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YASSI TASMALI UZATMALARDA BUROVCHI MOMENTNI VA QAMROV
BURCHAGINI ISHQALANISH KOEFFITSIYENTIGA BOG’LIQLIGI

Yunusov Saloxiddin Zunnunovich
Toshkent davlat transport universiteti “Materialshunoslik va mashinasozlik” kafedrasi texnika fanlari doktori,
professor, e-mail: ysz1979@gmail.com

Kenjayev Sirojiddin Nematullayevich
Toshkent davlat transport universiteti, “Materialshunoslik va mashinasozlik” kafedrasi assistent,
e-mail: xpert_01@bk.ru, +998977810287

Annotatsiya. Magolada yassi tasmali uzatmaning hisob sxemasi asosida gamrov
burchagini o‘zgarishini burovchi moment va ishqalanish koeffitsiyentiga ta’siri hisobiy natijalar
asosida tahlil qilingan. Ushbu tizimning tashkil qiluvchilarni kombinatsiyasi tasmali
uzatmalarining ratsional parametrlarini hisoblash va tanlash mumkin bo‘ladi, tayanchlardagi
yuklanishlar hisobga olgan holda ishgalanish koeffitsiyentining maksimal burovchi momentni
kichikrog burchak bilan uzatish imkoniyatini anglatadi.

Abstract. The article proposes a calculation scheme for the efforts of a flat belt,
calculates and analyzes the effect of changes in the engagement angle and torque on the friction
coefficient, by combining these components it will be possible to calculate and select rational
parameters of belt drives, power relations in belt drives are considered, a high friction force is
provided at angles coverage on the small pulley of flat belts.

AHHOTaIII/ISI. B cratbe IMpEaIOXKEHA paC‘{éTHa}I CXEMa YCHIIMA IINIOCKOI'O PEMHA,
HpOI/I3BeI[éH pacqéT ¥ aHAJIU3 BIIMSHUS U3MCHEHUN yrija 3aiuCnjiCHud U KpyTAIero MOMCHTA Ha
kod(urment tpenus, KomOMHMpOBaHME 3TH COCTABISIIONIMX MOXKHO OyIET pacCuuTOBaTH H
BBIOMpPATh  palMOHAJbHBIE IapaMeTpbl pPEeMEHHBIX mepenad. PaccMOTpeHBI  CHUJIOBBIC
COOTHOILIICHHUA B peMéHHHX nepeaadax, BbICOKas CHJIA TPECHHUA o0ecrieynBaeTcst npu yrjiax
OXBaTa Ha MaJIOM HIKUBE IIJIOCKUX peMHeﬁ.

Kalit so‘zlar. Tasmali uzatmalar, gamrov burchagi, ishgalanish koeffitsiyenti, burovchi
moment, yetaklovchi shkiv.

Keywords. Flat belt, engaging angle, coefficient of friction, transmit power, shaft load,
torque.

KualoueBble cjioBa. PemeHHble mepefaud, yrona 3anervieHus, Kod(h(UIUEHT TpeHws,
Harpyska Ha BaJj, KPYTSAIIUNA MOMEHT.

Kirish. Texnik taraggiyot mashina yuritmalarini doimiy ravishda takomillashtirishni
talab giladi va bunda muhim ahamiyatni oddiy mexanik uzatmalarni yangi konstruksiyalarini
ishlab chigishga garatiladi. Uzatmalarni harakatlanish tezliklarini, tebranishlarga chidamliligini,
ishonchliligini, shovqinsiz ishlash talablarini ortib borishi mexanik uzatmalarga va gayishqoq
element tarkibli uzatmalarga (QETU) bo‘lgan extiyojlarni oshishiga olib keldi. Ishlab chiqarish
korxonalarida asosiy texnologik mashinalarining yuritmalarida QETUda foydalaniladi.

Bunday turdagi uzatmalardan eng ko‘p ichki yonuv dvigatelli mobil transport
vositalarining QETUIlari bo‘lib, ular ko'p hollarda keng ko‘lamli va ommaviy ishlab chiqariladi.
QETUlarda ishchi elementlarini takomillashtirish, o‘lchamlarini muqobillash orgali kamaytirish,
yuklanish qobiliyatini oshirish, samaradorlik va resursni oshirish imkoniyatlari bilan bog‘liq har
ganday kichik yutuglar sezilarli igtisodiy natijaga olib keladi.

Tasmali uzatmalar QETU tarkibiga kiradi hamda yuklanishni nisbatan uzogroq masofaga
yetkazishda, yani yetaklovchi va yetaklanuvchi vallar orasidagi masofa tishli uzatmalarga
nisbatan katta bo‘ladi. Yuklanish ishqgalanish va taranglik hisobiga uzatilishi natijasida QETU
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uzatishlar sonini  doimiyligini ta‘minlash dolzarb masalalardan hisoblanadi. Ushbu
kamchiliklarga gqaramay, sanoat va xalq xo‘jaligida QETU tishli uzatmalardan keyin ikkinchi
o‘rinda qo‘llaniladigan mexanik uzatma hisoblanadi [1].

QETUlardagi tasmalar o‘zgaruvchan yuklanishlar ta‘sirida yetarlicha yuqori
mustahkamlikka ega bo‘lishi, shkiv bo‘ylab harakatlanayotganda yuqori ishqalanish
koeffitsiyentiga va yuqori yiyilishga chidamli bo‘lishi kerak. Tasmali uzatmalar asosan kichik va
o‘rta quvvatli elektr yuritkichlardan hamda kichik quvvatli ichki yonuv dvigatellardan
agregatlarni harakatlantirish uchun foydalaniladi. Yassi tasmali uzatmalardan foydalanish
cheklangan, chunki ularning ishlash xususiyatlari boshga turdagi tasmali uzatmalarga nisbatan
pastrog. Har hil turdagi kompozit materiallardan tayyorlangan tasmallardan foydalaniladigan
uzatmalar bundan mustasno [2, 3].

Tasmali uzatmalarni asosiy kamchiliklarga quyidagilar kiradi:

uzatmaning uzatishlar sonini tasmaning sirpanish koeffisientiga bog‘ligligi;

tasmalarni asta-sekin cho‘zilishi hisobiga ishlash muddatini kamligi;

uzatmaning nisbatan katta o‘lchamlari;

tasmaning tarangligi tufayli vallar va tayanchlarga yuqori yuklanishlar tushushi;

tasmaga moy tushish xavfi;

yuqori burchak tezlikda ishlash muddatini pastligi doimiy nazorat qilish zarurati
(tasmalarni o‘rnatish va tortish orqali tarangligini ta‘minlash, almashtirish) [4,5].

Tasmali uzatmaning ishlashi tasma va shkiv o‘rtasidagi ishqalanish shartiga asoslanadi.
Aks holda, tasma va shkiv o‘rtasida sirpanish yuzaga keladi, bu uzatishlar nisbatining
o‘zgarishiga olib keladi. Tasma va shkiv o‘rtasidagi ishqalanishni oshirish maqsadida tasmani
taranglini ta’minlash uchun maxsus taranglovchi roliklardan foydalaniladi. QETUIlarda tasma va
shkiv orasidagi ishgalanishni oshirish uchcun tasma maxsus suyuglik bilan gayta ishlanadi, bu
esa uning ishqgalanish koeffisentini va ishlash muddatini oshishiga hizmat giladi [5].

Yassi tasmali uzatmalarda kuchlarini hisoblash nazariyasi.

Tasmali uzatmalardagi kuch nisbatlarini ko‘rib chiqish jarayonida, tasmaning ishqalanish
koeffitsiyentini o°zgarishi uzatmaning kuch parametrlariga ta‘siri bizni qiziqtiradi. Tasmali
uzatmaning nazariyasidan ma’lumki, yetaklovchi tarmoqda kuchlanish bilan aylanma kuchi
giymati oshadi va aksincha yetaklanuvchi tarmoqda esa kamayadi. Tasmali uzatmalar uchun
kuchlarning muvozanat sharti F; — F, = F, shuningdek F1 va F, nisbatidan gat’i nazar,
tasmaning yetaklovchi va yetaklanuvchi tarmoqlardagi umumiy kuchlanishlar doim teng bo‘lib
goladi, ya'ni F; + F, = 2F,;. Ushbu nisbatlar, F1 va F larni dastlabki taranglik Fo va yuklanish Ft
ga bog‘ligligini ko‘rsatadi, shuni ta’kidlaymizki, bu yerda shkiv va tasma orasidagi ruxsat etilgan
maksimal yuklanish va ishqgalanish kuchlari o‘rtasidagi bog‘liglik inobatga olinmaydi.

Ushbu masalani birinchi bo‘lib Eyler ko‘rib chiqdi, u absolyut qayishqoq
cho‘zilmaydigan ipni aylanadigan silindr bilan o‘zaro ta’sirini hisob sxemasini taklif etgan.
Tasmali uzatmada tasma egiluvchanlik va cho‘ziluvchanlikka mos keladi, shuning uchun
Eylerning bu yechimini taxminiy deb hisoblash mumkin. Amaliy hisob-kitoblarda Eyler
formulalaridan foydalanganda tasma turiga garab tuzatish omillarini hisobga olish kerak [6-9].

1-rasmda yassi tasmali uzatmaning xisob sxemasi keltirilmoqda. Bu yerdan da burchakli
ikkita radial gismni ajratib olamiz. Unga F va F + dF tortish kuchlari, shkivda hosil bo ‘luvchi
normal bosim kuchi dFn va ishgalanish kuchi dF;p = fdF,, ta‘sir giladi, bu erda f- ishgalanish
koeffitsiyenti. Tasmaning og‘irligini hisobga olmaymiz, nazariyadan shuni ta’kidlash mumkinki,
bu harakatlantiruvchi kuchlarning ishiga ta’sir qilmaydi [10]. Doimiy yuklanishda bo‘lgan
tasmali uzatmalarda shkivlarning aylanish chastotasi o‘zgarmas, tasmaning harakati barqaror
hamda tasma elastik cho‘ziilgan holatida deb qabul gilamiz. Tasmaning bir gismini yetaklovchi
shkivini doimiy gamrab olgan deb garaymiz (1-rasm).

Hisob sxemasida ichki va tashqi yuzalar silindrsimon, shkivlar aylanish o‘qiga
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perpendikulyar bo‘lgan ikkita yon yuzadan va tasmaning kirib borishi va chiqib ketishining
ikkita tekis radial kesimidan iborat boshgaruv yuzasi bilan cheklangan. Doimiy qgarshilik bilan
tasmaning doimiy muhit sifatida harakati bargaror. Yetaklanuvchi tarmoq, tasmaning zichligi va
maydoni kuchlanishsiz holatda bir oz farq giladi [11]. Silindrsimon ichki va tashqgi yuzalardan,
shkivning ikki yon sirti va aylanish o‘qiga perpendikulyar hamda tasmaning shkivga kirish va
chiqish yo‘li ikkita tekis radial kesma ko‘rinishida keltirilgan.

Muvozanat shartidan foydalanib urinma va normalga nisbatan tenglamalar sistemasini
tuzamiz [12].

do de
Fcas? + dF.— (F+ dF]cos? = 0;

da de
(F + dF]sin? + F’siﬂ? —dF, =0.

Agar dFyp = fdF,, u sin &~ 22 5% & 1 bo'lsa, unda ba'zi soddalashtirishlardan

&

so‘ng, quyidagi tenglik hosil bo‘ladi

dF
? = fdﬂ!
Ushbu tenglamalarni F o‘zgarishi va elastik sirpanish yoyi burchagi @ bo‘yicha
integrallab,
J- o ln— = fa;
o
E =el® (1)
P
@ ;ﬁ_i = /= deb garasak, u holda Fo ni quyidagicha yozishimiz mumkin
F>

1-rasm. Yassi tasma harakatining hisob sxemasi

Fel%s1
Fy =Sy ()

Berilgan foydali yuklanish F, uzatish uchun mumkin bo‘lgan F ning minimal ruxsat
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etilgan giymatini aniglash uchun, unda gayishqoq sirpanish yoyining burchagi (gamrov
burchagi) @ = a, deb gabul gilamiz, unda
F ef®iy

FD E; ofas _q (3)

(3) dan ko‘rinib turibdiki, yetaklovchi shkivning yuklanish qobiliyati a4 burchak va
ishgalanish koeffitsiyent bilan to‘g'ridan-to‘g'ri proportsionaldir. O‘qlararo masofa a ning
kamayishi va uzatish nisbatining U ning ortishi tasmaning gamrav burchagi a, kamayishiga
sabab bo‘ladi.

Tasmali uzatmalarda yuklanish hisobiga hosil bo‘ladigan ishqalanish koeffitsiyentining
jptimal giymati uzatilayotgan quvvat va dastlabki taranglikga bog'liq emas, balki fagat tasma va
shkivning tayyorlangan materiallarning friksion parametrlariga hamda uzatmaning konstruktiv
parametrlariga bo‘g’liq bo‘ladi. Tasmali uzatmaning yuklanish gobiliyatini oshirish uchun
dastlabki taranglik kuchi Fo giymatini oshirish kerak, ammo inobatga olish kerakki, bu vallar va
tayanchlardagi yuklanishlarning ortishiga olib keladi.

Uzatmadagi yuklanishlarni ortishi bilan a: ishgalanish burchagining giymati gamrov
burchagi a yaginlashib boradi va tasma yetaklovchi shkiv bilan to‘liq qamrov burchagi ostidagi
yoy yuzasi bo‘ylab ishqalanib siljiydi - erkin sirpanadi, ya'ni salt aylanish jarayoni sodir bo‘ladi.
Erkin sirpanish vagtida yetaklovchi shkiv to‘xtaydi, uzatmaning f.i.k. nolga tushadi. Tasmali
uzatmalarining ishlashining asosiy mezonlari quyidagilardir: tasmali va shkiv orasidagi
ishqalanish kuchlarining qiymatiga bog'liq bo‘lgan tortish qobiliyati va shu yuklanishlarga
tasmaning chidamliligi [13,15].

Uzatmani loyihalashda shuni inobatga olish kerakki, yuk ko‘tarish qobiliyatini oshirish
uchun Fo oldindan kuchlanish kuchining oshishi vallar va tayanchlarga yuklanishlarning
ortishiga olib keladi [14,16].

Burovchi moment va gamrov burchagining o‘zgarishlarini ishgalanish
koeffitsiyentga bo‘gligligini hisobiy natijalarini tahlili.

Tasmali uzatmalar nazariyasidan ma'lumki, Fo dastlabki kuchlanish f- ishgalanish
koeffitsiyentiga va =- elastik sirpanish yoyining burchagiga (qamrov burchagi) ta'sir giladi.
Taqdim etilgan tenglamalar yordamida ushbu bog'ligliklarni hisoblash mumkin bo‘ladi,
yetaklovchi shkivdagi moment 45 dan 150 Nm oraliqda ko‘rib chigamiz.

F1 va F, tasmali uzatmaning yetaklovchi shkividagi yetaklovchi va yetaklanuvchi
tarmoqgning taranglik kuchlari, yoki F, —F, = F, ni o‘zgarishini gqamrov burchagi a va
ishgalanish koeffisiyentiga f bog‘ligligini ko‘rib chiqamiz. Bizni teng sharoitlarda « gamrov
burchak o‘zgarishining ta'siri haqidagi savol ham qiziqgtiradi. (1) formuladan & burchakning
ishgalanish koeffitsiyenti f ga bog'ligligini hisobiy aniglash mumkin, natijalar 1-jadvalda
keltirilgan.

