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SEMENT SANOATI TUTUN GAZLARIDAN
KARBONAT ANGIDRIDNI AJRATISH
JARAYONINI MODELLASHTIRISH

To‘raqulov Zafar Safarovich,
tayanch doktorant,
ORCID: 0000-0002-8664-5306, e-mail: webdastur@gmail.com

Toshkent kimyo-texnologiya instituti

Annotatsiya. Hozirgi kunda yer yuzi aholisi
iqlim o‘zgarishlari ta’siridan aziyat chekmoqda. Iqlim
o'zgarishlarining asosiy sabablaridan biri— bu issigxona
gazlari, xususan, karbonat angidridning atmosfera-
dagi konsentratsiyasi oshib ketishidir. Antropogen
ta’sirlar tufayli karbonat angidridning atmosferadagi
konsentratsiyasi sanoat inqilobi boshlangandan buyon
qariyb 1,5 barobar ortgan. Sement ishlab chiqarish
Jjarayoni ham CO, emissiyasining asosiy manbalaridan
birihisoblanib, global miqyosda yiliga 2,3 Gt CO,ni
atmosferaga emissiya qilmoqda. Ushbu ishda sement
ishlab chiqarish sanoatida tutun gazlaridan CO,ni
ajratish jarayoni tahlil qilindi. Dastlab yiliga 1 Mt
sement ishlab chiqarish zavodi Aspen Plus dasturida
modellashtirildi. Keyingi bosqichda esa sement zavodi
tutun gazlaritarkibidagi CO,ni kamaytirishga qaratilgan
usullardan membrana vositasida ushlab qolish
texnologiyasi modeli tuzildi. Ushbu model asosida
90 %dan kam bo‘lmagan ushlab qolish samaradorligi
hamda 95 %dan kam bo‘lmagan CO, tozaligi shartlari
uchun zarur membrana yuzasi va bosimlar farqi
qiymatlari aniglandi.

Kalit so‘zlar: CO, emissiyasi, membrana, CO,ni
ushlab qolish, sement zavodi, modellashtirish, tutun
gazi.

MOOEJTIMPOBAHUE MNMPOLIECCA CEIMAPALIUN
KAPBOHAT-AHIT'MAPUOA U3 ObIMOBbIX TA30B
LLEMEHTHOW MPOMBILLJIEHHOCTU

Typakynos 3adap CacdapoBuu,
0©a30BbIli AOKTOPAHT

TaLIKEHTCKNIA XUMUKO-TEXHONOIMYECKUA UHCTUTYT

AHHOmMauyus. B Hacmosiwee epemsi HacerieHue
3emnu cmpadaem om nocrnedcmeull U3MEHEHUS
knumama. OOHOU U3 OCHOBHbIX MPUYUH U3SMEHEHUS
KnumMama Sersemcsi  ygesiudeHUe KOHUeHmpauyuu
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Kirish

XXI asrga kelib, Yer sayyorasi ekotizimga
0‘z ta’sirini ko‘rsatayotgan iqlim o‘zgarishlari
muammolari bilan yuzlashmoqda. Sanoat
evolyutsiyasi boshlangandan buyon atmos-
feraga turli issigxona gazlari - karbonat
angidrid (CO,), metan (CH,), oltingugurt
hamda azot oksidlari va ftor tarkibli gazlar
turli antropogen ta'sirlar tufayli ajralib
chigmoqgda. Natijada atmosfera gatlamlarida
ushbu gazlarning ulushi oshishi natijasida
“issigxona effekti” yuzaga kelib, o‘rtacha
haroratning ko‘tarilishi va muzliklar erishi
kabi iqlim o‘zgarishlari ro‘y bermoqda.
CO, gazi issiqgxona gazlari ichida eng kop
emissiyalanayotgan gaz hisoblanib, umumiy
issigxona gazlarining qariyb 76 % qismini
tashkil giladi (Yoro & Daramola, 2020).

Odatda, atmosferaga CO, tabiiy va
antropogen usullar yordamida ajralib chiqadi.
Vulgon otilishi, o‘rmon yong'inlari va ozuqa
moddalarning parchalanishi kabi omillar
tabiiy emissiyaga sababchi bo'lsa, turli yoqil-
gi (ko'mir, tabiiy gaz va neft mahsulotlari)
va biologik moddalarning yonishi, CO,ning
ajralishiga sababchi reaksiyalar antropogen
manbalarga kiradi.

Turli antropogen ta’sirlar tufayli CO,
ning atmosferadagi konsentratsiyasi sanoat
evolyutsiyasi boshlangandan buyon qariyb
1,5 barobar ortib, 420 ppm ga yetgan. Shu
sababli CO, ning iqlim o‘zgarishlariga ta’sirini
minimallashtirish orqali global o‘rtacha
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harorat oshishini to‘xtatish maqsadida
2015-yilda Parij bitimi imzolangan bo‘lib,
hozirda 200 ga yaqin davlatlar ushbu bitimni
ratifikatsiyalagan (Morgan & Patomaki, 2021).
0O‘zbekiston Respublikasi ham ushbu davlatlar
ro‘yxatida bo‘lib, 2018-yil 2-oktabrda Parij
bitimini ratifikatsiyalagan.

Sement sanoati ham global CO, emis-
siyasida eng yirik ulushlardan biriga ega bo*-
lib, yiliga 2,3 Gt atrofida CO,ni atmosferaga
chigaradi (Kamolov, etal., 2023). Butun dunyo
bo‘ylab aholining o'sishi, urbanizatsiyalash
darajasining oshishi va infrastrukturalar-
ning rivojlanishi tufayli sementga bo‘lgan
talab yildan-yilga ortib bormoqda. Bu esa
ushbu sanoat miqyosiga to‘g'ri keladigan
CO, emissiyasining oshishiga olib keladi
(Turakulov, et al, 2023). Shu munosabat
bilan 2009-yilda Xalqaro Energetika Agentligi
hamda Barqaror Rivojlanish uchun Jahon
Biznes Kengashi tomonidan “Sement texnolo-
giyasi yol xaritasi 2009: karbonat angidrid
emissiyasini 2050-yilgacha pasaytirish” yo'l
xaritasi ishlab chiqildi (IEA, 2009). Ushbu yo'l
xaritasiga ko‘ra, sement ishlab chiqarishda
CO, emissiyasini pasaytirish uchun issiglik -
elektr tejamkorligini qo‘llash, sement asosi
- klinkerni muqobil moddalar bilan almash-
tirish, mugqobil yoqilgi manbalaridan
foydalanish hamda CO,ni wushlab qolish
texnologiyalarini (KAUQT) joriy qilish chora-
larini oz ichiga olgan asosiy to‘rtta richag
mavjud. Ularning har biri oz tarkibida se-
ment sanoatining uglerod izini kamaytirish-
ga qaratilgan usullar va texnologiyalarni
mujassamlashtirgan (1-rasmga qarang).

Sement ishlab chiqarish katta miqyosda
issiglik energiyasi isrof bo‘ladigan ja-
rayonlardan biri hisoblanadi. Masalan,
1 tonna klinker ishlab chiqarishda tutun
gazlari orqali taxminan 756 M], klinkerni
sovitishda ishlatiladigan havo orqali esa
784 M] miqdorda issiqlik atmosferaga
chiqarib yuboriladi (Irungu, et al, 2017).
Shu bois ortigcha chiqindi issiqlikdan kar-
bonat angidridni ushlab qolishda foydala-
nish potensiali yuqori bo‘lgan usullardan biri
deb baholanmoqda.
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8 ammocgepe MapHUKOBbIX 2a308, 8 YacmHocmu
CO, MU3-3a  aHmporozeHHoO20  8030elcmeusi
KoHueHmpauyusi CO, e ammocgepe ¢ Hayana
UHOycmpuasibHoU pesosnoyuu ysenu4yunach
noumu 6 1,5 pasa. [lpouecc npoussodcmea
uemMeHma makxe cyumaemcsi 0OHUM U3 OCHOBHbIX
ucmoy4Hukog ebibpocos CO,. 60 6Cém Mmupe 8
ammocqpepy eblbpacbisaemcss 2,3 m CO, e
200. B OdaHHoU pabome 6bin1 npoaHanu3uposaH
npouecc cenapayuu CO, u3 ObIMO8bIX 238308
uemMeHmMHoU rnpombiwneHHocmu. [lepgoHayasibHO
8 rnpoepammHom obecrnieyeHuu Aspen Plus 6bin
cmodernuposaH 3ag00 Mo npouzeodcmey uemeHma
mowHocmeto 1 mMaH m 8 200. Ha criedyrowem amarne
bbir1a mocmpoeHa Modesib mexHonoauu MemépaHHoU
cernapayuu, cocmosiuas u3 crnocobos8 CHUXEHUSs
CO, 8 ObiMO8bIX 2asax uemeHmMHo20 3agoda. Ha
ocHoge paspabomaHHoU Modenu  orpeoderieHsbl
Heobxodumasi nnow,adb MembpaHbl U 3Ha4YeHus
nepenada dasneHus 05 ycrosuli aghghekmusHocmu
ynaenueaHusi CO, He meHee 4em 90% u eeo
yucmomai He MeHee Yyem 95 %.

Knoyeenle cnoea: ebibpocsl CO, membpaHa,
ynaenueaHue CO,, uemeHmMHbIlU 3a800, Molesiu-
posaHue, ObIMo8ble 2a3kbl.

MODELING OF CARBONATE-ANHYDRIDE
SEPARATION PROCESS FROM FLUE GASES OF
THE CEMENT INDUSTRY

Turakulov Zafar Safarovich,
Basic Doctoral Student

Tashkent Institute of Chemical Technology

Abstract. Currently, the population of the Earth is
suffering from problems caused by climate change. One
of the main reasons for climate change is the increased
concentration of greenhouse gases, in particular
carbon dioxide (CO,), in the atmosphere. Owing to
anthropogenic effects, the CO, concentration in the
atmosphere has increased by almost 1.5 times since
the pre-industrial revolution. The cement production
process is also considered one of the main sources of
CO, emissions, globally emitting 2.3 Gt of CO,, per year
into the atmosphere. This study looks into the process of
CO, capture from flue gases in the cement plant. Initially,
a cement plant with a 1 Mt/year capacity was modeled
in Aspen Plus software. At the next stage, a model of
membrane-based CO, capture was built in order to
reduce CO, emissions in cement plants. According to
the developed model, the required membrane surface
and pressure drop values have been determined for the
constraints of capture efficiency as at least 90% and
CO, purity as not less than 95%.

Keywords: CO, emission, membrane, CO,
capture, cement plant, modeling, flue gas.
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« Elektr / bug' ishlab chigarish
Issiqlik « Isituvchi agent sifatida foydalanish
_| Energiya « Issiglikni integratsiyalash
7| tejamkorlik
Elektrik « Elektr qurilmalarni zamonaviylashtirish
«» Qayta tiklanuvchi manbalardan foydalanish
Karbonsizlash
yo'llari > Elektrlash
- « Qishlog xo'jaligi biomassalari
Mugobil « Boshgqa turdagi bioyogilg‘ilar
oqilg'i
yoa's ~—>l Vodorod l
« Ishlatiigan moy chigindilari
Chigindi « Kimyoviy va boshqa zaharli chigindilar
« Xo'jalik chigindilari
- —»{ KAUQT |
Jarayonni
takomillash || Boshqarish _| « Boshgarish tizimini takomillashtirish
" tizimi "| « Ragamlashtirish
1-rasm. Sement sanoatida CO, emissiyasini pasaytirish yo‘llari
Yuqorida Kko‘rsatilgan usullar ichida CO,ni ushlab golish uchun 50-100 AQSh dol-

KAUQT eng yaxshi potensialga ega ekanligi
ko‘plab tadqiqotlarda gayd etilgan. Zhou va
boshqalar (Zhou, et al.,, 2016) Xitoy sement
sanoatida CO,ni ushlab qolish uchun tur-
li ssenariylarni tahlil qilishgan. Ular kuniga
5000 tonna sement ishlab chiqarish zavodi
uchun amin asosida absorbsiyalash, kislorod-
yoqilg‘i usulida CO,ni ushlab golish va issig-
lik integratsiyalash ssenariylarini texnik-iqti-
sodiy tomonlama baholashgan. Rumayor va
boshgalar esa (Rumayor, et al., 2022) o'z tad-
giqotlarida sement ishlab chiqarishda CO,ni
ushlab qolishga kompleks holda yondashish
kerakligi, shuningdek, ushlab qolingan CO,ni
xomashyo sifatida qaysi sanoat sektorlariga
yuborish mumkinligini o‘rganishgan. Shu-
ningdek, CO,ni ushlab qolish bilan birga uni
utilizatsiyalash masalasi ham eng dolzab
ekanligini ta’kidlab, metanol ishlab chiqa-
rish misolida CO,ni ushlab qolish va utilizatsi-
yalash texnologiyasini tadqiq qilishgan.
Hozirgi kunda tutun gazlari tarkibidagi
CO,ni ushlab qolish uchun amin yordami-
da absorbsiyalash usuli texnologik jihatdan
eng yetuk darajasiga erishgan (Garcia, et al,,
2022). Asosiy yutuvchi sifatida monoetalo-
amin ishlatilib, tutun gazi tarkibidan CO,ni
90 %dan ko‘p miqdorda ajratib olish mumkin.
Odatda, bu texnologiya yordamida 1 tonna
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lari talab qilinadi (Bains, et al., 2017), (Rak-
sajati, et al, 2013). Ushbu usul texnologik
jihatdan samarali bo‘lsa-da, yutuvchini rege-
neratsiyalashda ko‘p miqdorda energiya ta-
lab qilganligi sababli ikkinchi avlod KAUQT
talablariga (95 % CO,ni ushlab qolish, 98 %
CO, tozaligi va 30-40 AQSh dollari /t CO, ush-
lab qolish narxi) javob bermaydi.

Tutun gazlari tarkibidan CO,ni membrana
yordamida ajratish jarayoni KAUQT ichida eng
tez rivojlanayotgan texnologiya hisoblanadi
(Chen, etal., 2022). Membrana yordamida CO,
ni ajratish jarayoni ikkinchi avlod KAUQT sin-
figa kirib, hozirgi kunda uning texnologik ye-
tukligi 0 dan 9 gacha shkalada 6 va 7 darajaga
yetishgan (Janakiram, et al., 2020), (Kamolov,
etal., 2023).

Magqolada yiliga 1 Mt sement ishlab chiqa-
rish quvvatiga ega sement ishlab chiqarish za-
vodi (“Jizzakh cement plant” MCH]J) tutun gaz-
laridan CO,ni membrana vositasida ushlab
golish texnologiyasini sement ishlab chiqa-
rish jarayonini to‘liq o‘rganish asosida kom-
pleks modellashtirish usuli tahlil gilingan.

Material va metodlar

Sement ishlab chiqarish zavodidagi tex-
nologik jarayonlar texnik-texnologik jihatdan
o‘rganildi. Texnologik jarayonni to‘liq tahlil
qilish uning mukammal modelini yaratishda
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eng muhim bosqichlardan biri hisoblanadi.
Ushbu tadqiqot usuli ko‘p bosqichli tizim-
li tahlil, tizimli fikrlash va tizimli yondashuv
usuliga asoslangan bo‘lib, tizim dastlab “katta
tizimdan kichik tizimga o‘tish” prinsipi asosi-
da tahlil qilinadi. Keyingi bosqichda esa tahlil
qilingan kichik tizimlar ierarxik tarzda “kichik
tizimdan katta tizimga o‘tish” prinsipida bir-
lashtiriladi. Tizimli fikrlash, ko‘p bosqichli
tizimli o‘rganish, texnologik jarayonlarni tah-
lil qilish hamda modellashtirish asosida xo-
rijlik tadqiqotchilardan Thilo Rixter, Serdar
Erishen, Viktor Kafarov, o‘zbekistonlik olim-
lardan esa Asqar Artikov, Zulxumor Mashari-
pova, Nodirbek Yusupbekovlar gator izla-
nishlar olib borishgan (Artikov, et al., 2022),
(Erisen, 2023), (Mkandawire, et al, 2021),
(Richter, et al.,, 2019), (Sevinov, et al., 2022).

Ko‘p bosqichli tizimli tahlil asosida sement
ishlab chiqarish texnologik jarayonlarini tahlil
qilish va modellashtirish quyidagi bosqichlar-
ni 0z ichiga oladi:

1-bosqich. Muammoni aniqlash. Yuqori-
da ta’kidlanganidek, sement ishlab chiqa-
rish jarayoni iqlim o‘zgarishlariga sababchi
bo‘layotgan CO, gazi emissiyasining asosiy
sababchilaridan biri. Shuningdek, mavjud se-
ment ishlab chiqarish zavodlari tarkibidagi
texnologik jarayonlar energiya samarador-
ligi jihatidan juda yomon ko‘rsatkichga ega.
Jumladan, O‘zbekistondagi nam usulda se-
ment ishlab chiqarish liniyalarida ideal deb
hisoblanadigan sement ishlab chiqarish lini-
yasiga nisbatan 2,1-2,6 barobar ko‘p shartli
yoqilg‘i sarflansa, quruq usulda sement ish-
lab chiqarish liniyalarida esa bu ko‘rsatkich
1,19 ga teng (Turakulov, et al., 2023). Shu-
ningdek, tutun gazlar va yuqori haroratda-
gi klinkerni sovituvchi havo orqali ortigcha
chigindi issiglik atmosferaga chigarib yubo-
riladi. Ushbu chiqindi gazlardagi umumiy
issiglik energiyasidan foydali energiya olish
orqali energiyaga bo‘lgan ehtiyojni bilvosi-
ta kamaytirish yoki CO,ni ushlab qolish tex-
nologiyasiga talab qilinadigan energiyaga
ishlatish mumkin.

2-bosqich. Tizimni dekompozitsiyalash.
Jarayon va tizimlarning tuzilayotgan mate-
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matik va kompyuter modelining aniqlik dara-
jasi ushbu tizim yoki jarayonni dekompozit-
siyalashga bevosita bog‘liq. Ushbu bosqichda
sement ishlab chiqarish jarayoni bo‘lim - ja-
rayon - qurilma ierarxiyasida strukturaviy va
parametrik tahlil qilindi.

3-bosqich. Jarayon va qurilmalarni mate-
matik va imitatsion modellashtirish. Mazkur
bosqichda dekompozitsiyalangan jarayon va
qurilmaning matematik tavsifi shakllantirildi.
Har bir jarayon yoki qurilma uchun tuzilayot-
gan modelga qo‘yilayotgan talabga binoan,
kvazi-jarayon yoki kvazi-qurilma modeli ish-
lab chiqildi. Olingan matematik model asosida
jarayonning kompyuter modeli tuzildi. Imi-
tatsion modellashtirishda kimyo - texnologik
tizimlarni modellashtirishga mo‘ljallangan
AspenOne paketining Aspen Custom Modeler
va Aspen Plus dasturlari tanlandi. Aspen
Custom Modeler dasturiga konstruktiv va
texnologik parametrlar, matematik ifodalar
hamda qurilma strukturasini ifodalash shart-
lari kiritildi. Tuzilgan model komplyatsiya-
lanib, blok ko‘rinishida Aspen Plus model-
lashtirish muhitiga eksport qilindi. Aspen Plus
dasturida jarayonning fizik-kimyoviy xususi-
yatlari sozlanib, qurilmalarni ifodalaydigan
har bir blok ketma-ketlikda birlashtiriladi.

4-bosqich. Modelni tekshirish. Sement ish-
lab chiqarish jarayonining Aspen Plus dastu-
ridagi modeliga 1 Mt sement ishlab chiqarish
quvvatiga ega sement zavodi uchun zarur
bo‘ladigan xomashyo sarfi, qurilma o‘lcham-
lari kiritilib, dastlabki natijalar olindi va olin-
gan natijalar haqiqiy sement ishlab chiqarish
jarayoni natijalari bilan solishtirildi.

5-bosqich. Modelni energiya oqimlari boyi-
cha tahlil qilish. Sement ishlab chiqarish jara-
yonini modellashtirishning asosiy maqsadla-
ridan biri - bu sement ishlab chiqarish jara-
yoni uchun eng kam energiya yo‘qotishlariga
ega texnologiya yaratish uchun mavjud mu-
ammolarni tahlil qilish va sinashdir. Aspen-
One paketining Aspen Energy Analyzer dastu-
rida tuzilgan model uchun eng yuqori energi-
ya samaradorlik beradigan ssenariylar shakl-
lantirildi. Shu asosda jarayon uchun issiqlikni
integratsiyalash tarmog'i sxemasi tuzildi.

9-
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6-bosqich. Tutun gazlari tarkibidagi CO,
ni membranali ajratish texnologiyalari yor-
damida ushlab qolish texnologiyasini o‘r-
ganish. Membrana yordamida ajratish tex-
nologiyalari hozirgi kunda gaz, suyuqlik va
ionlarni ilg‘or separatsiyalashda eng istigbolli
texnologiyalardan biridir. Membrana vosi-
tasida ajratish suv tozalash, tabiiy gazni nor-
don gazlardan tozalash va ion almashinish
jarayonlarida texnologik jihatdan eng yetuk
darajaga yetishgan (Eshbobaev, et al., 2023),
lekin sanoat tutun gazlari tarkibidan CO,ni
ajratishda hali o‘rganilishi kerak bo‘lgan ji-
hatlar ko‘p. Birinchidan, hozirgi kungacha CO,
uchun yugqori o‘tkazuvchanlik va tutun gazi
tarkibidagi boshqa komponentlarga (N,, O,
H,0, CO, SO_va NO ) nisbatan yuqori selektiv-
likka ega membrana materiali to‘liq o‘rganil-
magan. CO,ni ushlab golish uchun noorganik,
polimer va gibrid shaklda membrana mate-
riallaridan foydalanish mumkin (Kamolov,
et al, 2023). Noorganik membranalarning
yuqori bosimga chidamliligi va membrana
modulining ishga yaroqlilik vaqti kamida on
yil bo‘ladi, lekin ularning asosiy kamchiligi
membrana materialini tayyorlash qiyinligi tu-
fayli tannarxining yuqoriligi hamda CO, gazi
uchun past o‘tkazuvchanligidir. Polimer mem-
branalar gazlarni separatsiyalashda yaxshi
o‘tkazuvchanlikka ega va tannarxi noorganik
membranalarga nisbatan sezilarli darajada
pastligi sababli ishlab chiqaruvchilar va tad-
qiqotchilar e’tiborini jalb gqilmoqda. Shunga
garamay, membrana materialining ko‘p sepa-
ratsiyalash siklida sifatining pasayishi ham-
da termik ta’sirlar va yuqori bosimga mem-
brana materialining dosh bera olmasligi kabi
jihatlar ularning asosiy kamchiligidir. Gibrid
shakldagi membranalar hali tutun gazlari
komponentlarini separatsiyalash bo‘yicha
izlanishlar bosqichida bo‘lganligi bois uning
xususiyatlari haqida oldindan aytib bo‘Imaydi.

7-bosqich. Membrana vositasida CO,ni
ushlab qolish jarayonini matematik mo-
dellashtirish. Tutun gazi tarkibidagi CO,ni
ajratishda tanlangan membrana modulining
soddalashtirilgan sxemasi 2-rasmda keltiril-
gan.
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Retentat
Membrana moduli
Tutun gazi et e %e0
— > .:.‘.o::'o::o' o‘ K
e o L Y 'Y X
° ° °® o o0®
Permit

2-rasm. CO,ni ushlab golish uchun tanlangan
membrana moduli
(Kamolov et al., 2023)

Tutun gazi membrana moduliga beril-
gandan keyin CO, gazi bosim va kon-
sentratsiyalar farqi tufayli membrana
qatlamidan o‘ta boshlaydi. Membrana
gatlamidan o‘tgan gaz permit, o‘tmay qolgan
gazlar esa retentat deb nomlanadi. Membrana
gatlamidan o‘tayotgan i komponentning
yuza birligiga to‘g'ri keladigan sarfi quyidagi
tenglamadan aniqlanadi:

Ji zzl'(Pret'xi_Pperm'yi)

Bu yerda k. - membrana materialining
i komponent uchun o‘tkazuvchanligi,
m?/m? - soat - atm;

A - membrana materiali qalinligi, m;

P P, — retentat va permit bosimlari,
atm;

X, y, - I komponentning retentat va permit
tomondagi konsentratsiyasi, kmol/kmol.

Permit tomondagi i komponent sarfini
quyidagi differensial tenglama bilan ifodalash
mumkKin:

deermi
dx

Bu yerda x - membrana materialining eni, m;

S - membrana moduli yuzasi, m?.

Retentat va permit tomondagi i kompo-
nentning sarflari Fromi = Fre munosabatda
boladi. Yuqorida Kkeltirilgan ifodalarni
umumlashtirib, quyidagi tenglamalar hosil
qilindi:

=Ji*S
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AFyerm; P
%=KLIS.(PTet.xi_Pperm'yi)
dF, t P;
%_KL.S'(Pperm'Yi_Pret'xi)

Retentat va permit tomondagi gazlarning
umumiy sarfi har bir komponent sarfi

yig‘indisiga teng:
retum = FretCO2 + retN, + FretHZO + ret0,
= + F +
perm um permCO, permN, permH,0 ret0,

8-bosqich. Aspen Custom Modeler dastu-
rida membrana moduli uchun matematik ifo-
dalar asosida model tuzildi. Dastlab barcha
o‘zgaruvchilar e’lon qilinib, ularning fizik
xususiyatiga mos maxsus tur tanlandi. Model
skripti Aspen Custom Modeler mubhitida
yozildi. Quyida model skripti listingidan
fragment keltirilgan.

foriin (x.Interior + x.EndNode) do

for  comp in ComponentList do
J(comp,i)=(K(comp)/d)*(Pr*yRet(comp,i)-
Pp*yPerm(comp,i));

-FRet(comp,i).ddx=]J(comp,i)*S;
FPerm(comp,i).ddx=](comp,i)*S;

FRtotal(i) = sigma(FRet(comp,i));

FPtotal(i)= sigma(Fperm(comp,i));

yret(comp,i)=Fret(comp,i)/(FRtotal(i));

yperm(comp,i)=FPerm(comp,i)/
FPtotal(i);

sigma (yperm(comp,i)) = 1;

EndFor

EndFor

9-bosqich. Membrana vositasida CO,ni
ushlab qolish jarayoni modelini sement ishlab
chiqarish jarayoni modeli bilan birlashtirish.
Membrana moduli blok ko‘rinishda komplyat-
siya gilingandan keyin Aspen Plus dasturiga
eksportqilindi. Sementishlab chiqarishjarayo-
nidagi asosiy model bilan membrana moduli
birlashtirilib, modellashtirish natijalari olindi.

Tadqiqot natijalari

Sement ishlab chiqarish jarayonida qayta
ishlangan asosiy xomashyo tarkibida taxminan
CaCO, - 86 %, Si0, - 12 %, AL,O, - 1% vaFe,O,
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- 1% mavjud bo‘ladi. Ushbu xomashyodan
klinker hosil qilish uchun dastlab birlamchi
isitish, kalsinatsiyalash va aylanma pechda
kuydirish amalga oshirilishi kerak. Aylanma
pechdan chiqishdagi to‘liq holda hosil
bolgan Kklinker harorati 1450°C gacha
yetadi. Model natijalariga ko‘ra, 227,68 t/soat
sarfda birlamchi isitish uchun ko‘p bosqichli
siklonlarga uzatilayotgan xomashyo 600 °C
haroratga yetgandan keyin uning tarkibidagi
CaCO, parchalanishni boshlaydi (1-jadval).
Ushbu bosgichda gaz holatda CO, va qattiq
holatda CaO hosil bo‘ladi. Keyingi bosqich-
larda esa CaO, SiO,, Al O,, Fe,O, ishtirokida
klinker hosil bo‘lish reaksiyalari amalga
oshadi. Kalsinatsiyalash davrida hosil bo‘lgan
CO, tutun gazlari bilan birgalikda atmosfera-
ga chiqarib yuboriladi. Klinkerni hosil qilish-
da aylanma pechni gizdirishda tabiiy gazdan
foydalanilgan bo‘lib, talab qilingan jarayon
uchun uning sarfi 9,86 t/soatga teng bo'lishi
kerak. Tabily gaz yonishidan hosil bo‘lgan
tutun gazi va issiqlik tashuvchi havo ara-
lashmasi sochiluvchan qattiq moddalar bilan
teskari yo‘nalishda kontaktga kirishganligi
sababli ushbu issiq gaz o'z issiqlik energiyasini
maksimal uzatishga erishadi.

1-jadval
Sement ishlab chiqarish jarayonini
modellashtirish natijalari

Modellashti- | Sement zavodi
rish natijalari qiymatlari
Massaviy sarflar, t/soat

Xomashyo 227,68 227,60
Klinker 141,58 141,50
Tabiiy gaz 9,86 10,00
Tutun gazi 404,274 400,00
CO, 112,937 Oflchanmagan
N, 232,891 Oflchanmagan
0, 33,066 O‘lchanmagan
H,O 21,410 O‘lchanmagan
NO,, SO,, NO va Ar 3,97 O'lchanmagan

Tutun gazlari tarkibidagi CO, ni membrana
yordamida ajratib olish jarayonini tahlil gilish
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va modellashtirish bo‘yicha Atlaskin, Bradani,
Miroshnichenko, Boyang Li, Eviani kabi
olimlar tadqiqot olib borishgan (Atlaskin, et
al,, 2023), (Bocciardo, et al., 2013), (Eviani, et
al, 2021), (Li, et al., 2022), (Miroshnichenko,
et al, 2023). Membrana yordamida CO,
ni ajratishga doir tadqgiqotlarda ma’lum
bir o‘tkazuvchanlik va selektivlikka ega
membrana materiali uchun temperatura
va bosim ta’siri, membrana yuzasining CO,
konsentratsiyasiga bog'liqligi hamda turli
konfiguratsiyali membrana modullarining
ushlab qolish va tozalash ko‘rsatkichlariga
bogligligi keltirib o‘tilgan.

Sement zavodi tutun gazlari tarkibidagi
CO, issiqlik elektrostansiyalari tutun gazla-
ridagiga nisbatan sezilarli darajada ko‘proq
bo‘ladi. Sement sanoati tutun gazlari tarkibi-
da CO, konsentratsiyasining yuqoriligi bevo-
sita CaCO, ning dekompozitsiyalanishi tufay-
li amalga oshmoqda. Odatda, aralashma gaz
tarkibida biror komponentning yuqoriligi uni
ushlab qolish tannarxining tushishiga olib
keladi. Membrana vositasida CO, ni separat-

20 +

Bosimlar farqi, atm

siyalash jarayoni aynan CO, konsentratsiyasi
yuqori bo‘lgan gaz aralashmalari uchun qulay
texnologiyalardan biri hisoblanadi. Jarayon
uchun yuqori bosimga chidamli seolit asos-
li noorganik membrana (CO,/N, selektivli-
gi 170, CO, uchun o‘tkazuvchanligi esa 4120
GPU (1 GPU=2,736*10° m3/m?-soat-atm))
tanlandi (Chen, et al., 2022).

CO, ni ushlab qolish texnologiyasiga
90 %dan kam bo‘lmagan ushlab qolish sa-
maradorligi hamda 95 %dan kam bo‘lmagan
CO, tozaligi kabi magsad va shartlar qo‘yildi.
CO, ni ushlab qolish texnologiyasiga kapital
xarajatlarning kamroq bo‘lishi uchun kamroq
membrana yuzasi bo‘lishi talab etiladi. Shu
sababli yuzani kamaytirish maqsadida per-
mit va retentat gazlari bosimlarining farqla-
rini oshirish zarur. Modellashtirish natijalari
asosida texnologiyaga qo‘yilgan magsad va
shartlarga erishish uchun talab qilinadigan
bosimlar farqiga mos zaruriy membrana yu-
zasi gqiymatlari aniglandi. 3-rasmda permit va
retentat gaz bosimlari farqining talab qilinadi-
gan membrana yuzasiga bog'liqligi aks etgan.

10000 20000

30000
Membrana yuzasi, m

50000 60000

2

40000

3-rasm. Permit va retentat gaz bosimlari farqining talab gilinadigan membrana yuzasiga
bog‘liqligi

Tanlangan membrana yuzasining kam
bo'lishi kapital xarajatlarning pasayishi va
operativ xarajatlarning oshishiga olib kela-
di. Sement ishlab chiqarish jarayonida hosil
bo‘lgan tutun gazlari tarkibida o‘rtacha 5,3 %
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massaviy ulushda suv bug‘lari mavjudligi sa-
babli membrana g‘ovaklari suv bug‘i konden-
sati bilan to‘lib qolishining oldini olish mag-
sadida tutun gazini yuqori bosim sharoitida
namsizlantirish kerak. Seolit asosli membrana
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materiali yuqori bosimga bardoshli ekanligi
tufayli jarayon uchun talab qilinadigan mini-
mal yuzaning kam bo‘lishiga olib keladi.

Xulosalar

Mazkur maqolada iglim o‘zgarishlarining
asosiy sababchilaridan biri bo‘lgan CO, gazi
emissiyasining Yer ekotizimiga salbiy oqi-
batlari, CO, emissiyasining asosiy manbalari,
sement sanoatining global CO, emissiyasida-
gi o‘rni, sement ishlab chiqarishdagi asosiy
muammolar va ularni yechish yo‘llari bayon
qilindi. Shuningdek, umumiy texnologik jara-
yonni batafsil tahlil qilish, matematik va imi-
tatsion modellashtirish orqali CO, emissiya-
sini pasaytirish usullari yoritildi.

Tadgiqotdan quyidagi umumiy xulosalar
olindi:

- sement ishlab chiqarish sanoatining
global CO, emissiyasidagi o‘rni yuqori bo‘lib,
bu yerda yiliga taxminan 2,3 Gt CO, atmosfe-
raga chiqariladi;

- 1 t sement ishlab chiqarish jarayoni-
da o‘rtacha 1,5 GJ issiqlik energiyasi chiqindi
issiqlik sifatida atmosferaga chiqariladi;

- membrana vositasida tutun gazi tarki-
bidan CO, ni ushlab qolish texnologiyasi hali
0‘z takomiliga yetmagan;

- noorganik membranalar polimer mem-
branalarga qaraganda past o‘tkazuvchanlikka
ega, lekin yuqori bosimga chidamliligi sabab-
li tutun gazi tarkibidagi CO, ni ushlab qolish
uchun tanlanib, uning ustida tadqgiqotlar olib
borildi.
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MecTtopoxaenuda yraesogopozos l0ro-3a-
naJHOro Y306eKucTaHa HaXxoAsATCA B nepeje-
Jlax Yappxoyckor M Byxapckou cTyneHeH, ux
6oJiblIasl YaCThb CBsI3aHAa C aHTUKJIMHAJIbHbI-
Mu ckagkamu (Vasilyev, et al., 1983).

/luanasoH MNpPOMBILIJIEHHOW Ta30HOCHO-
CTU MEeHSIeTCH OT HUXKHeH I0pbl 0 BepXHero
Mesia. B o6uem paspese paccMaTpuBaeMou
TEPPUTOPHUHU BBIJEJAIOTCA YeThbIpe IJIaBHbIE
dbopManyu: HXKHeCpeLHEepCcKas TeppUreH-
Has, cpeJHe-BepxXHelOpcKas KapbOoHaTHas,
BEpXHEWpCKasd 3BallOpUTOBass M MeJioBas
TeppureHHas. B HUX BbIJeNAOTCA CleAylo-
1iMe NpoAyKTUBHbIE TOPU3OHTHI: VII - ceHOH;
VIII, Vllla, VIII6 - TypoH; IX u X - ceHOMaH;
XI, XIa - anp6; XII - anT; XIII, XIV1 - HeokoMm;
XIV2 - kummepumx-TuTOoH; XV, XV1,XV2, XV3,
XVa, XVHP (Hazpudossiit), XVIIP (noapudo-
Bbli1), XVI - kennoBeit-okchopz; XVII, XVIII -
cpenHsad opa (Chernov, 2016).

Ha ceropgHAmHUN JeHb 3anajHasd 4acTb
Bbyxapo-XMBUHCKOI0O pervoHa dBJIAETCAd OcC-
HOBHBIM MeCTOM Te0JIOrOpa3BeJOYHbIX pa-
60T U 100ObIYU YTIEBOAOPOJOB B Pecniybinke
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AHHOmMauus. B daHHOU cmambe ornucaH aHa-
U3 pe3ynbmamos napamempos rpooyKMuUBHbIX
20pU30HMO8 2a30KOHOEHCamHo20 MeCmopoXxoe-
HUs Ha fpumepe AaHCKO20 2a30KOHOEeHcamHo20
mecmopox0eHusi. PaccmompeHbi iumonoz2o-cmpa-
muepachudeckass xapakmepucmuka —OmJiIoXeHuUU
AraHCKO20 2a30KOHOeHCamHO20 MeCMmOpPOXOEHUSs,
BKITIOHAKOWUX Marie030UCKUEe OMIIOXEHUS, FPCKYH
cucmemy,  cpelHeKes108elCKO-HUXHEKUMMEPUU-
CKue §pychbl, KUMMEPUUCKO-MUMOHCKUE SpYyChbl,
Mersiogyto cucmemy, Maseo2eHo8y0 cucmemy, He-
02€HO8YK cCuCmEMY U 4YemeepmuyHble CUCMEMbI.
Takxxe paccMompeHbl eeogu3udyeckue uccredosa-
HUSI CK8axUH, napamempsbi MPOOYKMUGHbIX r/1acmos
M0 KEePHy U MOMUUHBI POOYKMUBHbIX 20PU30HIMO8
AraHCKO20 2a30KOHOEHCamHo20 MECMOPOXOEHUS.

Knroyeenie croga: 2a30KOHOeHcamHoe Mecmo-
POXOeHUe, OMIIOXeHUs, Spychbl, pugh, MpodyKmue-
HbIU 20pU30HM, MOWUHbI MPOOYKMUBHbLIX 20PU30H-
moe, meKmoHuKa, 8000HachbIU,EeHHOCMb, 2a30Hachl-
WeHHOCMb, MPOHUUAeMoCmab, MOPUCIMOCMb.
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Annotatsiya. Ushbu maqolada gaz va
gazokondensat konining mahsuldor gorizontlari
parametrlari natijalari Alan gaz va gazokondensat
koni misolida tahlil qilingan. Alan gazokondensat koni
yotqiziglarining litologik va stratigrafik xususiyatlari,
shu jumladan, paleozoy yotqiziqlari, yura tizimi, o‘rta
kelloviy-quyi kimmerij ostki bosqichlari, kimmerij-
titoniy bosgqichlari, bo‘r tizimi, paleogen tizimi,
neogen va to‘rtlamchi davrlari tizimlari o‘rganilgan.
Shuningdek, Alan gazokondensat koni qudugqlari
geofizik tadqiq qilingan, kern bo‘yicha mahsuldor
qatlam parametrlari va mahsuldor qatlam qalinligi
haqida ma’lumotlar keltirilgan.

Kalit so‘zlar: gazokondensat koni, yotqiziqglar,
bosqichlar, rif, mahsuldor gorizont, mahsuldor
gorizontlar qalinligi, tektonika, angidrit, suv bilan
to'yinganlik, gaz bilan to‘yinganlik, o‘tkazuvchanlik,
g'ovaklik.
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Abstract. This article reviews the parameters of
the productive horizons of the gas and gas condensate
fields, using the Alan gas and gas condensate
fields as an example. Lithological and stratigraphic
characteristics of the deposits of the Alan gas
condensate field, including the Paleozoic deposits,
the Jurassic system, the middle Callovian-Lower
Cimmerian stages, the Cimmerian-Tithonian stages,
the Cretaceous system, the Paleogene system, the
Neogene system, and the Quaternary systems, have
been investigated. Moreover, geophysical studies of
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Y3b6ekuctaH. B paccMaTpuBaeMoM palioHe
Me3030MCKHEe OTJIOKEHUS HMEeKT OTHOLlIe-
HUe K MOoTeHUUaly HepTerazoHocHocTu. Ha
JIUCJIOLIMPOBAaHHOM MOBEPXHOCTHU MaJIe030U-
CKOM 3paTeMbl JIEXXUT Me3030McKas spaTeMa
C YIJIOBBIM CTpaTUrpaduyecKUM HecorJacu-
eM. MccnesyeMass TeppUTOpPUS HE COZLEPKUT
OTJIOXKEHUW TPUACOBOM CUCTEMBI, & ME3030H-
CKHe OTJIOXKEHUS COCTOAT U3 MOPO/J, MeJIOBOM
Y FOPCKOW CUCTEM.

OT/noxkeHUs1 OPCKOM cucTeMbl Ha Yap-
JPKOYCKOM TEKTOHHUYECKOM CTyINEeHHU MoApas-
JleJIII0TCS Ha TPU TOJILLY, COOTBETCTBYIOLIME
dbopmanusaM, B 3aBUCUMOCTH OT JIMTOJIOTHU-
YeCKUX XapaKTepPUCTUK M IapareHesuca.
CHHU3y BBepx MO pa3pe3y MOXHO YBHU/ETb
TeppUreHHble, KapOOHATHble U COJITHOAQH-
ru/ipuTHble popManuu. HuxxHue u BepxHue
C/I0M MEeJIOBbIX OTJIOKEHUM HMEKWT CTpa-
TUrpapuyeckue pasjiuyus, Kak U BepxHUe-
IOpCKHe OTJIOKeHUA. MccaenyeMbl paloH
MMeeT MeJIOBble OTJIOKEHUSI MOLHOCTBIO OT
1400 no 1800 meTpos. [lo 1uTONOTUIECKUM
XapaKTepUCTUKaM M NaJIeOHTOJ0TUYeCKUM
onpe/ie/IeHUSIM OTJIO)KeHUSI HU)KHEMEJIOBOTO
BO3pacTa pas3zeiiloTCs Ha TpU fApyca: Heo-
KOMCKUU HaAbApycC, alTCKUU U aJbOCKHUM.
OHU npeJicTaBJieHbl KaK JIaTYHHO-MOPCKHUMU
006pa30BaHUSAMH, TaK U KOHTHHEHTAJIbHbI-
MU 06pa3zoBaHUAMU. CEHOMAHCKUH, TYpPOH-
CKUM UM CEHOHCKHUH HaJbApPyChbl Pa3jiM4yalOT
BepxHeMeJioBble OTJIoKeHUs (Abdullaev &
Yevseeva, 2014).

IOpckas cucrema ¢ pasmbIBOM Ha Byxap-
CKOM TEKTOHHWYECKOU CTyNeHU OCHOBaHa Ha
nopoJiax naueo3oMckoro Bospacra. Ilo ycmio-
BUSIM 00pa30BaHUSA U JIUTOJOTHYECKOMY CO-
CTaBy TeppureHHas W KapOoHaTHas TOJILIU
pasinyarTca Apyr oT Apyra. Ha 'azinHckoM
noAHATUU U Ty3KOHCKOM nporube OTJ/I0XKe-
HUSl TeppUreHHOW PpopMaluh OTCYTCTBYIOT;
naJjieo30McKkue 00pa30oBaHUA COCTABJAIOT
MeHbUIYI0 YaCTb BepXHEU 4acTH OTJIOKEHHUH.
CpefiHelopckas TeppureHHass ¢opManus Ha-
XOJIUTCA Ha TEPPUTOPUU fHrMKa3raHCKOro
noAHATUs, JlolKaJMHCKOro nporuba u Me-
HeKJAMHCKOro nofHAaTusa. [lo sauTosoruue-
CKUM XapaKTepUCTUKaM U NaJeOHTOJIoThYe-
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CKUM OIlpe/ieJIeHUSIM OTJIOKEHUSI HUXKHeMe-
JIOBOTO BO3pacTa pas3/esisloTc Ha HEOKOM-
CKUHM HaZ'bsIPYC, aITCKUM U alIbOCKUU AAPYCHI.
BepxHeMesiOBble OTJIO)KEHUS BKJIKOYAIOT Ce-
HOMAaHCKHUW, TYPOHCKHMU U HepacCYJIeHEHHbIN
CEHOHCKUH HabsApyc (Xojiyev, 2022).

MaTepuasibl U METOBbI

B TeKTOHMYECKOM OTHOLUEHWU paccMar-
pUBaeMbld paOH HAXOAWUTCA B 3aNaJHOU
yactu byxapo-XuBuHCKoro pervosa. OH Ha-
XOJIUTCS HAa CeBepO-BOCTOYHOM Kpato AMy/ia-
pbUHCKOM cuHekn3bl TypaHckod miaTtdop-
MbI (Abidov, 1994).

UccienyeMast 06J1acTb OKpyKeHa ¢Jiek-
CYpHO-pa3pbIBHOM 30HOW [lpeKbI3blJIKYyM
Ha ceBepe, AMyJlapbMHCKOU (ieKCypHO-pas-
PBIBHOU 30HOU Ha 10re, XOpe3MCKHUM 0a3UCOM
Ha 3anajie ¥ PoMuTaHCckUM nporu6om u /leH-
IM3KYJIbCKMM MO HATHEM Ha BOCTOKE.

B reosiornyeckoM CTpOeHHUH AJIaHCKO-
ro Mectopoxzaenus (Oripova, et al, 2023),
(Oripova, Akramov, at al., 2023), (Oripova
& Adizov, 2023), (Oripova & Adizov, 2022),
(Oripova, Umurzakov, et al,, 2023), (Oripova,
2023) npyMHHMMaKT ydyacTue MaJie030MCKUE,
I0pCKHMe, MeJIOBble, NTa/le0reHOBble, HEOIeHO-
Bble, YeTBEPTHUYHbIE OT/IOKEHHUS.

Pe3ysibTaThbl MCC/Ie JOBAaHUS

[laneosoiickue otaoxeHusa - Pz. Mak-
CUMaJIbHO BCKpbITas TOJILMHA OCaZ04YHOr0
yexJia HaMeCTOPOXKJEeHUHU cocTaBisieT 3 271 M
(ckBaxkmHa 5, 3260 KOTOPOW HAXOAUTCS B
TEPPUTeHHbIX OTJI0KEHUSAX HUKHETO KeJLIo-
Besl). [laseo30iickve U NepMOTpPHUACOBLIE OT-
JIOXKEHUSI He BCKPBIThI pa3BeJj0YHbIMU CKBa-
YKMHAMM.

I0Opckas cucrema - J. B cocraBe opckux oT-
JIOXKEHUH AJIaHCKOTO MECTOPOXK/IeHHS BbI/leJIs-
I0TCS1 TPU TOJIILHY, Pe3KO OTJIMYAIOUIUXCA ApPYT
OT Jpyra Kak IO JIMTOJIOTMYECKOMY COCTaBy,
TaK 1 [0 yCJIOBUSM 00pa30BaHUsA: TepPUTeHHas
(HxHel KeJloBel ), kapboHaTHad (cpelHUM Ke-
JIOBEW — HU>KHU M KeMMePU/IK) U COJITHO-aHTU/I-
puToBas (KUMMEPUK-TUTOH). TeppUreHHble
OTJIOXKEHUS BCKPBITHI CKBXKMHOM 5 Ha IJ1yOMHe
3 246 M, BCKpbITas TOJLIMHA 25 M.

CpesiHEKeNTOBEUCKUM-HUKHEKUMMeE-
pUKCKUM noAbsApychl. KapboHaTHasa Tosia
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wells, parameters of productive formations by core,
and thickness of productive horizons of the Alan gas
condensate field have also been explored.
Keywords: gas condensate fields, sediments,
stages, reef, productive horizon, thicknesses of
productive horizons, tectonics, anhydrite, water
saturation, gas saturation, permeability, porosity.

IpeJcTaBJeHa KOMIJIEKCOM B3aWMOCBA3aH-
HBIX [OPOJI, TOJIIMHA KOTOPbIX U3MEHAETCA
oT 240 no 520 m. [lo xapakTepy pa3MelleHUs
KOJIJIEKTOPOB B pa3pe3e U pAAy reHeTUye-
CKHUX IPU3HAKOB OHA JIeJIMTCA Ha JiBe 4acTu:
HU>KHIOIO, OTHOCUTEJIbHO BbIJIePKaHHYI0 I10
TosamuHe (200-205 M), BKJINOYAWIIYIO OT-
JioxkeHUs1 Gpanil oTpeITOrO 1eabda, U Bepx-
HIOI0, Mpe/CTaBJeHHY0 PUPOTeHHBbIM KOM-
MJIeKCOM ToJiuHou 10 310 M, a 3a npejena-
MU KOHTypa pudoBOro Maccusa - Jenpeccu-
OHHBIMHU dalMaMHU ToNIUHON 4-5 M (puc. 1).

XVI TOpU30HT BCKPBIT JIMIIb CKBaXXU-
HOW 5, rZile ero TOJIUIMHA COCTaBJseT 57 M.
[IpencraBieH TEMHO-CEPbIMU  IMJIOTHBIMH
[JIMHUCTBIMA adaHHUTOBBIMHU U3BECTHSKa-
MU. XV-aZ2 ropu3OHT Ha NOJIHYX TOJILIUHY
BCKpBIT CKBaxkMHaMu 5 u 9. [IpejcraBieH B
OCHOBHOM CepPbIMHU U CBETJIO-CEPbIMU adpaHU-
TOBBIMU U3BECTHSAKAMU C IPOCJOSMHU U JIMH-
3aMHU BOJIOPOCJIEBBIX U KOMKOBATbIX U3BECT-
HsKOoB. 0611as ToJsIKMHa ropu3oHTa 45-78 m.
Brlie 3aseraet 8-17-MeTpoBasd navka mnJoT-
HbIX U3BECTHSAKOB, BblJleJisgieMad 110 aHaJIOT U1
¢ KyaTakckvM MecTOpOXJAeHHeM Kak penep
«Z». XV-IIP TOpHU30HT IO JIUTOJIOTUYECKUM U
KOJIJIEKTOPCKUM CBOMCTBAM MO/ paszeisaeTcsa
Ha 2 nayku. HuxHadg npejcrasieHa yepeno-
BaHMEM IOPUCTBIX M IJIOTHBIX Pa3HOCTEH,
kak XV-al ropusoHT. BepxHad nayka TOJILHU-
HOU oT 5 0 54 M ciokeHa TEMHO-CEPBIMH,
NJIOTHBIMH, TJIMHUCTBIMY U3BECTHAKAMM.

XV-al ropusoHT npejcTaB/ieH KOMKOBa-
TO-BOZIOPOCJIEBBIMU M KOMKOBATO-OpraHo-
reHHbIMHU pa3HocTAMMU. [lopucThle U JIOTHBIE
VM3BECTHSIKM HepaBHOMEPHO 4YepefylTcs 10
paspesy. Ilopoabl-KoJlIeKTOpbEl B paspese
XV-al ropusoHTa cocTaBAAT OT 35 710 78 %.
TonmuHa ero kosiebJietcs ot 3 10 69 M (cooT-
BETCTBEHHO B CKBaXKMHaxX 9 u 3).
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O6uias TonumuHa XV-IIP ropusonTa co-
crasaseT 43-90 m. XV-P ropusoHT npexcras-
JIeH MAacCUBHOW TOJIIEW MOPUCTBIX U NMOPHU-
CTO-KaBEpPHO3HbIX M3BECTHSIKOB OMOre€HHOM
NpupoAbl. boJbllyl0 YacTb rOpU30HTA CO-
CTaBJISIIOT OpPraHOTE€HHble M3BECTHSIKU U UX
pasHoBUAHOCTH - 85 %, sivmb 15 % npuxo-
JIUTCSI Ha KOMKOBAaTble PAa3HOBUJAHOCTH W3-
BeCTHSAKOB. OCHOBHasi Macca OpraHOreHHBIX
M3BECTHAKOB COCTOUT U3 KOJIOHHUU U 06JI0M-
KOB NepeKpUCTaJM30BaHHbIX KOpPaJJIOB, BO-
Jlopocied U OpraHUYecKUxX OCTaTKOB. JloJis
KOJIJIEKTOPOB B pa3pe3e O4YeHb BbICOKas M
coctaBysieT 89-99 % oT 061IeH TOJIHUHBI T'O-
pH30HTA.

ToumyHa XV-P ropu3oHTa U3MeHAeTCs OT
0 M, cobcTBeHHO, pudOTreHHbIX 06pa30BaHUM
B MexxpudoBoil 30He 0 162-218 M B 30He
pasBuTus pudoBOro maccupa. 3a mpejesa-
MU 30HbI Pa3BUTUS PUPOTEHHBIX U3BECTHS-
KOB pa3pe3 CUHXPOHHOW YacTHU KapObOHATHOM
TOJILM Tpe/CTaBJieH MJIOTHbIMHU W3BECTHS-
KaMU C TIOBBIIIIEHHOW TJIMHUCTOCTbIO U OUTY-
MHUHO3HOCTbI0. ToJIMHa 3TOM NaYyKU COCTaB-
JseT 4-5 m.

KHMMepuaKCKO-TUTOHCKUU fIpYyC. 3aKaH-
YMBAETCs pa3pe3 IOPCKUX OTJIOXKEHUU COoJis-
HO-aHTU/JIPUTOBOU TOJILEM KUMMEPU/K-THU-
TOHA, KOTOpas NoJipaszesseTcsa Ha 5 nayek.
HenocpencTBeHHO Ha KApOOHATHBIX OTJ/IOXeE-
HUSX 3ajleraeT Nayka aHTU/IPUTOB, Ha3blBae-
Mas B IpaKTHKe reoJI0ropa3Be;0uHbIX paboT
«HWXKHUMU» aHTUJpUTaMU. TosllMHA MauKu
«HW>XKHUX» aHTUPUTOB KoJiebseTcs oT 18 o
151 m.

MenoBasa cuctema. MesioBble OTJIOXKEHUSA
npeACTaBJeHbl HIXKHUM U BEPXHUM OT/ies1a-
MU. OcaZiku HUXKHEro MeJia IpescTaBJeHbl
KPaCHOI|BETHbIMU TEPPUTreHHBIMU OTJIOXKE-
HUSIMU HeokoMa (TosruHou 391-413 M), ce-
POLBETHBIMU TEPPUTEHHBIMU OTJIOXKEHUSIMHU
anTa (TosuuHONU 72-73 M) U anbba (ToILU-
HoM 332-345 M). B cocTaBe BepxHEMeJIOBOTO
OT/le/1a BBIJIEJIAIIOTCA OTJIOKEHUSI CeHOMaH-
ckoro (TosunHoM 232-250 M), TypOHCKOTrO
(Tommuuoit 343-353 M) sApycoB U CEHOH-
ckoro (TosuuHoM 515-535 M) Hagbspyca,
npeACTaBJIeHHbIX MOPCKUMU TEPPUTEHHBIMU
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oCaZlkaMH C peJJKHMH MaJIOMOLUHBIMMU IPO-
C/10IMM M3BECTHSAKOB-pakywHAKoB (IX m X
rOpHU30HTHI ceHoMaHa). O61asa ToJKHA Me-
JIOBBIX OTJIOXKeHU U cocTaBsgeT 1919-1953 m.

AHa/M3 pe3y/IbTaTOB UCC/IeA0BaHMA

B TeKTOHMYEeCKOM OTHOLUIEHWH IJIOLAJb
AnaH pacnoJsiaraetca B npefenax Yapmxoy-
CKOM CTyIleHH, OCJIOKHSAIOLIEeH CeBepo-BOC-
TOYHYK 4YacTb AMyJapbHHCKOM BIAJWHBIL.
B onuceiBaeMoM panoHe BblAensawTca [leH-
rusKyJibckoe u Mcnannu-Yauapipckoe Baso-
obpa3Hble NOAHATHSA, paszeséHHble Kapa-
KYJIbCKUM NPOTUOOM; C IOT0-BOCTOKA K HUM
npuMbikaeT BelikeHTcKkUM nporu6. [liomaap
AJaH pacnoJsiokeHa B I0r0-BOCTOYHOW 4YaCTH
JleHT'M3Ky/IbCKOT0 MOAHATUSA MEXAY JIOKaJ/lb-
HbIMHU cKk1aaKaMu Kyuitak, 3eBapapb! v [lamyk.
B cTpoenuu niiatpopMeHHOro yexsa paloHa,
BKJIDYAKILIETO0 HKPCKO-KaWHO30UCKUH KOM-
IJIEKC OCAZIKOB, BBIZIEJIIIOTCA iBA 3TaXa, pas-
JIeJIEHHBIX MEXJy CO00M KUMePUK-TUTOH-
CKOH COJIEHOCHOH TOJIIEN WU OTJIUYAIIMXCS
ZpyT OT Apyra B TOW UJIM MHOM CTEIeHH.

