilar
yordamida sulfidlab flotatsiyalashdan foydalanish
ya’ni oltingugurt, natriy sulfid, ammoniy gidro-
sulfid, natriy gidrosulfid va shu kabi sulfidlovchilar
yordamida mineral yuzalarida sulfid gatlam hosi|
qgilish orgali minerallarning gidrofoblik xususiyatini

oshirish keng foydaanilayotgan, iqtisodiy samara
berayotgan usul hisoblanadi.

Oksidlangan mis rudalarini gayta ishlashning
yana bir samarai usullaridan biri bu gidrometal -
lurgik gayta ishlash hisoblanadi. Gidrometallurgik
gayta ishlashda uyumda tanlab eritish, bakteriyalar
yordamida tanlab eritish, avtoklavda tanlab eritish
amaliyotda keng qo‘llanilgan [48, 49].

Bakteriologik tanlab eritishda T.ferrooxidans-
atsidofil tiobatsillalardan foydalanilgan. Oksid-
langan mis rudasi, oltingugugurt, xalkopirit nisbati
1:1:1, oksidlangan mis rudasiga oltingugurt va
xakopirit aralashtirilganda misning erish dargas
61% ga yetgan [50]. Erituvchi sifatida organik
kislota (CsHeOe, tartarik kislota) dan foyda-
lanilganda tadqgigot natijalari tanlab eritish jarayo-
nida ushbu organik reagentning samaradorligini,
tejamkorligini va ekologik tozaligini ko‘rsatadi.
Ruda 0,074 mm gacha yanchilgan, organik kislota
konsentratsiyasi 0,2 mol/l, jarayon davomiyligi 60
dagiga, S:Q nisbati 1:10, harorat 25 °C, aralashtirish
tezligi 300 ayl/min, misning eritmaga ajralishi
73,18%. Tartatik kislota yordamida malaxitdan
misni tanlab eritish an’anaviy kislotalarga qara-
ganda ekologik toza va iqtisodiy samaradorligi
isbotlangan [51]. Tanlab eritishda etilendiaminet-
rasirka kidotasining (EDTA-2Na) dinatriyli
tuzining suvli eritmasidan foydalanilganda reagent
konsentratsiyasining oshishi  jarayon tezligini
oshirgan, S:Q nisbati jarayon tezligiga sezilarli
ta’sir ko‘rsatmagan [52]. Shuningdek ammiak
sulfati yordamida tanlab eritishda eritmada mis —
1,24 g/l, misning gralish dargas — 87,96% ni
ko‘rsatgan. Mazkur usul kombinatsiyalangan flotat-
sion va tanlab eritish jarayonining amaliyotda
go‘llash imkoniyatini ko‘rsatadi. Misni ammiak
sulfati bilan tanlab eritish nafagat ekologik, balki
igtisodiy jihatdan ham samarali usul bo‘lib, yuqori
regeneratsiya va sifatli mahsulot olish imkonini
beradi [53]. Bundan tashqari sianid eritmasi [54] va
sulfat kislota [55] oksidlangan rudalar uchun yaxshi
erituvchi hisoblanadi.

Natijalar va muhokama. Hozirgi kunda
chuchuk suv resurdaridan ogilona foydalanish
magsadida dengiz suvi yoki sho‘r suvni qo‘llagan
holda tanlab eritish jarayonlarini amalga oshirish
ishlari o‘rganilmoqda. Bu usul mikrobiologik faoli-
yatni oshirish va chuchuk suv sarfini kamaytirish
imkonini beradi. Kalsiy xlorid eritmasi yordamida
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tanlab eritishda misning gjralishi 99% ga yetgan, | mm.
kalsiy xlorid konsentratsiyasi 110-165 g/l, zarracha “Olmaliq KMK” AJ Qamoqgir koni

o‘lchamini 15 mikronga yetkazish mis ajralishini
0,2, temir aralishini 2% ga oshirgan. Erituvchi
sifatida xlorid-sulfat eritmasidan foyda-lanilganda
xlorid jarayonda katalizator sifatida ishtirok etgan,
yugori konsentratsiyali xlorli oqova suvlari orgali
past sifatli, aralash tarkibdagi mis rudalarini tanlab
eritish bo‘yicha olib borilgan tadqiqotlarda harorat
80°C, davomiyligi 4 soat, misni gralish dargjasi —
89,46% ga yetgan.

“Olmaliq KMK” AJ Qalmoqir koni
oksidlangan mis rudaarini 92-95% puch tog"
jindari tashkil etadi, ularning asosiy gismi kvars,
dala shpati, qgisman muskovit, xlorit, biotit,
magnetit, apatit va boshgalar. Ruda minerallari esa
3-8% ni tashkil etib asosan kvars tomirlari bilan
uchraydi. Ruda tarkibida mis malaxit, kuprit,
xalkozin, kovellin, bornit, kubanit va xalkopirit
ko‘rinishida uchraydi, bunda malaxitning ulushi
ko‘proq (1-jadval).

1-jadval
“Olmaliq KMK” AJ Qalmoqir koni oksidlangan
misrudasi tarkibida misning minerallarda

tagsimlanishi
Mineral Misning ulushi, %
Xakopirit 15,90
Bornit 3,85
Kovellin-xalkozin 19,55
Qo shimcha sulfidlar 2,71
Mis karbonatlari 19,96
Mis sulfatlari 8,99
Xrikozolla va bog‘langan mis 18,70
Psevdomal axit 3,76
Turkuz 0,60
Kuprit 0,31
Oksidlar / Gidroksidlar (Fe) 5,66
Jami: 100,00
Maaxit tomirlar, to‘plamlar shaklida

uchraydi, tomirlar tosh yoriglari bo‘ylab rivojlangan
va temir gidroksidlari bilan birga kelgan (1-rasm).
Malaxitning zarracha o‘lchami o‘rtacha 0,02-0,5

oksidlangan mis rudasining asosini kvars minerali
tashkil etib misning katta gismi malaxit ko‘rinishida
targalgan. Malaxit rudada kvars hamda temir
gidroksidi bilan bog‘langan holatda uchraydi.
Yuqoridagi adabiyotlarda keltirilgan ma’lumot-
lardan kelib chiggan holda shunday xulosaga kelish
mumkinki, bunday shakldagi malaxitni flotat-
siyalanishini ta’minlashda yig‘uvchi reagent sifa-
tida natriy oleat yaxshi samara beradi. Oktil
gidroksamat va kerosin aralashmasi malaxitning
temir gidroksid bilan birgalikdagi ko‘rinishida
yaxshi natija ko‘rsatadi, jarayonda kerosinning bir
me’yorda tagsimlanishi uning malaxit yuzasida
tarqalishini ta’minlaydi, bu esa uning gidrofoblik
xususiyatini oshiradi. Ammoniy sulfid va natriy
sulfidning mos ravishda malaxitning sulfidlanishiga
ta’siri o‘rganilganda ammoniy sulfid ionlari bo‘lgan
malaxit natriy sulfid ionlari bo‘lgan malaxitga
qaraganda yuqori flotatsiya natijalarini ko‘r-

satganini hisobga olib ammoniy sulfidni yaxshi
ul

sulfidlovchi sifatidag ilish mumkin.

..

-8
1 - malaxit, 2 - kvars

1 - malaxit, 2 - temir gidroksidi

1-rasm. Malaxitning temir gidroksidi va kvars
bilan birgalikdagi ko ‘rinishi.

Xulosa. 1-jadvaldan  ko‘rinadiki, ruda
tarkibidagi misning 40-42% i sulfid ko‘rinishida,
58-60% i oksidlangan holatda. Bunday aralash,
murakkab tarkibdagi rudani gayta ishlashda fagat
flotatsiya yoki  gidrometalurgiya usulidan
foydalanish yetarli natija bermaydi,
kombinatsiyalangan usuldan foydalanish mis va
boshga kerakli komponentlarni gratib olish
imkoniyatini oshiradi.
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Annotatsiya. Ushbu maqgola karyer avtosamosvallarining yoqilg ‘i sarfining ko ‘payishiga hamda BelAZ
avtosamosvallarining ish samaradorligiga ta’sir qiluvchi muammolarni tahlil qilishga qaratilgan.
Shuningdek karyer avtosamosvallar uchun yoqilg i iste’'molining me 'yorlarini aniglashning turli usullari
tahlil gilingan. Tadqiqot natijasida avtosamosvallarning ishlashi to ‘g risida Navoiy kon metallurgiya
kombinati Markaziy kon boshqarmasining bo ‘linmasi Avtomobil transporti boshqarmasidan
ma’lumotlar to ‘plandi hamda dizel yoqilg ‘isi sarfiga ta’sir qiluvchi omillar tahlil qilindi. Tadgqiqot
o ‘tkazish natijasida avtosamosvallarning ekspluatatsion ko ‘rsatkichlari baholandi shuningdek tog "
Jjinsini tashish davomida yoqilg‘i sarfiga ta’sir etuvchi ko ‘rsatkichlar aniglandi. Bundan tashqari
Yoqilg ‘i sarfini hisoblashning bir gancha usullari taklif gilingan hamda bu ko ‘rsatkichga ta’sir qiluvchi
qo ‘shimcha parametrlar aniglandi. Izlanishlar natijasida avtosamosvallarni ishlatish vaqtida yoqilg ‘i
sarfini kamaytirish orqali samaradorlikni oshirisk bo ‘yicha tavsiyalar ishlab chiqildi.

Kalit so‘zlar: avtosamosval, yoqilg'i, ichki yonuv dvigateli, dizel yoqilg‘i, sarf me’yorlari, yo‘l
qoplamalari, yuk ko ‘tarish qobiliyati, burilish radiusi, ekspluatatsion ko ‘rsatkich, g ‘ildirak bosimlari.

AHAJIN3 ®AKTOPOB BJIMSIIONINX HA ITOBBINIEHHBINA PACXO/I
AN3EJBHOI'O TOIIVIMBA KAPBEPHBIX ABTOCAMOCBAJIOB MAPKH

BEJIA3
Kaiomoe Ymuoicon Ipkunosuu Hcmamoe Myxammao @apxooosuu
Hasouiickuil 2ocyO0apcmeennblii 20pHO-MeXHON02UYeCKUll Hasoutickuil 2ocy0apcmeentbiil 20pHO-MeXHON0UYeCKUL
YHUgepcumenm, Kageopa 20pHOI HNEKMPOMEXAHUKY, CIAPULULL yHUBepcumen, ooyenm Kageopuvl 20pHOll DNEKMPOMEXAHUKU,
npenodasamens, Hasou, Y3oexucman Hasou, Y30exucman

Annomayus. Llenvio 0anHot cmamsu A6149emcs aHAIUu3 npooaeM, GIUAIOWUX HA YEeludeHue pacxood
MONAUBA KAPLEPHBIX CAMOCBAN08, A MaKdce Ha I gekmusnocms pabomsi camocsanos benA3. Taxoce
ObLIU NPOAHATUSUPOBAHDL PA3TUYHBIE MEMOObl ONpedeNeHUs HOPM pAcxo0d MONIUBA Ol KAPbePHbIX
aemocamoceanos. B pezynomame ucciredosanus ovliu coopanvl 0anHwie 0 pabome agmocamocsanos om
VNpagnenus aemoMoOUIbHO20 mpaHcnopma noopasoenenuss LlenmpanvbHo2o 20pHO20 YNpagnieHus
Hasouiickoeo 2opHo-memannypeuieckoeo KOMOUHaAma, a makice HPOAHATUIUPOBAHbL HAKMOpUL,
srusloOwUe Ha pacxoo OU3e1bHO20 MONaUsa. B pe3ynomame ucciedosanuti 0ana oyeHKa dIKCNryamayuou-
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HbIX NOKazamenei a8mocamoCceanos, d MaKice GblsiGNIeHbl NOKA3AMeNU, GIUSIOuWUEe Ha PAcxo0 Monaued
npu MpaHcnopmuposke 2opHot maccel. Kpome moeco, npednosceno Heckoibko mMemooos pacuema
pacxooa monausa u onpeoeiieHvl OONOIHUMENbHbIE NaAPAMempbl, GIUSIOWUe HA 2Mom noxkazameiv. B
pe3yibmame Uccied08anuil oviiu pazpabomansl peKOMeHOayuu no NoGbIUEeHU ddexmuenocmu 3a
CUem CHUMNCEHUSI pacxo0d MONauea npu IKCILYAmayu ad6mocamoceaios.

Kniouesvie cnosa: asmocamocean, moniugo, osueameib HYMpeHHe20 C2OPaHUsl, OU3eibHoe Moniugo,
HOPMbL pacxooa, 00PONCHOE NOKpblmue, 2py30n00beMHOCb, PAOUYC NOBOPOMA, IKCHIYAMAYUOHHDbLE
noxasamenu, 0asjleHue 8 WUHAX.

ANALYSISOF FACTORSINFLUENCING THE INCREASED CONSUMPTION
OF DIESEL FUEL BY BELAZ DUMP TRUCKSIN A QUARRY

Kayumov Umidjon Erkinovich
Navoi Sate University of Mining and Technology, Department of
Mining Electrical Mechanics, Senior Lecturer,
Navoi, Uzbekistan

| stamov Muhammad Farkhodovich
Navoi Sate University of Mining and Technology, Assistant
Professor, Department of Mining Electrical Mechanics,
Navoi, Uzbekistan

Abstract. The purpose of thisarticle isto analyse the problems affecting the increase in fuel consumption
of mine dump trucks, aswell asthe efficiency of Bel AZ dump trucks. Various methods of determining fuel
consumption ratesfor dump trucks have al so been analysed. Asa result of the study, data on the operation
of dump trucks from the road transport department of the Central Mining Department of Navoi Mining
Divison of Navoi Mining and Metallurgical Combine were collected, and the factors affecting the
consumption of diesel fuel were analysed. As a result of researches the estimation of operational
indicators of dump trucks is given, and also the indicators influencing fuel consumption during
transportation of rock mass are revealed. In addition, several methods of cal culation of fuel consumption
are proposed and additional parameters affecting this indicator are determined. As a result of the
research, recommendations were devel oped to improve efficiency by reducing fuel consumption during
the operation of dump trucks.

Keywords: dump truck, fuel, internal combustion engine, diesel fuel, consumption rates, road surface,

load capacity, turning radius, performance indicators, tire pressure.

Kirish. Konchilik sanoatining rivojlanish
sur’ati keskin ravishda oshib bormoqda. Bu esa
konchilik korxonaarining samaradorligini oshirish
uchun unda qo‘llaniladigan kon uskunalarni hamda
transport vositalarini takomillashtirishga undaydi.
Buning natijasida dunyodagi foydali gazilmalarni
tashishning eng katta ulushi hisoblanuvchi avto-
samosvallarga alohida e’tibor ajratilib kelinmoqda.

Bugungi kunda Avtomobil transporti bosh-
gamas NKMK Markaziy kon boshgarmasining
ko‘p qirrali va ko‘p tarmogqli bo‘linmasi bo‘lib,
quyidagi funktsiyalarni bajaradi:

“Muruntog’”, “Tashkura” va “Amantaytog’”
karyerlarida texnologik avtomobil transportida tog*
jindari massasini va rudaarni tashish bilan
shug‘ullanadi;

Oltin rudasini uyumlab eritmaga o’tkazish
sexidamaydal ash va saralash majmuasigayukl ashni

ta’minlaydi.

Avtomobil Transporti Boshqarmasi harakat
tarkibining texnologik parki Caterpillar va BeLAZ
rusumli yuk ko‘tarib bilish qobiliyati 55 dan 220
tonnagacha bo'lgan zamonaviy avtosamosvallardan,
Caterpillar, Komatsu, Dressta, Kirovets yo'l-
qurilish mashinalaridan, shuningdek, asosan turli
BeLAZ rusumli avtosamosvallar yordamchi parki-
dan iborat.

Avtosamosvallarning ishlashini tahlil qilish-
ning asosiy ko‘rsatkichlaridan biri sifatida yoqilg‘i
sarfi hisoblanib, bu ko‘rsatkich ma’lum masofani
bosib o‘tish yoki ma’lum bir ish hajmini bajarish
uchun zarur bo‘lgan yoqilg‘i hajmini ifodalaydi
(Sadudin Hodzic t. a., 2008; V. Kecojevic et. al.,
2010).

Karyerdagi avtosamosvallarning ekspluatat-
sion muammolaridan biri dizel yoqilg‘isining had-
dan tashqgari ko‘p sarflanishi konchilik korxonalari
uchun moddiy yo‘qotishlarga olib keladi. Ushbu

KON-METALLURGIYA VA ISHLAB CHIQARISH SANOATI

www.srt-journal.uz

I'OPHOJOBBIBAIOIIAS METAJIJIYPT'USA U OBPABATBIBAIOIIASA TIPOMBIIIVIEHHOCTbD

MINING METALLURGY AND MANUFACTURING INDUSTRY

43


http://www.srt-journal.uz/

SANOATDA RAQAMLI TEXNOLOGIYALAR

OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH

DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

ko‘rsatkich avtosamosvallarning ishlashini rejalash-
tirishga va ularning samaradorligini baholashga
sezilarli ta’sir ko‘rsatadi (S. Masic et. al., 2005;
Kurganov V.M. et. a., 2020; Kuznetsov |.S. et. d.,
2021).

Bitta shina uchun 50 Yangi dvigatel uchun
ming dollargacha 1 million dollargacha
Xarajat xarajat
Yoqilg'i sarfi soatiga 30
gallongacha

Bortdagi materiallar uchun sarf
400 gallongacha

1-rasm. Konchilik sanoatlarida qo ‘llaniladigan
avtosamosvallarning dastlabki xaridlari va joriy
xarajatlar uchun yuqori narxlar bilan
tavsiflanishi.

Yoqilg‘i sarfi asosan tonnalarda hamda tonna
kilometr uchun grammlarda ifodalanadi. Ushbu
muammoni hal qilish uchun biz quyidagi sxema
asosida foydalanib, dizel yoqilg‘isi sarfiga ta’sir
giluvchi omillarni baholaymiz.

Ta'sir efuvchi

omilar ‘ Konstrukfiv ‘ ‘ Texnk H Texnologik Hﬂsplz/ﬂ/a/so/u‘ ‘ Iglimiy ‘

Sabablar

Topshiriglar
2-rasm. Dizel yoqilg ‘isi sarfiga ta’sir qiluvchi
omillar.

Adabiyotlar tahlili va metodlar. Avto-
samosvallarning ishlash samaradorligini oshirish
masalari bo‘yicha V.I. Novikov, N.S. Zaxarov, V.A.
Korchagin, M.A. Kuzminov, R.S. Grigoryev, A.l.
Petrov, N.N. Maslov, G.M. Yakovlev, L.G. Reznik,
V.S. Volkov va boshqalar o‘zlarining ilmiy tadqiqot
ishlarida ko‘rib chiqilgan [1].

Yoqilg‘i sarfini aniqlash va me’yorlashtirish
usullari ko‘plab institutlar, ilmiy tashkilotlar hamda
korxonalar ya’ni Sankt-Peterburg konchilik instituti
(texnika universiteti), Rossiya Fanlar akade-

miyasining Ural filiali konchilik instituti, “BelAZ”
hamda AJ Navoiy kon — metallurgiya kombinatlari
tomonidan ishlab chigilgan (BelAZ-holding, 2017).
[Imiy tadgiqotchilar hamda ilmiy tashkilotlar
tomonidan agregatlarning ishonchliligini oshirish
va ta’mirlash ishlarini tashkil etish masalalari
bo‘yicha olib borilgan bir gancha fundamental
tadqiqotlargagaramay, karyer avtosamosvallarining
samaradorligini oshirishga sezilarli darajada ta’sir
etuvchi konstruktiv, texnik va texnologik omil-
lardagi o‘zgarishlar e’tiborga olinmay kelingan,
bundan tashgari, bir gancha ilmiy izlanishlarda
taklif etilgan usullar hamda gipotezalar yuqoridagi
keltirilgan muammolarni hal gilishda asos sifatida
amaliy qo‘llanilmagan (Ali Soofastaei, 2016) [2-3].
Avtosamosvallar uchun yoqilg‘i sarfini aniq-
lashning turli usullarini o‘rganish natijasida bizga
bir gancha ko‘rsatkichlarni aniqlash imkonini be-
radi, ularning har biri o‘ziga xos xususiyatlar bilan
ajralib turadi va turli yondashuvlarda samarali qo‘l-
lanilishi mumkin.
1-jadval
Yonilg ‘i sarfiga ta’sir qiluvchi omillarni
asoslovchi ko ‘rsatkichlar

Omillar Sabablar Ko‘rsatkichlar
11 Avtosamosvalarning konstruksiyasini
mukammallashtirish.
Konstruktiv 12 Yuk ko‘tarishi
1.3 G‘ildiraklarining ko‘rsatkichlari
14 Yo‘l goplamalarining konstruksiyalari
. 21 Karyerning chugurligi
Texnik 22 Tashish kengligi
31 Burilish radiusi va soni
32 Qiyalik ko‘rsatkichi, %o
Texnologik 33 Qiya uchastkalarni r;gnlijzunligi vaularning
34 Yuk ko‘tarish qobiliyatidan foydalanish
dargas
41 Ichki yonuv dvigatelining yedirilish
dargjas
. 4.2 Katta o‘lchamdagi g‘ildiraklarining
Ekspluatatsiya bosimi
43 Haydovchining oqilona boshgarish
texnikasi
51 Atrof muhitdagi havoning harorati
Iglimiy 52 Yil fadlarining davriyligi
53 Yog‘ingarchilik migdori

Y ugoridagi omillar avtosamosvallarning tex-
nik parametrlarini batafsil tahlil qilishga asos bo‘lib
xizmat qiladi. Asosan bu omillarni yechish uchun
quyidagi ko‘rsatkichlarni ya’ni yuk ko‘tarish
gobiliyati, dvigatel kuchi, harakatga qarshilik
koeffitsientlari va ish siklidan foydalanish kabi
ko‘rsatkichlarini hisobga olamiz. Ushbu ko‘rsat-
kichlarni hisoblash karyerda qo‘llanilib kelina-
yotgan avtosamosvallarning yonilg‘i sarfini kamay-
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tirishga asos bo‘lib xizmat qiladi.

1-jadvalda yonilg‘i sarfiga ta’sir qiluvchi
omillarni asoslovchi sabablar keltirilgan.

Yugqorida keltirilgan yonilg‘i sarfiga ta’sir
giluvchi omillarni tahlil qilish natijasidakonstruktiv
va texnik omillarni baholashdan chigarib tash-
laymiz. Sababi shundan iboratki bu omillarga bevo-
sita ta’sir gila ololmaymiz, chunki biz avtosa-
mosvallarning konstruksiyasini, yo‘l qoplama-
larining konstruksiyasini shuningdek karyer chu-
qurligini o‘zgartira ololmaymiz.

Yonilg‘i sarfiga ta’sir qiluvchi omillarni
baholash davomida texnologik, ekspluatatsion
hamda iglimiy omillarning ta’sirini inobatga oli-
shimiz mumkin va bevosita ularga ta’sir qilishimiz
mumkin.

Tadqgiqot natijalari. Yoqilg‘i sarfini batafsil
tahlil gilish vahisoblash har bir avtosamosval uchun
uning alohida texnik ko ‘rsatkichlari va ishlash
xususiyatlarini hisobga olgan holda amalga oshi-
riladi. Shuning uchun meyoriy yoqilg‘i sarfini
hisoblash quyidagi formula orgali aniglashimiz
mumkin [3,6-7].

Qn=001"H,-S-(1+0.01-D) + HypZ

Bu yerda Q, - bu litrda ifodalanadigan
meyoriy yoqilg‘i sarfining kompleks ko‘rsatkichi;

H,, — avtosamosvalning tashish ishlari uchun
sarflangan yoqilg‘i sarfini ifodalovchi ko‘rsatkich;

S — avtosamosvallarning umumiy bosib
o‘tgan  masofasining  dinamik  ko‘rsatkichi,
kilometrlarda o‘lchanadi.

H, ,, —avtosamosvallarning yuk bilan harakat-
lanish sonini hisobga olgan holda qo‘shimcha
yoqilg‘i sarfini ifodalovchi ko‘rsatkich, litrda
o‘Ichanadi;

Z — bir smenada yuk bilan harakatlanish
sonini ifodalovchi ko‘rsatkich;

D — bu meyorga nisbatan yoqilg‘i sarfining
umumiy ko‘payishini yoki kamayishini aks
ettiruvchi tuzatish koeffitsiyenti, foizlarda ifoda-
lanadi.

Yuqgoridagi formuladan kelib chiggan holda
H, avtosamosvalning tashish ishlari uchun
sarflangan yoqilg‘i sarfini quyidagichaaniglashimiz
mumkin.

Hy = Hy + Hypm * (Gam + 0.5+ q), 1/100 km

Bu yerda H; —yuk koeffitsienti 0,5 bo‘lgan
holda avtosamosvallarning tashish ishlari uchun
sarflangan meyoriy yoqilg‘i sarfining ko‘rsatkichi;

H,m — avtosamosvalning qo‘shimcha mas-
sasini hisobga olgan holda tashish ishlari uchun
sarflangan yoqilg‘i sarfining ko‘rsatkichi;

Gqo.m — avtosamosvalning og‘irligi;

q — avtoamosvalning yuk ko‘tarish qobiliyati.

Yugoridagi formulalardan kelib chiggan
holda avtosamosvallarning to‘liq yuk hajmida
yoqilg‘i sarfini tahlil qilish davomida 2024-yil
yanvar oyidan 2025-yil fevral oyigacha bo‘lgan
ma’lumotlardan foydalandik. Hisob kitob qilish
natijasida 3-rasmda avtosamosvallarning to‘liq va
o‘rtacha yuk hajmga ega bo‘lgandagi yoqilgi
sarflarining tagqoslash diagrammasi tuzildi.

L

<]

3-rasm. Avtosamosvallarning to‘liq va o‘rtacha
yuk hajmga ega bo‘lgandagi yoqilg ‘i sarflarining
taggoslash diagrammasi.

Yuqoridagi diagrammani tahlil gilgan holda
quyidagichaxulosagilishimiz mumkin BelAZ 7513
rusumli avtosamosvallari uchun dizel yoqilg‘isining
sarfi meyordan ko‘ra o‘rtacha gqiymati 13.5% ga,
maksimal giymati 23.9% ga va minimal giymatlari
6.3% ga mos ravishda oshganligini ko‘rishimiz
mumkin. BelAZ 75310 rusumli avtosamosvallari
uchun dizel yoqilg‘isining sarfi me’yorga rioya
qilish bo‘yicha eng yaxshi ko‘rsatkichlarni BelAZ
Ne202, BelAZ No203, BelAZ Ne204 ko‘rsatdi,
ammo BelAZ Ne201, BelAZ No205, BelAZ No207
lari uchun dizel yoqilg‘isining sarfi meyordan ko‘ra
mos ravishda 1%, 0.9% va 1.03% ga oshganligini
ko‘rishimiz mumkin [6-8].

Muhokama. Bundan ko‘rinib turibdiki
avtosamosvallarda yoqilg‘i sarfini optimallashtirish
ekspluatatsiya xargatlarini  minimallashtirishga
hamda umumiy samaradorlikni oshirishga yordam
beradi. Ushbu maqolada yoqilg‘i sarfini sezilarli
dargjada kamaytirishga yordam beradigan bir nech-
ta amaliy tavsiyalar ko‘rib chiqilgan:
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Avtosamosvallarga muntazam texnik xizmat
ko‘rsatish va sozlash. Bu asosan ichki yonuv
dvigatellariga xizmat ko‘rsatishdan iborat bo‘lib,
dvigatelni, yonilg‘i ta’minot tizimini va o‘t oldirish
tizimini to‘g‘ri sozlash yordamida yoqilg‘i sarfini
optimallashtirishga erishish mumkin [10-11].

Avtosamosval  g‘ildiraklarining bosimini
nazorat qilish. Gildiraklardagi samarali bosimni
ushlab turish aylanish garshiligini va shunga mos
ravishda yoqilg‘i sarfini kamaytiradi.

Yuklarni samarali yuklash va tagsimlash.
Yukni avtosamosval kuzoviga ruxsat etilgan yuk
ko‘tarish qobiliyati doirasida bir tekis tagsimlash
ichki yonuv dvigatelga tushadigan yuklamani ham-
da yoqilg‘i sarfini kamaytiradi.

To‘xtalishlar davomida avtosamosval dviga-
telini o‘chirib qo‘yish. Bir joyda uzoq vagt kutib
turganda, ortiqcha yoqilg*i sarfini oldini olish uchun
dvigatelni o‘chirib qo‘yish tavsiya etiladi.

Yugqori sifatli yoqilg‘idan foydalanish.
Yonish jarayonini yaxshilaydigan va iste’molni

kamaytiradigan qo‘shimchalar bilan yuqori sifatli
yoqilg‘idan foydalanish yoqilg‘i sarfini kamay-
tiradi.

Haydovchilarni malakasini oshirish. Hay-
dovchilarni samarali haydash texnikasi, jumladan,
ravon tezlanish olish hamda tormozlash, bir ma-
romda samarali tezlikni saglash bo‘yicha muntazam
mashg‘ulotlar olib boorish natijasida yoqilg‘i sarfini
kamaytirishga va avtosamosvalning umumiy ish
faoliyatini yaxshilashga yordam beradi [11].

Xulosa. Xulosa qilib aytadigan bo‘lsak
yuqoridagi tavsiyalarga rioya qilish avtosamos-
vallarda yoqilg‘i sarfini sezilarli darajada kamay-
tirish mumkin, buning natijasida esa xargjatlarni
kamaytirishgavaish samaradorligini oshirishgaolib
kelamiz. Muntazam texnik xizmat ko‘rsatish,
g‘ildiraklarning bosimini nazorat qilish, yuklarni
samarali yuklash va tagsimlash, sifatli yoqilg‘idan
foydalanish va haydovchilarni malakasini oshirish
yoqilg‘i sarfini kamaytirishning asosiy omillaridan
biri hisoblanadi.
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PLATINOIDLARNI QAYTA ISHLASHDAN HOSIL BO‘LGAN
CHIQINDILARIDAN PLATINA VA PALLADIYNI AJRATIB OLISH
TEXNOLOGIYASINI TADQIQ QILISH

Turdiyev Shahboz G ‘aniyev Barkamol Boboxonov Abbos
Shermamat o‘g ‘li Eshdavlat o‘g‘li Ruslanovich
Magistr, Qarshi daviat texnika
universiteti, Qarshi, O ‘zbekiston
E-mail:
perfection.2001.02.07@gmail.com
Annotatsiya. Ushbu maqolada “Olmaliq KMK” AJ kon-metallurgiya majmuasida platinoidlar ishlab
chigarishidan hosi/ bo ‘Igan texnogen chigindilardan palladiy va platinani ajratib olishning laboratoriya
asosidagi kompleks texnologiyas tadqiq etildi. Jarayon zanjiri quyidagicha optimallashtirildi:
tiokarbamid eritmasi bilan Pd-kompleksni cho ‘ktirish (70-90 g/l, 25-30 daq, E=94-96%), cho ‘kmani
550-600°C da termik parchalatish, so‘ng shoh arog ‘ida eritish (100 g mahsulotga ~2 [, 1-2 Soat).
Eritmadan platinani selektiv cho ‘ktirish uchun NHaCl qo ‘llanildi ((NH4)2[ PtClg] ), palladiy esa eritmada
saglanib qoldi. Pd-eritmasi ammiak bilan [Pd(NH3)4] Cl2 ko ‘rinishiga o ‘tkazilib, HCIl muhitida XPZ —
[PA(NH2)2Cl2/ cho ‘kmaga aylantirildi; yakunda gidrazin (zaruratda chumoli kislota) bilan metall Pd
gacha qaytarildi. Taklif etilgan ogim sxemasi 17 ta operatsiyadan iborat bo ‘lib, umumiy davomiylik 24—
26 soatni tashkil etdi; palladiy ajralish darajasi 55% dan 84% gacha oshirildi, yakuniy Pd kukuni tozaligi
99,5-99,94% ga yetdi. Texnologiya reagent sarfi va energiya iste’'moli bo ‘yicha igtisodiy samarali
hamda chiqindi maydonlaridagi ekologik yukni kamaytirishga xizmat giladi.
Kalit so‘Zar: texnogen chiqgindi, palladiy, platina, tiokarbamid bilan cho ‘ktirish, shoh arog ‘ida eritish,
kuydirish (kaltsinatsiya), gidrazin bilan gaytarish, ammiakli komplekslar, XPZ ([Pd(NH3)2Cl2]), selektiv
cho ‘kma, affingj, “Olmaliq KMK .

NCCIEAOBAHUE TEXHOJIOTYHX U3BJIEYEHUSA ITJVIATUHBI U
HAJUVIAIUA U3 OTXOA0B IIEPEPABOTKU INIATUHOU/10B
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universiteti, Qarshi, O ‘zbekiston
E-mail: shahboz01011991@mail.ru

Talaba, Qarshi daviat texnika
universiteti, Qarshi, O ‘zbekiston
E-mail: abbos 01011991@mail.ru

Typoueg Illax603 T'anuee bapxkamon boooxonos Adooc
Hlepmamam yenu Swoasnam yenu Pycrhanosuu
(D), Kapwwunckuii Maeucmp, Kapuunckuii Cmyoenm, Kapwiuncxuii
20Cy0apCcmeen bl MexXHUYecKuil 20Cy0apcmeentblil MexHU4ecKuil 20¢cy0apcmeentblil mexHU4ecKuil
YHUgepcumen, YHUBepcumen, YHUBepcumen,
Kapwwu, Y36exucman Kapwuu, Y36exucman Kapwu, Y36exucman

Annomauyun. B cmamve uccnedosana 1a00pamopHoO-mexHoI02UYECKas CXeMa U36leyeHus. nauaous u
NIAMUHbL U3 MEXHO2EHHBIX 0mx0008, obpazyrowuxca 6 ycioguix AO «Awmanvikckuti MKy
IlocnedosamenvHocms — onepayuii.  ONMUMUBUPOBAHA.  OCAXCOeHUe  NALIAOUEB020  KOMNIEKCA
muoxapoamudom (70-90 2/n, 25-30 mun, E=94-96%), mepmuueckoe paznodcenue ocaoka npu 550—
600°C, nocnedyrowee sviwyeravusanue «yapckou 6ooxkouy (=2 1 na 100 e npooykma, 1-2 u). Ilnamuna

KON-METALLURGIYA VA ISHLAB CHIQARISH SANOATI www.srt-journal.uz
IF'OPHOJOBBIBAIOIIASA METAJITYPI'US U OBPABATBIBAIOIIASA ITPOMBIIIJIEHHOCTD
MINING METALLURGY AND MANUFACTURING INDUSTRY 48


http://www.srt-journal.uz/
mailto:shahboz01011991@mail.ru
mailto:perfection.2001.02.07@gmail.com
mailto:abbos_01011991@mail.ru

SANOATDA RAQAMLI TEXNOLOGIYALAR
OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH
DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

CeNeKMUBHO 0CaMcOaemcsi X10puoom ammonust 6 sude (NHq)2[PtCls], nannaouii ocmaemcs 8 pacmeope,
3amem nepegooumcs 6 ammuauusii komniexc [Pd(NHs)«]Cl: u ocascoaemcsa xaxk XII3-xomnnekc
[Pd(NHs):Clz]; 3asepwarowas cmaous — 80cCmanogieHue 2UuOpa3uHoMm (npu Heobxoo0umocmu
MYpasvuroll Kuciomot) 0o memaniuveckoeo Pd. Ilpeonooicennas cxema (17 onepayuti, 24—26 u)
nosvluaem cmenensv uszgnevenuss Pd c¢ 55% oo 84%,; uucmoma KOHeuHO20 NOpOWIKA NALLAOUS
oocmueaem 99,5-99,94%. Texunonocus 35KOHOMUYHA NO pedceHmMam U 3Hepeuu U CHUdNCaem
9KONI02UYECKYIO HASPY3KY HA KApmMbl CKIAOUPOBAHUSL OMX0O008.

Knrouesvie cnosa: mexumocennvie omxoovl, NALIAOUL, WIAMUHA, MUOKAPOAMUO, 6blueslauusanue

«Yapckoul  B0OKOU», KAIbYUHAYUS, BOCCMAHOGNEHUE 2UOPAUHOM, AMMUAYUHbIE KOMIJIEKCHI,
[Pd(NH;):Cl:] (XII3), cenexmusnoe ocascoenue, agppunasxic, AI'MK.

STUDY OF THE TECHNOLOGY FOR EXTRACTING PLATINUM AND
PALLADIUM FROM WASTE FROM PLATINOID PROCESSING

Turdiev Shahboz Ganiev Barkamol Boboxonov Abbos
Shermamat ugli Eshdaviat ugli Ruslanovich
(D), Karshi State Technical Master, Karshi State Technical Student, Karshi State Technical
University, University, University

Karshi, Uzbekistan Karshi, Uzbekistan Karshi, Uzbekistan

Abstract. This paper presents a laboratory-scale process for recovering palladium and platinum from
technogenic wastes generated at Almalyk MMC. The flowsheet was optimized as follows. thiourea
precipitation of a Pd complex (70-90 g/L, 25-30 min, E=94-96%), thermal decomposition of the
precipitate at 550-600°C, followed by aqua-regia leaching (=2 L per 100 g product, 1-2 h). Platinumis
selectively precipitated with ammonium chloride as (NH4):[PtCls], while Pd remains in solution, is
converted to the ammoniacal complex [Pd(NH:)«/Cl., then precipitated as the dichlorodiammine
complex [Pd(NH:):Cl:]; final reduction to metallic Pd is carried out with hydrazine (optionally formic
acid). The proposed 17-step, 24-26 h scheme increases Pd recovery from 55% to 84%, delivering refined
Pd powder of 99.5-99.94% purity. The technology is reagent- and energy-efficient and mitigates
environmental burden at waste storage sites.

Keywords: technogenic waste, palladium, platinum, thiourea precipitation, aqua-regia leaching,
calcination, hydrazine reduction, ammoniacal complexes, [Pd(NHs):Cl.], sSelective precipitation,
refining, Almalyk MMC.

Kirish. Hozirgi vagtda jahon kon- | suv bilan yuviladi, vakuum ostida quritiladi va

metallurgiya sanoatida yillar davomida to‘plangan
sanoat chigindilarini gayta ishlashga yo‘naltirilgan
bargaror tendensiya kuzatilmogda. Bunga sabab —
yugori tarkibli, oson gayta ishlanadigan rudalar
zaxiralari ko‘plab  konlarda deyarli  tugab
borayotgani. Natijada konditsion rudaarni qayta
ishlash hagymi qgisgarib, sanoat chigindilari, giyin
boyitiluvchi rudalar hamda balansdan tashgari past
navli rudalar/chigindilarni gaytaishlashgajalb etish
zarurati yuzaga keldi.

Eksperimentlar metodikas.  Palladiy—
tiokarbamid kompleksini cho‘ktirish jarayoni 15-30
dagiga davomida aralashtirgichli titan reaktorda
amalga oshiriladi. Cho‘kma hosil bo‘lgach, u
filtrdan o‘tkaziladi, pH=5 bo‘lguncha distillangan

maydalanadi; so‘ng termik parchalanish orqali
gimmatbaho metallar yuzasi “ochiladi”. Paladiyli
kompleksning termal parchalanishi bo‘yicha
tajribalar SNOL markali mufel |aboratoriya pechida
o‘tkazildi. Ishning maqsadi: mahsulotni to‘liq
parchalatish, zarracha yuzalarini ochish hamda gaz
fazasining harorati va tarkibining parchaanish
xarakteriga ta’sirini o‘rganishdan iborat. Termik
ishlovdan keyin olingan mahsulot yanchish
qurilmasida maydalanadi. Keyin paladiyli
mahsulot titan reaktorda gidrazin eritmasi bilan
ishlanadi: eritma 60-80 °C gacha qizdirilib, 2-4
soat davomida gidrazin bilan aralashtiriladi, metall
palladiy cho‘kmasi ajratib olinadi va eritmada
golgan palladiy konsentratsiyas tahlil gilinadi.
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Qaytarilish jarayoni tugagach, oraliq paladiy
mahsuloti gidrazin qoldiglarini yo‘qotish uchun
distillangan suv bilan puxta yuviladi va 100-110°C
daquritiladi [8, 167-b.].

Palladiy va platinaning eruvchanligi jarayon
davomiyligi hamda shoh suvi (aqua regia) sarfiga
ganday bog‘ligligini aniqlash tajribalari quyi-
dagicha bagjarildi: quritilgan palladiy mahsuloti
kichik fraksiyalarga bo‘linib, V=0,05 m?*® hajmli
gizdirilgan idishga solindi; idishda oldindan nitrat
va xlorid kislotalar aralashmasi tayyorlab qo‘yildi.
Shoh suvi sarfi — 100 g palladiy kukuniga2 |. Eritish
doimiy gizdirish sharoitida 1-2 soat davom ettirildi.

Tadgigot natijalari va ularning tahlili.
Palladiyni eritmalardan ajratishning bir necha usuli
ma’lum. Jumladan, cho‘ktirish jarayonida xlorid,
ftorid, tiokarbamid yoki rodanid tipidagi
eritmalardan foydalaniladi. Metall palladiy nitrat
kislota eritmalarida oson eriydi; shuning uchun uni
bunday eritmalardan metall shaklida cho‘ktirish
orqali ajratib olish jiddiy qiyinchiliklar tug‘diradi
[10, 55-b.].

Tadqiqotlar  ko‘rsatishicha,  tiokarbamid
eritmas palladiy va platina guruhi metallari
(PGM)ni cho‘ktirish uchun optimal reagentdir.
Taribalarda aniglangandek, tiokarbamid eritmasi
bilan o‘zaro ta’sirlashganda nodir metallar cho‘kma
hosil qiladi, faolligi yuqori bo‘lgan rangli metallar
esa erib eritma fazasiga o‘tadi; natijada asosiy
gimmatbaho komponentlar cho‘kma tarkibida
saglanib goladi [11, 11-b.]:

PA(NO3)2+SC(NH2)2=[ Pd(SC(NH2)2] (NO3)2

Tarkibida palladiy miqdori har xil bo‘lgan
eritmalardan tiokarbamid eritmasi bilan palladiyni
cho‘ktirish bo‘yicha tadqiqot natijalari 1-jadvalda
keltirilgan.

Jadvaldan ko‘rinib turibdiki, palladiy va
platinaning  cho‘ktirish  jarayoniga metallar
konsentratsiyasi, tiokarbamid eritmasining konsen-
tratsiyasi hamda jarayon davomiyligi sezilarli ta’sir
ko‘rsatadi. Tiokarbamid eritmasining 70-90 ¢/l
atrofidagi  yuqori konsentratsiyasi palladiy va
boshga gimmatli komponentlarning 98-99% gacha
to‘lig cho‘kishiga xizmat qiladi. Metalllarni
cho‘ktirishning optimal rejimlari quyidagicha:
t=25-30 dagiqa; tiokarbamid sarfi — 2-6 kg/kg;
gralish sasmaradorligi E=96-98%.

Laboratoriya tadqiqotlari natijalariga ko‘ra,
hosil bo‘lgan palladiy—tiokarbamid kompleksida

paladiy miqgdori 1500-2000 g gacha ko‘tarilib,
metallning boyish dargjasi 100 martaga yetadi [12,
35-b.]. Egri chiziglar grafigidan (1-rasm)
ko‘rinishicha, tiokarbamid eritmasining 70-90 g/I
konsentratsiyasida palladiyning eng yugqori cho‘kish
dargjas — 94-96% ga erishiladi. Optimal cho‘kish
vagti 25-30 dagiga.

1-jadval

Palladiy migdori turlicha bo ‘lgan eritmalardan

tiokarbamid eritmasi bilan palladiyni cho ‘ktirish

bo‘yicha tadqiqotlar natijalari
Eritmadagi Qg:gian Pd
o Tiokarbamid .q 4 ] Cho‘kmaga | cho‘kmaga
Pd . ) eritmadagi L
Ne ) . (tiomachevina) tushgan Pd gjralish
miqdori, ) Pd ) . L
sarfi, gr ! . miqgdori, % dargjasi
mg/l miqdori, ©®), %
mg/l 7
1 50 2 52-11,5 8,15 78,12
2 50 3 5,4-9,5 8,41 81,27
3 75 4 10,7-14,3 12,78 82,15
4 75 43 10,1-12,25 13,56 83,67
5 87 5 10,3-13,5 18,51 86,73
6 87 53 8,7-9,94 20,69 88,92
7 105 6 8,5-12,6 20,99 91,33
8 105 6,2 7-9,51 21,52 92,75
9 127 7 4,13-7,67 22,45 94,63
10 127 75 4,25-5,71 27,27 96,05

Palladiy — tiokarbamid kompleks avva
pechga yuklanib 300°C da quritiladi, so‘ng 500-
600°C harorat oralig‘ida termik parchalanish bosh-
lanadi; jarayon davomiyligi 3-4 soatni tashkil etadi.
Termik parchalanish jarayonida palladiy cho‘kmasi
quyidagi reaksiyaga muvofiq parchalanadi:

2[Pd(SC(NH2)2](NO3)2+8,50>—PdO-
PdO2+8NO21+2S021+2C0O21+4H201

ad

-
P .
e or
7

Ha
o

. A RABE

~ Cho'itirish damjast %o

vaqti, min

1-rasm. Qimmatbaho komponent cho ‘ktirish
darajasining jarayon davomiyligiga va
tiokarbamid eritmasining kontsentratsiyasiga
bog ligligi.

Termik parchalanish bo‘yicha o‘tkazilgan
tadqiqotlar palladiyning shoh arog‘ida keyingi
eruvchanlik dargjas parchalanish rgimlariga
bog‘liq ekanini ko‘rsatdi. Ushbu bog‘liglik 2-
jadvalda keltirilgan.
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2-jadval
Kuydirish haroratining t=300-600°C palladiyning
shoh arog‘i eritmasida erish darajasiga
bog“ligligini o‘rganish natijalari

Ne Kuydirish Kuydirishdan Pd ning shoh
harorati, T, °C keyingi kuyindi arog‘ida
massas, eruvchanligi, %
(boshlang‘ich
namuna massasi
504qr)., gr
1 300 43 70,25
2 300 42 71,43
3 350 41 73,78
4 350 40 72,52
5 400 40 80,19
6 400 39 81,56
7 450 37 84,57
8 450 35 85,11
9 500 27 88,78
10 525 26 89,23
11 550 25 94,27
12 550 24 96,63
13 600 25 95,34
14 600 25 95,21

2-jadvaldan ko‘rinib turibdiki, palladiyning
eruvchanligi 600°C da kuydirilganda 95,34% ga
yetadi. Buning sababi — yuqori haroratda kuydirish
palladiy kompleksini to‘liq metall holatga
parchalab, zarrachayuzasini ochadi vanatijadashoh
arog‘ida (aqua regia) eritilish darajasini oshiradi.
Tajribalar shuni ko‘rsatdiki, 550°C dan past
haroratlarda o‘tkazilgan termik parchalanish keyin-
gi eritish bosqgichida eruvchanlikni pasaytiradi:
parchalanish chog‘ida hosil bo‘lgan palladiy qayta
oksidlanib, eritish vaqgtida eruvchanlikning kama-
yishiga olib keladi. Shu asosda palladiy saglovchi
mahsulot uchun optimal kuydirish harorati 550
600°C diapazoni deb qabul qilindi.

Adabiyotlar tahlili ko‘rsatadiki, reagent sarfi
kam, arzon va PdO ning yudori dargada qay-
tarilishini gidrazin eritmasi ta’minlaydi. Taklif
etilgan texnologiya laboratoriya va kengaytirilgan
laboratoriya sharoitlarida sinovdan o‘tkazildi;
jarayon 2-4 soat davom etdi. Dastlabki va yakuniy
mahsulotlarning tahlili palladiyning to‘liq qaytari-
lishini tasdigladi. Cho‘kmaning qaytarilish reak-
slyas quyidagichaifodalanadi [12, 18-b.]:

Pd>O3+N2Hs—Pd+PdO+N2+2H0

2(Pd-PdO)+N2H4—4Pd+N2+2H.0

Palladiyni tiklash jarayoni tugagach, oraliq
mahsulot gidrazin goldiglarini chigarib tashlash
uchun distillangan suv bilan yaxshilab yuviladi va
100-110°C haroratda quritishga qo‘yiladi. Keyin
laboratoriya mufel pechida namlikdan xoli qilinib,
keyingi bosgichlarga tayyorlanadi.

Mavjud texnologiyaga ko‘ra, palladiy bir
necha marotaba nitrat kislotada eritiladi. Birog bu
usul o‘zini oqlamadi: palladiyni ajratib olish
darajasini sezilarli oshirish shoh arog‘i (aqua
regia)da eritish bosqichisiz imkoni yo‘qligi anig-
landi. O‘tkazilgan tajriba-sinovlar asosida yangi
texnologik sxemaishlab chiqildi (3-rasmga garang)
va natijada platina hamda palladiyning eritmaga
o‘tish (eruvchanlik) darajasi hamda umumiy ajratib
olish ko‘rsatkichi keskin oshirildi.

Tajribalarga ko‘ra, eritish vaqti uzaygan sari
metallar eruvchanligi ortadi, chunki paladiy va
platinaning shoh arog‘ida eritilishi jarayon kine-
tikasiga bog‘liq. 2-rasmdan ko‘rinadiki, palladiy-
ning eritmaga o‘tish darajasi platinanikiga nisbatan
yuqorirog. Bu paladiyning umumiy tiklanish
(reduktsiya) dargjasi yudoriligi bilan izohlanadi.
Eruvchanlikka kuchli ta’sir giluvchi omillar — shoh
arog‘i eritmasining konsentratsiyasi va sarfi.

Eksperimental ravishda aniglandiki, eritish
vagti ortganda reagent sarfi ham ortadi; buning
natijasida eritmadagi paladiy konsentratsiyasi
ko‘payadi. Jarayon davomiyligi 120 minut bo‘l-
ganda sarf 200 g/dm?® ga yetadi va 100 g palladiy
mahsuloti uchun 2 | reaktiv ishlatiladi.

Olingan natijalar asosida palladiy mahsulotini
eritishning optimal rejimlari belgilandi. 2-rasm egri
chiziglari platinoid guruhidagi metallar, xususan
platina va palladiy eruvchanligining ortishini
ko‘rsatadi. Shu bilan birga, toblangan mahsulot
tarkibidagi qo‘shimcha metallar ham (masalan, Fe,
Cu, Ni, Au, Ag) eritmada ma’lum miqdorda erib,
eritmani iflodantirishi aniglandi.

Pdwva Pt ning eruvchanligi

///{:"

2-rasm. Jarayon davomiyligi va shoh arog ‘i
eritmasining platina va palladiyni eruvchanligiga
bog ligligi.

Platinava palladiyning shoh arog‘i eritmasida
erish reaksiyas quyidagicha:

KON-METALLURGIYA VA ISHLAB CHIQARISH SANOATI

www.srt-journal.uz

I'OPHOJOBBIBAIOIIAS METAJIJIYPT'USA U OBPABATBIBAIOIIASA TIPOMBIIIVIEHHOCTbD

MINING METALLURGY AND MANUFACTURING INDUSTRY

51


http://www.srt-journal.uz/

SANOATDA RAQAMLI TEXNOLOGIYALAR

OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH

DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

3Pd+18HCI+4HNOs—3H;[ PdCls]+4NO1+8H20

3Pt+18HCIl+4HNOs— 3H,[ PtCle[+4NO1+8H.0

Qimmatbaho metallar eritmaga o‘tgach,
mahsulotning erimagan qismi filtrlanib, chigindi
sifatida chigariladi. Keyingi bosgichda eritmadan
platinani tanlab ajratib olish bo‘yicha tajribalar
o‘tkazildi. Buning uchun ammoniy xlorid (NH4Cl)
eritmasi platina cho‘ktiruvchisi sifatida tanlandi: u
eritmadan platinani selektiv ravishda cho‘ktiradi,
palladiy esa eritmada qoladi. Eritma mexanik
aralashtirgichli reaktorda oz miqdordagi NH4Cl
eritmasi bilan ishlov berildi.

Tajriba natijalari shuni ko‘rsatdiki, jarayon
davomiyligi uzaygan sari ammoniy xlorid sarfi ham,
platinaning tanlab cho‘kish darajasi ham ortadi.
Eksperimental ko‘rsatkichlar 3-jadvalda keltirilgan.

3-jadval
Ammoniy xlorat bilan platina cho ‘ktirish
jarayonining optimal rejimi va davomiyligini
aniglash boe ‘yicha tajribalar natijalari

Ne | Cho‘ktirish | Ammoniy | Cho‘kmada | Platinaning

vagti, min xlorat platina cho‘kmaga
sarfi, | miqdori, % gjralish

dargjas, %
1 30 5 16 68,56
2 60 10 20 72,21
3 90 15 26 76,89
4 120 20 28 80,23
5 150 25 30 86,72
6 160 30 30 86,68

3-jadval ma’lumotlariga ko‘ra, cho‘ktirish
vaqgtini 150 dagigadan ortiq uzaytirish platinaning
gralish dargasini oshirmaydi; shu bois optimal
cho‘ktirish vaqti 150 daqiqa deb belgilandi. Eng
yugqori tiklanishni ta’minlagan reagentning minimal
sarfi 25 litrni tashkil etdi. Olingan natijalar sanoat
sharoitida joriy etish uchun asos bo‘lib, cho‘ktirish
bosqichida tetraxloropalladiy kislotasi (Hz[PdCla])
eritmada  qolishi, cho‘kma esa ammoniy
geksaxloroplatinat(1V) — (NHa)2[PtCls] shaklida
hosil bo‘lishi tasdiglandi [17, 2125-b.].

H2[PtClg] +2NH4Cl=| (NH4)2[ PtCle] +2HCI

Ho[ PdCl 4] +2NH4Cl—(NHa4)2[ PdCl 4] +2HCI

Palladiy eritmasini qo‘shimchalardan
tozalashning eng magbul usullarini aniglash uchun
bir qator tajribalar o‘tkazildi. Ammiak asta-sekin
eritmagakiritildi. Agar ammoniy gidroksid miqdori
ko‘paytirilsa, quyidagi birikma hosil bo‘ladi:

(NH4)2[PdC|4]+4NH3—>[Pd(NH3)4]C|2+2NH4C|

Ammiakli suv palladiyga erituvchi sifatida
ta’sir qiladi va shu sababli palladiy eritmaga
fazasiga o‘tadi. Eritmada ba’zi qo‘shimchalar bilan

o‘zaro ta’sir qiluvchi ammoniy gidroksid eritmasi
zararli metallarni  gidroksidlar shaklida suvda
erimaydigan cho‘kma hosil qilib cho‘kadi:
Fe(OH)s|, Cu(OH)2|, Ni(OH)2] .
FeCl3+3NHsOH—Fe(OH)3z | +3NH4Cl
CuCl2+2NH4OH—Cu(OH)2| +2NH4Cl
NiCl2+2NH4OH—Ni(OH)2| +2NH4Cl
Keyinchalik, dixlorodiamminopalladiy (1)
(XPZ-palladozoamin)ning cho‘kishi va kislotali
muhitning XPZ ning cho‘kishiga ta’siri o‘rganildi.
Buning uchun maxsus tanlab cho‘ktirish texno-
logiyasi ishlab chigilgan (3-rasm va formulalarga
garang).
[Pd(NH3)4]Cl2+2HC|:[Pd(NH3)2C|2]l+2NH4C|
Taribalar turli konsentratsiyalarda va turli
miqdorda xlorid kislota eritmasida o‘tkazildi.
Eksperimental ravishda HCl ning qo‘shilgan
miqdori ko‘p bo‘lmasligi kerakligi aniqlandi,
chunki hosil bo‘lgan kompleks yana eritma fazasiga
o‘tishi mumkin.
[Pd(NH3)2Cl2]+2HC1—(NH4)2[ PACl 4]
Tajribalar natijalariga ko‘ra palladiyni xlorid
kislota eritmasida cho‘ktirishning optimal rejimlari
aniglandi: HCI ning sarfi 100 g palladiy kukuniga 1
litr, cho‘kma muhiti pH=1-2. Paladiy va plati-
naning cho‘kish magbul ko‘rsatkichlari 4-jadvalda
ko‘rsatilgan.
4-jadval
Palladiyni cho ‘ktirishning maqbul omillarini
o‘rganish tajriba natijalari

Xlorid . Palladiy
kisiotasi | mel | SPOK i
Cho‘tirish sarfi konsen- - XPZga
Ne I o palladiy o
vaqgti, min 100 or tratsiyasi, migdori ajra!lslj
Pd olish % % " | dargas,
uchun, | %
1 10 0,20 30 40 51,8
2 15 0,25 40 50 62,9
3 20 0,50 45 60 714
4 25 0,75 50 70 86,7
5 30 1,0 65 80 96,8
6 40 1,25 65 65 80,7

Jadvaldan ko‘rinadiki, 100 g palladiyni
cho‘ktirish uchun 1 litr xlorid kislotasi kifoya,
optimal jarayon vagti — 30 dagiga. Vaqgtni bundan
orttirish palladiy cho‘kish darajasini pasaytiradi va
xlorid kislotasi sarfini oshiradi. Palladozoamin
([PA(NH:)CL]) xlorid kislotasi bilan cho‘k-
tirilganda hosil bo‘lgan gidratlar filtrlash orqali
gjratiladi; golgan komplekslar parchalanib, keyingi
affing) bosgichiga xalagit bermaydi.

Agar jarayon 40 dagigagacha uzaytirilsa, HCI
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sarfi 1,25 litrgacha ko‘payadi; bu sharoitda cho‘kma
palladiy asta-sekin yana kislota muhitida gayta eriy
boshlaydi. Palladiy oksidini gaytarish uchun esa
100 g Pd kukuniga 200 ml reaktiv sarf bilan chumoli
kislotasi qo‘llaniladi.

2PdO+HCOOH—Pd+1CO2+H20

Olingan kukun juda oz miqdorda Pb, Sn va
boshga metall aralashmalarini  saglaydi. Uni
go‘shimchalardan tozalash uchun biz kukunni limon
kislotas bilan gayta ishlaymiz (limon kislotasining
istemoli 100 g Pd kukuniga 200 ml).
Qo‘shimchalardan tozalangandan so‘ng, kukun
digtillangan suv bilan yuviladi va mahsulot
quritiladi. Natijada tozalangan Pd kukuni hosil
bo‘ladi.

Texnogen chigindi{mis shlami chigindisi)

Oksidlanish
Cho’ktirish

CS (NHz)

Filtdash

kek

Kuydirish 500-600 °C

Yanchish

‘ Kislotali entmalar neytrallashga

NH.CI

Boshaqa platinoidiarni ajratib
olish uchun gayta ishlashga
yuborish (Os, Ir, Rh)

| Entma palladiyni ajratib olishga }

NH:OH l

‘ Neytrallab, qo'shimchalardan

Filtdash
HCI
ni chotinsh

[ Yanchish va chumoli kislotali ishlov berish |

[ Yuvish va qurutish |

‘ Sof holdagi Platina kukuni ‘

Sof holdagi Palladiy kukuni

3-rasm. Texnogen chigindilardan platina va
palladiy metallarini ajratib olishning tavsiya
etilgan innovatsion texnologik sxemasi.

Taklif etilayotgan texnologiya jarayonning
davomiyligini gisgartirishi aniglandi, bu amaliyotda
katta hayjmdagi chigindini gayta ishlash uchun
muhim omil hisoblanadi.

Keng gamrovli tadqgigotlar, jumladan, bir
gator tagriba va sinovlar natijasida 17 ta operat-
siyadan va umumiy jarayon davomiyligi 24-26
soatdan iborat yangi texnologik sxema ishlab
chigildi (3-rasmga garang). Bunda palladiyning
1 litrda 50 mg ni tashkil etgan eritmalaridan 84%
gacha gralish dargas bilan paladiyni maksimal
gratib olish taminlandi. Natijada palladiyning
massaulushi 99,5-99,94% holda bo‘lgan tozalangan
va affinajlangan palladiy kukuni hosil bo‘ldi (5-
jadvalga garang).

Ishlatilgan elektrolitlarni qayta ishlashning
zamonaviy kompleks usullaridan foydalanish
natijasida chigindilar tarkibidan platina va
palladiyni to‘liq ajratib olishni oshirishga olib
keladi. Texnologiya ekologik nugtai nazardan ham
maqgsadga muvofiq bo‘lib, texnogen chiqindilarni
gayta ishlash natijasida chiqindilar yig’ilgan yerlar
bo‘shatiladi va atrof muhitga tasiri kamayadi,
shuningdek qo‘shimcha qimmatbaho metallarni
gratib olish hisobiga iqtisodiy samaradorlikka
erishiladi.

Ushbu texnologiyaning joriy  etilishi,
shubhasiz, platina va palladiyni go‘shimcha ajratib
olinishi hisobiga ijobiy iqtisodiy (7764547682,08
so‘m) samara beradi va sanoat chiqindilari
to‘plangan joylarda ekologik vaziyatni yaxshi-
lanishigaolib keladi.

Xulosa. Taklif etilgan texnologiya texnogen
elektrolittardan palladiy va platina guruhidagi
metallarni samarali gratib olishga imkon berdi:
aqua regia uchun optimal reagent-parametrlar,
selektiv cho‘ktirish va qaytarish (reduktsiya)

5-jadval
Affinajlangan palladiy kukunining fizik-kimyoviy tahlil natijalari
- . Ulusha, %
Namuna Ne| Maxsulot nomi |55 Pt R Ir Ru Au Pb Fe Si Sa Al
99.90 | 0.0036 | 0.0312 | 0.0003 | 0.0038 | 0.0068 | 0.0026 | 0.00119 | <0.0001 <0,0001 0.0002
. Ulusht, %
10 Pd kukuni sb As | Mg Zn Cu Ni Mn Cr Co Ca
0.0025 | 0.0244 | 0.0003 | =0.0001 | 0.0055 | 0.0012 | 0.0001 | 0.0004 | 0.0005 0.0006
Namuna Ne| Maxsulot nomu Ulushi, %
1 Pd Pt Rh Ir Ru Au Pb Fe S1 Sn Al
99.94 0.0022 0.0310 | 0.0003 | 0.0039 [ 0.0032 | <0.0001 | 0.0055 | =0.0001 | <0.0001 | 0.0003
. Ulusha, %o
1 Pd kulouns Sb Ag Mg Zn Cu Ni Mn Cr Co Ca
0.0022 =0.0001 00001 | <0.0001 | 0,0050 | 0.0012 | 0.0001 | 0.0006 | 00005 | 0.0004
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yo‘llari asosida ishlab chiqilgan yangi texnologik
sxema yugori mahsuldorlik, past energiya sarfi va
reagent  tejamkorligini  ta’minladi.  Natijada
palladiyning chegaralangan tiklanish dargjas 55%
dan 84% gacha oshirildi, yakuniy mahsulot tozaligi
99,9-99,94% ga yetkazildi, platina esa tanlab
cho‘ktirish orqali kamida ikki baravar yuqori

dargada gjratib olindi. Kompleks yondashuv
chiqindi ogimlaridan PGMlarni to‘liqroq qaytarish,
igtisodiy samaradorlikni oshirish hamda ekologik
yukni kamaytirish imkonini beradi; shuning uchun
texnologiyani sanoat miqyosida joriy etish
magsadga muvofigdir.
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Annomayusn. B cmamve paccmampusaemcsi paspabomka d¢h@dexmusHol mexnosocuu 0602aujeHus
MeOHo-nopduposvix pyo 6 Yzbexucmane c yuémom mecmHvix ycaoeuu. llpusedena munepanbHO-
XUMUYECKas Xapaxmepucmuxa pyo Mmecmopodcoenuii «Kanomaxwvipy, «Capoi-Uexy» u «Euwnuxy,
ONUCAHbL  Meopemuyeckue OCHO8bL U  IKCNEPUMEHMANbHblE — UCCAeO08AHUsT  hromayuu  u
epasumayuonno2o obozawenus. Ilpednodicena cxema KoOIIEKMUBHOU Gromayuu ¢ nociedyrowell
000YUCMKOU, COYemarwas Gromomemaiiypeudeckue u mepmoouHamuyeckue memoovl. Ilonyuenuvie
pesyivmamol ce8udemenbcmayiom o6 3gpgexmuenocmu pazpabomanHou cxemvl NO CPABHEHUN) C
CYWecmeyouuUMu mexHoI0SUsIMU.

Knioueevle cnosa:. meob, meono-nopuposvie pyovl, obocawenue, gromayus, mepmoouHamMudecKuil
ananuz, Kanwmaxvip, Capui-Yexy, Eunux, mexnonozuveckas cxema.

MIS-PORFIRLI RUDALARNI BOYITISHNING SAMARALI

TEXNOLOGIYASINI ISHLAB CHIQISH

Mamaisagova Zebo Bahodir qiz
Tayanch doktorant, NITU “MISIS” Olmaliq filiali, Olmaliq, O ‘zbekiston

Annotatsiya. Maqgolada O zbekistonda mahalliy sharoitlarni hisobga olgan holda mis-porfir rudalarini
boyitishning samarali texnologiyasini ishlab chiqish ko ‘rib chigilgan. “Qalmoqir”, “Sarig-Cho‘qqi” va
“Yoshlik” konlari rudalarining mineral-kimyoviy tavsifi keltirilgan, flotatsiya va gravitatsion
boyitishning nazariy asoslari va eksperimental tadgiqotlari bayon etilgan. Flotometallurgik va
termodinamik usullarni birlashtirgan, keyinchalik qo ‘shimcha tozalash bilan kollektiv flotatsiya sxemasi
taklif etilgan. Olingan natijalar ishlab chigilgan sxemaning mavjud texnologiyalarga nisbatan
samaradorligidan dalolat beradi.

Kalit so‘zlar: mis, mis-porfir rudalari, boyitish, flotatsiya, termodinamik tahlil, Qalmoqgir, Sarig-
Cho‘qqi, Yoshlik, texnologik sxema.

DEVELOPMENT OF AN EFFICIENT TECHNOLOGY FOR COPPER

PORPHYRY ORE BENEFICIATION

Mamaisakova Zebo Bahodir kiz
Basic doctoral student, Almalyk branch of NITU “MISIS”, Almalyk, Uzbekistan
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Abstract. This article discusses the development of an effective beneficiation technology for copper-
porphyry ores in Uzbekistan, taking into account local conditions. It provides a mineralogical and
chemical characterization of ores from the Kalmakyr, Sary-Cheku and Yoshlik deposits, describes the
theoretical basis and experimental studies of flotation and gravity beneficiation methods. A collective
flotation scheme with subsequent refining, integrating flotometallurgical and thermodynamic methods,
is proposed. The results obtained demonstrate the efficiency of the developed scheme compared to

existing technologies.

Keywords: copper, copper-porphyry ores, beneficiation, flotation, thermodynamic analysis, Kalmakyr,

Sary-Cheku, Yoshlik, technological scheme.

BBenenue. Menb — cTpaTEeruyecku Ba)KHbIN
LBETHOM METaJUl, WIHAPOKO HCIOJIb3YEMBIA B
JNEKTPOTEXHUKE, CTPOUTENBCTBE U  JAPYTUX
orpacisix. B VY30ekucraHe — eAMHCTBEHHBIM
MIPOU3BOJUTENIEM MEIU SIBISIETCA «AJMAIBIKCKHI
I'MK», cpippeBOii 0a30if KOTOPOTrO  CiIy>Kar
MECTOPOXKICHHUS MeIHO-TIOP(HUPOBBIX Py
Kansmaxsip, Capsi-Ueky u Emmk. CoBokymuble
3amachkl  3THX MECTOPOXKIEHUN  OIICHUBAIOTCS
IpUMEpHO B 17 MJIH T MeIH, NIPU 3TOM H3BJIEUEHO
mumb  okono 20% oatux 3amacoB. C  yuérom
pacTyLIEero crnpoca U rocyAapcTBEHHOIO IJIaHa 110
yBenuueHuto 100b19u Meau (10 400 meic. m B roa K
2030 r.) akTyanbHOM sBIsETCS 3a7a4ya pa3pabOTKH
0onee >(EKTUBHBIX TEXHOJOTUH oOoTraleHus,
YUYHUTBIBAIOIINX OCOOCHHOCTH Yy30eKCKuxX pya. B
JaHHOM pabGoTe mpoOBeNEH aHaIM3 TEKYIIUX
METOJI0B 00OTaIleHNs MEJHO-MOJINOACHOBBIX PY/I,
BBITIOJITHEHBI TEOPETUYECKHE pacuéTsl "
1a00paToOpHbIE HCIBITAHUS, a TAKXKE IMpeaio’KeHa
ONTHUMU3MPOBAaHHAs  TEXHOJOrMYECKas  CXema,
aJIaNTHPOBAHHAS [10/1 MECTHBIE YCIIOBHSL.

OcHoBHbIC 00/1aCTH NPUMEHEHHs MeAd B
NPOMBIIIEHHOCTH. Menp o00anaer BBICOKOH
3JIEKTPOIIPOBOAHOCTBIO " KOPPO3UOHHOM
CTOMKOCTBIO, TIO3TOMY €€ Hauboblnee MoTped-
JEHUE TPUXOAUTCS Ha  DJIEKTPOTEXHUKY U
JEKTPOIHEPreTUKy. 3HAuUTEeNbHAs YacTh MeEIU
UAET Ha TMPOU3BOJACTBO MPOBOJOB, Kabened wu
TpaHchopMaToOpoB, a TakKe Ha KOMIIOHEHTHI
BO300HOBIISIEMOM SHEPIeTUKH (BETPO- U COIHEUHBIE
yctaHoBkH). Okosno 46 % MupoBoro motpedaeHus
MEIU TMPUXOJUTCS HA CTPOUTENbHBIE HYXKIbI.
3HauyuMble OOBEMBI MEIM  HCIONB3YIOTCS B
MAIIMHOCTPOCHUH  (ABUTATENH, TEHEpaTophl),
TPAHCIIOPTHOM MAalIMHOCTPOEHUH (aBTOMOOMIIH,
KENE3HOJIOPOXKHASL INEKTpUPHUKAIMA) U TPOU3-
BOJICTBE DJJIEKTpOHUKU. [l omeHkm obmacteit
IPUMEHEHHUS MEAM MOYKHO OpPHUEHTUPOBAThCA Ha

otuéthl «Copper Development Association» — goms
MeId B 3JaHUAX oleHuBaeTcs cBebilie 46 %, 4ro
OTpakaeT e€ KIIIOUYEBYIO POJIb B UHPPACTPYKTYpE
(pucynok 1) [1].

MawuHocTpoerine

TparcnopT

NEKTPOHWKA U BLICOKME TeXHONOTUN V.

CTpouTenscTso

INEKTPOTEXHUKA U FHEPrETUKA

Puc.1. Ponv meou 6 snepzemuxe u
6bICOKOMEXHOI02UYHBIX OMPACTAX.

O0ocHoBanmne HE00XO0IUMOCTH
ucciaenopanus.  CymliecTBYIOIIME  MOIIHOCTH
y30€KCKUX 000raTUTENbHBIX (PaOpUK UCTIBITHIBAIOT
OTpaHWYEHHE M0 M3BJICYCHHIO MeIu W3 OeTHBIX
noppupoBsIX pyd. B dactHocTH, MO naHHBIM AO
«AI'MK», Tekymias BbIEeMKa MEIU COCTaBISET
mumb 20% ot obmiero o0bEMa 3amacoB. [Ipu a3Tom
3aBOJIBI TIEPEOPUCHTUPOBAHBI Ha KOJUICKTUBHYIO
¢droTanKo0 ¢ OT/AEICHHEM KOHIIEHTPATOB MeIu U
MOJHMO/IeHa, HO CYNIECTBYIOT NOTEPH MeTajula B
OTBAJIbHBIX XBOCTax. [IpUHAT mnaH pa3BUTHS
MEIHOTO KJactepa, mnpenanojararommii k 2030 T.
HapamuBanue 100sr4au 710 400 ThIC. T ¢ 00pabOTKOM
80% pyner Ha wmecte. Pemenwe »To# 3amaun

TpeOyer ©Oomnee dPdexkTuBHOTO  ObOOTAICHUS
HU3KOCOPTHBIX MOPPUPOBBIX pya. B psge apyrux
CTpaH I CXOAHBIX  pyd  pa3pabOTaHbI

KOMOMHHMpOBaHHbIE CXeMbl ((ioTanus ¢ mpeBa-
PUTEIBHBIM OOXKUTOM WJIM KHUCJIOTHBIM BBIIIIE-
JaYMBaHUEM), OJTHAKO B YCIOBHUAX Y30€KHCTaHa C
ero crenuduueckuM coipb&M (cynbpuanas daza
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Cu-Mo c BrmroyeHueM Au, Ag) HEoOXOIUMO
YYUTHIBATh JIOKAITBHBIE 0COOEHHOCTA MUHEPATIOTUI
U KOMIIOHOBKY  TEXHOJOTHYECKHUX  3BCHBCB.
Hacrosimee  wcciieoBanne — HampaBJICHO — Ha
CO3JIaHUE AJANTUPOBAHHON TEXHOJIOTUH, IMO3BOJI-
SIFOIICH TMOBBICHTH M3BJICUCHUE MEIU U KOMILIEKC-
HO€ HCIOJIh30BAHUE IEHHBIX KOMIIOHEHTOB PYIIbI
[2, 3].

Teopernueckasi M IKCIEePUMEHTAIbHAsA
OCHOBa mcciaenoBanus. OOoraiieHue MeIHO-
noppupoBeIX pyn Oasupyercs Ha QuioTanuu
CyJTb(OUIHBIX MHHEPAIOB MM U MoiubOaeHa. J{is
NPOTHO3a PE3yJIbTATOB U ONTHMH3AIUU PEKUMOB
OOBIYHO MCIOJIB3YIOT TEPMOJIUHAMUICCKIN aHAIN3
pacrpefieliecHus]  MOBEPXHOCTHBIX  3apslOoB |
MOTCHIIMAJIOB MHHEPAJIOB, a TAaK)Xe MOJCIb PaB-
HOBECUH XMMHYECKMX (QOopM peareHToB. B uact-
HOCTH, YCTAaHOBJICHO, 4TO ()JIOTAIUIO CYyJIb(OUIOB
MEJIU ¥ MUPHUTA BEIyT B CJIA0OIMICTIOYHOM cpene (¢

BBOJIOM W3BeCTH JO | «ke/m), mpu 3TOM
3¢ (PEeKTUBHBIMU  KOJUJIEKTOPHBIMH ~ peareHTaMu
SIBJISTFOTCS coJn KCAHTOT'€HOBBIX KHUCJIOT

(KCaHTOTEHATBI) WM UX CMECH C a’dpodioTamu, a B
KayecTBe EHO0Opa3oBaTeiel — COCHOBOE MAcio 1
aHaJIOTUYHBIE  YIIIEeBOJOpPOJHbIE  (DIOTO(OPBI.
JlaGopaTopHbIe WCHBITAHWS TPOBOAMIINCH Ha
oOpa3iiax pyabl MecTopoxaeHus Kambmaksip.
Ucxonnas pyna comepxut npumepro 0,49 % Cu
(COOTBETCTBEHHO, 4—5 K2 Meu Ha TOHHY PYyIbl) U
MeJKue BKJIrYeHHs 3o0i0ta (=0,9 o/m). Dxcnepu-
MEHTAJIBHO OMPEJENCHbl ONTHUMAIbHBIE YCIOBHS:
pH ¢unotanuu okono 9, 103UPOBKU pEareHTOB
(kcaHToreHatel U «A’podoT») MOpsiAKa COTEH
rpaMMOB Ha TOHHY, PEXKUMBI MEPEMEITUBAHUS U
HaIlOJIHUTENIbHON 7035l [4].

Metoauku odoramenusi. OCHOBHBIM METO-
noM oboramieHus Cylnb(QUAHBIX MEIHBIX PYI
SBIsieTCS (PIIOTAIMsl, TOT/Ia KaK TPaBUTAIIMOHHEIC
METO/bl HMMEIOT  BCIIOMOTaTelbHOE 3HAuYEHHE.
I'paButanmonHoe oboramenue (OypToBaHHE, Tpo-
XOYEHHE, TuApocenapanusi) MOXET  HCIOJb-
30BaThCsl JUISI TIPEABAPUTEIHHOTO OOOTaIIeHUS
cBOOOAHON (OpPMBI MUHEPATIOB (HAIPUMEP, KPYII-
HOCEPHHCTBIX KOHKPEUI TUPHUTA WU CAMOPOTHON
MeH), HO B THIMHYHBIX MOPPHUPOBBIX pyJIax Meab
MIPUCYTCTBYET B BUJIC MEJIKHX BKPAIUICHUN XaJIbKO-
MUPHUTA, YTO OTPAaHUIUBAET dPHEKTUBHOCTH TPABU-
taiuu. Onotanus BeAETCS MO CXEME KOJIIEK-
TUBHOTO KOHIIEHTpATa: CHavajaa BbIIEISAETCS 00-

M KOHIIEHTpaT MEAM M JKele3a, 3aTeM €ro
JIOM3MENbYAIOT W Pa3feiisiioT Ha MEAHBIA U
MOJIMOJICHOBBIN KOHIICHTPAThl. B  KOJUIEKTUBHOMN
dnoranuu MOJ/ICPKUBAIOT pH<7.,5 JUTSt
OJIHOBPEMEHHOM (IIOTallMM MUPUTA, TOCJIE Yero
CEJICKTHBHO (IOTalMel (MU Jenpeccueii) u3Bie-
KalOT «YHUCTHIN» MEHBIA KOHIEeHTpaT. KoMOuHuU-
POBaHHBIE CXEMBbI MPEJIOIaraloT BBEJACHUE MPE-
BapUTENbHBIX CTaJUNA — HApUMeEp, 0OKUT PYIBI C
OT)KUTOM CEpbl WM IIEIIOYHAS CEICKTUBHAS aKTH-
Ballisi MEIU — YTO MOBBIIIACT U3BJICUCHHUE TPY.I-
HO(IIOTHPYEMBIX MUHEPAIOB. B 11€510M, Ha ocHOBE
JTUTEPaTypHBIX JAHHBIX OXHJIaeMbIe IOKa3aTelu
oboramenus konedmores B npenenax 15-40% Cu
B KOHEYHOM KOHIIEHTpaTe Mpu 00IeM U3BJICUCHUN
metasuia g0 90-95% [5].

Pesyabrarsl HCCJIeI0BAHUM. JlaGopa-
TOPHBIC HWCIBITAHUS TIOKA3alHM, 4YTO IPH CXEMe
KOJUIEKTUBHOM  (JloTaiuu ¢ TOCTEAYIOUIIM
JIOM3MENIbYEHUEM KOHIIEHTpaTa yIaéTcsi TOOUThCS
u3BieueHuss Mmeau Oomee 90%. B mabauye 1
NpUBEAEH XMMHUYECKHI COCTaB HCXOAHOM Pyl
(KanpMmakplp, mpoba) 1Mo JaHHBIM aHaiuu3a. B
mabauye 2 — IpUMEP pe3yIbTaTOB (IIOTAIUH: TIPU
coagepxkanun Meau B pyae okoio 0,49 %
W3BJICUCHHUE MEJIU COCTaBWIO ~95 %, a comepxanue
MeAW B OKOHYATEIHHOM KOHIIEHTpAaTe — MOpsaKa
25-30%.

Tab6muna 1.

Xumuueckuil cocmae ucxooHoi pyovt

Mmecmopoxcoenusn Kanvmaxoip

Kommnonenr Coaep:xkanue
Cu (%) 0,49
Au (o/m) 0,87
Tabmuma 2.

Pesynvmamut 1adopamopubix hiomayuoHHbIX

ucnvimanuii pyovt Kanomaxwoip
Ipoaykr Copep:xanue | 3Bneyenue
Cu, % Cu, %
HcxonHas pyna 0,49 -
Konnenrpart rpy6oit 18,0 82
droTanuu
XBocT rpy0oit 0,10 18
droTanuu
Koneunblit koHLIEHTpAT 28,0 95
XBOCT OKOHYATEIHLHOH 0,08 5
(daoraruu
Kpome aHammsza pyasl MeCTOPOXKICHUS
KaHLMaKLIp, AHAJIOTUYHBIC HUCCICOOBaHUA
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TNpOBeieHbl Ul PyA MECTOpOKAeHMH Bk u
Capsi-Ueky (Tabauywt 3,4,5,6).
Tabaua 3.
Xumuueckuit cocmae ucxooHoit pyowt
mecmoponcoenus Ewnux

KoMmnonenr Coaep:xanue
Cu (%) 0,54
Au (o/m) 0,95
Tabmumna 4.

Pes3ynemamut 1adopamopnix ¢promayuonHwvix
ucnvimanuii pyovt Ewinuk

IIpoaykr Conep:xanue | U3Bnedyenune
Cu, % Cu, %

Hcxonnas pyna 0,54 -

Konuenrpat rpy6oit 17,5 80
dhortanmu

XBocT rpy6oi 0,11 20
dhortanmu

KoHeuHbI! KOHIIEHTpaT 275 94

XBOCT OKOHYATENHHOM 0,07 6
dbaoranun

Tabauua 5.

Xumuueckuii cocmae ucxoonoi pyovt
mecmoporcoenun Capol-Heky

Kommnonenr Conepxanue
Cu (%) 0,47
Au (o/m) 0,82
Tabmuna 6.

Pesynomamut nabopamopnvix promayuonnsix
ucnvimanuii pyovt Capui-dexy

IIpoaykr Copep:xxanue | H3Baedyenue
Cu, % Cu, %

HcxonHas pyaa 0,47 —

Konuentpar rpy6oit 17,0 81
daoTammu

XBoct rpy0oit 0,09 19
daoTammu

KoHeuHbIl KOHIIEHTpAT 26,8 93

XBOCT OKOHYATEILHOMN 0,07 7
daotanmu

BiusiHue TEXHONOTMYECKHUX MapameTpoB:

Hanpumep, npu pH ¢roranuu oxono 9 oTmeyanoch
MaKCUMaJIbHOE HM3BIIedeHue Meau ~95 % (pucynox
2). D10 cornacyercsi ¢ JaHHbIMH 110 d3pdexTy pH —
B cinabomenounoit cpene duortanus Cu-cynbhumion
HanOonee 3¢ ¢pextuBHa. [lomyyeHHble pe3ynbTaThl
MOATBEPKIAIOT 1€JI€CO00Pa3HOCTh BBHIOOpA TpE-
JIOKEHHBIX PEXKUMOB.

Ha pucynke 3 mokazaHa 3aBHCUMOCTH
U3BIICUCHHUS] MEAM OT KOHIEHTpamuu  ¢io-
TAaIIUOHHBIX pEarcHToB (KC&HTOFeHaTBI u

AdpoduioT), TONy4YeHHas B pe3yJNbTaTe CEepUH

Ja0opaTOpHBIX  (JIOTAIIMOHHBIX OIBITOB Ha 00-
pasiax MeIHO-TIOPPUPOBBIX Py MECTOPOXKICHUS
Kansmaksip.

Puc.2. Biuanue pH cpeowvt na uzeneuenue meou.

DKCHEPUMEHTBI TPOBOJUINCHE C (UKCUPO-
BaHHBIMH YCIIOBUSMHU:

— pH dnorauum = 9;

— MPOJOJDKUTENBHOCTh (QuoTauuu = 15
MUHYT;

— KOHIICHTpanwus TBEPAOH (a3wl B Imysbiie —
30 %.

KonrmenTpanus peareHToB BappupoBagach OT
50 mo 300 r/r ¢ marom 50 r/t. U3smepsiock
U3BJICUCHUE MEJH, KOTOPOE PACCUUTHIBAIOCH ITO

dbopmye:
Ecu — (CI/ICX_CXB) X 100% (1)

Hcx

rje:

E ., — u3Bnedenue menu, %;

Cucx — COAEpkKaHMe MU B UCXOIHOU py/ie,
0,49 %;

Cyz — COIEpXaHHE€ MeAu B XBOCTax
dnotauuu, %.

[TosrydeHHBIE AKCIEPUMEHTAIbHBIC JIAHHBIC
MIPEJICTaBJICHBI B mabauye 7.

Tabmna 7.
Pe3ynvmamut IKcnepumenma

Konuentpanus Conep:xxkanue Cu | H3BiieyeHue
peareHToB, r/T B XBOCTaX, % Cu, %

50 0,147 70

100 0,098 80

150 0,059 88
200 (onTumMyMm) 0,0245 95

250 0,0294 94

300 0,0343 93

Paccunuraem no ¢opmyne (1) ontumanbHyro
touky 200 &/m:
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Ecupon = % x 100% = 95%  (2)

[Ipy MeHBIIMX KOHIIEHTpALMSIX pPEareHTOB
(50-150 o/m) mabaromaeTcss HEJOCTATOYHAS AKTH-
BallMs IIOBEPXHOCTH MHUHEPAIOB MEAH, TMpH-
BOJISIIAS K CHUKCHHWIO M3BJICUYCHHUS METallia, YTO
00YCJIOBJICHO HM3KOW CTENEHBIO THIPO¢oOU3aIuu
MHUHEPAJIOB.

[Ipy KOHUEHTpAUU BbIIIE ONTUMAaJIbHOU
(250-300 &/m) u30BITOK pEareHTOB IMPHBOAUT K
Ype3MepHOMY IEHOOOPa30BaHUI0 U 00pa30BaHUIO
YCTOMYMBBIX, HO MEHEE CEJEKTHBHbIX IIeH. B
pe3yNbTaTe 4acTh MUHEPAIOB ME/IN 3aXBAThIBACTCS
MEXaHUYECKU B IIEHHBIN IIPOYKT BMECTE C IIyCTOU
MOpPOJION, YTO HECKOJIBKO CHUYKACT W3BIICUCHHE
MEJId B YHCTOM BHUIE [6].

Puc.3. 3asucumocms useneuenus meou om
KOHYenmpauyuu h1omayuoHHbIX peazennos.

Pa3paGoTranHasi TexXHOJOrHYecKasi cxema.
[IpencraBnennas Ha pucyuke 4 ynponi€HHas cxema
BKIIIOUAET MOCIEAOBaTENbHbIE CTAIUHN APOOICHMUS,
U3MENIbUCHUsI, TPyOol (ioTanuu, JOU3METbYCHUS
KOJUIEKTUBHOTO  KOHIIEHTpaTa ©  TMOBTOPHOM
daorammu. [lpu sToM TpydOas duoranus obdec-
NeYrBaeT yAaleHUEe 3HAYUTENHbHOW YacTH MYCTOM
MOPOJIBI, a MOcHeAyromas aAoBoaka (pedmoTarus
MocJie MENBHUIIBI) TOBBIIIAET KOHEYHYIO KOHIIEH-
Tpauuio Menu. Paznenenue menu M MonubaeHa
BBITIOJHSETCST TIOCTE JOCTHIKEHHUS ONMTHYECKOM
KOHIICHTPAIMU  TPOJAYKTa  («KOJUIEKTHBHOTOY
KOHIIEHTpaTa) METOJAOM CEeJeKTHUBHOUN QoTanuu
WIH XHMHYECKOW jenpeccuu. lIpemioxeHHas
CXeMa aHaJIOTUYHA IPUHSATHIM B MEPOBOI MPAKTUKE
(nampumep, Ha JKe3KasraHCKOM pYJIHHUKE), HO
aJanTUpPOBaHAa TIOJT KOHKPETHBIM MUHEpPaIOTH-
YECKHUM COCTaB y30€KCKUX Py/I.

Pyna

l

OpoBneHue

l

pyBaa dnotauwna

l

Jou3MenbyeHMe KoHUeHTpaTa

l

QuuctHas pnoTtauma

|

PazpeneHue megHoro M monubBaeHoBoro
KOHLEHTPaToB

|

OTnpaeka Ha AanbHelwyo nepepaboTry

Puc.4. Ilpumep mexnonocuueckoii cxemol
KOJI1eKmueHoll piomayuu MeoHo-
MONUDOEHO08020 KOHYEHmpama.

CpaBHHUTEIbHBIH aHau3 c
cylmecTByOIIMMH MeToaamMu. CpaBHEHME IOKa-
3a]10, YTO MPUMEHEHHE ONTHUMH3UPOBAHHOIO

pekuma (Y4€T TEpMOJMHAMUYECKMX W KHUHETH-
4eCKUX (PaKTOPOB) IMO3BOJISIET IMOBBICHUTH H3BIIC-
YeHHEe MEAW Ha HECKOJIBKO TIPOIEHTOB IIO
CPaBHEHHWIO C TPAJWIIMOHHBIMH cXeMaMu. Tak,
KJIACCUYECKHE BapUAHTHI KOJJICKTUBHOUW (DIIOTAIHH
Ha o0Opasiax KanbpMakbipa qaiy u3BjIeueHUE MEIU B
~88-90 %, Tornma xak paspaboTaHHas cxema IoKa-
3ana ~95 %. OTo gocTuraercs 3a C4ET YBEIUUECHHUS
KOHIICHTPAIMU MEJIU B KOJUIGKTOPE WM YIIyUIICHHUS
BOCCTAHOBJICHHSI TOHKHX KJlaccoB. Kpome Toro,
BHEJPEHUE PEKOMEHyeMON CXEMbI I03BOJSET
0ojsee TMONHO WCIIOJIb30BAaTh  COMYTCTBYIOIIHE
KOMIoOHEeHTHl (Au, Ag, Mo). Takum o6pazom,
pa3paboTaHHasE TEXHOJIOTHS TPEBOCXOJHUT  II0
3¢ (HEeKTUBHOCTH CYIIECTBYIOIINE TOTOYHBIE CXEMBI
MEIHO-TIOPUPOBBIX Py, TOKa3aHHBIC B JIUTeE-
paTtype, U YIOBIETBOPSET COBPEMEHHBIM TpeOo-
BaHUSM I10 BBIXO/IY MPOYKIIHH.
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3akirouenue. [IpoBeaeHO  KOMILIEKCHOE
UCCIICIOBAaHNE OOOTAIeHUsT METHO-TIOP(PHUPOBBIX
pyn Y30ekucraHa ¢ y4ETOM JIOKAIbHBIX YCIOBHIA:
XapaKTEePHOTO HU3KOTO cojepxkanus meau (~0,5 %)
u mpucyrctBus Mo/Au. Ha ocHoBe Tepmo-
JTUHAMUYECKUX PACYETOB U JTAOOPATOPHBIX OMBITOB
npeioxkKeHa KOMOMHUPOBAaHHASI TEXHOJIOTUS 000-
rameHus. Pa3zpaboTaHa TexHoJIOrMYecKas CXeMa,
BKJIIOYAIONIasl KOJUIEKTHBHYIO (roTtanuio u Jo-
OYUCTKY KOHILIEHTpaTa. DKCHepUMEHTAIBHO
HOATBEPIKICHO BHICOKOE M3BIIcueHHEe Mean (~95 %)

U KOHIEHTpauusi e B KOHEYHOM KOHIICHTpATe
(=25-30 %), uyTO mpeBBIMIACT MOKA3aTEIU TPaIH-
IIMOHHBIX cxeM. J[JIs peanu3aiuy Ha IPOU3BOICTBE
PEKOMEHJyeTCsl MOATAIHOE BHEAPEHHE MPEJIO-
)KEHHBIX PEKHUMOB M PETrIaAMEHTOB JO3HMPOBAHHSI
pearenToB. [lanpHeiimue pabOTHI 1EeIeco00pa3HO
HAMpaBUTh Ha Pa3pabOTKy T'HAPOMETAJLTYPru-
YECKUX MCETOAO0B HU3BJIICUCHHA MCIU U3 XBOCTOB
duotarii M ONTUMH3ALKI  HepepabOTKU
OKHCJICHHBIX 30H PY/I.
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PA3PABOTKA U UCCJIEJOBAHUE TEXHOJIOI'MU IEPEPABOTKHA
MEJAEDJIEKTPOJUTHbBIX HIJIAMOB C U3BJEYEHUEM METAJIJIOB

IIJIATUHOBOM I'PYIIIHI
- 9 | -
Paadt \
dz b .
Axmanoe Mancypxon Japuonoe Cepzei HOcynog Ypan Mamuposa 3yaxymop
Jlymeynnaesuu Braoumuposuu Cadynnaesuu Aboypawiuoosna

3amecmumens MUHUCmpa

Huorcenep mexronoe, AO 3amecmumens I[Ipedcedamens 906 .
N 20pHO000bIBaIOWell
«Y3bexckuii kombunam Ipasnenus - U.o. enagnozo P “ Jlabopanm AO «Anmanvix I MKy,
. NPOMBILUIEHHOCIIU U 2€0102UU
MEXHON02UYECKUX MEeMAILI08Y, unocenepa AO «Anmanvikekuil Anmanvix, ¥Y30exucman
Pecnybnuxu Y3bexucman, o0.m.H.,
Anmanvix, Y36exucman T'MK»y, 2. Aimanwvix, Y36exucman

Tawrkenm, Y3bexucman

Annomawun. B oannoti cmamee npedocmasienvl pe3yibmamol pa3pabomku 2UOPOMemaiiypeuiecKou
MEeXHON02UU KOMNIEKCHOU NnepepadomKu MeOHbIX AHOOHBIX ULIAMO8 C Uelblo U3BNeYeHUs] Memailos
naamunogou epynnvl (MIII). B xo0e uccrnedosanusi npeonoxceHa no3mManHas cxema. KUCIOMHOe
obe3meOHe e, OKUCIUMENbHOe BblleNlauusanie ¢ CeleKMUBHbIM U3BeYeHUueM 3010ma U CelleHd,
ammuadHoe gvliyeravusanue cepeopa, WenloYHO-OKUCIUmMenbHas 0o0pabomra ocmamra 0as OmoeneHus
mennypa u nonyyenue konyenmpama MIII. DxcnepumenmanbHo onpedeiienbl ONMUMATbHbIE YCILOBUL:
obesmeonenue winama 10%-noim H:SOs npu oobasxe 0,5-1,0% NaNO: 25-30 °C; enybokoe
oxucaumenvroe gviwyenavusanue npu 80—90 °C 6 npucymemeuu numpuma Hampus 015 nepegooa Au u
Se 6 pacmeop, ocadxcoernue Au SO: u Se Na:SOs uz pacmeopa, pacmeopenue Ag 6 25%-nom pacmeope
ammuaka, cnekanue ocmamxka ¢ NaOH u NaNOs npu ~300 °C c nocnedyrowum 600HbIM
svlyenavusanuem. Ilokazamno, yumo maxot nooxoo obvecneuusaem uzeneuerue > 99% Cu, ~95% Au,
~90% Ag, > 98% Pt u Pd. Ilonyuennviii KONIEKMUGHBIL KOHYEHMPam ONA20POOHbIX MemAlo8
cooepacum ~70-80% MIII" u mooxxcem cuyscums coipbeM Ol NOCLEOVIOue20 GblOeleHUs
UHOUBUOYATILHBIX NIAMUHO8bIX Memallnos. Hosusna pabomei 3axnouaemcs 8 pazpabomre 6e30mx00HOU
cxembl Oe3 8bICOKOMeMNEPAMYPHOT NIABKU. 3a CUEM 2UOPOMEMANTYPSUYECKUX Onepayull 00Cmuaemcsi
svicokoe useneuenue MIII" npu cHudicenuu nomepsb ¢ nulivio u 2azamu. Pezynemamui ucciedosanuii
demoncmpupyiom nepCcneKmueHoCms 6HeOpeHs. NpPeoloHCeHHOU MexHoN02UU Ha
Medenepepabamuléarowux npeonpusmuax OJis YeeludeHus ussnedenus NiamuHouo08 U NOLYYEeHUs.
8blCOKOCENeKMUEHbIX KoHyenmpamog MIIT.

Knwouegvie cnosa: medesneKmponumHbly — WIIAM, AHOOHBIL  WIAAM, NIAMUHOBLIE  MEemAaiibl,
auopomemannypeus, evlyeravusanue, obesmeoHeHue, cyibhamuszayus, 01a2opooHsle Memaibl,
celleKmugHoe ocadxcoenue, KOHyeHmpam, usgnedenue, 2¢hghexmusHocms, nepepabomrka Omxo0o0s.

PLATINA GURUHI METALLARINI AJRATIB OLGAN HOLDA MIS-
ELEKTROLIT SHLAMLARINI QAYTA ISHLASH TEXNOLOGIYASINI
ISHLAB CHIQISH VA TADQIQ QILISH
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Lutfullayevich Vladimirovich Sadullayevich Abdurashidovna
“O ‘zbekiston texnologik metallar “Olmaliq KMK” AJ boshgaruv O'zbekiston Respublikasi Tog -kon
kombinati ” AJ muhandis-texnologi, rais o'rinbosari - bosh muhandis sanoat \{a'g;o;ologlya ijmm ng ol maojllq KIM KOA;)] ia laborant,
Olmalig, O ‘zbekiston v.b., Olmalig, O zbekiston o ‘rinbosari, tf.d, maliq, O zbekiston

Toshkent, O zbekiston

Annotatsiya. Ushbu magolada mis elektrolit shlamlarini gayta ishlash texnologiyasini takomillashtirish
va platina guruhi metallari ajratib olish bo ‘yicha o ‘tkazilgan ilmiy tadgiqotlar natijalari keltirilgan.
Tadgiqotda bosgichma-bosgich gidrometallurgik sxema taklif etiladi: kislotali muhitda misni gjratib
olish, oksidlovchi eritmada oltin va selenni yuvib chigarish, ammiak eritmasida kumushni yuvib ajratish
hamda golgan qgattiq qoldigni gidroksidliar bilan oksidlab platina guruhi metallar kontsentratini olish.
Optimum sharoitlar eksperimental ravishda aniglandi: 10% H:SO+ va 0,5—1,0% NaNO: aralashmasida
25-30 °C da misni eritib ajratish; 80-90 °C da NaNO: ishtirokida oltin va selendirni eritmaga o ‘tkazish,
eritmadan SO: gazi bilan oltinni va Na:SO;s eritmasi bilan selendirni selektiv cho ‘ktirish; qoldigni 25%
ammiak eritmasida eritib kumushni ajratish; qoldigni NaOH va NaNO:s bilan ~300 °C da gizdirib, keyin
suvda yuvib ajratish. Taklif etilgan texnologiya natijasida >99% Cu, ~95% Au, ~90% Ag va >98% Pt
hamda Pd ajratib olindi. Olingan gimmatbaho metallarning jamoaviy kontsentrati tarkibida ~70-80%
platina guruhi metallari mavjud bo ‘lib, keyinchalik ularni tozalab, alohida metall sifatida olish mumkin.
Ishning ilmiy yangiligi shundan iboratki, taklif etilgan usul yuqgori haroratli pirometallurgik
Jjarayonlarsiz, to‘liq gidrometallurgik usulda amalga oshiriladi. Olingan natijalar mis eritish
korxonalarida mazkur texnologiyani joriy gilish platina guruhi metallari ajratib olish samaradorligini
oshirish hamda ekologik xavfni kamaytirishga xizmat qilishini ko ‘rsatadi.

Kalit so“zlar: mis elektrorafinirovka shlami, anod shlami, platina guruhi metallari, gidrometallurgiya,
yuvib chiqarish, misni ajratish, sulfatlash, gimmatbaho metallar, selektiv cho ‘ktirish, kontsentrat, olish

samaradorligi, chigindilarni gayta ishlash.
DEVELOPMENT AND STUDY OF A TECHNOLOGY FOR PROCESSING
COPPER ELECTROLYTE SLIMESWITH PLATINUM GROUP METALS

RECOVERY

Akmalov Mansurkhon Larionov Sergey Yusupov Ural Mamirova Zulkhumor

Lutfullaevich Vladimirovich Sadullaevich Abdurashidovna

Engineer-technologist, JSC “Uzbek Depgty Chgwman .Of the Board - Deputy Minister of Mining quustry Laboratory assistant at JSC
: o Acting Chief Engineer of JSC and Geology of the Republic of B ,,

Technological Metals Combine”, g n j ! Almalyk MMC”, Almalyk,

Almalyk, Uzbekistan Almalyk MMC”, Uzbekistan, Doctor of Technical Uzbekistan

’ Almalyk, Uzbekistan Sciences, Tashkent, Uzbekistan

Abstract. This article presents the results of the devel opment of a hydrometallurgical technology for the
comprehensive processing of copper anode slimes with the aim of extracting platinum group metals
(PGMs). The study proposes a stepwise process scheme: acid decoppering, oxidative leaching with
selective extraction of gold and selenium, ammonia leaching of silver, and alkali-oxidative treatment of
the residue for tellurium separation and PGM concentrate production. The optimal conditions were
experimentally determined as follows: decoppering of the slime with 10% H:SO+ and 0.5-1.0% NaNO:
at 25-30°C; intensive oxidative leaching at 80-90°C in the presence of sodium nitrite for the transfer of
Au and Se into solution; precipitation of Au with SO: and Se with Na:SOs from solution, dissolution of
Ag in 25% ammonia solution, roasting of the residue with NaOH and NaNOs at ~300°C followed by
water leaching. It is shown that this approach provides extraction yields of >99% Cu, ~95% Au, ~90%
Ag, and >98% Pt and Pd. The resulting collective noble metals concentrate contains ~70-80% PGMs
and can be used as raw material for the subsequent separation of individual platinum group metals. The
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novelty of the work lies in the development of a waste-free process without high-temperature smelting:
high PGM recovery is achieved through hydrometallurgical operationswhile reducing lossesto dust and
gases. The research results demonstrate the promise of implementing the proposed technol ogy at copper
processing plants to increase the recovery of platinum group elements and to obtain highly selective

PGM concentrates.

Keywords: copper electrolyte slime, anode slime, platinum group metals, hydrometallurgy, leaching,
decoppering, sulphatization, precious metals, selective precipitation, concentrate, extraction, efficiency,

waste processing.
Beenenne. Ilpu saexTpopaduHUpPOBAHUU
Meau obpazyercs aHOJHBIN uIaM -

HEpPacCTBOPHUMBIN OCAJOK, COAECP/KAUN IPUMECU U
LICHHbIE  KOMIIOHEHTbI, HAaKallJIMBaloIluecs B
mpoliecce pacTBOpeHHs aHonoB (puc. 1). Ha
KaXIyl0 TOHHY IIOJIy4aeMOW KaToIHOW Meau
npuxogutcss okosno S5—-10Kr aHOAHOrO mNUIAMA.
Takoll mutam OGorar OJaropoAHBIMH U PEAKUMHU
METaJUlaMH: B YAaCTHOCTH, MOXET COJIEpXKaThb [0
11 mac.% 3050Ta, 3HAYUTEIbHBIE KOJMYECTBA
cepebpa, cesieHa, Teulypa, a TaKXe MEeTallbl
IUIATUHOBOM Tpymiibl (MJIaTUHY, NaJUTaguid U ap.).
MenesneKTpOIUTHRIE HUIAMBI SBISIOTCS EHHBIM
BTOPUYHBIM  ChIpb€M  Onarojapsi  BBICOKOMY
COJCPKAHUI0 KPUTHYECKH BaXXHBIX METAJUIOB,
OJTHaKO UX IepepaboTKa CBA3aHA C TEXHUYECKHUMHU
TPYAHOCTSMHU U3-32 MHOTO(Aa3HOTO MUHEPATHHOTO
COCTaBa M MPHUCYTCTBUS TOKCHUYHBIX KOMIIOHEHTOB
(As, Sb, Pb u gp.). AxryanpHOil mpoOIEMOi
METaJUTypruu sIBIsieTcs pa3paboTka 3(PEeKTUBHBIX
TEXHOJIOTUH W3BJICUCHUS IJIATUHOBBIX METAJUIOB M3
AaHOJHBIX IIIJJAMOB, IMO3BOJISIOIIUX  IOBBICUTH
KOMIUIEKCHOCTh ~ WCIIONB30BaHHUS  CBIPbSI |
9KOHOMHYECKYIO A(PPEKTUBHOCTh MPOU3BOJCTBA 3a
CYET JIOTIOJHHUTENBHOW JOOBIYM  JParoleHHBIX
MeTaoB [1].

Puc.-l. Anoonuwtit wnam.

Ha MHOrux mnpeanpusTusix A0 HACTOSLIETO
BPEMEHU IPUMEHACTCS MHUPOMETaUIyprudeckas
nepepaboTka  MEOHBIX  AHOJHBIX  IIJIAMOB.
Kitaccuueckuii moaxos BKJIIOUAET CYLIKY U IUIaBKY

niamMa ¢ ¢uIlocaMd M BOCCTAHOBHUTEISIMU  C
MOJIyYeHHWEM CIUIaBa JPArolieHHbIX METaJIJIOB
(crutaB  [lope) W COMYTCTBYIOIIUX MPOIYKTOB.
Hanpumep, Ha banxamckom MeaHOM 3aBoje
(Kazaxcran) nuamsl 21eKTpopaUHUPOBAHUS MEIN
HAmpaBIAIOTCS B Tmeub Kango AparoueHHoro
METAJUTypPrHYeCKOr0 OTHENEHUs, TAe B OJIHOM
arperatre COBMEIIEHBI MPOIECCHl CYIIKH, 00XKHTra,
TUTaBKH W KOHBEpTUpOBaHMs. OCHOBHBIM MPOIYK-
TOM IUIaBKHU siBIsieTcsl ciuiaB Jlope, conepskaiiuii
Au, Ag ¥ TUIaTUHOM /1B, KOTOPBIN 3aT€M MOCTYIAET
Ha addUHAK I BBIICICHUS 30J10Ta M cepedpa.
[ToOOYHBIMU TIPOIYKTAMH SIBJISIFOTCSL CEJICHOBBIM
KOHIIEHTpaT (uepHoBo# ceneH ~80% Se) u MmeaHbII

TEJIypHJ, a 4YacThb OJIarOPOAHBIX METaJIOB
YJIAaBIMBA€TCA B  BHUAE IBUIM  T'a300YUCTKU.
HenocratkaMu  nmUpOMETaIUIypru4ecKux  CXeM

SABJISIIOTCS  3HAYUTENIbHBIE TOTEPH IJIATUHOBBIX
METaJIJIOB C LIUIAaKOM U IbUIbI0 (Hanpumep, Rh u Pd
MOTYT OCTaBaThCSi B IMUIake), oOpa3oBaHUE
TOKCHMYHBIX Ta30B (SeO2, As:0s u gnp.) wu
JUTUTENbHBIA TPOU3BOACTBEHHBIM Uk [2]. Tak,
MoJIHAasT TepepaboTka MIIamMa B TPaJUIMOHHOMN
cxeMe MoxeT 3aHuMath 10 30-45 gHeld, BKIOYas

CTaIu¥ BBUICPKKH TPOAYKTOB B  OXHIAHHH
appunaxa. Kpome toro, g 3¢pdexkTuBHOrO
U3BJICYCHUS 30J10Ta U cepebpa mUpoMeTas-

JYypru4eckoMy Mporeccy OOBIYHO MPEAIIECTBYET
TUApOMETaJulyprudyeckasl  MOArOTOBKa  IIjlama:
ylaJeHue MeIH, Telulypa U Jpyrux Ipumeceit
yTeM BbllIeNaynBaHus. TeM He MeHee, CYyIIecT-
BYIOILIME TEXHOJOTHH NMPe1o0padoTKU [Iu1aMa 4acTo
HeAoCcTaTOYHO H(G(EKTUBHBI — HaNpUMeEp, IpHU
00XHre ¥ BBIIIETAYNBAHUM YyAAISIETCsS HE BECh
TEJUTyp U Mellb, YTO OCJOXHSET MOCIEAYIOLIYIO
1aBky. B pesynbraTe akTyanabHBI HCCIIEIOBAHHS
[0 COBEpIICHCTBOBAHUIO JTama JeKyNepu3alun
(o6e3mennenus) nuiama. HegaBHO mokaszaHo, 4TO
IPUMEHEHHE HWHTEHCU(UIHUPOBAHHOIO BBILIEIA-
yuBaHus B aBTokiaBe (puc. 2) (H2aSOs ¢
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nobasmennem H.0. mpu 150 °C, 0,8 MIla)
NO3BOJIIET yNalduTh W3 nuiama cBbie 99% Cu u
97% Te, npu sTom norepu Au u Ag B pacTtBop
muHUMaNBHBI (<0,03%). D10 0OecnieunBaeT obora-
HIEHHE OcCajKa OJIarOPOJHBIMH METAJUIAMU Tepea
IUIABKOM W TIOBBIIIAET W3BICUCHHE 30JI0Ta U
cepebpa. HecmoTpst Ha ycoBepLIEHCTBOBaHUS,
NUPOMETAITYPTUYECKUE TEXHOJOTHH  OCTArOTCA
MaTepuaigo- M SHEPrOeMKUMH, TPeOYIOLUIUMU
CJIOKHBIX CHCTEM Ta300YHCTKH M IOCIEAYIOIIETO
TUAPOMETALTypruyeckoro agdpuHaxa noaydyeHHbIX
CILIaBOB.

Puc. 2. I'opuzonmanvHwlit YemuvlpéxkKamepHblil

aeMmoKae 0.s ebvluienavueanus.
1 — kopnyc asmoxnasa; 2 — mpy6onpogoo 011 nooayu
nyavnwl; 3 — anekmpoosueamens, 4 — nepemewiugaroujee
ycmpoucmeo.