1- jadval
Burovchi moment va gamrov burchagining o‘zgarishlarini ishqalanish koeffitsiyentiga

bog'ligligi, yetaklovchi shkiv d=125 mm.
F, | F | R a=150° |a=160° |a=170° | a = 180°
Burovchi moment T=45 Nm
53 386,5 667 0,997 0,9348 0,8799 0,8309
58 389 662 0,963 0,9025 0,8495 0,8022
63 391,5 657 0,931 0,8728 0,8216 0,7758
68 394 652 0,902 0,8455 0,7959 0,7515
73 396,5 647 0,875 0,8201 0,7719 0,7289
78 399 642 0,85 0,7963 0,7496 0,7078
83 401,5 637 0,826 0,7741 0,7286 0,688
88 404 632 0,803 0,7531 0,7089 0,6694
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93 406,5 627 0,782 0,7333 0,6903 0,6518
98 409 622 0,762 0,7145 0,6726 0,6351
103 411,5 617 0,743 0,6967 0,6558 0,6193
108 414 612 0,725 0,6797 0,6398 0,6042
113 416,5 607 0,708 0,6635 0,6246 0,5898
118 419 602 0,691 0,648 0,61 0,576
123 421,5 597 0,675 0,6331 0,596 0,5628
Burovchi moment T=90 Nm

106 773 1334 0,997 0,9348 0,8799 0,8309
111 775 1329 0,98 0,9183 0,8644 0,8162
116 778 1324 0,963 0,9025 0,8495 0,8022
121 780,5 1319 0,947 0,8874 0,8353 0,7887
126 783 1314 0,931 0,8728 0,8216 0,7758
131 785,5 1309 0,916 0,8589 0,8085 0,7634
136 788 1304 0,902 0,8455 0,7959 0,7515
141 790,5 1299 0,888 0,8325 0,7837 0,74

146 793 1294 0,875 0,8201 0,7719 0,7289
151 795,5 1289 0,862 0,808 0,7606 0,7182
156 798 1284 0,85 0,7963 0,7496 0,7078
161 800,5 1279 0,838 0,785 0,739 0,6978
166 803 1274 0,826 0,7741 0,7286 0,688
171 805,5 1269 0,815 0,7634 0,7186 0,6786
176 808 1264 0,803 0,7531 0,7089 0,6694

Burovchi moment T=135 Nm

159 1159,5 | 2001 0,997 0,9348 0,8799 0,8309
164 1162 1996 0,985 0,9237 0,8695 0,821
169 1164,5 | 1991 0,974 0,9129 0,8593 0,8115
174 1167 1986 0,963 0,9025 0,8495 0,8022
179 1169,5 | 1981 0,952 0,8923 0,84 0,7931
184 1172 1976 0,941 0,8825 0,8307 0,7844
189 11745 | 1971 0,931 0,8728 0,8216 0,7758
194 1177 1966 0,921 0,8635 0,8128 0,7675
199 1179,5 | 1961 0,912 0,8544 0,8042 0,7594
204 1182 1956 0,902 0,8455 0,7959 0,7515
209 1184,5 | 1951 0,893 0,8368 0,7877 0,7438
214 1187 1946 0,884 0,8283 0,7797 0,7363
219 1189,5 | 1941 0,875 0,8201 0,7719 0,7289
224 1192 1936 0,866 0,812 0,7643 0,7217
229 1194,5 | 1931 0,858 0,8041 0,7569 0,7147

Olingan grafik bog'ligliklarning tahlili shuni ko‘rsatadiki, har bir egri chizig ma'lum bir
gonuniyatni aks ettiradi va R? aproksimatsiyadagi bog’liglik boyicha o‘zgaradi. Agar gamrov
burchagi @ = 150° bo‘lganda F, zaruriy yuklanishlar giymatini 577 Nm dan 667 Nm oralig'ida
gabul gilsak, u holda f ishgalanish koeffitsiyenti giymati mos ravishda 0,675 dan 0,997 gacha
o‘zgaradi, shuningdek, @ gamrov burchagini 150% — 180° gacha o‘zgarishi f ishgalanish
koeffitsiyentiga teskari proportsional ta’sir qiladi, ya‘ni agar F, = 597 Nm bo‘lganda f
ishgalanish koeffitsiyentining giymati 0,691 dan 0,562 gacha, F, = 667 Nm bo‘lganda uning
qiymati 0,997 dan 0,830 gacha o‘zgaradi.
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2-rasm. Burovchi momentni T=45 Nm bo‘lganda gamrov burchagining o‘zgarishini
ishqgalanish koeffitsiyentiga bog'ligligi, yetaklovchi shkiv d=125 mm.

Agar F,/F, = ef® ekanligini hisobga olsak, a gamrov burchakning teng giymatlarida
f ishgalanish koeffitsiyentining giymati Ft. ga bog'liq bo‘ladi.

1-jadvalda, burovchi moment giymati 90 Nm dan 135 Nm ga o‘zgarganda, shkiv diametri
d=125 mm bo‘lganda qamrov burchagini & =150% dan « = 180" gacha o‘zgarishini
ishgalanish koeffitsiyentiga ta'sirini hisoblash natijalari keltirilgan.

1,05
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‘n X @
= 09 - o ® e 3
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1240 1260 1280 1300 1320 1340

F., kuchlanish, N

3-rasm. Burovchi momentni T=90 Nm bo‘lganda gamrov burchagining o‘zgarishini
ishqgalanish koeffitsiyentiga bog'ligligi, yetaklovchi shkiv d=125 mm.

Hisob-kitob natijalari bo‘yicha grafiklar qurildi (3-rasm.), ularning tahlili shuni
ko‘rsatadiki, gamrov burchagi @ ning ortib borishi f ishgalanish koeffitsiyentiga kutilganidek
teskari ta'sir giladi. Barcha egri chiziglar R? aproksimatsiyasidagi o°z giymatlari va kattaliklariga
ega. Agar gamrov burchagini 150°...180° oralig‘ida o‘zgartirsak va bunda yuklanish
F, = 1264 Nm bo‘lganda, mos ravishda, f ishgalanish koeffitsiyenti 0,803 dan 0,669 gacha va
yuklanish F, = 1334 Nm bo‘lganda f-ishgalanish koeffitsiyenti 0,99 dan 0,83gacha bo‘ladi.
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4-rasm. Burovchi momentni T=135 Nm bo‘lganda gamrov burchagining o‘zgarishini
ishgalanish koeffitsiyentiga bog'ligligi, yetaklovchi shkiv d=125 mm.

4-rasmda tasmaning qamrov burchagining o‘zgarishini burovchi moment T = 135 Nm
bo‘lganda f-ishgalanish koeffitsiyentining qiymatiga ta'siri grafik bog'ligliklar ko‘rinishida
keltirilgan. Grafiklar EXCEL kompyuter dasturi yordamida qurilgan, grafiklardami egri chiziglar
aniglilik darajasi R? aproksimatsiyadagi bog’liglik boyicha o‘zgaradi. Qamrov burchagining
o‘zgarishlari kombinatsiyasini ko‘rib chiqamiz, agar qamrov burchagi a 150% dan 180° gacha
va foydali yuklanish F, 1931 Nm dan 2001 Nm gacha o‘zgarganda f-ishgalanish koeffitsiyenti
ularning minimal giymatlarida f = 0,858 va maksimal giymatlarda f = 0,83 tashkil qiladi.

Hisob-kitob natijalarining tahlili nazariy asoslarga mos keladi, ya'ni tasmali
uzatmalardagi gamrov burchagi, yuklanish va ishgalanish koeffitsiyenti mutanosibdir. Tizimning
ushbu komponentlarini kombinatsiyasi tasmali uzatmalarining ratsional parametrlarini hisoblash
va tanlash imkonini beradi. Bizni tasma va shkiv o‘rtasidagi ishqalanish koeffitsiyentini
o‘zgartirish orqali yuklanishlarni oshirish masalasi gizigtiradi. Ishqalanish koeffisienti yuqori
bo‘lgan tasmali uzatmaning yangi konstruksiyasini ishlab chiqish bo‘yicha tadgiqotlar olib
borilmogda.

Hulosa. Hisobiy natijalaridan ko‘rinib turibdiki, o qamrov burchagi o°zgarishsi f
ishgalanish koeffitsiyentini, F, foydali yuklanishni o‘zgarishini hisobga olgan holda tavsiyalar
ishlab chigish mumkin. Amalda, buning uchun tasmani taranglash vositalaridan foydalaniladi.
Bizni ishgalanish koeffitsiyentini maksimal darajada oshirish masalasi qiziqtiradi, bu esa o‘z
navbatida burovchi momentni yetaklovchi shkivdan yetaklanuvchi shkivga nisbatan kichikrog o
qamrov burchagi bilan o‘tkazish imkoniyatini beradi. Shu bilan birga, yassi tasmali uzatmalar
yetaklovchi shkivdagi gamrov burchak @ = 150% bo‘lgan hollarda yuqori ishqalanish
koeffitsiyenti bilan ishlashi mumkin. Tasmali uzatma konstruksiyasida o‘zaro ishqalanish
koeffitsiyenti yuqori bo‘lgan materiallardan foydalanish ishqalanish hisobiga gizish va yeyilish
tufayli uning xizmat muddatini pasayishiga olib keladi.
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PAST BOSIMLI OQIMLARGA MO‘LJALLANGAN MIKROGESNING DINAMIK VA
MATEMATIK MODELLARINI TUZISH

Turdaliyev Voxidjon Maxsudovich
NamMQI, t.f.d., professor, vox-171181@mail.ru

Xakimov O‘tkirbek Akramovich
NamMQlI, t.f.f.d. (PhD), hakimov.utkirbek1990@mail.ru

Annotatsiya. Ushbu maqolada past bosimli oqimlarga mo‘ljallangan MikroGESning
dinamik va matematik modellari hamda nazariy tadqiqotlarda suv g‘ildiragining o‘zgarish
gonuniyatlarini ifodalab beruvchi tenglamalar keltirilgan. Gidroagregatda harakatni uzatuvchi
val tezligining tebranish gamrovini ortib ketishi bilan generatorga uzatilayotgan energiyaning
o‘zgarish oralig‘i ham ortib borishini aniglab beruvchi ifoda ishlab chiqilgan.

Annotation. This article presents dynamic and mathematical models of
Microhydroelectric power plants designed for low-pressure flows, as well as equations
expressing changes in the water wheel in theoretical studies. An expression has been developed
that determines that the range of energy transmitted to the generator increases with increasing
range of vibration of the speed of the drive shaft in the hydraulic unit.

AHHoOTanud. B 1aHHOW cTare mpeAcTaBlIeHbl JUHAMUYECKAs U MAaTEMAaTUYECKass MOAEIH
MI/IKpOF:aC, PpaCcCUUTAaHHBIC HAa IMMOTOKHW HU3KOI'O HABJICHHS, 4 TAKKC YPABHCHHA, BbIPpAKAOIIHUC
HU3MCHCHUA B BOJSIHOM KOJIECC B TCOPCTUUCCKHUX MCCICOOBAHUAX. Pa3pa60TaH0 BBIPAXKCHUC,
onpcacAromee, 410 Aualla3OH nepez[aBaeMoﬁ Ha TCHCPATOP OHCPIrHM YBCIIMYUBACTCA C
YBEJIUUYCHHUEM JHana3oHa BUOpald CKOPOCTH BEYILIETO Bajia B THIpoarperare.

Kalit so‘zlar: MikroGES, energiya, past bosim, oqim, suv, g‘ildirak, burovchi moment,
aylanishlar soni, FIK.

Keywords: Micro hydroelectric power station, energy, low head, currents, water, wheel,
torque, speed, efficiency.

KuroueBbie ciaoBa: Mukpol DC, sHeprusi, HUCKOHAINOp, TEYEHUs, BOAA, KOJIECO,
KpYTSIIAKA MOMEHT, uncio oboport, KI1/I.

KIRISH. So‘nggi bir necha yillarda butun dunyo bo‘yicha turli xil o‘zi tiklanuvchi
energiya manbalaridan foydalanish sezilarli darajada ortib bormogda. Shu jumladan, tabiiy
oqayotgan suv oqimlaridan energiya olishga mo‘ljallangan, tannarxi nisbatan arzon, sodda
konstruksiyasiga ega, foydali ish koeffitsiyenti (FIK) yuqori bo‘lgan, ekologiyaga zarar
keltirmaydigan gidroagregat konstruksiyalarini yaratish hozirgi kunda dunyo olimlarini diggat
markazida bo‘lmoqda.

Gidroenergetika umumiy energetika tizimining muhim gismidir va gayta tiklanadigan
energiya manbalariga tegishlidir. Shu sababli, hozirgi kunda ushbu sohaga yangi texnika va
texnologiyalarni olib kirish bo‘yicha olimlar tomonidan qizg‘in tadqiqotlar olib borilmoqda.
Shuning uchun gidroturbinalarning yangi, takomillashgan konstruksiyalari GESlarda joriy
etilmoqda [1].

Odatda, murakkab tuzilishga ega bo‘lmagan gidroenergetik mashinalar gidroturbina va
generatordan tashkil topadi. Energetika tarmog‘ida ham boshqa ishlab chigarish tarmoqlari kabi
eng muhim omillar texnologik jarayonlarni optimallashtirish, ishonchlilik, chidamlilik va
samaradorlikni ta’minlash, energiya va resurstejamkorlikka erishish hisoblanadi. Yuqoridagi
sanab o‘tilganlarni ta’minlaydigan asosiy obyektlar mashinalar, qurilmalar va mexanizmlar
sanaladi. Ishlab chigarishning har bir sohasida turli xil mashinalar turli magsadlarda
foydalaniladi [2].
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Tadqiq etilayotgan gidroagregatimizni bir-biri bilan qayishqoq bog‘langan ikki massali
mashina agregati sifatida qaraymiz. Bunda qayishqoq bo‘g‘in (zanjir)ning bir tomonida suv
g‘ildiragi, ikkinchi tomonida esa generator joylashgan. Uning dinamik modelini shartli ravishda
1-rasmda keltirilgan sxema ko‘rinishida tasvirlash mumkin.

METODLAR. Bunday dinamik modelni harakatini ikkita differensial tenglama orqali
ifodalash mumkin [3; 51-b., 4; 69-72-b., 5; 201-b.]. Ya’ni, birinchi differensial tenglama suv
g‘ildiragining harakatini ifodalasa, ikkinchisi generatorning harakatini ifodalaydi.

M, M,
NN
g’ildiragi Generator
U -
Ji, @1 I, ¢

1-rasm. Gidroagregatning ikki massali dinamik modeli

Suv g‘ildiragining harakatini ifodalovchi differensial tenglama quyidagicha

i+ (@ —Upp,)e =M, (1)
bunda Ji-suv g‘ildiragidagi massalarning keltirilgan inersiya momenti, kgm? ¢ -suv
g‘ildiragining burchak tezlanishi, rad/s?; @ -suv g‘ildiragining burilish burchagi, rad; @,
generator valining burilish burchagi, rad; ui> —zanjirli uzatmaning uzatishlar soni; c—zanjirning

bikirlik koeffitsiyenti, Nm/rad; Mi—suv g‘ildiragi validagi burovchi moment, Nm.
Generatorning harakatini ifodalovchi differensial tenglama quyidagicha

320, — (@ —Upp@,)c =—M, | )
bunda J>—generatordagi massalarning keltirilgan inersiya momenti, kgm?, M.-generator validagi
burovchi moment, Nm.

(1) differensial tenglamani ¢, ga nisbatan yechamiz
d o My
P, = T _ 3)
UppCp U UG
(3) tenglamani ikki marta differensiallab tezlik va tezlanishlarni aniglaymiz, ular
quyidagicha

dp, J, d3¢1+ 1dp 1 dM,

dt cu, dtt u, dt cu, dt )
dz@z _ Ji d4¢1+id2(/71_ 1 d2M1
dt* cu, dt* u, d* cu, dt? ®)

Yuqoridagi (3) va (5) tenglamalardan foydalanib, (2) ifodani quyidagi ko‘rinishda
yozamiz:

4 2 2
J,J, dg J, A% J, d°M, _
4 +(J;+—5) 2 =M; + 2 M, (6)
cu, dt u, dt cu, dt
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Suv g‘ildiragining mexanik harakteristikasini quyidagicha ifodalab olamiz

d
M,=a-b d(ilza—ba)L (7)

bunda %wa suv gildiragining burchak tezligi, rad/s; a — suv g‘ildiragining dastlabki

burchak tezligi, rad/s; b — suv g‘ildiragining dastlabki burchak tezlanishi, rad/s?.
Endi, (6) tenglamani quyidagicha yozish mumkin

3
J1J2d“3)1 b d'o £+ 2299 L hn —asm, @)
cu, dt® cu, dt? u, dt

Shunday qilib, suv g‘ildiragining harakati uchinchi tartibli tenglama bilan ifodalanar
ekan, bunda o‘tish jarayonida burchak tezlikning tebranishi kuzatiladi.

(8) differensial tenglamaning xarakteristik tenglamasini quyidagicha yozamiz:

J,J J b
Ddz go g JD 2 (3,4 22y p b =0 )
CulZ CulZ u12

Harakat uzatish davrida tebranishlarni so‘nish holati kuzatiladi. Tadgiq etilayotgan
dinamik modelni dinamik bargaror deb garab Raus-Gurvits usulini qo‘llaymiz.

NATIJALAR. Ushbu usulga ko‘ra, differensial tenglamadan olingan xarakteristik
tenglamaning barcha ildizlari manfiy bo‘lsa, dinamik tizim bargaror hisoblanadi. Xarakteristik
tenglama ildizlarining ishoralarini aniglash xarakteristik tenglama koeffitsiyentlaridan tuzilgan
determinantlar orgali amalga oshiriladi. Ya’ni determinantni quyidagicha yozamiz

b
Ccu
D, = J32 N
D (g, 402y
CulZ 12

Dinamik bargaror tizimlarda birinchi koeffitsiyent noldan katta bo‘lgan holatda uning

determinanti musbat bo‘ladi. Tadqiq etilayotgan holat uchun determinant quyidagiga teng.
2
(J ) Judz b= J2b —>0. (10)
CU12 U, CU12 C”lz

Tadgiqotlarimizda generatorning burchak tezligini (w2=const) o‘zgarmas deb garaymiz, u
holda massalarning burilish burchaklari va burchak tezliklari orasidagi munosabatlarni
quyidagicha yozamiz [6; 46-b.]

D,

@, —U,at =A@, (11)
@ —U,0=Ag@; (12)
P =Ap; (13)

bunda A —zanjirning deformatsiyasi natijasida qo‘shimcha burilish burchagi, rad.
(12) va (13) ni inobatga olib (2) tenglamani quyidagicha yozamiz
LAp+cAp=M,. (14)
(14) tenglamani yechimi quyidagicha:

A(DZ&—FClCOS it+Czsin it, (15)
c J, J,
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bunda C; va C>—o°zgarmas koeffitsiyentlar.