Haub6osiee npejcraBuTeIbHAsA UHPOpPMa-
L|Mfl, XapaKTepu3ylas CTPYKTYPHBIA IJIaH
Ha/ICOJIEBOr0 3TaXa, IOJIy4YeHa II0 KpoBJe
Oyxapckux cJjioeB nasieoreHa u kKponJie XIII
ropusoHTa. Ilo HazconeBbIM KOMILJIEKCaM
olleHMBaeMas IJI0La/ib IPeJCTaBsieT COO0M
MepHU/IMOHANbHO-BBITAHYTBIA CTPYKTYPHbBIN
HOC, OCJOXHAWIWUKA KysnTakckyroo KymnoJio-
BUJHYIO CTPYKTypy. C Apyroyd CTOpOHBI, eé
MOXXHO pacCMaTpuBaTb KaK CTPYKTYPHYIO
nepeMbIuky Mexay Kyatakckon u 3eBapAuH-
CKOH CKJIaJIKaMH.

CTpYKTypHBIM IJIaH NOBEPXHOCTHU MO/ CO-
JIEBOT'O0 KapOOHATHOI'0 KOMIIJIEKCA OCJI0KHEH
HajimyveM pUPOBOU NOCTPOWMKU B BepxXHeH
4acTU KOMILJIeKca, MOpP(OJOTruiyecku KOH-
TPACTHO BBIJEJAILENCa OTHOCUTEBbHO 110-
BEPXHOCTH MaJIOMOLIHBIX CHHXPOHHBIX OTJIO-
YKeHUU JlenpecCuoHHbIX dauui (puc. 2, 3, 4).

[lepekpbiBatoliie UX «HUXKHUE» AHTHUJ-
pUTHI B mpejesax 60JblIedl 4YacTU KOHTY-
pa puda xapaKTepU3ylTCs BblJlePKaHHOU
M COKpaléHHoW ToumuHou (10-30 M) c
pe3KUM yBeJIMYEHUEM €€ B y3KOW IMOoJioCe
(0,3-0,5 kM), cooTBeTCTByIOLEH pUPOBOMY
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CKJIOHY, YTO CBHU/IETeJbCTBYeT O IJOCKO-
BEPIIMHHON opMe U 6OJIbIIONW KPYTHU3HE
CKJIOHOB puda; 30Ha YBEJIUUEHHOW TOJIIIHU-
Hbl «KHMXKHUX» aHTUApUTOB (1o 150-180 M)
OXBaTbIBaeT CONPSKEHHYI C pPUPOBBIM
MacCMBOM 006J1aCTb pacNpoCTpaHeHUs Je-
NpecCUOHHBbIX danui, 06pa3ys KoJiblLieBoe
ob6paMJieHMe Pa3HOW HIMPUHBI U CJIOXKHOU
KOHQUTYpaL1Hu.

CorsiacHO NpUBELEHHBIM I'e0JIOTUYECKUM
MaTepuasiaM, BEpXHEIOPCKUU pe3epByap Ha
KM Anan mnpencraBiasieT co060M aToJs10-
noA00HbIA pUGPOBBIA MACCUB C KPYTbIMHU
(40-45°) cki0HaMH, BBITSHYTbII B MEPU/HO-
HaJIbHOM HallpaBJIEeHUH, VIMHOU 6,3 KM U LIHU-
puHo# 3,5 kM. Tesio prudoBOM NOCTPOUKH CJ1a-
raeTcs U3 IByX OTJIMYAKIIUXCA MEXAY COO0H
110 GU3UKO-KOJIJIEKTOPCKUM CBOMCTBaM U da-
[IMaJIbHBIM YCJ0BUAM GOPMUPOBAHHUSA TOJILI,
13 KOTOpPbIX HWXKHAA (XV-P ropusoHT) Xapak-
TepU3yeTcs: BICOKON MOPUCTOCTbIO, MaCCUB-
HbIM CTPOEHHUEM U CJ1ab0U pacy/ieHEHHOCTbIO
KapOTaXXHbIX JuarpamM; BepxHsas — (XV-HP
TOPU30HT) Yepes0BaHHWEM MOPUCTHIX U YIIJIO-
THEHHBIX pA3HOCTeN KapOOHATOB, 3HAuU-
TeJIbHOM pac4/IeHEHHOCTH KapOTaXKHbIX Jjha-
rpaMM.

3HayeHHUsA OCTAaTOYHOW BOJIOHACHIILEH-
HoCcTU usMeHsoTca oT 8 go 80%. Cpen-
Hee 3HaueHHe MPOHULAEMOCTU COCTABUJIO
0,285 mkm? (285 m/1).

B paspese XV-P ropusoHTa B OTJM4YMe
ot XV-HP ropusoHTa mnpeo6/afiaioT MOpo-
Jbl-KoJsiekTophl. Tak, U3 851 obpasua kep-
Ha, 0TOOPAHHOI0 U3 3TOT0 FTOPU30HTA, Jj0JIe-
BO€ yyacTHe MOPO/-KOJIJIEKTOPOB COCTABUJIO
0 93,7 %, HekoJ/IeKTOpOB - 6,3 %. 3Haue-
HUe OTKPbITOW NMOPUCTOCTHU 3/leCb M3MEeHS-
eTcs oT fosier npoueHTa 10 27 %. [Ipu aTom
JUI1 TIOPOJi-KOJIJIEKTOPOB 3TO H3MEHEeHHe
coctaBuJio OoT 2 10 27 %. CpefHee 3HaUYeHHe
HOPHUCTOCTHU NMOPO/I-KOJIJIEKTOPOB COCTABUJIO
18,0 %.

OcTaTo4yHasi BOJOHACHIIIEHHOCTb (K03(-
bUIMeHT ra30HAChIIEHHOCTH) MOpOJ, pac-
CMaTpUBaeMOro ropyM3oHTa MU3y4yeHa 1no 798
obpasnam, U3 KOTOpbIX 767 y4TeHbl. 3Haye-
HUS OCTAaTOYHOW BOJIOHACBIIEHHOCTH U3-
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MeHATCcA oT 4 10 92 %. [lpu 3Tom pajg no-
POJ-KOJIJIEKTOPOB 3TO U3MEHEHHUE COCTaBUJIO
oT 4 1o 68 %. CpesHee 3HaYeHUE OCTATOYHOU
BOJIOHACBIIIEHHOCTH  NOPOJ-KOJIJIEKTOPOB
cocrapaset 26,7 % (K_=0,73).

[Iponunaemocte mnopop XV-P ropuson-
Ta u3ydeHa Ha 741 obpasie, U3 HUX yYTEHO
693, B TOM uMc/e 5 06pa3LoB MepreH uKY-
JIIPHO HaIlJlacCTOBaHMIO. /luana3oH HU3MeHe-
HUA npoHunaemoctu cocrasuia ot 0,0001 mo
32 mkm? (0,1-32 000 m/1). MakcuMasibHOE KO-
JINYEeCTBO 00pasloB MMeeT NPOHUIAEMOCTh
ot 0,1 o 0,32 mxm? (100-320 m/I). Cpennee
3HaueHWe [MPOHULAEMOCTU MapaslieJIbHO
HamsiacToBaHuioo coctaBuio 0,4002 Mkm?
(400,2 m[1), nepnengukyssspuo - 0,0479 Mkm?
(47,9 mJ1).

[Topucrtoctb nopog XV-IIP + XV-al + XV-a2
rOpHU30HTOB M3y4YeHa Ha 276 06pasiax, M3 HUX
61 ob6pa3sel xapaKTepPU3YIOT MNOPO/bI-KOJI-
JIEKTOPBI U 195 - HeKoJIeKTOpbl. 3HaYeHUs
HNOPUCTOCTH U3MEHSIOTCA OT J0JIel NPOLEeH-
Ta 10 18%. [Ilpu 3ToM AJig mOpPOA-KOJIEK-
TOPOB 3TO M3MEHEeHHe COCTaBUJIO OT 5 [0
18 %. /Iy KOJIJIEKTOPOB MaKCUMaJIbHOE KO-
sudectBO (15) 06pa3uoB MMeEEeT MOPUCTOCTh
12-13%. CpepHee 3HauYeHHWE TMOPUCTOCTHU
31echb coctaBuio 11 %.

OcraToyHasi BOAOHACHIIEHHOCTb (KO3(-
bUIMEeHT ra30HAChIIEHHOCTH) MOpPOJ HU3y-
yeHa Ha 171 obpaslie, U3 KOTopbiX 77 06pas-
[JOB XapaKTepHU3yT MOPO/bI-KOJIJIEKTOPbI U
94 - HeKOJIJIEKTOpPBI. 3HaY€HUs OCTAaTOYHOH
BOJIOHACBIIIEHHOCTH U3MeHsieTcs OT 8 [0
96 %, npy 3TOM J1J151 TOPO/I-KOJIJIEKTOPOB 3TO
M3MeHeHHe cocTaBuiio oT 8 go 68 %. Cpen-
Hee 3HaYyeHUe OCTAaTOYHOM BOJIOHACHILIEHHO-
CTU TMOPOJ-KOJIJIIEKTOPOB Jocturaet 44,5 %
(K. =0,55).

B npouecce pa3BeiKU U pa3pabOTKHU ra-
30KOH/IEHCAaTHbIX MeCTOPOXJeHUM (3ase-
Kel) JJi OLeHKM Tra30JMHaMUYecKUx Xa-
PaKTEPUCTUK MJIACTOB MNPOBOAATCA Ta3o/u-
Hamuyeckue ucciaepoBanusa (IJHU) (Lapshin,
et al, 2015), (Polyanskiy & Korotayev,
1956), (Berezovskiy & Ocheredko, 2020),
(Korotayeva, et al, 1971), (Karnaukhov &
Pyankova, 2010).
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AHanus omnpejesieHuss BequyrMHbl Kn mo
JNaHHbIM reodpusundeckux metoioB (HI'K, I'TK,
AK) nokasaJi, 4yTo HauboJsiee MOJHO MO IJIO-
a1 U pa3pe3y MOPUCTOCTb NMOPOJ, OXapakK-
Tepu3oBaHa 1o AaHHbIM AK. [IpoHuiaeMocTh
I0OpOJ, paccMaTpUBaeMOM 4YacTH paspesa
u3ydyeHa Ha 203 ob6pasuax, U3 HUX YYTEHO
95. /luanasoH M3MeHeHHUs NPOHHUILAeMOCTH
coctaBus ot 0,0001 go 0,32 mkm? (0,1-320
M/]). MakcuManibHOEe KOJIMYeCTBO 06pasloB
uMmeeT npoHunaeMoctb oT 0,00032 1o 0,0032
MKM?. CpeJHee 3Ha4yeHHE MPOHUILAEMOCTHU
3aechb coctaBusio 0,0116 mxm? (11,6 m/1). s
ra3oHachlleHHbIX KoJsuiekTopoB XV-HP ro-
PU30HTA CpeAHsAs MOPUCTOCTh, ONpeJeséH-
Hasd 1o KepHy, coctasaseT 12,0 %. C yuétom
NONpPaBKHU Ha BJIUsSHUE TepMOOapHUyeCKHUX yC-
soBui K *P* = 10,7 %, cpeiHsisi MOPUCTOCTD,
onpezenénHas no ganHeiM M'AC, K * cocras-
nget 12,8 %, 1. e. npeBbimaet K P na 2,1 %.
KepHn u3 otsioxkxenun XV-HP ropusonra oto-
6paH TOJIbKO B CKBaxkuHe 2, rae K *=10,1 %,
T. €. pakTu4yecku K “P" u K * 1151 KoJLJIeKTO-
poB XV-HP ropusonTa coBnazawT, YTO NOJA-
TBEpPXKJAeT HAAEXKHOCTb OIpeJesieHUH 10
['UC.

Jlnda ra3oHachleHHbIX nopog XV-P ropu-
30HTA CpeJHAA NMOPUCTOCTh, ONpeje€éHHas
no kepHy, 13,0 %, a ¢ y4éToM nonpasKH Ha
TepMobapuyeckue ycaosusa K P = 11,4 %.
B oTnoxenusax XV-P ropuszoHTa mIMpoKo pas-
BUTA KaBEPHO3HOCTb NOPOJ, [0JI1 KOTOPOH
coctaBisieT 15,7 % (OTHOCUTe/IbHBIX) U Tpe-
OyeT BBeJleHUs INONPABKU B ONpejessieMyto
BesimunHy A K = 1,8 %. C yyéTom momnpaBku
Ha KaBepPHO3HOCTb CpeIHAA IOPUCTOCTb KOJI-
snektopoB 1o 'NC cocrasaset 18,3 %.

CpaBHeHHE Kna“ u Kn“ep“ 10 IJjiacTaMm, AoCTa-
TOYHO OXapaKTepPU30BaHHBIM KepHOM, IOKa-
3bIBaeT, 4yTo K =K P, yTo moATBepxaaeT
Ha/JI&XHOCTb BbINoJIHEHHBbIX o ['MC onpege-
JeHud. Ilo razoHachlileHHbIM mJactaM XV-al
TOPU30HTA MCC/IEe0BAHUs KEPHA BbIIIOJHEHBI
TOJIbKO B CKBaXkKMHe 3, r/le HabJ/I10JaeTcs Xo-
pomtas cxoaumocTh K * u K *P* (K *=11,3 %;
K *=12,3-1,6=10,7%), ux pacxoxjeHus
He BBIXOJAT 3a Ipejesibl TOYHOCTU BBINOJI-
HEHHBIX OIlpe/ie/IeHUN.
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TakuM o06pa3oM, NpeACTaBUTEJbHbIMU
110 KOJINYECTBY BbINOJIHEHHBIX U I0CTaTOYHO
Ha/IE&XKHbBIX onpejesienni siisoTcs K ¢ ko-
TOpOe U PEKOMEH/I0BAHO NMPUHATH IS NOJ-
cyéra 3anacoB. CpesiHHbIe 3HaYeHus K ¥ o
ropusonTam: XV-HP ropusont K * = 12,8 %;
XV-Propusont K *=18,3 %; XV-al ropusoHT
(rasoHocHble miaacthl) K *=10,8 %.

Haubosiee MaccoBbIMM Ha MeCTOpOX/Je-
HUM AJlaH fIBJAIOTCA onpejiesieHus Ko3dpdu-
IMeHTa razoHacblimeHHocTy (K ) mo faHHbIM
BK. Bemaunel K P xopomo conocrasasioTca
co 3HayeHusmu K, onpenenénnpimu mo bK3
JIJ1s1 e IMHUYHBIX IJIaCTOB I0CTaTOYHOU MOL-
Hoctu. Conocrasnenue BeandnH K ¢ ¢ K
10 IJIacTaM, OCTaTOYHO OXapaKTepHU30BaH-
HbIM KEPHOM, [10Ka3bIBaeT, YTO HAbJIt01aeTcs
3anmxenue K *P" no cpasHenuto ¢ K X Tlpu-
4ém K *P* onpesiesI€H MeTOZI0M LeHTpUyru-
pOBaHUS.

IIpu onenke K HE06X0JUMO UCK/IIOYUTD
cojiep>kaHUe GUTYMOB B IOPOBOM NPOCTpPaH-
CTBe NMyTéM BBeJieHMsa B BesnuuHy K °¢ mo-
npaBku A Kr, paBHo# 0,053, ¢ yuéToM KOTO-
po¥ Besmuunbl K P mo ropusonTam cocras-
nsawT: XV-HP ropusont K ™ = 0,39 - 0,05 =
0,84; XV-P ropusont K **=0,92 - 0,05 = 0,87;
XV-al ropusonT K " = 0,65 - 0,05 = 0,60.

B oTHomweHHWH HedTerasoHOCHOCTH 3a-
najHad 4yactb byxapo-XMBUHCKOro peruvosa
ABJISIETCA 4acTbl0 AMyZapbUHCKOr0 HedTe-
ra3oBoro 6acceiiHa. B 3ToM peruoHe ectTb Tpu
NPOAYKTHMBHBIX KOMILJIEKCA: CpeJiHelpcKas
TeppureHHass ¢opmalus, cpeJHeBepXHep-
CKasi kKapboHaTHas popMaLUs U HUXKHEMeJIO0-
Basl TeppUreHHas Gpopmanusi.

B 3amagHoM 4actu Byxapckod cTyneHu
NPOAYKTHBHOCTb CBfi3aHa C lopckumu (XV,
XVa) u menoBbiMHu (IX, X, XI, XII, XIII, XIV) oT-
JIOXKEHUSAAMU. 3/1eCh ObLIM OOHApy»KeHbl Me-
cropoxaenus asnm, fHrukasran, Epkum,
Mysiaxos 1 TOIKyAYK.

MHorue MecTOpOX/JeHHUS HaXOJATCH B
3amafHoM 4Yactu YapJKOyCKOM CTyIHeHH.
Cpenu Hux [lasxaTtbiH, Kyib6elikak, YUkbIp,
XomxukasraH-YubypraH, CeBepHas Cy3bMa,
Xakkysb, ATamypan, Akkym-Ilapcankyss, 3a-
naaHbii Xomxy, Xomky, YerapakyMm, YeTkym,
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Tymapuc u pgpyrue. Cpennetopckue (XVII,
XVIII, XIX - ropru3oHThI), BepxHetopckue (XV-
1, XV-2, XV-3 ropusoHTbl) U HUKHEMEJIOBbIE
OTJIOXKEHUS ABJIAIOTCA OCHOBHBIMHU NPOAYK-
TUBHBIMU KOMILJIEKCAMM.

BbIBOABI

[TouckoBo-pa3BefjouHOe OypeHMe, LeJle-
HalpaBJIeHHble TIeo0JIoropasBe/joyHble pa-
60Thl U TUlATEJbHOE H3y4yeHUe HedTeraso-
HOCHOCTH KaXKJOro CTpaTUrpadu4ecKoro
KOMILJIEKCA SABJSAKTCA HEOOXOAUMBIMHU [
M3y4eHHUs HeJOCTaTOYHO U3y4YEeHHBIX TeppH-
TOPHH.

[lo sinTO/NIOTMYECKUM TNPU3HAKaM U NpPoO-
MBICJIOBO-Te0PU3NYECKOM XapaKTepUCTUKe
Ha IUIOLIAJM Ta30KOHJEHCAaTHOTO MeCTO-
poxaeHNs AylaH YETKO BbIIeJIAI0TCA [iBa TUIIA
paspesa, BCKPbITOr'0 pa3BeJ0YHbIMU CKBAXKU-
HaMu: pudoBbId U 6e3pudoBbIi. B kapboHaT-
HOM dopmManuy, ciaarawmlleld NpoagyKTUBHBIN

paspes3 MeCTOPOXKJeHHUs, BbIJeNATCA Cley-
touue ropusoHThbl: XVI, XV noapudossiii, XV
pudoBbIi U XV HaipuOBBIH.

AHasu3 ompejiesieHust BeqnuuHbl K 10
JlaHHbIM reodpusuveckux ™etogoB (HIK,
[TK, AK) nokasaJji, 4To HauboJiee OJIHO MO
IJIOLAAM U IO pa3pe3y NOPHUCTOCTb MOPOJ,
oxapakTepu3oBaHa 1o gaHHbIM AK. CpenHee
3HaYeHUe OCTAaTOYHOW BOJOHACBILEHHO-
CTU TMOPOJ-KOJIJIIEKTOPOB Jocturaet 44,5 %
(K.=0,55). [l ra30HaChINIEHHBIX KOJIIEKTO-
poB XV-HP ropusonTa cpejHAA NOPUCTOCTB,
onpeJieJIEHHasA 10 KepHy, coctasJisieT 12,0 %,
XV-P ropusonTa cpesHada NOPUCTOCTH, Olpe-
Jle1éHHas 1o KepHy, coctaJsieT 13,0 %.

['eonornyeckass nHopManys, U3ydyeHHas
Ha npuMepe AJaHCKOTO ra30KOH/EeHCAaTHOTO
MeCTOpOX/eHUs, I03BOJIAET MOBBICUTb TEM-
bl 100bIYY I'a3a U NPaBUJIbHO UCIOJIb30BaTh
MeCTOpOX/eHHue.
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Kirish

Mashinali o‘gitish muammolarini hal
qilish uchun sun’ly neyron to‘rlarini o‘qitish
algoritmlari qo‘llaniladi. Mashinali o'qitish-
ning asosiy magqgsadi insonlarga har ganday
ta'lim jarayoni va muhandislik sohalarining
faoliyatini rivojlantiruvchi tizimlar yaratishdir.

Sun’iy intellekt texnologiyalaridan yana
biri “Chuqur o‘qitish” bo‘lib, u ko‘p qatlamli
sun’iy neyron tarmoglarni o‘qitish usuli
hisoblanadi. Chuqur o‘qitish inson miyasidagi
neyronlar naqgshlari asosida yaratilgan sun’iy
neyron tarmogqlarining kognitiv muam-
molarini hal qilish vositasidir. Ko‘p qatlamli
neyron tarmogqlarni o‘qitishning ko‘plab
usullari mavjud. Masalan, Recurrent Neural
Network (RNN) (Heaton, 2015), (Ergashev,
2023).

Mashinali o‘qitish sohasida murakkab
ma’lumotlarni modellashtirish uchun tashqi
xotiradan emas, mantiqiy oqim boshqaru-
vidan foydalaniladi. RNN boshqa o‘qitish
gobiliyatiga ega bo‘lgan mashina usullaridan
samaraliroqdir. Bundan tashqgari, RNN usuli
to‘g'ri formatlangan bo‘lsa, turli xil ma’lu-
motlar modelini simulyatsiya qiladi. RNN
usuli o'z xotirasi orqali har qanday topshiriq
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Annotatsiya. Sun’iy intellektning asosiy maqsad-
laridan biri — bu inson miyasiga taqlid qilish asosida
hisoblash mashinalarida bajarilishi mumkin bo‘lgan
o‘qitish algoritmlarini loyihalashdir. Ushbu maqolada
Tyuring mashinasi muammolarini sun’iy intellekt al-
goritmlari yordamida hal qilish usullari tajribalar aso-
sida ko'rib chiqilgan. Maqolada, shuningdek, ushbu
yo‘nalishdagi tadqiqotlarni har tomonlama o‘rganish
natijalariga asoslangan NTM usulining tangqidiy
tushunchalari keltirilgan. Xotira ma’lumotlari bilan ish-
lash va muammolarni hal qilish uchun HTM usulini
qo'llashning eksperimental natijalari taqdim etilgan.
Magqolada ushbu sohadagi ilmiy munozaralar va kela-
Jjakdagi muammolarni hal qilish yo'llari yoritilgan.

Kalit so‘zlar: simulyatsiya, Tyuring mashinasi,
sun’iy intellekt, takrorlanuvchi neyron tarmoq, chuqur
o‘gitish, mashinali o‘qitish, kuchaytiriigan o‘qitish,
orqaga tarqalish.
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1hxunsakckmi ounuan HaumoHanbHoOro
yHMBepcuTeTa Y3bekuctaHa nmenn Mup3so Ynyroeka
2[>Xn3aKcKni rocyfapCTBEHHbIN Nefarormyeckmn
yHuBepcuTeT nmeHn Abaynnbl Kagbipu

AHHomauyusi. O0HOU U3 OCHOBHbIX Uerel UCKYC-
CMeBeHHO20 UHMmMessiekma sernsemcsi paspabomka
anzopummos 00y4YeHus, KOmopble MOXHO 8bIroJi-
HSIMb Ha KOMIblomepax, Ha 0OCHo8e uMumauuu 4esio-
8eyecKo20 Mo3za. B amoli cmambe Mbl paccmampu-
8aeM MemoObl! peweHus 3aday MauwluHbl TbropuHea
C UCMo/Ib308aHUEM asl20pUummOo8 UCKYCCMBEHHO20
UHMersnekma, OCHO8aHHbIX Ha 3KcriepumeHmax. B
cmambe makxe npedcmassieHbl KpUMUYeCKUE KOH-
uenyuu memoda HTM ro pesynbmamam ececmo-
pOHHe20 0b630pa uccriedosaHuli 8 3MOM Harpas-
neHuu. [MpedcmasrieHbl 3KCrepuMeHmarsbHble pe-
3ynbmambl ripumeHeHusi Memoda HTM dnsi pabomai
¢ OaHHbIMU MamMsmu U peuweHus 3aday. B cmamee
npedcmasrieHbl Hay4yHble OucKyccuu 8 amol obna-
cmu u peweHusi 6ydyujux npobrem.

Knrodesble cnoea: cumynsyusi, MawuHa Tbro-
pUH2a, UCKYCCMBEHHbIU UHMEINIEKM, PEeKyppeHm-
Hasi HelipOHHasi cemb, 2r1ybokoe obydyeHue, MaliuH-
Hoe oby4yeHue, ycureHHoe o0bydyeHue, obpamHoe
pacrnpocmpaHeHue.
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Abstract. One of the main goals of artificial
intelligence is to develop learning algorithms that can
be implemented on computers using simulations of
the human brain. In this paper, we review methods for
solving Turing machine problems using experiment-
based artificial intelligence algorithms. The paper also
presents critical concepts of the NTM method based
on a comprehensive review of the research made
in this domain. Experimental results of applying the
NTM method to memory data and problem solving

ILM-FAN VA INNOVATSION RIVOJLANISH
HAYKA N UHHOBALIMOHHOE PA3BNTUE
SCIENCE AND INNOVATIVE DEVELOPMENT

uchun algoritmik vazifalar yechimini taqdim
etishi mumkin (1-rasm).

Chiqgish

Kirish

1-rasm. Takrorlanuvchi neyron tarmoq (RNN)
arxitekturasi

Mashinali o‘qitishning haqiqiy namunasi
Tyuring mashinasi bo‘lib, undan cheksiz xotira
chizigi orqali cheklangan ma’lumotlarga
ishlov berishda foydalaniladi (Sak, Senior,
& Beaufays, 2014), (Siegelmann & Sontag,
1991), (Zaremba & Sutskever, 2015), (Graves,
Wayne, & Danihelka, 2014), (Heaton, 2015),
(Ergashev, 2023).

Alan  Tyuring birinchi mashinasini
1936-yilda ixtiro qildi va unga Tyuring ma-
shinasi deb nom berildi. Olim tasmadagi bel-
gilarni boshqarish orqali, kirish ma’lumotlari
asosida hisob-kitoblarini amalga oshiruvchi
mashina modelini yaratdi. Tyuring mashi-
nasi kompyuter bilan bir xil imkoniyatlarga
ega bo‘lgan mexanik qurilmaning eng ibti-
doiy modeli hisoblanadi. Ushbu mashina
rekursiv funksiyalar va mantiqqa asoslangan
matematik hisoblashlarni aniq bajara oladi

(Scheutz).
Tyuring va Super Tyuring mashinasi
Neyron hisoblash inson miyasining

axborot tizimida amalga oshiriladi. Ushbu
tizim kirish sensorlari orqali turli xil biologik
ma’lumotlarni doimiy ravishda o‘qiydi va o‘z-
garuvchilarni kodlaydi. Ma’'lumotlarni saq-
lash uchun har xil turdagi xotiralar mavjud
bo‘lib (masalan, qisqa muddatli, uzoq muddatli
va assotsiatsiyaviy), “hisoblash” vositalari
orqali hisoblangan operatsiyalar va qabul
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qilingan qarorlar, fikrlar va hissiyot kabi turli
xotira kanallariga ajraladi.

Muammo yechimining asosiy g‘oyasi

Masalaning asosiy g‘oyasi shundan
iboratki, takrorlanuvchi neyron tarmogqlarni
Tyuring mashinasi bilan almashtirish
mumkin. Bu jarayon natijasida neyron
tarmogqlarning murakkab hisob-kitoblari
doimiy  yaxshilanishga erishadi  (Sak,
Senior, & Beaufays, 2014). Bu jarayonda, bir
tomondan, har bir funksiya Tyuring mashi-
nasi orqali hisoblansa, boshqa tomondan,
Tyuring mashinasi bir nechta takroriy ney-
ron tarmoqlar orqali chizigli simulyatsiya
qilish jarayonini amalga oshiradi (Sak, Senior,
& Beaufays, 2014).

Tadqiqotning magqsadi va vazifasi

Tyuring mashinalari ko‘pincha murakkab
hisoblash chegaralarini o‘rganish uchun
nazariy vosita sifatida ishlatiladi. U har
ganday algoritm harakatini taqlid qilish,
shuningdek, algoritmik yechim talab qiluvchi
muammolarni hal gila oladi.

are being presented. The paper presents scientific
discussions ongoing in this domain and solutions to
future challenges.

Keywords: Simulation, Tyuringmachine, artificial
intelligence, Recurrent neural network, Deep
learning, Machine learning, reinforced learning,
backpropagation.

Tyuring mashinasi kompyuterda barcha
operatsiyalarni boshqara oladigan va ma’lu-
motlarni xotiraga doimiy ravishda saqlay-
digan CPU namunasidir. Bu izchil alifbo belgi-
lar gatori bilan ishlovchi mashina hisoblana-
di. Tyuring mashinasi lenta orqali ishlaydigan
mashina bo‘lib, ma’lum bir belgilarni o‘qishi va
yozishi yoki bir vaqtning o‘zida ikkalasini ham
bajarishi mumkin. Ushbu xatti-harakatlar bir
gator qoida va to‘g‘ridan-to‘g‘ri ko‘rsatmalar
asosida aniglanadi. Mashina belgilangan qoi-
dalar asosida ishlovchi kontroller, lentadagi
elementlarni o‘qishi va har qanday element-
ni bosib chigarish uchun mo‘ljallangan bo‘lib,
ushbu jarayon 2-rasmda tasvirlangan.

— Cheksiz lenta ---

B B a1 a2

dn B B

Kontroller birligi

(Kontroller)
Harakatlanuvchi CPU

2-rasm. Tyuring mashinasining tasmadagi namunalarni o‘qish jarayoni

Tyuring mashinasini bir qarashda belgi-
larni aniqlash retseptorlari orqali til element-
larini ko‘rib chiquvchi hisoblash mashinasi
sifatida ta’riflash mumkin. Kontroller bosh-
qaruvi cheksiz uzunlikdagi lenta xotirasi-
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O’qish / Yozish
Boshi

ning har bir bosqichini o‘giydigan ko‘rsat-
kichli kontroller birligidan iborat. Harakat-
lanuvchi kontroller har bir bosqichdagi xotira
ma’lumotlarini yangilashi va o‘ng yoki chapga
harakatlanish kabi vazifalarni bajaradi.
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1936-1948 1958-1968

LSTM,
1997-YIL

Chuqur o‘rganish
1965-yil

Tyuring mashinasi
1936-yil

1990-2000

2012-Hozirgi

kungacha

Takrorlanuvchi neyron
tarmoq va Tyuring
mashinasi, 2015-yil

Neyron Tyuring
mashinasi. 2014

Kuchaytirilgan o‘gitish NTM, /
2015-yil

\

Tyuring Testi 1950 Neyron tarmoglar uchun

Turing mashinasi, 1987

1969-1989

Inson Tyuring
mashinasi, 2011-yil

3-rasm. Neyron Tyuring mashinasining (NTM) evolyutsion rivojlanish bosqichlari

3-rasmda chuqur o‘qitish sohasiga yan-
gilik sifatida kiritilgan Neyron Tyuring
mashinasi (NTM) usuli va shu kabi boshqa
usullarni rivojlantirish maqgsadida yaratil-
gan. NTM ishchi xotira modellariga juda
o‘xshaydi, chunki uning arxitekturasida
xotirani o‘qish va yozish imkoniyatlari
mavjud. Bundan tashqari, neyron tarmoqla-
rini tashqi xotira resurslariga ulash orqali
o‘zaro aloqa qilish va xotirani kengaytirish
imkoniyatlari mavjud (Graves, Wayne, &
Danihelka, 2014). NTM usulining bunday
xususiyatlari turli xil muammo va amallarni
bajarishda juda yaxshi samara beradi. Ular
mashinali o‘qitish va chuqur o‘qitish soha-
larida yuqori amaliy muvaffaqiyatga eri-
shishni ta’'minlaydi.

Jordan Pollak neyron tarmoq g‘oyasini
muammolarni hal qilishda qo‘llagan birin-
chi olim hisoblanadi (Graves, Wayne, &
Danihelka, 2014). “Neyron tyuring” uchun
“Neyron mashinasi” nomli o‘ziga xos tak-
rorlanuvchi tarmoq modeli universal bo‘lib,
ushbu modelning barcha neyronlari bir
vaqtning o‘zida oldingi vaznlarini qo‘shish
orqgali yangilanadi (Graves, Wayne, & Dani-
helka, 2014).
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2014-yilda Graves Neural Turing Ma-
chine (NTM) nomli modelni taqdim etdi.
Ushbu model xotira tarmogqlari bilan birga-
likda takroriy xotira tarmogqlariga yana bit-
ta tashqgi xotira qo‘shilishi funksionallikni
tubdan yaxshilashi mumkinligini ko‘rsatadi
(Sak, Senior, & Beaufays, 2014). Shuningdek,
NTM modeli qo‘shimcha xotira va o‘zaro
aloqa tizimlarini qo‘llash orqali texnologik
amaliyotlar, avtomatlashtirish, matematik
muammolarni yechish va boshqa amallar-
ni bajarish uchun keng qo‘llaniladi. Quyida
Tyuring mashinalari, Recurrent Neural Net-
work (RNN) - Takroriy Neyron Tarmogqlari,
Long Short-Term Memory (LSTM) - Uzoq-Qis-
ga Muddatli Xotira, Neural Turing Ma-
chine (NTM) - Neyron Tyuring mashinalari,
Reinforcement Learning (RL-NTM) - Kuchay-
tirilgan o‘qitish va Evolvable Neural Turing
Machine (ENTM) - Kengaytirilgan Neyron
Turing Mashinalari kabi tushunchalarni
muhokama qilamiz.

LSTM va RNN, odatda, ketma-ketlik-
ni bashorat qilish kabi turli vazifalar-
da qo‘llaniladi (Sak, Senior, & Beaufays,
2014). ENTM kuchaytirilgan o‘qitish xotira-
da qo‘llash, muammolar yechimini topish,
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amallarni bajarishda yaxshi natijalarga eri-
shish va yangi topologiyalarni o‘rganishni
rivojlantirish kabi vazifalarda yuqori sama-
ra beradi. NTM va ENTM modellari chuqur
o‘qitish usullarini o‘rgatish va murakkab
muammolarni hal qilishda muhim o‘qitish
vositalaridir.

Material va metodlar

LSTM tarmoqlari

Uzoq-qisqa muddatli xotira (LSTM)
tarmogqlari takroriy neyron tarmogqlar-
ning (RNN) o‘zgartirilgan versiyasi bo‘lib,
xotirada tarmoqdan o‘tgan ma’lumotlarni
eslab qolishni osonlashtiradi. LSTM no-
ma’lum davomiylik kechikishlari berilgan
vaqt seriyalarini tasniflash, qayta ish-
lash va bashorat qilishda qo‘llash uchun
juda mos keladi. U modelni orqaga tarqa-
lish yordamida o‘rgatadi va RNNning
yo‘qolib borayotgan gradiyent muam-
mosini hal qiladi. LSTM RNN arxitektura-
sining ma’lum bir turi bo‘lib, muntazam
RNN ga nisbatan yuqori aniqlik bilan uzoq
muddatli bog‘ligliklarni modellashtirish
uchun mo‘ljallangan (Sak, Senior, & Beau-
fays, 2014). Shuningdek, ma’lumotlar ket-
ma-ketligi bilan ko‘p vazifalar uchun RNN
ga nisbatan samarali arxitektura turi hi-
soblanadi.

Backpropagation Recurrent orqali orqa-
ga tarqalish usuli yordamida xatolikni o‘rga-
nish, ma’lumotlar ketma-ketligini saqlash
uchun xotira yetarli darajada emas va bun-
day yomonlashuv ko‘p vaqt talab etadi.
LSTM qisqa vaqt ichida o‘rganishga qo-
dir. Boshga neyron tarmogqlar bilan solishtir-
ganda, LSTM yuqori aniqlik bilan tezroq
ishlaydi va takroriy sun’iy neyron tarmoq
algoritmlari orqali murakkab vazifalarni hal
giladi. LSTM ko‘plab urinishlar natijasida
takomillashtirilgan usul bo‘lib, uning asosi
ishchi xotirani qo‘llashdir. Bu turli bloklar-
dagi xotira katakchalarining mos kelishi va
xotiraning bir qatlamida ichki hisob-kitoblar-
ni amalga oshirishga imkon beradi. Albatta,
LSTM ham, Tyuring mashinalari tarmoqlari
ham vazifalarni bajarishda ayrim cheklovlar-
ga duch keladi.
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nuqtaga o‘tish

Tyuring mashinasi va neyron tarmoqlarini
ko'rib chiqish

Haqgiqgatda o‘lchamlari bo‘yicha cheksiz
tarmoq Tyuring mashinasi bilan bir xil hisob-
lashni amalga oshirishi mumkin. Neyron
tarmogqlarida xotira yetishmasligi va Tyuring
mashinalarini o‘rganishda qiyinchiliklar bilan
bog'lig muammolar hali ham mavjud.

Neyron Tyuring mashinasi (NTM)

Insonning asosiy kognitiv elementlari-
dan biri - bu ma’lumotni xulosa qilinganidek
saglash va qo‘llash qobiliyatidir. Mashinani
o‘qitishda erishilgan barcha yutuqlarga qara-
masdan, shunga oxshash uzoq muddatli xoti-
raga ega bo‘lgan aglli omillarning kengayish
usuli hali ham noaniq. Ta’kidlanishicha, Jordan
Pollak birinchi bo‘lib neyron tarmoq g‘oya-
sini muammolarni hal qilishda qo‘llashga e’ti-
bor garatgan. “Neyron Turing mashinasi” deb
nomlangan o‘ziga xos takrorlanuvchi tarmoq
modeli ushbu modelda universal ekanligini
ko‘rsatadi va barcha neyronlar bir vaqtning
o‘zida oldingi operatsiya hajmini qo‘llash orqa-
li yangilanadi (Siegelmann & Sontag, 1991).

NTM chuqur o‘qgitishda namuna bo‘lib, uning
samaradorligi neyron tarmogqlarning to‘gri
ishlashi va o‘rganish qobiliyati bilan ta’minlani-
shiga bog‘liq (4-rasm). Bunday turdagi birinchi
model NTM bo'lib, u kirish-chigarish giymatla-
rini orqaga tarqalish algoritmi orqali o‘rgatadi-
gan universal modeldir [4]. NTM manzilli tash-
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qi xotiraga ega RNN dan iborat bolib, saralash
kabi murakkab algoritmik vazifalarni bajarish-
da uning imkoniyatlarini yaxshilaydi. Aksariyat
mualliflar kognitiv usuldan ilhomlangan. Bunda
bitta xotira buferi o‘zaro ta’sir qiluvchi marka-
zily ijrochi tizim bilan jihozlangan (Zaremba &
Sutskever, 2015). Tyuring mashinasi bilan so-
lishtirilsa, dastur formatidagi NTM tashqi xoti-
ra bilan to‘g'ridan-to‘gri ulanganda, o‘qish va
yozishni lenta shaklida amalga oshiradi.

©]
Lentaga
/ yozish \

Kk

Kontroller

<]
Chigish \

/Sun’iyneyron \ Xotira
{I / tarmoglari \ /
Kirish \
Lentani
o’qish

5-rasm. Neyron Tyuring mashinasi (NTM)

Neyron Tyuring mashinasini o‘rganishni
kuchaytirish (RL-NTM)

RL-NTM boshqaruvchi sifatida to‘g'-
ridan-to‘g'ri kirish bilan birga LSTM dan
foydalanadi. Uning interfeysi bir o‘lchovli
kirish tasmasi, xotira va chiqish lentasidan
tarkib topgan. Kirish lentasi va xotira
tasmasi mazmunini o‘qiy oladigan boshga
ega. Kirish lentasining boshi va xotira lentasi
har ganday yo‘nalishda harakatlana oladi.
Shu bilan birga, chiqish lentasi faqat yozish
uchun mo‘ljallangan va u joriy holatda qolishi
yoki oldinga siljishi mumkin. 5-rasmda
teskari vazifada butun RL-NTM jarayoni
uchun bajarilish namunasi ko‘rsatilgan. RL-
NTM ning yadrosida bir nechta kirishlarni
gabul giluvchi va har bir vaqt bosqichda bir
nechta chiqish natijalarini yaratishi kerak
bo‘lgan LSTM kontrolleri mavjud. 1-jadval
boshqaruvchining kirish va chiqishlari
hamda RL-NTM ularni ishlab chiqarishga
o‘rgatish usulini umumlashtiradi.

1-jadval

Boshqaruvchi kirish va chiqgishlari hamda o‘rgatish usuli umumlashtirilgan RL-NTM

| Interfeys | O‘qing | Yozing | Trening turi |
Kirish lentasi
Bosh Joriy pozitsiyaga ega [- 1,0, 1] bo‘yicha tagsimot Kuchaytirish
bo‘lgan giymatlar oynasi
Chiqish lentasi
Bosh (0]0] [- 1,0, 1] boyicha tagsimot, Natijaviy chigish lug‘ati Kuchaytirish, orgaga
bo'yicha tagsimot targalish
Tarkib [0]0) [- 1, 0, 1] bo‘yicha tagsimot, Natijaviy chigish lug‘ati Kuchaytirish,

bo‘yicha tagsimot

Xotira lentasi

Bosh Joriy manzil atrofidagi
xotira giymatlari oynasi giymatlar vektori
Tarkib
giymatlar vektori
Turli xil Barcha harakatlar oldingi ¢@

vaqt bosgichida amalga
oshiriladi

RL-NTM ning magqgsad funksiyasi kutilgan
natijalarning ehtimollar jurnali bo‘lib, bunda
barcha mumkin bo‘lgan harakatlar ketma-
ketligi bo‘yicha qabul qilinadi va bu hara-
katlarni bajarish ehtimoli bilan solishtirila-
di. Bir vaqtning o‘zida orqaga tarqalish va
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orgaga targalish

[- 1,0, 1] bo‘yicha tagsimot, saglash uchun hagqiqiy Kuchaytirish, orqaga

targalish

[- 1,0, 1] bo‘yicha tagsimot, saglash uchun haqiqiy Kuchaytirish, orqaga

tarqalish

)

mustahkamlash maqsad samarasini yuqori
darajada oshiradi. Orqa tarqgalish modeli
bashoratlarning log ehtimolini maksimal
tarzda oshiradi, kuchaytirish algoritmi esa
harakatlar ketma-ketligining ehtimolliklari-
ga ta’sir giladi (Zaremba & Sutskever, 2015).
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6-rasm. Oldinga va orqaga tarqalish vazifalarida RL-NTMning bajarilishi

Har bir vaqt bosqichida RL-NTM joriy
kirish tasmasi, xotira katakchasi qiymati va ol-
dingi vaqt bosqichida amalga oshirilgan bar-
cha harakatlarning qiymat tasvirlarini o‘qiydi.
Shuningdek, joriy xotira katakchasi uchun
yangi qiymat (yulduzcha bilan belgilangan),
keyingi maqsad belgisi uchun bashorat va

(Kjrish imm-feym) ( lft:‘fl.;;l; ) (Xotim intcrfeysD
Kontroller chiqishi

Qlclug! KONTROLLER | Ievingl

olati holati
Kontroller kirishi

Kirish Chiqish Xotira
interfeyst mterfeyst interfeysi

turli lentalardagi qiymatlar o‘rnini o‘zgar-
tirish uchun diskret qarorlar chiqarish
vazifalarini bajaradi. RL-NTM kuchaytirish
algoritmidan foydalangan holda, diskret
garorlar gabul qilish va orgaga tarqalish
yordamida uzluksiz natijalar ishlab chiqa-
rishni o‘rganadi (Zaremba & Sutskever, 2015).

. Chigish stgn:h Xotua manzillarining
Yangi mms xa yoki yo'q ko‘payishi
vektori
o (D) . @(I)CI)

Magsadli
bashorat

-~
Kontroller chqus]:u
Oldingi Keyingi
holati LST™M > holati
Kontroller kirishi
e

/

7-rasm. Chapda: kontroller modeli sxemasi;
o‘ngda: kontroller modelining interfeys namunasi*

* (Zaremba & Sutskever, 2015).

Tashqi xotira NTM imkoniyatlarini ken-
gaytiradi hamda muammolarni hal qilish va
vazifalarni bajarishda yordam beradi. 7-rasm-
ga ko‘ra, nazorat ostida mashinani o‘qitib
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bo‘lmaydi, ya’ni model tashqi dunyo bilan
o‘zaro eksperimental alogalar orqali kucha-
yishi mumkin. Ushbu tashqi ulanishlar xotira,
ma’lumotlar bazasi, qidiruv tizimi yoki tekshi-
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ruv dasturiy ta’'minotining bir qismi hisobla-
nadi. Taklif etilayotgan usulda Tyuring ney-
ronini kuchaytirish neyron tarmog‘ini o‘qitish-

da qo‘llaniladi va bunda ularning o‘zaro ta’siri
algoritmik vazifalarni osonlik bilan bajarishga
olib keladi (Zaremba & Sutskever, 2015).

2-jadval

Kontroller istalgan vaqtda o‘qigan va ishlab chigargan ma’lumotlar brifingi;
model har bir bo‘limining o‘rganish natijalari [4]

Interfeys O‘qish Yozish O‘qitish turi
Kirish lentasi
Bosh Joriy  pozitsiyalarga ega [- 1, 0, 1] bo‘yicha tagsimot Kuchaytirish
giymatlar oynasi
Chiqish lentasi
Bosh (o]0} [- 1, 0, 1] bo‘yicha tagsimot, Chigarilgan Kuchaytirish, orqgaga targalish
lug‘at bo‘yicha tagsimot
Tarkib (0]0] [- 1, 0, 1] bo'yicha tagsimot, Chigish Kuchaytirish, orqaga targalish

lug‘ati bo'yicha tagsimot

Xotira lentasi

xotira [~ 1, 0, 1] bo'yicha tagsimot, saglash Kuchaytirish, orqaga targalish
uchun haqiqiy giymatlar vektori

[- 1, 0, 1] bo'yicha tagsimot, saglash Kuchaytirish, orgaga targalish

uchun haqiqiy giymatlar vektori

Bosh Joriy  manzillardagi
giymatlari oynasi
Tarkib
Turli xil Barcha harakatlar oldingi vagt ¢@

bosgichida bajariladi

Neyron Tyuring mashinasi kuchay-
tirilgan o‘qitishning mukammal namunasi
bo‘lishiga qaramasdan, uni barcha murak-
kab vazifalarni bajarishga o‘rgatib bo‘lmay-
di. Murakkab vazifalarning aksariyati belgi-
langan muhit bilan uzoq va ko‘p bosqichli
alogalarni talab qiladi (masalan, komp-
yuter o‘yinlari yoki fond birjalari). Model
atrof-muhitning harakatlar o‘zgarishi bilan
o‘zaro ta’sirlashishi natijasida o‘rganadi va
bu, odatda, kuchaytirilgan o‘qitishning bir
gismi hisoblanadi.

Modelning kontroller bo‘limi xatolar bilan
o‘zaro ta’sirini nazorat qilishga o‘qitilgan
yagona qismdir. Interface-controller modeli
va taklif gilingan model 7-rasmda ko‘rsatil-
gan [4]. RL-NTMning kuchaytirilgan o‘qitish
algoritmi diskret qarorlar qabul qilishda
qo‘llaniladi va orqaga tarqalish usuli
yordamida natijalarni ishlab chiqarishni
o‘rganadi. Kontrollerning har bir bosqichida
o‘gitilgan va olingan natijalar haqidagi
ma’lumotlar 2-jadvalda batafsil keltirilgan.
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)
Tadqiqot natijalari
Rivojlangan neyron tyuring mashinasi

(ENTM)

NTM ning yangilangan modellaridan biri
Rivojlangan Neyron Tyuring Mashinasi (ENTM)
bo‘lib, NEAT (Augmenting Topologiyalarining
Neyro Evolyutsiyasi) algoritmi yordamida ish-
lab chiqgilgan. Ushbu model, odatda, muayyan
vazifani bajarish uchun keraksiz bo‘lgan
bo‘shliglarni gidirishdan qochadi va murakkab
tarmoq topologiyalarini topadi. NEAT algorit-
mi mutatsiyalanishida yangi tugunlar qo‘shish
orqali yangi avlodlar hosil bo‘lishi algoritmi-
ning murakkabligini oshiradi va ular birgalik-
da ANN tarmogqlarini tobora rivojlantiradi. U
oddiy tarmogqlardan boshlab murakkab tar-
moq populyatsiyalarigacha bo‘lgan oraliqda-
gi murakkablik darajasini qidiradi. Dastlabki
natijalar shuni ko‘rsatdiki, bu model neyron
modelining soddalashtirilgan ko‘rinishini yax-
shiroq umumlashtirishga imkon beradi va vaqt
bosqichlarida barcha xotiraning tarkibini tek-
shirishga hojat qolmaydi.
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Vektorni
o‘qish

ning (ENTM) tarkibiy qismlari NTM
arxitekturasiga o‘xshaydi.

1. Bu komponentlar ANN tarmoq - |<—
kontrolleri va tashqi xotira to‘plamidan

foydalanadi. Xotira to‘plami nazariy jihatdan

Evolyutsion Neyron Tyuring mashinasi- ‘

cheksiz xotira bo‘lib, M o‘lchamli har bir * Vektorniyozish = Tashad
. ) K . * Interpolyatsiyani yozish kiritish | <3
vektorni xotirada saqlashi mumkin. + Otish parametlari _ j
2. Yozish va o'qish vazifasini bajaradigan " Shift (chapga, joyida qolish va o'nga)
gibrid kallakdan foydalaniladi. ST oToTorTosT o T o
3. ANN tashqi muhit bilan kirish va o lololoilosl ol o
chigishlar orqali o‘zaro ta’sir giladi.
Shu tarzda bajarilishi mumkin bo‘lgan iy
. . . . . BOSH
boshqa operatsiyalarga quyidagilar kiradi:
1. 0'gish/yozish operatsiyalarini tanlab olish. 8-rasm. NTM imkoniyatlarini ko‘rsatuvchi

2. 0‘qish/yozish giymatlarini xotiraning ENTM sxemasi

boshqga gismiga o‘tkazish.

3. Kontent asosida xotira manzillariga NTM da amalga oshirilgan vazifalar
yuborish. Ushbu bo‘limda ma’lumotlar ketma-

Neyron tarmog‘ining kirish va chigishlar ketligini nusxalash va saralash kabi oddiy
soni M olchamli vektorlarga mos keladi. algoritmik vazifalar to’plami  bo'yicha
8-rasmda ko'rsatilganidek, faollashtirish ~dastlabki tajribalar keltirilgan. ~Magsad
ogimi ANN va ENTM uchun xotira to‘plami ichki dasturlarni o‘rganish orqali NTM
o‘rtasida amalga oshiriladi. Qo‘shimcha ANN Ning muammolarni hal qilishga qodirligini
chigishlari xotiragayozilgan vektorlarnio'qish ~ aniglashdir (Graves, Wayne, & Danihelka,
va yozish kallaklarining harakatini aniglaydi. 2014). Barcha eksperimentlar uch xil

ANN joriy xotira joylashuvini keyingi vaqt arxitekturani o‘zaro solishtirdi: NTM oldinga
bosqichining boshida kirish sifatida gabul uzatuvchi kontroller, NTM kontrollerli LSTM

qiladi. va standart LSTM tarmog'i.
3-jadval
NTMning progressiv kontroller bilan giperparametrlarini sozlash tajribasi*
Vazifa #Boshlar | Tekshirish moslamasi | Xotira hajmi O‘rganish darajasi #Parametrlar
o‘lchami
Nusxalash 1 100 128 xx 20 10- 410-4 17,162
Takroriy nusxa 1 100 128 xx 20 10- 410-4 16 712
Assotsiativ 4 256 128 xx 20 10- 410-4 146 845
N-gramm 1 100 128 xx 20 3 x10- 53%x10-5 14 656
Darajaviy tartibi 8 512 128 xx 20 3 x10- 53x10-5 508 305
* (Graves, Wayne, & Danihelka, 2014).
4-jadval
LSTM kontrollerining giperparametrlari sozlanish tajribasi*
Vazifa #Boshlar Tekshlgﬁ:hn;;si,lamam Xotira hajmi O‘rganish darajasi #Parametrlar
Nusxalash 1 100 128 xx 20 10- 410-4 67 561
Takroriy nusxa 1 100 128 xx 20 10- 410-4 66,111
Assotsiativ 1 100 128 xx 20 10- 410-4 70 330
N-gramm 1 100 128 xx 20 3 x10- 53x10-5 61 749
Darajaviy tartibi 5 2 xx 100 128 xx 20 3 x10- 53x10-5 269 038

* (Graves, Wayne, & Danihelka, 2014).
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Tajribalarning  giperparametrlari tar-
moq og'irliklari, yashirin birliklar, qatlam-
lar, kirishlar va chiqishlar sonini oz ichiga
oladi. Bularga qo‘shimcha ravishda o‘rga-
nish tezligi tarmoqning og'‘irligini yo‘qotish
gradiyenti tushishiga qarab sozlashni belgi-
laydigan shunday giperparametrlardan
biri hisoblanadi. Momentum - bu gradiyent
vektorlarini to‘g’ri yo‘nalishda tezlashti-
rishga yordam beradigan va shu tariqa tez-
roq konvergensiyaga olib keluvchi usul-
dir. Bu eng mashhur optimallashtirish al-
goritmlaridan biri bo‘lib, undan ko‘plab
zamonaviy  modellarda  foydalaniladi.
RMSProp qadamlar juda katta bo‘lganda,
avtomatik ravishda gradiyent qadamlari-
ning o‘lchamini minimal darajaga qisqar-
tiradi (katta qadamlar haddan tashqa-
ri og'ishni keltirib chiqaradi) va tebra-
nishlarni yumshatadi. RMSProp, shuning-
dek, o‘rganish tezligini sozlashga zarurat
qoldirmaydi va bu avtomatik tarzda har
bir parametr uchun boshqa o‘rganish
tezligini tanlash orqali amalga oshiriladi.

RMSpropning asosiy g‘oyasi har bir vazn
uchun kvadrat gradientlarining o‘rtacha
gqiymatini saqlashdir. RMSprop (root mean
square) o‘rtacha kvadrat ildizi deb atala-
di. Yashirin qatlamlar (Hidden Layers),
ya’'ni kirish va chiqishlar o‘rtasida joylash-
gan neyronlar neyron tarmoqlarga murak-
kabroq xususiyatlarni o‘rganish imkonini
beradi. Orqaga tarqalish (Backpropagation)
- bu dastlabki va kerakli natijalar o‘rtasidagi
farqni minimallashtirish uchun og'irliklar-
ni qayta-qayta sozlash tartibidir. Xarajat
(Cost) - o‘rganilgan bitlar soni bo‘yicha ya-
ginlashish vaqti; xotira hajmi (Memory size)
- xotira joylari soni; bosh soni (Headcount)
- xotira matritsasi yacheykalarini olish va
yangilash vazifalarini bajarish uchun xoti-
ra matritsasiga kiradigan o‘qish va yozish
boshlari soni; kontroller hajmi - x * y sifati-
da belgilangan, bu yerda x - hujayralar soni
va y - LSTM qatlamlari soni; nH parametri
o‘qish/yozish boshlari soni; Nh esa LSTM-
dagi yashirin birliklar sonini bildiradi.
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Tadqiqot natijalari tahlili

Asboblar, sozlanmalar va parametrlar

NTMni amalga oshirishda bir nechta
vositalarni qo‘llash mumkin, biroq baho-
lash parametrlari asboblarga alogador
emas. Barcha LSTM tarmogqlarida uch to‘p-
lamli yashirin qatlamlar mavjud. LSTM
parametrlari soni yashirin birliklar soni
bo‘yicha kvadratik ravishda (yashirin
qatlamlardagi takroriy wulanishlar tufayli)
o‘sib boradi. NTM xotira joylari soni
bo‘yicha parametrlar sonini oshirmaydi.
Orgaga o‘qitish vaqtida barcha gradiyent
komponentlari elementlari (-10, 10) dia-
pazon bo‘yicha kesiladi [5]. Shuningdek,
Nusxa olish, Takroriy nusxa, Assotsiativ,
N-Gramm, Darajaviy tartibi vazifalari uchun
o‘rganish tezligi mos ravishda 10-4 va
3 x 10 - 5 ni tashkil giladi. 3- va 4-jadvallarda
tarmoq konfiguratsiyalari haqida batafsil
ma’lumot berilgan. Shuningdek, ushbu
vazifalarda, jumladan, nusxa ko‘chirish,
takroriy nusxalash, assotsiativ eslab qolish,
dinamik N-Gramm va darajaviy tartiblash
ikkilik vazifalar bilan nazorat qiladigan
o‘rganishda ba’zi bir muammolarga duch
keldi. Barcha tarmogqlar logistik sigmasi-
mon chiqish gatlamlariga ega bo‘lib, o‘zaro
entropiya maqgsad funksiyasi bilan o‘qi-
tilgan. Xatolar ketma-ketlikni bashorat
qilish xotira o‘lchov birligi bo‘lgan bitlar
orqali amalga oshiriladi (Graves, Wayne, &
Danihelka, 2014).

NTM va LSTM da amalga oshirilgan
vazifalarni solishtirish

9-, 10-, 11-rasmlarda NTM va LSTM
lar nusxa ko‘chirish, takroriy nusxalash,
assotsiativ = saqlashda o‘zaro  raqobat
ko‘rsatadi.