ANbTepHATUBOM BBICOKOTEMIIEpATYpPHOI
IJIaBKE ABJIAIOTCA THAPOMETAIUTYPTUYCCKUE METO-
Jbl TIepepabOTKHU aHOAHBIX LIUIAMOB. 3a MOCJIEIHUE
JABa JACCATUIICTUSA IIPOBCACHBI 06IHI/IpHI)Ie
UCCIIEIOBaHMS 110 TNPSIMOMY HU3BJICUEHHIO JAparo-
HOCHHBIX M PACCCAHHBIX MCTAJUIOB H3 IIJIAaMOB B
pacTBOppl € MOCHEAYIOIIMM  CEJIEKTHBHBIM
OCaXKCHHUEM HIIN BKCTpaKIIHGfI IOEHHBIX
KOMITIOHEHTOB. [IONHOCTBIO THApOMeETauTypruyec-
KHE€ CXCMbl YK€ BHCAPCHBI Ha HCKOTOPLIX
3apyOexHBIX npeanpusTuiax. Hanpumep, kommnanus
Sumitomo Metal Mining Co. (Snonus) nepesena
npolecc nepepaboTKM IIIaMa Ha YHUCTO THUAPO-
MeTaJUTyprudeckyto ocHoBy. CoOBpeMeHHas TeX-
HOJIOTHSI  Sumitomo BKIJIIOYAaeT XJIOPUPOBAHHE
MCXOJIHOTO IuIama (pacTBOpeHHEe KOMIIOHEHTOB B
COJISTHO-KHCIIOTHOM cpefie ¢ perenepanueii xiopa),
CEJIGKTHUBHOE BBbIJeNIeHHe cepedpa, 3070Ta |
IUTATUHOUIOB U3 PaCTBOPOB METOAAMHU OCAXKICHUS,
SKCTPAKIIMU W HMOHHON COpOIHH, a TakKe BbIJe-
JIeHHE CeJeHa M TeJulypa B BUJIE KOMMEPYECKHUX
NpOAyKTOB. B pe3ynbraTe mepexoma Ha THAPO-
METaJUTypruio MPOJODKUTEIBHOCTD LIUKIIA Iepepa-
0OTKM mUTaMa COKpaTwiach ¢ ~45 mo 7 mHeH,
CHHM3HWJIOCH 00pa3oBaHME TOKCHYHOrO ra3a SeO: u
CTalu W3BJIEKaThCsl paHee Tepsembie MIIT

(mampumep, pyTeHMi). AHAJOTUYHO, Ha 3aBOJIE
Saganoseki (Anonus) ¢ 1997 r. npumensercs
TOJIBKO THUJIpOMETaJTypruueckas cxema, obecrie-
YMBAIOIIas BHICOKOE KauyeCTBO KOHEUHBIX MPOIYK-
TOB M COKpaIlleHuEe BPEMEHHU U3BIICYCHHUSI 30J10Ta J10
8 nHell mpotuB ~17 pgHEW B TpagUIIMOHHBIX
npoueccax. KitoueBbIMH 3JIEMEHTaMH TaKHX CXEM
ABJIAIOTCS. PaHHEE W3BJICUEHME 30J10Ta (B Hayaje
Ipolecca) U CENEKTUBHOE Pa3/iesieHUEe OCTaIbHBIX
KOMIIOHEHTOB. Tak, Ha 3aBojie Saganoseki cHauana
MPOBOJAT BhIMeNaunBanue meau (mpu 70-85 °C,
aTMOC()epHOM JIaBJICHHWHU), 3aTEM XJOPUPOBAHHE
MyJBIBl ISl IepeBojia OJaropoaHbIX METAIOB U
CeJIeHa B pacTBOp, ocaxkeHue Pb u Sb, akcTpakimro
30J10Ta OpraHu4ecKuM peareHToM (aAulyTui-
KapOMTON),  BOCCTAHOBUTEIIBHOE  OCaXJECHUE
30J10Ta, TMOCJIE€ Yero M3 OCTAJIbHOTO pPacTBOpa
BOCCTAHABJIMBAIOT IUIATHHY, NaJUIaJud, CEJeH M
Telyp TocleAoBaTelbHbIM BBeaeHHeM SO: u
runpasuHa. [lnatuHa ocaxmaercs W BbLIEISAETCS
MEepBOH, 3a HEW Naiaiuii; NOJyYeHHbId YEPHOBOM
[II'M-KOHUIIEHTpAT OTIIPABIAECTCS HA OTICIbHbBIN
sTan paduHUpOBaHMs, a cepedpo BbIAEISAETCS
OTJIENbHO AMEeKTposin3oM. [IpomexxyTouHoe yaane-
HUE MeAW, TeJulypa, CBHUHIIA U Jp. MpUMeEcel
CylIecTBeHHO obJeryaet uspneuenue Au, Ag, [II'M
Y TIOBBIIIAET UX CyMMapHOE U3BJeueHue [3, 4].
AHanu3 Jmureparypbl. B HayuHOW muTe-
paType TMpeAcTaBlIeHbl pPa3IUYHBIE MOAXOIBI K
THJIPOMETATypruueckoil  nepepaboTke IIIaMoB,
tak, Tep-OranecsHnu ap. (2005) npeanoxunu
MHOTOCTAIUHHYIO TEXHOJOTHUIO BBIIIEIauUBaHUS
niaMa ¢ TOMYyYeHUEM  BBICOKOCEIEKTHBHBIX
KOHIICHTPATOB TUIATMHOBBIX MeETaJIoB. Jlammmx
(2014) uccnenoBan aBTOKJIABHOE BhINIETAUMBAHHE
MJATHHOBBIX METAJUIOB M3 AaHOJHBIX OCTAaTKOB.
KommiekcHble HcciieoBaHus, MPOBEACHHBIE B
NEH VYpansckoro otnenenus PAH (Mactiorun u
Ip.), TOKa3ald BO3MOXXHOCTH TMOJHOCTBIO THJIPO-
XUMUYECKOW TIePepabOTKA MEIEIICKTPOTUTHBIX
IIJIAMOB € TIOTyYE€HUEM KOHIIEHTpaTa OJ1aropoTHBIX
MeTamioB. B dactHoctm, Ha nuramax AQO
«Anmanbikcknit  I'MK»  (Y30ekucran) Obuia
oTpaboTaHa OMNBITHO-IA0OpaTOpHasl TEXHOJIOTHS,
BKJIIOYAIOLIAsl  MOCJIEIOBATEIbHbIE  ONEpaluu:
o0e3MeIHEeHNE, BhIIIeTayBaHie 30J10Ta U CeJieHa,
BhIIIIEJIAUMBaHUE cepedpa, pacTBOpEHHE TelTypa.
Obe3menHeHnEe MPOBOAMIOCH B CEPHOKUCIOTHOM
pactBope (H2SO4) npu cootnomennn T: 2K =1:4 u
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temriepatype 25-30°C ¢ pgo0GaBkoil HHTpHUTA
Hatpus (0,5-1% ot maccel nama) u 6apooTaxem
KHUCTIOPOJIa; TMPU STOM OCTAaTOYHOE COJAepKaHHe
MeIW B TBEpIbIM Keke cHmkanock 1o 0,5-1,5%.
Jlanee paccMaTpuBaJIUCh JBE albTEPHATHBHbBIC
cxembl. Cxema 1: mocie o0e3MeaHEHUs! MPOBOISAT
IyOOKOE OKUCIUTEIbHOE BhINIETaUMBaHUE KeKa B
npucytctBuM 2—3% NaNO: B TeueHue ~5 4yacos;
Opy 53TOM B pPacTBOp MEPEXOJUT CEJIeH H
COITyTCTBYIOIIEE €My 30JI0TO. M3 TOIy4eHHOro
pacTBOpa CEJIEKTUBHO OCaXIAIOT 30JI0TO BBEJE-
mueM rasa SOz, 3aTreM oOcaXIaloT ceJeH
n00aBJIeHHEM  KOHIIEHTPUPOBAHHOTO  pacTBOpa
cynbura Hatpus Na:SOs. OctaBmmiics TBEPIBIMA
OCTaTOK Tocje (QUIbTPAINK MMOABEPraroT aMMHUay-
HOMY BBIIIEITAYUBAHUIO, U3BIICKAs CEJICKTHUBHO W3
Hero cepebpo B BHJE JUAMMHH-CEPEOPSHOTO
KoMmIuiekca. Cxema 2: mocie 00e3MeIHEHUsI BMECTO
CTaAui  OKHUCIIUTENBHOTO  BBILIIEIAYUBAHUS |
aMMHa4HOH 00paboTkM mpemiaraercs (¢uioTa-
[IMOHHO pa3feluTh 00e3MeIHEHHBI KeK Ha JIBe
¢dpakuu. BeyieneHHBI (QIIOTAIIMOHHBIA KOHIICH-
Tpat (oOOraméHHbBIN IparolleHHbIMU METaJUIAMU U
XUMUYECKH CTOWKUMHU  (pazaMu) TMOJBEPraroT
HIETTIOYHO-COJIEBOM 00pabOTKE — CIIEKAHUIO C COJIOM
(Na:COs) u okucinuTeneMm, HampuMep HHUTPATOM
HaTpusa. DTOT crmoco0 Mo3BoJiseT 0e3 BbIIEICHHUS
TOKCHUYHBIX Ta30B U3 (DJIOTAIMOHHOTO KOHIICHTpaTa
IIEpEeBECTU CEJIeHa B PacTBOP, a 30J10TO, cepedpo U
IUTATUHOBBIE METAJUTBl — B OOraTblii MeTayui-
coxepxamuil nponykr. IlomydaeMslii KOHLIEHTpaAT
comepxut He MeHee 90% MeTalioB MIATUHOBOMN
TPyOObl, 4YTO CBHJETENBCTBYET O  BBICOKOM
CENIEKTUBHOCTH  Tporiecca. TakuMm  oOpazom,
JUTEepaTypHBIA 0030p MOKa3bIBaeT, YTo Haubolee
MIEPCIIEKTHBHBIMU SIBJITFOTCS THPOMETAILTYprHdec-
KH€ TEXHOJOTHH, COYETAIIINe CEeJICKTUBHOE
pacTBopeHue HexenarenbHbIX mpumeceit (Cu, Se,
Te, 6a30BbIC METAIJIBI) U CEICKTUBHOE OCAXKICHUE
WIH SKCTPAKIUIO IEJICBBIX OJaropojHBIX MeTa-
noB. OTaenbHBIE JIIEMEHTHI TaKHX CXEM YXKe
BHEJIPEHBI (HAIPUMED, PaHHSISA SKCTPAKITHS 30JI0Ta,
o0e3MeHEeHUE), OJHAKO eAWHAs KOMIUICKCHAS
TEXHOJIOTHS, 00eCIeYrBaroIIasi BEICOKOS H3BJICUe-
HUE WMEHHO TUIATHHOBBIX METAIJIOB U3 IIJIAMOB,
HaXOAMTCS B CTaluu pa3paboTku. B nanHoii pabore
aKIeHT cAenaH Ha pa3paborke 3(PdeKTUBHON
cxembl u3Bneuenus umeano MIII (Pt, Pd u ap.) mpu
OJIHOBPEMEHHOM BO3BpAalllcHUH MONYTHHIX Au, Ag,

Se, Te B TeXHOJIOTMYECKUI ITUKII B TOBAPHOM BHUJIE
[5, 6].

[Ipemyaraetcs w  uccienyercs  HOBas
KOMIUICKCHAs TEXHOJIOTHS MePEpadOTKH MEICIICK-
TPOJIUTHBIX LIJAMOB, OTJIMYAOLIAACS COYETAHUEM
THJIPOMETAJTYPrUYeCKUX OMepanuid, odecreynBa-
IOIIUX MAaKCUMaJlbHOE W3BJICYECHUE IIJIATUHOBBIX
METaJIJIOB 0€3 TPUMEHEHUS BBICOKOTEMITEPATYPHBIX
cranuii. B oTauuyue OT TpaaulIMOHHBIX PEUICHUM,
r7ie TUIATUHOBBIE METAJUIbl KOHIIEHTPUPYIOTCS B
CIUIaBax WM TEPSIOTCA C OTXOAAaMH, B JIaHHOU
cxeme MIII" BeiAENSIOTCS B BUAE KOJUIEKTUBHOIO
KOHIIEHTpaTa IOCPEACTBOM MOCIEIOBATEIbHBIX
XUMUYECKUX onepanuii. HoBusHa moaxoma cocrout
B KOMOMHHUPOBAaHUU METOJOB OKHUCIUTEIBHOTO H
aMMHUAYHOTO BBIIIEIAYUBAHUS C TOCIEAYIOIICH
IEJIOYHOW 00pabOTKOM TBEpIOTro ocTaTka. Takas
KOMOWHAIIMS TIO3BOJISIET CEJICKTUBHO YNAJSATh W3
[JIaMa OCHOBHBIE MEIIAIOIIUE KOMIIOHEHTHI (MeIb,
CeJIeH, TeJUTyp, CBHHEI] U Jp.) Ha PAaHHUX CTaJHUsAX,
HE 3aXBaThIBasl IJIATUHOBBIE METAJIbI B paCTBOP, U
TeM CcaMblM TIOJIy4aTh  TBEPIBIM  OCTATOK,
0o0OraiIeHHbIM IUIATHHON W maiiaguem. Jlomo:n-
HUTEIBHO pa3paboTaHbl ONTUMAJIbHBIE PEKUMBI
CEJICKTUBHOTO OCaXJICHUS OIaropoJHBIX METAIJIOB
W3 PacTBOPOB, O0OECIEUMBAIOIINE HX BBICOKYIO
yuctory. Hampumep, BnepBble s yCIOBHI
nepepabOTKU  aHOJHBIX [UIAMOB  MPEIJIOKEHO
MCII0JI30BaTh THOMOYEBUHY B KQUECTBE OCAIUTENS
najutaius U3 BTOPUYHBIX PACTBOPOB M BOCCTaHaB-
JUBATh NAJUIAJUA A0 METAJUIMYECKOro MOPOIIKa
TUAPA3UHTHAPATOM — 53TO TIO3BOJISAET TMOJTYy4YaTh
OUMILEHHBI MOPOUIKOOOpa3HbI Hataguil ¢
MmaccoBor gonern Pd nHe wMenee 99,5% wu
u3BiIedeHNEM ~82—-85% u3 pacTBOpOB.

Ilens paGoTel — OOOCHOBaHHWE M SKCIIEPH-
MEHTaJbHasg MPOBEpKa TEXHOJOTUYECKOW CXEMBbI
nepepabOTKM  MEIHBIX  aHOJIHBIX  IIJaMOB,
obOecrieunBaroIeld  MaKCUMalbHOE  W3BJICUCHHE
METAJUIOB IJIaTUHOBOM rpymsbl. [[is mocTuxkeHus
MOCTaBJICHHOM €AW  PellaiuCh  CIEAYIOLIue
3amaun: (1) mpoBectr $ha30BO-XUMUYECKUN aHATU3
MCXOJIHOTO LIIaMa U ONIPEJENIUTh PACTIPECICHUE B
HEM OJIaropoJHBIX MeTaioB; (2) wuccienoBaTh
yCIIOBUSL O0E€3MEAHEHHs IIjlaMa U yAaJeHUs
OocHOBHBIX npumeceil (As, Sb, Bi, Pb, Se, Te) c
MUHUMAIBHBIMU TIOTEPSMHU  ONIAarOPOJTHBIX KOM-
MOHEHTOB; (3) MomoOpaTh peareHThl W PEKUMBI
CEJICKTHBHOTO PACTBOPEHUSI 30JI0Ta, cepebpa u
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COMYTCTBYIOIIMX 3JeMEHTOB; (4) pa3paboTaTh
METO/I TOJY4YeHHUs KOJUICKTUBHOI'O KOHIIEHTpaTa
MIII" U3 OoCTaToYyHOro MPOAYKTa M H3YUYUTh €ro
coctaB; (5) OLEHUTH IIOKA3aTeIM U3BJICUCHUS
LEJIEBBIX METAJJIOB Ha KaXkKJIOM dTale U B LIEJIOM 10
cxeme; (6) BeIpaboTaTh PEKOMEHAALNH MO TPAKTH-
YECKOM pean3aliy npoiecca B IPOMBIIIICHHOCTH
[7].
MarepuaJbl 1 MeTOAbI. MaTepuaibl U METO-
IbI, B KaueCTBE OOBEKTa WCCIEAOBAHUS HCIIOJb-
30BaH MEJEedIEKTPOIUTHBIN 11aM, 00pa3yrouiics
pH  DJICKTPOpAQUHUPOBAHNKM UYEPHOBOH Memu —
nuiam npenoctaBiieH AO «Anmanbikckuit ['MK»;
NpEeABApUTEIIbBHO OH ObLI  JEKAaHTHPOBAaH U
BeicymieH npu 110 °C.  Xwumuyeckuiél cocras
UCXOMHOTO IuiaMa (ma6bn. 1.). AHamu3 mokasan
Bbicokoe coaepxkanue Cu, Pb, Sn, a Ttaxxke
0JIarOPOJHBIX KOMIOHEHTOB: Ag ~8%, cymma
IUTATUHOBBIX MeTauioB ~0,8% (IperMyIiecTBEHHO
Pt u Pd). Cenen u Temryp COCTaBJISFOT HECKOJIBKO
MPOIIEHTOB. 3HauuTeNbHAS TOJIst Meau
npucytcTtByeT B Buzie CuO u CuSOs, Gnaroposissie
METaJIJIbl HAXOAATCS MPEUMYIIECTBEHHO B 2JIEMEH-
TapHOM WJIU CYJIb(UIHOM COCTOSSHHH, TEIYp B
Buge Cu:Te um gpyrux. Jlnsg KOJIHMYECTBEHHOTO
OTpEeNIeTICHUsI DJIEMEHTOB TMPUMEHSJIN aTOMHO-
abcopbumoHHyt0 criektpomerpuio (AAS) u smuc-
CHOHHBIN CIIEKTpaJIbHBIN aHanu3. Pa3oBbIl COCTAB
U3yYalld METOJOM PEHTTEHOBCKOM MU(PAKIUU U
XUMHUYECKoro (pazoBoro pazodopa [8].
Tab6muna 1
Cocmag ucxo0no02o0 MeoH020 anoOH020 Wiiama
u noayuennoz2o konyenmpama MIII" (mac.%)

Hcxoanblii Konuenrpar
jeMeHT A MHFp
Cu 25,0 0,5
Ag 8,0 1,0
Se 3,0 0,05
Te 1,0 0,1
Pd 0,3 30,0
2 III'M 0,8 75
Ipouwne (Pb, Sn, Ni,
Fe, SiO: u ap.) 60 23
Jnst peanuzanuu npeaiaraeMoil TeEXHOJIOTUH
niamM noaBsepraiu CJICAYOIHUM IIOCJICA0BA-

TCJIBHBIM OIICpAlUsAM:

— Kucnornoe obGe3menHeHue, Cyxoul Iiam
CMEIINBAJIU C CEPHOKUCIBIM PAacTBOPOM (KOHIIEH-
tpammst H.SOs 100-150 2/1) B peakTope ¢
MEIIAJIKOM TpU KOMHATHOM Temmeparype (25—

30 °C). Teepmoe cootHomenue T: 0K mnomnep-
JKuBajoch Ha ypoBHe 1:4. B pactBop momoii-
HUTENBbHO BBOMIM HUTPUT HaTpusi NaNO: (0,5-1%
OT MaccChl IIJIaMa) ¥ TEXHUYECKUHN KUcIopo (uepe3
0apOOTEpP) sl OKHUCICHUS PACTBOPSAEMBIX IIPH-
meceil (As(Ill)=As(V) urt.n.) um paspyumieHus
Hutpura 10 HNO.. IIpouecc npoBoawin B TeueHUue
4 gacoB mpu nepememuBanuu (300 06/mun). Ilo
OKOHYAHUU CYCIIEH3UIO (UIBTPOBAIIU; TBEPAbIi
OCTaTOK (KE€K) NpOMbIBaIM BOAOWH. PuibTpar
HANpaBIIM Ha aHanu3 Ha coxaepxkanue Cu u
COITYTCTBYIOIIMX 3JIEMEHTOB, TBEPJIBIM OCTATOK —
Ha CJEIYyIONIyl0 cTaauio. Pe3ynpTaThl MOKasamw,
9TO B ONTHMAJBHBIX YCIOBHSX B PacTBOP
nepexoauT He MeHee 99% Menu U HUKENs, a TakkKe
sHayutensuele goau Zn, Cd, Fe. OcraTounoe
conepxanue Cu B keke He mnpeBbimaer 1%
(Tabmn. 1), 4TO COOTBETCTBYET JAaHHBIM JINTEPATYPHI.
OnHOBPEMEHHO B KHUCJIBIH pPAacTBOp YacTUYHO
nepexonar As, Sb, Bi — 10 90% mo kaxmomy, 4To
BXHO IS TIOJYYEHHS DKOJIOTUYECKU O€30I1acHOTO
koHueHTpata MIII". Cenen u Temtyp B yCIIOBUSX
YMEPEHHO KHCJIOrO BBIIIENAYMBaHUS HE pacT-
BOPSIFOTCSL  (HUTPUT  HATPUS  OKHCISET WX
IIPEUMYLIECTBEHHO 10 DJIEMEHTapHOTO COCTOSIHUS
100 HEPaCTBOPUMBIX COEIMHEHUIT), OJIaropoaHbie
metaisl (Au, Ag, Pt, Pd) ocrarotcs menukoMm B
TBEpAOM ocTaTke. TakuMm oOpa3oM, cTagus
o0e3MeiHEHUsT 00ecreyrBaeT OYUCTKY [UIaMa OT
OCHOBHOI1 MacChl HeXeJlaTeIbHbIX IpUMecer u ~4-
KpaTHoe oOoramieHue TBEPAOrOo oOCTaTka IO
0J1arOpOJHBIM METAJUIAM OTHOCUTENIBHO UCXOHOTO
CBIPBS;

— OKHCIUTENbHOE BbIIIETaYUBAHHUE 30JI0Ta U
cenieHa, 00e3MeTHEHHBIN KeK MOJBepraji BEICOKO-
OKHCJIMUTEILHOMY BbIIIIEJIaYMBAHUIO JJIs IEPEBO/IA B
pacTBOp 0;1aropoHBIX METAJIIOB, KOTOPHIE 1IeNIeCO-
00pa3HO H3BJIEKaTb [0 BbIACNEHUS IUIATUHOBBIX
MeTaisioB. llpenBapuTenbHbIE OMBITH MMOKA3aJH,
YTO TPSMOE BBIIIIETAYMBAHHE 30JI0Ta B IMAHUTHBIX
WIH THOCYJIh(GATHBIX pacTBOpaX 3aTPyIHEHO H3-3a
npucytctBusi Se, Te, Pb. Ilostomy BbIOpana
CTpaTerusi OJHOBPEMEHHOI'O paCTBOPEHUS CEJIeHA U
CBSI3AaHHOTO C HUM 30J0Ta B Kucioil cpene. Kek
(mocne ob6e3menHeHHs) 00pabaThIBAIM TOPSYUM
CEpPHOKHCIIBIM PAacTBOPOM C J100aBKaMHU CHIIbHBIX
okucnuteneil: Hurpara Hatpus NaNOs (5%) wu
Hutputa Hatpust NaNO: (2%). [lynbny kumsTuam
npu 90-95 °C B Teuenune 6 4acoB MpU NOCTOSTHHOM

KON-METALLURGIYA VA ISHLAB CHIQARISH SANOATI

I'OPHOJOBBIBAIOIIAS METAJIJIYPT'USA U OBPABATBIBAIOIIASA TIPOMBIIIVIEHHOCTbD
MINING METALLURGY AND MANUFACTURING INDUSTRY

www.srt-journal.uz

66


http://www.srt-journal.uz/

SANOATDA RAQAMLI TEXNOLOGIYALAR

OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH

DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

nepeMennBaHui. B Xoze peakuuu BbIACTSIINCH
Ny3BIPbKH ~ OKCHJIOB a30Ta; JJISi  TIOBBILICHUS
OKHUCJIUTEJIBHOTO TMOTEHIMAla MEePHUOJUYECKH J10-
0aBnsuM HEOOJBIINE MOPIHMU MEPEKHCH BOJAOPOAA
(1o 1% H20:). 3a cuér reHepupoBaHUs cMecel
HNOs/NOx u H:0: co3naBanachk SKBHUBAJICHTHAs
«lapckas BOJAKa» B peakTope. DTO IO3BOJIMIIO
no0uTKCS pacTBOpeHus 10 92% cenena u ~85-90%
coliepskamierocss B oOpasue 30510Ta. Temryp mpu
JTAHHBIX YCJIOBUSAX OKUCIIAETCS JIUIIb YaCTUYHO (J10
Te(IV), xoropselii mnoxo pactBopuMm B H2SO.4) —
okosio 30% Te mepexoauT B pacTBOp, OCTAIBHOE
ocTaéTcsi B OcaJike B BHJAE 0a30BBIX Cylb(aTHO-
TEJUTypOBBIX coeauHeHuil. Cepebpo B JaHHBIX
YCIIOBUSIX IPAKTHUUECKH HE pacTBOpseTcs (00paszyeT
HepacTBopuMblii AgSOs u AgCl, ecnu npucyrct-
BOBAJIM XJIOPUJ-MOHOB cliezbl). [Tocne oxmnaxkaeHus
cycriensun 110 ~40 °C e€ ¢unprpoBasm. [lomyuen-
HBII pacTBOp comepxkuT HaSeOs, Au**, Hebonbime
kommuectBa Cu?** (~0,3 2/1) U japyrue mnpuMmecH.
30710T0 U3 pacTBOpa BBIACISIN MyTEM O6apOOTHpO-
BaHMs B Hero cepHucroro raza SO: (10 mpek-
paileHus BbIIEJICHHs ocasika). Beimaienue Menko-
JIMCTIEPCHOTO 0CaJIKa METAJUTMYECKOTO 30JI0Ta (FITH
cyabduna AuzSs) CBUIETETHCTBOBANIO O IPaKTHYEC-
KM TIOJTHOM OC@KICHUU 30JI0Ta. 3aTeM K pacTBOPY
N00aBIISIM  HACBHILIEHHBIH  pacTBOp  cylb(puTa
HaTpus Na:SOs, BeraepxuBanu 2 4 npu 50 °C; npu
9TOM BOCCTaHABIUBAJICS CEJIEH /10 3JIEMEHTapHOTO
COCTOSIHUS, BBITIAas B BUZE KPACHO-Oyporo ocaaka
Se. Ocanku 3070Ta M cejeHa OT(UILTPOBHIBAIIN,
MPOMBIBAJIM ¥ OTHPABJISIN Ha aHanu3. KoHEUHbIi
pacTBOp MOCIE OCaXIeHUs OJaropoJHBIX COCTaB-
nsonmux coxepxkut (<0,1 2z Au, <0,5 2z Se) u
HOJUIEKHUT pereHepanuu JuOO0 HalpaBIEHUIO B
CUCTEMY OOOpPOTHOTO BOJOCHAOXKEHHUs TIOCie
ounctku. [lo pesynpTaraMm JaHHOM cTaauu B
TBEPAOM ocTaTKe (puibTpare mocie OKHCIUTEINb-
HOTO BBIIIEIAYMBAHNSA) OCTAINCh OCHOBHBIE IICH-
HbIE€ KOMIIOHEHTHI: Ag, TIUIAaTHHOBBIE METAJUIbI,
HeOoubIoe komuuecTBo Au (~5—-10%, moTepssHHBIX
W3-32 HETIOJTHOTO PaCTBOPEHMS), & TAK)KE HEPACTBO-
pumble coeauHeHuss PbSOs, TeO: u mp. OTOT
OCTaTOK WCIIOJIB3YEeTCS UIsl JajbHEWUIIero BBIZeE-
nenus cepedpa u I1I'M;

— AmMMuauHOe BBINIETAYMBaHUE cepedpa,
OCTaTOK I10CJI€ OKHCIUTEIHHOIO BBIIEIaYNBAHUS
conepxkut a0 80% wucxomgHoro cepedpa, B hopme
npeumyiecTBeHHO Ag>SO4 U MENKUX BKIIOYEHUH

MeTtamueckoro Ag. s CeneKTUBHOIO U3BIIe-
YyeHus cepedpa MpUMEHSIIIM aMMUAYHBII pacTBOp, B
KOTOPOM 00pa3yloTcsi pacTBOPUMBbIE AMMHHHBIE
KOMIUIEKChI cepedpa. Kek cmemmBamu ¢ BOJHBIM
pacTBOpOM ammuaka KoHueHTpauuend 25% NH;
(mmorocts  ~0,91 2/cm®) B COOTHOIICHHH
T: K = 1:3. HoGaemsanu xnopua ammonus NHiCl
(50 2/n) nuist yBenuyenus pacrBopumoctd Ag>SO4 3a
c4€T 00pa3oBaHUsl KOMILJICKCHBIX XJIOPUI0-aMMUH-
HBIX HOHOB. BhllllenaunBaHue NPOBOIWIM TIPU
temriepatype 40 °C moa KpbIIIKOW (11 yMEHBIIIe-
HUSl UCIIApEHUsi aMMHuaka) B TeueHue 4 yacoB. 3a
9TO BpeMs OCHOBHas macca cepedpa (1o 90-95%)
nepenuvia B pactBop: NAg ~ 90%. IlporekaroT
peakiuu: Ag:SO++4NH;—2[Ag(NH3):]"+SO+* u
AgCl+2NHs—[Ag(NHs):]*+Cl". Ob6pa3oBaBmmuiics
TEMHO-CUHUHN pacTBOp Komi-iekcHoro [Ag(NHs):]*
¢uIbTpOBAIM OT HEPACT-BOPUMOro ocraTka. Jlis
BbIIETICHUST cepedpa W3 aMMHAyHOTO pacTBOpa
MOKHO HCIIOJIb30BaTh AJIEKTPOOCAXKACHUE WIIU
HeMeHTaIuio. B 1abopa-TopHBIX yCIOBUSIX cepedpo
ocaxnanu Jo0aBie-HUEM IOPOIIKOBOW MEIH:
MpOTEKaeT [eMEeHTa-IIHOHHAas peaxius
2[Ag(NH3):]Cl+Cu—2Ag|+CuCl.+4 NHs. Boinas-
I Cephlii 0CaJOK METAJUIMYECKOro cepedpa
(GuUIBTpOBAJIM, TPOMBIBAIN; IO aHAJIU3aM €ro
gucroTa ~98% Ag ¢ npumecsamu Cu, IpUrojeH s
ornpaBku Ha apduHax. PactBop  mocne
nementanuu  (comepxkammit  Cu**, NHi", CI)
BO3BpaIllaJldi HAa CTaAul0 OOE3MEIHEHHS WU
pereHepupoBaIy;

— Ill&noyno-okucnurenpHass 00paboTKa oOc-
TaTka M  TOJy4eHue  KoHueHTpata MIIIL,
HEpPaCTBOPUMBIA  OCTAaTOK IIOCJA€ aMMHAYHOTO
BBIIIIEJIAYMBAHUS TIPEJCTABISIET COOOU (pUHAIBHBII
TBEPABIHA TMPOJIYKT, OOOTANICHHBIN IUIATHHOBBIMHU
MeTtannamu. [1o HamwMM JaHHBIM, B 9TOM OCTaTKe
cocpenoToueHo >98% muaTUHBI U TaUIaIds OT UX
MUCXOJHOTO KoiuuecTBa B Imame (morepu <2%
MPUXOAATCS HAa PACTBOPHI MPEIBIIYIIAX CTaJHMN).
OngHako  MpUCYTCTBME B JIaHHOM  OCaJKe
MOCTOPOHHUX Tmpumecel (coeaunenuir Pb, Te,
HeusBieueHHoro Au um Ag, okcuaoB Cu u ap.)
cHkaeT coaepxkanue MIII' B konuenrtpare. s
JOTIOTHUTETTFHOW OYUCTKH M OTIENCHUS TeITypa
MpUMEHEHa BBICOKOTEMIIepaTypHass o0paboTka B
miesioyHo cpene. HaBecky BIakHOTO ocTatka
CMEIIIMBAJIM C TBEPIOM TUIAPOKCUI-HUTPATHOU
cmechto: NaOH u NaNO:s B macc. cootHomeHuu 3:1
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(o6mmit pacxon ~50% ot maccel ocratka). CMech
3arpyajid B KepaMUYECKHUI THTelbh U HAarPEBAIH B
mydensHoit meun 10 300-350 °C, BbIAEpX)UBATN
1 yac nipu 310t Temmepatype. [Ipoucxoaur cyxoe
OKHUCJICHHE TeJlypa W 4YacTU4YHO cepbl: 2 Te +
2NaOH+302—2Na,TeOs+2H20; cenen, eciu
IPUCYTCTBYET, Takxke Okucigercs 10 NaxSeOa.
Ceunern; (13 PbSO4) mpu crnekaHuu NepexoauT B
HepacTBOpuMbId okcua PbO. TlomydeHHBIN criek
M3MeEIbYalIu U BhILLEIaUUBaIM ropsiueit Bogoi (70—
80 °C, L:S=5:1). IIpu 3TOM CcOJIM TEIUTYPOBOH H
CEJICHOBOM KHUCJIOT MEPEXOAST B pacTBOp. AHaJIN3
mokasaj, 4to B pactBop yxoaut a0 80-85%
teltypa U >95% ocratouHoro ceneHa. Pactsop,
coaepxamuii Na:TeOs/NaTeOa, oxnmaxaanu; mnpu
9TOM M3 HETO YaCTHYHO BBIBATMBAICS 0CaioK TeO:
(nemonHbIi TUApONK3). JlJiA MOJHOTO OTIENEeHUs
TeJutypa pactBop moakucisuid g0 pH 1-2 cepnoit
KHUCJIOTOM — MpPU 3TOM TEJUIyp OCAXKIAICA B BUJC
JTUOKCUIA TeOs.. Ocanok ¢bunsTpOBaIIH,
MIPOMBIBAJIN; TIOJTYUYEHHBIN CBHIPOI TUOKCH] TeILTypa

(~ 90% Te) w™oxer ObITh HampaBieH Ha
HOCIEAYIOIIYI0  BaKyyMHYIO  IIEPETOHKY  JJIs
MPOW3BOJICTBA ~ TOBApHOTO  Teutypa.  Takum

o0pa3oMm, TelIyp W CeJeH, paHee MelIarolIne
BBIICJICHUIO TIJIATUHOBBIX METAJUIOB, BBIJICTISIOTCS
OTJEIBbHBIMU NIOTOKaMU. TBEPBII HEPACTBOPUMBII
OCTaTOK IIOCJ€ WIEJIOYHOrO BBIIECIAYNBAHUSA U
OTJICTICHUsI TEJUTypa MPEACTaBIseT cOOON KOIJIeK-
TUBHBIA KOHIIGHTPAT OJIArOPOJAHBIX METAJIOB,
oOoraleHHbIN TIIaTHHOW U MaiaaueM. Ero cocras
npuBenéH B mabn. 1: conepxxanue Pt ~ 45%, Pd
~30%, Au~0,2%, Ag ~ 1%, ocTaiibHOE — OKCH/IHbIE
npumecu (PbO, CuO, SiO: u np.). Cymmapnas
MaccoBas JIOJIS MJIAaTUHOBBIX METaJIOB
(Pt+Pd+Rh+Ru) cocraBmser mopsaka 75-80%.
JlaHHBINM KOHLIEHTPAT 10 BHELIHEMY BUIY — YEPHO-
CEepBIN MOPOIIOK.

Jns yToOuHEeHMs pachpe/esieHUus METaJlioB
MEXIY CTAIUSIMU PACCUYNTHIBAIA TEXHOJIOTHICCKUE
nokazareiau u3BieueHus (1) u oOorameHus (¢).
U3Bneyenne »oieMeHTa 1 Ha JAaHHOW CTaauu
OTIpeIeIIIeTCs CTAaHIAPTHON HOPMYIIOi:

n; = —mm!"’y'" X 100% 1)

T7I€ M npooyxm — Macca DJIEMEHTa 1 B 1IETIEBOM
MPOJYKTE CTAIWH, K2;

M ,,cx — Macca 3JIEMEHTA 1 B IIUIaME, K2.

Hanpumep, n3BiedeHrne Meau B pacTBOp Ha

craauu o0e3MeaHEHUsT COCTaBMIIO Tcu = 99,3%.
Crenenp  oborameHus  (KOHIEHTPAIIMN)

JJICMEHTa  PACCUYMTHIBACTCA KaK  OTHOIICHHUC

COJICpKaHUs DJIEMEHTA B MPOAYKTE K COACPIKAHUIO

B UCXOJHOM CBIPBEE:

Ci,np()()y;cm

gi - Ciucx (2)

rac Ci,npo()ykm — KOHIICHTpalusd 3JIEMCHTA iB
TIOJIyYEHHOM NpoyKTe, %;

Ciuex KOHIICHTpAIUsl JJeMEHTa 1 B
HCXOMHOM Iame, %0.
[nsa  nosydenHoro konuenrtpara III'M

CTereHb O0OTalleHus TUIaTUHBI €pt TIpeBbiaeT 90
(To ectb ~ 45% mpotus 0,5%), mamragus — OKOJIO
100 (30% mporu 0,3%). DTO mMOATBEP)KAAET
BBICOKYIO CEJICKTUBHOCTH BBIJCICHUS TJIaTHHOBBIX
METaJUIOB IMpeIaraéMbIM criocooom [9].
PesyabTarsl M o0cyxaenne. Ha xaxaom
JTame BBHINOJHEH MaTepuajbHBI OamaHC 110
1eJeBbIM MeTauiaM. Tak, cyMMapHO€ M3BJICUEHUE
MEAH B CEpPHOKHUCIBIA pacTBop (mocie o00e3-
MEIHEHMS) 1 B aMMHUAYHbI pacTBOp (B HE3HAUYU-
TeIbHBIX KOJIMYECTBAX) cOCTaBMIO 99,5%, motepu ¢
TBEPABIM KOHIIeHTpaToM ~ 0,5%. W3Brneuenue
30J10Ta B 0OCaJOK AU IOCJI€ HUTPUTHOTO BBIIIE-
naynBanusa — 94,6%, emé ~4,8% Au mepemnuio B
cepeOpsiHbIN 1IeMeHT (aacopOupoBalioch Ha MeAH
IpH LeMeHTauu Ag), 1 CyMMapHO u3BieueHue Au
JIOCTUTII0 ~99,4%; ocraBiirecs cieas AU (~ 0,6%)
octayicb B KoHueHTpate MIII. H3BineueHue
cepebpa B ILIEMEHTUPOBaHHBIN moponiok — 91%,
norepu Ag B KoHueHTpare ~9%. W3BneueHue
ceneHa — 88% (ocagok Se), emé ~10% ynuio B
pPacTBOpP TEJUTYPOBOTO BHIIICIIAYUBAHUS (M MOXKET
OBITh BO3BpAILIEHO), TIOTEPH S€ ¢ KOHIEHTPATOM ~
2%. V3Bneuenue temrypa (B ocamok TeO2) — 78%,
ocrampHOE (~22%) ocranock B KOHIIEHTpaTe
(TeO2'PbO B npumecsx). HecMoTpst Ha HemosHOE
ornenenue Te€, ero aOCONIOTHOE COJAEpXKaHHE B
KOHIICHTpaTe HM3KOE (OJM TMpolleHTa, Taou. 1).
W3Bneuenune 1miaTiHOBBIX MetauioB Pt m Pd B
KOHEUHBIN KOHIIEHTpaT coctaBuio 98,5% u 97,0%
COOTBETCTBEHHO; HEOOJBIIME TOTEPU CBSI3AHBI C
pactBopenueM cienos III'M npu oxuciurenbHOM
BhITIeIaunBanny (0110 oOHapyskeHo ~ 0,5 me/n Pt
u Pd B HUTpUTHOM QUIBTpaTE) U MEXaHUIECKUMHU
noTepsiMu nipu GuIbTpanusax. JlaHHbIe TTOKa3aTenn
MPEBOCXOJAT TUIMUYHBIE JUISI  MHUPOMETAILTYP-
THYECKUX TEXHOJIOTMM: JJs CpaBHEHMS, IpHU

KON-METALLURGIYA VA ISHLAB CHIQARISH SANOATI

I'OPHOJOBBIBAIOIIAS METAJIJIYPT'USA U OBPABATBIBAIOIIASA TIPOMBIIIVIEHHOCTbD
MINING METALLURGY AND MANUFACTURING INDUSTRY

www.srt-journal.uz

68


http://www.srt-journal.uz/

SANOATDA RAQAMLI TEXNOLOGIYALAR

OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH

DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

nepepabotke muiamMoB B meun Kango yacthb
naiaivsi U POJaUsl YXOAWT B NUIAK W MBUIb, H
COBOKYITHOE H3BJICUEHUE IUIATHUHOBBIX METAJIOB
MoxeT ObITh HIKe 80%. B Hareil sxe cxeme nmorepu
IUTATUHOBBIX METaJUIOB MUHUMAJIbHBI, TaK KaK OHH
HAXOATCS B HEPaCTBOPUMOIA popMme 10 PUHAITBHOM
CTaAuUd M BBIAENAIOTCA B TBEPAOM ocTatke. Ha
puc.3. n300pakeHa MPEIJIOKECHHAs cXeMa MPOou3-
BOJIcTBa KOHILIeHTpaTa MIII'.

Puc.3. Cxema npouseoocmea Konyenmpama
MIIT.

[Tosryuennsiit konuenTpar MIII™ MmoxxeT ObITH
BOBJICYEH B CYILIECTBYIOIINE MPOIIECCHI pa3IeiIeHUs
MJIATUHOBBIX MeTayioB. OJIWH W3 BapUaHTOB —
pPacTBOpEHHE KOHLEHTpaTa B LAPCKOM BOJKE WIIU
XJIOPHOM BOJIE C TOJYYEHHUEM XJIOPOKOMILJIEKCOB
Pt(IV) u PA(I) u mocnenyromiee MX CEIEKTHBHOE
ocakienue. HM3BecTHO, UTO TIJJaTHHA MOMKET
CEJIEKTUBHO OCaXAAaThCs U3 XJIOPUJIHBIX PaCTBOPOB
noOaBjIeHHEM XJopuaa aMMoHMs (oOpasyercs
rexcaxyoporatuHaT amMmoHus (NHa):[PtCls]). B
bunpTpaTe TPH ATOM OCTAETCA TNAUIATUNA U
conyrcrBytomue metamuiel. [Tpumecu (Fe, Cu, Ni)
MOTYT OBITh OT/EJICHBI OCAKJICHUEM THAPOOKHCEH
nobapienreM ménoun. Jlanee mammaguii m3BIIe-
Kaetcsi jgo0aBieHueM KoHieHTpupoBanHoit HCI,
BbI3bIBasi 00pa3oBaHUE XJIOPUIHBIX KOMIUIEKCOB H
WX YaCTUYHOE TIPEBpAIlEHHE B OCAJOK XJIOp-
najajiajgara aMMOHHUS WM aMUHHBIX COETUHEHHIA
(marpumep, [PA(NH:)2]Cl. mpu o6paboTke ammua-
kKoM). B guTeparype Takke PEKOMEHJIOBAHO
BOCCTAHOBUTEIBHOE OCAXKICHUE TaUIaIus W3

pacTBOpoB — 3((PEKTUBHBIM BOCCTAaHOBHUTEIEM
ABJISICTCS TUAPA3UH, TO3BOJISIIOIIMNA TOJYYUTh
MOPOIIKOOOPA3HBIM  METAUIMYECKUN  MasIaguii

BBICOKOM 4YHCTOTHI. Tak, 1Mo JaHHBIM Boxumona,
couetanue cenekTuBHOro ocaxacHus (NH4Cl mis

Pt, ruzpookucu s mpuMeceil) U BOCCTaHO-
ButenbHOU ocanku namwtagus (HClI mns o6paso-
BaHUs KOMIUIEKCA, 3aTeM TMJpPa3HH) IO3BOJISET
MOJYYUTh TaJJIaJIUEBbId TMOPOLIOK C MacCOBOM
noneit Pd 99,5-99,9% mnipu CKBO3HOM H3BJICYEHUH
namaaus ~82—-85% wu3 ucxoaHslx pacTBopoB. B
paMKax JaHHOM paboThl JeTanbHOe paduHu-
pOBaHUE KOHIIEHTpaTa HE MPOBOIMIOCH, OJIHAKO
ONKCAHHBIE METOAbl MOTYT ObITb HPHUMEHEHBI K
nostyyeHHoMy KoHuenrtpary MIIDI' mis nosydenus
YUCTBIX MHAMBUAYAJIbHBIX METAUIOB IUIATHHOBOM
TPYTIIIBL.

[TpoBeneHHbIE ONBITHI MOATBEPAMIIN PabOTO-
CIOCOOHOCTh TPEMIOKEHHON THUAPOMETAILTYPril-
yeckoil cxembl. Bce 1eneBble  KOMIIOHEHTBI
U3BJICUCHBl Ha COOTBETCTBYIOIIMX CTaIusiX C
BBICOKOM 3¢ (eKTUBHOCTbIO. Meab, HHKENb H
CBUHEIl TPAKTUYECKU TIIOJIHOCTHIO YIAISIOTCS B
Hayase Ipolecca, 4To NpeA0TBPaIAeT UX BPEIHOE
BIIMSIHAE Ha TIOCIIEAYIONIME Omnepanuu u odecre-
YUBAaET IMOJYYEHHE HEpacTBOPHUMOIO OCTaTKa,
00orameHHoro 6JIaropoAHBIMHU METaNIaMU. 30J10TO
YCIIELIHO BBIIETIEHO U3 1IU1amMa B (hopMme 3eMeHTap-
HOTO 0CaJIKa eIIe JI0 IMepexo/ia MIATHHOBBIX MeTaJ-
JIOB B PAacTBOpP — 3TO BaXKHO, MOCKOJBKY 30JI0TO
COCTABIISICT 3HAYUTENEHYIO JIOJI0 IIEHHOCTH HIIamMa
U ero paHHEe U3BJICUEHHE COKpaIlaeT BpeMs
npeObiBaHusl AU B TEXHOJIOTMUECKOH IIelOYKe.
[Tomy4yeHHBI B oOmbpITaX OCaJOK 305I0Ta (THOCHE
IIPOMBIBKHU U CYIIKH) COAEPKUT >99% AU 1 MOxKeT
ObITh cpa3y HampaBle€H B IUIABKy Ha CIUTKU
BbICOKON MpoObl (99,99%). Cenen BblneneH Ha
OTJEJIbHON CTaJMM BBIIETAUYNBAHUS U OCAXKICHUS,
YTO TO3BOJISIET M30€KaTh €r0 BO3TOHKH B Ta3 IPH
wiaBke (mpobiema mupocxem). M3 moiydeHHOro
ocajika Se (4€pHBII MOPOIIOK ) METOIOM BaKyyMHOMN
cyOnuMaIuy IJIaHUPYeTCsl TOJIy4aTh TOBAPHBIM
cenen Mapku CTO umu CT1 (uucroroit >99,5% Se).
Cepebpo u3BIEUEHO M3 IIJJaMa C MpUEMIIEMON
nosHoTON (~91%) B BUAE LIEMEHTHOTO IMOPOIIKA,
NPUTOJHOTO s mepepaboTku  Ha adduHax
cepebpa. OcraBmuiics B KoHieHTpate AQ (0KOJI0
1% macc.) He IPenATCTBYET AaJbHENUIIeMY BblJIeIIe-
HUIO IJTATHHOBBIX METAJIOB M ITPH HEOOXOTUMOCTH
MOXET ObIThb YyJalleH Ha craguu adduHaxa
(manpumep, pactBopeHueM koHuentpara B HNOs ¢
ornenenueM AgCl). Temnyp, SBistoLIMiics Hexena-
TEJIbHOM MPUMECHIO B TPOAYKTaX, YCHEIIHO yIaJIEH
U3 KOHIIGHTpaTa Ha IIENIOYHOW CTaJuu — Kak
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MoKa3ajgl HUCCeloBaHus, 0e3 JTOH omepaiuu
TEJUTYpHUIIbI MOTJIM Obl 3HAYUTEIBHO OCIIOKHUTH
pactBopenue [II'M npu ux nmocnenyromeM addu-
Hake. OTMeTHM, 4YTO OTCYTCTBHE TIa30BBIX
BBIOPOCOB — Ba)KHOE MPEUMYIIECTBO THAPOMETAI-
Jypru4ecKkon cxembl. Bce peakiuu NpoOTEeKaroT B
3aKpPBITBIX PEaKTOpax WM EMKOCTSX; BbIIEs-
rforuecs raspl (NOx, SO2) yTHIM3UpYIOTCS BHYTPH
npouecca (Hanpumep, NOx mMorjgomawoTcs B
HUTPUTHOM BbllIeNauuBaHuM, SO: IOJIHOCTBIO
pearupyer npu ocaxJAeHUU AU U 3aTe€M OKHCISETCS
BO3JIyXOM). DTO KOHTPACTUPYET C MUPOMETAILIYpP-
THYECKUM IUIaBJIICHUEM, TAe TPEeOYIOTCS MOIIHbIE
CUCTEMBl Ta300YMCTKHU, U BCE K€ YacTh CeEJeHa
HEU30€)KHO YHOCUTCS C JIbIMOBBIMH Ta3aMu.
[IpemnoskeHHasi TEXHOJIOTHUS, HANPOTUB, JIOKAIU-
3yeT CeJIeH U TeJUTYP B KHUAKUX U TBEPBIX MOTOKAX,
o0Jjeryast X NOCIEAYIOLYIO IepepadoTKy.
Pe3ynbpTaThl cCOMOCTaBUMBI MU MPEBOCXOMASAT
JAHHbIC, W3BECTHBIE IS JPYTHX METOJOB.
Hamnpuwmep, B pabore Epumona u np. (Hopunbckuii
HUKEJIb) MCCIIEI0BaHa CXEMa BOCCTAHOBUTEILHOTO
00Xura HUIaMOB C TOCJEIYIOUIMM BBbIIeIadiBa-
HUEM: BOCCTaHOBJIEHHE oOrapka LulaMa YyIJepoJ-
COJIepKAIM peareHTOM U Mocienyromas cyibda-
tuzanus (o0xur ¢ H.SO4 pu 200 °C) no3sonuiau
nepeBect B pactBop A0 99% Ni, 99% Cu wu
90% Fe, a HepacTBOPUMBIN OCTaTOK cozepxkair 20—
30% MIII'. JlanHas cxema OJu3Ka IO UICOJIOTHH K
Hameil (ymanenue Cu cynbgpaTUpOBaHUEM, MONY-
YeHHE KOJUIEKTUBHOIO IJIATHHOBOT'O KOHIIEHTpaTa),
OJIHAaKO TpeOyeT CrelnaaIbHOW CTaJul BHICOKOTEM-
nepatypHoro oOxwura. B mpenmaraemoil Hamu
TE€XHOJOTMH aHAJIOTUYHBIA 3PPEKT TOCTUTHYT NPHU
0oiee MATKUX YCIOBUSAX — MEJb yAAJISIeTCs IpH 25—
30°C B peakTOope, a HEPAaCTBOPUMBIH OCTATOK
nocjie BCeX TUAPOCTanui conuepkut ~75% MIIT
(uro 3HaumTensHO BhIME 20-30% 06€3 momoaHU-
TEJIbHOM  OYMCTKH). BbIcokas  KOHIIEHTpaIus
IUTATUHOBBIX METAJJIOB 00YCJIOBJIEHAa IMOCie0Ba-
TeIbHbIM ynaneHueM Au, Ag, Se, Te mnepen
(buHaTBEHON CcTaguel, Yero He MpeaycMaTpuBacT
npuBeAEHHAS MUPOTUIPOMETAILTyprudeckas cxe-
ma. Ham xoHmentpatr TpeOyeT aanbHEHIIEro
XUMHUYecKoro  ap¢puHaka, HO  aHAIOTUYHOE
pasnenenne Pt um Pd HeoOxomumo w s
KOHIIGHTPAaTOB,  IOJly4YaeMbIX IO  JIPYTHM
TeXHOJOrusAM. V3BieueHne mIaTHHOBBIX METAJNIOB
B Hameld cxeme (>97%) 3amMeTHO BBINIE, YeEM,

HanpuMmep, B TexHojoruu banxamickoro 3aBoja, rae
IpH TUIaBKE IIJIJaMa 4YacTh IUIATHHOBBIX METAJIOB
yJIaBIMBAaeTCS JUIIb B  MbBUIEBBIX  [IaMax
ra300YUCTKM W BO3BpaIlaeTcs B MPOLECC C
norepsiMu. Kpome TOro, COBOKymHOE H3BJICUCHHE
Au+Ag y nac cocraBisier ~99%, Torga kKak npu
MUPOMETAITYPIrUUYeCKOM  BapHaHTE HEKOTOpbIE
MOTepU HEM30EKHBI M3-32 MEXAHHUYECKOTO YHOCA
[UTAKaMU ¥ UcriapeHus (0COOCHHO /1 cepedpa npu
BBICOKMX Temmnepatypax) [10, 11, 12].

[Ipennaraemasi ~ TEXHOJOTUS  TO3BOJISET
BOBJICYh AHOJHBIC IUIAMBI B TepepaboTKy 0e3
CTPOUTENIBCTBA JJOPOTOCTOSIINX TJIaBHIIBHBIX arpe-
raToB, WCHOJB3Yys MPEUMYIICCTBCHHO CYIIECT-
Bylollee 00OPYIOBaHHE TUIPOMETAILTYPTUUECKUX
1IEeX0B (peaKTopsl, PHIBTPHI U TIp.). Bee peareHTsl,
npumensemble B cxeme (H2SO4, NaNO., NaOH,
NHs, ap.) sIBASIOTCS OTHOCUTEIIBHO HEJOPOTUMH U
IOCTYHNHBIMUA. HUTpUT HaTpus, XOTS M pPacxo-
JyeTCs, YACTUYHO PereHepupyeTcs (MpeBpaiasch B
NaNQO:) u MOxeT ObITh BOCCTAHOBJIEH 3JIEKTPO-
XUMHYECKH JI0 HHUTPUTA WJIH HCIOJIH30BaH IOB-
TOpPHO. AMMHUa4YHbIE PACTBOPHI MOCJE LIEMEHTAI[UN
AQ MOXXHO TIOBTOPHO HCIIOJIB30BAaTh JIJII HOBBIX
MOpUUH IIJITaMa, KOMIIEHCHUPYS TMOTepU aMMHaKa.
[IemouHbIe BHIMIEIAYHBAIOIINE PACTBOPHI IOCIE
OCKICHHS TEJUTypa TakKe MOTYT BO3BpAIllaThCs B
npouecc (comepxaT TaaBHbIM 00pa3zoM NaxSOa).
TakuMm 00pa3zom, cxema MOXKET ObITh pearan3oBaHa
Kak oOparmjaronasics, ¢ MHUHHUMAJIbHBIM 00pa3o-
BaHUEM XUIKUX OTXOJIOB. JKOJOTHYECKasl HArpy3-
Ka CHIDKAETCs 3a CUET OTCYTCTBUA BBIOPOCcOB SO2 1
MbUIEH, XapaKTepHBIX AJs TUIaBKU; BCE BpPEIHBIC
KOMIIOHEHTHI (As, Pb) KOHLIEHTPUPYIOTCS B )KUIKHUX
0TXO0JlaXx TMEepBOM CTaguM, KOTOpblE MOTYT OBIThH
HEUTpaTM30BaHBl  M3BECTBIO C  OCAKICHHEM
HEPACTBOPUMBIX COEAMHEHU (Hampumep, As — B
BHJIC  JKEJIE30-MBIMIBIKOBBIX  OCAJIKOB  THIIA
FeAsOs-xH20). Hama TexHOJIOTHsl TOTCHIIMAIBHO
MO3BOJISIET COKPATUTh BPEMS IPOW3BOJICTBEHHOTO
[UKIA T[epepadOTKH I[IIaMOB C HeAenb [0
HECKOJIBKMX JIHEHM 3a CY€T MapajyIeIbHOIO
BBITIOJTHEHUS] CTaJUid W OTCYTCTBHS JJIUTEIHHBIX
omeparuii  (HampuMmep, CYIIKH WIA 3JICKTPO-
padunupoBanus cepebpa). Kpome Toro, ymeHs-
mraercsi 00bEM HE3aBEpIIEHHOTO MPOU3BOJICTBA —
[IJIaMbl MOTYT TiepepabaThIBaThCSl OMEPATUBHO IO
Mepe HaKOIUIeHHMs, a He CKJIaJupoBaThcs B
OKUJAHUH TTAPTUH JISI TIABKH.
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PaccuntanHple MaTepuasibHble OajlaHChl U
pe3yabTaThl J1a0OPATOPHBIX HWCIBITAHUNA JIETIH B
OCHOBY IPEUIOKEHUH 110 BHEAPEHUIO Mpoliecca Ha
AO «AI'MK». [Ilpemnaraercs opraHu3zoBaTh
HEOOJIBIIYI0 THIPOMETAIYPIUYECKYI0 JIMHUIO B
cocraBe apPUHAKHOTO ydacTKa: peaKkTop 00e3-
MeJIHEeHUs (KMILAMH CI0H WIM MEeXaHWYEeCKH
NepEeMEIIMBACMbIil), PEaKTOp  OKUCIUTEIHLHOTO
BBINIC/IAYMBAHKS  (KUISAIIUHA CJIOW ¢ Tojmayeit
razoobpasHoro NOyx, Hampumep, IMOIy4aeMbIX B
HUTPO3HOM ammnapare), EMKOCTb IJI LIEeMEHTaluU
cepebpa u meyb JJIs ClIeKaHUsl OCTAaTKOB. bosnbImas
4acTh 000py0BaHMsI MOXKET ObITh U3rOTOBJICHA U3
KHACJIOTOCTOWKHX MaTepualioB (TIOJMATHIICH, TOJIH-
IPONUJIEH, HEpX. CTallb C PE3UHOBBIM (yTepo-
BaHueM). [lo ouenkam, nepepabotka 1 TOHHBI
[IjlaMa JaHHBIM METOJOM IO3BOJIUT M3BJI€Yb [0
10 kr cepebpa, 1-2 Kr 30510Ta U HECKOJIBKO COTEH
I'PaMMOB IUIaTUHBI U NAJIaUs, YTO SKOHOMHUECKU
orpapniaHo. JlomoiHuTenpHas BBIpyYKa OT peajiu-
3allMM  3TUX METAJUIOB IPEBBICUT 3aTpaThl Ha

peareHThl M OIEPAIMOHHBIC PACXOJbl, & YMEHbB-
ICHHEe OOBEMOB XPAHSIIMXCS [UIAMOB CHH3HUT
9KOJIOTUYECKUE PUCKH.

3akiro4eHue. PesynbraTsl OIIBITHO-
Ja00paTOPHBIX MCIBITAHUNA TOATBEpIUIN 3Pdek-
TUBHOCTh Pa3paboTaHHON TexHosoruu. llomydeH-
HbIC T[I0KA3aTelId COOTBETCTBYIOT IIEJIEBBIM —
JIOCTUTAETCS TIIyOOKOE M3BIICYEHUE APAroleHHBIX
METAJUIOB (BKJItOYAsl TUIATHHOBBIC) B TOBapHBIC
MPOJYKTHI WJIM KOHIIEHTPATHI, & OTXOMABI IpoIecca
MUHHUMH3HPYIOTCS M MOTYT OBITh YTHIU3UPOBAHBI.

[TpoBenénnast paboTa IEMOHCTPUPYET BO3-
MOXXHOCTh 3(Q(EeKTUBHON NEepepabOTKH TEXHOTCH-
HOTO CBIPbSl C TIOJYYEHHEM IICHHBIX METaJIOB.
Peaymzanusi mpeioKeHHOW TEXHOJIOTUU OyJneTr
CHOCOOCTBOBAaTh  TOBBIIIEHUIO  KOMILIEKCHOCTH
UCIIOJIB30BaHUS CHIPbs, YBEIMYCHUIO JO0BIYH Jpa-
TOIICHHBIX METAJUIOB U CHUKEHHIO DKOJIOTHUECKOU
HArpy3Kd 3a CYET BOBJICYCHHUS OTXOJIOB IPOM3-
BOJICTBA BO BTOPUYHBIHN ITHKII.
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Annotatsiya. Ushbu maqgolada Tyubegatan konining kon-texnik va geologik sharoitlari chuqur
o ‘rganilib, sanoat silvinit qatlamlarini xavfsiz va iqtisodiy jihatdan samarali qazib olish imkoniyatlari
tahlil gilinadi. Tadqigotda gatlamlararo bo ‘shliglar, suvdan himoya qiluvchi gatlamning tuzlishi va
qalinligi, qatlamlarning yotqizilish burchagi, tog* jinslarining fizik-mexanik xossalari hamda gaz va
sho ‘r suvlar mavjudligi asosiy baholash mezonlari sifatida olinadi. Razvedka quduqlari va laboratoriya
sinovlari asosida gazib olish kameralarining optimal parametrlari aniglanadi. Suvdan himoya qiluvchi
galinligi va mustahkamlik xususiyatlari, aynigsa buzlish zonalarida, gazib olish xavfsiZigini
ta’minlashda hal qiluvchi omil sifatida ko ‘rib chigiladi. Tadgiqot natijalari konning uzoq muddatli va
bargaror ishlatilishini ta 'minlashga xizmat qgiladi hamda tog ‘-kon tizimining parametrlarini qayta ko ‘rib
chigish zaruratini asodaydi. Shuningdek, geologik-geofizik tadqgiqotiarni kengaytirish bo ‘yicha ilmiy
tavsiyalar keltirilgan.

Kalit so‘Zar: Tyubegatan koni, silvinit, gazib olish tizimi, suvdan himoya giluvchi gatlam, fizik-mexanik
xossalar.

OLIEHKA I'OPHO-TEXHUUYECKHNX YCJIOBUH JOBbIYUU HA
MECTOPOKAEHUUN TIOBEI'ATAH

Kapaee baxpomorcon Homoopoe Pycmam Bbobomypooos Azamam Xacanoe Illax300 Pacyn
Mamaoueposuu Ypanosuu HOnoaw y2nu yanu
ToprodoGesaiowuii kovmaexe AO Kapwunckuil Zf)cydapcmeeyﬁbzzl Accucmenm, I{apmuHCKuﬁ ) Accucmenm, Kflpmuncxuﬁ )
. N MexHuYecKuil yHugepcumen, 20CY0apCmBeHH bl MeXHUYeCKuil 20¢y0apcmeeHHblil MeXHU4ecKull
«/lexxanabadckuil KanuiHwlil ped 5
Kagedpa 2eono2uu u 20pHo2o deid, VHUgepcumen, YHugepcumenm,
3a600», [exxanabao, Y3bexucman
A PhD, ooyenm, Kapwu, V36exucman Kapwu, Y36exucman Kapwu, Y36exucman

Armomauu}l. B oannoii cmamoe 2ﬂy60K0 U3Y4Y€Hbl COPHOMEXHUUYECKUe U ceojlocudecKue yciloeus
Trobecamarckozo MecmopoofcaeHuﬂ U npoaHaiIusupoeaHvbl 603MOHCHOCMU Oe30nacHol U IKOHOMUYECKU
34)d)eKmu6HOZZ 000bIYU NPOMBIULIIEHHbLX CUTbBUHUMOBBIX N1AacCmoe. B uccneoosanuu 6 kauecmee
OCHO6HbLX Kpumepuese OUEHKU NPUHUMAIOMCA MEedNCNniacmoevle npocmpancmed, Ccmpykmypa u
MOUWHOCHb 60&03au;umH020 CJl04, Y20Jl 3djliecarnusl niacmoe, qbusuKO-MexaHuueCKue ceolicmea 2OPHbLX
I’lOpOd, a makvice Haauyue 2a3a u conenvix 600. Ha ocrose pa36e00quzx CK6AINCUH U Jza6opam0prlx
UCNBIMAHULL onpec)eﬂmomc;l onmumailibHovle napamempbol 000bIUHBIX Kamep. FM&pObBOJlﬂL]MOHHClﬂ moain -
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WUHA U NPOYHOCMHbIE XAPAKMEPUCIUKU PACCMAMPUBAIOMCA KAK peuarowuil ¢pakmop obecnevenus
bezonacnocmu pazpabomku, ocobeHHO 6 30Hax paspyuienus. Pezynbmamovi uccnedosanuii cuyscam
obecneueHuro 00JI20CPOUHOU U YCMOUYUBOU OIKCHIYAMAYUU MECMOPONCOeHUs U 0OOCHOBbIBAIOM
HeoOX00UMOCIb NePecmMompa napamempos 20pHo0odvlearowell cucmemsl. Taxace npueedenvl HayuHbie
PpeKoOMeHOayuU no pACUUPEHUIO 2e0J1020-2e0pU3ULecKUxX UCC1e008aHUlI.
Knwueevie cnoea: Trobecamanckoe MecmopodcoeHue, CUTbBUHUM,
2UOPOUSOTIAYUOHHDBLU CIIOU, PU3UKO-MEXAHUUECKUe C8OUCMEA.

ASSESSMENT OF MINING AND TECHNICAL CONDITIONSFOR

EXTRACTION AT THE TYUBEGATAN DEPOSIT
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Abstract. This article presents an in-depth study of the mining-technical and geological conditions of the
Tyubegatan deposit, analyzing the possibilities of extracting industrial sylvinite layers in a safe and
economically efficient manner. The research considers several key evaluation criteria, including
interlayer voids, the structure and thickness of the water-resistant layer, the dip angle of the strata, the
physical and mechanical properties of the rocks, and the presence of gas and brine waters. Based on
exploration drilling data and laboratory tests, the optimal parameters for the mining chambers are
determined. The thickness and strength characteristics of the protective water-bearing layer, especially
within fractured zones, are regarded as critical factorsin ensuring mining safety. The results of the study
contribute to the long-term and stable operation of the deposit and justify the need for re-evaluating the
parameters of the mining system. Furthermore, the article provides scientific recommendations for
expanding geological and geophysical research.

Keywords: Tyubegatan deposit, sylvinite, mining system, water proofing layer, physical and mechanical
properties.

Kirish. Qazib olinadigan foydali gazilmalar
tanasining geologik va texnologik holati konni
sanoat darajasida o‘zlashtirish imkoniyatlarini
belgilaydi. Xususan, Tyubegatan koni tarkibidagi
silvinit qatlamlarini igtisodiy jihatdan samarali
gazib olishda kon-texnik va geologik shartlarning
aniq o‘rganilishi muhim ahamiyatga ega. Ushbu
tadgigot Tyubegatan konining birinchi navbatda
o‘zlashtiriladigan uchastkasida kon-texnik para-
metrlarni baholashga garatilgan.

Konni qazib olishning asosly kon-texnik
sharoitlariga quyidagilar kiradi:

1. Sanoat gatlamlarining tuzilishi, tarkibi va
gdinligi;

2. Sanoat gatlamlarini alohidayoki birgalikda
gazib olish imkoniyatini hisobga olgan holda
qatlamlararo bo‘shliglarning (interplastlarning) tu-
zilishi, tarkibi va qgalinligi;

3. Suvdan himoya qiluvchi qgatlamning

tuzilishi vagainligi;

4. Qazib olish chuqurligi;

5. Jindarning fizik-mexanik xossalari.

Bundan tashqari, foydali gazilma tanasining
morfologiyasi; rudalar va ularni o°rab turgan jinslar-
ning gazga to‘yinganligi; tuz qatlamlari ichidagi
sho‘r suvlarning mavjudligi; qatlamning bevosita
tom gismi (ustki gatlami)ning bargarorligi.

Tadqgigot usuli. Tadgigot jarayonida
quyidagi usullar qo‘llanildi:
- Geologik-gidiruv  natijalari  (1959-1965,

2010-2011 yillar): razvedka quduglari ma’lumot-
lari, gatlamlarning galinligi, chuqurligi, yotqizilish
burchagi.

- Fizik-mexanik  xossalarni  aniglash:
“Galurgiya” OAJ geomexanika laboratoriyasida
olingan tajriba natijalari asosida.

- Statistik va struktura tahlil usullari:
gatlamlararo tafovutlar, KCl kontsentratsiyasi, kon
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buzilish zona ari.

- Kartografik metodlar: suvdan himoya
giluvchi izopaxit xaritalari, gatlamlar giyaligi va
flegsuralarning holati.

Natijalar. Quyi IlA vaQuyi 1I1B gatlamlararo
qalinligi g‘arbiy yo‘nalishda muntazam ravishda
kamayib boradi. Tozalash va kon-tayyorlov ishla-
rini olib borilayotgan uchastkada bu galinlik 5-9
metrni tashkil giladi, bu esa boyitish fabrikasining
kaliy xlorid (KCl) miqdoriga qo‘yilgan 31,93%
talablari asosida Quyi IIA qatlamlarini aohida
gazib olish imkonini beradi. 47 va 89-sonli
burg‘ilash quduqlari ma’lumotlariga ko‘ra, Quyi
IIA va Quyi 1IB oralig‘ining qalinligi mos ravishda
1,9 metr va 0,8 metrgacha kamaygan. Bundan
tashqari, 89-sonli qudugda ishchi zonaga gainligi
2,5 metr bo‘lgan Quyi-I gatlami ham kiradi. Quyi
[1A— Quyi-I oralig‘i esa qalinligi 1,0 metr bo‘lgan
tuz-angidrit jindari bilan ifodalangan. Bu yerda
gatlamlarni birgalikda ishlab chigish talab etiladi,
bu esa gatlamlarning ishchi galinligini 7,6 metr (47-
sonli quduq) — 10,05 metr (89-sonli quduq) gacha
sezilarli dargjada oshiradi va natijada tozalash
kameralarining balandligini oshiradi, bu esa gazib
olish tizimi parametrlarini qayta ko‘rib chigishni
talab giladi. O‘rtacha KCI miqdori 8,7% ni tashkil
etadi, bu esa, umuman olganda, yuqori va quyi
gavatlardagi  silvinit qgatlamlarini  gatlamlararo
bo‘lim bilan birgalikda qazib olish imkonini beradi,
boyitish fabrikasi tomonidan belgilangan xaqaro
standart dargjasidagi 23% KClI talablari doirasida.
Bu esa zaxiralarning sezilarli dargjada ortishiga va,
natijada, korxonaning faoliyat muddatining uza-
yishiga olib keladi. Ishchi gatlamlarning yotqizig
chuqurligi, ya’ni tog* bosimi miqdorini belgilovchi
omil, birinchi navbatda gazib olinadigan uchastkada
220 metrdan 800 metrgacha o‘zgaradi. Silvinit
gatlamlarining tom gismi (ustki gatlami) eng chuqur
joylashgan hudud konning g‘arbiy qismida, eng
ko‘tarilgan qismi esa konning markaziy qismining
shargiy gismida kuzatiladi. Razvedka burg‘ilash
quduglari ma’lumotlariga ko‘ra, qatlamlarning
umumiy qulash (yotqizilish) burchagi o‘rtacha 14°
ni, maksimal darajada esa 21° ni tashkil qiladi.
Qazib olish ishlarining natijalariga ko‘ra, qatlam-
larning yotish burchagi gatlamlar  bukilishi
(flegsura) rivojlanishi hisobiga 10° dan 30° gacha
o‘zgaradi. Bunday yotqizilish shakli gatlamlarni
gazib olish uchun noqulay sharoit hisoblanadi.

Qazib olinayotgan gatlam, gazib olinayotgan hudud
doirasida g‘arbiy—janubi-g‘arbiy yo‘nalishda giya-
lik bilan yotadi va unda flegsuraar rivojlangan.
Mavjud ma’lumotlarga ko‘ra, gatlamning qiyalik
burchagi 15° dan 27° gacha o‘zgaradi, o‘rtacha esa
17° ni tashkil giladi. Kon hududida tuz usti jinslari
butun kesim bo‘ylab to‘rtlamchi davr yotqizig-
larining yuzasidan to tuzli zaminining yuzasigacha
suv bilan to‘yinishi mumkin, aynigsa tik yotuvchi
tektonik buzilishlar zonaarida. Buzilishlar hudu-
dida suvdan himoyaovchi gatlamning yaxlitligi
buzilishi masalasi ochiq bo‘lib qolmoqda, holbuki,
ushbu zonal ardan tashgarida joylashgan tuzli jinslar
suv o‘tkazmaydigan hisoblanadi. Suvdan himoya-
lovchi gatlam bu qatlam tom qismidan (ustki
chegarasidan) boshlab tuz zamini tomigacha
bo‘lgan suv o‘tkazmaydigan jinslar paketini ifoda-
laydi. Suvdan himoya qgiluvchining quyi chegarasi
sifatida Quyi IIA qatlamining tom gismi qabul
gilingan. Kon doirasida Suvdan himoya giluvchi
qalinligi 104 metrdan 130 metrgacha o‘zgaradi.
Suvdan himoya qiluvchining izopaxitlar may-
donining tuzilishi, umuman olganda, tuzli gatlam-
ning tom gismining strukturasi bilan yaxshi mos
tushadi. Suvdan himoya qiluvchi gainligi janubi-
sharqiy yo‘nalishda asta-sekin ortib boradi. 89-sonli
gudugda suvdan himoya qiluvchi gainligi 120,75
m, Bzk-8 quduqgda esa 129,80 m ni tashkil etadi.
Yanada janubi-sharqga (tuz qatlamining chek-
kasiga) garab suvdan himoya giluvchi galinligi
keskin 25 m gakamayadi (masalan, 55-sonli qudug-
da bu ko‘rsatkich 104,1 m ni tashkil etadi).

1-jadval

Konni birinchi navbatda gazib olish uchastkasi
doirasidagi asosiy kon-geologik parametrlarning
giymatlari [1,4]

Tir Qirgim Parametrlar, Qiymat
gismlari o‘lchov birligi Min Maks O‘rtacha
_ Suvdan Shiftni ng yoi sh 13,00 685,40 349,20
1 himoyalovc chuqurligi, m
hi gatlam Qalinlik, m 104,10 | 129,80 123,26
A Shiftning yotish
atSI|IV|_n|_t chuqurligi, m 117,10 | 807,65 462,38
4 ig‘ggmg Qalinlik, m 155 8,55 434
— . KO miqdori, % 25,08 41,33 33,55
2 gismi Quyi N.O. miqdori
I P | ost | 401 245
Shift K Cl migdori, % 0,13 18,36 6,26
3 goplama N.O. migdori,
jinslari % 0,26 61,69 16,93
- =
. Q e_lt_lam o - Kr\ﬂ)mrly?iccjgé r i/o 0.95 12,60 8,02
jinslari ’ '% ' 0.22 22.76 5,65

Tyubegatan koni jindarining fizik-mexanik
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xususiyatlarini  o‘rganish  1959-65-yillarda olib
borilgan geologiya-gidiruv ishlarida amalga oshiril-
gan [1]. Fizik-mexanik sinovlar hajmi yetarli emas -
tuzli jindlarning barcha xususiyatlari va tuz usti
kompleksi jindarining barcha turlari o‘rganil-
magan: 174 tanamunadan 160 tas fagat tosh tuzi va
silvinitlarning zichligi uchun o‘rganilgan (1-jadval).

2-jadval
Tyubegatan koni jinslarining ba’zi fizik-mexanik
xossalari [1]
Guruh R Zichlik | og,
sinovlar Koni jinsi Namuna g/ |kg/sm?
1 Qumtosh, 3 2,50 | 1266
2 Argillit, 5 2,46 | 281
3 Tosh tuzi 3 2,06 | 255
4 Tosh tuzi 81 2,15 -
5 Silvinitlar 79 2,05 -
6 Angidrit 3 2,81 737

SSSR Davlat geologiya qo‘mitasi ekspertlari
kon jindarining fizik-mexanik xususiyatlari yetarli
dargada o‘rganilmaganini ta’kidlagan. Biroq
keyingi geologiya-gidiruv ishlarida mazkur xusu-
siyatlarni tizimli o‘rganish amalgaoshirilmagan [2].

3-jadval
Tog‘ jinslarining siqilishdagi mustahkamlik
chegarasining tavsiya etilgan giymatlari [1]
Siqilishdagi Siqilishdagi
tajribaviy tavsiya etilgan
mustahkamli mustahkamlik
k chegarasi, chegarasi, os,
og, MPa
24,83

Namuna

Qatlam ragami

Tog* jinsi

Yirik-gigant
donali tosh tuz
Silvinit rang-
barang, yirik-
gigant donali
Yirik donali, gilli
tosh tuzi
O‘rta-yirik donali
tosh tuz
Yirik-gigant
donali, kuchli gilli
tosh tuzi
Yirik-gigant
donali shpatli tosh
tuz
Silvinit
qo‘shilgan gil-
angidrit gatlami
Tosh tuzining

12 1034 24,83

Quyi 1 1035 22,60 22,60

1036 22,68

1037 26,88

Quyi 11-111 22,73

1038 15,88

1039 23,62

1040 28,38

yupga gatlamlari
bilan brekchevidli
teksturali silvinit
Tosh tuzi
gatlamchalari
bo‘lgan
brekchevid
teksturali silvinit
Ulkan donali,
yarim shaffof,
shpatli tosh tuzi
Silvinit o‘rtacha -
yirik donali,
massiv
Kon kesmas siyrak angidrit gatlamchalari
hamda kambag‘al silvinit qatlamchalari bilan

Quill,a 1040 22,67

qatlam 23,20

1041 22,82

Quyi lIl, &
b gatlam 1042

22,02 22,02

Quyi Il, b 1043 23,55 23,55
gatlam

aradlash tosh tuzidan tarkib topgan. Angidrit
gatlamlarining qalinligi  kichikligi va ularning
kesma bo‘yicha sanoat gatlamidan (o‘nlab metr)
ancha uzoqda joylashgani, shuningdek boshga
gatlamlardagi silvinitlarning kambag‘alligi, ularni
fizik-mexanik xususiyatlari bo‘yicha bir xil deb
hisoblash imkonini beradi. “Galurgiya” OAJ
geomexanika laboratoriyasida silvinitning mustah-
kamlik xossalari bo‘yicha o‘tkazilgan sinov
natijalari ham Quyi Il gatlamning fizik-mexanik
xususiyatlari jihatidan bir xilligi hagidagi xulosani
qo‘llab-quvvatlaydi.

2010-2011-yillarda sanoat gatlami  kon
lahimlari bilan ochilgach, tog* jinslarining fizik-
mexanik xususiyatlarini aniqlash bo‘yicha sinovlar
davom ettirildi. Ushbu sinovlar natijalari
“Galurgiya” OAJ geomexanika laboratoriyasi to-
monidan tagdim etilgan xul osada batafsi| yoritilgan.
Mazkur xulosaga muvofiq, 3-jadvalda sanoat gat-
lami jindlari vagamrovchi jinglar uchun gazib olish
tizimi parametrlarini hisoblashda tavsiya etiladigan
mexanik tavsiflar keltirilgan.

Muhokama. Tyubegatan konida gatlamlararo
gatlamlarning kamayishi, gatlamlar morfologiyasi-
ning murakkabligi va buzilishlar mavjudligi gazib
olishishlarini giyinlashtiradi. Shu bilan birga, qazib
olish chuqurligi va Suvdan himoya giluvchining
yetarli galinligi texnologik jihatdan konni samarali
o‘zlashtirishga imkon beradi. Gaz to‘yinganligi va
sho‘r suvlarning mavjudligi xavfsizlik choralarini
kuchaytirishni talab etadi.

Qatlamlararo gainlik va morfologik tafovut-
larni inobatga olgan holda qazib olish kamera-
larining balandligi va qazib olish tizimi parameter-
larini gayta ko‘rib chigish zarur. Shuningdek, mav-
jud geofizik ma’lumotlarni aniqlashtirish magq-
sadida qo‘shimcha razvedka ishlarini olib borish
tavsiya etiladi.

Xulosa. Tyubegatan konida gazib olishning
kon-texnik shartlari umuman olganda murakkab,
birog ularni chuqur tahlil gilish va optimal gazib
olish tizimini tanlash orgai kon resurdaridan
samarali foydalanish mumkin. Tavsiya etiladigan
chora-tadbirlar quyidagilardan iborat:

- Suvdan himoya qiluvchi qgatlam holatini
batafsil aniglash;

- Qatlamlarning fizik-mexanik xossalarini
to‘liq tadqiq etish;

- Flegsura zonal arida maxsus mustahkamlash
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usullarini ishlab chiqish;
- Kon parametrlarini gayta hisoblash orgali
ekspluatatsiya xavfsizligini oshirish.
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HEPCIIEKTUBBI IIPUMEHEHUSA NOHOOBMEHHBIX TIPOLHECCOB ITPU
MN3BJIEYEHWUU BJAT'OPOIHBIX METAJIJIOB N3 TEXHOI'EHHBIX
OTXOJI0OB MOJIMBJIEHOBOM NPOMBINIJIEHHOCTH
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Boxuooe baxpuooun SuionKynoe Yukyu Pycmamoe Hcnomcon
Paxmuounosuu Xyoauinazap yenu Hnxomosuu
Hasouiickuii 2ocydapcmeenHblil u 0.¢h.m.H., ooy. Kapwiuncxuil
20PHO-MEXHONOSUHECKUIL 20Cy0apCmBEeHHbli MeXHUYeCKUll Vuueepcumem ungopmayuonnvix
YHUgepcumem, OOKNop YHusepcumenm, MeXHONO2UTE U MEHEOICMEHMA,
MexXHU1ecKux Hayk, npogeccop, Kapwiu, V36exucman Tawkenm, Ysoexucman
Hasou, Y36exucman ORCID ID: 0009-0002-8415-7218

Annomayua. B cmamve paccmMompeHo cospeMeHHOe COCMOAHUEe U HNePCHneKmusbl pazeumus
UOHHOOOMEHHBIX NpoYeccos 6 cuopomemannypeuu moauboena. Ilposeden awnanuz u3enreueHus
NOTUUOHHBIX POPM MOAUOOEHA, POPMUPYIOWUXCA 8 KUCTOU cpede, C NPUMEHEHUEM B8blCOKOCEIeKIMUBHBIX
uonumos. IloopobHo paccmompenvl npoyeccyl Gopmuposanus GpPorma pasHvix KOHYESHMPAyuUil 8 cioe
UOHUmMA, KUHemu4ecKue napamempsl cOpoyuU, a maxxHce KOHCMpPYKMUsHbvle 0COOEHHOCU U NPUHYUNDL
OelicmaUsl pasiuyHbIX MUNo8 copoOYUOHHbIX annapamos, exnoyas konrounvl CHK u nauyku. Omoenvhoe
BHUMAHUE YOeneHO 0e3(hUIbmPaAYUOHHOMY COPOYUOHHOMY BbIUENAUUBAHUIO U3 NYbN, 6HEOPEHHOMY 8
8€0VWUX NPEONPUAIMUAX OMPACTU, U €20 8bLCOKOUL d¢hhekmusHocmu.

Knioueevle cnosa. monuboeH, 2uopomemannypeusi, UOHHbIL O0OMeH, UOHUM, cOopoOyus, 0ecopoyus,
NOAUUOHDL,  2UOPOMEMANTYPSULECKUl  NpoYyecc, KUHemuKa copoyuu, Clou UOHUmMAa, @OpPoHm
KOHYenmpayuu, UOHHOOOMEHHbLI annapam.

MOLIBDEN SANOATINING TEXNOGEN CHIQINDILARIDAN
QIMMATBAHO METALLARNI AJRATIB OLISHDA ION ALMASHINUV
JARAYONLARINI QO‘LLASH ISTIQBOLLARI

Vaxidov Bahriddin Eshonqulov Uchgqun Rustamov | slomjon

Raxmidinovich Xudaynazar o‘g‘li [lhomovich
Navoiy daviat konchilik va
texnologiyalar universiteti, texnika t.f.f.d., dots. Qarshi daviat texnika
fanlari doktori, professor, universiteti, Qarshi, O ‘zbekiston
Navoiy, O ‘zbekiston

Axborot texnologiyalari va
menejment universiteti,
Toshkent, O ‘zbekiston

Annotatsiya. Magolada molibden gidrometallurgiyasida ion almashinish jarayonlarining hozirgi holati
va rivojlanish istigbollari ko ‘rib chigilgan. Yuqori selektiv ionitlar yordamida kislotali muhitda hosil
bo ‘ladigan molibdenning poliion shakllarini ajratib olish tahlil qilingan. Ionit qatlamida teng
konsentratsiyali frontning shakllanish jarayonlari, sorbsiyaning kinetik parametrlari, shuningdek, turli
xildagi sorbsion qurilmalarning, jumladan, SNK kolonnalari va pachuklarning konstruktiv xususiyatlari
va ishlash tamoyillari batafsil ko ‘rib chigilgan. Tarmogning yetakchi korxonalarida joriy etilgan bo ‘ta-
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nadan filtrsiz sorbsion tanlab eritmaga o ‘tkazish va uning yuqori samaradorligiga alohida e’tibor
garatilgan.

Kalit so‘zlar: molibden, gidrometallurgiya, ion almashinish, ionit, sorbsiya, desorbsiya, poliionlar,
gidrometallurgik jarayon, sorbsiya kinetikas, ionit gatlami, konsentratsiya fronti, ion almashinish
apparati.

PROSPECTS FOR APPLYING ION-EXCHANGE PROCESSESIN THE
EXTRACTION OF PRECIOUSMETALSFROM TECHNOGENIC WASTE OF

THE MOLIBDENE INDUSTRY

Vokhidov Bakhriddin

Rakhmidinovich
Navoi Sate Mining and
Technological University, Doctor of
Technical Sciences, Professor,
Navoi, Uzbekistan

Eshonkulov Uchkun
Khudaynazar ugli

Rustamov |slomjon
Ilkhomovich
University of Information

Technology and Management,
Tashkent, Uzbekistan

PhD, doc. Karshi Sate Technical
University, Karshi, Uzbekistan

Abstract. Thisarticle exploresthe current state and devel opment prospects of ion exchange processesin
the hydrometallurgy of molybdenum. The study analyzes the sor ption behavior of polyionic molybdenum
complexes formed in acidic media and their selective extraction using specialized ion-exchange resins.
The dynamics of ion concentration front formation, the kinetics of sorption processes, and the operating
principles of various ion exchange apparatus (such as sorption columns, S\NK, and Pachukas) are
examined in detail. Moreover, the article presents the advantages and efficiency of pul p-based filtration-
free leaching sorption technologies already implemented in industry.

Keywords: molybdenum, hydrometallurgy, ion exchange, ionite, sorption, desorption, polyions,
hydrometallurgical process, sorption kinetics, ionite layer, concentration front, ion-exchange appar atus.

BBenenne. Ha cerogasiaem starne pa3BUTHS
TUPOMETAIUTYPTUA ~ PEIKUX U OJIaropoJHBIX,
HIMPOKO M YCTIEITHO IPUMEHSFOTCS HOHOOOMEHHEBIE
npolecchl U3BJIEUSHHUsI MOJIMOEHAa U3 pa3IMYHbIX
MOJHOJICH COJEpXKAIUX  MPOIYKTHBHBIX pacT-
BOPOB M TMPOMBIIIJIEHHBIX CTOKOB. HaydHbIM
000OCHOBaHHWEM BHEIPEHUS HWOHOOOMEHHBIX TNpO-
IIECCOB B MNepepadoTKe MPOTYyKTHBHBIX PAacTBOPOB
sBIIsieTCs 00pa30BaHUE B KUCIIOH cpelie pa3IHuHbIX
MOJIMOHOB MOJIMO/ICHA.

W3BecTHO, YTO TOJUHOHBI HM30MPATEITHHO
copOupyeTrcss MOHOOOMEHHBIMH CMOJIAMH, BBIOOD
MOHUTA 3aBHCHUT OT CACpKaHUS H3BIEKAEMOTO
MeTajula, COJIEBOIO COCTaBa pacTBOpA, YCIOBHMH
NPOBENECHUS TIporecca, a Takke (U3UKO-XUMH-
YEeCKMX M MEXaHHMYECKHX CBOWCTB HOHHTA W
Ka4ecTBa IMOJy4eeMOro KOHEYHOro npoaykra [1-3].

Marepuaabsl u wmetroabl. Hcxons wu3
NPUBEJCHHOTO aHAJUTUYECKOro o030pa JuTepa-
Typel MOXKHO CJellaTh BBIBOJA O TOM, HTO
UCCIIEIOBaHUS 110 WHTEHCU(HUKAIMH TPOLIECCOB
COpPOITMOHHOTO U3BJICUCHUS MOJMOACHA ¥ PEHUS U3
Pa3IUYHBIX MPOMBIIUICHHBIX PACTBOPOB SIBISETCS

MNEPCICKTUBHLIM.

broragapst HayYHO-TEXHUYECKOMY ITPOTPECCY
B COBCPHICHCTBOBAHHMU THUAPOMETAIIITYPTHICCKUX
croco0oB MepepaboTKM pyAd U KOHILIEHTPATOB
peOKUX ¢ OJaropofHBIX METANIOB YCIEUIHO
BHEJIPAIOTCS] HOBBIE COBPEMEHHBIE HOHOOOMEHHBIE
nponecCol MW amnmaparbl B BCAYIIHUX KOMITAHHAX
MHpOBOro OusHeca. Pa3paboTku ¢ NMpUMEHEHUEM
HOHOOOMEHHBIX TPOIIECCOB BHEIPEHBI B 00IaCTH
U3BJICYCHUS PEIKUX METAUIOB U3 Pa30aBlICHHBIX,
COpPOCHBIX PacTBOPOB, a TAKXKE CHHTE3UPOBAHHBIC
WOHUTHl HMMEIOT BBICOKYIO CEJIEKTUBHOCTh K
U3BJIEKaEMOMY METaLIy U EMKOCTHBIC Xapak-
tepuctuku. Co3zana u paboTaer 1emnasi oTpacib o
CUHTE3Y U NPOU3BOJACTBY HOOHOOOMEHHEIX CMOJI
Pa3IMYHON MapKH.

W13 nurepaTypHBIX HCTOYHUKOB H3BECTHO, YTO
r1y0OKO U3y4YeHbI COPOIIMOHHBIE MPOIIECCHI, TAK HKE
(HU3MKO-XUMHYECKHAE CBOMCTBA HOHOOOMEHHBIX
CMOJT M BIIMSTHUE PA3IUYHBIX (DAKTOPOB Ha MPOIIECC
COpOIMH M3BJIEKAEMbIX METAJUIOB. B cOpOIMOHHBIX
TEXHOJOTUSAX BEChbMa, BAXHYI0O pOJb WIPAIOT
cratuueckne (akTopbl mporecca (mapameTpsl
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MOHOOOMEHHOTO  pPaBHOBECHS), KHHETUYECCKHE
(dakTopbl (CKOPOCTh OOMEHA) ¥ CKOPOCTH ABMKCHHUS
pactBopa. OJHOBPEMEHHBI WX YYeT JaeT TaK
HA3bIBAEMYI0 JIMHAMUKY copOmmu. B nuHamu-
YECKHX YCJIOBHUSX NPEACTABISICTCS JiBa TEpHOJA
copbuuu: 1) mnepuome ¢opmupoBanus ¢GpoHTa
PaBHBIX KOHIICHTpAIUH, (puc.1). d¢poHra
paBHBIX KOHIICHTpaLui (paboTaromero ¢ios) to; 2)

NepruoaAc nmapajajiCJbHOro mepeHoca
Pactsop

Tnap

v ~ TIT 2 ‘
H I 1 ‘ Cp-pa

0 a a Ciiex

apa 0
Pactsop

Puc.1. Cxema popmuposanus ghponma pagnvix
KOHUeHmpayuii 6 HenOOBUNICHOM C/10€ UOHUMA.

CornacHo puc. l., B MOMEHT BpEMEHHU T1
HaYaJbHBIA CJIOM MOHHMTA HACKIIICH MOIJIONaeMBIM
MOHOM JI0O €MKOCTH &1, a IMPOCKOK H3BIEKAEMOI0
MOHAa HaOI0JaeTCsl IPU BBICOTE CJIOS HIOHUTA MEHEe
Hzi, npu t2 HavanbHBINA CIOW MOHUTA HACBILIEH 0
€MKOCTH &, MPOCKOK MPOUCXOIUT B CJIOE MOHUTA
MeHee Hz, HakoHel, Mpu BpeMEHU To HAYallbHBII

CIIOM HMOHMTA HACBIIIEH JIO €MKOCTH &ya,
PABHOBECHOM C HMCXOJHOW KOHIIEHTpauueul pact-
Bopa Cuwx, B cl0e wuoHHMTa BbICOTOM Ho

KOHIIEHTpPALUS U3BJIEKAEMOI0 HOHA U3MEHSETCS OT
Cncx a0 0 [2] .

PaGounit crnoit nonura (Ho) chopmuponaHn.
[anee nOpoMCXOOWUT MapaJuIeIbHBI  TEPEHOC
oOpa3oBaHHOTO (poHTa KOHLEeHTpaluii. K Mmomen-
Ty BPEMEHHU T3 JI0 PABHOBECHOIN €MKOCTH HAChIIIEH
cinoit wonuta Hi, mpockok HabmOgaeTcss Mpu
BBICOTE CJIOSI HOHUTA MeHee Hs.

[Tomroe Bpemsi (t) pabOTHI CJIOS HMOHHUTA
BeIcoTOI0 H Oyzer paBHO cymMme BpeMeHH (hopMu-
poBaHUs (PpOHTA KOHLEHTpaluid (To) U BpeMEHHU
napajieIbHOTO TIepeHoca (POHTAa KOHIIEHTPAIHA
(Tnap):

T=Tg+ Tpy =To+ (H—Hy)/U

rae, U — ckopocTth mepemernieHus ¢GpoHTa
KOHIIGHTpallMii, ee BeIMYMHA ONpeAesseTcs
PaBHOBECHOH €MKOCTBbIO HOHHTA, CKOPOCTHIO

TEUEHHUs pacTBOpa M HCXOJHON KOHIICHTpaIuen
M3BJIEKAEMOTI'0 BEILIECTBA B pacTBOPE.

Bennunna, oOpaTHas CKOPOCTH
napajuielibHOro nepenswkenus ¢ponra K=1/U
Ha3bIBaeTCs KOA(PPUIIMEHTOM 3alIUTHOTO JICHCTBUS
U TIPEJICTABISIET COO0M BpeMs, B TEUEHHUE KOTOPOTO
CJIOM MOHHTA BBICOTOM 1 M ITOJIHOCTHIO HACHIIIIASTCS
W3BJICKAEMBIM  BemlecTBOM. /Jlisi  ompenencHwus
BPEMEHH 3aIIUTHOTO JICUCTBUS CJIOS HOHUTA HY)KHO
HaWTH BBICOTY pabouero ciost uonurta Ho.

IIpu BHemHe 1U(QPY3UMOHHON KUHETHKE
mporecca CKOPOCTh HW3MEHEHUS KOHIICHTPAIHH
M3BJICKAEMOI'0 BEIIECTBA B PACTBOPE IO BBICOTE
pabodero cjaosi HOHUTA ONUCHIBACTCS YPaBHEHUEM:

dC/dt = —p,(C — C,p)

rae, Pi1 — KuUHETHYECKHH KodpPUIUEHT
BHemHeH muddy3mn, C,p — KOHUIEHTpaIus
M3BJICKAEMOT'0 BEIIECTBA B PACTBOPE IIPH ITPOCKOKE,
OJIM3Kas K HYJO.

Takum 00pa3om, BpeMs 3alIUTHOTO JCHCTBUS
CJIOS MIOHHUTA HAXOMAT U3 YPABHCHHUSI:

a a C
r=t ot (inSe 1)
@-Chex B1Cucx Cup
HpI/I[H/IHI)I ITOABJICHU A HOTepI/I BpeMeHI/I

3alIUTHOTO JIEWCTBUS, CIeTyIOIHE:

1) unoHOOOMEHHOE paBHOBECHE YCTaHaB-
JMBAETCS HE MIHOBEHHO, YacThb H3BJIEKAEMOT0
BEILECTBA, HE YCIEB HACBITUTh IIEPBBIA CIIOH,
MIOTJIOIIAETCS B MOCIE Y OIINX;

2) HaOmoJaeTcsi  KaHAJIbHBIM  MPOCKOK
pacTBOpa, CBA3aHHBIM C HEPAaBHOMEPHOCTIMHU
YKIJTaJIKU 3€peH HOHHTA;

3) «cteHoBOI» 3hdexT — Oosiee ObICTpoe
MPO/ABM)KEHHE MTOTOKA Y CTEHOK

HccnenoBaHue BbIIEU3I0KEHHBIX (PAKTOPOB,
BIMSIIOIIMX Ha A(PPEKTUBHOCTb  MPOTEKAHUS
MOHOOOMEHBIX TIIPOIECCOB, SIBISIETCS TEOPETH-
YeCKOI OCHOBOM IpH pa3padOTKe TEXHOIOTUYECKUX
IIPOLIECCOB MOHHOTO OOMeHa, BbIOOpa copOeHTa U
TUIIA KOHCTPYKLHUH armaparoB M COPOIMOHHBIX
KOJIOHH.

M3BneueHne MeTalJIOB U3 PaCTBOPOB MOKET

MPOM3BOJUTECS  KaK  TMEPUOAUYECKH, TaK H
HenpepeiBHO. Ha  pucynke 2  u300pakeHO
YCTPOMCTBO HOHOOOMEHHOW KOJIOHHBI —II€pPHO-
JHYECKOTO JICHCTBUS.

Korma pactBop mpomyckaeTcss — mocie-
JnoBaTenbHO yepe3 1, 2 u 3 KOJIOHHBI, 4-1 KOJIOHHA
HaxOJIUTCS Ha pereHepanmuu cMoibl. [lepen
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HACTYIUICHHEM IIPOCKOKa ypaHa W3 3-i KOJOHHBI
UCXOJIHBI  pacTBOp IMepeMeniaeTcss Ha  2-10
KOJIOHHY, 32 3-i KOJIOHHOM MoJAKItouYaercs 4-1 co
CBEXKEPEreHepUPOBAHHOM CMOJIOHN, a 1-1 KOJIOHHA

CTaBUTCSA HA pETeHEPaLUIO.
PEreHepHPY IO LM

pacTsop

\ I
B
//
X —

BOJA 0OpaTHoil
MPOMBIBKH

=X

HCXO/IHBIH
pacTsop

HCXOHBIH pacTBop
\

Copoc
noayo0eAHEHHBII PacTBOpP K
T C/IeAYIOLIEH KOIOHHE

r X
TOBAPHBIH ;
perexepar

Puc.2. Honooomennasn Koi10HHA NEPUOOUYECKO20
oelicmeust:

1 — sepxusis epebenxa; 2 — nudicnss epebenxa; 3 — epasuil;
4 — caoti uonuma.

s [eal. 0 ©
Y‘N.O_L‘?’V
ﬂ"ﬂ—» ¢OpocHoii pacTop
4

BO/Ia 00paTHOI MPOMBIBKH

JlanHast KOJIOHHA MOKeT padoTaTh TOJIBKO Ha
pacTBOpax M HE TOAMUTCS JAJs NMepepaboTKH IyJIbI.
OCHOBHBIM HEJIOCTATKOM 3TOH CHUCTEMBI SIBIISIETCS
HNEepUOJIMYHOCTh Tpoliecca, HeoOXOAMMOCTh Mpo-
BEJICHUS] COOTBETCTBYIOIIMX NEPEKIIFOUEHUIN MOTO-
KOB, KOTOpbIE IPOU3BOJATCS 4Yallle, YEM BBIIIE
coJiecoJiep)kaHue IepepadaTbiBa€MbIX PacTBOPOB.
[loaToMy Takue KOJIOHHBI OCTaJIMCh TaM, TJI€
NEPEKIIIOUEHUsI  TIOTOKOB  TPOBOJATCS  pexe,
Harnpumep, JUIsi 00ecCOTMBaHMUS MOPCKOM/pedHoi
Bozbl HA ADC, 1151 00€3BpEKUBAHMS CTOYHBIX BOJT
C MalblM cosecoaepxkanueM. Jlamee npuUBOAUM
npuHIUI paboThl copOiroHHoM komoHHbl CHK
(pucynok 3) [5-6].

W cxomHBIM pacTBOP MO/ JABJIEHUEM I10JAETCS
B HIJKHIOIO 4acTb KOJIOHHBI U NMPOJIBUTAETCs] BBEPX
HaBCTpedy II0TOKY CMOJIbl. B BepxHel 4acTu
KOJIOHHBI ~ pacTBOp MPOXOAMT  (QUIBTPYIOLIHE

MMaTpOHbI, KOTOPBLIC 3aACPXKHUBAKOT CMOJY, HaIl-

paBIIsieTCs Ha TaTbHEUIINI Tiepees nepepaboTKH.
Honut

=

o0eaHeHHRIT pacTBop

»

Ha TOVKPENICHHE H B
HATHETATRNIEHYIO CKBAKHHY

HOHMHT Ha
PCTCHCPALHIO)

HCXOANBIA
pacTsop

Boaayx
Puc.3. Copoyuonnasa xkononuna (CHK):
1 - kopnyc; 2 — unvmpsi; 3 — asporugpm, 4 — 3a2py30unbiii
OyHKep uoHuma.

[Tpu paGote KOJIOHHBI B HEH OJIHOBPEMEHHO
HaxoIATCsl TPHU CJIOS HWOHHTA. B BepxHel wacTu
KOJIOHHBI — CJIOM CBEXEro HWOHMTA, KOTOPBII
o0ecrieunBaeT CHUKEHUE  KOHILIEHTpalUH 10
YCTAaHOBJICHHOIO 3HAuU€HUs, B CpPEOHEM YacTu
KOJIOHHBI (opMupyercs (QpoHT pabouMx KOH-
LEHTpalMi, BbICOTa (POHTA 3aBUCUT OT €MKOCTH
MOHMTA, KOHIIEHTPAlMU METAJUIa B MPOJyKTUBHOM
pacTBope, CKOpPOCTH JABMKEHHsS pacTBopa (25-35
M/4ac), oHa cocTaBisieT 5—6 M. B HmkHeW yacTu
KOJIOHHBI COOMpAETCs CIIOW HACBHIILIEHHOI'O MOHUTA.
KononHa paGoTaer B MOJyHENPEPHIBHOM PEKUME.
Ileppuoanueckn npu KpaTKOBPEMEHHOM IIpEKpa-
IIEHUH T0/aYU MCXOJHOTO PacTBOpa B adpOoiU(T
MIOJIaeTCsl BO3AYX M U3 KOJOHHBI INEPETPYKAETCS
onpejiefieHHass MOpLHUs HACBIIIEHHOTO HOHUTA,
KOTOpas Hampasisercss Ha paecopOruto. Ilocie
ATOr0 B KOJIOHHY 3arpy’kaercsi cBekas cMola
00BbeMOM, paBHBIM 00BEMY MEpPErpy>KeHHOH mop-

nuu. Ilocme »3Toro BO30OHOBIsSETCS TmoOJa4ya
HUCXOJIHOTO pacTtBopa B KoJOHHY. Ilpu »s1Hx
omepanusax  (GpoHT  paboymx  KOHIIEHTpaIui

YACPKUBACTCS B CPEIHEN YAaCTH KOJIOHHBI.

B npousBoncTBe ruipoMeTAIITypruu peIKuX
METaJUIOB  YCHEUIHO BHEIPEHbI COpPOLMOHHBIE
IPOLIECCHl B NPOTHMBOTOYHBIX  KOJOHHAX €O
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B3BEIICHHBIM CJIOEM CMOJBl B HENPEPHIBHOM
peXHME — B Kackajae COpPOIMOHHBIX HAMOPHBIX
koj0HH (CHK). DTu KOJIOHHBI yCHENIHO paboTaroT
B Kapabantunockom 'MK (ipon3BoAcTBO OKCHAa

mommmbnena), B TOO  «Jlxe3ka3ranpeamMer»
(Ipon3BOACTBO COJIEl aMMOHUSI PEHUEBOKHUCIIOTO),
Ha HIIO AO «AIMAaJIBIKCKUHI I'MK»

(mpou3BOACTBO OKcHaa MonuOaeHa, BoJlb(hpama H
penust), TOO Crennoropckuii [’ XK (mpon3BoacTBo
okcujga MosmbOneHa). VM3BecTHO, Ui M3BJICUCHHA
ypaHa U3 W3 AaBTOKJIABHON MyJbIBl COJOBOTO
BblllleJlauMBaHusgd ypaHa B CTenHOropcke mpu-
MEHEHbl HOHOOOMEHBIE KOJIOHHBI - MayyKu
(pucyHok 4).

PesyabTaTbl. LoHOOOMEHHBIN NauyK mpezc-
TaBJIsAeT cOOOM IMIMHIPUYESCKHNA anmapaT JuaMeT-
poMm 3—6 M u BbicoTOl 10-20 M. B HUXKHEH yacTu
HaXOJIUTCA KOHUYECKOE JTHUILIE C YTJIOM KOoHyca 60°
JUIST  TIPEIOTBpAICHHUS] HAKOIUIGHUS  TBEPIbIX
yacTull Ha JuuIe. J{ins obecrieueHus: B3BEIIEHHOTO
COCTOSTHUSI TYJBIBI U CMOJIBI YCTAHABIMBACTCS
LUPKYJIATOP C BO3AyXxopacnpenenurenem. Juamerp
uupkyistopa cocrasisier 10-20% ot auamerpa
navyyka, BbICOTa LHUPKYJISATOpa — 10 1/3 BBICOTHI
CIOSl TyJNbIBI, HIKHUA Kpal IHPKYJISATOpa
yCTaHaBJIMBAETCs Ha paccTosiHuU He Ooiee 0,5 M oT
Hu3a anmapara. [[i1s mepememvBaHHUs CMOJBI H
OyJdbllbl B IUPKYJISATOpP MOJAaeTcs BO3AYyX B
KoJMuecTBe 4 — MS/4ac Ha Kakablii KyGoMmerp
nyJblbl. J{s opranuzanyuu NpoOTUBOTOYHOIO JBU-
JKEHUSI CMOJIBI M MYJbIIbl B BEPXHEH YacTH mavyka
YCTaHABIIMBAIOTCS IPEHAXKHBIE CETKU, Ha KOTOPBIE C
MOMOIIBIO a3pOIU(PTOB MOJAETCSI CMECh CMOJBI U
yJbIbl. PacTBOp ¢ TBEpABIMU YaCTHIIAMU ITYJIBIIBI

npoxoauTr 4Yepe3 CCTKU B  AIIMKH, OTKYyda
CaMOTCKOM MEPEMEIIACTCA B CJ'IG)IYIOHII/Iﬁ arrapar
[3,5,7].

YacTUUKH CMOJIBI CKaTBIBAIOTCSI C CETKH
oOpaTHO B ammapar WId B Kelod, OTKyda
MEepEeMENIaloTCs B JIPYrol ammapaT HaBCTPeUy
MOTOKY MyJbIbl. KomndecTBo ceTok, paboTaromux
Ha BBIJIaYy TMYJbIBI M CMOJBI, OINPEIACISIETCS
OTHOIICHHEM BpEMEHU MPEObIBaHUS MYJIbIbl U
cMoJIBl B ammapare. B Kkackame «copOrum»
yCTaHaBIUBAIOTCS 8—12 HOHOOOMEHHBIX MTAYYKOB, B
Kackaze «aecopOumm» — wWin 46 MadyKoB
MEHBIIIETO pa3Mepa. Mexay KacKagaMu «COpOITUN»
U «JIecopOnumy yCTaHABIMBAIOTCS TPOMBIBHBIE
KOJIOHHBI C IPOTUBOTOYHBIM JABUKEHUEM CMOJIBI U

BOJBI. HpOMI)IBHbIe BOAbI, CHHMAKIIUEC IIJICHKU
I/ICXOIIHOﬁ MyJbIIbI CO CMOJIbI, BO3BpAlIAOTCA Ha
((COp6I_[I/IIO>>, a IIPOMBIBHBIC BOAbI, CHUMAIOIINE CO
CMOJIBI TUICHKH «IeCOpPOMPYIOIIEro» pacTBopa,
HCIIOJIB3YKOTCA IJId TPUTIOTOBJICHUA HCXOIAHBIX
HYARIL Bosayx

Bosayx| iBU TVX

. .
3 Bosayx {1 T 3

Tl

P

Houut [lynsna
L I -

- Houur
Myabna > &

Puc.4. Honooomennwlii nauyx:
1 - kopnyc; 2 — oeghnexmop; 3 — asponughmoi,; 4 — 2poxomet.

Bueapenue mpomecca copOuuu u3 MyJbI
no3Boamwiio Ha 5-10% MOBBICUTH W3BICYEHUE
METAJIJIOB, CHU3UTH B 2—3 pa3a dHEpro3arparsl, B 3—
4 pa3a NOBBICUTH IPOU3BOAUTENBHOCTH TpPYJa,
COKOHOMHTH B OOJBIIOM KOJHYECTBE (HIBTPY-
IOIME TKaHU W B HECKOJbKO pa3 yBEIUYHUTH
MOIITHOCTh MpeAnpusaTuil. DPPeKTUBHOCTh COpO-
MU W3 TMyJbIl 3HAUYUTEIBHO BO3pACTaeT IpH
COBMEIIICHUU TIPOILIECCOB COpOLMM U BBIIIENA-
yuBaHus. [lpu BBeJEHHMM HWOHHTA Ha CTaauu
BBIIIIEJIAYMBAHNS TOBBIIAETCS U3BIICUEHUE IEHHBIX
KOMITOHEHTOB, CYIIECTBEHHO COKpalaercs ooiiee
BpeMs 00pabOTKM pPYIHOTO MaTepHuaia, TaK Kak
OJIHOBPEMEHHO IPOTEKAET MEPEBOJI U3BIEKAEMOTO
MeTajula B pPAacTBOp C JajbHeWIed copOruein
MeTaJljia B HOHUT.

Ilocne pasneneHuss HOHUTA OT IIYJIBIIBI
pPYIHOIO MaTepuajla Ha OTCaJO4YHBIX allaparax u3
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HACBILIIEHHOTO COpOEHTa JecOpOMpYIOT METalll B
kosionHax CHK, perenepupoBaHHbIii COpOEHT
BO3BpAIllalOT B TOJIOBY Ipoliecca COpOLIUOHHOMY
BBIIICJIAYUBAHUIO B MYJbIe. ODTOT YHUKAIbHBIN
nporecc Ha3BaH aKaJIEMHUKOM PAH
b.H.Jlackopunom «be3uibTpaniioHHOE  BHIIIIE-
JauvMBaHUE PyA PEOKUX METaUIOB U 30JI0Tay.
[Ipouecc BHenpeH Ha npennpustusx Pocatoma u
TOO HUI'XK (CI'XK) npu nepepaboTke ypaHOBBIX
pya, a takxke Ha I'Tl «Haouiickuit I'MK» npu
nepepaboTKe 30J10ThIX PYA.