Boshlang‘ich shartlar ya'ni, t=0 bo‘lganda A@p =0, A@=0, A@p =0bo‘ladi. U
holda

C =z, (16)
C1ning giymatini (15) tenglamaga qo‘ysak

M c .| cC
Ap=—2|1-cos_|—t |+C,sin_|—t . 17
v c{ \/sz 23, )
(17) tenglamani differensiallab quyidagini olamiz

M c . C C C
Ap=—2 |[—sin |—t+C, [—cos |—t
L T [ T Rt K T (18)

Boshlang‘ich shartlarni inobatga olsak,
C,=0. (19)
Demak, o‘zgarmas koeffitsiyentlar C; va C, giymatlarni inobatga olib quyidagini

yozamiz.
Ago_%(lcos /JitJ (20)
2

Shunday qilib, tadqiq etilayotgan dinamik modelda zanjir hisobiga amplitudasi M., va
c

chastotasi \/JZ bo‘lgan garmonik tebranish sodir bo‘ladi. Bunday harakatlarda albatta tizimdagi
2

so‘nishlarni ham inobatga olish zarur. Tebranishlarning so‘nishlari dempferlash koeffitsiyenti
orgali ifodalanadi. Shuning uchun sistemaning dinamik modelini quyidagi ko‘rinishda
ifodalaymiz (2-rasm).

M, M,
6
Suv
g’ildiragi c Generator
AVAN
- U -
S ¢ Jo, 2

2-rasm. Sistemaning dinamik modeli

U holda massalarning harakat gonunlarini quyidagicha yozish mumkin
{J1¢1 +6(p —U,9,) +C(p —Uy,p,) =M, +AM, sinat
3,9, —6(p —Up,0,) —C(p, —Up,0,) =M,
bunda 6 — dempferlash koeffitsiyenti, Nms/rad.
MUNOZARA. Agar (12), (13) va (14) tengliklarni hamda generatorning burchak

tezligini o‘zgarmas deb qarasak, u holda (21) tenglamalar sistemasini quyidagicha yozish
mumkin

, (21)
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J AP +6Ap+CAp =M, +AM, sinat
—8p—CAp=—-M, (22)
(22) tenglamalar sistemasidan quyidagini yozamiz:
JAp=M, +AM, sinat —M, (23)
(23) tenglikning ikki tomonini J; ga bo‘lib quyidagini hosil qilamiz:
ag =AM g Mz (24)
Jl 1 1
(24) tenglikni bir marta integrallab quyidagini hosil gilamiz
. M AM M
Ap=—Lt——=2Lcosat——2t+C, (25)
J; J,o J,
Agar boshlang‘ich shartlarga ko‘ra t =0 va A¢ =0 bo‘lsa, u holda
c, =2 (26)
J,o
(26) tenglikni inobatga olsak, u holda (25) tenglama quyidagicha ko‘rinish oladi
M AM M AM
Ap=—Lt——2Lcosat ——2t+—+ (27)
J; J,o J; J,o

(27) tenglamani inobatga olib, (12) ifodadan suv g‘ildiragining burchak tezligini

quyidagicha aniglaymiz
D, = U@, + Mlt AI\/llcOSa) M2t+AM1
P = U0, 1 10 3, I (28)

Olingan (28) ifodani sonli yechimini amalga oshirish orqali suv g‘ildiragining harakat
gonunlarini aniglash mumekin.

XULOSA. Ushbu magqolada past bosimli ogimlarga mo‘ljallangan gidromashinalar
uchun dinamik va matematik model tuzilgan. Yuqoridagi matematik ifodalarni yechish orgali
gidromashinalarning energetik balanslarini va parametrlarining o°zgarish qonuniyatlarini
aniqlash mumkin bo‘ladi.
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VIIK 675.055

PEHIEHUA KOHTAKTHbBIX 3AJIAY BAJIKOBOI'O OT’2KUMA KOXH

Xyppamos lllaBkat PaxmaTyiuiaeBuy
TamKkeHTCKI apXUTEKTYPHO CTPOUTENBHBIN YHUBEPCHUTET, Ipodeccop,
JIOKTOp TEXHUYECKUX HayK, AoreHt, E-mail: savkat- xurramov59@mail.ru,

AHHOTaI.lI/ISI. Craths IMOCBAIIICHA PEIICHUIO KOHTAKTHBIX 3aJda4d BaJIKOBOI'O OTXXHMa
KO>KeBEHHOT0 moiny(adprkara mocie KpacHJIbHO-KUPOBaJIbHBIX omepanuid. C mpuMeHeHHEeM
TUTIOTE3bI O MTOCTOSTHCTBE COOTHOIIIEHUU CKOPOCTEH Je(hOpMUPOBAHUS KOHTAKTUPYIOIIUXCS Tell
pa3paboTaHbl MaTeMaTHYeCKHe MoJeau (GOpMbI KpPUBBIX KOHTakTa BajKoB. [lomy4yeHbl
MaTEMAaTHYCCKUE MOIACIU pPaCHpCACIICHUA HOPMAaJIbHBIX Haprl)I(eHI/Iﬁ II0 KpHWBBIM KOHTAaKTa
BAJIKOB M aNIIPOKCHUMUPOBAHBI 60H€C YIIPOMICHHBIMHU OMIUPHUYCCKUMU 3aBUCUMOCTIAMMU.
C wucCrmoip30BaHMEM  MaTeMaTHYECKHUX  MoJielel  (GopMbl KPUBBIX KOHTaKTa  BAJIKOB,
pacupeCacsICHUA HOPMAJIbHBIX HaHpH)KeHI/Iﬁ u HaHpH)KeHI/Iﬁ TPCHUA MMOJTYYCHBI MATCMATUYCCKUC
MOJCIIN PACIIPCACIICHNA KaCATCIIbHBIX HaHpﬂ)KeHHﬁ.

Abstract. The study is devoted to solving contact problems of roller squeezing of semi-
finished leather products after dyeing and fat-liquoring operations. Mathematical models of the
shape of roll contact curves were developed using the hypothesis of a constant ratio of strain
rates of contacting bodies. Mathematical models of the distribution of normal stresses along the
roll contact curves were obtained and approximated by more simplified empirical dependencies.
Using mathematical models of the shape of roll contact curves and the distribution of normal
stresses and friction stresses, mathematical models of the distribution of shear stresses were
obtained.

Annotatsiya. Magola charm yarim mahsulotini bo‘yash-moylash jarayonlaridan keyingi
valli sigishning kontaktli masalalarini yechishga bag‘ishlangan. Kontaklashuvchi jismlar
deformasiyalanish tezliklari nisbatining o‘zgarmasligi haqidagi gipotezani qo‘llagan holda vallar
kontakt egri chiziglari shakllarining matematik modellari ishlab chigilgan. Normal
kuchlanishlarning kontakt egri chiziglari bo‘ylab tagsimotining matrmatik modellari olingan va
soddaroq empirik bog‘lanishlar bilan approksimasiyalangan. Kontakt egri chiziqlari shakllari,
normal kuchlanishlar tagsimoti va ishgalanish kuchlanishlarining matematik modellarini
qo‘llagan holda urinma kuchlanishlar tagsimotining matematik modellari olingan.

KuaroueBble cjioBa: BaJKOBbIE MAIIMHbBI, KOKE€BEHHBIH MONy(pabpUKaT, OTHKUM KOXKH,
KOHTAKTHBIC 3aJla4d, T'HAPABIMYCCKUC 3a/ladl, KPUBBIC KOHTAKTA, (I)opMa KPpHUBBIX KOHTAaKTa,
HOpPMAJIbHBIC HAIIps>KCHUA, KaCaTCJIbHBIC HAIIps>KCHUA, pacupCaciaICHuA KOHTAKTHBIX
HaIIPSHKEHUN, KOHTAKTHBIE YIJIbl, HEUTPAJIbHBIA YIOJI.

Keywords: roller machines, semi-finished leather product, leather squeezing, contact
problems, hydraulic problems, contact curves, shape of contact curves, normal stresses, shear
stresses, contact stress distributions, contact angles, neutral angle.

Kalit so‘zlar: valli mashinalar, charm yarim mahsuloti, charmni siqish, kontaktli
masalalar, gidravlik masalalar, kontakt egri chiziglari, kontakt egri chiziglari shakli, normal
kuchlanishlar, urinma kuchlanishlar, kontakt kuchlanishlari tagsimoti, kontakt burchaklari,
neytral burchak.

Brenenune

TexHOMOTNA 06pa6OTKI/I Pa3JIMYHBbIX MATCpUAIOB C IIPUMCHCHUCM BaJIKOBLIX MAIIWH
IHUPOKO MMPUMCHSCTCA BO MHOTHUX oTpaciax MMPOMBINIJICHHOCTH. HaanMep, napk
000pYyIOBaHbIM IS MEXaHWYECKOW 0O0pabOTKH KOXEBEHHOTO moiydadpukaTta COCTOWT B
OCHOBHOM H3 BAJIKOBBIX MAIIINH. Cpezm HHUX MOKHO BBIZJACJICTH BAJIKOBBIC MAIlIMHEI JJIsI OT)KUMaA
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BJIATU U3 KOKEBEHHOTO noiyadpukata (mocie TyOiaeHHs WK Mocie KPaCHIbHO-)KUPOBAIbHBIX
onepanuii) [1].

JI1060if TEeXHOJOTHMYECKUH MpoIlecC B BAJIKOBBIX MAIlIMH, B TOM YHCIE OTXKHM KOXH,
OCYIIECTBISIOTCS B WX OCHOBHOM palouell dYacTe — B BAJIKOBOM MOJYJE, B pe3yibTaTe
KOHTaKTHOTO B3aUMOJICUCTBUS KOXH C MapamMu BalkoB. [Ipu 3ToM KoXa cCXUMaercs U
U3MEHSIETCA €€ BIAXHOCTb. B CBSI3M C O3TUM B IIPOILIECCE BAJKOBOIO OTKHUMA KOXKH
OJTHOBPEMEHHO MPOUCXOIUT SIBIICHUE KOHTAKTHOTO B3aMMOJCHCTBUS U fABIEeHUE (UIbTpanuu
Brnaru. CiienoBareiabHO, JJISI  MOJCIMPOBAHUS BAJIKOBOTO OTXKHUMA KOXH  BO3HHKAET
HEOOXOIMMOCTh COBMECTHOTO peIlIeHHs] JABYX THINA 3a7ad: I[epBas — KOHTAKTHOE
B3aMMOJICHCTBUE B BaJIKOBOM MOJyJe (KOHTAKTHBIC 3aJla4M); BTOpas — (WIBTPAIMH BJIaTd B
KOXe (THapaBiIndecKue 3aaaun) [2].

Jannas paboTa MOCBSIIEHA K PEIICHUI0 KOHTAaKTHBIX 3aJlay BaJKOBOTO OTXKMMa KOXKH
(xo’xeBeHHOTo monyhadpukaTa MOCIEe KPAaCUIbHO-KUPOBAIBHBIX omnepanuii). OCHOBHBIMU
KOHTaKTHBIMH 33Jla4aMH BaJKOBOTO OT)KMMa KOXH SIBIITIOTCS MaTEMAaTHUECKOE MOJCITUPOBAHUE
(GOpMBI KpPUBBIX KOHTaKTa BaJKOB M MaTEeMaTHYE€CKOE MOCIMPOBAHHUE  pPaCIpelleTCHHUs
KOHTaKTHBIX HOPMAaJIbHBIX U KacaTeIbHBIX HANPsKeHUH [2].

MarepuaJbl 1 METObI

CornacHo [1], BaKOBBIE MOJTYJIH KOKEBEHHBIX OT)KUMHBIX MAIllMH B OCHOBHOM HUMEIOT
CUMMETPUYHBIN BUJIL.

PaccmaTpuBaeM CUMMETPUYHBIN BaJKOBBIM MOJyJib, B KOTOPOM KOa (CJIOH KOXH) C
TOJIIUHON O, , B3AUMOJAEUCTBYIOT C IPUBOJHBIMH BalIKaMH, UMEIOLIEE paiuyc R U smacTUuHOE

MOKPBITHE U3 TEXHUYECKOro cykHa ¢ toiamuHod H . Ha puc. 1 mpeacraBiena BEpXHss 4acTh
BAJIKOBOT'O MOAYJIA OTHOCHUTCJIIBHO JINHUHU CUMMCTPUU.

B paccmaTtprBaemMoM BaJKOBOM MOJyJe KpUBasi KOHTaKTa Bajka (Ka)KIOr0) COCTOUT M3
IByX 30H. Ha mepBoi 30He KOXka M CyKHO cCxumarorcs. [loatomy mnepBas 30Ha uMeeT
KpUBOJIMHEHHYIO (opmy. B cBsi3u ¢ TeM, 4TO KOKEBEHHBINH MolypabpuKaT B CTaIUU OTKUMA

foy
&
o
o |,th

Puc.1. CxeMa KOHTAKTHOI'O B3aMMOJelicTBUA B BATIKOBOM MoayJe

II0CJI€ KPacWJIbHO-KUPOBAJIBHBIX OINEpAallMd HWMEET PAaBHOMEPHYK) M TOHKYIO TOJIIHMHY, Ha
BTOpOIl 30HEe OHAa He OyaeT (He ycHeBaeT) BOCCTaHABIMBATH JedOpMallvio, MOJYyYEHHOE Ha
nepBoii 30He. [loaToMy BTOpast 30Ha UMEET MPSIMOJIMHEHHYIO popMYy.

B mnpouecce orxkuMma, BCIEACTBHM JCUCTBUS PEAKTUBHBIX CHJI, TOYKA MaKCUMaJbHOU
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nedopmanuy  KOXH (TOYKa, pasJensdiouas nepBod M BTOPOM ydyacTKM) OyneT CMeleHa OT
JIMHUM LIEHTPOB B CTOPOHY BXOJ1a KO’KU B 30HY KOHTaKTa [2].
[TosTomy, nMmeemM

-~ <0 <-p, -¢,<0,<¢,
WIH
-0 +p;50,+9, <0, 0<6,+¢, <0, +¢,, (1)
rne 6,6, — nomspHbIE Yribl NEPBOM M BTOPOH 30HBIL, @,(, — YIJIBI KOHTAaKTa (3axBaTa U
BBIXO/1a), ¢, — YIOJ, pa3JeAIouil IepBOi U BTOPOI 30HBI.
PemeHns 1ByX KOHTAKTHBIX 3a7a4 BAJIKOBOI'O OTXKHUMa KOXKH, B IOJISIPHBIX KOOpAMHATAX C
MIOJIFOCOM B IIEHTpE BaJiKa, MOXKET OBITh BbIpaXkeHa C MOMOLIBbIO TPEX MOJenen
L=r@+e), n=n6+¢), t=t(6+¢p), =12,

rae | —HWHAEKC, O3HAyYalomMid HOMEp 30HBI, [, 6, —paauyc BEKTOpP M MOJSPHBIA yroi;

n,,t, —HOpMasbHas U KacaTelbHasl HAIPSHKEHHS B TOUKE | — i 30HBI.

KonrakTtHOEe B3amMmozeiicTBue naepopMupyeMoro marepuana ¢ BaJKOH, HMEIOIICH
3JaCTUYHOE MOKPBITHE, MOKHO PacCMaTpUBATh [0 aHAJIOTUM C KAaUYE€HHUEM 3JIACTUYHOTO KoJjeca
o pedpopMupyemMomy rpyHTy [2,3].

B Teopun kaueHuu Koseca MpU aHATUTHYECKOM OMUCAHUHM (OPMBI JHUHHH KOHTAKTa
IPUHUMAET TUIOTE3Y O IOCTOSHCTBE COOTHOILEHUU CKOpOCTeW nedopmupoBaHHs Kojieca U
rpyHra [4,5].

[IpyauMas 95Ty THUIIOTE3y, TO €CTh, CYHUTAas IOCTOSHHBIM COOTHOIIEHHUE CKOPOCTEH
OTHOCHUTENBHBIX JeQopMaIiii CyKHa U KOXH MPHU CKATUU, AJI1 KPUBOJIMHEWHOUN 30HBI KPUBOTO
KOHTaKTa BaJIKa, UIMEEM.

dg,
dt* =y, 7, =const (2)
dzy
dt
Orcrona noixyyaem
£
=N (3)
81
PesyabraTsl
U3 pucynka 1 caenyet, uto
R-r . — _
£ = g 2c0s(-¢, + ¢;) I’l—RCOS( P+ ¢3) _ 4)
H S, cos@, + ;)
Torna u3 paBeHctsa (4) ¢ yuetom BblpaskeHus (5), umeem
R—T, = 2H cos(-¢, + @,)1 rl_RCOS(_(01+(/’3) . )
& cos(@, +¢s)

PemmB paBeHcTBa (5) OTHOCHTENBHO I, HMOJYyYMM YPaBHEHHUIO KPHUBOJIMHEHHON 30HBI
KPHUBOI'O KOHTAKTa BajKa

cos(—¢, + @;)

rl
cos(@, + ¢,)

, Ot 03 < 0+ ¢, <0, (6)

171

1+my,
e m = 2H Cosg(p1 + (/)3).
1

[To anamorum c ¢dopmynoit (6) HamuIeM YpaBHEHHUIO TNPSIMOJUHEHHOW 30HBI KPHUBOTO
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KOHTAaKTa
[ = cos(p, + ¢,)
2 1+my, 2 cos(@, + ;)
ITpu 5TOM ¥, CTpeMHUTCA K OECKOHEYHOCTH, IIOCKOJBKY Ul BTOPOH 30HBI g; =0.
Torma nmeeM
cos(p, + ;)
r,=R——=——, 0<0, +p, <@, +¢;. (7)
cos(@, + ¢;)
®opmyiy (7) MOKHO MOITYYUTh HEMTOCPEICTBEHHO U3 pUCYHKA 1.
Korna 6, + ¢, =6, + o, =0 umeer Mecto paBeHCcTBa (puc. 1)

6(0)=— % (L+ mycos(-g, + p,)) = RC0S@, + ¢;) = ,(0),
L +my

[IpeoGpasys MOCNEaHETO, HAXOANM BBHIPAKEHHIO, TTO3BOJISIONIEH ONPENEIUT BEJIUIUHY (), |

_ _2Hyp — (8 +2Hp)e; @)
2(2Hy,, + (6, + 2Hy)p,)

Otcro/a, ¢ y4eTOM YCIOBHIO ¢, >0, MOKHO HAXOJIUT YCIOBHIO JUISL YIJIa (), -

2Hy,
g/————— , 9
?, d+2Hn% 9)

VYrom 3axBara ¢,  OLEHHUBAcTCA YCIOBHEM 3axBara [2] M ee IpeleNbHOE 3HAUYEHHE
ompezensercs no Gpopmyre

3

@, = arctgf , (10)
rae f — ko3 duIUeHT TpeHus KOXH O MOBEPXHOCTH CYKHA TIPU €€ 3aXBaTe.
Takum o6pazom, popmynsl (6) u (7) omnpenenstoT MaTeMaTHYECKYI0 MOJENb (OPMBI

KpHUBOI'0O KOHTAKTa BaJIKa B BAJIKOBOM MOAYJIC OTKUMaA KOXKH. W3 Hux CJIeayeT, 4TO OCHOBHBIMHA
IIOKa3aTeJIIMHU MaTEMAaTUYCCKUX MO}ICHGI;'I (bOpMBI KPHUBOI'O KOHTAKTa BaJIKa SIBJIAIOTCA BCIIMYWHBI

@, @, @3, M, aTaKke y,. U3 Beipaxkennii (8)-(10) cnenyer, 4To BENUYUHEL @, , @,, P; © M B
CBOIO OYEpeIb 3aBHCAT OT TCOMETPUYECKHUX MMapaMETPOB KOXH, CyKHa M BajKa, a TaKKe
K03(h(PUIMEHTa TPEeHUs] MEXIy KOXKEH M CyKHa. A BEIMYMHA ), ONPEAEISIETCS B IEPBYIO
ouepenb aeGopMaIOHHBIMUA CBOMCTBAMH KOXKHU U CYKHA.