NTM o‘rganish tezligi va xatoliklarni
o‘rganish soni bo‘yicha LSTM dan ustun
turadi (Graves, Wayne, & Danihelka, 2014).
Tekshirish moslik o‘lchami, bosh soni,
xotira hajmi, o‘rganish tezligi va soniga oid
tuzatishlar NTM va LSTM da qo‘llaniladigan
parametrlar bo‘lib, bajarilgan tajribalar 3- va
4-jadvallarda keltirilgan.
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Xulosalar

Tadqiqot davomida Neural Tyuring
Machines (NTM) deb nomlangan inson miya-
siga taqlid qiluvchi hisoblash mashinasi turli
vazifalarda o‘rganildi.

Mazkur sohada olib borilgan tadqiqot-
larga asoslanib, NTM xotirada ma’lumotlar-
ni saglash va o‘zgartirish usuli yordami-
da muammolarga ijobiy yechim topildi.
Ushbu yangi arxitektura tashqi xotiradan
ma’lumotni o‘qish/yozishni talab qiladigan
vazifalarni bajarish uchun mo’‘ljallangan
bo‘lib, bu uzoq masofali bog'ligliklar uchun
to‘g'ri tanlovdir.

Ichki xotiraga ega an’anaviy neyron
tuzilmalari bilan solishtirganda, NTMlar
tashqi xotira bilan samarali ishlash uchun
maxsus kontent va joylashuvga asoslangan
manzillardan foydalanadi.

Tajribalardan olingan natijalar NTM
asosiy neyron tuzilmalaridan ustun ekanligini
ko‘rsatdi.

NTM bir nechta ilovalarda o‘rganiladi
(masalan, Reinforcement Learning Neural
Tyuring Machine, Evolving Neural Tyuring
Machine).

Magolaning keyingi qismida NTM tomo-
nidan amalga oshirilgan oddiy algoritmik
vazifalar o‘rganildi.

Ushbu ilovalarning maqsadi NTM dastur-
larini o‘rganish orqali algoritmik vazifalarni
bajarish qobiliyatini ko‘rsatish edi. Tajribalar
NTM ning uchta arxitekturasini oldinga uza-
tuvchi NTM LSTM kontrolleri standart LSTM
tarmog'i bilan taqqosladi. Olingan natijalar
bir-biri bilan taqqoslangan holda tekshirildi.

Xotira arxitekturasi

- Ba'zi tuzilmaviy o‘zgarishlar orqali
NTM ishlashi kelajakda yaxshilanishi taxmin
qilinmoqda.

- Turing mashinasining xotirasi va
xotira lentalari uchun boshqa tuzilmalardan
foydalanishni targ'ib qilish lozim.
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Introduction

The device for squeezing of wool in a
wool-washing barge relates to primary its
processing and will be used in wool-washing
barges for squeezing the wool from the
washing solution.

Squeezing rollers installed after each
washing bark are designed to remove washing
solution from the wool when moving to the
next bark. The squeezing rollers help wash the
wool, since contaminants are removed from
the wool along with the squeezed washing
solution.

The main disadvantage of existing
squeezing rolls is their low squeezing
efficiency, which leads to the need for
repeated sequential washing of the material
in several docked sections of the barge. Poor
spinning capacity of repeated washing still
does not achieve required cleanliness of the
wool.

Insufficient squeezing efficiency is caused
by limited pressure force of the upper roller,
which can be raised, as well as by pressing
of the squeezing shaft on the firmly fixed
lower squeezing shaft. Moreover, the low spin
efficiency can be explained by the fact that
spinning runs only in the spot of the smallest
gap between the shafts, that is, in a limited
space (Bakhadirov, 2010).
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Abstract. The article discusses a squeezing
device in a wool washing machine that helps resist
low squeezing efficiency, providing high-quality
washing. The analysis presents roller mechanisms,
which ensure a higher level of wool purity and an
optimal squeezing process. Findings, presented
graphically, show the distribution of the mass of
processed wool as it passes through a pair of shafts.
The geometry of the layer of wool compressed in
testing affects the movement of a liquid within it, the
distribution of pressure across the width of the layer,
the conditions of capture, and its movement within the
rollers. A water-saving washing machine, comprising
a washing barge, a running rake, an unloader, an
output conveyor, and electric motors, has been
experimentally designed. The article discusses the
issue of washing the wool. The process of collecting
wool from a liquid medium and unloading it for the
next stage of washing was subject to analysis. The
review of findings from experimental tests showed
that the suggested barge washing machine leaves
fewer impurities and less fat compared to the existing
washing unit.

Keywords: wool, bark, scuffing, primary proces-
sing, wool washing unit, impurities, fat, squeezing
mechanism. catcher-unloader, cleaning solution,
rake, sickle-shaped arms.

WULLINOB BEPUNAETIAH XXYH MACCACUHUHI
BAININN CUKYBYU MOCITAMALA
TAKCUMITAHULLUAHU MYKOBUITALUTUPULL
XUCOBUIA CUKULL CAMAPALOOPIIUTMHA
owupPuLl

Tyrys6aeBa Pobus BepanmypaTtoBHa,
aCCUCTEHT;
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Xakumos Lepkyn LleprasmeBuu,
TEXHUKa haHfiapu AoKTopu, npodeccop

TowkeHT TyKMMaL-IMJ'IVIK Ba eHrns caHoat UHCTUTYTU

AHHOmMauyus. Makonada XyH ro8ulW KO30HUOa
cughamu r8uw 8a OKOPU CUKUW camapadopriueuHu
mabMuHiatdueaH  Cukysyu  Mocriama  Kypub
YukuneaH. Taxnunnap wyHU KypcamoOuKu, earnnu

MmexaHuamiap épdamuda XKyH mo3asniueuUHUHE
IOKOpu ¢bousuza apuwunadu, WyHUH20EeK, CUKUW
XapaéHu  mykobunnawadu. [pacguk  waknda

uwroe bepunaémeaH XyH MaccacuHuHz b6up
Xycbm eannapdaH ymaémeaHdaau makcumMiaaHuliu
KypcamurnezaH. TaGKukom Hamuxacuda XXyH CuKuiaaH
KamiaaMuHUHe 2eoMempusiCu, YHUHe CYroKnukdasu
xapakamu, KamnamMHUHe — KeHenuau — b6ylnab
60CUMHUHe maKCcuMIaHUWuU, mymunuw wapmjsapu
8a yHUHe gannapdaeu xapakamuaa mabCcup KUIuwu
aHuknaHou. HOsuw KO30HMapu, XapakamiaHygdyu
naHwaxanap, mywupuw MexaHU3MU, 4Yukapysqu
mpaHcropmep 8a asnekmpodsueamerinapdaH ubo-
pam cysHU mexaldueaH SKCriepuMeHmars euw
MawuHacu spamundu. Makonada XyHHU to8uW
MyaMMocu  Myxokama KumuHeaH. CyroKnukOaH
JKYHHU ONluW 8a KelluHau 8uw KO30HU2a mywupuw
bytiuda maxnaun ymkasundu. Taecuss asmureaH
MawuHalda rosunzaH XyH mapkubudasu ughrioc
apanawmarnap ea érrap Masxyo r8ul MauluHacuda
fosunieaH XyHea HucbamaH Kamaluwu maoKuK
amunou.

Kanum cy3nap: XyH, roeuw K030Hu, 8acmiabku
uwnos bepuw, XyH tosuw aespezamu, ugoc
apanawmanap, éf, CUKUW MexaHU3Mu, OJly84yu-
mywupys4u, 108Ul CyrKIU2U, MaHwaxa.

ONTUMU3ALNA PACMNPEAENEHUA MACCbI
OBPABATbIBAEMOW LLEPCTU B OTXXUMHbIX
BAJIKOBbIX YCTPOMCTBAX 4151 NOBbILEHUSA
QOPEKTUBHOCTU NPOLIECCA

Tyry36aeBa Pobus BepaumypatoBHa,
ACCUCTEHT;

Xakumos Lepkyn LleprasmeBuu,
OOKTOp TEXHUYECKUX HayK, mpodheccop

TaLKEHTCKNA UHCTUTYT TEKCTUNBHOM U NErKomn
MPOMBbILLIIEHHOCTM

AHHOmMauyus. B cmambe  paccmompeHo
ycmpoticmeo, obecriequgsarwiee KadyeCmeeHHYI
MOUKY U 8bICOKYH 3¢hgheKmueHOCMb OnKuUMa 8
bake Onsi MolUku wepcmu. [lpoaHanu3upogaHa
paboma easikoebix MexaHu3Mo8, [pu MOMOWU
KOMmMOPbIX OCywecmerissiemcs 8bICOKUU MpoyeHm
o4ucmKku wepcmu U onmumMmu3auyus npouyecca
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Roller = mechanisms have  become
widespread owing to their simple design,
continuous technological process of wool
treatment , and combination of several
functions. The variety of operations performed
by roller mechanisms has not yet made it
possible to develop a unified system for
their design, which is explained by different
technological tasks and phenomena taking
place in the contact zone of the shafts. Since
the existing classification does not consider a
functional purpose of the roller mechanisms
and related phenomena in the contact area,
it has become relevant to investigate and
systematize their interaction with processed
wool.

Each point on the surface of the processed
wool, at a given point at a time, corresponds
to the speed of its movement and contact
stresses, determined in the magnitude and
direction, which together form a vector field.
Creation of stress and velocity fields on the
contact surface of the shafts with a given
nominal value and permissible deviation, is
considered as a required prerequisite for the
mechanism to perform a certain function.

For compression mechanisms, the main is
the normal stress field, and the intensity of the
impact is determined by duration of the load
and a maximum stress on the contact caused
by compression of the shafts (Gorbunova, et
al.,, 1981).

Formany mechanisms, these conditionsare
considered as sufficient. The main objective of
designing the roller mechanisms is to ensure
the above listed prerequisites, which require
to know the fields and their influence on
the mechanism’s performance of specified
functions, as well as the characteristics of
the fields that most influence the function
performed. @When combining several
functional purposes of a mechanism, the
fields have to meet the requirements of each
function (Khakimov & Tuguzbaeva, 2021) at
a time.

Materials and methods

Since the magnitude of stresses and
speeds at different times at different points of
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contact vary, to fully characterize the fields, in
addition to the nominal value, it is becoming
important to know deviations of speeds
and stresses that disrupt the technological
procedure of wool treatment thus reducing
the quality of the products. In compressive
roller mechanisms (squeezing, deforming),
the normal stress field is realized through
deformation of processed wool.

It is a transverse deformation of the
processed wool that determines moisture
removal in roller devices:

AW =k-AH

Where, AW - the amount of moisture
removed;

k - coefficient of proportionality,
depending on the surface density of the wool;

AH - transverse deformation of the wool
layer

Experimental studies (Uz Patent No.
FAP56406, 2022) of the dependence of
deformations of the treated layer and the effect
of moisture removal from it on the magnitude
of the load in compressive roller mechanisms
can be represented by generalized graphs in
fig:1a,b.

In longitudinal-traction = mechanisms,
when the growth of deformation of the wool
layer under the influence of load stops, the
tangential stresses, which determine the
traction force, continue to grow. As a result,

4H AW

omxuma. OHa npedcmasrieHa 8 epahuyecKkom
gude, deMoHcmpupyrowemM pacripedesieHuUe Macchl
obpabamebisaemoli wepcmu fpu  MPOX0XOeHUU
eé yepes napy easnos. B nipouecce ucrnbimaHus
yCmaHOoBJ/IeHO, YMO 2e0Mempusi CXXUMaeMo20 Cr10s1
wepcmu enusem Ha Xxapakmep O08UXeHUS 8 HEM
XXudkocmu, pacripedenieHue 0asrieHusl o wupuHe
C/105, ycriogusi 3axeama U 08UXeHue e€ 8 earax.
Co3daHa eodocbepezarowjasi aKcriepuMeHmarsbHasi
MoeYyHasi MawuHa, cocmosiwas u3 baka 05151 MOUKU,
MpPO20HHbIX 2pabrned, eblepyxamersisi, 8bie00sUe20
mpaHcrnopmépa u anekmpoodsuesamenel. B cmambe
paccmampusaemcs npobriema npoMbI8KU Wepcmul.
lNposedeHo uccrnedosaHue rnpouecca ynasnaueaHusi
wepcmu u3 xudkol cpedbl U 8blepy3kUu eé Ha
cnedyrowud sman npoMbieku. [pu ucrnbimaHuUsix
6bir10 onpedeneHo, Yymo 8 rpednazaemol MauwuHe
M0 cpasHeHut C cyuwecmsyrwumu Habmwodaemcs
YMEHbWEHUE COPHbIX MpuMecell U xupa.

Knroueeble cnoea: wepcmpb, 6ak 0Onda mou-
Ku, mpenaHue, rnepsuyHasi obpabomka, wepcme-
MOeYHbIU azpez2am, COpPHble [PUMECU, Xup,
OMKUMHOU MexaHU3M, YI108Uumerib-8bi2pyKamerib,
moruwul pacmeop, epabnu.

the relationship between the load in the roller
mechanism and the traction force (Fig. 1, c) is
linear.

The stress state on the contact surfaces of
the shafts can be determined by the magnitude
of the load Q on the side of the clamping
device, the intensity of its distribution q along
the length of the shafts, the average n, or the
maximum n__ stress on the contact (Uz Patent
No. FAP56406, 2022).

F

a o 6

Q 6 Q

Fig. 1. Dependence of parameters, AW and F on the load on the mechanism shafts

The  relationship  between  these
quantities can be characterized by graphs
(Fig. 2). Calculation of the effect of the roller
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mechanism for any of these functions can
differ only in the exponent that determines
steepness of the curves.
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Fig. 2. Dependence of parameters g, n, and
n__onload
An interesting characteristic of the

treatment process in a roller device is a
distribution of the mass of processed wool as
it passes through a pair of shafts. It resembles
geometric shapes of the wool processed in the
shafts. When processing the wool, the mass
per unit area is called floor density, loading
density or specific loading. Mathematically,
this value can be represented as follows:

dM
m=—=1f(xy)

ds

Where, dM - is the mass of fibrous wool
located on the area dS;

x,y - coordinates of the point at which the
specific load is determined.

The thickness of the wool layer at any
point on the shafts is equal to:

6= m 6= !
=g no= af(x»}’)

Here Q is the density of the fibrous material
in the layer under consideration.

Different shapes of the wool layer can be
described by different coordinate functions
(let us assume that the X axis coincides with
the direction of movement of the wool, the
Y axis is parallel to the axes of the shafts). A
continuous fibrous layer is described by a
continuous function, a discrete layer and a
layer with sharp changes in thickness are
described by a discontinuous one.

The geometry of the compressible layer
of wool affects the nature of movement of
the liquid in it, the distribution of pressure
across the width of the layer, the conditions of
capture and its movement in the shafts.
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When rolling one of the shafts of the pair
against the other, resistance arises, which is
taken into account by introducing a moment
of rolling friction, that has a direction opposite
to the other of the angular velocity. The
rolling resistance depends on curvature of
contacting surfaces, magnitude of the pressing
force, mechanical properties of materials of
contacting shafts and wool loading density
(Khakimov, Tuguzbaeva, & Ismoilov, 2022),
(Khakimov & Tuguzbaeva).

In the contact area of the shafts, local
deformation occurs, making a contact area of
a certain width.

For materials with properties of elasticity,
viscosity and plasticity, the pattern of stress
distribution in dynamics differs from the
static one in that it is asymmetrical relative
to the line of the centers of the shafts and is
shifted towards the entrance of the material
into their tip

The resultant of normal stresses is shifted
in the same direction by an amount called
the ‘rolling friction coefficient’. This value
determines the moment of resistance torolling
to a greater extent when processing fibrous
materials. Energy consumption for the rolling
process is also determined by tangential
elasticity of the body materials, sliding on
contact surfaces, adhesion phenomena, etc.

The process of rolling of one shaft on
another can be compared with rolling of a
wheel on a plane, which is featured by five
possible types of loading from the action of
active force factors (M - driving and braking
moments, P - force applied to the shaft axis,
7 - load on the shaft from the clamping
mechanism) (Tuguzbaeva & Khakimov, 2015).

In processing of a layer of wool on the
module shafts, the intensity of the workload q
is determined from the following relation

q=b

where Q - the total load in a pair of shafts;

b - working length of the shaft.

The forces of interaction between the
shafts and the processed material on their
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contact surfaces are the resultant from
contact stresses - normal and tangential.
With absolutely rigid shafts and a uniform
distribution of the mass of a processed
material in the direction of their axial line, the
stress state will be identical along the entire
length of the shafts, and the load intensity will
be constant q = const.

This phenomenon is seen under the
condition of using shafts of increased rigidity
and when processing a layer of a uniform
thickness. In reality, the shafts always bend,
which leads to an uneven distribution of the
load intensity along the axis of the shaft, even
when processing a material that is absolutely
uniform in thickness (for example, thin fabric
in a straightened state). If the layer of the
processed material is uneven in thickness, the
intensity of the load will be distributed along
the generatrix of the shaft according to a law
that copies the distribution of the mass of the
material in the layer g= const.

The main task of the force analysis of roller
squeezing devices is to determine forces that
act on their links in the operating mode. The
force analysis enables retrieving information
required for opting the parameters of
parts, calculating their strength and rigidity,
determining friction losses and the power
required for the operation of the mechanism
(Tuguzbaeva & Khakimov, 2021). Typically,
force analysis is carried out using kinetostatic
methods thatis, taking into accountthe inertial
forces applied to the links of the mechanism.
However, due to the stationary operation
of roller mechanisms and the good balance
of their links, in most cases it is advisable
to use only static methods for this purpose
(Tuguzbaeva, Khakimov, & Akhmedova,
2022).

Two main combinations of kinematic
connections of moving links are possible:
a) both shafts of the pair are drive, that is,
connected by a rigid kinematic connection
with the drive; the processed material is set
in motion by frictional forces on the surfaces
contacting with the shafts; b) one shaft of the
pair (drive), the material being processed,
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and the second shaft (non-drive) receive
movement due to friction forces on the contact
surfaces;

Operation of the squeezing machines in
practice has shown that the result of wool
dehydration depends on the following factors:
intensity of the distributed load in the tip of
the module, diameters of the squeezingrollers,
hardness and thickness of the elastic coating,
which determine the width of the contact
area of the shafts, conditions for removing the
squeezed liquid from the tip, its temperature
and viscosity, processing speed, type and
properties of the canvas, finishing condition.

Research findings

The technological process of the primary
treatment of wool is expected to ensure
preservation of all valuable natural properties
of the material. Deviations from the
technological process or its incorrect choice
lead to undesirable changes in the properties
of wool as well as to losses of wool fiber both in
primary wool processing factories and during
further works at wool processing enterprises.

The bulk of contaminants are removed
during the washing process, carried out on a
wool washing machine, which represents the
main part of the wool washing unit (Khakimov
& Tuguzbaeva, 2021).

On all wool washing machines, when
replacing contaminated solutions, the most
contaminated solutions of the first and second
bargesare discharged into the sewer. Solutions
of the third and fourth tanks, which are not too
contaminated and contain unused detergents,
are pumped into the first and second tanks. To
do this, all the barges are connected to each
other by pipes and are equipped with a steam
jet pump.

The analysis of the design of existing wool
washing units showed that these machines
have very high level of water consumption
and overall dimensions are chosen with high
productivity.

Establishing of wool processing
enterprises in the regions requires
operation of small-sized and water-
saving wool washing units. To carry out
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these tasks, a scientific and educational
base has been created on the basis of the
Department of Technological Machines and
Apparatuses, engaged in the wool washing
unit development process.

& 5

An experimental water-saving washing
machine comprising a washing barge 1;
running rakes 2, 3, 4; unloader 5; output
conveyor 6; electric motors 7, has been
designed.

Fig. 3. Experimental wool washing machine

Comparative experimental studies were
carried outinviewtoinvestigate technological
and design parameters of the proposed
washing machine. The review shows that the
proposed barge washing machine, compared
with the existing one, retains fewer impurities
and less fat. The productivity reached 100
kg/hour. The amount of water consumed by
the proposed machine made 1.2 m? per barge.
Provided that processing lines are equipped
with such wool washing units, washing of
wool in remote areas will be possible using
less water resources.

Further deep processing will be carried out
in regional centers, which will enable opening
new job places.

As a result of washing, fatty substances
and other impurities are removed from the
fibrous material.

Washing of wool and fibrous waste is
implemented by means of washing machines
and units, the main part of which are wool-
washing barges, equipped with a drum for
immersing wool in the washing solution,
doublerakesformovingwoolandamechanism
for unloading wool from the barge.

To capture fibrous sticky materials from
a liquid medium, for example, wool from
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wastewater, consisting of a welded grate,
from which the wool is removed by hand,
periodically (Khakimov & Ismoyilov, 2019).

Review of the research findings

Some machines for washing the wool use a
belt-type catcher, consisting of a welded frame, a
conveyor belt formed with two rubberized belts,
fastened together by transverse metal strips
that go around the driving and driven drums.
A nylon mesh is attached to the conveyor belt,
which traps wool fibers and other contaminants.

Unloading of the collected wool from
the mesh cloth is carried out using rubber
cavities, which throw the fibers from the mesh
onto the discharge conveyor. A catcher is also
known as a piece, the movable mesh sheet of
which is replaced by a stationary perforated
sheet. To unload the collected fiber, a scraper
conveyor made of two endless chains mounted
on drive sprockets, is used. Rubber strips are
attached to the chains on transverse metal
bars, acting as scrapers that throw the fiber
onto the discharge conveyor (Tuguzbaeva &
Khakimov, 2022).

Currently, many wool washing machines use
a catcher-unloader, having three combs, freely
lying in the bearings of two triads. Crescent-
shaped levers are being firmly fixed to the
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comb axes. The triads, in turn, are mounted on
a shaft to which rotational motion is imparted.
The combs have slightly curved teeth for better
fiber grip and retention (Fig. 4). When the
combs move, the crescent-shaped arms rest
against the roller, roll along it and take a stable
position required for capturing the fiber from
the solution and placing it on the discharge
conveyor. This device is mainly used in wool-
washing barges (Khakimov & Tuguzbaeva).

1 - comb, 2 - triple, 3 - lever, 4 - wheel.
Fig. 4. Catcher-unloader

The main disadvantage of the above types
of devices and the methods in which they are
implemented is that fiber collection reaches
only 60-70%. Moreover, their components
have low level of reliability (Khakimov,
Tuguzbaeva, & Ismoilov, 2022).

After the unloader, the percentage of wool
squeezing to remove washing liquid is not
high. Therefore, the passage of liquid from
one bath to another does not ensure effective
washing of wool.

Conclusions

Based on the analysis, the following can be
noted:

Labor-intensive replacement of drive
elements, which often fail due to contact with
aggressive environments, leads to downtime,
use of additional material and extra costs
(Khakimov & Tuguzbaeva, 2021).

Elimination of these shortcomings, i.e.
increasing the efficiency of collecting and
unloading fiber from the washing medium,
reliability of the device and improving the
working conditions of operating personnel is
regarded as a sought-after task of the scientific
research.
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MATEMATUUYECKAA MOAEJIb TEMMNA
U3MEHEHUA TEMMNEPATYPbI BHYTPU
CONMHEYHOUW TEMJIOBOU YCTAHOBKMU

and SAMAPUBAHUA KOKOHOB TYTOBOIO
LLENKOMNPAOA

YmapoB Capgop PoTtuxoBuu,
KaHomaaT TeEXHUYECKUX Hayk, 3aBedyowni nabopaTtopuen
«MNepBuyHasa obpaboTka, cTaHAapTU3auUmnsa U cepTudurKaLnst KOKOHOBY,
ORCID: 0000-0002-1826-5619, e-mail: sardor.umarov1976@gmail.com

Hayq HO-UCCreaoBaTeNbCKNN U HCTUTYT LUENTKkoBOACTBaA

BBeaeHue

B V36ekucTraHe [yi1 3aMapuBaHUsA U BbI-
CyLIMBaHUs KOKOHOB TYTOBOI'O LIEJKONpsAa
IPUMEHAITCA KOKOHOCYUIMJIKH, paboTaro-
IiMe N0 NPUHLUIY KOHBEKTHBHOTO TEIJIO-
MaccoobMeHa. O/JHOM U3 TaKUX KOKOHOCYUIHU-
JIOK fIBJIIeTCS1 KOHBelepHasl ceTyaTass KOKO-
Hocymuika tuna CK-150K, kotopas B HacTo-
slee BpeMs 3KCIJIyaTUPYeTCs Ha BcexX 6a3ax
nepBUYHOU 06pabOTKU KOKOHOB Hallel pec-
ny6siuku. /[l 3aMapyvBaHUs OJHOW TOHHBI
KMBBIX KOKOHOB B 3TOHW KOKOHOCYLIMJIKE
pacxoayetca 80 J1 AM3e/JbHOrO TOIJIMBA U
115 kBT-4 3yekTpoaHepruu. ITU KOKOHOCY-
LIMJIKA BHeJ[peHbI B POU3BOACTBO B 1980-e
ro/ibl ¥ B HacToslee BpeMs GU3UYECKH yCTa-
pesiu. Tak, 6OJBIIMHCTBO U3 HUX HaXOAUTCA
B HepaboueM cocTosiHUM. C Ipyroi CTOPOHBI,
eXXero/jHoe yBeJIMYeHHe I|eH Ha TOIJIMBHO-
JHepreTU4YecKrve pecypchbl BBIHYXKJAeT HC-
KaTb Jpyrye MyTH pellieHNus 3TOW Npo6JIeMbl.

OfHMUM M3 HampaBJeHUM CHUXXeHUs pac-
X0Jla TOIJIMBHO-3HEPreTUYeCKoro pecypca
JlJIl 3aMapyUBaHUA KOKOHOB TYTOBOTrO LIeJ-
KOIpsi/ia B yCJIOBUSAX Halllel pecnyOJIMKY B-
JIIeTCA UCNI0JIb30BAHKE IHEPTUHU COJIHEYHOI0
uznyyeHus (Umarov & Umarov, 2012).

Tepputopusa Pecnybsuku Y3bekucraH
pacrnoJsio)keHa B OTHOCHUTEJIbHO 6J/1aronpu-
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AHHOomauusi. C uesnbio CHUWXeHUsi pacxoda
MOrIUBHO-3HEP2EMUYECKUX pecypcos Orsi 3ama-
puBaHUSI XUBbIX KOKOHO8 Mymo80o20 wesikonpsioa
8 pabome npednazaemcsi 8bICOKOMPOU380OUMESb-
Hasl Co/He4YHasi mernsioeasi ycmaHoeka, crieyuarsib-
HO rpedHa3Ha4yeHHasi Oris 3amMapueaHusi KOKOHOS.
[aHHas ycmaHoeka siensemcs mpaHcriopmaberib-
Houl mobbiM 8uOOM mpaHcriopma, yrpasnsgemcsi 00-
HUM pabomHukom, He mpebyem e2o Keanugukayuu.
BHedpeHue amou ycmaHosku noseonsem Ha 100 %
C3KOHOMUMb MOIMIUBHO-3HEP2EMUYECKUE PECYPChI,
pacxo0yembie 8 Cywecmsyrouux KOKOHOCYWUTbHbIX
aspesamax KoHeeliepHo20 murna Ha 6a3ax nepeuy-
HoU 06pabomKu KOKOHO8. OKCrepuMeHmbI 0 uccrie-
008aHU0 meMrepamypHbIX PexXuMo8 8Hympu CoJl-
HeyYyHoU mennoeol yCcmaHO8KU C 3a2PyXeHHbIMU XU-
8bIMU KOKOHaMU rpo8o0usIUChk 8 Ppou3800CMEEHHbIX
ycrnosusix. VIsmepeHusi memnepamypbi OKpyxarouwel
cpeldbl U 8HYmMpU COSTHEYHOU Mernao8oU ycmaHO8KU
U rnomok cymMmapHoU CcosiIHeyHou paduayuu, nada-
roweli Ha 20pU30HMAasIbHYI M08EPXHOCMb COJIHEY-
HoU ycmaHO8KuU, rpou38o0uriuch arnpobuposaHHbIMU
npubopamu. Mo pe3ynbmamam 3KcriepumMeHmarib-
HbIX uccnedosaHull paspabomaHa U rpedroxeHa
Mamemamu4eckasi MoOesib memrna U3MeHeHUsI meM-
rnepamypbl KOKOHO8 8HYmMpuU COJIHeYHOU merniogol
yCMaHo8KU, y4umbigaroujasi merniomexHu4yeckue
Xapakmepucmuku  ozgpaxdatowux e20 3reMeH-
mos, fnpumoK COSIHeYHoU paduayuu u U3MEHeHue
memnepamypbl okpyxatoweli cpedbl. C nomMoubo
OaHHOU Mamemamu4ecKkol Modesu MOXHO pa3spa-
bomamb cosiHeYHble mernsoeble ycmaHo8KuU Mnodob-
HO20 Ha3Ha4yeHus 0r1s1 Heobxodumol memrepamypbi
8HYMpPU yCmMaHOo8KU.
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Knrouyeenie cnoea: cornHeyHass —mernsiogasi
ycmaHoeka, Jxueol KOKOH, 3amapusaHue
KOKOHa mymoeo2o  wersKkonpsida, cymmapHasi
cosiHe4Has paduayusi, memrnepamypHbIl PEXuM,
Mamemamuyeckasi  MoOesib,  KOKOHOCYUWUsIbHBbIU

acpeeam KOHSGUGPHO&O muria.

TUT IPAK QURTI PILLASI G‘'UMBAGINI
JONSIZLANTIRUVCHI QUYOSH ISSIQLIK
QURILMASI ICHIDAGI HARORAT O‘ZGARISH
TEMPINING MATEMATIK MODELI

Umarov Sardor Fotixovich,
texnika fanlari nomzodi,
“Pillaga dastlabki ishlov berish, standartlashtirish
va sertifikatlashtirish” laboratoriyasi mudiri

Ipakchilik ilmiy-tadqigot instituti

Annotatsiya. Mazkur maqolada tut ipak qurti-
ning tirik pilla g‘umbagini jonsizlantirish uchun yo-

qgilg‘i-energetik  resurslar  sarfini  kamaytirish
magqsadida tut ipak qurti pillasi g‘umbagini
jonsizlantirishga  maxsus  mo'jallangan, ish

unumdorligi yuqori bo‘lgan quyosh issiqlik qurilmasi
taklif etilgan. Ushbu qurilmani joydan-joyga tashish
qulay bo'lib, buni istalgan turdagi transport vositasida
bajarish mumkin. Shuningdek, yuqori malakaga ega
bo‘lmagan ishchi-xodimlar ham ushbu qurilmada
pillalarga ishlov bera oladi. Qurilmaning pillalarga
dastlabki ishlov berish bazalariga joriy qilinishi
mavjud konveyer tipidagi pilla quritish agregatlarida
pilla g‘umbagini jonsizlantirishga sarf bo‘ladigan
yoqilg‘i-energetik resurslar sarfini 100%ga tejash
imkonini beradi. Tirik pilla solingan quyosh issiqlik
qurilmasi ichida harorat rejimini tadqiq etish bo‘yicha
tajribalar ishlab chiqarish sharoitida o‘tkazildi. Tashqi
havo va quyosh issiqlik qurilmasi ichidagi haroratlar,
shuningdek, qurilmaning gorizontal sirtiga tushuvchi
yig'indi quyosh radiatsiyasi oqimi aprobatsiyalangan
o‘lchash vositalariyordamida amalga oshirildi. Tajriba
tadgqiqoti natijalaridan kelib chiqib, quyosh issiqlik
qurilmasini tashkil etuvchi elementlarining issiqlik
texnikaviy xarakteristikalari, quyosh radiatsiyasi va
tashqi havo harorati o‘zgarishini e’tiborga oluvchi
quyosh issiqlik qurilmasi ichidagi harorat o‘zgarish
tempining matematik modeli ishlab chiqildi. Ushbu
matematik model yordamida qurilma ichida kerakli
haroratni ta’minlab bera oladigan pilla g‘umbagini
Jonsizlantiruvchi quyosh issiqlik qurilmalarini ishlab
chigish mumkin.

Kalit so‘zlar: quyosh issiqlik qurilmasi, tirik pilla,
tut ipak qurti pillasi g‘'umbagini jonsizlantirish, yig‘indi
quyosh radiatsiyasi, harorat rejimi, matematik model,
konveyer tipidagi pilla quritish agregati.
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ATHBIX KJUMaTH4YeCKUX YCJOBUAX AJS HC-
MOJIb30BAHUS 3TOW 3KOJIOTUYECKU YUCTOU U
HerccsikaeMol sHepruu (Avezov & Umarov,
2005). CymmapHoe rojjoBoe 3HayeHUe Jy-
yucTod sHepruu CoJsiHLA, Najawlled Ha
1 M? rOpU30HTAIBHOM MOBEPXHOCTH 3€MJIH,
cocTtaBJsieT B cpegHeM 1,35 'kasi, 4TO 3KBU-
BaJIEHTHO TEIJIOBOU 3HEPTHUH, NOJIy4YaeMOoH
IpU CKUTAaHUU YCJIOBHOIO TOMJMBA (y.T.) B
kosuyectBe 0,2 T (Umarov, 2007). Cirenyert
OTMETHUTb, YTO NpPHU BaJOBOM IOTeHLHaje
95 MJIpA T y. T. TEXHUYECKHUU MOTEHIMaJ CO-
crasaseT 0,33 MJapA T Y. T., 4YTO B 5 pa3 60J1b-
1ie, 4eM CyMMapHbIi 06'bEM MOTPEOJIIEMBIX
Ha CeroJiHAUIHUM JleHb NepBUYHbIX 3HEPro-
pecypcoB B cTtpaHe (Umarov, 2004), (Zaripov
& Umarov, 2005).

M3BeCTHO, YTO Ce30H KOKOHO3aroTOBKHU
B Y36eKHCTaHe COBMNAJAEeT C MecAllaMd Hau-
O0JIbLIEr0 COJIHEYHOTO H3JIy4eHUs: Mad u
VIOHb. HecosHeYHBIX JHEW B 3THU Mecslbl
npaktudyecku HetT. Hanpumep, B TamkeHnte
4YUCJIO SICHBIX AAHel paBHO 10 - B Mae u 15 -
B HIOHE, a YUCJO JHeld C He3HAYUTeJbHOM
00/1a4HOCTBbI0 - 22 W 24 COOTBETCTBEHHO.
[Io aTUM mapamMeTpaM € Y36e€KHUCTAaHOM MO-
I'YT KOHKYpPHUpPOBAaTh TOJIbKO 4acTb TEPPHUTO-
puri TypKMeHHCTaHa, HEKOTOpble PalOHBI
ApaBuu, CeBepHoil Adpuku U 3anaZHOro
nob6epexbsl AMepuku (rtata Kaaudophnus)
(Umarov, 2004).

CnenyeT OTMETHUTBD, YTO YJIbTpadHOIeTO-
Bble JIY4YH OTPULATEJbHO BJUSIT Ha CBOW-
cTBa o06oJsioukn kKokoHa (Umarov, 2005),
(Yuldashev, Umarov, & Aripova, 2002),
(Umarov, Yuldashev, Oripov, & Zhabborov,
2000). B pa6ote (Nguku, Raina, Mburugu, &
Mugenda, 2009) oTMeyeHO, YTO IIEJKOBast
HUTb TepseT okoso 50 % NpoYHOCTH INpHU
BO3/leliCTBUM Ha Heé yIbTPadHuO0IeTOBbIX JIy-
yeill B TeueHue 6 yacoB. B paboTe (Yuldashev
& Umarov, WCIS-2000,2000) ynoMsiHyTO, YTO
B pe3yJsibTaTe BO3/eCTBUSA Ha LIEJK-ChIpel]
COJIHEeYHbIX Jiyded B TedeHHue 100 yacoB ero
NPOYHOCTh CHMXKaeTcd Ha 19 %, a y/iuinHeHUe
- Ha 24,6 %. ITocsie 200-4acoBOW UHCOJSAIMU
NPOYHOCTb IEJIKA-ChIplja YMEHbILIAeTCs Ha
26,7 %, a ynimHenue - Ha 60 %.
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B pa6ote K. MypazoBa u P.balijxaHoBa
npeJiJio’keHa reJIMOCYLIMJIKA /I KOKOHOB C
NOJIHOW pEeUPKYJIALMEN HArPeTOro Bo3Ayxa
0 KOHTYpPY COJIHEYHOTO BO3/yIIHOTO KOJI-
JIEKTOpa - KOHBEKIMOHHAas CylIWJbHas Ka-
Mepa. llupkyasanua ropsyero Bo3jyxa uyepes
BO3/YLIHBIA KOJIJIEKTOP OOLIel MJolajiblo
22 M? OpUEHTHUPOBAHHBIN HA IOT C HAKJIOHOM
35-40° K rOpU30HTY, U KOHBEKTUBHYIO Cy-
HIUJIbHYI0 KaMepy 06'béMoM 1,6 x 30 x 2,25 M3,
KyJla 3arpykaeTcsl CbIpb€, o0becrneynBaeT-
C LeHTPOOEXXHbIM BEHTUJIITOPOM C 3JIEeK-
TpoZBUraTteseM MouHocTtbo 270 Bt. [lna
COKpalleHHWs1 BpPEMEHU CYUIKA KOKOHOB B
yCTaHOBKe NepUOiuYeCKH MeHseTCs HalpaB-
JileHUe [IBW>KeHus Bo3zayxa. [lpu unupkyJis-
[IMU rops4ero Bo3/yxa, IPOX0OJslIero yepes
CTeJUIaXKM C KOKOHaMHM, 3abupaeMasi BJjara
YaCTUYHO BBIXOJUT HApYXKy, a OCHOBHas eé
4acTb, POXO/A yepe3 BO3/JYyIIHbIA KOJJIEK-
TOp, BHOBb IOCTyNAaeT B CYLIMJIbHYIO KaMepy,
M O9TOT LMKJ MEPUOJHUYECKH MOBTOPSETCS.
[Ipou3BOAUTENBHOCTh CYUIMJKU HPU 3TOM
coctaBsisieT 1,14+1,42 kr/4ac ¢ 1 mM? mionia-
au cyminakd (Yuldashev, Umarov, & Avezov,
2000).

B pa6ote B.BypsakoBa u K. MypazoBa
npeJyio’KeHa reJIMOCYIINJIKA, NpeJCTaBJsAg0-
11asi CO60M iepeBAHHYI0 IOCTPOMKY, BEpXHAA
Y NepesiHASA 4aCTb KOTOPOU COCTOUT U3 JIBYX-
CJIOMHOTO CTeKJa obiel mioumaabo 160 M?,
obpaléHHoro Ha 1or. /iy yBeJU4eHUs IJ0-
/{1 U UHTEHCUBHOCTHU MOTJIOIEHUS TerJa
Ha pacctossHUM 10-15 cM OT BHYTpeHHero
CJ1041 CTEKJIa BJJ0JIb HETO BOJTHOOOPAa3HO yCTa-
HOBJIEHbI TOQPUPOBAHHbBIE JIUCThI 3a4YE€PHEH-
HOT0 aJtoMUHUs. [l cO0O1eHNs C MapUJib-
HOUW KaMepoW a/IlOMUHUEBBIE JIMUCThI MPOHU-
3aHbl 0TBepCcTUsAMU. KOKOHBI cyliaTcs B Ka-
Mepe, rje obecneynBaeTcs NPpUHYAUTE/IbHAsA
UPKYJIALKS Bo3yxa. [[pou3BoUTETbHOCTD
CYIUUJKHA NpU 3TOM coctaBiseT 0,78 kr/4
c 1 m* mnowagu cymuakua (Burlakov &
Muradov, 1976).

B pa6ore (Zulponov, Samandarov,
Sultanova, & Safarov, 2021) npeaJsoxeHa
COJIHEYHas CyUIMJIKa JJIf CYLIKH KOKOHOB.
YcTaHOBKa COCTOUT M3 KaMephbl C JIBEPbIO.
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A MATHEMATICAL MODEL OF THE
TEMPERATURE FLUCTUATION RATES INSIDE A
SOLAR THERMAL DEVICE FOR IMMOBILAZING

THE PUPA OF SILKWORM COCOONS

Umarov Sardor Fotikhovich,
Candidate of Technical Sciences,
Head of the Laboratory of «Primary processing,
standardization and certification of cocoons»

Scientific Research Institute of Sericulture

Abstract. In view of reducing the consumption of
fuel and energy resources required for immobilizing
the pupa of live silkworm cocoons, a high-performance
solar thermal device designed for Killing the pupa
of cocoons is being proposed in this work. This
portable device can be transported by any vehicle
and handled by a single operator, and it does not
require any special qualifications. Application of this
device enables the saving of 100% of fuel and energy
resources consumed in existing conveyor-type
cocoon drying aggregates at the premises destined
for the primary processing of cocoons. Experiments
to study temperature conditions inside a solar thermal
device with loaded living cocoons were carried out
in industrial settings. Measurements of the ambient
temperature inside the solar thermal unit and the
flux of total solar radiation incident on the horizontal
surface of the solar device were made by means of
proven tools. Based on the findings from experimental
investigations, a mathematical model of the rate of
change in the temperature of cocoons inside a solar
thermal device has been developed and proposed,
taking into account the thermal characteristics of its
enclosing elements, the arrival of solar radiation, and
changes in ambient temperature. This mathematical
model will enable the development of a solar
thermal device for a similar purpose for the required
temperatures inside the device.

Keywords: solar thermal device, live cocoon,
killing of pupa in the silkworm cocoons, total solar
radiation, temperature mode, mathematical model,
conveyor-type cocoon drying aggregate.

[lognexauye cyuike ymMepuiBiaéHHbIe KOKO-
Hbl PAaCKJa/ibIBalOT HAa CETYAThIX MO/AJ0HAX.
/IBepb 3arpyskd CyLIWJIbHOM YCTaHOBKH
IJIOTHO 3akpbiBaeTcd. [lazarouye CKBO3b
JIBYXCJIOHOe TNpO3payHOe CTeKJO Jy4yHd
COJIHL|a IPOHUKAKOT Yepe3 €10 4EPHOTro Me-
TaJlJla K CYyIIUJIbHOU KaMepe, IPY 3TOM KaMe-
pa cHabeHa cTeJlaXKaMd. B HUKHel yacTu
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YCTAaHOBKU pa3MelléH napaduH, aKKyMyJu-
PYIOLIUI TeNJ10, CKOPOCTh BO3/[yIIHOTO MOTO-
ka coctaBset 0,2 Mm/c. Kykosiku menkonps-
Jla B COJIHEYHOH CYLIMUJIKE BBICYLUIMBAIOTCA C
ypoBHeM BJaxHOCTU 22-70% 3a 720 MuH.
IpU COOTBETCTBYKOLIENM CKOPOCTH MOTOKaA
Bo3ayxa 0,2 m/c. CpaBHUM c 1460 MUH. cy1I-
KM Ha OTKPBITOM COJIHIE€ /10 KOHEYHOIO CO-
fepxanud Baard 12 %. CosmHeyHasa CylunJKa
MOXEeT UCIOJIb30BaThCA A5 CYIKHU 28-30 Kr
KOKOHOB TYTOBOTO LIEJKONps/Ja.

M3-3a He6GOJIbLIONW MPOU3BOJUTENBHOCTH
Y JJINTEJIbHOTO Nepuo/ia BpeMeHU 06paboT-
KM BblllIeNpHUBeIEHHbIE [eJIMOCYIINJIKY B Ha-
CTosilllee BpeMsl He IPUMEHSIOTCSA Ha MPOU3-
BO/ICTBE.

B cBsA3W ¢ 3TUM pa3paboTKa U cO3JaHUE
BbICOKONIPOM3BOJMTENbHON U COXPaHAILEeN
Ka4yeCcTBO 000JIOYKM KOKOHOB COJIHEYHOH
YCTAHOBKH, CHeLlMaJbHO MNpeJHa3HaueHHOU
JlJ1s1 3aMapUBaHUs KOKOHOB TyTOBOTO LIEJIKO-
npsza, ABJASeTCA aKTyaJbHOM 3a/jayei.

MaTepuasibl U METOBbI

B ce30H KOKOHO3aroTOBKHU C IieJIbI0 U3Y-
YyeHUsl TeMIIepaTypHOTO peXuMa BHYTPHU
COJIHEYHOW YCTaHOBKH MPOBOAUJICS PAJ, IKC-
nepuMeHTOB. Bo BpeMs aKcliepuMeHTa yepe3
KaxkJible 15 MUH. B TedeHUe 90-MUHYTHOTO
3aMapMBaHUA M3MePSIMCh CleAyloliye Ma-
paMeTphl: TeMIlepaTypa BO3JyXa OKpY»Xalo-
el cpefbl — aCIUPALMOHHBIM HNCUXPOMET-
poM AccMaHa; TeMnepaTypa BO3/yIIHOH cpe-
Jibl BHYTPH KaMepbl yCTAaHOBKH (B IIOpax CJ10s
KOKOHOB) - XpOMeJib-KOIleJIeBbIMU TepMO-
napaMmu; Ux 3JjiekTpoaBuxkyias cuuaa (3/C)
- YHUBepCaJbHbIM BoJibTMeTpoM B7-21; mo-
TOK CYMMapHOM COJIHEYHOM pajvauuu, na-
Jlal0lMKA Ha TOPU30HTAJIbHYI0 MOBEPXHOCTh
YCTaHOBKH, — TEPMO3JIEKTPUYECKUM TUPAHO-
metpoM 0./l AnnmeBckoro; ux 3/1C - crpe-
JIOYHBIM rajibBaHoMetpom M2027-M1.

[IpeacTaBiisieT HAy4YHbIA U MPAKTUYECKU
MHTepec yCTaHOBJIEHWE 3aBUCMMOCTHU TeMIa
M3MeHeHHUs TeMIlepaTypbl 06pabaTbiBaeMbIX
CbIpbEeBbIX KOKOHOB BHYTPHU COJIHEYHBIX TeIl-
JIOBBIX YCTAHOBOK NAapHMKOBOTO THIA U HX
Ha3Ha4yeHUs OT TeMJIOTeXHUYECKHUX XapaKTe-
PUCTUK OrpaKJalIlUX 3JIeMEHTOB, MOTOKa
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COJIHEYHOW pajiMallud U U3MEHEeHUsl TeMIle-
paTyphl OKpy:Kawler Cpefbl.

PaccMaTpuBaeMass 3azaya MOXeT ObIThb
CBeJleHa K COCTaBJIEHWIO YpaBHEHUs HecCTa-
LJMOHApPHOT0 TEMNJIOBOro 6asiaHca /Jisl TemJo-
BbIX YCTAaHOBOK M0JJ0OHOI'0 THIA U PELIEHUI0
ero OTHOCUTEJbHO MCKOMOTO NapameTpa -
TeMIepaTypbl 00pabaTbIBaeMOro U3/esus.
[Ipy 5TOM B Lie/IIX YIPOILeHUs pelleHUs 1o-
CTaBJIEHHOW 3aJjayd cjJeslaeM Clefyloliue
JIONyILleHNs, He HUCKaXawlue (PU3UYeCKyIo
CYLIHOCTb Mpoliecca:

- GJlarofiapsi pa3BUTON MOBEPXHOCTHU U
BbICOKOMY 3HayeHUI0 Ko03dPUIMEHTA KOH-
BEKTUBHOTO TEMJIOOOMEHa MeX/ly HapyKHOH
NOBEPXHOCTbIO 000JI04eEK KOKOHOB, TaKOH
KaK CJI0M HacaZlku NOJO0OHBIX pa3MepoB U
$OopM, U BJIQXKHOTO BO3/yxXa, OKPYXKaILero
ux, Oy/leM CUUTaThb CpejiHUe N0 06bEMY rep-
MeTHYHOU KaMepbl 3HAaYeHUsl TeMIlepaTyphl
C/1051 KOKOHa M 06JyBamollero Mx BO3JyXa
paBHBIMY, T.e. t =t ;

- B CBfI3U C HE3HAYUTeJbHbIM KOJWYe-
CTBOM pacxo/ia TeIJIOBOM 3HepPrMHh Ha MHC-
napeHue BJIaTM M3 KOKOHOB B IpoOLiecce uX
TEINJIOBOM 06pabOTKM Ha COJIHEYHOH TemJio-
Boil yctaHoBKe (Yuldashev & Umarov, 2001),
(Yuldashev & Umarov, 2002) BiussHuEeM ero
Ha OOLMH TeMNJ0BOM 6asaHC yCTAHOBKU MOX-
HO NpeHeb6peyb;

- TakXXe NpeHebperaeM BJIMSIHUEM COO-
CTBEHHOM TEMJIOEMKOCTH TENJIOBOU yCTAHOB-
KM, TaK KaK OHa, 3a UCKJIYEHHEM NEepBOTO
LJMKJIa 3arPY3KHU ChIpbsl, HAXOAUTCA B Ipe/iBa-
pUTEJIbHO NOA0TPETOM /10 paboyel TeMIlepa-
TYpbl COCTOSIHUY;

- B CBSI3U C TeM, UTO YCTAHOBKA CHab)KeHa
NOBOPOTHBIM YCTPOMCTBOM /[iJIl OpUEHTaLUU
Ha BuauMoe JB>KkeHHe CoJiHIa, B TeyeHue 90
MUH. C MOMEHTA 3arpy3KH yroJ naJieHus nps-
MOTO COJIHEYHOTO M3JIyYeHHUs] Ha 3aCTeKJEH-
HYI0 OBEPXHOCTb KOPIyca U3MEHUTCA He 60-
siee yeM Ha +10° (Yuldashev & Umarov, 2002),
N03TOMYy 3HadyeHUsi Ko3dduiueHTa BXOXK/e-
HUSA CYMMapHOW COJIHEYHOW paZiMalyy yepes
NPUEMHUK M3JIyYeHUS TEeNJIOBOM YCTAaHOBKHU
(T) B TeyeHMe YKa3aHHOTO IPOMEXKYTKa BpeMe-
HHU, T. €. OJHOTO LJMKJIa, CYUTAEM OCTOSHHBIMHU.
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B cBA3U € 3TUM /11 yCTAHOBJIEHUS 3aKO-
HOMEPHOCTHU TeMIla U3MEeHEHHs] TeMIlepaTy-
pbl 06pabaTbIBaEMbIX B COJTHEYHOU TEMJIOBOM
YCTaHOBKE KOKOHOB BOCHOJIb3yeMCSl METO-
JIOM TI0CJIeJ0OBATEbHBIX HHTEPBAJIOB.

B coJIHEUHBIX TEMJIOBBIX YCTAHOBKAX /JIJIsl
3aMapyBaHUs KOKOHOB IIEJKOINpPsJa TEXHO-
JIOTHS ¥ UCII0JIb30BaHUE COJTHEYHOU SHEPTUH
3aKJIIoYaeTcs B MOTJIOLEHUH, Tpeobpa3oBa-
HUU COJIHEYHOTO HM3JIyYeHHs B TEIJIO U pa-
30rpeBe olpesieIEHHOW MacChl KOKOHOB, 10
aHasoruu c (Tvajdell & Uejr, 1990), (Avezov
& Avezova, 1997) nuddepeHumnasbHoe ypaB-
HeHHUe TeIJIoBOro GasiaHca g 1 mM? ¢poH-
TQJIbHOW TMOBEPXHOCTHU YCTAHOBKHU C YYETOM
OPUHSATBIX JOMYLIEHUH MOXET ObITh Mpej-
CTaBJIEHO B BU/IE

Copx % = 0 T
rae o, — K03QQHUIHMEHT MOrJIOLEeHUs CYyM-
MapHOU COJIHEYHOU paZiualiii HapyKHOH Io-
BEPXHOCTbIO 000JI0YKH KOKOHOB;

T - K03QPULIUEHT BXOXKJEeHUs CYMMapHOH
COJIHEYHOM pajiMaliy 4yepe3 NMPUEMHHUK H3-
JIy4eHUsI COJTHEYHOH YCTAaHOBKH.

OTmeTuM, uTo AuddepeHLIMaTIbHOE YpaB-
HeHUe (1) MoxeT 6bITh pelleHo PU YCI0BUH,
4TO BpeMsd T _, olipejiesiieMoe 1o ¢popmy.ie

K, (ti—t)), (1)

1p K

B << A7 N (2)
K“P

HaMHOT0 MeHbllle, YeM IPOMEXKYTOK BpeMe-
HU AT, B Te4eHHe KOTOPOro 3HayeHus t; u
q% , BxoAdamue B (1), He usmeHnaTca. B cBaA3u
C 3THM /J1l YyCTAaHOBJIEHUSI 3aKOHOMEPHOCTH
TeMIla U3MeHEeHUs TeMIlepaTypbl o6paba-
ThIBaeMbIX B COJITHEYHOU TENJIOBOW YCTAHOB-
Ke KOKOHOB BOCIOJIb3yeMCsl MeTOJO0M IIO-
caefoBaTeJbHbIX UHTepBasoB (Shumakov,
1979).
[lepenuieM ypaBHeHUe (1) B pa3HOCTHOM
BUJE:
At

k _ =2
C - (X’s,ktqr[a;[

Tp,K AZ _Knp(fk _1_:0), (3)

rje CHP‘KU— npuBeJiEHHAs Ha eAUHULY POH-
TaJIbHOU NOBEPXHOCTU COJIHEYHOTO TeIJIOBO-
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ro koJsuiektopa (F ¢p) TEMJIOEMKOCTb 3arpy»a-
€MbIX B HEH KOKOHOB;

t - WM3MeHeHWe TeMIepaTypbl KOKOHOB,
pa3orpeBaeMbIX B COJIHEYHOU TeINJIOBOU
yCTaHOBKe 3a IPOMEXYTOK BpeMeHHU A Z;

K. - NpPHBEAEHHEIH K03$PULHEHT TemnJo-
nepeziayy TeNJIOBOW YCTaHOBKY;

> tut - D)

qz »t, At —cpejHue 3Ha4YeHUA q5 -, t Ut
3a IPOMEeXYTOK BpeMeHHU A z.

B TeueHue mpomexyTka BpemeHn Az, .
cpeAHue 3Ha4YeHud q> , t Ut u At onpejens-
I0TCS U3 CJIelyI0IIUX BblpaKeHUH:

R ULl R (4)
Loy = 056 1y + 6,0), (5)
Loy = 05(t,, + L) (6)

At =t -t (7)

Pemenue mnocsenHero ypaBHeHHS OTHO-
CUTEJbHO t  NPUMEeT MaTeMaTHYecKyl Mo-
Jle/lb TeMIla U3MeHEeHUd TeMIlepaTypbl BHY-
TPY COJTHEYHOW YCTaHOBKHU:

KW)
1-0,5—7 Az(pl)f, 0, 5 C (qmm 1 q"“.)AZ(x i
=l [;’M + o +
1+05—" Az, , 1+0,5 Ko Az

Pk p K (8)

K
0,5 C:K (tO‘H +to; )Az

1

ki

G-1)-i

Ky
1405 2 Az

mp.K

rAe t Wt - TeMIepaTypbl KOKOHOB B MO-
MEHTbI BpEMEHH Z U Z _, COOTBETCTBEHHO;

%5 G2,y ~ TVIOTHOCTH CyMMapHOH COJI-
HEeYHOU pajiualivy, najamwllei Ha NJIOCKOCTh
$poHTaNILHON NOBEPXHOCTH YCTAaHOBKU B MO-
MEHTbI BDEMEHH Z U Z _, COOTBETCTBEHHO;

t,, ¥ t,,, - TeMIepaTypbl OKpyxarolen
Cpe/ibl B MOMEHTbI BpEMEHH Z U Z , COOTBET-
CTBEHHO.

Pe3ysibTaThl MiCC/Ie JOBAHMSA

B TeyeHHe MHOT0JIETHUX UCCJIe[JOBAHUI
Y4€HBIMU Hay4yHo-uccienoBaTebcKoro
MHCTUTYTa lIeJKOBOJACTBA pa3paboTaHbl
HOBBIM CNoco6 3aMapuBaHHUS KOKOHOB TY-
TOBOTO ILIEJKONPSA/Ja 3HEPTUEN COJTHEYHOTO
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usnydyenus (Uz Patent No. 414, 1994), coB-
Mellar Ui B cebe CyleCTBYIOIME CIOCOObI
3aMapuBaHUs KOKOHOB repMeTH3allued U
COJITHEYHBIMHU JIYy4aMHU, U YCTAaHOBKA, peasu-
3ytolas npe/iokeHHbi cnocob (Uz Patent
No. IAP 02870, 2005). CosiHeuHas TenJioBas
yCTaHOBKA /IS 3aMapUBaHUsI KOKOHOB TY-
TOBOTO IIEJIKOTpsi/la MpUuBeJieHa Ha puc. 1.