3akmovyenue. Takum 00pa3oM, HCIONB30-
BaHHWE HOHHOOOMEHHBIX MPOIIECCOB B THAPOMETA-
JYPrud MOJMOJICHA MPEACTABISCT coO00U 3ddek-

THUBHOE U TMEPCIEKTUBHOE HAaINpaBiCHUE IS
W3BJICUCHUS LIEHHBIX METAJJIOB M3 PACTBOPOB M
nyneil. HayuHoe o00ocHOBaHHME NPUMEHSIEMBIX
METO/IOB, IIMPOKAs BapUATUBHOCTH ammaparoB (OT
MEePUOANYECKUX KOJIOHH JO HEMpPEepBIBHBIX COpO-
[MOHHBIX CHCTEM), a TaKKe BHEIPCHHE HOBBIX
TEXHOJOTHH, TakuxX Kak O0e3(puabTpalnoHHOe
BBIIIECJIAYMBAHNE, 3HAUUTEIILHO MOBBIIIAIOT 3KOHO-
MUYECKYI0 AS()(PEKTUBHOCTH U  3KOJOTHYECKYIO
Oe3omacHOCTh Mpon3BoicTBa. COBpEMEHHBIE pa3pa-
00TKM B 00JIaCTH CHHTE3a HWOHHUTOB C BBICOKOM
CCJICKTHBHOCTBIO OTKPBIBAIOT HOBBIC TOPHU3OHTHI
JUIsL  JalbHeWIned WHTEeHCU(PHUKAUU U aBTO-
MaTHu3aluu IPoLEeCcCOoB.
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Annotatsiya. Tog* jinslarini burg ‘ilab portlatish yo'li bilan ajratib olish (maydalash) eng optimal
usullardan hisoblanadi bunda portlovchi modda energiyasi uning zarba to‘lqini kuchi va skvajina
devorlariga bo‘lgan bosimi tog‘ jinsining maydalanish darajasini belgilovchi asosiy omillardan
sanaladi. Portlovchi modda va portlash jarayonini analitik ravishta o ‘rganish uni chuqur talgin qilish
yugqorida sanab o ‘tilgan portlovchi moddaning fizik — mexanik xususiyatlarini yanada optimallashtirish
usullarini yoki mavjud usullardan yanada kengroq va unumliroq foydalanishga yordam beradi. Ushbu
holatda portlashda yuzaga keladigan to ‘lqinlar va ularning ahamiyatini o ‘rganish va kengroq tadbiq
gilish muhum omillardan sanaladi. Portlash jarayoni fizik va kimyoviy jihatdan murakkab jarayon
hisoblanadi, portlashda tog* jinslarini maydalovchi dinamik va termodinamik kuchlarning dastlab
to ‘lginlar shaklida namoyon bo ‘lishi so ‘ngra esa bosim profillarini shakillantirgani sababli ularni
o ‘rganish portlash jarayonining asosiy mohiyati sanaladi.

Kalit so“zlar. Portlovchi modda, detonatsiyalanish, zarba to ‘lgini, C — J chegarasi, kimyoviy reaksiya
chegarasi, ZND, tovush tezligi nuqtasi, to ‘lqin fronti.
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Annomauus. /[obviua (Opobnenue) 20pHbIX NOPOO OYPOB3PLIBHLIM CHOCOOOM SABNAEMC OOHUM U3
Haubonee ONMUMAIbHBIX MEMOO08, NPU KOMOPOM IHEP2UsL 63PbLEHAMO20 6EWeCmEd, CULA €20 YOAPHOU
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asiem  coboll  ClOJCHOe — (PUBUKO-XUMUUECKOe  s6lleHue, Npu  KOMOpOM  OUHAMUYECKUue U
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Abstract. Rock fragmentation by means of drilling and blasting is considered one of the most optimal
methods. In this process, the explosive energy—particularly the strength of its shock wave and the
pressure exerted on the borehole walls—is among the key factors determining the degree of rock
fragmentation. An analytical study and deeper interpretation of the explosive and blasting process help
in optimizing the physical and mechanical properties of the explosive or in expanding and improving the
efficiency of existing methods. In this context, the study and broader application of the waves generated
during blasting and their significance are crucial factors. The blasting process is a physically and
chemically complex phenomenon, in which the dynamic and thermodynamic forces that fragment rock
initially manifest as waves and subsequently form pressure profiles; thus, studying them is essential to
under standing the core essence of the blasting mechanism.

Keywords: Explosive, detonation, shock wave, Chapman-Jouguet (C-J) point, chemical reaction zone,

ZND model, sonic point, wave front.

Kirish. Ma’lumki, portlovchi moddalarning
asosly xususiyatlarini belgilovchi omillardan biri
ularning detonatsiyalanish tezligi va kimyoviy
reaksiyalar natijasida hosil bo‘ladigan skvajinadagi
(qudugdagi) bosimdir [1, p. 14-16; 2, p. 738]. Umu-
man olganda, portlash — kimyoviy jarayonning
keskinlashib fizik jarayonga o‘tishi natijasidir.
Ya’ni, dastlab portlovchi moddada oksidlanish
reaksiyalari boshlanadi; modda tanasida kimyoviy
reaksiyadlar (termodinamik sharoitda) kechishi
natijasida ma’lum to‘lginlar shakllanadi, bu esa
bosimning ortishiga olib keladi; shu jarayonlar
oqibatida bizga ma’lum bo‘lgan portlash yuz beradi
[3,p. 122; 4, p. 161]. To‘lginlarning har biri jarayon
bosgichlarini bir-biridan ajratib turuvchi “chegara
devori” sifatida namoyon bo‘lib, ularni yanada
chuqurroq o‘rganishga turtki beradi.

Detonatsiya boshlanishi  bilan portlovchi
modda ichida kechadigan hodisalar muayyan to‘lqin
frontlari bilan chegaralanadi. Masalan, kimyoviy

reaksiya borayotgan sohaning chegarasi Chapman-—
Jouguet (C-J) chizig‘i bilan ifodalanadi; ushbu
chizigdan keyin detonatsiya to‘lgini rivojlanadi.
Ushbu magolada portlashni yuzaga keltiruvchi
asosiy omillar, detonatsiya va uning to‘lqin frontlari
hamda bosim shartlari hagida batafsii va
fundamental garashlar bayon etiladi.
Metodologiya. Portlash jarayonini analitik
tahlil qilib, aniq va qat’iy xulosa bildirish oson
emas, chunki hatto detonatsiya jarayonining o°zi
ham nihoyatda murakkab termodinamik hodisa
bo‘lib, bir qator boshqa fizik jarayonlarni ham
gamrab oladi. Soniyasiga 3000-8000 m tezliklarda
kechadigan ushbu jarayonda bosim profili, to‘lqin
frontlari va ularning turlarini chuqur tadqiq etish
yugori dargjadagi hisob-kitoblar hamda ilg‘or
texnologiyalarni  talab etadi. Yillar davomida
detonatsiya hodisasini tavsiflash uchun Becker—
Kistiakowsky—-Wilson (BKW), Lennard-Jones-
Devonshire (LJD) va Jacobs-Cowperthwaite-
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Zwisler (JCZ) kabi ko‘plab modellar va nazariyalar
taklif etilgan, birog ularning aksariyatining
mazmun-mohiyati umumiy tamoyillarga tayanadi
[5, p. 119]. Xususan, keng qo‘llanadigan Chapman—
Jouguet (C-J) hamda Zeldovich-Neumann-Déring
(ZND) nazariyalari detonatsiya jarayoni va to‘lqin
fazalari hagida asosiy tasavvurlarni beradi.

Detonatsiyalanish to‘lqini va zarba to‘lqini.
Detonatsiyalanish — portlovchi modda tashqi ta’siri
(masalan, alanga) oqgibatida undakimyoviy reaksiya
boshlanishi bo‘lib, portlash hodisasidan sal oldin,
soniyaning ulushlarida kechadigan murakkab
jarayondir. Detonatsiya to‘lqini esa aynan detonat-
siyalanish chegarasidagi umumiy to‘lgin va uning
frontlari majmuasidir; ular zarba to‘lqini, kimyoviy
reaksiya zonasi hamda tovush tezligi nugtasi (sonic
point) kabi chegaralarni o‘z ichiga oladi [6; p. 53—
54]. Zarba to‘lgini — reaksiya zonasidan keyin
kuzatiladigan, yuqori zichlik va bosimga ega gazlar
to‘lqinidir.

C-J (plane) chegaras. C-J chizig‘i
Chapman (1899) va Jouguet (1905) tomonidan
ishlab chigilgan bo‘lib, detonatsiya jarayonida
kimyoviy reaksiyaning yakunlanish nugtasidagi
termodinamik va gazdinamik to‘lqin chegarasini
ifodalaydi. Ya’ni portlovchi moddada detonatsiya
boshlangach, ortiqcha kislorod va yuqori harorat
ta’sirida kimyoviy reaksiya kechadi; natijada yuqori
bosim va temperaturadagi to‘lgin energiyasi
shakllanadi. C-J chegaras aynan shu jarayon-
larning old frontini bildiradi [7; p. 28-29].

1-rasm. Ruxsat etilgan termodinamik holatda
Gyugonio egri chizig ‘idagi Chapman-Juge
nuqtasining joylashishi [10; 10— 11 b].

Detonatsiya davomida frontning old gismida
reaksiyalanmagan molekulalar, undan keyin esa

reaksiyalanish natijasida yuzaga kelgan detonatsiya
to‘lqini va yuqori bosimli zona joylashadi; ularning
gratuvchi old zonasi — C-J chegarasidir. Qisga
gilib aytganda, C-J chegaras detonatsiyada
kimyoviy reaksiya yakunlanib, zarba to‘lqini
mahsulotlari (gazlar) mahalliy tovush tezligida
gralib chigadigan nuqtani ifodalaydi [8; p. 1-2; 9;
p. 2].

Bunda:

- Gyugonio chizig‘i barcha mumkin bo‘lgan
yakuniy termodinamik holatlar;

- Reley chizig‘i detonatsiyalanish tezligiga
bog‘liq impuls muvozanati.

Detonatsiyaning yuzaga kelishi va rivoj-
lanishining fizik tabiati hali to‘liq o‘rganilmagan.
Gazdinamik parametrlarning katta gradientlari
hamda detonatsiya to‘lqini ortidagi murakkab oqim
manzarasi bu jarayonni eksperimental va nazariy
jihatdan tadgiq etishni giyinlashtiradi. Gazdagi
detonatsiya to‘lginlarini eksperimental o‘rganish
usullari va natijalari R. 1. Solouxin (1969) ishida
yoritilgan; unda detonatsiya to‘lqini fronti beqaror
bo‘lib, tekis sirt emas, balki doimo bir-biriga o‘tib,
shaklini o‘zgartirib turadigan zarba to‘lginlarining
uch nugtali (triple-point) konfiguratsiyalari kombi-
natsiyasidan iborat ekani ko‘rsatiladi. Ma’lum
paytlarda ushbu uch nugtali konfiguratsiyalar
maxsus nugtalarda birlashadi va aynan shu joylarda
to‘lgin tuzilishi beqarorlashadi. Shu pallada
detonatsiya to‘lginidagi  sharoitlar 0‘z-o°zini
qo‘llab-quvvatlovchi detonatsiya uchun Chapman-—
Jouguet nazariyasiga mos keladi. Ushbu maxsus
nugtalar orasidagi masofa Chapman-Jouguet
to‘lqin uzunligi (2-rasmdagi A) deb ataladi [11;
4895-4896-b.].

2-rasm. Detonatsiya to‘lqini frontining vaqtga
nisbatan o ‘zgarishi.
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ZND nazariyas. Portlovchi moddalarda
kechadigan kimyoviy va fizik jarayonlarning eng
mazmunli tavsifi ZND (Zeldovich-Neumann-
Doring) nazariyasi orqali bayon etiladi. 1940-1943
yillarda Zeldovich (SSSR), Neumann (AQSh) va
Doring (Germaniya) tomonidan ishlab chiqilgan
ushbu nazariya C-J nazariyasining to‘laqonli
rivojlantirilgan  ko‘rinishi sifatida baholanishi
mumkin. ZND modeli detonatsiya jarayonini
tavsiflovchi eng muhim yondashuvlardan biri
bo‘lib, u C-J chegarasini ham gamrab oladi va
“tovush tezligi nuqtasi” (sonic point) deb
nomlangan murakkab chegarani ham aniglaydi.
ZND modeliga ko‘ra, ushbu nuqta (detonatsiya
to‘lqinining old qismida shakllanadigan) zarba
to‘lgini ortidagi reaksiya zonas ichida joylashadi.
C-J chegarasi esa aynan shu “tovush tezligi nuqtasi”
bilan bir sathda (mos holda) joylashgan bo‘ladi [6;
54-55-b.].

3-rasm. Portlovchi moddanining detonatsiylanish
Jjarayoni va undagi to‘lqinlar ketma — Ketligi.

Xulosa. Portlovchi moddalarning
portlashgacha  bo‘lgan  bosqichi  soniyaning
ulushlarida kechsa-da, bu juda ko‘p kimyoviy va
fizik o‘zgarishlarni o‘z ichiga oladigan murakkab
jarayondir. Ushbu o‘zgarishlarni to‘g‘ri tahlil qilish
va chuqur o‘rganish detonatsiyalanishning asosiy
parametrlarini  optimallashtirish, jarayon xavf-
sizligini oshirish hamdayangi turdagi samarador va
bargaror portlovchi moddalarni yaratish uchun
mustahkam ilmiy zamin yaratadi.
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Annomayusn. I[loosemuvie copHvle pazpabomku Mocym Gbul3bléamb 0CeOaHue 3eMHOU NOBEPXHOCHU
(cybocuoenyuio). Unmepghepomempuueckas paduonoxayus ¢ cunmesuposannoi anepmypotl (InSAR)
CMana dKOHOMUYHBIM, IPDPEKMUBHBIM U BbICOKOMOYHBIM MEMOOOM OJisl U3VHUEeHUs U MOHUMOPUHSA
Ooehopmayuii 3emuott nogepxnocmu. QOOHAKO 8 PAUOHAX 2OPHLIX Pabom Ok YCHEUWHO20 NPUMEHEHUS
mexnonoeuu InSAR neobxooumo npeodonems pso hakmopos, maxKux Kaxk pemeHHaAs OeKoppesayus (mo
eCcmb CHUMICEHUE CO2NACOBAHHOCMU U300PAINCEHUL C MEYEHUEM 8PeMeHU) U OnpedesemMblii SpaoueHm
Odehopmayuu, Komopwvle ozpanuyusarom cnocobrHocms InSAR omcnexcusams Ovicmpsie npoyeccol
ocedanusi. B Hacmosweli cmamve paccmMampusaemcs NpUMEHEeHUe CHYMHUKOSbIX U300padceHull
Sentinel-1 ¢ nepuodom nosmopnoco cvéma 6 unu 12 Oweil, umo nO36015eM  NOBLICUMb
YYECMEUMENbHOCHb K 2PAOUeHmy deghopmayuu u CHU3UMb GIusHUe 8peMeHHOl dekoppenayuu. Tlymém
Komounuposanus memooos Small Baseline Subsets (SBAS) u Interferometric Point Target Analysis
(IPTA) 6b11u nonyuensvt npocmpaHCcmeeHHo HENnPepbleHbLE PEe3VIbMAanmbl 0Ce0anUst 3eMHOU NOBEPXHOCMU
Ha npumepe mecmopoxcoenus Xonousa, pacnonoxcennozo 8 Cypxanoapvunckou ooaracmu. CoanacHo
pe3yibmamam, 8 OGHHOM patioHe 3aguxcuposano ocedarue 00 70 cm 8 200, umo uémrko ompasxcaem
Odehopmayuonnoe none u e2o OuHamuxy pazeumus. Ilonyuennvie Oanuvie c8UOEMENbCMEYIOM O MOM,
umo mexnonoeus InSAR aensemcs 3¢pghpexmusHvIM UHCMPYMEHMOM 0151 MOHUMOPUH2A OCE0AHUsl 3eMHOT
NOBEPXHOCMU 8 PALOHAX 2OPHLIX pabom u NpedoCmasisiem YeHHvle C8edeHUs, HeoOxXooumvle Os
nOCIe0YIOWUX MEPONPUAMULL NO B0CCMAHOBNIEHUIO OKPYHCatouel cpeobl.

Knroueevie cnosa: InSAR, ocedanue 3emMHOl nogepxHoCcmu, noo3emuvie 2opHvle pabomsl, Sentinel-1,
IPTA, SBAS, unmepgepomempus, OJegopmayuu, monumopune, Cypxanoapvurckas obaacmo,
Mecmopodicoerue XoHou3a, CRYmHUKo8ble OaHHbLe.

XONDIZA KONIDA YER OSTI KON ISHLARI NATIJASIDA YUZAGA
KELGAN YER YUZASI DEFORMATSIYALARINI INSAR TEXNOLOGIYASI
VA SENTINEL-1 SUN’TY YO‘LDOSH TASVIRLARI ASOSIDA MONITORING

QILISH
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Annotatsiya. Yer osti kon ishlari yer yuzasining cho ‘kishini (subsidentsiyani) keltirib chigarishi mumkin.
Sintetik aperturali radar interferometriyasi (InSAR) yer yuzasi deformatsiyalarini o ‘rganish va
monitoring gilish uchunigtisodiy, samarali hamda yuqori aniglikka ega usullardan biriga aylandi. Biroq
kon gazish ishlari olib boriladigan hududlarda InSAR texnologiyasini muvaffaqiyatli qo ‘llash uchun vaqt
bo ‘yicha dekorrelyatsiya (ya 'ni, vaqt o ‘tishi bilan tasvirlar o ‘zaro mosligining pasayishi) va aniqlanishi
mumkin bo ‘lgan deformatsiya gradiyenti kabi gator omillarni yengib o ‘tish zarur. Bu omillar InSAR 'ning
tezkor cho ‘kish jarayonlarini kuzatish imkoniyatlarini cheklaydi. Ushbu maqolada Sentinel-1 sun’iy
yo ‘ldoshi tasvirlaridan foydalanish tajribasi yoritilgan. Tasvirlar 6 yoki 12 kunlik takroriy suratga olish
davri bilan olinib, bu deformatsiya gradiyentiga sezgirlikni oshirish va vaqt bo ‘yicha dekorrelyatsiya
ta’sirini kamaytirish imkonini beradi. Small Baseline Subsets (SBAS) va Interferometric Point Target
Analysis (IPTA) usullarini birlashtirish orgali Surxondaryo viloyatida joylashgan Xondiza koni misolida
ver yuzasi cho ‘kishini uzluksiz fazoviy natijalar ko ‘rinishida olishga erishildi. Natijalarga ko ‘ra, mazkur
hududda yiliga 70 sm gacha cho ‘kish kuzatilgan bo ‘lib, bu deformatsiya maydoni va uning rivojlanish
dinamikasini aniq ifodalaydi. Olingan ma’lumotlar shuni ko ‘rsatadiki, InSAR texnologiyasi konchilik
hududlarida yer yuzasi cho ‘kishini monitoring qilish uchun samarali vosita bo ‘lib, atrof~-muhitni tiklash
bo yicha keyingi chora-tadbirlarni belgilashda zarur bo ‘Igan muhim ma’lumotlarni tagdim etadli.

Kalit so“zlar: InSAR, yer yuzasi cho ‘kishi, yer osti kon ishlari, Sentinel-1, IPTA, SBAS, interferometriya,
deformatsiyalar, monitoring, Surxondaryo viloyati, Xondiza koni, sun’iy yo ‘ldosh ma’lumotlari.

MONITORING OF LAND SURFACE DEFORMATIONSINDUCED BY
UNDERGROUND MINING AT THE KHONDIZA DEPOSIT USING INSAR
TECHNOLOGY AND SENTINEL-1 SATELLITE IMAGERY

Botirov Shokhbos Soibjon ugli Nomdorov Rustam Uralovich
Senior Lecturer of the Termez State University of Engineering and Karshi Sate Technical University, PhD, Docent,
Agrotechnologies, Termez, Uzbekistan Karshi, Uzbekistan

Abstract. Underground mining operations can cause land surface subsidence. Interferometric Synthetic
Aperture Radar (InSAR) has become an economical, effective, and highly accurate method for studying
and monitoring surface deformations. However, in mining areas, the successful application of INSAR
technology requires overcoming several challenges, such as temporal decorrelation (i.e., the reduction
in image coherence over time) and the limitations related to detectable deformation gradients, which
constrain InSAR’s ability to track rapid subsidence processes. This study explores the use of Sentinel-1
satellite imagery with a revisit time of 6 or 12 days, which improves sensitivity to deformation gradients
and reduces the impact of temporal decorrelation. By combining the Small Baseline Subsets (SBAS) and
Interferometric Point Target Analysis (IPTA) methods, spatially continuous results of land subsidence
wer e obtained using the example of the Khondiza mining site, located in the Surkhandarya region. The
results reveal ed subsidence rates of up to 70 cmper year inthisarea, clearly illustrating the deformation
field and its dynamic development. The findings demonstrate that InSAR technology is an effective tool
for monitoring land subsidence in mining regions and provides valuable data for planning subsequent
environmental restoration measures.

Keywords: InSAR, land subsidence, underground mining, Sentinel-1, IPTA, SBAS interferometry,
deformation, monitoring, Surkhandarya region, Khondiza deposit, satellite data.

BBenenne. Ocenanue 3eMHOM MOBEPXHOCTH | MOAPBIBAIOIIMX KOM(POPTHOCTH TPOKUBAHUS U
MPEACTAaBISIET COOOW OJIHY W3 OCHOBHBIX YyIpo3, | YCTOMYHMBOE IKOHOMHUYECKOe pa3BuTHE. OCOOCHHO
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OCTpO 3Ta mpobiieMa MposBISIETCS B pailoHax
NOJ3€MHON  JOOBIYM  TIOJIE3HBIX  HCKOIAEMBIX.
[TonmumeTanmuyeckoe MECTOPOXKICHHE XOHAM3a,
pacnonoxxeHHoe B CapblacuiickoM  pailoHe
CypxangapbuHCKON o0yiacTd, pa3pabaTrbiBaeTcs
noa3eMHbIM criocoOoM. [loObrya ocymiecTBisieTcs
MO3TaXHO, ¥ U3 HEJP MECTOPOKICHHS U3BJICKACTCS
OKOJIO JIeCATH BHJIOB MeTaioB. (OCHOBHBIMU
N0OBIBaEMBIMU  pecypcaMu  SIBJISIIOTCS:  30JI0TO,
Meb, cepeOpo, CBUHEI U IPYTHE.

Jedopmanuu MOBEpXHOCTH 3€MJIM, BO3HU-
KaoIllMe B PE3yJIbTaTe MOJ3EMHBIX TOPHBIX paboT
Ha TONUMETAIIMYECKUX MECTOPOXKIACHUSIX, KakK
IIPABUJIO, XapaKTEPU3YIOTCSl BBICOKON CKOPOCTbIO U
HEOoNpeAenEHHOCThI0, MOCKOJIBKY OHU HAMPSIMYIO
3aBUCAT OT CJIOKHOM JMHAMHUKHA JTOOBIYHBIX
npoueccoB. InSAR (unTepdepomerpuueckas pa-
JMOJIOKAIMsl C CUHTE3MPOBAHHOM  amepTypoil)
aBnseTcss 3(QQPEKTUBHBIM METOJAOM MOHUTOPUHIA
nedopmanuii 3eMHOU MOBEPXHOCTH U UCTIONB3YETCS
JUIsT HAaOMIOACHUS U aHaluM3a pPa3lIMYHbIX THUIIOB
nehOpMaITMOHHBIX ITPOIIECCOB.

OgHuM W3 KIIOYEBBIX  YCIOBUM  JJs
MIPOBEICHUS MHTEPHEPOMETPUHU SIBIISIETCS TO, UTO
MaKCHUMaJbHBIA TPpagueHT Aedopmaliy He JOKEeH
IpeBbIIaTh OJHY (Pa30BYI0 JMHUIO Ha IHUKCETb.
OTOT mapameTp 3aBUCUT OT OTHOIIEHHS MAJIMHBI
BOJIHBI PaJIMOJIOKALIMOHHOTO CHUTHala K pa3Mmepy
nukcens (Graham, 1974). MakcumanbHbIi Tpa-
nueHT nedopmarmu  (dx) pacCcUMTHIBACTCS 110
cienyrouien popmyIe:

x = 2’ (@)

Kak mokazano B wuccnenoBanusix Zhang u
coaBT. (2012), u3-3a BBICOKOW CKOpPOCTH aedop-
MalMid M PEe3KUX M3MEHEHUU pacCTUTEIBHOTO
MOKpOBAa HAa  TEPPUTOPUM  JOOBIUM, HHTEP-
dbepoMeTpruyecKrue Mmapbl C BHICOKMM BPEMEHHBIM
COTJIACOBaHMEM ONTUMAIbHO (HOPMUPYIOTCS B
3UMHHMM nepuoa. MakCUMaJIbHO JIOIYCTUMBIN
rpaueHT aepopManu, KOTOPBIH MOXET OBITh
3apETUCTPUPOBAH C MOMOIIBIO0 TexHONIOrHuU InSAR,
3aBUCUT OT JUIMHBI BOJIHBI pajapa, Ipoc-
TPAHCTBEHHOTO pa3pernienust SAR-u3zo0paxenuii u
nepuoAa  IMOBTOPHOTO  BHM3UTa  CIIyTHHKA.
Hcnonbs3oBaHne JIMHHOBOJHOBBIX pagapoB ¢
BBICOKOM  MPOCTPAHCTBEHHO-BPEMEHHON  paspe-
MIAIONIeH CIOCOOHOCTHIO TO3BOJISICT TOBBICHTH
YYBCTBUTEIHLHOCTh K MAaKCHUMAaJIbHBIM T'paJiieHTaM

nedopMaluy MEXTy MUKCEISIMU.

Hns >ddexTuBHOrO0 MOHHTOpUHTA Aedop-
Mali 36MHOM MOBEPXHOCTH B pallOHE MECTOPOXK-
JNCHUS TPUMEHEHBl M300paXEHUS CIyTHUKOB
Sentinel-1. Cnyrauku Sentinel-1A u Sentinel-1B,
o0Jagaromue nepuoaoM MOBTOPHOTo Bu3uTa 6 u 12
JHEIl COOTBETCTBEHHO, IO3BOJISIIOT IOBBICUTH
qyBCTBUTEIBHOCTh K J€(POPMAIIMOHHBIM TpaJneH-
TaM HM MUHUMU3UPOBAaTh AP(PEeKT BpPEeMEHHOI
nexoppensiiun.  CormacHo  dopmyne (1),  most
uHTepdeporpaMmbl C MUKCEIBHBIM pPa3pelIeHuEM
20 m x 20 M, popMHpyeMoii cryTHUKaMu Sentinel-
1 A/B, MakcUMalbHbII 0OHAPY>KUBAEMBIH IPaTUCHT
nedopmaruu coctarisier 1,4 cm. [lo cpaBHeHHIO CO
cnytHukamu ERS wnn ENVISAT (c nmepuogom
noBTopHoro Buzuta 35 aneil) u RADARSAT (24
nHs), wuHTepBan 6-12 gueit y  Sentinel-1
obecrieunBaeT B YeTHIpe paza Ooyiee BBICOKYIO
CIIOCOOHOCTH OOHApYX)eHUs TehopMaLnil.

Marepuanbl W MeTOABI HCCICAOBAHMA.
PannonokaiioHHble CIYTHUKH C CHHTE3UPOBAHHOM
aieptypoii  (SAR) dopmupyor u300paxeHus
36MHOM  TMOBEPXHOCTH  Ha  OCHOBE  JIBYX
KOMIIOHEHTOB: (ha3bl U MHTEHCUBHOCTU (SIPKOCTH)
oTpaxkéHHOro curHana. HHrepdepomerpuyeckas
¢dazoBas pa3HOCTb, IOJdy4yaemass B pe3yibTare
CONpPSDKEHHOIO  MPOU3BEACHUS [BYX paaHoIIO-
KallUOHHBIX W300pakeHUU, OTpa)kaeT CMELICHMUS,
NPOM30LIEANINE BAOIb  HANpaBICHUS JIMHUM
BusupoBanus (LOS — line of sight) mexnay
MoMeHTaMHu chEMKH. IHTepdepomeTpuueckas dasa
BBIPAXKAETCSI CIEAYIOLUIUM 00pa3oM:

Pint = Prop + Priat T Paefr + 8Patm + 6@n (2)

T7A€.  (top ¢daszoBasi  cocTaBIAOIIAs,
oOycnoBieHHass penbeoM MECTHOCTH, @flat —
(daza, COOTBETCTBYIOIIAs HWICATHHON IIJIOCKOM
MIOBEPXHOCTH, (def — (ha3a, BbI3BaHHas Jedop-
Malpel 3€MHOM IOBEPXHOCTH I10 HAIpPABICHUIO
LOS, dpatm — (a3oBasi mOrpenIHoCTb, BbI3BAHHASL

aTMOCEepHBIMH  YCIOBHUSAMH, O@n — (a3oBas
HOTPEITHOCTD, BBI3BaHHAS IIIyMaMH.
[locne ycTpaHeHus BIUSHUS  perbeda,

aTMOC(epHBIX U TEOMETPHUYECKUX (HAKTOPOB Ha
OCHOBE BHEIIHEW IU(poBONl Momenu penbeda,
aTMOCQEPHBIX JTaHHBIX M TEOMETPUH CHEMKH,
CMEIIeHHUEe MO JIMHUU BU3upoBaHUS (AR) moxer
OBITH BBIYUCIICHO TI0 CIIeyIomIei dhopmyre:

4
Paer = Tn X AR. (©)
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Ha  mnomywyennyro  nuddepenHuuanbHyro
uHTepdeporpaMmy MOTYT OKa3bIBaTh BIUSHUC
pasnmuuHbie  (GaKTOPhl, BKJIIOYAass aTMOCQEpHBIC
BO3MYIIICHUS, TPOCTPAHCTBEHHYI0 M BPEMEHHYIO
nexoppenauuo. Jlis MUHMMM3AIMH 3THX Orpa-
HUYCHUN TPUMCHSIOTCS JIBa OCHOBHBIX METOJA:
SBAS (Small Baseline Subsets) u anamus
korepeHTHbIX oTpaxareneil (IPTA) (Werner u np.,
2003; Ferretti u ap., 2001).

Meron  SBAS  mpexacraBusier  coOoif
MPAKTUYECKUI TMOJX0JI, HAIpaBJICHHBbIM Ha CHHU-
xenue dhdexTa mpoCcTpaHCTBEHHON JTEKOPPETSIIUN
nyTéM HCMOJIb30BAaHUS OTPaHHUYEHHOro Habopa
SAR-u300paxkeHnii C MalbIMA OpPOUTAIBHBIMU
pasmuuusimu. Merton IPTA (Interferometric Point
Target Analysis), pa3paOOTaHHBI KOMIIAHUCH
GAMMA Remote Sensing, OCHOBaH Ha aHaJn3e
KOT€PEHTHBIX TOYCUHBIX IICIICH.

B nactosiiiem nccnenoBanun Meroasl SBAS
nu IPTA wucnonap30BauCh  COBMECTHO  JIst
MOJTy4YeHHUs] BPEMEHHBIX pAI0B nedopManuii Ha
TEPPUTOPUU MECTOPOKICHUS XOHIH3A.

Pe3yabTarsl n 00cyxaenune. B Hacrosmem
WCCJICJIOBAHHUH IS aHanmmu3a JedopManuii 3eMHOM
MOBEPXHOCTH HCMOJIb30BAINCH JAHHBIE B PEXKHUME
IW (Interferometric Wide Swath) crmyTHHKOBOI
muccuu Sentinel-1, a Takke BHELIHsS HH(OpMAIHS
0 penbede Ha OCHOBE IU(MPOBOH MOJEIH BBICOT
SRTM (DEM). Ocenanue 3eMHOI TTOBEpXHOCTH B
nepuon ¢ anpens 2017 roga mo HosO6ps 2018 roga
OBLJIO PacCYUTAHO C MCIMOJb30BAHUEM TEXHOJIOTHH
IPTA (Interferometric Point Target Analysis) Ha
OCHOBE 48 CIyTHUKOBBIX U300paKECHHIA.

Pannonokaunonnsie nHTepheporpamms
Onopnstit SLC~aiin: rsle/ 1801 10.rsle.par
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Puc.1. I'paghux 6azoevix 1unuii,
UCNOIb306AHHBIX 017 (YOPMUPOBAHUA
unmepgepomempuueckux nap.

N3 »tux 48 wusobOpaxkenuit Owbuio cdop-
mupoBano 170 wuHTepdeporpamm, TMpH ITOM
OTOMpAJIUCH Maphl CIIEH C BpEMEHHOHN 0a30i MeHee
48 CcyTOK M TPOCTpAaHCTBEHHOU Oazoit menee 200
MeTpoB (Tpaduk 0a30BBIX JUHUK NPUBEAEH Ha
Pucynke 1).

Jlnst y9acTKOB ¢ MajbIiMu JedopmarusiMu (B
naHHoM ciayyae — 5000 x 1000 nukceneit; nocie
MyJbTHCHEKI-TIpeoOpa3oBanus  (multilook) ¢

koddpurmenTom 5 x 1 — 1000 x 1000 mukceneit)
OBLT OHKEH TTOPOT BBIOOPA KOT€PEHTHBIX TOYEK C
[ENBI0 TIONYYEHHUS IUIOTHOTO O0Jlaka IIeJIeBBIX

orpaxareneil. B pesynbrare mus ananmmsa [PTA
1399909

OBLTO 0TOOpaHo KaHUIaTOB

KOI'€pCHTHBIX TOYCK.

e LT

el : L Al ¥ o F i A A
Puc.2. I'paghuk epemennuix psaooe oegpopmayuu ¢
paitone mecmopoxcoenus Xonousa.

u

C wucnosgb30BaHUEM MPOrpaMMHOTO obec-
neuenus GAMMA IPTA Obplna mocTpoeHa KapTa
CKOPOCTH OCEJlaHus, a TaKKe rpapuKu BpEMEHHBIX
psAAoB AeopManiy o KaXKAOMY OTpa)xaTento. ITH
rpaduku 4€TKO OTOOPaKAIOT TEKYIIEEe COCTOSTHUE
nedopMaIuy 3eMHOU TOBEPXHOCTH B HCCIEAYEMOM
pailoHe 1 HampaBiieHUE e€ pa3BUTHUS B 3aBUCUMOCTH
OT MHTEHCHUBHOCTH TOPHBIX padoT. Jlake B 30HaX ¢
MaKCHMaJbHBbIM OCEJaHHEM TEXHOJIOTHs IoKazaja
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BBICOKYIO TOYHOCTb: Ha HEKOTOPBIX TOYKaX OBLIO
3aukcupoBano ocemanue Oonee 1 metpa. I[lpu
5TOM B 0o0jiee paHHHMX MOAXO0AaX (Hampumep, B
METO/IaX, OCHOBAHHBIX Ha BPEMEHHOH JeKop-
peNsiliii) MOXHO OBLJIO ONpPENENIUTh JIMIIb 30HY
negopmanuu, HO HEe KOJIMYECTBEHHBIC MapaMeTphl
(Zhang u np., 2012).

[lo cpaBHeHuto ¢ ganHbIMU SAR cIyTHUKOB
ENVISAT u RADARSAT, 12-gHeBHOE BpEMEHHOE
paspenienue uzoOpaxeHuit Sentinel-1 B pexume
IW cymiecTBeHHO TMOBBIIIAET CIIOCOOHOCTH JETEK-
TUPOBaTh TPAJAUEHTH JedopManvd B TOPHO-
noObIBalOIIMX 30HaX. JlaHHas TexHoJOrMs He
TOJILKO TOYHO OMpEeNseT IUIomaab AeGopMaru,
HO U MO3BOJISIET KOJMYECTBEHHO OXapaKTepU30BaTh
e€ MaciuTad U AMHAMUKY Pa3BUTUSL.

(Hmxuaue cepble M300paxkeHUs IpeacTaB-
JSI0T co00# paauoIOKAIMOHHBIE CHUMKH Sentinel-
1; HaloXXEHHbIE LBETHBIE KOJbIAa OTOOpPAXAIOT
CKOpoCTh nedopMmaruu. Kakaplii IBETOBOW ITUKII
COOTBETCTBYET ocenanuto Ha 20 cM.)

Bo BTOpOM pHCYHKE IpHBEIeHAa BpEeMEHHAas
[0CJIEI0BATENIBHOCTD iehopMalvii Ha TEPPUTOPHU
MECTOPOKICHNS XOHM3a, TIOJTyUYCHHAs Ha OCHOBE
aHanmmu3a 48 CIyTHUKOBBIX N300pakeHUIA:

Pucynoxk 2. B npaBom HUKHEM YTy, HaUMHAast
C  CeIbMOro  M300pa)KeHHs, JIOMOJHUTEIBHO
BBISIBJICHBI €€ TPH LIEHTPA OCETaHus;

Pucynox 3. I'paduxk nedopmammu 1o
BPEMEHM JUIsl TOYKH C HauOOJIbLIEH CKOPOCTBHIO
ocenanus (ID: 349 097, nukcenbHble KOOPIUHATHI:
x = 2249,y = 331). CkopocTh ocefaHusi B JaHHON
Touke coctaBisieT 70 cM B TOJ;

Pucynox 4. Ckopocts nmedopmanuu Ha
TEPPUTOPUN MECTOPOXKJIeHHUsT XOHAM3a (ampesb
2023 1. — Hoa0psr 2024 r1.). MakcumanbHas
CKOpOCTh ocenaHus pocturaer 70 cM B rox; 30Ha
nedopManuu  4ETKO ONpeAensercs M Xapak-
TepU3yeTCs MPOCTPAHCTBEHHON HETIPEPBIBHOCTHIO.

3akiaroyenue. B HacTosIem uccieaoBaHuN
JUIS BBIABJICHHMS OCEJaHMs 3€MHOW IOBEPXHOCTH,
BBI3BAHHOT'O IOA3EMHBIMU TOPHBIMH paboTami,
Obuta mpuMmeHeHa TexHojorus InSAR Ha ocHoBe
TAHHBIX SAR  cmyTHUKOB Sentinel-1 C
UCIIOJIb30BaHUEM KOMOWHHUPOBAHHOTO IMOJXOAa
SBAS u IPTA. [Tlomy4yeHHsie pe3yJbTaThl
NoKa3ajld, 4YTO IMOJ3eMHas J00blYa TOJIE3HBIX
HCKOMAaeMbIX MPUBOJUT K HMHTEHCUBHBIM JAedop-
MalMsM 3eMHOU TOBEPXHOCTHU CO CKOPOCTHIO 110 70

CM B TOJI.

Jnst KaK0M KOTEpEHTHOM TOYKHA BO3MOKHO
noctpoeHue rpaduka, HaKOIIEHHOTO (KyMYJISITUB-
HOTO) OCEJaHMsI BO BPEMEHH Ha MOMEHT KaXKJIOTO
CIIyTHUKOBOTO ChEéMa (CM., Hanpumep, Pucynox 3).

pdisp_nl
pt:349097 x:2249 y:331

Meters

15 L ; ; ; i i ;

o e
5
Z @ ra

® % @ ® ®

Puc.3. I'paghuk epemennoii
nOC1e006amMeNbHOCMU CMEU|EHUIL 8 YEHmPe
0Ce0anus Ha MepPPUmMoPUU MecmopoIHcOeHus
Xonousa.

Mmecmoporcoenus Xonousa.

(Hwxnee cepoe wuzoOpaxeHne — paauo-
JIOKAlIMOHHEBIA CHUMOK Sentinel-1; Hallo)XKeHHBIE
[[BETHBIE KOJIbIIA OTOOpaXKalT CKOPOCTH aedop-
Manuu. Kaxapiii 11BE€TOBOM ITUKII COOTBETCTBYET 10
cM aedopmanuu B rof.).

JlaHHass TEXHOJOTHSI TIPEACTABISIET COOOM
3¢ (hEeKTUBHBIA HMHCTPYMEHT JUISi MOHHUTOpPHHTA
OCeaHMsl 3€MHON TOBEPXHOCTH B TOPHOMO-
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OBIBAIOIIMX paliOHaX U MPEAOCTABISIET KIIOYEBYIO
UH(OPMALIKIO /IS ITIAHUPOBAHUS MEPOTIPUSATHIA 1O
BOCCTAHOBJICHHIO OKPY>KalOIIEH Cpebl.

bnaronapst KOpOTKOMY HWHTEpBAly IOBTOP-
HOTO BH3HUTA, CIYTHUKOBBIC maHHBIC Sentinel-1
ABISIIOTCSL Oosiee d(PPEKTUBHBIMH IS BBISIBICHUS
OBICTPBIX AchopMaliii B TOPHOIOOBIBAIOIINX
palloHax 1O cpaBHEHMIO C JApyruMu SAR-
COYTHUKAMH CO CpPEIHUM MPOCTPAHCTBEHHBIM
paspeuienreM. C pa3BUTHEM PATUOIOKALUOHHBIX
CITyTHUKOBBIX TeXHOJI0TH, MeTo] INSAR Bcé mumpe
UCTIONB3YeTCs KaK 3()()EeKTUBHBIA M SKOHOMUYHBIN
WHCTPYMEHT V11 MOHUTOPUHTA KaK OBICTPBIX, TaK U
MEIJICHHBIX J1e()OpMAIIMOHHBIX MPOIECCOB — OT
3eMJICTPSICEHU, BYJIKAHMYECKONH AaKTUBHOCTU U

OIMOJI3HEW 10 TPOCAJOK B MIAXTHBIX pailoHaX H
WHKXCHEPHBIX JAeQOopMaIiuii.

Ecmu oObenuHHUTH JaHHBIE O MPOCAIKax C
3apaHee MOCTPOCHHBIMU MOJIEISIME JiehopMaInid, a
TaK)Ke WHTETPUPOBATH MX C HA3EMHBIMU METOJIaMH,
TaKUMH KakK TEeOMETPUYECKOE HUBEIUPOBAHUE,
GPS-HabmroieHrs WM MMOCIOMHOE MapKUPOBAHUE,
MOXXHO C(HOpPMHPOBATH «KOCMHUYECKO-HA3EMHYIO»
TPEXMEPHYIO CHCTEMYy MOHHUTOpPHHTra. Takoi
noaxod npeBpamaer TexHoynoruto InSAR B
Ha/IEKHBIN 1 MHPOPMATUBHBINA METO/ HAOIIOICHHS
3a OCEJaHWEM 3€MHOM TIOBEPXHOCTH B 30HAaX
JOOBIYM, TPEIOCTABIISIFOIINN KIFOYEBbIC JTaHHbIC,
HEOOXOIUMBIE Ui BOCCTAHOBIIGHUS W peadu-
JIMTAIUN OKPYKAFOIIEH CPEIbL.
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KONSENTRATSION STOLDAGI ZARRACHALARNI AJRATISH
JARAYONINING NAZARIY ASOSLARI
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Tayraliyev Sherzod Ergashev Mahmud Eraliyev Abdug ‘affor
Tayrali 0‘g‘li Axbaraliyevich Anarboy o‘g‘li
) . ) “Multinational Mine Group”
OKMK Ko.u ldi ko.m gqa.Xta geolog, Islom Karimov nomidagi TDTU Maydalash sexi smena boshlig i,
Mustaqil tadgigotchi, Fan va R, .
taracgivot DUK Olmaliq filiali tayanch doktoranti, Tayanch doktorant, Fan va
qary ' Toshkent, O ‘zbekiston taraggiyot DUK,

Toshkent, O zbekiston Toshkent, O zbekiston

Annotatsiya. Magolada Kauldi konining rudasi va yotgan shlamlarini gayta ishlash texnologiyasini
ishlab chigish va Kauldi konining sinovdan o ‘tgan ruda uchastkasi sharoitida 100 kg shlam (rudalarni
maydalash va yuvish paytida hosil bo ‘Igan) tayyorlash bo ‘yicha tadqiqot natijalari ko ‘rib chiqgilgan.
Ushbu sinoviarda oltin va kumush tarkibli shlamlarni gravitatsion usulda boyitishda gayta ishlash
imkoniyatlari va texnologik ko ‘rsatkichlari aniglandi. Sinov davrida oltin tarkibli shlamlarni
gravitatsion usulda boyitishda qayta ishlash imkoniyatlari va texnologik ko ‘rsatkichlari aniglandi. Sinov
davrida texnologik ko ‘rsatkichlarni hisoblash uchun boyitish mahsulotlarining balans namunalari
olindi.

Kalit so‘zar: Konsentratsion stol, gravikonsentrat, gravitatsiya, shlam, Kauldi koni.

TEOPETUYECKHE OCHOBBI ITPOLHECCA PA3JIEJIEHUA YACTHUI] HA
KOHIEHTPAIIMOHHOM CTOJIE

Taiipanues Illep300 Ipzamee Maxmyo Ipanuee Avdyzaghghop
Taiipanu yenu Axobapanuesuu Amnapbooit yenu
Hlaxmuwiii eeonoe Hauanvhux cmenvt Opobunvhozo

Fas 1O
mecmopooicoenusi Koynou AI'MK, A306bi GOKmOpanm

Hesasucumblii ucciedogamen,

yexa «Multinational Mine Groupy,

Anm ] TTY
PMATBIKCO20 o Basogviii ooxkmopanm, I'VII «Pan

N umenu Mcaama Kapumosa, ..
I'VII «Dan 6a mapaxkuémy, 6a Mapaxkkuémy,
Tawxenm, Y3bexucman

Tawxenm, Y30exucman Tawxenm, Y30exucman

Annomauyun. B cmamve paccmampusaemces pe3ynibmamsi UCCI€008AHUSL NO PA3PAOOMKE MEXHOI02Us.
nepepabomka pyovl U JexCanvlx waamos pyonuka Kayneovl u npoeedenus onvblmHO-npOMbIULIEHHbIX
UCNBIMAHHBIL 8 YCIOBUAX YYACMOK pyoa noocomoska pyonuka Kaynwowl ovinio 100 ke wnamos
(obpaszosaswiuxcs npu OpobreHuu u Oommuleku pyowvt). Ha Oannvix ucneimawnuti onpeoeneHo
B03MOJCHOCMU NepepabomKuy U ONnpedeseHO MEeXHOI0SUYeCKUX NoKazamenel npu epasumayuoHHOU
o0bozaweHuy 3010M0 U CepebPOCoOepI’CAUX WAAMO8 2PABUMAYUOHHBIM MemodoM. B  nepuoo
UCNBLIMAHULL ONPEOeNeHO 803MONCHOCIU NepepadoOmKU U ONpedeieHO MeXHOLOSUYeCKUX noKazamenet
npu 2pasumMayuoOHHOU 0002aweHUU 3010MOCOOEPHCAWUX WNAMOE 2PABUMAYUOHHBIM Memooom. B
nepuood UCNLIMAHUL NPOU3BOOULO OMOOP OANAHCOBbIX NPOO NPOOYKMO8 0bozawjenus O pacuéma
MEeXHONI02UYEeCKUX NOKA3amenel.
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THEORETICAL FOUNDATIONS OF THE CONCENTRATION TABLE

PARTICLE SEPARATION PROCESS

Ergashev Makhmud
Akhbaraliyevich

Eraliev Abdugaffor
Anarboy ugli

Shift supervisor of the
“Multinational Mine Group”
crushing plant, Basic doctoral
student, “Fan va taraqgiyot ” Sate
Unitary Enterprise,
Tashkent, Uzbekistan

Tayraliev Sherzod
Tayrali ugli

Basic doctoral student of the
Almalyk branch of TSTU named
after Idam Karimov,
Tashkent, Uzbekistan

Mine geologist of the Kouldi deposit
of AGMK, Independent resear cher,
SUE “Fan vataraqgiyot ”,
Tashkent, Uzbekistan

Abstract. The article discusses the results of research on the devel opment of technology for processing
of ore and waste sludge of the mine Kauldy and carrying out pilot teststested in the conditions of the site
ore preparation of the mine Kauldy was 100 kilogramms of sludge (formed during crushing and washing
of ore). On these tests determined the possibility of processing and determined the technological
indicators in gravity concentration of gold and silver-bearing sludge by gravity method. During the
period of tests the possibilities of processing were determined and technological indicators were
determined at gravity concentration of gold-containing sludge by gravity method. During the period of
tests the balance sampling of enrichment productsfor calculation of technological indicatorswas carried

out.

Keywords: Concentration table, gravity concentrator, gravity, sludge, Kauldy mine.

Kirish. Konsentratsion stol yanchilgan ruda
va shlamlarni zichligi hamda granulometrik tarkibi
bo‘yicha gratishga mo‘ljallangan eng samarali
gravitatsion qurilmalardan biridir. Stol dekasi
bo‘ylab ogayotgan yupga gatlamli suspenziyada
zarrachalar gidrodinamik bosim, ishgalanish va
og‘irlik kuchlari ta’sirida qatlamlanadi; riflar
oralig‘ida og‘ir (metallga boy) donalar pastki
qatlamlarga “cho‘kib”, yengil bo‘sh jindar esa
yuwvilib chigindiga ketadi. Shu mexanizm oltin—
kumushga boy shlamlarni gayta ishlashda
go‘shimcha metall olish imkonini beradi va
flotatsiya bilan kombinatsiyada yuqori texnologik
samaradorlikka erishishga xizmat qiladi.

Mazkur tadgigotning magsadi — OKMK
Kouldi (Kauldi) koni rudasini yuvish va maydalash
jarayonlarida hosil bo‘lgan shlamlarni konsen-
tratsion stolda boyitishning nazariy asodarini
aniglash, tariba-sanoat sinovlarini o‘tkazish va
texnologik ko‘rsatkichlarni baholashdir. Bunda
dekaga berilgan burilish burchagi (a~10-12°),
dekaning tebranish parametrlari, yuvuvchi suv sarfi
va ogim chuqurligi, hamda zarracha tezliklari (v),
tezlanishi (@) va qatlamlanish  kinetikas

(V.Volchenko tenglamasi) nazariy jihatdan ko‘rib
chiqildi.

Tajriba obyektlari sifatida oltin va kumush
saglovchi shlamlardan 100 kg namunalar tayyor-
landi. Konsentratsion stol rejiimlari  tanlandi,
mahsul otl ardan balans namunalari olindi vaikki sikl
bo‘yicha hisob-kitoblar bajarildi. 1-tajribada
umumiy konsentratning oltin bo‘yicha o‘rtacha
tarkibi 30,96 g/t, gratib olish 38,66%; 2-tgjribada
esa mos ravishda 40,71 g/t va 46,98% ga erishildi
(0,16 mm sinf bilan go‘shilganda oltin bo‘yicha
gratib olish 47,74%). Kumush bo‘yicha mos
ravishda 9,67% va 16,26% (0,16 mm bilan 17,07%)
natijalar olindi. Bu ko‘rsatkichlar konsentratsion
stol yordamida shlamlardan igtisodiy jihatdan
sezilarli  go‘shimcha metall qaytarib olinishi
mumkinligini Ko‘rsatadi.

Tadgigot usuli. Konsentratsion stoldagi
jarayon shunday kechadiki, yanchilgan ma’dan suv
oqimi ta’sirida stolning qiya yuzasi bo‘ylab
ko‘ndalang yo‘nalishda harakatlanadi. Bu jarayon
1-rasmda ko ‘rsatilganidek, A zonasidan B tomonga
qarab boradi. Bunda ma’dan zarrachalari suv oqimi

bilan birga stolning giya (deka) yuzasida ko‘n-
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dalangigasiljiydi.

Shu bilan birga, mayda ma’dan zarralari
bo‘ylama harakatga ega, ya’ni deka bo‘ylab
harakatlanadi. Buyerdaog‘irlik kuchi, turbulent suv
ogimining gidrodinamik bosim kuchi va dekadagi
ishqalanish kuchi mutanosib ravishda ta’sir giladi,
bu asosan stolning pastki gatlamida sodir bo‘ladi.
Tarkibida zichligi vao‘lchamlari bilan farq giluvchi
mis, oltin va kumush bo‘lgan ma’danli jismlarning
harakati bir xil emas, tarkibida metallar (oltin va
mis) bo‘lgan ma’danli jismlar tezlik vektorining
yugori inersion tashkil etuvchisigaegabo‘ladi, yirik
ma’danli jismlar (ular bo‘sh tog® jindari bo‘lishi
mumkin) esa suv ogimining katta gidrodinamik
bosimiga duch keladi. Ogimning zich gatlamlarida
sekinlik bilan segregatsiya sodir bo‘ladi - ya’ni
zarrachalarning notekis joylashishi va oraiglarda
mayda metall tarkibli komponentlarning elanishi
sodir bo‘ladi.

l-rasm. A zonasida, ya’ni yuklovchi tomo-
nida, asosan yirik va eng yengil bo‘sh jindar
joylashgan. "B" zonasida mayda jinslar mavjud
bo‘lib, donalarning o‘lchami kamayadi, zichligi esa
ortadi, shuningdek, ulardagi mis va gimmatbaho
metallar migdori ko‘payadi. Asosly metall dona
chalari, erkin holatdagi oltin, kumush vamis gjralib
chigib, qora chiziq (boshcha) hosil qgiladi - bu
gravikonsentratga nisbatan boyroq materialdir. Juda
mayda, tuprogsimon tarkibli, mis va gimmatbaho
metallar miqdori juda past bo‘lgan shlamlar A
zonasining 5-qgismida golib, suv bilan yuvilib, yirik
zarrachalar orasidan chigindilarga chigib ketadi. 1-
rasmda ko‘rsatilganidek, stol gopgog‘ida turli xil
ruda minerallari yelpig‘ichsimon tarzda joylashgan.

\Lso,qa nuTaHue
7
U /-
9 ////
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<« X e~
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1-rasm. Konsentratsion stol dekasida va
gravitatsion boyitish jarayonida turli
materiallarning harakatlanishi natijasida
ma’danli jinslarning joylashishi.

Natijalar va muhokama. Oltin va kumush
metallarini o‘z ichiga olgan ma’dan tanachalari
konsentratsiya  stolining dekas bo‘ylab
harakatlanganida, ogimning yuqori gatlam-laridan
ketma-ket riflar orasidagi bo‘shliglargatushadi vau
yerda qayta qatlamlanadi. Yuvuvchi suvning
ko‘ndalang oqimi ma’danning bo‘sh jindarini
go‘shimcha ravishda yuvib chiqaradi, ya’ni
graviokonsentrat tozalanadi. Bu jarayon ma’dan
zarrachalarining riflararo kanallar bo‘ylab ma’danni
bo‘shatish tomonga shiddatli  harakat-lanishi
paytida sodir bo‘ladi.

1-jadval
Shlamli namunani gravitatsiya usulida boyitish
natijalari (1-tajriba)

Chigishi, [ Miqgdori, %, g/t |Ajratib olish, %
Mahsulot % Au | Ag | Au | Ag
Konsentrat 1 1,74 56,5 531 | 22,83 | 348
Konsentrat 2 1,74 25 50,1 | 10,10 | 3,29
Konsentrat 3 1,90 13 40,6 573 291
Otval chigindisi 9462 | 1,792 | 533 | 61,34 | 90,33
Jami 100,00 | 431 | 26,53 | 100,00 | 100,00
Umumiy konsentrat 538 30,96 | 47,71 | 38,66 | 9,67

Otva chigindilarining elakdan o‘tkazilgan
o‘lcham xususiyatlari 2-jadvalda keltirilgan.
2-jadval
Otval chigindilarida oltin va kumush
bo ‘laklarining yirikligi bo ‘yicha sinflanishi.

= - = —
Sinf, mm Chigishi,% Miqdori,% gt | Ajralishi, %
or % Au Ag Au Ag

+0,21 365 | 183

-0,21+0,15 289 | 145 243 | 931 ) 28 | LU
-0,15+0,1 1409 | 705 | 18 | 632 | 469 | 171
-0,1+0,071 2155 | 10,78 | 24 878 | 926 | 363
-0,071+0,044 127,7 | 6,39 23 | 1548 | 526 | 379
-0,044 1450,5| 72,53 3 32,28 | 77,94 | 89,71
Jami 2000 | 100 | 2,792 | 26,097 | 100 100

3-jadval

Shlamli namunani gravitatsiya usulida boyitish
natijalari (2-tajriba)

Chiqishi,| Miqgdori, %, g/t | Ajralishi, %
Mahsulot % Au | Ag | Au | Ag
0,16 mm 304 | 191 | 70L | 076 | ogl
Konsentrat 1 7,19 46 52,1 4356 | 14,20
Konsentrat 2+3 157 16,5 34,6 342 2,06
Otval chigindis 8820 | 15 | 482 | 5226 | 8293
Jmi 10000 | 7,60 | 2640 |100,00] 100,00
Umumiy konsentrat | 8,77 | 40,71 | 4896 | 46,98 | 16,26
Umumiy gravikonsentrant 4, o | 3573 | ag16 | 47,74 | 17,07
+sinf 0,16 mm

Ma'dan tanasining deka bo‘ylab harakati
natijasida u gorizontal yo‘nalishdan yugoriga
ma’lum bir o burchakka ega bo‘ladi (bizning
tadgigotlarimizda o=12-10° deb gabul gilingan).
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Konsentratsion stol dekasining tebranishidan kelib
chiqadigan og‘irlik kuchining vertikal tashkil
etuvchisi M-coswt-sina ga teng bo‘ladi.

Bu yerda M - muhitdagi ma’dan jismining
massasi

Jarayonning nazariy asoslarini ko‘rib chigsak,
g‘alvirning tebranishidan hosil bo‘lgan jadallash-
tiruvchi kuchning ta’sir etish vaqti va to‘xtash vaqti
(bu yerda stolning harakatlari, orgaga va oldinga
yurishi hisobga olinadi) qanday nisbatda bo‘lishi
kerakligini aniglash zarur.

2-rasm. Bu yerda S - ma’danli jismning stol
yuzasi bo ‘ylab bosib o ‘tgan masofasi, mm,
v - tedik, m/s, a - deka tezlanishi, m/s*;
¢ - deka tebranishining amplitudasi w=2zn:
n - tebranish chastotad, t - dekaning chetki holatidan
harakatlanishi boshlanganidan beri o ‘tgan vaqt.

2

a=r2" (Coswt — Acos2ot)

Agar ikkinchi garmoniya amplitudasining
birinchi garmoniya amplitudasiga nisbati A ekan-
ligini hisobga olsak, & = 1/2 ga teng bo‘ladi. Bu
yerda e’tibor qarating, am/s* (tezlanish) teskari
yo‘nalishdagi maksimal tezlanishning mutlaq
qiymati dekaning to‘g‘ri yo‘nalishdagi maksimal
tezlanishidan 1,5-2 barobar katta. Ma’dan tanasi
flotatsiyaga tayyorlangan holda mayda may-
dalanganini inobatga olsak, ya’ni maydalangan
qismining 80% gacha bo‘lgan qismi 0,074 mm
o‘lchamgacha maydalangan.

Bunday yirik rudada mis asosan xakopirit,
xalkozin va oz miqdorda kovellin ko‘rinishida
mavjud bo‘lib, oltin va kumushning 50% gacha
gismi mis va temirning sulfidli minerallarida (pirit
mineraida) joylashgan. Mis va temirning barcha
sulfidli birikmalari 5,5 dan 8,0 g/sm® gacha
zichlikka ega bo‘lib, bu ko‘rsatkich oltin, kumush,

molibden va platinoidlar migdoriga bog‘liq.

Qolgan 20 foiz ma’dan tanalarining yirikligi
0,1 dan 0,25 millimetrgacha bo‘ladi. Selen, tellur,
reniy, molibden, nikel va boshga rangli metallar
aynan shu yiriklikdagi zarrachalarda yo‘qoladi.
Flotatsiya jarayonida bu yirik zarrachalar flotatsiya
chiqgindilari bilan birga yo‘qotiladi. Konsentratsion
stoldagi gravitatsion boyitish usulida ham yirik
gismlar (diametri 0,1 millimetrdan katta bo‘lgan)
yaxshi gratib olinadi, chunki konsentratsion stol-
ning sathida suspenziyalardagi donalar gatlamlarga
graladi. Stol sathida bir xil zichlikdagi suspenziya
gatlamlarining  shakllanishi  massalar  ta’siri
gonuniga muvofiq sodir bo‘lishi va maydalangan
ma’dan tanasining ko‘ndalang oqimi pastki

maydonining tekisligi asosida tahlil gilingan.

Bunda professor V.Volchenko zarra-
chalarning tagsimlanish kinetikasini  tavsiflash

uchun birinchi tartibli tenglamadan foydal angan.
dFy/dt= - koFo

bu yerda, Fp - aratish zonasidagi yengil
fraksiyalar miqdori, ya’ni bo‘sh jins

Ko - rangli va qimmatbaho metallar bo‘lmagan
yengil fraksiyalar, ya’ni bo‘sh jinslarning ajralib
chigish tezligini tavsiflovchi koeffitsiyent.

Bundan tashqari, og‘ir zarrachalarning
tagsimlanishi zarrachaning harakat tezligiga (v, m/s)
bog‘liq. Yuqori zichlikdagi zarralar uchun (p - 4,7 -
7,5 g/sm?) bu tezlik 1 sm/s dan kam bo‘ladi. Bo‘sh
jins zarralari uchun esa, ya’'ni tarkibida 55-65%
gacha Si02, 7% gacha Al:Os, hamda 15% gacha
CaO+MgO, CaCOs va MgCOs; mavjud bo‘lgan
zarrachalar uchun, bu ko‘rsatkich 1,0 - 1,7 sm/s ni
tashkil etadi.

Shu bilan birga, stol yuzasidagi ogimlarning
yuza tezliklari solishtirma suv sarfi va ogim
chuqurligiga garab 7,0 sm/soniyadan 9,5
sm/soniyagacha bo‘ladi. Bu yerda oqim chuqurligi
riflarning balandligi bilan ham belgilanadi.

Konsentratsion stolning dekasi bo‘ylab
bo‘ylama harakatlanish uchun zarrachaning inersiya
kuchi ruda tanass va deka yuzas orasidagi
ishqalanish kuchidan katta bo‘lishi kerak.

Kouldi koni ma’danlarini o‘rganish natijalari
shuni ko‘rsatadiki, tarkibida oltin va kumush
metallari mavjud bo‘lgan og‘ir zarralar uchun (15-
30 g/t gachaoltin, 25-38 g/t gachakumush va0,7 g/t
gacha platina hamda palladiy) bo‘ylama
harakatlanish tezligi 2,2 - 4,2 sm/soniyani, Kouldi
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rudasining bo‘sh jinslari uchun esa 1,5 - 2,1
sm/soniyani tashkil etadi. Shunday qilib, Kouldi
koni ma’danini konsentratsion stolda tadqiq gilishda
quyidagilar kuzatiladi. Konsentratsion stol dekasida
ularning tagsimlanishining umumiy gonuniyati:

1. Konsentratsion stoli deskasining uzunligi
bo‘yicha - zichlikning 8,0 g/sm? gacha ortishi va
ruda tanasi o‘lchamining 0,071 mm gacha
Kichrayishi

2. Stolning kengligi bo‘yicha - ruda tanasi
zarrachalarining zichligi kamayishi va o‘lchami
kattal ashishi

3. Oqgim balandligi bo‘yicha - zichlikning 2,5
g/sm? gacha pasayishi va ruda tanasi o‘lchamining

0,1 mm gacha kattalashishi.
Xulosa. Kouldi koni shlamlarini
konsentratsion stol orqali boyitish bo‘yicha

tadqiqotlar shuni ko‘rsatdiki, dekaning a~10-12°
og‘ish burchagi, barqgaror tebranish va yuvuvchi suv
sarfini optimallashtirish sharoitida riflar oralig‘ida

gatlamlanish samarali kechadi va og‘ir fraksiyalar
(oltin-kumushga boy) konsentrat yo‘liga, yengil
fraksiyadar esa chigindiga graladi; natijada 1-
tajribada umumiy konsentrat tarkibi Au 30,96 g/t
bo‘lib 38,66% oltin ajratib olindi, 2-tgjribadaesaAu
40,71 g/t bilan 46,98% (0,16 mm sinfi qo‘shilganda
47,74%) ga erishildi; kumush bo‘yicha mos
ravishda9,67% va16,26% (0,16 mm bilan 17,07%);
bu ko‘rsatkichlar konsentratsion stol yordamida
shlamlardan iqtisodiy jihatdan sezilarli metall
gaytarib olish mumkinligini tasdiglaydi; amaliy
jihatdan jarayonni flotatsiya bilan zanjirda bog‘lash,
0,1-0,25 mm fraksiyani oldindan elaklab alohida
refimda boyitish va suv-tebranish parametrlarini
operativ nazorat qilish tavsiya etiladi, istigbolda esa
rif geometriyas hamda mashina parametrlarini

matematik  modellashtirish ~ orgali  gjratish
samaradorligini  yanada oshirish  magsadga
muvofiqdir.
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Annotatsiya. Ushbu maqgolada yer osti konlarida ventilyatsiya tizimining nazariy asoslari tahlil gilingan.
Havo sarfi Q ning garshilik Rva havo zichligi p ga bog ‘ligligi turli mualliflar tomonidan ishlab chigilgan
matematik modellarga tayangan holda ko ‘rib chiqildi. 1.I. Medvedev, D.1. Alimenko hamda N.N. Mohirev
tomonidan taklif etilgan tenglamalar asosida havo ogimining impuls va energiya saglanish gonunlari
doirasida baholanishi yoritilgan. Tadgiqot natijalariga ko ‘ra, qarshilik ortishi bilan havo sarfi
kamayishi, zichlik ortishi esa havo sarfini oshirishi aniglandi. Shuningdek, ogimlarning aralashuwvi,
devor bilan ishqalanish va energiya yo ‘qotishlari shamollatish samaradorligiga bevosita ta’sir etishi
gayd etildi.

Kalit sozlar: zaharli gazar, havo harakati, zichlik, ogim, mahalliy ventilyator, yer osti kon lahimi,
devor, energiya saglanish gonuni, portlash, shaxta, statik bosim, kenetik energiya, zarba, havo
aralashishi.

AHAJIN3 MATEMATUYECKHX MOJIEJEN IPOIIECCA KEKIIUU B
HOA3EMHBIX I'OPHBIX BBIPABOTKAX HA OCHOBE 3AKOHA

Pacwmanoe Asaz Anu Hypxonoe Xycan Huszomoe Tynkun Suimunagoe
yenu Aamup3a yenu Hastcumosuu Canoxuooun Aounoeuu
Macmep npoussodcmeennozo Kapwunckuii 2ocyoapcmeeniblil
N . Hauanvnux éenmunsiyuonnozo
06yuenus Yuebno-Kypcoeozo mexHu1ecKuil yHueepcumenn, Inasnviil unoicenep FOoxcnozo e
kombunama FOxcrnozo Odoyenm xaghedpul 2eonocuu u pyooynpasnenus, AO « HI'MK», Y Py P
FOoicnoe0 pyooynpasnenus AO
pyooynpasnenus AO «HI'MK», 20pHO20 Oend, QOKmMop Qurocouu Hasou, Y36exucman
«HI'MK», Hasou, Y36exucman
Haesou, Y36exucman (PhD), Kapwu, Y30exucman

Annomayusn. B cmamve paccmampusaiomcs  meopemuyeckue OCHO8bl  (DYHKYUOHUPOBAHUSL
BEHMUNAYUOHHBIX CUCEM 8 NOO3EMHbIX 20pHbIX 8bipabomkax. Ha ocnose mamemamuueckux mooenet,
npeonodcennvix H.U. Meoseoesvim, [I.U. Anuménxo u H.H. Moxupesvim, npogedén ananusz
3asucumocmu pacxooa gozoyxa QQQ om conpomusnenus RRR u nromnocmu 603dyxa ppp. Iloxaszano,
YUMo ¢ pocmoM CONPOMUBTEHUSL PACX00 8030YXA YMEHbULAEMCsl, M020a KaK yeeludeHue NniomHOCmu
npU8OOUmM K pocmy pacxood. YcmanoenieHo, 4mo npoyeccvl cCMeuwusanus nomoKos, mpenue o0 CmeHKu
8bIPAOOMOK U DHepeemuiecKue Nomepu OKA3bLBAIOM CYUeCmBeHHOe 6lusHUe HA IPdekmusHocms
BEHMUNAUUU.
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Abstract. The article examines the theoretical foundations of ventilation system operation in
underground mine workings. Based on mathematical models proposed by I.1. Medvedev, D.I. Alimenko,
and N.N. Mohirev, an analysis of the dependence of air flow rate Q on resistance R and air density p has
been carried out. It has been shown that asresistance increases, the air flow decreases, whilean increase
in density leads to a higher flow rate. It has also been established that flow mixing, wall friction, and
energy losses have a significant impact on ventilation efficiency.

Keywords: Toxic gases, air movement, air density, flow, local fan, underground mine working, mine
walls, law of energy conservation, explosion, mine, static pressure, kinetic energy, impact forces, air flow

mixing.

Kirish. Yer osti foydali qazilmalarni xavfsiz
olib borishning eng muhim omillaridan biri bu —
ventilyatsiyatizimi orgali gazib olish uchastkaariga
yetarlicha miqdorda va normativga ko‘rsatilgan
migdorda toza havo yetkazib berilishidir. Chunki
konlardagi toza havo tarkibi ishchilar salomatligi,
mehnat xavfsizligi hamda texnika-texnologiyal arni
barqaror ishlashiga ta’sir ko‘rsatadi. Agar shaxtaga
yetarli miqdorda toza havo yetgazib berilmasa,
zaharli gazlarning ko‘payib bir joyga to‘planishi,
kislorod migdorining kamayib ketishi, portlash
Xususiyatiga ega va gaz aralashmalarining hosil
bo‘lishi natijasida xavfli portlashlar yuzaga kelishi
mumkin. Ventilyatsiya tizimining asosly vazifasi —
gazib olish uchastkalari va havo ogimlarini to‘g‘ri
tagsimlash uchun yordamchi lahimlarda, gaz va
chang aralashmalarini o‘z vaqtida chiqarib yubo-
rish, hamda shaxta temperaturasi va namlikni
normativ bo‘yicha ushlab turishdan iborat. Yer osti
kon lahimlarining har bir uchastkada shamollatish
ishlarining samarali ishlashini nazorat qilib turish,
toza havo oqimlarini loyiha normativlari bo‘yicha
ko‘rsatilgan me’yorlarga mos ravishda tartibga
solish konchilik korxonaarining eng muhim va

asosiy vazifalaridan biri bo‘lib qoladi.

Adabiyotlar tahlili va metodlar. Kon
lahimiga yo‘naltirilgan havoning umumiy sarfi Q
uchun (1) formula I.I. Medvedev tomonidan
gjeksiyalovchi, geksiyalanuvchi va umumiy ogim-
larning kinetik energiyalari muvozanati teng-
lamasida keltirilgan [1]. Ogimlarni aralashtirishda
Kinetik energiyaning yo‘qolishi, impulsning saq-
lanish gonunida tenglamasida hisoblab chigilgan,
bunda, soddalashtirishlarga tegishli bazi bir
momentlarni hisobga olmaganda, impulsning sag-
lanish tenglamasini o°zi kelib chiqadi. Impulsning
saglanish tenglamasida ogimlar aralashtirilganda
harakat migdori umuman o‘zgarmaydi. Ejeksiya
jarayon orqali hosil bo‘ladigan statik bosimlar farqi
ta’sirida o‘zgaradi. Impulsning saqlanishi oqibatida
havo ogimining devorga ishgalanishi va ara-
lashtirish kamerasi tomonidan uning torayishi-

kengayishi natijasida impuls tenglamasidan
tashgariga chigmasligini anglatadi.
0= (1)
2(Res)

bu yerda p - havo zchligi (kg/m®), R-
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shamollatiliyotgan lahimning garshiligi (kgs/sm?),
9=9.8 erkin tushish tezlanishi.

1-rasm. Shamollatish lahimida havo sarfining
qarshilikka bog ‘liqligi.

l-rasmda ko‘rinib turibdiki, 1-formuladan
kelib chigadigan bo‘lsak, garshilik R ortishi bilan
havo sarfi Q kamayib borishini ko‘rib turibmiz.
Grafik teskari proporsional bog‘lanishni ko‘rsat-
moqgda. Demak, shamollatish lahimining garshiligi
oshsa, unga sarflanadigan havo miqdori kamayadi.

2-rasm. Qarshilik R va havo zichligi p bo ‘yicha
havo sarfi Q ga bog ‘liqligi.

Uchta turli havo zchligi (p=1.0,1.2,1.5
kg/m?) uchun havo sarfi Q ning qarshilik R ga
bog‘lanishi ko‘rsatildi. Zichlik ortganda Q qiymati
yuqoriroq bo‘ladi. Barcha hollarda qarshilik R
oshishi bilan Q kamayadi.

Ejeksiyalanayotgan ogimning kinetik ener-
giyas yetarlicha kichik deb hisoblangan va nolga
tenglashtirilgan. Bundan kelib chiqadigan bo‘lsa,
yaqinlashuv kamerasida harakat oqimining ko‘n-
dalang kesim yuzas kichiklashganligi va €ek-
siyalanayotgan ogim tezligi ortgan sari yanada

murakkablashadi. Ejeksiya jarayonda paralel yoki
garama-qgarshi ogimlarning harakat ta’siri ¢’tiborga
olinmadi. T.Ye.Gumenyukning ilmiy tadgiqot
ishlarida shunga o‘xshash formula (1) ning F=S
bo‘lgandagi oddiy holat deb hisoblagan [2].

Y er osti kon lahimigayuboriladigan havoning
o‘rtacha miqdori Q uchun (2) tenglama
D.l.Alimenko energiyaning saglanish qonuniga
asoslangan bo‘lib, bunda (1) formuladan fargli
o‘laroq, ayrim qiymatlarni olishda e€eksya
lanayotgan ogimning energiyas nolga teng deb
hisoblanmagan [3].

3 3
I )

1Q 2 1\*
14+ 4— —
i ( ?—1> ® G

(o) @

bu yerda &- havo araashtirish kamerasiga
kirish, shamollatuvchi quvur yon devoriga berila-
digan zarba va ishgalanish qarshiliklarining
umumiy yig‘indi koeffitsiyenti, &>~ havo aralash-
tirish kamerasidan chigishdagi umumiy garshilik
koeffitsiyenti.

Ikkala tamondan qo‘shilgan umumiy havo
ogimlarning aralashtirishda energiya yo‘qotilishini
aniglash uchun G.N.Abramovich, I.Ye.ldelchik va
bir nechta mualliflar tomonidan tadqiq gilingan
hamda turbulent ogimlar nazariyasidagi ekspe-
rimental bog‘ligliklardan foydalanilgan [4]. Ikkala
tamonda qo‘shilgan umumiy havo oqimlarini
aralashtirish natijasida energiyaning ma’lum bir
gismi yo‘qotilish yuzaga keladi, hamda, umumiy
havo ogimlarini aralashtirish kamerasiga kirish va
aralashtirish kamerasidan chigishdagi energiya bir
qismi yo‘qotilishi “diapazonli” tarzda hisobga
olindi, bunda, energiya yo‘qotish koeffitsiyentlari
uchun kerak bo‘ladigan barcha qiymatlar diapazoni
ko‘rsatildi. Energiyaning yo‘qotilish formulasidan
kelib chigadigan bo‘lsak, ayrim qiymatlar diapazoni
bilan ham beriladigan noaniq koeffitsiyentlar
o‘zgarib boradi, ya’ni ogimning turbulent tuzilish
koeffitsiyenti, ogimning kengayish burchagi,
Reynolds soni ham kiradi.

Y ugorida keltirilgan 2 tenglamadagi &: va &
koeffitsyentlar  aniq  bir ragamlar  bilan
asoslanmagan va sonli sanoqda ularni taxminiy
sonlar bilan ifodlangan bo‘lish kerak, aks holda
sanoq olish imoki bo‘lmaydi. Tenglamada kel-
tirilgan koeffitsiyentlarni variatsiyalash shuni ko‘r-

+(1+¢)

+
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satdiki, berilgan masalaning miqdor jihatdan aniq
yechimini aynan shu koeffitsiyentlar bilan aniglash
imkonini beradi: kon lahimi uchun yetarlichakichik
koeffitsiyentlarda yuboriladigan istalgancha katta Q
havo sarfiga, yetarlicha katta koeffitsiyentlarda esa
istalgancha kichik sarfiga erishish imkonini beradi.
Xulosa qilib aytish mumkinki, energiya yo‘qo-
tishlarni aniglamasdan turib, masala to‘liq yechim
topmagan - sifat hamda miqdoriy yechim uchun
energiyaning ma’lum qismi yo‘qotishlarini aniqlash
talab qgilinadi. Bu yerda oqimlarning qo‘shilib ta’sir
etishi hamda qarshi yo‘nalishda harakatlanishining
ta’siri ham inobatga olinmaydi. Havo sarfi Q uchun
yugorida keltirilgan (3) formula uchun ham
N.N.Mohirev tomonidan energiyaning saglanish
gonuni asosida gabul gilingan [6]:

Q=:

S2

3
_£)2 2 P 3 |(9p) L
(F-f) (RS +1.091.7S (pR) 2g>

3 F-f\*  1472/f
20 ((F) S~ 1) FRGE P2 (@)

Qo - Ventilyator-gjektor ishga tushishidan
avvalgi havo ogimi (m%s). Bu sharoitda energiya
yo‘qotilishi muallifning o‘z yondashuvi asosida
aniglanadi. Tenglamadaimpul sning saglanish qonu-
nidan foydalanishni qo‘pol ravishda buzilgan deb
hisoblaydi va I.Ye.Ridelchik usuli bo‘yicha ener-
giya yo‘qotish koeffitsiyentini hisoblash 1-turdagi
ejektorlar, ya’ni “sigilgan” egektorlar uchun
yarogsiz deb hisoblaydi [5]. Tadgiqotdan olingan

tajriba natijalarini gayta ishlash asosida energiya
yo‘qotish koeffitsiyentlari (“to‘liq gidravlik yo‘qo-
tishlar”’) uchun xususiy bog‘liglikni oldi. Yo‘nalishi
bir xil hamda garama-qarshi bo‘lgan oqimlarning
ejeksiya jarayoniga ta’siri ham e’tiborga olindi. (3)
formula aniq bo‘lmagan koeffitsiyentlarni Kiritish
imkoni yo‘q va R>Ry, bo‘lganda qo‘llaniladi, bu
yerda R, tenglamadagi maxragining nolga tengligi
shartidan aniglab olinadi [6].

Xulosa. Yer osti konlarida foydali qazil-
malarni gaizb olishda, xavfsizlik va samarai qgazib
olish jarayoni ventilyatsiya tizimi uchun eng
muhimdir. Shaxtaga toza havo yetgazib berishda,
normativ talablarga muvofiq miqdorda bo‘lishi,
ishchilarning sog‘lig’i va mehnat xavfsizligini
ta’minlaydi, balki kon-texnik sharoitlarni yax-
shilashga xizmat giladi. Zaharli va portlovchi gaz
aralashmalarining to‘planishi bu shamollatish
samaradorligining pasayishiga olib keladi. Natijada
portlash xavfining ortishi kuzatilishi mumkin.
Tadqiqot tahlillar shuni ko‘rsatdiki, turli fizik
gonunlarga asoslangan holda, kon lahimida havo
sarfi Q giymatini hisoblash usullari qo‘llaniladi.
Jumladan, I.I. Medvedev (1), D.l. Alimenko (2)
hamda N.N. Mohirev (3) tomonidan taklif etilgan
formulalar impulsning saglanishi va energiyaning
saqlanishi qonunlariga asoslangan bo‘lib, ular
yordamida havo sarfi hamda energiya yo‘qotishlari
baholanadi.
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ARALASH MISRUDALARIDAN OLTIN VA MISNI SAMARALI AJRATIB
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Annotatsiya. Rangli va gimmatbaho metallar tarkibli sanoat chigindilarini gayta ishlash bo ‘yicha ilmiy
asoslangan texnologiyalarni ishlab chigish kon-metallurgiya ishlab chigarishining igtisodiy
samaradorligini oshirishning muhim yo ‘nalishlaridan biridir. Ushbu maqolada “Yoshlik—I" konining
balansdan tashgari aralash mis rudalaridan mis va gimmatbaho metallarni kompleks ajratib olish
texnologik sxemasi ishlab chiqildi. Olib borilgan tajribalar asosida ishlab chigilgan texnologiya
“O ‘zkumirgo ‘zallik kombinat” AJ tarkibidagi MOF-1 fabrikasida amaliyotga tatbiq etildi. Tadgigotlar
jarayonida aralash mis rudalarini Knelson konsentratorida ikki bosgichli boyitishning optimal
parametrlari belgilandi, natijada oltinni ajratib olish darajasi 78% gacha, misning esa qo ‘shimcha qayta
ishlash operatsiyalari bilan birgalikda 85,4% dan ortiq kompleks ajralishi ta 'minlandi.

Kalit so‘zlar: Aralash misrudalari, gimmatbaho va noyob metallar, gravitatsion konsentratsiya, sianlash
jarayoni, sorbsion usullar, texnogen chigindilar, gayta ishlash texnologiyasi, ekologik xavfsiZik.

NMHHOBALIMOHHBIE TEXHOJIOTUHA DPP®EKTUBHOI'O U3BJIEYEHUSA

30JI0OTA U MEJIU N3 CMEITAHHBIX ME/IHBIX PY /]
babaee Mupooodosicon Lllapoghoicon yznu

Hoxmop ¢unocodpuu (PhD) no mexnuueckum nayxam, Hasoutickuii 20cyoapcmeennpiii 20pHo-mexnono2uyeckuil yuugepcumem, Hasou, Y30exucman

Annomayua. Paspabomka HayyHO 000CHOBAHHBIX MEXHON02UU NepepabomKu  NPOMbIULIEHHbIX
0mx0008, codepicawmux ysemuvle U 01A20POOHBIE MEMANlbl, AGNAEMC BAN’CHLIM HANPAGIeHUeM
NOBLIULEHUSL IKOHOMUYECKOU IDHeKmUBHOCMU 2OPHO-MEMALLYPSULECKO20 NPOoU3800cmea. B oannou
cmamove npeocmasiena MexHOI02UYeCKas cXema KOMNIEKCHO20 U361eYeHUss MeOu U O1azopooHblX
Memanios u3 3a6anaHcosbix CMEUIAHHbIX MeOHbIX pyo Mecmopodcoenus «Ewnux—». Ha ocnoee
NPOBEOEHHBIX ONBIMOE pPA3pPabOmMaHHAs mexHono2usi Ovlia eéHeopeHa 8 npakmuky Ha MO®D-1 AO
«AI'MK». B xo00e uccnedosanuii ycmaHo8ieHbl ONMUMAIbHbIE NAPAMEmpPbl O08YXCMYNEeHUamozo
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Knrouesvie cnosa: Cmewannvie meousie pyosl, OpacoyeHHbvle U peoKue Memasivl, 2paeumayuoHHas
KOHYenmpayus, npoyecc YUAHUPOBAHUSA, COPOYUOHHBIE MemoObl, Gblyelauusanue, MmMexHOLeHHble
0mMX00bl, MEXHON02UU NepepabomKu, IKoI02u4eckas Oe3onacHocmo.

KON-METALLURGIYA VA ISHLAB CHIQARISH SANOATI www.srt-journal.uz
IF'OPHOJOBBIBAIOIIASA METAJITYPI'US U OBPABATBIBAIOIIASA ITPOMBIIIJIEHHOCTD
MINING METALLURGY AND MANUFACTURING INDUSTRY 103


http://www.srt-journal.uz/
mailto:babayevmirdodojon@mail.ru

SANOATDA RAQAMLI TEXNOLOGIYALAR
OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH
DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

INNOVATIVE TECHNOLOGIESFOR EFFICIENT EXTRACTION OF GOLD

AND COPPER FROM MIXED COPPER ORES

Babaev Mirdodojon Sharofjon ugli
Doctor of Philosophy (PhD) in Technical Sciences, Navoi State Mining and Technology University, Navoi, Uzbekistan

Abstract. The devel opment of scientifically grounded technologiesfor the processing of industrial wastes
containing non-ferrous and precious metals is an important direction for improving the economic
efficiency of mining and metallurgical production. This article presents a technological scheme for the
integrated extraction of copper and precious metal s from off-balance mixed copper ores of the “Yoshlik—
1 deposit. Based on experimental studies, the developed technology was implemented in practice at
MOF-1 of Almalyk Mining and Metallurgical Complex (AMMC). The research established the optimal
parameters for two-stage beneficiation of mixed copper ores using a Knelson concentrator. As a result,
the gold recovery reached up to 78%, while the comprehensive copper extraction exceeded 85.4% with
additional copper recovery operations.

Keywords: Mixed copper ores, precious and rare metals, gravity concentration, cyanidation process,

sor ption methods, leaching, technogenic wastes, processing technology, environmental safety.

Kirish. Metallurgiya sohasining asosiy
vazifalaridan biri rudavatexnogen xomashyolardan
tarkibiy komponentlarni tayyor mahsulotga gjratib
olish  darajasini  oshirishdir. O‘zbekiston
Respublikasida aralash kelib chigishga ega va
tarkibida mis hamda gimmatbaho metallar, xususan
oltin va kumush miqdori past bo‘lgan Kkatta
hajmdagi balansdan tashgari mis rudalari mavjud.
Aralash rudalardan rangli metallar va gimmatbaho
metallarni kompleks aratib olish texnologiyasini
yaratish bo‘yicha ilmiy tadqiqotlar metallurgiya
ishlab chigarish sanoati uchun dolzarb hisoblanadi.
Mazkur ish aynan past navli aralash rudalardan
gimmatbaho metalarni olishning yangi yonda-
shuvlarini ishlab chiqishga bag‘ishlangan. Vaqt
o‘tishi bilan hosil bo‘lgan qoplama jinslari, yig‘ilib
golgan balansdan tashqari rudalar, mineralizat-
siyalangan massaar, ruda tayyorlash jarayonining
oraliq chiqindilari O°‘zbekiston metallurgiyasini
rivojlantirish uchun istigbolli xomashyo bazasi
bo‘lib xizmat qiladi. “Olmaliq KMK” AlJda rangli
metallar zaxirasi qo‘shimcha manba sifatida kon
ag‘darmalari va chiqindi saqlash joylarida mavjud
[1].

Balansdan tashgari rudalar va texnogen
chigindilar bo‘yicha olingan ma’lumotlarni tahlil
gilish, ularni dastlabki boyitish orgai gimmatbaho
metalarni gratib olish zarurligini ko‘rsatadi. Shu
jarayonda, qo‘shimcha tarzda, tarkibida nisbatan

past miqdorda bo‘lsada, misni ham ajratib olish
rejalashtiriladi.

Obyektlar va tadgiqot usullari. Ushbu
ishning tadqiqot obyekti sifatida “Olmaliq KMK”
AlJning “Yoshlik-I"" konidan olingan aralash oksidli
va sulfidli mis rudalari tanlandi. Ishda zamonaviy
kompleks tadqgigot usullari, laboratoriya sharoitida
olib borilgan texnologik tajribalar hamda tajriba-
sanoat sinovlari keng qo‘llanildi. Fizik-kimyoviy
tadqigot usullari: IK-spektroskopiya, skanerlovchi
elektron mikroskopiya (SEM), energodispersiv
spektroskopiya (EDS), energodispersiv rentgen-
fluorestsent spektroskopiya, atom-emission tahlil,
oltin va kumushni aniglash uchun probirkali tahlil
usullari tanlandi.

(0.0500) mass% 0.0058 00169
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NEX CG

1-rasm. “Yoshlik-I" konining aralash mis
rudalarining mineralogik tarkibi.
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Kimyoviy vamineraogik tahlillar aralash mis
rudalaridan olingan namunalar asosida “Olmaliq
KMK” AJ Markaziy analitik laboratoriyasi hamda
“Navoiy KMK” AJ Markaziy ilmiy-tadqigot
laboratoriyasida bajarildi. Fazaviy tahlil vazarracha
o‘lchamlarini aniqlash ishlari esa O‘zbekiston—
Y aponiya yoshlar innovatsion markazida hamda
Mineral resurdar instituti (MRI) mutaxassislari
tomonidan amalga oshirildi [2; b. 51-59].

Qimmatbaho va noyob metalar miqdorini
aniglash uchun yuqori samarai energodispersiv
rentgen-fluorestsent  spektrometri  (NEX CG
RIGAKU)dan foydaanildi. Ushbu maxsus usul
“Yoshlik-I" konining aralash chiqindi rudalarining
modda tarkibini chuqur o‘rganish imkonini berdi.

Kimyoviy tahlil ma’lumotlariga ko‘ra, sulfid
ruda o‘rta namunada quyidagi tarkibga ega: %:
SO, - 47,4; Al20s -13,7; MgO — 7,93; SOs — 3,06;
K20 -2,8; CaO - 13,8; Fex0O3—9,67; CuO - 0,204,
ZnO - 0,06; GaxO3 — 0,0042; As03 — 0,0114; SeO>
— 0,0009; Rb,O — 0,0207; SrO — 0,0238; Au —
0,0019; Ag — 0,0019; PbO -0,0155; NiO — 0,0023;
Co203 — 0,0153; MnO — 0,255; Cr203 - 0,0055;
V205 — 0,0423; TiO2 — 0,588; Ac — 0,0070; Cl —
0,0264; SOz — 0,0029; BaO — 0,0285; OsOs —
0,00043; Eu203 — 0,05; UzOs — 0,001.

Analvzed result(FP method)
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2-rasm. “Yoshlik-1” konidagi aralash mis
rudalarining moddiy tarkibi.

Kimyoviy tahlil natijalariga ko‘ra, o‘rta
namunadagi aralash rudada quyidagi moddalar
mavjud: %: SIO2 — 54,3; Al20s3 — 16,5; MgO — 2,49;
SOz — 1,49; K20 — 5,72; NaO — 2,52; CaO — 7,26;
FexOs — 7,96; CuO - 0,119; ZnO - 0,0214; Gax0s3 —
0,0042; As,03 — 0,0057; SnO2 — 0,0037; RbO —
0,00295; SrO — 0,0566; Au — 0,0019; Ag — 0,0017;
PbO — 0,0018; NiO — 0,0022; MnO — 0,312; TiO2 —
0,571; Ac — 0,0037; Cl — 0,028; Sh.0Os — 0,0017;
U30s—0,0014; MoOs— 0,003; Co.03—0,0132; BaO
—0,0761; Cr03 — 0,0042; V205 — 0,0352.

Zaxiradagi rudalardan ortib qgolgan chigin-
dilardan noyob va nodir metallarni tagsimlanishini
o‘rganish maqsadida monominerallar — pirit,
xakopirit, molibdenit va boshqgalar tanlab olindi.
Tadqiqot natijalariga ko‘ra, aralash rudalardagi
gimmat metallar tagsimlanishi (g/t) quyidagicha
aniglangan: Au — 12,2; Ag — 41,2; Pd — 0,25; Pt —
0,20; Rh — 0,02; Ru — 0,93; Os — 0,015. Aralash
rudalarning turli mineralashtirilganligi  sababli,
minerallar tarkibi va ularning mavjudlik shakllarini
aniglash magsadga muvofiq deb topildi. Bu mag-
sadda turli tadqiqot metodlari qo‘llanilib, mineral
tarkibini aniglash va keyinchalik boyitish meto-
dikasini tanlash ishlari olib borildi. Skanerlovchi
elektron mikroskop (SEM) JSM-1T200 yordamida
o‘tuzilishini tkazilgan tahlillar o‘rganilayotgan
obyektlarning elementar, mineralar tarkibi va
aniglashga garatilgan kompleks tadgiqotlarning
muhim bosgichi hisoblanadi.

Y e

IMG1

3-rasm. Namunaning butun yuzasining umumiy
elementar tahlili.

4-rasm. A7 namunalari tahlil natijalari.
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O‘rganilgan elementlar yuzasi asosan misdan
iborat bo‘lib, temir minerallarining izlari aralashgan
bo‘lib ular oltingugurt bilan birikib, temir sulfid
mineralarini  hosil qgiladi. Shuningdek, yuqori
cho‘qqida sezilarli migdorda kalsit mavjud. Tahlil
natijalariga ko‘ra, o‘rganilgan namunadagi mis
miqdori 0,17% ni tashkil giladi. Mis sulfidining
tuzilishi zich bo‘lganligi sababli, namunaning ba’zi
gismlaridayorqin vabiroz yashil rangda aks ettiradi.
Bu esa asosan oltingugurt bilan bog‘liq. Shu bilan
birga, A7 namunaai EDS (energodispersiya
spektroskopiyasi) orqali moddiy tarkibi bo‘yicha
ham o‘rganilgan, natijalar quyidagi rasmlarda
keltirilgan.

Fe-K Cu-K K-K Ca-K
1 5um 1 5pm 1 5um ) Sum
Zn-K Ti-K Mn-K

1 5um

energodispersiya spektroskopiyas (EDS) tahlili
natijalari.

Spektr 005 da namunaning misli  yuzasi
ko‘rsatilgan bo‘lib, o‘rganilgan namunada mis
miqdori 0,17% gateng. Mis sulfidlar bilan birikkan
va shu paytda cho‘kma temir sulfid minerallari bilan
tepadagi piklar bir-biriga mos keladi. Mis asosan
xalkopirit mineralida mavjud bo‘lib, qo‘shimcha
ravishda titan, alyumin, kvarts va kalsit minerallari
uchraydi.

Natijalar. Oltin gayta ishlash zavodlarida
kammiqdorli texnogen chiqindilarni boyitish texno-
logiyasini ishlab chigishda, mineralarni zichlik
xususiyatlariga asoslangan gravitatsion kuch may-
donida ajratish prinsipi  bo‘yicha turli kon-
sentratorlar sinovdan o‘tkazildi. Tadqiqotning
dastlabki bosqichida “Olmaliq KMK” AlJning
aralash balansdan tashgari mis rudalarida 100-400
mkm o‘lchamdagi tabiiy oltin zarralari mavjud
emasligi aniglangan. >70 mkm o‘lchamdagi
zarrachalardan olingan konsentratlarda ham oltin
topilmadi. Bu zavodlarning texnologik bo‘g‘in-
larida yirik kristalli tabiiy zarralar juda kam
miqdorda bo‘lib, fagat mayda oltin mavjudligiga
bog‘liq.

Ushbu xulosa gravitatsion boyitish tadgiqot-
lari vagtini gisgartirdi, chunki vintli separatorlar,
selektor mashinalari va shlyuzlar kabi yirik metall
zarrachalarini  ajratishga mo‘ljallangan usku-
nalarning samaradorligi yetarli bo‘lmadi. Shu bois,
sanoat qo‘llanilishi uchun yuqorida sanab o‘tilgan
uskunalar yetarli natija bermadi. Shuningdek, uzoq
yillar davomida texnogen chiqindilarni saqlash
natijasida tarkiblarining o‘zgarishi aniqlangan [4;
S.29-33].

“NKMK” AJ Markaziy ilmiy tadqiqot
labaratoriyasi sharoitida texnogen chiqindilarni
gravitatsion boyitish bo‘yicha Knelson MD3
markali markazdan qochmakonsentrator yordamida
tadqgiqotlar o‘tkazildi va uning parametrlarining
o‘zgarishi tahlil gilindi. Navoiy davlat konchilik va
texnologiyalar universiteti Imiy-tadgiqot labora-
toriyasi sharoitida boshqa texnogen chiqindilardan
gimmatbaho va noyob metallarni boyitish bo‘yicha
laboratoriya tajribalari Knelson GX9 konsen-
tratoridaamalgaoshirildi. Tadgiqgotdaasosiy e’tibor
texnogen chiqindilarda mavjud, zichligi yuqori
bo‘lgan qimmatbaho va noyob metallarga qaratildi,
ular markazdan gochma maydonda samarali gra-
lalishi kuzatildi.

Aralash namunaning boyitish tajribalari 10 kg
dastlabki materialdan o‘tkazilib, gravitatsion kon-
sentratsiyaning 1-bosqichida 90G, 2-bosqichida
120G markazdan qochma kuch, suv sarfi mos
ravishda 2 I/dag va 5 I/daq bilan amalga oshirildi.
Gravitatsion boyitishdan so‘ng aralash rudalardan
olingan gravitatsiyaboyitmas gimmatbaho metallar
bilan boy bo‘lib, uning tarkibi quyidagicha: oltin
o‘rtacha 14,31-20,12 g/t, kumush 59,42-67,3 g/t
saglaydi. Olingan gimmatbaho metall konsentrati
keyinchalik konvertorli eritishga yo‘naltirilishi
mumkin, bunda oltin, kumush va mis xomaki mis
fazasiga o°tadi. Boyitish chiqindilarining tarkibida
umumiy mis hajmidan 73,13% mis qolgan bo‘lib,
bu dastlabki rudaning mis tarkibi 0,2025% edi.
Boyitishdan keyingi chigindilarning holati pulpa
shaklida bo‘lib, Q:S nisbatida 1:4 ga teng, bu esa
ularni  gidrometallurgik  texnologiyada qgayta
ishlashga modligini anglatadi.

Oc‘tkazilgan tajribalar seriyasi natijasida,
balansdan tashgari rudalaridan mis va gimmatbaho
metallarni  kompleks gjratib olish  texnologik
sxemasi ishlab chigilgan. Shu bilan, past konsen-
tratsiyali mis mahsulotiga misni cho‘ktirish bilan
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agitatsion yuvish wusulini qo‘llash maqsadga
muvofiqdir. Shu paytda ekstraktsion va sorbsion
usullar igtisodiy nuqgtai nazardan rentabellikka ega
emas [6; S.42-51].

Midli chigindilarning fazaviy tahlili yuqori
erituvchanlikni ko‘rsatib, sulfat kislota eritmasida
yaxshi natija bergan. Olingan sulfatli mis eritmas
yugori miqdordagi aralashmalar bilan ifloslangan
bo‘lib, ularning miqdori mis elektrolizi jarayoni
bilan cheklangan. Laboratoriya tadgiqotlari
natijasida misni tanlab eritishning optimal para-
metrlarini va temir chigindilaridan foydalangan
holda misni cho‘ktirish usulini aniqglash mumkin
bo‘ldi.

Xulosa. Birinchi marta aralash mis ruda-
laridan gimmatbaho metalarning markazdan
gochiruvchi  konsentratsiyasi orgali  kombinat-
siyalangan texnologiya ishlab chiqildi, bunda
gimmatbaho metallarning konsentrat fazasiga
o‘tishi ta’minlandi, shuningdek, oltin, kumush va
misni selektiv gratib olish uchun sorbsiya usuli
bilan tanlab eritishishlari olib borildi vaboyitishdan
golgan mahsulotlardan misni  sulfatli  eritma

yordamida gjratib olishning optimal parametrlari
aniglandi.

Aralash mis rudalarini birinchi bosgichda
markazdan gochiruvchi kuch 90G da boyitish uchun
optimal parametrlar belgilandi. Suv sarfi 2 |/dag
bo‘lib, oltinning asosiy miqdorini konsentrat-
siyalash natijasida olinadigan umumiy gravitatsion
konsentratda oltin tarkibi o‘rtacha 14,31-20,12 g/t,
oltinning gjratilish dargas esa 72,98-77,95% ni
tashkil etdi. Ikkinchi bosgichda markazdan gochi-
ruvchi kuch 120G, suv sarfi 5 1/daq bo‘lib,
gravitatsion boyitish natijasida kumush konsentrati
59,42-67,3 ¢/t tarkibida va gratilish dargas
68,46-69,95% ga yetkazildi.

O‘tkazilgan tajribalar seriyasi natijasida
aralash mis rudalaridan mis va gimmatbaho metal-
larning kompleks gjratib olinishi texnologik sxe-
masi ishlab chiqildi, barcha jarayonlarning optimal
parametrlari aniglanib, ishlab chigarish migyosida
jihozlash uchun apparat zanjir sxemas asoslandi.
Metallarning material balansiga ko‘ra, oltinning
gjratilish dargjasi 66,88%, kumush 60,46%, mis esa
85,40% ni tashkil giladi.
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Annotatsiya. Ushbu tadgiqot GMZ-2 sorbenti yordamida chiqindi bo ‘tanalaridan rangli metallarni
ajratib olish texnologiyasini o ‘rganishga qaratilgan. Chigindi bo ‘tanalarining atrof-muhitga salbiy
ta’siri va rangli metallarni qayta ishlash orgali ularning gayta ishlanishi hozirgi kunda dolzarb
masalalardan biridir. Rangli metallarni ajratib olishda sorbsiyalash jarayoni samarali va ekologik toza
usul sifatida e 'tirof etilmogda. Tadqigotda GMZ-2 materialining sorbsiyalash xususiyatlari, pH darajasi,
harorat, vaqti va boshqa omillar ta’siri ostida rangli metallarni sorbsiyalash samaradorligi o ‘rganildi.
Kalit sozlar: Rangli metallar, chigindi bo ‘tanalar, sorbent materiallari, qayta ishlash texnologiyasi,
ekologik ta’sir, kimyoviy jarayonlar, fizik-kimyoviy jarayonlar, metall ionlari.
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Annomauus. Imo ucciedosanue HANPAsIeHO HA U3YHeHUe MEeXHOI02ULU U36TeHUeHUs. YBEMHbIX MeMAllo8
U3 0OmMXx0008 pPACMUMENbHbIX MAMEPUalod ¢ UCnoIb3oeanuem copbenma GMZ-2. Heeamuenoe
8030eticmaue 0mx0008 PACMUMENbHbIX MAMEPUATIO8 HA OKPYICAIOULYIO Cpedy U NepepadomKa Yeemmblx
Memaniog s8A0mcs aKkmyaibHulMu npooiemamu 8 Hacmosuee epems. Ilpoyecc copbyuu npusnau
ahhexmuenviM U IKONOUHECKU YUCTBIM MEMOOOM Ol U3GNeUEHUs. YBEMHbIX Memanios. B xoode
uccie0osanusi OvlIU U3yHeHsvl copoyUoHHble Xapakmepucmuku mamepuanra GMZ-2, a makace enusnue
maxux gpakmopos, kax yposerv pH, memnepamypa, epems u opyeue napamempvl Ha dhghexmusnocmo
copoyuU YBemHbIX MemaJios.
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STUDY OF THE TECHNOLOGY FOR EXTRACTING COLORED METALS
FROM WASTE PLANT MATERIALSUSING SORPTION IN GMZ-2
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Rakhmidinovich Sharofjon ugli ugli Habib kiz
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Abstract. This study focuses on investigating the technology for extracting colored metals from waste
plant materials using the GMZ-2 sorbent. The negative impact of waste plant materials on the
environment and the recycling of colored metals are current pressing issues. The sorption process is
recognized as an effective and environmentally clean method for extracting colored metals. The study
examined the sorption properties of the GMZ-2 material, as well as the influence of factors such as pH
level, temperature, time, and other parameters on the efficiency of colored metal sorption.

Keywords: Colored metals, waste plant materials, sorbent materials, recycling technology,
environmental impact, chemical processes, physicochemical processes, metal ions, economic efficiency.

Kirish. Chigindi bo‘tanalarining tashlanishi
va atrof-muhitga ta’siri hozirgi kunda ekologik
muammolarni keltirib chigarmogda. Dunyo bo‘ylab
sanoat va maishiy chigindilarining ortishi, shu
jumladan rangli metallarni o‘z ichiga olgan chiqin-
dilar, atrof-muhitni ifloslantirib, inson salomatligiga
jiddiy xavf solmoqda. Rangli metallar, masalan, mis
(Cu), qo‘rg‘oshin (Pb), nikel (Ni) va boshqa og‘ir
metallar, asosan sanoat ishlab chigarish, qurilish
materiallari va elektronika chigindilaridan olinadi.
Ushbu metadlarni gratib olish va gayta ishlash,
nafagat iqtisodiy samaradorlikni oshiradi, balki
atrof-muhitni ifloslanishdan himoya qgiladi. Rangli
metalarni  gratib olish uchun mavjud texno-
logiyalar orasida sorbsiyalash jarayoni samarali va
ekologik jihatdan toza usul sifatida tanilgan.
Sorbsiyalash jarayonida, zarur moddalarning ionlari
yoki molekulalari, sorbent materialari tomonidan
yutiladi. Bu usul chigindi materialaridan rangli
metallarni ajratib olishda keng qo‘llanilmoqda.
Sorbsiyalash jarayonining samaradorligi, sorbent-
ning xususiyatlariga, shuningdek, jarayon sharoit-
lariga bog‘liq. GMZ-2 — bu rangli metallarni agjratib
olishda ishlatiladigan yuqori samarali sorbent
materialidir. GMZ-2 ning kimyoviy tarkibi va

fizikaviy xususiyatlari uni chigindi bo‘tanalaridan
rangli metallarni gjratib olish uchun samarali vosita
giladi. Bu material yuqori yutish qobiliyatiga ega
bo‘lib, rangli metallarni ajratish samaradorligini
oshiradi. Shuning uchun, GMZ-2 sorbentini
qo‘llash rangli metallarni qayta ishlash jarayonini
ekologik jihatdan toza va iqtisodiy samarali gilish
imkonini  beradi. Ushbu tadgiqotning magsadi
GMZ-2 sharoitida sorbsiyalash jarayonini o‘r-
ganish, rangli metallarni chiqindi bo‘tanalaridan
gratib olish texnologiyasini optimallashtirish va
uning samaradorligini tahlil gilishdir. Tadgigotda
sorbsiyalash jarayonini boshgaruvchi omillar — pH
dargjasi, harorat, vaqti va boshga fiziko-kimyoviy
sharoitlarning ta’siri o‘rganiladi. Shuningdek, bu
tadqiqotning natijalari chiqindi bo‘tanalaridan
rangli metallarni gratib olishda GMZ-2 mate-
riaining afzalliklarini namoyon etishi kutilmogda
Texnogen chigindilar turlari — bu sanoat
jarayonlari natijasida hosil bo‘ladigan ikkilamchi
xomashyolardir. Ular quyidagi asosly guruhlarga
bo‘linadi: konsentratlar, shlaklar va katalizatorlar.
Konsentratlar — metallurgik jarayonlardan olingan,
metall miqgdori yuqori bo‘lgan materiallar bo‘lib,
ko‘pincha ruda sifatida saqlanadi. Shlaklar —
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metall ishlab chiqarish jarayonida hosil bo‘ladigan
qattiq qoldiglar bo‘lib, ular tarkibida noyob yoki
rangli metallar bo‘lishi mumkin. Katalizatorlar esa
kimyo sanoatida ishlatilganidan so‘ng o‘z faol

xususiyatini  yo‘qotgan, biroq  qgimmatbaho
komponentlarni 0°z ichiga olgan texnogen
chigindilardir.

Adabiyotlar tahlili va metodlar. Rangli
Mmetallarni chiqindi bo‘tanalaridan ajratib olish
texnologiyalari sohasida bir gancha ilmiy tadqi-
gotlar amalga oshirilgan. Ushbu tadgiqotlarning
ko‘pchiligi chiqindi materiallardan foydali metal-
larni gjratish uchun turli usullarni, jumladan,
fizikaviy, kimyoviy va biotexnologik jarayonlarni
o‘rganishga qaratilgan. Sorbsiyalash jarayoni bu
usullardan biri bo‘lib, chiqindi materiallardan
metallarni ajratish uchun keng qo‘llanilmoqda. [1].

2-GMZ texnogen chigindilaridan metallarni
gratib oilish jarayonlari ekologik xavfsizlikni
yaxshilash va gayta ishlash samaradorligini oshi-
rishda katta rol o‘ynaydi. Aynigsa, boyitish
jarayonlarida zararli moddalar miqdori kamayishi,
chigindilarni gayta ishlash va tabiiy resurdardan
samarali  foydalanish kabi muhim jihatlar
metallurgiya sohasining afzalliklaridan  biri
hisoblanadi. Tadqiqotda, 2-GMZ sorbsiyalash jara
yoni bo‘tana texnogen chiqindilarini materialining
rangli metallarni sorbsiyalash jarayonidagi sama-
radorligi o‘lchandi va ularning pH mubhit tasiri
o‘rganilgan. Olingan natijalar jadvalda keltirilgan
turli eksperimental sharoitlarda o‘rganilgan. Har bir
metodning afzalliklari va cheklovlari aniq belgilab,
ularning o‘zaro ta’sirini yaxshilash va jarayonlarni
optimallashtirish yo‘llari ko‘rsatilgan [3].

Ajratish usullari — bu texnogen chigin-
dilardan rangli va noyob metalarni gayta tiklashda
qo‘llaniladigan asosiy texnologik jarayonlardir.
Ular to‘rt guruhga bo‘linadi: kimyoviy, fizik,
biologik va terma usullar. Kimyoviy gratishda
metall ionlari turli eritmalar orgali kimyoviy
reaksiya va eruvchanlik xususiyatlariga ko‘ra ajra-
tiladi. Fizik metodlar magnit gjratish yoki flotatsiya
kabi jarayonlarga asoslanib, metall zarrachalarini
jismoniy xususiyatlariga garab gratadi. Biologik
metodlarda esa ayrim bakteriyalar va mikroor-
ganizmlar chigindilardagi metall birikmalarni
parchalab, ularni gayta tiklash imkonini beradi.
Terma usullar yuqgori haroratda eritish  yoki
qizdirish orqali metallarning ajralishini ta’minlaydi.

Natijalar. Tadgigotda GMZ-2 sorbsiyalash
jarayoni bo‘tana texnogen chiqindilarining tarki-
bidagi rangli metalarning sorbsiyalash jarayoni
samaradorligi va shu bilan birga bu jarayonga pH
muhitning tasiri o‘rganildi. Har bir usulning samara-
dorligi va parametrlar bo‘yicha olingan natijalar
quyidakeltirilgan.