Cormacuo [6, 7], koka U cykHa (HOpMaM3yIOTCS KaK CIUIONIHBIE CpPe/la CO CBOMCTBaMU

YIIPYrocTu, BA3KOCTH U INIACTUYHOCTHU U OMTHUCBIBAKOTCS PCOJIOTHYCCKUMU MOJACIAMHA KennBuna —

®doiirra:
o, =E g +luld_tl, o, =E& +:U1d_t1’ (11)

rne o,,&;,E;, 1, — HanpspkeHus, nedopmanusi, MOIYIH YHPYTOCTH M BSA3KOCTH KOXU IPHU
cKaTuu, oy, &, E;, 1, —HanpsxeHus, nedopManusi, MOLyIH YIPYTrOCTH U BSI3KOCTH CyKHA IIPU

CXKaTHH.
J1st 110601 TOYKH KPUBOJIMHEHHOM 30HBI UMEIOT MECTO COOTHOIIEHUS:
Ar +Ah = Al (12)
rae
1 « m
& =EAI’1, & =F1Ah1, All :llo _Il' (13)

C yuerom 3aBucumocreit (2) u (12) u3 paBencrsa (13) Haxonum
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S LY/ By VIR Y (14)
H(@+my,) HQ+my,)
AHaJIOTHYHO, IMEEM
de,  my, d  dg 1 dl,
dt H@+my,) dt’

= — . (15)
dt  H@+my,) dt:

B Toukax KpHMBOro KOHTakTa Bajka jAe(opManus KOHTAKTUPYIOLIUXCA Tl Oyrer
IIPOUCXOJUTh 110 HOPMAaJU

Nn—n. Ilo3ToMy B KaXIOH TOYKE KPUBOJIMHEHMHOW 30HBI
! !
BBIIIOJIHSIETCS YCIIOBUE

= , TIE Y/, —Yrol MeXAy paJuycoM I} ¥ HOpMalbio N—n.
cosy,  COSy,

Otcrona, uMeeM o, = 0, WIK C yuyeToM 3aBucumocteit (11)

de <«  «dg
E151+/Jld_1:E1* 1 -

. 16
ot (16)
C yuetom Boipaxkenuil (14) u (15) u3 pasencrsa (16) nonyuum

E1A|1+,ul—1

o LdL (17)
EAlL + 1 d—l

W3 pucynka 1 cienyer, uTo

2!

+ .
2¢0s(-¢, + ;)
C yueToM 3THX BbIpakeHUI U3 paBeHcTBa (13) Haxonum

2¢os(-¢p, + @;) cos(@, + ¢;)

|10 cos(-@, +¢,) =l cos@ +¢), I/

1 =

Otcrona noiny4um

%%Zﬂ{R 8 Jcme@+¢gmma+%)

J’_
2 L
2¢os(-¢p, +@;) cos” (6, + ¢;)
rac w —yFHOBaﬂ CKOpOCTI) BaJIKa.

L

Pacuetsl y, mo ¢opmyne (17) MOKHO yNpOCTHTh 3aMEHOM BbIpakeHHs Al, u

ux
CPEIHUMH 3HAYCHUAMH, TaK KaK IPUHUMAIU ), = CONSt:

@l,), - 1 T(R+ 5, J(l_cos(—(plﬂps)
@

d (6, + @),
i 3 gt 2¢0s(~, + ;) cos(@, + ;) J ' ?
(gﬂ __ o }[R+ 8, Jcme%+¢aama+%)ﬂg+¢)
- 1 3
dt ),  @—95 2, 2cos(- +¢,) cos® (6, + ;)
HJIH TIOCJIE UHTETPUPOBAHUSA

al),, = (R + 2 J.(l_ Cos(@, — ¢s) In
2cos(-¢, + ¢;) 2(p,— ;)

1+sin(p, — ;)|
1-sin(p, — ¢y)|

dllj ® ( 5, J
— | = R+ (1-cos(p, —¢,))-
[ dt » PP 2cos(-¢, + ¢,) s

PackianpiBast JorapuMHIECKyI0 ¥ TPUTOHOMETPHUECKYIO (CHHYC) (DYHKIIHIO B PSJl, IMEEM
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2 1)

Al), ==|R+——F—— -0,), 18
( l)cp 3( 2005, + ¢3)J(¢1 ?,) (18)

dl, @ 0,
=2 ==ZR4+— 2 -.)- 19
( dt ] 2 { 2c05(-g; + %)J(% g 4

C yuertom Boipaxkenuit (18) u (19) u3 pasencrna (17) Haxoaum
4E, (@, — @3) + 3@

= L (o —¢3) +3u, (20)

4E, (o, — ¢;) + 3@

[lepexoguM K pelIEHUIO BTOPOM 3aJayd KOHTAKTHOTO B3aUMOICHCTBUA KOXH C
OT)KUMHBIMHU BaJIKaMH, TO €CTh K ONPEIEICHUIO 3aKOHOMEPHOCTEN paclpeeleHs KOHTAKTHBIX
HAIpsDKSHUH 110 KpUBOW KOHTaKTa Basika — N, = N,(6 + ;) , t, =t,(0 + ¢,).

Ha nepBoii 30He KpMBOTr0 KOHTAaKTa BBIJIEIMM 371eMeHT JuimHol dl,. Ha sToT snemeHT co
CTOPOHBI KOKH JECHCTBYIOT dJleMeHTapHble HopMasibHasd ON, m xacarensHas dT, CHIIBI, KOTOPBIE
ypaBHOBeIMBatoTCs cuioit o dl;:

ojdl, —dN, cos0° —dT,sin0° =0
WIH
o
n =oj,
r1e o, —HaNpsHKEHHs CXKaTUs CYKHO B HallpaBJIeHUH N—N .
Cornacho puc.1, umeeM o = o, COSy; , NIH
n, = o, Cosy/,, (21)

rjie o, —HAIpPSKEHUS CKATUA CYKHO B PaJIMaJbHOM HAIPABICHHUH K €€ OCH.

Cornmacao ¢dopmynam (4) u (11) HampspKeHHS CKaTHsS B paJuaibHOM HAMPaBICHUH
UMeeT BUJL

de
o,=Ee& +u -1, (22)
dt
e & = —— " e y4ETOM ypaBHEHUs (6)
m, v, R cos(—o, +
81 — 17/1 (1_ ( ¢l (p3)j1 (23)
H(1+m171) Cos(gl +§03)
Otcroia nmoyanm
de, m,7,Re  cos(-¢, +¢,)

=— tg (0, + o). 24
dt  H(L+my,) cos@, +p,) 906, +¢.) 24)

C yuetom Beipakenuit (23) u (24) uz dopmyisl (22) Haxoaum
m,y;R cos(-¢, +¢;)

=————|E, ———————=(E, + ,0tg (6, + . 25
H(l+m1}/1)[ 1 cos@, + ¢,) (E, + pnotg (6, + 93) (25)
3aBUcUMOCTh (22), COOTBETCTBEHHO 3aBHUCHUMOCTh (25), oTpakaeT HalpsDKEHUI0 B
cTatudeckoM mnporecce. [loaTomy, BMeCTO 3aBUCUMOCTH (25) HCHOB3YIOT €€ YTOUHEHHYIO JJIs
TUHAMHUYECKoro mporecca Bui [8]. YTounsas 3aBucumocTh (25) cormacHo pabote [8],

NIEpEMUILEM €€ B BUJIE

m,y,R

O_l — 17/1

H@+my,)

Torga u3 paBeHctBa (21) HaxX0IUM MaTEMATUYECKYIO MOJIEb paclpeeieHss HOPMaJIbHbIX

0,

((El ot +0)) -0 PO (E + otg(0,+ ¢3>j. (26)
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HaIPSDKEHNUHN 110 KPUBOJIMHENHON 30HE KPUBOI'O KOHTAKTa BajKa

m,7,R CoS(-¢, + ¢,)
n=———— ———=(E, + pyotg (6, + cosy,. (27
1 H@+m,,) cos@, + ¢y) (E; + tatg(6; + @3) . (27)
Huddepenuupys paBerctsa (6), HOTyIHM
r— my, R Cos(-¢ +¢;)

((El + 1oty (—p, +@3)) -

= tg(6, + @;). 28
' 1+my, cose(6; +¢,) W+ o) )
C yderoM paBeHCTB (6) u (28), umMeem
r/ m,y, COS(—@, + @)
gy, = BT tg(0, +¢,).

L cos(@ +@,)+my, Cos(—¢, + ;)
WIH
m,7, COSC-¢, + ;)
cos(@; +@;) + My, COS(—; + ;)
[To amamormu c¢ Qopmynoit (27) HaxXomaWM MAaTEMaTHYECKYI0 MOJCIb paclpee/ieHuUs
HOPMAaJIbHBIX HAIPSHKEHUM 110 PSIMOJIMHEMHOW 30HE KPUBOTO KOHTAKTa BaJlKa

cos(p, + ;)
— =" (E, + tg (0, + cos(@, + . 30
cos(@, +(P3)( o + ,atg(0, (03)} @, +9;) (30)

V= arctg[ tg(6; + (p3)j- (29)

R
n, = ﬁ[(Ez + p,0tg(p, +@,;)) -

[TonoxeHne TOYKH MPUIOKEHHUS N, COOTBETCTBYET TOYKE MAaKCHMAJIbHOW aedopMaruu

KOXKH.
Torna u3 3aBucuMoctH (27) ¢ yaeToM 3aBUCUMOCTH (29) mosmyuanm

“.1;/1“ HY) ¢l ¢3
n =——==— | E, sin - otg(o, — @

WM TI0CJIE YTIPOILEHUS

_ 2H7/1R(E1(§01_§03)_2,u1a))( ) 31
T 26 +2Hpcosto ) .

AHaIOTHYHYIO POPMYITY MOKHO MOJTYYUTh C UCTIOIB30BaHuEM 3aBrucuMocTy (30)

_ R(E;(p, + ) +2;U2a))( +9,) (32)
max 2H @y TPs3) -

Taxkum oOpazom, ot 3aBucumoctd (27) u (30) ompenensiroT MaTeMAaTHYECKYIO) MOJIETh
pacrnpesielieHns HOPMaJbHbIX HalpsDKEHUH 10 KpUBOMY KOHTAaKTa Bajka B BAJIKOBOM MOJYIIe
omkuMa Koxu. Jlig oOnerueHus JanbHEHIIEr0 HCIONB30BaHMSA OTHX 3aBHCUMOCTEH
anMnpoKCUMUpPYEM UX 00Jiee MPOCTHIMU SMIMPUUECKUMU 3aBUCMOCTSIMH.

B pabotax [3,9] ananu3zupoBaHbl, MOJYYEHHbIE B SKCIIEPUMEHTAIBHBIX M TEOPETUUYECKUX
UCCIIEIOBAaHUSIX 3aKOHOMEPHOCTH PACIPEEIIEHUS] HOPMAJIBHBIX HANPSKEHUH B JIBYXBAJIKOBBIX
MOJIENIIX TEXHOJOTMYECKMX MallnH, a B pabore [10] mpu kaueHHMHM Kojieca, W OIHMCAHBI
pa3MYHBIMM SMIUPUYECKMMHU 3aBUCUMOCTAMH. Ha ocHoBe aHammu3a rpauKOB 3THX
3aBUCUMOCTEN MPUHUMAEM JUUIsI 3aKOHOMEPHOCTEW pacHpelieNeHUss HOPMAJIbHBIX HaIpsDKEHUN
10 KPUBBIM KOHTAKTa BaJIKOBOI'O MOJYJISl OT)KUMA KOXKH CJIEIyIOoIUe SMINpUIecKue GopMyIIbl

max

n, = DRV (@ —2,)° = (6, +95)°), —@+p<6,+¢,<0, (33)
(o —93)
n
n, = —= \/(¢2+(P3)2_(‘92+¢)3)21 0<0, + ¢, <9, + ¢, (34)
Pt Py

rae N, —onpenensercs no Gopmyne (31) (wm (32)).

Mexanika va Texnologiya ilmiy jurnali 5-jild, 1-son, 2024

https://mextex.uz/
P 28


https://mextex.uz/

Scientific Journal Of Mechanics And Technology ISSN 2181-758X, volume 5, Issue 1, 2024

MEXANIKA

CpaBauTenbHbIN aHanu3 rpadukoB Gopmyn (27) u (29) ¢ rpadukamMu SMIUPHYIESCKUX
3aBucumoctedt (33) u (34) ¢ MakCUMaIILHBIM 3Ha4YeHHEM, ompezessieMbiM 1mo (opmyne (31)
(umum (32)), TmoOKaszanm, YTO OHHM COBMAAAET C JIOCTATOYHOM [JIsi MHXKEHEPHBIX pPAacueToB
TOYHOCTBIO.

Jis  MojenupoBaHMsS 3aKOHOMEPHOCTEH pachpeesieHus] KacaTelbHBIX HaMpsHKeHUN
OCHOBHBIM (PAKTOPOM SIBJISIOTCS MAaTEMAaTUUYECKUE MOJICIIH HANPSIKSHUS TPEHUS, ONIPEICIISIONIHIE
3aBHUCHUMOCTHU MEXy HOPMaJIbHBIMU U KACATEIbHBIMH HAMPSKCHUSIMH.

Jlia MaTeMaTH4yecKuX MoJIelIe HaNpsKEeHUH TPEHUsS! UCII0JIb3YyEM MOJIEIH, pa3padoTaHHbIe
paHee s IPUBOIHOTO Bajka [2].

t, =t9(0, + o, —y, + &N, —@, + 9, <60, + ¢, <0,

(35)
t,=t9(0, + o, —yw, +&)n,, 0<6, +¢p, <@, +¢,,

F .
rae & =arctg 6; Q, F —cuna naBneHust MPKUMHBIX YCTPOMCTB M TOPU3OHTAIbHAS PEaAKIIHS

OTIOp BaJIKa.
Torma w3 cucrembl ypaBHeHuit (35) ¢ yuerom BbelpakeHus (33) um (34) Haxomum
3aKOHOMEPHOCTH PACTIPE/ICTICHUS] KAacaTeIbHBIX HAIMPSKCHHWI 10 KPUBBIM KOHTaKTa BAJIKOB B

BaJIKOBOM MOJIYJIC OT)KUMa KOXH
n

b= (- -G+a) )90 +o,—v1 +8), —a+e<G+p <0 (36)
(1 —93)
n
L= o, TX(D \/(¢72+(03)2_(€2+(/73)2 (0, +@; —y, +8), 0<0,+p; <, +0,. (37)
2 TP

Jlns aHanW3a 3aKOHOMEPHOCTH pacTpeiefieHHs KacaTelIbHOTO HampsKeHHs ocoboe
3HaUEHUE HMEeT HEWTpalibHas TOYKa, B KOTOPOM KacaTesibHas HaIpsDKEHHUS paBHA HYIIO.
HelitpanbHas TOuka B MPUBOJIHOM BajIKe HaXOJMUTCS B 30HE Cokatus [2].

VYroin, onpeaensomuil Moja0KeHUe HEUTPaIbHON TOYKH, HA3BIBAIOT HEUTPAJIbHBIM YIJIOM.
I[Tycts HelfTpanbHas ToUKa onpenensercs yriaom (—@, +@,).

Torpaa u3 ypaBHeHus cuctemsl (36), umeeM, 4To

— @+ P 1 (-0, +3) +5 =0
WM C y4eToM BbIpakeHHs (29) u cumtasd, 4to COS(—¢, +¢@,) =1, Sin(-¢, + ¢;) = —@, + @,
HAXO0JUM
0, +2H cos(-¢p, + @)
S,
Ilpn cratmueckoM B3aummozeWcTBun koxu ¢ BankaMu F =0 u ¢, =0. Ilostomy

F
@, =5+ arctga. (38)

HefITpaHBHaSI TOYKa IIpH 3TOM HAXOAUTCs HaA JIMHUU IEHTPOB, CICAOBATCIBHO @, = 0.