Puc. 1. CosiHeYHas TeniIoBasi yCTAHOBKA
JAJISI 3aMapUBaHUSI KOKOHOB
TYTOBOIO LIeJIKONpsAAa

TexHu4ecKkue XapakmepucmuKu yCcmdaHoe-

Ku:

1. BbicoTa cnost KOKOHOB BHYTpW kamepbl, —  18-20
CM

2. BmecTumocTb Kamepbl XUBbIMU - 145-150

KOKOHaMMU, Kr

3. [MpogomKnTenHocTb 3amapusaHmst - 90
KOKOHOB, MUH.

4. Tpon3BoAUTENHOCTb, Kr/4 -

5. MakcumanbHas TemnepaTtypa BHyTpU — —
kamepbl, °C

96-100
85-90

B ycTaHOBKe, B OTJIMYME OT KJIACCUYECKUX
COJIHEYHBIX I3HEProcxeM, IPUEMHHUK COJIHEY-
HBIX JIy4YeH ¥ KaMepa [ 3arpy3K1 KOKOHOB
COBMeIllleHbl, a COJIHEYHble JIyYu NPOXOAAT
yepe3 CBETOINPO3payHyl0 NOBEPXHOCTh, 3a-
Jlep>KMBawILyl0  yabTpadpHuoIeTOByl0 06-
JIACTb COJIHEYHOTO CIIeKTpa, TEM CaMbIM CO-
XpaHAeTCcs Ka4eCTBO KOKOHOB.

[IpryyéM cBeTompo3payHasi NOBEPXHOCTb
BBINIOJIHEHA B BHUJE JABYXCJOWHOI'O IMOKpbI-
THUA C BO3AYIIHOW MPOCJAOUKOU. /11 OBBI-
meHUsA 3QpPeKTUBHOCTU YCTAaHOBKU KaMepa
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JiJIs1 3arpy3KM KOKOHOB TeINJIOM30JIMPOBaHa
OT BHEUIHeH Cpe/bl.

3arpy3ka M BbITpy3Ka KOKOHOB OCYy-
IIECTBJSIOTCA 4Yepe3 KpPBILKY yCTaHOBKH.
YcTaHOBKa CHabGXXeHa HABOJSLIUM MPUCIO-
cobJsieHueM, BBINOJIHEHHBIM B BUJE IIThIPS,
YCTaHOBJIEHHOI'0 BEpPTHUKAJbHO MOJ YIJIOM
90° K cBeTONIPMHHUMAaeMOH NMOBepxHOCTH. Ha
OOKOBOM KOpIlyce yCTaHOBKH MPHUKpPeNJeHbl
N0/iBECKH TOBOPOTHOI'0 ME€XaHU3Ma, C IOMO-
11bI0 KOTOPBIX CBeTONPUEMHAs paboyas mo-
BEPXHOCTb HAIpaBJfeTCcsa K JiyyaM COJIHLA
TaKWM 06pa3oM, YTOObI TEHb OT YCTAHOBJIEH-
HOr0 LUTHIPS HAxOo/uJacb BHYTPU Kpyra B
TeyeHHe Ipoliecca 3aMaprMBaHus. ITO He0b-
XOJIMMO JJ151 T0JIy4eHUs] MaKCMMaJbHOT 0 3¢-
deKTa OT COJIHEUHBIX Jiydeld U MOBbILIEHUS
NPOXU3BOUTETbHOCTH.

Ha pucyHke 2 mnpuBe/ieHbl pe3yJbTaThl
pPac4Y€THBIX U IKCIIEPUMEHTAJNbHBIX UCCJIE0-
BaHUU MO OMpeJleJIeHUI0 TeMIla M3MeHEeHMUs
TeMIlepaTypbl B yTPEHHUE, N10JIy/leHHbIE U T10-
cJlenoiyieHHble 4yacel. PacyéTHble 3Ha4YeHUd
BbIUMCJIEHBI IO BhIpaXkeHHUIO (8), conocTasJie-
HbI C 9KCIIEpUMEHTa/bHbIMU 3HAaYE€HUSIMHU.

W3 npoBe€HHBIX PACYETHBIX U 3KCIEpHU-
MEeHTa/IbHbIX HCCJIeJOBAaHUU CJieflyeT, 4TO
pacxoxjeHue t Mexay HUMHU KoJsiebseTcs B
npenenax ot -2,5 go +2,7°C, 4to sBaseTCH
BJIMSIHUEM Haya/JIbHOU TeMIepaTypbl 3arpy-
»KaeMbIX B COJIHEYHbIU TEINJIOBOU KOJIJIEKTOP
KOKOHOB U OCTAaTOYHOW TEIJIOBOW WHepLUU
KoJslekTopa. KpyTo majaruias HadasjibHas
4acTb rpaguKoOB (3KCIepUMeHTaJbHbIX 3Ha-
YEHUH t, ) TOKa3bIBAET TEMII IOHUKEHUS TEM-
nepaTypbl BHYTPU YCTaHOBKHU B pe3yJ/ibTaTe
3arpy3kd IpeJBapUTeJbHO IOJOrPETOr0
KOJIJIEKTOpA CbIpbéM (KOKOHAaMHU ), UMEIIIUM
TeMIlepaTypy, HNpUOJM3UTENbHO pPaBHYIO
TeMIlepaType OKpy»Karolllel cpeje.

PexxuM paboTbl yCTPOMCTBA MEXAY MO-
MeHTaM{ HayaJjla 3arpy3kd U JOCTHXKeHHUS
MHMHHMaJIbHbIX 3HaY€HUH t_Ha PUCYHKaX fAB-
JIsleTCsl He YCTAaHOBUBLIMMCS, U 110 3TOW MpPHU-
4yMHe Ha rpaduKax pacyéTHble 3HaYeHUus t
HauMHAKTCA C MOMEHTa HaCTyIlJIeHUs pery-
JIIPHOTO pexuMa.
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1 - TeMnepaTypa OKpy:Karolel cpefibl; 2 — MJIOTHOCTb NIOTOKA CYMMapHOW COJIHEYHOU pajiualiuy;
3 - TeMHepaTypa BHYTPHU YCTAaHOBKHU (3KCIIepHMeHTaIbHas);
4 - TeMIiepaTypa BHYTPH YCTAHOBKH (TeopeTHUYecKas)
Puc. 2. Pe3y/ibTaThbl pacy€THBIX U 3KCNIEPUMEHTAJIbHbBIX UCC/IEL0BAHU N0 ONpe/e/IeHUI0 TeMna
U3MeHeHMsI TeMIepaTypsbl B yTPeHHUe, NOJIyAeHHbIe U N0C/AeN0ayJeHHbIe Yachl

BbIBOABI

1. C uesibl0 CHWXKEHUs pacxoja TOIJIMB-
HO-3HepPreTUYEeCKUX PeCypCOB, PacXoAyeMbIX
B CYLLECTBYHOUUX KOKOHOCYUIHWJIbHBIX arpe-
raTax KOHBEHWEpPHOro THIA JJs 3aMapHuBa-
HUS KUBBIX KOKOHOB TYTOBOTO LIEJKONPS/AA,
npejiaraeTcsd  BbICOKONPOU3BOAUTENbHASA
COJIHEYHas TeIJioBas YCTAaHOBKA, CelUaJlb-
HO NpeAHa3HavyeHHas [Jisl 3aMapUBaHUs Ko-
KOHOB, obecneynBalrollasl coxpaHeHUe Kaye-
CcTBa 000JIOUKU KOKOHA. J[aHHas ycTaHOBKa
no3BoJisieT Ha 100% C3KOHOMUTbL TOIJIMB-
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HO-3HepreTU4YeCcKHe pecypchl i 3aMapHyBa-
HUS KOKOHOB, SIBJISI€TCSl TPAaHCIOPTabe/IbHOM
Y JIETKO YTIPaBJIIEMOM.

2. Ilpepyaraemass MaTeMaTh4decKas MoO-
Jleib TeMIla U3MeHeHHsl TeMIlepaTyphl KO-
KOHOB BHYTPHM COJIHEYHOM TeIJIOBOW yCTa-
HOBKH, YYUTbIBaWOIas TeMNJOTeXHUYEeCKUe
XapaKTEPUCTUKHU OrpaxKJallUX ero 3Je-
MEHTOB, IOTOK COJIHEYHOW paJiMalluy U U3-
MeHeHHe TeMIlepaTypbl OKpyXKawllen cpe-
Jibl, T03BOJIIeET pa3paboTaTb COJIHEYHbIE
TelJIOBble YCTAHOBKU NOJ0OHOr0 Ha3Haue-
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HUS AJ1s He0OX0IUMOUM TeMIepaTypbl BHYT- HEHHUS TeMIepaTypbl KOKOHOB B COJIHEYHOM

PU YCTaHOBKH. TEMJIOBOM KOJIJIEKTOPE YCTAaHOBJIEHO, 4YTO
3. B pe3ysibTaTe cpaBHEHUs PAaCYETHbBIX U MaKCUMaJIbHOE OTKJIOHEHHE MEeX/1y HUMHU KO-

3KCIIEpUMEHTAIbHbIX JAaHHbIX TeMIla u3Me- JebJercs oT -2,5 g0 +2,7 °C.
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Annotatsiya. Ushbu maqolada OZzbekiston
to‘gimachilik sanoatida xomashyodan tayyor mah-
sulotgacha ishlab chiqarishni kengaytirish bo‘yicha
amalga oshirilayotgan islohotlarga oid ma’lumotlar
keltirilgan. Shuningdek, to‘quvchilik korxonalarida
mavjud dastgohlarning assortimentlik imkoniyatlaridan
keng foydalanish va shu asosda geometrik naqsh-
li gazlamalar ishlab chiqarishni asoslashga oid ilmiy
tadqiqotlar tahlil qilingan. “SUN TEX” MChJda mavjud
Iltema firmasining R9500 to‘quv dastgohlarida yo'l-yo’l
naqshli to‘gimalar ishlab chigarish uchun o'ilishlar
loyihalandi. Zamonaviy to‘quv dastgohining homuza
hosil qgilish mexanizmi, ko'p rangli mexanizmi va elek-
tron to‘qima rostlagichlari texnologik imkoniyatlari aso-
sida turli chizigli zichlik va turli tolali tarkibdagi arqoq
iplaridan foydalanib, sinov namunalari ishlab chiqaril-
di. Kimyoviy tolalardan tayyorlangan ko‘ylak, ko‘ylak-
kostyum va kostyum matolari uchun GOST 29223-91
xalqaro standartida belgilangan talablarga prototi-
plarning ishlash xususiyatlari va muvofiqligi o‘rganildi.

Kalit so‘zlar: to‘gimachilik sanoati, zamonaviy
to‘quv dastgohi, assortimentlik imkoniyatlari, ko‘n-
dalang yo‘l-yo’l naqgsh, taxtlash ko‘rsatkichlari, poly-
ester, o'ilish, to‘qgima, mustahkamlik, yemirilishga
chidamliligi, havo o‘tkazuvchanlik.
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Kirish

Jahon to‘gimachilik sanoatida turli xil Ki-
yim-kechak va buyumlarga bo‘lgan talabning
ortib borishi hamda ushbu talablarni amalga
oshirishda yangi texnika va texnologiyalarni
go‘llash masalalariga alohida e’tibor qaratil-
moqda. Global to‘gimachilik bozori ma’lu-
motlariga ko‘ra, jahon to‘qimachilik bozori-
ning hajmi 2023-yildan 2030-yilgacha yillik
(CAGR) 7,6 %ga o'sishi kutilmoqda. Bu ko'r-
satkich O‘zbekiston Respublikasi Prezidenti-
ning 2022-yil 21-yanvardagi “To‘gimachilik
va tikuv-trikotaj korxonalarida chuqur qayta
ishlash va yuqori qo‘shilgan qiymatli tayyor
mahsulotlar ishlab chigarishni hamda ular-
ning eksportini rag‘batlantirish chora-tad-
birlari to‘g'risida”gi PF-53-sonli farmonida
nazarda tutilgan to‘qimachilik sanoati mah-
sulotlarini ishlab chigarishda nafaqat tex-
nologik jarayonlarni to‘gri tashkil etish, shu-
ningdek, ishlab chiqariladigan mahsulotlar-
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ni loyihalash va sifat ko‘rsatkichlarini basho-
ratlash bilan bevosita bog'liq. Jumladan, mah-
sulot sifati va raqobatbardoshligini ta’min-
lashda uning tashqi jozibadorligiga erishish,
amaldagi standartlar talablariga mos sifat
ko‘rsatkichlarini ta’'minlash, xomashyodan
samarali foydalanish, texnologik jarayonlar-
ni takomillashtirishda jihoz va uskunalarning
texnologik imkoniyatlaridan unumli foyda-
langan holda, to‘gima matolari sirtida yo‘l-yo'l
nagsh hosil qgilish masalalarini hal etish orqali
to‘qimachilik sanoatini yanada rivojlantirish-
ga alohida e’tibor qaratilmoqda.

To‘gimachilik matolari ishlab chigarish
tajribasida yangi assortimentdagi geomet-
rik nagshli matolar ishlab chiqarish, mahal-
liy tabiiy tolalarni chuqur gayta ishlash hiso-
biga ulardan foydalanish ko‘lamini kengay-
tirish, shuningdek, to‘quv dastgohlarining
texnologik ko‘rsatkichlarini tahlil qilish, geo-
metrik naqshli gazlamalarda turli o‘lcham-
dagi naqgsh shakllantirishga oid ilmiy tad-
gigotlar olib borilmoqda. Ushbu yo‘nalishda,
jumladan, to‘quv dastgohi assortimentlik im-
koniyatlaridan samarali foydalanish yo‘llarini
qidirish, yangi o‘rilish turlarini taklif etish va
sifat ko‘rsatkichlarini tadqiq etish yo‘li bilan
matoning iste’'mol xususiyatlarini yaxshilash-
ga doir tadqiqotlar ustuvor hisoblanmog-
da. Shuningdek, yo‘l-yo‘l nagshli gazlamalar
ishlab chigarishda tanda va arqoq iplarini
to‘quv dastgohiga taxtlash ko‘rsatkichlari
hamda ularning naqgsh o‘lchamlariga ta’sirini
aniglash (Daminov, et al., 2021) dolzarb vazi-
falardan sanaladi.

To‘gima hosil qilishda oddiy qo‘l dast-
gohlaridan eng zamonaviy dastgohlargacha,
asosan, 3 ta texnologik jarayon: homuza ho-
sil qilish - Shedding, arqogni homuza ichiga
kiritish - Picking, arqoq ipini to‘qima chetiga
jipslashtirish va mato hosil qilish - Beating-
up (Baymuratov & Daminov, 2016) amalga
oshiriladi.

Professor E.Sh. Alimboyev va shogird-
lari tomonidan olib borilgan tadqiqotda
(Alimboyev, et al., 2012) barcha to‘quv dast-
gohlari to‘qimaning shakllanish tamoyiliga
qarab, uzluksiz va davriy to‘quv dastgohla-
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CO3[JAHME HOBbIX BUOOB TKAHEW C

NOMNEPEYHbIMAU Y3OPAMU HA OCHOBE

ACCOPTUMEHTHbIX BO3MOXHOCTEH
TKALIKOro CTAHKA

DoHuépoBa Matny6a ApgawbaeBHa,
KaHOMAAT TEXHUYECKUX HayK, OOLIEHT Kadpeapbl
«lMepepaboTka TEKCTUNBHbLIX MaTepUanoBy;

DoHuépoB BekTow BaxognpoBuy,
KaHanaaT TEXHUYECKUX HayK, 3aBeayoLLni
kadbenpon «lNepepaboTka TEKCTUMbHbIX
MaTepuanoBy;

Wamues Auép BaxpuoauvH yrnum,
OOKTOpaHT kadeapsl «lNepepaboTka
TEKCTUNbHbBIX MaTepmnanoBy

[>KN3akCKMM NONUTEXHUYECKUA UHCTUTYT

AHHOmMauusi. B 0aHHoU cmamee rpedcmasneHa
UHghopmauyusi o peghopmax, peasiusyemMbix 8 MeKC-
murnbHoU npoMbiwneHHocmu Y3bekucmaHa rno pac-
wupeHuro npouzsodcmea — om cbipbsi 00 20mosoui
npodykyuu. lNpoaHanusuposaHbl Hay4YHble uccriedo-
8aHUSI 10 WUPOKOMY UCIMOJIb308aHUK accopmuMeHm-
HbIX 803MOXHOCMeEU MKaUKUX CmMaHKO8 Ha MKauyKux
npednpusamusix rpu rnpou3soocmee mkaHel ¢ 2eoMe-
mpuyeckum y3opom. [ns mkaukux cmaHkogs R9500
KomMmnaHuu ltema, umerowuxcs Ha npednpusmuu OO0
SUN TEX, 6binu paspabomaHbl 8ulbi neperiieme-
Hul 8 yensix npousgoOcmea mkaHel € rorocamsim
y30poM. Ha OcHo8e MeXHOI02UYeCKUX B03MOXKHO-
cmel 3e8006pa3osameribHO20 MexaHu3mMa, MHO20-
UgemHo20 MexaHu3Ma U 3J1EKIMPOHHO20 MO8apHO20
peaynsimopa Ha COBPEMEHHOM MKaUKOM CMmaHKe
ObIr1u U320Mo8rIeHb! OrbiMHbIe 06pa3ubl. B obpasuax
ymoyHble HUMU 6binu pas3nuyHol fuHedHoUd riom-
HOCMU U C pa3HbIM coOepXXaHUeM 80710KOH. M3yyeHbl
3KCIlyamauyuoHHbIe ceolicmea OfbImHbIX 06pa3yoe
u coomeemcmeaue ux mpebosaHUsIM, YCMaHOB/IEeH-
HbIM Mex0yHapoOHbIM cmaHOapmom TOCT 29223-91
Ha mKaHu riamersibHble, naamesibHO-KOCMIOMHbIE U
KOCMIOMHbIE U3 XUMUYECKUX BOJ/TOKOH.

Knroyeebie cnoea: mekcmursibHasi POMbIWIIEH-
HOCMb, COBPEMEHHbIE MKaUKue cmaHKu, accopmu-
MEHMHbIE 803MOXHOCMU, 0MEPeYHbIE MoJI0Chkl, 3a-
rpaesoyHble napamMmempsbl, MoauU3CmMep, MKaHb, rnepe-
rnremeHue, MPOYHOCMb, CMOUKOCMb K UCMUPaHUIo,
8030y XO0MpPOHULUAEMOCMb.
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Abstract. This article provides information on the
reforms ongoing in the textile industry of the Republic
of Uzbekistan to expand manufacturing from raw
materials to finished products. Scientific research
based on the broad use of the assortment capacities
of existing weaving looms at weaving enterprises and
the manufacture of fabrics with geometric patterns
is being reviewed, too. Weaves for making striped
fabrics were designed on Itema R9500 weaving
looms, available at Suntex LLC. Test samples were
produced using weft yarns of different linear densities
and different fiber compositions based on the
technological capacities of the modern weaving loom,
shedding unit, multi-color unit, and electronic take-up
motion. The operational properties of cross-striped
test samples were studied and met the requirements
specified in the international standard GOST 29223-
91 for chemical fiber shirts, shirts-suits, and suit-
cloths.

Keywords: textile industry, modern weaving
machines, assortment capabilities, cross stripes,
filling parameters, polyester, fabric, weave, strength,
abrasion resistance, breathability.

riga bo'linishi keltirilgan. To‘qima davriy
shakllanadigan to‘quv dastgohlarining turlari
ko‘p bo‘lib, ular turli ko‘rsatkichlariga garab
tasniflanadi. Homuzaga arqoq tashlash usuli
bo‘yicha to‘quv dastgohlari mokili va moki-
sizga bo‘linadi. Mokisiz to‘quv dastgohlari
mitti arqoq tashlagichli (mitti mokili), rapira-
li, pnevmatik, gidravlik va aralash usulda ar-
qoq tashlovchi dastgohlar bo‘lishi mumkin.
Hindistonlik tanigli olim S. Maity va bosh-
qalarning to‘quvchilik ishlab chiqarishda ra-
pirali dastgohlarning o‘rni va ahamiyatiga
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doir tadqiqotlarida (Maity & Singha, 2012)
rapirali dastgohlarning tezligi juda yuqorili-
gi va to‘qima assortimentiga juda tez mos-
lashishi to‘grisida so‘z boradi. Shuningdek,
keyingi yigirma yil ichida rapirali to‘quv dast-
gohlari juda tez sur’atlarda takomillashtiril-
ganligi, bu dastgohlar paxta tolali, ingichka
va dagal jun tolali, ipak tolali, sintetik tolali
iplardan yuqori sifatli matolar ishlab chiqa-
rayotganligi bayon etilgan.

Bugungi kunda rapirali dastgohlar 8 sho-
dali pozitiv kulachokli, 12, 20, 24 ta elektron
shoda ko‘tarish katetkali yoki 20 000 tagacha
ilgakka ega elektron boshqariladigan jakkard
mashinalari bilan jihozlanishi (Jadhav, 2007)
mumkin. Bu turdagi dastgohlari tig’ bo‘yicha
turli xil taxtlash kengligiga ega. Arqoq bo‘yicha
yuqori rapportli orilishlarni hosil qilish va
12 xilgacha ko‘rsatkichlari bir-biridan farqli
arqoq ipilarini homuzaga tashlash imkoniyati
mavjud. Ushbu to‘quv dastgohlarida to‘qima
milkini shakllantirishning yangicha usullari
tatbiq etilgan. Shuningdek, keng assortiment-
dagi ko‘ylakbop, kostyumbop, sanoatbop yoki
goplamali, texnik maqsadlarda foydalaniladi-
gan, sirt zichligi 500 g/kv.m.gacha matolar ish-
lab chiqarish imkoniga ega (Adanur, 2001).

Zamonaviy rapirali to‘quv dastgohlarida
arqoq rangini tanlash mikroprotsessor bilan
(Baolin, 2002) boshgqariladi. Arqoq tashlash-
ning maksimal tezligi 1620 m/min. bo'lib,
0,77 teksdan 3333 teksgacha arqoq ipini
tashlash imkoni bor. Rapiralarning harakati
mikroprotsessor tomonidan boshqariladi va
boshqa mexanizmlar bilan muvofiqlashtirila-
di (Seyam, 2000).

Zamonaviy to‘quv dastgohlarining assor-
timentlik imkoniyatlarini kengaytirish usul-
larini aniglashga oid olib borilgan tadqiqotda
(Yunusxodjaeva, et al., 2005) zamonaviy moki-
siz to‘quv dastgohlarida kulachokli homuza
hosil qiluvchi mexanizmlarning assortiment
imkoniyatlarini aniglash usuli taklif qilingan.

O‘zbekistonda mokisiz to‘quv dastgohla-
rini takomillashtirish va wularda to‘gima
shakllanish jarayonida uchraydigan kam-
chiliklarni bartaraf etishga doir gator ilmiy
tadqiqot ishlari olib borilgan. Jumladan, kat-
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ta ilmiy xodim 0.A. Axunbabayevning moki-
siz to‘quv dastgohini modernizatsiyalash-
tirish asosida to‘qima shakllanish jarayoni
texnologiyasini takomillashtirish va nazari-
yasini rivojlantirish, shuningdek, tabiiy ipak
gazlamalarining turlarini kengaytirishga
bag‘ishlangan doktorlik dissertatsiyasida
(Axunbabaev, 2018) to‘quv dastgohida gaz-
lama hosil qgilishning yangi usuli amalga oshi-
shi va to‘qima shakllanish sharoiti yaxshilani-
shini ta’minlaydigan, yangi homuza hosil qi-
lish mexanizmi yaratilgan, dastgohning elas-
tik taxtlash tizimida to‘quv g‘altagidan to‘qi-
ma chetigacha oraliqda tanda iplari uzunligi-
ning oshishini ta’'minlovchi texnik yechim-
lar ishlab chiqilgan. Olib borilgan tadqiqotlar
asosida yaratilgan yangi usul va ishlanmalar-
ga (Axunbabaev & Valiev, 2008), (Axunbaba-
yev, et al.,, 2009) patent olingan. Yangi yaratil-
gan va takomillashtirilgan mexanizmlar ish-
lab chigarish jarayoniga tatbiq etilgan.
To‘quvchilik  korxonalarini loyihalash-
ga oid manbalarda (Onikov, 2003), (Onikov,
2005) to‘quv dastgohlari, ularni tanlashda
e’tibor qaratiladigan jihatlar to‘g‘risida keng
ma’lumotlar berilgan. Mitti mokili to‘quv
dastgohlarining assortimentlik imkoniyat-
lari asosida tanlashga oid misollar keltiril-

gan. Shuningdek, zamonaviy xorijiy to‘quv
dastgohlari assortimentlik imkoniyatlarini
baholash masalalari yoritilgan.

Material va metodlar

Dunyo to‘gqimachilik amaliyotida to‘qima-
lar sirtida yo‘l-yo‘l nagshlar hosil qilishning,
asosan, ikki usuli mavjud. Birinchisi - to‘quv
usuli bo‘lib, rangli iplar yordamida yoki turli
o‘rilishlar asosida bevosita dastgohdan turli
o‘lchamdagi yo‘l-yo‘l nagshlar shakllantiril-
gan xom yoki tayyor to‘qima olishdan ibo-
rat. Ikkinchi usul - pardozlash usuli bo'lib,
to‘quv dastgohidan olingan xom to‘gimalar-
da ma’lum texnologiyalar asosida yo‘l-yo'l
nagshlar hosil qgilinadi.

To‘gimalar sirtida ko‘ndalang yo‘l hosil
qilishdagi afzalliklar asoslanganligini (Doni-
yorova, et al., 2022), (Doniyorova & et al,
2023) hisobga olib, to‘quv dastgohlarining
assortimentlik imkoniyati asosida ko‘nda-
lang yo‘l-yo‘l to‘qimalarni loyihalashda, avva-
lo, o'rilish turi va to‘qimalarning tuzilish ko‘r-
satkichlari tadqiq etildi.

To‘quv dastgohlarining homuza hosil
qilish mexanizmi va elektron to‘qima rost-
lagichlarining texnologik imkoniyatlaridan
samarali foydalanish uchun yo‘l-yo‘l nagshli
to‘qimalar uchun o‘rilishlar loyihalandi.
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1-rasm. Tajriba namunalari uchun ko‘ndalang yo‘lli to‘qima o‘rilishi

To‘gima sirtida hosil bo‘lgan ko‘ndalang
yo‘l-yo‘l nagshlar, birinchi navbatda, bir
gatlamli to‘gqimalar o‘rilishi, xususan, sarja
va satin o‘rilishlarini to‘gima uzunligi
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bo‘yicha yonma-yon joylashtirish asosida

hosil qilindi.
Bunda har bir loyihalangan ko‘ndalang
o‘rilishda 1-asos o‘rilishi uchun arqoq
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bo'yicha rapport 5 ipga, 2-asos o‘rilishi
uchun arqoq bo‘yicha rapport 10 ipga teng.
Ko‘ndalang yo‘l-yo‘l nagshli o‘rilishning
arqoq bo‘yicha rapporti (R,) yo‘l-yo‘l nagsh
eni, uni ishlab chiqarishda qabul qilingan
asos o‘rilishning arqoq bo‘yicha rapporti va
to‘gqimaning arqoq bo‘yicha zichligiga bog'liq:

R,=n, +n,+n, +...n_ (D
3I
n,=P -a (2)

Bu yerda:

Ny Ny N
iplari soni;

PAl’ PAZ’ PA3’ Pn
bo'yicha zichligi, ip/sm;

a,a, a,...a -yo‘llarning eni, sm.

To‘quv dastgohida zamonaviy elektron
to‘qima rostlagichlar orqali har bir ko‘n-
dalang yol uchun alohida arqoq bo‘yicha
zichlikni ta’'minlash imkoniyatidan foydalanib
(Doniyorova, et al., 2022), to‘qimaning arqoq
zichligini almashtirish mumkin.

Har bir yo‘ldagi iplar soni qabul
qilingan asos o‘rilishlar rapportiga bo‘li-
nadigan son bo‘lishi kerak. Chunki har bir
yo‘ldagi jami iplar soni asos o'rilishining
tanda bo‘yicha rapportidagi iplar soni nis-
batiga teng, ya’ni:

.. n_ = har bir yo‘ldagi arqoq

34

- to‘qimaning arqoq

Nnia n
t, = 1 ’ t, = ZA;
RlA RZA (3)
n3a Nna
t3 = R t, = R,
3A nA

Ko‘ndalang yo‘l-yo‘l naqgshli o‘rilishning
taxtlash dasturini tuzishda tanda bo‘yicha
rapportida har bir asos o‘rilishning bitta
yoki ikkita rapportini ko‘rsatib, ularning
takrorlanish soni taxtlash dasturida keltiri-
ladi (Doniyorova & Sadikova, 2022).

Arqoq bo'yicha rapportdagi iplar soni asos
o'rilishlar rapportlariga teng yoki karrali bo‘li-
shi kerak (Doniyorova & Yuldasheva, 2023).

Gazlamada ko‘ndalangiga yo‘l-yo‘l nagsh-
li o‘rilishni ishlab chigarishda shoda ko‘ta-
ruvchi karetkadan foydalaniladi. Zamonaviy
to‘quv dastgohlarida elektron shoda ko‘tarish
karetkalari yordamida arqoq bo‘yicha rap-
portidagi iplar soni katta bo‘lgan to‘qimalarni
keng assortimentda ishlab chigarish imkoni-
yati mavjud (Doniyorova, et al,, 2023).

Tajriba namunalari uchun loyihalangan
ko‘ndalang yo‘llar 2 sm qilib ishlab chiqarili-
shi uchun o‘rilishlarning arqoq bo‘yicha rap-
porti va asos o'rilishi takrorlanishlari soni hi-
soblandi va quyidagi 1-jadvalda keltirildi.

Sinov namunalarini ishlab chiqarishda
eng yuqori arqoq bo‘yicha rapport 2-namu-
naga tegishli bo‘lib, 120 ipga teng. Bu har
ikkala ko‘'ndalang yo‘l uchun to‘qimaning ar-
goq bo‘yicha zichligi 300 ip/10 sm.ligi bilan
izohlanadi. 5-namunada to‘gimaning arqoq
bo‘yicha zichligi ikkinchi ko‘ndalang yo‘lda
270 ip/10 sm bo‘lganligi uchun arqoq bo‘yi-
cha rapport 114 ipga teng. Loyihalangan na-
munalarda arqoq bo‘yicha eng kichik rapport
60 ipga teng bo‘lib, 3-namunaga tegishli. Bun-
da to‘gqimaning arqoq bo‘yicha zichligi har ik-
kala ko‘ndalang yo‘lda 150 ip/10 sm.ga teng.

1-jadval

Ko‘ndalang yo'lli tajriba namunalarida ko‘ndalang yo‘llarni hosil gilish uchun arqoq
iplarini to‘quv dastgohiga taxtlash ko‘rsatkichlari

To‘qimaning arqoq bo‘yicha Ko‘n.dalang _ _ O‘rilishning Asos _o‘rilis_hi )

Namunalar .Z|chI|g|, yo‘llardagi arqoq iplari arqoq bo'yicha takrorlanishlari soni
ip/10 sm soni rapporti

1-yo'l (P,,) 2-yo'l (P,,) 1-yo'l 2-yo'l 1-yo'l 2-yol
1-namuna 250 250 50 50 100 10 5
2-namuna 300 300 60 60 120 12 6
3-namuna 150 150 30 30 60 6 3
4-namuna 250 225 50 45 95 10 4
5-namuna 300 270 60 54 114 12 5
6-namuna 200 250 40 50 90 8 5
7-namuna 250 135 50 27 77 10 3
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Ko‘ndalang yo‘llarni hosil qilishda asos
o‘rilishlarining takrorlanishlari soni ham
to‘qima o‘rilishining arqoq bo‘yicha rappor-
tiga mos ravishda o‘zgargan. Birinchi ko‘n-
dalang yo‘l uchun tanlangan asos o‘rilishining
arqoq bo‘yicha rapporti (R, =5), ikkinchi
ko‘ndalang yo‘l uchun tanlangan asos o'rili-
shining arqoq bo‘yicha rapporti (R,,=10)ga
nisbatan 2 marta kichikligini inobatga olsak,
asos o'‘rilishlarining takrorlanishlari soni ham
barcha namunalarda kamida 2 marta ko‘p.

Tadqiqot natijalari

Turli orilishlar asosida loyihalangan yo‘l-
yo'l nagshli to‘gimalar “SUN TEX” MChjda
mavjud Itema firmasining R9500 to‘quv dastg-
ohlarida ishlab chiqarildi. Ko‘ndalang yo'lli taj-

riba namunalarini ishlab chiqarishda 11 teksli
(100 Den) polyester (PET) kompleks iplaridan
tanda sifatida foydalanildi. To‘gqimalarning
tanda bo‘yicha zichligi 600 ip/10 sm.ni tashkil
qildi. Ishlab chiqarilgan namunalarning faqat
o‘rganiladigan ko‘rsatkichlar ta’sirini tahlil
qilish maqgsadida dastgohning boshqa taxt-
lash ko‘rsatkichlari (tanda ipi chiziqli zichligi,
tanda bo‘yicha zichlik, homuza o‘lchamlari va
boshqalar) o‘zgartirilmadi.

Xususan, 1-, 2-, 3-, 4-, 5-namunalarini ish-
lab chiqarishda satin 5/3 va sarja 5/5 o'ri-
lishlaridan (la-rasm) foydalanildi. 6-namuna
satin 5/3 va sarja 1/9 (1b-rasm) hamda 7-na-
muna satin 5/3 va sarja 2/8 o'rilishlaridan
(1d-rasm) foydalanib ishlab chiqgarildi.

2-jadval

Ko‘ndalang yo‘lli tajriba namunalarida ko‘ndalang yo‘llarni hosil qilish uchun arqoq
iplarini to‘quv dastgohiga taxtlash ko‘rsatkichlari

Arqoq iplarining tolaviy tarkibi va chiziqli zichligi, teks
Namunalar 1-yo'l 2-yo'l
tarkib T, tarkib T,
1-namuna oq PET 33x3 |oq PET 33x3
2-namuna bo'y.PET 33 bo‘y.PET 33
3-namuna oq PET+FDY+bo'y.PET 33x3 |oq PET+FDY+bo'y.PET 33x3
4-namuna oq PET 33 oq PET 33
5-namuna 't‘)‘;f;‘.‘lfé}'p ]] bo'y.PET 11
6-namuna oq PET 33 bo‘y.PET+ Neylon+FDY 33x3
7-namuna oq PET 33 bo‘y.PET+ Neylon+FDY 33x3

1-jadvalda quyidagi qisqartirishlar kelti-
rildi:

- oq PET - oq rangdagi polyester komp-
leks ipi;

- bo'y. PET - bo‘yalgan polyester kom-
pleks ipi;

- FDY - toliq cho‘zilgan polyester komp-
leks ipi.

2-jadvalda keltirilgan ko‘ndalang yo‘lli taj-
riba namunalarida ko‘ndalang yo‘llarni hosil
qilish uchun arqoq iplarini to‘quv dastgohi-
ga taxtlash ko‘rsatkichlariga e’tibor berilsa,
asosan, oq rangli va bo‘yalgan polyester kom-
pleks iplar hamda turli tarkibli pishitilgan
kimyoviy iplardan foydalanilgan.

Arqoq ipi sifatida namunalar ko‘ndalang
yo‘l-yo‘l bo‘lganligi uchun to‘quv dastgohi-
ning ko‘p rangli mexanizmidan foydalanib,

turli namunalarda turli chiziqli zichlikdagi
kompleks va pishitilgan iplar ishlatildi. 1- va
3-namunalarda shakllantirilgan har ikkala
ko‘ndalang yo‘l uchun 33 x 3 teksli (900 Den)
kimyoviy kompleks iplardan arqoq sifatida
foydalanilgan. Lekin 1-namunada 3 qgavat oq
rangdagi polyester kompleks ipi pishitilgan
bo‘lsa, 3-namunada oq rangli polyester, FDY
(toliq cho‘zilgan polyester) ipi va bo‘yalgan
polyester iplari pishitilgan. 2-, 4- namunalar-
da shakllantirilgan har ikkala ko‘ndalang yo'l
uchun esa 33 teksli (300 Den) kimyoviy kom-
pleks iplardan arqoq sifatida foydalanilgan.
2-namunada oq rangdagi polyester, 4-namu-
nada bo‘yalgan polyester kompleks iplaridan
foydalanildi.

5-namunada har ikkala ko‘ndalang yo‘l
uchun 11 teksli (100 Den) kimyoviy kom-
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pleks polyester iplaridan arqoq sifatida
foydalanildi. 6- va 7-namunalarni ishlab
chigarishda arqoq sifatida birinchi ko‘n-
dalang yo‘lga 33 teksli (300 Den) bo‘yalgan
polyester iplaridan foydalanilgan bo‘lsa, ik-
kinchi ko‘ndalang yo‘lga 33x3 teksli (900
Den) pishitilgan ipdan foydalanildi.

To‘gimalarning arqoq bo‘yicha zichligini
ta’'minlashda elektron to‘qima rostlagichi tex-
nologik imkoniyatlaridan foydalanildi.

1- va 3- namunalarda ko‘ndalang yo‘llar
hosil qilish uchun bir xil chiziqli zichlikda-
gi arqoq iplaridan foydalanilgan, lekin ko'n-
dalang yo‘llardagi to‘qimaning arqoq bo‘yicha
zichligi bir-biridan farq qiladi. 1-namuna
uchun ko‘ndalang yo‘llardagi to‘qimaning ar-
qoq bo‘yicha zichligi 250 ip/10 sm.ni tash-
kil etgan bo‘lsa, 3-namunada bu ko‘rsatkich
150ip/10 sm.ga teng.

2- va 4- namunalarda ko‘ndalang yo'llar
hosil qilish uchun ham bir xil chiziqli zich-
likdagi arqoq iplaridan foydalanilgan, le-
kin ko‘ndalang yo‘llarda 2-namuna uchun
to‘gimaning arqoq bo‘yicha zichligi 300 ip/
10 sm.ni tashkil etgan bo‘lsa, 4-namunada
bu ko‘rsatkich birinchi ko'ndalang yo‘l uchun

arqoq bo‘yicha zichlik 250 ip/10 sm.ga teng,
ikkinchi ko‘ndalang yo‘l uchun esa arqoq bo‘-
yicha zichlik 225 ip/10 sm.ga teng qilib taxt-
landi.

5-namunada birinchi ko‘ndalang yo'l
uchun arqoq bo‘yicha zichlik 300 ip/10 sm.
ga teng, ikkinchi ko'ndalang yo‘l uchun esa
arqoq bo‘yicha zichlik 270 ip/10 sm.ga teng
qilib taxtlandi.

6- va 7- namunalarda ko‘ndalang yo‘llar
hosil qilish uchun bir xil chiziqli zichlikda-
gi arqoq iplaridan foydalanilgan, lekin ko‘n-
dalang yo‘llardagi to‘qimaning arqoq bo‘yicha
zichligi bir-biridan farq qiladi. 6-namunada
birinchi ko‘ndalang yo‘l uchun arqoq bo'-
yicha zichlik 200 ip/10 sm.ga teng, ikkinchi
ko‘ndalang yo‘l uchun esa arqoq bo'yicha
zichlik 250 ip/10 smga teng. 7-namunada
birinchi ko‘ndalang yo‘l uchun arqoq bo‘yicha
zichlik 250 ip/10 sm.ga teng, ikkinchi ko'n-
dalang yo‘l uchun esa arqoq bo‘yicha zichlik
135 ip/10 sm.ga teng qilib taxtlandi.

Shuningdek, ishlab chiqarilgan gazla-
malarning ekspluatatsion xossalarini tad-
qiq qilish magsadida ilmiy tadqiqot ishlari
davom ettirildi.

3-jadval
Tajribaviy namunalarning ahamiyatli xossalari
Namunalar Standart
Ko‘rsatkichlar 1 2 3 4 5 6 7
Uzilish kuchi, N
Tanda 642 648 636 623 601 624 645
Arqoq 343 764 701 720 706 619 728 708
Uzilishdagi uzayish, %
Tanda 10 15 14,8 14,3 14,6 14 14,7 15
Arqoq 14 25 22 21 22,1 15,1 27 21,6
Gfijimlanmasligi, % 60 78 84 74 86 70 89 87
Pillinglanishi, dona 4 2 1 2 2 3 1 1
Yemirilishga chidamliligi, sikl 300 490 526 498 550 446 503 529
Havo o'tkazuvchanligi, sm3sm?*sek 50 62,1 80,3 93,2 84,4 89,1 77,5 76,8
Sitiluvchanligi, N (22 N dan yuqori
bo‘lsa yo‘q hisob.)
Tanda 10 Yo'q 18 q 18 21 Yo'q 21
Arqoq 6 14 8 13,2 14 17 8 7
Namlab ishlov berilganda
oflchamlarning o‘zgarishi (kirishish),
%
Tanda bo‘yicha ,0 - - - - - -
Argoq bo‘yicha +1,5 1 1 0,5 1 1 - 1
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Tadqiqot natijalari tahlili

Tajribaviy namunalarning ahamiyat-
li xossalari Kkeltirilgan 3-jadvalda standart
bo‘yicha to‘qimalarning xossalari sirt zich-
ligi 150 g/m?dan yuqori bo‘lgan to‘qimalar
uchun belgilangan qgiymatlar bilan taqqos-
landi. Bunda to‘gimalarning mustahkamligi
umumiy 343 H dan kam bo‘lmasligi belgilab
qo‘yilgan. Tajribaviy namunalarning bar-
cha variantlarida bu ko‘rsatkich ham tanda
bo‘yicha, ham arqoq bo‘yicha yuqori. Tanda

800
700

bo‘yicha o‘rtacha uzilish kuchi 631 N, arqoq
bo‘yicha 716 N ni tashkil etmoqda. 7 ta vari-
antda tanda bo‘yicha mustahkamlik 601 N
dan 648 N gacha o‘zgarganini kuzatish mum-
kin. Namunalarda tanda ipi chiziqli zichligi
va to‘qimaning tanda bo‘yicha zichligi o‘zgar-
magan (2-rasm), lekin o'rilishlari va arqoq
ipi bo‘yicha to‘qima tuzilishi ko‘rsatkichlari
turlicha bo‘lganligi uchun tanda bo‘yicha
mustahkamlik o‘rtacha qgiymatga nisbatan
o‘zgarishi 5 %dan oshmaydi.

600
500
400

ZZZ

Uzish kuchi, N

300
200
100

0

standart 1 2 3

4 5 6 7

o'rtacha

Il Tanda bo'yicha| 343 648

636

623 601

631

= Arqoq bo‘yicha 701

720

706 619 706

2-rasm. Namunalarning mustahkamlik ko‘rsatkichlari

Namunalarning arqoq bo‘yicha mustah-
kamligi arqoq ipining chiziqli zichligi va
to‘qimaning arqoq bo‘yicha zichligi ham-
da to‘gima o‘rilishiga mos ravishda o‘zgar-
gan. Eng yuqori uzish kuchi 764 N 1-na-
munada kuzatildi. Bu o‘rtacha uzish kuch-
iga nisbatan 8%, standartga nisbatan esa
2,2 marta yuqori. Bunda to‘qimaning arqoq
bo‘yicha zichligi ham, har ikkala ko‘ndalang
yo‘lda foydalanilgan arqoq iplarining chiziqli
zichligi ham boshqa namunalarga nisbatan
yuqori (33 x 3 teks) ekanligi bilan izohlana-
di.

3-rasmda tajriba namunalarining g'ijim-
lanmaslik xossasi bo‘yicha natijalar kelti-
rildi. Standart bo‘yicha kimyoviy tolali gaz-
lamalarda g‘jimlanmaslik 60 %dan kam
bo‘lmasligi lozim. Tajriba namunalarining
o‘rtacha g'ijimlanmaslik ko‘rsatkichi 81 %ni
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tashkil etdi. Eng yuqori g‘ijimlanmaslik ko‘r-
satkichi 6- va 7-namunalarga tegishli bo‘lib,
87-89 %ni tashkil etdi. Eng kam g‘ijimlan-
maslik ko‘rsatkichi 5-namunaga tegishlj,
standartga nisbatan 10 %ga yuqori bo‘lgan-
ligi kuzatildi.

4-rasmda tajriba namunalarining yemi-
rilishga chidamliligi bo‘yicha natijalar kelti-
rildi. Standart bo‘yicha kimyoviy tolali gaz-
lamalarda ushbu ko‘rsatkich 300 sikldan
kam bo‘lmasligi lozim. Tajriba namunalari-
ning o‘rtacha yemirilishga chidamliligi 506
siklni tashkil etdi. Eng yuqori yemirilishga
chidamlilik ko‘rsatkichi 7-namunaga tegishli
bo‘lib, 529 siklni tashkil etdi. Eng kam yemi-
rilishga chidamlilik ko‘rsatkichi 5-namuna-
ga tegishli - 446 sikl, standartga nisbatan
gariyb 1,5 barobarga yuqori bo‘lganligi ku-
zatildi.
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3-rasm. Namunalarning g‘ijimlanmaslik ko‘rsatkichlari

600

500

400

300

200

100

standart o‘rtacha
¥ Yemirilishga chidamliligi, sikl| 300 4-90 526 498 550 44-6 503 529 506

4-rasm. Namunalarning yemirilishga chidamliligi

5-rasmda tajriba namunalarining havo
o‘tkazuvchanligi bo‘yicha natijalar kelti-
rildi. Standart bo‘yicha kimyoviy tola-
li gazlamalarda ushbu ko‘rsatkich 50 sm?3/
sm?- sekunddan kam bo‘lmasligi lozim. Taj-
riba namunalarining o‘rtacha havo o‘tka-
zuvchanligi 80,4 siklni tashkil etdi. Eng
yuqori havo o‘tkazuvchanlik ko‘rsatkichi
5-namunalarga tegishli bo‘lib, 89,1 sm3/
sm? - sekundni tashkil etdi. Eng kam havo
o‘tkazuvchanlik ko‘rsatkichi 1-namunaga
tegishli - 62,1 sm3/sm?-sekund, standartga
nisbatan esa qariyb 1,2 barobar yuqori.
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Yo‘l-yol nagshli orilishlar asosida ish-
lab chiqarilgan paxta va kimyoviy tolalardan
yigirilgan iplardan foydalanib ishlab chiqaril-
gan to‘qimalar tahlil qilindi.

Unga ko‘ra, 50 xildan ortiq erkaklar va
ayollar ko‘ylakbop to‘qimalari, galstuklar,
yengil kostyumbop to‘qimalar ishlab chiqa-
rilgan bo‘lib, ingichka va pishitilgan iplardan
foydalanilganligi aniqlandi. Tadqiq etilgan
ko‘ylakbop matolarning sirt zichligi o‘rta
og'irlikdagi (100-200 g/m.kv) gazlamalarga
to‘g'ri keladi.
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5-rasm. Namunalarning havo o‘tkazuvchanligi

6-rasm. Geometrik naqshli o‘rilishlar asosida ishlab chigarilgan to‘qimalardan
tayyorlangan kiyimlar

Xulosalar

Zamonaviy dastgohlar assortimentlik
imkoniyatining yuqoriligi, bir turdagi as-
sortimentdan ikkinchi turga o‘tish tezli-
gi ishchi enining kengligi bilan xarakter-
lidir. To‘quv dastgohlarida assortimentlik
imkoniyati, asosan, homuza hosil qilish,
to‘gimani tortish va o‘rash mexanizmlari-
ning ishlash tartibi bilan boglig. “SUN
TEX” MCh]Jda mavjud Itema firmasining
R9500 to‘quv dastgohlarida kimyoviy ip-
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lar asosida yo‘l-yo‘l nagshli to‘gimalar ish-
lab chigarish uchun o‘rilishlar loyihalan-
di va ishlab chiqarildi. Ishlab chiqarilgan
namunalarning ekspluatatsion xossala-
ri tadqiq qilinib, kimyoviy tolali ko‘ylak-
bop, ko‘ylak-kostyumbop va Kkostyum-
bop to‘gimalar uchun mo‘ljallangan GOST
29223-91 xalgaro standartida belgilangan
talablarga javob berdi.

Minnatdorchilik. Mualliflar ushbu ilmiy
tadqiqot ishini bajarishda o‘zlarining qim-
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matli ilmiy maslahatlarini ayamagan us- shahridagi “SUN TEX” MCh] to‘quv sexi ja-
toz professor E.Sh. Alimboyevga, Toshkent moasiga minnatdorchilik bildiradi.
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Kirish

Hozirgi vaqtga kelib, barcha sohalarda
bo‘lgani kabi paxtani dastlabki gayta ishlash
sohasida ham bir gancha ijobiy o‘zgarishlar
yuz bermoqda. Paxta tozalash korxonalarida
resurstejamkor texnologiyalar joriy etilib,
paxtadan dunyo bozori talablariga javob
beradigan raqobatbardosh mahsulot olish
bo‘yicha bir qator ilmiy izlanishlar olib
borilmoqda.

Chigitli paxtani iflosliklardan toza-
lash chigitli paxtani dastlabki qayta ishlash
texnologik jarayonining muhim bosqichlari-
dan biri bo‘lib, bu mahsulotning sifat ko‘r-
satkichlariga ko‘p jihatdan bog'liqdir. Hozir-
gi kunga kelib, paxta qo‘l terimining qis-
qarishi va mashina terimining ortib bori-
shi qo‘l mehnati kamayishi, terimning sama-
radorligi oshishiga olib kelmoqda, ammo
terilgan paxta sifat ko‘rsatkichlarining qo‘l
terimiga nisbatan birmuncha yomonla-
shishiga sabab bo‘lmoqda. Bu esa, oz nav-
batida, paxta tarkibidagi ifloslik va nugson-
lar oshishiga olib keladi. Paxta tarkibidagi
ifloslik va nuqgsonlar miqdorini kamay-
tirishning yo‘llaridan biri - bu paxta toza-
lash jarayonining tozalash samaradorligini
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Annotatsiya. Ushbu  maqolada  paxtani
tozalash korxonalarida ishlatiladigan chigitli paxtani
mayda va Yyirik iflosliklardan tozalash uskunalari
tahlili hamda yechimlari Keltirilgan. Uskunalarning
konstruksion tahlillari asosida kamchilik va afzalliklari
asoslangan. Bundan tashqari, chigitli paxtani
mayda iflosliklardan tozalash uskunalari tozalash
samaradorligi ko‘rsatkichlarining terim turiga ta’siri
o‘rganilgan. Tabhlillar asosida chigitli paxtaning
sifat  ko‘rsatkichlarini  yaxshilash bo‘yicha ilmiy
tadqiqot ishlari olib borish zarurligi ta’kidlangan.
Rezinali qistirma hamda yoysimon qozigchalarning
takomillashtirilgan  konstruksiyasi nazariy hisob-
kitob qilingan. Yoysimon qoziqcha hamda rezinali
gistirmaning matematik modeli va yangi kontruksiyasi
ishlab chiqilib, Jizzax viloyati Zarbdor tumani paxta
tozalash korxonasining tozalash sexida joylashgan
1XK mashinasiga o‘rnatildi va tajriba-sinov o ‘tkazildi.

Kalit so‘zlar: paxta, mayda ifloslik, qoziqli,
to'rli, ifloslik, yoysimon qoziqcha, to'rli yuza, rezinali
gistirma, 1XK paxta tozalagich.

TEOPETUYECKUW PACYET U 9KCMEPUMEH-
TANbHOE UCIMbITAHUE OYIOBbIX CBAX ANA
OBOPYOOBAHUA MO OYUCTKE XJTOMNKA-
CbIPLA OT MENKUX NPUMECEN

Oramb6epauveB ®aznuaavH OTaKkynoBuy,
OOKTOp dunocodpun no dusndeckum Haykam (PhD),
OOLEHT;

XonmypaTtoB Onbek ApknHoBuY,
aCCUCTEHT

[Kn3akCcKUM NONUTEXHUYECKUA UHCTUTYT
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AHHOmMauus. B daHHolU cmambe npedcmasrieHa
UHghopmauusi rno aHanusy obopydosaHusi O5isi oHuCm-
KU CEeMEHHO20 XJ/10rKa Om MESIKUX U KPYIHbIX Mpu-
mecel, UCMo/b3yeMO20 Ha X/I0MKOOYUCMUMEbHbIX
npednpusmusix, u pa3pabomke peweHul Mo e2o co-
gepweHcmeoeaHuro. [JocmouHcmea u Hedocmamku
0b60pydo8aHUsT 8bISIB/IEHbI HA OCHOBE CMPYKMYPHO20
aHanu3a. Kpome moeo, 6bI510 u3y4eHo usiHuUe roka-
3amernel 3hbheKmMuUBHOCMU OYUCMKU XJI0MKOOYUC-
mumeribHo20 obopydosaHusi Ha mun ybopku. Ha oc-
HO8aHUU aHasiu3a HeobxoOumo nposecmu Hay4YHble
uccredosaHus o yay4YUWeHU Ka4yeCmeeHHbIX MoKa-
3ameriel xsornka-ceipya. Teopemuvecku paccHuma-
Ha ycosepuieHCma8o8aHHas KOHCMPYKUUS Pe3UHO8bIX
rpokadokK U apoYyHbIx ceall. PaspabomaHa Mmamema-
muyeckasi MoOeslb U HoBasi KOHCMPYKUusi Oy2o00bpas-
HO20 KproYKa U pe3uH08020 yr/IomHUMEJIsi, ycmaHos-
JnieHHbIx Ha mawuHe 1XK, pacrnonoxeHHoU 8 o4ucmu-
mesibHOM Uexe XJI0MKOOHYUCMUmeibHo20 rpednpus-
musi 3apbdapckoeo patioHa [Pku3akckol obracmu, u
rpo8edeHbI IKCrIepUMEeHMasibHbIe UCMbIMaHUs.

Knroyesbie crniosa: XxsoroK, Meskul cop, 80pc,
cemka, 2psi3b, Oy2080U 80pC, cemyamasi To8ePXHOCMb,
pe3uHoegoe yrinomHeHue, xronkooducmumers 1XK.

THEORETICAL CALCULATION AND
EXPERIMENTAL TESTING OF ARCUATE PILES
FOR EQUIPMENT CLEANING COTTON FROM
MINOR IMPURITIES

Egamberdiev Fazliddin Otaqulovich,
Doctor of Philosophy in Physical Sciences (PhD),
Associate Professor;

Kholmuratov Oybek Yarkinovich,
Assistant

Jizzakh Polytechnic Institute

Abstract. This article provides information on the
review and solutions for a piece of equipment destined
for cleaning seed cotton from minor and majorimpurities
used in cotton ginning enterprises. The advantages and
disadvantages of the equipment are being based on a
structural analysis. Moreover, the study covers issues
of the effects of the cleaning efficiency indicators of the
seed coftton cleaning equipment on cotton harvesting
strategies. According to the review, the scientific
research on improving the quality indicators of seed
cotton is being considered very relevant. A better
design of rubber gaskets and arched piles has been
theoretically developed. The research has resulted in
the development of a mathematical model and a new
design for an arc-shaped hook and a rubber seal, a
1XK machine installed in the cleaning workshop of a
cotton ginning enterprise in Zarbdar district, Jizzakh
region, and experimental testing.

Keywords: cotton, fine dirt, lint, mesh, dirt, arc
lint, mesh surface, rubber seal, 1HK cotton cleaner.
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oshirishdir (Sirojiddinov, 2020), (Ulug‘'mura-
dov, Abbazov, & Muradov, 2020).