Sorbsiyalash
Sorbsiyalash

jarayonining  natijalari.
jarayonida olingan boyitma va

chigindilar tahlil qgilingan. Quyidagi jadvalda
gravitatsiya boyitish natijalari keltirilgan:
- pH darga;
- Rangli metdlar;
- Sorbsiya samaradorligi.
1-jadval
Sorbsiyalash natijalari
H Sorbsiya
PR Rangli Metalllar (Cu, Pb) Samaradorligi
darajasi (%)
3 Cu: 150 mg/L, Ph: 100 mg/L 85%
5 Cu: 200 mg/L, Pb: 120 mg/L 90%
7 Cu: 250 mg/L, Pb: 130 mg/L 95%
9 Cu: 180 mg/L, Pb: 110 mg/L 87%
2-jadval
Turli pH muhitlarda rangli metallarni yutilish
darajalari
. Qo‘rgoshin . .
pH Mis(Cu) . Nikel (Ni)
darajas | Yutish (%) (Pb)(o\/zl)‘“s'“ Yutish (%)
4 75 82 68
6 85 88 80
8 90 89 85
10 87 84 78

1-rasm. Har bir bosgich uchun zarrachalar
o‘lchamini ajralish darajasiga bog ‘liglik grafigi.

3-jadval
Turli haroratlarda metallarni sorbsiyalanish
darajas

Harorat lezt(i(;#) Qo‘rg‘oshin (Pb) |  Nikel (Ni)

(°C) (%) Yutish (%) Y utish (%)
15 70 75 60
25 85 82 75
35 88 85 80
45 EN) 88 85
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Qatrongayutulish darajasi, %

15 25 35 45
Harorat, °C

=—Cu, % Pb, % Ni, %

2-rasm. Eritmadagi metallarni gatronga
yutilishining haroratga bog ‘liqlik grafigi.

Haroratning o‘zgarishi bilan sorbentning
rangli metallarni yutish samaradorligi ganday
ta’sirlanishini ko‘rsatadi. Bu jadvalda haroratning
yutish samaradorligiga ganday ijobiy yoki salbiy

ta’sir qilishini tasvirlaydi.

4-jadval
Turli vaqt birligidagi sorbsiyalash jarayoniga
ta’sirini

Vagqt Mis (Cu) Qo‘rg‘oshin (Pb) Nikel (Ni)
(soat) | VYutish (%) Yutish (%) Yutish (%)

1 60 65 55

2 75 78 68

3 85 84 78

4 90 88 85

90
20 85 g4 88 g5

50 75 78 78
70 65 8
60

60 55
50
40
30
20
10

[

1 2 3 4

Vagt

Qatrongayutulish darajasi, %

HCu,% ®Pb,% ©=Ni,%

3-rasm. Eritmadagi metallarni gatronga
yutilishining vaqtga bog ‘liqlik grafigi.

Sorbsiyalash jarayoni davomida vaqt o‘tishi
bilan rangli metalarni yutish samaradorligining
ganday o‘zgarishini ko‘rsatish mumkin. Bu, odatda,
jarayonning optimal vagtini topish uchun foydalidir.

Xulosa. Ushbu tadgiqotda GMZ-2 sorben-
tining chiqindi bo‘tanalaridan rangli metallarni
gratib olishdagi samaradorligi keng gamrovda va
chuqur tahlil qilindi. Olingan eksperimental
natijalar shuni ko‘rsatdiki, GMZ-2 sorbenti metall

ionlarini yutishda yuqori selektivlik va yuqori
sorbsion qobiliyatga ega. Aynigsa, pH dargjasi 6-8
oralig'ida va harorat 25-35°C sharoitida eng
magbul natijalar gayd etildi. Bu ko‘rsatkichlar shuni
anglatadiki, sorbentning ishlash mexanizmi aynan
tabiiy sharoitga yagin muhitda yuqori dargada
samarali bo‘lib, uni amaliyotda qo‘llash imko-
niyatlari keng ekanligini isbotlaydi.

Tadgiqot davomida GMZ-2 sorbenti nafagat
samaradorligi, balki ekologik bargarorligi bilan ham
gralib turishi aniglandi. Rangli metallarni chigin-
dilardan ajratib olish jarayonida ko‘plab texnologik
usullar mavjud bo‘lsa-da, GMZ-2 asosidagi sorb-
siyalash usuli atrof-muhitga minimal zarar yet-
kazadi va xavfsiz, tgamkor texnologiya sifatida
graib turadi. Bu esa uni bargaror rivojlanish
tamoyillariga javob beradigan yechimlardan biriga
aylantiradi. Shuningdek, ushbu sorbentning sanoat
miqyosida keng joriy etilishi chigindilarni gayta
ishlash tizimini takomillashtirish, rangli metal-
larning ikkilamchi manbalaridan samarali foyda-
lanish hamda tabiiy resurslarga bo‘lgan bosimni
kamaytirishda beqiyos ahamiyat kasb etadi.

Natijalar shuni ko‘rsatadiki, GMZ-2 sorbenti
asosida yaratilgan texnologiya kelgjakda ekologik
toza, iqgtisodiy samarali va innovatsion yechim-
lardan biri sifatida rivojlanish istigboliga ega
Mazkur texnologiya yordamida chigindilar tarki-
bidagi gimmatbaho va rangli metadlarni qayta
ishlash orqali iqtisodiyot uchun qo‘shimcha qiymat
yaratiladi, ishlab chigarish tannarxi pasayadi va
korxonalar uchun moliyaviy samaradorlik oshadi.
Shuningdek, ushbu yondashuv orgali atrof-muhitni
muhofaza qilish, chigindi ogimlarini kamaytirish va
ekologik xavfsizlikni ta’minlash imkoniyatlari sezi-
larli dargjada kengayadi.

[Imiy nugtayi nazardan, mazkur tadgigot
sorbsiyalash texnologiyalarining fundamental asos-
larini rivojlantirishga xizmat qgiladi. Olingan nati-
jalar sorbsiya kinetikasi, diffuziya jarayonlari va
ion-amashinish mexanizmlarini chuqurrog tushu-
nishga imkon beradi. Shu bilan birga, bu tadqgigot
akademik hamkorlik uchun ham yangi istigbollar
yaratadi. Xususan, GMZ-2 sorbentining qo‘llani-
lishi xalgaro migyosda ekologik muammolarni hal
etishda, yangi sorbent materiallarini ishlab chi-
qishda va resurslarni qayta ishlash bo‘yicha global
loyihalarda muhim o‘rin tutishi mumkin.

Xulosa qilib aytganda, GMZ-2 sorbenti
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HAMDA ULARNING KORROZIYAGA QARSHILIGI VA GIDROABRAZIV
ISHONCHLILIGINI TA’MINLASH
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Annotatsiya. Konlarda neft va gaz sohasidagi magistral quvuruzatmalarida gazlar asosan metall
quvurlar orqali uzoq masofaga tashiladi. Neft va neft mahsulotlari birlamchi kon sharoitida zaxarli
birikmalardan tozalanadi va sisternalarga yuklash davrigacha katta rezervuarda saqlanib turiladi.
Shuning uchun gazquvurlari orqali haydaladigan tabiiy gazlarni nordon komponentlardan tozalanganda
ularning tarkibida tajavuzkor aralashmalarning elementlarini qolishi natijasida kimyoviy jarayonlarni
keltirib chigarish va salbiy ta’sir qilish holatlari o ‘rganilgan.

Kalit so‘zlar. korroziya, yig‘ish, tashish, bardoshlilik, zaxarli komponnentlar, geterokompozit
materiallar, oksidlar, karbonatlar.
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Annomauyun. B negpme- u 2azonposodax cazei mpancnopmupyromcs Ha Oorvuiue paccmosiHus
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FACTORSAFFECTING EQUIPMENT FOR PRIMARY COLLECTION,
STORAGE AND TRANSPORTATION OF OIL AND GASPRODUCTSIN
FIELDS, AND ENSURING THEIR CORROSION RESISTANCE AND

RELIABILITY AGAINST HYDRO-ABRASIVE EFFECTS
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Abstract. Oil and gas pipelines transport gases over long distances, mostly through metal pipes. Oil and
petroleum products are purified from toxic compounds in the primary field and stored in a large tank
before being loaded onto tankers. Therefore, when cleaning natural gases pumped through gas pipelines
from acidic components, the occurrence of chemical processes and negative effects caused by the
presence of aggressive compounds in their composition has been studied.
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materials, oxides, carbonates.

Kirish. Korroziyaga garshi bardoshliligini
oshiradigan materiallar va ular asosidagi kom-
pozitlar har doim neft va gaz sohasida, neft-gaz
mahsulotlarini yig‘ish, tashish saglash tizimlarida
keng go‘llanilgan va go‘llanilmoqda.
Respublikamizda “Muborak neft va gaz gazib
chigarish boshgarmasi”, “Sho‘rtan neft gaz qazib
chigarish boshgarmasi” tizimlarida go‘llaniladigan
quvuruzatmalarida, saglash rezervuarlarida metall
konstruksiyali jihozlardan keng foydalaniladi va
ularga mahsulotning tarkibidagi zaxarli kom-
ponentlar korroziya bardoshliligiga va gidro-
abrazivlik ishonchliligiga salbiy ta’sir ko‘rsatadi
hamda ekspluatatsiya gilish muddatini gisgartiradi.
Respublikamizda “Sho‘rtan gaz-kimyo mamuasi
va Ustyurt gaz-kimyo majmualarida
poliolefinlarning keng assortimenti, xususan,
polietilen va polipropilen materialari ishlab
chigariladi. Shuning uchun polimerlar asosidagi
geterokompozit materiallarning fizik-mexanik Xxu-
susiyatlarini yaxshilash magsadida ularning yangi

kompozitsiyaarini yaratish ustuvor Yyo‘nalish
hisoblanadi.
Adabiyot tahlil va metodlar. Polimer

asosida olinadigan geterokompozit materiallarning
fizik-mexanik xususiyatlari va tavsiflari turli
komponentlar va modifikatsiyalash usullaridan
foydalanilgan holda ishlab chiqariladi. Bunday
komponentlardan biri turli tabiatdagi, geometrik
o‘lchamdagi va shakldagi to‘ldiruvchi moddalar
bo‘lib, ular mustahkamlik, deformatsiya, korro-
ziyaga garshi bardoshlilik xususiyatlarini  yax-
shilash hamda ekspluatatsiya muddatini uzaytirish
imkonini beradi. Bu esa ularning tarkibiy migdorini
oshirish dargjasiga garab tartibga solinishi mumkin.
Odatda polimerlarni to‘ldirish darajasi 5% dan 50%
gacha o‘zgarib turadi, lekin ayrim hollarda bu ko‘r-
satkich ekstremal qiymatlarga yetadi va to‘ldiruvchi
modda polimer bog‘lovchi miqdoridan bir necha
baravar ko‘p bo‘lishi ham mumkin [1].
Geterokompozit materiallarning ishlash xusu-
siyatlarini yaxshilashda eng ko‘p qo‘llaniladigan
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qattiq to‘ldiruvchi moddalar dispers (changsimon)
va tolali [1; 2] materiallarga bo‘linadi hamda tashqji
agressiv ta’sirlarga qarshi mustahkamlovchi sifatida
xizmat qiladi.

Geterokompozit polimer materialarni mus-
tahkamlash — bu ularga dispers yoki tolali
to‘ldiruvchi moddalarni qo‘shish orqali ularning
chidamliligi va boshga mexanik Xxususiyatlarga
bardoshliligini  oshirish jarayonidir. Oksidlar,
karbonatlar va boshga noorganik birikmalar kabi
dispers to‘ldiruvchi moddalar polimer tuzilmasida
bir tekis tagsimlanib, uning gattigligini va bosim
kuchini oshiradi. Shisha tolasi, uglerod tolasi va
boshga tolali materiallar kabi mustahkamlovchi
to‘ldiruvchi moddalar, hatto qayta ishlangan bo‘lsa
ham, polimerning valentlik va ta’sirga chidam-
liligini oshiradi [3].

Mualliflarning ta’kidlashicha, geterokom-
pozit polimerlarni dispers to‘ldiruvchi moddalar
bilan mustahkamlash mexanizmi to‘ldiruvchi mod-
dalar polimerning eastiklik va gattiglik modulini
oshirish, ularning yo‘lida to‘siqlar yaratish orqali
polimer matritsasida yorilishni hosil bo‘lishi va
targalishining oldini olishiga asodanadi. Tuzil-
madagi to‘ldiruvchi moddalarining mustahkam-
lovchi ta’siri ularning tarkibi, hajmi va shakliga,
shuningdek to‘ldiruvchilarning tagsimlanishiga
bog‘lig. Polimer matritsasida to‘ldiruvchi modda-
larining bir xil tagsimlanishi maksima mustah-
kamlovchi ta’sirni ta’minlaydi, bu esa to‘ldiruvchi
miqdori ortishi bilan kuchayadi [3].

Geterokompozit polimerlarni  to‘ldiruvchi
moddalar bilan mustahkamlash mexanizmi ularning
polimer matritsasiga tushadigan yukning bir gismini
o‘ziga singdirib, geterokompozit polimerning cho*-
zilish kuchi va ta’sirga chidamliligini, shuningdek
gattigligini oshirishiga asoslanadi. Ushbu nazariya
geterokompozit polimerlarning mexanik xusu-
siyatlarini  oshirish  mexanizmlarini  tushunishga
imkon beradi. Biroq, agar to‘ldiruvchi modda
miqgdori juda yuqori bo‘lsa, to‘ldiruvchi moddalar
va matritsa orasidagi yopishishning yomonlashishi
tufayli polimerning mexanik xususiyatlari pasayishi
mumkin [4].

To‘ldirgichlar geterokompozit polimer yoki
uning eritmasi bilan yaxshi namlanishi kerak. Agar
ular tarkibida boshga modifikatsiyaovchi yoki
plastiklashtiruvchi komponentlar bo‘lsa, ishlab
chigarish va ekspluatatsiya jarayonida Xusu-

siyatlarning barqarorligini ta’minlaydigan bir xil
tizimni tashkil etishi lozim [5; 6].

Dispers to‘ldiruvchi moddalarni qo‘llashda
ularning konsentratsiyasini hisobga olish, disper-
siyasini  (zarrachalarning  oflchovliligini) va
polimer-to‘ldiruvchi interfeysida hosil bo‘ladigan
tuzilmani aniqlash muhimdir. Tuzilma hosil bo‘lish
jarayoni dispersiya, targalishning bir xilligi, ga-
doglash zichligi va polimerlanish dargasi, dispers
hamda tolali to‘ldiruvchi zarrachalarning tuzilishi
va ketmaketligiga bog‘lig. Tizim tarkibiy
gismlarining  o‘zaro  ta’sir  energiyasining
muvozanatli tagsimlanishi optimal struktura hosil
bo‘lishiga olib keladi, bu jarayon asosan tashqji fizik
yoki mexanik ta’sir ostida kechadi [7; 1].

To‘ldirish darajasining oshishi polimer tar-
mog‘ida fazaviy o‘zgarishlarga olib kelib, to‘l-
diruvchi yuzasida parda hosil giladi, bu material-
ning mustahkamlik xususiyatlarini oshiradi. Ammo,
kritik giymatga yetadigan yuqgori konsentratsiya
polimerning pardali tuzilishining diskretligining
ortishiga va mustahkamlik xususiyatlarining pasa-
yishiga sabab bo‘ladi [8]. Geterokompozit polimer
bog‘lovchisining 0°z-0°zidan tashkil topishi polimer
pardasi bilan qoplangan to‘ldiruvchi zarrachalardan
iborat polimer klasterlarining shakllanishi bilan
sodir bo‘ladi va bu jarayon sirt energiyasining
pasayishi natijasida boshlanadi. Dispers to‘l-
diruvchi moddalar plyonka polimer makromole-
kulalari tartibli joylashgandachiziqgli klasterlar hosil
giladi (1-rasm) [8].

Asosan metal oksidlaridan tashkil topgan
mineral to‘ldiruvchi moddalar ham termoplastiklar,
ham termosetlashtiruvchi plastmassalar uchun poli-
mer biriktiruvchi moddalar sifatida keng qo‘lla-
niladi [8]. Bularga kaltsit, kaolin, talk,
montmorillonit, bo‘r, kvarts qumi, bentonit, asbest
vaboshgalar kiradi [4; 7].

Geterokompozit materiallarning  tarkibiy
qismlarini aralashtirish jarayonida ko‘pincha to‘l-
diruvchi va polimerning faol funksional guruhlari
o‘rtasida o‘zaro ta’sir mavjud bo‘ladi. Bu polimer
strukturasidamolekulaichidagi vasupramolekulyar
o‘zgarishlarga olib keladi. O‘zaro ta’sir polimer-
lanish jarayoni va elementlar o‘rtasidagi bog‘lanish
hosil bo‘lish qonuniyatlariga muvofiq yuz beradi
hamda ularning Mendeleyev davriy tizimidagi
faolligi va texnologik usullariga bog‘liq bo‘ladi.

Mineral kelib chigishga ega nozik disperdli
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to‘ldiruvchi moddalar maydalagichlarning chek-
langanligi tufayli zarracha hajmi 50-100 mkm dan
oshmaydi, odatda esa 20 mkm dan kichik bo‘ladi.
Bunday granulometrik tarkibga ega to‘ldiruvchilar
sanoat ishlab chiqarishining turli sohalarida ko‘p
funktsiyali geterokompozit materialarni ishlab
chigishda go‘llanilishi mumkin.

Polimer makromolekulalarining makromole-
kulyar tuzilishi va gadoglash zichligi bilan mineral-
larning ion tuzilishi o‘rtasidagi katta farq
polimerning amorf tuzilishdan kristall tuzilishga
o‘tishigacha bo‘lgan supramolekulyar tuzilishidagi
o‘zgarishlarga olib keladi. Bu jarayonda to‘l-
diruvchi kristall yadro markazlarini hosil qilib,
struktura o‘zgartiruvchi sifatida ishtirok etadi [4; 6].

Geterokompozit materiallarni (GKM) mus-
tahkamlash uchun eng samarali to‘ldiruvchi
moddalar noorganik yoki organik kelib chigishga
ega tolali to‘ldiruvchilar bo‘lib, armaturalash
ta’sirini beradi [8; 9].

Mustahkamlovchi tolali to‘ldiruvchilarning
turlari, xossalari vaishlab chigarilishi Masuelli [10]
tomonidan batafsil o‘rganilgan. Mualliflarning
ta’kidlashicha, tolalar issiqlik ta’sirida bog‘lovchi
materialni mustahkamlaydi va ular o‘zaro bog‘-
langan materiallar bo‘lib, stress va kuchlanish
ostidagi xatti-harakatlari ko‘pincha plastmassalarga
o‘xshaydi. Materialni loyihalashda maksimal sama-
radorlikni hisobga olish, funksionallik va ishlab
chigarish imkoniyati o‘rtasida optimal muvozanatni
tanlash zarur, chunki bu deformatsiya mexanizmi
uchun mas’ul bo‘lgan makromolekulalarning xusu-
siyatlariga ta’sir ko‘rsatadi.

Agar to‘ldiruvchi moddalar kompozit mate-
riallarning mexanik xususiyatlariga ta’sir qilsa,
unda, albatta, kuch xususiyatlariga ta’sir qiluvchi
asosly omillarni hisobga olish kerak. [10] da gayd
etilishicha, to‘ldiruvchining zarracha yuzasi va
hajm nisbati asosiy omillardan biridir. To‘l-
diruvchining (polimineral kukun) dispersligi ortishi
bilan uning funksional guruhlari va interfaza
gatlamlari (van der Waals, vodorod va boshgalar)
o‘rtasida mustahkam bog‘lanishlar hosil bo‘ladi,
namlanish qobiliyati yaxshilanadi, materiallarning
termofizik xususiyatlari ortadi, mustahkamlik va
issiglikka chidamlilik oshadi (1-rasm). Kuzatilgan
natijalar (1-jadval) [9].

Tadgigot natijalari. Yuqorida aytib o‘til-
ganidek, to‘ldiruvchi miqdorini oshirish kompozit

materiallarning texnologik xususiyatlarini yomon-
lashtiradi. Bunday hollarda plastifikatorlar - past
molekulyar oligomerlar yoki  polimerlardan
foydalanish maqsadga muvofiqdir. Plastmassalash
materialning mo‘rtligini pasaytiradi, past harorat va
harorat o‘zgarishiga chidamliligini oshiradi, lekin
ayni paytda issiglikka chidamliligini, egilish,
cho‘zish va siqilishdagi mustahkamlikni pasay-
tiradi, kompozitlarning dielektrik xususiyatlarini
yomonlashtiradi, shuning uchun siqilish va egilish
paytida kompozitlarning mustahkamlik xusu-
siyatlarini pasaytiradi (1-rasm) [11].

Geterokompozit polimer materiallarida tarki-
biy gismlarni o‘z ichiga olgan kompozitsiya mavjud
bo‘lib, ularning har biri o‘ziga xos vazifalarni
bajaradi. Bu holda asosiy komponent material
hajmida bitta uzluksiz bo‘shligni egallagan
bog‘lovchi bo‘lib, unda qolgan moddalarning
zarralari tarqaladi, bu yerda tolali va dispers
to‘ldiruvchi moddalar mustahkamlovchi va mustah-
kamlovchi komponentlar bo‘lib xizmat qiladi,
operatsion yuk ta’sirida yukning bir xil tagsim-
lanishiga yordam beradi, tolalar esa asosiy yukni
oladi, kuchlanishni bir xil tagsimlaydi.

1-rasm. Har xil korroziya turlarida metallning

mexanik ko ‘rsatgichlarini o ‘zgarish xossalari:

1-umumiy korroziya, 2-mahalliy (uchoqli) korroziya; 3-
kristallar oralig i korroziya.

Mustahkamlovchi tolalarning ishlash
chegarasi uning fazaviy interfeysdagi kritik
uzunligini (I xyaniglaydi [7].

lk = %ud (1)

2Tan
bu yerda d - diametri; sg - mustahkamlik
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chegarasi; tap - kesish kuchi.

To‘qimalarning yo‘nalishi va tartibi gete-
rokompozitning zichligiga ta’sir qiladi va namlash
burchagi uning bir xilligiga g‘ovaklikning yo‘qligi
ustunligi bilan ta’sir qiladi, bu kompozitsiyaning
reologiyasiga bog‘liq bo‘ladi. Qovushqoqlikning
oshishi bilan namlanishning pasayishi kuzatiladi, bu
tuzilmani shakllantirish jarayonida havo pufak-
chalari yoki reaktsiya gazlarini ushlab turishga olib
keladi.

Termik zanjirlovchi plastmassalar asosidagi
geterokompozit polimerning struktura hosil qilish
jarayonini uch bosqichga bo‘lish mumkin: to‘ldi-
ruvchilarning qattiq yuzasini polimerning Suyuq

komponentlari bilan namlash, havo pufakchalarini
ushlab turish jarayonining boshlanishi va o‘zaro
bog‘langan strukturaning hosil bo‘lishi.

Xulosalar. Qo‘shilish yoki polikondensatsiya
reaksiyasiga kirishib, funktsional faol guruhlar
tufayli strukturaviy qotib qolish jarayonida bog‘-
lovchining oligomermik qatronlari uch o‘lchovli
tarmoq strukturasini hosil qiladi. Bu bosqichda
gatronda reologik o‘zgarishlar ro‘y beradi, ular
polimer bog‘lovchining yopishqoqligi, harorat va
polimerlanish vaqtiga bog‘liq bo‘lib, “reokinetika”
deb hisoblangan ushbu bosqichni o‘rganish orqali
materialning fizik-mexanik xususiyatlarini oldindan
aytish mumkin [12] bo‘ladi.
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Annomauyusn. B cmamve paccmampueaemcs ungopmayus 006 OMKPLIMUAX U paA3padamvl8aemulix
Mecmopodxcoenuax 6 peauone Bocmounozo Ycemiwopma, 20e maxonnenel yewmwie 2eono2uyecKue,
2eouzuneckue U npomviciosvle mamepuaisvl 8 nepuod 1960-2025ze.. Cmambs makdice nocesujena
nosvlueHuro ghghexkmusHocmu pazeeoku U paspadomKu CIONHCHbLIX MeCmOPONCOeHUll HA OCHO8e
2€0102UYEeCKUX, 2e0(U3UUEeCKUX U 2€0]1020-NPOMBICIO8bIX OAHHBIX, YMOUYHEHUS CMPOEHUS 3aledcell ¢
yuemom OypeHus HOBbIX OYEHOUHO-IKCNIYAMAYUOHHBIX U IKCIILYAMAYUOHHBIX CKEANCUH, U NPOBEOCHUS
2eon020-mexHono2uueckux meponpuamui. Ilpu peanuzayuu 2eono2o-mexuuyeckux meponpusmuti (I'TM)
BHeOpeHbl Co8peMeHHble Nnepedosvle MEXHON02UlU, HANPAGIeHHble HA NOo8blUleHUEe BblpAOOMKU
OCMAMOYHbIX 3aNACO8 2a3a U3 CIOHCHONOCMPOCHHLIX Mecmopodcoenul. B yenax oyenku
aghgpexmusnocmu  HayyHO 0OOCHOBAHO NPUMEHEHUe 2e0MeXHON02Ul Memodd KOHMPOJs Nnpu
ocywecmenenuu I'TM.

Knroueswie cnosa: mecmopooicoenue, ounamuxa, Bocmounwiii Yemwopm, 3anac, cxeaxcuna, I'PP, I'TM,
KUT', nnomnocmo 6ypenus, ycneuHocmu pecypcos.

SHARQIY USTYURT O‘LKASI GAZKONDENSAT KONLARINI IZLLASH VA
O‘ZLASHTIRISH SOHASIDA O‘TKAZILGAN GEOLOGIK VA
TEXNOLOGIK TADBIRLAR SAMARADORLIGINI TAHLIL QILISH VA
BAHOLASH

Hayitov Odiljon G‘ofurovich Orinboyev Baxtjon Ametovich

t.f.n., “O ‘zbekneftegaz ”AJ, Ustyurtgazqazibchiqarish boshqarmasi
neft va gaz konlarini ishlatish bo ‘limi boshlig ‘i,
Qo ‘ng ‘irot, O zbekiston

Annotatsiya. Maqolada 1960-2025-yillarda Sharqiy Ustyurt o ’lkasidagi sanoatga ahamiyatli geologik,
geofizik va ishlab chigarish materiallari asosida izlab topilgan va o ‘zlashtirilgan konlar to ‘g ‘risidagi

ma’lumotlar tahlil gilingan. Maqgolada, shuningdek, geologik, geofizik va sanoat-geologik ma’lumotlari
asosida murakkab konlarni gidirish va o zlashtirish samaradorligini oshirish, yangi baholash va ishla-

g.-m.f.d DSc, Idom karimov nomidagi TDTU Konchilik ishi
kafedras professori, Toshkent, O zbekiston
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tish quduglarini burg'ulashni hisobga olgan holda konlar tarkibini aniglashtirish, geologik va texnologik
tadbirlarni amalga oshirishga bag'ishlangan. Geologik-texnik tadbirlarni (GTT) amalga oshirishda
murakkab tuzilgan konlardan qoldiq gaz zaxiralarini o ‘zlashtirishni ko ‘paytirishga qaratilgan
zamonaviy ilg‘or texnologiyalar joriy etildi. Geologik-texnik tadbirlarni samaradorligini baholash
uchun ilmiy asoslangan geotexnol ogiyalarning nazorat usulidan foydalanilgan.

Kalit so‘Zar: kon, dinamika, Shargiy Ustyurt, zaxira, qudug, geologik gidiruv, geologik-texnik tadbirlar,
qudugni burg ‘ulash, burg ‘ulash zichligi.

ANALYSISAND EVALUATION OF THE EFFICIENCY OF GEOLOGICAL
AND TECHNOLOGICAL MEASURESIN THE FIELD OF EXPLORATION
AND DEVELOPMENT OF GASCONDENSATE FIELDSIN THE EAST
USTYURT REGION

Hayitov Odiljon Gafurovich
Doctor of Geological and Mineral Sciences, Professor, Professor
of the Department of Mining, TSTU named after |.A.Karimov,
Tashkent, Uzbekistan

Orynbaev Bakhtzhon Ametovich
PhD, Head of Qil and Gas Field Development Department,
Ustyurt Gas Production Department, Uzbekneftegaz JSC,
Kungrad, Uzbekistan

Abstract. The article considers information on discoveries and fields under development in the Eastern
Ustyurt region, where valuable geological, geophysical and field materials have been accumulated in
the period 1960-2025. The article is also devoted to improving the efficiency of exploration and
development of complex fields based on geol ogical, geophysical and geological-field data , clarifying the
structure of deposits taking into account the drilling of new appraisal and production wells, and carrying
out geological and technological measures. When implementing geological and technical measures
(GTM), modern advanced technologies have been introduced aimed at increasing the production of
residual gasreserves fromcomplex fields. In order to assess the effectiveness, the use of geotechnologies
of the control method in the implementation of GTM is scientifically substantiated.

Keywords: field, dynamics, Eastern Ustyurt, reserve, well, geological exploration, geological and

technical measures, well drilling, drilling density, resour ce success.

Beenenne. ['eonoropa3seounbie paboThl Ha
He(QTh U ra3 B npenenax Bocrouno Ycrioprckoro
HeTera30HOCHOI 0 peruoHa 66U HavaThl B 1960r.,
U B pe3ysbTaTe 4yeM OoJiee MIECTUIECATHIIETHUX
IIOMCKOB M Pa3BEIKH Ha HCCIENyEMOM DETHOHE
OTKpeITO 30 Ta30BBIX, TAa30KOHACHCATHBIX U
HeTEera30KOHJCHCAaTHOH MECTOPOXXKICHHUH, B TOM
YHClie B IPOMBIIJIEHHOM pa3paboTke HaxoasaTcs 19
mectopoxaeauil  (Ilaxnmaxte, VYpra, Illapkwuii
bepnak, Cyprun, bepnak-Illumonuii bepnak, Jlamnu,
Apcnan, Mnam, beckana, Kyiu Cyprun, Kyiiu
[Tapkuit bepnaxk, ['apouii Kyitu Cyprui, Axdanaxk,
Kokuanak, Kapawanak, Twmnamu,  TapOuit
bopcakenmac, [arsipibik 1 3anagHslii Apai), u3
HUX CaMbIMU KPYIIHBIMM IO 3aracaM SIBJISIOTCS 6
ra3oBbIX M Ta30KOH/JIEHCATHBIX MECTOPOKIECHUN
('KM) Hlapxuit bepnak, bepmax - [Humonuii
bepnak, Cyprwi, laxmaxtel, Ypra um ApcCIOH,
ocTajbpHbIC cpefHue U Menkue [1; c. 42-43, 2; c. 66-

73]. Ha pucynke 1 mokazaHa JMHaMHKa
HaKOIUIEHHOH 100bIYM U IPUPOCTA 3aI1acoB rasa Io
kateropusim Ci, C2, Cs. Ha pucynke 2 nzobpaxen
peayibHbIN rpaduK TOro, YTO ¢ Hayaia pazpaboTKu
w3 Henp m3BIedeno 1284 mapa. m° mpupomHoro
raza, win 19,4 % HayanbHBIX 3aMacOB OTKPBITHIX
MecTopokaeHui. 3nech 37 % W3 uucia OTKPBITBIX
MECTOPOKJEHHI He pa3padaThIBatOTCsl.

Metononorus. Onwupasice Ha
uccnenoparenbekyo padory I'.C. AOmymmaeBa u
ap. [3; c. 22] B peruone Bocrounslii YcTiOpT,
HEOOXOMMO MOTYEPKHYTH TOT (PaKT, UTO pa3BenKa
HE(PTSIHBIX U Ta30BbIX MECTOPOXAECHUH CBH-
JIETENIbCTBYET O BBICOKOM TI'€0JIOTUYECKOM TOTEH-
nuajge M BO3MOXKHOCTH YCKOPEHMsI T€0JIOTO-
pa3BeloOuHbIX PadoT B OuikaiieM Oy TymieM.

AxTyanpHBle  MPOOJEMBI  pa3BeAKH U
pa3paboTku MECTOPOXKICHUS BoctouHo-
VY CTIOPTCKOrO peruoHa siBJsoTCs:
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- 3HaYUTEJIbHBIM OTCTaBaHUEM TEMIIOB 100bI-
Yyl Ta3a M Tra3oBOro KOHAECHcCAaTa OT IIPUpPOCTa
3allacoB, CBSI3aHHBIE C OOJBLIMM KOJUYECTBOM
OCTaTOYHBIX M  Pa3BEJAHHBIX I'EOJIOIMYECKUX
3aI1acoB B Helpax;

- T€OJIOTUYECKUM IOTECHIIMAJIOM HOBBIX MeC-
TOPO’KJICHU! 3HAYUTEIBHO HWXKE 3aIlacOB Ha YXKe
NPOMBIIIJICHHO — pa3pa0aThIBaeMBIX  MECTOPOXK-
JNEHUSAX;

- BO3paCTaHHUE JOJU TPYAHOU3BICKAEMBIX
3aIacoB Ha BHOBb PAa3BEIaHHBIX U Pa3BEIbIBAEMbIX
MECTOPOKIACHUSAX.
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3, apasd

Puc.1. /lunamuxka npupocma 00ovtuu 2asa,
3anacoe CI1+C2 u 3anaca C3 no Bocmouno-
Yemiwopmcekomy pecuony.

Puc.2. /lunamuka uzmenenus 2000601 000v14u
2aza u koyppuuyuenma uzeneuenusn 2aza (KUI)
no Bocmouno-Ycmiwopmckomy pezuony.

K OCHOBHBIM YCITOBHSIM, TIPEIBSBISIEMBIM IS
JIOCTMDKEHUSI BBICOKOH 3(QQEKTUBHOCTH TIe0JIo-
ropa3BefiouHbIX padot (nanee ['PP) Ha HedTh 1 ras,
otHocsTcs [4; ¢. 518, 5; ¢/ 64-66]:

1) ynoBneTBopeHue nmoTpedHOCTE a00bIBA-
IOIIMX KOMIaHUH B 3amacax He(TH, Ta3a U Ta30BOr0O
KOHJICHCATA;

2) o0ecrieueHue HEOOXOIUMON MPOMIOP-
IUOHATBHOCTH MEXAY M3BJIEKAaEMBbIMH W TIOJTO-
TOBJICHHBIMH 3aI1aCcaMy;

3) panMoHaNBHOE pa3MelIeHHe TITyOOKO3a-
JIeTal0IUX, JOPOTOCTOSIINX U IeOJOTHUYECKH pHUC-
KOBaHHBIX MMOMCKOBO-Pa3BEOYHBIX CTPYKTYp-Mec-
TOPOXKICHUM;

4) BHenpeHUE HOBBIX TEXHOJIOTUH, IIpU-
MEHSIEMBIX MPHU MOJTOTOBKE 3aMacoB, HE JIOMyCKast
PE3KOT0 YBEINYCHHUS UX CEOECTOMMOCTH;

5) noBeIeHue 3HHEKTUBHOCTH MOATOTOBKH
3aacoB ¢ KOJMYECTBEHHON U KaYECTBEHHOM TOYEK
3peHus, UX IIUPOKOE HCIOJIb30BAHHE B KadeCTBE
HKOHOMHYECKOTO MEXaHU3Ma PAa3BUTHUS CTPAHBI IIPH
WCIOJIb30BAHUU MX B YCJIOBHSIX OT€YECTBEHHOW W
3apy0eKHOU PHIHOYHON 9KOHOMHUKH.

CnoXHOCTh U BBICOKAsi CTOUMOCTb Pa3BEIKU
ra3oBbIX MECTOPOXICHWH TMpHBETH K HEOO-
XOJUMOCTHU BCE PabOThI, CBSI3aHHBIE C U3BJICUCHUEM
raza, €ro IPOMBICIIOBOM IOATOTOBKOW M TpaHC-
MOPTOM K TOTPEOUTENI0, BECTH B JIBA OCHOBHBIC
stana. [IpomblnuieHHas pa3Beaka M pa3padoTka
MECTOPOXKICHUN TIPEACTABISICT COOOW €IUHBIN
mporece, OT  YCIENIHOTO W TPaBWIBHOTO
OCYILIECTBIICHHS] KOTOPOTO 3aBHCAT COKpalleHHUE
Yrcyia pa3BeJOYHBIX CKBAKHH H YCKOPEHHBIN BBOJ
B pazpaboTky [6; c.14].

Ucxonss u3 STUX yCIOBUM MOXKHO cdop-
MyJUpOBaTh OOIIUN KpUTepUil >PPEeKTUBHOCTU
reoJoropa3BelouHbIX padoT Kak:

1. Koapdunuent uzBieyenus rasza (nauee
KUI') — 3TO OTHOIIEHWE BEIMYUHBI CYMMAapHOMN
J00BIYM Ta3a Ha IpyMIe MECTOPOXKIEHUH ¢ Hadaa
OTIBITHO-TIPOMBIIIUIEHHON OJKCIUTyaTallud K BeEIH-
YUHE HAYalIbHBIX CYMMAapHBIX T'€OJIOTUYECKUX
3amacoB ra3a mo kareropsim C1 u Co, BRIpaKEHHOE B
JOTISIX STUHUIIBL.

., Quak. 106.
KKI/IF =

0,

Yi=1VaBc,+c, x 100 %]

rzne, N - KOJIUYECTBO OTKPBITBIX MECTOPOXK-
neHuit; Quaxoos. - HAKOIICHHAs J00bIYa rasa Io
peruony, Vapc +c, — 06bem 3amacop ABCi+C2 B
Ky0. MeTpax.

2. IInotHOCTH OYpOBOIl N3YYEHHOCTh PETHOHA
— 3TO OTHOULIEHHE OObeMa MPOXOJAKH OypeHHus K
IJIOLIAIA MCCIIEYyEMOTO Ie0JIOTHYECKOT0 00bEKTa,
KOTOpOE 3aIKChIBAETCs B BUJIE!
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_ V061>eM.6yp M
l-[rm.6yp - S _2]
wiomazs M

rae, Vospemoyp — 00b€M OypeHust B MeTpax,
Stnomazs — IIOLIAb U3YYAE€MON TEPPUTOPUM.

3. Koaddumment noarBepKaaeMocTi mepe-
NEKTUBHBIX PECypCOB — 3TO OTHOIICHHE 3aIacoB
ABC1+C> k pecypcam C3, KOTOPOE 3aITUCHIBACTCS B
BUJIE

3

_ VABcl+C2 M

Kno,qTBep)K. - [_3]
Ve

3 M

rne, Vape,+c, — 00bem 3anacos ABC1+Cz B
Ky0. meTpax, V¢, - 06bem 3amacos C3 B Ky0. MeTpax.

4. KoappUIHMEHT yCHEemHOCTH pa3BeaKu
(TTOUCKOB) — 9TO OTHOIIEHHE YHCJIA OTKPBITHIX
MECTOPOXKICHUN K YHCITY TPOOYPEHHBIX CTPYKTYD,
KOTOPOE 3aIHChIBACTCS B BUJIC:

NMECTOpO)K.

K =
YyCHIEeIIHOCTHU
NCprKTyp +N MeCTOPOX.
1€, Nyecropox. — KOJIHMYECTBO (HAKTUYECKH

OTKPBITBIX MECTOPOKIAeHUU, N, KOJIU-

TPYKTYP

4ecTBO (PaKTUUYECKH MPOOYPEHHBIX CTPYKTYDP.
5. VYnenbHble mnokaszarend 3((QEeKTUBHOCTU

riyOokoro OypeHuss — 3TO MPHPOCT 3aMacoB IO

kareropusiMm ABC1 Ha 1 meTp npoxoaxku OypeHus,

KOTOpOE 3amuchiBaetcs B e [7; €. 31]:

Vagc, +c, M_3

\ =
oyp. v [ M
06beM.OYDp

rne, Vape,+c, — 00bem 3amacos ABC1+Cz B
Ky0. MeTpax, Vogyem.5yp — 00bEM OypeHHsl B METPaX.

6. O¢ddexTuBHOCTH MeEpONmpUATHH — 3TO
JIOTIONTHUTEIbHAS J00bIYa Ta3a, HAaKOIUIGHHAs C
TEYEHUEM BPEMEHHU B pe3yJIbTaTe KOMIUIEKCHBIX
T'e0JIOTO-TEXHOJIOTUIECKAX MEPOIIPHUITHH, KOTOPOE
3aIMCBIBAETCS B BUJE:

Orm(®) = ) Q:(®)

rae, Q;(t) — HakomseHHas 100bYa ra3a 1Mo
pe3ymbTaTaM i - TO MEpOTIPHATHS, MIH. M.

N — KOJNYECTBO (DAaKTHYESCKU BBIIOIHEHHBIX
MEpPOTIPHSITHH.

Qrrm(t) — cymmapnas no0blua rasa Mo
pe3yibTaTaM KOMIUICKCHBIX MEPOIPHUSITHH, MITH.
M3,

7. MarepuanbHplii 0amaHC MPOTYKTHBHOMN
3aJIe)KH — HEMPEPBIBHBI MOHUTOPHHT 32 MaICHHEM

IJIACTOBOTO AABJICHUS NP TPOMBIIIJIEHHOM 0TOOpE

(bmrona W3 3aJIeKW BHOBBL BBEICHHBIX W3 PP B
MPOOHYIO WM OMBITHO-IIPOMBIIIIICHHYIO JKCIUTya-
taruio (ganee OI1D) 3anexu [8; €.65]:

QOT6(t) PH
Zy  Z[P(8)]

rae, Vyp (t) — ApeHnpyemble 3arachl, MiH. M>.

Qors(t) — cymmapHsblii 0T6Op Trasa cHavaja
pa3pabOTKM MECTOPOKACHUS Ha Jary 3amepa
CTaTMYECKUX IUIACTOBBIX JIABJICHHUIN B CKBa)KMHAX,
MIH. Mo,

Py, P(t) — HavasbHOE W TEKYyIIee IIACTOBOE
nmasienue, Mlla,

Zy, Z[P(t)] — x03pPUIHUEHTHI CBEPXCKH-
MaeMOCTHU ra3a, COOTBETCTBYIOLIEE HauyaIbHOMY U
TEKyIIeMy IUIACTOBBIM JaBIICHUSM H IJIaCTOBOM
TeMIeparype.

Ha pucynke 2 mokaszaHa uCTOpUsSl Ta30[10-
ObIBaroLel MIPOMBIIIUICHHOCTH Bocrouno-
YeTropTekoro peruroHa (Y30eKkckas 4acTb) yCloB-
HO MO>KHO Pa3/IeJIUTh HA CIEIYIOIINE ITAllbl.

Ilepeovtit 3man —c 1971 no 1995-e 2oout

B »stoT mepmon nmoObua rasa B peruoHe
CBSI3aHA, B OCHOBHOM, C 3apOXJCHHEM TIa30BOMU
npombiuieHHOCTH 10 [llaxmaxTHHCKOMY — CTy-
NIEHBI0, XOTs OypeHre Ha HeTh BENUCh U B IPYTUX
pernonax Ys0ekucrana. B 1975 rony makcumaib-
Has TOJOBas J00bIYa B PETHOHE COCTABIsANA B
ooveme 3,482 mmpam® B rox. Texymmit KW
JOCTUTHYTO J10 MaKkCUMaJIbHOro 3HaueHus 44%. B
3TOT MEPHOJ] BCce 00BEMBI JOOBITOTO I'a3a OCyIECcT-
BJSUINCH 3a CYET Ta30KOHAECHCATHOTO MECTOPOXK-
neaus laxmaxra.

Bmopoit sman — ¢ 1995 no 2002-e z00v1

I'ogoBoit moka3atenb JOOBIUM Ta3a COCTABUII
MaKCHMaIbHEIH 066eM B pasmepe 1,693 mpa. M 3a
KOPOTKMH NEepHoj BpeMeHH. B 3ToT mepmoxa Ha
MIPOMBIIIIJIEHHOM YPOBHE pa3pabaThIBAIUCh TOIHKO
MectopoxaeHuil Ypra u [llaxnaxra. B To e Bpems
KUI" B pernone B nenom causmics ¢ 27% no 10%.
OCHOBHOM TNPUYUHON H3TOrO SABISIETCS OTKPBITHE
HETPAJULMOHHBIX MECTOPOXKIEHUH C POCTOM
TPYJHOU3BJIEKAEMbIX 3allacoOB YIJIEBOJOPOJIOB, a
TaK)Ke WX PACIOJIOKEHHUE BIAJN OT cucTeM uH(ppa-
CTPYKTYPBI, KOTOPBIC B HACTOSIIIEE BPEMsI HAXOST-
Csl B IPOMBILIJIEHHOM 3KCIUTyaTallH.

Tpemuii sman — c 2002 no 2015-e 2001

BaxH0i1 0COOEHHOCTBIO 3TOTO MEPHOA ITOTO
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nepuoia SBJSETCA YKCTEHCUBHOE, UHTEHCUBHOE U
¢dopcupoBaHHOE pa3BUTHE Ta30BOM HPOMBIILICH-
HOCTH, CBSI3AHHO€ C IPOMBIIUICHHBIM OTKPBITHEM
U3 TEOJIOTOPa3BEOYHBIX paboT OOJBIIOrO YHCIA
HOBBIX Ta30KOHJCHCATHBIX MECTOPOXKICHUM, B
pe3yabpTare yero 3amacel 1o kareropusm Ci u Cz
yBenuuuBaroTcs B 5 pa3. B 1998 roay B coort-
BercTBUM ¢ I[IpoTokonom mopyuenuid [Ipesunaenra
Peciyonmmkn  Y306ekucran W.A. KapumoBa oT
11.02.98r. pazpabortana «lIporpamma wu3zydeHus
NEPCHIEKTUBHOCTH IUIATO YCTIOPT M aKBATOPUHU
ApalibCcKOro Mopsi» MOJA PyKOBOACTBOM A.A.
AbunoBa, X.b. JXXymaeBa, HampaBieHHas Ha
YCUJIEHUE  T€0JIOropa3BeJOYHbIX  paboT B
VYeTiopTeckoMm HedTera3oHOCHOM peruone. B mensx
BbINoHeHus JaHHou [Iporpammel B 2001 roxy noa
pykoBoactBoM A.A. Abunosa, T.JI. babamxanosa
ObL10 pa3pabortano meponpustue «lIporpamma mno
pa3BopoTy reopu3nuecKux paboT ¢  IENbIo
oOecnieueHus riryookoro OypeHus QOHIOM CTPYK-
Typ Ha nepuog 2001-2003rr. Bo BTOpo# mepuon
OCHOBHOII 00beM OypeHuss NpUXOIUTCS Ha
Cynounii mporu0, u Ha bepnax-Taxtakaupckuii u
Kyanpi-Kockanuackuii Bainel. 31ech HE00X0IMMO
BKpaTIle OTMETUTh, YTO 3a CYET TITyOOKOro OypeHus
B KpaTyaiiiime cpoku, HauuHas ¢ 1998 no 2006 roxg
B nporude Cynoune, bepnax-TaxTakanpckom Bane
OTKpPBITBl ~ TA30KOHJECHCATHBIE  MECTOPOXKIACHUS
[Mapkuit bepmak, Hlumomnuit bepmak, Cyprumn,
[llere, Mdamu wu Illarupauk ¢ cyMMapHBIMH
TIepBOHAYATBHBIMH 3amacaMu cBbime 300 map.m>
npupoaHoro raza. B 2009 romy makcumanbHast
rojioBasi 00bIYa B pETHOHE COCTaBisIa B 00beMe
3,510 MJIp)J.M3 B TOJI.

Yemeepmorit sman — c¢ 2015 zo00a no
Hacmoauwee epems

JlaHHBIN 3Tan UCTOPUM PA3BUTHUS OTEUECT-
BEHHOM Ta30BOM MPOMBIIUICHHOCTH  SBJISETCA
IUIAHOBBIM. B 3TOT mneprox coBepLIEHCTBYETCA
OypeHHe ra3oBbIX U Fa30KOHIEHCATHBIX CKBAXHUH U
Ha MECTOPOXKAECHUU ApCIIaH TaKXe BEJIOCh CTPOM-
TEIbCTBO YCTAHOBKHM KOMIIJIEKCHOM TOATOTOBKH
ras3a, € MOArOTaBIMBAKOTCS Ta3bl C Ta30KOH-
neHcaTHbIx MectopoxaeHud Kyitm Cyprun, Kyiun
Hlapkuii bepnak, Fap6uit Kyitm Cyprun s
JAIIbHEWHEro TPaHCIOPTUPOBKHU. 37ech HEo0Xo-
JUMO TOAYEPKHYTh, YTO B COOTBETCTBUU C MOCTa-
HoBjieHueM [Ipesunenra Pecnybnuku Y30ekuctan
.M. Mup3suéeBa, or 09.03.2017r., B pamxax

«IIporpaMmbl MO YyBEJNIUYEHHUIO JOOBIYM yTJe-
BoJopoAHOro ceipbst Ha 2017-2021 ronab», ogHUM
U3 CaMbIX MPECTHKHBIX JOCTHXKEHHH B o0xacTu
pa3BelKH W Pa3padOTKU MECTOPOXKIECHUH CTao
OTKpBITHE U YCKOpPEHHE TOObIUN YTIIEBOJOPOIOB Ha
MPOMBILIJICHHOM YPOBHE IO MECTOPOXKICHUSIM
Kyitm Cyprun, Kyiim I[llapkuii bepnak, FapOuii
Kyiin Cyprus ¢ cyMMapHbIMHM II€pBOHAaYaJIbHBIMHU
3amacamu cBeime 40 MiIpA. M° HPUPOIHOTO rasa.
DTH T'a30KOH/ICHCATHBIC MECTOPOXKICHUSI BBEICHBI
B OIID coorBercTBenno B 2018, 2021 n 2021 ronax,
U3 KOTOpBIX OOIIee KOJUYECTBO MPOOYPEHHBIX
CKB&)XMH B Hacrosiuee Bpems cocrasisaer 40, 28 u
12. Cpok OIID 060cHOBBIBAaETCS MHIMBUYAJIbHBIM
POEKTOM, HO He Oozee msatu jet [9; c. 18]. Ha
pHUCYHKE 2 MpejcTaBiIeHa JUHAMUKA TOJJ0OBOM 100BI-
gy raza. COBEpIICHHO OYEBUAHO, YTO IUIAHOBOE
pa3BUTHE ra30BOI0 KOMIUIEKCA U TOCYAaPCTBEHHOE
yperyJaupoBaHue 3TOTO Pa3BUTHS COCTABIISIOT OC-
HOBY CTOJIb JTUHAMHYHOTO pPOCTa JOOBIYM ra3a Ha
stom stane. B 2021 rogy makcumanbHas rogoBas
no0blya B pErMoHE COCTaBisjia B o0beme 6,1
mipa.M°e B roa. C Ipyroii CTOPOHEI, Ha 3TOT IIPOLIECC
OKa3aJI0 TMOJIOKUTEIFHOE BIIUSHUE U CO3JaHUE Ha
JAaHHOM »JTame MOIIHOM Hay4Hol 0a3bl «lleHTp
MOJICIUPOBAHUS HE(TETa30BBIX MECTOPOKICHUIM»
u «llenrp ymnpasnenuss Oypenuem» B AO
«Y30exkHedTerasy. [Inpoko MIPUMEHSIOTCS
COBpEMEHHBIE TEXHOJOTUHU, MaTrepuansl u 000-
pPy/ZIOBaHHE HA BCEX CTAIUSAX TMOUCKOB, PA3BEAKU U
pa3paboTku MectopoxaeHuil. CoBpeMeHHas BbI-
YUCJIUTENIbHAS TEXHUKA PACIIUPUIa BO3MOXKXHOCTH
MOMCKA PAlMOHAIBHBIX PEUIEHUN CIOKHEUIIUX
3a/1a4 He()Tera30BOro KOMILIEKCA.

OcHOBBIBasiCh Ha MCCIEN0BATENbCKYIO pado-
Ty M.H. KpaBuenko [10; C. 6], MOXHO BBLIETUTH
CJIeyIOIIME TPYIINbl MO CTENEHU H3YUYEHHOCTH
CTPYKTYPHO-TEKTOHUYECKUX 3JIEMEHTOB |-ro uiu
2-T0 mopsiaKa:

1. CBepxBbICOKas CTETEHb Pa30ypEHHOCTH —
cpirre 100 M/xkMZ;

2. Bricokas crerneHb pa30oypeHHOCTH — OT 50
10 100 M/xM?;

3. Cpennsis creneHp pa3dypeHHOCTH — OT 10
110 50 M/KMZ;

4. Hu3kas creneHb pa30ypeHHOCTH — OT 1 70
10 m/km?;

5. BecbMa Hu3Kast pa30ypeHHOCTH — HIXKE |
M/KM?.,
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ITo pa3pesy OypoBas u3ydeHHocTs BocTouHo-
VYCTIOpTCKOro permoHa B Ipefennax 1-ro TeKTo-
HUYECKOI0 3JIEMEHTa TaKKe HepaBHOMEpHa (CM.
puc.3). CpenHss MIOTHOCTh OypeHUs BechMa
pazHooOpazHa — ot 0,56 go 22,1 M/KM%, U ee
pacrpenienieHue 1mo BpeMeH! UMeeT (pyHKIMOHAIb-
HYIO 3aBHCUMOCTb OT 00beMa MPOOYPEHHBIX CKBa-
xuH. Kak panee m3yuana Musocepnosa, cyliect-
BYET OINpE/EICHHAs 3aKOHOMEPHOCTh BO B3aWMO-
CBSI3U MEXK]1y YCIIEIIHOCTHU Pa3BEAKH U TNIOTHOCTHIO
Oypenus [11; c.149]. HecmoTrps Ha O0JbIIyIO
IUIOIaAn Haubojee OCTaTOYHO H3y4deHBl Oype-
HUEM TEKTOHWYECKHE »5JeMEHTHhl |-ro nopsaka
Ceepo-Yctioprckoir u  FOxHO-MaHTbITIIIaKCKON
BIIAJIMHBI, I/I€ TNIOTHOCTh OypeHus coctaBuiu 22,1
u 19,1 M/kM? coorBercTBeHHO. Eme omHa O4eHb
HU3Kas IUIOTHOCTh OypeHus HaOnmonanack B
BocTouHo-ApanbckoM BHaguHe, TAE €€ 3HAuYeHHUE
coctaBnano 0,56 wm/km?  Hayuno-uccienopa-
Tenbekas pabora M.I'. IOnmamesa [12; c. 18]
IIOKa3bIBACT PA3JIMUHbIE MECTOPOXKIEHHUS B TEKTO-
HUYECKUX dJIEMEHTax BTOpOro mopsiaka Boctou-
HOoro VYcTiopra, ¢ HauOoOJblIeH IUIOTHOCTBIO
Oypenust Ha Kyanbim-KockanuHckoil Bane (cwm.
puc.4). Ho, mpu 3TOM BaXHO MOAYEPKHYTb, YTO
HECMOTpSI Ha CpeJHee 3Hau€Hue IJIOTHOCTH
Oypenuss mo bepnax-Taxtakaupckomy Baly H
[ITaxmaxTHHCKON CTYTICHH, KO3 (HULIUEHTHI
YCIIEHNIHOCTH OTKPBITUS MECTOPOKICHUH cocTa-
Buin 0,402 u 0.250 xaxaeie. Onnako, no Kyansim-
Kockanuuckomy Baily JaHHBIM KO QHUIHUEHT paB-
HO 0,140 (cm. puc.5). Takum 06pazom, B pe3yibTaTe
OoJiee ueM HIeCTUAECATUIETHUX MIOMCKOB U pa3Be-
kU HepTH U Tra3za Ha BoctouHo-YcTIOpTCKOM
TEppPUTOpUH, OOJIbIIAas YacTh 3aJICKU U 3aMacoB
YTIIEBOAOPOAA OTKPBHITHI B FOPCKUX OTIIOKCHHUSX.
D¢ heKkTUBHOCTH TE0IOropa3BeloUYHbIX paboT Ha
HEPTh W Ta3 3aBHCUT OT TEKyIIeH H3yYeHHOCTH
pEeruoHa, U B pa3Hble T'O/bI CYIIECTBEHHO pa3iu-
yanack. [lo Mepe pa3BenaHHOCTH, B HadaJlbHOM
stane ['PP pacrer, 3areM o mepe npuOIMKeHUs K
3aBepInaroIeMy stammy yMmeHbinaercs [13; ¢.84].

Cpennue ynenbHble Moka3aTenu 3(PQeKTUB-
HOCTU TIyOOKOro OypeHMsl, U paclpeiesieHue ero
KpaiiHe HepaBHOMEpPHOE XapaKTepU3yIole 00beM
npupoctoB 3anmacoB YB karteropuit Ci1+Cz Ha
CKBaXXHMHY M Ha METp OypeHusi, UMEIOT CIIEAYIOIIHe
3Ha4eHus1. Ha MeTp npoxoJ Ky CKBaXKMH IPUPAILEHO
or 1,2 mo 30,5 muH. M° 3amacos yKa3aHHBIX

KaTeropui (cM. puc.6).

B peruone Bocrounwni VYcroopr K03¢-
(uLIUEeHT TOATBEPXKIEHUS  pPEecypcoB  yrie-
BogopoaoB kareropun Cz B LEIOM TaKxke
HEPaBHOMEPHO paclpelieieH BO BpPEMEHU (CM.
puc.7). JlaHHBI PErMOH MOKHO pa3JeiuTh Ha TPU
nepuoAbl B COOTBETCTBUM C KO3 UIHEHTOM
noaTeepxkaeHus pecypcos: 1) 1961-1990rr; 2)
1991-1998rr.; 3) 1999-2025rr. B nepBom nepuoje
HaOII0gaeTcsl pe3koe yBelInueHHe KodpQuuueHTa
NOATBEPKIEHUS 3aI1aCOB, TO €CTh 10 OTHOLLIEHUIO K
pecypcey 3anac yBenuuuics B 7,9 pasa. Takxke 3TOT
NEpUOJl  SIBISIETCS  OTKPBITHS  MECTOPOXKIACHUI
[Maxmaxtel, Kyanbiu, IapOuit bapcakenmac,
Akyonak u Ypra. Bropoil mepuox OCBOEHHS
Bocrouno-Yctioprckoro  perviona  (1991-1998)
XapaKTEePU3yeTCsl OTKPBITUEM M MPOMBIILIEHHON
pa3paboTku JByX MecTopokiaeHuit Kokuamak
(NoNe3,21) u Kapauanmak (NeNe5,21) ¢ 3anexxamu
ra3oKOHJIEHCaTa B MaJCO30MCKUX OTJIOKEHUSX.
OTnnune BTOPOro mnepuoaa OT MEPBOro Mepuojaa B
TOM, YTO Ha MPOTHKEHUU IOYTH & JEeT He
HAOMIOANOCh yBENIUYEHUST KOd(pUIUEHTa MOAT-
BepxkAcHUA. be3 npeyBenudeHus, TPETUM NEPUOI
MO>KHO CUHTATh BaXXHBIM M HauOollee 3HAYUMBIM
MEpUOJIOM B UCTOPUM U3ydeHHUs pernoHa Bocrou-
HbIit Yetiopr [14; . 14, 15; ¢.5-10]. Crenyer Takxe
OTMETUTh, YTO B TPETUH MEpUOJ KOJIUYECTBO
OypOBBIX YCTaHOBOK JJisi OypeHUs TeppUTeHHBIX
3alexel HWKHEW I0pbl  YABOWJIOCH B IIENAX
IIPUpPOCTa 3alacoB, a TAKXE HMX BOBICYECHMS B
pa3pabotky. OCHOBHasi MPUYHHA 3TOTO CBS3aHA C
OTKPBITHEM OYEHb CIIOKHBIX TUIIOB I€0JIOTHUECKUX
cTpyktyp B bepnak-TaxrakaupckoM Baje u
Cynouem naneonporuoe.

Ha pucynke 8 moctpoen rpagpuk 3aBucumoc-
TH MPUBEIEHHOTO TUIACTOBOTO JIaBJIEHUS OT 0TOOpa
raza. OlleHEHHbIE JpEHHUpYEeMble 3amachl rasa
mecropoxxaeaus Ky Cyprun, Tap6uit Kyiin
Cyprun u Kyiin [lapkuii bepnak oneHuBaroTcs B
obwvemax 19,490 mapa. M3, 5,330 mupa. m® u 14,983
mipa. M°, yto KUI' cOOTBETCTBEHHO COCTaBWIIU
90%, 60% u 40%. B nenom, mectopoxxaenus Kyiin
Cyprun u I'apOuit Kyitn Cyprusi uMeroT BbICOKYIO
3Hauenuto KUI' B mepuon OIID. Opnaxo, 1o
Mecropoxaenuto Kyiin Hlapkuii bepaak He cmotps
Ha BBICOKME 3HAYEHUs CPEAHErO IUIACTOBOrO JaB-
JeHus HaOIrogaeTcs pe3Koe CHIKEHUE TIaCTOBOTO
JTABJICHUS U3-32 BHEAPEHUS IJIACTOBBIX BOJ B 30HY
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Puc.3. /lunamuka xkorgppuuyuenma niomunocmu

oypenus no Bocmouno-Ycmiopmckomy pezuony
6 npeoenax I-20 mekmonuueckozo nemenma.
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Puc.4. /lunamuka korgppuyuenma naommnocmu
oypenus no Bocmouno-Ycmiopmckomy pezuony
6 npeoenax I1-20 mekmonuueckozo snemenma.
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Puc.5. lunamuxa korgpgpuyuenma ycnewtnocmu
no Bocmouno-Ycmwpmckomy pezuony ¢
npeoenax I1-20 mekmonuueckozo rnemenma.

Ha oueHky npeHnpyeMbIx 3a11acoB BIHSET TO,
gTto chopmupoBanHas 3asexb [' KM Kyiin [lapkuit
bepnak sBisieTrcss KOHTHHEHTajnbHOro Ttuma. [lpu
3TOM, ra30HACKINIEHHBIE MPOIJIACTKU 3a TPaHULICH

3aJICKM MMEIOT OCTaTOYHOE BOJIOHACHIIICHHUE H
MPOSIBIISIFOTCS BMECTE C Ta30M C Havyasia pa3paboTKu.
Ero o0beM mpormopiuoHaneH co3j1aBaeMon Jer-
pEeCCHH Ha TUIACT, YCTPAUBAET MPETpay JTBUKCHHUIO
rasza B 30Hy oTOOpa raza. Ha HadanbpHO# cTajnuu u3-
3a JIOCTaTOYHO BBICOKOM OSHEPruM IUIACTa BOJA
BBIHOCHTCS Ha MMOBEPXHOCTh. CO BpeMEHEM, YBEJIH-
yeHne ee oObeMa oO0yciaBiMBaeT Ooyee pe3Koe
CHIDKEHHE TIaCTOBOrO aaBienus [16; c. 120].

Puc.6. /lunamuxa yoenvnozo nokazamens
Ippekmuenocmu 21y60Kk020 dypenusn no
Bocmouno-Ycmwpmckomy pecuony.

KoadduumenT noateemaaemoctn

Puc.7. lunamuka korppuyuenma
noomeepicoaemocmu pecypcoe no Bocmouno-
Yemwpmckomy pezuony.

Puc.8. I'paghux 3aeucumocmu npugedennozo
niaacmoeozo oasnenus om omoopa 2aza no 'KM
Kyiu Illapkuii bepoaxk, 3anaoustit Kyitu Cypeun

u Kyiiu Cypzun.

GEOLOGIYA VA NEFT-GAZ SANOATI
T'EOJIOI'UA U HEOTET'A30BASI IPOMBIIIVIEHHOCTbD
GEOLOGY AND OIL-GASINDUSTRY

www.srt-journal.uz
124


http://www.srt-journal.uz/

SANOATDA RAQAMLI TEXNOLOGIYALAR

OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH

DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

[Tepexon pa3pabOTKU MHOTHUX KPYIHBIX Ta30-
KOHJICHCAaTHBIX MECTOPOXIEHUI B HAIlEW CTpaHe
Ha IIOCIEIHIOI CTAaJUI0 aKTHUBU3HPYET pOJib
reoJIoro-TeXHUUecKux Meponpusatuil (nainee I'TM)
Ha JTarnax IpOMBIIIICHHOHN pa3BeiK U pa3padoTKu
MECTOPOKICHUN M M3BJICUCHUSI M3 HUX TTOJIE3HBIX
duronoB [6: €. 214, 7; ¢. 320, 8§; c. 412].

I'TM - 3TO KOMIIJIEKC T'€OIOTHYSCKUX, TEXHO-
JOTMYECKUX, TEXHUYECKHX M SKOHOMHUYECKUX Me-
POTIPHUSTUH, HAPABICHHBIX HAa PEaIN3aLHUI0 pelle-
HUIl TpoeKTa Mo pa3paboTKe MECTOPOXKICHHUH ¢
uenpo MakcuMmannbHoro yeesmuenuss KUI™ u u3Biie-
YeHHs IJIACTOBBIX (IIFOMI0B U3 3anesxkeii [9; ¢. 528].

bnaromaps I'TM HedTerazomnoOsBatomnye
KOMITaHUHU 00€eCIIeunBaroT:

- MAaKCHMAaJbHBIC HCIOJIB30BAHUS SKCILTya-
TallMOHHBIX (POHAOB 3a BECh MEPUOJ pa3pabOTKU
MECTOPOXKICHU;

- MakcHUMalbHas BbIPAa0OTKAa OCTATOYHBIX
U3BJICKAEMBbIX 3aI1aCOB JI0 IIPOCKTHOTO 3HAYCHHUS,

- TOJJIep’KaHHe IUIAHOBBIX IOKa3aTesied Mo
NOOBIYE KHUJIKAX U Ta3000pa3HBIX YTIIEBOIOPOIOB;

- ONnpoOOBaHUS M MCHBITAHUS HA MPOIYK-
TUBHOCTh OTIENBHBIX YYaCTKOB 3aJIeXKeH, yIIy-
IIEHHBIX Ha 3Tarle pa3BeaAK: MECTOPOXKICHUI;

- yny4mieHue (QUIbTPAIMOHHO-eMKOCTHBIX
coiictB (DPEC) mpusaloiiHble CKBa)XKMHHBIX 30H
(IT3C) na noOwIBaroONIUX W HarHETAaTENbHBIX CKBa-
KHUHAX;

- BBIPaBHHMBaHUE NPOPHIS MPUEMHUCTOCTH
HarHeTaTelbHbIX CKBAXKHH;

- yJIydilleHue padOThl TTyOMHHBIX CKBAXKUH-
HBIX 000pyIOBaHUH U yBETHMUEHHE MEKPEMOHTHBIX
nepuoxa (MPII).

Jnis noBbIeHus 3 (HEKTUBHOCTH BEIPAOOTKH
OCTaTOYHBIX 3allacoOB M3 HEOJHOPOJIHBIX CIIOKHO
MOCTPOCHHBIX KOJUIEKTOPOB B TIOCIEAHUE TOJbI
(2017- 2024 rr.) mpemIoKeHO JOCTATOYHO MHOTO
reoyioro- TexHuyeckux Meponpusatuit (I'TM),
BKITIOYAIOIMX pabOThl, KOTOPbIE MPOBOIATCS Ha
CKBaXXHMHAX JUIsl PeryJIMpOBaHUs Ipoliecca paspa-
OOTKM MECTOPOXKIEHHS, a TaKKe TIOAICPKAHHS
TOJIOBBIX IJIAHOBBIX YPOBHEH JOOBIYM Trasa M
razoBoro KonjaeHcata. bmaromapss I'TM wmoxHO
JOOUTbCS  BBINOJHEHUS TPOEKTHBIX 3HAYEHUH,
YCTQHOBJICHHBIX B MPOEKTHBIX JOKYMEHTAIHIX MO
pa3paboTKe /Ui KaXKI0ro KOHKPETHOTO MECTOPOXK-
nenusa. Kpome Toro, B 3aBHCHMOCTH OT JpPYyTUX
Meponpuaruii, I'TM oriaugarorcs TeMm, 4To IO

pe3ysbTaTaM BBINOJIHEHHBIX Pa0OT yBEIUYUBACTCS
00beM J100bIBAEMOT0 T'a3a U ra3oBOro KOHACHCATA.
Bce pabotel, mpoBouMMbIE B CKBaXXKMHAX, MOXKHO
MOJPa3IC/IUTh HA KalWTaJbHBIA W TEKYyLUUMWA pe-
MOHTBI. ['€0JI0ro-TeXHuYeCKue MEPOIIPUATHS — 3TO
KanuTtaiabHbll peMoHT ckBakuHbl (KPC), Ho uHOT I
U TEKYLIUE MEPOIPHUATHS MOTYT OBITb OTHECEHBI K
I'TM. T'eonoro-TeXHUYECKUE MEPOIPUATHUS IPO-
BOJISIT HA BCEX ATanax pa3paboTKu MECTOPOKICHUIA.
CaMble HHTEHCUBHBIE U3 HUX OCYLIECTBIISIFOTCS HA
Oonee mno3nHuX dranaXx. OcoOEHHO aKTyalbHO
crouT Bompoc no nposeaeHuto ['TM Ha crapsix
MecTopoxaeHUAX. [[pakTuka moka3bIBaeT, YTO Kax-
nple HeTera3oo00bIBatoNIe KOMIIAHUN WIIN TIPE-
OpUSTUS CaMU OMpPEAeNsioT, Kakue paboThl OT-
HocaTes K I'TM, a kakue k apyrum pemoHTaMm. Ha
KaXXJI0OM MECTOPOKJICHUU HHAWBUIYaTbHO MOA0U-
patorcst ['TM. OHu niaHupyroTcst Kaxabli rof, a B
TEYEHUE TroJa MOILYT KOpPPEKTUpPOBATbCA U
meHsTbes. B cucteme AO «Y36eknedpreraz» k ' TM
OTHOCAT cienytone padoTel: OypeHue 3KCIlya-
TAlMOHHBIX CKBA)KUH, TMAPOPA3PhIB II1acTa, o0pa-
00Tka mpu3abONHON 30HBI KHCIOTOH, MEpPeBO Ha
BBIIIIE WJIM HUXKeNeXalllud TOPU30HT, OJHOBpE-
MEHHO pa3JieNibHasi dKCIuTyaTalus, 3ape3ka OoKo-
BOTO CTBOJIa, yriayOieHue 3a00si CKBaXXWH, Iep-
¢dopanyst MmoJx JAaBIEHMEM B Ta3oBBIX Cpenax,
PEMOHTHBIE U30JSIMOHHBIE paboThl. Kpome Toro, k
I'TM MoryT OBITh OTHECEHBI U JIpyrue paboThl —
peniepdopanusi, BO3BpaT H3 KOHCEPBALUU WU
Oe3neiicTBUsl M Jpyrue Mepomnpusatus. Bce mpo-
BoguMbele I'TM o00s3aTeIbHO OIIEHUBAIOTCI Ha
3¢ (EKTUBHOCTh MYTEM MPOBEJIEHHS Ta30AWHAMHU-
YeCKUX U Ta30KOHJEHCATHBIX MCCIEA0BaHUN C
IJTyOMHHBIM 3aMEPOM JI0 U 11OCIIE POBECHHUS.
CoBpeMeHHbIE METOJIbl, HalpaBiICHHbIE Ha
MIOBBIIIEHUE BBIPAOOTKH YHHUKAJIBHBIX OCTATOYHBIX
3aracoB yrJIeBOAOPOJOB U MHTEHCU(PUKAIUIO MPU-
TOKa rasza, ONpoOOBAaHbI HAa MECTOPOXICHUSX B
nepuon 2017-2024 tr., U3 HUX Ha MPAKTUKE YaIle
Bcero B kadectse ['TM npumensunce: 1) ymior-
HEHUE CETKHU MPOEKTHBIX AKCIUTyaTallMOHHBIX H
MIOMCKOBO-Pa3BEIOUHBIX CKBaXWH; 2) OypeHHe
HaKJIOHHO-HampaBieHHbIX ckBaxkuH (HHB); 3)
yriIyOJieHHe OLEHOYHO-3KCITyaTallMOHHBIX CKBa-
*uH; 4) QopcupoBaHHBI 0TOOpP (IOUIOB C
BBOJIOM B JKCILIyaTalMI0 KOMIIPECCOpPA HU3KOIO
nasnenus Ha JIKC Illapkuit bepnak; 5) nepdopa-
uMs 1moj JaBiieHHeM B ra3oBbix cpepax (IIBP
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MOJ//IaBJICHUEM); 6) HM30JISIIUsT OOBOJIHEHHBIX 30H
noa BeicokuM nasienuem (PUP); 7) ruaponec-
koctpyiHas nepdoparus (I'TIIT); 8) rumpas-
mnueckuil  paspeiB 1uacta (I'PII); 9) rasonu-
Hamuuecknii paspeiB 1miacta (I'JIPII); 10) mopo-
xoBoi reneparop nasnenus [1I'/1-BK-150; 11)
COJISHOKUCJIOTHAs W TJIMHOKUCJIOTHAas 00paboTka
ckBaxkuH (CKO u TKO); 12) Ttepmo-
O6apoxumudeckas oopadotka (TEXO); 13) 3apeska
6okosoro creoia (3bC); 14) paguaibHOE BCKpbITHE
miacta (PBIT); 15) 06paboTka 32005 ¢ TBEpIABIMH 1
KUJKUMU TTOBEPXHOCTHO-aKTUBHBIMH BEIIECTBAMU
(TTIAB u XXIIAB); 16) moctpen u mepecTpen
MPOIYKTHBHBIX TUIACTOB.

[TpoMbInIIeHHbIE UCTBITAHUS BbIIICHA3BAH-
HBIX BHEJPEHHBIX OTEYCCTBCHHBIX U 3apyOeHBIX
TEXHOJOTHI, HampaBJIeHHbIE Ha IOBBIIICHUE
MOPUCTOCTA M TPOHUIIAEMOCTH TPHUCKBAKHHHBIX
30H, U BOBJICYCHHE B MPOMBIIICHHYIO pa3paboTKy
OUYCHb HU3KOIPOHUIIACMBIX KOJUIEKTOPOB, HE BCET-
na. Ha pucynke 9 mnpuBeAeHBI NPOMBICIOBBIC
uHpopManuu 00 3((HEKTUBHOCTH TMPAKTHUYECKUX
MeTo10B npoBeacHus [ TM ¢ dakTrHiaecKuMH 10JI0-
KUTEIILHBIMU PE3yJIbTaTaMHU.

Pesynbratel m oOcy:xnenme. Ilpu stoMm
oOumii  0o0beM  A00BIYM  MPUPOAHOIO  Tasza
YCTIOPTCKUM Ta30400BIBAIOIINM YIIPABICHUEM B
2017-2024 romax cocraBun 25,421 mipn M, u3
KOTOPBIX B PE3yJIbTaTe MPOBEICHHBIX MEPOIPHUITHIA
obu10 100BITO 12,183 Mitpx M° rasa, To ecth 48 %
oT olmiero o0bema rasza. TexHONOrus IOBOJIHO
oOmmMpHas, MO3TOMY, HE YCyryoussach, oOpaTum
BHUMaHHWE Ha PSI BaXHBIX TOJOKUTEIBHBIX
Pe3yNBTATOB, JOCTUTHYTHIX TIOCIIC BHEAPEHUS KOH-
kpeTHbIX ['TM B nepuon 2017-2024 rr.:

1. [lo pesynpratam I'PP Gbino BBeneHo B
JKCIITyaTanuio 35 CKBaXWH, U3 KOTOPBIX OOIIMit
06beM 100bIToro Taza coctasmi 801,2 MirH. M, wm
6,6 % ot o0meit vactu ['TM;

2. Tlo pe3ympTaTaM 3KCILTyaTallHOHHOTO
OypeHust ObUIO BBEIEHO B JKcrulyatanuio 178
CKB)XMH, W3 KOTOPBIX OONIMH 00BEM JOOBITOTO
rasa cocrasun 3370,3 mmn. M°, wim 27,6 % or
o6Omeit vactu I'TM;

3. [IBP nonx nmaBieHneM BBIMONHEHA HA 93
CKBOKWHAX, B PE3yJIbTaTe IO BCEM CKBaXKMHAM
JIOCTUTHYTHI TOJIOKUTENbHBIE YPPEKTH M OOLIHiA
00BeM T06BITOTO ra3a coctaBmit 795,8 MITH. M, Wi
6,53 % ot obuieit yactu I'TM;

4. I'PII BeimonHeH Ha 19 ckBakWHaX, U3 HUX
Ha 13-TH MOTy4YeH MPOMBITIICHHBINA MPUTOK ra3a, u
o0t 006peM 00BITOrO raza cocraswi 414,6 miiH.
M3, min 3,4 % ot o6uieit wacti ['TM;

5. Vnamanenue xunkoctu ¢ 32008 CKBaKUH
tBepabM TIIAB u XIIAB B 2023-2024 rr. BeITION-
HeHO Ha 93 CKBaXWHAX, YTO MO3BOJIMIIO JKCILTya-
TUPOBaTh CHJIBHO OOBOJHCHHBIC CKBAKUHBI 0€3
NPOIYBKH C JJIMTEILHOCTBIO B cpenHem 10-12
nueil. Ilpumenenue sxuaxoro I[IAB mpuseno k
BOCCTAaHOBJICHHIO paHEe IPOCTaMBAIOUIUX OOBOJI-
HEHHbIX CKB. Ne66 wmecropoxaenus [lumonuii
bepnak, ckB. NelOO mecropoxnenus Illapkuit
Bepnak. O6mmii 06beM T00BITOrO raza COCTaBUII
3,4 mua. M2, wm 0,1 % ot o61ueit uactu ['TM;

Puc.9. IIpomvicnosasn ungpopmayus 06
appexkmuenocmu I'TM no Ycmwpmcxomy I'/1Y.

6. HHb BemonneHo Ha 14-TU CKBaXkWHaxX, B
pe3ysbTare MPaKTUYECKH Ha BCEX CKBAKHWHAX
MOJTyYeH MPOMBIIIICHHBIA MPUTOK ra3za, U OOIIHii
00beM 100BITOro ra3a coctaBmi 564,5 mitH. M°, wim
4,63 % ot oo6uieit yactu ' TM;

7. B pe3ymbraTe NPUMEHEHUS TEXHOJOTHUU
3bC Ha 3-X CKBaXMHAaxX YJIajgoCh BCKPBITh
MTPOTYKTUBHBIC TOPU30HTHI, HACKIIIEHHBIC Ta30M, 32
cueT 00Xx0/1a aBapuiHbIX TPYO Ha 3200€ CKBAXKUHBI.
OO0t 006eM 100BITOrO raza cocraswi 480,9 MiTH.
M, i 3,94 % ot o61meit yactu ['TM;

8. YrayOnenue 3a00s BBIMOJIHEHO Ha 8-MHU
CKBOKMHAX, M3 HUX Ha 7-MH MOJYYEH MPOMBIII-
JIeHHBIH TPUTOK Ta3a. [Ipu 3ToM 00BEM 100BITOrO
rasa cocraBmwit 3 179,6 mun. S, win 26,1 % ot
o0Omiert vactu ' TM;

9. KPC BemonHeH Ha 325 CKBaXMHaX, B
pe3ysbTare MPaKTUYECKHM Ha BCEX CKBAKHWHAX
MOJIy4EH TMPOMBIIIICHHBIA MPUTOK raza U OOt

00BeM J0OBITOrO Taza coctaBuit 2 572,7 MiH. M,
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i 21,1 % ot oOweit vactu ' TM.

Bce mpoBogumeie ['TM 00s13aTeNIbHO OllEHH-
BaloTcd Ha S((PEKTUBHOCTH IyTEM MPOBEACHUS
ra30IMHAMUYECKUX W Ta30KOHICHCATHBIX HCCIIe-
JOBaHMM ¢ mpopwiIssMU  TPUTOKA  IUIACTa
(TK+2HHK, PLT) u rnyOMHHBIM 3aMepoM A0 U
nocie mnposexenus [13; c.145]. B mpormecce
JUIMTETIbHOW JKCIUTyaTallud MECTOPOXKJICHUS B

OEMCHTHOM KaMHE OTACIBHBIX OKCIIITyaTa-
ONUOHHBIX CKB&XXWH BO3HHUKAKOT TPCIIMHBI U
IIOJIOCTH, KOTOPLIC JIMKBUAUPYIOT IIOBTOPHBIM

[IECMEHTUPOBAHHUEM 0] BBICOKMM JaBiicHueM [14.
¢.386].

Ha pucynke 10 mpencraBicHa BHEIpCHHAS
F€OTEXHOJIOTMYECKas CXeMa HCIIOJIb30BaHUS pe-
syabTatoB ['/IM — 'K — TUC — xonTpossa 3a
pa3paboTKON MECTOPOXKACHUN C TIyOMHHBIM 3a-
MepoM IS ompeneneHus 3P(GEKTUBHOCTH I10C-
TosiHHO-AeHcTBytonmx ['TM Ha npumepe mecrto-
POXICHUH YCTIOPTCKOTO Ta30A00BIBAOIIETO YII-
pasienns, AO «V36eknedrrasy». Ha nepsom srare,
no Hayana I'TM Ha nelCTBYIOIIMX CKBaKMHAX
npoBogstcss I, 'KU, TUC nns onpeneneHus
MCXOJIHBIX JaHHBIX: TMPOHHUIIAEMOCTh IUIACcTa TIO
rasy, ko3pduuueHTs (QUIBTPALIMOHHOIO COMIpO-
THUBJICHUSI, TEKYIME Ta30HACHIIIEHHOCTH M BOJIA-
HACBIIIEHHOCTH TIACTa, TOJIIMHA ra300TAAI0IINX U
BOJIAOT/IAIOIIUX WHTEPBAIOB, BHICOTA CTOJI0A KU~
KOCTH Ha 3a0oe paboTarommx CKBaxkuH, 3¢pdek-
THBHas TIOPUCTOCTh TIUIACTa, TEpMOOapUUECKUe
nmapaMeTpsl IU1acTa, U JeOUT CKBaKUH 1O Tasy, Mo
KOHJIEHCaTy W mo Boxae. Ha BTopom 3rtame, mocie
nposeneHuss ['TM, Takke OmpenessitoTcsl BbllIe-
Ha3BaHHBIE MapameTpbl. B ciydae HEKOpPpEKTHOTO
OmpeeNeHus MapaMmeTpoB acta 10 1 nocie I'TM
KOMIUIEKCHBIC HCCIICJIOBAHUSI CKBaXXUHBI OYyIIyT
MOBTOpPHO mpoBeneHbl. Ha Tpetbem »sTame, Ha
OCHOBaHWUM HCXOJHBIX JIAHHBIX IPOU3BOIUTCS
olieHKa TexHosoruueckoit apdexrusuoctu I'TM 1o
W T1mocie TnpoBeneHus. [lamee mnpu  MOMOIIU
JEUCTBYIOIIEH HOPMATHUBHO-TEXHUYECKON JOKY-
MEHTAaIlUeH OrpeaenseTcs dKoHoMuueckas dhdex-
TUBHOCTH: CPOK OKYIIa€MOCTH U PEHTA0EeNbHOCTH, &
nocyie pa3pabaTbiBaeTCsd TEXHUKO-DKOHOMHYECKHUE
000CHOBaHHUS MTPOEKTA.

3akaoyenue. B ganHOl HaywyHOM pabote
OBLIH MTPOaHATH3UPOBAHBI PE3YIbTAThl TOUCKOBBIX
pabotr 1960-2025 romoB W wu3y4YeHa JIHMHAMHKA
MIPUPOCTA 3aM1ACOB U PECYPCOB, a TAKKE IMOKa3aTeIN

rogoBoi no0ObuM peruoHa B 1menoMm. Ha ocHoBe
HAKOIUICHHBIX MAaTEpPHaJIOB COCTAaBJICHBI TpaduKu
JTUHAMUKH KOA((DHUIIMEHTOB IUIOTHOCTH OypeHHs
peruoHa, YCHEUIHOCTH TOUCKOBO-Pa3BEAOYHBIX
paboT, MOATBEPKAAEMOCTH PECYPCOB U YICIbHOMI
3¢ HEeKTUBHOCTH IITyOOKOT0 OypeHusl.

AHanu3upoBaHo 3PGEKTUBHOCTH PA3TUUHbIX
BuoB I'TM 1o noOBIBAlOIMM CKBaXKWHAM  JUIS
noBbiIeHus] 3P(GEKTUBHOCTH pPa3BEAKU U pas3pa-
OOTKHM HETPaJHUIMOHHBIX 3anekeld. DaKTUYECKH,
I'TM sBnsieTcsi HEOTHEMIIEMOM YacCThIO Pa3BEIKU U
IPOMBINICHHON OOBIUM ra3a B HETEra30HOCHBIX
peruonax. HecMoTps Ha 1o, 4TO HE Bce Buabl [ TM
JAIOT OXUJACMbIC TIOJOKUTEIbHBIE PE3YJIbTATHI,
BEPOSITHOCTH HA  YCIEX MOXHO  YBEIMYHTH
CJIEIYIOIIUM 00pa3oMm:

- CUCTEMHOTO MOAX0Ja K U3YYEHHUIO Ie0TeX-
HOJIOTUM, BHEIPSEMbII B KOHKPETHOM He]Te-
ra3oBOM pETrMOHE, OINHUPAIOLIUKCA Ha Te0JOru-
YecKkue, reoPpu3nuecKkre, reoXuMHYEeCKue, reome-
XaHUYECKUE U TIPOMBICIOBBIE (PaKTOPHI,

Puc.10. Bueopennas zeomexunonozuueckasn cxema
ucnonavizoeanusn pesyarvmamos I'/IH, 'KH, T'HC-
KOHmMpPOa 3a pa3padomKoi MecmopoicoeHu
ons onpeodenenusn Ippexkmuenocmu I'TM.

- CUCTEMHOT0 MOJX0/1a K CHUKEHUIO HEOIpe-
JIEJIEHHOCTHU UCXOAHBIX JaHHBIX IS INIAHUPOBAHUS
HOBBIX BU10B ' TM;

- PAaHXXUPOBAHUSI TEPPUTOPUH UCCIETOBAHUIN
M0 CTETNEeHU Pa30ypeHHOCH TEXTOHHUYECKOTO DJie-
MeHTa, YycnemHoctd ['PP, mnoareepxknaemoctu
PECYpPCOB M BOBJIEKAEMOCTH Pa3BEIaHHBIX 3alacoB
B OI1D unu mpoMBIIIIEHHYIO pa3paboTKy;

- IPUBJICUCHUS WU OOYYEHHsI OIBITHBIX
CHEIHMAMCTOB C BBICOKOKBATU(UIIUPOBAHHBIMU
pabourMH ¥ MHKEHEPHO-TEXHUYECKUMHU KaJpaMH,
a TaKKe IMepelOBBIMH TEXHOJOTHUSMU B 00JacTu
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HETPaTUIIMOHHBIX T€0TEXHOJIOTUH.

Ha 3axmountensHom 3tane ['PP  Ha
mectopoxaeHusx Kyiu Cyprunb, [NapOuii Kyiin
Cyprun u Kyiiu Ilapku bepmak ucnosb3oBaHO
METO/] a/IeHUs JaBJICHUS JJIA:

- JIOCTOBEepHas WACHTU(DUKAIWS H3BJICKAC-
MBIX 3aracoB raza Ha 3tane OIID npu orbope raza
He 6osee 10% OT mepBOHAYATBHBIX 3aI1ACOB;

- YCKOpPEHHUS MIPOMBIILJICHHON pa3BeKU ra3o-

KOHJICHCATHBIX MECTOPOKIACHUM.

[IpumeHeHne Ha MNPAKTUKE I'EOTEXHOJIOIH-
YECKYI0 CXEMY MCIOoJIb30BaHus pesyabraroB I'JIN —
I'KN — TUC — koHTposisa 3a pa3pabOTKONl MeCTO-
POXIEHUI ¢ TIyOMHHBIM 3aMepOM Ha MpUMepe
MECTOPOXKICHHUN Y CTIOPTCKOTO ra30/100bIBAIOIIETO
yOpaBieHUs, MO3BOJIMI HAYyYHO OOOCHOBAaHHO
ornpenenarts o0beMbl Bcex BuaoB I'TM u OGonee
JIOCTOBEPHO MJIAHUPOBAThH UX PE3YJILTATHI.
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Annotatsiya. O ‘rganilayotgan hududda quyi bo ‘r davri yotqiziglari juda keng tarqalgan bo ‘lib, ularning
cho ‘kindilari o ziga xos litologik-fatsial va paleontologik xususiyatlari tufayli butun mezozoy cho ‘kindi
kompleksi kesimida aniq va yorqin ajralib turadi. Quyi bo ‘r jinslarining moddiy tarkibi va turli litologik
gatlamlari fatsial-paleogeografik to ‘planish sharoitlarini har tomonlama o ‘rganish va jinslarning fatsial
turlari o ‘rtasidagi yaqin genetik bog ‘liglikni, shuningdek, turli foydali qazilmalarning joylashish tarzini
geol ogik-paleogeografik gonuniyatlar orgali aniglash geologiya-gidiruv ishlarini olib borishda muhim
gidiruv mezonlari hisoblanadi.

Kalit so‘zlar: Toshqo‘rg‘on, Yakkasaroy, Langar, G ‘ilon, Kulqamish, Maydanak, Shoxshor va
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Abstract. Lower Cretaceous deposits are very widespread in the study area, and their sediments, due to
their specific lithological-facial and paleontological features, are clearly and vividly distinguished in the
section of the entire Mesozoic sedimentary complex. A comprehensive study of the material composition
of Lower Cretaceous rocks, facies-paleogeographic conditions of accumulation of various lithological
layers and the establishment of a close genetic relationship between facies types of rocks, as well as
patterns of distribution of various minerals according to geological-paleogeographic patterns are
important search criteria in geological exploration.
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Kirish. Qashgadaryo egilmas va unga tutash
hududlar ilk bo‘r davri yotgiziglari shakllanish
davrida, ya’ni kuchsiz sho‘rlangan laguna sharoitida
qizg‘ich tusli gilli-karbonat-gipsli cho‘kindilarning
to‘planish davrida tekis relefdan iborat bo‘lgan.
Titon asri oxiri va valanj asri boshlarida (quyi
karabil davri) usish bilan bog‘liq mintagaviy
tektonik harakatlarning yanada uzogroq namoyon
bo‘lishi hamda keskin kontinental iqlim sharoiti
joylarda uta sho‘r laguna gidrokimyoviy cho‘kin-
dilarining terrigen-xemogen tarkibli sho‘rroq va
chuchuk suvli lagunalar bilan almashinishiga olib
keldi.

Muhokama. Qorabil davrining ikkinchi
yarmidayoq (valanji asri) laguna-dengiz suvlarining
janubi-g‘arbga to‘liq va uzil-kesil regressiyasi
natijasida nafagat Qashgadaryo egilmasi, balki
ilgari tuzli laguna suvlari bilan band bo‘lgan Janubi-
G‘arbiy Hisor tizmalarining (JG*HT) butun hududi
suvdan to‘liq ochilib qolgan. O‘sha paytda bu hudud
janubiy va janubi-g‘arbiy tomonga biroz qiya
bo‘lgan qirg‘ogbo‘yi tekisligiga aylangan bo‘lib, bu
yerda bir-biriga parallel bo‘lgan quruqlik daryo-
larining keng tarmog‘i va hamda ayrim kichik
chuchuk suvli ko‘llari bo‘lgan o‘zanlararo qayir
tekisliklari paydo bo‘lgan [1, 5].

Tadgiqot olib borilayotgan hududning quyi
bo‘r davri yotqiziqlari litologik-fatsial va paleo-
geografik xususiyatlarini tavsiflashdan oldin, ilgari
bu masalaar bilan N.P.Luppov, S.N.Simakov,

V.1.Popov, S.D.Makarova, A.A Filippov,
A.G.Babaev, Y e.A.Kochnev, V.l1.Troyskiy,
M.E.Egamberdiev, T.X.Shoymurotov,
N.Sh.Xayitov va boshgaarning ishlarida turli

darajada va ma’lum bir magsadlarda ko‘rib
chiqilganligini ta’kidlash o‘rinli deb hisoblaymiz.

Shuningdek, Markaziy Hisor geologiya-
gidiruv ekspeditsiyasi (GQE) va
“O‘zgeoburneftgaz” AJ korxonalarining qattiq
foydali gazilmalar va neft-gaz bo‘yicha izlov-
gidiruv ishlari jarayonida tadgigot hududining bir
gator tuzilmalarida nisbatan yangi va boy geologik-
geofizik materiallar olindi.

Geologlar va litologlar tomonidan keng
qo‘llaniladigan litologik-fatsial tahlil usullarini
hisobga olgan holda, xususan V.l.Popov tasnifi
bo‘yicha fatsial tahlilning dinamik tamoyilini qo‘l-
lash Qashqadaryo egilmasining quyi bo‘r jinslari
kesimida yer usti ko‘tarilmalari, yer usti va suv osti
tekidiklari va ularning kamarlari fatsiyaari
komplekslarini gjratish imkonini berdi [2].

Qurugqlikdagi ko ‘tarilma fatsiyalari
majmuasi paleoxisorga tutashgan landshaft zona-
larida rivojlangan bo‘lib, mezozoygacha bo‘lgan
jindardan tashkil topgan va asosan kechki yura
yotgiziglari bilan cheklangan.

Kechki yura davridagi eng katta trans-
gressiyadan va hududning umumiy tekislanishidan
so‘ng, cho‘kindi to‘planish zonalarining ko‘tarilgan
gismlarini yuvib ketishiga va mavjud botigliklarni
yangi, ammo boshgacha genezisli qizil rangli loyli
cho‘kindilar bilan to‘ldirishga olib kelgan ba’zi
tektonik jonlanish davri keldi. Janub va janubi-
g‘arbga biroz egilgan tekislik relefi yirik daryo
vodiylarini  (masalan, Paeogashgadaryo) yuvib
qazish uchun qulay bo‘lib, yon irmoqlarning katta
tarmog‘i mavjud edi, ularning suv yig‘ish bazisi
hududning shimoliy chegarasida rivojlangan
paleoko‘tarilmalar edi.

llgari Qashgadaryo egilmasining shimoliy
yarmi hududida bo‘r eroziyasi tekisliklari aniq-
lanmagan, ammo ularga yuqori yura karbonat
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gatlamidagi judakichik giyaliklar bilan tavsiflangan
tepaliklarini qo‘shish mumkin. Bu yerda bo‘rdan
oldingi va bo‘r davridagi sirt (yuza) relefi mavjud
deb taxmin qilish mumkin. Bunday tekislanish
yuzalari ~ Yakkabog®  tog‘larida  (Shurasan,
Maydanak, Xontaxta maydonlari) ma’lum. Bu
yuzalar odatda turli balandliklarda bo‘lib, relefning
pog‘onali-terrasa tuzilishini aks ettiradi. Bu yerda
cho‘kindi material yotqiziq holatiga kelgan, bundan
oldin u allyuvial oqimlarga qo‘shilgan va sezilarli
fizik-kimyoviy o‘zgarishlarga uchragan bo‘lishi
mumkin.

Yonbag‘ir fatsial kamari cho‘kindilari oldingi
kamar relefining mahalliy pasayishlarida yot-
gizilgan va deyarli saglanib qolmagan. Ular fagat
mayda linzalar va paleozoy jindari hamda yura
ohaktoshlarining o‘tkir burchakli brekchiyasimon
bo‘laklari ko‘rinishida aniqlangan. Ushbu holating
mavjudligi yura va bo‘r cho‘kindi to‘planishi
o‘rtasida tanaffus mavjudligidan dalolat beradi, bu
ko‘tarilmalarda sodir bo‘lgan (1-rasm).

Quruglik tekidliklari fatsiyalari majmuasi
Yakkabog* tog‘larida keng rivojlangan bo‘lib, ular
karabil, almurod va qiziltosh svitalari kesmasidan
tashkil topgan. Fatsiya cho‘kindilarining tarqalishi
botiqliklarning rivojlanish maydoniga to‘g‘ri keladi
va ehtimol, ular tomonidan nazorat qilinadi, bu
mintaganing eroziya bazis gradientlari dargasi
bo‘lib, qalin (o‘nlab metr) dag‘al (donador) bo‘lakli
cho‘kindilar to‘plamlarining shakllanishiga olib
keldgan. Ular yaxshi saralanmagan konglomeratlar,
shag‘alli qumtoshlar, qumtoshlar va rang-barang,
odatda gizil-qo‘ng‘ir rangli qumli alevrolitlardan
iborat.

Yelpig‘ichsimon-aralash  zona.  Ushbu
zonaning dinamik fatsiyalarining tipik vakillari
egilmaning shimoliy qismida, Toshqo‘rg‘on may-
doni kesmalarida (karabil va giziltosh svitas
hagmida) aniqg graib turadi, bu yerda ularga
saralanmagan har xil toshli konglomeratlar va
xarsang toshli brekchiyalar galinligi to‘g‘ri keladi
(1-rasmga garang). Qatlamning galinligi bir necha
metrdan dastlabki o‘nlab metrgacha o‘zgarib turadi.
Ko‘ndalang kesimi 2-3 sm dan 50 sm gacha bo‘lgan
dag‘al bo‘lakli material kvars, kremniy, turli xil
metamorfik slaneslar, kamrogq ohaktoshlar, dolo-
mitlar va marmarlar, shuningdek, gizil-qo‘ng‘ir
gillar, alevrolittar va qumtoshlarning qotishma-
laridan iborat. Bo‘laklar ko‘pincha o‘tkir burchakli,

dumaloglanmagan, kamdan-kam hollarda yarim
dumaloglangan, chetlari yumalogq Ko rinishdan
iborat. Sement karbonat-gil-temirli jinslarning rangi
gizil-qo‘ng‘ir. Yotqiziglar qatlamsmon teksturaga
ega, ba’zan daryo tipidagi linzasimon, kuchsiz
ifodalangan gorizontal, qiyshiq va diagonal yo‘na-
lishga ega.

1-rasm. Pachkamar-Oyqo ‘ton-Langar-Olma-
Toshqo‘rg‘on chizig ‘i bo‘ylab bo‘r davri
yotqiziglarining litologik-fatsial profili (Tuzuvchi:
F.O.Juraev, 2024 y.).

Konglomeratlarda ko‘pincha turli donali
gumtoshlarning linzalari, qumtosh gatlamlarida esa
dag‘al bo‘lakli jindarning linzalari qayd etiladi.
Bunday linzalarning uzunligi boshlang‘ich lin-
zalardan o‘nlab metrgacha, qalinligi esa 0,1 dan 2,5
m gacha bo‘ladi.

Yelpig‘ichsimon-aralash zona janubiy va
g‘arbiy chekka qismlarida sezilarli darajada shag*al-
gum-alevritli litofatsiyalar bilan ifodalanadi.

Yelpig ‘ichsimon-bo ‘lakli zona. Ushbu fatsial
zona cho‘kindilari Yakkasaroy, Langar, G‘ilon
(karabil, olmurod va giziltosh svitalari) maydonlari
kesimlarida keng targalgan. Fatsiyalar bir nechta
tog® daryolarining birlashgan konussimon yoyil-
malarining shleyfidan iborat bo‘lib, ular, ehtimol
Paleogashqadaryo, Paeotanxozdaryo va Paleo-
langardaryo asosiy o‘zanlarini tashkil etgan. Har xil
shag‘alli konglomeratlar, gravelitlar, har xil donali
gumtoshlar va gumlashgan aevrolitlarning gatlam-
lanishi bilan xarakterlidir. Gravelitlar vaqumtoshlar
zonadagi tog* jinslarining asosiy turlari hisoblanadi.
Donador materiallarni saralanishi juda yomon.
Jindarning rangi gizil-qo‘ng‘ir, qo‘ng‘ir-qizil, ba’zi
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joylari kulrang. Ayrim pachkalarning qainligi
o‘nlab metrlarga yetadi. Yon tomonlari bilinar-
bilinmas o‘zan psefitlariga o‘tadi (Toshqo‘rg‘on
maydoni, 1-rasmga qarang). Ushbu zonaning
yelpig‘ichsimon-bo‘lakli  fatsiyalari bilan mis
namoyonlari va rux mineralizatsiyasi bilan bog‘lig-
ligi aniglangan (G‘ilon namoyonlari).

V.1.Popov, S.D.Makarova, R.Y u.Muzafarova,
M.E.Egamberdiev, S.N.Nurtaev va boshqgalarning
fikriga ko‘ra, quruqlik tekisliklarining fatsiyalariga
tekislik-vodiy mintaqgasida to‘plangan cho‘kindilar
kiradi, ular makonda o‘zanning bo‘lakli va o‘zan
usti yoki o‘zan usti-ko‘l (mayda tuproqli) zonalariga
bo‘linadi.

O‘rganilgan hududdagi suv osti tekidliklari
fatsiyasiga avvalgi tadgigotchilardan keyin dengiz
va ko‘l-laguna suv havzalari tubida hamda daryo
vodiylarining oxirgi suv usti va suv osti gismlarida
to‘plangan cho‘kindilarni kiritilgan [5].

Yotgiziglar juda murakkab genezisga ega.
Ularning shakllanishi tekislik-vodiy mintagasining
suv usti delta uchastkasi bilan bog‘liq bo‘lib, uning
suv ostidagi davomi hisoblanadi. Suv usti va suv
osti delta mintagasining shakllanishida asosiy rolni
daryo suvlarining oqimlari o‘ynaydi, ular suv
havzasida tarqaladi, qirg‘oqdan suv havzasining
chuqurligiga intiladi va ogova ogimlarini hosil
giladi. Shu sababli, tavsiflangan yotqiziglar tarkibi
bo‘yicha suv osti delta yotqiziqlariga qaraganda
ogimlar mintagasi yotqiziglariga yaginrog.

Suv osti deltasi hosil bo‘lishida oqish oqim-
laridan tashqari, qirg‘oq bo‘ylab va suv osti deltasi
sayozliklarida ta’sir etuvchi to‘lginlar, ko‘tarilish-
tushish ogimlari va sayozliklardagi shamol jarayon-
lari ham ishtirok etadi [5].

O‘rganilayotgan cho‘kindilari
Pal eotankxozdaryo, Paleouradaryo,
Palegashgadaryo va boshga vodiylardan hosil
bo‘lgan qirg‘ogbo‘yi tekisligining keng akvatori-
yasida rivojlangan. Shu bilan birga, suv osti deltasi
chegaralari dengiz suvlari va quyi bo‘r laguna-
larining transgressiyasi va regressiyasiga muvofiq,
goh janubga va janubi-g‘arbga chekinadi, goh
shimolga va shimoli-sharqga siljiydi.

Quyi bo‘r davrining suv osti delta fatsiyalari
aeromorf va gidromorf rangdagi qumtoshlar, alev-
rolitlar, gillar va organogen-detritli va detrit-oolitli
ohaktoshlardan iborat. Yirik bir yo‘nalishli ko‘p
yarusli va tog‘orasimon qiyshiq qatlamchalar va

hudud

turli xil mavjlanish belgilari, daraxt tanadari va
shoxlarining minerallashgan bo‘laklarining mav-
judligi va ba’zan mis ma’danlashuvi xarakterlidir.
Ushbu singenetik va epigenetik ma’danlashuv
O‘“zbekistonning janubiy hududlaridan o‘rta hudud-
lariga, shuningdek, Hisorning janubiy yonbag‘riga
(Sharg‘un-Qoratog maydoni) qarab yoshga bog‘liq
pog‘onali siljishni boshdan kechiradi. quyi bo‘r
suvosti deltalari qumli cho‘kindilarining qalinligi
20-60 m oralig‘ida o‘zgaradi.

Suv osti-delta bo‘lakli zonasi (bar kichik
zonasi). U shartli ravishda tadgigot olib borila-
yotgan hududning shimoliy hududlarida -
Kulgamish, Maydanak, Shoxshor va Dukonxona
maydonlarida barrem va erta aptning giya gatlamli
qumli cho‘kindilarining to‘planish davri orqgali
o‘rnatildi (2-rasm).

Dukonxona chizig ‘i bo‘ylab quyi bo‘r davri
yotqiziglarining litologik-fatsial profili (Tuzuvchi:
F.O.Juraev, 2024 y.).

Delta yotgiziglarining giyshiq gatlamli teks-
turasi daryo va to‘lqin wurilish turidagi yot-
giziglardan shu bilan farq qiladiki, galinligi 0,5-2,0
m va undan ortiq bo‘lgan alohida seriyalar odatda
yupga qiyshiq qatlamlarni ta’kidlovchi turlicha
maydalangan faunistik va o‘simlik detritlarini o‘z
ichiga oladi. Odatda yaxshi saralangan klastogen
gum-alevrit va organogen materialardan tashkil
topgan qiya seriyalarning morfologiyasi ham o‘ziga
xosdir. Bundan tashgari, deltasimon giyshiq gatlam-
lar chastotas umuman ko‘pincha S-simon shaklga
ega bo‘lgan qiyshiq qatlamlarning bir tomonlama
yo‘nalganligi, qatlamlar qalinligi va seriyal
choklarning yotish burchaklarining o‘zgaruvchan-
ligi, ba’zan S-simon qiyshiq gatlamlar seriyasining
ponasimon shaklga ega bo‘lishi bilan belgilanadi.
Bunday qiyshiq qatlamlanish turi ko‘pincha
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Qashgadaryo egilmasi va unga tutash JG‘HT
hududlarida tarqalgan pastki va o‘rta aptning
kaligrek va qo‘lgamish svitalari, o‘rta albaning
luchak svitasi qumli-karbonatli jinslaridakuzatiladi.

Suv osti deltasi turg‘un zonasi tarkibida
ko‘mirsimon detrit, qo‘shimchalar, siderit konkret-
siyalari, tub faunasi va gatlamlanishi bo‘yicha
muskovit tangachalari ko‘rinishidagi qo‘ng‘ir-qizil
dog‘li yashil gillar bilan ifodalanadi. Cho‘kindilar
kam galinlikdagi 0,5-1,5 m valinzasimon gatlamlar
ko‘rinishida Ogqrabot, Pachkamar va boshqga
maydonlarda kaligrek svitasi kesimida rivojlangan.
G‘arbiy yo‘nalishda ularning qaliligi ortib boradi.

Laguna fatsial kamari cho‘kindilari, asosan
barremning laylimkon va machay svitalari hamda
berrias-valanjinning olmurod va karabil svitalari
kesimida tarqalgan bo‘lib, ular turli kattalik va
shakldagi yashil dog‘lar bilan qizil-jigarrang, olcha-
jigarrang, qizg‘ish-qo‘ng‘ir rangli gipslashgan gillar
bilan ifodalanadi. Ularning shakllanishi nisbatan
harakatchan gidrodinamik muhitga ega bo‘lgan
kuchsiz sho‘rlangan lagunada sodir bo‘lgan.

Gil gatlamlari va pachkalari orasida ko ‘pincha
gdinligi kichik (0,3-5,0 m) och kulrang, yashil-
kulrang va ko‘kimtir alevrolitlar, mayda donali
glaukonitlar va giya gatlamli qumtoshlar, sayoz

suvli havzaga xos mavjlar (ryabi) kuzatiladi.
Aftidan, bu jindar janubi-g‘arbdan dengiz
suvlarining gisga muddatli  bostirib  kelishi

(transgressiya) davrida hosil bo‘lgan. Tog*
jindarida muhrlangan torinosuella amuradisa,
acrulammaina, textularia amuradisa kabi dengiz
foraminiferalarining mavjudligi ham shundan
dalolat beradi [5].

Laguna cho‘kindilari neokom kesmasi umu-
miy hajmining 70-80% ni tashkil giladi, shimoliy
kesmalarda (Shurason maydoni) 40-50% gacha
gisgaradi, svitalarning umumiy galinligi 60-100 m.

Natijalar. Qashqadaryo egilmasida fo ‘lgin

urilma  fatsial kamarining cho‘kindilari
Yakkasaroy, Sho‘roson, Toshqo‘rg‘on, G‘ilon
maydonlarining shimoliy kesimlaridagi

kundalangtov (barrem), qo‘lqamish (apt) va luchak
(alb) svitalari, shuningdek charshang‘i va
oqqgapchig‘ay svitalari (alb) yotqiziqlari orasida
rivojlangan.

Quyi bo‘r davrining kundalangtov va luchak
davrlarida dengiz sayozligi sharoitida (suv osti
sayozliklarida) organogen (mshanka, korbula,

ustritsa), organogen-detrit va oolitli ohaktoshlar
mergellar, ohakli gillar va kulrang polimikt tarkibli
gumtoshlar (0,5-2,0 m) gatlamlari bilan shakl-
langan.

Ohaktoshlarning ayrim gatlamlari, xususan
dengiz tipratikanlarining ignalari bo‘lgan ustritsa,
pelesipod, mshanka faunasining chig‘anoqlaridan
iborat. Ohaktosh gatlamlarining ustki yuzasida
Pachkamar, Igrisu, Kulkamish, Tyubegatan
maydonlari, Sherobod-Sarigamish antiklina tiz-
masi hududlarida yirik to‘lqinsimon ryab belgilari
kuzatiladi, ularning qirralari orasidagi masofa 50-60
sm gacha yetadi.

Ohaktoshlarning oolitli strukturasi,
mavjlanish belgilari (znaki ryabov), ularning
o‘lchamlari va tarqalish masshtablaridan qat’iy
nazar, dengiz tubi relefining sayoz-suv urilmali
xarakterini va uning suvlarining faol dinamik
rejimini ko‘rsatadi.

O‘rganilayotgan hududning janubiy va o‘rta
hududlaridagi barrem oolitli ohaktoshlarda ham
yirik to‘lginsimon belgilar kuzatilib, ular yaqqol
profilga ega va to‘lginsimon qirralari aniq parallel
joylashgan (Badaxshon, Yakkasaroy, Langar
maydonlari).

Klanseyning boshida (kulgamish vagti) apt
dengizining butun akvatoriyas sayozlashishni
boshdan kechirdi, bu esa yuqorida ko‘rsatilgan
havza ichidagi sayozliklarning shakllanishiga olib
keldi, ularning atrofidagalinligi 0,2 dan 20 m gacha
bo‘lgan ustritsalarning qalin devorli chig‘anoq-
larining bo‘laklarini o‘z ichiga olgan katta bo‘lakli
kvars-kremniyli jinslar hosil bo‘lgan [4].

To‘lqin urilmali qumtoshlar qiyshiq qatlamli
linzasimon  kesishuvchi,  ponasimon,  turli
yo‘nalishli “archasimon” va parsimon morfologi-
yas bilan tavsiflanadi. Qiya seriyaarning gainligi
desimetrlar va birinchi metrlar bilan o‘lchanadi.
Qiya gatlamlarning yotish burchaklari, odatda, 20-
30° dan oshmaydi va ko‘pincha janubi-g‘arb va
shimoli-sharqqa yo‘nalgan bo‘ladi. Dengiz akva-
toriyasi tomon yo‘nalishda to‘lqin urilish turi dengiz
tubidan ogish turi bilan amashgan.