BriBoabI

1. C pemieHreM KOHTaKTHBIX 3aJ[a4 BAJIKOBOTO OT)KMMa KOXKU IOJYYEHbl MaTeMaTUUYECKUE
Mozenu (HOpMBbI KPUBBIX KOHTAKTa BAJIKOB M 3aKOHOMEPHOCTEH pacmpeeeHUs] KOHTAKTHBIX
HOPMAJIbHBIX HANPSDKEHUN B BAJIKOBOM MOJYJIE MAILMHBI I OT)KMUMA KOXKH U AHAUIUTHYECKUE
3aBUCUMOCTH JIJISl pacdeTa BEJIMYUHBI yIila, ONPeesIomed TOUKy MaKCUMaIbHOU Jedopmaiun
KOKH, HEUTPAJIIBHOTO yIJla U MAaKCUMyMa HOPMaJIbHOT'O HAIIPSKEHMUS.

2. llosyyeHHbIE MAaTEMAaTHYECKHE MOJEIHM PpACHpPEICNICHUs] HOPMAJbHBIX HaNpPSKEHHUI
anMpPOKCUMHUPOBAHBI 0OJIEe YIPOMIEHHBIMHA IMITUPUICCKUMH 3aBUCHMOCTSIMU C MaKCUMAaJIbHBIM
3HAYCHHEM, OIpPEAeIIeMbIM MO0 pa3padoTaHHBIM MoAesIM. CpaBHUTENBHBIA aHAIN3 TpauKoB
MOJIYYEHHBIX MATEMATHYECKUX MOJIENel ¢ rpadukamMyu SMIUPUYECKUX 3aBHUCHMOCTEH, MMOKa3all,
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YTO OHU COBHAAAET C JOCTATOYHOM /U1 UHKEHEPHBIX PACYETOB TOYHOCTHIO.

3. C uCcnoabp30BaHUEM MAaTEMATHUECKUX MOJIEIEH paHee MOTYyYeHHON HalpsyKEHUN TpeHwsl,
pa3zpaboTaHHON (OpPMBI KPUBBIX KOHTAaKTa BAJKOB U alMPOKCUMHUPOBAHHON pacrpeseseHus
HOPMAaJIbHBIX HAINpPSHKEHUN IMOJY4YEHbl MATEMATHYECKUE MOJEIM PACHpPENECIEHU KacaTEIbHbBIX
HanpsHKECHUMN.

4. YCTaHOBIIEHO, YTO HOPMAJIbHbIE HANPSIKEHUS H3MEHSIIOTCS OT HYJIA B Ha4alie U B KOHILIE
30HBI KOHTaKTa BAJIKOB JI0 MAKCUMyMa B TOUKE MaKCUMalIbHOU JedopMaliuu Koxu (puc. 2).

5. BBISBIEHO KacaTeJIbHbIE HANPSIKEHUS MEHSIOT CBOM 3HAKA B HEUTPaJIbHOM TOYKE,
KOTOpasi HaXOAMUTCS Ha y4acTKe cxkaTus (puc.3).

nIla

. L L 38 gfpao.
-18-13 -8 -3 03 8 gpao 4
Puc.2. I'paduk pacnpenenenus Puc.3. 'padpuku pacnpeneseHust
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MEXANIKA
VIIK 675.055

PEHIEHUSA IT'NJIPABJIMYECKHUX 3ATAY BAJIKOBOI'O OTKUMA KOXH

Xyppamos lllaBkat PaxmaTyiuiaeBuy
TamKkeHTCKI apXUTEKTYPHO CTPOUTENBHBIN YHUBEPCHUTET, Ipodeccop,
JIOKTOp TEXHUYECKUX HayK, Aorent, E-mail: savkat- xurramov59@mail.ru,

AHHOTa].lI/ISI. Cratbs IMOCBsAIICHA PCIICHUIO THAPABIMYCCKHUX 3ada4 BAJIKOBOI'O OTKHMa
KOKeBeHHOTo Tmonyabpukara mocie KpacHIbHO-KUPOBAIBHBIX omnepanuid. Pa3paboTtaHbl
MaTeEMaTHYCCKHUE MOACIIN SaKOHOMepHOCTefI pacupeaciaCHusd TUAPABIUYCCKOTO OaBJICHUA H
U3MEHEHUI OTKUMAaeMOil Blaru Inpyu BaJIKOBOM OTXHUMC KOKH. yCTaHOBHeHO, qTo
THAPAaBIMYCCKOEC OaBJICHUEC  YBCIUMYMBACTCA OT HYJISI B HadaJle 30HBI KOHTaKTa BaJIKOB 10
MakCuMyMa B TOYKE MaKCHUMaJILHOU I[C(I)OpMaLII/II/I KOXH, ITIOCJIC 3TOro A0 KOHIIA 30HbI KOHTAaKTa
BAJIKOB PaBHO HYJIIO. BBI}IBJ'IeHO, 4TO CKOpPOCTH (bHHpraI_II/II/I JKUAKOCTHU B HaYaJIe 30HbI KOHTAaKTa
BAJIKOB UMCCT OTPHULATCIBHOC 3HAYCHHUC, MCHACT 3HAK B TOYKE BOAOpa3Aciia, YBCIWYHNBAsA, B
KOHIIC 30HBI CXXaTHuA MMCCT MAKCUMaAJBbHOC 3HAYCHHUC, IIOCJIC 3TOI'O JO KOHIIA 30HBI KOHTAaKTa
BAJIKOB PABCH HYIJIIO.

Abstract. The article is devoted to solving the hydraulic problems of roller squeezing of
semi-finished leather products after dyeing and fat-liquoring operations. Mathematical models of
the patterns of distribution of hydraulic pressure and changes in squeezed moisture during roller
pressing of leather have been developed. It has been established that hydraulic pressures vary
from zero at the beginning of the contact zone of the rolls to a maximum at the point of
maximum deformation of the skin, after which it is equal to zero until the end of the roll contact
zone. It was revealed that the fluid filtration rate at the beginning of the roll contact zone has a
negative value, changes sign at the watershed point and at the end of the compression zone has a
positive value, after which it is equal to zero until the end of the roll contact zone.

Annotatsiya. Magola charm yarim mahsulotini bo‘yash-moylash jarayonlaridan keyingi
valli sigishning gidravlik masalalarini yechishga bag‘ishlangan. Charmni valli sigishda gidravlik
bosim tagsimoti va siqilayotgan suyuqlik o‘zgarishi gonuniyatlarining matematik modellari
ishlab chigilgan. Gidravlik bosim vallar kontakt sohasining boshlanishida noldan charmning
maksimal deformatsiya nuqtasida maksimumgacha o‘sishi, so‘ngra vallar kontakt sohasining
oxirigacha nolga tenglashishligi o‘rnatilgan. Suyuqlikning filtratsiya tezligi vallar kontakt
sohasining boshlanishida manfiy qiymatga ega bo‘lishligi, suv-bo‘linishi nuqtasida nolga teng
bo‘lishligi va o‘sib borib, charmning maksimal deformatsiya nuqtasida maksimumgacha
erishishligi va so‘ngra vallar kontakt sohasining nolga tenglashishligi aniglangan.

KuaroueBLIe cJ10Ba: BalIKOBBIE MalllMHBbI, KO>XKEBEHHBIN nonyq)a6p1/n<aT, OTXKHUM KOXKH,
KOHTAKTHEBIC 3aJiadi, TUAPABIMYCCKUC 3aladi, KPUBLIC KOHTAKTA, TUAPABINYCCKOC JAaBJICHUA,
OT’KUMaeMas BJIAXKHOCTb, 3dKOHOMCPHOCTL pPaCHpCACICHUA THUAPABINYCCKOIO HOaBJICHUA,
3aKOHOMCPHOCTDb HU3MCHCHUA OTKUMaeMOU BJIAJKHOCTH, TOUKA BOJOpa3aciia.

Keywords: roller machines, semi-finished leather product, leather squeezing, contact
problems, hydraulic problems, contact curves, hydraulic pressure, squeezed-out moisture, pattern
of hydraulic pressure distribution, pattern of change in squeezed-out moisture, watershed point.

Kalit so‘zlar: valli mashinalar, charm yarim mahsuloti, charmni siqish, kontaktli
masalalar, gidravlik masalalar, kontakt egri chiziglari, gidravlik bosim, sigilayotgan suyuglik,
gidravlik bosimning tagsimot gonuniyati, sigilayotgan suyuqlikning o‘zgarish qonuniyati, Suv-
bo‘linishi nuqtasi.

BBenenmue.

Mexannueckue onepanr ¢ NpUMCHCHHUEM BaJIKOBBIX MAalllMH HIUPOKO PACHIPOCTPAHCHBI
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MEXANIKA
B KO’)KEBEHHOU NMPOMBIIIIEHHOCTH. Cpeii HUX MOYKHO BBIIEJST BaJKOBbIE MAIIUHBI Ui OTKUMA
KUAKOCTU (BJaru) W3 KOXH, CO3JAIONICH Blary, HEOOXOAUMYIO JUIsl TOCHEIYIOIIHNX
MexaHu4eckux omnepauuid. KawyecTBa Takux omnepaunuii, ciegoBaTelbHO, KayecTBa TOTOBOMU
MIPOAYKITNH, 3aBUCUT OT 3((PEKTUBHOCTH IMPOIIEcCca OTKUMA.

MogenupoBaHie BaJKOBOI'O OTXKHMMa KOXXH OCYIIECTBISIOT COBMECTHBIM pEIICHUEM
KOHTaKTHBIX W TUAPABIMYECKUX 3a4ad. OCHOBHBIMU T'HMAPABIMYECKUMM 3aJja4aMU BaJIKOBOI'O
OTXKHMMa KOXXHU SIBJISIFOTCSI MaTeMaTUYEeCKHE MOJEIUPOBAHUS 3aKOHOMEPHOCTEH pacrpeneneHus
THJIPABIMYECKOT0 JABJICHUS U N3MEHEHHS OT)KMMAaeMOW )KHUIKOCTH B 00sacT oTkuMa [1].

MaremaTHueckum MO/JICIUPOBAHUEM 3aKOHOMEpPHOCTEH pacrpenesieHus
TUIPABIMYECKOrO  JAaBJI€HMST M  U3MEHEHUS OTKUMAaeMOM JKMJIKOCTH  HCCIIEJOBAJIUChH
IIPUMEHUTEBHO K 33aJ]a4aM pas3IMuHbIX OTpaciei NPOMBIIUICHHOCTH. B 1eiiton03H0-0ymaxHoM
MIPOMBIIIICHHOCTH TaKUE€ WCCIIEOBAHUS HANPABJICHBI HAa M3y4YeHHE 00€3BOKMBaHUS Oymaru, B
TEKCTWJIBHOW MPOMBIIUICHHOCTH — Ha YyJaJEeHUE SJKUIAKOCTH U3 pa3IM4YHbIX TKaHel, B
KO>KeBEHHOW MPOMBIIIJICHHOCTH — Ha OT)KUM KOXXEBEHHOTO ToirydabpHukaTa mocie yOneHus
WJIN TI0CJIE€ KPAaCHJIbHO-)KUPOBAJIbHBIX ONEpalluil U ApyrHe.

Ananu3 nutepatypsl [2-5] mokasan, 4yTO MOJyYeHHbIE B HUX MaTeMaTUYECKHUE MOJENIH
3aKOHOMEPHOCTH PpAaCIHpEeIeHHUs] TUAPABINYECKOrO JaBICHUS M WM3MEHEHUS OTKMMAaeMOMN
AKHUJIKOCTU B 00JIACTH OT)KMMA HE COOTBETCTBYIOT AKCIIEPUMEHTAJIbHBIM 3IIOpaM. DTO CBS3aHO B
NIEPBYI0 OUYEpelb C PpELICHHEM THAPaBINYECKHX 3aJady 0e3 y4yeTa SBJIEHUS KOHTAaKTHOTO
B3aMMOJICHCTBUS OTKUMAEMOr0 MaTeprasa ¢ pabourMy BaJIKaMHU.

Ilenpto  naHHOW  paboOTHl  SIBISETCS  MOCTPOEHHE  MaTEeMaTHYECKUX  Mojeleit
3aKOHOMEPHOCTEH pacrpeneneHus] TUIPABINYECKOr0 JaBIICHUS W M3MEHEHMs OTKHUMaeMOMH
BJaru IpH BAJIKOBOM OTKHME KOXH (KOXKEBEHHOro moiydabpukaTa IOCIE KpacHJIbHO-
KUPOBAIBHBIX ONEpPAlMii), YUUTHIBAIOLIEH SIBJICHHUS KOHTAKTHOIO B3aMMOJEHCTBUSI KOXKHU C
pabounMu BaJKaMu.

Marepunajbl 1 MeTOABI

CornacHo [6], BalIKOBBIE MOJIYJIN KOKEBEHHBIX OTKUMHBIX MAlllUH B OCHOBHOM MMEIOT
CHUMMETPUYHBIN BU/I.

PaccmaTtpuBaeM CHUMMETpPUYHBIM BaJKOBBIH MOJYJb, B KOTOPOM KOXKa (CJIOH KOXH) C
TOJIIIMHON O, , B3aUMOJEHCTBYIOT C IPUBOJHBIMH BaJIKaMH, UMEIOIIEe painyc R ¥ 3macTudHOe

MOKPBITHE M3 TEXHUYECKOro cykHa ¢ TommuHod H . Ha puc. 1 mpencraBnena BepxHss 4acTb
BAJIKOBOT'O MOJIYJISl OTHOCUTEIBHO JTMHUU CUMMETPHHU.

B paccmarpruBaeMoM BajgKOBOM MOJYJI€ KpHBas KOHTAKTa Bajka (KaKIOT0) COCTOUT W3
IByX 30H. Ha mepBoil 30HE KOXa W CyKHO CkuMaroTcs. [losTomMy mepBas 30Ha HMeeT
KpUBOJIMHEHHYIO (hopmy.

B mpomecce cxaTHs TNPOMCXOAMT YIUIOTHEHHE KOXH, KOTOPOE 3aKII04aeTcs B
NEPErpynimupoBKe TBEPABIX YACTHIl W yMEHBIIEHHE OOBeMa TMOp MEXKIy HUMH, U
CONPOBOXKIAETCS BBDKUMAHHUEM >KUAKOCTH, 3AOJHAIONIEH 3T mopbl. [losToMy mpu oTkuMe
94acTh MPUIIOKEHHOTO JIaBJICHHUS BOCTIPUHUMAETCS TBEpAOH (a30if, a 4acTh — )KUIKOCTHIO. YacTh
JaBJICHUS, BOCIIPUHUMaeMmas TBepaoi (a3oil, Ha3bIBaeTCS CHKUMAIOUIMM JlaBICHHEM, a
KHUJKOCTBIO — THPABIMYECKUM JaBlieHHEeM. [Ipu 3TOM IBIMKEHHE, ¥ TeM CaMbIM YIaJICHUS
KHMJIKOCTH U3 KOXHM B IOKpPBITUE BajKa 3aBUCUT OT pacHpeiesieHHs TUApaBINnYECKOro
JIaBIICHUS B 30HE CKaThs. Pacmpenenenre THapaBIdecKoro JIaBJICHUs B CBOIO OYepeb 3aBUCHT
OT M3MEHEHHUs  CKOpOCTH (QUIBTPALMM KHUIKOCTU. B 30He cxkaTus HMeeTcss cedeHue
Bopopaznena AA [7]. Kuakoctb cieBa OT 3TOr0 CEYEHMs] JIBUYKETCS HAaBCTpEdy KOXKH,
crpaBa Mo xoxy koxu. [loaTomy B Touke A cedeHus BOAOpa3jelia, HaXOJAIIMecs Ha KPUBOH
KOHTaKTa BaJIka, CKOPOCTh (DMIIbTPAIMH KUIKOCTH Baosb ocu OX paBHsieTcs Hynro. Mcexonas u3
3TOT0, IEPBOM 30HBI KPUBOT'O KOHTAKTa BaJIKa OTHOCHTEIIFHO CEYECHHUS BOAOPA3eia pa3AeuM Ha
7IBa y4acTKa.
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Puc.1. Cxema BajJKkoBOro MoayJIfl OT:KMMA KOXKH

B cBsi3u ¢ TeM, YTO KOXKEBEHHBINH monydadpukar B CTaJWu OTKMMA IOCIE KPAaCHIBHO-
’KUPOBABHBIX OINEpalii MMEeT PaBHOMEPHYIO M TOHKYIO TOJIIMHY, OHA Ha BTOPOH 30HE HE
Oyzmer BoccTaHaBIMBaTh JAedopMmalio, To ecTh He nedopmupyercs. Iloaromy BTOpas 30Ha
(TpeTbeii y4acToK) UMeeT MPSAMOIHMHEHHYIO (hOpMYy.

B mpomecce oTxuMa, BCIEACTBHE NEHUCTBHS PEAKTHBHBIX CHJI, TOYKa MaKCHUMAaJbHON
neopMany KOk (TOYKa, pa3/eNsionias MepBoil 1 BTOPOW 30HBI) OyIeT CMEIIeHa OT JTHHUH
LIEHTPOB B CTOPOHY BXO/1a KOXH B 30HY KOHTaKTa [1].