Hozirgi vaqtda chigitli paxtani dastlab-
ki ishlash texnologiyasida ishlab turgan chi-
gitli paxtani tozalash mashinalarini takomil-
lashtirish orqali yuqori sifatli paxta chiqishini
ta'minlash, sifatini yaxshilash, samaradorlik
va unumdorlikni oshirish dolzarb masalalar-
dan sanaladi. Shularni inobatga olgan holda,
chigitli paxtani mayda iflosliklardan tozalash
uskunasini konstruksion tahlil gilish va sama-
rali konstruksiyasini ishlab chiqgishga zarurat

tug‘ilmoqda.
Paxta xomashyosini tozalovchi uskunalar
mayda va yirik organik iflosliklardan

tozalash turlariga bo‘linadi. Paxtani mayda
iflosliklardan tozalash barabanli va shnekli
tozalagichlarda amalga oshiriladi. Paxta
xomashyosini mayda iflosliklardan tozalash
muhim jarayon bo‘lib, bu keyingi bosqichlarda
gayta ishlash, ya’'ni jinlash va tolani tozalash
jarayonlariga katta ta’sir qiladi. Agar mayda
iflosliklar yetarli darajada tozalanmasa, u
passiv ifloslikdan aktiv ifloslikka o‘tadi va
keyingi jarayonlarda, ya’ni jinlash va tola
tozalagichda ajratilishi qgiyinlashadi. Natijada
tola va chigit shikastlanib, elektr energiya
sarfi oshadi. Paxta xomashyosidan mayda
iflosliklarni ajratuvchi barcha tozalagichlar
bir xil usulda ishlaydi. Ya’'ni paxta xomashyosi
qoziqgli barabanlarda titkilanib, to‘rli yuza
sirtlari orqali harakatlantiriladi. Bujarayon bir
necha marotaba takrorlanadi va chigitli paxta
xomashyosi mayda iflosliklardan tozalanadi.
Material va metodlar
Tozalanish samaradorligi qoziqli bara-
banlar aylanishlar soni, to‘rli yuzasi va paxta
xomashyosining sifat ko‘rsatkichlariga bog'liq.
6A-12M rusumli shnekli tozalash uskunasi
(1-rasm) ikkita parallel joylashgan bir xil
seksiyalardan iborat bo‘lib, har bir seksiya
mustaqil alohida yuqori (1) va pastki (2)
tozalovchi qoziqli shneklar hamda to‘rli yuza
(3)dan tashkil topgan (Zikriyoyev, 2019).
6A-12M rusumli chigitli paxtani tozalash
uskunasiga uzatilayotgan xomashyo har bir
seksiya uchun ikkiga ajratilib etkazib beriladi.
Avval yuqori kamerada joylashgan qoziqchali
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shneklarda tozalangan chigitli paxta shnek
oxiridan shaxta orqali pastki kameraga o‘tadi.
Qozigchali shneklar paxtani titib, zarba
berish yordamida uning tarkibidagi mayda
iflos aralashmalardan tozalaydi. Shuningdek,

NN

I

v

= —-#;HH%\HIH&K—/I—\HI—H%\H 3
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qoziqchali shneklar aylanasi o‘qi paxta to‘rli
yuza uzunasi bo‘yicha harakatlanadi. Har
bir seksiyadan ajratib olingan mayda iflos
aralashmalar ifloslik shnegiga tushadi va
uskunadan tashqariga chiqariladi.

1) yuqori qoziqli shnek; 2) pastki qoziqli shnek; 3) kolosnikli panjara;
4) qoziq; 5) chiqindi shnegi; 6) uzatuvchi shaxta
1-rasm. 6A-12M rusumli shnekli tozalash uskunasi sxemasi

Bugungi kunda chigitli paxtani mayda
iflos aralashmalardan tozalash uskunalarini
yig‘ishni osonlashtirish maqsadida tarkibida
bir juft qozigli-plankali baraban bo‘lgan
EN.178 rusumli bo‘linma ishlatiladi (2-rasm).

Bu bo‘linmalardan to‘rttasi yig'ilib,
1XK rusumdagi (3-rasm) sakkizta qoziqli-

plankali barabanli tozalash uskunasi ishlab
chigarildi. EN.178 bo‘linmalarning qulayligi
kerakli sondagi qoziqli-plankali barabanlarga
ega mayda iflos aralashmalardan tozalash
uskunasini hosil qilish imkonini beradi.
Bu bo‘linmalardan UXK agregatida ham
foydalaniladi (Jabborov, & et al., 1987).

1) rama; 2) qoziqli-plankali baraban; 3) to‘rli yuza
2-rasm. EN.178 rusumli tozalagich bo‘linmasi
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1) boshlang‘ich me’yorlashtirilgan qoziqli bo‘lim - EN. 178.01 (ta’'minlovchi valiklar bilan); 2-, 4) ustun;
3) me’yorlashtirilgan qoziqchali-plankali bo‘lim - EN. 178.02; 5) chiqindi bunkeri
3-rasm. 1XK rusumli tozalash uskunasining sxemasi

Tadqiqot natijalari

1XK paxta tozalagichida tiqilishlar
kuzatiladi. Buning sababi oldindan titilmagan
paxta xomashyosida yetarlicha zich bo‘lgan
bo‘lakchalar mavjud bo‘lib, ularning o‘lchami
torli yuzalar o‘lchamidan katta bo‘lganligi
bois to‘rli yuza teshiklari berkilib qoladi. Agar
bir necha bo‘laklar teshikka tiqilib qoladigan
bolsa, aynigsa, namligi yuqori bo‘lgan
chigindilar yuzalarda qavatlar hosil qiladi
va barabanning sekinlashishi, ba’zan to‘xtab
golishiga olib kelishi mumkin.

B 2/

Paxta xomashyosini mayda iflosliklardan
tozalash uchun asosan, 1XK, SCH-2 (4-rasm)
tozalagichlari va yirik iflosliklardan tozalash
uchun UXK tipidagi paxta tozalash agregat-
laridan amalga oshiriladi. 4-rasmda tarkibli
goziqchalari bo‘lgan baraban sxemasi keltiril-
gan. Ishlash jarayonida rezinali vtulka (5)ning
deformatsiyalanishi hisobiga qoziqcha (2)lar
tebranib, paxtaga intensiv ta’sir qiladi. Natijada
mayda chiqindilarning ajralishi intensivlashadi
(Safayev, et al, 1982). Ammo konstruksiya
murakkabligi tufayli qo‘llanilishi chegaralangan.

2

o

O
e d

14~20

1) EN-178 qozigli bloklari; 2) ustun; 3) bunkerlar
4-rasm. 1XK markali paxta xomashyosi tozalagichi
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1) baraban; 2) qoziqcha; 3) sterjen;
4) qobiq; 5) rezinali vtulka
Tarkibli qozigchalari bo‘lgan bara-
ban sxemasi
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a) gayishqoq asosli qoziqcha

P

b) to‘gri tekis yuzali qoziqcha sxemasi

5-rasm. Qoziqchalarning konstruktiv sxemalari

5-rasmda baraban qoziqchasining qa-
yishqoq asosga o‘rnatilgan sxemasi (a) va
to‘g'ri tekis yuzasi qoziqcha sxemasi (b)
keltirilgan. Bu konstruksiyalar ham murak-
kabligi tufayli ishlab chiqarishda keng
qo‘llanilmagan.

Yuqoridagi tahlillardan kelib chiqib, chigit-
li paxtani mayda iflosliklardan tozalash usku-
nasining tozalash samaradorligini oshirish
hamda chigitli paxta tarkibidagi chigit va to-
laning mexanik shikastlanishini kamaytirish
magqsadida qoziqli baraban konstruksiyasini
takomillashtirish bo‘yicha texnik yechim ish-
lab chiqildi (6-rasm).

Taklif etilayotgan yoysimon qoziqchali-re-
zinali gistirmaga ega bo‘lgan plankali qoziqli
barabanning amaldagi paxtani mayda iflosliklar-
dan tozalash mashinasidan farqi shundaki, mav-
jud va taklif etilayotgan mashinalarga o‘rnatilgan
gozigchalar uzunligi 50 mm 12 diametr bo‘lib,
qoziqchalar va toTli yuza orasidagi masofa
14 mm. Mavjud tekis uchli qozigchalar (b-rasm)
takomillashtirilib yoysimon holga Keltirilib
(a-rasm) bu qoziglar tozalanayotgan paxtani
ichiga oson kirib-chiqishi ta’'minlandi va tozala-
nayotgan paxtaga zarba qoziglarning yoysimon
uchlari orqali beriladi. Natijada paxta tarkibidagi
chigit va tolalar shikastlanishi kamayadi.

I
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a) rasm b) rasm

1) qoziqlar; 2) rezinali gistirma
6-rasm. Taklif etilayotgan yoysimon qoziqchali-rezinali qistirmaga ega bo‘lgan
plankali qoziqli baraban sxemasi
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Mavjud chigitli paxtani mayda iflos
aralashmalardan tozalash uskunalarida bir
juft qozigli-plankali baraban bo‘lgan EN.178
rusumli bo‘linma ishlatiladi (2-rasm). Taklif
etilayotgan qoziqli baraban bo‘g‘inlariga
ortacha qattiglikka ega bo‘lgan rezina
gistirma (2)ning qoziqchalardan 12+13
mm ga uzunroq qilib o‘rnatilishi esa rezinali
gistirmalarning to‘rli yuza bilan orasidagi

masofa 1+2 mm ni tashkil qilishi hisobiga
to‘rli yuzada paxta bo‘lakchalari va iflosliklar
bo‘lmaydi va natijada tozalash samaradorligi
oshadi.

Tadqiqot natijalari tahlili

Bundan tashqari, paxta bo‘lakchalariga
ta’sir  qiluvchi  yoysimon  qoziqchalar
natijasidagi setka bo‘ylab harakati o‘rganildi
(6-rasm. a, b va d rasmlar).

1) to‘rli yuza; 2) baraban bo‘g‘indagi rezina; 3) yoysimon uchli qoziqcha; 4) paxta bo‘lakchasi
7-rasm. Yoysimon qoziqcha bilan to‘r yuza orasidagi paxta bo‘lakchasining harakat sxemasi

AB = S, bo'yicha differensial tenglamasini
ifodalaymiz. Yoysimon qoziqchaning paxta oqi-
miga ta’sir qiluvchi tashqi kuchlar natijasida-
gi harakat tenglamasini aniglaymiz. Paxta oqi-
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miga ta’sir giluvchi tashqi kuchlar keltirilgan:
F - ishqalanish kuchi,
F - baraban bo‘g'inidagi paxta oqimiga
ta’sir qiluvchi elastiklik kuchi;
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m - w* - R - markazdan qochma kuch;
m - g - paxtaning og'irlik kuchi.

mS =mgsing—F,, 1
mo’R=N I —mgcosp (1)
mS =—mgcosl@ +y)— fN 5
mo’R=N-F,_ —mgsin(a+y) (2)

(2) tenglamadan qoziqcha sirtiga ta’sir
qiluvchi normal bosim kuchini aniglaymiz:

N=mw?’R+mgsin(a+y)+k-4x (3)

(3) tenglamani (2) tenglamadagi N normal
bosim kuchiga qo‘yamiz:

mS=-mgcos(a+y)-f (mw?R+mgsin(a+y)+k-Ax) (4)

(4) tenglamani sodda ko‘rinishga Kkelti-
ramiz:

S -m

m-S'+TSZ =—m-g-cos(@+y)—

(5)

—f-m-g-sm(a+y)-f k-Ax

(5) tenglama ikkinchi tartibli bir jinsli
bo‘lmagan differensial tenglamani bir jinsli va
xususiy ko‘rinishda aniqlaymiz:

diS) [ o :
LS _f.g. _
2dS +R f-g-sm(a+y) ©)
—g-cosla+y)—f k-Ax

(6) differensial tenglamasining umumiy
yechimini aniglash uchun dastlab bir jinsli
gismini hisoblaymiz:

T=T+T,

Buyerda T, - bir jinsli gismi;
T, - Xususiy ishi.

vy 2
dlS) ey $? =T, belgilash kiri-
2dl, R
tamiz.

2. f 2/
lnTI:—Tf-SéTI:e e, (7)

T, = $2ni (12) tenglikka qo‘yamiz:

) s . IS
S?’=e B .c,>8=e R -

Boshlang'ich sharoitdan foydalanib, chang-
li mahsulotning dastlabki harakatini t=0
S=v,S=0= c =v, tahlil gilamiz:

/S

V—¢ R
S=e & .y,

Buifodani integrallab, quyidagi ko‘rinishga
keltiramiz:

IS s
ﬁ:e Ry, =>e B -dS=vdt
dt
B
?e R =y, -t+c, (8)
Boshlang'ich shartdan foydalanib, s, oz-
garmasni aniglaymiz: t=0 § = 0 = c, = ]I; .
Aniglangan s, o‘zgarmas qiymatini (8)
tenglikka qo‘yamiz:
s
?e 2 Vol + 7
lS :]n(fv0 -t+1j:>S :Rln[fv0 -t+1j
R R 7R
R
S:7m(£vo-t+l) 9)

(6) differensial tenglamaning umumiy
yechimini aniqlash uchun bir jinsli bolmagan
qismini hisoblaymiz va:

T, = M sina + N cosa (10)

ko‘rinishida ifodalaymiz

7"2 =M cosa + N sina
Tz = M sina + N cosa
Bu ifodani (6) tenglamaga qo‘yamiz:
—Msina—ﬁcosa+i-Mcosa—l-Nsina =
2 2 R R
=—fgsina — gcosa

Bu ifodadan A va V o‘zgarmas giymatlarni
aniglaymiz:

_2Rfg(R-2) _2Rg(2f*+R)
 R*+4f? TR +4f?
2-R-f-g-(R-2) . 2-R-g-(2- f>+R)
h Rz-rixf2 e R +4.f7 coser(11)
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AV sirtidagi paxta oqimi harakatini
ifodalovchi tenglamaning umumiy ko‘rinishini
hosil qilamiz:

Sthl(f.vo .t+1j+wg.(R_2)sina_
R R*+4-f

2
2:R-g(2-f +R)Cosa_f-k-Ax
R*+4-f? m

(12)

(12) tenglama paxta oqimining iflosliklarni
ajratishda markazdan qochma kuchi, gamrash
burchagiga ishqalanish koeffitsiyenti va
oraliq masofalariga bog'liglik tenglamasi
keltirib chiqarildi. Bu tenglamaning harakat
traektoriyasi Maple dasturidan foydalanib,
grafiklarda tahlil qilingan va ratsional
giymatlari aniglangan.

05 1 15

2 25 3 1.(c)

8-rasm. Paxta oqimi harakatini 1-yoysimon qoziqcha ta’siridagi turli xil tezlikdagi 9, = 6,5 m/c,
9,=7m/c, 9, =7,5m/c, iflosliklardan ajratishda yoy uzunlikdagi vaqtga bog'‘liglik grafiklari

S.(em)

1 12 14 a.(pad)

9-rasm. Paxta oqimi harakatini turli xil 1-yoysimon qoziqcha ta’siridagi turli xil
9,=6,5m/c,9,=7m/c, 9, =7,5M/c, tezlikdagi iflosliklardan ajratishda uzatishda markaziy
burchakka bog‘liqlik grafiklari

Ushbu ilmiy tadqiqot ishining yo‘nalishi
chigitli paxtani mayda iflosliklardan tozalash
1XK taribli UXK agregati texnologiyasidagi
mayda iflosliklardan tozalagichidagi qoziqli
barabanlar konstruksiyasini takomillashtirish
bilan uning tozalash samarasini oshirishdan
iboratdir.

Xulosalar

O‘tkazilgan tahlillar asosida quyidagi xulo-
salar olindi:

Mahalliy va xorijiy paxta tozalash tex-
nologiyalarida ishlatiladigan tozalagichlar-
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ning tahlili asosida chigitli paxtadan mayda
iflosliklarni tozalash jarayonida ish unumdor-
ligini oshirish yo‘llari va tozalash uskunasi sa-
marali ishlashini ta’'minlash magsadida paxta
tolalariga shikast yetkazmasdan tozalash
samaradorligini  oshirish  texnologiyasini
qo‘llash zarurligi aniglandi.

Nazariy va amaliy tadqiqotlar tahlili shuni
ko‘rsatdiki, mavjud uskunalarda o‘rnatilgan
goziqchali-plankali barabanni takomillashti-
rish borasida izlanishlar yetarli darajada olib
borilmagan.
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Mavjud chigitli paxtani mayda iflos
aralashmalardan tozalash uskunalaridagi
EN.178 rusumli bo‘linmaning bir juft qoziq-
li-plankali baraban qoziqchalarining tekis
uchlari bilan berilgan zarba chigit va tolalar-
ni shikastlashi asoslanib, qoziqli baraban
plankalarning to‘rli yuza sirti bilan orasida-
gi masofa uzoq bo‘lganligi sababli to‘rli yu-
zalar sirtlarini tozalashda samara bermasligi
aniqglandi.

Shu sababli qattigligi o‘rtacha bo‘lgan,
torli yuza sirti bilan orasidagi masofa 1+2
mm.ni tashkil qilgan rezinali qistirmalarni

qo‘llash to‘rli yuzadagi tiqilishlarning oldini
olishi nazariy va amaliy isbotlangan.

[Imiy tadqgiqotlar kop o‘tkazilganligiga
qaramasdan, xorijiy va mahalliy uskunalarda
o‘rnatilgan mavjud qoziqchalar zarbasi ta’siri-
da tolalarga yetkazilayotgan shikastlanishlar
hamda to‘rli yuzada tiqilishlar bartaraf etil-
magan. Yuqoridagilarni inobatga olib, mavjud
qoziqchalar shakliga o‘zgartirish kiritish ham-
da to'rli yuzadagi tiqilishlarning oldini olish
magqgsadida yangi konstruksiyadagi qoziqcha-
li-plankali barabanni ishlab chiqish zarur deb
hisoblaymiz.
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HamaHraH TyKI/IMa‘-IVIJ'II/IK CaHOATUN UHCTUTYTU

Kupuiu

KaxoH TYKMUMauyuIMK MaxCyJIOTUHUHT
acocui xoMalllécH MaxTa ToJlacH XHcobJia-
Haau. «[laxTa 6yiunya XaJkKapo KOHCYJIbTa-
TuB KymMuTa» (ICAC) MabiymMoT/Iapura Kypa,
CYHITU HWJJIApJa >XaxoH MUKécuzga 23,07
MJIH TOHHA MaxTa TOJIaCU HUILJIab YUKApUJI-
JU. YHUHT HUCTebMOJIM 24,55 MJIH TOHHaHU
TalUIKWJ 3TMOKJa. UHTeHCUB Tap3aa opTHO
O6opaéTraH axoJid COHU XUCOOHWra maxra To-
Jlacy UCTE'bMOJIU Ba YHra OyJiraH TaJlaOHUHT
MCTHKOOJI 1A XaM OUIWIIU KyTUJIMOKAa. [laxTa
TOJIacura TaJabHUHT OPTHUILH, Y3 HABOATHU/A,
YHUHT cudaTy Ba UlIab YMKapUll camapa-
JIOPJIMTUHU TYXTOBCU3 OLIUPUO OOPUIIHU
TaJlab 3Taau. By 60pajja naxTta TOJIACUHUHT
)KaXOH 6030puja paKobaTOGApPAOIIMTUHU
OLIMPUII, 3aMOHABUM XaMmJa TEXHOJIOTHK
KUXATJaH UIIOHYJU Ba CUPATJU MaXCyJOT
MIJIab YMKAPYBYU SIHTU TEXHOJIOTHSA Ba KYy-
pUIMasiapHU MOJiepHU3aLUS KUJIUIITa KaTTa
3bTUOOp 6epUIMOKAA. ANHUKCA, XKaX0H Max-
Ta To3aJs1all COXACH/a IDKOPU caMapa0pJIUK-
Ka 3ra OyJ/iraH naxrta To3aJall MalllMHaJapHu-
HU TAaKOMUJIJIAIITHUPUII Ba PeCypCTEXKaMKOP
TEXHOJIOTHSJIAP SApaTUIlra aJIoXy/1a aXaMUST
KapaTtuiMmokza. I0Okopu cudativ naxrta To-
Jlacy, MOMUFH Ba UUTUTUHU ULLIA0 YUKAPULI
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AHHOmMauyus. Ywby unmul makosada naxma
caHoamuHuUH2 acoculi MmaxcynommnapudaH bupu
XxucobriaHeaH nmaxma YusUmuHUHe bU3UK-MexaHUK
xycycusmnapu XxamOa monadaH —axpamusi2aH
yuaumiapHu mo3sanaw 8a capanawoda
KynnaHunadueaH amandazu PHC, CXA, YCM
Kypunmanapu xakuda MabilyMomsap KeamupusiaaH.
UlyHuHeOek,  ywby  KypunmanapHuHe  naxma
YueumuHU mo3anaw e8a capanaw apaéHuda
achsannuk 8a KaMmyunukmapu xamla  ynapHu
bapmapagh smuw byduda onub 6opurneaH amanul
8a Hasapul unmul-madkKukom uwiiapu maxsaus
KunuHeaH. Onub 6opunzaH  unMul-madKukom
uwnapuda fysa YuaumjapuHu —mo3anaw  ea
capanawda Myasnug moMOoHUdaH Ky3amurieaH
donzapb myammoniapdaH 6upu bynzaH mapkubuda
liueupysaa Spoknu monacu 6op YuaummaapHuU
yueumnap oKumulaH axpamub onuw Macanacu
uneapu cypuneaH. Ly 6unaH 6upeza, Magxyo
KypunmarnapHUHe UW4u opaaHrapuda yuaumiap
Xxapakamu Hasapuli ypeaHusreaH xamda 4uaum
Xapakam mpaekmopusicuea Moc pasuwoda xapakam
oughgbepeHyuan meHanamanapu mysunaaH. Taxaun
Hamuxanapuea Kypa, 4YusummapHu mo3anaw ea
capanaw MawuHamapuHu — xapakamaaHmupys4yu
uw r3acuea 6up mekucda xouUmawmupuuw
UMKOHUSIMUHU  fipamuw  ea  to3a  byunab
XapakamiaHysqu 4uaumiapea mabcup Kusysqu
Ky4dnapHu —aHuknaw  MmexHOMo2UK  XapaéHHUHE
camapadopriucuHU owupuwea onub kenaou.

Kanum cy3nap: yuaum, mona, myKOOpIIuK, ryy
Yyueumnap, peeeHepeyusinaw, appasu 6apabaH.
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AHAINNU3 NPOLIECCA OYUCTKU U
COPTUPOBKU CEMAH XNOMYATHUKA HA
XINOMKOOYUCTUTESIbHbLIX NPEAMPUATUAX

PaxumoB ®ansynno XycaH6omn yrnm,
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MypanoB Pyctam MypanoBuy,
OOKTOP TEXHUYECKUX HayK, npodeccop

HamaHraHckMm MHCTUTYT TEKCTUMNBHON
NPOMbILLIIEHHOCTH

AHHOmMauyus. B 0aHHoU Hay4yHOU cmambe rpeod-
cmaernieHa UHgopmMayusi O hU3UKO-MEeXaHUYECKUX
ceolicmeax CeMsIH X/iornYyamHuka, KOmopbie serisi-
romcs 0OHUM U3 OCHOBHbIX MPOOYKMO8 XJionyamo-
byMaxHOU NPOMbIWIEHHOCMU, @ maKxe cyujecmay-
rowux ycmpoticmeax PHC, CXA, YCM, komopsbie
rpuMeHsitomcsi 0711 O4YUCMKU U COPMUPOBKU CEMSIH,
omaoernsieMbIX OmM 80J/IOKHa 80 8peMsi Nep8u4yHol 0b6-
pabomku xsiorka. Takxe npoaHanu3uposaHsl rpe-
umywecmea u Hedocmamku 3mux ycmpolcms 8
rpoyecce 04YUCMKU U COPMUPOBKU CEMSIH X/10n4yam-
HUKa, nposedeHa rnpakmu4eckasi U meopemu4deckasi
Hay4Ho-uccrnedosamersbckasi paboma, HarpaerneH-
Hasi Ha ycmpaHeHue Hedocmamkos. B npouecce
Hay4Ho-uccnedosamernbckol pabombl a8Mmopos 803-
HUK 80r1poc omoesieHUs1 U3 [10moKa ceMsiH, cooepxa-
wux rpueodHble 0ns npsiOeHusi 80/10KHA, YMO S6/1sI-
emcs 00HOU U3 akmyarsibHbIX MPobeM rpu o4yucmke
U copmuposke ceMsiH xrondamHuka. Kpome moeo,
8 pe3ynbmame aHasiu3a yCmaHOo8/1eHO, Ymo PasHo-
MepHOe pa3Meu,eHUe 04UCMUMmMesIbHO-COPMUPO8OY-
HbIX MawuH rno dsuxywelcs paboyeli nogepxHocmu
u onpedeneHue cun, Odelcmeyrowux Ha repeme-
warouuecs rno rnosepxHOCmu cemeHa, npueooum K
Mo8bILIEHUIO 3QhhEKMUBHOCMU 8CE20 MEXHOI02U-
4YecKoeo rnpouecca.

Knroyeebie croea: cemsi, B0JIOKHO, 80pPCU-
cmocmb, pbIX/ible ceMeHa, peaeHepauyusi, nusbHbIU
bapabaH.

ANALYSIS OF COTTON SEED CLEANING AND
SORTING PROCESS AT COTTON GINNING
PLANTS
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Abstract. The article elucidates the physical and
mechanical properties of cotton seeds, regarded
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MakKcaJuJa IaxTa To3ajall KOPXOHaJapu-
HUHT TeXHUK-UKTHUCOAUW KYpCaTKUYJIAPUHU
AXIIWIall, Ulab YUKapull camapajiopJiu-
TMHU OIUMPHUII XaMJa OJIMHAETraH TYyKuMa-
YUJIMK XOMAIUIECH UYKOTHUJIMILIUIA Uy Kyu-
MacJUK COXaHUHI acocui BasudasapujaH
oupuaup.

BuTTa 4YUTUT XaM, YUTUTJIM Macca XaM
yJapHU KalTa MLuIalJa TallWIl, Ccak/all
TEXHOJIOTUSICHHUHT TabCUPUHU aHHUKJIALI
MMKOHMHM OepajjuraH OUp KaTop XyCyCHU-
ATJapra ara Ba y TEXHOJIOTHMK XoccaJap Jeb
atasagu. By Xocca/JapHUHI acoCUM KUCMH
$U3UK-MexaHUK, Ce3uapJu paBullja OUO-
JIOTUK, '/bHU €TWJITaHJIMK XapaKTepu OujaH
aHMKJIaHa/]1 Ba TEXHOJIOTHUK KapaéHra Typ-
JIU MUKJOpJA V3 TabCUpUHU YTKazagu (Obi-
dov, 2007). llynapaad keaub YUKKAH X0J1/3,
yJapHU WApTJWA paBUllJa (U3UK-MEXaHUK,
MeXaHUK-TEeXHOJIOTUK Ba TEXHOJIOTUK KHUCM-
Japra OyJsuil MyMKUH. ByHzpa 4urut Ba
YUTUTJIU MacCaHUHI QU3UK-MeXaHUK Xocca-
Jlapyd Kym xoJuiapfa 6up-6upujiaH  dapk
Kuaau. ByHJiaH Tallkapyu, UWIMHH-TaAKUKOT
MapKasJjapuZaH ¢apkJu paBUlla NaxTa
TO3aJlalll KOpXOHa/lapuJa LApTJU yJdall
KaTTaJIMKJIAapU XaJu XaM KYJIJIaHUO KeJIMH-
MOK/a.

Marepwuas Ba MmeToA1ap

du3uK-MexaHUK Xxoccajapra 4YUruT/ap-
HUHI WIaKJI{, YJI4aMJiapH, YUTUTJIM Macca-
HUHT 3UYJIMTU Ba YHUHI OFUPJMK KYYHWHU
KUPUTHUILI MyMKHH.

Tamky KypvHUIIMJAH TYyFPU Ba HOpMaJ
HIAKJIIaTd YUTUT HOKCMMOH ILIAaKJAJa 6YJuo0,
YHUHI TOMHAaK TOMOHM KaTTa Ba JyMaJloK
HIaKJ/1a, Y4JUd TOMOHMra Kapab Kuupaiub
6opazu XxamJa oXupu/a yuau 6ypyHJaH uoo-
paT. JHT KeHT KOWU YUTUTHUHT TYMTOK, TO-
MOHM/JIAH Y3YHJWUTUHUHI TaXMHWHaH TYpT-
JlaH OUp KUCMUHU TaAlIKUA Kujaagud. Kyn
TaJKUKOT/ap/la YUTUTHUHT IUAKJAW IIap
KYPUHUIINW/A OJIMHAIH.

Kunnam (YUruUTAAH TOJAHU aXpaTHIl)
)KapaéHHWJJaH YUKKAH IaxTa YUTUTIApU Ef-
MOM KOMOMHATJ/apu/Ja MHULJIAUl YYyH MYJI-
»KaJIJIJaHTaH TeXHUK Ba 3KHUII y4YH KYJJIaHU-
JIaAUrad ypyfJAWK 4YUrATJIapra OyJvHaAu.
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TexHUK 4YUTrUTIAp TYpJM UILIA0 YUKAPUIL
HaBJjlapura OysauHagud. ETuaran mnaxrta-
Jla YHUHT OFUpJIUTHUra OOFJUK XoJsja 52-
56 % uyurut 6ysnagu (Muradov, Rakhimov,
Kasymov, & Karimov, 2020). HWdnocauk,
TOJIAZIOPJIMK Ba HaMJIMK Jlapa)kacu Oyirya
€éF-MOM  3aBoJjlapura TONLIUPUJIAJUTaH
yurutaap Y3PCT 596-93, YsPCT 603-93
O6yiinuya OeJsirWJIlaHTaH HOpMaJsiapra >aBo0
6epumin kepak (1-xazaBas). l-xajBanjaH
KYPUHUO TypuOAUKH, MNaxTa YUTUTHUHU
KalTa MLUIALJA YHUHT TYJUK TOJAJO0PJIUK
Jlapakacl Xam/Jla YHJa KoJIraH ToJaJap
MUKJ0PHY aHUKJIaHa/U.

Er-Mol1 o111 XaM/1a 9KUII y4yH YUTUTIAP
KaMpOK ToJiaJy 6yauiuy 3apyp. YyHKHA TyK-
JIOpPJIMK Jlapa)kacu KaM YUTUTJaH KYNpoK, éf
OJIMLI MYMKHUH XaM/ia Te3 YHUO 4uKazau. Xo-
3Mp/ia KWL YYYH XyAyJaIllTHUPU/ITraH, SHIU
Ba UCTUKOOJIJIM NaxXTa HaBJAPUHUHI 3JIMTA,
6upuHyM (R ), nkkunyM (R,) aByojiu YUruT-
JIapy KyJIJIaHWJIaiu. YJiap HaB TO3aJIUT U Oy u-
ya MaBxKy/, TajlabJjiapra Moc KeJIMIIU Kepak.
3apyp 6y.aranja, Y36exkucTon Pecny6ankacu
KULIJIOK Ba CYB Xy»KaJIUTM Ba3WUPJMUTMHUHT

as one of the main products of the cotton industry,
and reviews existing devices (RNS, SHA, and USM)
used for cleaning and sorting seeds separated
from fiber, which is detached from the seeds during
the primary treatment of cotton. The advantages
and disadvantages of these devices in the process
of cleaning and sorting cotton seeds, as well as
practical and theoretical research on their elimination,
have also been reviewed. The implemented research
has raised the issue of separating seeds containing
fibers good for spinning from the seed flow, which is
one of the pressing issues, according to the author,
when cleaning and sorting cotton seeds. Moreover,
based on the review findings, it was established that
enabling a uniform placement of seed cleaning and
sorting machines on a moving working surface and
determining the forces acting on moving seeds on the
surface facilitates the efficiency of the technological
process.

Keywords: seed, fiber, hairiness, loose seeds,
regeneration, saw drum.

pyxcaTu 6usiaH R, Ba yH/laH KeAMHIH aBJIOJ-
JIU YUTUTJAPAAH 3KUII Y4yH oijanmaHUIl
MyMKUH (Muradov, Karimov, Rakhimov, &
Kasimov, 2000), (Rahimov, Rajapova, & Mura-
dov, 2019).

1-xaaBan
Yurut HaBUra 60F/IMK XyCyCUAT/IapH HOPMACH
YUrMTHUHT TYKQOPNUK Aapaxacu, %
y LUukacTnaHraH y o —
WrMT HABW | | ruTnap maccacy, % UrWT Hamnuru, 7 Ypra Tonanu WHrnuka Tonanu

HaBnapaa HaBnapaa

1 1,5 10,0 5,0-10,5 2,0-6,5

2 3,0 11,0 6,0-10,5 3,0-7,5

3 11,0 12,0 7,0-11,0 4,0-8,5

4 33,0 13,0 8,0-13,0 4,5-9,0

MabayMKH, aKpaTULL Kapa€HU y4 ycyJra
6y/IMHaU:

- XaBO OKUMM E€pJlaMu/ia aXKpaTULL;

- MEXaHUK MoOcCJIaMaJlap/ia aXXpaTHIL;

- MaTepuaJl 03aCUHUHT TYpJIY X0ccalapy
6yir4a aXXKpaTHUILL.

TaagKUKOT HaTHXKaJIapHu

ByryHru KyHja axTa ToO3aJall KOpPXO-
HaJlapyJa >KUH MallUMHaJapuJiaH 4YUKKaH
YUTUTJIApD TapKUOWJa HUTUPYBra SPOKJIHU
TOJIaCM KOJIMO KeTraH 4YWUTUTJIapHU capa-

PRINT ISSN 2181-9637
ONLINE ISSN 2181-4317
6/2023

ILM-FAN VA INNOVATSION RIVOJLANISH
HAYKA N MUHHOBALIMOHHOE PA3BNTUE
SCIENCE AND INNOVATIVE DEVELOPMENT

J1ab TyTHUO KOJIyBYU TYpPJIM XUJ TEXHOJIOTHUK
MallWHaJapJaH ¢oijjasaHub KeJMHMOKJA.
ByHJjlaH TallkKapy, maxTta YMIMTUHU BepTHU-
KaJl XaBO OKHMMH/Ia aXXKpaTyB4YM KypuJMajap
XaM MaBxXyJ. ByH/la YMrUT/IM apaJjialiMaHU
YHUHT a3pOJIMHAMHUK XyCyCUATJIApU Oyiu-
4ya aXpaTHUIl XaBO OKUMHU €pAaMujia amajra
omwnpuaaau. byHzaa XaBo OKMMM eTapJ/vya
O6up TekucJa xaMm/ia yarapMac 6y1uiuy wapT.
YuruTiu apasaliMa 3ca OKUMra 61up TeKUC Ba
Y3JIyKCH3 I0TIKA KaT/1aM/a KyLIWJIMIIN Kepak.
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AmanuéTt/a BepTUKaJ Ba KU XaBO OKUMHU €p-
JlaMHu/Jla aXpaTyBUM KypuJMaJjap KyJJIaHU-
Jlafu. EHTUIpoK €KHU Yy4YBYAHIIUK XYyCYCUATH
IOKOPUPOK pakiusijiap XaBo OKUMUra Ky-
KNGO (BEpTHUKAI XaBO OKUMU/IA), IOKOpUTra
HyHa/1aiu Ba OFUPPOK OyiraH ¢ppakuusiapra
Kaparas/ja KaTTapok Macodara yJ0KTUpHuJIa-
Au. XyAau 1y yCyJ CYypyBYM XaBO OKHMU/A
XaM KyJIJIaHUJIa Y.

Y4yBUYaHJIMK OyHHMYa aXKPAaTULIHU YUTUT-
JIU apajlaliMaHU IOKOpPU OOLIJIaHFUY Te3-
JINK/IA OYMK MaiJoHTa yJIOKTUPYBYH OYF0U
capaJjlarMy/ia XaM aMaJira OLIMPHUILI MyMKHH.
ByHJla KaTTapok MaccajJu Ba KaM y4yBYaH-
JIMKKa 3ra ¢pakuusiiap eHrua gpaxiusaap-
ra KaparaHza y30KpOKKa yJIOKTUPHUJIa/H.

1-pacMza naxTa YMrMTH pakLUsIapUuHU
BepPTHUKaJ XaBO OKUMU/IA QXKpaTUILI KypU/Ma-
CU TacBUpJiaHraH. By KypuiMa Kyiupaaruya
UUIalAM: apasauniMa OUp TeKUCAard XaBo
OKUMHU épJlaMu/ia Kaby/1 KUJIMII MOCJaMacu-
ra KkejaJu. Y epjia CypyBYM XaBO OKUMU Ta'b-
cUpH/ia OFUp UPJIOCTUKIAp aXKpaTUIaau.

{ 7
b /_
_ —1 2
l
1 &
> e~
| ¥
B850
o |
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1-pacm. [laxTa yuruTu PppakuusIapuHu Bep-
THKaJI XaBO OKUMH /A AXKpaTUIl KypHJIMacu

TyTu6 oIMHraH YUTUTIAAP Y3UHUHT Yy4yB-
YaHJIMTY 6yMYa UMFULLI KaMepacura Tylau
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Ba ll1aXTa BaKyyM-KJ/lallaHU OPKaJ/Iy TallKapHu-
ra 4yukapuaazu. IOKopUpoK y4yyBYaHJIMKKa
sra CMHraH 4UruaTJap Ba UdJioc apajaliMa-
Jlap 3ca LIMKJIOH OpKaJd YUKUH/U KaMepacu-
ra tTymazu. Jleapau 6up Xuja y4yyBUYaHJIMKKa
sra YUTUT CUHUKJApH, NaxTa OyJakKjapy Ba
6o1Ka UPIOCTUKIAP YUKUH/IUTA alIaHa/IU.

ByHJlaH TalllKapu, YUTHTJapHU XaBO ép-
JlaMU/Jla aXpaTUIl yCyJauja UIIaWJAUuraH
yurut capajsarud PHC, CXA, YCM uurur To-
3aJlarM4/1ap TapKubuJa ypHaTUAagUd. IPKUH
TyumaéTraH apajaliMa Gu/aH KeCHIUraH ro-
pPU30HTa/ KM KU XaBO OKUMHU y4yBYaHJIU-
Iy 6Up-6upura ssKMH 6yirad ¢ppakuusiapHu
eTapJiiiya aHUKJMKAA aXXpaTUll WUMKOHWHU
6epa osMaiiu. MacasnaH, TyKJ,0pJIMTHA OKOPU
YUTUTJIap a3POJAUHAMUK XyCyCUATIapH 6V U-
4ya KaM TYKJOpJIMKKa 3ra Oy/raH Yurutaap-
JlaH eTapJyu papK KUJIManau.

TagKUKOT HaTHKaJIapH TaxIUIN

IOKopuZiaru 4uruT capaJail MalluHaJja-
pUZaH 3HT Kyn QoijiasaHUO KeJUHAETraHU
- 6y PHC perenepatopuaup (2-pacm).

1 - TabMUHJIALI KYBYPH; 2 — AYHAJTUPTUY;

3 - appasiu 6apabaH; 4 — KOJIOCHUKJIU [TaHXKapa;
5 - iyHasnTUpruy; 6 — Yy TKaIU appajiaH
YUKapuil 6apabaHu.
2-pacm. PHC pycym/iu TOJ1acH TYJIUK,
a)XXpaTWJIMaraH YUruTjaap pereHepaTopu
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By KypusMa appa/id MIIYM OpraHu €pja-
MU/l YUTUTJIU MACCa/iaH JieTydKaaap (Xuum
’KUHJIAHMAaraH 4YWTUTAAp) a)KpaTub oJiajiu.
PereHepaTop/a JiMHTepra KeJaéTraH YUTUT-
JIU Macca TapKUOUJATU XU KUHJIaHMaraH
YUTUTJIAP appasiu 6apabaH épaMuja axxpa-
TunaAu. PereHepatopjia axpaTub OJIMHTaH
TOJIQJIOp YMTHUTJIAp KAaWTa }KUHTa 1O60PUIIHO,
KUHJIAIl OPKaJIM WUTHUpUIITa SIPOKJIU TOJIa
OJIMII HWMKOHMATH spaTuaaau. Kypuima
IOKOpPY CaMapaZiopJMK/Aa HILIALIMra Kapa-
MaM, YH/ia YUTUT TapKUOKAa MaB:xy/[ OyiraH
TypJiu Manga UJOCAUKIAp To3aJaHMaWau
XaMJila appajid WIIYM OpraH épaamujia pe-
reHepanusi KWIKII JaBpUJA appa THUILJIApU
TabCUPHJIA YUTUT IIMKACTJIAHAJU. ByHUHT
HaTWXKacuJa MIUIAa0 YUMKApPUIAETTaH ToJia
XaMJla MOMUKHUHT cudaT KypcaTKU4JIapH
nacasi/iy.

MaBxyJ KaMYUJIMKJIapHU 6apTapad 3TULI
MakKcaAu/Jia JKMHJIAll >KapaéHUJJaH YHMKKaH
YUTUTJAApPHUA ToO3aJsalll Ba capaJjail 6yiuya
Kymaab Hasapuid Ba aMasiMil TaJKUKOTJap
0J116 GOpHUJITAH.

X.T. AxmenxomkaeB TomoHuaaH PHC ky-
PUJIMAaCMHUHT SHTU TaKOMWJLJIALITUPUJITaH
TYpHY MLLIAa6 YUKU/IraH 6y1n6, OyH/Aa YUTUT-
JIApHU KUf NaHXapaJii TebpaHMa capajiaruy-
HUHI TelIMKJapuJaH yTUIIM OpKaJH capa-
Jlalll »)KapaéHU aMaJ/ira omupuaagd. bupunun
HaBb6aT/a, Oy *apaéH/Jja YUTUTJIAPHUHT 1IaK-
JIU Ba yi4aMJiapy KaTTa axaMUSAT Kach aTau.
Typsv TyKAOpJIMKKa 3ra YUTMTJIApPHUHT VJI-
YaMJIapUHU aHUKJIAll Y4yH Maxcyc acb6ob Ba
ycay6aap sipaTW/IraH. YJdaul WLLIapu ypTa
Ba UHTMYKa TOJIAJIM TaxTa Yurutaapuaas 200
JIOHaJ]aH 0J1M6, KV MapTaJuK KalTa YTKa3UIll
OpKaJ/Iv aMaJira OlUpUIHU (2-xaaBan).

2-KaaBaJ
[laxTaHUHT KV TapKaJIraH HaBJIapM y14aMJ/Iapu
XuHnawaaH KeMUHIM YUruT ynyamu
CenekuyoH Has YayHnuru Avamerpu :323#&:&; Tonapopnuk, %
(D,), mm (D), mm maccacu, r

C-6524 8,0-12,25 5,5-8,75 138,2 14,2
C-6530 8,2-12,22 5,4-8,84 136,9 14,0

HamaHran-77 7,25-12,3 5,6-9,0 125,8 14,9
C-9070 8,1-12,2 5,8-9,8 128,3 13,8
9871-U 8,1-10,2 5,1-6,8 117,3 -
AH-60 8,1-9,8 4,5-5,3 108,1 -
9853-U 8,2-9,8 5,2-5,8 125,25 -

06 GopuraH TaAKUKOTJapJa YUTUT-
JIADHUHT y/4aMJapyd Ba LIAKJAWJAH KeJlub
YUKKaH X0J/1/]a, OFUPJMK MapKasJ/apu XoJa-
TH OyWu4a, MacasiaH, NOWHAK €KU Y4JHK/A
TOJIara 3ra YUruT/ap y4yH XaM, ToJacu3 4u-
TUTAAp YYYH XaM TaJKUKOTJ/Iap YTKa3WJJU.
X1C06-KUTOOJIap YUYH UKKUTA AKJ TaKJAUP
KWJIWHAA - €éH KUCMH HMKKUTA SpUM Jl0Upa,
ypTa KUCMHU TYFpu TypTOypyak. MexaHHKa
KOHYHJapuzAaH oijjasiaHrad X0/14a, YUTUT-
JIADHUHT OFUPJMK MapKasjapu yJapHUHT
TAlIKWJI KWJIYBYMJIApU OyHAHYa aHUKJIAHAU
(Rahimov, Rajapova, Salomova, & Muradov,
2019).
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BupuHyM HaB6aTAa, TAJKUKOT HIIKaJa-
HUII Ky4YM TabCUpPU OYVHM4Ya YTKaszuiau. by
X0JIJJa TOJIAZ0p *KUCMJIAP (YUTHUT, JIETy4YKa)
JlapJiladH ubopaT 6Up Maccaju TU3IUM OUP XHUJI
3PKMHJIMK Japakacura sra 6y/u6, uiiKaJa-
HUILI MaBXy/ 6y/MaraH x0J1/a, 103ara ypu/in-
Y KyWHJarua TEeHr/1aMa OWJIaH aHUKJIaHA[U:

d’y
m +k+F =0

By epaa k = cy, ¢ - 6upauk koadpoduiuen-
TH;

m - 6yJ1aK Maccacy;

F - viiKasaHu Ky4u éxku F = N - signy;

N - HOpMaJI KyY.
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By Mozenp MIJIAaTUIMIIAHUHT MakKcaZjra
myBoukauru P.3. BypHalieB TOMOHH/JaH
TaCAUKJIaHTaH.

(1) TenrsiamMa Kyiuaaru KypuHula é3u-
JIMIIYM MyMKUH:

d’y W d’y
M-—=—cy+F éku —+ p’y =+F 2
dr’ 4 a7 (2)
Tenrnama (2)Hu 6ab3u OUpP aJIMaUITH-
pUllIapAaH CYyHI KyWMJard KypUHHULIJA
€311 MyMKUH:
2

Y, pry— o) (3)

dr?

YMyMaH oJiraH/ia, UIIKaJaHUII Ky4u Xa-
pakaT ’kapaéHu/ja MIIOPACUHU y3rapTupuod
Typaau. ['paduk TacBUpU KyHuzAaru Kypu-
HU1Aa 6y1aau (3-pacm):

) @

w

S O ——

-0

3-pacM. UmKasaHMII KaTTAIUTUHUHT (1)
6yimn4a y3rapuinm

XapakaT TeHrsiamacu (3)HUHI €e4YHMMH
JlanJlacCHUHT HMHTerpasj ajJMallTUPHULLIapU
épAaMuia eduaau:

y:VOcospt+y—gi{8"(l—cos(pt—n7z))} (4)
P

n=1

n=1

.11 azap
E =
nz2

2 azap

By epaa p - xycycuil TebpaHUILIJIAPHUHT
Oypuak yacToTacu;

V,- 6oLlIaHFUY TE3JIUK;

Y, — bouuianFuy gedpopmanusi.

[laxTa 6yJJarMHUHT UKKUHYHU XUJI MOJEJIU
- YU3HUKJU OYJIMHraH Mojiesib 6Y1ub, xapa-
KaT TeHIJIaMacu Kyhujaruda udo/jajaHaau:
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d’y dy.,
+ey=1n-(— 5
m— ey =3 (dt) (5)

By TeHr/1aMaHM KaHOHMK KYpUHHUILJAA
Kylujaruda é3uil MyMKHH:

d’y (A, p
-A = |+Py=0 6
dr* (altjjL Y (6)
By epaa

P2=c/m,A=n/m (7)

By (7) TeHr/1aMaHU e4yull YYyH €4UM Ka-
TOpP KYPUHHUILIJA U3JIAHHU:

=3O+ MO+ X3 0. = > 8y, (1) (8)

EYuMHM KyWuJard KypuHULIJA E3UII
MYMKHUH:

AE?

y=~&cosm, !+ (3—4cosw,t +cos2m 1) —

+16cos2mw,t —3cos3m 1)
A2§3
72

(48 —-61cosw t+ 16cos2m, f —3cos3wm 1) (9)
by epza

Wy = L 2 (10)
[+ a2e2)/3]

(9) euumHu Tonumaa 43 xaJJlaH KEMUHTU-
JIAPVMHHU YeKCU3 KUYUK IKaHJIUTUHU HHOOATra
OJITaH X0J1/ja KyHUJarujiapHU XyMco61alMus.

HiiKanaHu Kydyu TabCUPUAATU YUTHUT-
JIADHUHT XapakaT Te3JIMTMHU TONUUI Y4YyH
(9)maH BakT 6yiiMuYa xocuJa OJUHAU. Arap
OolIaHFUY apTJaapAaH ¢oijanaHuica, y
X0J17a:

. AVy . .
V=Ve, smwAt+Ta)A(4sma)At—2sm2wAt)—

NA

0

o,(6lsine,r —32sin2m,7+9sin30,/)  (11)

XyJs10casiap

Ymoby uaMui vimzga 6yryHId KyHJa nax-
Ta TO3aJlalll KOpXOHaJapuJa >XKUHJALl >Ka-
paéHuJiaH YMKAETTaH YUTUT/AAap TapKUOUa
y3YyH TOJIaCH KOJIMO KeTraH YUruTJap Xycy-
CUATH, YJIapHUA YUTUTIAp OKUMH/JAH a)kpa-
THUO OJIUII TEXHOJIOTHUSICU KYPUO UYMKUJIAU.
By 6yiinya 0116 60pUaraH UJIAMUN-TAJKUKOT
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MIIJITApUHUA  TaxJIMJI KWJIHII HaTHXacu/a
IIyHU XyJI0Ca KWUJUII MYMKHUHKH, MaBXY[
TEXHOJIOTUK >KapaéH/Ja YUTUTJApHUHT KY-
puaMasiap 1o3acu Oyisab XapakaT Tpaek-
TOPUSICUHU aHHUKJIAIl KaTTa aXaMHUsATra ara
llly 6unaH 6Up KaToOpAa, YUTUTIAPHHU Xapa-

KaTJIaHYBYH 1032 6yi1s1a6 6Up TeKkucja ENUII
MMKOHUSAATUHUHI fIpaTUJMIIMA Ba 103a OVi-
a6 XapakKaT/JaHyBYM UYHUTUTIApra TabCUP
KWJIYBYM KY4YJApPHUHT aHUKJAHHUIIA TEXHO-
JIOTUK >XapaéHJjiap camMapajopJ/IMTMHU OLIHU-

pazau.
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HamaHraH TS'/KI/IMa‘-II/IJ'II/IK TEXHONOINMA MHCTUTYTHU

AHHOmauyusi. Maskyp makorada naxma moa3a-
flaw KopxoHanapudazau maexyd ea acoculi MyaMmMo-
napdaH 6upu 6yneaH monaHu YueumaoaH e4yub onuw
EKU axpamuw xapaéHu unmuli ea Hasapul ypaa-
HurieaH, bup Kamop maxpubanap onub 6opunub,
OJlUH2aH Hamuxkanap KenmupunizaH xamoa edumiap
maknug KunuHeaaH. KaxoHO0a naxma maxcysomaapu-
ea bynzaH manabHuHe owuwu cababsiu Uupuk naxma
emuwmupysyu Mamnakamnaapda naxmaHu dacm-
nabku uwinaw mexHuka 8a MmexHoo2usiCUHU mako-
munnawmupuw xamoa ynapHUHe unmut acocrnapuHu
Apamuw byluda KeHe Mukécda unmuli-maldKkukom
uwnapu onub bopunmokda. by 6opada, xymadaH,
XKapaéHnapHuHe Mamemamuk mModerinapuHu uwinab
YuKuw 8a onmumu3ayus ycynnapu épdamuda naxma-
2a uwios bepysyu mMawuHamap uw yHymoopsiuauHu
owupuw, UWYU OpaaHiapHUHe pecypcmexamMKop
KOHCMPYKUUSNapUHU spamull, MawuHanapHUHe 3Kc-
nayamauyuoH XycycusimiapuHu sxuwunaw xucobuea
onuHaémeaH naxma mosiacu mabuuli cugham Kyp-
camkuydapuHu caknab Konuw ea Maxcyiom maHHap-
XUHU nacatmupuw Myxum axamusimea s2a. LLly bunaH
bupza, appanu mona axpamuw MaluHacu y4yyH
Maxcysiom cugamuea canbuli mabcup Kypcammad-
OQueaH, pecypcmexaMKop UlYU Op2aHIap KOHCMPYK-
uusnapuHu uwnab Yukuw ea napamempriapuHu acoc-
naw macananapu xam 6apya rnaxma emuwmupysyu
Mamnakamnap y4yH 0on3apb xucobriaHaou.

Kanum cy3nap: appa Oucku, appanu XUH, KO-
JIOCHUK, UWYu Kamepa, morna, Yuaum, YU3uKiu me3s-
JIUK, UWKanaHuw Ky4u, 311acmukiiuk, KO8YWKOKITUK.
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Kupum

MabayMKy, appa TULLJIApPU TOJIAaHU e4ub
oJIMILIa acocuil BasudaHu OGaxkapasu. To-
JJAaHU IIMKacTJlaMacAaH 4YWTHUTAaH edyuo
OJIMIL/IA, TOJIa TyTamJapura 3apap 6GepmMac-
JIUK, caMapaJii e4ub OJIUII YYyH appa THUILJIa-
pU apaMeTpJIapyuHU TYFPU, UJIMHUM acoc/all
3apyp-

Appa THIIM napamMeTpJapUHU XO03UPTHU
NaxTaHU KaWTa MUILIall 3aBOoAJapyAa ToJia-
HU LIMKACTJIaMac/aH AacTjabku cudpaTUHU
CakKJ1ab KoJIraH X0Ji/la e4uIll aCOCUKA MyaMMo-
JapjaaH oupuaup. Tosia edub oJIMII )KapaéHU-
Jla appa TUILJIApUHU OYUII EKU TYFpUJIaLIJa
CTaHJApTJIap €KW UJIMHH acocra TassHUJIMAaca,
ToJIa siHAaJla KaJITa ToJlara aujlaHaJy, IUKacCT-
JlaHaJ¥ Ba X.K. By MaB3y naxTa To3asall Kop-
XOHaJIapy TakJuUra acocaH ypraHujraH Ba
MyaMsiH HaTHUKara spuiuuirat. [laxra To3a-
Jlalll KOpXOHACU MeXaHUWK Ba WH)KeHepJapu
O6uJiaH Ouprajavkaa MaB3y YpraHWwiu XxaMaa
yHra Takjau@ Ba eynuMJiap 6epuijy.

Appa Tuumu 3apbacu JaBoMHJA KYYHUHT
YUTAT OFUPJIMK MapKasuJaH yTraH ykKJja-
M NPOEKUUSICM YUTUTHU AedopMalnusian-
Au. KydHUHr aWTuAraH yKKa TUK YKJaru
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NPOEKLUUsICH OUJIaH YUTUT OFUPJIMK MapKa-
3uraya 6ysran macoda (esika) OUIAH Ky4
KynakTMacu M Kyd MOMEHTUHU XOCUJI KUJIa-
[ Ba y YATUTHU alJlaHTUPHUILra xapakaT
Kuaaau. Kyy KuMaTu y3rapmac 6yjrasja,
YHUHI OGUTTaA YKJarv, MacajaH, pajiuycra
TUK MYHa/raH yKJAaru NpPOEKIUsCH OUIU-
1M YHUHT pajuyc 6yiaab MyHa/raH ykja-
I'M NMPOEKIHUSACU KaMaWulura oaub Kesaju.
AbHU 3apba Kyuyu TYJIMFAYA YUTUTHHU alJiaH-
TUPYBUM Kyyra ausaHagu (Axmedxodjaev,
Adashboyev, Yo’ldashev, & To’xtaev, 2022).
YuruT appa TULIX OUJIaH KOHTAKT/AA Oy/iraH
HYKTa aTpodua aislaHca, YHUHT OpKa TO-
MOHJIapU/AAryd TOJIAJJApHUHT appa TULLJIApU
OuJIaH yYpallUIIura UMKOHUAT TyFUJIaJU Ba
YUTUT TOJIACU TYJIAPOK €4rub oIMHAU. YOy
Ky4d MOMEHTH KUUMAaTHHU OLIUPCAK, YH-
TUT Te3pOK alJiaHaZyM Ba YHUHI ToJlaJlapH-
HU e4ub OJIMII UMKOHUSTU OllaZy. ByHUHT
YUYH Ky4 €JIKACUHU OMIUPHUII MYMKHH, aMMO
06y 00'b€KTHUB X0/1ca 6Y/110, 613 YHra TaA'bCUP
KypcaTa oJIMalMu3.

2-iyn - Kyd npoekuuscu F KuiMaTUHH
olUpUUIAUP. ByHUHT ydyH appa THUILJIapu
o/ Gypyaru KUSJIMTMHU MyaWsiH MUKJAOpP-
raya KaMauTUpHUIL Kepak. By npoekius Kyiu-
Jlaruya TONHJIa/iu:

F =F cos WTO‘ (1)

By ep/ia Y - appa THIIHM 0JIJf TOMOHUHUHT
KOHTaKT HYKTacHu/la paJinycra THK TEKUCJIUK-
Ka HUcOaTaH OFUILI Oypyaru;

Q - appa THUIIM OpKAa TOMOHHHUHT
KOHTAKT HYKTacu/la paJiuycra THK TEKHUCJIUK-
Ka HUcOaTaH ofull 6ypyary (Axmedxodjayev,
Obidov, & Sarimsakov, 2020).

Appa THUIIMHHUHT OpKa Gypyard THUILIHUHT
KQJIMHJIUTH, S'’bHU MYCTaXKaMJIMTMHU HUQO-
Janavau. IlyHUHT y4yH YHM oJ1f Oypyak-
Ka HMc6aTaH amaszaru 20° ra kym 6yiraH
JlapakaZia cakjall Makcajra MyBoouk. YyHKU
0y 6yp4yak TOJIaHU WJIKO OJIUIITa XU3MaT KUJI-
Mauu.