Shimoliy kesmalarda (G‘ilon, Shurasan,
Shoxshar, Toshqo‘rg‘on maydonlari) to‘lqin urili-
shini mujassam etgan alb gillari rivojlangan bo‘lib,
ular kam qalinlikda bo‘lib, asta-sekin terrigen qum-
alevrit materiallari bilan boyib boradi va to‘liq
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fatsial ravishda ular bilan amashinadi (1-rasmga
garang).

Mazkur kamarga xos cho‘kindilar alb va
senoman kesimlarida rivojlangan. Fatsial-paleo-
geografik  sharoit  birmuncha o‘zgarishlarga
uchragan. Cho‘kindi to‘planish havzasi usuvchan
tektonik harakatlarning tez-tez namoyon bo‘lishi va
dengiz havzasi suv sathining o‘zgarishi natijasida
suvlarning dinamik va tuz rejimining tebranuvchi
o‘zgarishlarini boshdan kechirgan. Bunda, asosan
sherobod davrida (alb va senoman asrlari oralig‘ida)
dengiz tubining butun maydonida bir vagtning
o‘zida autigen va gqayta yotqizilgan glaukonit
donalari bilan sezilarli dargjada boyitilgan kvars-
dala shpati tarkibli saralangan qum va aevrit
cho‘kindilarining to‘planishi sodir bo‘lgan [4].

Qumtoshlar va devrolitlar hamma joyda
0‘ziga xos yashil-kulrang va kulrang-yashil rangli
bo‘lib, ularning intensivligi ulardagi umumiy
glaukonit miqdorining ortishiga bog‘liq. Qum-
alevritli tarkib, undagi glaukonit cho‘kindilarining
yugori migdori, ularning galinligi 5-50 m bo‘lganda
mintagaviy miqyosda saglanib golgan.
Cho‘kindilarning o‘ziga xos xususiyatlaridan yana
biri tub-oqish tipidagi mayda bir yo‘nalishli qiyshiq
gatlamli tekstura hisoblanadi.

Glaukonitli cho‘kindilar (jinslardagi glau-
konit miqdori 40 % gacha yetadi) to‘lqin urish
kamaridan uncha uzoq bo‘lmagan masofada,
L angar-Dukonxona-Qorail-Tyubagatan maydonlari
oralig‘idagi alb va alb-senoman dengizlarining tub
oqimlari ta’siri sharoitida shakllangan.

Ular ogim bilan doimiy yuvilganligi sababli
eng yaxshi kollektorlik xususiyatlari bilan gralib
turadi. Ularning g‘ovakligi 21% gacha, o‘tkazuv-
chanligi 150 millidarsigacha. Neft-gaz geologiyasi
sohasida ular X mahsuldor gorizont nomi bilan
ma’lum bo‘lib, Buxoro-Xiva neftgazli regionining
bir gator konlarida (Gazli, Setalontepa konlari va
boshgalar) ushbu gorizontda gaz uyumlari topilgan.
Bundan tashqari, sanoat va qishloq xo‘jaligi uchun
ularning ulkan agroxom ashyo zaxiralariga ega
bo‘lgan glaukonitga boyligi katta ahamiyatga ega.

Markaziy tindiruvchi fatsiad kamariga
charshang‘i (yuqori apt), kallamazar (quyi alb) va
oqqgapchig‘ay (yuqori alb) svitalarining gillari
kiradi, ular o‘rta va janubiy hududlarda tarqalgan
bo‘lib, ular mustaqil pachkalarni (10-30 m) vagalin
gatlamlarni  (80-130 m) tashkil qiladi. Ularda

doimiy ravishda kam galinlikdagi (0,05 dan 0,8-1,0
m gacha) organogen vaorganogen-detritli glukonitli
ohaktoshlarning gatlamchalari va qatlamchalari
mavjud.

Gillar va ohaktoshlar tarkibida makro- va
mikrofauna qoldiglari (ammonitlar, pelesipodlar,
gastropodiar, braxiopodlar, foraminiferalar,
ostrakodalar) va ko‘mirga aylangan o‘simlik detrit-
lari ko‘p miqgdorda uchraydi. Shuningdek, qo‘ng‘ir
temirtosh (o‘lchami diametri 3-5 dan 70 sm gacha
vagainligi 0,5-15 sm) va karbonatlar (ko‘ndalang
kesimi 20 sm gacha) disk shaklidagi yumalog
zanjirsimon joylashgan konkretsiyalar gil gatlamlari
yuzasida gayd etilgan.

Loylar ushlab ko‘rilganda yog‘li, qalin va
yupga  qatlamli, zich, mayda  zarrali
(tonkodispersniy) bentonitga o‘xshash. Granulo-
metrik tarkibda ularning 0,001 mm |i fraksiyasi 40-
60% ni, 0,1-0,01 mm li fraksiyasi esa 0,5 dan 10%
gachani tashkil etadi.

Gillarning mineralogik tarkibi montmoril-
lonitli, gidroslyudali vaaralash gatlamli. Immersion
muhitda gillarning alevritli fraksiyasidagi ulushlari
(foizda): kvars— 60 gacha, dalashpatlari — 30 gacha,
dyudalar — 5 gacha, gematit-limonit — 30 gacha,
pirit — 50 gacha, barit — 20 gacha, glaukonit — 5
gacha, shuningdek epidot, sirkon, granat, sfen,
turmalin va rogovaya obmanka — birinchi foizlarda
aniglangan.

Xulosa. Shunday qilib, Qashgadaryo egilmasi
quyi bo‘r yotqiziqlarining litologik-fatsial zonalligi
bo‘yicha olib borilgan tadqiqotlar asosida quyidagi
xulosalarga kelish mumkin:

- of‘rganilayotgan hududda maydon va
stratigrafik jihatdan keng targalishi bilan tavsif-
langan quyi bo‘r yotqiziglarida terrigen va
xemogen-organogen guruhlarning deyarli barcha
ma’lum cho‘kindi jins turlari: dag‘al va mayda
bo‘lakli (brekchiyalar, konglomeratlar, gravelitlar,
turli donali qumtoshlar, aevrolitlar, pattumlar)
jindardan tortib, gilli va karbonatlargacha uchrashi
aniglangan.

- ularning rangi turli tusdagi qizil, sariq,
yashil, oq, kulrang, to‘q kulrang, qo‘ng‘ir bo‘lib,
cho‘kmalar hosil bo‘lish davrida havzada o‘zgaruv-
chan oksidlanish va tiklanish geokimyoviy vaiglim
sharoitlari mavjudligini ko‘rsatadi.

- yotgiziglar bir zaylda quruglik (tog‘osti-
yelpig‘ichli, tekislik-vodiy, suv usti-delta) va suv-
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osti (ko‘l-laguna, dengiz) komplekslariga tegishli.
Ulardan birinchis berrias, valanjina, goteriv va
gisman barrem, apt va aba kesimlarida gralib
turadi, ularning umumiy galinligi shimolda birinchi
yuz metrdan janubda bir kilometrgacha yetadi.
Ikkinchi kompleks berrias-valanjinda (quyi garabil,
amurod svitalari), barremda (okuzbulog svitasi),
apt, alb va ab-senomanda rivojlangan.

- dengiz fatsiyalari orasida qum-gilli, karbo-
natli jinslarda va kamdan-kam hollarda bazal
konglomerat-gravelitlarda ifodalangan to‘lqin uri-
lishi fatsiyasi jindari eng ko‘p rivojlangan. Suv osti
deltas fatsiyaari qum-alevritli va gilli yotqiziglar,
markaziy cho‘kindi — gillar, chuqur tubdan oquvchi
— glaukonitli qum-aevritli va organogen-detritli
jindar bilan ifodalanadi.

- u yoki bu turdagi cho‘kindi foydali qazil-
malarning dinamik fatsiyalar turlari bilan o‘zaro

bog‘liglik alogalari aniglangan. Xususan, neo-
komning kontinental fatsiyalari bilan Xontaxta,
Kulgamish, Langar, Tyubegatan maydonlaridamis,
sochma oltin, Toshqo‘rg‘on maydonida kumush va
kobalt, Makrid, Qamashi va Dehgonobod
maydonlarida qurilish materiallari, shuningdek
Y akkasaroy maydonida neft va gaz (apt XIl va
goteriv. X1l mahsuldor gorizontlari) uyumlari
mavjudligi aniglangan. Glaukonitlar (Pachkamar,
Karail, Langar, Olma, Kulkamish maydonlari),
keramzit va sement xom ashyolariga yaroqli
bo‘lgan bentonitsimon gillar (Kan, Pachkamar,
Ogmechet maydonlari) hamda kvars-dala shpatli
gumlar va aevrolitlar tub-ogimli va markaziy
cho‘kindi tinish fatsiyalar Dbilan bog‘ligligi,
shuningdek laguna va suv osti deltasi cho‘kin-
dilariga oid gipsga istibolli maydonlar (Kansay,
Langar) aniglandi.
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TABIY GAZLARNI MEA VA DEA ALKANOLAMINLI ERITMALAR
YORDAMIDA NORDON KOMPONENTLARDAN TOZALASH
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Annotatsiya. Ilmiy magolada tabiiy gaz tarkibidagi nordon komponentlarni selektiv tozalashda optimal
absorbent yoki ularning kombinatsiyalangan turlarini tanlash mezonlari va ketma-ketliklari, shuningdek
absorbsiya asosidagi tozalash texnologiyasida uchraydigan muammolar yoritilgan. Mono- va
dietanolamin eritmalari asosida vodorod sulfidi, uglerod dioksidi hamda merkaptanlarni yutishda
qo ‘llash wusullari va wularning samaradorligi o ‘rganilgan. Kolonna turidagi absorber uchun
alkanolaminlarning optimal tarkibi ishlab chiqilib, tajribalar natijasida MEA va DEA eritmalariga
efirlar qo ‘shish orqali yangi kombinatsiyalangan absorbentlar sintez gilingan. Tadqiqotlarda MEA va
DEA ning turli nisbatlari qo ‘llanilib, tabiiy gazni nordon komponentlardan tozalash samaradorligi
aniglandi.

Kalit so‘zlar: tabiiy gaz, aminli eritmalar, MEA, DEA, absorbsiya, selektiviik, regeneratsiya.
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Annomayun. B nayunoii cmamve paccmompenvl NOCIe008aAMENbHOCMU U Kpumepuu 6uloopa
ONMUMANILHO20 AOCOPOEeHMA Ul UX KOMOUHUPOBAHHBIX MUNOE OISl CENeKMUBHOU OYUCTKU NPUPOOHO20
2a3a om KUCTLIX KOMNOHEHMO8, a makdice npoodiemvl, B03HUKAIOWUE 8 MEXHON02UU AOCOpOYUOHHOU
ouucmku. U3yyeno npumenenue pacmeopos MOHO- U OUIMAHOLAMUHOE O/ NO2OUeHUs CEPO8000POIa,
OuoKcuda yenepood u MepKanmanos, a maxice ux agpgpexmusnocmo. /s kononno2o muna abcopbepa
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Pazpaboman ONMUMANbHLIUL COCMA8 ANKAHOIAMUHOS. B X00e axcnepumenmos Ovliu cuHmesuposamsi
HOBble KOMOUHUPOBaHHble abcopbenmbl nymem dodasnenus 3¢upos k pacmeopam MEA u DEA. Ilpu
ucnonwb308aHuu paziuyHelx coomuowenui MEA u DEA nonyuenvl pe3yiomamul no 3¢hghekmusHocmu
OUUCMKU NPUPOOHO20 2a3A OM KUCTILIX KOMIOHEHMOB.

Kniouesvie cnosa: npupoouwiii 2az, amurnosvie pacmeopwvl, MEA, DEA, abcopbyus, ceiekmugHocmo,
peceHepayusi.
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Abstract. The scientific article analyzes the sequence and criteria for selecting optimal absorbents or
their combinationsfor the selective removal of acidic componentsfromnatural gas, aswell aschallenges
within absor ption-based purification technology. The application of mono- and diethanolamine solutions
for the absor ption of hydrogen sulfide, carbon dioxide, and mer captans has been investigated. An optimal
alkanolamine composition for column-type absorbers has been developed. Experimental studies led to
the synthesis of new combined absorbents by adding ethers to MEA and DEA solutions. Different ratios
of MEA and DEA were tested, and results demonstrated the efficiency of natural gas purification from

acidic components.

Keywords: natural gas, amine solutions, MEA, DEA, absorption, selectivity, regeneration.

Kirish. Tabiiy gazni nordon komponentlar va
ularning zaharli gazlaridan tozalashda optimal
absorbent yoki kombinatsiyalangan absorbent
turlarini tanlash shartlari va mezonlari hamda ularni
qo‘llash texnologiyalarining tahlili ko‘rib chiqilgan.
Dunyo tgjribasida neft va gaz xomashyosini sanoat
migyosida gayta ishlashga tayyorlashda akano-
laminli tozalashning turli usullari qo‘llaniladi.
Jumladan, monoetanolamin (MEA), dietanolamin
(DEA), trietanolamin (TEA) va metildietanolamin
(MDEA) eritmalari asosida vodorod sulfidi (H2S),
uglerod dioksidi (CO2), merkaptanlar hamda
oltingugurt  birikmalarini  yutuvchi  sifatida
ishlatilishi, ular bilan bog‘liq muammolar va
ularning yechimlari tahlil gilingan.

Kimyoviy reagentlar yordamida zaharli kom-
ponentlarni samarali tozalashda yutuvchi erit-
maning ko‘piklanishini oldini olish, shuningdek
absorberning konstruktiv xususiyatlarining jara-
yonga ta’siri alohida o‘rganilgan. Ishda kolonna
turidagi absorberdan foydalanish magsadga mu-
vofiq deb tavsiya etiladi. Shuningdek, tabiiy gaz
tarkibidagi kidotali gazlar hamda issiglikka

chidamli tuzlarni aminli eritmalar yordamida
samarali tarzda tozalashga ta’sir etuvchi omillar va
mazkur usulning texnik-igtisodiy jihatdan mag-
sadga muvofigligi tahlil gilingan[1, 2, 3, 4, 5, 6, 7,
8].

Metodologiya. Tabiiy gaz tarkibida ugle-
vodorodlar bilan bir gatorda nordon komponentlar
— uglerod dioksidi (CO:), vodorod sulfid (H2S),
merkaptanlar (RSH) va boshga birikmalar ham
mavjud. Ushbu aralashmalar muayyan texnologik
sharoitlarda neft va gaz mahsulotlarini tashish
hamda ulardan foydalanish jarayonlarini sezilarli
dargjada murakkablashtiradi. Birlamchi gayta
ishlash, tashish va iste’molda yuzaga keladigan
muammolarni oldini olish uchun tabiiy gazdagi
zaharli komponentlarning miqdori bo‘yicha bel-
gilangan me’yoriy ko‘rsatkichlarga erishishni
ta’minlaydigan zaruriy chora-tadbirlar oldindan
ishlab chigiladi.

Shu bois gazlarni tozalash texnologiyalari va
absorbentlar tanlash mezonlari ishlab chiqi-
layotganda “keraksiz” komponentlarni chuqur
dargjada gjratib olish imkoniyatlari hamda ularni
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gayta ishlash orqgali kerakli mahsulotlarni olish
masalalari ko‘rib chiqiladi [8, 9, 10].

Kimyo sanoatida gayta ishlash jarayonlarida
turli usullar va texnologiyalar qo‘llaniladi. Ular
ishlatiladigan absorbent moddalar, nordon kom-
ponentlarni gjratib olish samaradorligi va gayta
ishlanadigan xomashyo hami bilan bir-biridan
farglanadi.

Tadgiqotning asosly magsadi — yuqoridagi
muammolarni ilmiy asosda hal etish, ya’ni aminli
eritmalardan kompozitsion absorbentlar tayyorlash
texnologiyasini ishlab chigish hamda ularning
yordamidatabiiy gazlarni nordon komponentlardan
tozalash metodikasini yaratishdan iborat.

Muammoni hal etish usuli. Tadgigotda
adabiyotlar sharhidan olingan statistik ma’lumotlar,
nazariy hisob-kitoblar hamda amaliy tajribalar
natijalari asos qgilib olindi.

Natijalar tahlili va muhokama. MGQIZ
texnologik tizimida tabiiy gaz tarkibidagi nordon
komponentlarni gjratib olishda aminli
absorbentlardan  foydalanish  muhim  bosgich
hisoblanadi. Amaliyotda eng ko‘p qo‘llaniladigan
absorbentlardan biri dietanolamin (DEA) bo‘lib, u
bir gator texnologik afzalliklarga ega. Birog, DEA
asosida ishlovchi tizimlar  yuqori  korroziya
faolligiga ega bo‘lib, qurilmalarga xizmat ko‘rsatish
xargatlarini sezilarli darajadaoshiradi. Shuningdek,
aminli eritmalar sarfining yuqoriligi, regeneratsiya
uchun zarur bo‘lgan issiqlik energiyasining
ko‘pligi, eritgichlarning bug‘lanib yo‘qolishi,
regeneratsiya  samaradorligining pastligi  va
aminlarning termal bargarorligi yetarli emadligi bu
usulning ekspluatatsion samaradorligini cheklaydi.

Natijada, texnologik jarayonning tannarxi
ortadi vaekologik xavf dargjasi kuchayadi.

Tadqgigotning asosly maqgsadi — aminli
tozalash jarayonida yuzaga keladigan texnik va
ekologik muammolarni  chuqur tahlil qilish,
ularning sabablarini aniglash hamda samaradorlikni
oshirishga xizmat qiluvchi optimal yechimlarni
ishlab chigishdan iboratdir [10, 11, 12]. Aynigsa,
gaz tarkibidagi H.S wva CO: kabi nordon
komponentlarning aminlar bilan o‘zaro ta’siri ushbu
yo‘nalishdagi asosiy ilmiy qiziqish ob’yekti
hisoblanadi. Bu reaksiyalar aminlarning kimyoviy
tuzilmasiga, xususan azot atomidagi o‘rinbosar
guruhlarning xususiyatlariga bog‘liq bo‘lib, ular
aminlarning reaktivligiga bevosita ta’sir ko‘rsatadi.

Mazkur ilmiy izlanishlar davomida mono-
etanolamin (MEA) va dietanolamin (DEA) asosida
tayyorlangan yangi kombinatsiyalangan absor-
bentlar sinovdan o‘tkazildi. Ularning ishlash
sharoitlaridagi  afzalliklari  va  kamchiliklari
aniglanib, gaz tozalash texnologiyasini takomil-
lashtirish, energiya sarfini kamaytirish va atrof-
muhitga salbiy ta’sirni minimallashtirish bo‘yicha
muhim natijalar olindi [3, 9, 10, 12].

MEA va DEA eritmalari yordamida H.S va
CO: gazlarini selektiv ajratib olish texnologiyasida
yutilish tezligi va jarayon parametrlari muhim
ahamiyat kasb etadi. H>S ni aminli eritmalar
yordamida yutish jarayonida selektivlik dargasi
asosan CO: ning yutilmay qolgan miqdori bilan
belgilanadi.

Reaksiya kinetikasi nuqtayi nazaridan, H-S
ning aminlar bilan o‘zaro ta’siri juda tez, deyarli bir
zumda sodir bo‘ladi, CO: bilan reaksiyasi esa
nisbatan sekin kechadi. Bu holat H>S ning gaz
fazasida, CO: esa suyuqlik fazasida massauzatish
qarshiligi ta’sirida yutilishini anglatadi. Aynigsa,
MEA eritmasining H>S ni tez yutishi va CO- bilan
nisbatan sust reaksiyaga kirishishi uning selek-
tivlikdagi ustunligini ko‘rsatadi.

DEA yordamida o‘tkazilgan tajribalar H>S ni
CO: ga nisbatan yuqori selektivlikda ajratib olish
imkoniyatini ko‘rsatdi. Bunda gaz-suyuqglik kon-
takti davomiyligi muhim rol o‘ynaydi: kontakt vaqti
qisqargan sari H>S ni ajratib olish darajasi ortadi,
CO: esa amaliy jihatdan yutilmay qoladi.

Shu sababli, absorber apparatlarining geo-
metrik parametrlari va ishchi rgimlari shunday
moslashtirilishi kerakki, gaz tarkibidagi H.S to‘liq
yutilsin, ammo CO: ning yutilishi minimal bo‘lsin.
Jarayon samaradorligini oshirishda kontakt vaqgtini
optimallashtirish selektiv yutilish mexanizmining
asosly omili hisoblanadi [12, 14, 15, 16].

MEAning DEAga nisbatan afzalliklari
quyidagilardan iborat:

— H.S va CO: gazlarining aminlar bilan
reaksiyalanishida gjraladigan issiglik miqdori nis-
batan past bo‘lgani sababli, absorbentlarni qayta
tiklash (regeneratsiya) jarayonida energiya sarfi
kamayadi. Bu esa texnologik jarayonning umumiy
energiya samaradorligini oshiradi.

— Aminli eritmalar karbon kislotalar va
korroziyaingibitorlari bilan reaksiyaga kirishganda
rege-neratsiyalanmaydigan kimyoviy birikmalar —
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amidlar hosil gilmaydi. Natijada aminlarning sarfi
kamayadi hamda issiglik amashgichlarning ichki
yuzasida qattiq cho‘kindilar to‘planishining oldi
olinadi.

— MEA va DEA eritmalari past to‘yingan
bug‘lar bosimiga ega bo‘lgani tufayli kam
uchuvchanlik xususiyatiga ega. Bu esa rege-
neratsiya yoki ishlash jarayonida amin kom-
ponentlarining bug‘lanib yo‘qolishini kamaytiradi.

— Shuningdek, monoetanolamin (MEA) va
dietanolamin (DEA) eritmalari bilan solishtirganda,
metildietanolamin ~ (MDEA) iste’moli  biroz
yuqoriroq bo‘lsa-da, uning ekspluatatsion va
energiya samaradorligi ko‘plab hollarda ustun
hisoblanadi.

Absorbsiya jarayonida jarayon para-
metrlari va massaalmashinuv qurilmalarining
ta’siri. Maetildietanolamin (MDEA) vodorod
sulfidni (H=S) yutishda yuqori faollikka ega bo‘lsa-
da, uning karbonat angidrid (CO:) bilan reaksiyaga
Kirish tezligi nisbatan sekin kechadi. Ushbu
kamchilikni bartaraf etish uchun MDEA eritmasiga
birlamchi yoki ikkilamchi aminlar qo‘shilib,
kimyoviy jihatdan faol aralash aminli eritma hosil
qilinadi. Bu yondashuv CO: ni samarali yutish
imkoniyatini oshiradi.

CO: bilan reaksiyaning sekinligi MDEA
asosida ishlatilayotgan absorber apparatlarining
konstruktiv  parametrlariga bog‘liq. Jumladan,
apparatdagi likopchalar (nasadkalar) turi va gaz-
suyuglik kontakti davomiyligi muhim ahamiyat
kasb etadi. CO: ni samarali ajratib olish uchun
MDEA eritmasi absorberda yetarlicha uzog vaqt
davomida gaz fazasi bilan aloqada bo‘lishi lozim.

Bosimning past bo‘lgan holatlarida eritmaga
yuqori reaktiv aminlar qo‘shilishi CO: ni yutish
samaradorligini yanada yaxshilaydi. Bu esa MDEA
asosidagi aralash absorbentlardan foydalanish
imkoniyatini  kengaytiradi va tayyor gazga
go‘yiladigan ekologik hamda texnologik talablarga
to‘liq javob berishini ta’minlaydi.

Aminli tozalash texnologik jarayonining
ketma-ketligi. Aminli tozalash texnologiyas
doirasida absorbsiya jarayoni maxsus kolonna
tipidagi qurilmada amalga oshiriladi (1-rasmga
garang). Bu jarayonda tabiiy gaz pastdan yuqoriga,
aminli eritma esa yuqoridan pastga Qqarab
harakatlanadi. Shu tarzda gaz va suyuglik
fazalarining uzluksiz qgarshi ogimli  kontakti

ta’minlanadi.

Absorber apparatining ichki gismida joy-
lashgan nasadka yoki likopchalar fazalar orasidagi
kontakt yuzasini kengaytiradi. Kimyoviy reak-
siyalar asosan suyuglik fazasida kechib, bunda
vodorod sulfid (H:=S) va karbonat angidrid (CO2)
molekulalari aminli  eritma bilan kimyoviy
bog‘lanib, xemosorbsiya jarayoni yuz beradi.

Amin eritmasi nordon komponentlar bilan
to‘yingach, u desorber (bug‘lantirish kolonnasi)
ga vyuboriladi. Bu bosgichda aminli eritma
regeneratsiyalanib, ya’ni gaz birikmalaridan toza-
lanadi. Desorbsiya endotermik jarayon bo‘lib,
issiglik yutilishi, harorat oshishi va bosimning
pasayishi hisobiga kechadi.

Barqaror ish rejimini ta’minlash uchun
tizimga antipen agentlar (ko‘piklanishga qarshi
moddalar) qo‘shiladi. Bu uskunaning ishonchli va
uzluksiz ishlashini ta’minlaydi.

Aminli eritmalarning samaradorligiga
ta’sir qiluvchi omillar. Aminli eritmalar asosida
ishlovchi  qurilmaning samaradorligi  bir qator
omillar ta’sirida susayishi mumkin:

- Aminlarning yuqori harorat ta’sirida yoki
go‘shimcha kimyoviy reaksiyalar natijasida termik
parchalanishi (destruksiya);

- Qurilma va quvurlar ichki sirtining
korroziyaga uchrashi;

- FEritmalarning qgatronlashuvi  (smola-
lashuvi);

- Gazni tozalash jarayonida ko‘piklanish;
- Uskunavaquvurlar ichida cho‘kindi (tuzlar,

reaksiyaga kirishmagan aralashmalar) hosil
bo‘lishi.
Aynigsa, ko‘piklanishning  kuchayishi

absorbent sarfining oshishiga va natijada tayyor gaz
mahsuloti sifatining pasayishiga olib keladi. Uning
eng muhim tashqi belgis kolonnadagi bosimning
keskin pasayishidir.

Korroziya jarayoni. Aminli eritmalarning
korroziya faolligi turlariga qarab quyidagicha
kamayadi:

MEA > DEA > MDEA [18].

Korroziyaintensivligi gaz tarkibidagi uglerod
dioksid (CO:) va vodorod sulfid (H:S) nisbiy
miqgdorlarigabevosita bog‘liq. Amaliy kuzatuvlarga
ko‘ra, CO: H=S ga qaraganda kuchliroq korrozion
ta’sir ko‘rsatadi. Biroq, komponentlarning nisbiy
miqdori muhim hisoblanadi, chunki ular amin
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eritmasining kimyoviy tarkibini belgilaydi.

Bundan tashgari, korroziya dargasiga
harorat, bosim, pH kabi fizik-kimyoviy sharoitlar,
shuningdek, uskunaning konstruksion materiali
(masalan, po‘lat tarkibi) ham ta’sir giladi.

Haroratning oshishi va eritmadagi CO:
konsentratsiyasining ortishi korroziya jarayonini
kuchaytiradi. Shu bois, bunday sharoitlarda eritma
haimini oshirib filtratsiyaga yuborish zaruratga
aylanadi.

Agar po‘lat sirtida temir sulfid (FeS) himoya
qatlami hosil bo‘lgan va u eroziyaga uchramagan
bo‘lsa, bu qatlam korroziyaga qarshi parda
vazifasini bagjaradi. Shu sababli, CO: nisbatan past,
ammo H>S yuqori bo‘lgan hollarda tozalash

jarayonini to‘yintirilgan eritmalar yordamida
amal ga oshirish mumkin.
Issiglikka chidamli  tuzlar  (ICHT)

muammosi. Aminli eritmalarni regeneratsiyaqilish
jarayoni yuqori harorat talab etadi. Aynigsa,
regeneratsiya jarayonida kislorod ishtirok etganda,
alkanolaminlarning  parchalanishi  kuchayadi.
Natijada, amin Kkationlari  organik  (amin
parchalanish mahsulotlari) va noorganik kislotalar
anionlari bilan reaksiyaga kirishib, issiglikka
chidamli tuzlar (ICHT) hosil giladi.

Bunday tuzlar eritmada to‘planib borib,
tozalash samaradorligini pasaytiradi, uskunaning
ish faoliyatida turli nosozliklarga olib keladi hamda
korroziyajarayonini tezlashtiradi.
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Issiglikka chidamli tuzlarning (ICHT)
ta’siri va ularni bartaraf etish usullari.
Absorbsiya tizimida issiglikka chidamli tuzlar
(ICHT) ning vyig‘ilishi qator ekspluatatsion
muammolarni keltirib chigaradi. Jumladan, bunday
holatlar:

- CO2 ni yutish samaradorligini pasaytiradi;

- eritmaning fizik-kimyoviy xossaarini
yomonlashtiradi;

- korroziya faolligini oshiradi;

- uskuna va quvurlar tixalishiga;

- eroziya jarayonlarining kuchayishiga sabab
bo‘ladi.

ICHTlarni aminli eritmalardan olib tashlash
uchun ko‘pincha distillyatsiya (ion almashinuv)
yoki elektrodializ (YED) wusullari qo‘llaniladi.
Birog, bu yondashuvlar ICHT tarkibidagi ionlar
bilan birga eritmadagi boshga zaryadlangan
zarrachalarning ham tizimdan chiqib ketishiga olib
keladi. Shu bilan birga, parchal anish natijasidahosil
bo‘lgan neytral mahsulotlarni ajratib olish uchun
qo‘shimcha ishlov berish bosqichlari — masalan,
qumli filtrlash yoki faollashtirilgan ko‘mirdan
foydalanish talab etiladi.

ICHTIlar texnologik gaz va suyuglik tarkibida
mavjud ayrim kislotali komponentlarning aminlar
bilan qaytar bo‘lmagan reaksiyalari natijasida
shakllanadi. Bu jarayonlar natijasida xloridlar,
sulfatlar, formiatlar, atsetatlar, oksaatlar,
tiotsinatlar vatiosulfatlar kabi mustahkam kimyoviy
tuzlar hosil bo‘ladi. Ular amin eritmasi aylanish
konturida asta-sekin to‘planib boradi. Agar ICHT
konsentratsiyasi ruxsat etilgan dargjadan oshsa,
texnologik jarayon barqarorligiga salbiy ta’sir qiladi
va uskunaning ekspluatatsiya jarayonida turli
nosozliklargaolib keladi.

MEA+PEGDME+PEGMME
absorbent kompozitsiyalarini tadqiq etish.
Mazkur tadgigot doirasida monoetanolamin
(MEA), polietilenglikol dimetil efiri (PEGDME) va
polietilenglikol monometil efiri  (PEGMME)
asosida sintez qilingan yangi turdagi aralash
absorbent  kompozitsiyalarining gaz aralash-
malaridan karbonat angidrid (CO2) va vodorod
sulfid (H2S) ni ajratib olishdagi samaradorligi va
selektivligi o‘rganildi.

Tadqgiqot ishlari gazlarni kimyoviy usulda
tozalash texnologiyalarini takomillashtirishga gara-
tilgan bo‘lib, asosiy maqsad — selektivlik dargjasini

asosidagi
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oshirish va energiyaning umumiy sarfini kamay-
tirishdan iborat.

Tajriba sharoitlari:

- Gaz ardlashmasi bosimi: 3-5 MPa;

- Gaz harorati: 55°C;

- Absorberga kiruvchi regeneratsiyalangan
absorbent harorati: 60°C;

- Dastlabki gaz tarkibi: CO2 — 3,25%, H.S —
0,81%;

Bu parametrlar sanoat sharoitlarigayagin real
jarayonlarni ifodalaydi.

Absorbent kompozitsiyalari:

MEA+PEGDME+PEGMME asosidagi ara-
lash absorbentlar quyidagi tarkibiy nomlar ostida
tizimlashtirildi: MPP-1, MPP-2, MPP-3, MPP-4,
MPP-5 va MPP-6. Har bir kompozitsiya turli
nisbatda MEA, PEGDME va PEGMME kom-
ponentlarini o‘z ichiga oladi.

Ushbu kompozitsiyalar yordamida gaz
tarkibidagi nordon komponentlarni gjratib olish
samaradorligi, ya’ni CO: ni yutish darajasi, turli
bosim giymatlarida baholandi. Natijalar asosida har
bir kompozitsiyaning bosimga nisbatan faolligi va
selektivligi aniglanib, ularning o‘zaro ustunliklari
solishtirildi.

Tadqiqot natijalari shuni ko‘rsatdiki:

- Kompozitsyalardagi PEGDME va
PEGMME komponentlari MEA bilan sinergik ta’sir
ko‘rsatib, H>S ni CO: ga nisbatan yuqori
selektivlikda yutadi.

- Bu kompozitsiyalar gazlarni selektiv
tozalash texnologiyalarida qo‘llash uchun istigbolli
vosita sifatida baholanishi mumkin.

- CO: ni yutish darajasining gaz bosimiga
bog‘ligligi 2-rasmda keltirilgan [18].
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va MPP-6 absorbent kompoztsyalarini tabiiy gaz

tarkibida CO?2 ajratib olish darajasini bosimga
bog ‘liqligi.
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Olib borilgan eksperimental tadqgigotlar
natijalariga ko‘ra, MEA, PEGDME va PEGMME
asosida tayyorlangan MPP-1, MPP-2, MPP-3,
MPP-4, MPP-5 va MPP-6 absorbent kompo-
zitsiyalarining tabiily gaz tarkibidagi karbonat
angidrid (CO:) ni ajratib olish darajasi gaz
bosimining ortishi bilan bevosita bog‘liq ekani
aniqlandi. Ya’ni, bosim oshgan sari CO: ni tozalash
samaradorligi ham ortib boradi.

Absorbsiya samaradorligini taggosiash shuni
ko‘rsatdiki, MPP-1 kompozitsyas eng yudori
natijani  namoyon etdi. Ushbu kompozitsiya
guyidagi tarkibiy nisbatlarda tayyorlangan: 20%
MEA, 5% PEGDME, 5% PEGMME va 70% suv. 5
MPa bosim ostida tabily gaz tarkibidagi CO:
miqdori 3,25% dan 0,02% gacha kamaygan. Bu
natija MPP-1 kompozitsiyasining CO: ga nisbatan
yudori yutilish faolligiga ega ekanini ko‘rsatadi.

Absorber qurilmasida kiruvchi gaz bosimi 5
MPa bo‘lganda, chiquvchi gaz bosimi 4,7 MPa ni
tashkil qildi. Bu esa bosimning katta bo‘lmagan
yo‘qotilishi evaziga yuqori samaradorlikka erishil-
ganini tasdiglaydi [19, 20]. Shuningdek, PEG
asosidagi efir moddalarning MEA bilan qo‘shilishi
absorbsiya samaradorligini oshirib, selektivlikni
yaxshilagan. Aynigsa, MPP-1 tarkibi optimal
nisbatda tanlangani sababli eng yuqori CO: ajratish
darajasini ko‘rsatdi.

Keyingi bosgichda
DEA+PEGDME+PEGMME asosida tayyorlangan
DPP-1, DPP-2, DPP-3, DPP-4, DPP-5 va DPP-6
absorbent kompozitsiyalari tadqiq qilindi. Sinovlar
quyidagi rejimdaolib borildi:

- Bosm: 3-5 MPz;

- Kiruvchi gaz harorati: 30-55°C;

- Kiruvchi absorbent harorati: 35-60°C.

Natijalar shuni ko‘rsatdiki, DEA asosidagi
kompozitsiydar (DPP-1, DPP-2 va b.) MEA
asosidagi  kompozitsiyalarga nisbatan yugoriroq
samaradorlikka ega. Masalan:

- 3 MPa bosim, 30°C gaz va 35°C amin
haroratida, DPP-1 yordamida tabiiy gaz tarkibidagi
umumiy S 0,011 g/m? gacha, CO: esa 0,20% gacha
kamaydi.

- DPP-2 ishtirokida esa umumiy S 0,032 g/m?
gacha, CO: esa 0,46% gacha kamaydi.

- Bosim 5 MPa gacha ko‘tarilib, gaz/amin
harorati mos ravishda 45/40°C bo‘lganda, DPP-1va
DPP-2 yordamida umumiy S 0,001 g/m* gacha
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kamayganini qayd etildi [4, 9, 10].

Tadqgigotlarning yakuniy bosqgichida
MEA+DEA+PEGDME+PEGMME asosida
tayyorlangan MDPP-1, MDPP-2, MDPP-3, MDPP-
4 va MDPP-5 kompozitsiyalari o‘rganildi. Magsad
— MEA va DEA aminlarining PEGDME va
PEGMME bilan sinergetik ta’sirini tahlil qilish edi.

Natijalar shuni ko‘rsatdiki, MEA va DEA
alohida qo‘llanilganda olingan kompozitsiyalarga
nisbatan MEA+DEA asosidagi kombinatsiyalar
yanada samarali. Masalan:

- 3 MPa bosm va gaz/amin harorati mos
ravishda 35/40°C bo‘lganda:

- MDPP-1 yordamida gaz tarkibidaumumiy S
0,02 g/m?, CO2 esa 0,35% gacha kamaydi.

- MDPP-2 yordamida umumiy S 0,001 g/m?,
CO: esa 0,36% gacha kamaydi.

- MDPP-5 ishtirokida esa umumiy S 0,001
g/m?, CO: esa 0,04% gacha kamaydi.

Gaz bosimi oshib, amin va gazning harorati

pasayishi bilan ushbu ko‘rsatkichlar yanada
yaxshilangan [18, 21].
Xulosa. Tadqiqot natijalariga  ko‘ra,

MEA+DEA+PEGDME+PEGMME asosida sintez
gilingan absorbent kompozitsiyalari gazlarni
nordon  komponentlardan tozalashda yuqori

samaradorlik va selektivlikni  namoyon etdi.
“Muborak gazni qayta ishlash zavodi” texnologik
qurilmasida o‘tkazilgan sinovlar shuni ko‘rsatdiki,
tajribargimlari — Qgaz = 200x10° m?*/soat, bosim
3 MPa, kiruvchi gaz harorati 55°C va chiquvchi gaz
harorati 64°C — sharoitida olingan kompozitsiyalar
vodorod sulfid va uglerod dioksidini samarali
ajratib oldi. Bosim ortishi bilan CO: ning yutilish
dargjass ham oshib bordi: masalan, MPP-1
kompozitsiyasi yordamida 3 MPa bosim ostida
umumiy oltingugurt miqdori 0,024 g/m? gacha, CO-
miqdori esa 0,18% gacha kamaygan bo‘lsa, 3,5 MPa
bosim ostida ushbu ko‘rsatkichlar mos ravishda
0,020 g/m* va 0,09% gacha tushdi. Shuningdek,
DPP-1 kompozitsiyass yordamida umumiy S
konsentratsiyasi 0,011 g/m* gacha, CO: miqdori
0,20% gacha kamaygan bo‘lsa, DPP-2 da bu
ko‘rsatkichlar mos ravishda 0,032 g/m? va 0,46% ni
tashkil etdi. Eng yuqgori samaradorlik 5 MPa bosim
ostida gayd etilib, DPP-1 va DPP-2
kompozitsiyalari yordamida umumiy S 0,001 g/m?
gacha kamaydi. Ushbu natijalar ishlab chigilgan
absorbent kompozitsiyalarining texnologik va
ekologik talablarga javob berishini hamda ularni
sanoat miqyosida qo‘llash istigbolli ekanini
ko‘rsatadi.
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METANOL VA TABIIY GAZDAN DIMETIL YOQILG‘ISINI (DME) ISHLAB
CHIQARISH VA UNI QAYTA ISHLASH TEXNOLOGIYASINI TANLASH

Yuldashev Tashmurza Raxmanovish Abdullayev Shaxzod Abdiraxmon o°‘g‘li
Professor, t.f.d., Qarshi daviat texnika universiteti, “Uzbekistan GTL” MChJ
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Annotatsiya. Ushbu magolada mugobil energiya manbalarini barqaror rivojlantirish masalalari hamda
zamonaviy motor yoqilg ‘ilarini ishlab chigarish texnologiyalari yoritilgan. Xususan, turli xil sun’iy
voqilg ‘ilarni olishda kriogen usullarni samarali qo ‘llash, metanol asosida motor yogqilg ‘isi ishlab
chiqarishning yangi texnologiyalari, shuningdek, dimetil efirini sintez qilish va yoqilg ‘i sifatida dizel
dvigatellarida qo ‘llash imkoniyatlari ilmiy jihatdan tahlil gilingan. Maqgolada metan gazini konversiya
qilish asosida yoqilg i olish yo‘llari, dimetil efirini ishlab chiqarishda adiabatik jarayonlarning
afzalliklari, atrof-muhitni muhofaza qilish hamda ekologik muammolarni bartaraf etish bo ‘vicha ilmiy
asoslangan yechimlar ham ko ‘rib chigilgan.

Kalit so‘zlar: metanol, dimetil €efiri, metanol xomashyosi, suyuq uglevodorodlar, adiabatik jarayon,
katalizatorlar, metanolni degidratsiyasi, kondensatsiyalash, sintez-gaz.

BbIBOP TEXHOJIOI'MU MTPOU3BO/JICTBA U IEPEPABOTKHU
JAAMETHJIOBOI'O TOIIVIMBA (AMJ) U3 METAHOJIA ! ITPUPOTHOT'O

HOnoawes Tawumypsa Paxmanosuu Aboynnaee ILllax300 A6oupaxmon yenu
Ipogpeccop, 0.m.n., Kapuwunckuii 2ocyoapcmeenmuiil Onepamop 060py008aHus yexa cenbCKOX035UCMEEHHO20
mexHuueckuil ynugepcumem, Kapwiu, Y36exucman npouzeoocmea OO0 «Uzbekistan GTL», Kapwu, Y36exucman

Aunnomauyun. B oannoil cmamee paccmompeHvl 80npochl YCMOUUUBO20 pPA3BUMUS 80300HOBIAEMbIX
UCMOYHUKOB DHEpPeUU, a MAKICe COBPEeMEHHble MEXHON02UU NPoU3e00Cmed MOMOPHbIX monaus. B
YACMHOCMU, NPOAHATUZUPOBAHLL IPPeKmuUeHoe NpuUMeHeHUe KPUOLEHHbIX Memo008 Npu NOLYYeHUU
PA3IUYHUX 8UO08 CUHMEMUYECKUX MONJIUB, HOBble MEXHOI02UU NOJYYeHUsT MOMOPHO20 MONIUEA HA
OCHOBE MeMAaHOoNd, A MAaKice CUHMmMe3 OUMEMUI08020 IPupa U 803MOICHOCMU 320 UCNONb308AHUS 6
Kayecmee Monauea 0is OuzenvbHux ogueamenel. B pabome maxoice oceeweHvl nymu nOLyYeHus Mmoniuea
Ha OCHO8e KOHGepCUU MemaHa, Npeumywecmsd aouadamuyeckux npoyeccos Npu npouzsoocmee
OUMemun08020 dQhupa, a maxxtce HAyyHO 0OOCHOBAHHbIE peuleHUus NO OXpaue OKpyjicarowelu cpeou u
VCMPAHEHUI0 IKOJI02UYECKUX NPODIEM.

Knroueevle cnosa. memarnon, OUMemuniosvii dQhup, MemaHoIHOe Cbipbé, HCUOKUE Yele8000poobl,
aouabamuyeckuii npoyecc, Kamaiu3amopul, 0ecuopamayus MemaHod, KOHOeHCayus, CUHmMe3-2as.
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SELECTION OF TECHNOLOGY FOR THE PRODUCTION AND
PROCESSING OF DIMETHYL FUEL (DME) FROM METHANOL AND
NATURAL GAS
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Abstract. This article examines the issues of sustainable development of renewable energy sources and
modern technologies for motor fuel production. In particular, it analyzes the effective application of
cryogenic methods in obtaining various types of synthetic fuels, new technologies for producing motor
fuel based on methanol, as well asthe synthesis of dimethyl ether and its potential use as a fuel for diesel
engines. The study also highlights the pathways of fuel production through methane conversion, the
advantages of adiabatic processes in dimethyl ether production, and scientifically grounded solutions
for environmental protection and the mitigation of ecological challenges.

Keywords: methanol, dimethyl ether, methanol feedstock, liquid hydrocarbons, adiabatic process,
catalysts, methanol dehydration, condensation, syngas.

Kirish. XXI asr boshlariga kelib avtomobil
transportining tezkor rivojlanishi global ekologik
muammolarning yanada keskinlashishigaolib keldi.
Ichki yonuv dvigatellaridan chigayotgan zararli
gazlar hamda turli ifloslantiruvchi moddalarning
atrof-muhitga salbiy ta’siri natijasida nafaqat
ekologik muvozanat buzilmogda, balki inson
salomatligi uchun xavf tug‘diruvchi kasalliklarning
ham ortib borishi kuzatilmogda. Xususan, yirik
shaharlarda atmosfera havosining ifloslanishi
tobora kuchayib, ilgari musaffo bo‘lgan osmon
bugungi kunda chang va tutun gatlamlari bilan
goplanib bormoqgda [1].

Avtotransport  vositalaridan  chigayotgan
ishlov berilgan gazlar, benzin bug‘lari va boshga
zararli qo‘shimchalarning atmosferaga tarqalishi
natijasida har yili milliardlab tonna ifloslantiruvchi
moddalar hosil bo‘lmoqda. Bunday vaziyat
ekologik xavfsizlikni ta’minlashga qaratilgan davlat
siyosatini tubdan qayta ko‘rib chiqishni zarur giladi
[2].

Hozirgi kunda Vazirlar Mahkamas hamda
Ekologiya va atrof-muhitni muhofaza qilish vazir-
ligi zimmasiga bu kabi zararli chigindilarni fagat
kamaytirish emas, baki ularning oldini olishga
qaratilgan qat’iy chora-tadbirlarni ishlab chigish va
joriy etish vazifas yuklatilgan. Shu boisdan,
ekologik toza va xavfsiz motor yoqilg‘ilaridan
foydalanish shaharlarda ekologik muvozanatni
tiklashning eng maqgbul yo‘llaridan biri sifatida
garamoqda[3].

Bugungi kunda dunyoning rivojlangan davlat-
larida ekologiyani muhofaza qilish va ifloslanish
manbalarini qisqartirish bo‘yicha keng ko‘lamli
ishlar amalga oshirilmogda. Y etakchi avtomobil
ishlab chigaruvchi kompaniyalar milliardiab dollar
miqdoridagi mablag‘larni nafaqat yangi transport
vositalarini  yaratishga, baki mugobil motor
yoqilg‘ilari ishlab chiqarish texnologiyalarini tako-
millashtirish hamda energiya manbalarini bargaror
rivojlantirishga yo‘naltirmoqda.

Ko‘plab mamlakatlarda an’anaviy yoqil-
gilarni tabily gazdan olinadigan sintetik ugle-
vodorod suyugliklari bilan gisman amashtirish
masalasi kun tartibiga chigmogda. Birog, bunday
yoqilg‘ilarning nisbatan arzonligi bilan bir qatorda,
mavjud zaxiralarining chegaralanganligi ushbu so-
hada hal etilishi lozim bo‘lgan muhim muam-
molardan biri bo‘lib golmoqgda.

O‘tkazilgan ilmiy tadqiqotlar shuni ko‘rsata-
diki, dimetil efir, propan-butan yoki metan
asosidagi muqobil motor yoqilg‘ilari qo‘lla-
nilganda, atmosferaga chigariladigan uglerod oksid-
lari, uglevodorodlar va azot oksidlari miqgdori
an’anaviy suyuq yoqilg‘ida ishlaydigan dvigatel-
larga nisbatan 30-70 foizga kamayadi. Bu esa
ekologik xavfsizlikni ta’minlashda muhim omil
sifatida ahamiyat kasb etadi.

So‘nggi yillarda dunyoning ko‘plab yirik
xalgaro kompaniyalari vailmiy-tadgiqgot markazlari
— Xxususan, Mitsubishi, Toyo Engineering, Hitachi,
NKK (Y aponiya), Haldor Topsoe (Daniya), British
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Petroleum (Buyuk Britaniya), Lurgi (Germaniya),
shuningdek, Rossiyaning Neft-kimyo sintezi
ingtituti, NAMI va NIID — dimetil efir (DME)ni
ishlab chigarish, tashish, saglash hamda transport
vositalarida qo‘llash bo‘yicha texnologiyalarni
takomillashtirish ustida keng ko‘lamli tadqgiqot va
amaliy ishlarni olib bormoqdalar [4,5].

Metanol o‘zining yuqori oktan soni (150 ga
yaqin) tufayli motor yoqilg‘isi sifatida katta
energiya samaradorligiga ega. U fagat kimyoviy
toza erituvchi sifatida emas, baki avtomobil
dvigatellarida benzinni  almashtiruvchi  yuqori
oktanli yoqilg’i sifatida ham keng qo‘llaniladi.
Xorijiy tajribalar shuni ko‘rsatadiki, metanolda
ishlaydigan dvigatellar quvvati oddiy benzinda
ishlovchi dvigatellarnikiga garaganda o‘rtacha 20%
ga yudoridir. Bundan tashgari, bunday dviga-
tellardan chigadigan ishlov berilgan gazlar ekologik
xavfsizlik nuqtai nazaridan ancha toza bo‘lib,
ularning tarkibida =zaharli moddalar deyarli
aniglanmaydi.

Tarixan, metanol yog‘ochlarni quruq haydash
yo‘li bilan olinib kelingan bo‘lsa-da, hozirgi paytda
bu usul sanoat miqyosida deyarli qo‘llanilmaydi.
Zamonaviy texnologiyalarda esa metanol, asosan,
uglerod(Il) oksidi va vodorodning katalitik sintezi
asosida ishlab chigariladi, bu esa texnologik
jarayonning iqtisodiy samaradorligini oshiradi.

Shuningdek, metanol asosida ishlaydigan
dvigatellar chigindilarida azot oksidi miqdorini
keskin kamaytirish imkoniyati mavjud. Y onmagan
uglevodorodlar va boshga zararli birikmalarning
havoga chiqishi ham ancha past bo‘ladi. Ayrim
tahlillarga ko‘ra, avtomobil gazlaridagi iflos-
lantiruvchi moddalar miqdori 10% atrofida qayd
etilgan. Bu esa metanolni motor yoqilg‘isi sifatida
ekologik xavfsiz va istigbolli yoqilg’i turiga
aylantiradi [3,6].

Muammoni hal etish yondashuvi. Ushbu
tadgigotda mavjud ilmiy adabiyotlarni tahlil gilish,
statistik ma’lumotlarni o‘rganish, nazariy yonda-
shuvlar va amaliy tajribalarni qo‘llash asosida
xulosalar shakllantirildi. Shuningdek, sanoat ama-
liyotidagi real ishlab chigarish tgribasi asosida
mugqobil yoqilg‘i — xususan, dimetil efir (DME)
ishlab chigarishning hozirgi holati va istigbollari
o‘rganildi.

Natijalar tahlili va amaliy misollar. MDH
hududida hozirda dimetil efirini metanol xom-

ashyosi asosida ishlab chigarishga mo‘ljallangan
yagona ishlayotgan sanoat qurilmasi Moskva
viloyatidagi “Azot” zavodida faoliyat yuritmoqda.
Dimetil efir o‘zining noyob fizik-kimyoviy
xossalari tufayli freonlar va dizel yoqilg‘ilarining
muqobili sifatida qo‘llanadi, shuningdek, ammiak
ishlab chigarish jarayonida ikkilamchi mahsulot
sifatida hosil bo‘ladi.

“Novomoskva” kimyo majmuasi faoliyati-
ning dastlabki bosgichida korxona asosan ammiak
ishlab chigarishga yo‘naltirilgan edi. O‘sha davrda
ammiak yog‘och materiallarini quruq haydash yo‘li
orgai olingan. Birog ishlab chigarish quv-
vatlarining kengayishi bilan  zamonaviy
texnologiyalarga asoslangan uchta yangi “Ammiak”
sexi ishga tushirildi va ularda ammiak tabiiy gaz
asosidagi jarayon orgali ishlab chigarila boshlandi.
Bu esa yog‘och asosidagi usulning sanoat
miqyosida igtisodiy jihatdan samarasiz ekanini
ko‘rsatdi [7].

Sanoat texnologiyaarining globallashuvi,
ishlab chigarish haimining ortib borishi va xalgaro
bozorda metanolga bo‘lgan talabning keskin oshishi
“Azot” zavodini ammiak ishlab chiqarishdan
metanol ishlab chiqarishga yo‘naltirish zaruratini
yuzaga keltirdi. Shu magsadda korxonada moder-
nizatsiya ishlari olib borilib, u “Ammiak va metanol
ishlab chiqarish” majmuasiga aylantirildi.

Mazkur korxonada 1981-yildan boshlab me-
tanol ishlab chiqarish yo‘lga qo‘yilgan. Metanolga
bo‘lgan talabning muntazam ortib borishi tufayli
ishlab chigarish haijmi ham bosqgichma-bosgich
kengaytirildi. Ishlab chigarilgan metanol xom-
ashyosi tarkibi boyitilib, M-100 markali mahsulot
sfatida gratilib, rektifikatsiya jarayoni orgali
iste’molchilarga yetkazib berila boshlandi. Shu
bilan birga, hosil bo‘layotgan efir fraksiyalari esa
o‘sha davrda shunchaki yoqib yuborilgan [8,9].

Keyinchalik o‘tkazilgan tahlillar mazkur efir
fraksiyalaridaeng gimmatli vaistigbolli komponent

— dimetil  €efir (DME) vyetarli migdorda
mavjudligini  ko‘rsatdi. Shu sababli metanol
xomashyosi asosida DME ishlab chigarish

texnologik jarayoni ishlab chiqilib, amaliyotgajoriy
etil.

Hozirgi vaqtda “Ammiak va metanol ishlab
chiqarish” majmuasining “Sintez” sexida dimetil
efir ishlab chigarishga mo‘ljallangan rektifikatsiya
kolonnasi o‘rnatilgan bo‘lib, ushbu yo‘nalishda
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to‘liq 1ishlab
qo‘yilgan.

Dimetil efir (DME) oddiy aifatik efirlarning
boshlang‘ich sinflariga kiradi. U atmosferada tezda
parchalanganligi sababli freonlarning o‘rnini
bosuvchi xladagent sifatida qo‘llaniladi. 1995-yilda
o‘tkazilgan xalgaro kongress—ko‘rgazmada DME
“XXI asrning dizel yoqilg‘isi” sifatida qo‘llanishi
ta’kidlangan. Energiya sig‘imi bo‘yicha u an’anaviy
dizel yoqilg‘isidan 1,5 marta kamroq bo‘lsada,
asosiy texnik ko‘rsatkichlari yuqoriligi bilan ajralib
turadi: setan soni 55-60 birlikni tashkil etadi,
alangalanish harorati esa T = 235°C ga teng [1,10].

DMEning dizel yoqilg‘isi sifatidagi eng
muhim afzalligi u ekologik toza mahsulot sifatida
ishlab chigarilishidir. Y aponiya tadgiqotchilarining
ta’kidlashicha, DMEning keng ko‘lamda yoqilg‘i
sifatida qo‘llanilishi suyultirilgan gazga nisbatan
gaz-turbinali qurilmalar uchun yanada tejamkor
hisoblanadi.

Texnologik ishlab chiqarish “Vaqtning
ta’siri”ni hisobga olgan holda, avtomatlashtirilgan
boshgaruv tizimlari (ABT) bazasida yaratilgan. U
ikki karkadli nazorat dasturi asosida ishlovchi
“multitrei % 5B” qurilmasi bilan jihozlangan.
Mazkur tizim tarkibiga bir nechta zamonaviy
qurilmalar kiritilgan [11].

Texnologik ishlab chigarishni  Avtomat-
lashtirilgan qurilmasi — bu jarayonni uzluksiz va
xavfsiz boshgarishga xizmat qiluvchi texnik
majmua bo‘lib, uning ishlashi maxsus portlashdan
himoyalangan shkaf orqali ta’minlanadi. Texnik
nazorat tizimi ikkita protsessor, USO modullari
hamda tarmogning ikkita konsentratoridan tashkil
topgan.

Ikkita master-modul tizimning ishonchliligini
oshirish uchun qo‘llaniladi: ulardan biri doimiy
ravishda faol ishlaydi, ikkinchisi esa taxminan 10
Grs tezlikda barcha ma’lumotlarni parallel ravishda
gayta ishlaydi. Asosly moduldan rezerv modulga
o‘tish jarayoni avtomatik ravishda, uzilish
sezilmasdan 1,6 soniyaichida amalga oshadi.

Master-modulning tuzilishi uchta asosiy
blokdan iborat: protsessor (CPU) — sanoat IBM-
AT-486 kompyuteri DOS operatsion tizimida
ishlaydi; ST BUS nazorat bloklari; hamda statik
energiyaga mustagil xotira (SRAM 512K) va flesh-
disklar (Flash Disk 2 MB) bo‘lib, ular ishchi
dasturlarni  saglash hamda joriy jarayon

chiqarish texnologiyasi yo‘lga

ma’lumotlarini vaqgtincha saqlash uchun xizmat

giladi [12].
DMEning eng katta ustunligi — uning
ekologik tozaligidadir. Bu jihat wuni dizd

yoqilg‘isining zamonaviy va xavfsiz muqobili
sifatida baholash imkonini beradi. Y aponiya olim-
larining fikricha, DMEni yoqilg‘i sifatida sanoat
migyosida keng joriy etish, xususan gaz turbinali
qurilmalarda qo‘llash, suyultirilgan gazga nisbatan
iqtisodiy hamda energetik samaradorligi  bilan
gralib turadi.

Tizim temir asodli platformada joylashtirilgan
dasturiy boshgaruv modullaridan tashkil topgan
bo‘lib, texnologik jarayonlarni muvofiglashtirishda
hal giluvchi ahamiyatga ega. Qurilma portlashdan
himoyalangan maxsus shkafga o‘rnatilgan. Texnik
nazorat tizimi ikki protsessorli konfiguratsiyada
ishlab chiqilgan bo‘lib, unda USO modullari, ikki
tarmogli  konsentrator va boshgaruv  bloklari
mavjud.

Ishonchlilikni oshirish magsadida tizimda
ikkita master-modul qo‘llaniladi: birinchisi asosiy
funksiyalarni bajaruvchi faol modul, ikkinchisi esa
zaxira sifatida ishlaydi va har 10 millisekundda
barcha ma’lumotlarni asosiy modul bilan sin-
xronlashtirib boradi. Agar asosly modulda uzilish
yuz bersa, zaxira modul avtomatik ravishda bor-
yo‘g‘i 1,6 soniya ichida boshqaruvni 0‘z zimmasiga
oladi.

Master-modul uch asosiy bo‘limdan iborat:
sanoat dargasidagi protsessor (CPU, IBM-AT-
486), ST BUS nazorat moduli hamda energiyaga
mustagil operativ xotira (SRAM 512K) va flesh-
disk (Flash Disk 2 MB). Ushbu komponentlar
jarayon dasturlarini hamda oraliq joriy ma’lu-
motlarni ishonchli saglash vazifasini bajaradi.

USO modullari — bu kirish/chigish uchun
mo‘ljallangan universal interfeysli qurilmalar
bo‘lib, ular analog va diskret signallarni datchiklar
orgai gabul qgilib, master-modulga uzatadi. Shu-
ningdek, master-moduldan chigariladigan bosh-
garuv signallari va buyruglarni ijro mexanizmlariga
yetkazadi. Bunday rostlagichlarning o‘ziga xos
jihatlaridan biri — har bir modulda amash-
tiriladigan old panel mavjudligi bo‘lib, bu texnik

xizmat ko‘rsatish jarayonini sezilarli darajada
soddalashtiradi.
Tadgigotning magsadi. Yirik xaqaro

kompaniyalar, jumladan BP va Marubeni ekspert
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baholariga ko‘ra, tabiiy gazni konversiya qilish
orgali uglevodorodli suyuqlik aralashmalari (USA)
yoki motor yoqilg‘isi shaklida tijorat texno-
logiyalarini rivojlantirish istigbolli yo‘nalishlardan
biri hisoblanadi. Bunday mahsulotlarning samara-
dorligi aynigsa dimetil efir (DME) misolida yagqol
ko‘zga tashlanadi. Uning fizik-kKimyoviy xossalari
propan-butan aralashmasiga juda yaqgin.

O‘zbekistonda esa DME yoqilg‘isini ishlab
chigarish uchun mavjud infratuzilmalardan —
“O‘zbekiston GTL” zavodi, “Ustyurt gazni gayta
ishlash kompleksi” hamda “Navoiy azot” zavodini
modernizatsiya qilish orqali to‘liq foydalanish
imkoniyati mavjud.

Sanoat amaliyoti va igtisodiy
samaradorlik. Bugungi kunda tabiiy gazni
konversiya qilib benzin va dizel yoqilg‘isi olish
amaliyoti Shell, ExxonMobil kabi vyirik kom-
paniyalar texnologiyalari asosida amalga oshiril-
moqgda. Biroq bu usullar ko‘p bosqichli sintez
jarayoniga ega bo‘lgani va oraliq bosqichlarda
yugori energiya sarfini talab qilgani sababli,
iqtisodiy samaradorlik nuqtai nazaridan an’anaviy
neftni gayta ishlash usullariga nisbatan pastroq
hisoblanadi.

1-jadval
SIF, Rotterdam sharoitlarida har xil turdagi
energiya tashuvchilarning bahosi

Yoqilg‘ini turi Bahos, doll./tonna
Neftli dizel yoqilg*isi 220-240
Suyultirilgan neft gazi 240-260
Propan 380-390
Suyultirilgan tabiiy gaz (STG) 165-175
DME 160-180
(Izoh. Qurilmaning ishlab chigarish
ko‘rsatgichi - 1.5 min tonn/yil; Tabiiy
gazning bahosi - $45/tis. m®)
Fisher-Tropsh jarayoni bo‘yicha suniy 280-300
dizel yoqilg‘isi

Masdan, Shell texnologiyasida olingan

gazoyl fagat neftdan olingan gazoyl bilan aralash-
tirilgan holda foydalanishga yarogli. Shuningdek,
ushbu usulning ragobatbardosh bo‘lishi uchun bir
gator igtisodiy shartlar bajarilishi zarur: tabily gaz
narxi ming kub metrdan 16 AQSh dollaridan
oshmadligi, yillik ishlab chigarish hgjmi kamida 700
ming tonnani tashkil etishi, hamda xom neft narxi
tonnasiga 120-125 AQSh dollaridan yugori
bo‘lmasligi lozim.

Xalgaro tendensiyalar va ishlab chigarish
salohiyati. Dunyo miqyosida, xususan rivojlangan
mamlakatlarda tabiiy gazdan suyuq uglevodorod

aralashmalari olish texnologiyalari bo‘yicha faol
IImiy-tadqiqot ishlari olib borilmogda. Ushbu
izlanishlarning ilmiy va amaliy ahamiyati shundan
iboratki, yagin 10-15 vyil ichida global neft
narxining oshishi natijasida mazkur mahsulotlar
motor yoqilg‘ilari  bilan iqtisodiy jihatdan
tenglashishi ehtimoli mavjud. Masalan, 1999-yilda
ushbu yoqilg‘i turi bo‘yicha dunyo ishlab chigarish
hajmi atigi 700 ming tonnani tashkil etgan bo‘lsa,
avtomobil benzini ishlab chigarish hajmi 800
million tonna, dizel yoqilg‘isi esa 300 million
tonnaga teng bo‘lgan. So‘nggi yillarda yaratilgan va
amaliyotga joriy etilayotgan yangi texnologik
loyihalar esa bu ko‘rsatkichni 17 million
tonnagacha oshirish imkonini bermoqda.

Mazkur yo‘nalishda Shell, ExxonMobil,
Syntroleum, Conoco va Sasol kabi yirik kom-
paniyalar yetakchilik gilmogda. Ushbu korxo-
nalarning ishlab chigarish quvvati 3,5 ming tondan
600 ming tonnagacha yetadi. Biroq bu sohada real
ragobatning yuzaga kelishi ikki omilga bog‘liq:
mahsul otning arzon tannarx bilan ishlab chigarilishi
yoki maksimal ekologik va energiya samara-
dorligining ta’minlanishi.

Moliyalashtirish va muammolar. Mazkur
yo‘nalishdagi loyihalarni amaliyotga joriy etishda
asosiy to‘siq — bu yuqgori moliyaviy tavakkal-
chiliklar va katta sarmoyalarni talab qilishi bilan
bog‘lig. Loyihaning muvaffaqiyati ko‘p jihatdan
global neft narxining bargarorligiga bevosita
bog‘liq bo‘ladi. Tahlillarga ko‘ra, suyuq ugle-
vodorod aralashmasini tijorat migyosida keng joriy
etishning ehtimoliy boshlanish nugtasi — sun’iy
neft narxining $100-120/tonna chegarasiga yeti-
shidir. Bu esa Brent markasidagi neft narxlari bilan
tenglashgan holatda yuzaga kelishi mumkin.

DME sintezi va sanoat texnologiyas.
Dimetil efir (DME)ni sanoat migyosidasintez gilish
jarayonining asosi metanolning degidratsiya (suv-
dan gratish) reaksiyasidir. Bu reaksiya ekzotermik
xususiyatga ega bo‘lib, energetik jihatdan foydali,
nisbatan sodda va ixcham texnologik yechimlar
asosida amalga oshirilishi mumkin. Aynigsa, kichik
quvvatli, kapital sig‘imi past bo‘lgan sanoat
ob’ektlari uchun ushbu usul samarali hisoblanadi.

Texnologik jarayon odatda 1,0 MPa bosim
ostida va 290-400°C haroratda adiabatik reaktorda
olib boriladi. Jarayonda alyuminiy oksidi asosidagi
katalizatorlardan foydalaniladi. Bir martalik
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konversiya natijasida metanolning taxminan 80%
DMEga aylantiriladi.

Birog, DMEni katta hajmda sanoat miqyosida
ishlab chigarishda mazkur texnologiya iqtisodiy
jihatdan magbul emas. Sababi — metanolni avval
sintez qilish, so‘ngra uni DMEga aylantirish
bosqichida hosil bo‘lgan mahsulotning tannarxi
metanol narxidan qariyb ikki barobar yuqori
bo‘ladi. Shunday bo‘lsada, har ganday ishlab
chigarish senariysda DME olish jarayonida u
mugqarrar tarzda metanol sintezi bosqichidan o‘tadi.
Shu sababli, tabiiy gazdan DME ishlab chigarishga
oid barcha texnologik takliflar mohiyatan metanol
ishlab chigarish liniyasini kengaytirish  yoki
modifikatsiyalash bilan bog‘liq [14].

DME sintezi texnologik jarayoni quyidagi
asosiy bosqichlarni o‘z ichiga oladi: Tabiiy gazni
dimetil efirga (DME) aylantirish texnologiyas bir
nechta bosqichlardan iborat bo‘lib, ulardan eng
muhimlaridan biri — sintez-gaz olish (riforming)
jarayonidir. Ushbu bosgichda tabiiy gazdan
vodorod va karbonat angidrid aralashmasi olinadi.
Amaliy hisob-kitoblarga ko‘ra, umumiy texnologik
xargjatlarning gariyb 79% aynan shu jarayonga
to‘g‘ri keladi.

Keyingi bosgichda sintez-gazdan metanol va
DME aralashmasini olish amalga oshiriladi. Katali-
tik sharoitda olib boriladigan mazkur jarayon
texnologik xargjatlarning 20-25% ni tashkil etadi.
Shundan so‘ng, ajratish bosqichida yakuniy
mahsulotlar — metanol va dimetil efir — gratib
olinadi, tozalanadi hamda saglash yoki tashishga
tayyorlanadi.

Shu tartibda, DME ishlab chigarish texno-
logiyasi fagat energetik va kimyoviy talablar bilan
chegaralanmay, balki igtisodiy samaradorlik me-
zonlari asosida ham baholanishi lozim bo‘lgan
murakkab jarayon sifatida garaladi. Shu sababdan,
yirik hgimdagi ishlab chigarishda metanolni avval
sintez qilish va keyinchaik DMEga aylantirish
o‘rniga, to‘g‘ridan-to‘g‘ri DME sintezini ta’min-
laydigan innovatsion yondashuvlar ishlab chiqil-
moqda.

Bugungi kunda ko‘plab xorijiy mamlakat-
larda, jumladan MDH davlatlarida ham tabiiy
gazdan DME ishlab chigarish bo‘yicha faol ilmiy
tadgiqotlar olib borilmogda. Ushbu izlanishlarning
markazida sintez-gaz asosida DME olishga
mo‘ljallangan yangi avlod katalizatorlarini yaratish

masalasi turadi. Misol uchun, Rossiyada faoliyat
yurituvchi L.Y. Karpov nomidagi Davlat ilmiy
markazi qoshidagi Formatseptika ilmiy-tadqigot
kimyo institutida texnologik jarayonlarni model-
lashtirish  va ishlab chigarish uskunalarini
konstruktiv takomillashtirish bo‘yicha qator muhim
loyihalar amalga oshirilmoqgda.

Tadqiqotchilarning  ta’kidlashicha, tabiiy
gazni dimetil efirga (DME) aylantirishning eng
muhim bosgichlaridan biri — metanni sintez-gazga
konversiya qilish jarayonidir. Shu bois, bugungi
kunda ilmiy izlanishlar amaldagi usullarga nisbatan
yanada arzon, tejamkor va yuqori samaradorlikka
ega bo‘lgan sintez-gaz olish texnologiyalarini ishlab
chigishga qgaratilgan.

Mazkur yo‘nalishda ilg‘or yechimlardan biri
sifatida Rossiyaning GIAP ilmiy muassasasi hamda
Germaniyaning Linde kompaniyas hamkorligida
ishlab chiqilgan “Tandem” texnologiyasini keltirish
mumkin. Ushbu texnologiya quvurli reaktorlarda
tabily gazni bug‘ va kislorod yordamida ikki
bosqichli konversiyadan o‘tkazish orqali metanol
olish imkonini beradi. Sanoat migyosida bu usul
Belorussiyadagi “Azot” ishlab chigarish birlash-
masida amaliyotga joriy etilgan bo‘lib, uning yillik
ishlab chiqarish quvvati 130 million m? tabity gazni
gayta ishlashga teng. Bundan tashgari, Estoniyada
joylashgan “Nitrofert” AJ tomonidan amalga
oshirilgan loyiha yiliga 400 million m® gazni qayta
ishlash imkoniyatiga ega.

“Tandem” texnologiyasi an’anaviy — ya’ni
shaxtali reaktorlarda bug‘li konversiya asosida olib
boriladigan jarayonlarga nisbatan bir gator ustun-
liklarga ega. Avvalo, uning autotermik xarakteri va
yopiq energetik sikli mavjudligi tufayli energiya
tejamkorligi ta’minlanadi. Masalan, 1 tonna
metanol ishlab chigarishda tabily gaz ener-
giyasining 85% gacha samarali foydalaniladi,
qolgan 15% esa (1000 m* gazdan 150 m?) texno-
logik jarayonning o‘z energetik ehtiyojlarini qop-
lash uchun sarflanadi. Shu bois, “Tandem”
texnologiyas resursni tejovchi va yuqori samarali
innovatsion yechim sifatida baholanadi.

Bundan tashqari, ushbu texnol ogiyada atmos-
feraga chigariladigan zararli chigindilar — azot
oksidlari (NOx), uglerod dioksidi (CO2) va uglerod
oksidi (CO) miqdori juda past darajada bo‘ladi.
Y evropa texnologiyalaridan fargli ravishda, sintez-
gazni DMEga konversiya qilish jarayoni rekti-
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fikatsiya bosgichlarisiz amalga oshirilishi mumkin.
Umumiy retsirkulyatsiya sxemasi metanol sintezi
uchun mos bo‘lib, deyarli o‘zgarishsiz qo‘llaniladi.
Reaktor konstruktsiyasi adiabatik qatlamlardan
tashkil topgan bo‘lsada, metanolni degidratsiya
gilishda katalizatorlarning joylashtirilish usuli va
hosil bo‘lgan mahsulotlarni sovutishda qo‘lla-
niladigan sirkulyatsiya agenti bilan farq qgiladi.

Kondensatsiya jarayoni uch bosgichdan
iborat: namlik kondensatori, metanol kondensatori
va DME kondensatori. Shu yo‘l bilan DME
metanolning goldiq zarrachalarsiz olinadi.

Hozirgi kunda “BIITI - Rossiya” instituda
hamda |.M. Gubkin nomidagi GNS NIFXI, IVTAN
va RGUNG institutlari hamkorligida yiliga 500
ming tonna quvvatga ega DME ishlab chigarish
zavodini yaratish bo‘yicha ilmiy-amaliy ishlar olib
borilmoqgda.

Shuningdek, mazkur texnologiyalar asosida
ishlab chigarish jarayonida atmosferaga chigari-
ladigan zararli gazlar — xususan, azot oksidlari
(NOx), uglerod dioksidi (CO2) va uglerod oksidi
(CO) migdorining nihoyatda pastligi ularning
ekologik afzalligini yagqgol namoyon etadi.

Yevropada ishlab chigilgan texnologik
yechimlarda sintez-gazdan dimetil efir (DME) olish
jarayoni  rektifikatsiya bosgichlarisiz  amalga
oshiriladi. Bunday yondashuvda metanol sintezi
uchun mo‘ljallangan umumiy retsirkulyatsiya
sxemasi deyarli o‘zgartirilmagan holda qo‘llaniladi.
Reaktor konstruktsiyasi, odatda, adiabatik gatlam-
lardan iborat bo‘lib, metanol sintezi aynan shu
gatlamlarda kechadi. Shu bilan birga, metanolni
degidratatsiyalash bosgichida katalizatorlarni joy-
lashtirish usuli hamda hosil bo‘lgan mahsulotlarni
sovutishda sirkulyatsiya agentlaridan foydalanilishi
ma’lum farqglarni yuzaga keltiradi.

Kondensatsiyajarayoni uch bosgichda tashkil
etiladi: birinchi bosgichda namlik kondensatori
ishlaydi, ikkinchi bosgichda metanol konden-
satsiyalanadi, va nihoyat, uchinchi bosgichda DME
kondensatsiyasi amalga oshadi. Mazkur kompleks
yondashuv natijasida metanol goldiglarisiz toza
DME mahsulotini olish imkoniyati yaratiladi.

Xulosalar. Metanol kimyo sanoatidagi eng
muhim yarim mahsulotlardan biri bo‘lib, o‘z
ahamiyati va ishlab chiqarish masshtabi bo‘yicha
yetakchi o‘rinlardan birini egallaydi. Uning asosiy
an’anaviy qo‘llanilish yo‘nalishlari formaldegid,
dimetiltereftalat hamda turli xil erituvchilar ishlab
chiqarish bilan bog‘liqdir.

Xorijiy kompaniyalar, jumladan BP va
Marubeni mutaxassislarining baholariga ko‘ra,
tabiiy gazni konversiya qilish orqgali uglevo-
dorodlarning suyuq aralashmasi (SUA) yoki motor
yoqilg‘isini olishga qaratilgan tijorat texno-
logiyalarini ishlab chiqish istigbolli yo‘nalish
hisoblanadi. Bu borada, xususan, O°zbekistonda
ham ishlab chiqarishni to‘liq yo‘lga qo‘yish
imkoniyati mavjud. Jumladan, “O‘zbekiston GTL”
zavodi va “Ustyurt gazni qayta ishlash kompleksi”
imkoniyatlaridan samarali foydalanish  orqali
mazkur mahsulotni yirik migyosda ishlab chigarish
mumkin.

Bugungi kunda ko‘plab mamlakatlarda, shu
jumladan xorijiy davlatlardaham tabiiy gazni suyuq
uglevodorod aralashmalariga aylantirishning rago-
batbardosh jarayonlarini yaratish bo‘yicha jadal
iImiy-texnik izlanishlar olib borilmogda. Mazkur
tadqiqotlar yo‘nalishining ilmiy va amaliy aha-
miyati shundan iboratki, yagin 10-15 yil ichida neft
narxining oshishi motor yoqilg‘isi qiymatiga
moslashib golishi ehtimoli mavjud.
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ASFALTOBETON QOPLAMALARI UCHUN REZINA KUKUNI VA
ELASTOMERLARNI MODIFIKATSIYALASH ASOSIDA POLIMER-BITUM
KOMPOZITS YALARINI OLISH
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Annotatsiya. Ushbu maqolada asfaltobeton qoplamalari uchun polimer-bitum kompoztsiyalarini
yaratish jarayoni yoritilgan. Mahalliy bitumlar rezina kukuni, elastomerlar va antioksidantlar
yordamida modifikatsiyalandi hamda ularning fizik-mexanik va reologik xossalari tadgiq qilindi.
Tajribalar natijasida penetratsiya ko ‘rsatkichi 74-0,1 mm dan 59-0,1 mm gacha kamaygani, yumshash
harorati 52 °C dan 70 °C gacha ortgani, mo ‘rtlik harorati —16 °C dan —24 °C gacha pasaygani,
cho zilish darajasi 45 sm dan 68 sm gacha oshgani va elastiklik ko ‘rsatkichi 62 % dan 81 % gacha
yaxshilangani aniglandi. Natijalar modifikatsiyalangan polimer-bitum kompoztsiyalari oddiy
bitumlarga nisbatan yuqori chidamlilik va uzoq xizmat muddatiga ega ekanini ko ‘rsatdi.

Kalit so‘zlar: Asfaltobeton, polimer-bitum kompoztsiyasi, rezina kukuni, elastomer, antioksidant,
penetratsiya, yumshash harorati, mo ‘rtlik harorati, cho zilish, elastiklik.

MNOJYUYEHUE MOJUMEP-BUTYMHBIX KOMIIO3UIINI HA OCHOBE
MOJUPUKAIIAN PE3UHOBOM KPOIIIKOM U DJIACTOMEPAMM JJIsI
AC®HAJTBTOBETOHHBIX IOKPLITUI

I auﬁyilﬂaeaa Anopa Maenonos Illoxpyx Masnonoe Eabaxan
QDaizynnaesna boboxon yenu
Accucmenm, Byxapckuii PhD, ooyenm, Byxapckuii K.X.H., doyenm, Byxapckuii
20Cy0apcmeen bl MexXHU4ecKuil 20¢Cy0apcmeentblil MexHU4ecKuil 20¢cy0apcmeentblil mexHu4ecKuil
YHUgepcumen, YHUBepcumen, YHUBepcumen,
Byxapa, V36exucman Byxapa, Y30exucman Byxapa, Y30exucman

Annomauyun. B Oannoll cmambe paccmMampusaemcsi npoyecc NONYy4eHUus NOAUMEPHO-OUMYMHBIX
KOMRO3Uuyutl 0111 acghanvmobemonHvix nokpvimuu. Mecmuvie Oumymsl ObLIU MOOUDUYUPOBAHBL C
UCNONb308AHUEM DE3UHOBOU KPOWIKU, INIACHOMEPOS U AHMUOKCUOAHMO8, A MAKI’CE UCCIe008AHbL UX
@uszuko-mexanuueckue u peonrocuiecKue ceotcmed. IKCnepumMeHmaibHble pe3yabmamol NOKA3AIU, Ymo
noxazamens nenempayuu cuusuncs ¢ 74-0,1 mm 0o 59-0,1 mm, memnepamypa pazmsacueHus y8eauduIach
¢ 52 °C oo 70 °C, memnepamypa xpynkocmu cHusunacsy ¢ —16 °C 0o —24 °C, cmenens yonunenus npu 25
°C o3pocna c 45 cm 0o 68 cm, a nokasamens snacmuynocmu ygeauuuncs ¢ 62 % oo 81 %. Ionyuennvie
pe3yibmamsl ROOMBEPHCOAIOM, 4mo MoOUGUYUPOBAHHBIE NOJUMEPHO-OUMYMHBLE KOMNOZUYUU 00A -
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DEVELOPMENT OF POLYMER-BITUMEN COMPOSITIONS BASED ON
MODIFICATION WITH RUBBER POWDER AND ELASTOMERSFOR

ASPHALT PAVEMENTS
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Abstract. Thisarticle discusses the devel opment of polymer -bitumen compositions for asphalt pavements.
Local bitumen was modified using rubber powder, elastomers, and antioxidants, and their
physicomechanical and rheological properties were investigated. Experimental results showed that the
penetration index decreased from 74-0.1 mm to 59-0.1 mm, the softening point increased from 52 °C to
70 °C, the brittleness temperature decreased from —16 °C to —24 °C, the elongation at 25 °C increased
from 45 cm to 68 cm, and the elasticity index increased from 62% to 81%. These findings demonstrate
that modified polymer-bitumen compositions exhibit higher strength, durability, and resistance to
environmental impacts compared to conventional bitumen.

Keywords: asphalt concrete, polymer-bitumen composition, rubber powder, elastomer, antioxidant,

penetration, softening point, brittleness temperature, elongation, elasticity.

Kirish. Bitum — neftni gayta ishlash
mahsuloti bo‘lib, uning asosiy qo‘llanilish sohasi
avtomobil yo‘llarini qurish va ta’mirlash,

gidroizolyatsiya ishlari hamda sanoatning turli
tarmogqlarida mustahkamlovchi bog‘lovchi material
sifatida ishlatiladi. Biroq oddiy bitumlarning fizik-
mexanik xossalari cheklangan: past haroratlarda
mo‘rtlanib sinuvchan bo‘lishi, yuqori haroratlarda
esa yumshab ketishi, shuningdek, namlik va
ultrabinafsha nurlarga nisbatan chidamsizligi

ularning ekspluatatson muddati va sifatini
pasaytiradi [1]. Shu bois bitumlarni modifi-
katsiyalash jarayoni — ya’ni, ularga turli

polimerlar, elastomerlar, plastifikatorlar yoki sirt-
faol moddalar qo‘shish orqali tarkibini yaxshilash
— zamonaviy yo‘l qurilishi va gidroizolyatsiya
sanoatida muhim  ilmiy-amaliy  yo‘nalishga
aylangan [2].

Modifikatsiyalashning asosly magsadi bitum-
larning ishlash harorati diapazonini kengaytirishdir.
Bunday holda, bitum yuqori haroratlarda o‘z
shaklini yo‘qotmaydi, past haroratlarda esa mo‘rt-
lanmaydi. Natijada modifikatsiyalangan bitumlar

yugqori elastiklikka ega bo‘lib, issiq va sovuq iqlim
sharoitida yuzaga keladigan siklik yuklamalarga
bardosh beradi. Bundan tashqari, ularning yopi-
shuvchanlik xususiyati kuchayib, tosh materiallarga
bog‘lanish sifati yaxshilanadi. Bu esa asfaltobeton
goplamalarning mustahkamligi va xizmat muddati-
ni sezilarli darajada oshiradi [3].

Materiallar  va usullar.  O‘zbekiston
Respublikas hududida iglim keskin kontinental
xarakterga ega: yozda havo harorati +40 °C dan
yudorilaydi, gishda esa—15 °C gacha pasayadi [4].
Bunday sharoitlarda asfalt qoplamalarga bo‘lgan
talablar yuqori bo‘lib, ular yuqori haroratlarda
shaklini saglab qolishi, past haroratlarda esa
yorilmasligi zarur [5]. Shu sababli, yo‘l-qurilish
sanoatida qo‘llaniladigan bitumlar GOST 22245-90
yoki GOST 33133-2014 standartlari talablarigamos
holda tanlanadi. Amaliyotda, odatda, BND 60/90
yoki BND 70/100 markali yo‘l bitumlaridan
foydalaniladi. Ushbu markalar plastiklik dargas,
penetratsiya ~ ko‘rsatkichlari ~ va  haroratga
chidamliligi bilan mo‘tadil iglim sharoitlari uchun
magbul sanaladi.

GEOLOGIYA VA NEFT-GAZ SANOATI
T'EOJIOI'UA U HEOTET'A30BASI IPOMBIIIVIEHHOCTbD
GEOLOGY AND OIL-GASINDUSTRY

www.srt-journal.uz

153


http://www.srt-journal.uz/

SANOATDA RAQAMLI TEXNOLOGIYALAR

OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH

DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

Birog, mazkur markali bitumlarning modi-
fikatsiyalanmagan holatda O‘zbekistonning keskin
issig va sovuq mavsumlarida bargaror ishlash
xususiyati yetarli emas. Shu bois ularni polimer va
barqarorlashtiruvchi qo‘shimchalar yordamida mo-
difikatsiyalash magsadga muvofiqg hisoblanadi [6].
Mazkur tadgigotlarda FNQIZ zavodida ishlab
chigarilgan, GOST 33133-2014 talablariga mos
50/70 markali bitumdan foydalanildi.

1-jadval
Polimer-bitum kompoztsiyalarini olish uchun
go‘llanilgan 50/70 markali bitumning fizik-

mexanik ko ‘rsatkichlar

50/70 bitum markasi
Ko‘rsatkichlar nomi uc'hun me yor
Asosly Amalda
talablar
25 °C haroratda (ignaning
botish chuqurligi x 0,1 51-70 54
mm) penetratsiya
Halga va shar bo‘yicha
yumshatish harorati, °C 51 past emas 53
25 °C haroratda, 15 kamida 12
cho‘zilishi, cm
25 °C haroratda, .
dlasiiklikligi % 60 kamida 58
Fraasu bo‘yicha mo‘rtlik -16 yuqori
. -16
harorati, °C emas
Chagnash harorati, °C 230 past emas 237
Dinamik govushgoqlik, s
Pa-s, 135 °C haroratda Ko'pi bilan 3 3

[Imiy-tadgjiqot ishining muhim bosgjichlaridan
biri bu — rezina saglagan gibrid elastomerlar asosida
turli tarkibga ega polimer-bitum kompozitsiyalarini
tayyorlash va ularning fizik-mexanik xossalarini
solishtirishdan iboratdir. Ushbu bosgichda magsad
— optima modifikatsiyalangan bitum tarkibini
aniglash va uning dtruktura hosil  giluvchi
xususiyatlarini amaliy jihatdan baholashdan iborat
bo‘ldi.

Natijalar va ularning muhokamas.
Tajribalar uchun asosiy komponent sifatida yo‘l
bitumi (BND 50/70 markali), maydalangan chigindi
avtomobil shinalaridan olingan rezina kukuni
(butadien-stirol kauchuk, butadien kauchuk, butil
kauchuk vatexnik uglerod), termoplast elastomerlar
(stirol-butadien-stirol ~ (SBS) va  poligtiral),
plastifikator (neft shlamlari) hamda stabilizatorlar
— tetraetoksisilan (TEOS), kaolin (ALl:Si205(OH)a),
tiuram (tetrametiltiuramsulfid) va simat (ditio-

karbamat) tanlab olindi.

Tajriba jarayoni
oshirildi:

1. Birinchi bosgichda bitum 160-180 °C
haroratda eritildi va unga rezina kukuni qo‘shilib,
1525 soat davomida mexanik aralashtirildi.
Rezina kukuni bitum tarkibida shishib, dispers
holatga kelguncha jarayon davom ettirildi.

2. Ikkinchi bosgichda esa oldindan tayyor-
langan bitum-rezina tarkibiga SBS, polistirol,
antioksidantlar va plastifikatorlar qo‘shildi. Ara-
lashtirish 180 °C da 30-120 dagiga davom ettirilib,
natijada rezina saglagan gibrid elastomer asosidagi
polimer-bitum kompozitsiyalari olindi.

ikki bosgichda amalga

2-jadval
Rezina saglagan gibrid elastomerlar asosida
polimer-kompoztsiyalarining tarkibi

) Rezina Termoplastik o -
No Bitum kukuni e astomer Stalibizator | Plasifikator
B % % (polimerlar) % %
%
RSGEPB-1 85, 5,0 6,0 25 15
RSGEPB-2 84,0 6,0 5,0 25 2,0
RSGEPB-3 82,5 8,0 4,0 3,0 25
RSGEPB-4 81,0 10,0 3,0 3,0 3,0

Rezina kukuni va gibrid termoplastik
elastomerlar asosida modifikatsiyalangan polimer-
bitum bog‘lovchilarning kompozitsion tarkibi BND
50/70 markali yo‘l bitumi asosida tayyorlangan
to‘rtta  polimer-bitum  kompozitsiyass  orgdli
sinovdan o‘tkazildi. Modifikatsiyalash jarayonida
asosly komponent sifatida granulometrik tarkibi 3—
5 mm bo‘lgan qayta ishlangan avtomobil
shinalaridan olingan rezina kukuni, termoplastik
elastomerlar (SBS va polistirol), stabilizatorlar
(tetraetoksisilan — TEOS, kaolin — AlSi2Os(OH)a,
tiuram — tetrametiltiuramsulfid, ssmat — ditio-
karbamat birikmalari) hamda plastifikatorlar (neftni
gayta ishlash chigindilaridan olingan mahsulotlar)
qo‘llanildi.

Kompozitsion tarkibda bitum ulushi 85,0%
dan 81,0% gacha, rezina kukuni miqgdori esa 5,0%
dan 10,0% gacha oshirildi. Elastomerlarning umu-
miy ulushi 6,0% dan 3,0% gacha kamaytirildi, bu
esa kauchuk komponentining elastiklikka qo‘shgan
hissasi hisobga olinib, optimal muvozanatga eri-
shishni ta’minladi. Stabilizatorlar 2,5-3,0% ora-
ligida qo‘shilib, issiglik va oksidlovchi qarish
ta’siriga nisbatan kompozitsiyaning kimyoviy ham-
datermik bargarorligini oshirdi. Plastifikatorlar esa
1,5-3,0% miqdorda Kkiritilib, aralashmaning past
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haroratlarda ishlash qobiliyati va texnologik ogim-
lilik xususiyatlarini yaxshiladi.

Rezina kukuni saglagan gibrid elastomerlar
asosida tayyorlangan polimer-bitum kompozit-
siyalarining asosiy fizik-kimyoviy hamda reologik
xossalari aniglanib, ularning penetratsiya, yum-
shash harorati, mo‘rtlashish harorati, cho‘zilish,
elastiklik va dinamik qovushqoqlik ko‘rsatkichlari
3-jadvalda keltirilgan.

3-jadva
Rezina kukuni va gibrid termoplastik
elastomerlar asosida tayyorlangan polimer-bitum
kompoztsiyalarining fizik-mexanik va reologik

ko ‘rsatkichlari
Ko‘rsatkichlar RSGEPB- | RSGEPB- | RSGEPB- | RSGEPB-
nomi 2 2 3 4
25 °C haroratda
ignaning botish 74 69 66 59
chuqurligi x 0,1
mm
Halgava shar
bo‘yicha
yumshatish 52 58 64 70
harorati, °C,
Fraasu bo‘yicha
mo‘rtlik harorati, -16 -19 -21 -24
°C
25 °C cho‘zilishi, 5 51 59 68
sm
Dinamik
govushdodligi, 0.85 1.00 1.30 1.60
Ra's, 135 °C
25 °C haroratda,
elastikligi %, 62 68 s 81

Ushbu tadqiqot natijalari shuni ko‘rsatadiki,
polimer-modifikatsiyalangan bitum kompozitsiya-
larining asosiy fizik-mexanik va reologik xossalari
ularning tarkibiy komponentlari nisbatiga sezilarli
darajada bog‘liqgdir. Penetratsiya ko‘rsatkichining

74:0.1 mm dan 59-0.1 mm gacha kamayishi bitum
matritsasining zichligi va mexanik gattigligining
ortishini ifodalaydi. Halga va shar usuli bilan
aniqlangan yumshash haroratining 52 °C dan 70 °C
gacha ko‘tarilishi esa yuqori haroratlarda
materialning strukturaviy bargarorligi oshganidan
dalolat beradi. Fraasu usuli bo‘yicha aniglangan
mo‘rtlashish haroratining —16 °C dan —24 °C gacha
pasayishi esa kompozitsiyaning past haroratlarda
elastiklikni saglab qolish qobiliyati yaxshilanganini
ko‘rsatadi.

Shuningdek, 25 °C da cho‘zilish darajasining
45 sm dan 68 sm gacha ortishi va eastiklik
ko‘rsatkichining 62% dan 81% gacha ko‘tarilishi
makromolekulyar struktura tarkibida deformat-
siyagabardoshli elastik fazaning shakllanganligidan
dalolat beradi. Bundan tashqari, 135 °C da dinamik
qgovushqoqlikning 0.85 Pa‘s dan 1.60 Pa-s gacha
oshishi bitumning yuqori haroratlarda ogimga
qarshilik ko‘rsatish xususiyatining sezilarli darajada
kuchayganini tasdiglaydi.

Xulosalar. Shunday qilib, komponentlar
miqdoridagi o‘zgarishlar barcha asosiy ko‘rsat-
kichlarga sezilarli ta’sir ko‘rsatdi. Xususan,
penetratsiya va mo‘rtlashish harorati pasaydi, biroq
yumshash harorati, cho‘zilish darajasi, gqovush-
goglik va éastiklik kabi parametrlar ortdi. Bu
natijalar modifikatsiyalangan polimer-bitum kom-
pozitsiyal arining mustahkamlik, issiglik vasovugga
chidamlilik, egiluvchanlik hamda xizmat muddatini
oshirishda an’anaviy bitumlarga nisbatan sezilarli

ustunlikka ega ekanligini ilmiy asosda tasdiglaydi.
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ORCID |D: 0000-0003-2808-6566
Annotatsiya. Ushbu magolada yonuvchi slaneslarning global va mintagaviy ahamiyati, aynigsa
O zbekiston Respublikasi hududidagi quyi eotsen yotqiziqlaridagi resurslar ko ‘rib chigilgan. Energiya
iste ' molining ortib borishi va an’anaviy yoqilg ‘i zaxiralarining kamayishi sharoitida yonuvchi slanes
muqobil energiya manbasi sifatida alohida o ‘rin egallaydi. Markaziy Qizilqumdagi Sangruntau va Aktau
konlarida olib borilgan geologik-tadgiqot ishlari, slaneslarning tarkibi, energiya va kimyo sanoatidagi
ahamiyati, shuningdek ularning metall-organik birikmalari (U, Mo, V, Re va b.) bilan boyligi asoslab
berilgan. Magolada yonuvchi slaneslarning gayta ishlash texnologiyalari, igtisodiy istigbollari va ularni
kompleks o ‘zlashtirish imkoniyatlari muhokama gilinadi. Xulosa qilib, yonuvchi slaneslar — kelajakdagi
muhim yoqilg ‘i va xomashyo resursi sifatida baholanadi.
Kalit so “zlar: yonuvchi slanes, yoqilg ‘i, mugobil energiya, global zaxiralar, slanes smolasi, madandorlik,
yotish sharoitlari.

OBOI'AIIEHHOCTD IMOJIESBHBIMH HCKOITAEMBIMH U YCJIOBUSA
3AJIETAHUSI HHKHESOIIEHOBBIX OTJIOKEHUI KAPAKATHUHCKOM
BITAIMHBI B HEHTPAJIBHBIX KBI3BIVIKYMAX

ORCID ID: 0000-0002-3561-8850 ORCID ID: 0009-0002-5877-4984

Pazuxoe Oouniicon Hypmaees bypxon Hazapos Y3pyx
Toxupoconoguu Xumaunosuu Xacanosuu
H.0. ookmopa 2eonozo-
MUHEPANO2UYECKUX HAYK, Mnaowezo nayunozo compyonuxa Basoswiii doxmopanm Hasoutickozo
npogheccopa, Hayuonanvmuolii Hasouiickoeo omoenenus omoenenus Akademuu Hayxk
YHUBepcumem Ysbexucmaua umeru Axaoemuu Hayk Pecnybnuxu Pecnybnuku Ysoexucman,
Mup3zo Ynyebexa, Vsbexucman, Hasou, Y36exucman Hasou, Y36exucman

Tawxkenm, Y3bexucman

Annomayun. B oannoii cmamve paccmampueaemcs 2100an1bHoe U pecUOHANbHOE 3HAYEHUE 20PIOYUX
ClaHyes, 6 UYACMHOCMU pecypcbl HUICHEIOYEHOBLIX OmJodceHul Ha meppumopuu Pecnyboauxu
Vsbexucman. Ha ¢one pacmywezo muposoco nompebnenus 3Hepeuu U COKpAWeHUus 3andacos
MPAOUYUOHHBIX BUO08 MONIUBA, 20PIoYUE CIAHYbL USPAIOM 3HAYUMENLHYIO POIb 8 KAYecmee 00H020 U3
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ANbMEPHAMUBHBIX UCMOYHUKOS dHepauu. [Ipeocmasnensl OaHuble 2e01020paA38e0KU MeCmOopONCOeHUL
Canepynmay u Axmay, pacnonoscennvix 6 Llenmpanvhvix Kwuizviikymax. Onucan cocmag 2oproyux
CIlaHYe8 U pacCMOMPEHO UX 3HaAUeHUe OJi IHEPLeMUUECKO20 CEKMOPA U XUMUYECKOU NPOMbIULIEHHOCU,
a makoice O6oeamcmeo memainn-opeanuveckumu coeounenusmu (U, Mo, V, Re u dp.). B cmamve
00CyHCOaIOmcs.  MexHoNo2UU NnepepadomKy  20prYuUx ClaHyes, IKOHOMUYECKUe NepcneKmussbl U
B03MONCHOCMU UX KOMNJIEKCHO20 O0C8OeHUs. B 3axniouenue ommeuvaemcs, umo 2opiouue ClaHybl
OYEHUBAIOMCA KAK BANCHBIL UCIOYHUK MONIUBA U CbIPbS OYO0YUle2o.

Knrwueevie cnoea: coprouue ciamyvl, MONIUBO, ANbMEPHAMUBHAS dHEpeUs, 2l100albHble 3anacyl,
clanyesas cmoid, pyOOHOCHOCb, YCI08US 3ANe2AHUS.

ENRICHMENT WITH MINERAL RESOURCES AND OCCURRENCE
CONDITIONSOF THE LOWER EOCENE DEPOSITSOF THE KARAKATIN
DEPRESSION IN THE CENTRAL KYZYLKUM

Nurtayev Burkhon
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Junior Research Fellow of the
Navoi Branch of the Academy of
Sciences of the Republic of
Uzbekistan, Navoi, Uzbekistan

Nazarov Uzruh

Khasanovich
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Mirzo Ulugbek National University
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Abstract. This article examines the global and regional significance of oil shales, particularly the
resources found in the Lower Eocene deposits within the territory of the Republic of Uzbekistan. Against
the backdrop of growing global energy consumption and declining reserves of traditional fuel sources,
oil shales hold a special position as an alternative energy source. The results of geological exploration
at the Sangruntau and Aktau deposits in the Central Kyzylkum region are presented, highlighting the
composition of the shales, their importance for the energy and chemical industries, and their richnessin
metal-organic compounds (U, Mo, V, Re, etc.). The article discusses oil shale processing technologies,
economic prospects, and the potential for their integrated development. It concludes that oil shales are
considered a vital source of fuel and raw materials for the future.

Keywords: oil shale, fuel, alternative energy, global reserves, shale resin, ore-bearing capacity,

occurrence conditions.

Kirish. Hozirgi kunda dunyo bo‘yicha yillik
energiya iste€moli 10 milliard tonnadan ortiq
yoqilg‘i ekvivalentiga yetishi taxmin gilinmogda.
Energiyasarfining doimiy ortib borishi, eng avvalo,
an’anaviy energiya manbalari - uglevodorodlar
(neft, gaz, ko‘mir, torf, yonuvchi slanes va bosh-
galar) zaxiralarining kamayishiga olib kelmoqda,
shu jumladan atom energiyasi (uran, toriy, gafniy va
boshgalar), daryo suvlarini, umuman suvlarni ka-
maishi gidroyenergetika manbalarining energiya
olish zaxiraari kamayishiga olib kelmoqda.

So‘nggl  vagtlarda  yoqilg‘i-energetikasiga
talab yuqgori bo‘lgan mamlakatlar va mintagalar
uchun yoqilg‘i manbalariga bo‘lgan ehtiyojining
keskin ortishi va mugobil xomashyo manbalarini
gidirish dolzarb bo‘lib bormogda. Bu muammolarni
hal etishda aynigsa yonuvchi dlaneslar muhim

ahamiyatga ega.

Chunki ular ulkan resurdarga (47 milliard
tonna) ega va kimyoviy tarkibi tufayli muqobil
energiya manbalaridan biri hisoblanadi. Ushbu
jindar energiya uchun ham, turli xil kimyoviy
mahsulotlarni ishlab chigarish uchun ham neft
o‘rnini bosuvchi vosita bo‘lib xizmat qilishi
mumkin.

Ba’zi ma’lumotlarga ko‘ra, Yer yuzidagi
organik uglerod zaxiralari quyidagicha tagsim-
langan: neftda- 1011 tonna, ko‘mirda - 1013 tonna,
yonuvchi dlaneslarda esa - 1017 tonnaga yetadi.
Bugungi kunda dunyo bo‘yicha 550 dan ortiq
yonuvchi slanes koni aniglangan bo‘lib, ular har xil
geologik tuzilmalarda - burmalangan zonalarda,
gadimiy va yosh platformalarda joylashgan. Yer
yuzidagi eng yirik yonuvchi slanes koni AQShdagi
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Greyen River bo‘lib, u global zaxiralarning qariyb
60 foizini tashkil etadi. Umuman olganda, ko‘plab
yonuvchi slanedar termik gayta ishlanganda oz
migdorda smola gratib chigarishi bilan gralib
turadi [1].

Biroq, rivojlanish tajribas vayillar davomida
to‘plangan ma’lumotlar shuni ko‘rsatadiki, hatto
smola chiqgishi atigi 4-8% bo‘lgan past sifatli
yonuvchi slaneslarni gayta ishlash ham texnik va
iqtisodiy nugtai nazardan muhim ahamiyatga ega.
Dunyodagi eng sifatli yonuvchi slanedar sifatida
Boltigbo‘yi havzasidagi konlar e’tirof etiladi — bu
yerda slaneslar 21-24% smola chigishi bilan gjralib
turadi. Mazkur konlarda gazib olish ishlari deyarli
bir asrdan beri davom etmoqda. Ba’zi konlarning
yonuvchi slanedari yuqori Cu, Mo, U, Pb, Zn, V
tarkibiga ega va ma’dan xomashyosi sifatida
baholanadi. Shu bilan birga, dunyoning turli hudud-
larida yonuvchi dlaneslardan smola olish im-
koniyati, muqobil energiya manbai sifatida, tobora
ko‘proq e’tiborni tortmoqda. Bunga sabab - bir
gator davlatlarda energiyaga bo‘lgan talabning
ortishi hamda an’anaviy uglevodorod zaxiralarining
kamayib borishi fonida, yonuvchi slaneslarning
katta hajmdagi resurslarga ega bo‘lishidir [2].

Y onuvchi slaneslar tarkibidarangli, kam uch-
raydigan metallar va nodir yer elementlari mavjud
bo‘lib, ularni yoqilg‘i-kimyo sanoatida xomashyo
sifatida kompleks ravishda ishlatish mumkin.
Yoqilg‘t sifatida slaneslar to‘g‘ridan to‘g‘ri
yoqilishi yoki termik gaytaishlov orgali slanes moyi
ko‘rinishida foydalanilishi mumkin. Bunday qayta
ishlash natijasida nafagat slanes moyi, balki turli xil
kimyoviy birikmalar ham olinadi.

Yonuvchi daneslarning sanoat giymati ular-
ning organik vamineral tarkibiy gismlari, jumladan,
tarkibidagi nodir va tarqoq yer elementlari bilan
belgilanadi. Ular asosida quyidagi mahsulotlar ish-
lab chigarilishi mumkin:

- yoqilg‘i va energiya vositalari (gaz, slanes
moyi, dizel yoqilg‘isi, mazut, benzin, kerosin);

- kimyo sanoati mahsulotlari (benzol, toluol,
tiofen, oltingugurt, fenollar, ixtiol va boshgalar);

- kamyob elementlar konsentratlari.

Yonuvchi slaneslarni yoqish natijasida hosil
bo‘ladigan kul esa qurilish sanoati uchun - sement,
devor bloklari va beton plomba materialari ishlab
chigarishda arzon xomashyo sifatida ishlatiladi.
Shuning uchun yonuvchi daneslar “kelgak

yoqilg‘isi” deb ataladi, chunki ularning global zaxi-
ralari neft, gaz va ko‘mir kabi an’anaviy yoqilg‘i
resurslariga nisbatan bir necha barobar ko‘proq.
Slanes smolasi yaxshi izolyator, korroziyadan
“himoya qiluvchi” ba’zi hollarda yelim va
payvandlash o‘rnini ham bosadi. Bundan tashqari, u
tuprogning unumdorlashtirish uchun ishlatiladi.

Yonuvchi slanes yoqilg‘i-energetik va
kimyoviy xomashyo bo‘lib, uglevodorodli xomash-
yolarning asosly manbalaridan biri hisoblanadi. U
asosan mineral  (kalsit, dolomit, gidroslyuda,
montmorillonit, kaolinit, dala shpati, kvars, pirit va
boshgalar) va organik gismlardan (kerogen, bitum-
lar) iborat bo‘lib, jins massasining 10-30% ni tashkil
etadi vafagat eng yuqori sifatli slaneslarda 50-70%
ga tashkil etishi mumkin. Yonuvchi sanesar
mugqobil yoqilg‘i sifatida jahon energiyasining
kelajagi bilan bog‘lig, chunki sayyoramizdagi neft
va tabiiy gaz zaxirdari asta-sekin kamayib bor-
moqda.

Turli  hisob-kitoblargalarga ko‘ra, dunyo
bo‘ylab yonuvchi slanes konlarida jami 550-630
milliard tonnagacha dlanes smolasi zahiraari
mavjud. Bu xomashyoning bashorat gilinayotgan
resurdari dunyo miqyosida 930 trillion tonnaga
baholanadi va ulardan olinadigan slanes smolasi
zahiraari esa53 trillion tonnani tashkil etadi, bu esa
dunyodagi uglevodorod zaxiralaridan bir necha
barobar ko‘pdir. Bu smoladan gaz, benzin, mazut,
shuningdek, neft-kimyo majmuasi uchun keng tur-
dagi mahsulotlar olinadi [3].

O‘zbekiston Respublikasi Markaziy Qizilqum
hududida bashorat resurdari 47 milliard tonnaga
yaqin bo‘lgan bir nechta yonuvchi slanes konlari
ma’lum, bular Baysun, Sangruntau, Aktau, Jom,
Uchqir-Kulbeshkak, O‘rtabuloq.

Adabiyot tahlil va metodlar. O‘zbekistonda
yonuvchi slaneslarni o‘rganish ishlari 50-yillarning
boshida boshlangan, anmo eng faol davr 1965-
1967-yillar bo‘lib, bu davrda A.S. Fedorenko, A.D.
Posrednikov, R.I.  Nishonxo‘jayev, A.G.
Luzanovskiy, V.I. Mixaylov, E.F. Tatsir, A.A.
Gamarnik keng gamrovli ishlarni amalga oshirdi.
Ushbu ishlar natijasida yonuvchi slaneslarning quyi
eotsenning (peritsiz gillar) quyi gatlamlariga
bog‘ligligi aniqlangan. Kolonka burg‘ilash usuli
bilan va paleogeografik rekonstruksiyalar asosida
ikkita alohida havza gjratib olingan: Qizilqum va
Amudaryo-Oldhisor havzalari.
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Qizilgum havzasi doirasida birinchi marta
Sangruntau va Aktau yonuvchi slanes konlari anig-
langan bo‘lib, ularga mualliflar tomonidan zaxiralar
hisoblangan. Sangruntau yonuvchi slaneslarida
smola miqdori 8-10% ni tashkil giladi; yonuvchi
slaneslar va metallarning zaxiralari hisoblab chiqil-
gan, bunda metallarning quruq slanesga, slanes kuli-
ga va peritga hisoblangan migdori slanes massa-
sining 5-10% ni tashkil etadi; yonuvchi slanedlar
molibden, vanadiy, uran, volfram, reniy va boshga
metallarga boy bo‘lib, ular organik uglerod tarki-
biga bevosita bog‘liq ekanligi aniglangan va bu
metallarning yonuvchi slaneslarda metall-organik
birikmalar shaklida bo‘lishi taxmin qilingan, chunki
fagat molibdenning sulfid shakllari molibdenit,
ferromolibdit va povellit ko‘rinishida aniglangan .

A.G. Luzanovskiy, |.B. Turamuratov va A.X.
Turesebekov tomonidan 2008-yilda yonuvchi
slaneslardagi Re (reniy) miqdori bo‘yicha taqqos-
lash tahlili o‘tkazilib, yonuvchi slaneslar tarkibida U
(uran) va Re (reniy) bilan bir qatorda “Uchquduq
tipidagi” uran konlarida aniqlangan deyarli bir xil
nodir elementlar spektri mavjud degan xulosa gilin-
gan. 2010-yilda Sangruntov tog‘larining janubiy
gismida, 15 kv.km (tgriba bloki) maydonda
“Qizilqum GQE” tomonidan 38 ta kolonka
quduglari burg‘ulangan, yonuvchi Slanedar va
bituminli gil qatlamlari bo‘yicha laboratoriya
tadqiqotlari “Mineral resuslar instituti’da Galoter
texnologiyasi bo‘yicha, Sankt-Peterburg shahridagi
“TTU-LTD” MCHJ tomonidan ishlab chiqarilgan
UTT-3000 qurilmasida o‘tkazilgan [4].

2011-yilda Sangruntau yonuvchi dlanes
konini batafsil va dastlabki baholash va uning
ganotlarida qidiruv ishlarini olib borish loyihasi
doirasida, 2010-yil materiallari asosida Sangruntau
konining tajriba blokida yonuvchi slanes zaxira-
larini hisoblash uchun dastlabki texnik-igtisodiy
asos (TIA) ishlab chiqgildi. 2015-yilda O‘zbekiston
Respublikasi Davlat zaxiralar komissiyasi tomoni-
dan Sangruntau konining shimoliy va janubiy qis-
midafagat yonuvchi slaneslarning zaxiralari tasdig-
landi.