[ToaTomy, nMeeM

—0 <0, <—p5, —@;<0,<-0;, —@;<0,<¢,,
WITH
QAP SO S—ps+0y, — Qs+ <0, +93 <0, 0<0,+p, <0, +¢;, (1)
rae 6,,6,,0, — noyspHbBIE YIibl TOYEK NEPBOM, BTOPOH M TPETbEH ydyacTku, ¢,@, —
yIIBl KOHTAaKTa (3axBaTa M BBIXOJA), (), —YTOJ, ONPEICISAIONed TOYKY MAaKCHMAJIBHOM
negopManuu KOXH, ¢ —Yroj, OINpelelsiollell TO4YKy BOAOpasjena, Jexalled Ha KpUBOH
KOHTaKTa BaJIKa.
Pemenust AByX THIPaBIMYECKUX 3a/ad BAJKOBOTO OTXKHMa KOXH C YYETOM SIBJICHHUS

KOHTAKTHOI'O B321PIMOII€I>1CTBI/I$I KOXH C pa60‘-II/IMI/I BaJIKaMH, B IMOJIIPHBIX KOOpJAHWHATAX C
ITOJIFOCOM B LICHTPC BaJIKa, MOKCT OBITE BbIpak€Ha C IIOMOIIBIO JBYX MOI[GJ'IGﬁ

Pi =pi(0 +93), 4 =00 +¢;), =123,

c yderoM Mmopenu (OpMBI KpPHBOrO KOHTakTa Banka I =1 (6, +¢,), rae |—muHACKC,

O3HAUAIOIIMKA  HOMEpP  Yy4YacTKa; r

0, —panuyc  BEKTOp M TOJSIPHBIA  yrodi;
P;,0; —TUIpaBIMYEeCKas AaBICHUS U OT)KUMaeMast )KHIKOCTb B TOUYKE | —T0 yJacTKa.

PesyabraTbl. B mporecce cxkaTusl KHIKOCTh IMEPEXOIUT U3 KOKH B CYKHO BIOJIb
MOJIIPHOTO panumyca [1, 7].

[Iportecc TeveHHs] JKUIKOCTH OyaeM CUUTATh CIUIOMIHBIM W YCTAHOBHBIIMMCH.

CkopocTh KOXHM B 00JacTH KOHTaKTa BeJIMYMHA NOCTOSHHas M paBHa V. CkopocTh

KHUJKOCTU B 00JIaCTH
OT)KMMa BeIMYHMHA IEPEMEHHAs B paBHA CYMMY JIBYX COCTaBJISIONINX [4]:

EVie = 6V —Us &V, = Uy, 2

Lxx

TAC Vi, Upys Vi, Uy, —abCONIOTHAs CKOPOCTE M CKOPOCTb (DHIIBTPALMHU JKUIAKOCTH B

30HE CXKaTUs BAOJb OCEH Ox u Oy y €; — OTHOCHUTCJIbHAA Ile(I)OpMaI_II/Iﬂ KOXXMH B 30HC CXKaTH.
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B nporiecce GpuiabTpanuu JOKHO BBIMOIHATHCS YpaBHEHHE HEpa3phIBHOCTH [4]:

o(&,V, —Uy,) + a(uly)

Xy Y,

=0
W
y 08 Oy Oy
K
I A
INepexons x nuddepeHIpoBaHIIo 0 OIHON EPEMEHHON 6, + ¢, , HaNUIIEeM

=0.

!

o S-S Soo, ®
Xl Xl yl
3aMeTHM, 4TO
u,, =—u,cCtg @, +,) (4)
W
' ' 1
uly = —lectg (01 + §03) + Uy, m (5)
1 3
VYuuteiBas 3T0, U3 paBeHCTBA (3) MOTyYUM
! H ! H ! 1 ! !
(y;Sin(6; + ;) + X; €0S(6, + ¢3))sin(6, + @;)u;, — mulx =V.é1Y - (6)
1 3

W3 pucynka 1 cnenyer, uto
X, = sin(6, +¢;), y, =-r,cos@ +e;),
Otcroga HaxXOouM
X; = 1/sin(@, + @,) +r,cos@, + @,), y; =—r/'cos(@, + @;) + 1, Sin(@, + @s). (7)
[Tocne moacTaHOBKM NMPOU3BOIHBIX U3 paBeHCTBA (7) B paBEHCTBA (6) U HECIOXKHBIX
npeoOpa3oBaHUil HAXOAUM
. (r/sin(@, + @) + r,cos(@, +@,)) , v ,
Uy — - B - - 2 Uy, =V, & (1 sin(@; + @) —1/cos(@, +@;)). (8)
sin(6, + ¢,)

Juddepennmansaoe ypaHeHue (8) spnsercs TuHEHHbIM. Ero oHOpOAHAs yacTh UMeeT
pelieHue

Uy, = C,rsin(6; + @), )
OTKyJa
u;, =Cirsin(@, + ;) + C,(r/'sin(6, + @,) + 1, cos(@, + @,))
[loncraBuB U;, u U, BypaBHeHHe (8), uMeeM
Ci =v,&(rsin(0, +@;) —1,cos(@, + ¢,)). (10)
MaTtemaTuuecKkyio MoJiellb KpUBOJIMHEHHON 30HBI OIIpeeNsieM ¢ IPUMEHEHHEM THIIOTE3Y
0 MOCTOSIHCTBE COOTHOILEHHS CKOpOCTell nehopMaLuyl CONPUKACAIOMINXCS TEJI B 30HE KOHTAKTa

& _ » [1]1 1 ¢ yaerom BeIpaskenus (puc. 1)
&

« R-r, 2cos(—¢, + cos(—p, +
Y= I £ = o+ ;) r-R o+ , (11)
H o, cos(@, + @,)
rae &,,&, —OTHOCHTENbHBIE Ae(OpMAaIuK KOXH M CyKHa, / ~ IOKa3aTelb,
OTIpEAEIIAIONINI COOTHOIIEHUIO CKOPOCTEN AeopMaIii KOKU U CYKHA IIPU CKATHH.
Torpga, umeeM
COS(—o, +
- 1+my Co+ ;) 1 (12)
1+my cos(@, + ¢,)
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e mo 2H cosCg, +¢5)
é‘l
N3 paBencts (11) u (12) umeem
' 1, mR siné, + ¢,)
g =——1", = COS(—g, + @) —— 3L, (13)
! Hy ! ! 1+my o ¢3)C052(01+g03)

C yuetrom BeipakeHus (12) u (13) u3 paBerctna (10) momyunm
,___ V,mCOS(=g, +¢;)sin’ (6, + p,)
H(cos@, + ¢;) + my cos(-¢, + ¢)3))2

(0, +¢3)2

WIH ITI0CJIE BBEIAEHHUS Aonymenus Sin(@, + ;) = 0, +@;, cos(@, +p,) ~1—- 5

,__V.mcos(-¢, +¢;) ) (@, + )’ (14)
rae a=1+mycos(-¢, +@,).

HNuTterpupyem Beipaxkenuto (14)

_VKmCOS(—(p1+¢)3)( Ja \/5"‘(91"‘(03)

C =

C = ,
! Ha a—(6,+¢,)*
-0, +p;)+—1In ..
Ha Y2 a6, +9,)

PacknanpiBast norapudmudeckyro (yHKIHUIO B psJl U OIPAaHUYUBASCh C WIEHAMH [0
TPETbel CTENIEHU OTHOCUTEINIBHO 6, + ¢, , UMeeM

v, MCOS(=¢; + )

C, =-—
' 3Ha?

(6, +9:)* +C)

201041

vV .MCOoS(—¢, +@,) .
- (6, + +QC). 15
SH(L+ mycos(—¢l+¢3))2 (6, + ;) ) (15)

[ToncTaBuM 3TO BBIpakeHHE B ypaBHEHHE (9)
_v.mcos(-¢; +¢;)
3H (L +mycos(-g, +@,))?
IMocrostaHOM wHTerpupoBanus C  HAXOMUM II0 YCJIOBHIO, YTO CKOPOCTh (DHIIbTpAIMU
KuakocTH BIoab ock  OX B TOUKe BoOJOpasjena, Jexalleld Ha KPHUBOW KOHTAaKTa BaJKa,
paBHsieTcst Hymo Uy, (—@, +¢@,) =0

1 =

(6, +(p3)3 +C)r sin(@, + ;) .

ulx

C=(ps - ¢3)3-
Torma nmeeMm
u, =-b((@, + ¢3)3 + (@5 — @3))r Sin(@, + @;), (16)
TIe
_ V. mcos(-¢; +@,)
3H L+ mycos(-¢, +@,))*
U3 paBencTBa (4) ¢ yuetom paBeHcTBa (17) Haxoaum
u, = b((gl + ¢3)3 + ((05 - (03)3)r1 Cos(el + (03)1 (18)
Ilpy M3BECTHBIX 3HAYEHHUAX CIIATAEMBIX Uy, M Uy, , CKOPOCTH (HIIBTPALMH JKHMAKOCTH

17)

BIOJIb
paauyc BEKTOpa ONpeaesseTcs mo Gopmyne Uy, = . ulz1X + ulzly :
Uy, =b((6; +@,)° + (95 — 95)°)1, COS(6, + 3), (19)
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WM C Y4eTOM paBeHcTBa (12)

[ Lo my COSC0L+03)

l"Ilr

:1+m7/

COS(6’1+(03) j((‘gl'i'(ps) +(¢5_¢3) )1

~ Ot 03 <0, + 93 <=5 + 5. (20)
®opmymna (20) ompenenser 3aKOHOMEPHOCTh M3MEHEHHSI CKOPOCTH (UIBTPALUH
KMJIKOCTH Ha MEPBOM y4acTKe KPUBOI'O KOHTAKTa BaJIKa.
B pab6ote [7], ycTraHOBI€HA IPUMEHUMOCTD Il aHU30TPOITHOM Cpelibl, 000OMICHHOTO
3akoHa [lapcu, B Buze

—- =, (21)

rae
2 =2
izcos 6’+sm 9, (22)
K@ Kl K2

rae P, —uIpaBIn4ecKoe AaBeHue B HanpasieHuu I ; K, —ko3¢ddunuenT Gpunsrpanyun

no ocu Oy, K,-kodpdunuent ¢unaprpanun mo ocu OX g —KOIPPHULUUEHT BA3KOCTU

KHIKOCTH.
Cornacuo dopmymnam (19), (21) u (22), umeem

dp, =—ub(c°s 67 0,) , sin (6, “””jnr;«el v o)+ (s —0))d (0 +0,).  (23)

Kl K2
[locne unTerpupoBanus Belpaxenus (23) ¢ yuetoMm BblpaxeHuit (12) u (13) u BBend
: 0, +¢,)°
nomymieHus Sin(@, +@,) = 6, +¢@,, cos, +¢,) ~1- % , TIOJTy4UM

ub
2K,

Omnpenensisi  MOCTOSHHOTO — MHTETPUPOBAHHUS C,n0  Ha4YalbHOMY  YCIIOBHIO
P, (¢, + ;) =0, nmeem:

Py =— (@5 —g03)3(l’12 +C,).

ub
2K,

P, = (@5 _¢3)3(R2 - r12)

WM ¢ y4yeToM paBeHcTBa (12)

2
R? 1 cos(=¢, +5)
Py = 0 [1(1+my)2 £1+ My ———2—22 (s = ;) —, + 0, <0, + 9, <05 + 9. (24)

2K, cos(@, + ;)

®opmyna (24) onpeaeisieT 3aKOHOMEPHOCTh pacipeielIieHHs THAPABINYECKOTO TaBICHUS
0 TEPBEMY Y4acTKy KPUBOTO KOHTaKTa BaJKa.

[To anamoruu c ¢opmynamu (20) u (24) HammIeM 3aKOHOMEPHOCTEH W3MEHEHUS
CKOPOCTH (PUIBTpALIUK >KUIKOCTH U PACTIpPEAeNICHUS] TUIPABINYECKOTO JIAaBICHUS IO BTOPOMY
YYaCTKY KPUBOTO KOHTAKTa BaJiKa

1+m COS(‘% + (03)
cos(@, + ¢;)

2r

1 j((ﬁz +9;)° + (95 —9,)°), (25)
+my

2 - 2
o, _ bR {1 1 (Hm cost-; +9:)

= - —0.), -0 +0.<0, +0.<0. (26
2K, | @+ my)? cos(6, +¢3)J](¢5 P) 05+ P58t gy <0 (20)

ITo ananoruu c PAaBCHCTBOM (8) AJIL TPETHETO Y4aCTKa KPUBOT'O KOHTAKTa, UMEEM
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r;sin(@, + ¢,) +r, cos(@, + .
3 éx - (r5 sin(6; (03) 2 s +0)) uéx =VK€é(I’3SIn(93 +(P3)_ I’S'COS(HB +¢3))- (27)
sin(@, + @,)
U3 pucynka 1 cienyer, 4to
CcOoS +
r, =R ((/’2 %) . (28)

cos(@; + ¢;)
O1croga HaxoauM
cos(@, +¢;)
cos’ (6, + @)
C yuetom Boipaxkenus (28) u (29) no ananoruu ¢ paBerctsoM (10) momyqum
, 1
v sin(6; + ;) cos(@; + ¢;)
DTO ypaBHEHHE UMEET PELICHUE
Us, = C,tg(6; +5) . (30)
Korma 0, +¢,=0,+¢, =0 wumeer mecro paseHctBa U,,(0)=U, (0)=0. Orcrona

r,=R sin(@; + @,). (29)

us, =0.

umeeM, uto C,; =0. Torga u3 pasBeHcTB (31) W MO aHANOTMU C PABEHCTBOM (4) cienyeT, 4To
Uz =0 m Uy, =0, cooTBeTCTBEHHO
u =0 p, =0 0<6,+p;<0,+0p,. (31)
O606mmas popmyinst (20), (25) u (31), a Taxxe Gopmysnsl (24), (26) u (31), umeem
[ 14m cos(—¢; +¢;)

j((6’+(03)3 + (s _(Pg)B)y —¢ +9;<0+¢, <0,

" 1imy cos(@ + ¢,)
u =0, 0<6;+9,<9, +¢,; (32)
2
HoR? 1 cos(-¢, + @) \
TR Lemy=—A=32) p—0)°, —g,+p, <0+, <0,
& 2K, [ (L+my)? cos(@ +,) (05 =s)"s — 01+, <0+,
P, =0 0<6,+p;<0, +¢,. (33)

Takum  oOpazoMm, 3aBucuMOCTh (33) ompemenseT MaTeMaTHYECKYI0  MOJEINb
3aKOHOMEPHOCTHU PacIpeIeeHUs THAPABINYECKOIO JABICHUS ITPU BAJIKOBOM OTKUME KOXKHU.

[IepexoguMm K pelIeHHIO BTOPOW T'MAPABIMYECKON 3aaYd BAJIKOBOI'O OTXKMMa KOXH, TO
€CTh K ONPENEJICHUI0 3aKOHOMEPHOCTEM M3MEHEHHS OT)KMMAEMOWM BIAXXHOCTHU NPU BAJIKOBOM

OTXHME KOXH — (; =0, (6, + @;) .

W3BecTHO [3], KOIMYECTBO OTKMMAaeMOM (yAaJE€HHOW) >XMJIKOCTH, INPOTEKIIEH B
00J1aCTH OT’)KUMA MOXKET OBITh OTIPEICTICHO BBIPAKECHUEM

dqg = Bu,dh, (34)
rae  B,h—mmpuna u TonmmmHa ciost Koxu.
B 30He cxxatus nedopmanins KOxKH BEIPaXKAETCs pABEHCTBOM
h=rcos(@+ ¢,) —Rcos(-¢, +@,).
U3 paBenctsa (34) ¢ yuetom Beipakenus (12) u (32) u cuuras sin(d, +¢;) = 6, + ¢, ,

2
cos(@, +¢,) =1— % , IOJTY9UM

dae 2BR?b (1+m7cos(—(p1+go3)—(0+(p3)2

T +my)? 2-(0+p,) J((eﬂol) + (05 — 0:)°)0 + 0,)d(0+ ;) . (35)
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WnTerpupys (35) u ucnonb3ys rpaHUYHOTO yenosus ((—¢, + ;) =0, nomydnm
BR2b
= (200 +¢,)° + (0, —0,)°) +
q 5(1+m}/)2 2O +¢,) + (0, —95)°)
+5(¢; — ) 1+ my cos(-g, + @) (O +@,)* — (. —0,)?) - (36)

3aBucumocts (36) ompezenseT MaTeMaTUYeCKyl0 MOJENb 3aKOHOMEPHOCTH H3MEHEHHUs
OTXKMMaeMO! BIAKHOCTH MPU BAJIKOBOM OT)KUME KOXKH.

Anamu3 TpaduKOB TONYYEHHBIX MaTEMaTHUECKMX MOZENeH TOKa3aj, 4YTO OHHU
COOTBETCTBYIOT C 3KCIIEPUMEHTAJIBHBIMU 3IIOPaMM, HNOJIYYEHHBIMH INPH OTXKUME Pa3IUYHBIX
MaTepHaoB.

BoiBoab1

1. C pemeHueM THIPABIMYECKUX 337ad BaJKOBOI'O OT)KUMa KOXHU pa3padOTaHbI
MaTeMaTH4YeCKUe MOJIeNIM 3aKOHOMEPHOCTEH pacrpeneneHusl TUAPABIMYECKOrO JAaBICHHUS U
M3MEHEHHs OT)KUMAeMOW BJard MpPU BAJIKOBOM OTKHME KOXH (KOXKeBEHHOTO mosrydabpukara
1ocje KpacHJIbHO-KUPOBAIbHBIX onepanuil). Takke, NOdydeHbl aHAIWTUYECKas 3aBUCUMOCTD,
OINUCHIBAIOLIAsl 3aKOHOMEPHOCTH M3MEHEHMsI CKOPOCTH (QHIbTpallMU KOXHU IPH BaJIKOBOM
OTXKHUME.