Kocunyc ¢ynkuuscu 6ypyak 0 ra TeHr
o6ynaranga, 1 ra TeHr 6ysaad. byHaa tabcup
Ky4d Ba YHUHI MPOEKIHUSICH y3apo TeHT-
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HAYYHOE OBOCHOBAHUE NMAPAMETPOB
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BOJIOKHA C 3YBbEB MNUIbl
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HamaHraHckui MHCTUTYT TEKCTUJIbHbIX TEXHOMOornmn

AHHOmMauyus. B 0aHHOU cmambee Hay4HO U meo-
pemuyecku U3y4eH npouecc usgreqyeHus unu omoe-
JIeHUST BOJIOKHA OM CeMeHU, KomopbIl sierisemcsi 00-
HOU U3 OCHOBHbIX MPobrieM Ha X/1I0MKoo4YUCMuUMmMesib-
HbIX NPednpusamusix, nposedeHa cepusi IKCrepuUMeH-
moe, U3MOXeHbI pe3ynbmambl U nymu peweHus. B
C8513U C POCMOM Cripoca Ha X/10MKO8YH MPOOyKUUIO
8 Mupe npoeodsimcsi MmacwmabHble Hay4YHO-uccrie-
dosameribckue pabomel M0 CO8EPUIEHCMB08aHUIO
MEeXHUKU U mexHOosio2uu nepeuyHol nepepabomku
Xs0nKka U co30aHuro ux Hay4dHou 6a3sbl 8 KpyrHeu-
Wwux Xr1ornKkoeoo4eckux cmpaHax. [loamomy 8axHo 8
mowm yucre pa3pabomams Mamemamuyeckue Mooe-
JIU MPOoUECcco8 U Mo8bICUMb MpPou38o0UMEeIbHOCMb
xronkornepepabameigarouje2o obopydosaHusi ¢ UcC-
rnosib3ogaHUeM Memodoe onmumu3sayuu, co3damb
pecypcocbepeaaroujue KOHCMpPYKUUU paboyux opaa-
HO8, coxpaHumb MPUPOOHbIE IoKa3amesu Kayecmea
XJI0MKO8020 B0JIOKHa U CHU3UMb cebecmoumocmb
npodykyuu. Npu amom eonpockl pa3pabomKu KOH-
cmpyKkyul pecypcoahghekmusHbix paboyux opea-
HO8, He OKa3bigarWUX HeaamueHoe 6/usiHue Ha
Ka4yecmeo npodykyuu, u 0bocHo8aHUs napamempos
nunoomoenumenbHoOU MawuHbl akmyarsbHbl Ors
8CEX CMpaH, eblpaljusarolyux Xs10MoK.

Knrodyeeble crnoea: nusnbHbIU OUCK, MUMbHbIU
OXXUH, KOJIOCHUK, paboyasi kKamepa, 80JI0KHO, CeMs,
JluHeliHasi CKopocmab, cunia mpeHuUs, 351acmMu4YHOCMb,
8513KOCMb.
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Abstract. This paper scrutinizes the process of
extracting or separating fiber from seed, which is
viewed as one of the milestones in cotton-ginning
plants, reviews a series of implemented experiments,
presents results, and offers solutions. Increasing
demand for cotton produce across the globe leads to
large-scale research work to improve the technique
and technology of primary cotton processing and to
establish their scientific basis in major cotton-growing
economies. In this regard, it is becoming important,
among other things, to develop mathematical
models of processes, boost the productivity of cotton
processing machines by means of optimization
methods, create efficient working bodies, preserve
natural quality indicators of the cotton fiber obtained
through improved operational characteristics of
machines, and reduce production costs. At the same
time, the issues of the development of resource-
efficient designs of working bodies that won't
negatively affect the quality of products and the
justification of the parameters of the sewing machine
seem relevant for all cotton-growing economies.

Keywords: saw blade, saw gin, grate, working
chamber, fiber, seed, linear velocity, friction force,
elasticity, viscosity.

Jlallazy, aMMo Oy Xo0J//ja THLI XaM, TOJIaHU
WJINO ostuil XaM 6yamangu. Y 90° na 0 ra TeHr
6yJsica, Oy XoJJla TabCUP KYYUMHUHT paju-
ycra TMK TeKHUCJUKAArd NpoeKLUsCU HOJITa
TEeHT 0y/1M6, TUIIHUHT TOJIAHU TYTUO TYpHUIL
XYyCyCUAATH HYKOJaAU. THII KUSJIUTUHUHT
aMaJijJari KuiMaTu paauycra HucbataH 40°,
YHTa THK TEKHUCJUKKa HUcOaTaH 50° HU Tam-
KW Kuaaay. by kuiMaTt TUIIHUHT 3,46 mm
6ysradH GaslaHJJIMTMHU TabMUHJIA0 Gepaau
(Madumarov, Jurayev, & Yuldashev, 2022).

MaTepuas Ba MeTOAJIap

TapgkukoTsap HamaHraH TYyKMMaduJIuK
CaHOATH UHCTUTYTUHUHT “TYKUMauUIUK TO-
Jlajlapy MyXaHAUCJIUTH’ Kadeapacu KOULIU-
faru “Cotton Engineering and Technology”
JlabopaTtopuscuzia oaub 6GopusiraH. Taxpu-
6asiap KocoHcoit Ba TypaKypFoH maxra To3a-
Jlalll KOpXOHaJlapu/Jia CUHOB/JAH yTKa3UJIUO,
acoCJIaHraH.
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TagkukoT o6 bekTapu cudpatuga Kocon-
coll maxTta To3ajsam 3aBogugaru 4/11-130
appasiv UH Ba TypaKyfOoH maxTa ToO3aJall
3aogugaru 4/111-130 appany XuHJIap TaH-
JIaHUO, yH/Iar¥ HYKCOHJIap Ba appa THUILHU Na-
paMeTpJiapy YpraHUIu.

TagKUKOT HaTHKaJIapHu

Appa Tvy napamMeTpJIapUHHU acocaalaa
appa TUIIMHUHT paldoOHaJ OFUIl Gypdyaru-
HU aHUKJIall YYyH, OUpUHYU HaBOAT/AQ, THUIL
OaJlaHJJIUTMHU KaHJ[al KUWMaTraya TyIllu-
pUIl KepaKJUTHHU 6uauil Jjo3uM. KOkopu-
Jla THULIra WJAIITaH ToJiaJap KaJWHJIUTU
TaxJ/IMJ KWJIWHraH/Ja, YHUHT TOJIaHU WJIHUO
OJIMII XYCYCUAATU Ba HNUIUUKJIWIUHU Tab-
MMUHJIaraH Xo0J1/1a, TUll 6aJaH/IMTUHY 2 mm
raya nacalTUpuil MYMKHHJUTU OUp Heya
OJIMMJIADHUHT TaJKUKOTJapuJa auTuJIraH
sau. llly HyKTau Hasap/aH, TUII GasaHAJ/IU-
rd 2 mm KabyJ KUJUHUO, YHUHT KUSJIUTH
aHUKJIaH[ Y.

Appanu KuHJApJa >KUHJALI >KapaéH-
JIApUHM aJlabuETJIap OpKa/iv YpraHUll IyHU
KYpCaTAUKH, >KHUHJALl caMapaJopJIUTrMHU
OIIMPHUII XOMallé BaJIM'M 3UYJMTU OpPTHU-
mura onub kesnagu. by aca, ¥3 HaB6aTuUAa,
MaxCyJIOTHUHT cUdaTUHU EMOHJALITHpA-
AU. ByH-IaH KypUMHaAWKH, XOMallé BaJu-
TMHUHT 3UYJIMTU appaju AUCK TUIIJIApUTa,
appa TUII-JIapy 3Ca YUTKUTra TabCUP 3Ta/]H,
HaTWKaZla ToJla Ba YUTMTHUHI LIMKACTJIa-
HUIIKM opTagu (Sarimsakov O. 2021). byn-
Jla 3UYJIaHUII Maccacu 0eBOCHMTA >XKHUHJIAII
30Hacula UKKU Oapobap kymasgu. By aca
KMHJIALI KapaéHUJa HYKCOHJIAp OpPTUIIMIa
cabab 6ysagu (1-xazBasn).

Kunnaw 30HacuAa ToJ1a IMMKACTIAHULIU -
HUHT OPTHULIY XOMallé BaJIMT'Y 3UYJIUTH OILHU-
1Y OUJIaH OOFJIUK.

Tuwm yyupary Kyd Tes/IMK HyHaJMAIIMJA
yJIYaHraH/Jia, YHUHI KMKMMaTH IIYHU KypcaT-
JIMKH, XOMallé BaJJUTMHUHT 3U4JIMTH OPTULLU
OuaH Ky4HUHI KUMHMaTH MOC X0J1a XOMa-
1€ BaJIMTMHUHT SHT KUYMK 3udsuruga 25 H,
XOMalll€ BaJIMTMHUHT ypTada 3udanruza 42 H
Ba XOMalllé BaJIMTMHUHT HOKOPHU 3WYJIUTH/[A
67 H vy tamkuna atau (Sarimsakov O., 2018).
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1-xaaBaa
Xomalué Banuru xonatu 3uunuru, krim® MexaHuK WwKKacTnaHraH Tonanap, %
[actnabku 72,8 2,0
Xomawé BanurngaH yTraHugaH CyHr
3ny 94,2 25,5
Ypraua 82,4 18,5
Byw 70,7 9,0

By, anb6arTa, KaTTa HOK/JIaHULLIAp (fKKa
TOJJAHUHI HUCOUM MyCTaxXKaMJIUTHra HHUC-
6aTaH) xaM/ia appa THUILIU Ba KOJIOCHUK 103aCU
cudaTy EMOHJIAIIUIIY, TOJIA CUPATH KUAJUN
HIMKACTJaHUIIKM Ba 6ab3d XoJ/uIapa o3a-
HUHT EMUPUJIMIINTA 0JIU6 KeJTUIIN MyMKHH.

Bab3u TagKUKOTYMJIAPHUHT (PUKPHUYA,
Y3WITaH ToOJIa KYPUHUILIUJAATH HYKCOHJAp
XOCHJI OyIMIIKMra acocui cabab appa ro3acu
TEKUCJUTY OMJIaH KOJIOCHUK KYHJaJIaHT Ke-
CUMH OpaJIMFUJaru MacopaHHUHT eTapJinya
oysamacauruaup. fAbHH HyKCcOHJap appa
JUCKM OWJIaH KOJIOCHUKJAp Opacujaru
TUPKULI (3a30p) MapKas/allTUpUJIMaraH-
JIUTK cababsiu ro3ara kesagu (Sarimsakov,
Kurbanov, Yo’ldashev, & Jurayev, 2022).

BbupoK appa TULIM Ba KOJIOCHUKJIAp Opa-
JIUFUra TOPTUJITAH ToOJIaJlap COHU MOC KeJ-
MacJUrd MYMKHWH, YYHKA THPKHUIAA 6Up
BaKTHUHT y3W/ia OMp He4yTa TULI OUJIaH TOp-
TUJITA@H ToJIajap OVIuiy MyMKuH. LlyHu xu-
cobra oJiraH xX0Ji/ia, appa THULIA KAJUHJIUTH-
HUHT palMoHa] KHUMaTUHU TaHJALI ToJara
Ky4 Ta'bCUPUHU Ce3UJIapJiM JapaXkaza KaMau-
TUPHUILLI OMJIaH GMpra yHUHT IUKACT/IaHUILIU-
HU KamauTupagu (Sulaymonov, Inamova, &
Yuldashev, 2022).

TagkukoTAa appa TUIIM NOPOPUIUHU
TaKOMUWJJIAIITHPUIL OUJIaH GUprajvkja TUIL
appacy MINYM 03aCMHUHT CHUPATHUHU MNaxXTa
ToJ1acu cudaTrra G0FJIMK/IUTH Ba TUIIHUHT €H
103aJ1apy TO3aJIUTU 6-7 Kjacc opaJufuza yp-
HaTuagW. Hamyianran ToslacMMOH MaTepuas-
HUHT 9HT SIXIIM KYPCAaTKU4YW XPOM EKH TMOJIH-
Mep OUJIaH KOIJIaHTaH fo3asap/a Ky3aTHUIH.

CHHOB BaKTH/Ja *KHUH appacH ULIYU 103a-
CM €H TOMOHJIAPU MOCJALIUII WUHTEHCHUB-
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JIMITUHUHT KOJIOCHHUK OWJIaH appa opacu-
JlaTu TUPKUII (3a30p) yyamMura GOFJIUK-
JIUTU aHUKJaHAU. TUpKULL, V3 HaB6AaTU/A],
appaHUHT y3u OYH/aab TUTpab aiaHu-
1Y, YPHATUII HOAHUKJIMTH, appa BaJUIU-
HUHT TUTpaUy Ba 6olKa cababsapra 60F-
JuK (Sulaymonov, Inamova, & Yuldashev,
2022).

ByHJla MIIKaJaHUII appa TUIIWUHUHT
€éH TOMOHJIapuJa dakaT TOJAaCMMOH Macca
6uJiaH 6y/1aguraH 6yJica, y x0/1/1a EMUPHUIHUILL
y30K BaKT Opa/Iufuja KysaTuaagu. bupok
TUII EH TOMOHJIapyW OWJIaH appad JAUCK-
HUHI MapKasJallTUPUJIMaraHjurd yu4yH Ko-
JIOCHUKKA TerajuraH 6yJjica, Te3 eMUpPHUJIUII
coaup 6ynaju.

’KunH appacu Ba KOJIOCHUK ML 30HaJapu
OpaJIMFUJIard TUPKULIHUHT YJAapPHUHT €MU-
PUJIMLIY HATUXKACU/ja OPTULIM KM H KypHUJIMa-
CUHUHT MHCTPYKIMAA 6e/JIrMaHraH MIiall
PEXUMUHU TabMUHJIaK onMaiu (Tursunov,
Yuldashev, & Madiyarov, 2022).

AHru 3aMoHaBMM I©axTa ToO3aJjall Ma-
IIMHACUHU fIpaTUII Ba aMaJlaTMCHHU TaKo-
MWJUIAIITUPUIIHMA Ha3apui Ba aMaJlUd CHU-
HOBJIApCH3 aMaJsira omupub 6yamanau. bup
KaTop MyaMMoJlap MaBXYJKH, YJapHU Oy
6ockuyga ¢dakaT Hazapuil Uysa O6uIaH xaj
3TULI UMKOHCHU3. lllyHUHT y4yH 3aMOHaBUH
ycyJuiap épAaMuzia TaXpuba-CUMHOB UILJIapH-
HU YTKa3UII MaKCa/ira MyBOQHUK,

II.T. 9prameB appa THIIU OJIF KAUPpaCU-
HUHT appa pajuycura HucbaTaH ofull Gyp-
yard pauuoHa/J KUMMaTUHU TONMII Gyirya
M3JIaHUILLJIap 0J1M6 6GopraH.

1-pacMpa appa TUILLLIapy OGUJIaH KOJIOCHUK
y4palluil 30HaCH CXeMacH KeJITUPUJITaH.
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cudpaT KypcaTKH4YJIAapUHU MaKCcUMaJa Ja-

paxxaja cakjab KoMl XaMmMJa appajapjaH

doijanaHu pecypcuHu 2-3 6apobap ouu-
KOJIOCHHK pull y4yyH appa TUlLIapyd 6GaslaHAJUTUHU
2 mm Ba appa TUIJapUJaH ToJaHu Kado-
appa JIATJIM €416 oML XaM/ia OYHUHT YUyH capd-
JIaHaIUraH 3Heprus cappuHU KaMauTUpPHUIL
Y4yH appa TULLJIAapHU 0J1], KHPPaCUHUHT appa
paauycura Huc6aTaH ofuil GypyaruHu 20°
ra keatupui j03uM (Yo’ldashev, Xoshimov,

1-pacm. Appa THLLIAPU 6U/IaH KOJIOCHUKHUHT & O'rinboyev, 2021).
y4Ypamum HyKTacu

Appa Tuuiapura ujialliraH ToJia TyTaMu
MyBO3aHaT TeHIJlaMacura Kypa, appa THIIH
0J17, KUPPAaCHMHUHT KOJIOCHUK OWJaH y4dpa-
U 6ypyaru 6 > 2° 6y 1uiu, 017 KAppaHUHT
appa pajuycura Hucb6aTaH OFUll OypyaruHu
3ca y = 20°raya kaMaWTHPHUII TOJIAHU aXKpa-
THUILI >KapaéHU KypcaTKuuJapura cajbui
Ta'bCUP KypcaTMac/JWUryd, aMMo TOJIaHU appa
TUIIJIAPUJAH e4ub osvlIJa 3Heprus capdu-
HU KaMaWTHUPUII Ba TOJIAHW THULLJIApJaH Ka-
dosaTad e4yub OJIMIIHU TabMUHJAIIM Tab-
kuanab ytuaras (Yo'ldashev, 2022).

Okopugaru ¢ukpaapiaH Keaub YHUKHUO,
y3 UMIIKMMU3A TaAKUKOTUYMJApP TOMOHHU/JAH
TabKU/Jab yTWUAraH 2 Ta camMapaHd Oup-

2-pacMm. Tuiu 6a/1aHAJIUTY OyiiYa YHUHT
KUSAJIMTMHY TONHUII CXeMacH

JIAUWITUPUO, YMyMHUNA caMapaZlopJIMKHU sHA- 2-pacM/iaH Ky#iunzaruiap MabiyMm 6ynaau:

Jla OUIMPUIIHU TABCUS KUJIAMH3: appa TH- cosy =h/a; cos(y + a) fh/B' (1)

HIapy épJaMu/jia naxra YMruTH JacTaabKu Cunycsap Teopemacura Kypa:
sin(90+y)/B=sin(90- vy - a)/a =sina/c; (2)

KenTupuiu TeHrsiamanapura kypa: sin(90+y) = cosy.

a = 20°6ysicuH. Tum Kagamu y3rapmaiau: C=3,59 mm; Tvi 6asasHiuruau h = 2 mm J1e6
Kaby.J1 KUJICAK:

Cosy =2/a; cos(y+20) =2/B; cosy /B = cos(y+20)/3.59 = sin20/c =>

cosy /B =sin20/3.59 =>cosy=0.095B=2/a; 2/B = 3.59x0.34/3.59 =>

2/B=0.34=>B=2/0.34=5.88 mm =>a=2/(0.095x5.88) = 3.58 mm

=>7y = arccos (0.56) = 0.98 = 56.20 éku pajiuycra TUK TeKMCJIUKKA HUCOATaH oyiranza, 90-
56.2 = 33.80. Ty opKacMHUHT ofu1lH 3ca 39.9+20 = 59.90.

Tumiap opacugaru MaijoH [epoH TeHIVIaMacura Kypa:

S=V(p(p-a)(p-B)(p-c)) =
=V(6.525 (6.525 -3.58)(6.525 -5.88)(6.525 -3.59) ) = 5.98 mm2
Apum nepumeTp p= 0.5(3.58+5.88+3.59) = 6.525 mm
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Tunuiap opacuparu MmanzgoH 'epoH TeHr-
JlaMacura Kypa:

S=/plp - —-B)p-0)=

=/6,525 (6,525 — 3,57)(6,525 — 5,89)(6,525 — 3,59) = 5,99 mm?

Apum nepumerp:
e = (St /S)x100% = (0.25/5.98) x100% = 4.18%

Tosia TyTaMUHUHT appa TUILLJIApU OpacHu-
JlaTM MalJJOHHUHT KaH4ya KUCMHUHU 3rasJa-
IIMHU KypcaTyBYM K03$PULMEHT e Kyhuja-
ruya aHUKJaHULIM MYMKHH:

e=(S,/5)x100% = (0,25/599)x 100 % = 4,17 %

Amanparu Bapuantia 4,03 % 3au. bus-
HUHT BapuaHT/a 4,2 %ra omad. AMMO THUII-
Jlap opacujard MaijoHJaH ¢oHaasaHUI
JlapaaCMHU OIUMPHUII Y4YyH sIHA KaTTa 3a-
XUpa MaBXy/AJIUTMHU aUTUO YTULI JIO3UM.

Appa Tuuiapu 6aJaHAJMTUHAHT KaMai-
TUPUJIMIIM Ha3apuM )KUXATJAH y TOMOHU/IAH
WJINO OJIMHAJUTaH ToJlaJlap COHUHU KaMaW-
TUPMaNUJH.

[laxTa TOJIACHHUHI KOJIOCHUK NaH»apa-
CU OPTUJArd XapakKaTu KOHyHUSITUHU Kypuo6
YMKaMHU3. 3-pacM/ia naxTa TOJIACUHUHI KO-
JIOCHUKJIM NIaHXapa OpTH/iaru XapakaTH cxe-
MacH KeJITUPUJITaH.

3'paCM. [TaxTa TO/JIACUHUHT KOJIOCHUKJIU
MaH>XKapa OPpTHAAlrd XdpadKaTU CXeMaCHu

YHra kypa, appa TUllJIapura WJIUHTaH
ToJIaJlap appa éilu 6yiiab XapakaTJyaHa 60-
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pub, ToJIaHU appa TULLJIApPU/aH e4ub 0JIyBYU
KypHJIMa TabCHUP 30HAcuUra Kupagu. Aupum
AKII »xyHIapyia 4y TKaIY e4uil KypyaMasa-
pu “uiaTunaagu. bolkanapuaa, yHUHTJEK,
6apya Maxa /UMM )KUH MallMHaJapuja XaBo
OKMMH OMJIaH MILIJIOBYM TOJIA €4U LI KypU/IMa-
jgapu KyssnaHaau (Yuldashev, Abduraximov,
Inamova, & Mirgulshanov, 2021).

[laxTa TOJIACHHUHT KOJIOCHUKJU TaH-
»Kapa OpTUJArd xapakaT TpPaeKTOPHUSCUHHU
[II.T. dprawes KyJjaraH Hasapus acocupa
KYpHUb YMKaMu3.

4-pacM/ia ToJ1a TYTAMUHUHT appa THUILLIA-
pU/ia KOJIOCHUKI/IM NaHXapa OpTUAAary Xapa-
KaTH XMCO00O cxeMacH KeJITUPUJ/ITaH.

A\
=

4-pacm. Tos1a TYTAMUHMHT KOJIOCHUK
OPTHAATH XapaKaTH XMc06 cxeMacH

[laxTa ToJlaCMHU TYPTOYpYaK KecuMra ara
o6ysran L y3yHJuKJaru npusma Jebd Kaoyu
KWJIAMU3. Y m - Maccara, | - appa TUlLLIapura
HUCOaTaH MHEpLUUs MOMEHTHUra, t - KaJlMH-
JIMKKA 3ra OYJICUH. YHUHT 3THUJMIIUHU XU-
cobra 0JIMaliMM3, YYHKHU X0/JMCaHU BaKTHUHT
Ky/la KHYUK OpaJIuFU Y4yH KypaMu3 Ba OyH-
Jlary KyJla KHYUK MUKJOpPAArd srujuil axa-
MUSATrA 3ra 3Mac.

Appa paguycu R Tosa y3yHJAWUTUAAH
10 6apob6ap karTa. llly xosaT yuyyH GouLIaH-
FUY X0J1aT/,a TOJJAHUHT OFUPJIMK MapKa3Hy pa-
JIMYCMHU appa pajuycura TeHr Aeb oJlaMus3:
p = R. Tosa oFup/IMK MapKa3y YHUHT y3yHJIU-
TMHUHT 1/4 6ysarura Tyfpu Kenaju. ByHJa
OFUPJIMK MapKa3ura Mapkas/aH KouMa Ky4
Ba a3pOJJMHAMUK KAPIIWJIWK KYYUHUHT TEHT
Ta'bCUP 3TYBUYMCU KyHuJITraH J1e6 dapas Kuia-
Mmu3s. lllyHra kypa:

P =mw’p~mw’R (3)

F =cw? p* = cw’R? (4)
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TosaHnuHr appa paauycura HUcOATaH
OFUII OypyarMHUHT aMasJlatu KUNMaTHu
O YHUHT OFfUPJMK MapKasuJaH KeWHHTH
KUCMUTa TYFPU KeJaJuraH KuiMmaTu o' 6u-
JIaH Kyiuaaruda 60faaHuIIja:

Lsina
2VR2+0.25L2 —RLcosx ()

al =0+ ¢ = o +arcsin

P_Ba F, Kywiap WMFUHAM BEKTOPHUHUHT
WYHaAJIUIIN Y OypYaKHUHT KUMMaTUTa OOFJIUK;
arctgmw?R m
= ———— =arclg — 6
14 mw?Z2R?2 g cR ( )
NurrH U Kyd BeKTOpU P appanu quanHAp
Oyp4Yak Te3JIurura 60f/MK sMac:

P = w’Rvm? + c2R? (7)

[llyHpai Kuin6, ucTairaH BakT OpaJuFuia
TOJIa TyTaMHWra YHUHT YKUra HUc6aTaH 3 6yp-
YaK OCTH/A UYHAJITaH Ky4 TabCUP KypcaTaAu:

T m
B=y+ at— -=—arctg—+a' +
2 cR
. (8)
. Lsinx T
+ arcsin - =
2VR2+0.25L2—RLcosx 2

#0 6y1ca,Tos1a TyTaMU MyBO3aHaTra KeJl-
Maiu. P Ky4yHH 2 Ta TallKWJ 3TyBYMUTa aXKpa-
TaMu3. BUpu ToJsla TYTaMUHM Yy3ULITa UHTH-
JIyBYU Oyi1aMa KyY:

P, = Pcosf3 (9)

WKKHWHYKCH, ToJia TYyTaMWHH MYBO3aHAT
XO0JlaTura KeJITUpulira MHTHUJIYBYU TAHTE€H-
oraJ Ky4.

P =Psinf (10)

Jlanambep npuHUUINWra Kypa, ToJa TyTa-
MUHHHI MYBO3aHaTra KeJIMIIWra HWHepIys
Ky4JIapy MOMEHTH KapUIWJIUK KypcaTaau:

dz I
M=-1"2 = -] « (11)
XaBOHUHI KApILIUJIUK Ky4U:
M = Cv('x2 (12)

Arap ToJIaHMHT appara UJIMHTaH HyKTacH-
ra Hucb6aTaH OJIMHIaH MOMEHTJIap CyMMacHu
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HOJITa TeHT 6yJica, ToJ1a TYTaMU MyBO3aHaT/a
oyiaau:
SM="24Mv—M=0 (13)
ToJsia TyTaMy OFUPJIMK MapKa3WHUHT Xa-
pakaT KOHYHHU KynuJaruya:

. Lw?RVm+cR? _,
J <" +C,a%+ Tsm{

1_ m
a arctg e +

=0.

+ arcsin
2VR240.25L2—RLcosx 2

Lsin T }

Exky yHu KyWugary KypuHHMINTa KeJTH-
pHUILI MYMKHH:

d?ux .2 Lw’RVm+cR? 1 m
Jdt2 = C,a” + ” sinja* — arctg CR+
+ arcsin Lsine —E} . (14)
2vVR2+0.25L%—RLcosx 2

By Tenrsiamanusr ll.9prames TeHriama-
cuJiad GapKu LYHJAKH, YH/AA XaBOHUHT Kap-
IIWJIMK Ky4YY XM COOra OJIMHI'aH Ba TAHT€H LM aJl
KY4 eJIKaCcH ToJla y3YHJUTUHUHT 1/4 KucMura
TEHT OYJIraHU YYyH TEHTJIMKHUHI YHT TOMO-
HUJIaTU KYIIWJIyBYMHUHT MaXpaXky 4 ra TeHT.
OJIMHraH KOHYHHUAT 2-Jlapa)KaJli HOYM3UK
nuddepeHiipa TeHraaMa 6y1u6, yHU aHaIU-
THK ycyJijila euu6 6yimaiigu (Axmedxodjaev,
Xodjiev, & Abduvoxidov, 2020).

TeHrsiama KkoMnblOTEpAa KyWuJaru napa-
MeTpJiapaa Maple 2020 pgactypu épaamuja
COHJIM YCyJ/la €YUJM Ba Tax/IWJ KUJIUHJU:
m=3,14; 2,512; 1,884 * 10° kg ; L =33 * 103
m; c=0,2*10"kg/m; R=160 mm; w =76,4c.

Taxqinan HaTWXKasapu 5-pacMZia KeJsTHU-
pUJITaH.

IOKopuparusiapra Kypa, naxra TyTaMu
JlacT/IabKK x0J1aT/la appa pajuycura Hucba-
TaH 1,57 pasuaH 6ypyak ocTH/a »KOM1alIuo,
BaKT YTHUIIM OWJIaH MapkKa3JaH KouMa Ky4
TabCUPHU/A appa Y4YJapUAaH yTraH aujlaHara
HUCOaTaH TebOpaHMa XapakaT KWJraH X0J/1/a
CUJDKUO O0paju, IbHU appa r3acu/jia TUKJIa-
Ha 6opazu. byHsa Tos1a TyTaMu MacCaCUHUHT
KuiMaTu m = 3,14 * 10 kg appasu >KUHHUHT
coatura 10 ToHHa, m=2,512 * 10 kg 8 ToH-
Ha, m=1,884 * 10 kg 6 ToHHa HII yHyMHUTa
TYFPU KeJIa/Iu Ba UILI YHYMU XaM/Jia yHra MoC
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paBulJla TOJIa TyTaMHU Maccacu KaMauuo
O6opraHu callH HUCOATaH Y30KPOK BaAKT/a,
KaMpOK, 4acToTa OWJIaH TeOpaHraH XoJija
TUKJIaHaH.

[274

rad' 1
2251

151
0.75 +

+ + t + + + t t,sec
0.005 0.01 0.015 0.02 0.025 0.03 0.035

&,
rad
2251

2

1571

0.75 1
t + t + + + t t,sec
0.005 0.01 0.015 0.02 0.025 0.03 0.035

o,

rad

2251

3
1571

0.75

+ + + + + + + t,sec
0.005 0.01 0.015 0.02 0.025 0.03 0.035

6-pacm. [laxTa TyTaMu OFUP/IMK MAapKa3UHUHT
KOJIOCHUK NaH>Kapacu OPTH/aru xapakaTuHu
YpraHvil HaTHXKaJIapHu

By epfa wmy xosiaTra ajoxuja 3bTUOOp
KapaTull J03UMKH, appa 135 rpaayc y3 yku
aTtpodujila alyiaHraHja, S’bHU OWUTTa appa
TUIIW KOJIOCHUKJIM MTaHXapa/laH XaBo COIJIO-
cura eTub KeJraH/a, KaH4a mMaccara ara 6yJi-
MacHH, ToJia TyTaMu 3/4 6yiura TUKJIaHaau
Ba appa alsiaHacuzaH Tamkapura l = L/2 cos
(m-B) = 32/2 * cos(3,14 - 2,3) = 16 * 0,67
~10.7 mm 4yuku6 KoJsiagu. busra MabJayMKH,
XaBO COIJIOCH OWJIaH appa opacuza 1-3 mm
Macoda 6ysaau. by xosaT myHU aHraaTagu-
KM, TOJIa appa THULLJIapura ypra KUCMHUJaH
WJIMHTaH XoJiaTaa xaM 7-10 mm 6asaHIJIuru
6uJiaH comJiora ypuaa/u.

Appasu )KuHJauJa ToJa TUIITa Xap J0UM
XaM ypTa KUCMHU/IaH UWIMHaBepManau Ba Te3-
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JIMK Ba HIIKAJAHUII XHWCOOWra 4YeTJ/IaHHULI
6yiraHzia, TOJIAaHUHT OMpP y4U TOJIAHUHT IpUM
Y3YHJUTHAAH KyNpoK Macodasa appajaH
yeT/JalaJu XaMJa KaTTapoK Y3YHJMK/AA CO-
nJiora ypuaagu. by xosaT appaJiu )KuHIau/a
ToJsIa cudaTU EMOHJIALIYBUTA OJIUO KeJyBYU
sHa GUp OMUJI AaHUKJAHTAHWHH KypcaTajH,
YYHKWA YUTUT/AAH aXpasITaH ToJsa TyTaMu 12
m/s Te3JIMKKa 3ra Ba y 111y Te3JIMK OMJIaH XaBO
comiocu fAeBopura ypuaanu. llyHpgaii Tes-
JIMKJAa NyJlaTAaH TalhépJiaHraH XaBO COIJIO-
cura ypuwiraH naxTa ToJlacHMJia HYKCOHJap
103ara KeJIMIIY Typrat ram. JKuH/aHrad toJia
TaHacuja JAapsJsap najo O6yauimu xamja
YHUHT y3uJuIIura caba6 6yyaéTtraH OMUJI-
Jlap KaTopura 0y OMUJIHM XaM KYIIMII Ke-
pak (Axmedxodjaev, Xodjiev, & Abduvoxidov,
2020).

XaBo COMIOCH XyAyiUra Kuprad, naxra To-
JIacH COIJIOZIaH KaTTa 60CcUM O6HUJiaH MypKaJia-
€TraH XxaBo OKUMMTIa Ay4 KeJlaJu. 7-pacMaru
CXeMa/la XaBO COIJIOCH KypHUJIMacu KeJTHU-
puiraH 6yau6, yHAa XaBO OKUMHU KaTTa 6o-
CUM OMWJIaH LWJIMH/DP WaKJAWJaru HyHaaTup-
I'd TeNacu/iaru TUPKULIZAH appa THILJIapH-
ra nypkasiazu. [laxra Tosacu 6y 30Haza appa
TULLJIApU 6uJaH 6up xua — 12,0 m/s Te3nuk
OuJiaH XapaKaTJaHa/U.

appa

COILT0
(Hau4a)

7

TOJ

7-pacm. [laxTa TOJIAaCHHUHT XaBO Hal4yacHu
XYAYAUJArd XapaKaTu

[lypkasaéTtran XaBO  Te3JIMTH  3Ca
50-60 m/sHu Tamkua Kuaagu. byngai tes-
JIMKJAT¥ XaBO OKMMHU KaTTa yJI4aMard ToJja
YUKUII WyJIarura nypKajraHza, 3»)KeKLus Xo-
Jlicacu ro3ara KesjaJu Ba Oy OKUM Y3 aTpo-
dugaru xaBo KaTJiaMJIapUHU Y3Ura uallTu-
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pub, KaTTapok ya4aMjard XaBO OKUMHUHHU
XOCUJI Kusaau. by okuM, ¥3 HaB6aTH/ia, appa
TULLJIAPUJArd ToJIaJlapHU Y3Ura uiaalTupa-
JI1 Ba yJIADHUHT Te3JIMTMHU 6Up Heya 6apo-
6ap omupaau. Hatuwxkaza Tosanap Tuuliap-
JlaH Kypa KaTTa Te3JIMKJa XapaKaTJiaHuo,
TULLJIAp/iaH aXkKpaJsaZid Ba XaBO OKUMHU OUJIaH
6upra 4YMKMUII Wyjarura Tywaju Xamja Ly
hynak 6yhiab xapakatJyaHa 60pub, appaau
KUHJaH YU KA/U.

[laxTa TOJ1IaCMHM appa TULLJIApU/LaH e4Uuo
OJIMIU KapaéHWHU YyKYPPOK, TaXJIUJ KUJIHUII
y4yH 8-pacMra MypoxkaaT KuJaMu3s. by epaa
TOJIAaHW appa TUULJIApU/JaH e4ub OJIMII >Ka-
paéHura Kyiuaard oMuJ Ba Ky4Jjap TabCUp
KypcaTaJu: XaBO COMJIOCHJAH NypKaaaéT-
raH XaBo Te3JIMI'M ¥ Ba YHMHT HaTHXacuja
103ara KeJyBYM as3poJMHAMHUK KapLIUJIWK
Ky4yu F, T 6amaHgauru h, TUIITHUHT OJI/
KUppPacHHUHT paguyc R ra Hucb6aTaH oFuvll
Oypuyaru y, appa THUILIM l03acd Ba ToJia Ty-
TaMH OpacH/iard uilKajaHuu Ky4u F, Tosa
TYTaMUHUHT OFUPJIMK Ky4u G Ba MapKasjaH
Kouma Ky4 F .

8-paCM. ITaxTa To/1acu TYTAMHWHHUHI XdBO
COIlVZIOCH 30HACHJAr'u XdpaKaTHu

TaagKUKOT HaTHKaJIapH TaXIUIA

Tosia eyn6 oNMHUIIM Y4YyH appa THULLIA-
pU/ia WIMHTaH TOJIa TyTaMU TUIIHUHT OJI]
103acu 6yiuYa xapakaTJaHULU Kepak. llyH-
ra kypa, X yKu 6yinu4a MyBo3aHaT TeHIJlaMa-
CUHHU Ty3aMu3 (8-pacm):

mx"=YF, (15)
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By epga }F, - Tosa TyTaMWHM THIIJaH
YHMKApPHUIITa UHTUJIYBYU Ky4/1ap UMFUHUCH.
TeHr/laMaHu 2 MapTa UHTerpasijiacak,

(16)

By epaia v - To/1a TyTaMUHUHT 60LIIaHFAY
Te3JIUTH; t — BaKT.

mx' = % YE t+v,

mx'= % YF e +yt+x, (17)
By epzia X - ToJ1a TYTaMUHMHT GOIIJIAHFUY
KOOpJHUHATaCH.
Bouanfuy wapTtaapra Kypa: t=0 => x=0,
v,= 0, X,= 0.
Y xo/s11a ToJIa TYTAMHUHUHT KY4YUIIW TEHT-
JlaMacu Kyuuarvuda 6yiau:
x = — (E, cosy — Fosiny — Fi)t?— — (mv—2
2m 2m R
cosy — kvysiny — Fi)t?

t=t, 6ysiranjia, ToJa TULIJAH YUKAH, 1€
KabyJ1 Ku1aMu3s. Y XoJ11a, TUIIJIaH TYJIUK YUKUO
KEeTHUI y4yH ToJia x=I MacopaHu 60cub yTUlIN
Kepak. [ — THLI 017 KUPPACH Y3YHJIUTH, M.

Ty o KUppacH y3yHJIUTM cxeMara Kypa
KyWHJaru TeHrjaMaZiaH TONUJIa/iu:

[ =h/cosy

Tosia TUIIHU TapK 3TTyHUYa capdiaHaau-
raH BakT Kyluaaruia TONu/aaiu:

t = 2_ml_ 2mh
e YF B Y. Fy cosy (18)

Tona TYTaMHWHHU TULIIAAH YUKAPHUIITA UH-
THUJIYBYHM Ky4J1ap ﬁHFPIHAIdCI/IZ

XF,=F cosy-F siny-F,

Y xonpa:

t = 2mh 2mh
! Y. Fy cosy (Fcosy—Fq siny — Fi)cosy)

Mapka3sjaH KouMa Kyd udojacu Kyuuaa-
I'Y KypUHULIJA 6V1aau:

(19)

2

v

XaBo COMJIOCUJAH MypKaJaéTraH XaBo-
HMHT a3pOJIMHAMUK TabCUpP Ky4uH F_Kyhunja-
I KypUHHUIITA 3Ta:
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F =kv, (21)

Appa THIIM 017 KUppacy O6UJaH ToJia Ty-
TaMM Opacu/iard UIIKaJaHUII Ky4u F, Kyiu-
Jlaruya TONUJIaiu:

2
Fi= Fianf = f(Fpsiny —F,cosy) = (m% siny —

—kvycosy), (22)

F,_ - appa TUIIM OJIJj KUppacura THUK
HWYHaJ/ITaH Ky4Jap UMFUHUCH.

TeHrsamasap KoMnblOTEpAa KyHHJaru
napametpJapga Maple 2020 pgactypu ép-
JaMuJa TaxJua KWIUHAW: m = 3,14; 2,512;
1,884*10°kg; h=1,3,5 mm; L=33*103m;
c=0,2*10"kg/m; R=160 mm; w=76,4c?;

OsivHraH HaTuxXxaJsap 9-,10-,11-, 12-pacm-
Jlap/ia rpadUK MAKIK/Aa KEJTHPUJITAH.

tl, S I
0.02 h=5mm ]

h=1mm h=3mm|

0.01 . —

Ny
AN
0
20 40 60 80 Y.grad

9-pacMm. Tos1a TYTAMUHUHT appa TULIM-

AAaH YUKUII BAKTUHHUHI appa TUIIM OJIJ

KUppacH OFHUII Oyp4yarura OOFJIAHUIIM:
m=3,14*10°kg; vh = 30 72 .

tl, S
0.03
h=10mm
0.02 4
h=5mm
0.01 h=1mm, h=3mm
g :
0 =
20 40 60 80 Y,grad

10-pacm. Tos1a TyTaMMHUHI appa TH-

IIHUAaH YUKULI BAKTUHUHT appa TULIHU 0J1],

KUppacH OFHUII Oyp4yarura OOFJIAaHUIIM:
m=2,512*10°kg; vh =503,
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tl, S I
0.03 h=10{‘;‘m/ /
h=5mm // /
0.02 — - v
h=lmm - e /
0.01
0
20 40 60 80 Y. grad

11-pacm. Tos1a TyTaMMHHMHI appa TH-

IIU/JaH YUK BAKTUHUHT appa TULIH OJ1],

KUppacu OFUII Oyp4yarura OO¥FJIAaHUILIM:
m=2,512*10°kg; vh =303,

tl,S
0.03
h=10mm
0.02
h=3mm h=5mm
0.01 h31mm N\
\ \\ pE
0 LY
20 40 60 80 ¥.grad

12-pacm. Tosla TyTaMMHMHI appa TH-

IIU/JaH YUKULI BAKTUHUHT appa TULIH OJ1],

KUppacu OFUII Oyp4yarura OO¥FJIAaHUILIM:
m=2,512*10°kg; vh=70"2.

HaTwxanapan KypuHUO TypuOAUKH, ap-
paHUHT OypyaK Te3JIMTU Ba UL YHYMJIOPJIU-
M YHUHT JAUMaMeTpu Ba appa THULLIAPU OJI]
KUPPAaCUHUHI appa pajuycura HucbaTaH
OFUIIl OYpYarMHUHT OLIUO GOPUIIU TOJA Ty-
TaMUHUHT appa TUIJIApU/JaH YUKUO KeTHII
BAaKTUHUHI OLIMIIMra oMb Kesnagu. S'bHU
TUUIHUHT 0J1]] OFUILI 6ypyaru KaH4a/IuK KaT-
Ta 6yJica, TOJIJaHUHT TULI OpacUJaH YMKUO Ke-
TUUIY IyHYaJIUK KUAUHIAIIa U,

[llyHUHTrIeK, COMJIOAAH YUKAETTaH XaBo
TEe3JIMTU KaH4Ya/IMK KaTTa 6yJica, Tosa TyTa-
MUHUHI appa TULIApUAAH YHUKUO KeTHIl
BaKTHU IIyHYaJIMK KaM OyJajid, ’bHU TOJIa
TULI OpacuJiaH Te3poK 4YMKU6 Ketajnu. ['pa-
dukIapAaH KypuHaAuKH, amangaru 40° gax
20° ra KeJITUPHII appasiv KUHJIALI )KapaéH!
KypcaTKU4JlapUura cajibuil TabCUp KypcaT-
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Mai/ii, aMMO TOJIaHHY appa TUILLJIapU/iaH e416
oMuIHU ocoHsamTupaau (Umarov, 2018).

[padukiappaH fiHa LIYHU KypULl MyM-
KUMHKH{, appa TULUIapy 6ajiaHJJIMId OLIK6
6opraH capu ToJla TYTaMUHUHT appa THII-
JlapuJilaH YMKUO KeTull BaKTU XaM OpTa/y,
S'bHU THIIHUHT OaJlaH/JINTU KAaHYaJIMK KaT-
Ta OyJica, TOJIAHUHT THUII OpacUZaH YUKUO
KEeTULIM MyHYaJUK KUHMHIamagu. busrada
016 GOpMJIraH TaAKUKOTJIapJa appa TULIU
6aJlaH/VIMTMHUHT OLIUIIM ToJia cudaTura
XaM CaJIOu{ Ta'bCUP KYPCAaTUILIU aHUKJIAHTaH.
lllyHuHr/ieK, appa TULLJIapH Y3yH 6yJica, appa
JUCKUJAH THUII NpoQU/JIAPUHU YUKAPHIL,
dolilasaHUI UMKOHUATH KaMasi/Iu Ba aKCUH-
ya, KaJITa TULJIAp appa/iaH KalTa THUII YUKa-
pu6, poiifasaHUIT UMKOHUSTUHH OLIUPA/H.

OJIMHraH HaTWXalapJaH XyJjoca KWW
MYMKUHKH, appa TUULIapU OasaHAJMTMHU
nacaTUpUII Ba TUIJIAP 0JI KUPPACU OFHUILL
OypyarvHd KaMaWTHpHUII appa THIILIapHU-
JlaH ToJIaHU KadoJiaT/Ju e4yub OJIMIIHU Tab-
MuHaangu. llyHUHTZEK, NaxTaHW appau
»KMHJIALI jKapaéHW caMapaJlopJIMTMHU fIHaJia
OLUMPULI TAaXTa YUTUTHU Ba TOJACUHUHT JACT-
JIabKkU cudaT KypcaTKUYJApUHU MaKCUMaJl
JlapakaJia cakJ1ab KoJIMII xaM/ia appaJsiap/aH
doiananuin pecypcuHu 2-3 6apobap ouiu-
pHll, IYHUHT/ZEK, XKapaéHra capdJiaHaiuraH
sHeprus capPUHU KaMaUTUPHUII UMKOHUHHU
6epazu. lllyHra kypa, appa TulLiapu 6aaaH/i-
JIUTUHU 2 MM.Ta, 0J17, KUPPaCKHUHT appa pa-
Jdycura Huc6ataH ofumn oypyarunu 20° ra
KEeJITUPUIL TaBCUS KAJTUHA/H.

XyJs10casap

Appa TULIapura naxrta ToJajJapy UiINHU-
11U ’KapaéHW YpraHW/raH/a, ToJla Y3YHJIUTU
appa TULLIApU YJI4aMuJaH 6Up Heya 6Gapo-
6ap KaTTa 3KaHJUTA OOUC TOJIAHUHT appa
TULLJIAPU IOKOPU KUCMUra WJIalnb KOJIMIIU
XaMm/ia ToJIaJIJapHUHT y3apo Yasikauub, 6uTTa
TULITA UWIMHTAH TOJAHUHT KEHUHIY TUILIAP
WIIYYU F03aCUHU TYCUO KOJUIIM OKUOaTHU/A
appa TUIJIADUHUHT ToJIaJJapHU UJIKMG OJIMILI
KOOWIMATH HYKOJMUIIM cababsyd appajiu
YKUHJIALIJIary MUl YHYMU MyalsH 4yerapajiad
OLIMACJUTUHU KypCaTAHU.

Appanu KMHJAIl KapaéHW MUl YHYMU-
HU OLUMPHULI YYyH appa THULLJIAPU YYUHU €H
ToMoHzAaH 0,1 mm rada yapxJjaul, appa éuu
y3yHJaury 6yinda 0,1 mm KaJUHIUK Gepull
Ba KUppaJIapUHU TYMTOKJALITHUPHUII UYIU
6usaH appa yuuHd 0,1 mm paguycaa roma-
JIOKJIalll OPKaJIu TOJIAaHUHT appa y4ura ujaa-
IIMIIMHY 6apTapad KUIMLI Ba TUIIHKHT TOJIa
Maccaclu opacura KHPUIIMHU OCOHJIALITH-
pUILTra acoCJaHraH TeEXHUKaBUM €4HM UILJIa0
YUKW H.

MuHHaTAOpYMIMK. HamaHran TyKu-
MaYUJIMK CaHOATU HUHCTUTYTUHUHI “TYKHU-
MauMuJIMK ToOJIaJlapu MyXaHaucauru” kade-
npacu kKomujaru “Cotton Engineering and
Technology” X/K nnmuii-texHukaBui J1a6o-
paTopuUaACH XOAWMMJapUura MUHHATAOPYUJINK
oungupamus. By sabopaTtopusisard 3amo-
HaBUHM TeXHOJIOTUSAJIAp épJlaMu/ia aHUK XU-
C006-KUTOOJIAp OJIMHUO, UKOOUIM HaTHXKajlap-
ra 3puLIMJIIH.
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KUYUK YT YPIUY ATPEFTATUHUHI ULLYU
TE3JIUTU BA KAMPALU KEHITTUTUHA
ACOCJ1ALW

TowbGontaeB Myxammap ToxanueBuu,
TexHuka cdhaHnapu gokTopu, npodeccop,
naboparopusa paxbapu

Kuwnok xy>anuriuHn MmexaHusauusinail UnMMi-TagkukoT UHCTUTYTK

AHHOMauus. Hopsa Xal8oHapUHUHe
acocull Kucmu OexKOH Xy»Kaluknapu ea axosiu
XOoHaldoHnapuda bokumadu. Ymap  xalieoHnap
y4yH 3apyp OyrneaH Makkaxyxopu, b6eda kabu
O3UKa 9KUHMapuHu y3napuHuHe 0,5-3 eexkmap
ampogudazu ep matidoHnapuda emuwmupadusnap.
byHoali  ku4yuk  maudoHnaplOagu  MEXHOI02UK
onepayusinap, auHuUKca, XOCUMHU ypuul Kyn Ky4du
épldamuda amarsneza owupunadu. YyHku aHbaHasul
ym ypuw aspesamrapu Ku4uk Oanada cughamcus
uwnatou, XocusnHU wukacmaauou ea EHUFUHU
Kyn capgnatdu. Hamuxada capgh-xapaxamnap
owub, OexkoHza Monusieul 3apap emadu. Aeap
Ku4uk Oananapda KUu4Yuk ym ypuuw aespesamiapu
Kynnadusnca, O6yHOal canbul xosamnap ro3aza
Kenmalou. ByHuHe y4yH Ku4YuK aspez2amiiapHUHe
uwyu napamemprnapuHu acocrnawdek 0onsapb
MacanaHu equw manab asmunadu. TTZ-30C
Kuduk mpakmop ea KOC-2,1 ku4yuk ym ypau4ydaH
mawkusl moreaH KU4YukK ym ypaud agpe2amuHUHe
payuoHasn uwYu me3sfuau 8a Kampaw KeHerauauHu
acocnawda mpakmopnap OUHaMuKacu ea MawuHa-
mpakmop aspez2amriapuHu mysuw aHaapuHuHa
memodoroeusinapudaH (Kkyesam banaHcuHU
xucobnaw, agpesamHuHe mopmuwea KapuwunuauHu
aHuknaw) ¢potidanaHundu. TpakmopHUH2 Kyssam
banaHcuHU madKuK Kumuw Hamuxacuda yHUH2
unmorudaau Kyeeamu 8a ym ypaud MalWUHaCcUHUH2
mopmuwea KapwuiuauHuHe COH KuliMamnapu
(0,4 kW ea 1,195 kN) monundu. by kuimamnapea
2,1 m ea meHe Kampaw keHenuau ea 12,23 km/h
payuoHan uw4u mesnuau myfpu Kenadu. Tapkubu
TTZ-30C ea KOC-2,1 byneaH Ku4uk ym ypaud
aspecamuHuU OexKOH 8a MOMOPKa XyXKallUuKnapuHUHe
Kuduk ep MauldoHnapuda uwiamuuw mascusi
amunadu. Maskyp madkukomda KenmupureaH
memodornoeusinapdaH 6owka mypOasu MmexHUKa
gocumarapuHuHe rnapamMempriapuHu  acocrawoa
¢polidanaHuw MyMKUH.

ILM-FAN VA INNOVATSION RIVOJLANISH
HAYKA N UHHOBALIMOHHOE PA3BNTUE
SCIENCE AND INNOVATIVE DEVELOPMENT

Kupum

JleXKOoH Xy»KaJIMKJIapU Ba aXx0Ju TOMOpPKaA
epJlapyja Kynaab TypAaru KULUIOK, Xy»KaJuru
9KWHJIapU SKWJIaJ|, NapBapHUlLJIaHa/iu Ba Max-
CyJIOT eTULITUpUIagd. AMMO Oy epJIapHUHT
kattasurd 0,5-3,0 rekrap atpodua, SbHU
dbepmMep XyKaJUKIapU Mai[joHJIapyra HUcHa-
TaH aH4Ya KWYUK OYJIraHW y4yH LIyJAropJail,
9KUIII, KATOp Opaslapura UIJIOB GepHlll, XOCUJI-
HU UUFUALITUPUO OJIUII KabU TEXHOJIOTHK OIle-
pauusap KyJ Ky4u épaamMmuy/ia bakapruiMoK/a
(Toshboltaev & Murodova, Qishloq xo’jalik
kichik texnika vositalari baholash ko’rsatkich-
larining ratsional tarkiblarini asoslash [Substan-
tiating the rational content of the evaluation
indicators of small agricultural machinery],
2022). YyHky, OUpUHYK/IAH, KUYUK JaJiajaap-
Jla UIlJIail oJIafjuraH MUHU TPAKTOpP Ba MUHU
KypoJl1ap TapKUOHW TOP, UKKUHYK/IaH, SIHTUJIa-
PHHU COTUO OJIMUI aX0JIM YpTacujaa XU OM-
MaJlalliMaraH, Y4MH4YW/IaH, MaBXy/, TPaKTop Ba
Y1 KypoJUIapyuiaH KUYUK MeXaHU3alus arpe-
raTJlapuH{ Ty3Ulll, YJIApPHUHT NapaMeTpJapu
Ba HUILI KypCaTKU4YWIApUHU acocjauira Joup
KeHI KyJIaMJ/IMd Ha3apu{ Ba aMaJIui TaJKUKOT-
Jlap yJ1yIIu aH4Ya KW4YMK. JleMak, KHYUK TPaKTOop
Ba MexaHHW3allUsl BOCUTACH/IaH MO0OpaT KUYUK
MexaHHW3alUs arperaTjlapyuHy TY3ULI Ba yJap-
HUHI paljMoHa/J NapaMeTpJIapyuHU acocJiall
J10/13ap6 MJIMUI-TEXHUK Macajaup.

MaTepuas Ba MeTOAJ1ap

Maskyp Makosiaga TTZ-30C KMYMK TpaK-
Topu Ba KOC-2,1 KWYUK YT YpruyZiaH TallKUJI
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TONraH KWYMK JT YpPrud arperaTHHUHT pa-
LIMOHAJI ULIIYM Te3JIMIM V Ba Kampall b KeHr-
JIMTUHHU acocjaaliMu3.

Bapkapop pexxumza (V = const) xapakat-
JIJaHaéTraH TPAKTOp JABUraTeJd KyBBaTH-
HUHT GasiaHc TeHrJlamacu (Zangiev, Shpilko,
& Levshin, 2004), (Kostyuchenkov & Plaksin,
2010), (Fortuna, 1979):

Ne:NTP+N5+Nf+ N +N_. (1)

TpakTop TpaHCcMHUCCHUACHATU KyBBaT
capou (N,) mecrepHaIap TUILIAPU HIIYH
CUPTJIAPUHHUHT ¥3apo HIIKaJaHUILM, Kap-
TepJlap/iard MOMWJIAPHUHT apasallTUPHUJIU-
M Ba COYMJIMILM, TasHY BaJlapAard Moj-
IUIHUKJIAPHUHT UIIKAJaHUIIM HaTHXKacua
103ara Kesazid. by ucpodHu Kyiujaru TeHr-
JlamMa 6uJsiaH udojanail MyMKHUH:

NTP:Ne 1 _r'TP) (2)

Bynpa n,, - TpaHCMUCCUAHUHT QoUJaIH
uil koapdunuentu (PUK).

TTZ-30C KUYUK TPaKTOp Y4yH:
N, = 221 kW (Toshboltaev & Murodova,
2021), (Toshboltaev, 2016), n, = 091

(Kostyuchenkov & Plaksin, 2010). (2) amaH
N, =221(1-091) = 1,98 kW. Osiunran N_,
= 1,98 KW kuiimar N =221 kW KyBBaTHUHT
8,95 pousnHM TalIKUJI ITA/IH.

TpakTop fFuagUpakjapy LIAaTaKCUparaH-
Jla, TasgHY TEKUCJUTUJaTu TYNPOK KaTJaM-
JIap¥ 33WJIa/I4, )KOMUJIAH CUJDKUK/IM Ba TPaK-
TOPHUHT UlIYK V Te3nuru kamasau. lllatak-
cupauaa ucpod 6yaran Kyssat (Toshboltaev,
2016):

Ny =Nn.,9, (3)

O6yHJa 6 - FUJAYPAKJApPHUHT IaTaKCcUpall
K03pPUILIMEeHTH.

4K2 runpgupak ¢opmynaanu TTZ-30C ku-
YUK TPaKTOpPW aHfu3ja (XOCWUJIU WUUFULITH-
pub oJsiMHraH epja) uuuiarasga, 6 = 0,15
(Kostyuchenkov & Plaksin, 2010). (3) aman:
N,=22,1-0,91-0,15 =3 kW. By kuiimaT N = 22,1
KW nuHr 13,57 dousu yayuura TeHr.
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Kanum cy3nap: Ku4yuk ym ypaud, KUu4UK
mpakmop, Kyesam banaHcu, payuoHan Kampaw
KeHenuau, uw4u mesmnuau.