Tadgiqot natijalari va ularning
muhokamasi. Bugungi kunda dunyo miqyosida
neft va gazdan tashgari muqobil energiya manba-
larini izlash va aniqlash yo‘nalishida ilmiy izlanish-
lar faol olib borilmoqda. Shulardan biri bo‘lgan
yonuvchi slanes yoqilg‘i-energetika sohasida ham-

da kimyo sanoatida xomashyo sifatida muhim
ahamiyatga ega bo‘lib, u uglevodorod asosi-dagi
resurslarning  muhim manbalaridan biri hisob-
lanadi. Yonuvchi slanes ko‘pincha “kelajak yoqil-
g‘isi” sifatida tilga olinadi, chunki ularning umumiy
zaxiralari an’anaviy yonuvchan qazilmalar — neft,
tabiiy gaz va ko‘mir zaxiralaridan bir necha barobar
ko‘proq.

Bugungi kunda global energiya iste’moli
yiliga 10 milliard tonnadan ortiq shartli yoqilg‘iga
teng deb baholanmoqda. “Axborot markazi” davlat
korxonasi hamda Davlat Geologiya qo‘mitasining
2023-yilgi ma’lumotlariga ko‘ra, dunyo bo‘ylab
energiyaga bo‘lgan ehtiyojning doimiy ortib bori-
shi, eng avvalo, neft va gaz kabi an’anaviy energiya
manbalarining zaxiralari kamayib borishiga sabab
bo‘lmogda. Mugobil xomashyo manbalarini izlash,
aynigsa, yoqilg‘i-energetika balansi izdan chiggan
mamlakatlar va mintagalar uchun nihoyatda muhim
masalalardan biridir. Shu nuqgtai nazardan, katta
zaxiralarga ega bo‘lgan yonuvchi slanes muqobil
energiyamanbalaridan biri sifatidagjralib turadi. Bu
turdagi foydali gazilma nafagat energiya ishlab
chigarishda, balki turli kimyoviy mahsulotlarni
olishda ham neftning o‘rnini bosuvchi resurs bo‘la
oladi [5].

1-jadval
O‘zbekiston Respublikasi konlarining davilat
balansida hisobga olingan yonuvchi slanes
zaxiralarining iqtisodiy ko ‘rsatkichlari

Kategoriyalar bo‘yicha zaxiralar, ming tonna
Kon ming Balansda
tonna G |ABGH G n tashaari
Dehgonobod
maydoni (slanes
smolasining 56.294,6
o‘rtacha miqdori —
5,6%)
Sangruntau
(danes
smolasining 84.689 |100.608| 185.297 | 230.687 | 61.283
o‘rtacha miqdori-
5,675%)
Aktau (danes
‘smolasml ng 310.949,8 319.949, | 168938, 61.476.9
o‘rtacha miqdori 8 8
—5,78%)

Yonuvchi slaneslar qattiq yoqilg‘ining eng
keng targalgan turlaridan biridir. Dunyo yonuvchi
danedarining aksariyati issiglik bilan gayta
ishlashda kam smola chigishi bilan tavsiflanadi.

Slanes nefti energetika sohasini  yanada
rivojlantirish  uchun muhim zaxiralardan biri
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hisoblanadi [6].
5,8
5,75

5,7

5,65
>6 5,675
5,55
5,5
1 2 3
1-rasm. Yonuvchi slanes smolasining o ‘rtacha

miqdori
Konlar: 1 — Dehgonobod; 2 — Sangruntau; 3 - Aktau-2

LP"“' Pakogen-acogen tsimlar Offgotsen-miotsen

=
|L_P | Bolinmagan qatiambar

Beshkak sh. 158 |LPs | Otigotsen

botigligining geologik sxematik xaritasi.

Hozirgi vagtda slanes nefti ishlab chigarish
texnologiyalari hali bosgichma-bosgich takomil-
lashmogda. Xomashyo ishlab chigarish xargjatlari
kamayish tendensiyasida bo‘lsa-da, ular an’anaviy
neft ishlab chigarish tannarxidan sezilarli dargjada
yugoridir. Shu sababli, slanes moyi hozircha kela-
jakda istigbolli resurs sifatida golmogda va neft
bozorida katta o‘zgarishlar yuz berishiga imkon
yaratishi mumkin. Slanes gazining gazib olinishi
sohasidagi rivojlanish natijasida gaz bozorida
yuzaga kelgan “inqilob” kabi neft bozorida bunday
keskin o‘zgarishlar kutilmayapti. O‘zbekiston
hududida esa paeogen davriga mansub ikkita

yonuvchi slanes havzas mavjud: Sirdaryo va
Amudaryo. Bu yerda resurslar 600 m chuqurlikka
baholanib, 47 milliard tonnani tashkil etdi.
O‘zbekistonning yonuvchi slaneslari smolalarning
yugori miqdori bilan gjralib turadi, bu dunyodagi
eng mashhur konlarning kerogenidagi migdoridan
kattaroqdir.

Xulosalar va takliflar. Ko‘plab ilmiy-
tadgigot institutlari sanoatda gimmatli va kam uch-
raydigan metalarni (masalan, uran, molibden,
vanadiy va boshqalar) bir vaqtning o‘zida ajratib
olish imkonini beruvchi texnologiyalarni yaratdilar.
Iqtisodiy tahlil natijalariga ko‘ra, neft narxining
oshishi yonuvchi slaneslarni kompleks tarzda gazib
olish va qayta ishlash xarajatlariga katta ta’sir
ko‘rsatishi mumbkin, ayniqsa, bu jarayonda nodir va
kamyob yer elementlari bilan birgalikda uglevo-
dorod xomashyos sifatida slaneslarning qiymeati
oshadi.

Baksan konida yonuvchi slaneslardan tash-
gari, kam uchraydigan metalar — molibden,
vanadiy, volfram, selen, ittriy, reniy, shuningdek,
radioaktiv elementlar (uran) va rangli metallar
(nikel, kobalt, kremniy, kadmiy, rux) ham anig-
langan. Eksperimental tadgiqotlar (“IMR” DM
laboratoriyasida va boshgalar) natijalariga ko‘ra,
vanadiy, uran va molibden kabi kamyob yer
elementlari biologik eritma usuli yordamida,
organik reagentlar asosida ekstraksiya gilingan [7].

Xulosa qilib aytganda: Yonuvchi danes
yoqilg‘i-energetik va kimyoviy xomashyo bo‘lib,
uglevodorodli  xomashyolarning asosly man-
balaridan biri hisoblanadi.

Quyi eotsen davri yotgiziglaridagi yonuvchi
slaneslar O‘zbekiston hududida keng tarqalgan.
Ularning hosil bo‘lishi ikkita havza bilan bog‘liqdir.
Sirdaryo va Amudaryo.

Quyi eotsen davridagi metalli yonuvchi
slaneslar aralash tarkibli cho‘kindi jinslarga kiradi,
ulardayuqgori migdorda SO> N20O, N20, K20, MgO,
R20, CaO, Sauf., Sorg mavjud.
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RUX IONINI 4-(2-PIRIDILAZO)-REZORSIN REAGENTI YORDAMIDA
SPEKTROFOTOMETRIK ANIQLASH
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Annotatsiya. Ushbu maqgolada 4-(2-piridilazo)-rezorsin (PAR) reagentidan foydalanib rux ionlarini
spektrofotometrik usulda aniglash sharoitlari ilmiy jihatdan o ‘rganildi. Rux bilan hosil bo ‘ladigan
kompleks birikmaning optik zichligi turli to ‘lqgin uzunliklarida (1), eritmaning pH qiymatlarida, bufer
eritma tarkibida hamda kompornentlarning qo ‘shilish ketma-ketligida tekshirildi. Tadgiqotlar shuni
ko ‘rsatdiki, maksimal optik zichlik A=550 nm da, pH=5,08 bo‘lgan atsetatli bufer eritmasida va
komponentlar rux—bufer—reagent—distillangan suv ketma-ketligida qo ‘shilganda kuzatiladi. Ushbu
optimal sharoitlar rux ionlarini yuqgori sezuvchanlik va aniglik bilan aniglash imkonini beradi.
Shuningdek, ishlab chigilgan usul ekologik jihatdan xavfsiz bo ‘lib, analitik kimyoda tezkor va samarali
usullardan biri sifatida tavsiya etilishi mumkin.

Kalit sozlar: rux ionlari, spekirofotometriya, 4-(2-piridilazo)-rezorsin (PAR), kompleks birikma, optik
zichlik, bufer eritma, aniglash sezuvchanligi.

CHEKTPO®OTOMETPUYECKOE OINPEJAEJIEHUE NOHOB IIUHKA C
MMOMOIUBIO PEATEHTA 4-(2-ITIUPUINJIA30) PE3OPLIUHA

Xauipynnaeea
Typaboe Hypmyxammao  Tooscues Kamonuooun
Llaxunadony Jlymeynno
Typabosuu Hacupuoounoesuu
Kuszu
Kanouoam xumuueckux Hayx, Kanouoam xumuueckux nayx,
npogeccop, Hayuonanvnuiii ooyenm, Hayuonanvnoiii Hayuonanvuwiil ynusepcumem
YHUGepcumem Y30exucmana umenyu — ynusepcumem Yzbexucmana umenu Vs6exucmana umenu Mupso
Mup3zo Vnyebexa, Mup3o Vnyebexa, Vayebexa, Tawxenm, Y3oexucman
Tawxenm, Y3bekucman Tawxkenm, Y30exucman

KIMYOVIY TEXNOLOGIYA VA QURILISH Www.srt-journal.uz
XUMHUYECKASA TEXHOJIOT'UA U CTPOUTEJIBCTBO

CHEMICAL TECHNOLOGY AND CONSTRUCTION 162


http://www.srt-journal.uz/
mailto:turabov2019@mail.ru
mailto:todjiyev88@mail.ru
mailto:shahinabonu@gmail.com

SANOATDA RAQAMLI TEXNOLOGIYALAR
OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH
DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

Annomayun. B oannou cmamve ucciedosanvi onmumManibHble YCi08Us CNeKmMpoQOmomempuiecKoeo
onpeoenenusi UOHO8 YUHKA C UCNOIb308aHueM peazenma 4-(2-nupudunaszo)-pezopyuna (IIAP). H3yueno
UBMEHEeHUe ONMUu4ecKoll NIOMHOCMU 00PA3YIOWe20Cs KOMIIEKCA YUHKA C Pea2eHMOM 8 3d8UCUMOCTU
om OnuHbl 60nHbL (1), 3Hauenuss pH pacmeopa, cocmasa OyghepHou cucmemsvl, a makice NOPSIOKA
BHECEHUsL KOMNOHEHMO8. DKCNepUMEHMANbHbIE pe3YIbmamsl  NOKA3AAU, YMO MAKCUMAIbHAS
onmuueckas niomrHocms oocmueaemces npu A=550 um, 6 ayemamuom 6ygeprom pacmsope ¢ pH=35,08
U npu nocredo8amenrbHoM 000a6ieHUU KOMNOHEHMO8 8 NopsioKke: YUHK — Oygep — peacenm —
OUCMUNTUPOBAHHASL 800d. YCMAHOBIEHHbIE YCI08US 00eCnedu8arom 6biCOKYI0 4YE8CMEUMeNbHOCb U
MOYHOCMb OnpedeieHust UOHO8 YunKa. [Ipednodicenuvlti Memoo A61semcs IKOI02UYecKu Oe30nacHbIM U
Modrcem Obimb PeKOMEHO08aH 01 NPUMEHEHUS 8 AHATUMUYECKOU XUMUU KaK Oblcmpbill U d2¢hghekmusHblil
cnocob ananusa.
Knwouesvie cnosa: uomnwi
KOMNIEKCHOe COeOUuHeHue,
onpeoeneHusl.

SPECTROPHOTOMETRIC DETERMINATION OF ZINC IONSUSING 4-(2-
PYRIDYLAZO)-RESORCINOL REAGENT

4-(2-nupuounazo)-pezopyun  (I1AP),
OyGhepnbvlll  pacmeop, Uy8CMBUMENLHOCHIb

YUHKa, Cnekmpoghomomempus,
onmuyecKkas HNJI0MHOCMb,
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Abstract. This article investigates the optimal conditions for the spectrophotometric determination of
zinc ions using the reagent 4-(2-pyridylazo)-resorcinol (PAR). The optical density of the zinc—PAR
Complex was studied under various conditions, including wavelength (1), solution pH, buffer
composition, and the order of reagent addition. The results revealed that maximum absorbance is
observed at 2=550 nm in an acetate buffer solution with pH=>5.08, when the components are added in

Kirish. Rux miqgdori sanoatda muhim
ahamiyatga ega, biologik 0ziqg moddalar, toksikant,
atrof-muhitni ifloslantiruvchi element hisoblanadi.
U ko‘plab ferment tizimlari bilan bog‘liq bo‘lib,
metalloferment va ferment faollashtiruvchisi
sifatida  muhim rolni o‘ynaydi [1-2]. Rux
mikroelement sifatida ko‘pchilik organizmlarda
muhim biokimyoviy jarayonlarni amalga oshiradi.
Ruxning kam miqdorlari insulin ishlab chigarishda
ishtirok etadi. Bu muammolarni hal qilishda sezgir,
tanlab ta’sir etuvchan, apparatura jihatidan arzon,
bajarilishi jihatidan qulay bo‘lgan ekspress aniglash
metodlarini ishlab chiqish talab etiladi. Bu
talablarga ma’lum ma’noda optik analiz metodlari
javob beradi [3-8].

Rux inson salomatligi uchun juda muhim
metalldir. Ushbu elementni o°z ichiga olgan 20 dan
ortiq metallofermentlar past konsentratsiyalarda

aniglangan. Bundan tashgari, rux birikmalari
bakteritsid faollikka ega ular bir nechta
bakteriyalarni cho‘ktirishi va ogsillar denatu-
ratsiyasida ishtirok etishi mumkin. Shu sababli ular
turli soxalarda dermatologiyada, og‘iz yuvish
vositalari va oftamik eritmalar antiseptik va
dezinfektsiyalovchi vositalarida va rux odatda
mineral vitamin preparatlarida ham mavjud.
Shunday qilib, farmatsevtikada ruxni aniglash
muhim tahliliy vazifadir [9-12].

Tajribaviy gism. Ushbu ilmiy tadgigotda 4-
(2-piridilazo)-rezorsin (PAR) bilan Zn(Il) ionlari
o‘rtasida kompleks hosil bo‘lishining optimal
sharoitlari o‘rganildi hamda uning asosida tezkor,
yuqori sezgirlikka ega va tanlab ta’sir etuvchi
fotometrik aniglash metodikasi ishlab chiqildi.

Tajriba jarayonida Zn(l1) ionlari uchun 1,0
mg/ml konsentratsiyali standart eritma, 0,1% li 4-
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(2-piridilazo)-rezorsin  reagenti va turli pH
giymatlariga ega bufer eritmalardan foydalanildi.
Reagent tayyorlash uchun analitik tarozida 0,1 g
PAR tortilib, o‘lchov kolbasida distillangan suv
yordamida belgisigacha suyultirildi. Zn(Il) ionlari
manbai sifatida ZnCl.-3H-O tuzidan foydalanildi.
Shu magsadda 2,911 g tuz analitik tarozida tortilib,
1000 ml 1i o‘lchov kolbasiga solindi va distillangan
suv bilan belgigacha suyultirilib, 1 mg/ml (1000
mkg/ml) standart eritma tayyorlandi. Ishchi
eritmalar har bir tajribadan oldin ushbu standart
eritmadan alikvot gism olinib, kerakli dargjada
suyultirish orgali tayyorlandi.

Turli pH qgiymatlaridagi bufer eritmalar
tayyorlashda “Analitik kimyo ma’lumotnomasi”’dan
foydalanildi. O‘lchovlar UV/Vis spektrofotometr
hamda pH-metr (pH/ISE Metter, Model 730P)
yordamida bajarildi.

Zn(11) ionining 4-(2-piridilazo)-rezorsin bilan
hosil qgilgan kompleksi uchun optima to‘lqin
uzunligini aniqlash magsadida tajribalar o‘tkazildi.
Buning uchun 25,0 ml li o‘lchov kolbasiga pH =
5,08 ga ega universal bufer eritmadan 5,0 ml, 0,1%
li PAR eritmasidan 1,0 ml hamda 100 mkg/ml
Zn(ll) eritmasidan 1,0 ml solinib, belgigacha
distillangan suv qo‘shildi. Hosil bo‘lgan kompleks
birikmaning optik zichligi UV/Vis spektrofotometr
yordamida, nur yutish qalinligi 1=1,0 sm bo‘lgan
kyuvetada o‘lchandi. Nazorat eritma sifatida metall
ionidan tashgari barcha komponentlar kiritilgan
eritmadan foydalanildi. Natijalar shuni ko‘rsatdiki,
Zn(I-PAR kompleksi uchun maksimal optik
zichlik A=550 nm da qayd etildi.

Shuningdek, Zn(l1)-PAR  kompleksining
optik zichligi eritma mubhiti pH qiymatiga bog‘liq
holda o‘rganildi. Buning uchun 25,0 ml i o‘lchov
kolbasiga pH qiymati 3 dan 13 gacha bo‘lgan
universal bufer eritmalaridan 5,0 ml, 0,1% li PAR
eritmasidan 1,0 ml va 100 mkg/ml Zn(ll)
eritmasidan 1,0 ml solinib, belgigacha distillangan
suv qo‘shildi. Olingan kompleks eritmalarning
optik zichliklari UV/Vis spektrofotometrda Amax =
550 nm da va nur yutish qalinligi 1=1,0 sm bo‘lgan
kyuvetada o‘lchandi. Olingan natijalar grafik
ko‘rinishda (2-rasm) ifodalandi.

Asosiy reaksiya (Zn%'-Rreagent) kompo-
nentlariga bufer eritmalar tarkibiga bog‘ligligini
o‘rganish  uchun pH=5,08 bo‘lgan bufer
eritmalardan foydalanildi.

A
035
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0,05

0 Aam
300 350 400 450 500 550 600 630 700 750

1-rasm. Zn kompleksi optik zichligining nur
filtriga bog ‘ligligi.

2-rasm. Kompleks birikma optik zchligining pH
ga bog ‘liqligi.

Zn(l1)ni 4-(2-piridilazo)-rezorsin reagenti
bilan kompleks birikmasi optik zichligini bufer
eritma tarkibiga bog‘ligligi.

Aniglash uslubi: Fotometrik eritmalar tay-
yorlash uchun avvalgi tajriba jarayonida qo‘llangan
usul asosida 25,0 ml li o‘lchov kolbalariga pH=5,08
bo‘lgan bufer eritmadan 5,0 ml, 0,1% 1i 4-(2-
piridilazo)-rezorsin eritmasidan 2,0 ml hamda 100
mkg/ml li Zn(I1) standart eritmasidan 1,0 ml solindi
va kolbaning belgisigacha distillangan suv bilan
suyultirildi. Hosil gilingan analitik aralashmaning
optik zichliklari UV/Vis spektrofotometr yor-
damida, nur yutish qalinligi 1=1,0 sm bo‘lgan
kyuvetada, solishtirma eritmaga nisbatan o‘lchandi.

1-jadval
Optik zichligining bufer eritma tarkibiga
bog ‘ligligi (n=3)

Bufer eritma nomi | Bufer eritmaning tarkibi pH A

Universa (H3PO4+CH3COOH+H;BOs+ | 5,08 0,378
NaOH)

NavaK-fosfatli (KH2PO4- NapHPOy) 5,08 0,215

Atsetatli CH;COOH+CH;COONa 5,08 0,476

Olingan natijalar 1-jadvalda keltirilgan. Tad-
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giqot natijalaridan ko‘rinib turibdiki, atsetatli bufer 2-jadvd

eritma qo‘llanilganda hosil bo‘lgan Zn(11)—4-(2-
piridilazo)-rezorsin kompleks eritmasi maksimal
optik zichlikni namoyon etdi. Shu bois keyingi
barcha tgjribalarda pH=5,08 giymatga ega atsetatli
bufer eritmadan foydalanildi.

Kompleksining vagtga nisbatan
bargarorligi. Zn(l1)ni 4-(2-piridilazo)-rezorsin
reagenti bilan bergan kompleksining vaqtga
nisbatan barqarorligini aniglash.

Aniglash udlubi: 25,0 ml li oflchov
kolbalariga 100 mkg/ml 1i Zn(II) eritmasidan 1,0 ml
solib, pH=5,08 bo‘lgan eritmlardan 5,0 ml dan, 0,1
% li 4-(2-piridilazo)-rezorsin reagenti eritmasidan
2,0 ml solib, kolbaning belgisigacha distillangan
suv bilan suyultirildi, tayyor bo‘lgan analitik
aralashmani optik zichliklari UV/Vis
spektrophotometrida o‘Ichandi. Natijalar 3-rasmda
keltirildi. Olingan natijalar shuni ko‘rsatadiki,
kompleks birikmaning optik zichlik giymati 180
minutgacha barqaror va bu vaqt oralig‘ida analizni
bajarish uchun yetarli ekanligini xulosa qilish
mumkin.
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3-rasm. Kompleks birikma optik zichligining
vaqtga bog ‘liqlik grafigi.

Kompleks birikma tarkibiy kompo-
nentlarining quyilish tartibini o‘rganish.
Reaksiyaning unumi komponentlar quyilish

tartibiga ham bog‘ligligini e’tiborga olgan holda
eritmalar quyida ko‘rsatilgan usul bilan tayyorlandi
va komponentlarning quyilish tartibini o‘zgartirib, 7
xil quyilish ketma-ketligida bir nechta tajribalar
o‘tkazildi. Olingan natijalardan xulosa qilish
mumkinki, olib borilgan tajribalarning 3 tartibdagi
quyilish tarkibida yuqori optik zichlik kuzatildi va
keyingi tadqiqot ishlarida 3-quyilish tartibi tanlandi.

Zn(11)-4-(2-piridilazo)-rezorsin kompleks
birikmasining optik zchligiga komponentlarni
quyish tartibining ta’siri (Cz,**=100,0 mkg/ml,

Cnr=0.1%, pH=>5,08, £=1,0 sm, Amax=550 nm,

n=3)

Ne | Quyilish tartibi Agrtacha

1. rux—bufer—reagent—disssuv | 0,0302

2. reagent-bufer-rux-diss suv 0,056

3. rux-bufer—reagent-disssuv | 0,124

4. bufer—rux-reagent—disssuv | 0,083

5. reagent—rux—bufer—disssuv | 0,0133

6. rux-reagent—bufer—diss suv 0,041

7. rux-diss suv—bufer-reagent 0,072
Kompleks birikma optik zichligining

qo‘shilayotgan reagent miqdoriga bog‘ligligi.
Amaliy tadqiqotlarda metalni reagentga to‘la
bog‘lanishi uchun odatda reagentning ortiqcha
miqdori olinadi. Shu magsadda kompleks birikma
optik zichligining qo‘shilgan reagent miqdoriga
bog‘ligligi o'rganildi.
Aniglash usuli: 25,0 ml li o‘Ichov kolbalariga
100 mkg/ml Zn(Il) eritmasidan 1,0 ml 5,0 ml
(pH=5,08) bo‘lgan atsetatli eritmasidan, o°‘zga-
ruvchan miqdordagi 0,50-3,50 ml gacha 0,1% li 4-
(2-piridilazo)-rezorsin eritmasi solindi kolbaning
belgisigacha distillangan suv bilan to‘ldirildi.
Kompleks birikmaning optik zichligi UV/Vis
spektrophometr asbobida va nur yutish galinligi
I=1,0 smli kyuvetada nur filtri A=550 nm da
solishtirma eritmaga nisbatan o‘lchandi. Natijalar
3jadval va 4-rasmda ketirildi. Olingan
natijalardan ko‘rinib turibdiki, 100,0 mkg/ml Zn(II)
ni kompleks bilan to‘la bog‘lash uchun reagentning
optimal hajmi 1,5 va 2,0 ml oralig‘ida kuzatildi,
keyingi ishlarda 4-(2-piridilazo)-rezorsin reagentini
2,0 ml li eritmasidan foydalanildi.
3-jadval
Zn(11)-4-(2-piridilazo)-rezorsin kompleksining
optik zichligiga reagent hajmining
(V<sub>R</sub>) ta’siri (Uv/Vis
spektrofotometrda Czn2+=100,0 mkg/ml, |=1,0 sm,
Znm =550 nm, n=3

\r{:I’ 0,50 10 15 2,0 25 30 35 4.0
A 011 | 014 | 017 | 024 | 029 | 0,32 | 034 | 033
Kompleks birikma optik zchligining

element miqdoriga bog‘liqligi (Buger-L ambert-
Ber qonuniga bo‘ysinishi).

Aniglash udlubi: 25,0 ml 1i o‘lchov
kolbalariga Zn(II) ning 10,00 mkg/ml li eritmasidan
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o‘zgaruvchan miqdorda, 5,0 ml pH=5,08 atsetatli
bufer eritmasidan, 2,0 ml 0,1 % li 4-(2-piridilazo)-
rezorsin eritmasidan solib, kolbaning belgisigacha
distillangan suv solib, suyultirildi. Eritmalarni
aralashtirib optik zichliklari UV/Vis
spektrophotometr asbobida va nur yutish galinligi
=1,0 sm |li kyuvetada, nur filtri A=550 nm da
solishtirma eritmaga nisbatan o‘lchandi. Olingan
natijalar 3-jadval va 4-rasmda keltirildi. Natija-
lardan ko‘rinib turibdiki, Buger—Lambert—Ber
gonuniga bo‘ysinish soxasi 25,0 ml eritmada 5,0
mkg dan 50 mkg/ml oralig‘igacha tog‘ri chiziqli
bog‘lanish kuzatildi.

A
04

0.35
0.3
0,25
0.2
015
0.1

0,05
vV mi

0

o 0.5 1 15 2 25 3 3.5 4 45

4-rasm. Optik zichlikning qo ‘shilgan reagent

miqdoriga bog ‘liqligi.
A
D’DDDDD 10,00 20,00 30,00 40,00 50,00 60,00 ZHH-[I.Ikg/]]]l
5-rasm. Optik zichlikning Zn?* miqdoriga
bog ‘ligligi.

Zn(l1)ning 4-(2-piridilazo)-rezorsin rea-
genti bilan hosil qilgan kompleksining tarkibiy
mollar nisbatini aniqlash. Zn(ll) ning 4-(2-
piridilazo)-rezorsin reagenti bilan hosil qilgan
kompleksida komponentlarning mollar nisbatlari
izomolyar seriyalar metodi va Asmusning to‘g‘ri
chiziglar metodlari bilan aniqlandi.

Kompleks tarkibini Izomolyar seriyalar
metodi yordamida aniqlash. Zn(Il) ning 4-(2-
piridilazo)-rezorsin reagenti bilan hosil qilgan
kompleksidagi mollar nisbatini izomolyar seriyalar
metodi bilan aniglash uchun Zn(Il) va 4-(2-

piridilazo)-rezorsin reagentining teng konsen-
tratsiyali eritmalari ishlatildi: Czn?*:HR=7,648-10*
mol/l

Aniqlash uslubi: 25,0 ml li oflchov
kolbalariga qator eritmalar tayyorlandi. Buning
uchun Zn(II) ning o‘zgaruvchan miqdorli eritmalari
(9,0 ml dan-1,0 ml gacha) dan, pH=5,08 bo‘lgan
bufer eritmasidan har biriga 5,0 ml dan qo‘shib,
o‘zgaruvchan miqdordagi 4-(2-piridilazo)-rezorsin
reagenti eritmasi (1,0 ml-9,0 ml gacha) dan har
biriga qo‘shib, va kolba belgisigacha distillangan
suv bilan suyultirildi va aralashtirildi. Tayyorlangan
eritmalarning optik zichligi spektrofotometrda, nur
yutish galinligi 1=1,0 sm bo‘lgan kyuvetalarda
solishtirma eritmaga nisbatan o‘lchandi. Olingan
natijalar 5-rasmda keltirildi. Ushbu grafikdan
ko‘rinib turibdiki, Zn(Il) bilan 4-(2-piridilazo)-
rezorsin reagentining hosil gilgan kompleksining
tarkibi Zn:R=1:2 mollar nisbatiga to‘g‘ri keldi.

Kompleks tarkibini Asmusning to‘g‘ri
chiziglar usuli yordamida aniglash. O‘zaro ta’sir
etuvchi komponentlarning stexiometrik nisbatlarini
grafik usulida aniglash uchun (1/V)"=I/A bog‘liglik
grafigi tuzildi. Bu bog‘liglik fagat “n” ning qiymati
haqiqiy qiymat uchun to‘g‘ri chizigni ifodalaydi.

0.6

0.5 \'
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6-rasm. Izomolyar seriyalar metodi yordamida

aniqlash grafigi.
(/v
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[-rasm. Asmusning to ‘g ‘ri chiziqlar usuli
yordamida aniglash grafigi.
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Aniglash udubi: 25,0 ml li o‘lchov kolba-
lariga teng kontsentratsiyali Zn(Il) eritmasidan 1,0
ml solib, pH=5,08 bo‘lgan universal buferdan har
biriga 5,0 ml dan solib, ustiga o‘zgaruvchan
miqdorda 4-(2-piridilazo)-rezorsin  reagentining
suvli eritmasi kolba belgisigacha distillangan suv
bilan suyultirildi va aralashtirildi. Tayyorlangan
eritmalarning  fotometrik  optik  zichliklari
spektrofotometrda nur yutish galinligi 1=1,0 sm
bo‘lgan kyuvetalarda o‘lchandi. Natijalar 6-rasmda
keltirilgan. Olingan natijalar shuni ko‘rsatadiki,
to‘g‘ri chiziq 1:2 mollar nisbatiga to‘g‘ri keldi.
Ikkala metod ham bir-birini tasdigladi va tarkib
Zn?*:R=1:2 nisbatda ekanligini ko‘rsatdi.

Xulosa. Mazkur ilmiy ishda Zn ionlarini
aniglash uchun 4-(2-piridilazo)-rezorsin reagenti
asosida spektrofotometrik usul ishlab chigildi va
takomillashtirildi. Tadqigotlar davomida 4-(2-
piridilazo)-rezorsin reagentining Zn ionlari bilan
kompleks hosil qilishi sharoitlari o‘rganildi.
Aniglangan optimal sharoitlar orasida eritmamuhiti
pH=5,08 eng yuqori optik zichlikni ta’minlagani
sababli, aynan shu pH giymati analitik ish uchun

tanlandi.

Kompleks birikmaning optik zichligi vagtga
nisbatan 120 dagiqagacha bargaror saglanishi,
ushbu usulning amaliy jihatdan qulayligini
ko‘rsatdi. Buger-Lambert-Ber gonuniga muvofiq
to‘g‘ri chiziqli bog‘lanish 5,0 mkg/ml dan 50,0
mkg/ml gacha oraliqda saglanib goldi. Shuningdek,
izomolyar seriyalar metodi orgali kompleksdagi
Zn:R molyar nisbati 1:2 gatengligi aniglanib, 4-(2-
piridilazo)-rezorsin reagentining Zn bilan ikki
koordinatsion bog* hosil qilishi tasdiqlandi. Tahlil
gilingan farmatsevtik namunalarda aniglik dargjasi
97,5% dan 99,9% gacha bo‘lib, metodning
ishonchliligini  ko‘rsatdi. Shu asosda, 4-(2-
piridilazo)-rezorsin reagenti yordamida Zn ionlarini
spektrofotometrik usulda aniglash usuli yugori
sezuvchan, bargaror, arzon vaoddiy bajarilishi bilan
gralibturadi. Buusul farmatsevtik nazorat, biologik
va atrof-muhit namunalarini tahlil qgilishda keng
qo‘llanilishi mumkin bo‘lgan istigbolli analitik
metod sifatida tavsiya etiladi.
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YUQORI SAMARALI QUYOSH ELEMENTINI TAYYORLASH UCHUN MIS
ASOSLI FTALOSIANIN MODDASINI SINTEZ QILISH

dA ek

Mustafayev Muhammad- Karimov Mas’ud Djalilov Abdulahat
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Annotatsiya. Mazkur ilmiy ishda quyosh panellari hagida qisqacha ma’lumotlar berilib, quyosh
elementlarini tayyorlashda foydalaniladigan ftalosianin pigmentining sintez jarayoni hamda uning
infraqizl (IR) spektral tahlili yoritilgan. Misasodli ftalosianin namunasi PerkinElmer Fourier-transform
infraqizil (FTIR) spektrometri yordamida tahlil gilinib, unda mavjud funksional guruhlar aniglangan.
Spektral ma’lumotlarga ko ‘ra, namunada aromatik halgalar, karbonil, gidroksil, efir, nitril hamda
metall-kislorod (Cu-0) bog ‘lanishlariga xos cho ‘qqilar qayd etilgan. Olingan natijalar namunada mis
ionlari bilan kompleks hosil gilgan fitokimyoviy birikmaning mavjudligini tasdiglaydi. Ushbu tahlil
ftalosianin asodi quyosh elementlarining tarkibini chuqur o‘rganish va ularning fotoelektrik
samaradorligini oshirish imkoniyatlarini baholashda muhim ahamiyatga ega.

Kalit so‘zlar: Quyosh elementi, ftalosianin pigmenti, ftol angidrid, mis(l)xlorid, borat kislotas,
karbomid, sulfat kislota, natriy karbonat, IR spektori.

CHUHTE3 MEJbCOJEPKAIIETO ®TAJOIIMAHWUHA IS
U3TrOTOBJEHUS BLICOKOD®®EKTUBHOIO COJTHEYHOT O

Mycmadgpaes Myxammao- Kapumoe Macyo /Drcanunoe Adoynaxam
Anu Hypanu yenu Yoaiioynnaesuu Typanosuu
. TawkenmcKutl HayuHO- TawikenmcKuil HayuHO-
TawkenmeKuil Hay4Ho- . .
. UCCIe008amMeNbCKUL XUMUKO- UCCIe008AMENbCKUL XUMUKO-
UCCIe008AMENbCKUL XUMUKO- . .
. MEXHONO2UYECK ULl UHCIUmMym, MeXHON02UYeCK UL UHCIUMYM,
MEXHONI02UYeCKULl UHCIUMYN,
O00KMOp MeXHUYECKUX HAYK, akademuk AH PY3, ookmop
dokmopanm,
npogheccop, XUMUYECKUX HAyK, npogeccop,
Tawxenm, Y30exucman
Tawxkenm, Y3bexucman Tawxenm, Y3bexucman

Annomayusn. B dannotl nayyHoll pabome npedcmasiena Kpamkas UHGhopMayus 0 CONHEUHbIX NAHENsX,
oceewjen npoyecc CuHmesd QmManioyuaHuHo8020 NUSMEHMA, UCHONIb3YeMO20 NPU  U320MOGIEHUU
CONHEYHBIX dlIeMeHmos, a makdce e2o ungpaxpacuwiti (MK) cnexmpanvnoii ananuz. Obpasey
@pmanoyuanuna Ha ochose Medu OblL NPOAHATUBUPOBAH C NOMOWbIO UHPParpacrnozo @ypve-
cnexkmpomempa (FTIR) PerkinElmer, 6 pe3ynomame ue2o OvLiu uUOeHMUPUYUPOBAHLL UMeEIOUUECs]
@ynryuonanvhoie epynnol. Co2nacHo CneKmpaibHbM OAHHbIM, 8 00pasye 0OHAPYHCeHbL NUKU, XAPAK -
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mepHvle 01 ApOMAMUYECKUX Koaely, KAPOOHUNbHBIX, SUOPOKCUTbHBIX, IDUPHLIX, HUMPUTLHBIX U
memann-kucnopoouwix (Cu-0) ceazeii. [lonyuennvie pe3yibmamsl noomeeparcoaom Haiudue 8 oopasye
dumoxumuueckozo coeOuHerusi, 00pazyUe20 KOMNIEKC C UOHAMU MeOu. J{aHHbL aHanu3 umeem
8adcHoe 3HaveHue 0is 21yO0K020 U3yueHUs COCMasa COIHEUHbIX 2IeMEHMO8 HaA OCHO8e PMATOYUAHUHA
U OYEHKU BO3MOACHOCTEL NOBLIULEHUSL UX (DOMOIIEKMPULECKoll dhdexmusHocmu.

Knroueswvie cnosa: Conneunviii d1emenm, Gmaioyuanuno8ulil nuemenm, hmaneswiii an2uopuo, Xiopuo
meou (1), bopuas kucroma, kapbamuo, cepHas kucioma, kapoonam nampus, MK-cnexmp.

SYNTHESIS OF COPPER-CONTAINING PHTHALOCYANINE FOR THE
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Abstract. This scientific paper provides concise information on solar panels, describes the synthesis
process of the phthal ocyanine pigment used in the production of solar cells, and presentsitsinfrared (IR)
spectral analysis. A copper-based phthal ocyanine sample was analyzed using a PerkinElmer Fourier-
transform infrared spectrometer (FTIR), which resulted in the identification of existing functional
groups. According to the spectral data, peaks characteristic of aromatic rings, carbonyl, hydroxyl, ether,
nitrile, and metal-oxygen (Cu-O) bonds were detected in the sample. The obtained results confirm the
presence of a phytochemical compound in the sample that forms a complex with copper ions. This
analysisis crucial for an in-depth study of the composition of phthalocyanine-based solar cells and for
evaluating the potential to enhance their photoel ectric efficiency.

Keywords: Solar cell, phthal ocyanine pigment, phthalic anhydride, copper (1) chloride, boric acid, urea,

sulfuric acid, sodium carbonate, |R spectrum.

Kirish. Hozirgi kunda ekologik toza va
samarali elektr energiyasini ishlab chigish tobora
dolzarblashib, unga bo‘lgan talab ortib bormoqda.
Elektr energiyasini olishning samarali usullaridan
biri — quyosh panellari yordamida ishlab
chigarishdir. Eng keng targalgan panellar kremniy
asosida bo‘lsa-da, bugungi kunda yangi izlanishlar
natijasida boshga moddalar yordamida ham quyosh
energiyasini elektr energiyasiga aylantirish ishlari
olib borilmoqgda.

Ftalosianin asosli quyosh elementlarini
tayyorlashning bir necha usullari ishlab chigilgan.
Ftalosianin ekologik tozaligi, inson salomatligi va
atrof-muhitga zararsizligi, ishlab chigarishning
qulayligi bilan gjralib turadi. Zamonaviy energetika
sohasida ekologik tozava samarali elektr energiyasi
manbalarini rivojlantirish dolzarb masalaga aylan-
gan. An’anaviy kremniy asosli quyosh panellari
keng qo‘llanilayotgan bo‘lsa-da, yangi avliod mate-

ridlari, jumladan ftalosianin asosli quyosh ele-
mentlari ilmiy tadgiqotlarning markaziga aylan-
moqda.

Ftalosianinning ekologik xavfsizligi, arzon-
ligi, yuqori optik xossalari va ko‘p funksiyali
qo‘llanilish imkoniyatlari uni quyosh nurlarini
elektr energiyasiga aylantirishda istigbolli modda
sifatida ko‘rsatmogda. Ushbu maqolada ftalosianin
asosli quyosh elementlarini ishlab chigish usullari
va ularning samaradorligini oshirish imkoniyatlari
tahlil gilinadi.

Ftalosianin organik modda bo‘lib, u bo‘yoq
sifatida, elektronika sohasida turli elektron quril-
malar tayyorlashda, tibbiyotda va boshqa yo‘na-
lishlarda keng qo‘llanib kelmoqda. Ftalosianinning
yugori optik xossalari quyoshdan kelayotgan nurni
o‘zlashtirib,  elektronlarning  harakatlanishini

ta’minlaydi va natijada samarali elektr energiyasi
olish imkonini beradi [1].
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Tajribaviy gism. Mis asodi ftalosianin
pigmentini olish jarayoni quyidagicha amalga
oshiriladi:

Birinchidan, 100 g ftol angidrid, 16 g mis
xlorid, 2,8 g borat kisotas va 240 g karbamid
olinib, yaxshilab ardashtiriladi. Aralashma
hovonchada ezilib, elakdan o‘tkaziladi. Hosil
bo‘lgan aralashma 300 °C da 1 soat davomida
pechga qo‘yiladi. Natijada to‘q ko‘k rangli
ftalosianin moddasi hosil bo‘ladi.

Hosil bo‘lgan moddani erimay qolgan va
ortigcha qo‘shimchalardan tozalash uchun uni 200 g
sulfat kislotaga solib eritiladi. Eritma yaxshi
erigach, ustiga asta-sekin distillangan suv qo‘shilib,
cho‘kmaga tushiriladi.

Neytrallash jarayoni: 20 g natriy karbonat
100 ml distillangan suvda eritilib, hosil bo‘lgan
eritma cho‘kma ustiga asta-sekin qo‘shiladi.
Aralashma yaxshilab aralashtirilib, tindirish uchun
goldiriladi.

Cho‘kma hosil bo‘lgach, modda ajratib
olinadi va kislotaliligi yo‘qolguncha bir necha bor
distillangan suv bilan yuviladi. pH-indikator yor-
damida kidotalilik dargjas muntazam tekshirib
turiladi [1-2].

Kislotaliligi to‘liq yo‘qolgach, modda filtrlab
olinadi va 70 °C da pechda 24 soat davomida
quritiladi. Natijada toza 74,87 g mis asodli
ftalosianin pigmenti hosil bo‘ladi.

Reaksiyaning borish mexanizmi quyidagicha
tasvirlanishi mumkin:

XX,

4 CdHzOg

8(NH2)2CO

8NH3
8CO»

E 4HL0
HCI

HaBO3 ByxOy(H),

1-rasm. Mis-ftalosianin pigmentini sintez gilish
reaksiyasi mexanizmi.

Mazkur magolada mis asodli ftalosianin
namunasining funksional guruhlari PerkinElmer
FTIR (Fourier-transform infrared) spektrometri
yordamida olingan infragizil (IR) spektri asosida
tahlil qilindi. Tahlil natijalariga ko‘ra, namunada
aromatik halgalar, karbonil, gidroksil, efir, nitril
hamda metall-kislorod (Cu-O) bog‘lanishlariga xos

spektral cho‘qqilar aniglandi. Bu esa mis ionlari
bilan kompleks hosil  qgilgan  ftalosianin
birikmasining mavjudligini tasdiglaydi.

Infragizil spektroskopiya (IR) organik va
noorganik moddalar tarkibidagi  funksional
guruhlarni aniqlashda keng qo‘llaniladigan analitik
usuldir. Ushbu metod molekuladagi kovalent
bog‘lanishlarning cho‘zilish, burchak ostida egilish
yoki siljish vibratsiyaarini qayd etish orgali
moddaning strukturasini tavsiflaydi.

Ushbu tadgiqotda mis asodli ftalosianin
namunasining IR spektri asosida uning kimyoviy
tarkibi va funksional guruhlari aniglandi. IR spektr
PerkinElmer Spectrum IR dasturiy ta’minotining
10.7.2 vesiyas yordamida 4000400 cm™
oraligida yozib olindi. Asosiy transmittans
cho‘qqilari qayd etilib, ularning har biri tegishli
funksional guruhlar bilan taggoslandi.

cm-1

1-rasm. Ftalosianin IR spektroskopiyasi.

IR spektrda aniqlangan asosiy cho‘qqilar va
ularning ehtimoliy bog‘lanishlari quyidagicha:

- Birinchi cho‘qqi (gidroksil va amin
guruhlari, O-H / N-H): 3047.32 va 3191.96 cm™! —
keng va kuchli cho‘qqilar bo‘lib, spirtlar, fenollar
yoki birlamchi/ikkilamchi aminlarning mavjud-
ligini ko‘rsatadi.

- Ikkinchi cho‘qqi (nitril yoki akin guruhlari,
C=N/C=C): 2213.32,2167.59, 2117.62 cm™' — uch
bog‘li guruhlar mavjudligini, aynigsa nitril (C=N)
mavjudligigaishoragiladi.

- Uchinchi cho‘qqi (karbonil va konjugat-
siyalangantizimlar, C=0/ C=C): 1898.63, 1773.46,
1724.15, 1664.16, 1604.80 cm™ — kuchli cho‘qgqilar
karbonil guruhlari (keton, karboksil kislotasi, ester)
va konjugatsiyalangan tizimlarning mavjudligini
bildiradi [3-5].

- To‘rtinchi cho‘qqi (aromatik halga):
1507.50, 1480.26, 1466.14, 1375.08 cm™* — C-C va
C-H vibratsiyalari aromatik halganing mavjudligini
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tasdiglaydi.

- Beshinchi cho‘qqi (efir va spirtli guruhlar,
C-0): 133327, 1286.90, 1189.43, 1141.12,
1090.41, 1069.25 cm™* — C-O cho‘zilish
vibratsiyalari fenolik, efir yoki spirtli guruhlarning
mavjudligigadalildir.

- Oltinchi cho‘qqi (aromatik, Ar—H): 802.40,
793.38, 753.68, 719.22 cm™ — benzol halqali
tizimlarga xos tashqi bog* burchak ostida egilish
yoki siljish vibratsiyalarini ko‘rsatadi.

- Yettinchi cho‘qqi (metall-ligand, Cu-O):
505.14, 533.96, 549.04, 572.25 cm' - zaif
cho‘qqilar metall (mis) va kislorod atomlari
orasidagi bog‘lanishni bildiradi.

Infragizil spektr tahlili asosida mis asodli
ftalosianin namunasi tarkibida quyidagi funksiona
guruhlar aniglandi: Aromatik halga (benzol tizimi);
Karbonil guruhlari (C=0); Gidroksil (O-H) va
ehtimol amin (N-H) guruhlari; Efir yoki spirtli
guruhlar (C-O); Nitril yoki alkin guruhlari (C=N /
C=C); Mis ionlari bilan koordinatsiyalangan

kislorod atomlari (Cu-O).

Xulosa. Sintez gilingan ftalosianin pigmenti
elektr energiyasini yaxshi o‘tkazishi va quyosh nuri
ta’sirida yetarli darajada elektronlarni harakatga
keltirishi aniglangan. Ushbu tadgiqgotda mis asosli

ftalosianin namunasi infragizil (FTIR)
spektroskopiya usuli yordamidatahlil gilindi.
Olingan  spektral ~ma’lumotlar  asosida

namunada bir gator funksional guruhlar — gidroksil
(O—H), amin (N-H), karbonil (C=0), nitril (C=N),
efir yoki spirtli (C-O), aromatik halgalar hamda
metall-kislorod (Cu-O) bog‘lanishlari mavjudligi
aniglandi [5].

Mazkur guruhlarning mavjudligi ftalosianin
molekulasi va mis ionlari o‘rtasida kompleks
hosilalarning shakllanganini tasdiglaydi. Tadgigot
natijalari FTIR spektroskopiyaning modda tarkibini
aniqlashda ishonchli analitik usul ekanini ko‘rsatadi
vamis asodli ftalosianinlarning kimyoviy tuzilishini
chuqurroq o‘rganishda muhim ahamiyat kasb
etishini tasdiglaydi.
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KALIY NITRAT ISHLAB CHIQARISHDA TEXNOLOGIK
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Annotatsiya. Ushbu ilmiy maqolada mahalliy xom ashyolardan kaliy nitrat olish jarayonining
energiyatejamkor texnologiyasi o ‘rganilgan. Tadqgiqot davomida xom ashyo sifatida Dehqonobod kaliy
zavodi kaliy xloridi va Navoiyazot AJ ammoniy nitratidan foydalanilgan. Jarayon 90°C haroratda olib
borilib, hosil bo ‘Igan mahsulot 10°C gacha sovutilgan. Maqolada shuningdek reaksiya sharoitlari, xom
ashyolarning nisbati va haroratning mahsuldorlikka ta’siri tahlil gilingan bo ‘lib, jarayonning optimal
texnologik parametrlar aniglangan. Tadgiqot natijalari kaliy nitrat ishlab chigarish samaradorligini
oshirishga xizmat qilishi mumkin bo ‘Igan amaliy tavsiyalarni o ‘z ichiga oladi.

Kalit so‘“zlar: kaliy xlorid, ammoniy nitrat, kaliy nitrat, konversiya, eritma, kristallanish, filtrlash.
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Annomauyun. B OanHOlU HayuHOU cmamve paccmMampueaemcsi 3Hepeocbepelaroujas mMexHoI02Us
npoyecca noay4enus HUumpama Kauus u3 Mecmuozo cuipbsi. Ilpu nposedenuu ucciedosanuii 8 kauecmae
CHIPBS UCNONIL3OBANUCH XIOPUCMbILL KANULl [{exkanabaocKko2o KaiuliHo20 3a600a U AMMUAYHAS CETUmpa
AO «Hasouazomy. Ilpoyecc nposoouncs npu memnepamype 90°C, a nonyuenHwviti npoOOYKm OXAAHCOANCS
00 10°C. B cmambe makaice NpoaHaiu3upoBansl YCio6us peakyuu, COOMHOUIeHUe Cbipbs U GIUAHUE
memnepamypsbl Ha NPOU3B0OUMENbHOCMb, ONpedenenbl ONMUMALbHbIE MEXHOL02UYecKue napamempol
npoyecca. Pezynomamul uccnedosanuii 8xniouarom npaxmuieckue peKoMeHOAyuu, Komopwvle MOo2ym
HOCTYHCUMb NOBLLULEHUTO IPPeKmUsHOCMU NPOU3BOOCMEA HUMPAMA KA.
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Kpucmaniuzayus, puismpayus.

TECHNOLOGICAL IN THE PRODUCTION OF POTASSIUM NITRATE
EFFECT OF PARAMETERS

KIMYOVIY TEXNOLOGIYA VA QURILISH Www.srt-journal.uz
XUMHNYECKAS TEXHOJIOI'USI 1 CTPOUTEJBCTBO
CHEMICAL TECHNOLOGY AND CONSTRUCTION 173


http://www.srt-journal.uz/

SANOATDA RAQAMLI TEXNOLOGIYALAR
OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH
DIGITAL TECHNOLOGIESIN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 3
2025

| natova Mohichekhra

Ermat kiz
Bachelor's student of Karshi State
Technical University,
Karshi, Uzbekistan

Normamatov Farkhod
Khaidarali ugli

Docent of Karshi Sate Technical
University, Karshi, Uzbekistan

Uljayeva Aziza
Kahramon kiz
Master's student of Karshi Sate

Technical University,
Karshi, Uzbekistan

Abstract. This scientific article studies the energy-saving technology of the process of obtaining
potassium nitrate from local raw materials. During the research, potassium chloride from the
Dehganabad Potassium Plant and ammonium nitrate from Navoiazot JSC were used as raw materials.
The process was carried out at a temperature of 90°C, and the resulting product was cooled to 10°C.
The article also analyzes the reaction conditions, the ratio of raw materials and the effect of temperature
on productivity, and determines the optimal technological parameters of the process. The results of the
research include practical recommendationsthat can serve to increase the efficiency of potassiumnitrate

production.
Keywords:
crystallization, filtration.

Kirish. Butun dunyoda kaliyli o‘g‘itlar va
ular asosidagi mahsulotlarga bo‘lgan talabning ham
qishloq xo‘jaligida hamda sanoat ishlab chigarishda
yuqori ekanligi ma’lum [1]. Kaliy nitrat (KNO3)
asosty kimyoviy birikma bo‘lib, juda keng
miqyosda qishloq xo‘jaligida, shisha ishlab
chigarishda, formatsevtikada va pirotexnika sano-
atida keng qo‘llaniladi. Kaliy gidroksid yoki
karbonatda nitrat kislotasini neytralash yoki azot
oksidlarini absorbsiyalash usuli bo‘yicha kaliy nitrat
olish ishgoriy reagentlarning yetishmadigi va
gimmatbaholigi sababli kam qo‘llaniladi. Kaliy
xlorid va natriy, kalsly ammoniy nitratlardan kaliy
nitrat olishning konversiyali usuli sanoatda keng
targalgan [2]. Xlorsiz kaliyli o‘g‘it kaliy nitrat
yuqori miqdorda energiya yo‘qotilishi, jarayon uzoq
davom etishi va ekologik muammolar bilan boradi.
Hozirgi kunda kimyoviy ishlab chigarish sanoatida
talablaridan biri kam energiyasarfi vaatrof-muhitga
salbiy ta’sir bo‘lmasligi hisoblanadi. Shu bilan
birgalikda energiya tejamkor texnologiya bo‘lsa,
mahsulot ishlab chigarish jarayonlari soddalashadi
vamahsulot tannarxi arzonlashishigaolib keladi.

Hozirgi vagtda bizning Respublikamizda
kaliyli o‘g‘itlarga bo‘lgan talab kaliy xlorid (KCI)
hisobiga goplanmoqda, shuning uchun undagi xlor
elementi, o‘simliklar kaliyli moddalarga bo‘lgan
talabni kamaytirib yuboradi. Effektivlikni oshirish
magsadida kaliy sulfat (K2SO4) yoki (KNOgz) kaliy
nitratni o‘simliklar yaxshi o°zlashtiradi.

Ushbu dolzarb muammoni ha qgilishda yangi
texnologik jarayonlarni ishlab chigish, kam ener-
giya sarflanadigan va yo‘qotiladigan hamda sifatli

potassium chloride, ammonium nitrate, potassium nitrate, conversion,

solution,

va toza mahsulot olish jarayonlarini ishlab chigish
lozim bo‘ladi.

Adabiyotlar tahlili va metodlar. Konversiya
jarayoni izotermik reaktorda 1-5 dagiga davomida,
maksimal 90°C haroratda amalga oshirildi.
Tadqigotlarda quyidagi  fizik-kimyoviy  tahlil
usullari qo‘llandi: elektron-mikroskopik
(SEM/EDX), termoanalitik (TG-DSC) va rentgen-
fazaviy tahlil (XRD).

SEM/EDX. Namunalarning morfologiyasi va
mikrotuzilishi SEM EVO MA 10 skanerlovchi
elektron mikroskopida (Carl Zeiss, Germaniya)
o‘rganildi; kukunlarning mahalliy elementar tarkibi
EDX (Oxford Instruments) yordamida aniglandi.
Namuna tayyorlashda kukun quritilib, mikroskop
stolchasiga ikki  tomonlama  yopishtiruvchi
(o‘tkazuvchi) lenta orqali mahkamlandi; so‘ngra
namuna kameraga o‘rnatilib, vakuum hosil qilindi.
O‘Ichovlarda filamentga 10 kV tezlashtiruvchi
kuchlanish berildi, ish masofass 8,5 mm etib
tanlandi. Mahalliy elementar tahlil AZtecEnergy
Advanced dasturi yordamida, 100 pm miqyosida
bajarildi.

TG-DSC. Termoanalitik tadgigotlar Netzsch
STA 409 PG sinxron analizatorida (Germaniya), K-
tip termojuft va alyuminiy tigellardan foydalangan
holda o‘tkazildi. Barcha o‘lchovlar inert azot
muhitida (N, sarf tezligi 50 mL/min) olib borildi.
Harorat oralig‘i 25-370°C, isitish tezligi 5 K/min
(=5°C/min), har bir o‘lchov uchun namuna massasi
5-10 mg bo‘ldi. Tizim KNOs, In, Bi, Sn, Zn
standartlar to‘plami bilan kalibrlangan [19-20].

XRD. Rentgen-fazaviy tahlil XRD-6100
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difraktometrida (Shimadzu, Y aponiya) bgjarildi. Cu
Ko nurlanishi (A=1,54178 A), naycha rejimi 30 kV,
30 mA; gadam kengligi 0,02° 26 va skan tezligi
4°/min bo‘lib sozlandi. Difraktogrammalar asosida
fazalar identifikatsiyas kompyuter boshgaruv
tizimi orgali amalga oshirildi.

Hozirda O‘zbekiston Respublikasida xlorsiz
kaliyli o‘g‘itlar (xususan, kaliy nitrat va kaliy
sulfat)ga talab yuqori, birog bu mahsulotlar sanoat
migyosida ishlab chigarilmaydi. Shu sababli, ma-
halliy xomashyolar asosida konversiya usulini joriy
etish ichki bozorni barqaror ta’minlash va eksport
salohiyatini oshirishga xizmat qiladi.

Natijalar. -5-20°C harorat oralig‘ida kaliy
xloridning ammoniy nitrat bilan konversiyasiga
jarayon davomiyligi deyarli ta’sir qilmasligi

ko‘rsatildi. Minimal xlor qoldig‘i, yuqori mahsulot
chiqishi va yirik prizmali kristallar hosil bo‘lishini
texnologik

ta’minlaydigan omillar

aniglandi.

optimal

1-rasm. Parchalanish vaqtida olingan kaliy nitrat
rentgenogrammasi
(sek): a-15; b-60.

Tajriba  natijalariga  ko‘ra, konversiya
eritmalarini sovutish jarayonida kaliy nitrat (KNOs)
kristallari ~ suspenziya ko‘rinishida  cho‘kadi;
kristallanishning texnologik sharoitlariga bog‘liq
holda qattig/suyuglik (S/Q) nisbati 3,42-7,44

oralig‘ida o‘zgaradi. Eritmalar sovishi bilan hosil
bo‘ladigan pulpaning fazalar nisbati ham texnologik
parametrlar ta’sirida S/Q = 2,90-6,84 diapazonda
ekanligi eksperimental ravishda aniglandi.

K-O chiqish darajasiga konversiya (metabolik
parchalanish) reaksiyasi davomiyligi fagat oz
darajada ta’sir qiladi. Biroq reaksiya davomiyligi
kristall tuzilishga sezilarli ta’sir ko‘rsatadi:
rentgenografik tahlil shuni ko‘rsatdiki, konversiya
davomiyligini 15 soniyadan 60 soniyagacha
uzaytirganda  hosil  bo‘lgan  kaliy  nitrat
kristallarining y-shaklli (y-faza) ulushi 12% dan 0%
gachakamayadi (1-rasm).

Shuning uchun jarayonning boshida kaliy
nitratning y-shakli kristallanadi, keyinchalik esa u
asta-sekin a-shaklga o‘tadi.

Olib borgan tadgiqotlarimizda kaliy xlorid
(KCIl) va ammoniy nitrat (NHaNOs)ni konversiya
usulida kaliy nitrat (KNOs) ishlab chigarish
magsadida sinovdan o‘tkazdik. Konversiya 3, 5 va
10 dagiga davomida olib borildi; jarayonning
barqaror borishi va xom ashyolarning to‘liq

reaksiyaga  kirishishini ~ ta’minlash  uchun
aralashtirish uzluksiz davom ettirildi. Tgjribalar 90
°C haroratda bajarildi.

Har bir vaqt nuqtasi bo‘yicha olingan natijalar
— KNO:s hosil bo‘lish kinetikasi, aralashmaning
tarkibiy-strukturaviy o‘zgarishlari — to‘liq tahlil
gilindi. Konversiya yakunlangach, eritma shu
haroratda filtrlandi: magsad — dastlabki xom
ashyodagi (flotatsion KCI) shlam aralashmalarini
ajratib, toza KNOs olish. So‘ng filtratdan olingan
eritma past haroratgacha sovitildi va 15 dagiga
davomida aralashtirish sharoitida kristallantirildi.
Bu amaliyot kristallanishni mukammallashtirib,
kaliy nitratning yirik va yuqori sifatli kristalarini
olish imkoniyatini oshirdi.

Muhokama. Ushbu tagriba orgali olingan
kaliy nitratning sifatini yanada yaxshilash va uning
ishlab chigarish jarayonini optimallashtirish imko-
niyatlarini o‘rganish maqsadida, turli xil vaqt va
nisbatlardaolib borilgan konversiyajarayonlarining
natijalari tahlil gilindi va jadva holiga keltirildi.
Bularning barchasi amaliyotda o‘tkaziladigan ke-
yingi tariba va sinovlar uchun gimmatli ma’lu-
motlar beradi.

Kristallizatsiya vaqgti tugagandan so‘ng filtr-
lanib gattiq fazadakaliy nitrat tuzlarini vato‘yingan
eritmagratib olinadi.

KIMYOVIY TEXNOLOGIYA VA QURILISH
XUMHNYECKAS TEXHOJIOI'USI 1 CTPOUTEJBCTBO
CHEMICAL TECHNOLOGY AND CONSTRUCTION

www.srt-journal.uz
175


http://www.srt-journal.uz/

SANOATDA RAQAMLI TEXNOLOGIYALAR (E) ISSN: 3030-3214
OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH Volume 3, Ne 3
DIGITAL TECHNOLOGIESIN INDUSTRY 2025

l-jadval | xulosa qilish mumkinki, KCI:NHsNOs=1:1,2

Kaliy nitrat ishlab chigarishning analitik bo‘lganda va konversiya harorati 90°C, konversiya
ko‘rsatgichlariga texnologik parametrlarning davomiyligi 15 minut bo‘lganda tayyor mahsulot
ta’siri kaliy nitrat tarkibida K2O migdori 54,8% dan kam

bo‘Imadligi aniglandi.

Tajriba natijalari kaliy nitrat ishlab chigarish
jarayonini optimallashtirish uchun gimmatli ma’lu-
motlar tagdim etadi va jarayonning samaradorligini
oshirish va sanoat miqyosida kengroq qo‘llanilishi
uchun muhim asodlar yaratiladi.

Xulosa. Olib borilgan tagriba natijalaridan
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JM-380 POLIPROPILEN MARKALI TERMOOKSODESTRUKSIYA
JARAYONIGA TURLI OMILLAR TA’SIRINI TADQIQ QILISH
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Annotatsiya. Mazkur magolada JM-380 markali polipropilenning termooksodestruksiya jarayoniga turli
omillar — harorat, vagt, oksidlovchi muhit, aralashtirish tezligi va stabilizatorlar ishtirokining ta’siri
kompleks o ‘rganilgan. Natijada JM-380 markali polipropilenni termooksidiovchi destruksiyalash uchun
quyidagi sharoitlar optimal deb baholandi: harorat — 300 + 10°C, ishlov vagti — 30-40 dagiga, muhit —
kislorodli atmosfera (>15%,). Ushbu parametrlar asosida amalga oshirilgan destruksiya jarayonida
molekulyar og ‘irlik ~60% ga kamayadi, disperslik indeksi 1,8-2,2 oralig‘ida bo ‘ladi va funksional
guruhlarning paydo bo lishi 1Q spektroskopik tahlillar orqali isbotlandi. Natijada, polimer-bitum
kompozitsiyasi yuqori darajada gomogen, elastik va reologik jihatdan bargaror bo ‘ladi.

Kalit so“zlar: Polipropilen, destruksiya, termoplast, elastomer, blok polimer, initsiatsiya, propagatsiya,
terminatsiya, 1Q spektroskopiya.

MN3YYEHUE BJMAHUSA PASJIMYHBIX ®PAKTOPOB HA ITPOLHECC
TEPMOOKHUCJIMTEJIbHOM JJECTPYKIIUU MOJUITPOIIUJIEHA MAPKH

JM-380
babaoxycanos Maenonoe Illoxpyx Xaumoe Pychan
[Dicacypoex Izamosuu boboxon yenu Pycmamosconosuu
Cmapuwuti npenodasamens, Jlokmop ¢unocoghuu no Jlokmop mexnuyeckux Hayx,
Kapaxannakckuil MEXHUYECKUM HAYKAM, OOYeHm, cmapuiuii HayyHslil COmpyOHUK,
20CY0apCcmeeHHblll YHU8epcumem byxapckuii 2ocydapcmeenHuiil byxapckuii 2ocydapcmeenHuiil
umenu bepoaxa, mexHuyeckuil yuugepcument, mexHuueckuil yuugepcument,
Hyxkyc, Y36exucman Byxapa, Y36exucman Byxapa, Y36exucman

Annomayusn. B 0annoii cmamve KOMNIEKCHO U3YYEHO GIUAHUE PASTUUHBIX DAKMOPOS - meMnepamypbi,
8peMeHnU, OKUCIUMENbHOU Cpeodbl, CKOPOCMU HNepeMeuusanus U cmaoduiu3zamopos - Ha Npoyecc
mepmookcudecmpykyuu noaunponunena mapku JM-380. B pesynomame, 011 mepmOOKUCIUMENbHOU
decmpykyuu noaunponunena mapxu JM-380 6viiu oyenenvt credyroujue OnMuMAaibHble YCIA0BUSL:
memnepamypa - 300 = 10°C, epemsa obpabomku - 30-40 mumnym, cpeda - KuciopooHas ammocpepa
(=15%). B npoyecce oecmpykyuu, ocyujecmensiemou Ha OCHO8E dMUX NAPAMEMPO8, MONEKVIAPHASA
macca ymenvuaemces Ha ~60%, unoexc oucnepcHocmu Haxooumcs 8 npeoenax 1,8-2,2, a nosenenue
@yHKkyuonanvusix epynn ookasano MK-cnekmpockonuueckum ananuzom. B pezynomame nonumep - 6u-
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MYMHAs KOMAO3UYUS CIAHOBUMCS BbICOKO 20MO2EHHOU, 2NACMUYHOU U PE0N02UYecKU CIMAOUTbHOLL.
Knrwoueswie cnosa: Ilonunponunen, decmpyKyusi, mepMOoniacm, diacmomep, OJ10K-noaumep, UHUYUAYU,
pacnpocmpanenue, mepmunayus, MK-cnekmpockonus.

STUDY OF THE INFLUENCE OF VARIOUSFACTORSON THE THERMO-
OXIDATIVE DEGRADATION PROCESS OF JM -380 GRADE

POLYPROPYLENE
Babadjanov Jasurbek Mawvionov Shohrukh Khaitov Rudan
Egamovich Boboxon ugli Rustamjonovich

PhD in Technical Sciences,
Associate Professor, Bukhara Sate
Technical University,
Bukhara, Uzbekistan

Doctor of Technical Sciences,
Senior Researcher, Bukhara State
Technical University,
Bukhara, Uzbekistan

Senior Lecturer, Berdag
Karakalpak Sate University,
Nukus, Uzbekistan

Abstract. In this article, the influence of various factors - temperature, time, oxidizing medium, mixing
speed, and the participation of stabilizers - on the thermooxodestruction process of JM-380
polypropylene was comprehensively studied. As a result, the following conditions were considered
optimal for thermo-oxidative destruction of JM-380 polypropylene: temperature - 300 + 10°C,
processing time - 30-40 minutes, medium - oxygen atmosphere (>15%). In the process of destruction
carried out on the basis of these parameters, the molecular weight decreases by ~60%, the dispersity
index isin the range of 1.8-2.2, and the appearance of functional groups is proven by IR spectroscopic
analysis. Asaresult, the polymer-bitumen composition is highly homogeneous, elastic, and rheologically
stable.

Keywords: Polypropylene, destruction, thermoplastic, elastomer, block polymer, initiation, propagation,

termination, |Q spectroscopy.

Kirish. Polimer-bitum kompozitsiyalarini
yaratishda polimerlarning molekulyar massasidan
tashgari bir qator fizik-kimyoviy va struktura
xususiyatlari ham muhim ahamiyatga ega [1].
Polimerning tabiati, ya’ni u elastomer, plastomer
yoki termoplastik elastomer bo‘lishi, kompo-
zitsiyaning reologik va eksploatatsion xossalariga
bevosita ta’sir ko‘rsatadi [2]. Elastomerlar bitumga
yudori €elastiklik, past haroratda yorilishga bar-
doshlilik va eskirishga chidamlilikni beradi,
plastomerlar esayuqori haroratlardadeformatsiyaga
qarshi turg‘unlikni oshiradi [3]. Polimerning kim-
yoviy tarkibi va undagi funksiona guruhlarning
mavjudligi, aynigsa qutbli guruhlar (masalan, —OH,
—COOH), polimerning bitum bilan o‘zaro ta’sir
dargjasini belgilaydi va shu orgali gomogenlikni
ta’minlaydi [4]. Termik xususiyatlar ham muhim
bo‘lib, polimerning yumshash va termik barqarorlik
haroratlari bitumga araashtirish jarayonidagi
samaradorlikka bevosita ta’sir ko‘rsatadi [5].
Polimerning eruvchanligi va bitumda bir xil
dispersiyalanish qobiliyati — kompozitsiyaning
barqarorligi, faza gralishining oldini olish va

saqlanish muddatiga bevosita ta’sir qiladi. Bundan
tashgari, polimerning mexanik xossalari, jumladan
elastiklik moduli, cho‘zilish darajasi va qattiqligi,
kompozitsiyaning mustahkamligini, haroratga bog*-
lig deformatsiyalarga chidamliligini belgilaydi [6].

Materiallar va usullar. Uz-Kor Gas
Chemical qo‘shma korxonasi tomonidan ishlab
chigarilgan JM-380 markali blok-polipropilen
yudori etilen tarkibli yuqori zarbaga chidamli
sopolimer bo‘lib, uning fizik-mexanik ko‘rsat-
kichlari 1-jadval keltirilgan.

Ushbu materia ultrayuqori erishtezligi (Melt
Flow Rate) - 55-65 g/10min ko‘rsatkichiga ega
bo‘lib, yaxshi boshqariladigan reologiya va o‘rtacha
zarba mustahkamligi bilan gralib turadi. JM-380
polimerining zichligi 0,85-0,95 g/sm?,
cho‘zilishdagi uzilishga chidamliligi 30%, egilish
moduli 11000 kgf/sm?, shuningdek, 23°C da zarba
mustahkamligi 5 kgf-sm/sm va 90°C haroratda

issiglik  deformatsiyasiga  chidamlilik  bilan
tavsiflanadi.
Polipropilenning termooksidlovchi

destruksiyasi jarayoni tashqgi parametrlarning -
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xususan, harorat, kislorod kontsentratsiyasi vavagt | ridagi metilen yoki metil guruhlaridagi C-H

davomiyligi o‘zgarishiga sezilarli darajada bog‘liq
bo‘lib, bu omillar jarayon natijalariga, ya’ni hosil
bo‘ladigan mahsulotning funksional guruhlar bilan
boyitilganligigavamolekulyar massaning kamayish
darajasiga to‘g‘ridan-to‘g‘ri ta’sir ko‘rsatadi.
Modifikatsiyalangan bitum kompozitsiyasini olish
uchun SM-380 markali polipropilen dastlab
termooksidlovchi  destruksiyaga uchratiladi. Bu
jarayon polimer molekulalarining parchalanishiga,
oksidlangan funksional guruhlarning shakllanishiga
va reaktiv segmentlar hosil bo‘lishiga olib keladi.
Termooksidlovchi destruksiya jarayoni 300+ 10 °C
haroratda, 15-21% kislorodli atmosferada, 35
dagiga davomida olib boriladi. Bu sharoitda zanjir
uzilishi, peroksidlarning parchalanishi va karbonil
hamda gidroksil guruhlarning shakllanishi sodir
bo‘ladi. Aralashtirish 200 rpm tezlikda amalga
oshiriladi, bunda polimer zarralarining sirtida faol
oksidlanish kechib, 1-2 mm hajmdagi zarrachalarda
destruksiya bir tekis yuz beradi.

1-jadval
Fizik-mexanik xossalari
o Sinov Nomina
Bo‘lim . .
usullari giymatlar
Fizik
- ) . ASTM D g/sm? - 0,85—
Zichlik (gradient usuli bilan) 1505 0,95
Eruvchan ogim tezligi (MFR, ASTM D 0/10 dagiqa -
Melt Flow Rate) 1238 55-65
Mexanik
Cho‘zilishdagi (yoyilish
chegarasida) mustahkamlik, Asgs“g D | keffsm?- 240
min.
Uzilishdagi cho‘zilish, min. ASGTSI\Q D % - 30
Egilish moduli, min. AT | ketlsme - 11000
Zarba
Izod zarba mustahkamligi (23 | ASTM D '
°C), min, 256 kgf-sm/sm - 5,0
1zod zarba mustahkamligi ASTM D .
(~10 °C), min. 256 kef-sm/sm - 3,0
Issiglik xossalari
Issiglik ta’sirida deformatsiya ASTM D °C-90
harorati (4,6 kgf/sm?), min. 648
Natijalar va ularning muhokamas.

Polipropilenning termooksidlanish  destruksiyasi
yugori haroratlarda (odatda 270-320°C) vakislorod
ishtirokida sodir bo‘ladigan erkin radikal zanjirli
mexanizmga asoslanadi. Jarayon uch bosgichda
kechadi: initsiatsiya (boshlanish), propagatsiya
(rivojlanish) va terminatsiya (to‘xtash).

Initsiatsiya bosgichida polipropilen zanji-

boglari termik energiya ta’sirida wuzilib, erkin
radikallar (Re) hosil bo‘ladi. Kislorod molekulalari
ushbu radikallar bilan reaksiyaga kirishib, peroksid
radikallar (ROQOe), so‘ngra  gidroperoksidlar
**(ROOH)**ni  hosil qiladi. Gidroperoksidlar
issiqlik ta’sirida parchalanib, ikkilamchi radikallar
hamda kislorodli guruhlarga ega molekulalar paydo
bo‘lishiga olib keladi: karbonil (-C=0), karboksil (—
COOCH), gidroksil (-OH) va boshga funksional
guruhlar.

Propagatsiya  bosqichida hosil bo‘lgan
radikallar zanjirli tarzdaboshga polimer segmentlari
bilan reaksiyaga kirishadi; natijada yangi radikallar
paydo bo‘ladi va zanjir davom etadi. Terminatsiya
bosqichida esa ikki yoki undan ortiq radikal o‘zaro
birikib, neytral mahsulotlar hosil giladi vareaksiya
to‘xtaydi.

Destruksiya jarayonida polimerning molekul -
yar massas kamayadi, zanjir uzunligi gisgaradi va
uchlarida faol oksidlangan guruhlarga ega segment-
lar hosil bo‘ladi. Ushbu oksidlangan strukturalar
bitumdagi aromatik komponentlar hamda malten
fraksiyalari bilan mustahkam fizik-kimyoviy bog*-
lanishlar hosil gilib, gomogen dispers tizim shakl-
lanishiga zamin yaratadi. Shuningdek, kislorodli
funksional guruhlar bitumning gattig va yumshoq
fraksiyalari bilan vodorod bog‘lari orqali o‘zaro
ta’sirlashib, modifikatsiyalangan kompozitsiyaning
mexanik va reologik bargarorligini ta’minlaydi.

1. Initsiatsiya — erkin radikallarning hosil
bo‘lishi:

Yuqori harorat ta’sirida polipropilenning
metin yoki metil guruhlaridagi C—H bog‘lari uzilib,
erkin radikallar hosil bo‘ladi:

-CH2>-CH(CH3)-CH2- ——— -CH>-C*(CH3)-
CH»>- +*H

Bu bosqichda hosil bo‘lgan radikal (PPe)
keyingi bosqichlarda kislorod bilan o°zaro ta’sirga
Kirishadi.

2. Propagatsiya — radikal kislorod bilan
reaksiyaga kirishadi:

Atmosferadagi kislorod (O:) erkin radikal
bilan resksiyaga kirishib, peroksid radikalini hosil
giladi:

PP++02—PP-0O0¢

Bu peroksd radikal boshga polimer
zanjiridagi vodorod atomini gjratib oladi:

PP-OQ++PP-H—PP-OOH+PP+
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Natijada yangi gidroperoksid va yangi erkin
radikal hosil bo‘ladi, ya’ni zanjir davom etadi.

3. Gidroper oksidning par chalanishi:

Gidroperoksidlar issiqlik ta’sirida beqaror
bo‘lib, parchalanadi va yana faol radikallar hosil
qgiladi:

PP-OOH —— PP-O* + OH

Bu radikallar polimer zanjirlarini uzishga
sabab bo‘ladi, ya’ni destruksiya faollashadi.

4. Oksidlangan funktsional guruhlarning
shakllanishi:

Parchalanish davomida kislorod bilan
bog‘langan segmentlar karbonil (-C=0), karboksil
(-COOH), gidroksil (-OH) va akoksil (-OR)
guruhlarga aylanadi.

PP-O* — PP=0 (karbonil

PP-O* + O, — PP-COOH (karboksil)

Bu funksional guruhlar polimer-bitum
ardlashmasida bitumning aromatik va polar
komponentlari bilan bog‘lanishga kirishib, disper-
siyalanish va yopishish (adgeziya) xossalarini yax-
shilaydi.

5. Terminatsiya — zanjirli reaksiyalarning
tugashi:

Radikallar o‘zaro birikib, neytral molekulalar
hosil giladi:

PPe+PP+—PP-PP

yoki

PP-O++-OH—PP-OH

Bu bosqichda reaksiya zanjiri to‘xtaydi.

Polipropilenning termooksidlanish destruk-
syas natijasida quyidagicha umumiy tenglama
keltirilishi mumkin:

(-CH2-CH(CHg3)-)n + O2 + AT —— past
MnPP segmentlar + -COOH, -OH, -C=0, -OR

Termooksidlovchi destruksiya jarayoni erkin
radikal zanjirli mexanizm asosida boradi. Bu
jarayon natijasida molekulyar massa kamayadi,
struktura gisgaradi va oksidlangan faol guruhlarga
ega fragmentlar hosil bo‘ladi. Ushbu fragmentlar
bitumga qo‘shilganda, kompozitsiyaning gomo-
genligi, mexanik bargarorligi va issiglik garshiligi
sezilarli dargjada yaxshilanadi. Aynigsa, gidro-
peroksidlar va karbonil guruhlar bitum kompo-
nentlari bilan kuchli o‘zaro ta’sirga kirishadi va shu
bilan fizik-kimyoviy uyg‘unlikni ta’minlaydi
hamda, termooksidliovchi destruksiyajarayoni erkin
radikallar asosida kechadigan, funksional guruhlar
hosil bo‘lishiga olib keluvchi, fazoviy barqarorlikni

ta’minlaydigan muhim bosqgich hisoblanadi.

Yugoridagi barcha omillar polipropilenning
strukturaviy o‘zgarishiga, molekulyar parchalanish
dargjasiga, oksidlangan guruhlarning shakllanishiga
va natijada polimer-bitum kompozitsiyasining sifati
va barqarorligiga bevosita ta’sir ko‘rsatadi.

2-jadval
Destruksiya darajalari va ularning tavsifi
Destruksiya Tafsifi
darajas
Destruksiya boshlangan, molekulyar
0.0-0.2 S
o‘zgarish juda past
03-05 O‘rtacha darajadagi destruksiya,
' ' zanjirlar sezilarli gisgargan
0608 Y ugori destruksiya: reaktiv
' ' fragmentlar ko‘p, MFI kuchli oshgan
Juda kuchli destruksiya, tuzilma
0.9-10 s
deyarli to‘liq parchalangan

Shu bois, destruksiya jarayonida bu omillarni
to‘g‘ri tanlash va ularni muvozanatli nazorat qilish
juda muhim hisoblanadi shuningdek yuqoridagi
tashgi omillar destruksiya dargjasiga (molekulyar
massa va tarqalish koeffitsientini aniqlash) ta’siri
o‘rganildi.

1-rasm. JM-380 markali polipropilenning
destruksiyalanish darajasiga haroratning ta’siri.

Termooksidlovchi destruksiyani ilmiy asosda
o‘rganish va grafik tahlillar asosida baholash
natijasida polipropilen (JIM-380 markali) uchun
optimal sharoitlar aniq belgilandi. Haroratning
destruksiya darajasiga ta’sirini  ko‘rsatuvchi
grafikdan ko‘rinadiki, 300 °C atrofida destruksiya
jarayoni eng faollashgan holatda kechadi. Bu
harorat oralig‘ida erkin radikallar faollashadi,
gidroperoksidlar shakllanadi va polimer zanjirlari
nazorat ostida parchalanadi. Shuningdek, 270°C
dan past haroratda destruksiya sust kechadi, 320°C
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dan yuqorida esa kuchli oksidlanish natijasida turli
xil mahsulotlar vauglerodlanish holatlari kuzatilishi
ehtimoli yuqori hisoblanadi.

Kislorod kontsentratsiyasining destruksiyaga
ta’sirini ifodalovchi grafikdan esa ma’lum bo‘ldiki,
15% atrofidagi kislorod miqgdori (tabiiy havo
sharoiti) destruksiya uchun optimal hisoblanadi.
Aynan shu sharoitda erkin radikallar kislorod bilan
tezda reaksiyaga kirishib, peroksid va oksidlangan
guruhlarni  hosil qgiladi, bu esa molekulyar
parchalanish va bitum bilan kelgusidagi yaxshi
integratsiyalashuv  uchun zarur shart-sharoitdir.
Kislorodning yetarli bo‘lmaganligi (5% dan past)
destruksiyani susaytiradi, ortiqgcha kislorod esa
ortigcha oksidlanishga olib keladi.

2-rasm. JM-380 markali polipropilenning
destruksiyalanish darajasiga kislorod
konsentratsiyasining ta’siri.

3-rasm. JM-380 markali polipropilenning
destruksiyalanish darajasiga vaqt
davomiyligining ta’siri.

Destruksiya davomiyligining destruksiya
darajasiga ta’sirini ko‘rsatuvchi grafikdan ko‘rinib

turibdiki, jarayon boshlanishida destruksiya juda

faollashadi va 30-35 dagigada deyarli maksimal
giymatga yetadi. Shu sababli 35 dagigalik
destruksiya vagti optimal deb belgilandi. 20 dagi-
qagacha bo‘lgan muddatda polimer zanjirlarining
parchalanishi hali to‘liq kechmaydi, 50 dagigadan
oshsa esa ortiqcha oksidlanish va radikal parcha-

lanish natijasida reaktiv fragmentlar degra-
datsiyalanib ketishi mumkin.
Yuqoridagi  barcha  grafik  tahlillarni

umumlashtirgan holda, JM-380 markali polip-
ropilenni termooksidlovchi destruksiyalash uchun
guyidagi sharoitlar optimal deb baholandi: harorat —
300+ 10°C, ishlov vaqti — 30-40 dagiga, muhit —
kislorodli atmosfera (>15%). Ushbu parametrlar
asosida amalga oshirilgan destruksiya jarayonida
molekulyar og‘irlik ~60% ga kamayadi, disperslik
indeksi 1,8-2,2 oralig‘ida bo‘ladi va funksional
guruhlarning paydo bo‘lishi 1Q spektroskopik
tahlillar orgali isbotlandi. Natijada, polimer-bitum
kompozitsiyasi yugori dargjada gomogen, elastik va
reologik jihatdan barqaror bo‘ladi.

Xulosa. Polipropilenning termooksidlovchi
destruksiyasidan so‘ng hosil bo‘lgan mahsulotning
kimyoviy tarkibi va strukturaviy o‘zgarishlarini
aniglash magsadida infragizil spektroskopiya 1Q
(FTIR Fourier-transform infrared) usuli qo‘llanildi.
Ushbu usul polimer molekulasi tarkibida hosil
bo‘lgan funksional guruhlarni aniqlashda ishonchli
va sezgir analitik vosita hisoblanadi. Spektral tahlil
natijalari shuni ko‘rsatdiki, destruksiyalangan
namunalar spektrida oksidlangan funksional
guruhlarga xos bo‘lgan bir nechta yutulish
cho‘qqilari paydo bo‘lgan 4-rasm.

Dataddl_—]
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4-rasm. Termooksodestruksiyalangan SM-380
polipropilenning | Q spektrlari.
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Infragizil spektrda 1720-1740 sm™! oralig‘ida
kuchli yutulish cho‘qqilari aniglanib, ular karbonil
(C=0) guruhlariga xos bo‘lib, polimer zanjir-
larining oksidlanishi natijasida keton, aldegid yoki
karboksil kislotalar hosil bo‘lganligini ko‘rsatadi.
Bu cho‘qqi termooksidlovchi destruksiya jarayo-
nining chuqur oksidlanish bilan kechganligini
tasdiglaydi. Shuningdek, spektrda 3400-3500 sm™
oralig‘ida aniqlangan keng yutulish cho‘qqisi
gidroksil (—-OH) guruhlarining mavjudligi,, bu esa
spirtlar  yoki gidroperoksidlar hosil bo‘lganini
bildiradi. Bu guruhlarning mavjudligi polimer
segmentlarining kimyoviy faolligi oshganligini
bildiradi. Bundan tashgari, 1100-1300 sm™! diapa-
zonida aniglangan C-O bog‘lariga xos cho‘qqilar
efir, murakkab efir yoki oksidlangan zanjirlarning
mavjudligini ko‘rsatadi. Bu strukturaviy birliklar
termooksidlanish jarayonida polimerning kimyoviy
parchalanishi natijasida hosil bo‘lganligi ehti-

moldan holi emas. Polimer zanjirining asosly
strukturasi, ya’ni alifatik -CH>— va—CHs guruhlari
bilan bog‘liq bo‘lgan 2850-2950 sm™' oralig‘idagi
C-H cho‘zilish yutulish cho’qqilari destruksiya
jarayonidan so‘ng ham saqglanib qolgan. Bu holat
shuni bildiradiki, polimer zanjirlarining ba’zi qism-
lari to‘liq parchalanmagan va asosiy alifatik tuzilma
gisman saglangan. Umuman olganda, 1Q spektrlari
tahlil natijalari destruksiyalangan polipropilen
tarkibida oksidlangan funksional guruhlar — kar-
bonil, gidroksil va C-O segmentlari shakllangan-
ligini isbotlaydi. Bu guruhlar bitum tarkibidagi
aromatik va qubtli komponentlar bilan fizik-
kimyoviy o‘zaro ta’sirga kirishib, modifikat-
siyalangan kompozitsiyaning gomogenligi, disper-
siyalanuvchanligi va bargarorligini sezilarli dara-
jada oshiradi.
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Annomayun. B Oaumnou HayyHoUu pabome paccMampusaromcs dKOL02UdecKue U MexHOI02UYecKue
acnexmul Ymuiu3ayuu aroMoCco0epICAux omxo008 He@mezazo8oul U XUMUYECKOU NPOMbIULIEHHOCTIU.
OcHosHoe gHUMAaHUe YOeNeHO CUHmMe3y KOA2yaaHma — noauanomunus xaopuoa (I11AX) — uz mecmnoeo
ChIPbSL, cooepacauyeco oKcuo anomunus. Paspabomannas mexnonoeus ekuouaem weiouHou cuopoau3
€ NOCAEOVIOWUM KUCTOMHBIM OCANCOCHUEM, YUMO NO36015em IPDEKMUBHO UCTIONb308AMb MEXHO2EHHbIE
OmMX00bl U CHU3UMb HACPY3KY Ha OKpydcarowylo cpedy. Ilposedenvt HK-cnexmpockonuueckue u
DPEHMEeHOCMPYKMYPHble UCCIe008AHUsL NOLYYEHHO20 KOA2YISAHMA, NOOMEEPHCOatoujue e20 XUMU4eCKyro
npupooy u amopguyio cmpykmypy. Paboma nanpaenena na pewenue akmyanbuvix 3a0a4 600004UCHKU,
pecypcocoepedtcenus u 6HeOpeHUs IKONOSULECKU YUCMbIX MEeXHOL02UMU.

Knrouesvie cnoea. nonuantomMuHuil Xaiopuo, KOARYIAHM, allOMOCOOepicaujue Omxoovl, OYUCHKA
CMOYHBIX 600, OKCUO antomunus, Hampuil amomunam, HK-cnexmpockonus, XRD, skonocuueckas
bezonacrHocme.
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Annotatsiya. Ushbu ilmiy ishda neft-gaz va kimyo sanoati aluminiy saglovchi chigindilarini utilizatsiya
qilishning ekologik va texnologik jihatlari ko rib chigilgan. Asosiy e’tibor aluminiy oksidi saqlovchi
mahalliy xomashyodan polialuminiy xlorid (PAX) koagulyantini sintez gilishga garatilgan. Ishlab
chigilgan texnologiya ishqoriy gidroliz va keyinchalik kislotali ishlov bosqichlarini o z ichiga oladi, bu
esa texnogen chigindilarni samarali qo ‘llash va atrof-muhit yukini kamaytirish imkonini beradi. Olingan
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koagulyantning kimyoviy tabiati va amorf tuzilishi 1K-spektroskopiya va rentgenostruktur tahlillar orgali
tasdiglangan. Ushbu ish suvni tozalash, resursarni tejash va ekol ogik toza texnologiyalarni joriy etishga
qaratilgan dolzarb muammolarni hal etishga yo ‘naltirilgan.

Kalit so‘zlar: polialuminiy xlorid, koagulyant, aluminiy saglovchi chigindilar, ogova suvlarni tozalash,
aluminiy oksidi, natriy alyuminat, |K-spektroskopiya, XRD, ekologik xavfsiZlik.

DEVELOPMENT OF A TECHNOLOGY FOR OBTAINING A COAGULANT
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Abstract. This scientific work examines the environmental and technological aspects of the utilization of
aluminum-containing waste fromthe oil, gas, and chemical industries. The main focusis on synthesizing
the coagulant — polyaluminum chloride (PAC) — from local raw materials containing aluminum oxide.
The developed technology involves alkaline hydrolysis followed by acidic precipitation, enabling the
efficient use of industrial waste and reducing environmental burden. Infrared spectroscopy (IR) and X-
ray diffraction (XRD) studies were conducted on the obtained coagulant, confirming its chemical nature
and amorphous structure. The study addresses current challenges in water purification, resource
conservation, and the implementation of environmentally friendly technol ogies.

Keywords: polyaluminum chloride, coagulant, aluminum-containing waste, wastewater treatment,

aluminum oxide, sodium aluminate, IR spectroscopy, XRD, environmental safety.

Beenenue. B wmupe Benyrcs HaydHBIE
WCCIICIOBAHMS, HAIPABIICHHbIE HA YMEHbIICHUSA
9KOJIOTHYECKOT0 yIep0a XUMHUYECKOW MPOMBIII-
JIEHHOCTH Ha TPUPOIy, BCe OOJIbIIE YIEsIeTCs
BHUMaHUE TIO0 BHEIpPEHHIO Ooyiee YHCTHIX TeX-
HOJIOTHH, YIydIIAlOTCs CHCTEMBI IepepaboTKu
OTXOJIOB M cOONoJaloTcs Bce Oosee CTporue
9KOJIOTUYECKHE CTAHAAPThI, O0E€30TXOJHBIE TEXHO-
JIOTUM TOMOTAIOT COKPATUTh HETAaTUBHOE BIIMSHUE
Ha OKpYXXarollyro cpeny. PamuoHanbHOE HCHOJIb-
30BaHUE  CBIPbEBBIX PECYPCOB  SBIAETCA B
HACTOAIIEE BPEMS aKTyaJIbHOM 3KOHOMHYECKOW W
IKOJIOTMYECKOH MPOoOIeMOi 1 OAHUM U3 BApUAHTOB
YTUJIM3AlANA QTFOMOCOJEPKAIINX OTXOJIOB, 3TO UX
IIOBTOPHOE BOBJICUEHUE B TOT WJIA HHOM TEXHO-
JIOTUYECKUM mpolecc. B Halieil ctpane yaensercs
00JIbIIIOE BHUMAHWE BHEIPEHUIO MHHOBAIIMOHHBIX
TEXHOJIOTHM, peanu3aluyd Mep IO OXpaHe OKpy-
JKarouied cpeabl U Pa3BUTHIO MPOU3BOJICTBEHHOM
WHYCTPHUH.

OCHOBHBIMU MCTOYHHMKAaMHU ITPOMBIIIIEHHBIX

OTXOJIOB SIBJISIOTCSI TOPHOJOOBIBAIOIIAS TPOMBIII-
JI€HHOCTh, METAJUTyprusi, XUMHUYECKas MPOMBILI-
JeHHOCTh, 3Hepretuka (B 2021 romy yronbHbIe
ANEKTPOCTAHIIMU IIPOU3BENIU OKOJIO 1,2 MipJ TOHH
30J1bI) CTPOUTENbHAS OTPACIb, CEIBCKOE X03IUCTBO
Y TIMIIEBast MPOMBIIIJIEHHOCTH [1].

Cpenu TNpOMBIIUIEHHBIX OTXOJOB 3HA4H-
TEIbHYIO YacTh COCTaBISIOT OMNAacHbIE OTXO/BI.
Exeronno B Mupe obpazyercst okono 400 MiTH TOHH
OTACHBIX OTXOJ0B (PTyTh, CBUHEL], KaAMUM, HePTh
u  HeprenponykTsl). Haumbonbmmmu  npowus-
BOJUTENSIMU TAaKUX OTXOJOB SIBJISIIOTCS Pa3BUTHIE
ctpanbl (CILIA, Kuraii, EC). Peruonsl ¢ Hanbob-
IIMMH  00BEMaMH OIACHBIX OTXOJAOB SIBIISIFOTCS
Takue CTpaHbl Kak, Kutail - nunmep mo obvemam
MPOMBIIIIEHHBIX OTX0J0B (10 3,4 MJIpA TOHH
exeronHo), CIIA - 6omee 700 MITH TOHH €KETr0JTHO,
EBponeiickuii Coro3- B 2021 roxy obumii o0bem
MIPOMBIIIJIEHHBIX OTXO0JI0B COCTABHJI OKOJI0 950 MiTH
TOHH. [2-3]. BonHbie 3arpsi3HeHus B Y30eKUCTaHe
— cepbE&3Hast FKoJIornyeckas npobdiema, CBs3aHHas
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C HEXBAaTKOW BOJHBIX PECYPCOB, YXYALICHUEM HX

KadecTBa " UHTEHCUBHOU XO3IUCTBEHHON
NEITEILHOCTRIO. OCHOBHEIMU UCTOYHUKAMU
3arpsI3HEHUN  SIBIIAKOTCS  CEJIbCKOE  XO3SIMCTBO,

IMPOMBIIIICHHOCTh U OBITOBBIE CTOYHBIE BOJIBI.
OcHOBHBIC TIPUYMHBI BOJHBIX 3arpsA3HEHUN B
V30ekucrane - CeIbCKOE XO03SHCTBO,
MPOMBINIJICHHBIE OTXObI, OBITOBBIC CTOYHBIC BOJIBI,
sKosoruueckue karactpodol. Takum obOpazom,
pa3paboTka TEXHOJIOTUH nepepadoTKu
O0TpabOTaHHBIX BPEAHBIX BHIOPOCOB MPOM3BOICTBA
B Y30ekucraHe, MOAJCPKUT  TOTPEOHOCTH
pa3MYHBIX  OTpaciiel  MPOMBIIUIEHHOCTH U
CIOCOOCTBYET Pa3BUTHIO HallMOHATBHOU
SKOHOMHKH [4-5]. AncopOuust U Koaryssiius npu
OUYHCTKE CTOYHBIX BOX. [loTpeOHOCTH B BOjAC B
OBITOBBIX M TMPOMBIIUICHHBIX LENAX MPOJIOJIKAET
pacTH ¢ KaxapIM rojoM. B Hacrosiiee Bpemsi MUp
CTAJIKUBAeTCS C BOJHBIM KPU3UCOM U3-3a K
MPOMBIIIUICHHOW  TJI00aMu3aliy,  YBEJIMYEHHUIO
JKUJIBIX ¥  KOMMEPYECKMX 30H, a TaKxke
CEIbCKOXO35MCTBEHHBIX YTOAMM, YTO IPUBOAMUT K
OTPOMHOMY MPOU3BOCTBY CTOUHBIX BOJI. COrIacHO
MHUPOBBIM TEHJICHIIMSM, B CTPaHaX C BBICOKHM
YpPOBHEM JI0XO/la OYHMCTKAa MYHHIUMAIbHBIX U
MIPOMBINIICHHBIX CTOYHBIX BOJI COCTaBIISIET OKOJIO
70%, B cTpaHax C ypOBHEM JI0XOJia BBIIIE CPETHETO
U HUKE CPEIHEro MPOLEHThI CHIKAITCS A0 38 U
28% cootBeTcTBeHHO. Kpome Toro, B crpaHax c
HU3KMM  YpOBHEM  Joxoja  Toiabko 8%
MOJIBEpPraroTcs Kakoi-mmbo ounctke, a 6onee 80%
BCEX CTOYHBIX BOJA cOpachIBarOTCA 0€3 OYUCTKH
(WWAP (Opranuzauuss OO0benuHeHHBIX Hanmii
BcemupHas mporpamma OIEHKH BOJHBIX PECYPCOB
(World Water Assessment Programme), [6-7].
Koarynmsauuss — 3T0 mpouecc, Tpu  KOTOPOM
3arpsI3HAIONIME BEIIECTBA, B3BEIICHHBIE YACTHUIIHI,
MOTAA0T B 0CAJIOK TTOCPEICTBOM CTOJIKHOBEHHS C
MPOTUBOMOJOKHBIMA YaCTHIIAMH H  00pa3yroT
aryjiomepar, obpazys HEPaCTBOPHUMBIN
arniomepatHblii  komiiekc [8-10]. B mporecce
KOATyJISIIIH MPUCYTCTBYIOT KOJIJIOWTHBIC YaCTHIIBI,
KOTOPBIE 3apsHKEHBI OTPUIIATEIHHO, YTO BHI3BIBACT
orrasikuBanue. Koarymnsat mgobaBisieTcss  uist
CTaOUIM3ally KOJJIOUTHBIX YAaCTHUI], 4TOOBI He
OBLTO cITBI OTTANKKMBaHUS. OOBIYHO J0OABIAEMBIN
KOAryJISIHT TPEJCTaBISeT COOOM MOTUAIIEKTPOIUT,
KOTOPBIA MPUBOJIUT K TOMY, UYTO JI3€Ta-MOTEHLIHANT
Koyutonia 01u30K K Hymo. [ToaToMy 3TOT mporece

Ha3bIBACTCSI MCXAHHU3MOM HCﬁTp&J’IH?s&HHH 3apsaaa
[11].
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KOaryaumMa MeToaoM
CBMNMPOBAHWA

Puc.1. Mexanuszm npoyecca
dokynayuu/koazynayuu.

Heltpanuiaayma 3apana Caunanme DNOKYNAUMA XNONbES

Metononorust ucciaenoBanusi. s momy-
YeHHs] KOAaryJsHTa TMOJHATIOMUHUSA XJIOpUIA, B
pEaKTOp 3arpy’kar0T OKCHJ AJTIOMHUHHUS - OTXOJ
HedTerazoBol MPOMBINUIEHHOCTH #  50%-HbIil
BOJIHBIN PacTBOP THAPOKCHIA HATPHS B MOJIIPHOM
COOTHOIIEHUH K OKCHUIYy alllOMUHHUA. 3aTeM
TeMIIepaTypy B peakTope moBsimaoT 10 180°C u
peaKkuuo MOACPKUBAIOT MPHU 3TON TemmepaType
110 3 4acoB. 3aTeM PEaKIMOHHYIO CMECh OXJIAXKIA0T
u paszbaBnstor Bojmoil. PaszbaBneHHyr0 peak-
[IUOHHYIO CMECh HEUTpanu3yroT (OCaxaalT) B
MIPUCYTCTBUU pa30aBIeHHBIX KUCIOT. [lomydeHHbIi
0CaJIOK HECKOJBKO pa3 MPOMBIBAIOT MW CyIlarT.
[Tony4eHHBI TUAPOKCHUI  ATIOMUHHS ~ MOKHO
TOJBEPTHYTh PEAKIIMH C COOTBETCTBYIOIIMMH DPa3-
OaBJICHHBIMH  KUCJIOTaMH s TOJYy4YECHHUS
JKeTaeMo CoNu Tmoymxjopuaa amtoMunus. HeoO-
XOJIUMO HCIOJIb30BaTh KOHIIEHTPHUPOBAHHBIN pacT-
Bop NaOH, 4t0o0b!l yckoputh peakiuto. OOBIYHO
pactBop NaOH wucnons3zyerca B cooTHomeHuu 2:1
niu 3:1 o otHomenuto k Al:Os. Tlocne peakuuu
oOpa3yeTcs HaTpuil aqlOMUHAT B BHJIE PacTBOpa,
KOTOPBI MOXET OBITh MCIOJB30BaH B PA3IMIHBIX
XUMHYECKHUX TMpoIleccax, TaKUX Kak TOTyueHHUe
QTIOMUHMS XJIOpUJA WJIM JJII OYHUCTKH BOJIBI.
PactBop HaTpusi amoMHUHATa WCHOJB3YyEeTCS B
Ka4eCcTBe OCHOBHOTO KOMIIOHEHTA TSI TTOTYyUYEHUS
MOJIMATTIOMUHUSL  XJIOPU/A, BaXXHBIM JTarioM B
MMPOU3BOJICTBE KoaryisHTa. Mcmonap3oBaHWe HaT-
pusl aTIOMUHATa ¢ MPUMECSIMH XJiopa B KauecTBE
KOaryJasHTa JUIS OYUCTKH  BOJBI  SIBIISIETCS
3¢ (HEeKTUBHBIM METOJIOM, KOTOPBI TMO3BOJSET
YAQIATH 3arPSI3HATEIN U YITy4IIaTh KAY€CTBO BOJIBI.
Jis  monydeHHs KOAryJsiHTOB —TOJIMATIOMUHUI
xnopuz (ITAX), Mbl HCTIOTB30BAIA CHIPHE -OKCH/I
amomMuHUS Al:O3 MECTHOTO CHIpbS, THUIPOOKCH]
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Hatpus 1 HCI (consras kucinora), Boga, KoaTposns Ha MPECTaBICHHOMN PEHTT€HOBCKOU

pH u temneparypsi[12,13].

PesyabTarsl U ux obcy:xkaenue. Otor K-
cnekTp npuHaanexkut coeauaenno AlCl (xmopun
ANMIOMHUHUS), 3alUCAaHHOMY C HCIIOJIb30BAaHHEM
cnektpomerpa  Shimadzu.  JlaHHBIE  cHeKTp
JEMOHCTPUPYET OCHOBHbBIE XapaKTEPUCTUKH BHO-
PAIMOHHBIX MOJI XJIOPUIA ATFOMUHUS H BO3MOYKHBIX
MpUMeceH.

OCHOBHBIE TIOJIOCHI TOTJIOIICHUS (B cM'):
2997.38 cM™! — BO3MOIKHO, CBA3aHO C KOJICOaHUAMU
IPUMECHBIX oOpraHudeckux coenuuHenuit (C-H
pacTsokeHus), 2445.2 ¢cM! — BO3MOXKHO, IMPOSB-
JICHWE OOCPTOHHBIX HMIU KOMOMHAIIMOHHBIX MO,
1633.71 cm!' — BeposATHO, nedopMalMOHHBIC
konebanuss Mosekynel  Boael  (H-O-H). DOto
yKa3blBaeT Ha MPHUCYTCTBUE BIaru B oOpaslle,
1128.36 cM™! — BO3MOIKHO, CBSI3aHO C KOJIEOAHUSIMHA
Al-Cl, 825.53 cm ! — xapakTeprCcTHYECKasl 1M0JI0ca
xjopuga amomunug, 624.94 cm', 597.53 cm,
513.57 cm™! — cootBercTBYIOT Kostebanusm Al-Cl B
pPa3IUYHBIX CTPYKTYpHBIX Moaudukamusax. HMK-
CHEKTp NOJUXJIOpUIA AalIOMUHUS TOJATBEPKIAET
€ro MoJIMMEPHYI0 MPUPOLY, coueTast kojiebanus Al-
Cl, AI-OH u Al-O. OcnoBuble ortinuuusg PAC or
AICl; B ciekTpe - Hajauunue MHTEHCHUBHBIX MoJioc O-
H (3400 cm'-2997.38 cm') u H-O-H (1633-
1650cm™), CBUACTENBCTBYIOIIMX O THAPOJIM3E.
Ocnabnenne u pacumpenue nonoc Al-Cl, uto
yKa3plBaeT Ha  0o0pa3oBaHWE  MOJMMEPHBIX
ctpyktyp. 1100-1000 cm™' — pactskenus Al-OH,
XapaKkTepHbIe I THIPOJIU30BAHHBIX  aJIO-
MHHHEBBIX  KomIuiekcoB, 850-600 cm! —
pactspkenus  Al-Cl, onpenensitoniye OCHOBHBIE
ces3u B PAC, 500400 cm™' — xonebanus Al-O,
XapaKTepHbIC TUTS OKCHJTHBIX bopm
amoMunus| 14,15].

Puc.2. HK-cnexmp cunme3uposannozo xaopuoa
anomunusn AICl.

mudpakrorpamme (XRD) obpasma, a (puc. 3. a)
HNOJIMANIOMUHUS  XJIOPUJA M3 OKCUAA alFOMUHUS
(IUT'XK) nabmomaroTcs MUPOKUE U HU3KOMHTEH-
CUBHBIC MHKH, XapaKTEpHbIC A1 aMOP(HBIX WU
c1ab0 KpUCTAJUIM30BaHHBIX BemiecTB. [lomoxenue
nukoB (20): ot 36° gmo 3° ¢ Haubosee
BBIpQ)KEHHBIMU MakcUMyMamHu B obnactu 14-20° u
25-30°, Brrouas uku mipu: 14.16°, 14.87°, 15.87°,
16.87°, 18.22°, 18.93°, 20.13°, 22.27°, 25.4°,26.7°,
27.0°, 29.5°.

Puc.3. Tugppaxkmozpammot (XRD)
CUHmME3UPOBAHHDBIX KOAZYIIAHMOB.
1a) noruaniomunui xnopuo u3z okcuoa anomunus (LLII'XK),
16) nonuaniomunuil xa0puo u3 oxcuoa anomunus (bHII3),
2a) noauamomunus xaopuo u3z okcuoa anomunus (LLITXK),

26) noauamtoMuHuil X10puo, NOIYYEHHbIU U3 OKCUOA
amomunus (BHII3).

NHTEHCHUBHOCTh TNHKOB HEBBICOKAs, YTO
MOATBEPK/1aeT HU3KYIO CTENEHb KPUCTANIMYHOCTH.
Hekotopsie nuku (Hanmpumep, 14.87°,18.93°,25.4°,
29.5°) Moryt yka3plBaTh Ha OCTaTOYHBIE KpHC-
Tajndeckue (azbl, BO3MOXKHO, OKCHJIOB aTIOMU-
HUSI WIH TPOMEXKYTOYHBIX MPOAYKTOB THAPOIH3A.
Janaplii  oOpazen] MONHATIOMUHHUSA — XJIOpUJA,
nosiyueHHoro u3 okcuaa amomuHus (LIHI'XK),
obranaet aMop(HOM CTPYKTYPOH, YTO TUTTUIHO IS
[TAX-KkoarynstHTOB, TMOJYYEHHBIX B YCIOBHUAX
YaCTUYHOW TuAparauuu. Takol marepuan 4acTo
00JasjaeT BRICOKOM PEaKIIMOHHON CIIOCOOHOCTHIO B
BOJHOM cpelie 3a CUET aKTUBHOM NMOBEPXHOCTH U
HEYNOPSIOYEHHON CTPYKTYphl. PeHTreHorpamma
oOpa3iia 6 MONMaTIOMUHUN XJIOPHUA, TMOTyYEHHBIH
n3 okcuga amomunus (BHII3) (Puc. 3.0).
Hudpakrorpamma obpa3ma O xapakTepusyercs
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c1ab0 BBIPAKEHHBIMH M IIMPOKUMH MHUKAMH, YTO
CBUJICTEIHCTBYET O MPEUMYIIECTBEHHO aMOPHOMA
IpUpoJie Marepualia ¢ IPUCYTCTBUEM HE3Ha4H-
TEJIBHBIX KpucTaumyeckux ¢a3. Halbmomarorcs
MIMKH TIPH CJISTYIOMUX 3HaueHusx 20: 13.7°, 14.7°,
15.8°,17.3°,17.9°,19.8°,21.3°,22.7°,26.7°,27.0°,
28.9°,29.5°, 33.2°, 35.3° u np. Jlanublit ancopOeHT
— MECTHOE CBIPbE, COAEPHKAIMN OKCUJT ATTFOMUHMUS,
KOTOpBI MOTJIOTUJ HOHBI XJiopa. B mpormecce
OYMCTKU BOJBI MCIOIB3YETCS HATPUN ATFOMUHAT C
IpUMECSIMU XJIOpa, KOTOPbIN sBisieTcs 3¢ deKTuB-
HBIM KOAryJISHTOM JJIS YAAJCHUS 3arpsi3HSIONINX
BEIIECTB, OPTaHUYECKUX COCTUHEHUN U MUKpPOOP-
raau3MoB. Cpeli HUX TMEePCIEKTUBHBIM CUHUTACTCS
HaTpuii amomuHar (NaAlO:), ocoOeHHO B KOM-
OMHAIIMM C XJIOPCOJCPKANIUMH KOMITOHECHTAMH,
takumu kak uwoH Cl- u Hatpmit xnopun (NaCl).
Hcnonp30Banne HATpUS aTIOMUHATA C MPUMECIMHU

XJIopa TO3BOJISIET YCHWJIMTh  KOATyJISIIIMOHHBIN
abpdekT ©  pacmUpUTh  CIEKTp  JACUCTBHSA
KOaryJsiHTa.

3akarouenue. IlpencraBneHHas HayuyHas

pabora mocBsmieHa pa3paboTke 3(QPEKTUBHBIX WU
9KOJIOTHYECKH O€30IMMacCHBIX METOJO0B YTHIIH3AIIUN
ATIOMOCOJIEPKAIUX ~ OTXOJOB  XMMHYECKOM U

HedTera3oBoi MPOMBILIUIEHHOCTH IyTEM CHHTE3a
KoaryJsgHTa — nojguantomunus xjaopuaa (ITAX). B
KOHTEKCTE TJI00aJbHBIX IKOJIOTMUYECKUX MPoOieMm,
TaKMX KakK 3arps3HEHHE BOABI M  pacTyliee
KOJIMYECTBO IPOMBIIUICHHBIX OTXOJO0B, JTaHHOE
WCCIICIOBAaHUE TMPEJCTABISACT BBICOKYIO IPaKTH-
YeCKyI0 M Hay4YHYI0 3HauuMocThb. [IpoBenéHHbie
WCCIIEIOBAHMSI TIOATBEPIMIA BO3MOKHOCTh 3 dek-
TUBHOTO TIPUMEHEHUS aJIIOMOCOJEPKALUX OT-
X0Z0B He(TEra3oBol MPOMBIIIJICHHOCTH IS
CHUHTE3a MOJMAIOMUHUS XJIOpUAa — MepCrek-
TUBHOTO KOAryJIIHTa JJIsl OYMCTKHA CTOYHBIX BOJ.
[Tonyuennslii marepuan obnagaer amopdHOI
CTPYKTYpOH M BBICOKMM COJICP’)KaHUEM aKTHBHBIX
KOMITOHEHTOB, 4YTO obecreunBaer ero 3d¢dek-
TUBHOCThH B TIpOIleCcCaxX KOAryJSLIUU M aIcOpOILnu.
Pa3paborannas MeTOquKa YTUIU3AIUU OTXOJOB
NO3BOJISIET HE TOJBKO CHHU3UTHh HMX HEraTUBHOE
BO3/ICIICTBIE Ha OKPYXKAIOIIYI0 Cpery, HO H
NOJYYHUTh TMPOIYKIHIO C BBICOKOH M00aBIEHHON
CTOUMOCTbHIO. PaboTa nmeeT BaskHOE 3HAYCHHE /IS
YCTOMYUBOTO PA3BUTHA, SKOJIOTHYECKOH MOAEp-
HU3allUU TPOU3BOACTB U BHEAPEHUS OE30TXOMHBIX
TEXHOJIOTHI B Y30eKuctaHe W JpYrux HHAYCT-
pHAIbHO Pa3BUBAIOIIMXCS PETHOHAX.