2. AHamu3 rpa@uKOB NOJYyYEHHBIX MaTEeMaTHUECKHX MojeJeil Ioka3al, 4YTO OHHU
COOTBETCTBYIOT C JKCIEPUMEHTAIBHBIMU SIIOPaMH, INOJIYYEHHBIMH NP OTKUME PA3IUYHBIX
MaTepHaoB.

3. BbIsABI€HO, UTO TI'MIPaBIMYECKOE NABICHHUE W3MEHAIOTCA OT HyJs B Hadalle 30HbI
KOHTAaKTa BaJIKOB 0 MaKCMMyMa B TOYKE MAaKCHUMAaJIbHOHN AepopMmaiuu KOXKH, IOCJI€ 3TOro J10
KOHIIa 30Hbl KOHTaKTa BaJIKOB paBHO HYJI0 (Puc.2).

4. BbIsiBIEHO, YTO CKOPOCTh (PMIBTPALIMU KUJKOCTH B Hayaje 30Hbl KOHTAKTa BAaJIKOB
HMMEET OTPULATENIBHOE 3HAaYEHHUE, MEHSET 3HAaK B TOYKE BOJOpa3jeia U B KOHIIE 30HBI CXKATHS
MMeEeT TOJIOKUTENIbHOEe 3HAYeHHEe, II0CJIe 3TOr0 /10 KOHIIA 30HbI KOHTAKTa BAJIKOB PABEH HYIIIO
(Puc.3)..

P.Ila

u_.cm/ s

4._

24

~38—1% —8 03 8 6.zpao.
=95
-18-13 -8 -3 103 8 g2pao.
Puc.2. I'padpuxu n3menenunst Puc.3. I'padpuxn n3menenns
THAPABJINYECKOr0 1aBJICHHUS CKOpoOCTH (HabTpanuu
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YCTOWYUBOCTD IIACTUH, HECUMMETPAUYHOT O MOJAKPEINJIEHUA
INPOJOJIBHBIX KPAEB
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AHHoTauus. B pabote as uccieaoBaHus BIUSHUSA C)KUMAIOIIUX CHJI HA YCTOHYHMBOCTH
IUTACTHHBI PACCMOTPEHBI, IIAPHHUPHO 3aKpervieHHble Ha Kpasx X =0 , © X =3a, XKeCTKo
coeaHeHHbIe Ha Kpasx Y =10/ 2 ¢ TOHKOCTEHHBIME CTEPIKHAMHE OTKPBITOrO MPOQHIIS.

Annotation. In this article, free oscillation of the plate is considered when the sides of
x=0, a are hinged and other sides of Y =1b/2 are free. Free sides connected with thin, open

profile rods.
Kurouesbie cioBa. (Cxartasg, pacTsHyTas, yCTOWYMBOCTh, IITACTUH, YIPYroe
3allleMJICHHE, LHIaPHUPHO onepras, KpYTWIbHBIE, U3ruOHbIE, MIOAKPEIUICHHBIX,

HCTIOAKPCIUICHHEBIX, Kpas, )KECTKOCTh.
Keywords. Compressed, Compressed-curved tension, plates, elastic pinching, hinged,
torsional, bending, reinforced, unreinforced, edges, rigidity.
MeTOIlbI. B pa60Te HCCIICAYIOTCHA YCTOﬁqHBOCTB IJIaCTHH, Ha KPOMKaX KOTOPBIX
OCYHIECTBIISAIOTCS TpaHW4YHbIe yciaoBus M. JIeBu: aBa mapajuleabHbIX Kpasi IUIACTUHBI IIAPHUPHO
OIICPThI, 4 ABA APYTHUX - 3aKPCIUICHBI MMPOU3BOJIbBHBIM 06p330M. B »tom cJIydac, KaKk U3BCCTHO,

MO>KHO MOJYYUTh 3aMKHYTOE pelIeHHE B OJJUHAPHBIX TPUTOHOMETPUYECKUX YPABHEHHUS.
Ny

N,

PesyabraTel. C nomoursio (9) u (11) Ha puc.2 moctpoeH rpaduk 3aBUCUMOCTH ‘2 OT

k.a =10;wm

C, .
rnapaMerpa * JJIl JIBYX 3HAYCHUU , XapaKTepU3yIOIUX BIUSHUE NedopManun

y k y
C/IBHTa HPH M3THOE TOAKPEILIAIONMX CTepKHeH (KOd(pQUIMEHT ¢, yunmThIBAIOMMi (BopMmy
MOTIEPEYHOT0 CEYeHHs, ObUT MPUHAT JUII TOHKOCTEHHBIX mpodmielr paBHbM 2,2). U3 rpaduka

" n=1 k.a =10
BHUJHO, YTO JUIS KBaApPaTHON IUIACTHHBI IIPHU BJIUSHUC CJABUIa IpU =

. k.a = o0
HEBEJIUKO(CpP.C KPUBOU IS~ = )

BoiBoabl. lcronmp3yemble TpH peIICHWH 3afad 00 YCTOWYMBOCTH IIOAKPETUICHHBIX
IUIACTUH, Oe3pa3MepHble KO3(DQULIMEHTHI, OTpaXkarollue CTENeHb YIPYroro ONUpPAHUS U
YIIPYTOro 3alleMJICHHS KPaeB, YUNTHIBAIOT MEXAHUYECKHE U T€OMETPUYECKUE XapaKTEPHCTHKH
IUTACTUHBI U pedep, KOHCTPYKTUBHBIE CIIOCOOBI CTECHEHUS JICTUIAHAIIMM M IPUKPEIUICHUs pedep
K IUTACTHHE, a TAaK)Ke BIMSHHUE IPOJOIBHBIX CHJI, BOCTIPHHUMAEMBIX PeOpaMH.

PaccMoTpuM HECHMMMETPUUYHOTO MOAKPEIJIEHHUS IJIACTUHBI (CM.CXeMy Ha
puc.l). Ilycts kpait ¥ =0 monmHOCTHIO 3aaenan t, =t, = ,a kpaii ¥ =b ynpyro
omeprt (t, =0, 0<t, < ). Kpas, K KOTOpBIM NPHIOKEHA HATPy3Ka, CUYUTAKOTCS
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IMAapHUPHO ONUPAIUMHUCSA HA )KCCTKHE OMOPHI.

3adenaHa X

Ynpyezoe onupaHue
a=b [

Puc 1. C:xxaTasi mjacTUHA HECUMMETPHUYHOI0 MOJAKPeNnJeHHus NMPOJA0JbHBIX KpaeB

Jlns BbIBO/IA ypaBHEHHS 3a7a4y 00 YCTOMUMBOCTH IIACTUHBI, IIAPHUPHO 3aKPEIJICHHON
Ha kpasx x = 0,a u kpait ¥y =0 mosHOCTHIO 3amenaH t, =t, =00 ,a kpaih y=2Db
yrnpyro omept (t, =0, 0 < t, < 00), ucrnoas3ys u3BectHOE auBPepeHIIHaTLHOE YpaBHEHHE

3a71a4u
DVViw+ N, T¥ =0, p=—E2 _ 1
W I T Tl iy @
pelieHne KOTOPOro MpeCTaBuM B TpaIII/IIII/IOHHOI/I dopme
?!"T
W(xf }?) = :lz 1.2 Jﬁz(v) 5111.:1”.‘,‘( ‘;I' = (2)

i

y[[OBHCTBOpHIOH.IGfI TpaHUYHBIM YCJIOBUAM IHAPHUPHOI'O OIIMPAHUA HA KpasixX X = 0,a

IMoxcrassist (2) B (1) momyunm ypaBHEHHE TS ONIpeIesieHUs] HCKOMOU (yHKimu f, (V)

2 2(12 N
:lfv - 2"1;: ;.;” + ‘;L;z (“1;: - ;)Jﬁ: =0 (3)
Pemenue ypaBHeHus (3) 3aBUCHUT OT BUJIa KOPHEN XapaKTEPUCTUYECKOTO YPABHEHHUS
I| [t || [,
= Ix = _ |¥x
=% |‘A’n(";l':lz+w|ﬂ)’53,4 t |‘;l’:'z ("A’:z wlﬂ)' (4)

N N

PaccMOTpHM CHavalia IIACTHHBI, Y KOTOPBIX JTMHA CTOPOH CPaBHUMa MEKITY COOOI.
W3BeCTHO, YTO B IIAPHUPHO OIMEPTOM HA BCEX KPasxX IUIACTHHE KPHUTHYECKOE 3HAYCHHUE
WHTEHCUBHOCTH HATPY3KH MPH OJHOCTPOHHEM CIKATHH paBHo (CM HaanMep [4])

=kr'n  K=(T+3) (5)
N3 (5) cmenyer, uro mpu 000N CTENEHH YIPYroro 3akperuieHus (Kpome cirydas, Koma

TIPOJONIBHBIE Kpas cBOGOAHBI OT omupanus) Ni = A3 D mpu HpOM3BONBHBIX 3HAYCHUAX — H M.

[TosToMy B (.4) KOpHHU 54 5 BCerza BEIIECTBEHHBIE, & KOPHU 53 4 MHUMEIE.

C y4yeToM cka3aHHOTO MpeACTaBUM pelnieHue ypaBHeHus (3) B hopme
fn=Cycha,y+ Cysha v+ Cicos B,y +Cysinfi,y (6)

|| [ || (v,
&, = |":l':lz (*‘\I + ‘;I" ) JB:lz = |‘;L (,'J? - ":l’:-z) B (7)
N N

PaccMOTpUM HECMMMETPHUUYHOTO MOAKpPENJEHHUs MIACTHHBI (CM.cXeMy Ha puc.l).
IIycts xpaii ¥ =0 monHOCThIO 3ahenan t, =t, = ,a xpaii ¥ =Db ynpyro omept

TIe
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(t, =0, 0<t, < ),
rpaHI/I‘IHLIe YCIOBHUA UMCIOT BHUO
1) f.(0) =0, 2) fl(o)=0

2 M _(2-p LS
3) £ (b) — uA2fy(B) = O, 4y f, =E2AAR = (8)
t,bAd

N
N,

1,425

[ —

—_—— —— —— e .
e

1,175

0,925 {7

0,625 ,-/!

0,425

0 1 2 3 A 5 6 _ El
Ch="0p

J"‘-
Puc.2. IlocTtpoeH rpa)uk 3aBHCHMOCTH Tx oT mapamerpa C,

[Monuunsas ycnoBusMm (8) ¢dyHkuuo (6) B KOHEYHOM UTOTE TMPUAEM K
TPAaHCUEHACHTHOMY ypaBHEHHUIO YCTOMUYHUBOCTHU BHUA
A B+ (A% + BX)ch2écos2ny — 2(B2E* + AZn*)sh2é&sin2n +
] z
+t E;:F ((ch2&sin2n —ncos2nsh2i) =0 (9)

Bxonsmue B (9) o603HaueHUS
§="12, n="%, y=4,b
A, =48 — B, = 4n* + (10)

CBs3p Mexay ¢ u 1, a Takxke ¢opmynaa Iisi KPUTHYECKOW HHTEHCHBHOCTH
Harpy3ku N BeiTekatoT u3 (7)

2 2 _ ¥° _ (£%4n7)*
f — 1 —T,N;—il-ﬂw. (11)
Ny
C nomorsio (9) u (11) Ha puc.2 mocTpoeH rpadyK 3aBUCUMOCTH 2 OT mapameTpa Cu JUIsL IBYX
3HaYeHUH koa =10; < XapaKTepU3yIUX BIUsSHUE JAedopMalMd CIABUTa IpU H3ruode

y k .
TIOJKPEILIAIONINX CTepkHel (KOdXPHUIHEHT ¢, YIUTHIBAIOLINI GOPMY MONEPEUHOr0 CCUCHHMS,
ObUI TIPUHAT Ui TOHKOCTEHHBIX mpodwmield paBHbM 2,2). M3 rpaduka BHIHO, 4YTO IS

o n=1 k.a =10
KBaJPaTHOW TUIACTUHBI MPHU BIIUSIHUE C/IBUTA TIPU -

HEBEJIUKO(CP.C KPUBOU IJIst
k.a = DD)
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B 10O Xe Bpems BIuSHHUE TPaHUYHBIX YCIOBHIl Ha KOHIAX MOAKPEIUISIONUX pedep
CYLIECTBEHHO (CIUIOUIHBIE JTUHUHU OTBEUYAIOT IIAPHUPHOMY 3aKpEIUICHHIO, a IITPUXOBbIE MOJHOM
3aJIeKe UX KOHIIOB).
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TASMALI KONVEYER ROLIKLI MEXANIZMLARINI RESURSTEJAMKOR
KONSTRUKSIYALARINI ISHLAB CHIQISH VA NAZARIY TAHLIL QILISH

Jumayev Akbarjon Sayfullayevich
Islom Karimov nomidagi Toshkent davlat texnika universiteti OF. t.f.f.d. (PhD), dotsent
E.mail:_akbarjon.jumayev@mail.ru

Annotasiya. Maqgolada yugori changlanganlik muhiti hisoblangan tog‘-kon sanoatida
ishlatiladigan va ishlash muddati 1500 soatgacha bo‘lgan roliklarning muddatidan olidin
ta’mirtalab bo‘lib golishi muammolari ko‘rib chigiladi. Respublikamiz va xorijiy mamlakatlarda
ishlab chigariladigan rolikli mexanizmlar konstruksiyalari tahlillari ko‘rib chigilgan. Rolikli
mexanizmlar ishlash muddatini oshirish magsadida dumalash podshipniklari o‘rniga sirpanuvchi
tayanch vazifasini bajaruvchi podshipniklardan foydalanish tavsiya etilgan. O-‘tkazilgan
tadgiqotlar natijasida dumalash podshipniklari va tavsiya etilgan sirpanuvchi tayanch vazifasini
bajaruvchi podshipniklarning turli yuklanishlar natijasidagi aylanishiga qarshiligi sinovlari
solishtirilib ko‘rilgan. Sinov natijalariga ko‘ra sirpanuvchi tayanch vazifasini bajaruvchi
podshipniklarni yoqori changlanganlik sharoitida go‘llash tavsiya etiladi.

Annotation. The article examines the problems of premature repair of rollers used in the
mining industry in highly dusty environments with a service life of up to 1500 hours. Analyzes
of constructions of roller mechanisms produced in our republic and foreign countries were
considered. In order to increase the service life of roller mechanisms, instead of rolling bearings,
it is recommended to use bearings that act as a sliding support. As a result of the conducted
researches, tests of resistance to rotation of rolling bearings and bearings acting as a
recommended sliding support under various loads were compared. According to the results of
the test, it is recommended to use bearings that perform the function of a sliding support in
conditions of high dustiness.

AHHoTanus. B cratbe paccMOTpeHbI IPOOJIEMBI MPEXKIEBPEMEHHOTO PEMOHTA POJIMKOB,
HCIIOJIB3YCMBbIX B FOpHO[[O6I>IBaIOIH6ﬁ IMPOMBIINIJICHHOCTHU B YCII0BUAX MHOBEIIICHHON
3aMbUICHHOCTH €O CpoKoM ciykObl 10 1500 yacoB. PaccMOTpeHBI KOHCTPYKIIUU POIUKOBBIX
MEXaHU3MOB, BBIYCKa€MbIX B Halleill pecnyOiuke U 3apyOekHbIX cTpaHax. [[ns yBennueHus
CpOKa CJ'IY)KGBI POJIMKOBBIX MCXAHU3MOB BMCCTO IMOJIIMIIHUKOB KauUCHUA PCKOMCHIAYCTCIA
HCIIOJIB30BAaTh TMOJAMIMIIHUKH, BBIIOJHAIOMIXC POJb OIOPbI CKOJBLXCHUA. B peE3ybTaTe
I/ICCJ'ICJIOBaHI/Iﬁ IIPOBCACHO CPABHCHUC HUCIIBITAHUHN Ha COIIPOTUBJICHUEC BPAIICHUIO ITOAIIIHUITHUKOB
KauCHUSA U MOAIIHUITHUKOB, BBICTYIIAIOIIUX B KAaUCCTBEC peKOMeHﬂyeMOﬁ OIIOPEI CKOJIBKCHUS IIPpU
Pa3iiIM4YHbIX  HArpys3kax. Ilo pe3yiibTaTaM HUCIBITAaHUHN PCKOMCHAYCTCA HUCITIOJIB30BaTh
IIOAUIMITHUKHK, BBIIIOJIHAOIINC (i)yHKHI/IIO OIIOPbl CKOJIBXKCHUA B YCIOBHAX HOBBIIIEHHON
3allblIJICHHOCTU.

Kalit so'zlar: Konveyer, tasma, rolikli mexanizm, podshipnik, chidamlilik, yuklanish,
garshilik, changlanganlik.

Keywords: Conveyor, belt, roller mechanism, bearing, endurance, loading, resistance,
dustiness.

KawueBbie ciaoBa: KonBeilep, JeHTa, PpPOJUKOBBIA MEXaHWU3M, MOAIIMITHUK,
BBIHOCJIMBOCTb, HArpy3Ka, COIMPOTHUBJIICHUC, 3allbJICHHOCTD.