OBOCHOBAHME PABOYEN CKOPOCTU U
LUMPUHbI SAXBATA MUHU-ATPETATA —
KOCWUITIKU TPAB

TowbonTtaeB Myxammapg ToxanueBuu,
OOKTOp TEXHUYECKMX HayK, npodeccop,
pykoBoauTenb nabopatopun

HayHHO-MCCﬂeﬂ,OBaTeﬂbCKMVI MHCTUTYT
MEXaHM3aLmMn CEernbCKOro Xo3amncTaa

AHHOmMauusi. PassedeHue 6onbwel 4Yacmu
CeJ1IbCKOX0351CMBEHHbIX XUBOMHbIX OCYU,eCcmerisi-
emcsi 8 0exKkaHCKUX xo3slcmeax u Ha rpuycadeb-
HbIX ydacmkax. Heobxodumbie Oris XUBOMHbIX KOpP-
moebie Kynbmypbl (KyKypy3y, Keeep) XU8omHo-
800bI 8bIpawu8arom Ha cobCmeeHHbIX 3eMeslbHbIX
y4dacmkax pasmepom 0,5-3 ea. Ha makux masieHb-
Kux nnowadsix mexHoslo2u4yeckue ornepauuu, 6
yacmHocmu Kocbba ypoxxas, 8bIMoSIHA0MCs 8pyy-
HYt0, makK Kak 8 0aHHOM Crly4ae mpaduyUOHHbIE KO-
CUJIOYHbIE azpesambl He3hheKmMuU8HbI, HaHOCSIM
rnospexx0eHusi ypoxaro, pacxodyom MHO20 Morsiu-
8a, a 3Ha4yum, 3ampamsl y8esiu4amcsl, HAQHOCUMCcsl
uHaHcosnbll yuepb. B criyyae npumeHeHuUs Ha He-
bosbWwuUx y4acmkax MUHU-KOCUJIOK maKkue ompuuya-
mesibHble chakmopsbl He 803HUKarom. Toamomy He-
06x00UMO peweHUe makoeo akmyaslbHO20 80r1pO-
ca, kak obocHogaHuUe paboyux napamempos marsibIxX
aepeeamos. lNpu obocHosaHUU payuoHasbHOU pa-
b6ouell ckopocmu U WUPUHbI 3axeama Marsiol Ko-
curnku, cocmosiwed u3 MuHu-mpakmopa TTZ-30C
u muHu-kocunku KOC-2,1 ucrionib308aHbl OCHOB-
Hble MemoObl U3MePeEHUST OUHaMUKU mpakmopos u
MawUuHHO-MPaKMOPHbIX az2peaamos (8bl4uc/ieHuUe
banaHca MoOWHOCMU, MS208020 COMPOMUBIIEHUS
asgpezama). B pedynbmame uccriedogaHusi MOU-
HocmHoeo basiaHca onpedernieHbl YUC/108ble 3HaYye-
Husi Kprokosol moujHocmu (4,06 kW) u mszoeoeo
connpomusnerus (1,195 kN) kocunku mpas. 3mum
3HaYeHUsIM coomeemcmeyom wupuHa 3axeama,
pasHas 2,1 m, u payuoHarnbHas paboyasi CKoOpocmb
12,23 km/4. [lpednazaemcsi ucronb3ogamb Mu-
HU-KOCUIOYHbIU azpeeam 8 cocmaege TTZ-30C u
KOC-2,1 Ha Hebonbwux rno nnowadu 3eMeribHbIX
ydacmekax 0exkaHCKuUX u rnpuycadebHbix xo3stcme.
lNpueedéHHbIE 8 daHHOM uccriedo8aHUU MemoObl
moaym 6bimb ucrnonb308aHsb! Mpu 06ocHo8aHUU na-
pamempos UGeHMUYHbIX MEeXHUYECKUX cpedcms.

Knrouyeenble croea: MUHU-KOCUMIKa mpas, MUHU-
mpakmop, banaHc MowHocmu, payuoHarbHasl
wupuHa 3axeama, paboyasi CKOpPOCMb.
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RATIONALE FOR WORKING SPEED AND
WORING WIDTH OF MINI GRASS MOWING UNIT

Toshboltaev Muhammad Tojalievich,
Doctor of Technical Sciences, Professor,
Head of Laboratory

Research Institute of Agricultural Mechanization

Abstract. Most of the animal stock is mainly fed
on farms and homestead plots. Farmers grow the
fodder crops required for the stock (corn, clover)
on their land plots of 0.5-3 hectares. Technological
operations, particularly mowing of crops, are made
manually in such small areas as the operational
quality of traditional mowing units used on small
fields is far from good,; moreover, they may damage
crops and consume plenty of fuel, which may
increase costs and cause financial losses to farmers.
The operation of mini-grass mowing units can help
avoid such nuisances. This needs a rationale for the
operating parameters of small units. Rational working
rate and working width of a small mower comprising
a mini tractor TTZ-30C and a mini mowing unit KOS-
2,1 the basic methodologies of tractor dynamics
and composition of machine-tractor aggregates
(calculation of power balance, determination of
traction resistance of the unit) have been used for
justifying the parameters. An investigation of the
power balance has defined numerical values for
the hook capacity (4,06 kW) and traction resistance
(1,195 kN) of a grass mowing unit. A working width
of 2.1 m and a rational working speed of 12.23 km/h
correspond to these values. A mini mowing unit
comprising TTZ-30C and KOC-2,1 is being proposed
for operating on smaller farming land plots. The
methodologies suggested in this study can be used
to justify parameters using identical technical means.

Keywords: mini grass mower, mini tractor, power
balance, rational working width, working speed (rate).

TpakTopHM ca/T XxapaKaTJaHTUPHUIL YYyH
capdsaHaauraH KyBBaT (Zangiev, Shpilko, &
Levshin, 2004):

N = 10° m_gfV, cosa (4)

ByHnza m, - TpaKTOPHUHT 3KCIIyaTalluOH
Maccacy, kg;

g — 9PKHH TYUIMII Te3JIaHUIIH, m/S?;

Q - TassHY TEKUCJIMTMHUHT KUAJIUK Oypua-
ry, grad;

f - TpakTop FUJAUMPATUHUHT JyMasauira
KapUIMJIUK KO3 PULIUEHTH.
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TTZ-30C yuyn: m, = 2596 kg; anrusga
xapakatsaHrai/ja, f = 0,1 (Kostyuchenkov
& Plaksin, 2010); OP-2-30 ukku Kopnycau
KMYMK OCMa IUIyT GWJIaH arperaTJiaHTaH-
na, V = 1,5 m/s (Kostyuchenkov & Plaksin,
2010); a = 3° - aHFU3HUHT KUSJIUK Oypyary;
9=9,81 m/s?.

By pakamnaphuu (4) ra kyicak, N, = 1073 -
+2596-9,81-0,1-1,5-0,9986 = 3,81 kW. by
N =22,1 KW nunr 17,24 pousura TeHr.

Kusanuru a 6y1raH TasgsH4 TEKUCJIUTH Oy -
JIab KyTapuauiira capdpaHaZirald KyBBarT:

N =10°m_gV sina (5)

Tamkug 3TyBYMJAPHUHT TETHUULIN KHH-
Matjiapunu (5) ra Ky#cak, N = 107 2596 -
- 9,81 - 1,5-0,0523 = 1,99 kW. By kuiimart
N =22,1 KW nunr 9 ¢pousugan u6opar.

(1) udopamaH TpaKTOpHUHT oWAanu
N  KyBBaTH, ’bHHM KHYMK TEXHMKA BOCUTACH
(KTB)HM TOpTHII Ba YHUHT MILIYM OpraHJja-
PHHM XapaKaT/JaHTUpHuLIra capdJaHagura
KyBBaT KUMMaTUHU aHUKJIAl GOpMyIacH Ke-
JINO YMKa/IU:

Nuﬂ = Ne - (NTP + N('S + Nf + Na) (6)

N, N, N, N.Ba N KuiiMaTIapuHH (6) ra
Ky#nob, XxMcobIalMuU3:

N =22,1-(1,98+3,0+3,81+1,99)=
=22,1-10,78 =11,32kW.

kW.N =11,32 kW sdpdexktus N = 22,1 kW
KyBBaTHUHT 51,24 GOU3MHU TALIKUI KUTA/IU.

Xuycobsap/iaH KYpUHUO TYpUOJMKH, arap
N, = 22,1 KW nu 100 % pne6 osicak, yHMHT
51,24 ¢ousm (11,32 kW) doipanu umira Ba
48,76 pousu (10,78 kW) Typsn KapUIUIUK-
JIApHU eHruura capgpaHajy.

TagKUKOT HaTHKaJIapHu

KW4MK yT yprud arperaTUHUHT UIIYHY Te3-
JIITU Ba KaMpall KeHIJIMTUHUHI paluoHasl
KUMMAaTJapuHU KyHWHUJard KeTMa-KeTJIUK
acocua xucobJaluMu3:

1. Xuco6 yudyH pactiabkyd napameTp-
JIApHU TaHJaWMU3: KaMpall KeHIJIUTU — b =
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2,1 m; KOHCTPYKTHUB Maccacy — m, = 296 kg;
OFUp/UIH - G, = 2,904 kN (m}g = 2969,81 =
2904 N); nasia CAaTXUHUHT KUSIUTU — [ = 5 %;
MalIMHAHUHT 3HT KaTTa MIIYMA TE3JIUTH -
V =3,333 m/s; TopTHLIra COJMIITAPMA Kap-
wuanry - K = 0,5 kN/m (Kostyuchenkov &
Plaksin, 2010).

2. TTZ-30C Ba KOC-2,1 nan ubopar Ku-
YUK Ypruy arperaTu/ia CerMeHT 6apMOKJIU
KUPKUII annapaTd TPAaKTOPHUHI KyBBaT
onumr Baau (KOB)ra ysnaHran kapjaHuau
y3aTMa épJaMuJia xapakaTJiaHaJU. YHra
ABUraTesJl KyBBaTUHUHT N, yiymu capdia-
Hajau. /leMak, TPaKTOPHUHT KyBBaT 6aJsiaH-
cu:

NezNTP+N5+Nf+ Na+NM+NB.

By epma N = 22,1 kW; N ,= 1,98 kW; N =3
kW; “BMKB-Arpomam” OAX MabaymoTura
Kypa, N, = 2,7 KW; arperatuunr V = 3,333
m/s uuram Teaauruga N_f = 10°m gfV = 1073
- 2596 -9,81-0,07 - 3,333 - 0,9986 = 5,93kW
(6y epzma f = 0,07 - TpakTOop FUJIJUpAru-
HUHT SIWJIOBHUHT KypYK TYINpPOKJHU epJapu-
Jla JayMaJsialira KapIUWInK Ko3QQPUIUEHTU
(Kostyuchenkov & Plaksin, 2010));

N_a=10"mgV cosa=107-2596-9,81 -
-3,333-0,0523 = 4,43kW.

HUiamMoKaaru KyBBar:

N =N, - (NTP + N+ Nf+ N + NB) =221 -
-(1,98+3+593+4,43+2,7)=22,1-18,04
==4,06kW éxku N =1,358-4,06=5,51o.k.

3. MalmMHaHUHT TOPTHUIITA KAPIIUJIUTU:

- I _o5. :
R,=Kb+G[5=05"21+2904

-0,05=1,05 + 0,145 = 1,195kN.
4. Knuuk yT yprud arperaTUHUHT
R _=1,195 kN kuiimatuga N, = 4,06 KW KyB-
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BaTZaH Tysa QoialaHUIUIINHU TabMHUH-
JIaWIUTaH UIIYU TE3JIUTU:

36N, 36406
“ R 1195

az

éxku V., =3,397m/s.

u

=12,230km/h

Mlynpan kuaub, tapkubu TTZ-30C Ba
KOC-2,1 6ysnraH KW4YMK Yprud arperaThHU
b = 2,1 m kaTTa/lMKAAru KaMmpail KeHIJIUTH
Ba V = 12,23 km/h arpoduparu Tesnukaa
MILLJIATULI TaBCUSA 3TUNA/H.

XyJs10casiap

YopBa xallBOHJIapy y4yH 03yKa 3KHHJIA-
PUHM eTULITUPULIJA OUp KAaTop TexHHUKa
BOCUTaJIapyAaH QpoigasaHuIaAu. YIapHUHT
M4M/la 3HT CepMalllaKKaT ML — YT YPHIl Olle-
pauusCMHU OaxkapaJUraH MUl KypoJuiapu
MYyXUM YPHUH TYTaJH.

Pecny6ivMkaMu3a 4YopBa XaWBOHJIApH-
HUHT KaTTa yJIyIIX aXx0JIM WaXCUHN Xy>KaJIHuK-
Jlapura Tyrpu Kesaau. laxcum xyxanukiaap-
HUHT TOMOpKaJlapu KJjacTepJsap €ku ¢ep-
MepJlap epJlapura KaparaHja aHdya KH4YMK.
ByHpal ManJoHJapAa TallKW y/a4amJjapu
KWYKHMHA yT ypru4jaap Ulliam oaazu, X0Joc.

Kuuyuk TpakTop Ba yT ypruyjad ubo-
paT KWYUK arperaTHUHr KaMpall KeHT-
JIUTY Ba UILIYU TE3JIMTU KapaéHHUHT CHU-
dbaTuHU 6eJrUJIOBYM aCOCUM NapaMeTp-
Japaup. by mapamerpJsiap AMHaMHMK Ba
KUHEMATUK XUCOO-KUTOOJIap Uyau 6uian
aHUKJIaHa/U.

TaakuKoT/Iap/laH MabJayM OYJIAUKH,
TTZ-30C xuyuk TpakTop 3a¢pdextun (22,1
kW) kyBBaTuHUHT 51,24 dousu (11,32 kW)
doiganu uura Ba 48,76 ¢pousu (10,78 kW)
TYpJY KapIUWJMUKJIApHU eHruura capdJia-
HaJ .

Knuuk yT yprud arperaTUHMHI Kampail
KeHriuru 2,1 m, uiryu tesnuru 12,23 km/h
oyaranaa, TTZ-30C TpaKTOPUHUHT UJIMOFHU-
paru 15,36 kW KyBBaTAaH TyJa ¢poiianaHu-
JIAJH.
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Kirish

Jahonda avtomobil transporti atmosfera
havosini ifloslantiruvchi asosiy manba
hisoblanadi. Avtomobillar harakatlanishi
natijasida hosil bo‘ladigan zarralar, asosan,
chigindi gazdan hosil bo‘ladi, degan umumiy
fikr mavjud. Atrof-mihutdagi qattiq zararli
zarralarning avtomobil bilan bog'liq eng
muhim manbalari tormozlanish natijasida
tormoz ustquymalari va shinalar yeyilishidan
hosil  bo‘ladigan zarralar  hisoblanadi.
Avtomobil tormozlanishi jarayonida hosil
bo‘lgan zarralar atrof-muhitga tarqaladi.

Tormozlanish jarayonida hosil bo‘ladigan
zarralarning 50-70 % atmosfera havosi tarkibi-
gaaylanadi. Tormozlash jarayonida g‘ildirakdan
dastlab kattaroq zarrachalar (10 mikrometr-
dan kam), undan keyin kichikroq havo zarralari
(1 mikrometrdan kam) chigadi. Har xil o‘lcham-
dagi zarrachalar bulutsimon tarzda insonlar sa-
lomatligiga salbiy zarar yetkazmoqda. Ushbu
zarralar avtomobil yo‘llaridan taxminan 100
metr masofa oraligida joylashgan binolarda
chang ko‘rinishida namoyon bo‘ladi. Tormoz-
lanish jarayonida hosil bo‘ladigan zarralardan
Yevropaning uchta shahar (Jirona, Tsyurix va
Barselona) ko‘chalaridan namunalar olingan-
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Annotatsiya. Ushbu maqolada avtomobil tor-
mozlanishi jarayonida tormoz ustquymalari yeyilishi
natijasida atrof-muhitga chiqadigan zarralar miqdorini
g'ildirakning yo'l bilan ilashish koeffitsiyentini hisobga
olgan holda aniqlash usullari keltirilgan. Avtomobillar
tormoz ustquymalarining resurs davri g'ildirakning yo'l
bilan ilashish koeffitsiyentiga bog‘liq o‘zgarishi inobat-
ga olinib, ularning atmosferaga chiqaradigan zarralari
miqdori nazariy jihatdan hisoblangan. Shuningdek,
avtomobillar tormozlanish jarayonida tormoz ustquy-
malari yeyilishidan hosil bo‘ladigan zarralar tarkibida
metallar konsentratsiyasi tarqalishi tahlili keng yori-
tilgan. Shaharlarda zarralarning muhim hissasi yo'l
harakati bilan bog‘liq manbalar hisoblanadi. Avtomobil
tormozlanishi jarayonida olingan namunalar tarkibida
temir, mis, rux, xrom, qalay va surma kabi metall ele-
mentlar yuqori migdorda mavjud ekanligi aniqlangan.
Hozirgi kunda avtomobillar tormozlanish jarayonida
hosil bo‘ladigan zarralarning ekologiyaga salbiy ta’si-
ri to‘g‘risida ma’lumotlar berilgan. Maqolada tormoz
ustquymalarining yo'l ilashish koeffitsiyentiga bog’liq
holatda yeyilish jadalligi nazariy va eksperiment nati-
Jalarining solishtirma tahlili keltirilgan. Avtomobil tor-
moz ustquymalarining yo'lning ilashish koeffitsiyentiga
bog’liq holatda o‘rtacha yeyilish jadalligi nazariy hisob
natijalarining eksperiment natijalari bilan solishtirma
tahliliga ko'ra, yeyilish jadalligi ilashish koeffitsiyentiga
boglig holatda o‘zgarishi aniqlangan.

Kalit so‘zlar: tormozlanish, tormoz ustquymalari,
yeyilish jadalligi, avtomobil g'ildiraklari, ilashish
koeffitsiyenti, yo'l changi, zarralar tarqalishi.
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OMPEOENEHUE KOJNIMYECTBA YACTUL,
BbIAENAEMbIX B OKPYXAIOLLYIO CPEQY
B PE3YJILTATE KOPPO31N ABTOMOBUJIbHbLIX
TOPMO3HbIX KONOAOK

LLlepmyxamenoB AG6aynasus Agunxakosu4',
OOKTOp TEXHUYECKMX HayK, Mpodeccop;

KapumoBa Kamona N'ynomoBHa?,
AOKTOp domnnocodun no TexHMYeckum Haykam (PhD)

"TalUKEHTCKMIN rocyaapCTBEHHbIN TPAHCMOPTHbI
yHUBEpCUTET
2[1>KM3aKCKUIA NONTUTEXHUYECKUA UHCTUTYT

AHHOmMauyus. B daHHol cmambe npedcmasrie-
Hbl MemoObl ornpedesieHuUss Konu4decmea 4Yacmuu,
sblbpacbieaeMbIx 8 OKpyXarwy cpedy 8 pe3yrib-
mame u3Hoca MOPMO3HbIX KO/I000K MpuU MOPMOXKe-
HUU asmomoburia ¢ y4émom KoaghghuyueHma mpe-
Husi Konieca ¢ 00poeoll. Y4umbieasi U3MEeHEHUSs CpoKa
pecypca mopMO3HbIX KOSI000K aemomobursisi 8 3asu-
cumocmu om KoaghguyueHma KoHmakma Koséc ¢
0opoeoli, meopemuyecKku paccyumaHo Kosu4ecmeo
yacmuuy, eblbpacbieaeMbix uMu 8 ammocepy. Tak-
)K€ WUPOKO OC8eWEH aHanu3 pacrnpedesieHuUsi KOH-
ueHmpayuu Memasios 8 Yyacmuuyax, obpasyrouuxcs
rpu U3HOCE MOPMO3HbIX KO/T000K MpuU MOPMOXKEHUU
asmomobuneli. Icmo4yHUKU, cesi3aHHble C OOpPOX-
HbIM O8UXEHUEM, 8HOCSIM 3Ha4yumesibHbIl 8Kad 8
obpa3zosaHue meépOdbix Yacmuy, 8 8030yxe 20p0008.
YcmaHosneHo, 4mo npobbl, 83ambie 8 rpouecce
mopmoxeHuss asmomoburis, codepxam 6osnbuwoe
KOfiu4ecmeo MemaJsiiudeckux 371eMeHmMos, makux
Kak )xesnie30, Meob, UUHK, XPOM, 01080 U cypbMma. B
Hacmoswee 8peMsi uMetomcsi ceedeHusi 0 Hezamus-
HOM 8/UsHUU Yacmuy, o0bpa3ytoujuxcsi npu mopmo-
JXeHuu asmomoburnel, Ha okpyxarouwy cpedy. B
cmambee rnpedcmassieH CpasHUMesbHbIU aHaiu3
meopemuyeckux U 3KCrepuUMeHmarsbHbIX pPe3yrib-
mamoe CKopocmu U3HOCa MOPMO3HbIX KOI000K 8
3asucumocmu om koaghghuyueHma xoda. [llo pe-
3ynbmamam CpasHUMEsIbHO20 aHasu3a pe3ysibma-
moe meopemu4eckoeo pacyéma cpedHel ckopocmu
u3Hoca MOPMO3HbIX KO/1000K asmomobursis 8 3asu-
cumocmu om KoaghghuyueHma cuernseHus ¢ dopoeoli
yCmMaHOBJIEHO, YIMO CKOPOCMb U3HOCA U3MEHSemCcsi
8 3asuUcUMOCMU 0m KO3ghghuyueHma cuerneHus.

Knroyeebie cnoea: mopMoXXeHUE, MOPMO3HbIe
KOMT0OKU, CKOpOCmb U3HOCa, Konéca asmomoburis,
KoaghcbuyueHm  cuyenneHusi, OOPOXHas  [blflb,
oucnepcusi Yacmuy,

DEFINITION THE AMOUNT OF PARTICULATE
MATTER RELEASED INTO THE ENVIRONMENT
AS A RESULT OF CORROSION OF AUTOMOBILE
BRAKE PADS
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da, asosan, yo‘l changi tarkibida alyuminiy,
kalsiy, temir va vanadiy kabi metallar aniglan-
gan. Avtomobil tormozlanishi jarayonida olin-
gan namunalar tarkibida temir, mis, rux, xrom,
qalay va surma kabi metall elementlar yuqori
miqgdorda mavjudligi tadqiq etilgan (Rowboth-
am, 2021). Hozirgi kunda avtomobillar tormoz-
lanish jarayonida hosil bo‘ladigan zarralar-
ning ekologiyaga ta’sirini kamaytirish dolzarb
muammoga aylanib bormoqda.

Avtomobil dvigatelidan chiqadigan zararli
moddalar chiqgindilarini filtrlash texnologi-
yalari takomillashtirilgani tufayli zaharli va
zararli gazlar miqdori doimiy ravishda ka-
mayib bormoqda. Ammo qattiq zarralar ulushi
avtomobillar soni o‘sishi tufayli ortmoqda.
Yevropaatrof-muhitagentligining (EEA) so‘ng-
gi ma’'lumotlariga kora, avtomobil harakatla-
nishi natijasida hosil bo‘ladigan zarralarning
atrof-mubhitni ifloslantirishga qo‘shgan hissasi
26,7-33,9%ni tashkil etadi (NAEI, 2012).

Tormoz ustquymalari yeyilishi natijasida
hosil bo‘lgan zarralarning kimyoviy tarkibi
ularni to‘liq tavsiflash va inson salomatligiga
salbiy ta’sirini baholashda hisobga olinishi
lozim. Zarralar tarkibidagi og‘ir metallar inson
salomatligiga salbiy ta’sir ko‘rsatadi.

Zamonaviy tormoz mexanizmlari detal-
lari xilma-xil va ba’zan noma’lum tarkibiy
gismlardan iborat kompozitsiyalardir. Tor-
moz mexanizmlari detallari yeyilishi nati-
jasida hosil bo‘lgan zarralarning kimyoviy
tarkibi asl qoplama materialining kimyoviy
tarkibidan sezilarli darajada farq qiladi. Tor-
moz mexanizmi detallari yeyilishi natijasida
hosil bo‘lgan zarralarning kimyoviy tarkibi-
ga qanday ta’sir qilishini to‘liq ko‘rib chiqgish
uchun detallariga ishlatiladigan materiallar
va yeyilish natijasida hosil bo‘lgan zarralar
tarkibini ko‘rib chiqish lozim. Tormoz ustquy-
malari ishlab chiqarishda foydalaniladigan
materiallarning kimyoviy tarkibi, asosan, Fe,
Cu, Zn va Pb kabi metallardan tashkil top-
gan. Tormoz mexanizmi detallari tarkibida
Fe (temir) ulushi 60 foizgacha yetishi mum-
kin va bu qoplama turiga qarab o‘zgaradi.
Tormoz ustquymalari tarkibida K va Ti, Pb
miqdori og'irligiga nisbatan 12 foizni tashkil
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qiladi. Zamonaviy qoplamalarda Ba, Mg, Mn,
Ni, Sn, Cd, Cr, Ti, K va Sb kabi boshqa metallar
ham og‘irligiga nisbatan 0,1 foizgacha bo‘lgan
miqdorda mavjud (Riediker, Gasser, Perre-
noud, Gehr, & Rothen-Rutishauser, 2008).

2010-yilda K.Gietl, R.Lourens, A.J.Tor-
pe va R.M.Xarrisonlar tomonidan NAO tor-
moz kolodkalari bilan o‘tkazilgan tadqiqotda
tormoz ustquymalarining yeyilish jadalligi
0,039-0,058 g/km oralig‘ida ekanligi aniglan-
di- Yengil yuk avtomobillari harakatlanishi
natijasida tormoz ustquymalari yeyilishidan
hosil bo‘ladigan zarralar 0,03-0,08 g/km dan
0,21-0,55 g/km oralig‘ida bo‘lishi tadqiq etildi
(Gietl, Lawrence, Thorpe, & Harrison, 2010).

2000-yildaB.D.Gargtomonidan o‘tkazilgan
tadgiqotda tormozlanish natijasida hosil bo‘l-
gan zarralar tarkibida S, Ti, Fe, Cu va Zr metall
elementlar mavjudligi va tormoz ustquyma-
larining yeyilish jadalligi 0,014-0,037 g/km
oralig‘ida ekanligi aniqlandi (Garg, Cadle, Mu-
lawa, & Groblicki, 2000). 2009-yilda B.D. Bu-
kovieski tomonidan o‘tkazilgan tadqgiqotda
mahalliy, magistral yo‘llarda ham tormoz
kolodkalari yeyilishi natijasida hosil bo‘lgan
zarralar tarkibida Fe, Cu, Zn, Mo, Zr, Sn, Sb va
Ba elementlari borligi aniglandi (Bukowiecki,
et al., 2009a).

Havoda zarralarni tashish turli jihatlarga,
jumladan, zarralar va aerozolning gaz xususi-
yatlariga (bu holda havo) bog'liq. Ammo zarra-
lar nafaqat havo, balki boshqa mubhitlarda ham
tashiladi. Avtomobillar harakatlanishi natijasida
shinalar va tormoz ustquymalarining yeyilishi-
dan hosil bo‘ladigan zarralar geografik joyla-
shuvga qarab farq qilishi mumkin (1-rasm).
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Abstract. This paper presents methods of
determining the amount of particles emitted into the
environment as a result of brake pad wear during
car braking, taking into account the coefficient of
friction of the wheel with the road. The amount of
particles emitted by brake pads into the atmosphere
is theoretically calculated, taking into account the
change in the service life of the brake pads of a car
depending on the contact coefficient of the wheels
with the road. The analysis of metal concentration
distribution in particles produced by brake pad wear
during car braking is also extensively covered. Road
traffic-related sources contribute significantly to the
formation of particulate matter in urban air. Samples
taken during vehicle braking have been found to
contain large amounts of metallic elements such as
iron, copper, zinc, chromium, tin, and antimony. At
present, there is evidence of the negative impact of
particles generated during automobile braking on
the environment. The paper presents a comparative
analysis of theoretical and experimental results
of brake pad wear rate depending on the stroke
coefficient. According to the results of the comparative
analysis of the results of the theoretical calculation of
the average wear rate of car brake pads depending
on the coefficient of grip, it is established that the
wear rate varies depending on the coefficient of grip.

Keywords: braking, brake pads, wear rate, car
wheels, adhesion coefficient, road dust, particle
dispersion.
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a) Markaziy Osiyo davlatlari atmosfera havosining zarralar bilan ifloslanish darajasi;
b) Jizzax viloyati atmosfera havosining zarralar bilan ifloslanish darajasi
1-rasm. Atmosfera havosining zarralar bilan ifloslanish darajasi bo‘yicha IQAir reytingi
(2023-yil 16-iyun holatiga ko‘ra)*
* (Air quality in the world. Air quality index (AQI) and PM2.5 air pollution in the world).
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Bu shahar muhitida mavjud bo‘lgan
mintagaviy muhitni tashkil qiladi. Ya'ni bir
jihat, masalan, shamol ta’sirida zarralarni
uzoq vaqt tashish mumkin.

Xulosagqilibaytganda, tormozustquymalari
yeyilishi natijasida hosil bo‘ladigan zarralar
tarkibida Fe, Cu, Sb metall elementlar
nisbatan yuqori, yengil avtomobillar tormoz
ustquymalari yeyilish jadalligi 0,011-0,51 g/
km. ekanligi aniglandi.

Butun dunyoda avtotransport vositalarining
ekologik xavfsizligini ta’'minlash muammosiga
katta e’tibor garatilmoqda. Shinalar sifatini tav-
siflovchi asosiy ko‘rsatkich ularning yo‘l yuzasi-
ga ilashishi hisoblanadi. Avtomobil g'ildiragi-
ning yol bilan ilashish koeffitsiyentlarining bun-
day yuqori qgiymatlari zamonaviy avtomobilga
tormozlash qobiliyatini to‘liq amalga oshirishga
imkon beradi. Shinalar va tormoz ustquymalari
yeyilishiga ta’sir ko‘rsatuvchi asosiy ko‘rsatkich
hisoblanadi. Avtomobil shinalarining ilashish
koeffitsiyenti 0,7 dan yuqori bo‘lishi ekologik
xavfsizligi oshishiga olib keladi. Shunday qilib,
quruq va toza yo‘l sirtlarida zamonaviy shinalar
ilashish koeffitsiyentlarining yuqori qiymatlari-
ni ta'minlaydi va ularning yanada oshishi avto-
mobil transporti vositalarining xavfsizligiga
sezilarli ta’sir ko‘rsatadi.

Tadgiqotlar shuni ko‘rsatadiki, nam qop-
lamali avtomobil yo‘llarida shinalarning ilashish
koeffitsiyentlari 0,1 dan 0,75 gacha o‘zgaradi
(Kuznetsov, 2022). Ushbu koeffitsiyentlar kop
jihatdan shinalarning konstruktiv va ekspluatat-
sion parametrlariga bog'liq - protektor nagsh-
lari, yugurish yo‘lining egriligi, protektorning
rezina tarkibi, shinalar havosi bosimi, vertikal
yuk, protektorning yeyilishi va boshqgalar.

Shunga asoslanib, shina ishlab chiqaru-
vchilar yengil avtomobillar uchun shinalar-

ning ilashish sifatini yaxshilashga alohida e’ti-
bor berishadi. Avtomobil g‘ildiragining yo‘l
yuzasi bilan ishonchli aloqasini ta’minlashda
shinaning rolini aniqlash, uning yeyilish jadal-
ligiga ilashish koeffitsiyentiga ta’sirini ko‘rib
chiqish va tahlil qilish zarur.

Material va metodlar

Avtomobillar tormozlanishi jarayonida
tormoz ustquymalari, shinalar va yol sirtining
eskirishi natijasida hosil bo‘lgan zarralar yo'l
changining asosiy manbalari hisoblanadi.

Hozirgi vaqtda ikkita asosiy disk va
baraban tormoz tizimidan foydalaniladi. Disk
tormoz tizimi, asosan, yengil avtomobillar-
ning old gildiraklarida qo‘llaniladi.

Tormoz ustquymalari yeyilishidan hosil
bo‘ladigan zararli zarralar miqdorini aniglash
uchun (1) formulani quyidagi ko‘rinishga
keltiramiz:

Z=K xI (1)

bunda: Z - tormoz ustquymalari yeyilishi
natijasida hosil bo‘ladigan zarralar miqdori;

K_ - avtomobillar soni, dona;

I, - tormoz ustquymalari yeyilishidan
hosil bo‘ladigan zararli zarralarning yeyilish
jadalligi, g/km.

Avtomobil ustquymalari yeyilish jadalli-
gining g‘ildirakning yo‘l bilan ilashish koeffit-
siyenti o‘zgarishiga nisbatan quyidagi bog'lig-
liklari olingan:

- avtomobil dinamikasi (tezlik);

- avtomobil tormozlanishi;

- tormozlanish samaradorligi g‘ildirakning
yo‘l bilan ilashish koeffitsiyentiga bog'liqligi;

- tormoz yo‘li gildirakning yo‘l bilan
ilashish koeffitsiyentiga bog'liqligi (1-jadval)
[4].

1-jadval

Avtomobil g'ildiragi yo‘l bilan ilashish koeffitsiyentining tormozlanish
samaradorligiga bog‘liqlik koeffitsiyenti*

Koeffitsiyentlar

T rt itasi turi
ransport vositast turt llashish koeffitsiyenti Tormozlanish samaradorligi
0,7-0,8 1,2
. . 0,5-0,6 1,1
Yengil avtomobillar 0304 11
0,2-0,3 1,0

* (GOST 41.13-99)
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Vazirlar Mahkamasining 2012-yil 4-iyuldagi
191-son qarori bilan tasdiglangan “Avtotrans-
port vositalari konstruksiyasining foydalanish
shartlari bo‘yicha xavfsizligi to‘g'risida”gi nizom-
ga asosan, yengil avtomobillar 40 km/soat tezlik
bilan harakatlanganda, ruxsat etilgan tormozla-
nish masofasi 2-jadvalda keltirilgan (Dorokhin,
Skvortsova, Logachev, & Gubarev, 2014).

Avtomobilning tormozlanish yo'li (2)
formula bilan aniglanadi (Dorokhin, Skvortso-
va, Logachev, & Gubarev, 2014):

S = KoXxV3
t — 2% 5
PpXxg

(2)

bunda: K - tormozlanish samaradorligi;

I/ - avtomobil tezligi, km/soat;

¢ - g'ildirakning yo‘l bilan ilashish
koeffitsiyenti (asfalt qoplamali yo‘l uchun)
@ - 0,2 + 0,8 (Rules for diagnostics and
assessment of the condition of highways
(Instead of VSN 6-90), 2002);

g - erkin tushish tezligi, m/s (9,81).

Tormozlanish masofasi transport vosita-
si tormoz tizimini ishga tushirgandan so‘ng
to‘xtaguncha bosib o‘tadigan masofa hisobla-
nadi. Bu faqat texnik parametr bo'‘lib, uning
yordamida boshqa omillar bilan birgalikda
avtomobilning xavfsizligi aniqlanadi. Ushbu
parametr haydovchining reaksiya tezligini oz
ichiga olmaydi.

2-jadval

Yengil avtomobillar 40 km/soat tezlik bilan harakatlanganda,
ruxsat etilgan tormozlanish masofasi

Tormoz yo‘li (ko‘pi bilan) metr hisobida*

Transport vositasi turi

1981-yil 1-yanvardan ishlab
chigarila boshlagan

1981-yil 1-yanvardan oldin ishlab
chigarila boshlagan

to‘la vaznda, m

aslahalangan
holda, m

aslahalangan

to‘la vaznda, m holda, m

Yengil avtomobillar 12,2

12,9 14,5 16,2

Tormoz masofasining ilashish koeffitsi- (2) formula bilan aniqlanib, 3-jadvalda kelti-

yenti va haydash tezligi o‘rtasidagi bog‘liqlik rilgan.
3-jadval
Tormoz masofasining ilashish koeffitsiyenti va haydash tezligi o‘rtasidagi bog‘liqlik
0 Tezlik km/s 10 20 30 40 50 60 70
0,2-0,3 2 7,9 17,7 31,5 49,2 70,8 96,4
0,3-0,4 1 3,9 8,8 15,7 24,6 35,4 48,2
0,5-0,6 0,7 2,6 5,9 10,5 16,4 23,6 32,1
0,7-0,8 0,6 2,2 5 9 14 20,2 27,5
Mazkur tadqgiqotda hisob-kitoblar texnik tavsifnomasi 4-jadvalda Kkeltirilgan

(Chevrolet Spark III LS 1.0 AT - technical
characteristics, 2009-2016).

Chevrolet Spark misolida amalga oshirilgan.
Ushbu avtomobilning tormoz ustquymalari

4-jadval
Chevrolet Spark avtomobili tormoz ustquymalari yeyilishi natijasida
hosil bo‘ladigan zarralar miqdori
Tormoz ustquymalari Tormoz Tormoz Tormoz Tormoz

ishlashi davomida
g‘ildiraklarning bosib
o‘tish masofasi*, km

50 000

ustquymasining
minimal ruxsat
etilgan qalinligi, sm

ustquymasining disk
bilan aloga maydoni,
sm?

64,9

ustquymasining
dastlabki qalinligi,
sm

20 7

ustquymalari
yeyilgan qismining
og‘irligi, g/km
0,016

* Tormoz ustquymalari ishlashi davomida g‘ildiraklarning bosib o‘tish masofasi (Rules for diagnostics and assessment of the condition of

highways (Instead of VSN 6-90), 2002).
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Avtomobil gfildiragi yo‘l bilan ilashish
koeffitsiyentining  tormoz  ustquymalari
yeyilishiga bog‘liglik koeffitsiyenti (3) formula
bilan aniqlanadi:

_ LumeyXSe

k., = 3
t St (3)
bunda: L, , - tormoz ustquymalari ishlashi
davomida g'ildiraklarning bosib  o'tish

masofasi, km (Rules for diagnostics and

assessment of the condition of highways
(Instead of VSN 6-90), 2002);

S, - glildirakning yo‘l bilan ilashish
koeffitsiyenti bogliq holatdagi tormozlanish
masofasi, m;

S, ., — avtomobilning tormozlanishi uchun
ruxsat etilgan masofasi, m.
Avtomobil tormozlanishi masofasining

tormoz ustquymalari yeyilish koeffitsiyentiga
bog'ligligi 5-jadvalda keltirilgan.

5-jadval
Avtomobil 40 km/soat tezlikda harakatlangandagi tormoz ustquymalarining yeyilish
koeffitsiyenti
llashish koeffitsiyenti Tormozlanish masofasi, m Yeyilish koeffitsiyenti
0,2-0,3 31,5 2,5
0,3-0,4 15,7 1,2
0,5-0,6 10,5 1,1
0,7-0,8 9 0,73

Tormoz ustquymalarining ishlashi davo-
mida avtomobil g‘ildiragining ilashish koeffit-
siyentiga bog'liq ravishda bosib o‘tish masofa-
si (4) formula bilan aniqlanadi:

— Lre o
P ke’

L (4)
bunda: L , - tormoz ustquymalarining ishlashi
davomida avtomobil g'ildiragining bosib
o‘tish masofasi, km (Chevrolet Spark III LS 1.0

AT - technical characteristics, 2009-2016);

k, avtomobil g'ildiragi yo'l bilan ilashish
koeffitsiyentining  tormoz  ustquymalari
yeyilishiga bog'ligligi.

Tadqiqot natijalari

Avtomobil tormoz ustquymalari ishlashi
davomida avtomobil g‘ildiragining ilashish
koeffitsiyentiga bog‘liq ravishda bosib o‘tish
masofasi (4) formula bilan hisoblangan. Hisob
natijalari 6-jadvalda keltirilgan.

6-jadval

Tormoz ustquymalari ishlashi davomida avtomobil g'ildiragining ilashish
koeffitsiyentiga bog'liq ravishda bosib o‘tish masofasi

<. . . Tormoz ustquymalari ishlashi davomida
Tormoz ustquymalari ishlashi davomida S an e ;
T o AT Y P oo o . . . avtomobil g‘ildiragining ilashish
avtomobil g‘ildiragining bosib o‘tish llashish koeffitsiyenti ; . P . .
. koeffitsiyentiga bog‘liq ravishda bosib
masofasi ces .
o‘tish masofasi, km
0,2-0,3 20 000
0,3-0,4 41 666
50 000 0,5-0,6 45 454
0,7-0,8 68 493
Shuni e’tirof etish kerakki, avtomobil Avtomobil tormoz ustquymalari ishlashi

gildiragi yol bilan ilashish koeffitsiyentiga
tormoz ustquymalarining ishlashi davomida
o‘rtacha bosib o'tish masofasiga bog'liglik
R? = 0,9414 ni tashkil etdi.
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davomida bosib o‘tish masofasi avtomobil
g'ildiragining yo‘l bilan ilashish koeffitsi-
yentiga bog'liglik grafigi va uning formulasi
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80 000
5 70 000
. 60 000
ag 50 000 ==@="Tormoz
] kolodkalarining
5 40 000 ishlashi davomida
2 30 000 avtomobil
o y =343 25x2+13210x +8302.7 g‘ildiragining ilashish
£ 20 000 R2=09418 koeffitsientiga bog‘liq
2 ravishda bosib o‘tish

10 000 masofasi

0
0 0203 0304 0506 0708

Ilashish koeffitsiyenti, ¢

2-rasm. Tormoz ustquymalari ishlashi davomida avtomobil g‘ildiragining ilashish
koeffitsiyentiga bog‘liq ravishda bosib o‘tish masofasi

Tormoz ustquymasi eskirishiga subyektiv
omillarning ta’siri yuqori bo‘lsa-da, obyektiv
omillarga asoslangan. Yengil avtomobillarning
tormoz ustquymalari ishlashi davomida
g‘ldiraklarning bosib o‘tish masofasi 50 000
kilometr masofani tashkil qgiladi.

Tormoz ustquymalari yeyilish jadalligi (5)
formula bilan aniglanadi (Vasiliev, 2019):

_ SX(Ty=Ty)

Iy.t = T, g/km

(5)
bunda: S - tormoz ustquymasining disk bilan
aloga maydoni, sm?;

T, - tormoz ustquymasining dastlabki
qalinligi, sm;

T - tormoz ustquymasining minimal
ruxsat etilgan galinligi, sm;

L, - tormoz ustquymalarining ishlashi
davomida g'ildiraklarning bosib o'tish
masofasi, km.

Avtomobillar harakatlanishi natijasida tor-
moz ustquymalari yeyilishidan hosil bo‘ladi-
gan zararli moddalar va zarralar miqdorining
yo‘lning ilashish koeffitsiyentiga bog‘liq holda
o‘rtacha yeyilish jadalligi bizga zarralarning
haqiqiy miqdorini aniglashga imkon berdi.

Yengil avtomobillar tormoz ustquymala-
rining yo‘lning ilashish koeffitsiyentiga bog'-
lig holda o‘rtacha yeyilish jadalligi 7-jadvalda
keltirilgan.

7-jadval

Yengil avtomobillar tormoz ustquymalarining yo‘lning ilashish koeffitsiyentiga bog‘liq
holda o‘rtacha yeyilish jadalligi, g/km

Tormoz ustquymalarining yo‘Ining ilashish Yengil avtomobil tormoz
llashish koeffitsiyenti koeffitsiyentiga bog‘liq holatda umumiy ustquymalarining o‘rtacha yeyilish
bosib o‘tish masofasi, km jadalligi, g/km
0,2-0,3 20 000 0,042
0,3-0,4 41 666 0,020
0,5-0,6 45 454 0,018
0,7-0,8 68 493 0,012

Yengil avtomobillar tormoz ustquyma-
larining yo‘lning ilashish koeffitsiyentiga
bog‘liq holatda umumiy bosib o‘tish ma-
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sofasi tormoz ustquymalarining o‘rtacha
yeyilish jadalligiga ta’siri 3-rasmda kelti-
rilgan.
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0,045
0,04
0,035
0,03
0,025
0,02
0,015
0,01

Yeyilish intensivligi, g/km

o
o
=)
S WD

2 R

1
0,2-0,3 0,3-0.4

0,5-0.6

= 0.004x2 - 0.0292x +0.066
RZ=0.9442

== "Yengil avtomobil
tormoz nokladkalarini
o‘rtacha yeyilish
intensivligi

5
0,7-0.8

Ilashish koeffitsiyenti, ¢

3-rasm. Yengil avtomobillar tormoz ustquymalarining yo‘lning ilashish
koeffitsiyentiga bog‘liq holda o‘rtacha yeyilish jadalligi

Shunday qilib, avtomobillar harakatlanishi
natijasida tormoz ustquymalari bosib o‘tish
masofasi yo‘lning ilashish Kkoeffitsiyentiga
bog‘liq holda analitik usulda aniglandi.

Shuningdek, yengil avtomobil bir kilometr
masofa bosib o‘tishi natijasida avtomobil
tormoz ustquymalarining o‘rtacha yeyilish
jadalligi g‘ildirakning yo‘l bilan ilashish
koeffitsiyenti o‘zgarishini hisobga olgan holda,
0,012-0,042 g/km ni tashkil etdi.

Tadqiqot natijalari tahlili

Avtomobil tormozlanishi jarayonida tor-
moz ustquymalarining yeyilishi natijasida ho-
sil bo‘ladigan zarralardan namuna olish joyini
tanlashda, avtomobil atrofida laminar va tur-
bulent qatlamlardan iborat havo oqimi paydo
bo‘lishini hisobga olish lozim. Laminar havo
oqimi avtomobil kuzovining dizayn xususiyat-
lariga bog‘liq. Boshqa havo ogimlarining mav-
judligi amalda ta’sir gqilmaydi. Shuning uchun
hosil bo‘lgan zarralar uchun namuna olish joyi
havo-chang oqimining laminar qismida uning
turbulent qismi shakllanishidan oldin amalga
oshirilishi kerak. Bunday joy avtomobil shi-
nalari protektorining yo‘l yuzasi bilan aloga
joyidan 10-15 sm dan ortiq bo‘lmagan maso-
fada shinaning kengligidagi qismi hisoblanadi
(Vasilev, 2019).

Namuna olish joyi boshqa transport bilan
bog‘liq bo‘lmagan ifloslanish manbalarining
ta’sirini  kamaytirish uchun tanlangan.
Tanlab olingan hudud sanoat korxonalari va
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aholi turar-joylaridan uzoqda joylashgan.
Namunani bahor va kuz fasli oylarida olish
maqgsadga muvofiq.

Avtomobillar harakatlanishi natijasida
hosil bo‘ladigan qattiq =zararli zarralarni
aniqlashda tadqiqot o‘tkazish shartlari katta
ahamiyatga ega: marshrut, yo‘l qoplamasi
holati va tezlik rejimlari.

Turli qoplamali yo‘llarda avtomobil
harakatining turli rejimlarida zarralar tarki-
bini tahlil qilishda tezlik chegaralari ham
hisobga olinishi kerak. Shahardagi avtomobil-
larning maksimal tezligi soatiga 60 km tezlik
bilan cheklangan. Shuning uchun barcha
o‘lchovlar  avtomobilning  harakatlanish
rejimlarida amalga oshirildi (tezlanish, bir
tekis harakat va tormozlanish 0 dan 60 km/
soatgacha tezlik oralig‘ida sodir bo‘ladi).

Har bir rejimda belgilangan masofadan
alohida natijalar olindi. Namuna olishdan
oldin avtomobilning texnik sozligi tekshirilib,
toza qilib yuvilishi kerak.

Shinalardagi havo bosimi nominal va
avtomobilning texnik xususiyatlariga mos
keladi. Sinovdan oldin shinalardagi havo
bosimi tekshiriladi va agar zarur bo’lsa,
to‘ldiriladi (normativ).

Avtomobilning  yetakchi  gldiraklari
shinaning yo‘l qoplamasi bilan aloga joyida
eng katta yuk yaratishini hisobga olgan
holda, namuna olish ularning ostidan amalga
oshirilishi lozim.
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Avtomobillar harakatlanishi natijasida
hosil bo‘ladigan qattiq zararli zarralar

miqdorini aniqlashda tadqiqot rejimi katta
ahamiyatga ega: marshrut, yo‘l holati va
harakat tezligi.

2020-2022-yillar oralig‘ida Jizzax viloya-
ti hududida yo‘l qoplamasining avtomo-
bil gildiragi bilan ilashish koeffitsiyentini
aniglash uchun 25 ta sinov o‘tkazildi. Si-

nov jarayonlari Islom Karimov shoh ko'-
chasi (8 ta sinov), 4p32 “Yangiyer-Paxta-
kor-Chimqo‘rg‘on” avtomobil yo‘lining 74-
75 kilometr oralig‘i (8 ta sinov) va tarkibiga
modifikator sifatida ishlatilgan avtomobil
shina rezinalari granulalari qo‘shib tayyor-
langan asfalt-beton qoplamasida (9 ta sinov)
olib borildi. Yol qoplamasida olib borilgan
tadqiqot ishlari 4-rasmda keltirilgan.

4-rasm. Avtomobil g'ildiragining yo‘l goplamasi bilan ilashish koeffitsiyentini aniqlash jarayoni

Bitum tarkibi parametriga alohida e’tibor
qaratish maqsadga muvofiq, chunki donador-
lik tarkibidagi giymatlar ishlab chigaruvchi-
lar uchun GOST 9128-2009, GOST 9128-2013
(asfalt-beton aralashmalari uchun) va ShNQ
3.06.03-08 talablariga javob berishi kerak
(Highways, 2008), (Ismayilov & Karimova,
2020), (Kubaymurat & Gulomovna, 2019).
Asfalt-beton aralashmasida bitumli modda-
ning tarkibi faqat tavsiya etilgan parametrlar
bo‘lib, ishlab chiqaruvchi undan chetga chi-
qishi mumkin. Bu oxir-oqibatda bunday ma-
terialdan ishlab chiqarilgan qoplamalarning
ilashish xususiyatlari kamayishiga olib kelishi
mumkKin.

Olingan natijalardan ko‘rinib turibdi-
ki, tarkibiga modifikator sifatida ishlatilgan
avtomobil shina rezinalari granulalari qo‘shib
tayyorlangan asfalt-beton qoplamalar od-
diy asfalt-beton qoplamali yo‘llarga nisbatan
yuqori ilashish xususiyatiga ega.

Asfalt-beton aralashmasida bitumli bog'-
lovchi miqdori yetarli bo‘lmagan taqdirda,
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yo‘lning tez eskirishi tufayli xizmat qilish
muddati keskin gisqaradi va bu yo‘lning ila-
shish koeffitsiyenti xususiyatlarini pasaytira-
di (Vehicle braking distance: Everything you
need to know, 2022), (Ismayilov, Karimova,
Azimov, & Raxmatov, 2023), (Ismayilov, Ali-
mova, Asqarov, & Karimova, 2023), (Karimo-
va, etal,, 2023).

Shu sababli kelajakda jiddiy muammo-
larga duch kelmaslik uchun asfalt-betonning
yuqoridagi xususiyatlarini digqat bilan kuza-
tib borish kerak.

Tekshirilayotgan Islom Karimov shoh ko'-
chasining uchastkasi to‘g'ri bo‘lib, g'ildirak-
ning yo‘l bilan ilashish koeffitsiyenti quruq
goplamada 0,5-0,6 qgiyalik 3 %, 15 m kengligi
asfalt qoplama va bordyorlar bilan jihozlan-
gan. Namuna olishdan oldin 4 kun davomida
yog‘ingarchilik bo‘lmagan va namuna olish
paytida harorat 19°C dan 24 °C gacha bo‘l-
gan. Islom Karimov shoh ko‘chasida o‘lchan-
gan o‘rtacha avtomobil tezligi 50 +5 km/soat
(avtomobillar), 50 +3 km/soat (yuk mashi-
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nalari) va 60 + 4 km/soat (avtobuslar)ni tash-
kil etdi.

Jizzax shahar markazida avtomobilning
o‘rtacha tezligi har bir avtomobil turi uchun
taxminan 50+6 km/soat, 4r32 “Yangi-
yer-Paxtakor-Chimqo‘rg‘on” avtomobil yo‘li-
ning 74-75 km oralig'i yo‘l qoplamasida o‘l-
changan o‘rtacha avtomobil tezligi taxmi-
nan 70 £9 km/soat, avtomobillar g'ildirak-
larining yo‘l bilan ilashish koeffitsiyenti
0,5+0,6 ni tashkil etdi. 4r32 “Yangiyer-Paxta-
kor-Chimqo‘rg‘on” avtomobil yo‘lining 76-77
km oralig‘i yo‘l qoplamasida ilashish koeffit-
siyentining o‘rtacha qiymati 0,7+0,8 ekanligi
aniglandi.

Avtomobilning tezlashishi natijasida hosil
bo‘ladigan qattiq zararli zarralardan namu-
nalar olish soat 12:00 dan 14:00 gacha qurug,
bulutsiz havoda, +21-28 °C atrof-muhit haro-
ratida (2020-yil aprel-may hamda 2022-yil
sentabr-oktabr) o‘tkazildi.

Tormoz ustquymalari va shinalar yeyilishi
natijasida hosil bo‘lgan zarralarning o‘lcham-
lari, tarkibi, miqdorini aniqlash uchun Ilg‘or
texnologiyalar markazida mavjud rentgen di-
fraktometr Empyrean (PANalytical) jihozidan
foydalanildi.

Avtomobil tormozlanishi paytida ho-
sil bo‘ladigan zarralarni aniqlash jarayoni
Jizzax viloyati hududidagi Islom Karimov
shoh ko‘chasi, 4r32 “Yangiyer - Paxtakor
- Chimqo‘rg‘on” avtomobil yo‘lining 74-
75 km oraligi va 4r32 “Yangiyer-Paxta-
kor-Chimqo‘rg‘on” avtomobil yo‘lining 76-77
km oralig‘i yo‘l qoplamasida amalga oshirildi.

Islom Karimov shoh ko‘chasida avtomo-
billarning tormozlanishi vaqtida yo‘l qopla-
masi yuzasida hosil bo‘lgan zarralar element-
lari tarkibini aniqlash bo‘yicha o‘tkazilgan
sinov natijasida olingan namunalarning mik-
roskopik ko‘rinishi 5-rasmda keltirilgan.

Islom Karimov shoh ko‘chasida avtomo-
billarning tormozlanishi natijasida hosil bo’-
ladigan zarralardan olingan namunalarning
elementlar tarkibi bo‘yicha tahlili 6-rasmda
keltirilgan. Zarralardan olingan namunalar-
ning elementlar tarkibi bo‘yicha tahlili shuni
ko‘rsatdiki, zarralar tarkibi avtomobil tormoz
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ustquymalari ishlab chiqarishda foydalani-
ladigan Fe, Ti, Al, Zr, Zn va Mo elementlari bi-
lan yuqori darajada ifloslangan.

[ |
T00pm

5-rasm. Islom Karimov shoh ko‘chasi yo'l
goplamasida avtomobillarning tormozlanishi
natijasida hosil bo‘ladigan zarralardan olin-
gan namunalarning mikroskopik ko‘rinishi
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6-rasm. Islom Karimov shoh ko‘chasida avto-
mobillarning tormozlanishi natijasida hosil
bo‘ladigan zarralardan olingan namunalar-
ning elementlar tarkibi bo‘yicha tahlili

4r32 “Yangiyer - Paxtakor - Chimqo‘rg‘on”
avtomobil yo‘lining 74-75 km oralig‘i avto-
mobil yo‘lida avtomobillarning tormozlani-
shi natijasida hosil bo‘lgan zarralarning ele-
mentlar tarkibini aniqlash bo‘yicha o‘tkazil-
gan sinov natijasida olingan namunalarning
mikroskopik ko‘rinishi 6-rasmda keltirilgan.

4r32 “Yangiyer - Paxtakor - Chimqo‘rg‘on”
avtomobil yo‘lining 74-75 km oraligida
avtomobillarning tormozlanishi natijasida
hosil bo‘ladigan zarralardan olingan namu-
nalarning elementlar tarkibi bo‘yicha tahlili
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shuni ko‘rsatdiki, zarralar Fe, Ba, Zr, Zn, Ti, Mg
bilan yuqori darajada ifloslangan.

olingan namunalarning mikroskopik ko‘rini-
shi 8-rasmda keltirilgan.

 100pm

6-rasm. 4r32 ““Yangiyer - Paxtakor -
Chimqo‘rg‘on” avtomobil yo‘lining 74-75 km
oraligida avtomobillarning tormozlanishi
natijasida hosil bo‘ladigan zarralardan olingan
namunalarning mikroskopik ko‘rinishi

4r32 “Yangiyer - Paxtakor - Chimqo‘rg‘on”
avtomobil yo'lining 74-75 km oralig'ida
avtomobillarning tormozlanishi natijasida
hosil bo‘ladigan zarralardan olingan namuna-
larning elementlar tarkibi bo‘yicha tahlili
7-rasmda keltirilgan.