CIIMCOK UCIOJb30BAHHOMN JTUTEPATYPBI

1. Tamoxennsiit konekc EBpazuiickoro skonomuyeckoro coros3a (TK EADC). (2020, 23 oxTsabps).

IIpunoxxenne Ne

1 x HoroBopy o TamoxxenHom koaekce EADC. OduumanbHbiii caiT

EBpasuiickoro skoHOMu4eckoro coro3a. https://www.eaeunion.org/

2. DKOJOTHYECKHE aCIIEKTHI IMPUCOCANUHCHUSA Poccuu ko BCCMI/IpHOI\/’I TOpI‘OBOﬁ OpraHHu3alnun: I[OKJI&I[

Bcemupnoro 6anka (Ne 83505-RU), c. 82.

3. PyKOBOJCTBO M0 3alTE OKPYXKAOIIEH CPeJIbl, 3M0POBhS U Tpyaa s HepTenepepadoTku. (2007,
30 ampens). ['pynna Becemuproro 6anka. https.//www.ifc.org/ehsguidelines

4. bynartos, B. U. (2021). Otxoasl HEPTEra3oBOro KOMIUIEKCa KaK TEXHOJIOTMYECKUN WHAMKATOP

T'CO3KOJIOTHYCCKOI'0 COCTOAHHUA

PEruoHOB

Poccun.  DuHepretuka W palMOHAIbHOE

npupoonos3oBanue, 7(8), 46-55. https://doi.org/1033619/2414-2948/69

5. MHWneramosa, JI. @. (2021). Meroas! yrunuzanuu Hedrecoaepxkamux copoentos. B MccnenoBanus
MOJIO/IbIX YueHbIX: MaTepuansl X XIX Mexnynap. Hayd. koH¢. (Kazanb, nexadps 2021 r.) (cc. 7—
12). Kazanb: Monogoit yuensrid. https://moluch.ru/conf/stud/archive/412/16825

6. Sukmana, H. (2021). Adsorption and coagulation in wastewater treatment: Review. Progress in
Agricultural Engineering Sciences, 17(1), 49-68. https.//doi.org/10.1556/446.2021.00029

7. Abdebasir, S. M., & Shalan, A. E. (2019). An overview of nanomaterials for industrial wastewater
treatment. Korean Journal of Chemical Engineering, 36(8), 1209-1225.

8. Afroze S, Sen, T. K., & Ang, H. M. (2016). Adsorption removal of zinc(Il) from aqueous phase
by raw and base-modified Eucalyptus sheathiana bark: Kinetics, mechanism and equilibrium study.

Process Safety and
https://doi.org/10.1016/j.psep.2016.04.009

Environmenta

Protection, 102, 336-352.

KIMYOVIY TEXNOLOGIYA VA QURILISH
XUMHNYECKAS TEXHOJIOI'USI 1 CTPOUTEJBCTBO
CHEMICAL TECHNOLOGY AND CONSTRUCTION

www.srt-journal.uz
187


http://www.srt-journal.uz/
https://www.eaeunion.org/
https://www.ifc.org/ehsguidelines
https://doi.org/1033619/2414-2948/69
https://moluch.ru/conf/stud/archive/412/16825
https://doi.org/10.1556/446.2021.00029
https://doi.org/10.1016/j.psep.2016.04.009

SANOATDA RAQAMLI TEXNOLOGIYALAR (E) ISSN: 3030-3214

IHU®POBBIE TEXHOJIOT'MU B MIPOMBIIIJIEHHOCTH Volume 3, Ne 3
DIGITAL TECHNOLOGIESIN INDUSTRY 2025
9. Ahmad, A. L., Idris, I., Chan, C. Y., & Ilsmail, S. (2015). Reclamation from palm oil mill effluent

10.

11.

12.

13.

14.

15.

using an integrated zero-discharge membrane-based process. Polish Journal of Chemical
Technology, 17(4), 49-55. https.//doi.org/10.1515/pjct-2015-0068

Al-Sahari, M., Al-Gheethi, A. A. S., & Radin Mohamed, R. M. S. (2020). Natural coagulants for
wastewater treatment: A review for application and mechanism. B Prospects of Fresh Market
Wastes Management in Developing Countries (pp. 17-31). Springer. https://doi.org/10.1007/978-
3-030-42641-5 2

Amran, A. H., Zaidi, N. S,, Muda, K., & Loan, L. W. (2018). Effectiveness of natural coagulant in
coagulation process: A review. International Journa of Engineering & Technology, 7(3.9), 34-37.
Isaeva, N. F., Ibodullaev, S., Khodjiev, R., Mirzaeva, Ye, Turdieva, D., & Mamatkulov, Sh. (2022).
Complex processing of adsorbent used in the purification of hydrogen-containing gas. Bulletin of
Chemical Reaction Engineering & Catalysis, 17(1), 32-45. https://bcrec.id

Mustafayev, B. J., Turdieva, D. R., Rahimov, X. B., Yunusov, M. P., Xudayberdiev, A. J., Sayidov,
U. X., Maxkamov, X. M., & Isaeva, N. F. (2023). I'a3 Ba cyrOKIUKIap TapKUOWIArd XJIOPJIA
OupukManapHu IO0TyBuUM azacopOeHT onum ycynu [IlatrentHas 3asBka Ne FAP 20220168].
V36exucron PecryGmukacu Mutennexryan My arentiuri. (TamaGHoMa Keau® TyIIraH caHa:
08.06.2023; No FAP 2411).

Ucaesa, H. ®@., Typauesa, . Il., Uckangapos, H. O., & Xomxues, P. I'. (2020, 26 Hos0ps1).
[TonydyeHue KoaryJjasHTOB [JIsi OYMCTKM BOJbI B TMpoIlecce MepepadOTKH HCIOIb30BAaHHBIX
aZicopOCHTOB XJIOpcoAepKammx coequHeHnid. B MexayHaponHas koHdepennus «Hayka wu
uaHoBauu» (r. Tamkent) (cc. 127-129).

Ucaesa, H. ®@., Slnrames, 3., Typauesa, /1., & Mup3aesa, E. (2024). IIpeobpa3oBanue 0TX010B U
MIPUPOIHOTO CHIPhsI B aICOPOSHTHI AJIsI OUMCTKHU OKPY>KaIOIIEH cpebl OT BpeAHbIX BelecTB. Hayka
Y MHHOBaIMOHHOE pa3ButHe, 7(3), 8-26. ONLINE ISSN 2181-4317.

KIMYOVIY TEXNOLOGIYA VA QURILISH Www.srt-journal.uz
XUMHNYECKAS TEXHOJIOI'USI 1 CTPOUTEJBCTBO
CHEMICAL TECHNOLOGY AND CONSTRUCTION 188


http://www.srt-journal.uz/
https://doi.org/10.1515/pjct-2015-0068
https://doi.org/10.1007/978-3-030-42641-5_2
https://doi.org/10.1007/978-3-030-42641-5_2
https://bcrec.id/

SANOATDA RAQAMLI TEXNOLOGIYALAR (E) ISSN: 3030-3214

LIUPPOBBIE TEXHOJIOT'MH B TPOMBILIJIEHHOCTH Volume3, Ne 3
DIGITAL TECHNOLOGIESIN INDUSTRY 2025
YJK: 661.81 4 10.70769/3030-3214.SRT.3.3.2025.37

WHHOBAIIMOHHBIE MOAXOAbI K I'TYBOKOM INEPEPABOTKE
OTPABOTAHHBIX AICOPBEHTOB, HACBIINEHHbIX
XJTOPCOAEPKAIIMMU COEJUHEHUAMM, I ITIOJTYYEHUSA
HOCHWTEJIENA U KOATYJITHTOB

A

Hcaeea Hypxon @apxamosna Kapumoe Mawvcyo Yoaiioynna yenu
Jlokmop ¢hunoduu no mexHuwecKuM HAyKam, CIMapuiuti HayyHvlil

compyonux TaukenmcKo2o Hay4HO-UCCIe006aMENbCKO20 Joxmop mexnuueckux nayk, npogpeccop, Taukenmckozo nayuno-
uncmumyma xumuueckoti mexnonozuu, Tawxenm, Ys6exucman UCCNe006amenbCKo20 UHCIUMYMA XUMUYECKOTl MeXHONI02UL,
E-mail: nurhonisaeva@gmail.com Tawkenm, Y3bexucman

ORCID ID: 0000-0001-8513-6975

Annomayun. B cmamve paccmampueaemcs 00HO U3 NEPCREKMUBHBIX HANPABTIEHU UHHOBAYUOHHO2O
passumusi — 2nyOoKas nepepabomxa NPOMBIUIEHHBIX OMX0008, 6 YACMHOCMU, OMpPAOOMAHHBIX
aocopbenmos, codepacawux okcuo antomunus. Ilpedcmasnen cucmemuwiii NOOX00 K NOGMOPHOMY
UCNONL306AHUI0 MAKUX MAMEPUAIos8 6 Kadecmee Cbipbsi Ol CUHMe3d SUOPOKCUOA AIOMUHUSL U
Hocumernet kamaauzamopos. Q6cyxucoaomes mexHoiocudecKue peueHus no NOLyYeHUur alloMUHAMO8
U KOQ2YIAHMOS, GKII0OUAsl CMAOUU COOCANCOCHUSl, CO3PEBAHUSl U MPAHCHOpMayuu KOMNOHEHMO8, a
maxoice IKOJIO2UUEeCKUe U IKOHOMUuueckKue acnekmsl nepepabomxu. Ocoboe 6Humanue YOeieHO
B03MOJNCHOCISIM Pe2YIUPOBAHUSL MOPPON0SULECKUX XAPAKMEPUCMUK MAMepUuanos, Ymo Hno360.Jsem
€030a6amv copbenmyl U KAMaiu3amopwvl ¢ 3a0aHHbIMU CEOUCHEAMU.

Kniouesvie cnosa. ompabomanuvie adcopbenmol, 2UOPOKCUO ATIOMUHUS, ATIOMUHAMDbL, KOA2YAHMbL,
OKCUO AIOMUHUSL, MEXHO2EHHOE ChiPbe, PEYUKI, XI0PCOOepHcaujue COeOUHEeHUs.

TASHUVCHILAR VA KOAGULYANTLAR OLISH UCHUN XLORLI
BIRIKMALAR BILAN TO‘YINGAN ISHLATILGAN ADSORBENTLARNI
CHUQUR QAYTA ISHLASHGA INNOVATSION YONDASHUVLAR

I sayeva Nurxon Farxatovna Karimov Ma’sud Ubaydulla o‘g‘li
Texnika fanlari bo ‘vicha falsafa doktori, Toshkent kimyo- Toshkent kimyo-texnologiya ilmiy-tadgiqot instituti texnika fanlari
texnologiya ilmiy-tadqiqot ingtituti katta ilmiy xodimi, doktori, professor,
Toshkent, O ‘zbekiston Toshkent, O ‘zbekiston

Annotatsiya. Ushbu maqolada innovatsion rivojlanishning istigbolli yo ‘nalishlaridan biri — sanoat
chigindilarini, xususan, aluminiy oksidi saglovchi ishlatilgan adsorbentlarni chuqur gayta ishlash
masalalari ko ‘rib chigilgan. Bunday materiallarni aluminiy gidroksidi va katalizator tashuvchilarini
sintez qilish uchun xomashyo sifatida takroran ishlatishga yo ‘naltirilgan tizimli yondashuv taqdim
etilgan. Alyuminatlar va koagulyantlar olish texnologiyasi, jumladan, birga cho ‘ktirish, yetilish va
komponentlarni transformatsiya qilish bosgichlari hamda gayta ishlashning ekologik va igtisodiy
jihatlari muhokama gilingan. Materiallarning morfologik xususiyatlarini boshgarish imkoniyatlariga
alohida e’tibor garatilgan bo ‘lib, bu belgilangan xususiyatlarga ega bo ‘Igan sorbentlar va katalizator-
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larni yaratishga imkon beradi.
Kalit so‘zlar: ishlatilgan adsorbentlar, aluminiy gidroksidi, alyuminatlar, koagulyantlar, aluminiy
oksidi, texnogen xomashyo, gayta ishlash, xlor saglovchi birikmalar.

INNOVATIVE APPROACHESTO THE DEEP PROCESSING OF SPENT
ADSORBENTS SATURATED WITH CHLORINE-CONTAINING
COMPOUNDSTO OBTAIN CARRIERSAND COAGULANTS

I saeva Nurkhon Farkhatovna
Doctor of Philosophy in Technical Sciences, Senior Researcher at
the Tashkent Chemical Technology Research Institute,
Tashkent, Uzbekistan

Karimov Masud Ubaydulla ugli

Doctor of Technical Sciences, Professor, Tashkent Chemical
Technology Research Ingtitute, Tashkent, Uzbekistan

Abstract. The article discusses one of the promising areas of innovative development — the advanced
processing of industrial waste, in particular, spent adsorbents containing aluminum oxide. A systematic
approach is presented for the reuse of such materials as raw sources for the synthesis of aluminum
hydroxide and catalyst supports. Technological solutions for the production of aluminates and
coagulants are discussed, including stages of co-precipitation, aging, and component transformation, as
well as the environmental and economic aspects of recycling. Special attention is given to the potential
for controlling the morphological characteristics of the materials, which enables the design of sorbents
and catalysts with tailored properties.

Keywords: spent adsorbents, aluminum hydroxide, aluminates, coagulants, aluminum oxide, technogenic

raw materials, recycling, chlorine-containing compounds.

BBenenue. OnHuM U3 aKTyaJbHBIX
HapaBlIeHUN B KOHTEKCTE€ YCTOWYMBOTO Pa3BUTHUSA
U DKOJIOTUYECKOW Oe30IMaCHOCTH SIBJISIETCSI BHEM-
peHre Oe30TXOAHBIX TEXHOJOTUH U TOBTOPHOE
WCIIOJIb30BaHNE MIPOMBITTUICHHBIX OTXOJIOB.
OtpabotaHHble aJcOpPOEHTHI, OOOTAIlIEHHbIE OKCH-
JIOM aJTIOMUHHS, TPEJICTaBIAIOT COOOM BBICOKO-
KaueCTBEHHOE TEXHOI'€HHOE MHUHEPAIbHOE ChIPHE,
MIPUTOTHOE JIJIsi CUHTE3a HOBBIX (DYHKIIMOHAIBHBIX
marepuaioB [1]. Mcnoabp3oBaHue OTpaOOTaHHBIX
a7ICOpOCHTOB B KAa4E€CTBE CHIPhs ISl CUHTE3a TH/I-
POKCHJIA aTIOMUHUS U MOCIEAYIOIIETO MOIyYeHUs
HOCHUTEJIEH KaTaJln3aTOpOB IMPEACTaBIsIET COOOM
MEPCIIEKTUBHBIN MOAX0/1 K  mepepaboTke
MIPOMBIIIUICHHBIX OTXO/0B [2].

CylIecTBEHHBIM 3KOHOMHYECKUM acleKTOM
SABIISIETCSL  TIepepaboTka MEXaHWYECKH TPOYHBIX
rpaHysl OTpaOOTaHHBIX aJICOPOCHTOB C YCTAaHOBOK
pudopmMuHTa, HACBIIIEHHBIX XJOPCOACPKAITUMHU
COEIMHEHUSIMHU, C TMOCJIEAYIOIIUM MMOBTOPHBIM HUC-
MOJIb30BaHWEM. Pa3pylieHHble TpaHyJbl aacop-
OCHTOB TpejsiaracTCs HANpaBlsATh Ha TMOTYYCHHE
BOCTPEOOBAHHOTO CHIPHS JJISI MPOU3BOJICTBA HOCH-
TeNe Pa3TUYHBIX KaTallu3aTOpOB U aJCOPOEHTOB
HIHPOKOTO MPOPWIS C yIETHHOW MOBEPXHOCTHIO U

MOp(OJIOTHEH, PEeTyIUPyeMbIMH Ha CTaIHsX CO-
OCAXJICHUS U CO3PEBAHUS TUIAPOKCHIA ATTFOMUHMUS.
B cBs3M C BaXHOCTBIO TIpoIecca MOMYUYCHHS
ru06cuta 6bUTM TOAPOOHO MCCIIEIOBAHBI (PAKTOPSI,
onpeaenstonme pasmep yactuly Al(OH)s, kpucran-
JAU3alMI0  aKTHBHBIX THAPOKCHJIOB aJIFOMUHUS,
KHHETHYECKHE 3aKOHOMEPHOCTH (HOPMHUPOBAHHUS
rpy0onucnepcHoro ru60cuTa U Apyrue acheKkThl
OCaXKJICHHSI Pa3IMYHBIX MOTU(PUKAIIHA THIPOKCH/IA
QIIOMUHUS U3 HATPHUIl-aTIOMMHATHBIX PAaCTBOPOB.
Oco0o0 oTMeueHa pojib TpaHCPOpPMALUU YaCTH
OKCHJIa aJIOMHUHHMS B COOTBETCTBYIOIIUE AJTIOMH-
HaThl HE TOJBKO IA 3(PPEKTUBHOrO yHaIeHUs
XJIOPCOJCPKALIMX ~ COEAMHEHUH, HO U A
3HAYUTEIBHOTO CHWKEHHUS OO0pa3oBaHUS XJIOpH-
POBAaHHBIX OJIMTOMEPOB, OCOOEHHO IPH OYHUCTKE
BOJIOPOCOIEPIKAIIETO Ta3a KaTaJIUTHYECKOTO pH-
¢opMHHra, TMPOBOAMMOTO TpPH  MOHMKEHHOM
nasnenuu [3]. Mcmons3oBanue oTpaOOTaHHBIX ajl-
COpOEHTOB B KaueCTBE ChIPbs Ul CUHTE3a TUAPOK-
CHJla ATIOMHHHUS TTO3BOJISIET TOIYYaTh HOCHTEIH
KaTaJM3aTOPOB C PEryJUPYEMBbIMH TEKCTYPHBIMU
XapakTepucTuKamu. [Iporecc BKIIOYAET CTaIuH
OCaXJICHUsI, CO3PEBaHUs, CYIIKH M PAaCTBOPEHUS B
kuciore. Iloxxon Takke OpPUEHTHPOBAH Ha
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CO3/1aHH€ TEXHOJOTHH C MaKCHUMaJIbHbIM HCIIOJb-
30BaHUEM MECTHOrO chipbs [4,5]. DopmupoBaHue
Hocutesneil Ha ocHoBe AI(OH)s ocymiectBisercs
yepe3 KOHTPOJUPYEMOE OCaKICHHWE U3 HaTpuii-
AIMIOMUHATHBIX pacTBopoB. HMccienoBaHusi moka-
3a7MM, 4TO MOP(OJOTHS M IUCHEPCHOCTH IOIY-
yaeMoro TuOOCHTa 3aBHCIAT OT TEMIEPaTyphl,
BPEMEHH BBIACP)KKHM M  COCTaBa  pacTBOpA.
Tpanchopmainis YacTd OKCUIA QIIOMHHHS B
QIIOMUHATBl CIIOCOOCTBYET HE TOJBKO YIJIaBJIH-
BaHUIO XJIOPOPTaHWYECKUX COEAUHEHUH, HO U
CHIDKAeT BEpPOSTHOCTh 00pa3oBaHUS XJIOPUPO-
BaHHBIX OJIUTOMEPOB B pUGOpPMHUHT-TIporieccax [3].

Metononorusi  ucciaegoBanusi. Cymiect-
BEHHBIM HJKOHOMHMYECKUM AaCIEKTOM SIBJISIETCSA
nepepaboTka MEXaHWYECKH IPOYHBIX TPaHYII
0TpabOTaHHBIX aJCOPOCHTOB C YCTAaHOBOK pudop-
MHHTa, HACHIIIEHHBIX XJIOPCOJCPKALIIMH COCIH-
HEHUSIMHU, C TOCIEAYIOIUM TOBTOPHBIM HCIONb-
30BaHMEM. Pa3pylieHHbIE T'paHyJbl MpeaIaracTcs

Onucanue ’Kkcne,

2. Macca consitHOM KUCJIOThI BapbUPYETCS OT
190 mo 330 r, 4TO IO3BOJISIET U3MEHATH MOJILHOE
cootHowmenue AI(OH)s: HCI B nuanazone ot 1:1,75
o 1:3,0.

3. O6wem pactBopoB (V) komnebdnercs ot 300
70 430 cM?, a IIIOTHOCTH (P) pacTBOPOB HAXOJUTCS
B nuamasone 1,22—1,23 r/cm3.

4. 3nauenne pH pactBopa mocie peaxuuu
Bapbupyercs ot -0,7 mo 1,8 B 3aBUCUMOCTH OT
YCJIOBUW CHHTE3A.

CocTtaB pacTBOpPOB U MOKA3aTeNu:

1. Konuenrtpanust noHos amomunus (Al**) B
pacTBope IOClie CHHTE3a JOCTUTaeT MaKCUMyMa
47.2 v/om3.

2. O6m1as koHIeHTpanus XJaopua-uoHoB (Cl7)
Bapbupyetcst ot 185 no 214 r/am®, U3 KOTOpPBIX
yacTh npuxoautcs Ha NaCl.

3. CBobGomnast comsnas xucinora (HCI)
OCTaeTcs B pacTBOpe B KojuyecTtBe OoT 33 g0 62
r/ame.

Tabmuua 1.

UMEHMA O 83AUMOOEICMEUIO zudpo:ccuda QIIOMUHUA C CONLAHOU KUCIOMOIl

Ne Hcxonuble Venosust CocTaB pacTBOpa U JIp. TIOKa3aTeNH 1MOCIIe CHHTE3a
OIIbITa KOMITOHCHTBI CHHTE3a
Crenenn
HU3BJICUCHUA
MomnbHoe 4 | CI, CI, HCI1 Oc ATIOMUHUS U3
Otrxop, 1| Kucnora, r cooT f}lM; o6, | (NaCl), | cBoO, c?\]/k P, r/cm®| pH Al;O;, HOBHOCTH (I;Ozh;}éiiﬁo OTXOJIOB,
nomenme |V |t/ | v’ | o/ 0 (N), % a %
A1(OH)s:
HCI
1| 200 330 130 (470214 25 | 62 |430] 1,22 |07 7.34 0 AICI3 98
2 [ 200 [ 29 12,67 472205 | 27 | 40 [390] 1,23 [ 1.1 | 7.25 5 A1(OH)o1:Cla.g 89
3 [ 200 | 275 12,55 46,7202 | 28 | 38 [378] 1,23 | 1.4 | 685 5 A1(OH)0.15Cly.g5 85
4 | 200 [ 230 12,12 [425[ 191 | 31 | 35 [340] 1,23 | 1,6 | 6,72 5 A1(OH)0.15C 15 72
5 [ 200 190 1:1,75 | 400 185 35 | 33 [300] 1,23 | 1.8 | 622 5 A1(OH)0,16C .4 58
HANpaBJIATh Ha TOJYYEHHE BOCTPEOOBAHHOTO B pesynbrate peaknum oOpasyroTcs clery-
CBIpbsl /ISl TPOM3BOJICTBA HOCHTEJEH KaTajau- | IOIME COEAMHEHHUS QJIIOMUHUS: TpPU MaKCH-
3aTOPOB U aJICOPOEHTOB C YJEIbHOM MOBEPXHOCTHIO | MaIbHOM  MOJBHOM  cooTHomeHuun  (1:3,0)
U MopdoJoruei, perynupyeMbIMu Ha cragusax | gopmupyercs xuopua amomuaus (AlCls), npu
COOCX/ICHUSI W CO3PEBaHMS THAPOKCHIA aIOMH- | CHH)KCHHH KOJIMYECTBA KHCIOTHI  00pa3yroTCs
Hus. [IpenaraeMplif oaXo ] MO3BOMISET COKPATUTh | CMEIIAHHBIE  COCIAMHEHHS  T'MJIPOKCHUXJIOPHJIOB
00BbEMBI TPOMBINIICHHBIX OTXOJOB M CHU3UTH | amomuHus, Takue Kak Al(OH)o14Clo.gs 1
3aBHCUMOCTH OT MPUPOIHBIX PECYPCOB. Al(OH)o.16Cl 2. Al(OH)0.14Cl2.85 U
OkcnepuMeHThl  npoBoauwianch ¢  1enbio | Al(OH)o.16Clo.gs  sIBASITOTCS  OpeACTaBUTENSAMU
NOJYYeHUs COEAMHEHUH aTIOMMHUS M OLIEHKU | THAPOKCOXJOPHJIOB ANIOMUHHUS C OYEHb HHU3KUM
CTETICHU M3BIICUCHUS ATFOMUHUS U3 0TX00B. Hike | koaddunmentom ocHoBHOCTH. MX  cBoiicTBa

IPUBOJUTCS OINHCAaHUE OCHOBHBIX IIapaMeTpOB
JKCIIEPUMEHTOB.
HcxonHble KOMIIOHEHTHI U YCIIOBUS CUHTE3a:
1. Macca rugpokcuaa amtOMHHHS (PUKCH-
poBana u coctaiseT 200 I 17151 KaX10T0 OIbITA.

JIENal0T WX TOJIE3HBIMH B Pa3IUYHBIX POMBIII-
JICHHBIX U OBITOBBIX MPUIIOKECHHUSIX.

BrisiBieHO, 4TO BO BpeMsi OSKCIUTyaTaluu
aZICOpOCHTOB B WX COCTaBE MPOUCXOJUT HAKOII-
JIEHUE CIEAYIOIIMX OCHOBHBIX MPOIYKTOB XEMO-
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copouuun: NaCl, AlClz, AlICI3.6H20 u Bo3aMokHO
Alx(OH)nCI(6-n).  CooTHolllEHHE  YKa3aHHBIX
BEIIECTB BaPbUPOBAIOCH /IS KaX/I0T0 UCCIIeI0BaH-
HOTO aJcopOeHTa B JOBOJIBHO HIMPOKHX IMpeesax.
MaxkcuManbHOE  KOJMYECTBO  XJIOPCOJEPKALIUX
COCAMHEHUH aIFOMUHHUS, 00JIaIaI0IUX KOAaryIupy-
IOLUMH CBOMCTBaMHU, ObLIIO OOHAPYKEHO B COCTABE
orpabotanHblx Y3-AJl-1 u SAS-857. Ilpu
KOHTPOJIbHOM 3aMa4ylBaHUU ISATH MapajjiebHbBIX
npo0 KaXIOro U3 HCCIEAYeMBbIX 00paslioB B BOJE
i cinadomenoyHoM pactsope (pH=9), 6onee 50%
IpaHysl pa3pyllajuch, BCIEJICTBUE BBICOKOTO
COJIep’KaHUsl TUTPOCKONMHMYHBIX BelecTB. llpu
AQHAJIOTUYHOM TECTUPOBAHUM THUAPOIUTHYECKON
YCTOWYMBOCTU JAPYTUX OTPAOOTaHHBIX  aJICOp-
OCHTOB BBIXO/I LIEJIBIX TPaHy1 ObLI BhIIEe. LleneBpiM
MPOIYKTOM MepepabOTKU MCIIOIBb30BAHHBIX aICOP-
OCHTOB SIBIISIIOTCSI TPaHyJIbl, KOTOPBIE B IpOIECcCe
TEPMOXHUMHYECKOH 00pabOTKHM B 3HAYUTEIBHOMN
CTENEHN BOCCTAHABJIMBAIOT COPOIIMOHHYIO CIIOCO0-
HOCTb, COXpaHsis MEPBOHAYAIBHYIO C(HEepHUECKYIO
dopMy B MeXaHUYECKYIO MPOYHOCTH. [IpomMbIBHBIE
BOJIBI M OCAJIKU, TIOJyYEHHBIE B Mpoiiecce Moaudu-
Kalui aJicOpOCHTOB, OBUIM HCIOJB30BAHBI KaK
ChIpbE JUI TOJydeHus KoaryisHToB. Ilocie
otrnenenuss NaCl, MaTouHbIil pacTBOp ymnapuBaiu
JI0 HEO0OXOAUMOM IMJIOTHOCTH, a TBEPIbIE OCTATKH,
IPEJICTaBIISIIOIINE COOON OCKOJIKH I'paHyJl, CyIINIH,
u3Menpyanu u pactBopsian B 20%-noit HCl mpu
K:T=6:1 B Teuenue 3 4. PacTBop npuMeHsics JUist
JaNbHEHIINX 1eJe MoJy4eHHs BbICOKOOCHOBHBIX
KOaryJisiHToB [2].

PesynbTaTsl n ux 00cyxnenue. B npouecce
MIOJYYeHHUsT HOBBIX aJICOPOCHTOB BBISIBIIEHO, YTO
Oonblliee  KOJMYECTBO  MOJIE3HBIX  MOOOYHBIX
MPOIYKTOB MOXKET OBITh OJTYUYEHO U3 OTXO0/10B (IIpH
BBIOPAHHBIX YCJIOBUSX), OCTATOK COCTOUT U3 CMECH
OKCHJIOB aJIIOMHUHHS, MPEUMYIIECTBEHHO B TamMMa
dopme. [Momydyenune HOBOTO aacopbenta Y3-AJl-6
OCYIIECTBIISIIOCH B HECKOJBKO 3TallOB C y4YeTOM
HEpaBHOMEPHOCTH pPACHpEeAeTeHUS U XUMHUYECKHX
CBOMCTB aJcOpOMPYEMBIX BEIIECTB B OTpabOTaH-
HOM  azacopOente  Axstrap. Bomopon u
YTJIEBOIOPOABl B COCTaBE OYMIAEMOTO0 rasa ciado
CBSI3aHBl C MaTepHajoM ajicopOeHTa (B OCHOBHOM
¢buznueckas aacopOLusi) U JETKO BBITECHSIOTCS C
€ro MOBepXHOCTH NOJsipHbIMU MonekyinamMu HCl u
H20 B mporecce aacop6iuu. XemocopOIus, T.e.
aacopOIus ¢ o0pa3oBaHMEM HOBBIX XHMHUYECKUX

COG,Z[HHGHHfl, IIpoTCKajaa IIpu BBaHMOHeﬁCTBHH CcO
IICJIOYHBIMUA BCIICCTBAMU, a 3aTEM C THIPOKCUIAMU
AJIFOMHHHUA B COCTAaBE CBECXKEI'O az[cop6eHTa Axstrap

(puc.1).

Position [° 20]( Copper (Cu))

Puc. 1. Tlugppaxmozpammel oopa3zyoe na pasnvix
cmaouax npuzomoeaeHuss MOOUPUUUPOBAHHO20
aocopoenma Y3-A/l-6.

(D)-ompabomannwiii Axstrap-860; (2)-npomwvimoiii u
svicyuennwviil Axstrap-860; (3) - ceearcuti Ax-strap-860; (4)-
V3-AJ]-6.

MaxkcuMainbHas KOHLEHTpalus XJIOPHAOB
HaTpusi W aJIOMHMHHUS Habmojanach BO (pOH-
TaJbHOM CJIO€ TIPOMBILIUIEHHOTO ajcopbepa Hu
IIOCTETIEHHO CHMJKAJIACh JO IIOJIHOTO OTCYTCTBHS
AICI3 Ha Beixoze. [Ipu B3aumoaeiictBun 6éMuTta B
cocraBe cBexero aacopbenta ¢ HCL, a takxe NaCl
C MOBEPXHOCTHBIMH PEHTI€HOAMOP(HBIMH AJTFOMHU-
HaTaMd  HaTpusi  OOpa3yloTcs  XJOPUABI U
TUAPOKCOXJIOPHUABI amtoMunus (puc.l).

3akmouenue. ['myOokas nepepaboTka oTpa-
OOTaHHBIX aJICOPOEHTOB C MOJIyYEHUEM HOCUTENEH
U KOAryJsHTOB TpejacTaBiseT coOoi mepcrek-
TUBHOE HalpaBJeHUE B O0OJAaCTH YCTOWYUBOM
XMMHUYECKOM TexHoioruu. Paspabotka sddek-
TUBHBIX METOJIOB OCAXICHHUS U TepepadoTKu
MO3BOJISIET CO3[1aBaTh MaTepuaibl C 3aJaHHBIMU
CBOMCTBaMH U MOBBIIIEHHON (QYHKIMOHATBHOCTHIO,
B TOM UYHCJIE B YCIOBUSAX OYMCTKH ra30B U BOJI.

[IpoBenénnplie Mccaen0BaHus MOKA3ald, YTO
pa3paboTaHHBIE TEXHOJIOTUU TaKXe MO3BOJISIOT
HCIOJIb30BaTh MPOMBIIIJIEHHBIE OTXO/Ibl B KAYECTBE
HUCTOYHUKOB QJIIOMHMHHMS, IIOBBIIIAS PECYPCHYIO
¢ dexTuBHOCTh. AHaNU3 OTPaOOTaHHBIX aJICOP-
OCHTOB TOKa3aJl BO3MOXHOCTb MX BTOPHYHOU
nepepaboTKH € MOJYyYECHHEM  KadyeCTBEHHOIO
copOmonHoro Martepuana (Hampumep, Y3-AJl-6),
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Annotatsiya. Ushbu magolada elekir yoyli pechlar ishlash jarayonida elektr energiyas sifatiga salbiy
ta’sirlari va kuchlanish nosimmetriyasi hamda reaktiv quvvat oqimi tahlil qilinadi. Pechlar ish
faoliyatidagi uzZluksizlik va yugori haroratni ushlab turish ehtiyoji elektr energiyasining bargaror va
sifatli bo ‘lishini talab giladi. Shu sababli, tadqiqotning asosiy magsadi — tiristorli boshgaruv tizimida
tiristorlarning ochilish burchagini optimal tanlash orgali elektr energiyas sifatini oshirish va texnologik
Jjarayon samaradorligini ta’minlashdir. Bunda ochilish burchagi nofaol fazalardagi reaktiv quvvat
kompensatsiyasiga ta’sir etuvchi boshqaruv parametr sifatida olinadi va genetik algoritm (GA)
yordamida optimallashtiriladi. Modelda obyektiv funksiya sifatida reaktiv quwat ogimi, kuchlanish
nosimmetriyasi mezonlari gabul gilingan. Natijalarda optimal burchak tanlanganda tizimning elektr
energiya sifati ko ‘rsatkichlari sezilarli darajada yaxshilangani va kuchlanish nosimmetriyasi
kamayganligi ko ‘rsatildi.

Kalit so‘zlar: elektr yoyli pech, tiristor ochilish burchagi, elektr energiyas sifati, genetik algoritm,
kuchlanish nosimmetriyasi, reaktiv quwat, optimal boshgaruv, texnologik jarayon bargarorligi.

OIITUMAJIBHOE TUPUCTOPHOE YIIPABJIEHUE HA OCHOBE
I'EHETHYECKOI'O AJITOPUTMA B IYTI'OBbBIX QJIEKTPOIIEYAX

Paxmonoe Hxkpomorcon Yemanosuu Xonuxmamoe Baxpuooun bepou yznu
0.m.H., npogh., 3aeedyiouuil Kageopou 21eKmpocHabI’cenUs Accucmenma xagedpwr anexkmpocnabacenus Tawkenmckoeo
Tawkenmeko2o 20Cy0apcmeeno20 mexHU4ecko20 yHugepcumemd, 20cyoapcmeentoeo mexuuieckoeo ynueepcumema, Tawikenm,
Tawxenm, Y30exucman V3z6exucman

Annomayun. B OauHol cmamve paccmampusaiomcs He2amueHvle 6030€UCMBUs HA KAYecmeo
9NeKmpoIHepeUuU 8 npoyecce pabomul 21eKmpooy208biX neyel, d MmaKHce AHATUSUPYIOMCA HeCUMMEMPUSL
HAanpsCceHusl U NOMOKU peakmusHou mownocmu. Heobxooumocms obecneuenus nenpepuléHOU pabomol
neueti u N0OOEPAHCAHUsL BbICOKUX TMEMNEPAmMyp npeovseisem 6blCoKue mpedo8anus K cmaduibHoCmu u
Kauecmey 2]1eKmpoCHAOdCeHus. B cea3u ¢ smum OcCHOBHAs yenb uUccie008aHusi 3aKI0YAemcs 6
NOBbIUEHUU KAYecmea dNeKmpodHepeuu u obecnedeHuu 3QGekmueHocmu mexHoI02U4ecKko20 npoyecca
3a c4ém onmuManbHO20 8b100pa y2ina OMKPbIMUS MUPUCIIOPOS 8 CUCHEMe MUPUCOPHO20 YAPABIEeHUS.
Ilpu smom y2on1 omKpvimus UCNOIL3YEMCA 8 Kauecmee YNpasiaiowe20 napamempa, iusue20 Ha
KOMNEHCayulo pPeakmusHol MOWHOCMU 6 Hepabouux ¢haszax, u OnmumMusupyemcs ¢ nomMoubo
eenemuueckoeo aneopumma (I'A). B npeonosicennoti mooenu 6 kavecmee yenesol QYHKYUU NPuUHAmsl
Kpumepuu HnOMoOKO8 PeaKkmueHOl MOWHOCMU U HecuMMempuu Hanpaxcenus. Pezyromamoi
NOKA3bI8AI0M, YMO NPU 8b100pe ONMUMATLHO20 Yela OMKPLIMUS 3HAYUMENbHO VIYYAlomcs nokazame-
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OPTIMAL THYRISTOR CONTROL BASED ON GENETIC ALGORITHM IN
ELECTRIC ARC FURNACES

Rakhmonov | kromjon Usmanovich
Doctor of Technical Sciences, Professor, Head of the Department
of Electricity Supply, Tashkent State Technical University,

Kholikhmatov Bakhiddin Berdi ugli

Assistant of the Department of Electricity Supply, Tashkent State
Technical University, Tashkent, Uzbekistan

Tashkent, Uzbekistan

Abstract. This article examines the negative impacts on power quality during the operation of electric
arc furnaces, with a particular focus on voltage asymmetry and reactive power flows. The need to ensure
continuous furnace operation and maintain high temperatures imposes stringent requirements on the
stability and quality of power supply. Accordingly, the primary goal of this study is to improve power
quality and enhance the efficiency of the technological process by optimally selecting the thyristor firing
anglein a thyristor-based control system. In this context, the firing angle is used as a control parameter
influencing the compensation of reactive power in non-working phases, and is optimized using a genetic
algorithm (GA). In the proposed model, the objective function incorporates criteria related to reactive
power flows and voltage asymmetry. The results demonstrate that selecting an optimal firing angle
significantly improves the system’s power quality indicators and substantially reduces voltage
asymmetry.

Keywords: €electric arc furnace, thyristor firing angle, power quality, genetic algorithm, voltage

asymmetry, reactive power, optimal control, stability of the technological process.

Kirish. Elektr yoyli pechlar (EYP)
metallurgiya sanoatida keng go‘llaniladigan yuqori
quvvatli qurilmalardan bo‘lib, ular intensiv elektr
energiyasi iste’moli orgali metall eritish vazifasini
bajaradi. Ularning ish regjimi yuklamaning yuqori
o‘zgaruvchanligi, impuldilik va notekis fazaviy
tagsimoti bilan gralib turadi. Aynan mana shu
fazalar bo‘yicha yuklamaning notekisligi sababli
elektr ta’minot tizimida kuchlanish nosimmetriyasi,
nolinchi tok ogimi, umumiy garmonik buzilish
kabilar paydo bo‘ladi. Bu esafagat elektr energiyasi
tizimiga emas, balki pechning o‘z ish faoliyatiga
ham sabiy ta’sir ko‘rsatadi — texnologik jarayon
uzluksizligi buziladi, solishtirma energiya sarfi
ortadi va uskunalarning ishonchliligi pasayadi.

Ushbu muammoni bartaraf etish uchun
tizimda fazalardagi yuklamani balanslashtirish,
ya'ni har bir fazadagi reaktiv quvvat ogimini
boshgarish zarur. Shu magsadda tiristorli bosh-
qaruvga ega kompensatsiya tizimlari qo‘llaniladi.
Tiristor orgai har bir fazaga kondensatorni fagat
kerak bo‘lgan vagtda ulanadigan qilib sozlash orgali

fazalardagi reaktiv quvvatni tenglashtirish, ya’ni
kuchlanish nosimmetriyasini kamaytirish mumkin
bo‘ladi.

Birog real sharoitda yuklama tez-tez va
noma’lum tarzda o‘zgarib turadi. Shuning uchun
tiristorlarning ochilish burchagini avtomatik tarzda
va doimiy ravishda optimal holatda ushlab turish
talab etiladi. Ushbu tadgiqotdaaynan shu boshgaruv
muammosigayechim sifatidagenetik algoritm (GA)
taklif etiladi. GA yordamida ochilish burchagi
tanlanadi va bu orgali kuchlanish nosimmetriyasi,
reaktiv quvvat fargi va THD kabi energiya sifatini
aniglovchi mezonlar minimallashtiriladi. Taklif
etilgan yondashuv natijasda EYP ishlash bar-
garorligi, energiya samaradorligi va elektr tar-moq
sifati oshishi kutilmogda. Tizimga rea vaqtli
avtomatik boshqaruv imkoniyatini qo‘shish orqali
texnologik jarayonlar uzluksizligini ta’min-lash
mumkin bo‘ladi.

Adabiyotlar tahlili vametodlar. EY P sanoat
elektr tarmoqlarida kuchlanish sifati bilan bog‘liq
muammolar, xususan kuchlanish nosimmetriyas,
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resktiv. quvvat muvozanatsizligi va yuqori
garmonikalarni keltirib chigaradi. Buning sababi —
uch fazali yuklamaning o‘zgaruvchan va nomu-
tanosib xarakterga ega bo‘lishidir. Aynan shu
muammo tarmoqda kuchlanishning simmetrik bo‘l-
magan shaklda targalishiga olib keladi.

Griinbaum va Pernoto‘z ishlarida SVC va
STATCOM qurilmaarini EYP lar tomonidan
chagirilgan nosimmetriklik va kuchlanish silki-
nishlarini bartaraf etishda samarali deb topishgan.
Aynigsa STATCOM qurilmasi tezkor javob berish
imkoniyati orgali kuchlanishni real vagt rgimida
muvozanatga keltirishda yuqori natijalarni bergan.
Ularning natijalariga ko‘ra, tarmoq sifati 35-40% ga
yaxshilangan [1].

Shunga o‘xshash tarzda Yazdani va boshqalar
tomonidan taklif etilgan STATCOM uchun nolinear
nazorat strategiyasi kuchlanishning RMS giyma-
tidagi tebranishlarni kamaytirgan. Simulyatsiya
natijalari asosida, kuchlanish nosimmetriyasini
barqarorlashtirishda STATCOM qurilmasi sezilarli
darajada ta’sir ko‘rsatgani tasdiqlangan [2].

Kashani va Babaei o°‘z izlanishlarida EYP
samaradorligini oshirishda SVC va STATCOM
qurilmalarining qo‘llanishini amaliy jihatdan asos-
lashgan. Ular kuchlanish nosimmetriyasini 27%
gacha kamaytirganlarini tajriba natijalari bilan
ko‘rsatishgan [3].

D-STATCOM qurilmasining qo‘llanilishi
ham ilmiy adabiyotlarda keng o‘rganilgan. Masalan,
Alzate va Escobar elektr yoyli pechlardan kelib
chigadigan kuchlanish nosimmetriyasi, nolinchi tok
va garmonikalarni D-STATCOM orgali kamay-
tirish mumkinligini ko‘rsatgan. Ularning natijalari
RMS kuchlanish o‘zgarishini 18% dan 4.7% gacha
kamaytirgan [4].

Shunday qilib, adabiyotlar tahlili shuni ko‘r-
satadiki, EYP larda kuchlanish nosimmetriyasini
kamaytirish bo‘yicha turli qurilmalar (STATCOM,
SVC, D-STATCOM) vayondashuvlar (fuzzy logic)
ishlatilgan. Lekin ularning ko‘pchiligi doimiy yoki
yarim-moslashuvchan  sharoitlar uchun mo‘l-
jalangan. Elektr tizimining real vaqgtli, keskin
o‘zgaruvchan yuk sharoitlarida maksimal barqa-
rorlikni ta’minlash uchun tiristor ochilish bur-
chagini GA orqali optimallashtirish — dolzarb va
yuqori aniglikdagi yechim hisoblanadi.

Metodologiya. Ushbu tadgigotning asosly
magsadi — elektr yoyli pech tizimida yuzaga

keladigan kuchlanish nosimmetriyasini kamaytirish
orgali elektr energiyasining sSifatini oshirish va
tizimning energetik samaradorligini yaxshilashdan
iborat. Buning uchun har bir ishchi bo‘lmagan
fazaga kondensatorlar ulangani holda, ularning
ulanishi tiristorlar orgali boshqariladi.
Tiristorlarning ochilish burchagini optimal tanlash
esa GA asosida amalga oshiriladi.

EYP zamonaviy metallurgik ishlab chigarish
tizimlarining ajralmas qismi bo‘lib, ular kuchli
o‘zgaruvchan uch fazali yuklama sifatida ishlaydi.
Ushbu pechlar fazalar bo‘yicha tok va kuch-
lanishlarning nomutanosib tagsimlanishiga sabab
bo‘ladi. Bu, o‘z navbatida, elektr tarmog‘ida
kuchlanish nosimmetriyasini yuzaga keltiradi. EY P
tizimida bu nosimmetriya quyidagi sabablarga
asodlanadi: har bir fazadagi tokning giymati va
yo‘nalishi vaqt davomida keskin o‘zgarib turadi;
ishlov berilayotgan metallning elektr o‘tkazuv-
chanligi, harorati vafizik xossalari fazalar bo‘yicha
farglanadi; elektromagnit induktsiyaning notekidligi
esa magnit maydonlarni fazaviy nomutanosib
holatga keltiradi. Bu sharoitlarda pechlar “nolinchi
sistemasiz yuklama” sifatida namoyon bo‘ladi va
fazalar bo‘yicha reaktiv quvvat oqimi keskin farq
giladi. Bunday tizimdagi kuchlanish nosim-
metriyasi to‘g ri, teskari va nol ketma-ketlik tashkil
etuvchilari asosida aniglanadi:

U1=§-(UA+a-UB+a2-UC)

U2=§-(UA+a2-UB+a-UC) (1)
1
Uy :5'(UA+UB+UC)
kyy = 2-100% vaky = =2-100%  (2)
U1 U1

Agar usbu koeffitsient giymati 2-4% dan
oshsa, bu elektr energiyasi sifatining sezilarli
pasayganini  bildiradi. Ushbu nosimmetriyani
bartaraf etish uchun tadgiqot doirasidahar bir ishchi
bo‘lmagan fazaga kondensatorlar ulangani holda,
ularning ulanishi tiristorlar orgali tartiblanadigan
boshgaruv qurilmasi  taklif etiladi. Har bir
tiristorning ochilish burchagi a orgai fazadagi
reaktiv quvvat tagsimoti boshgariladi. Kondensator
quvvati va tiristorning ochilish burchagi orasidagi
bog‘liglik quyidagi formula yordamida aniqlanadi:

Q. = K—ZL E ((n —a) (2 + cos2a) +§-sin2a>] (3)

Yuqorida bayon etilgan usul orgali EYP
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tizimidagi kuchlanish nossmmetriyas fazaviy reak-
tiv quvvat muvozanatini boshgarish orgali kamay-
tiriladi. Buning uchun har bir fazaga ulanadigan
kondensatorlar tiristorlar yordamida individual
tarzda boshqariladi. Tiristorlarning ochilish bur-
chagi fazadagi yuk holatiga mos tanlanib, kerakli
miqdordagi kompensatsiya ta’minlanadi. Ushbu
burchaklar genetik agoritm asosida optimal-
lashtiriladi va elektr energiya sifati ko‘rsatkichlarini
yaxshilashga xizmat qiladi.

Natijalar. Elektr yoyli pech (JCII-30) da
metallni eritish jarayoni davomida ishchi fazadagi
yuklanish va shuningdek, fazalar bo‘yicha kuch-
lanishlar keskin dinamik o°‘zgarishga uchraydi.
Jarayonning o‘zgaruvchan tabiati sababli har bir
vaqt momentida ishchi faza o‘zgaradi, hamda unga
mos ravishda reaktiv quvvat sarfi va kuchlanishlar
fargi vujudga keladi. Aynan ushbu jarayonni faza-
lararo kuchlanish nosimmetriyasini kamaytirish va
energiya sifatini yaxshilash magsadida boshgarish
talab etiladi. Buning uchun GA algoritm orqgali
optimal ochilish burchaklari tanlanadi.

Jarayonning real fizik xususiyatlarini model-
lashtirish uchun quyidagi bosgichlar asosidaish olib
borildi:

- 1ishchi faza real vaqt davomida o‘zgaradi
(fazalar A, B, C bo‘ylab siklik ravishda
amashadi).

- har bir vagt momentida ishchi fazadagi
reaktiv quvvat sanoat amaliyotiga mos
tarzda belgilanadi.

- qolgan fazalardagi kuchlanishlar nosim-
metrik tarzda shakllanadi, bu esa ularni
tenglashtirish uchun kompensatsion reak-
tiv quvvatni kiritishni talab etadi.

Quyidagi jadvalda eritish jarayonining
ma’lum vagqtlaridagi ishchi faza reaktiv quvvati va
barcha fazalardagi kuchlanishlar keltirilgan. Ushbu
ma’lumotlar keyingi bosqichda GA algoritmga
kirish ma’lumotlari sifatida ishlatiladi.

1-jadvalda keltirilgan ishchi fazadagi reaktiv
quvvat vafazalardagi kuchlanishlar asosida keyingi
bosgichda har bir vagt momentida qolgan fazalarga
ganday kompensatsion reaktiv quvvat Kiritish
kerakligi hisoblab chiqildi.

Eritish jarayonining fizik xususiyatidan kelib
chigib, ishchi faza va uning kuchlanish giymati
jarayon davomida dinamik tarzda o‘zgaradi.
Shuning uchun bu kuchlanish gat’iy etalon sifatida

olinmaydi, balki har bir optimallashtirish siklida
real vaqtda o‘lchanadi va shu o‘lchangan qiymatga
asoslangan holda kompensatsiya hisoblanadi.

1-jadval
Reaktiv quvvat va kuchlanish o ‘zgarishi
Vaqt, I shchi Qsf | Ua,V | U,V | Uc,V
min faza
1 A 6000 | 320 410 425
5 B 5800 | 400 340 420
10 C 5500 | 410 400 330
15 A 5000 | 315 405 420
20 B 4700 | 395 335 415
25 C 4500 | 405 390 325
30 A 4200 | 310 400 410
35 B 4000 | 390 330 405
40 C 3700 | 400 395 335
45 A 3400 | 305 395 405

Ya’ni, har bir vagt momentida ishchi fazadagi
hozirgi kuchlanish giymati Uis, tizim uchun joriy
magsadli kuchlanish nuqtasi sifatida ishlatiladi.
Qolgan har bir fazadagi kuchlanish U; (i = A, B, C)
o‘Ilchanadi va quyidagi tarzda har bir faza uchun
kuchlanish farqgi aniglanadi:

AU (t) = U (t) — Ui (D) 4

Har bir fazaning kuchlanish fargiga asos-
langan holda kerakli kompensatsion reaktiv quvvat
quyidagicha hisoblanadi:

Qkom,i(t) = AUi(t) *Lhom (5)

Bu yerda: U, (t) — hozirgi vagt momentida
ishchi fazadagi kuchlanish; U;(t) — hozirgi vaqt
momentida qolgan fazadagi kuchlanish; lnom —
fazaviy nominal tok.

Hisoblangan kompensatsion resktiv quvvatlar
keyingi bosqichda GA algoritmga kirish ma’lu-
motlari sifatida beriladi. GA esa ushbu giymatlarga
mos ravishda tiristor ochilish burchaklarini optimal
tarzda aniglaydi va natijada tizimga kerakli reaktiv
quvvat yetkaziladi. Shu orgali GA algoritmning red
vagt boshgaruvdagi samaradorligi va energiya
sifatini yaxshilashga qo‘shgan hissas baholanadi.

GA agoritmi ishlashida tiristorlar uchun
ochilish burchaklari quyidagi oraliqda belgilandi:

ai € [0°90°] i=A, B, C) (6)

Bu cheklov sanoatdagi tiristor boshgaruv
tizimining texnol ogik imkoniyatlariga mos ravishda
tanlangan bo‘lib, burchakning 0° qiymatida
maksimal reaktiv quvvat hosil qilinadi, 90° da esa
reaktiv quvvat nolga yaginlashadi.

GA yondashuvining asosiy ustunligi shun-
daki, u murakkab, nochiziqli va o‘zgaruvchan
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jarayonlar uchun samarali  optimallashtirish
imkonini beradi [5]. Elektr yoyli pechda esa
kuchlanish va reaktiv quvvatlarning bog‘lanishi va
o‘zgarishi yuqoridagi xususiyatlarga ega. GA
algoritmda optimallashtirish jarayonining muvaf-
fagiyatli bajarilishi uchun mos fitness funksiyani
tanlash juda muhim ahamiyatga ega. Ushbu ishda
tiristorlar orgali boshgariladigan kompensatsion
reaktiv quvvat miqdorlarini va fazaviy kuchlanish
nosimmetriyasini minimal darajaga tushirish asosiy
magsad qilib belgilanadi.

Fitness funksiya. GA da optimallashtirish
magqgsadi sifatida quyidagi ko‘p maqgsadli fitness
funksiya tanlandi:

N 2
J(0a,05,00)=0, *K 240, * i pc (Qi(‘gﬂ * 100%) (7)

GA algoritmi asosida optimal tiristor ochilish
burchaklari tanlanadi. Har bir vagt momentida
algoritmning magsadi kuchlanish nosimmetriya
koeffitsienti va fitness funksiyasi giymatini mini-
mallashtirish hisoblanadi [6]. Tanlangan o bur-
chaklar kombinatsiyasi tizimda kuchlanish nosim-
metriyasini va reaktiv quvvat xatoligini samarali
ravishda minimallashtirishga imkon berdi.

Natijalarining chuqur tahlili uchun fazaviy
kuchlanish nosimmetriya koeffitsienti va fitness
funksiyasining vaqt bo‘yicha o‘zgarishi grafigi
qurildi. Grafikdan ko‘rinib turibdiki, GA algoritmi
asosida tanlangan optimal tiristor ochilish bur-
chaklari kombinatsiyasi orgali Ky giymati 2-2.4%
diapazonida ushlab turilgan. Shu bilan birga, fitness
funksiyasi giymati J ham 0.027-0.035 oralig‘ida
bargaror past giymatlarda saglanmoqgda (1-rasm).

2-jadval
Minimallashtirish funksiyas giymatlari
Vaqt, | Ishchi Qisn, 0, (®) a2, ®) | Ky J (fitness
min faza kVAr (%) | funksiya
giymati)
1 A 6000 70 60 2.25 0.032
5 B 5800 65 55 2.10 0.028
10 C 5500 50 60 2.40 0.035
15 A 5000 55 50 2.20 0.030
20 B 4700 55 55 2.15 0.029
25 C 4500 52 57 2.35 0.031
30 A 4200 58 54 2.18 0.030
35 B 4000 60 52 2.12 0.027
40 C 3700 55 58 2.22 0.032
45 A 3400 62 56 2.20 0.031

Ushbu natijalar kuchlanish simmetriyasini
saglash va reaktiv quvvatning magsadli giymat-
lariga optimal yaginlashish jarayonining muvaf-
fagiyatli amalga  oshganligini isbotlaydi.
Bu esa GA algoritmining elektr energiyas sifati va

tizimning bargaror ishlashini ta’minlashdagi yuqori
samaradorligini ko‘rsatadi.

1-rasm. GA optimallash natijalari bo ‘yicha
qiymatlarning o ‘zgarish grafigi.

Xulosa. Ushbu tadgiqot natijasida elektr yoyli
pechlar (JICIT-30) ning ishlash jarayonida yuzaga
keladigan fazaviy kuchlanish nosimmetriyasi va
reaktiv quvvat balanssizligi masalaari GA asosida
optimal boshgaruv usullari yordamida samarali hal
etilishi ko‘rsatildi. Tadgiqot davomida fazalar
bo‘yicha real olingan kuchlanish va reaktiv quvvat
ma’lumotlari asosida GA algoritmi ishlab chiqildi
va optimal tiristor ochilish burchaklari « tanlandi.
Natijada:

-~ kuchlanish nosimmetriya koeffitsienti
kompensatsiyadan oldingi holatga nis-
batan sezilarli darajada kamaytirildi;

- reaktiv quvvat tagsimoti magsadli qiy-

matga yaqginlashtirildi.

Shuningdek, GA agoritmi asosida K, va
fitness funksiyasi J ning vaqt bo‘yicha barqaror past
giymatlarda saglanishi isbotlandi, bu esa tizimning
energiya sifati va uzluksiz ishlashini yaxshilashga
xizmat qiladi.

Olib borilgan ish natijalari asosida, EYP
tizimlarida GA asosida optimal tiristor boshgaruvi
orgai fazalardagi kuchlanish simmetriyasini
samarali nazorat qgilish imkoniyati mavjud ekanligi
aniglandi va bu yondashuv amaliy ekspluatatsiya
sharoitlarida ham joriy etilishi mumkin.

KIMYOVIY TEXNOLOGIYA VA QURILISH
XUMHNYECKAS TEXHOJIOI'USI 1 CTPOUTEJBCTBO
CHEMICAL TECHNOLOGY AND CONSTRUCTION

www.srt-journal.uz

198


http://www.srt-journal.uz/

SANOATDA RAQAMLI TEXNOLOGIYALAR (E) ISSN: 3030-3214
OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH Volume 3, Ne 3
DIGITAL TECHNOLOGIESIN INDUSTRY 2025

FOYDALANILGAN ADABIYOTLAR RO‘YXATI

1. Griinbaum, R., & Pernot, J. (2008). SVC and STATCOM for grid disturbance mitigation from
electric arc furnaces. Metallurgical Research & Technology.
https.//www.cambridge.org/.../2E3064A482516A CC576AA55257D735E9

2. Yazdani, A., et al. (2009). An improved nonlinear STATCOM control for electric arc furnace
voltage flicker mitigation. |IEEE Transactions on Power Delivery.
https:.//scholarsmine.mst.edu/.../1665

3. Kashani, M.G., & Babad, S. (2013). SVC and STATCOM application in Electric Arc Furnace
efficiency improvement. |IEEE PEDSTC.
https.//www.academia.edu/.../SVC_and STATCOM _application_in_EAF

4. Alzate, A., & Escobar, A. (2011). Application of a D-STATCOM to mitigate arc furnace power
quality problems. IEEE PowerTech. https:.//ieeexplore.ieee.org/document/6019382

5. Rakhmonov I.U., Kholikhmatov B.B., llyasov A.P. Genetic algorithms as a method of global
optimization: possibilities and limitations // Universum: TeXHHYECKHE HAYKH : JIEKTPOH. HAYYH.
KypH. 2024. 11(128).

6. PaxmonoB M1.VY., XomuxmaroB b.B., Caunaxomkaes A.I'. Micrionb30oBaHE TeHETUIECKOTO AJITOPUTMA
U CHMIKCHUA HCECHUMMCTpPUHU HaHp}I)KeHI/Iﬁ B OYIOBbIX II€4ax // Me)KI[yHapOI[HHﬁ Hay‘lHLIﬁ
xypHan “Uurepnayka” Ne43 (360), Hos0ps 2024.

KIMYOVIY TEXNOLOGIYA VA QURILISH www.srt-journal.uz
XUMUWYECKAS TEXHOJIOTUS 1 CTPOUTEJIBCTBO
CHEMICAL TECHNOLOGY AND CONSTRUCTION 199


http://www.srt-journal.uz/
https://www.cambridge.org/.../2E3064A482516ACC576AA55257D735E9
https://scholarsmine.mst.edu/.../1665
https://www.academia.edu/.../SVC_and_STATCOM_application_in_EAF
https://ieeexplore.ieee.org/document/6019382

SANOATDA RAQAMLI TEXNOLOGIYALAR (E) ISSN: 3030-3214
OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH Volume 3, Ne 3
DIGITAL TECHNOLOGIESIN INDUSTRY 2025

YENGIL SANOAT TARMOQLARI
JIET'KAS ITPOMBIIIJIEHHOCTbD
LIGHT INDUSTRIES
UO‘K: 543.42:546.82:543.3 42 10.70769/3030-3214.SRT.3.3.2025.20
DURABILITY ENHANCEMENT OF LIGHT INDUSTRY MACHINERY
COMPONENTS THROUGH ADVANCED COMPOSITE MATERIALS
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Abstract. This research investigates the mechanical and tribological performance of four distinct types
of composite materials under controlled deformation and operational conditions. Key properties such as
tensile stressresistance, elastic recovery, thermal stability, and wear rate were systematically measured
and analyzed. Using a combination of theoretical modeling, stress-strain graphical interpretation, and
empirical observations through microscopic examination, the study offers a comparative evaluation
across different loading configurations. The resultsindicate that specific composite variants—especially
those reinforced with fibers or polymer matrices—exhibited exceptional durability, resistanceto dynamic
stress, and adaptability to high-speed and high-temperature industrial environments. Furthermore, the
findings underscore the potential of advanced composite solutions to replace traditional metallic
materials, significantly extending the operational life of critical componentsin light industry machinery.
This study contributes to the optimization of material selection and design in engineering applications,
offering a practical basis for further innovations in the manufacturing and maintenance of durable
machine e ements.

Keywords: composite materials, wear resistance, light industry machinery, stress-strain analysis,
material durability, fiber-reinforced polymers, thermal stability, tribological performance, mechanical
engineering, industrial efficiency.

HOBBIIIEHUE MNPOYHOCTHU KOMITIOHEHTOB OBOPYIOBAHUA
JETKOHN MPOMBIIIJIEHHOCTH C HCITIOJIb30BAHUEM
COBPEMEHHBIX KOMITO3UTHBIX MATEPHUAJIOB
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N P . Maxxamoe Aneap Habuxcanoe Mup3zaoex
Hloxcanam @axpuooun Jlonuépoex baxmuép
Myxamamxonosuy Myxammaocoouk yznu
Kus3u yeau
PhD. Hamaneanckuii Hoxmopanm Hamaneanckoeo DSc. Ilpog., Hamaneanckuil Cmyoenm PhD, Hamanzeanckuii
20Cy0apCcmeeHHblll MeXHUYeCKull 20¢y0apcmeeHH020 MEXHUYECKO20 20CY0apCmeeH bl MeXHUYeCKULl 20CY0apCcmeeHHblll IMeXHUYeCKULl
yHugepcumenm, YHUBepcumema, YHugepcumenm, YHUBepcumen,
Hamanean, ¥Y36exucman Hamanean, ¥Y36exucman Hamanean, Ysbexucman Hamanean, Yzbexucman

Annomauun. Jlannoe ucciedo8anue NOCEAUWEHO UYUEHUIO MEXAHUYECKUX U MPuboiocudecKux
XapaxKmepucmux 4emvlpéx 6u008 KOMNOZUMHBIX MAMepuanos, UCHLIMAHHBIX 6 KOHMPOJIUPYeMbLX
yenosusx Oegpopmayuu u  Haepysku. bBoliu usmepenvt maxue napamempwvi, KAk CONPOMUBLEHUE
pacmsidiceHuro, Ynpyauil 8036pam, mepmMOCMOUKOCms u cmenenv usznoca. CpasHumenbHbulll aHanu3
NPOBOOUNCSL C NPUMEHEHUEM Meopemudecko20 MOoOeIUpoOBaHuUs, UHMepnpemayuu  Oudepamm
«HanpsiceHue—Oehopmayusy U MUKPOCKONUYECKUX Habmooenut. Pezynomamer noxazanu, umo
omoenbHble BAPUAHMbL  KOMNO3UMOS, O0COOEHHO apPMUPOBAHHbIE GOJOKHAMU U  NOJUMEPHLIMU
mampuyamu, o61a0arom 6blCOKOU 00J1208€YHOCMbIO, YCMOUYUBOCMbIO K OUHAMUYECKUM HA2PY3KAM U
nPU2OOHOCMbIO OJisL IKCNILYAmayuu 8 YClo8UsX 8blCOKUX ckopocmell u memnepamyp. Hccnedosanue
HOOUEPKUBAEn NOMEHYUAN COBPEMEHHBIX KOMNO3UMO8 KAK 3P@DeKkmuenoll 3amenbl mpaouyuoHHbIX
MEMAINUYECKUX MAmMepuanios, Ymo cnocooCmeyem yeeuiudeHuto cpoka Cayicovl pabouux 21emMeHmos
obopyoosanus. Paboma umeem npaxmuueckyio yenHHocmv O0Jis1 paspabOmKu U NPUMEHEHUS. HOBbIX
UBHOCOCOUKUX MAMEPUANO8 8 MAUUHOCMPOCHUU, OCODCHHO 8 NESKOU NPOMbBIULIEHHOCHIU.

Kniouesvle cnoea: KoMnosuyuouHvie Mamepuaivl, UZHOCOCMOUKOCMb, 000py008anue J1é2Kou
NPOMBIULIEHHOCMU, AHATIU3 HANPSNCEHUI U 0ehopmayull, 001208€4HOCIb MAMEPUALO8, APMUPOBAHHBLE
BOJIOKHAMU — NOJIUMEDbL,  MePMUYECKas CMAabdUuIbHOCMb,  MpuboIocudecKue  XapaxKmepucmuKi,
MAWUHOCMpOeHue, NPOMbIULTIEHHASL P PEeKMUEHOCb.

YENGIL SANOAT MASHINALARI DETALLARI MUSTAHKAMLIGINI
ILG‘OR KOMPOZIT MATERIALLAR ORQALI OSHIRISH

Dadamirzayev

I momaliyeva Shohsanam . . Maxkamov Anvar Nabijonov Mirzabek
e Doniyorbek Baxtiyor . .
Faxriddin qiz o i Muxamatxonovich Muxammadsodiq o‘g‘li
o‘glr
PhD. Namangan davlat texnika Namangan daviat texnika DSc. Namangan daviat texnika Namangan daviat texnika
universiteti, universiteti doktoranti, universiteti, universiteti PhD talabasi,
Namangan, O ‘zbekiston Namangan, O ‘zbekiston Namangan, O ‘zbekiston Namangan, O ‘zbekiston

Annotatsiya. Ushbu tadgigot to‘rtta turdagi kompozitsion materiallarning deformatsiyalangan
sharoitlarda va turli ish yuklamalarida ko ‘rsatgan mexanik va tribologik xususiyatlarini chuqur
o ‘rganadi. Tajriba davomida tortilishga chidamlilik, elastiklik, issiglikka bargarorlik va yeyilish darajasi
kabi muhim parametrlar aniglanib, grafik va mikroskopik tahlillar asosida solishtirildi. Olingan
natijalar shuni ko ‘rsatdiki, ayrim zamonaviy tolali yoki polimer asosli kompozitsiyalar yuqori tezlikda
ishlaydigan hamda yuqori haroratga bardoshli detallar uchun optimal yechim hisoblanadi. Tadgigotdan
kelib chiqggan holda, an’anaviy metall materiallar o ‘rniga zamonaviy kompoztlarning samarali
ishlatilishi nafagat detalning ishlash muddatini uzaytiradi, balki mashinasozlikda texnologik
ishonchlilikni ham oshiradi. Ushbu ish yengil sanoat mashinalarida mustahkam va yeyilishga chidamli
detallarni loyihalash va ishlab chigarishda ilmiy-amaliy asos yaratadi.

Kalit so‘zlar: kompozit materiallar, yeyilishga chidamlilik, yengil sanoat uskunalari, kuchlanish-
deformatsiya tahlili, materialning mustahkamligi, tolali armaturalangan polimerlar, issiglikka
bargarorlik, tribologik samaradorlik, mexanik muhandislik, sanoat samaradorligi.

Introduction. In recent years, the continuous | demand for enhanced performance and prolonged
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service life of machinery components in the light
industry has stimulated intensive research into
advanced material technologies. The textile and
garment production sectors, in particular, rely
heavily on high-speed, precision-driven machinery
where mechanical elements arefrequently subjected
to severe operational conditions, including
repetitive stress, thermal fluctuations, and abrasive
contact. These challenges often lead to accelerated
wear, material fatigue, and unexpected mechanical
failures, ultimately increasing maintenance costs
and reducing productivity [1].

Composite materials have emerged as a
strategic solution to these issues, offering a unique
combination of tailored mechanical strength, low
density, therma resistance, and enhanced
tribological performance. Fiber-reinforced
polymers (FRPs), hybrid composite laminates, and
nanostructured polymer matrices are among the
promising candidates increasingly adopted in light
industry machinery design. These materials can be
engineered to meet specific  functional
reguirements, enabling asignificant improvementin
durability without compromising structural integrity
or increasing system weight [2, 3].

Materials and Methods. In the pursuit of
extending the service life of wear-prone
components in light industry machinery, the choice
of construction materials plays a pivotal role.
Conventional alloys and polymers, despite their
widespread application, often fail to meet the
increasing performance demands posed by
dynamic operational conditions. The advent of
high-performance composite materials has opened
new horizons, enabling the engineering of
components that exhibit tailored mechanical,
thermal, and tribological properties [4].

Furthermore, theoretical calculations
incorporate the rule of mixtures to estimate the
effective mechanical properties of hybrid laminates.
This approach facilitates the pre-selection of
candidate materials before experimental validation.
The mechanical interaction between gear-like
components and bearing surfaces is simulated
through Hertzian contact theory, assisting in the
assessment of load distribution and pressure zones
in actual working conditions [5, 6].

The following engineering materials were
selected for performance comparison based on their
prevalence in light industry machinery and their

known tribological characteristics:

- Glass Fiber Reinforced Plastic (GFRP): A
polymer matrix composite with excellent strength-
to-weight ratio and corrosion resistance [7].

- Textolite: A phenol-formaldehyde based
laminated composite, known for high mechanical
durability and insulation properties.

- Hardened 40X Stedl: Medium-carbon alloy
stedl heat-treated for enhanced hardness and fatigue
resistance.

- Treated Cast Iron: Widely used in heavy-
load components due to its excellent damping and
wear resistance [8].

- Tribological Modeling and Theoretical
Basis.

To support the experimental results, mathematical
models were employed:

- Archard’s Wear Law:

V=(K*F*s)/H Q)

where V is the worn volume, K is the wear
coefficient, F is the normal load, s is the diding
distance, and H isthe material hardness.

- Hertzian Contact Stress:

omax = V(6F/ma?) 2)

estimates maximum stress at contact points,
especialy at the root of gear teeth.

- Basquin’s Law for Fatigue Life:

6 =c't (2N)° 3

links fatigue strength to the number of loading

cycles.
- Thermal Expansion Equation:
AL=axLoxAT (4)
evaluates dimensiona changes due to
temperature.
- Frictional Force Equation:
F=uxN ()

where p is the coefficient of friction and N is
the normal |oad.

- Dynamic Load on Rotating Systems:

Fe=mxrxo? (6)

used to model centrifugal forces in rotating
parts.

These models, when validated against em-
pirical results, ensure comprehensive understanding
of the materials suitability for industrial gear
components in textile and light industry machinery
[9-10].

Resultsand Discussion. Composite materials
such as GFRP and textolite show superior wear
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resistance. The following figures represent finite
element analysis (FEA) results for gear stress,

deformation, and displacement under load
conditions,
e
|“ 41 -
N
Figure 1. von Mises Stress Distribution (Max:

904.9 MPa).
Anaysis. Maximum stress is concentrated at
the gear root, indicating high-risk zones for crack
initiation under cyclic loading [11].

iE:

Figure 2. Static Strain Analysis (Max: 0.0000032
mm).

Analysis: Minimal strain demonstrates high
rigi difpy_ and confirms structura stability of the gear.

Figure 3. Displacement Distribution (Max:
0.00009967 mm).

Analysis. Extremely
suggests negligible  deformation
dimensional stability [12].

low displacement
and high

Figure 4. Displacement Distribution (Max:
0.0001022 mm).

Anaysis: Confirms uniform deformation
underwlhoad, gear remains within elastic limits [13].

M~
Figure 5. Design Insight Volume (Load Area:
2.95%).
Analysis. Optimization possible by reducing
material in low-stress areas to minimize weight.

L

Figure 6. Secondary von Mises Stress Plot (Max:
862.5 MPa).

Anaysis: Stress is dightly reduced, but root
areas remain the most vulnerable under loading.
Diagram Descriptions and Associated
Materials
This document contains the trandated table
and a brief analysis of the best material based on
stress, strain, and displacement characteristics [14].
Table1

Material Evaluation

Performance Indicators and
Analysis

High stress (904.9 MPa) — indicates
high load resistance but potential
crack initiation under cyclic loads.

Material

Hardened 40X Steel

Textolite Extremely low strain (0.0000032
mm) and moderate stress (862.5
MPa) - offers excellent rigidity and
structurd stability.

GFRP Very low displacement

(0.00009967 mm) — retains
dimensional stability well under
dynamic loads.

Only 2.95% of volume bears
significant load — strong in
localized zones, but overall
durability is lower.

Based on the analysis of stress, strain, and

Treated Cast Iron
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displacement data, the material that demonstrates
the best combination of durability and stability is
“Textolite”. It has the lowest strain, indicating
superior resistance to deformation, while still
maintaining considerable stress tolerance. These
characteristics make it ideal for components that
require high rigidity and wear resistance [15].
Conclusion. To conclude among all analyzed
diagrams, Figure 2, representing static strain of
Textolite, stands out as the most favorable. Its
exceptionally low strain value confirms minimal
elastic deformation and high structural reliability.
Overal, composite materials such as Textolite and

GFRP perform better in terms of deformation
resistance and operational

Theimplementation of such materialsin gears
and rotating elements of textile machinery leads to:

- Reduced wear and maintenance frequency;

- Improved equipment service life;

- Decreased production downtime;

- Enhanced sustainability through lighter and
durable components.

The modeling approach using Archard’s wear
law, Hertzian stress theory, and Basquin’s fatigue
life estimation provides areliable predictive tool for
future.
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Annotatsiya. Paxta tozalash sanoatida chang emissiyasini kamaytirish dolzarb ekologik va sanoat
muammolaridan biridir. Ushbu tadgigotda elektrostatik chang ushlash texnol ogiyalarining (ESP) paxta
tozalash korxonalarida qo ‘llanish imkoniyatlari, samaradorligi va energiya tejamkorligi o ‘rganildi.
O zbekistonning amaldagi ekologik me’yorlari JSST va AQSh EPA standartlariga nisbatan yuqori
miqgdordagi chang konsentratsiyasiga ruxsat berishini inobatga olgan holda, eektrofiltr
texnologiyalarini joriy etish orqali havoni ifloslanishdan himoya qilish yo ‘llari ko ‘rib chiqildi. Tadgiqgot
jarayonida laboratoriya va sanoat sharoitlarida chang zarrachalarining fizik-kimyoviy xossalari,
mavjud chang ajratish usullarining samaradorligi qiyosiy baholandi. Natijalar shuni ko ‘rsatdiki, ESP
texnologiyasi 0,01 mkm gacha bo ‘Igan zarrachalarni 99,9% samaradorlik bilan ushlaydi va boshga
usullarga nisbatan kamrog energiya sarflaydi. Ushbu texnologiyaning keng migyosda joriy etilishi
ekologik xavfsizlik, ishchi sog ‘lig ‘ini muhofaza qilish hamda xalqaro standartlarga mos sanoat ishlab
chigarishini ta’minlashda muhim omil hisoblanadi.

Kalit so‘zlar: Elektrofiltr, paxta tozalash sanoati, chang emissiyasi, elektrostatik chang ajratish, ESP
texnologiyasi, ekologik xavfsizlik, samaradorlik tahlili, PM2.5, PM10, O ‘zDSt 3286:2018.
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Annomayun. CuudiceHue 8blOpPOCO8 NbLIU 8 XIONKOOUUCHMUMENbHOU OMPACiu AGNAemcs OOHOU U3
AKMYANbHBIX IKONOSUUECKUX U NPOU3BOOCMBEHHLIX 3a0ay. B danHom ucciedo8aHuu paccmompeHvl
B03MONCHOCMU NPUMEHEHUS, 3P PeKMUBHOCMb U IHEP2OEMKOCTb DNEKMPOCMAMUYECKUX MEXHOI02UL
yanasnusanus noiau (ESP) na npeonpuamusx no ouucmke xaonka. C yuémom moeo, umo oelicmsyroujue
9KONI02UYeCcKUe Hopmamusewbl Y3bexkucmana oOonyckarom 0Oojee 8blCOKUe KOHYEHmMpayuu nuliu no
cpasHenuio co cmanoapmamu BO3 u Azenmcmea no oxpamne oxpyocaioweti cpeovi CIIA (EPA),
NPOAHANUUPOBAHBI NYMU 3AWUMBL AMMOCHEPHO20 6030YXa Om 3a2pA3HEHUs. NYMEM GHeOpeHUs
INEKMpoPunbmpos. B 1ab0pamopHbix u npoMbIULIEHHBIX YCIL08UAX NPOBEOEHA CPABHUMENbHAS OYEeHKA
@DU3UKO-XUMUYECKUX CBOUCME NbLIeBbIX Yacmuy U 3phekmusHocmu Cywecmsyrumux mMemooos
nuLieyaaenueanus. Pezyioemamol nokasanu, ymo mexnonoeus ESP yoepowcusaem uacmuyvt pazmepom 00
0,01 mxm c apppexmusnocmoro 99,9 % u mpebyem MmeHbUWUX DHEP2O3AMPAM NO CPABHEHUID C
anvmepuamuenvimu cnocobamu. ILllupokomacumabnoe 6HeOpeHue OAHHOU MEXHONO2UU ABNAEMCS
BAJNCHBIM (PaKkmopom obecneuenuss IKON02UYECKOU Oe30NaACHOCMU, OXPAHbL 300P08b PAOOMHUKOS U
COOmMBEemcmaus NPOMbIULIEHHO20 NPOU3800CMBA MEHCOYHAPOOHBIM CINAHOAPMAM.

Knrouesvie cnosa: siekmpoghunbmp, X10NKOOUUCTIUMENbHASL NPOMBIULIEHHOCHb, 6bl0pPOCHl NbLIU,

INeKmMmpocmamuieckoe yiasiueanue nolau, mexuonoeus ESP, skonoeuueckas 0e30nacHocmv, amaiuz
aghgpexmuenocmu, PM2.5, PM10, O ‘zDSt 3286:2018.

SCIENTIFIC SIGNIFICANCE OF THE INTRODUCTION OF
ELECTROSTATIC DUST SEPARATION TECHNOLOGIESIN COTTON

CLEANING CROWNS
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Abstract. Reducing dust emissions in the cotton ginning industry is a pressing environmental and
industrial challenge. This study examines the applicability, efficiency, and energy performance of
electrostatic dust collection technologies (ESP) at cotton cleaning plants (cotton gins). Given that
Uzbekistan’s current environmental regulations allow higher permissible dust concentrations than the
standards of the World Health Organization (WHO) and the U.S. Environmental Protection Agency
(EPA), we analyze ways to protect ambient air quality through the deployment of electrostatic
precipitators. In both laboratory and industrial settings, we conducted a compar ative assessment of the
physico-chemical properties of dust particles and the effectiveness of existing dust-control methods. The
results show that ESP technology captures particles down to 0.01 um with 99.9% efficiency while using
less energy than alternative methods. Large-scale implementation of this technology is a key factor in
ensuring environmental safety, protecting worker health, and aligning industrial production with
international standards.

Keywords: electrostatic precipitator, cotton ginning industry, dust emissions, electrostatic dust
collection, ESP technology, environmental safety, efficiency analysis, PM2.5, PM10, O zDSt 3286:2018.

Kirish. Paxtatozalash korxonalari sanoatning
muhim tarkibiy qismi bo‘lib, ularning ishlab
chiqarish jarayonida hosil bo‘ladigan chang
emissiyas atrof-muhit vainson salomatligigajiddiy
xavf tug‘diradi. Tadqiqotlar shuni ko‘rsatadiki,

paxta zavodlarida hosil bo‘ladigan havodagi chang
miqdori sanitariya me’yorlaridan o‘n baravar
oshadi. Misol wuchun, O‘zbekistonning turli
hududlaridagi paxtatozal ash zavodlarida changning
kontsentratsiyasi 300400 mg/m* ni tashkil giladi,
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holbuki sanitariya me’yorlari 4 mg/m*® darajasida
belgilangan [1]. Bu esa ishchilarning salomatligiga
salbiy ta’sir ko‘rsatib, nafas yo‘llari kasalliklari,
alergik reaksiyalar va boshga surunkali kasal-
liklarni keltirib chigaradi [2].

Global migyosda sanoat korxonaarining
chang emissiyasini kamaytirish bo‘yicha qator
xalgaro me’yorlar qabul qilingan. Jahon sog‘ligni
saglash tashkiloti (JSST) va Amerika Atrof-muhitni
muhofazaqilish agentligi (EPA) sanoat chigindilari,
jumladan chang emissiyasini cheklash bo‘yicha
qat’iy talablar belgilagan.

Quyida O°zDSt 3286:2018, JSST (WHO) va
AQSh EPA tomonidan belgilangan havo tarkibidagi
chang miqdori bo‘yicha me’yorlar qiyosiy tahlil
gilingan (1-jadval).

1-jadval
Chang meyori bo ‘yicha standratlarni solishtirish
Me’yor nomi PM25 (ng/m? | PM10 (ng/m®)
0‘zDSt 3286:2018 25 50
JSST (WHO) 10 20
EPA 12 50
Yuqoridagi  jadval  ko‘rinib  turibdiki,
O‘zbekistonning amaldagi standartlari  xalgaro
me’yorlarga nisbatan yuqori ruxsat etilgan

miqgdorlarni belgilagan. JSST tomonidan PM2.5
uchun ruxsat etilgan me’yor 10 pg/m® ni tashkil
etsa, O‘zDSt talabiga ko‘ra bu ko‘rsatkich ikki
barobar yuqori — 25 pg/m®. PMI10 zarrachalari
uchun ham xuddi shunday tafovut mavjud. Bu esa
mahalliy sanoat korxonalarida chang ushlash
texnologiyalarini  optimallashtirish  zaruratini
keltirib chigaradi.

1-rasm. PM2.5 va PM10 bo‘yicha xalgqaro va
milliy me'yorlarning giyosiy tahlili.

Yuqgoridagi diagrammada O‘zDSt, WHO va
EPA standartlari bo‘yicha PM25 va PM10

zarrachalari uchun belgilangan limitlar qgiyosy
tarzda ko‘rsatilgan. Diagrammadan ko‘rinib turib-
diki, O‘zbekiston milliy standartlari xalgaro
meyorlardan sezilarli dargada yuqori. Bu esa
ekologik xavfsizlik va inson salomatligiga xavf
tug‘diradi. Paxta tozalash korxonalarida chang
ifloslanishini  kamaytirish uchun yangi texno-
logiyalarni joriy qilish dolzarb masalalardan biridir.
Zamonaviy chang ushlash texnologiyaarining
samaradorligi  ularning  ekologik  xavfsizligi,
energiya tejamliligi va past xargjatlar bilan gjralib
turadi [5]. Bunday texnologiyaardan biri —
elektrostatik chang ushlash (ESP) usuli bo‘lib, u
mayda zarrachalarni yugori samaradorlik bilan gjra-
tib olish imkoniyatini beradi. Elektrostatik filtrlar
elektr maydonidan foydalangan holda havo tar-
kibidagi chang zarralarini o‘ziga tortadi va ularni
ajratib oladi. Shu yo‘l bilan havoga chiqarilayotgan
zararli moddalar miqgdori kamayadi va ekologik
muvozanat saglanadi [6].

Ushbu tadgiqotning asosly magsadi — paxta
zavodlarida elektrostatik chang ushlash texno-
logiyalarini joriy gilish va ularning samaradorligini
aniglashdan iborat. Avvalgi tadgiqotlarda elek-
trostatik chang ushlash usullari yetarlicha o‘rga-
nilmagan, aynigsa paxta tozalash korxonalarida
qo‘llash imkoniyatlari chuqur tahlil qilinmagan.
Ushbu magolada bu muammo atroflicha o‘rganilib,
laboratoriya va sanoat sinovlari asosida elek-
trofiltrlarning samaradorligi baholanadi.

Materiallar va usullar. Tadgigotda
Namangan viloyatining yetakchi paxta tozalash
zavodlarida hosil bo‘ladigan changning tarkibi,
dispers xususiyatlari vaifloslanish dargjas statistik
usullar yordamida o‘rganildi. Sinovlar davomida
changning zarracha o‘lchami, kimyoviy tarkibi va
fizik xossalari to‘g‘risida aniq ma’lumotlar olindi.
Tadgiqot jarayonida zavodlardagi mavjud chang
gratish texnologiyalari (siklonlar, inertsion filtrlar,
nam tozalash tizimlari va elektrostatik filtrlar) tahlil
gilindi.

Statistik tahlil natijalariga ko‘ra, mexanik
usullar (siklonlar, inertsiya kameralar) yirik zarra-
chalarni ushlashda yuqori samaradorlik ko‘rsatgan
bo‘lsa-da, mayda zarrachalar uchun samaradorlik
70% dan oshmagan. Inertsion filtrlar esa sama-
radorlik darajasi bo‘yicha past ko‘rsatkichlarga ega
ekanligi aniglandi. Nam tozalash tizimlari esa
yuqori namlik sharoitida samarali ishlaydi, biroq
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ularning qishki mavsumda qo‘llanishi chek-
langanligi  kuzatildi. Shu sababli, elektrostatik
filtrlar eng magbul usul sifatida tanlandi.

Laboratoriya sinovlari elektrostatik chang
ushlash (ESP) texnologiyalarining yugori samara-
dorligini tasdigladi. Sinov natijalari shuni ko‘r-
satdiki, ESP yordamida 0,01 mkm gacha bo‘lgan
zarrachalarni ushlab golish mumkin. Shuningdek,
sanoat korxonalarida ham ESP texnologiyalari
samaradorligi amaliyotda o‘z tasdig‘ini topdi. Bu
esa elektrostatik chang ushlashning ekologik
xavfsizlikni oshirish va ishchilar salomatligini
himoya qilishda muhim ahamiyatga ega ekanligini
ko‘rsatdi.

Natijalar va muhokama. O‘tkazilgan ada-
biyot tahlillari va natijalar shuni ko‘rsatadiki,
elektrostatik chang ushlash (ESP) texnologiyasi
0,01 mkm gacha bo‘lgan zarrachalarni 99,9%
samaradorlik bilan gratib olish imkoniyatiga ega.
Bu ko‘rsatkich xalqaro standartlarga (WHO, EPA)
to‘lig mos keladi va ekologik xavfsizlik talablarini
gondiradi. Sinov natijaari giyosiy tahlil gilinganida,
elektrostatik  filtrlar  boshga texnologiyalardan

samaradorligi  bilan gralib turadi. Quyidagi
jadvalda chang ushlash texnologiyaarining
samaradorligi giyosiy ravishda keltirilgan:
2-jadva
Changni tutish texnologiyalarini samaradorligini
tahlili
Chang gjratish Samaradorlik Ajratilgan
usuli (%) A ;ar_racha
aimi (mkm)
Siklonlar 70 >50
Inertsion filtrlar 60 >30
Nam tozalash tizimi 80 >20
El ektr(oEst;g)k Filtr 99.9 >0.01

2-rasm. Chang ajratish texnologiyalarining
samaradorlik taggoslanishi.

Volume 3, Ne 3

2025

Yuqoridagi jadvaldan ko‘rinib turibdiki,
elektrostatik ~ filtrlar  boshga texnologiyaarga

nisbatan yuqori samaradorlik ko‘rsatadi. Aynigsa,
0.01 mkm gacha bo‘lgan chang zarrachalarini
samarali ushlash qobiliyati elektrostatik usulni
ekologik jihatdan magbul echim sifatida gratib
turadi.

ESP texnologiyasi yuqori samaradorlik bilan
birga energiya sarfi jihatidan ham tejamkor
hisoblanadi. Sinovlar davomidaelektrostatik filtrlar
1000 m® havoni tozalash uchun o‘rtacha 0.5 kWh
energiya sarflagani aniglangan. Bu boshga usullar
bilan solishtirilganda 20-25% kam energiya sarfini
taminlaydi. Quyidagi grafikada texnologiyalarning

energetik samaradorligi ko‘rsatilgan:

3-rasm. ESP Texnologiyasining energetik

samaradorligi.
Yugoridagi grafikadan ko‘rinib turibdiki,
elektrostatik  filtrlar  boshga chang ushlash

texnol ogiyalariga nisbatan ancha tejamkor.

Qolaversa, tahlillar shuni ko‘rsatdiki, ESP
texnologiyasi nafagat chang gjratishda, balki havo
tarkibini ekologik xavfsiz holatda saglashda ham
yugqori natijalarni ko‘rsatadi. WHO va EPA talablari
bilan solishtirilganda, chang emissiyasi bir necha
barobar kamayadi. Bu esa, sanoat chigindilarining
atrof-muhitga salbiy ta’sirini sezilarli darajada
kamaytiradi.

Natijalar shuni ko‘rsatdiki, elektrostatik
chang ushlash texnologiyasini keng miqyosda joriy
gilish orgali paxta tozalash korxonalarida ekologik
xavfsizlikni oshirish va xalgaro standartlarga mos
ishlab chigarishni amalga oshirish  mumkin.
Shuningdek, energiya sarfi kam bo‘lgani sababli
iqtisodiy samaradorlik ham yugqori bo‘ladi. Ushbu
texnologiyaning O‘zbekistondagi paxta zavodlarida
keng joriy etilishi milliy ekologik me’yorlar va
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xalgaro talablarga mos keluvchi toza ishlab
chigarish jarayonlarini yaratadi.
Xulosa. Oc‘tkazilgan tadqiqotlar paxta

tozalash korxonalarida elektrostatik chang ushlash
(ESP) texnologiyasi ekologik xavfsizlik vaenergiya
samaradorligi bo‘yicha yuqori natija berishini
ko‘rsatdi: Namangan viloyatidagi sinovlarda 0,01
mkm gacha bo‘lgan zarrachalar 99,9% samaradorlik
bilan ushlanib, WHO va EPA talablariga to‘liq mos
natijalar olindi. ESP 1000 m*® havo uchun o‘rtacha
0,5 kWh energiya sarflab, mavjud usullarga
nisbatan 20-25% tejamkorlik ta’minlaydi. Shunday

qgilib, ESPni keng joriy etish atrof-muhitga zararli
ta’sirni keskin kamaytiradi, ishchilar salomatligini
himoya qiladi va ishlab chigarishni xaqaro
standartlarga yaginlashtiradi. Amaliy jihatdan,
texnologiyani respublika bo‘yicha bosqichma-
bosqich tatbiq etish, milliy me’yorlarni WHO/EPA
dargasiga modlashtirish, ESPni rea vaqgt
monitoringi va loT asosidagi avtomatik boshgaruv
tizimlari  bilan integratsiya qilish magsadga
muvofiqdir. Bu yondashuv nafagat ekologik, balki
igtisodiy samaradorlikni  ham oshirib, paxta
sanoatining barqgaror rivojlanishiga xizmat qgiladi.
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KOMPLEKSVA KOMBINATSION TEXNOLOGIYASI ISHLAB CHIQISH VA
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Annotatsiya. Juniperus (archadosh) turlardan efir moylarini ajratib olishda efir moyi saglovchi
qismlarini sekretor hujayralar, trixomalar hamda to ‘gimalarining mikromorfologik tuzilishi va efir moyi
to ‘planish zonalari o ‘rganililgan vegetatsion davrlarning hisobga olgan holda Klevenger qurilmasida
bug i distilyatsiyalash usuli yordamida efir moylari ajratib olingan hamda ularning fzik ko ‘rsatkichlar
ya’'ni 20°C da nisbiy zichlikgi, yorug ‘likning sinish ko ‘rsatkichi va yorug ‘likning polyarzatsiya tekisligini
aylantirish burchagi shuningdek etil spirtda eruvchanligi GOST SO 8897 — 2017 texnik talablariga
muvofiq aniglangan va junipers turlaridan efir moyi olishning kompleks va kombinatsion texnologik
sxemalari ishlab chigilgan va iqtisodiy samaradorligi baholangan.

Kalit so‘zlar: Junipers, archadosh, Klevenger qurilmasi, buglidistilyatsiya, kondensator, efir moyi,
gallon, kislota soni, efir soni.

PA3BPABOTKA KOMIIVIEKCHOH U KOMBUHUPOBAHHOM
TEXHOJIOTUHA MMOJIYYEHHUSA YXPUPHOI'O MACJIA M3 BUJIOB
JUNIPERUS EXCELSA (MOXKEBEJBHHUK BBICOKHUI) 1
3KOHOMMYECKAS OIIEHKA

Maosicuoosa

Typcynosa Mynupa I Maoswcuooe Kaxpamon
apzusa
Anuwep Ku3zu P Xanumoesuu
Kaxpamonoena
20Cy0apcmeenHblil MexHUYeCKull P P DYXAper P P DYXAp .
2ocyoapcmeenmblil 20CY0apCmeeH b MEXHUYECKULL
yuusepcumem, byxapa, N
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Annomauyusn. Ilpu evidenenuu 3QupHbIX Macen u3 U008 MONCIHCEBEIbHUKA ObLIU  U3VUeHbl
MUKPOMOPGhoNI02UYeCcKOe CIPOeHUe CEeKPEMOPHBIX KIEeMOK, MPUXoM U MKAHeEl, CO0epuHcauux s¢guprvle
Macna, a makoice 30Hbl UX HAKONJIEHUS C YUEMOM 68e2emAayuoHHbIX nepuodos. Iguphele macia Ovliu
8bl0€IeHbl MEeMmoOOM NApPoBol OUCULIAYUU C UCNOAb308aHuem annapama Knesenoocepa. bvinu
onpeoeneHvl usuuecKue noxazamenu IQUpHLIX Macel, maxKue KaK OmHOCUMENbHAsL NIOMHOCMb NpU
20 °C, nokazamenv npeiomieHus ceema, Y20l 8paujeHusi nNI0CKOCMU NOIAPUIAYUU CBemd, d MAKHCe
pacmeopumMocms 8 3MUL080M cnupme 6 coomeemcemeuu ¢ mexnuyeckumu mpeodosanusimu I'OCT ISO
8897—2017. PaspabomaHbl KOMAIEKCHbIE U KOMOUHUPOBAHHBIE MEXHOIO2UYECKUEe CXeMbl NOYYUeHUs
aQhupHbIX Macen U3 BUO08 MONCIHCEBETILHUKA U NPOBEOEHA OYEHKA UX IKOHOMUYECKOU d¢hghekmugnocmu.
Knwuesvie cnoea: moorcoicesenvnuxk, junipers, annapam Knesenoowcepa, naposas oucmuanayus,
KOHOeHcamop, 2¢hupHoe Maco, 2aioH, KUCIOMHOe YUCI0, dhupHoe Yucio.

DEVELOPMENT OF COMPLEX AND COMBINED TECHNOLOGY FOR
OBTAINING ESSENTIAL OIL FROM JUNIPERUS EXCEL SA SPECIES
(TALL JUNIPERS) AND ECONOMIC EVALUATION

Tursunova Munira
Alisher kiz
Assistant, Bukhara Sate

Technical University,
Bukhara, Uzbekistan

Majidova Nargiza
Kahramonovna
Doctor of Technical Sciences,
Professor, Bukhara State
Technical University,
Bukhara, Uzbekistan

Majidov Kahramon
Khalimovich
Doctor of Technical Sciences,

Professor, Bukhara State Technical
University, Bukhara, Uzbekistan

Abstract. When extracting essential oils from Juniperus species (archadosh), the micromorphological
structure of the secretory cells, trichomes, and tissues containing essential oils, as well as the zones of
oil accumulation, were studied, taking into account the vegetation periods. The essential oils were
extracted by steam distillation using the Clevenger apparatus. Physical properties of the essential ails,
such as relative density at 20 °C, refractive index, angle of rotation of the plane of polarized light, and
solubility in ethyl alcohol, were determined in accordance with the technical requirements of GOST SO
8897—2017. Comprehensive and combinational technological schemes for obtaining essential oils from
Juniperus species were developed, and their economic efficiency was eval uated.

Keywords: junipers, Clevenger apparatus, steam distillation, condenser, essential oil, gallon, acid
number, ester number.

Kirish. Dunyoda ozig-ovgat, farmatsevtika,
kosmetika sanoatining jada rivojlanishi, ekologik
toza, tabiiy vabiologik faol moddalarga asoslangan
mahsulotlarga bo‘lgan talablarning tobora ortib
borishi, dorivor va aromatik o‘simliklar asosida
yuqori qo‘shimcha qgiymatga ega bo‘lgan mah-
sulotlar ishlab chigarishni tagozo gilmoqgda [1,2].
Farmatsevtika, kosmetika, ozig-ovgat, parfyume-
riya va aromaterapiya sohasida yuqori sifatli efir
moylarini olish va ushbu sohaga ilg‘or texnolo-
giyaarni joriy etish, resurslarni kompleks gayta
ishlash, energiya samaradorligi va ekologik xavf-
Sizlikni ta’minlovchi texnologik yechimlarni ishlab
chiqish asosiy vazifalaridan biri bo‘lib hisoblanadi
[3,4]. Shunga ko‘ra mahalliy sharoitlarda o‘suvchi

efir moyi beruvchi o‘simliklar tarkibining xusu-
siyatlarini chuqur o‘rganish, ularning distillatsiya va
ekstraksiya sharoitlariga mos texnologik para-
metrlari asosida qayta ishlash bilan bog‘liq bo‘lgan
bir gator texnik-igtisodiy muammolarni bartaraf
etish muhim ahamiyat kasb etadi [5].

Adabiyotlar tahlili va metodologiya.
Mahalliy  o‘simliklardan, xususan Juniperus
communis va Juniperus excelsa turlaridan efir
moylarini gratib olishda asosy muammo sifatida
ularning efir moyi saglovchi gismlarini (sekretor
hujayralar, trixomalar) aniglash va optimal usulni
tanlash masalalari aniglandi. O‘simlik to‘qima-
larining mikromorfologik tuzilishi va efir moyi
to‘planish zonalari o‘rganildi. Archa o‘simlik-
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larining sekretor strukturasi, trixomalari va boshga
efir moyi sintez qiluvchi to‘qimalari optik mikros-
kopiya orqali o‘rganilib, bu strukturaarning zichligi
va joylashuvi moy ajralishiga bevosita ta’sir
ko‘rsatishi aniqlandi.

a) J.excela barglar

Natijalar. Gidrobug‘li distillatsiya — bu suv
bug‘i yordamida o‘simlik xomashyolaridan efir
moylarini gjratib olish usulidir. Bundabug* bevosita
xomashyo bilan ta’sirgakirib, undagi efir moylarini
gratib oladi. Bu usul haroratga sezgir moddalarga
mos keladi, chunki suv bug‘i aralashmaning
gaynash nugtasini pasaytiradi va efir moylar
giralishni boshlaydi. Bug™ hosil giluvchi idish (bug
generatori) — odatda suv solingan kolba, distillatsiya
kolbass — o‘simlik xomashyosi joylashtiriladi,
gaytaruvchi sovitgich (kondensator) — bug‘ni
suyuglikka aylantiradi, klevenger moslamasi yoki
ajratgich— efir moyini suvdan ajratadi, shishanaylar
— bug‘ni o‘tkazish uchun foydalaniladi.

2

4-rasm. Klevenger nashtasi bilan jihozlangan
gidrobug‘ distillyatsiyasi usuli uchun uskuna:
Qurilmaning gismlari: 1 — teshikli (perforatsiyalangan)
tubli kolba; 2 — ogava quvur (suyuq modda chigadigan
guwvur); 3 — sovitgich (xolodilnik); 4 — gradusli quvur-
qabul qgiluvchi idish (o ‘Ichovli gabul qgiluvchi naycha); 5 —
metall laboratoriya suv vannasi; 6 — elektr plitasi.
Qabul giluvchi sifatida Klevenger moslamasi
(4-rasmga garang) hamda graduslangan qabul

b) J.excela shoxlari

giluvchi  (Klevenger moslamasining  quyish
trubkasiz varianti) ishlatildi. Har ikkala qurilma
gaytaruvchi sovitgich (3) bilan ulangan. Xomashyo
namunasi 1000 ml hajmdagi teshikchali kolbaga (1)
joylashtirildi. Bug® hosil qiluvchi sifatida metall

.~ u.d.s,aoe
.ﬁ ‘ N e

c) J.excela mevasi

laboratoriya suv hammomi (5) qo‘llanildi. Ham-
moga tozalangan suv quyilib, suv sathi xomashyo
joylashtirilgan kolbaning pastki gismidan taxminan
3 sm pastda bo‘lishi ta’minlandi. Suv hammomi suv
gaynaguncha gizdirildi va gaynash holati 3 soat 30
dagiga davomida saglandi. Digtillatsiya yakun-
langach va qurilma xona haroratigacha sovigach,
graduslangan qabul qiluvchi idishda hosil bo‘lgan
efir moyining hajmi o‘lchandi.

Tadqigot natijalari shuni ko‘rsatdiki, archa
(Juniperus spp.) turlari, xususan, Juniperus
communis va Juniperus excelsa navlari
O‘zbekistonning tog‘li va qurg‘oqchil hududlarida
keng tarqalgan bo‘lib, ularning efir moylari yuqori
biologik faollikkaega. Ushbu navlarning farmatsev-
tika, kosmetika hamda o0zig-ovgat sanoatidagi aha-
miyati katta. Tadqigotlar davomidaekologik tozava
samarai efir moyi olish texnologiyasi ishlab
chiqildi. Ikkala archa navining barglari, mevalari va
yosh shoxchalari morfologik va anatomik jihatdan
tahlil qilindi hamda ularning efir moylari gjratib
olindi.

Xomashyo asosan iyul-sentabr oylarida
yig‘iladi. Ayniqsa, mevalar to‘liq pishgan davrda
ularning efir moyga boyligi maksimal dargaga
yetadi. Quritish jarayoni havodor soyali joylarda 7—
10 kun davomida olib boriladi. Sun’iy qurit-
gichlardan foydalanilganda esa harorat 40 °C dan
oshmadligi lozim. Quritilgan xomashyo namligi
10% dan oshmagan bo‘lishi ta’minlanadi.
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5-rasm. Archa o‘simliklardan efir moyi olish
texnologik sxemasi.

Qurilmaning texnologik sxemas 5-rasmda
keltirilgan. O‘simlik xomashyosidan efir moylarini
ajratib olishda bug‘li distillatsiya usuli qo‘llaniladi.
Bu usulda efir moylari suv bug‘i bilan ajratib olinadi
(bug‘li ekstraksiya). Jarayon davomida efir moylari
suv bug‘i ta’sirida bug‘ holatiga o‘tadi va bug‘ bilan
birga olib chiqiladi. So‘ngra bug‘ va efir moylari
kondensatsiyalanadi va og‘irlik kuchi asosida
gratuvchi separator — Florentsiya idishi (yoki
florentiyka) yordamida suvdan gratiladi.

4-rasmda keltirilgan texnologik sxemani
qo‘llashdagi asosiy kamchilik — efir moyini bug’
yordamida gratib olish jarayonining past
samaradorligidir. Bu holatning sababi, xomashyo
bilan ta’sirlashayotgan bug‘ning harorati yetarli
dargada yuqori emasligi hamda ekstraksiya
jarayonida xomashyoga faol mexanik yoki termik
ta’sir ko‘rsatish imkoniyatining yo‘qligidir.

Archa (Juniperus) daraxtining yashil gismlari
va mevaaridan efir moyini gratib olish
texnologiyasini takomillashtirish magsadida yangi
texnologik uskuna qo‘llanilishi rejalashtirilgan.
Ushbu uskuna jarayon davomiyligini gisgartirish,
archa efir moyining chigishini va dfat
ko‘rsatkichlarini oshirish imkonini beradi.

Archa (Juniperus) efir moyini gratib olish
bo‘yicha mavjud texnologiyalar tahlil qilinib, ushbu
daraxtning yashil gismlari va mevalaridan samarali
efir moyi olish uchun yangi texnologiya ishlab
chiqildi.

FEo-—e-——0-—6-——

:. etorie
Ap
6-Rasm. Juniper‘daraxtining yashil novdalari va

mevalaridan efir moyi olish uchun impuldli
uskuna.

Junnipers archa navlarining yashil gismlari va
mevalaridan efir moyi ajratib olishga mo‘ljallangan
impulsli uskuna 6-rasmda tasvirlangan. Archa
(Juniperus) mevalaridan tashqari, uning shoxlari,
ignalari va yog‘ochida ham efir moylari mavjud.
Efir moyi chiqishi turli omillarga bog‘liq bo‘lib, ular
orasida mavsumiy o‘zgarishlar, atrof-muhit
sharoitlari ~ (harorat,  yorug‘lik, fotoperiod),
o‘simlikning yoshi, o‘sish joyining geografik
kengligi va balandligi, shuningdek, mahalliy o‘txo‘r
hayvonlar tomonidan o‘simlik gismlarining tanlab
yemirilishi kabi omillar mavjud.

Tadqiqotlar natijasiga ko‘ra, yosh archa
shoxlarining quritilgan ignaaridan efir moyi
chiqishi o‘rtacha 0,47-0,75% gacha, quritilgan
shoxlardan esa yig‘ib olingan oyga qarab 0,1—
0,28% oralig‘ida bo‘lishi aniqlangan.

Juniperus turkumiga kiruvchi o‘simliklardan
efir moyi olish uchun odatda digtillatsiya usuliga
asoslangan texnologik jarayonlar qo‘llaniladi. Bu
jarayonlar yugori haroratdan foydalanishni nazarda
tutadi (masalan, oddiy distillatsiya, bug‘li
digtillatsiya va boshgalar). Birog, yuqgori harorat
ta’sirida ayrim uchuvchi moddalar yo‘qolishi yoki
nozik tuzilgan to‘yinmagan, murakkab efir
birikmalari termik va gidrolitik ta’sir natijasida
parchalanishi mumkin.

An’anaviy usullar yordamida efir moyini
gratib olish jarayoni odatda 24-26 soatgacha
davom etadi.

Muhokama. Tadgigot obyekti sifatida —
archa turkumiga mansub o‘simliklarning (Juniperus
communis, Juniperus exceld) daraxtsifat yashil
gismlari bo‘lib, ular sentabr oyida yig‘ib olingan.
Yig‘ilgan daraxtsimon yashil gismlar 2-5 mm
o‘lchamdagi zarrachalargacha maydalanib, keyingi
ishlov uchun tayyorlangan. Tadgigotda ishlatilgan
xomashyo namunaarining namligi 65-70% ni
tashkil gilgan. Efir moyini gratib olish uchun 200 g
xomashyo olingan bo‘lib, u 1 litrli kolbada
gaytaruvchi sovitgich bilan distillatsiyalangan.
Jarayon davomida distillangan suv bilan 1:6
nisbatda (xomashyo:suv) araashtirilgan. Olingan
efir moyi namunalarida quyidagi fizik-kimyoviy
ko‘rsatkichlar aniqlangan.

Efir moyi ishlab chigarish bir-biri bilan cham-
barchas bog‘liq bo‘lgan bir nechta bosqichlarni oz
ichiga oladi. Efir moylarini gjratib olishning har bir
an’anaviy usulining o‘ziga xos afzalliklari va kam-
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chiliklari mavjud. Gidrodistillatsiya usuli efir moy-
larini nisbatan kam miqdorda, ba’zan esa distillat-
siya jarayonining bir nechta yon mahsulotlarini o‘z
ichiga olgan holda olish imkonini beradi. Bu usul
ko‘pincha xom o‘simlik xomashyosidan efir moy-
larini gratib olishda ishlatiladi. Efir moyi, uni
tashkil giluvchi moddalarning gaynash haroratidan
past haroratlarda gratib olinadi, bu esa termo-
yemiriluvchan (haroratga sezgir) birikmalarni
gratishga imkon yaratadi. Gidrodistillatsiya usuli
sifatli efir moyini olish imkonini beradi va nisbatan
oddiy, xavfsiz va ekologik toza hisoblanadi. Ushbu
usulning yana bir afzaligi shundaki, uchuvchi
komponentlar suvda kondensatsiyalanadi, va bug*
aimosferadagi kislorodni sigib chigaradi, bu esa
uchuvchi moddalarni oksidlanishdan himoyadqiladi.
Shunga garamay, bu usulning kamchiliklari ham
mavjud — yuqori energiya sarfi va o‘simlik xomash-
yosining yuqori haroratgacha qizdirilishi zarur
bo‘ladi. Gidrodistillatsiya vaqtida haroratning
oshishi natijasida o‘simlik to‘qimalarida bosim
oshadi. Bu bosm muayyan chegaradan oshgan
zahoti hujayradevorlari yoriladi vaefir moyi gralib
chigadi. Efir moyining bir qismi o‘simlik zar-
rachalarining tashgi yuzasidan chigadi, qolgan
qismi esa o‘simlik hujayralarining ichki qismlaridan
tashqi yuzaga diffuziya qilishi kerak bo‘ladi.
So‘ngra bug* o‘simlik yuzasidagi efir moyini o‘zida
olib chiqib ketadi. Bugungi kunda ko‘plab parfyu-
meriya korxonalarida xom o‘simlik materialini
bug‘li distillatsiya orqali qayta ishlash orqali efir
moylarini olish texnologiyasi keng qo‘llanilmoqda.