7-rasm. 4r32 “Yangiyer - Paxtakor -
Chimqo‘rg‘on” avtomobil yo‘lining
74-75 km oralig‘ida avtomobillarning
tormozlanishi natijasida hosil bo‘ladigan
zarralardan olingan namunalarning
elementlar tarkibi bo‘yicha tahlili

4r32 “Yangiyer - Paxtakor - Chimqo‘rg‘on”
avtomobil yo‘lining 74-75 km oraligi avto-
mobil yo‘lida avtomobillarning tormozlani-
shi natijasida yo‘l qoplamasi yuzasida hosil
bo‘lgan zarralarning elementlar tarkibini
aniqlash bo‘yicha o‘tkazilgan sinov natijasida
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100pm

8-rasm. 4r32 “Yangiyer - Paxtakor -
Chimqo‘rg‘on” avtomobil yo‘lining 76-77 km
oralig‘ida avtomobillarning tormozlanishi
natijasida hosil bo‘ladigan zarralardan olin-
gan namunalarning mikroskopik ko‘rinishi

4r32 “Yangiyer - Paxtakor - Chimqo‘rg‘on”
avtomobil yo‘lining 76-77 km oralig‘ida avto-
mobillarning tormozlanishi natijasida hosil
bo‘ladigan zarralardan olingan namunalar-
ning elementlar tarkibi bo‘yicha tahlili
9-rasmda keltirilgan.
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9-rasm. 4r32 ““Yangiyer - Paxtakor -
Chimqo‘rg‘on” avtomobil yo‘lining
76-77 km oralig‘ida avtomobillarning
tormozlanishi natijasida hosil bo‘ladigan
zarralardan olingan namunalarning
elementlar tarkibi bo‘yicha tahlili

4r32“Yangiyer-Paxtakor-Chimqo‘rg‘on”
avtomobil yo‘lining 76-77 km oralig‘ida
avtomobillarning tormozlanishi natijasida
hosil bo‘ladigan zarralardan olingan namu-
nalarning elementlar tarkibi bo‘yicha
tahlili shuni ko‘rsatdiki, namunalar tarkibi
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Fe, Zr, Zn elementlari bilan yuqori Ti, Mg
bilan o‘rta darajada ifloslangan. Ba bilan
ifloslanmaganligi aniqlandi.

Shunday qilib, avtomobillar tormoz-
lanishi natijasida hosil bo‘lgan zarralar
tarkibida Zn (ruh)ning ulushi: I. Karimov
shoh  ko‘chasi (¢ =0,5-0,6) 0,87 %,
Jizzax viloyati Paxtakor tumani hududi,
4r32  “Yangiyer-Paxtakor-Chimqo‘rg‘on”
avtomobil yo‘lining 74-75 km oralig'i
yo‘l qoplamasi (¢ =0,5-0,6) 0,79% va
4r32  “Yangiyer-Paxtakor-Chimqo‘rg‘on”
avtomobil yo‘lining 76-77 km oralig'i
yo‘l qoplamasi (¢=0,7-0,8) 0,67 %.
Avtomobil g'ildiragining yo‘l bilan ilashish
koeffitsiyenti yuqori bo‘lgan yo‘llarda
avtomobillar harakatlanishi natijasida
hosil bo‘ladigan qattiq zarralar miqdori
20 %gacha kam ekanligi aniqlandi.

Eksperiment tadqiqotlar natijasida avto-
mobillar tormoz ustquymalari yeyilish jadal-
ligi avtomobil g‘ildiragining yol bilan ilashish
koeffitsiyentiga bog'liq ravishda: I.Karimov
shoh ko‘chasi (¢=0,5+0,6) - 0,047 g/km,
4r32 “Yangiyer - Paxtakor - Chimqo‘rg‘on”

avtomobil yo‘lining 74-75 kilometr oralig'i
(¢=0,5+0,6) - 0,025 g/km va 4r32 “Yangi-
yer — Paxtakor - Chimqo‘rg‘on” avtomobil
yo‘lining 76-77 km oraligi yol qoplamasi
(¢=0,7+0,8) 0,015 g/km ni tashkil etdi.

Xulosalar

Butun dunyoda avtomobil transporti
xarajatlarini kamaytirish, ekologiyaga salbiy
ta’sirining oldini olish va shinalardan sama-
rali foydalanish bo‘yicha tadqgiqotlar olib bo-
rilmoqda.

Avtomobillar harakatlanishi natijasida
tormoz ustquymalari va shinalar yeyilishi-
dan chiqadigan zararli zarralar miqdorini
aniqlashda respublika va xorij tadqiqotchi-
lari taklif qilayotgan usullar avtomobillar-
ning harakatlanishi natijasida hosil bo‘la-
digan zararli zarralarning ekologiyaga ta’siri-
ni to‘liq hisobga olmagan.

G‘ildirakning yo‘l bilan ilashish koeffitsi-
yentini inobatga olib, tormoz ustquymalari va
shinalarning umumiy bosib o‘tish masofasiga
bog'liq holatda ularning ekologiyaga ta’sirini
baholash amalga oshirildi. Baholash natijalari
8-jadvalda keltirilgan.

8-jadval

Tormoz ustquymalari yo‘Ining ilashish koeffitsiyentiga bog‘liq holatda yeyilish
jadalligining nazariy va eksperiment natijalari solishtirma tahlili

Tormoz ustquymalarining
. yo‘lning ilashish . .

Ila_shl.sh _ koeffitsiyentiga bog‘liq : Nazariy Ekf.per!ment Chetlashish, %
koeffitsiyenti R Sem I R T e hisoblash, g/km natijalari, g/km

0,4-0,5 41 666 0,020 0,022 10

0,5-0,6 45 454 0,018 0,02 1

0,7-0,8 68 493 0,012 0,014 16

Of‘rtacha chetlashish 12 %

Tormoz ustquymalarining yo‘lning ilashish Avtomobillar tormozlanish jarayonida

koeffitsiyentiga bog‘liq holatda yeyilish jadal-
ligining nazariy va eksperiment natijalari so-
lishtirma tahlili natijalariga ko‘ra, tadgiqotning
maksimal chetlashishi 16%, o‘rtacha chetlashi-
shi 12 % ni tashkil etdi. Nazariy va eksperimen-
tal tadqiqotlar natijalarining bog‘liglik grafigi
va uning formulasi 10-rasmda keltirilgan.
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tormoz ustquymalari va shinalar yeyilishi
natijasida hosil bo‘ladigan zararli moddalar
va zarralar miqdorini analitik hamda eks-
perimental usulda aniglash bizga avtomo-
bildan atmosferaga chiqaradigan zarralar-
ning haqiqiy miqdorini aniglash imkonini
berdi.
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Tormoz ustquymalarining yo‘lning ilashish koeffitsiyentiga
bog‘liq holatda bosib o‘tish masofasi, km

10-rasm. Tormoz ustquymalarining yo‘Ining ilashish koeffitsiyentiga bog‘liq holatda yeyilish
jadalligining nazariy va eksperement natijalari solishtirma tahlili

Avtomobil tormoz ustquymalari, shina periment natijalari bilan solishtirma tahlili-
protektorlarining yo‘lning ilashish koeffit- ga ko‘ra, yeyilish jadalligi ilashish koeffitsi-
siyentiga bog‘liq holatda o‘rtacha yeyilish yentiga bog‘liq holatda o‘zgarishi isbotlan-
jadalligining nazariy hisob natijalari eks- di.
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OLIY TA'LIM MUASSASALARI NEGIZIDA
MAKTABGACHA TA'LIM TASHKILOTLARI (MTT)NING
ZAMONAVIY DIDAKTIK METODIKASI TA'MINOTINI
YARATISH

Ijrochi tashkilot

Loyiha turi Amaliy

Bajarilish muddati
Loyiha rahbari
Mas’ul ijrochilar

Umumiy ajratilgan mablag'

Hozirgi vaqtda ta’lim tizimida
bosqichlararo hamkorlik, o‘zaro integratsi-
ya, ta’'lim muassasalari, xususan, maktabga-
cha ta’lim tashkilotlarining metodik ta’'minoti
mamlakatimiz ijtimoiy-iqtisodiy rivojlani-
shining ustuvor yo‘nalishlari hamda xalgaro
standartlarga mos keladigan ta’lim tizimini
yaratish bo‘yicha keng ko‘lamli ishlar maz-
munini to‘la aks ettirmaydi. Jumladan, mak-
tabgacha ta’lim sohasida faoliyat ko‘rsatayot-
gan aksar xodimlarning kasbiy layoqati va
ilmiy-metodik saviyasining o‘rtamiyonaligi,
ularga magqsadli va manzilli metodik yordam
ko‘rsatish hayotiy zaruriyatga aylanganligi
negizida OTMdagi tegishli yonalishda ilmiy-
pedagogik faoliyat olib borayotgan profes-
sor-o‘qituvchilardan iborat maktabgacha
ta'lim tashkilotlariga metodik yordam mar-
kazlari tashkil etish, iqtidorli yoshlarni bu
sohada ilmiy tadqiqot ishlariga yo‘naltirish,
OTMlaridagi Maktabgacha ta’lim fakultetlari
talabalari - bo‘lajak tarbiyachilarni amali-
yotga tayyorlash, kasbga o‘rgatish jarayonini
yo‘lga qo‘yish davr talabiga aylanmoqda.

MTTlaridagi ta’lim-tarbiya jarayonining
bevosita ijrochisi bo‘lmish tarbiyachilar
faoliyatini metodik ta’'minlaydigan va to‘ldi-
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Z.E. Azimova, M.B. Artikova, Sh.A. Hasanov, Y.T. Umarova

172,2 mln so‘m

radigan o‘quv-uslubiy adabiyotlar, aynigsa,
elektron shakldagi uslubiy ishlanmalar, ta’li-
miy multimediya mahsulotlarining tangqisli-
gi og'rigli muammolardan biridir. Shu bois
ayni paytda bola tarbiyasida oila mas’uliya-
tini kuchaytirish, uning imkoniyatlaridan
unumli foydalanish, oila mubhitining al-
mashtirib bo‘lmas ta’sirini to‘lagonli ish-
ga solish, ota-onalarning pedagogik savod-
xonligini oshirishga alohida e’tibor qaratish
lozim. Bu borada bolalarni kichik yoshdan ki-
tobxonlik ruhida tarbiyalashga qaratilgan di-
daktik adabiyotlar yaratish muhim sanaladi.

Mazkur loyihada MTT tarbiyachilari
faoliyatini metodik ta’'minlaydigan va to‘ldi-
radigan o‘quv-uslubiy adabiyotlar, aynigsa,
kundalik amaliyotda mashg‘ulotlar davo-
mida qo‘llaniladigan bolalar uchun ta’li-
miy didaktik materiallar yaratish, ta’limiy
multimediya mahsulotlari tanqisligini bar-
taraf etishda yordam ko‘rsatish, oila bilan
hamkorlik va ta’lim tizimida bosqichlararo
o‘zaro integratsiyani ta’'minlash, OTM tala-
balari - bo‘lajak tarbiyachilarni amaliyotga
tayyorlashda MTT bilan hamkorlikni yo‘lga
qo‘yish kabi ishlarni amalga oshirish ko‘zda
tutilgan.
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Oliy ta’lim muassasasi hamda maktabga-
cha ta’'lim tashkilotlarining ozaro hamkorligi
va faoliyatlaridagi integratsiya g‘oyat muhim
bo'lib, bu ikki tomon uchun ham manfaat-
li bo'lishi kuzatildi. Bu, bir tomondan, oliy
ta’lim tizimida maktabgacha ta’lim yo‘nalishi-
da olib borilayotgan ilmiy tadqiqotlar maz-
mun-mohiyatini soha mutaxassislariga yet-
kazish, olingan natijalarni amaliyotga joriy
qilish imkoniyatini yaratib, MTT xodimlari
faoliyatiga yagindan yordam beradi. Ikkinchi
tomondan, tizimdagi mavjud muammolarni
aniqlab, kelgusi ilmiy tadqiqot yo‘nalishlari
va mavzularini belgilashga asos bo‘ladi.

Tadqiqot davomida yo‘lga qo‘yilgan maz-
kur hamkorlik ilmiy-pedagogik kadrlarni
tayyorlashda ham qo‘l keladi. OTMni bitiri-
boq magistraturada o‘qib, undan so‘ng dok-
toranturaga kirgan tadqiqotchilar ishlari-
da amaliyotdan uzoqlik yoki ilmiy natijalar
amaliyotga muvofiq kelmasligi kabi holatlar
bo‘lishi ehtimoldan yiroq emas. Tizimda bir
necha yil ishlab, uning amaliy jihatlarini pux-
ta o‘zlashtirgan tarbiyachilarni ilmiy ishlarga
jalb qilish soha uchun g‘oyat manfaatli tad-
gigotlar yaratilishi garovi bo‘lib xizmat qila-
di.

Ma'lumki, maktabgacha ta’lim tizimi xo-
dimlarining kasbiy layoqati, ilmiy-metodik
saviyasini oshirish maqsadida Respublika
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ta’lim markazi tomonidan “Uzluksuz kasbiy
ta’lim” platformasi ishga tushirilib, bu borada
dastlabki qadamlar tashlandi (Uzluksiz kas-
biy ta'lim platformasi. https://www.youtube.
com/watch?v=GMFHRWfbCRw).

Loyihani bajarish davomida bir yildan or-
tiq faoliyat ko‘rsatgan “Mahorat maktabi” ana
shu yo‘ldagi o‘ziga xos muqobil variant ham-
da oliy ta’'lim va maktabgacha ta’lim ham-
korligining samarali ko‘rinishi, soha xodim-
lariga maqsadli va manzilli metodik yordam
ko‘rsatish shakli bo‘lishi mumkin.

MTT rahbarlari, wuslubchi va tarbi-
yachilarning ota-onalar bilan, ayni paytda
ota-onalarning oila muhitida farzandlari bi-
lan ishlashi yuzasidan izlanishlar, kuzatish-
lar olib borildi, mavjud tajrabalar o‘rganildi.
MTTlarda ota-onalar uchun “Pedagogik
maslahat markazlari” tashkil etildi. Ularda
ishlash bo‘yicha metodist va tarbiyachilarga
tavsiyalar berib borildi.

Tadqiqotni amalga oshirish jarayonida
loyiha ijrochilari tomonidan maktabgacha
ta’limning Turkiya va Germaniya tajribasi
o‘rganildi. Viloyat MTT xodimlari, universitet
professor-o‘qituvchilari, magistr va talaba-
lar bilan suhbatlar uyushtirildi hamda loyiha
a'zolari bilan birgalikda o‘zlashtirilgan tajri-
baga asoslanib, 10 ta bolalar kitobi - ta'li-
miy-didaktik material tayyorlandi.
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ANGREN QO‘NG‘IR KO‘MIR KONI
CHIQINDILARIDAN GUMIN KISLOTA
PREPARATLARI, QATTIQ ORGANOMINERAL
BIOO‘GITLAR HAMDA YOQILG‘lI BRIKETLARI OLISH
TEXNOLOGIYASINI ISHLAB CHIQISH

Ijrochi tashkilot
Loyiha turi Amaliy
Bajarilish muddati

Loyiha rahbari

Mas’ul ijrochilar

“Mineral resurslar instituti” DM

3yil (2020-2022)
[sokov Maksud Uzokovich

R.S. Alimov, U.A. Somova, [.M. Almatov, S.A. Soatov,

R.B. Usenov, Sh.E. Xalikova, A.V. Baranova, E.S. Sodikov

Umumiy ajratilgan mablag'

Respublika hududida past sifatli ko‘mir va
ko‘mir qazib olish chiqgindilarining nihoyat-
da ko‘pligi ularni sanoatga qaytarish borasi-
da innovatsion texnologiyalar ishlab chiqish
va amaliyotga tatbiq etishni taqozo qiladi.
Ko‘mir chiqindilarini qayta ishlash texnologi-
yalaridan biri - bu chiqgindilarga avvaldan
kimyoviy yoki biologik ishlov berib, keyingi
goldiq gismidan qattiq organomineral o‘g'it
yoki yoqilg'i briketi olishdir.

Gumin Kkislotalari va ular asosida olin-
gan preparatlar biologik kelib chigishga ega
bo‘lib, tabiatda keng tarqalgan. Ular qish-
log xojaligi ekinlarining deyarli barchasida
hosildorlik va mahsulot sifatini oshiradi-
gan ekologik toza moddalar bo‘lib, nafagat
atrof-muhitni zararsizlantiradi, balki tuprog-
ga tushgandan so‘ng tuprogning umumiy
hosildorligini ham oshiradi.

Angren qo‘ng'ir ko‘mir koni chiqindila-
rida gumin kislotalar miqdori uncha yuqori
bo‘lmaganligi (umumiy og‘irligidan 13-18 %)
sababli 1 tonna gumin Kkislotasi olish uchun
10-12 tonna chiqindini qayta ishlashga to‘g'ri
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keladi. Bu esa, 0z navbatida, gumin kislota-
si ajratib olingandan so‘’ng katta miqdorda
goldiq qismi hosil bo‘lishiga olib keladi (“Ik-
kilamchi chiqindi” sifatida). Ushbu qoldiq
gismni qayta ishlab, qattiq o‘g‘it olish va
chiqgindilarsiz texnologiya ishlab chiqiladi.

Hozirgi kunda O‘zbekistonda gumin kis-
lotasini ishlab chigarish yo‘lga qo‘yilmagan.
Bunday mahsulotlar chet davlatlardan olib
kelinadi. Taklif qilinayotgan texnologiyani
ishlab chiqish bu kabi mahsulotlarni mahalliy
xomashyodan olish imkonini beradi.

Angren qo‘ng'ir ko‘mir koni chiqindi-
lari mineral tarkibini tadqiq qilish natijasiga
ko‘ra, chiqindi qumli-alevrit loyidan loy-qum-
li alevritgacha o‘zgarib turadi. Makrosko-
pik shlam - bu zichligi 1,4 g/sm?® bo‘lgan
bo‘shashgan kulrang-qora massa bo‘lib, u
hududda va chigindixonalar kesimida xarak-
terlanadi. Chigindining mineral tarkibi asosiy
jins hosil qiluvchi minerallar - kvars va loyli
minerallardan tashkil topgan. Loyli mineral-
lar gidroslyudali-kaolinit bilan ifodalanadi va
gidroslyudaga nisbatan kaolinit ustunlik qila-
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di. Gidrochigindixonalarda biologik qimmatli
mikroelementlar miqdori aniglangan bo‘lib,
rux - 210 g/t, marganes - 140 g/t, molibden
-9,1 g/t, selen - 1,6 g/t ni tashkil etadi.

Ko‘mir qazib olish chigindilaridan gumin
kislotalari kuchsiz ishqor eritmalari bilan
olinadi. Keyin ular mineral kislotalar bilan
(taxminan pH =1,8-2,0 gacha) nordon mubhit-
ga o'‘tkazish orqali cho‘ktiriladi.

Gumin Kkislotalarni ishqoriy erituvchilar
eritganligi sababli tadqiqotlarda NaOH (gu-
min kislotalarini kaliy gummati shaklida eri-
tish) va KOH (gumin kislotalarini natriy gum-
mati shaklida eritish) reagentlaridan foydala-
nildi.

Olingan natijalarga ko‘ra, NaOH ning op-
timal go‘llanilishi 5 dan 8 grammgacha. Op-
timal nisbat S:Q=1:5, optimal T - 80°C,
jarayon vaqti - 30 daqiga. Bunday sharoitda
gumin Kislotasining umumiy ajralishi dast-
labki namunada 10,0-13,2 % ni tashkil qila-
di. Ishqoriy erituvchi NaOH qo‘llashning
oshirilishi dekantatsiya jarayonida qiyinchi-
lik tug‘diradi. Bu esa yuvish bosqichini oshi-
rib, texnologik jarayon vaqtini ko‘paytiradi.

Olingan natijalarga ko‘ra, KOH ning op-
timal go‘llanilishi 5 dan 8 grammgacha. Op-
timal nisbat S:Q=1:5, optimal T - 80°C, ja-
rayon vaqti - 30 daqiga. Bunday sharoitda
gumin Kislotasining umumiy ajralishi dast-
labki namunada 10,0-12,5 % ni tashkil giladi.
Ishqoriy erituvchi KOH qo‘llashning oshirili-
shi dekantatsiya jarayonida qiyinchilik tug‘di-
radi. Bu yuvish bosqichini oshirib, texnologik
jarayon vaqtini ko‘paytiradi.

Eritmadan natriy va kaliy gumatlari
ajratilgandan so‘ng eritma yuvish suvi bilan
birlashtirildi. Shundan so‘ng sulfat kislota
bilan pH=5,0-6,5 gacha kislotalandi. Nati-
jada suspenziyaning tuzilishi qalinlashib,
quyqumga aylandi. Olingan pasta quritishga
qo‘yildi va 85-90 °C haroratda doimiy vaznga
qadar quritildi. Quritilgandan so‘ng mahsulot
- 1,0 mm kattalikkacha maydalandi.

Tajribalar davomida qoldiq chiqin-
didan bakterial o‘g'itlar olishning texnologik
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ko‘rsatkichlari aniglandi. Bunda harorat
27-28°C, Q:S=1:3, bakterial eritish BK,,
o‘simlik chiqindisi sholi qipigi, 4 soat mo-
baynida havo bilan to‘yintirishdan iborat.
Qoldiq chiqindi tarkibidagi gumin kislotalari
13,77 %ni tashkil etishini inobatga olib, 9 kun
davomida aktiv bakterial kulturalar yordami-
da 11,98% erkin gumin Kkislotalari ajratib
olishga erishildi. Aktiv kulturalar va tanlan-
gan optimal parametrlar yordamida kiritilgan
bioo‘g‘itlar tuproq biotsenoziga yaxshi ta’sir
qiladi.

Optimal parametrlar natijalari asosi-
da suyuq va kukunsimon gumin kislotalari
ishlab chiqildi hamda keyingi laboratoriya
va dala tadqiqotlarida sinovdan o‘tkazil-
di. Dala tajribalarining birinchi yilida tup-
roqqga kiritilgan organomineral bioo‘g‘itlar
tuprogning ba’zi agrofizik ko‘rsatkichla-
riga ijobiy ta’sir ko‘rsatdi. Organo-mine-
ral bioo‘g'itlar quruq massa to‘planishi,
barg yuzasi va fotosintez mahsuldorligini
25-30 %ga oshirdi. Mazkur bioo‘g‘itlarni
joriy etishda paxta xomashyosi hosildor-
ligi lizimetrik tadqiqotlarda 1 lizimetrda
161,9-261,2 gramm, dala sharoitida 0,6-
6,1 s/ga ni tashkil qildi.

Qoldiq chigindilardan tayyorlangan yoqil-
g1 briketlarning eksperimental tadqiqotlar
natijalaridan ko‘rish mumkinki, briketlar past
kaloriyali xususiyatga ega bo‘lib, issigxona
isitish qozonlarida foydalanish imkonini be-
radi.

Tadgiqotlar shuni ko‘rsatadiki, ko‘mir
gazib olishda chiqindisiz texnologiya yara-
tish zarur. Bunday qoldiq chiqindilarni qayta
ishlash texnologiyasi ko‘mir chiqindilaridan
gumin Kkislotasi va qoldig‘idan uzoq muddat
ta’sirga ega organo-mineral bioo‘g‘it olish im-
konini beradi.

Noqulay ekologik vaziyat tufayli gidrav-
lik otval chiqgindilarni gayta ishlash bo‘yicha
ishlab chiqgilgan kompleks gayta ishlash tex-
nologiyasi kam xarajat va yuqori sifatli mah-
sulotlar olishga sharoit yaratib, antropogen
ifloslanishning oldini oladi.

PRINT ISSN 2181-9637
ONLINE ISSN 2181-4317
6/2023




DAVLAT ILMIY DASTURLARI DOIRASIDA BAJARILAYOTGAN

LOYIHALAR

SO

XAVFSIZLIKNI TA'MINLASH MAQSADIDA
TRANSPORT VOSITALARI NOMERLARINI
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IDENTIFIKATSIYASI UCHUN DASTURIY MAHSULOT
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Intellektual dasturiy tizimlar ilmiy-amaliy markazi
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Sh.A. Alimoyv, fiz.-mat. fanlari doktori, akademik

A. Mamdalimov, A. Atabekov, Q. Qudayberganov,

A. Biimbetov, A. Rahmanqulova, F. To‘lginov, B. Ibragimov

Umumiy ajratilgan mablag'

Yol harakati xavfsizligi oxirgi yillarda
e’'tiborni eng ko‘p jalb gilgan yo‘nalish hi-
soblanadi. Insonlar o‘limi, turli tan jarohatlari
kasalliklardan ko‘ra ko‘proq yo‘l harakati ho-
disalari ogibatida kuzatilmoqda. Loyihani ba-
jarishdan asosiy maqgsad yo‘l harakati hodisa-
si ogibatida ro‘y berayotgan o‘limlar sonini
keskin kamaytirish va yo‘l harakati hodisala-
rining oldini olishdir.

Yol harakati xavfsizligini ta’'minlash
magqsadida transport vositalarining davlat
raqamlarini tanib oluvchi dasturiy ta’'minot
yaratishda sun’iy intellekt texnologiyalaridan
foydalanish eng samarali yo‘ldir. YOLOvV5 al-
goritmi orqali berilgan kadrdan avtomobil
joylashgan manzil topiladi va topilgan kadr
neyron tarmoq bilan o‘qitilgan avtomobil
davlat ragamini aniqlovchi modelga jo‘nati-
ladi. Avtomobil davlat ragami topilgan kadr-
ning kichik qismi belgilarni tanib olish mode-
liga uzatiladi va u satr ko‘rinishida avtomo-
bil davlat ragamini qaytaradi. Tanib olingan
davlat ragami ma’lumotlar bazasi bilan tek-
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shiriladi va kerakli shaxs ma’lumotlari topila-
di.

Yol harakati davomida haydovchi-
ning xavfsizligini ta’'minlash magqsadida
uning xavfsizlik kamari tagqan-tagmaganli-
gini aniqlovchi neyron model qurildi. YOLOv5
algoritmi bilan avtomobil turgan joydan hay-
dovchi aniqglab olinadi va aniglangan hay-
dovchi kesmasi neyron tarmoq modeliga
beriladi. Model haydovchi xavfsizlik kamari
taqqan-tagmaganligi  yoki klassifikatsiya
gila olmaganligini qaytaradi. Ushbu model
faqat old oynasi qoraytirilgan va quyosh nuri
ta’sirida haydovchi aniq ko‘rinmay qolgan
holatlarda klassifikatsiya gila olmaydi va bu
holat uchun baholashni amalga oshirmaydi.

Avtomobillarning davlat ragamini
aniqlash uchun qurilgan dasturiy ta’minot-
da avtomobillarni aniglash uchun oldindan
o‘qitilgan base modeldan foydalanildi. Avto-
mobil joylashgan hududdan avtomobil davlat
ragamini aniqlash bosqichida YOLOv5 algo-
ritmi uchun 10 000 ta rasmdan iborat data-
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set tayyorlandi. Ushbu datasetlar yordamida
model YOLOV5 algoritmida o‘qitildi va aniqlik
ko‘rsatkichi 95 %ni tashkil qildi.

Aniglangan avtomobil davlat raqami-
ni satr korinishga olib keladigan belgilarni
tanib oluvchi model qurish uchun avtomo-
bil davlat raqamlari yordamida belgilardan
iborat dataset tayyorlandi va bu dataset bi-
lan oldindan o‘qitilgan base model fine-tu-
ning qilindi. Natijaviy belgilarni aniqlab
oluvchi model 90% yuqori aniqglikka ega
bo‘ldi. Belgilarni tanib oluvchi model bir-
biriga o‘xshash belgi va ragamlarni al-
mashtirib qo‘yganda, regular expression
metod orqali ular kerakli formatga keltirildi
va aniqlik natijasi 98 %ga yetdi.

Avtomobil davlat raqamlarini aniqglash
modeli uchun boshqa R-CNN, Faster R-CNN
obyekt aniqlash algoritmlaridan foydalanil-
di. Natijalar YOLOv5ga nisbatan ancha past
chiqdi. Belgilarni tanib olish modeli uchun
Xitoy, Rossiya, Hindiston, Yevropa avtomo-
bil davlat raqamlari belgilarini tanib oluvchi
modellar fine-tuning qilib ko‘rildi va Yevro-
pa avtomobil davlat raqamlari belgilarini ta-
nib oluvchi model eng yaxshi natija ko‘rsatdi.
Haydovchi kamar tagqan yoki tagmaganligini
aniqglovchi dastur tuzish avtomobillar rasm-
larini YOLOVS algoritmi orqali qirqib olish
ishlaridan boshlandi. Avtomobil rasmlari-
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dan haydovchi turgan manzil qirqib olinib,
10000 tadan ortiq rasmdan iborat dataset
tayyorlandi. Datasetning 4 000 ga yaqini ka-
mar taqqan haydovchilar, 4 000 ga yaqini ka-
mar taqgmagan haydovchilar, 2 000 ga yaqini
aniqlash imkoni bo‘lmagan rasmlardan iborat
bo‘ldi.

Yig'ilgan rasmlar neyron tarmoq orqali
qurilgan har xil arxitekturada o‘qitib ko'ril-
di. Dastlabki bosqichda noldan qurilgan arxi-
tekturada o‘qitilganda, natija 56 %ni tashkil
qildi. CNN arxitekturasining ilmiy ishlanma-
lari yaxshi natija bergan turlari olinib, model
o‘qitilganda, ko‘rsatkicha 60 %gacha oshdi.
Natija qoniqarsiz bo‘lganligi uchun qayta ye-
chim olishga qaror qilindi.

VGG16 CNN arxitekturasini fine-tu-
ning qilish natijasida aniqlik 79 %ga, VGG-
19ni fine-tuning qilishda 82 %ga, ResNet-
ni fine-tuning qilish natijasida 83 %ga,
DenseNetni fine-tuning qilish natijasida
90 %ga yetdi va DenseNet bo‘yicha mualliflik
modeli qurildi.

DenseNet arxitekturasi orqali qurilgan
haydovchining kamar taqqan yoki tagma-
ganligini aniqlovchi model old oynasi qora
yoki quyosh nuri ta’sirida haydovchi yaxshi
ko‘rinmay qolgan hollarda taxmin foizi juda
past bo‘ldi va bu holat 3-klassga taallugli deb
bashoratsiz qoldirildi.
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MOTURIDIYA TA'LIMOTIGA OID AQIDAVIY
MATNLARNING AKADEMIK TARJIMA VA
SHARHLARI HAMDA ULARNING ELEKTRON
KUTUBXONASINI YARATISH

Ijrochi tashkilot
Loyiha turi Amaliy
Bajarilish muddati

Loyiha rahbari

Mas’ul ijrochilar

O‘zbekiston xalqaro islom akademiyasi

2yil (2020-2022)
Alloqulov Abdullatif Abdullayevich, t.f. f. d. (PhD)

Sh.Yu. Ziyodov t.fn., dots., AX. Aminov, A.T. Abdurahmonov, t.fn.,

S.U. Primov, A.A. Pardayev, O.N. Hoshimov, M. Agzamova,
B.M. Muxtorov, A.I. Dadamuxamedov, PhD

Umumiy ajratilgan mablag'

Ma’lumki, IX asr Movarounnahrda g‘oyalar
kurashi, jumladan, mo‘taziliylik, jahmiylik,
gadariylik, karromiylik kabi xalq orasida
murosasizlikni yuzaga keltirgan oqimlar
faoliyati avj olgan davr hisoblanadi. Abu
Mansur Moturidiy ayni shu davrda yashab,
vayronkor g'oyalarga qarshi ahli sunna val
jamoa ta’'limoti asoslarini gayta jonlantirdi va
Movarounnahr musulmonlarini moturidiy-
lik ta’'limoti doirasida jipslashtirdi. Mazkur
ta’'limot Qur'on va hadisga tayanganligi,
mo‘tadilligi, bag‘rikenglik tamoyillarini o‘zida
aks ettirgani bilan olimlar orasida e’tiborga
molik bo‘lib, ahli sunna val jamoa ta’limoti
sifatida Hindiston, Pokiston, Iroq, Turkiya va
MDH davlatlari orasida keng tarqaldi. Hozirda
ushbu ta’limot asoslarini ilmiy o‘rganish va
mutaassib oqimlarning mafkuraviy xuruj-
lariga qarshi ma'’rifiy qurol sifatida foydala-
nish birlamchi vazifalardan hisoblanadi.

Hidoyat imomi deb e’tirof etilgan
ajdodimiz Imom Moturidiyning “Kitob ut-
tavhid”, Abul Muin Nasafiyning “Tabsirat ul-
adilla” asarlariga hozirgi kunda turkiyalik
ilohiyotshunoslar, Abu Hafs Nasafiyning
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1,0 mlrd so‘m

“Aqoid” asariga iroqlik, turkiyalik, pokistonlik
va hindistonlik ko‘plab olimlar tomonidan
sharhlar yozilishda davom etayotgani
mazkur asarlarning islom olamida nechog'lik
ahamiyatli ekanini ko‘rsatadi.

Bugungi kunda xalgaro jamoatchilik
jahon ilm-fani va islom sivilizatsiyasi rivojiga
0z hissasini qo‘shgan movarounnahrlik
olimlarningulkanxizmatlarinie’tirof etmoqda.
Bu borada tafsir sohasida Abu Hafs Nasafiy-
ning “at-Taysir fi-t-tafsir” (“_medill 3 juadll),
hadis ilmida Imom Buxoriyning “Sahihi
Buxoriy” (“g;)‘é'-.’-“ z>2”), agida va kalom
ilmida Imom Moturidiyning “Kitob ut-tavhid”
(“us ¢ill €™, Abu Hafs Nasafiyning “Aqoid”
(“2lee”), fighda Burhoniddin Marg‘inoniy-
ning “al-Hidoya” (“4)agll”) asarlarini Keltirib
o‘tish o‘rinlidir.

O‘zbekiston  Respublikasi  Prezidenti
Shavkat Mirziyoyev 2017-yil 23-dekabrdagi
Oliy Majlisga Murojaatnomasida “Ma’lumki,
gadimiy = madaniyat va sivilizatsiyalar
chorrahasi bo‘lgan yurtimiz zaminidan o‘rta
asrlarda minglab olim-u ulamolar, buyuk
mutafakkir va shoirlar, aziz-avliyolar yetishib
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chiggan”, deb ta’kidlagan. Ular o'z asarlarida
dinlar o‘rtasida toqat, hurmat va umuman,
hamkorlik ruhidagi alogalarni shakllantirish,
mustahkamlashni obyektiv zaruriyat deb
bilganlar. Bunday chuqur ilmiy va nazariy
mulohazalarga asoslangan qoida va mezonlar
ma'rifiy islomni tushunish va o‘rganishning
muhim shartidir.

Dunyoda diniy-e’tiqodiy ixtiloflar mu-
rakkablashib, yakdil e’tiqod sifatida shakl-
langan ahli sunna val jamoa ta’limotiga yot
mutaassib oqimlarning faoliyati kuchayib
bormoqda. Bunday o‘ziga xos mafkuraviy
kurash jarayonida sof aqida (s.ic) va kalom
(¢>S) ilmlari xulosalariga tayanish hamda
globallashuv sharoitida buzg‘unchi g‘oyalar
ta’sirida murakkablashib, asl mazmun-mo-
hiyatini yo‘qotayotgan imon (U), usul ud-
din ((pall J geal), tavhid (aa 53) tushunchalarini
vatandoshimiz Abul Muin Nasafiy (vaf.
507/1114-y.)ning “Bahr wul-kalom”, Abul
Yusr Pazdaviy (421-493/1030-1100-yy.)
ning “Usul ud-din”, Abu Hafs Nasafiy (461-
537/1069-1142-y)ning “Aqoid” (“ailse”),
Abul Barakot Nasafiyning “al-Umda”, Usmon
O‘shiy (569/1173-y.)ning “Bad’ul amoliy”
asarlari orqali yoritib berish dolzarb vazifa
sanaladi.

Globallashuv sharoitida yuzaga kelgan
mutaassib oqimlar ozlarining g'arazli
maqsad va g'oyalarini tarqatishda bugungi
kunning ilg‘or zamonaviy texnologiyalaridan
keng foydalanmoqda. Internet saytlari,
ijtimoiy tarmoglar va mobil ilovalar
shular jumlasidandir. Masalan, “ISHID” o'z
safini AMAQ informatsion portali orqali
yigirmadan ortiq tilda targ‘ibot olib borishi
hisobiga kengaytirmoqda. Shu jihatdan
movarounnahrlik mutakallimlarning aqoid
ilmiga oid asarlarini ilmiy asosda tahlil va
tadqiq etish orqali jamoatchilikka sof islom
ta’limotini ochib berish talab etilmoqda.

“Jaholatga qarshi-ma’rifat” g‘oyasi asosida
yoshlarning buzgunchi g'oyalar ta’siriga
tushib qolishining oldini olish magqgsadida
moturidiylik ta’limotidagi asosiy matnlarni
o‘zbek tiliga tarjima qilish, zamonaviy
sharhlar yozish hamda ularning elektron
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dasturlarini yaratish muhim ahamiyat kasb
etadi. Rejalashtirilayotgan loyiha doirasida
moturidiylik ta’limotiga oid agidaviy matnlar,
ularning sharhlari va zamonaviy tadqiqot-
larni oz ichiga olgan elektron kutubxona
yaratish destruktiv oqim g'oyalariga garshi
raddiyalar berishda mafkuraviy qurol bo‘lib
xizmat qiladi.

Dunyoda kechayotgan shiddatli
g'oyaviy kurashlar jarayonida ekstremizm,
terrorizm va fundamentalizm kabi insoniyat
taraqqiyotiga to‘siq bo‘layotgan tahdidlar
diniy vaziyatning keskinlashuvi, millatlar
va dinlararo murosasizlikning kuchayib
borishiga sabab bo‘lmoqda. Bunday vaziyat-
da mutaassib oqimlar tomonidan imon
(Ola), usul ud-din (el Jsal), tavhid
(aa ), hijrat (5 ,aa), bogiy (L), jihod
(dea), bidat (ic.) va takfir (,u<s) kabi
tushunchalar suiiste’'mol qilinib, musulmon
jamiyatlarining parokanda bo‘lishiga sabab
bo‘layotgani muammoning keng ko‘lamli
ekanini ko‘rsatadi. Ozbekiston Respublikasi
Prezidenti Shavkat Mirziyoyevning Birlash-
gan Millatlar Tashkiloti Bosh Assambleyasi-
ning 72-sessiyasida so‘zlagan nutqida “Biz
bugun jahon jamoatchiligiga islom dinining
asl insonparvarlik mohiyatini yetkazishni
eng muhim vazifa deb hisoblaymiz. Chunki
islom dini bizni ezgulik va tinchlikka, asl
insoniy fazilatlarni asrab-avaylashga da’vat
etadi”, deb ta’kidlashi mazkur vazifaning
dolzarbligini yanada oshiradi.

Abu Mansur Moturidiy oz ta’limoti va
ilmiy asarlari bilan Movarounnahr ilohiyot
maktabi rivojiga katta hissa qo‘shgan.
U hanafiylik ta’limotini qayta ishlab chigqib,
tizimga soldi va hanafiy-moturidiylikning
Orta Osiyo xalqglari urf-odatlari bilan
bog'ligligini asoslab berdi. Alloma tizim-
lashtirgan  yo‘nalish  keyinchalik islom
dinining ahli sunna val jamoa ta’limoti sifati-
da tan olindi. Turk olimi Toshkubrozodaning
ta’kidlashicha: “Ahli sunna val jamoa”da
kalom ilmi raislari ikki kishi bo‘lib, ulardan
biri Hanafiy, ikkinchisi Shofi'iydir. Hanafiy
mazhabida - Abu Mansur Moturidiy, Shofi'iy
mazhabida - Abul Hasan Ash’ariydir”.
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Dunyo ulamolari e’tirofiga loyiq bo‘lgan
moturidiylik ta’limoti asoslarini o‘zbek tiliga
sodda va ravon tarzda tarjima qilish hamda
ularning zamonaviy sharhlarini yaratish
jamiyat barorqarorligini saqlash, e’tiqod
musaffoligiga erishish va buzg‘unchi oqim-
larning g‘oyalariga bardoshli immunitet hosil
qilishga zamin yaratadi.

2020-yil 24-yanvar kuni O‘zbekiston
Respublikasi Prezidenti Shavkat Mirziyoyev
Oliy Maijlisga qilgan Murojaatnomasida:
“Mamlakatimizda “jaholatga qarshi - ma’rifat”
degan ezgu g'oya asosida islom dinining
insonparvarlik mohiyatini, tinchlik va do‘stlik
kabi olijanob magqsadlarga xizmat qilishini
targib etish kun tartibimizdagi doimiy
masalalardan biri bo‘lib qoladi.

Joriy yilda hadis ilmining sultoni Imom
Buxoriy, kalom ilmi asoschisi Abu Mansur
Moturidiy va uning davomchisi Abu
Muin Nasafiyning hayoti, ilmiy merosiga
bagishlangan hamda diniy bagrikenglik
mavzularida xalgaro ilmiy-amaliy konfe-
rensiyalar va boshqa tadbirlar tashkil etiladi”,
deb ta’kidladi. Bu esa mazkur mavzuga takror
va takror murojaat etishni taqozo qiladi.

Mazkur loyihani bajarish orqali dunyoda
ahli sunna val jamoa ta’limoti sifatida
e'tirof etilgan, samargandlik Imom Abu
Mansur Moturidiy asos solgan ta’limotga
tegishli o'nga yaqin matnlarning akademik
tarjimasi va zamonaviy sharhlarini yaratish
hamda ularning qolyozma fondlarida
saglanayotgan nusxalarini qiyosiy tahlil
qilish, ularning tanqidiy matnlarini tuzish
orqali jamoatchilikka moturidiylik ta’limoti
asoslari haqida batafsil ma’lumot berish
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imkoni yaratiladi. Loyiha diniy ekstremizmga
nisbatan immunitetni shakllantirish hamda
islom diniga yot g‘oyalarga murosasizlik,
toqatsizlik xislatlarini rivojlantirishda g‘oyat
muhim ahamiyat kasb etadi.

Mazkur amaliy loyiha doirasida birinchi
bosqichda moturidiylik ta’limotiga oid “al-
Figh ul-akbar”, “Usul ud-din”, “Bahr ul-
kalom”, “Umda”, “Bad’ul amoliy” kabi agidaviy
matnlarning qo‘lyozma nusxalarini tadqiq
qilish orqali O‘zbekistonda ilk bor ularning
zamonaviy arab tilidagi nashri bilan o‘zbek
tilidagi akademik tarjimasi yaratilgan. Ikkin-
chi bosqichda aqidaviy matnlar asosida
mutaassib ogimlarning buzg‘unchi g‘oyalariga
qarshi “Moturidiya ta’limoti matnlarida
globallashuv  sharoitida yuzaga kelgan
destruktiv g‘oyalarga qarshi kurashning
ma'’rifiy asoslari” nomli monografiya nashr
etilgan. Uchinchi bosqichda “Ziyo” media-
markazi bilan hamkorlikda “Aqida musaffoligi
yo‘lida” nomli turkum ko‘rsatuvlar tayyor-
lanib, O‘zbekiston milliy teleradiokompa-
niyasi telekanallari orqali efirga uzatilgan.

Shuningdek, moturidiylik ta’limoti aqida-
viy matnlarida ko‘tarilgan turli buzg‘unchi
g‘oyalarga qarshi raddiyalar hamda o'sib
kelayotgan yosh avlodni milliy qadriyatlar
ruhida tarbiyalashning ilmiy-amaliy asos-
larini o‘zida jamlagan multimedia dasturi
hamda mobil ilovalari ishlab chiqgilgan.
To‘rtinchi bosqichda “al-Figh ul-akbar”, “Usul
ud-din”, “Bahr ul-kalom”, “Umda”, “Bad’ul
amoliy” kabi moturidiylik ta’limotiga oid
agidaviy matnlar va ularning zamonaviy
sharhlari asosida elektron kutubxona
yaratilgan.
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CO3AAHUE UMMYHOTPOINHDbLIX CPEOACTB HA
OCHOBE MECTHOIO PACTUTEJIbHOIO CbIPb4

HcnoHUTe/IbHAs
OpraHu3anuda

Tun npoekra
CpoKH BbINOJITHEHUSA

PyKoBogMTE/Ib MPOEKTA

WHCTUTYT 6MOOpPraHUYeCcKON XUMUU UM. aKa[l.
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[IpukiagHon
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TaranianueBa Huropa A6yHabreBHa,

KaH/. 6101 HayK, CT. Hay4. COTP.

OTBeTCTBEHHbIE
HUCIIOJTHUTEJ/IN

[apypoB M.B., 1OKT. xuM. HayK, npod.; larumosa C.H.,
JIOKT. XMM. HayK, npo®.; lOnpames X.A., kaHz,. 610J1. HAyK;

BeinoBa H.JI,, kaHA. 6U0J1. HayK, CT. HAy4. COTP.,
Amyposa ®.K., kaHz.610J1. HAYK, CT. HAY4. COTP.

Cymma BbIJ€JICHHBIX CpEeACTB

['enaTUTbl NpeACTaBASAIOT COG0U OJHY U3
HanboJiee cCepbE3HbIX U AaKTYaJIbHBIX TPO06JIEM
COBpPEMEHHOTO0 3/ipaBoOxXpaHeHusl. U3BecTHO,
YTO NpPU renaTuTax PasJUYHOU 3THOJIOTHHU
Yype3BbIYalHO BBICOK PHUCK Pa3BUTHUSA LUP-
PO30B MeYeHU U MEPBHUYHOrO0 paKa IMeyvyeHH.
B mupe k 2020 rogy 4yucjio 60JbHBIX XPOHU-
YeCKMM BUPYCHBIM TelaTUTOM BO3POCJO [0
450 MJIH YeJiOBeK. A eXXeroJlHO OT IellaTUTOB
yMHUpaeT 0KoJ10 1 MJIH yesioBeK. B mocyiegHue
roZbl OTMEYEHO IMpeobJiaZlaHhe XpPOHHUYe-
CKkuX GOpM remnaTvdTa, CONPOBOXK/IAIIMUXCS
pPa3HOOOpa3HbIMKM MeTabO0JUYECKUMU H3Me-
HEHUSIMM U CUMIITOMAaTUKOM, a Takxe 3Ha-
YUTEJbHbIM CHWXXEHUEeM HUMMyHuTeTa. [s
JiledeHUs1 renaTUTOB HCMHOJIb3YIOT renaTos3a-
IIMTHbIE CPEJCTBA, NPENSITCTBYOIIME Pa3BU-
THUI0 MeTaboJIM4eCKUX, QYHKIMOHAJbHbIX U
CTPYKTYPHBIX HapylLIeHUH B KJIeTKaX Ne4YeHH.
BoJIbIIMHCTBO MPUMeEHsIEMbIX B KJIMHUYECKOH
NpaKTHUKE renaTonpoTeKTOPOB SABJSIOTCS A0-
POroCTOSIIIMMHA UMIOPTHBIMM NpenapaTaMH,
MaJIOJIOCTYIIHBIMM ISl IIMPOKHUX CJA0€B Hace-
JIEeHUs C Y46 TOM JJIUTEJbHOCTHU UX Kypca NpHU-
MeHeHUs1. B cBA3M ¢ 3TUM HE06X0IMMOCTb I10-
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1,624 Mmupz cyMm.

MCKa HOBbIX, 3 PEKTUBHBIX, IKOHOMUYECKHUX
OTeYeCTBEHHbIX CPEJ/ICTB TrenaToNpOTEKTOp-
HOro JAeHCTBUA JJs JiedeHUs 3a00JieBaHUU
MevYeHH! SIBJISIeTCS aKTyaJIbHOU MPOOJIEMO.

Jlu1s1 pa3paboTKH TaKoro npemnapara B Mpo-
eKTe MpeAJIoKEHO HCIO0JIb30BaHUE CylmpaMo-
JIEKYJITPHBIX KOMILJIEKCOB Ha OCHOBE COe/INHe-
HUM paCcTUTEIBHOI0 MPOUCXOXKAEHHS, 061a/a-
IOLLUX pa3HOOOPA3HOM 6UOJIOTUYECKON aKTUB-
HOCTBIO B COYETAaHHUU C HU3KOW TOKCUYHOCTBIO.
OHU NPUMEHSIIOTCS B MEJULIMHCKOMN MPaKTHUKe
B KayecTBe JIEKapCTBEHHBIX MpenapaToB IIU-
POKOTO CIIeKTpa JEeWCTBHUS, B TOM 4YHCJEe U B
KayecTBe TenaTONpPOTEKTOPOB IMPU JieYeHUH
NaTOJIOTUU [TeYeHU PAa3TUIHON STUOJIOTUH.

B pe3ysbTaTe McciiefoBaHUs ObLIO MOJY-
yeHo 10 cynpamoJsieKyJIsipHbIX KOMILJIEKCOB,
COCTOSILIIMX U3 HOCHUTEJISI-X035IMHA — MOHOAM-
MOHHEBOU COJIU TJIMIUPPU3UHOBOUN KUCIOThI
(mosiy4eHHOM M3 3KCTPAKTa KOPHS COJIOAKH ) U
aKTUBHBIX KOMIIOHEHTOB-TOCTeH - psijia areH-
TOB C 3aB€JIOMO U3BECTHOM aHTUOKUJAHTHOU
aKTUBHOCTbhIO: (JIaBOHOU/IOB (KAapHUTHH, a
TaKXXe KBepLeTHUH U pyTUH U3 Codophl ANOH-
CKOH), nMosiMPeHOoJIbHBIX KUCIO0T (dpepysioBas
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KMCJI0Ta, KOpUYHAs KMCI0Ta, METOKCUKOPUY-
Hasg KucjaoTa), aMuHOKUcaoT (uucterH HCI,
TpuntodaH, METHUOHUH, apruHuH). U3ydeHbl
uX ¢QU3UKO-XMMUYEeCKUe, TUJpoJHMHaMUye-
CKHe CBOMCTBA, OCHOBHble MeXaHU3Mbl KOM-
IJIeKCOOOpa30BaHUs, aHTUPAJUKaJIbHAsA aK-
TUBHOCTBD In Vitro, renaTonpoTeKTOPHOE Jiel-
CTBHUE I[N VIVO, OCTpast TOKCUYHOCTb.

Ha ocHOBe 3TuX pe3y/bTaTOB OTOOpPAHbI
HauboJsiee aKTUBHbIE KOMIIJIEKCHI U MOJIyYe-
HO 5 4eTbIPEXKOMIIOHEHTHbIX KOMIO3ULUM.
JlanpHeUINNA CKPUHUHT OMOJIOTUYECKOM aK-
TUBHOCTHU CyIPaMoJIEKYJISIPHbIX KOMIIJIEKCOB
Ha MO/ieJIM TOKCUYEeCKOTO rernaTUTa, BbI3BaH-
HOrO CC14, y MBILIEN in vivo, M0 NOKa3aTessIM:
BbDKMBAeMOCTb MblILIeH, JJINTEJbHOCTD KU3-
HU MOTUOUIMX MbllIel, BeCOBOU K03dPUIHU-
€HT [le4eH!, - IPOJEeMOHCTPUPOBAJI, YTO JIy4-
IIMe NoKa3aTeJM BOCCTAHOBJIEHUS MeYyeHO0U-
HOUW QYHKIMU HAOJIOAAI0TCS NMPU BBEJEHUU
kommno3unuu C-4, 10 Mr/kr: BbDKMBAeMOCTb
yBeJMYMBaeTCcsd B 6 pa3 U JAJIUTENbHOCTH
>KH3HU MOTUOIIMX >KHUBOTHBIX IMOYTH B 1,5
pas3a 6oJiblile MO0 CPAaBHEHUIO C KOHTPOJIEM.
Komnosunusa C-4 npejcraBieHa MOHOAMMO-
HUEBOM COJIbIO TJIMLIUPPU3NHOBON KHCJOTHI
(x031MHOM) U 3 KOMIIOHEHTaMH (rocreu) -
KBEPLETUHOM, KapHUTUHOM M IIMCTEHWHOM.
CKpUHHUHI HMMYHOTPOIIHOM AKTUBHOCTH
OTOOPaHHBIX KOMIIO3ULIUH B yCI0BUAX PU3HU-
0JIOTUYECKOW HOPMBbI N10Ka3aJl, YTO HauboJib-
e UMMYHOCTUMYJINPYIOLIeX aKTUBHOCTBIO
B cpaBHeHUH ¢ ['ena-NOVO o6sasaroT npemna-
patbl C-1 B fo3ax 2,5 mr/kr, 5,0 mr/kr u C-4
B /103€ 2,5 MI' /KT, He BJIMSISl HA CyllleCTBEHHOE
VM3MEeHeHHe Beca ceJle3EHKU KUBOTHBIX. [Ipe-
napatsl C-2 u C-3 okasaJu MeHee BbIpaXKeH-
HbI UMMYHOCTUMYUpPYOUUNA 3QPeKT B UH-
JYKTUBHYIO a3y MMMYHHOIO OTBETa.

Komnosunusa C-4 (10 mMr/kr) okasaJsach
apdexkTuBHee pedepeHc-npenapata [e-
na-NOVO (¥Y36ekucraHn) 1) Ha MoJiesii OCTPO-
ro TOKCHYECKOro remaTuTa Ha KpbIcax: IO
noKa3aTeJisiM e4eHOYHbIX Npo6 (061ui Ge-
Jok, AJIT, ACT, MoyeBHHA), KOAryJi0rpaMMbl
(mpoTpoM6GUHOBOE BpeMsi, aKTUBUPOBAHHOE
YacTUYHOEe TPOMOOIJIACTUHOBOE BpeMs, pu-
OpHUHOTEeH); aHTUOKCHUJAAHTHOW aKTUBHOCTH
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(cHMKeHMe TepBHUYHBIX U BTOPHUYHBIX INPO-
AyktoB [10JI - nMeHOBBIX KOHBKOrATOB, CO-
NpSKEHHBIX TPUEHOB, MaJIOHOBOTO JUaJIbJie-
ru/ia); YPOBHIO BOCHAJUTEJBHOrO Mpolecca
B Ne4yeHHU; rUCTOMOPPOJIOTMYEeCKMM Xapak-
TEepPUCTUKAM; 0011ed UMMYHHON peakTUBHO-
CTH; BOCCTAHOBJIEHHIO aKTUBHOCTU depMeH-
TOB /IbIXaTeJIbHOM LleIM MUTOXOH/APUY Neve-
Hu (HAJH-perngporeHassl, CyKIUHATAErU-
JiporeHasbl ¥ LIUTOXPOMOKCH/A3bl), a TaKKe
110 BJIMAHUIO HA UHTEHCUBHOCTD JbIXaHUS U
OKUCUTENbHOr0 GpocHopuinpoBaHUs B MU-
TOXOH/IPUSAX NTeYeHH; 2) Ha MOJieJI XpOHUYe-
CKOTO IeJIMaTPUHOBOIO renaTUTa Ha KpbIcaxX
10 nokKasaTesiAiM ¢pepMeHTaTUBHOTrO U Hedep-
MeHTaTUBHOTO [10J]; 3) Ha MoJe/IIX BTOPUY-
HOro HMMMyHoJZeduuuTa (Mozesard OCTPOro
TOKCUYECKOTr0 renaTUTa U reMOJIMTUYECKOU
aHeMUM) Ha MbIlIaxX: 10 aKTUBHOCTU B OT-
HowmeHuu nonyasanuu AOK B cesie3éHke MbI-
e, TUTPa aHTUTEJ K 3pUTpoLUTaM 6apaHa
B KPOBU MbILIEH, 06111er0 KOJIMYeCcTBa KJIeTOK
B THMYyCe, KOCTHOM MO03re, JUM(paTUYECKUX
y3J1aX, YMCJa IPUTPOLMTOB U JIEMKOLUTOB B
KPOBHU KHMBOTHBIX.

Jna npenapara C-4 ¢ MMMyHOTpPOIIHBI-
MH, TeNaToNpPOTEeKTOPHbIMY, aHTUOKCU/AHT-
HbIMHA CBOMCTBaMH IIpOBeJleHbl NOJIHbIE J10-
KJIMHUYeCKHe UCHbITaHUS Ha 6e30MacHOCThb
corjiacHO Tpe6oBaHusIM ®PapmMkomMuTeTra M3
PY3 (nokasaHbl HU3Kasi TOKCUYHOCTb, OTCYT-
CTBUE KYMYJATHUBHBIX, TI'€HOTOKCUYECKHX,
30PHUOTOKHUCYECKUX U TePaTOTEHHbIX, MeCT-
HOpa3/JpaKkalIlUX, aJJlepreHHbIX, UMMYHO-
TOKCUYECKUX CBOWCTB), npoBefeHa «CTaH-
JapTtusanus cyocrannuu C-4 B COOTBETCTBUU
¢ Tpe6oBaHusiMu 'O XI», moaroToBJieH mpo-
eKT «JlabopaTopHbIN persiaMeHT MOJIyYeHUs
CyO6CTaHLMM KOMIJIEKCHOTrO npenapata C-4»,
onpe/iesIéH CPOK TOIHOCTH CyOCTAHIIMU KOM-
no3unuuu C-4 MeTOoAO0M «yCKOPEHHOro CTa-
peHusA», NOATOTOBJEH NpPoeKT «BpemeHHas
dapmakoneiiHas CTaTbsl Ha KOMILJIEKCHbBIN
npenapat (MOHoaMMOHMKHas cojb 3-0-(2'-
O-B-D-ratokonupaHo3u)-a-D-riaKypoHo-
nupaHo3ua-3B-rugpokcu-11-okco-12-eH-
18B-H, 20-oseaH-30-0BoM KUCJAOTHI € L-kap-
HUTUH, UCTENH, KBEPLLETHUH)».
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