Mojjevelnik (archa) mevalari bilan birga
maydalanagan yog‘och-yaprogli xomashyodan efir
moyi ajratib olish bo‘yicha o‘tkazilgan tadqiqotlar
shuni ko‘rsatdiki, mavjud texnologiyalar qo‘llanil-
ganda digtillatsiya jarayoni texnologik jihatdan
ancha uzoq davom etadi va o‘rtacha 18—20 soatni
tashkil etadi. Laboratoriya tadgiqotlari natijalariga
ko‘ra, archa efir moyi chiqishi va texnologik jarayon
davomiyligi orasidagi bog‘liglik quyidagi tenglama
ko‘rinishida ifodalangan:

=-3,05+147T - 0,03T2

Bu yerda M — archa efir moyi chigishi,
grammda, T — texnologik jarayon davomiyligi,
soatda. M va T of‘zgaruvchilari orasidagi
bog‘liglikning qattigligi R*=0,84 determinant
koeffitsienti bilan tavsiflanadi. Archa efir moyi
chiqishi va texnologik jarayon davomiyligi o‘rta-

sidagi bog‘lanish tenglamasining grafik ko‘rinishi

mavjud  texnologiyalar  bo‘yicha  5-rasmda
keltirilgan.

Eui: 20.13 4 .o

g 16.78

.; 13.42 1

é.h 10.07 -

i;: 6.71

'g 3.36

3 0.00 ®

T
0.0 33 6.6 9.9 13.2 16.5 19.8

[-rasm. Mavjud texnologiyalar bo ‘yicha archa
efir moyi chiqgishi va texnologik jarayon
davomiyligi o ‘rtasidagi bog ‘liqlik.

7-rasmda keltirilgan grafik tahlili  shuni
ko‘rsatadiki, mavjud texnologiyalar bo‘yicha archa
efir moyini distillash jarayoni ikki bosqgichda
amalga oshadi. Efir moyining sezilarli dargjada
chigishi 7 soatdan 16 soatgacha davom etadi,
so‘ngra efir moyi chiqishining tezligi 3-4 soat
davomida sekinlashadi. Yangi texnologiya asosida
olingan laboratoriya tadgiqotlari natijalari shuni
ko‘rsatdiki, mojjevelnik efir moyi chiqishi va
texnologik jarayon davomiyligi o‘rtasidagi bog‘-
lanishni quyidagi tenglama ko‘rinishida ifodalash
mumkin:

M =-0,03+5,76T - 0,48T2

Bu yerda M — archa €fir moyining chiqgishi, g
(grammda), T — texnologik jarayonning davomiy-
ligi, soat (S).

O ‘zgaruvchilar M va T o ‘rtasidagi bog ‘liqlik
darajasi determinatsiya koeffitsienti R? = 0,98 bilan
ifodalanadi.

Junnipers efir moyi chigishi va texnologik
jarayon davomiyligi o‘rtasidagi bog‘lanish teng-
lamasining grafik ko‘rinishi mavjud texnologiyalar
bo‘yicha 6-rasmdakeltirilgan.

2145
17.88 e
1430 . .
7.15 4

3.57 4

Archadan olingan efir moylar,

0.00 T T T T T 1
0.0 1.5 29 4.4 5.9 7.3 8.8

Texnologik jarayon davomiyligi, (soat)
8-rasm. Yangi ishlab chigilgan texnologiyaga
ko‘ra, texnologik jarayon davomiyligiga qarab
ipakarcha efir moyi hosildorligining bog ‘ligligi.
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1-jadval

GOST SO 8897—2017 (Texnuueckue ycnosus) texnik talablariga muvofiq olingan efir
moylarning fizik-kimyoviy ko ‘rsatkichlari [6].

Juniperus navli o‘simlik efir moylari
Amalda
. . uchun standart talablar
Ko‘rsatkichlar Aniglash Junierus I excdsa
nomlari usullari peru Juniperusexcelsa | J.communics ,
communis. (baland archa) | (oddiy archa) |  (Paland
(oddiy archa) archa)
Ko‘rinishi - Suyuglik Suyuglik Suyuglik Suyuglik
Shaffof, Shaffof, och
Ran ) Rangsiz, och shaffof och sariq rangsizdan sariq yoki
9 yashil, och sarig. suyuglik ochsariq | sarg‘ish-och
ranggacha | yashil suyuglik
Yangi, iliqg, . .. Yangi archa
balzamli va galampirga Ozigaxos, | i~ ostiir,
- s gy o‘xshash, archa .
Hidi - biroz shirin- . . . . balzamli va
: yog‘ochsimon, biroz mevalariga .
daraxtsimon . : iy ozroq limon
. . ziravorli X0s, o'tkir L
(yog‘ochsimon). iforli
Kam emas
20 °C da nisbiy 0,850. Kam emas 0.865
zichlik (dzo/20) 150279 Ko‘p emas Ko*p emas 0.895 0,872 0.885
0,880.
20°Cda
yorug‘likning Kam emas 1,470 Kam emas 1.470
sinish 150 280 Ko‘p emas 1,483 | Ko‘p emas 1.485 Lara 1481
ko‘rsatkichi
20 °C da
yorug‘likning
polyar zatsiya 1SO 592 0° dan -16° o o i i
tekisligini gacha 0° dan -16° gacha 14 13
aylantirish
bur chagi
Shaffof eritma
QehUchun BIa | gheftor eritma olish
AM €T MYl 1\ chun bitta hajm efir
va 95% li hgimiy Movi va 95% Ii
o . ulushga ega moy 0 1:3nishatda | 1:3 nishatda
20 °C da etil ) . hajmiy ulushgaega
; bo‘lgan etil ] . aralashganda | aralashganda
spirtda 1SO 875 L BT bo‘lgan etil . .
- spirtining 10 o rangi rangi
eruvchanligi . ) spirtining 10 ] . ) .
hajmdan ko‘p . . o‘zgarmadi o‘zgarmadi
. hajmdan ko‘p
bo‘lmagan ) . .
. : bo‘lmagan miqdori
miqdori ishlatiladi
ishlatiladi. '
Kidlota soni SO 1242 Ko‘p emas 2. Ko‘p emas 2. 11 1.7
Efir soni SO 1242 Ko‘p emas 2. Ko‘p emas 2. 0,8 1.2
8-rasmda keltirilgan grafik tahlili  shuni O‘tkazilgan tadqiqotlar natijalari  shuni

ko‘rsatadiki, yangi ishlab chiqilgan texnologiya
bo‘yicha archa efir moyini distillash jarayoni bir
bosgichda, teng dargjada efir moyi chigarish bilan
amalga oshadi. Efir moyining sezilarli chigishi 6,5
soatgacha davom etadi, keyin esa efir moyi chiqishi
2 soat davomida sekinlashadi. Olingan archa efir
moyi namunalar (1-jadval) asosiy sifat ko‘rsat-
kichlari bo‘yicha olingan natijalari keltirilgan.

ko‘rsatdiki, Juniperus (archa) o‘simligidan efir
moyi olish murakkab texnologik jarayon bo‘lib,
mavjud texnologiyalarda hujayralarning struk-
turaviy buzilishi giyinligi va jarayonning uzoq
davom etishi sababli murakkab hisoblanadi. Y angi
texnologiya va uskunaishlab chiqilishi apparatning
unumdorligini oshirishgavabir yuklamadaxomash-
yoni gayta ishlash muddatini qgisgartirishga imkon
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berdi. Bu esa efir moyli xomashyoni bug‘ bilan
ishlov berish jarayonining intensivligini oshirish
orgali amalga oshiriladi. Bug® maydalangan xom-
ashyodan o‘tib, efir moyi zarrachalari bilan ara-
lashib, ularni sovitkichga, keyin esa florentinaga
olib boradi, bu yerda kondensat moy-xomashyo va
florentin suviga gjraladi.

Xulosa. Junnipers (archadosh) turlaridan efir
moylarini olish uchun birinchi navbatda O‘simlik
xomashyosining xususiyatlari (qaysi nav (Juniperus
communis, Juniperus excelsa, xomashyoning yillik
hosildorligi (kg/ga), efir moyining chigish dargasi
(% yoki ml/kg), o*simlik parvarishi va yig‘imi bilan
bog‘liq xarajatlar) va ishlab chiqarish xarajatlari
(distillatsiya usuli (gidrodistillatsiya, bugli distil-
latsiya, qurilma va uskunalar narxi (kapital xargat-
lar, ishchi kuchi, energiya, suv, yoqilg‘i xarajatlari,
gadoglash, saglash va transport xargatlari) hamda
efir moyining ishlab chigarish tannarxini, sof foyda
va iqtisodiy ko‘rsatkichlari hisoblash, bozor tahlili
va ekologik va ijtimoiy omillarni baholashdan
iborat.

Tadqiqotlar  natijasi  shuni  ko‘rsardiki
Junniperus communic o‘simligining 100 kg
xomashyosidan 1.8% ya ni 1,8 kg efir moyi olinadi.

Efir moyi miqdori: 100 x 0,018= 1,8 kg

2-jadval
100 kg Juniperus comminic o ‘simlikda efir moyi
olish xarajatlari

Xarajat turi Qiymat (USD
Yig‘ish (qo‘l mehnati) $30
Quiritish, saglash $20
Transport $40
Distillatsiya (energiya, $120
ishchilar, suv)
Jami: $210

Archa (Juniperus communis) o‘simligidan efir

Bugungi kunda O‘zbekiston sharoitida archa
(Juniperus communis) o‘simligidan efir moyi olish
istigbollari igtisodiy nugtai nazardan baholandi.
Tadgiqot doirasida 100 kg migdoridagi yashil archa
biomassasidan efir moyi gjratib olish jarayoni ko‘rib
chiqildi.

Tajriba natijalariga ko‘ra, 100 kg yashil archa
shox-barg massasidan o‘rtacha 1,8% samaradorlik
bilan 1,8 kg efir moyi gratib olish mumkin. Ushbu
texnologik jarayon uchun zarur bo‘lgan umumiy
xarajatlar, ya’ni xom ashyoni yig‘ish, tashish,
quritish, distillatsiya qilish va boshga xizmatlar
uchun 210 AQSH dollari yoki 2 730 000 so‘m
miqdorida mablag® sarflanishi aniqlangan.

Global savdo tarmoglaridagi (Xususan,
Jedwards International va Ozon.ru) narxlar tahliliga
ko‘ra, Juniperus communis efir moyining bozor
giymati 1 gallon (taxminan 3,24 kg) uchun 875
AQSH dollari ni tashkil etadi. Shu asosda 1 kg efir
moyining narxi quyidagicha hisoblanadi:

875 USD
o = 270 USD/kg,

Shundan kelib chiqib, 1,8 kg efir moyining
umumiy bozor giymati quyidagichabo‘ladi:

1.8 x 270 = 486 USD,

Natijada, sof iqtisodiy foyda quyidagicha
aniglanadi:

486 USD - 210 USD = 276 USD (taxminan 2
730 000 so‘m).

O‘zbekiston sharoitida archa o‘simligidan efir
moyi gratib olish yuqori dargadagi igtisodiy
samaradorlikka ega bo‘lishi mumkin. 100 kg xom
ashyo hisobida 1,8% moy gratish imkoniyati
mavjud bo‘lib, bozordagi amaldagi narxlar asosida
276 AQSH dollari miqgdorida sof foyda olish
mumkin. Bu holat archa o‘simligini efir moyi
manbai sifatida sanoat miqyosida gayta ishlash
istigbollarini tasdiglaydi.

moyi olishning iqtisodiy samaradorligi tahlili:
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THE ROLE OF FUEL BRIQUETTESFROM BIOMASSPYROLYSIS
PRODUCTSIN THE ENERGY POTENTIAL OF UZBEKISTAN
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Abstract. The relevance of the study is the effective use of biomass. The biomass potential of Uzbekistan,
the formation of a large raw material base for the production of alternative fuel briquettes from local
pyrolysis products, is studied. The method of biomass processing is pyrolysis, which is accompanied by
exothermic reactions. Information is provided on the future prospects of renewable energy sources, the
economic and environmental advantages of fuel briquettes. Conclusions and proposals are made on the
contribution of replacing natural fuels with alternative fuel briquettes to reducing the country’s air
pollution emissions, saving resources, and increasing energy security in local communities.

Keyvords: Biomass, fuel, briquette, pyrolysis, energy, biocomponents, resource, biofuel.

POJIb TOIIVIMBHBIX BPUKETOB U3 ITPOAYKTOB IINPOJIU3A
BUOMACCHI B OQHEPTETUYECKOM ITIOTEHIUAJIE Y3BEKUCTAHA

Maoaposa Cypaité Ypanosna boupoe 3agpap Paswanosuu
Hoyenm, Kapuwunckuii cocyoapcmeenviil mexuuyecKkul
YHUeepcumem,

Kapwwu, Y36exucman

Basogviii dokmopanm Yuueepcumema «Hosvuii Y30exucmany,
Tawxenm, Y30exucman

Annomayusn. AkmyanbHocmo Uccie008aHUs 3aKII0YAemcs 8 3PeKmueHoM UCNONIb308AHUU OUOMACCYL.
H3yuen nomenyuan oOuomaccwl Y3bexkucmaua, Gopmuposanue KpynHou Cbipbegol 6azvl  0is
npouU3600CmMea AlbMepPHAMUBHbIX MONTUSHLIX OPUKEMO8 U3 MECMmHbIX NPOOYKmMose nupoausda. Memoo
nepepabomku OUOMAccvl - NUPOIU3, KOMOPBILL CONPOBOHCOACMCA IK3OMEPMULECKUMU PeaKYUAMU.
Ilpusedena ungopmayus o OarbHeUUUx NePCneKmueax B60300HOBNIACMbIX UCHOYHUKOE IHePIUl,
IKOHOMUYECKUX U OIKOJLOSUYECKUX NPeuMyuecmeax monausHvlx oOpuxemos. Coenamvl 6bl800bl U
NPeoNodACeHUsL O 8KAAOE 3aMeHbl NPUPOOHBIX 8UO08 MONIUBA HA ANbMEPHAMUBHbIE MONIUBHbIE OPUKembl
8 CHUJICEHUE BbIOPOCO8 3ACPAHAIOWUX Bewecms 6 ammocgepy Cmpauvl, IKOHOMUIO pPecypcos,
nosvluleHue IHepeemuyecKkoll 6e30nacHoOCmu MeCmublx cooOuecms.

Knwuesvie cnosa: Buomacca, moniueo, Opuxem, nupoaus, 3Hepeus, OUOKOMNOHEHMbL, pecypc,
OUOMONTIUBO.

BIOMASSA PIROLIZI MAHSULOTLARIDAN OLINADIGAN YOQILG*I
BRIKETLARINING O‘ZBEKISTON ENERGETIKA SALOHIYATIDAGI
O‘RNI
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Annotatsiya. Tadgiqgotning dolzarbligi biomassadan samarali foydalanish. O ‘zbekistonning biomassa
salohiyati, mahalliy piroliz mahsulotlaridan muqobil yoqilg ‘i briketlarini ishlab chigarish uchun katta
xom ashyo bazasini tashkil etishi to ‘g ‘risida tadqiqotlar o ‘rganilgan. Biomassani qayta ishlashning usuli
piroliz bo ‘lib, u ekzotermik reaksiyalar bilan birga keladi. Qayta tiklanadigan energiya manbalarining
kelajakdagi istigbollari, yoqilg ‘i briketlarining iqtisodiy va ekologik afzalliklari hagida ma’lumotlar
keltirilgan. Tabiiy yoqilg ‘ilar o ‘rniga muqobil yoqilg i briketlariga almashtirish orqali, mamlakat
havosini ifloslantiruvchi moddalar emissiyasini kamaytirishga hissa qo ‘shishi, resurslarni tejash,

mahalliy hamjamiyatlarda energiya xavfsizligini oshirishda xulosa va takliflar keltirilgan.
Kalit so‘zlar: Biomassa, yoqilg i, briket, piroliz, energetika, biokomponentlar, resurs, bioyoqilgi.

Introduction. The production of briquettes
from local biomass pyrolysis products in
Uzbekistan is an emerging sector aimed at
transforming the country's abundant agricultural and
waste resources into sustainable energy solutions.
As a nation with significant biomass potential,
primarily from its extensive agricultural activities,
Uzbekistan is poised to leverage this resource for
energy production and environmental sustainability.
In 2024, thisinitiative is expected to play a crucial
role in addressing the country's energy demands
while simultaneously promoting waste management
and reducing greenhouse gas emissions [1,2].

Biomass feedstocks in Uzbekistan, such as
cotton stalks, agricultural residues, and livestock
waste, offer substantial raw materials for briquette
production. The pyrolysis process, which thermally
decomposes organic matter in the absence of
oxygen, generates valuable products including bio-
oil and biochar, which can be further processed into
briquettes. This conversion not only helps in
managing waste but also provides an alternative fuel
source that is more eco-friendly than traditional
fossil fuels [3,4]. The transition towards briquette
production aligns with Uzbekistan's commitment to
increasing the share of renewable energy in its
energy mix, aming for 20% by 2025 [5,6].
Furthermore, while the production of briquettes
presents numerous environmental benefits, such as
reduced waste accumulation and lower carbon
emissions, it aso requires careful resource
management to prevent ecological harm and ensure
long-term viability [2].

Overdl, the production of briquettes from
local biomass pyrolysis products signifies a
promising advancement in Uzbekistan's energy

landscape, with the potential to bolster economic
development, create jobsin rural areas, and support
the global shift towards renewabl e energy solutions.
Asthisindustry develops, it may also enhance local
energy security and contribute to the country's
socio-economic goas. Additionally, the country
generates about 100 million cubic meters of
agricultural waste annually, which also contributes
to its biomass potential [1,5].

Analysis of literature of the topic. The
livestock sector in Uzbekistan is another critical
contributor to biomass resources, with over 9
million head of cattle and 15 million sheep and goats
producing significant amounts of organic waste—
exceeding 100 million cubic meters per year. This
waste can be utilized in biogas production
processes, leading to the generation of renewable
energy and high-quality organic fertilizers [1,2].
Thetheoretical potential for biogas production from
livestock waste alone is estimated to be capable of
replacing 6.4 hillion cubic meters of natural gas
annually, underscoring the sector's importance for
energy self-sufficiency in rural areas[1,5].

Municipal solid waste (MSW) aso represents
a substantial biomass resource, with an estimated
generation of around 30 million cubic meters per
year [1]. This waste consists of various organic
materials, such asfood scraps and yard waste, which
can be converted into biogas through anaerobic
digestion or composting processes, further
enhancing Uzbekistan's biomass energy potential

[2].

The total technical potential of biomass in
Uzbekistan is estimated at 3,500 MWh, with
available biomass resources capable of meeting
10% of the country's energy demand [1]. Despite
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these promising figures, further research is
necessary to accurately assess the energy potential
of different biomass feedstocks and optimize their
utilization in energy production and sustainable
practices.

A promising method of biomass processing is
pyrolysis, which is accompanied by exothermic
reactions [6].

Pyrolysis is a thermochemical process that
involves the decomposition of organic materials,
such as hiomass, plastics, and rubber, at elevated
temperatures in the absence of oxygen. This process
typically occurs at temperatures ranging from 400 to
600°C and produces three primary products: bio-0il,
biochar, and syngas, with thespecific composition
of these products influenced by variables such as
temperature, pressure, and the feedstock's
characteristics [5].

The pyrolysis process is recognized for its
economic and environmental advantages. It enables
the conversion of renewable resources and waste
materials, such as agricultura residues and forestry
by-products, into valuable energy sources, thereby
supporting sustai nable waste management practices.
Additionally, the process contributes to carbon
neutrality by recycling organic materials and
reducing green house gas emissions [3].

Recent studies, such as those conducted in
Uzbekistan, have focused on determining optimum
conditions for producing biomass briquettes. For
instance, a screw-type briquette press was utilized,
allowing for controlled temperature operations to
mold briquettes in a single step, which streamlines
the production process [3]. The research explored
various temperature settings and raw material
combinations, such as bagasse and cassava flour, to
optimize briquette fuel properties|[3].

Briquettes produced from local biomass are
increasingly used for various applications, including
heating and cooking in households and as fuel in
industrial settings. Their high energy density and
low emissions compared to traditional fuels make
them a cost-effective and eco-friendly alternative
[4]. Additionally, efficient briquette manufacturing
contributes to resource conservation, waste
management, and rural development, enhancing job
creation and energy security within local
communities[5].

The production of briquettes from local

biomass pyrolysis products presents severa
environmental advantages. By utilizing agricultural
and forestry waste, which are abundant in
Uzbekistan, briquette production helps to mitigate
the accumulation of industrial and agricultural
waste, thereby reducing environmental pollution
and the burden on landfills. The thermochemical
conversion of biomass through pyrolysis produces
valuabl e products such as biochar and syngas, which
have the potential to lower greenhouse gas
emissions when used as alternative fuel sources|2].
By replacing traditional fossil fuels with briquettes,
the country can contribute to a reduction in air
pollutant emissions, addressing the pressing
challenges of climate change and air quality
degradation [4]. Moreover, briquettes have a lower
carbon footprint compared to conventional fuels,
further supporting sustainable energy solutions.
Materials and methods. The promotion of
briquette manufacturing aligns with Uzbekistan's
broader socio-economic goals, including energy
security, rural development, and job creation. By
reducing reliance on imported fossil fuels and
traditional biomass, briquettes can help stabilize
energy prices and enhance community resilience
against fluctuations in global fuel markets [2].
Additionally, the expansion of briquette production
has the potential to contributeto local economies by
providing entrepreneurial  opportunities  and
fosterl ng sustal nable devel opment initi atlve‘s‘[i]

S
EETIESS w0 el

| Figure 1. Raw materlalsand suppllesfor fue
briquettes from local biomass.

Research conducted at the Karshi Institute of
Engineering and Economics has extensively studied
cost-effective heating methods for greenhouses and
aternative energy sources in areas where energy is
not available. The pyrolysis plant has been used to
produce aternative fuels for greenhouse heating
systems from biomass and various local organic
waste [6].

The “pyrolysis reactor-heat generator” device
created by the researchers allowed the production of
100-120 m3 of biogas fuel by processing up to 600
kg of biomass (cattle manure, plant waste, etc.) per
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day [15].

Pyrolysis
process

Heating

Biomass reserve

Figure 2. Product balance of the biomass
pyrolysis process.

It ispossible to obtain not only thermal energy
from biomass, but also electrica energy. In this
case, the use of cogeneration units is certainly a
promising solution. Thisisbecausein the electricity
industry, burning pyrolysis gasin an engineis more
efficient than biogas. According to sources from
world scientists, 0.29-0.31 m3 of pyrolysis gas or
0.36-0.38 m3 of biogasisrequired to produce 1 kW
of electricity. When we anayze the composition of
pyrolysis gas, we can see that methane is the main
gas. The diagram below shows the composition of
pyrolysis gas (Figure3).

Figure 3. Composition of pyrolysis gas.

Discussion. In the case of Uzbekistan, we can
take one of the localized weeds, the saltwort plant.
We can obtain pyrolysis products from this plant
and, by adding biomass of various compositions to
it, create a new local dternative fuel using
briquetting technologies. The saltwort plant isfound
in almost all regions of Uzbekistan. It is important
to study the energy efficiency of a device for
preparing alternative fuel briquettes based on local
biomass pyrolysis products and to determine the
heat of combustion of fuels.

Conclusion. In this article, | proposed the
development of alternative fuel briquettes based on
local biomass pyrolysis products and
biocomponents generated using a pyrolysis device.
An unconventional type of fuel significantly
satisfies the needs of the population for fudl. It is
also of practical importance in solving the problem
of uninterrupted fuel supply to rural settlementsand
greenhouses located far from centralized energy
supply. At the same time, it can make a positive
contribution to the local economy.
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INTEGRATED GENETIC-DIFFERENTIAL EVOLUTION APPROACH FOR
SIMULTANEOUS PRESSURE-DROP REDUCTION AND EFFICIENCY
ENHANCEMENT IN MULTI-CYCLONE DUST COLLECTORS

Djurayev Sherzod Sobirjonovich
Associate Professor, Namangan State Technical University, Namangan, Uzbekistan
E-mail: sherzoddjurayev1989@gmail.com

Abstract. This study shows how to “hit two targets with one math arrow”, trimming pressure drop (AP)
down while cranking collection efficiency (n) up in industrial multi cyclone (MSC) dust collectors. A
CFD based response surface “crystal ball” is hitched to a tag team optimizer-Genetic Algorithm leads,
Differential Evolution finishes-then polished by an NSGA Il Pareto “red carpet” filter. The quartet of
tweakable dimensions (barrel diameter D, inlet width B, cone length Lc, vortex finder diameter Dy) forms
the playground. The GA— DE relay squeezes the composite score from J=1.00 to J=0.17, slicing AP by
32% and boosting n by 9%. For a medium sized plant the makeover shaves roughly 14 MWh year™ of fan
energy-about 11 ¢ CO: that never see daylight-proving that a little mathematical wizardry can make
cyclones spin greener and leaner.

Keywords: Multi-cyclone, multi-objective optimization, genetic algorithm, differential evolution, CFD—
RSM, pressure drop, collection efficiency, Pareto front.

UHTEIPUPOBAHHBINA 'EHETUKO-JIU®OEPEHIIUAJIBHBINA TOAXO/ K
IBOJIIOIIUHAU JIAA OJHOBPEMEHHOI'O CHUKEHUSA JABJIEHUA U
HOBBIIIEHUA DOP®EKTUBHOCTHU B MYJIbTULIUKJIOHHBIX
HBUVIEYJIOBUTEJIAX

Jcypaee Ilep300 Cobupoconosuu

ﬂouenm Hamaneanckozo zocydapcmeeyﬁozo MmexHu4ecKo2o yHusepcumemad, HaMaHZaH, Vz6exucman

Annomayusn. 9mo ucciedosanue noKasvleaem, KaxK «yoapsame no 08yM Yesim 0OHOU MamemMamuiecKou
cmpenouy, cHudcas nadeHue oasinenus (AP) npu oOHospemennom nosviueHuu d¢hghexmusnocmu coopa
(n) 6 npomviunennolx mynomuyuxionnvix (MSC) neineynosumensx. I[losepxnocms omeema Ha OCHO8e
CFD «xpucmannuueckuti wapy npukpeniena K me2080my ONMUMUIAMOPY - 2eHEMUYECKULl AlcOPUMM
6edem, Oougppepenyuanvras seonoyus 3asepuiaemcs - samem omnoauposana guivmpom NSGA 11
Pareto «xpacnwvui kogepy. Yemeepmo uzmensiemvix pazmepos (Ouamemp cmeona D, wupuna éxooa B,
onuna koHyca Le, Ouamemp euxpenosumens Dy) obpazyem oemckyro niowaoxy. Pere GA—DE
corcumaem cocmasHyio oyenxy om J=1,00 oo J=0,17, paspezaem AP na 32% u nosviwwaem n na 9%. /[ns
CpeoHepasmMepHo20 3a600a nepekiaoka nompedisiem okono 14 MBm-y snepeuu eenmunamopa 6 200— 1
- npumepro 11 moun CQO2z, Komopulil HUK020A He 8UOUmM OHEeBHO20 céema - Ymo O00Ka3vleéaem, Ymo
HebOobUoe Mamemamuieckoe 60auledCmeo Modcem coelams YUKIOHbL 3elleHee U MOHbULe
BPAWYAIOUSUMUCS.
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Knruegvie cnosa. Mynomuyukion, MHO2OKPUMEPUATbHASL ONMUMUZAYUS, 2eHEMUYECKULl aleopUumm,
ougppepenyuanvran seontoyuss, CFD—-RSM, naoenue oasnenus, sppexmusnocmov cobopa, ponm
Ilapemo.

KO‘P SIKLONLI CHANG TUTGICHLARDA BIR VAQTNING O‘ZIDA
BOSIMNI PASAYTIRISH VA SAMARADORLIKNI OSHIRISH UCHUN
INTEGRATSIYALASHGAN GENETIK-DIFFERENSIAL EVOLYUTSION
YONDASHUV

Jurayev Sherzod Sobirjonovich

Namangan davlat texnika universiteti dotsenti, Namangan, O ‘zbekiston

Annotatsiya. Ushbu tadgiqot sanoat multitsiklon chang tutgichlarida (MSC) yig ‘ish samaradorligini (n)
oshirish bilan bir vaqtda bosim pasayishini (AP) kamaytirish orqali “ikkita nishonga bitta matematik o ‘q
bilan zarba berish”ni ko ‘rsatadi. CFD asosidagi “kristall shar” javob yuzasi teg optimizatoriga
biriktirilgan - genetik algoritm boshgaradi, differensial evolyutsiya yakunlanadi - so ‘ngra NSGA 11
Pareto “qizil gilam” filtri bilan sayqallanadi. O ‘zgaruvchan o ‘lchamlarning chorak qismi (stvol
diametri D, kirish kengligi B, konus uzunligi L, uyurma tutgich diametri Dy) bolalar maydonchasini
tashkil etadi. GA— DE relesi tarkibiy bahoni J=1,00 dan J=0,17 gacha sigadi, AP ni 32% ga kesadi va
n ni 9% ga oshiradi. O ‘rtacha o ‘Ichamdagi zavod uchun qayta yotqizish yiliga taxminan 14 MVt/soat
ventilyator energiyasini iste’'mol giladi— 1 - taxminan 11 tonna COy, u hech gachon kunduzgi yorug ‘likni
ko ‘rmaydi - bu kichik matematik sehr-jodu siklonlarni yashilrog va ingichkaroq aylantirishi
mumkinligini isbotlaydi.

Kalit so‘zlar: Multitsiklon, ko'p mezonli optimallashtirish, genetik algoritm, differensial evolyutsiya,

CFD-RSM, bosim pasayishi, yig ‘ish samaradorligi, Pareto fronti.

Introduction. Cyclone and multi-cyclone
separators remain the work-horse of industrial gas-
solid separation because they are rugged, low-
maintenance and inexpensive. Their main drawback
is a relatively high hydraulic resistance; every
kilopascal of pressure loss trandates to ~ 6% extra
blower power. Recent numerical studies have
therefore shifted from classical single-factor tuning
to formal multi-objective optimisation that trades
AP against m, typically by combining CFD,
response-surface methodology and evolutionary
algorithms. The present work extends that trend to
MSC arrays and highlights a three-stage hybrid
search strategy that balances global exploration and
local exploitation.

Methods. Governing flow and particle model
The gas phase is described by the incompressible
RANS equations with a standard k — & closure,
while particles follow a Lagrangian trgectory
governed by drag, gravity and Coriolis forces:

du
Py (E +u- Vu) = —=Vp + puyV?u +

pgg'mpddltp = Fdrag +F"g + Feor N

Hot-wire experiments on a pilot MSC
validated the CFD predictions within +6% for AP
and +4% for n at dust loadings up to 60 g m~3. A
weighted sum convertsthe two competing goalsinto
asingle merit index:

AP(x)

JE) = w1 =n()] +w, 7=, x =
[D,B,L.,D,],w; =0.6,w, = 0.4 2

Here AP, refersto the baseline geometry of an
industrial 24-tube MSC.

A cubic Response-Surface Model (RSM) was
fitted to 120 CFD design points generated with a

)

Box-Behnken Design of Experiments. The
surrogate equations take the form

N(X) = Bo + X Bixi + Xi<j Bijxixj +
¥ Bix?, AP(x) is analogous. 3

All coefficients f were determined by least
squares; coefficients of determination were R; =

0.993 and R3, = 0.987. These analytic surrogates
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replace expensive CFD calls during the search.

Table 1.
Table1
Genetic algorithm settings and goals
Step Setting Purpose
12-bit binary string per design
Encoding variable (total chromosome . ?ggg on
length = 48 bits) €p
Initial 40 individuals seeded with a Wide
population Sobol low-discrepancy sequence coverage
) o Favour low-J
Selection Tournament (size = 2) individuals
Simulated Binary Crossover ]
Crossover (SBX) with probability p.=0.9 R?;mﬁlsne
and distribution index q.=15 g
. Polynomia mutation, probability Maintain
Mutation Pr=1/L~0.021, index qn=20 diversity
Elitism Best 2 individuals copied Preserve
unchanged to next generation quality
Stopping rule 30 generations or Jy-Jys
After 30 generations GA reduced the

composite objective from 1.00 to = 0.25.
Starting from the ten best GA solutions, a
DE/rand/1/bin scheme refined the search:
Vi =Xp, + F(xr2 - xr3), u;; =
v;j, ifrand (0,1) < CRorj = jrang
{xi, j»  otherwise

Amplification factor F = 0.55

Crossover rate CR = 0.8

Population size = 20, iterations = 25

DE trimmed J further to 0.17 (=32 %
improvement over GA alone).
Hybrid GA — DE strategy

GA provides coarse diversification across the
design space.

DE offersfine-grained exploitation around the
best regions.

Combined, the hybrid achieved the target
accuracy with 38% fewer function evaluations than
astand-alone GA.

All intermediate solutions (= 480) were
archived and post-processed:

1. Non-dominated sorting assigns each point
to a Pareto front Fj,.

2. Crowding distance

di — Z$n=1 fm,i+1_fm,i—1 (5)

max min
fm = fm

(4)

ensures spread aong the front. Designs are
ranked by lower front number, then higher d;.
Output: 18 non-dominated designs with n > 0.90
and AP < 150 Pa. Constraints and penalty function
Design limits:

0.2Dy < D < 0.6D,,0.4B, < B <
1.2By, L, < 6D, D, = 0.4D (6)

Constraint  violation g,(x) >0 adds a
quadratic penalty:

Jx) =](x) +10° %, [max(0, g )]>  (7)

The Coello-Coello feasibility rule was aso
tested and produced < 1 % difference.

Results. Fig. 1 shows that GA aone reaches
J=0.25 after 30 generations; DE deliversafurther 32
% improvement to the final J=0.17.

The NSGA-I1 filter returns 18 non-dominated
designs (n>0.90, AP < 150 Pa). The preferred design
yieldsn = 0.964 with AP = 128 Pa, corresponding to
table 2:

Table 2
Multicyclone device dimensions
Parameter Basdline Optimised
D (mm) 280 245
B (mm) 70 55
L (mm) 560 490
D, (mm) 100 90
AP reduction directly saves = 1.6 kW of

blower power at 8§ 000 h yr' duty.

Fig.1. Convergence of the objective function J
during optimization.

Fig.2. Pareto frontier showing candidate design
points.
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Discussion. Sensitivity — shortening the dust-
cone(L¢/D) from 5.5t0 4.8 lowered AP by 12% with
negligible efficiency loss.

Load robustness — a 12% higher dust
concentration the optimised MSC still maintained
n=0.947, confirming CFD predictions.

Algorithm efficiency — the GA — DE hybrid
used 38 % fewer function calls than a pure GA for
the same J target.

Industrial impact — the electricity saved
equates to 11 t CO2 yr! under a 0.78 kg kWh™' grid
factor, paying back retrofit costsin < 14 months.

Conclusion. A four-stage optimisation
pipeline (CFD-RSM+GA+DE+NSGA-I1I)
successfully resolves the AP— trade-off in multi-
cyclone design. Experimental validation confirms a
32 % drop in hydraulic resistance at equal or better
efficiency. Future work will incorporate transient
dust loading, turbulence-RSM coupling and sensor-
based adaptive control so that MSCs can self-
optimise in real time.
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TIME-RESOLVED AND KINETIC SIMULATION FRAMEWORK FOR
MULTICYCLONE DUST COLLECTORS IN AIR-QUALITY CONTROL

Djurayev Sherzod Sobirjonovich
Associate Professor, Namangan State Technical University, Namangan, Uzbekistan
E-mail: sherzoddjurayev1989@gmail.com

Abstract. Multicyclone dust collectors are considered essential devices for the removal of particulate
matter from large industrial gas flows. In this study, a hybrid kinetic—-dynamic modelling approach is
proposed, combining a population-balance-based kinetic module with a CFD-DPM solver built on the
Reynolds-averaged Navier—Stokes framework. The kinetic component describes the exponential
reduction of dust concentration inside each cyclone cell, while the dynamic component captures the gas-
phase turbulence, pressure drop, and particle drag phenomena. The model produces two key
performance curves. the dependence of collection efficiency on particle diameter in the range of 0.1-10
um, and the time-dependent decay of outlet dust concentration over a 60-second interval. Validation
using recent industrial measurement data demonstrates that the model achieves prediction errors below
6% for efficiency and below 4% for pressure drop, confirming its reliability. The integrated model can
therefore serve as an effective tool for optimising the number and dimensions of cyclone cells in the
design of industrial air-cleaning systems.

Keywords: multicyclone, kinetic model, CFD-DPM, collection efficiency, pressure drop, air-pollution
control.

BPEMEHHO PA3PEIIEHHASI U KHHETUUYECKASI MOJEJIBHAS
CHUCTEMA JIJISI MHOT'OIIMKJIOHHBIX NIBLIEYJIOBUTEJIEHN B
CUCTEMAX KOHTPOJISA KAYECTBA BO3YXA

ocypaeg Lllep300 Codupirconosuy

ﬂouenm Hamaneanckozo zocydapcmeeyﬁozo mMexHu4ecKo2o yHusepcumemad, HaMaHZaH, V3bexucman

Annomayun. MHo20yuKIOHHbIE NbLIEYIOBUMENU CUUMAIOMC HEODXOOUMbBIMU YCMPOUCMEAMU O/
YOaneHuss meepovix Yacmuy U3 KPyNHolX NPOMbIULIEHHBIX 2A308bIX NOMOK08. B 0annom ucciedosanuu
npeonazaemcst 2UOPUOHBIL  KUHEMUKO-OUHAMUYECKULL NO0X00 K MOOEIUPOBAHUIO, COYEeMAOUWuUlL
KUHemu4eckuii MoOylb, OCHOBAHHLIU HA OANaHCe NONYIAYUU, C peulamenem GblYUCTUNENbHOU
euopoounamuku (CFD) u Ounmamuueckozo mooenuposanus (DPM), nocmpoennvim Ha ocHoge
yepeonennoeo no Petinonvocy ypasnuenus Hagve — Cmokca. Kunemuueckas cocmaensaowas onucvlgaem
9KCNOHEHYUAIbHOE CHUMCEHUE KOHYEHMPAayuy Nuliu HYMPU KAHCOOU YUKIIOHHOU AYEUKU, 8 MO 8peMs.
KaK OUHAMUYECKAas COCMAGIAIOWAs yuumyléaem mypoyienmHocms 2a3060u ¢azvl, nadenue 0agneHus u
A61eHuss  conpomuenenus dacmuy. Modenv noszeonsem  nomyuums 08e  Kllouegvle  Kpusbvie
NPOU3BOOUMENbHOCIU.  3A8UCUMOCTIb  dhheKmusHocmu  Yiaeiueanus om ouamempa 4Y4acmuy 8
ouanaszone 0,1-10 mxkm u naoeuue KOHYeHMpayuu NoLLIU HA BbIXOOe 60 6pemeHu 6 meueHue 60-
CeKyHOHO020 unmepsana. Banuoayus ¢ ucnonv3osanuem nocieOHuUx OGHHbIX NPOMbIULIEHHBIX U3MEPEHUL
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nokaswiéaem, uYmo MoOelb 00Cmuecaem NOSPeuwHOCmY NPOSHO3Upo8aHus Mmenee 6% 0O
agpgpexmuenocmu u menee 4% 0ns nadenusi 0asierus, 4mo noomeepaicoaem eé Hadéxcnocmo. Taxum
00pa3zom, UHMESPUPOBAHHASL MOOENb  MOJNCEM  CAYHCUMb  IPDEKMUBHbIM  UHCMPYMEHMOM OIS
ONMUMU3AYUY KOIUYECMBA U pPA3MEPO8 YUKIOHHBIX AYeeK NpU NPOEKMUPOBAHUU NPOMbIULLIEHHBIX
cucmem O4UCMKU 8030YXd.

Kniouesvte cnosa: mynomuyuxion, kunemuyecxkas mooenv, CFD-DPM, s¢hghexmusnocms yragnusanus,
nepenao 0asieHus, KOHMpOJib 3a2PA3HeHUs. B030VXA.

HAVO SIFATINI NAZORAT QILISHDA KO‘P SIKLONLI CHANG
USHLAGICHLAR UCHUN VAQT BO‘YICHA ANIQLASHTIRILGAN VA
KINETIK SSIMULYATSI YA TIZIMI

Jurayev Sherzod Sobirjonovich
Namangan daviat texnika universiteti dotsenti, Namangan, O ‘zbekiston

Annotatsiya. Multisiklonli chang yig ‘uvchilar yirik sanoat gaz ogimlaridan zarrachalarni olib tashlash
uchun muhim qurilmalar hisoblanadi. Ushbu tadgiqotda populyatsiya balansiga asoslangan kinetik
modulni Reynolds-o ‘rtacha Navier-Stokes tizimida qurilgan CFD-DPM hal giluvchi bilan birlashtirgan
gibrid kinetik-dinamik modellashtirish yondashuvi taklif etiladi. Kinetik komponent har bir siklon
xujayrasi ichidagi chang kontsentratsiyasining eksponensial kamayishini tavsiflaydi, dinamik komponent
esa gaz fazas turbulentligi, bosimning pasayishi va zarrachalarning tortishish hodisalarini gamrab
oladi. Model ikkita asosy ishlash egri chizig‘ini ishlab chigaradi: yig ish samaradorligining 0,1-10
mikron diapazonidagi zarrachalar diametriga bogligligi va 60 soniya oralig ‘ida chigadigan chang
kontsentratsiyasining vagtga bogliq parchalanishi. So‘nggi sanoat o‘lchoviari ma'lumotlaridan
foydalangan holda tekshirish shuni ko ‘rsatadiki, model samaradorlik uchun 6% dan past va bosim
pasayishi uchun 4% dan past bo ‘lgan bashorat xatolariga erishadi, bu uning ishonchliligini tasdiglaydi.
Integratsiyalashgan model shuning uchun sanoat havoni tozalash tizimlarini loyihalashda siklon
hujayralarining soni va o ‘lchamlarini optimallashtirish uchun samarali vosita bo ‘lib xizmat qilishi
mumkin.

Kalit so‘zlar: Multisiklon, kinetik model, CFD-DPM, yig ‘ish samaradorligi, bosimning pasayishi, havo
iflodlanishini nazorat qgilish.

Introduction. Industrial growth,

urbanisation and the worldwide shift toward higher
living standards have dramatically increased the
volume of fine particulate matter (PM) emitted by
combustion, drying and material-handling
processes. According to the World Hedth
Organization, more than 90 % of the global
population now breathes air whose PMoa.s
concentration exceeds the 2021 guideline of 5 ug
m>. To comply with equally stringent local
regulations—such as the EU Industrial Emissions
Directive (IED 2010/75/EU), the U.S. National
Ambient Air Quality Standards (NAAQS) and
China’s “Ultra-Low Emission” standard for coal-
fired plants—industries are compelled to retrofit or
redesign their air-pollution-control systems. Why
multicyclones matter. Electrostatic precipitators and

fabric filters achieve very high efficiencies but
entail high capital or operating costs, complex
instrumentation and sensitivity to corrosive or high-
temperature streams. In contrast, multicyclone dust
collectors (MDCs) are entirely mechanical, free of
moving parts and able to tolerate hot, abrasive or
chemically aggressive gases. By distributing the
flow among tens to hundreds of small cyclone cells,
MDCs circumvent the scale penalties of singlelarge
cyclones, delivering  acceptable  collection
efficiencies (60-95%) at pressure drops typicaly
below 2 kPa. This makes them indispensable as pre-
cleaners upstreem of  baghouses, boiler
economisers, organic-rankine cycles and catalytic
reactors, where uncontrolled dust would shorten
service life or poison catalysts. Modelling gap.
Despite their industrial relevance, the design of
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MDCs still leans on empirical charts from the mid-
20th century—chiefly those of Lapple, Barth and
Shepherd—which were derived for single cyclones
processing monodisperse powders under narrow
operating conditions. When scal ed to multicyclones,
these correlations fail to capture (i) maldistribution
among paralel cells, (ii) the coupled kinetics of
particle agglomeration and re-entrainment, and (iii)
the nonlinear feedback between pressure loss and
collection efficiency. Computational fluid dynamics
(CFD) has greatly improved our understanding of
the swirling flow in individua cells, revealing
complex double-vortex structures, secondary
invard radial currents and boundary-layer
separation. Y et stand-alone CFD is computationally
prohibitive for system-level optimisation, especially
when a full particle-size distribution or time-
dependent loading must be resolved. Hybrid
kinetic-dynamic approach. To bridge this divide,
the present work proposes a tiered modelling
framework that fuses a population-balance-based
kinetic description with a high-fidelity CFD-
Discrete Particle Model (DPM) of a representative
cell. The CFD block supplieslocal flow fields, wall
shear and drag coefficients that feed the kinetic
block, whilethe kinetic module, solved by stiff ODE
integration,  returns  cell-resolved  particle
concentrations and residence-time distributions. A
Latin-hypercube sampling plan and Gaussian-
process surrogate further condense the CFD results
into an algebraic meta-model, enabling millisecond-
scale predictions suitable for gradient-based
optimisation or rea-time digita twins. By
integrating first-principles fluid mechanics with
population kinetics and modern  surrogate
modelling, the framework presented here promises
not only to tighten the predictive envelope for
existing multicyclone installations but also to open
new pathways for energy-efficient, regulation-ready
particulate control in next-generation industrial
plants.

Methods. Extended Kinetic Model Each of
the N cyclonecellsistreated asawell-mixed control
volume obeying the popul ation-balance equation

aci(t,d
2ieds) Q)+ Byt @iy (G -

Ci) + Ragg - Rfrag (1)
where C; isthe particle-number concentration,
Q the volumetric flow per cell, V the cell volume,

a;; an inter-cell exchange coefficient representing
maldistribution, and R,,, /Rgse the Smoluchowski
aggregation/fragmentation  terms.  Collection
efficiency follows a modified Barth-Lapple law

2 n

n(dp) =1-—exp [—K (%) ] 2

with empirical parameters K and n obtained
from least-squares regression of twelve laboratory
data sets.

Gas flow is solved with the realizable k — ¢
turbulence closureon a 1.2 million-cell unstructured
mesh; curvedwall functions account for swirl.
Particle trajectories satisfy Newton's law

m, %” = 3mud,(u — u,)Cp + Mpg + Fogriolis 3

with drag coefficient C, corrected up to
Re, = 103. Wall impacts follow an elastic-plastic
rebound model (restitution = 0.3 ). Because mass
loading is= 0.01, coupling is one-way.

The stiff kinetic ODE system is integrated
with Matlab odel5s. CFD runs employ ANSYS
Fluent 2024 R2 on a 32-core workstation (AMD
EPY C 7543P) and require 6-8 h per operating point.
A Latin-hypercube plan (80 samples) feeds a
Gaussian-process surrogate that delivers sub-second
predictions.

Results. Single-cell collection efficiency -
Figure 1 shows that efficiency rises from 10% at
0.3um to 80% at 5 um and approaches unity at
10u m; the inflection diameter ds, = 2.1um
matches laser-based tests.

Fig.1. Multicyclone collection efficiency curve.

System-level dust decay - Figure 2
demonstrates an exponentia drop in outlet
concentration; the kinetic constant k, = 0.07 +
0.01 s7! yields a half-life of 9.9 s. Pressure drop -
CFD predicts AP ~ 1.8kPa at an inlet velocity of
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18 m s~ 1, squarely within the 1.5 — 2.0 kPa target
recommended by 1SO 29464. Sensitivity analysis -
Standardised regression identifies inlet velocity as
the dominant positive factor on efficiency (8 =
+0.62), followed by cyclone diameter (5 = —0.28)
and wall roughness ( 5 = —0.11). For pressureloss,
inlet velocity again dominates ( 8 = 40.76).

Fig.2. Kinetic decay of dust concentration.

Discussion. The hybrid framework bridges
the traditional modelling gap by translating CFD-

resolved micro-scae physics into macro-scae
kinetic parameters. Conventional charts under-
predict efficiency for fine particles because they
ignore residence-time dispersion and
agglomeration; our exchange term a;; corrects this.
Curvature-adjusted wall functions cut near-wall
velocity error from 18% to 6%. Energy analysis
reveals that shrinking cell diameter from 100 mm to
80 mm reduces AP by 22% while sacrificing only
4% efficiency if athird stage is added-delivering a

12% annua fan-energy saving for a
120000Nm3 h~* cotton-gin vent system.
Conclusion. A dtiff population-balance

kinetic model plus CFD-DPM has been formulated
for multicyclones. The combined model predicts
collection efficiency within +5% and pressure drop
within 6% of industrial data. Sensitivity maps
guide energy-efficient designs that respect emission
limits. A Gaussian-process surrogate Yyields
millisecond-scale predictions, enabling rea-time
optimisation.
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BETON QOPLAMALI TO‘G‘RI TO‘RTBURCHAK KANALLARDA QIRG‘OQ
KOEFFITSIYENTNI ANIQLASH VA UNING TEZLIK TAQSIMOTIGA
TA’SIRINI BAHOLASH
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Annotatsiya. Beton qoplamali to ‘g ‘ri to ‘rtburchak kanallarda qirg ‘oq koeffitsiyentini aniglash va tezlik
tagsimotini baholash bo ‘yvicha olib borilgan tadgiqotlar natijalari keltiriladi. Tadgiqotlar “Smart
Solution System” MCHJ laboratoriyasida qurilgan K-2 kanalida olib borildi. Kanal kesimida 9 ta
vertikal tanlanib, har birida 10 sm, 23 sm va 33 sm chuqurliklarda tezlik o ‘Ichoviari bajarildi. Aniglikni
oshirish uchun har bir nugtada 3 marotaba o ‘Ichov amalga oshirilib, arifmetik o ‘rtacha qiymatlar
hisobga olindi. O ‘Ichov ishlari Universal Muline (CM-32) gidrometrik vertushkas va elektromagnit suv
sarfi o ‘Ichash qurilmasi yordamida bajarildi. Olingan natijalar asosida qirg ‘oq koeffitsiyentini aniglash
uchun maxsus formula ishlab chiqildi. Hisoblash jarayonida kanal bo ‘yicha olingan o ‘rtacha tezlik
qiymatlari hamda qirg ‘oq zonalaridagi tezliklar taqqoslanib, qirg ‘oq koeffitsiyenti giymati T=0.92 ga
teng ekani aniglandi. Shuningdek, gidrometrik o ‘Ichoviar orqgali aniglangan suv sarfi Q=0.443 m?s
bo‘lib, u elektromagnit o ‘Ichash qurilmasida qayd etilgan Q=0.445 m*/s giymatiga juda yaqin natija
berdi. Ularning farqi AQ=0.002 m?s bo ‘lib, 1% xatolikni tashkil etdi. Tadqiqot natijalariga ko ‘ra,
qirg ‘oq zonalarida tezlik keskin kamayib, kanal markazida esa yuqoriroq giymatlar kuzatildi. Qirg ‘oq
va markaziy qismlar orasidagi maksimal tezlik farqi A9=16—29 % ni tashkil etdi. Ushbu natijalar kengligi
2.5 m bo‘lgan, beton qoplamali kanallarga tegishli bo ‘lib, boshqa shakl va o ‘lchamlardagi kanallar
uchun qo ‘shimcha tadqiqotlar o ‘tkazishni taqozo etadi.

Kalit so‘zlar: Qirg ‘oq koeffitsiyenti, beton qoplamali to ‘g ri to ‘rtburchak kanal, gidrometrik vertushka,
elektromagnit suv o ‘Ichagich, oqim tezligi, tezlik tagsimoti, laboratoriya tajribalari, vertikal bo ‘yicha

tezliklar.
ONPEJAEJEHUE KOO®OUIINEHTA BEPEI'A U OLIEHKA EI'O BJIMSIHUSA

HA PACHPEJEJEHUE CKOPOCTEM B MIPSIMOYTI'OJIbHBIX BETOHHBIX
KAHAJIAX
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Omaxonoe Makcyo babarccanose @appyxoex  Annaépos /lasponsicon 3axupoe Hnxomorncon
HOcyghosuu Kapumoeuu Hlamcuoounosuu baxmuép yznu

. . HAormop durocoguu mexnuqeczcvux DSc ooxmopanm, Tawkenmcekuii Hoxmopanm PhD, Hayuonanohoiii
3asedyrowuii rabopamopueiic OO0 Hayk, ooyenm, HayuonanoHoiii . . .

. . 20CY0apPCMEEHHbLIL MPAHCNOPMHbILL Ucced08ameNbCKULl YHUGEPCUmem
«Smart Solution Systemy, doyenm, uccnedo8amenbeKull yHugepcumen

yHusepcumenm, THHHUMCKX,
Tawkenm, Y30exucman THHUMCKX, Tawxenm,
Tawkenm, Y30exucman Tawkenm, Y3bexucman

Vzbexucman

Annomayun. B Oannoill cmamve npeocmagienvl pe3yibmamvl UCCIE008AHUL, NPOBEOEHHBIX NO
onpeoeneHuro Kodppuyuenma bepeca u oyewke pacnpeoeneHusi CKOpOCmel 6 NPSIMOY20TbHbIX
OemoHHbIX Kananax. IKcnepumenmol 8binonusiucy 6 aavopamopuu OO0 «Smart Solution System» na
cneyuanbHo nocmpoenHom kanane K-2. B nonepeunom ceuenuu kanana Ovlio evlopano 9 eepmuxaeti,
HA KadicOOU U3 KOMOPLIX UsMepenusi cKopocmetl nposoounuce Ha eayounax 10 cm, 23 cm u 33 cm om
nosepxHocmu 600vl. [l noevluleHUus MOYHOCMU KAdicOoe U3MepeHue NOBMOPSALIOC, MPUdiCcobl, d
Umozoevle 3HAYEHUsT ONPedeNaNUC, KaKk apugmemuyeckoe cpeoHee. HzmepeHus ocyueCmensaiucy ¢
ucnonvzosanuem 2uopomempuyeckou eepmywku Universal Muline (CM-32) u anekmpomacHumnozo
pacxodomepa. Ha ocnose nonyuennvix OauHbix Ovlia pazpabomana cneyuanvbHas Gopmyia O
onpeoenenus Koagpguyuenma Oepeza. B pezynomame blYUCIEHUU YCMAHOBIEHO, YMO 3HAYEHUE
Koappuyuenma  bepeca  cocmasnsiem  T=0.92. Kpome moco, pacxoo,  onpeoenénHblil
cuopomempudeckumu usmepenusamu, cocmasun Q=0.443 m/c, umo npaxkmuyecku coeénadaem c
Pe3YIbmamom, NONYHEHHbIM NPU NOMOWU DNEKMPOMACHUMHO20 pacxodomepa — Q=0.445 wm’/c.
Pasuuya cocmasuna ececo AQ=0.002 m/c, umo coomeemcmeyem 1% nocpewnocmu. Pesynomamuol
uccie0o8anuil NOKA3anu, 4mo 8 NPUOPEHCHOU 30He CKOPOCHb NOMOKA PE3KO YMeHbUAemcsl, mo20a KaK
8 YEHmMpANbHOU Yacmu Kanaia Habmooaromcs 0onee @vicokue 3HauyeHus. Maxcumanvuas pasHuya
ckopocmeti medcoy Oepecom u yeHmpom Kawana cocmasuna A3=16-29%. Omu pezyromamoi
XapaxkmepHul 0/ NPAMOY20JIbHbIX OEMOHHBIX KAHAN08 WUPUHOU 2.5 M, 00HAKO OJisl KAHAN08 UHBIX hOpM
U pasmepos Heobxo0uMbl OONOIHUMENbHbIE UCCTIe008AHUS.

Knwueevie cnosa: bepecosou  koaghguyuenm, 6emoHUpOBAHHbIN  NPAMOY2ONbHLIL — KAHAI,
2UOPOMEMPUYECKAs 8ePMYWIKA, JIeKMPOMACHUMHBIL 8000Mep, CKOPOCMb NOMOKA, pAchpeoeneHue
cKkopocmeli, 1abopamopHble IKCNEPUMEHMbL, CKOPOCMU NO 6ePMUKATU.

DETERMINATION OF THE BANK COEFFICIENT AND EVALUATION OF
ITS EFFECT ON VELOCITY DISTRIBUTION IN RECTANGULAR

CONCRETE-LINED CHANNELS

Otakhonov Maksud Babajanov Farrukhbek Allayorov Davronjon Zakirov llkhomjon

Yusufovich Karimovich Shamsiddinovich Bakhtiyor ugli
Doctor of Philosophy in Technical

Head of the laboratory of LLC Ssienc ciate Professor D<c doctoral student, Tashkent PhD doctoral student, National
“Smart Solution System”, Associate Natior?alg R ch Universit ’ Sate Transport University, Research University of TIIAME,
Professor, Tashkent, Uzbekistan Y Tashkent, Uzbekistan Tashkent, Uzbekistan

TIAME, Tashkent, Uzbekistan

Abstract. Thisarticle presents the results of a study on the determination of the bank coefficient and the
evaluation of velocity distribution in rectangular concrete-lined channels. The experiments were
conducted in the laboratory of “Smart Solution System” LLC on the specially constructed K-2 channel.
Nine verticals were selected across the channel cross-section, and velocity measurements wer e taken at
depths of 10 cm, 23 cm, and 33 cm from the water surface. To improve accuracy, each measurement was
repeated three times, and the final values were cal culated as arithmetic means. The measurements were
carried out using a Universal Muline (CM-32) hydrometric current meter and an electromagnetic
flowmeter. Based on the obtained data, a specific formula for determining the bank coefficient was
developed. The calculations showed that the value of the bank coefficient was T=0.92. Furthermore, the
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discharge determined from hydrometric measurements was Q=0.443 m>/s, which was very close to the
discharge obtained from the electromagnetic flowmeter — 0=0.445 m’/s. The difference was only
A0=0.002 m?/s, corresponding to an error of 1%. The results demonstrated that flow velocity decreases
sharply in the bank zones, while higher values are observed in the central part of the channel. The
maximum velocity difference between the banks and the channel center was found to be A3=16—29%.
These findings apply to rectangular concrete-lined channels with a width of 2.5 m, whereas channels of
different shapes and dimensions require further investigation.

Keywords: Bank coefficient, rectangular concrete-lined channel, current meter, electromagnetic flow
meter, flow velocity, velocity distribution, laboratory experiments, vertical velocity profiles.

Kirish. Suv insoniyat hayotining ajralmas
gismi bo‘lib, u nafagat ichimlik manbai, balki
qishloq xo‘jaligi va sanoatning bargaror faoliyati
uchun ham zaruriy resursdir. Hozirgi kunda dunyo
miqyosida suv tangidigi tobora jiddiylashib
bormoqda. Birlashgan Millatlar Tashkiloti hisobot-
lariga ko‘ra, XXI asrda insoniyat duch keladigan
eng katta muammolardan biri - aholiga ichimlik va
sug‘orish uchun yetarli miqdorda toza suv yetkazib
berish masalasidir. Aynigsa, Markaziy Osiyo
sharoitida bu muammo yanada dolzarb, chunki bu
mintagada suv resurslari cheklangan, iglim keskin
kontinental, aholining soni tez o‘sib bormoqda va
qishloq xo‘jaligi maydonlari kengaymoqda [5,2].

Global iqlim o‘zgarishi ham jarayonni
murakkablashtirmoqda. Qurg‘oqchilik davrlarining
cho‘zilishi, yog‘in miqdorining notekisligi va daryo
ogimlarining mavsumiy farglari suvdan samarali
foydalanishni yanada muhim masalaga aylantiradi.
Shu sababli suvni boshqgarish, hisobini yuritish va
aniq o‘lchash bugungi kunning eng zarur ilmiy va
amaliy vazifalaridan biri bo‘lib golmoqda.

Sug‘orish tarmoglarida suv, odatda, tuproq
o‘zanli yoki beton qoplamali kanallar orqali yet-
kazib beriladi. Kichik kesimli kanallarda suv sarfini
zamonaviy doppler datchiklari yordamida o‘lchash
ko‘p hollarda murakkab kechadi va natijalar yetarli
darajada aniglik bermaydi. Shu sababdan hali-
hamon klassik usullar — gidrometrik vertushkalar
yordamida o‘lchash amaliy ahamiyatini saglab
golmoqda. Biroq bu usullarda o‘Ichovning ishonch-
liligi ko‘p jihatdan qirg‘oq koeffitsiyentiga bog‘liq,
chunki u ogim tezligi tagsimotiga hamda gidravlik
hisoblarning anigligiga bevosita ta’sir ko‘rsatadi
[4].

Qirg‘oq koeffitsiyenti ko*pincha empirik yo‘l
bilan aniglanadi va turli olimlar tomonidan turlicha
giymatlar tavsiya etilgan. Masalan, qirg‘oq yon-
bag‘iri qiya bo‘lsa, T=0.70; tik va notekis bo‘lsa,

T=0.80; silliq vertikal yonbag‘irda T=0.90;
qirg‘oqga Yyagin joyda esa suv tezligi keskin
pasayganda T=0.50 gabul gilinishi magsadga
muvofiq deb topilgan [3,7].

Amaliyotda sug‘orish kanallari  odatda
trapetsiya shaklida loyihalanadi, to‘g‘ri to‘rtburchak
kesimli kanallar esa kamrog uchraydi. Biroq so‘nggi
yillarda  kichik  kesimli  kanallarning  suv
o‘tkazuvchanligini oshirish va yerdan foydalanish
Samaradorligini  ko‘tarish  magsadida to‘g‘ri
to‘rtburchak shakldagi beton kanallar qurilishi
kengaya boshladi[8]. Shu bilan birga, bunday
kanallarda suv tezligi va sarfini aniglashda qirg‘oq
koeffitsiyenti uchun aniq giymatlar hali to‘liq ishlab
chigilmagan. Natijada o‘Ichov ishlari va ularning
tahlili ko‘pincha murakkabliklar va noanigliklarga
olib kelmoqda.

Shu sababli, to‘g‘ri to‘rtburchak shakldagi
beton kanallarda qirg‘oq koeffitsiyentini baholash,
suv sarfini yanada aniq o‘lchash va ogimning
gidravlik xususiyatlarini  chuqur tahlil gilish
bugungi kunning dolzarb ilmiy-amaliy masa-
lalaridan biridir [1].

Material va metodlar. Tadgiqot
hududining tavsifi. Tadgigotlar “Smart Solution
System” MCHJning “Gidravlika va gidrometriya”
laboratoriyasida olib borildi. Tajriba ob’ekti sifatida
laboratoriya sharoitida maxsus qurilgan K-2 beton
kanali tanlandi (1-rasm). Ushbu kanal gidravlik
tajribalar o‘tkazish uchun mo‘ljallangan bo‘lib,
ogim parametrlarini doimiy nazorat qilish imkonini
beradi. K-2 kanalining asosiy geometrik o‘lchamlari
quyidagicha: qurilish chuqurligi — hg=1.02 m, eni —
b=250 m, suv sathi balandligi — h=0.43 m.
Kanalning tubi va devorlari beton goplama bilan
mustahkamlangan ~ bo‘lib,  silliq  yuzalarning
saglanishi tajriba davomida gidravlik sharoitlarning
bargarorligini ta’minladi.

Laboratoriya tizimida

suv  ogim  K-3
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kanalidan K-2 kanaliga yo‘naltirildi (1-rasm). Bu
jarayon K-3 Kkanaliga o‘rnatilgan zatvorlar
yordamida tartibga solindi. Shuningdek, K-3
kanalining chigish qismiga elektromagnit sarf
o‘lchagich o‘rnatilgan bo‘lib, u K-2 kanaliga
kelayotgan suv sarfini aniglashda asosly vosita
sifatida xizmat qildi.

1-rasm. Laboratoriyadagi kanallarining sxematik
ko ‘rinishi.

Tajribada qo‘llanilgan asbob-uskunalar va
o‘lchov metodikasi. Tajriba davomida oqim
parametrlarini aniglash uchun bir nechta zamonaviy
o‘lchov asboblari va qurilmalardan foydalanildi.

Universal Muline (CM-32) gidrometrik
vertushka — oqim tezligini aniqlashda asosiy
o‘lchov asbobi sifatida qo‘llanildi (2-rasm, a).
Vertushkaning ishchi mexanizmi oqim ta’sirida
aylanish tezligiga asoslangan bo‘lib, u maxsus
kalibrlash koeffitsiyentlari yordamida chizigli tezlik
giymatiga o‘zgartiriladi. Ushbu uskuna 0.03-12.0
m/s diapazondagi tezliklarni yuqori aniqlikda qayd
etish imkonini beradi [6]. Vertushka suv
chuqurligining turli qatlamlarida tezlikni o‘lchash
va tezlik profilini shakllantirish uchun qo‘llanildi.

Elektromagnit sarf o‘lchagich — labora-
toriyadagi K-3 kanalidan K-2 kanaliga suv oqimini
o‘lchashda ishlatildi (2-rasm, b). Qurilma K-3
kanalidagi zatvorga ulangan quvurga o‘rnatilgan
bo‘lib, undan o‘tayotgan suv sarfini aniq qayd etadi.
Elektromagnit sarf o‘lchagich suv oqimining elektr
induksiya hodisasiga asoslanib ishlaydi: ya’ni, suv
oqimi metall bo‘lmagan quvurdan o‘tayotganda
magnit maydon hosil qiladi va natijada hosil
bo‘layotgan kuchlanish oqim tezligiga proporsional
bo‘ladi.

Aniqlikni ta’minlash maqgsadida vertushka
ko‘rsatgan tezlik giymatlari elektromagnit sarf
o‘lchagich orqali aniqlangan nazariy tezlik bilan

solishtirildi. Natijalarning yaqin chiqishi vertush-
kaning ishonchli ishlashini tasdigladi va keyingi
tajribalarda undan foydalanish imkonini berdi.

a) Universal Muline (CM-32) markali gidrometrik b) Elektro magnit oqim o‘Ichash
vertushka qurilmasi

2-rasm. Oqim tezligini o‘Ichashda qo ‘llaniladigan
asboblar.

O‘lchov  ishlari laboratoriya sharoitida
qurilgan K-2 kanalida amalga oshirildi. Kanal
kesimida 9 ta vertikal tanlanib, ular kanal eni
bo‘yicha  teng  masofalarda  joylashtirildi
(3-rasm). Har bir vertikalda tezlik giymatlari suv
chuqurligi bo‘yicha bir nechta nuqtalarda aniqlanib,
oqimning chuqurlik bo‘yicha tagsimoti hisobga
olindi.

O‘Ichov natijalarining ishonchliligini oshirish
magqsadida har bir nuqtada 3 marotaba takroriy
o‘lchovlar bajarildi. Olingan qiymatlar arifmetik
o‘rtacha usuli orqali gayta ishlanib, yakuniy tezlik
qiymatlari belgilandi. Shu orqali o‘lchov jarayonida
yuzaga kelishi mumkin bo‘lgan tasodifiy xatolik-
larning ta’siri kamaytirildi va natijalar aniqligi
ta’minlandi.

2 3 & 5 6 1 8 9

3-rasm. K-2 kanali kesimida vertial bo ‘yicha.
tezlik o‘Ichash sxemasi va laboratoriya sharoitida
amaliy o‘Ichov jarayoni.

Qirg‘oq  zonalarida  tezlik  bevosita
o‘lchanmaganligi sababli, ular qirg‘oq koeffitsiyenti

yordamida aniqlanadi:
ﬁchap_qirg‘oq =T-9; 1

ﬁo‘ng_qirg‘oq =T-9; (2

bu yerda:

T — qirg‘oq koeffitsiyenti,

Y, va U; — chap va o‘ng qirg‘oqqga eng yaqin
vertikal tezliklari.
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Shundan so‘ng, ikki vertikal orasidagi
o‘rtacha tezlik ular bo‘yicha aniqlangan o‘rtacha
tezliklarning arifmetik qiymati orqali topildi:

1
ot =5 0 +V41) ©)

bu yerda:

9,941 — yonma-yon joylashgan

vertikallardagi o‘rtacha tezliklar, m/s.

Qirg‘oq koeffitsiyenti (T), oqim sarfining ikki
xil ifodasi tenglashtirilishi orqali aniqlandi. Birinchi
holda:

Q=w "y (4)

ikkinchi holda esa, kesim bo‘yicha yig‘indi
ko‘rinishida yoziladi:

Q =Xk w905, 5

bu yerda:

Q- ogim sarfi, m%/s;

w — oqim harakat kesim yuzasi, m

w; —i-chi bo‘lak yuzasi, m? (w; = %);

2.

Y,re — kanaldagi o‘rtacha tezlik, m/s;
ver. —i-chi vertikal bo‘yicha o‘rtacha tezlik,
my/s.
(4) va (5) ifodalarni tenglashtirish natijasida
qirg‘oq koeffitsiyenti uchun quyidagi formula
ishlab chiqildi:

_ z(d'ﬁo‘rt_z:?:lﬁi)

r= 91+, (6)

Tadqiqot natijalari va  muhokama.
Laboratoriya sharoitida o‘tkazilgan tajribalar

davomida K-2 kanalining kesimida oqim tezliklari
aniqlash ishlari bajarildi. Kanal eni bo‘yicha 9 ta
vertikal tanlanib, ularning har birida suv sathidan 10
sm, 23 sm va 33 sm chuqurliklarda tezlik qiymatlari
qayd etildi. Aniqlikni ta’minlash maqsadida har bir
nuqtada o‘Ichov 3 marotaba takrorlandi va olingan
natijalar arifmetik o‘rtacha orqali qayta ishlanib,
yakuniy qiymatlar belgilandi (1-3-jadvallar).
1-jadval
K-2 kanalida suv sathidan 10 sm chuqurlikda
vertikal bo ‘yicha o‘Ilchangan oqim tezliklari

yugori (0.447-0.470 m/s) bo‘lsa, qirg‘oq zonalariga
yaqinlashgan sari tezlik pasayib borgan (0.353-
0.412 m/s). Bu holat gidravlik gonuniyatlarga mos
bo‘lib, ogimning qirg‘oq sirtlari bilan ishgalanishi
oqibatida tezlik kamayishini tasdiglaydi.
2-jadval
K-2 kanalida suv sathidan 23 sm chuqurlikda
vertikal bo ‘yicha o ‘Ichangan oqim tezliklari

L 2 3 O‘rtacha
Vertikallar | o‘lchovdagi | o‘lchovdagi | o‘lchovdagi tedlik. m/s
tezlik, m/s tezlik, m/s tezlik, m/s ’
1 0.45 0.44 0.44 0.44
2 0.44 0.43 0.42 0.43
3 0.46 0.44 0.44 0.45
4 0.45 0.46 0.44 0.45
5 0.45 0.45 0.46 0.45
6 0.44 0.46 0.46 0.45
7 0.42 0.42 0.43 0.42
8 0.40 0.40 041 0.40
9 0.37 0.37 0.36 0.37

23 sm chuqurlikdagi natijalarga ko‘ra, oqim
tezligi 0.367 m/s dan 0.452 m/s gacha o‘zgarib,
markaziy qismda maksimal qiymat qayd etildi.
Qirg‘oq zonalarida esa sezilarli pasayish kuzatildi.

3-jadval
K-2 kanalida suv sathidan 33 sm chuqurlikda
vertikal bo ‘yicha o‘Ichangan oqim tezliklari

1 2 3 O‘rtacha
Vertikallar | o‘lchovdagi | o‘lchovdagi | o‘lchovdagi tezlik. mi/s
tezlik, m/s | tezlik,m/s | tezlik, m/s '
1 0.40 0.41 0.40 0.41
2 0.40 0.40 0.40 0.40
3 041 0.42 041 041
4 0.43 0.41 0.41 0.42
5 0.42 0.40 041 041
6 0.42 0.41 0.40 0.41
7 0.38 0.40 0.38 0.39
8 0.38 0.37 0.36 0.37
9 0.35 0.33 0.33 0.34

33 sm chuqurlikda tezlik giymatlari 0.353 m/s
dan 0.470 m/s gacha bo‘lib, markaziy gismda
yuqori, girg‘oglarda esa past bo‘lishi aniglandi. Bu
natijalar ham ogimning devor bilan ishgalanishi va
gidravlik kinematika gonuniyatlariga mos keladi.

Barcha chuqurliklarda olingan ma’lumotlar
umumlashtirilib, har bir vertikal bo‘yicha o‘rtacha
tezlik giymatlari hisoblandi (4-jadval).

10 sm chuqurlikda olingan natijalar shuni
ko‘rsatdiki, markaziy vertikallarda tezlik giymatlari

1- 2- 3- . -1
Vertikallar | o‘lchovdagi | o‘lchovdagi o‘lchovdagi teOzlliT(ac:ljs . A i 4 J adval
tezlik, mis | tezlik, mis | tezlik, mis ' K-2 kanalida vertikallar bo‘yicha umumiy

1 0.41 0.40 0.42 0.41 . . .

> 6.6 o 04a .26 o‘rtacha ogim teziklari

3 0.47 0.47 0.47 0.47 Vertikallar L 2 3 4 5 6 7 8 9

4 0.47 047 047 0.47 Tezliklar, | 4170 | 0.420 | 0.444 | 0.446 | 0.444 | 0.436 | 0.414 | 0.383 | 0.353

5 0.47 0.46 0.47 0.47 mrs

6 0.45 044 045 0.45 Suv sarfining giymati sifatida namunaviy suv

7 0.43 0.44 0.43 0.43 . . N . . <

8 038 037 037 037 o‘Ichash qurilmasi — elektromagnit ogim o‘lcha-

9 0.35 0.34 0.36 0.35

gich orgali gayd etilgan natija olindi. Ushbu qurilma
ko‘rsatkichiga ko‘ra, kanal bo‘yicha suv sarfi
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Q=0.435 m3/s ni tashkil etdi. Mazkur giymat
asosida kanaldagi o‘rtacha tezlik aniglandi. Shun-
dan so‘ng, yuqorida olingan tezlik ma’lumotlari
asosida qirg‘oq koeffitsiyenti T ishlab chigilgan (6)-
formula yordamida hisoblab chiqildi. Hisob-
kitoblar natijasiga ko‘ra, qirg‘ogq koeffitsiyenti
T=0.92 ga teng bo‘ldi.

Gidrometriya sohasida ma’lumki, gidrometrik
vertushka yordamida o‘lchangan tezliklar orgali suv
sarfini aniglash uchun maxsus gidrometrik jadvallar
ishlab chigilgan. Ushbu jadval yordamida kanaldagi
suv sarfini tezlik maydon usuli asosida aniglash
imkoniyati yuzaga keladi. Bunda alohida e’tibor
berilishi lozim bo‘lgan jihat shuki, har bir vertikal
orasidagi o‘rtacha tezlik aniglanadi va shu giymat
mos keluvchi yuzaga ko‘paytirilib, umumiy sarf
hisoblanadi.

5-jadval
K-2 kanal kesimida o‘rtacha tezliklar asosida
hisoblangan suv sarfi

& o n
2 g | o 5 . ] o7
) Q B » @ =)
=) <= & o - < = = S
o 5 | =2 | BE | 2 2El ¥ S
S| & 5| Es |8, | ££| 58| 2%
S | 28 F| = | o8| 23| 55| <3
£ 8 84| 8 =32 | 5 =s| 5| 82
o e = RS o0 < = <5 o g
> s S ) < 28| s ° g &
E = | 58| 3 EE| = z 5
= 5 | > = >°| 5 MoE
5 | 5 > o
> >
1 2 3 4 5 6 7 8
Chap 0382
qirg‘oq
0.25 | 0.43 [ 0.1075 0.401 | 0.043
1 0.420
0.25 | 0.43 [ 0.1075 0.425 | 0.046
2 0.429
0.25 | 0.43 | 0.1075 0.437 | 0.047
3 0.444
0.25 | 043 | 0.1075 0.445 | 0.048
4 0.446
0.25 | 0.43 | 0.1075 0.445 | 0.048
5 0.444 0.443
0.25 | 0.43 [ 0.1075 0.440 | 0.047
6 0.436
0.25 | 0.43 [ 0.1075 0.425 | 0.046
7 0.414
0.25 | 0.43 [ 0.1075 0.398 | 0.043
8 0.383
0.25 | 0.43 | 0.1075 0.368 | 0.040
9 0.353
0.25 | 0.43 | 0.1075 0.337 | 0.036
O'ng 0321
qirg‘oq

Olib borilgan o‘Ichov ishlari natijalari maxsus
jadvalga kiritildi (5-jadval). Natijalardan ko‘rinib
turibdiki, aniglangan qirg‘oq koeffitsiyenti yorda-
mida kanaldagi suv sarfi yanada aniglik bilan

belgilandi. Bu esa laboratoriya sharoitida olingan
tezlik tagsimotini amaliy suv sarfi bilan bog‘lash
imkonini berdi.

Olib borilgan tadgigotlarimizda namunaviy

glektromagnit suv  sarfi  o‘lchash qurilmasi
ko‘rsatgan suv sarfi giymati:
Q=0.435m?s

ni tashkil etdi. Gidrometrik o‘lchov ishlari
asosida aniqlangan suv sarfi qiymati esa:

Q=0.433 m%/s

ga teng bo‘ldi. Ularning orasidagi farq:

AQ=0.02 m?/s,

ya’ni xatolik qiymati atigi 1 % ni tashkil etdi.
Bu esa olib borilgan o‘lchovlarning ishonchliligini
tasdiglaydi.

Gidravlik gonuniyatlardan ma’lumki, oqimni
chegaralab turgan qirg‘oq devorlari oqim
tezliklarining tagsimotiga sezilarli ta’sir ko‘rsatadi.
4-rasmda keltirilgan natijalardan ko‘rinib turibdiki,
qirg‘oq zonalarida o‘rtacha tezlik qiymatlari keskin
kamayadi, kanalning markaziy qismida esa tezlik
nisbatan yuqori va barqaror bo‘ladi. Bu hodisa
oqimning qirg‘oq bilan ishqalanishi natijasida
yuzaga keladi va oqimning gidravlik strukturasi
hamda qirg‘oq koeffitsiyentini aniqlashda muhim
ahamiyat kasb etadi.

4-rasm. K-2 kanalida oqim tezliklarining
gorizontal bo ‘yicha tagsimoti.

Olib borilgan tadgiqot natijalari  shuni
ko‘rsatdiki, qirg‘oq zonalaridagi va Kkanal
markazidagi maksimal tezliklar orasidagi farq A9 =
16-29 % ni tashkil etdi. Ushbu ko‘rsatkich kengligi
2.5 m bo‘lgan, beton qoplamali to‘g‘ri to‘rtburchak
kesimli kanallar uchun xosdir. Kanalning geometrik
o‘lchamlari o‘zgarishi bilan tezliklarning tagsimoti
ham turlicha ko rinishda namoyon bo‘lishi mumkin.

Xulosa. Beton goplamali to‘g‘ri to‘rtburchak
kanallarda qirg‘oq  koeffitsiyentini  aniglash
bo‘yicha olib borilgan tadgigotlar natijasida yangi
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formula taklif etildi. Ushbu formula amalda
qo‘llanilganda gidrometrik vertushka yordamida
o‘lchangan tezlik giymatlari asosily manba sifatida
xizmat giladi. O‘lchov nuqtalarining soni ganchalik
ko‘p bo‘lsa, hisob-kitob natijalari shunchalik
ishonchli bo‘lishi ta’minlanadi. Shu bilan birga,
formuladan foydalanishda vertikallar oralig‘ining
bir xil bo‘lishiga alohida e’tibor qaratish lozim. Aks
holda, natijalarni aniq olish uchun qo‘shimcha
yondashuvlar talab etiladi.

Tadgiqot davomida K-2 kanalida 9 ta vertikal
belgilandi va ularning har birida 3 ta nuqtada, 3
marotabadan o‘lchov ishlari bajarildi. Olingan
natijalar umumlashtirilib, ishlab chigilgan formula
asosida qirg‘oq koeffitsiyenti hisoblab chiqildi.
Hisoblashlar natijasiga ko‘ra, mazkur kanal uchun
qirg‘oq koeffitsiyentining qiymati T = 0.92 ga
tengligi aniglandi. Birog, ushbu giymat ma’lum
darajada o‘zgaruvchan bo‘lishi mumkin, chunki
beton qoplamaning sathidagi g‘adir-budurlik

darajasi ogim tezligiga bevosita ta’sir ko‘rsatadi.
Shuningdek, bizning tadgiqotlarda 1 va 9-vertikallar
girg'ogdan 0.25 m masofada joylashganligi
inobatga olingan. Agar vertikallar qirg‘oqqa yanada
yaqginrog yoki uzogrog masofada joylashtirilsa,
qirg‘oq koeffitsiyenti qiymati ham o‘zgarishi
ehtimoldan xoli emas. Shu sababli qirg‘oq
koeffitsiyenti giymatini aniglashda ma’lum chega-
raviy shartlarni belgilash zarur.

Oqgim tezliklarining tagsimoti bo‘yicha
kuzatuvlarda qirg‘oq zonasida tezlikning kama-
yishi, kanal o‘rtasida esa maksimal tezlikning
shakllanishi gayd etildi. Hisob-kitoblarga ko‘ra,
qirg‘oq va kanal markazidagi maksimal tezliklar
farqi AS = 16-29 % oralig‘ida ekanligi aniglandi. Bu
natija kengligi 2.5 m bo‘lgan, beton goplamali
to‘g‘ri to‘rtburchak kesimli kanallarga xos bo‘lib,
boshga shakldagi yoki o‘lchamdagi kanallar uchun
go‘shimcha tadgiqotlar olib borishni talab etadi.
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SANOATDA RAQAMLI TEXNOLOGIYALAR,
ILMIY-TEXNIK (ELEKTRON) JURNALI E-I1SSN: 3030-3214
AXBOROT XATI

“Sanoatda raqamli texnologiyalar” (e-1 SSN: 3030-3214
(https://portal.issn.org/resource/| SSN/3030-3214) ilmiy-texnik jurnali ochiq jurna hisoblanib, mazkur
jurnalning vazifas ilm-fan taraqqiyotining modellashuvi, ta’limning yutuqlari va istigbollarini, dolzarb
muammolari va ularning yechimlarini, shuningdek, ishlab-chigarish va ta’limning modernizatsiyalashuvi
bosqichini yoritib borishdir. “Sanoatda ragamli texnologiyalar” ilmiy-texnik jurnalining magsadi
belgilangan soha mutaxassislar va olimlarning tadqiqotlari va innovatsiyalari to‘g‘risidagi nashrlarini
jamoatchilikka xabardor qilish, yosh avlodning fan va ta’lim sohasidagi qiziqishlarini oshirish va ilmiy
konsepsiyalarini bayon etishdir.

Jurnalga 05.00.00-TEXNIKA  FANLARI, 04.00.00-GEOLOGIYA-MINERALOGIYA
FANLARI. 02.00.00-KIMYO FANLARI ixtisosliklari bo‘yicha ilmiy maqolalar qabul qilinadi.

Jurnalgamagolalar: o‘zbek, rus vaingliz tillarida gabul qilinadi.

“Sanoatda raqamli texnologiyalar” ilmiy-texnik jurnali quyidagi yo‘nalishlar bo‘yicha maqolalar
gabul qilinadi:

— Kon-metallurgiyavaishlab chigarish sanoati;

— Geologiya va neft-gaz sanoati;

— Kimyoviy texnologiyavaqurilish;

— Yengil sanoat tarmoglari;

— Ekologiya, mehnat muhofazasi vatexnika xavfsizligi.

“Sanoatda raqamli texnologiyalar” ilmiy-texnik jurnaliga chop gilingan har bir magolaga ragamli
identifikator (Digital Object Identifier https://www.doi.org) beriladi.

Jurnal quyidagi bazalargaindeksatsiya gilingan:

1. CYBERLENINKA — ilmiy elektron kutubxonasiga (https://cyberleninka.ru/journal/n/sanoatda-
ragamli-texnologiyalar=1131974)

2. eLIBRARY.RU - lImiy elektron kutubxonasiga
(https://www.elibrary.ru/title about_new.asp?angid=1&id=81309)

3. ResearchBib — ilmiy elektron kutubxonasiga
(https://journal seeker.researchbib.com/view/issn/3030-3214)

4. SLIB.UZ — lImiy elektron kutubxonasiga
(https.//dlib.uz/uz/journal/view 7 d=285)

5. Har bir magola Google akademiyasiga indeksatsiya gilinadi
(https://scholar.google.com/citations2user=mzU3-6QAAAA J& hl=en& authuser=3)

6. Index Copernicus— ilmiy jurnallar bazas
(https://journal s.indexcoperni cus.com/search/detail SAd=129473)

Jurnal ta’sischilari:
1. Qarshi davlat texnika universiteti;
2. “Olmaliq kon metallurgiya kombinati” AJ;

“Sanoatda raqamli texnologiyalar” ilmiy-texnik jurnali O°‘zbekiston Respublikasi Prezidenti
Administratsiyasi huzuridagi Axborot va ommaviy kommunikatsiyalar agentligi tomonidan ro‘yxatga
olingan 26.07.2023 yildagi Nel06679-sonli guvohnoma. Turkum nashrlarning chigish ma’lumotlarini
GOST 7.4-95 “Nashrlar. Chiqish ma’lumotlari” hamda GOST 7.56-2002 «Xalgaro standart turkum
raqami» davlatlararo standartlar talablari asosida bo‘lishini to‘liq ta’minlash magsadida, Alisher Navoiy
nomidagi O‘zbekiston Milliy kutubxonasi bilan 2023 yil 12-dekabrda Davriy nashrlarga ISSN xalgaro
standart ragami |SSN: 3030-3214 ragam berilgan.
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MAQOLALARGA QO‘YILGAN TALABLAR

Magolaning standart hajmi: 4-15 betli matn Word matn muharririda, o‘zbek, rus yoki ingliz tilida.

Magqola mualliflari 4 nafardan ko‘p bo‘lmasligi kerak. Mualliflarning har biri uchun to‘liq
ma’lumotlar ko‘rsatilishi lozim (ish joyi, lavozimi, ilmiy darajasi, ilmiy unvoni, shahar va davlati)

Magqolada shartli ravishda Kirish, Adabiyot tahlili va metodi, tadqiqot natijalari va muhokama,
xulosa va takliflar, foydalanilgan adabiyotlar ro‘yxatidan iborat bo‘lishi lozim.

Aannotatsiya, kalit so‘zlar Annotatsiya berilgan shakl va ko‘rinishda bo‘lishi lozim. Iltimos, bu
shaklni o‘zgartirmang. Annotatsiya 100-250 so‘zdan hamda 4-20 kalit so‘zlardan iborat bo‘lishi lozim.
Annotatsiya (ingliz tilida ABSTRACT) va kalit so‘zlar (keywords) xalqaro tizimlarda indekslanishi uchun
(3 ta tilda) o‘zbek, rus va ingliz tilida ham berilishi zarur. Kalit so‘zlar 4-20 so‘zdan iborat maqoladagi
asosly urg‘u olgan atamalarni yozish maqgsadga muvofiq.

Foydalanilgan adabiyotlar ro‘yxatidagi adabiyotlar oxirgi 10 yil ichidagi adabiyotlar ko‘rsatilishi
tavsiya etiladi.

O‘Ichov birliklari va belgilar SI xalqaro birliklar tizimida ko‘rsatilishi kerak.

Magqola materiallarining yuqoridagi talablarga mos kelmasligi nashrni rad etish uchun sabab
bo‘lishi mumkin.

Magqola matniga qo‘yilgan talablar:

Sarlavha ko‘rinishi: Shrift “Times New Roman”, o‘lchami 14 pt, bosh harfdan, markazdan, chizigcha yo‘q,
galin. Magqola sarlavhasi tepasida (1.5 intervaldan keyin), o‘ng burchakda - mualliflarning ismi va shariflari, odatiy
shrift, o‘lchami 14 pt; chap burchakda - UO‘K indeksi;

Magqola sarlavhasi ostida - mualliflarning ismi va sharifi - qalin shiriftda; ish joyi, lavozimi ilmiy
unvoni, tashkilot nomi — 10 pt. o‘lchamdagi odatiy shriftda va 3x4 rasmi ko’rsatilishi lozim.

Annotatsiya ko‘rinishi: “Times New Roman” shriftlar to‘plami, 14 pt. o‘lchamida, (1 intervaldan).

Kalit so‘zlar ko‘rinishi: “Times New Roman” shriftlar to‘plami, 14 pt. o‘lchamda.

Asosiy matnga talablar: Shrift “Times New Roman”, 14 pt., qator oralig‘i 1, xat boshi — 1 sm, sahifa
chekkalari — chap va o‘ng — 1.5 sm; yuqori va pastki — 1.5 sm.

Jadval ko‘rinishi: Jadval nomi - “Times New Roman”, 14 pt oralig‘ida, qalin, markazda, jadvaldagi
matn - “Times New Roman”, 10-14 pt., odatiy.

Formula Kiritish talablar: Formulalar va maxsus belgilar fagat «Microsoft Equation-3» muharririda
yoziladi. Formulalar chap tomonda joylashtiriladi.

Rasmlarga talablar: Rasmlar aniq ko‘ringan bo‘lishi kerak, chop etishga tayyor, matnga qo‘shilishi
va GIF, BMP, JPEG formatida.

Adabiyotlar ro‘yxatiga talablar: “Times New Roman”, 14 pt o‘lchamda, kursiv, 4-30 ta (25% o‘z
ishlariga havola), oxirgi 10 yilda nashr etilgan adabiyotlar bo‘lishi magsadga muvofiq.

Adabiyotga havola keltirish ragami kvadrat gavs ichida, matnning tegishli joyida beriladi. Adabiyotlarga
to‘g‘ri havola keltirish uchun www.snoska.info saytidan yoki https://kursach37.com/oformlenie-spiska-literatury -
po-gost/ veb resurlaridan foydalanish tavsiya etiladi.

Rasmlar JPEG, TIF, EPS yoki PSD formatlarida yetarlicha kengayishda (tiniqligi) (1:1 masshtabda
kamida 300 dpi) alohida grafik fayllar sifatida yozib olinishi lozim.

Bog‘lanish uchun ma’lumeotlar, Har bir muallifning 3x4 rasmi, mualliflar ismi shariflari (to°liq), ish
joyi va lavozimi va elektron pochta manzili, ORCID (orcid.org tomonida ro‘yxatdan o‘tgan ID ragam
ko‘rsatish tavsiya etiladi) va SPIN (elibrary.ru tomonida ro‘yxatdan o‘tgan ID ragam ko‘rsatish tavsiya
etiladi) raqamlar va bog‘lanish uchun telefon ragamlari kiritilishi shart. (Maqolaga materialni ochiq
matbuotda nashr etilish imkoniyati to ‘g ‘risida ekspert xulosasi ilova qilinishi mumkin).

Izoh: Magqolaning orginalligini aniqlangan (antiplagiat) hisoboti taqdim etish shart (originallik
darajasi 80 foiz va undan yuqori bo‘lganda va yuqoridagi talablarga javob berganda, gramatik xatolar
bo‘lmaganda maqola gabul qgilinadi). Antiplagiatdan o‘tkazish manzili: https://antiplag.uz/
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HU®POBBIE TEXHOJIOI'MX B TIPOMBIIIVIEHHOCTMU,
HAYYHO-TEXHUYECKHWHN (QJIEKTPOHHBIN) KYPHAJI E- SSN: 3030-3214
NHO®OPMAIIMOHHOE ITNCBMO

Hay4yHo-Texuuueckuii s;kypHaJ “Liu¢posbie TexHoI0rnu B npomMbiiieHHocTH” (e-] SSN: 3030-
3214 (https://portal.issn.org/resource/I SSN/3030-3214)) sBiseTcss OTKPBITHIM  KypHAIIOM, 3ajadcii
KOTOpPOr'O SIBJIIETCS OCBEILIEHUE MOJEIUPOBAHUS MPOrpecca HAyKH, JOCTHKEHUH M IEpPCIEKTUB
00pa30BaHus, aKTyaJbHbIX IPOOJIEM M HUX PELICHHH, a TakkKe HTAaloB MOJAEPHMU3ALUHU MPOU3BOJICTBA U
oOpaszoBanus. llenp HaydHO-TEXHHWYECKOTO >KypHana “LludpoBbie TEXHOIOTHH B MPOMBINUIEHHOCTH
3aKJII0YaeTcsl B MH()OPMUPOBAHUM CIELHAIMCTOB B JAHHOM OO0JIaCTH, IMyOJIMKAlMU MCCIEJOBAHUN U
VMHHOBAllMM YYEHBIX JUI1 OOILECTBEHHOCTH, MOBBIIMIEHUNM HHTEPECa MOJIOJIOr0 MOKOJIEHMSI K HayKe U
00pa30BaHUIO U U3JI0KEHUN HAYYHBIX KOHLICIIIIHH.

B xypnan npuammatorcs HayuyHble crathi: 05.00.00-TEXHUYECKHUE HAYKH, 04.00.00-
I'EOJIOT' UsI-MUHEPAJIOI'UA, 02.00.00-XUMHUYECKHNE HAYKMU.

Cratbu B )KypHaJl IPUHUMAIOTCA: Y30€KCKOM, PYCCKOM U aHTJIMICKOM SI3bIKAX.

Hayuno-texuuueckuii xypHan «LludpoBble TEXHOJOTUHN B IPOMBIIIJIEHHOCTHY» IPUHUMAET CTaThU
0 CJIEAYIOLIUM HalpaBICHUSIM:

— TopHO-MeTamTyprudeckasi 1 00padaThIBaOIIAs TPOMBINIICHHOCTH;

— T'eonorus u HedrerasoBast MPOMBIIIIIEHHOCTS;

— XuMudeckasi TEXHOJIOTUSI U CTPOUTEIILCTBO;

— Jlerkast mpOMBILIIEHHOCTb;

— DkoJorusi, oXxpaHa Tpy/Jia U TeXHU4ecKas 6e3011aCHOCTb.

[Mudposoii uaeatudurarop oobekta (Digital Object Identifier https://www.doi.org) mpucBanBaercs
KaX/0il crarbe, OIyOJIMKOBaHHOW B Hay4yHO-TeXHMYecKOoM KypHane «lludpoBbie TexHOnOrMH B
IPOMBIIITIEHHOCTHY.

XKypHan uHekcupyercs B CleAyOMMX 0a3ax JaHHbIX:

1. KUBEPJIEHUHKA — nayyHast aneKkTpoHHas 6u0inoTeka
(https://cyberleninka.ru/journal/n/sanoatda-ragamli-texnol ogiyalarA=1131974)

2. eLIBRARY .RU — nayunast anektpoHHasi OnbImoTexa
(https.//www.elibrary.ru/title about new.asp?angid=1&id=81309)

3. ResearchBib — nayunast anexrponnas Oubinoreka
(https://journal seeker.researchbib.com/view/issn/3030-3214)

4. SLIB.UZ — nayuHas 37eKTpOoHHas OnOimoTeka
(https://dlib.uz/uz/journal/view? d=285)

5. Kaxxnas crarest uanexcupyercsa B Google Academics.
(https://scholar.google.com/citations?user=mzU3-6QAAAA J& hi=en& authuser=3)

6. Index Copernicus — 6a3a JaHHBIX HAYYHBIX KYPHAIOB
(https:.//journal s.indexcopernicus.com/search/detailsSAd=129473)

Yupeoumenu ncypnana:

1. KapmmHckuMii rocyiapcTBeHHbIH TeXHHYeCKHii YHUBEPCHUTET;

2. AO «AnIMaNBIKCKHI TOPHO-METAJIYPrUYeCKUH KOMOUHATY;

Hayuno-texuuueckuii xxypHan «L{udppoBbie TEXHOIOTUH B NMPOMBIIUIEHHOCTH» 3aperHCTPUPOBAH
ATeHTCTBOM MH(pOpPMaIMU U MAacCOBBIX KOMMYyHHKanui npu Anmunucrtpauuu Ilpesunenrta PecyOnuku
V36ekucran, cugerenbctBo Nel06679 ot 26.07.2023. BeixonHble AaHHBIE CEepUM  ITyOIMKanui
npeaycMmoTpersl ['OCT 7.4-95 «3manus. B nensx momHoro obecreueHuss cOOTBETCTBUS «BbixomHou
unpopmanun» U ['OCT 7.56-2002 «MexayHapoIHBIH CTaHAAPTHBIN CEpUNHBI HOMEp» TPeOOBaHUSIM
MEXIYHAPOIHBIX CTaHAApTOB, 12 nexabps 2023 rona B HarmonanpHoM Oubnnoreke Y30ekucTaHa UMEHU
Amumepa Haou Obim 00bsiBieH MexayHaponublii ISSN. Ilepuoguueckum U3JaHUSAM TNPHCBOCH
crangaptHbd Homep ISSN: 3030-3214.
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TPEBOBAHUA K CTATAM

CranaaptHblii pa3mep cratbi: TekcT oObeMoM 4-15 cTpanuil B TekcToBOM penakrope Word Ha
y30EKCKOM, PYCCKOM WJTH aHTJTMICKOM SI3bIKaX.

ABTOPOB CTAaTHH J0JI:KHO ObITH He 0oJiee 4. Heo0XoquMo nmpeocTaBUTh MOJIHYI0 HH(POPMAITHIO 10
Ka)XJIOMy U3 aBTOPOB (MeCTO paboThI, TOJKHOCTh, YU€Has CTENIeHb, yYCHOE 3BaHKE, TOPOJ] U CTPaHA).

Crarpst 1OJKHA COAEPKaTh YCIOBHOE BBeAECHHE, AHAJIWU3 M METOJA JINTepaTypbl, pe3yJbTarbl
HCCJIeOBAHUSL M HMX 00Cy’KIeHHMe, BHIBOABI M INPEJIOKEHUSI, 2 TaKKe CIHCOK HCIOJIb30BAHHOMN
JINTEPaTyphbl.

AHHOTaUMs, KJIOYeBble CJOBAa AHHOTaUMs JODKHA OBITh B 3aJaHHOM (opme u Qopmare.
[ToxxamyiicTa, He U3MEHSNTE 3Ty (opMy. AHHOTAIUS JOJKHA cOCTOATh M3 100-250 coB u 4-20 KITIOYEeBBIX
cioB. AuHotanusi (ABSTRACT na aHmmiickoM si3bIke) W KitoueBble ciioBa (keywords) mommkHBI OBITH
MPEIOCTAaBIEHbl Ha Y30EKCKOM, PYCCKOM M aHIIMMCKOM si3blKax (Ha 3-X s3bIKax) JJs MHJEKCAllUU B
MEXIyHapoIHbIX cucTemax. KiroueBble cioBa. TepMHHBI, MOJTYYMBIIME OCHOBHOM aKIIEHT B CTarbe,
JKelaTelbHO nucath B 00beme 4-20 cioB.

EnuHunnl u3MepeHusi 1 CHMBOJIBI JIOJDKHBI OBITh 0TOOpakeHbl B MEXTyHapOIHOUM cucTeme eaunumil Sl.

HecooTrBeTcTBHE MaTepHAJIOB CTATbH YKAa3aHHBIM TPeOOBAHUSIM MOKET CTATh OCHOBAHUEM /1JIs1
0TKA3a B My0JIUKAI[UH.

TpeOoBaHMS K TEKCTY CTATbU:

Ipocmorp HazBanus: Ulpudt — Times New Roman, pasmep 14 nT, mponucHOH, IEHTPUPOBAHHBINA, 0€3
NOAYePKUBaHUS, )KUPHBIA. Han Ha3BanueM ctathu (depe3 1,5 uHTepBana) B mpaBoM yriy — (haMuIUs 1 HHALTUAIBI
aBTOPOB, MIPU(T CTaHAAPTHBIN, pazmep 14 1T; B 1eBoM yriy — uHAeke YK

ITox Ha3BaHMeM CTATHH - UM U HaMUINS aBTOPOB — KUPHBIM MIPU(TOM; MECTO PabOThI, YUEHOE
3BaHWE, Ha3BaHWE opraHu3anuu — 10 OT. JOMKHO OTOOpaXkaThCs MIPU(PTOM CTAHAAPTHOTO pasMepa H
u3o0paxkeHueM 3x4.

AbctpakTnblii Bua: Ha6op mpudTo Times New Roman, 14 nt. B pazmepe, (o1 1 untepsana).

IIpocmoTp kiaroueBbIX ciao0B: Habop mpudtoB Times New Roman, 14 nt. mo pazmepy.

TpebdoBanus k ocHoBHoMY TekeTy: Llpudrt « Times New Romany, 14 nT., MexXcTpoUYHBIi HHTEpBa 1, IIamnka
— 1 cM, mong cTpaHuLBl — JIeBOe U npaBoe — 1,5 cM; Bepx ¥ HU3 — 1,5 cM.

Buna tabauubi: Hazanue tTabmuibl — «Times New Romany, uarepsan 14 0T, ;KUpHBIiA, IO LIEHTPY,
TekeT Taduuikl — « Times New Romany, 10—14 1T, OOBIYHEIHN.

TpeOoBanusi kK BBOAY popmyJibi: opMyIibl U CIIEHHUATBHBIE CHMBOJIBI MTUIIYTCS TOJIBKO B PEIAKTOPE
«Microsoft Equation-3». ®@opmysbl pacnosiararoTcs ciesa.

TpeboBanusi k ¢ororpadpusim: M300pakeHus MOMKHBI ObITh YETKO BUAHBI, TOTOBHI K T€YaTH,
cozepxarb TekcT U umeTh popmat GIF, BMP, JPEG.

TpeGoBanusi k cnucky aureparypbl: Times New Roman, 14 nT, kypcus, 4-30 (25% ccbuiku Ha
coOCTBEHHBIE PAaOOTHI), JKeIaTeIbHbBI MyOIUKaIuu 3a mocienuue 10 ner.

HOMCpa CCBUJIOK AAarOTCA B KBaJPATHBIX CKOOKax B COOTBCTCTBYIOIICM MECTEC TCKCTA. I[J'IH KOppeKTHOﬁ CCBIJIKH
Ha JTUTEPaTypy PEKOMEHIIyeTCsl HCTIOIb30BaTh calT www.snoska.info wim https://kursach37.com/oformlenie-spiska-
literatury-po-gost/.

KontaktHast uHpopmanus: Pororpadus 3x4 kaxaoro aBropa, @O aBTopa (OTHOCTHIO), MECTO
paboThl M JOJKHOCTb, ajpec dnekTpoHHoOW mouThl, ORCID (pekomeHayeTcs  yKa3bIBaTh
UICHTU(UKAIIMOHHBIN HOMep, 3aperucTpupoBaHHbIi Ha orcid.org) u SPIN (elibrary.ru pexomenayercs
yKa3bIBaTh UICHTU(UKALMOHHBIA HOMEp). 3aPETUCTPUPOBAHBI HA CTOPOHE) HEOOXOAMMO BBOJUTH HOMEPA
U KOHTakTHble TeneoHbl. (K cmamve modcem 0blmb RPUNOHCEHO IKCHEPMHOE 3AKNI0OYEHUE O
603MOMCHOCIMU NYOIUKAUUU MAMeEPUana 6 OMKpPbIMoIl neuamu,).

IIpumeuanne: HeoOxomuMo NpenoCTaBUTh OTYET, MOATBEP)KIAIOIIMN OPUTHHAIBHOCTH CTaTbu
(aHTHIIaruar) (craThsi NMPUHUMAETCS MpPHU ypOBHE OpUTHMHAIBHOCTH 80% W BBIIE U COOTBETCTBUU
BBIIIICYKa3aHHBIM TPEOOBAHMAM, a TAK)KE OTCYTCTBUU T'PaMMaTHUYECKHX OLIMOOK). AJpec aHTHILIaruara:
https://antiplag.uz/
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DIGITAL TECHNOLOGIESIN INDUSTRY, SCIENTIFIC-TECHNICAL (ELECTRONIC)
JOURNAL E-ISSN: 3030-3214 INFORMATION LETTER

The scientific and technical journal “Digital Technologies in Industry” (e-ISSN: 3030-3214
(https://portal.issn.org/resource/| SSN/3030-3214)) is an open journa whose task is to cover the modeling
of scientific progress, achievements and prospects of education, current problems and their solutions, as
well as stages of modernization of production and education. The purpose of the scientific and technical
journal “Digital Technologies in Industry” is to inform specialists in the field, publish research and
innovations of scientists for the public, increase the interest of the younger generation in science and
education and present scientific concepts.

Thejournal accepts scientific articles: 05.00.00-TECHNICAL SCIENCES, 04.00.00-GEOLOGY -
MINERALOGY, 02.00.00-CHEMICAL SCIENCES.

Articlesfor the journal are accepted: Uzbek, Russian and English languages.

The scientific and technical journal “Digital Technologies in Industry” accepts articles in the
following areas:

— Mining, metallurgical and manufacturing industries;

— Geology and oil and gas industry;

— Chemica technology and construction;

— Light industry;

Ecology, labor protection and technical safety.

A Dlgltal Object Identifier (https://www.doi.org) is assigned to each article published in the scientific
and technical journal “Digital Technologies in Industry”.

Thejournal isindexed in the following databases:

1. CYBERLENINKA - scientific electronic library
(https://cyberleninka.ru/journal/n/sanoatda-ragamli-texnologiyalar=1131974)

2. eLIBRARY .RU - scientific electronic library
(https://www.elibrary.ru/title about_new.asp?angid=1&id=81309)

3. ResearchBib — scientific electronic library
(https://journal seeker.researchbib.com/view/issn/3030-3214)

4. SLIB.UZ — scientific electronic library
(https.//dlib.uz/uz/journal /view 7 d=285)

5. Each article isindexed in Google Academics.
(https://scholar.google.com/citations2user=mzU3-6QAAAA J& hl=en& authuser=3)

6. Index Copernicus — scientific journal database
(https://journal s.indexcoperni cus.com/search/detail SAd=129473)

The founders of the journal:
1. Karshi State Technical University;

2. JSC Almalyk Mining and Metallurgical Combine;

The scientific and technical journal “Digital Technologies in Industry” is registered by the Agency
of Information and Mass Communications under the Administration of the President of the Republic of
Uzbekistan, certificate No. 106679 dated July 26, 2023. The output data of the series of publications is
provided for by GOST 7.4-95 “Publications. In order to fully ensure compliance of the “Output
Information” and GOST 7.56-2002 “International Standard Serial Number” with the requirements of
international standards, an international | SSN was announced on December 12, 2023 at the National Library
of Uzbekistan named after Alisher Navoi. Periodicals are assigned a standard | SSN number: 3030-3214.

AXBOROT XATI| | HHOPOPMAIIMOHHOE MUCHBMO | INFORMATION LETTER www.srt-journal.uz
241


http://www.srt-journal.uz/
https://portal.issn.org/resource/ISSN/3030-3214
https://cyberleninka.ru/journal/n/sanoatda-raqamli-texnologiyalar?i=1131974
https://www.elibrary.ru/title_about_new.asp?langid=1&id=81309
https://journalseeker.researchbib.com/view/issn/3030-3214
https://slib.uz/uz/journal/view?id=285
https://scholar.google.com/citations?user=mzU3-6QAAAAJ&hl=en&authuser=3
https://journals.indexcopernicus.com/search/details?id=129473

SANOATDA RAQAMLI TEXNOLOGIYALAR (E) ISSN: 3030-3214
OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH Volume 3, Ne 3
DIGITAL TECHNOLOGIESIN INDUSTRY 2025

REQUIREMENTS FOR ARTICLES

Standard article size: Text of 4-15 pages in the Word text editor in Uzbek, Russian or English.

There should be no more than 4 authors of the article. It is necessary to provide complete
information on each of the authors (place of work, position, academic degree, academic title, city and
country).

The article should contain a conventional introduction, analysis and method of literature, research
results and their discussion, conclusions and suggestions, as well as a list of references.

Abstract, keywords: The abstract must be in the specified form and format. Please do not change
this form. The abstract should consist of 100-250 words and 4-20 keywords. Abstract (ABSTRACT in
English) and keywords must be provided in Uzbek, Russian and English (in 3 languages) for indexing in
international systems. Keywords. It is advisable to write terms that receive the main emphasis in the article
in 4-20 words.

Units and symbols must be displayed in the SI International System of Units.

Failure to comply with the specified requirements may be grounds for refusal to publish.

Requirements for the article text:

View title: Font: Times New Roman, size 14 pt, uppercase, centered, no underlining, bold. Above the title of
the article (with 1.5 intervals) in the right corner - the surname and initials of the authors, standard font, size 14 pt;
in the left corner - UDC index;

Under the title of the article - the name and surname of the authors - in bold; place of work, academic
title, name of organization — 10 pt. should be displayed in a standard size font and a 3x4 image.

Abstract view: Font set Times New Roman, 14 pt. in size, (from 1 interval).

View keywords: Font set Times New Roman, 14 pt. to size.

Requirements for the main text: Font “Times New Roman”, 14 pt., line spacing 1, header — 1 cm, page
margins — left and right — 1.5 cm; top and bottom — 1.5 cm.

Table view: Table name — “Times New Roman”, spacing 14 pt, bold, centered, table text — “Times
New Roman”, 1014 pt, regular.

Requirements for entering a formula: Formulas and special characters are written only in the
Microsoft Equation-3 editor. Formulas are located on the left.

Photo requirements: Images must be clearly visible, print ready, contain text and be in GIF, BMP,
JPEG format.

Requirements for the list of references: Times New Roman, 14 pt, italics, 4-30 (25% references to
own works), publications within the last 10 years are desirable.

Reference numbers are given in square brackets in the appropriate place in the text. For correct reference to
literature, it is recommended to use the website www.snoska.info or https://kursach37.com/oformlenie-spiska-
literatury-po-gost/.

Contact Information: 3x4 photo of each author, full name of the author, place of work and position,
email address, ORCID (it is recommended to indicate the identification number registered on orcid.org)
and SPIN (elibrary.ru it is recommended to indicate the identification number). registered externally), you
must enter numbers and contact numbers (4n expert opinion on the possibility of publishing the material
in the open press may be attached to the article).

Note: It is necessary to provide a report confirming the originality of the article (anti-plagiarism) (the
article is accepted if the originality level is 80% or higher and meets the above requirements, as well as the
absence of grammatical errors). Anti-plagiarism address: https://antiplag.uz/
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