KIRISH

Tog‘-kon sanoati korxonalarida rolikli mexanizmlar tasmali konveyerlarning asosiy
mexanizmlaridan biri hisoblanib, asosan tasma tarangligi va tayanch aylanma harakatni
ta’minlab berishdan iboratdir. Ochiq va yopiq karyerlarda rolikli mexanizmlarning ishlash
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muddatini belgilab beruvchi asosiy omillari podshipnik, podshipnik gobiglarining muddatidan
oldin ta’mirtalab bolishi bilan ahamiyatlidir. Buning natijasida tog°-kon sanoati korxonalarida
ushbu parameter 4-5 oygacha gisqgarishi kuzatiladi. Ishlash muddati va chidamliligi yuqori
bo‘lgan konstruksiyasi takomillashtirilgan yangi texnik darajadagi rolikli mexanizmlarni ishlab
chigarish, natijada mexanizm ishlash muddatini oshirish bugungi kuning dolzarb vazifalaridan
biri bo‘lib golmoqda.

ADABIYOTLAR TAHLILI VAMETODLAR

Xorijiy mamlakatlarning tasmali konveyerlar ishlab chigaruvchi yetakchi kompaniyalari
rollikli mexanizmda tekis tayanch aylanma harakatni ta’minlab beruvchi gismini
podshipniklardan foydalanishga e’tibor garatmoqda. Asosan, KONE (Finlandiya), FCK
(Yaponiya) kabi davlatlar yugori namlik (namlikning oshib ketish darajasi 95%) va yuqori
changlanganlik sharoitida ishlatiladigan rolikli mexanizmlar uchun yopiq va yarim yopiq
konstruksiyali dumalash podshipniklardan foydalaniladi. Bundan tashqgari bir gator xorijiy
kompaniyalar (asosan AQSH va Angliya) konussimon rolikli podshipniklardan foydalaniladi,
ushbu turdagi podshipniklardan foydalanish birinchi navbatda ikkinchisining yuk ko‘tarish
gobiliyatiga bo‘g‘liq va yuqori yuklanishda ishlaydigan tasmali konveyerlarga tavsiya etiladi [1,
2].

Lekin shuni ta'kidlash joizki, yuqorida aytib o‘tilgan fikrlar va afzalliklar rolikli
mexanizm tayanch o‘glarining kichik burchakli deformatsiyalari bilan amalga oshirilishi
mumekin, shuningdek, radial bo‘shliglarni joiz etilgan chegaralarda ushlab turish uchun moylash
materiallaridan doimiy ravishda to‘ldirishni va podshipniklarni sozlab turishni talab etadi.

MDTUda (Bauman) olib borilgan ilmiy tadgigot natijalari shuni ko‘rsatadiki, rolikli
mexanizmlarni ishlash muddatini oshirish usullaridan biri radial bir qatorli dumalash
podshipniklari o‘rniga radial ikki gatorli podshipniklardan foydalanishni tavsiya gilgan. Buning
natijasida rolikli mexanizmlarning ishlash muddatini 3....8 barobarga oshirish nazarda tutiladi.

Bir gator tadgigotlar shuni ko‘rsatadiki, dumalash podshipniklarning ishlash muddati
sirpanish podshipniklari ishlash muddatidan sezilarli darajada past. Ochiq va yopiq karyerlarda
o‘tkazilgan tadgigot natijalari shuni ko‘rsatadiki, dumalash podshipnik o‘rnatilgan rolikli
mexanizmlarning ishlash muddati 200 soatdan oshmaydi, ya’ni ishdan chigish holatlari mavjud,
lekin metal-keramik sirpanish podshipniklari o‘rnatilgan rolikli mexanizmlarning ishlash
muddati esa ko‘p hollarda 1500 soatni tashkil gilishi isbotlandi [3].

Tahlillar shuni ko‘rsatadiki, moylash talab gilinmaydigan grafit va plastmassa
aralashmasidan sirpanish podshipniklari tayyorlanib rolikli mexanizmlarga qo‘llash va
foydalanish tavsiya etilgan. Biroq, gishlog xo‘jaligi, yengil va boshga sanoat korxonalarida
ftoroplast va uning kompozitlaridan tayyorlangan sirpanish podshipniklari qgo‘llanilmoqda.
Bunday goplamalardan foydalanishning asosiy magsadi moylashsiz ishlash qobiliyatidir [4].

NATIJALAR

Tadqiqotlar tahlili shuni ko‘rsatdiki, tasmali konveyer roligining dumalash podshipnigi
o‘rniga maxsus mustahkamligi yuqori bo‘lgan plastmassa va qayishqoq elementli materiallarni
qo‘llash orqali rolikning ishlash muddatini oshirish mumkinligi aniglandi. Chunki, rolikda
qayishqoq elementli sirpanish podshipnigini qo‘llanilganda, undagi tebranishlarning
amplitudalarini kamayishi, plastik moy mahsulotlarinig ishlatish natijasida garshilik kuchining
va ishgalanish kuchining momentini kamaytirish hisobiga, an’anaviyiga nisbatan FIK ni oshirish
mumkin.

1-rasmda tasmali konveyerning kinematik sxemasi keltirilgan. Ushbu tasmali konveyer
quyidagi tartibda ishlaydi: harakat 5AM250M4 rusumli elektr yuritgich 1 dan mufta 2 orgali
reduktor 3 ga uzatiladi. Shundan so‘ng harakat reduktor 3 dan mufta 4 orqali yetaklovchi
baraban 5 dan tasma 7 yordamida yetaklanuvchi baraban 6 ga uzatadi. Foydali gazilmani tashish
davrida tasmada tayanch va taranglikni ta’minlab beruvchi rolik 8 lar qo‘llanilgan.
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1- dvigatel, 2, 4- mufta, 3-reduktor (chervyakli), 5-yetaklovchi baraban, 6-yetaklanuvchi
baraban, 7-tasma, 8-rolik.
1-rasm. Tasmali konveyer kinematik sxemasi

Hisoblashlar uchun quyidagi dastlabki ma’lumotlar berilgan: tasmali konveyer tarkibli
roligi qobig‘i va tashqi gardishining tebrashish amplitudasini o‘rganish; konveyer barabanlari
harakat qonunlarini, hamda elektr yuritgichning yuklanishini aniglash uchun mashina agregati
dinamikasini o‘rganish va uni nazariy jihatdan tahlil qilish talab etiladi. Bunda sistema to‘rt

massali mashina agregati hisob sxemasi 2-rasmda keltirilgan.
My

681 82
My, | Yu R 1 2 Ma+Mishq
Uy —MW~ — MW~
. . Cl . C2 .
]yu: Pyu Ir @r Un ]bl:(pl Uz ]bz! ()

2-rasm. Tasmali konveyer yuritish mexanizmi mashina agregati hisob sxemasi

Mos ravishda, 1-massa, elektr yuritgichning rotori; 2-massa reduktor aylanuvchi
elementlarini chiquvchi valiga keltirilgan massalari va yarim mufta massasi; 3- massa yarim
mufta va yetaklovchi baraban massasi; 4-massa yetaklanuvchi baraban massasi olingan.

Keltirilgan hisob sxemasiga mos ravishda mashina agregat kinetik va potensial
energiyalari [5, 6] ga asosan:

o, 11 1
T = E.l‘r_';u ‘P_;._g +EI:I(P:I_ + Efb_cpi +E.lrbchf_

1 o 9
P :;[51[‘#’;"_ u,91)° + (@) —u0,)7] )
Mos ravishda Releyning dissipativ funksiyasi ko‘rilayotgan sistema uchun [7, 8]:
1 . -2 . . 42
F =;[B1(‘Pr —u, )" + By (@ —u05)7] (2)

bunda, Jyu, Jr, b1, Jo2 — Mos ravishda elektr yuritgich, reduktor chigish vali va barabanlar
vallarini keltirilgan massalarini inersiya momentlari. Massalarning inersiya momentlarini mavjud
formulalardan [9] foydalanib hisoblandi, hamda tushuvchi yuklar orgali tajribada aniglandi [10]:

J=16.(1 -%) —(1—;)] T 3)
bunda, g = 9,81 m/s? r — tros o‘ralgan shkiv radiusi; a, r—h a, r—h — yukni tezlanishlari, h — yukni

tushish balandligi, t — tushish vagqti.
Mufta va konveyer tasmasi aylanma bikirlik koeffitsiyentlari mavjud metodlardan [11,
12] foydalanib hisoblanadi:
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= nR:“-EF (4)
bunda, a — boshlang‘ich taranglikni yoki burchak deformatsiyasini ifodalovchi koeffitsiyent
(normal ekspluatatsion sharoitda a = 2,0); R — konveyer barabani radiusi; E — elastiklik

moduli; F — tasma ko‘ndalang kesimi yuzasi; I — tasmani ishchi uzunligi.
Shuningdek, A.Ye.Levin tomonidan tavsiya etilgan [13] formuladan foydalanib tasmani
dissipatsiya koeffitsiyenti hisoblandi:

_ ¥
o=z ©)

T
bunda, y —uzatma koeffitsiyenti; T — tebranish davri; k = 6,28 koeffitsiyent (cyy < 0,6) 3-

rasmda tasmali konveyerning podshipnigi tayanch tarkibli roligi qobig‘i va tashqi gardishi
tebranishlari o‘zgarish qonuniyatlari keltirilgan.
0 . ‘ 5,5 m/s

0 " b ryds iy ) RN -3
". ] r*‘ M T el L P T o """w;_:ffn“““-,-, ,')T'" 5 ‘ 1,0 5 1 O “m

0,015
a —rolik qobig‘i va tashqi gardishini texnologik garshilik 40 N bo‘lgandagi siljish va tezligining
o‘zgarish qonuniyatlari

1,0-10°m

0.0
b — rolik qobig‘i va tashqi gardishi texnologik qarshilik 80 N bo‘lgandagi siljish va tezligining
o‘zgarish qonuniyatlari
3-rasm. Tasmali konveyer podshipnikli tayanch tarkibli roligi qobig‘i va tashqi gardishi
tebranishlari o‘zgarish qonuniyatlari

Bunda texnologik garshilik 40 N bo‘lganda qobiq va gardishning tebranishlari 3 (a)-
rasmda ko‘rsatilgan. Qobiq va gardish tebranish amplitudasi (0,3 + 0,6)-10° m oralig‘ida
o‘zgaradi. Bu yerda amplitudaning tasodifiy tashkil etuvchisi (0,15 + 0,3) F; atrofida
o‘zgarishini ko‘rish mumkin. Tebranish chastotasi tezligi (2,0 + 3,0) m/s-bo‘lganda uning 1 metr
oralig‘ida ikkita podshipnikli roliklar o‘rnatilgani uchun (3,5 + 6,5) st-ni tashkil etadi (3-rasm, a,
b-grafiklar). Texnologik garshilik 80 N gacha ortirilganda, rolik qobig‘i va gardishining
tebranishi (1,0 = 1,3)-10~° m-gacha ortsa, tebranish tezligi (7,2 = 15,1) m/s-gacha
oraligda o‘zgaradi. Olingan qonuniyatlarni qayta ishlash natijasida bog‘lanish grafiklari qurildi.
podshipnikli tayanch tarkibli roligi qobig‘i va tashqi gardishi tebranishlari o‘zgarish
gonuniyatlari keltirilgan.

N et ‘ 1,0-10°m
0,01s
a-tasma tezligi 1,5 m/s, texnologik garshilik 40 N va amortizator bikirlik koeffitsiyenti
1,5-10* N/m bo‘lganda
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0,01s
b- tasma tezligi 4 m/s, texnologik garshilik 80 N va amortizator bikirlik koeffitsiyenti
1,25-10* N/m bo‘lganda
4-rasm. Tasmali konveyer tezligini va amortizator bikirligini o‘zgarishiga qarab
podshipnikli tayanchning tarkibli roligi qobig‘i va tashqi gardishi tebranishlarini o‘zgarish
gonuniyatlari
Ma’lumki amortizator, ya’ni rezinali vtulka bikirlik koeffitsiyenti gqancha kichik bo‘lsa,
rolik qobig‘i va tashqi gardishini tebranish amplitudasi shunchalik ortadi. Bunda tebranish
chastotasi va amplitudasi tashqi qarshilik kuchi qiymatlari hamda ularni o‘zgarishini
ko‘rsatuvchi parametr, ya'ni tasmani chiziqli tezligiga to‘g‘ridan-to‘g‘ri ta’sir giladi. Olingan
gonuniyatlarni qayta ishlash natijasida bog‘lanish grafiklari qurildi.

Ax, 103 m A
2,4 —
1,6

7

] 2

08 — 2!

’ w

0 | T T T
1,0 1,5 2,0 25 ¢10*N/m

1-F1=0,2510°N; 2-F1=0,45-10°N; 3-F1=0,65-10°N; 4 — F1 = 0,85-10° N;
5-rasm. Tasmali konveyer podshipnigi tarkibli roligi qobig‘i va tashqi gardishining
tebranish amplitudasini o‘zgarishini rezinali amortizatorning (vtulka) bikirlik
koeffitsiyentiga bog‘liglik grafiklari

5-rasmda tasmali konveyer podshipnigi tarkibli roligi qobig‘i va tashqi gardishining
tebranish amplitudasini o‘zgarishini rezinali amortizator (vtulka) bikirlik koeffitsiyentiga
bog‘liglik grafiklari keltirilgan, natijasida bog‘lanish grafiklari qurildi.

Tasmali konveyer podshipnigi tarkibli roligining rezina vtulkali amortizatori bikirlik
koeffitsiyenti 1,2-10* N/m dan 2,0-10* N/m gacha orttirilganda va F1 = 0,25-10> N/m qilib
olinganda, qobiq va tashqi gardish tebranish amplitudasi 2,31-10° m dan 1,18-:10° m gacha
chizigsiz qonuniyatda kamayishi kuzatildi. Agarda tasmadagi tashilayotgan oltin rudasi
giymatlari, ya’ni qarshilik kuchi ta’siri 0,85-102 m gacha ko‘paytirilsa, tarkibli rolikni tebranish
amplitudasi 0,97-10° m dan 0,3410-10° m gacha kamayishini ko‘rish mumkin. Bu shuni
ko‘rsatadiki, qarshilik kuchi tebranish amplitudasini ortishiga olib kelsa, uni kamaytirish uchun
rezinali vtulka bikirlik koeffitsiyentini orttirish yo‘li bilan amalga oshirish mumkin. Shuning
uchun, yuqorida ta’kidlangandek, tavsiya etilgan sirpanish podshipnigi amplitudasi (0,1+0,2)-10
2. m oraliglida bo‘lishini ta’minlash uchun rolik amortizatori bikirlik koeffitsiyentini
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(1,2+1,4)-10* N/m oraligiida olish tavsiya etiladi. Ta’kidlash lozimki, tavsiya etilgan
podshipnikli tarkibli roligi qobig‘i va tashqi gardishi massasi ularni tebranish amplitudasi
to‘g‘ridan to‘g‘ri ta’sir ko‘rsatadi. Bunda, qayd etish lozimki tashqi texnologik ta’sir etishining
o‘zgarish chastotasi siljishining xususiy chastotadan juda kichikdir. Shuning uchun rezina rejimi
kuzatilmaydi.

6-rasmda tasmali konveyer podshipnigi tarkibli roligi qobig‘i va tashqi gardishining
tebranish amplitudasini o‘zgarishini ularning massasiga bog‘liglik grafiklari keltirilgan.

A, 103m |
2,4
1,6 -
i 7
0,8 - 2
) 73
0 -
| I | [ I
0,35 0,45 0,55 0,65 (mg+my), kg

1-c=1,510"N/m; 2-¢=2,0-10*N/m; 3¢ =2,5-10* N/m.
6-rasm. Tasmali konveyer podshipnigi tarkibli roligi qobig‘i va tashqi gardishining
tebranish amplitudasini o‘zgarishini ularning massasiga bog‘liglik grafiklari

Rolik qobig‘i va gardishi massasi 0,365 kg dan 0,65 kg gacha ortirilganda ¢ = 1,5-10*
N/m; bo‘lganda, tebranish amplitudasi ¢ = 2,43-10* m; dan ¢ = 0,83-10° m; gacha chizigsiz
gonuniyatda kamayadi (6-rasm, 1-grafik). Mos ravishda amortizator, rezinali vtulka bikirlik
koeffitsiyenti 2,5-10* N/m; gacha kamaytirilganda Ay ning qiymatlari 1,13-10° m dan 0,19-10°3
m gacha kamayishini ko‘rish mumkin. Buning asosiy sababi shundan iboratki, massa va
amplitudasini kamaytiradi. Shuning uchun tasmadagi ruda bo‘laklarini tegishlicha titratib, bir
tekisda transportirovka gilishini ta’minlash, tebranish amplitudasini (0,1 + 0,2)-102 m oralig‘ida
bo‘lishi uchun qobiq va tashqi gardish massasi tavsiya giymatlari (0,45 + 0,55)-kg qilib olish
magsadga muvofiqdir.

MUHOKAMA

Tavsiya etilgan modrenizatsiya gilingan tasmali konveyerda grafitokaprolondan
tayyorlangan sirpanuvchi tayanch vtulkani yedirilishini kamaytirish muhim hisoblanadi. Buning
uchun tasmadagi tashilayotgan xom ashyo yuklanishlarini yetarli darajada amortizatsiya gilish
zarurdir. Bunda tebranish amplitudasini kamaytirish uchun sistemani majburiy tebranishlarini
baholash kerak bo‘ladi. Mavjud metodikadan [14, 15] foydalanib tarkibli podshipnikning qobig‘i
va tashqi metal gardishini majburiy tebranishlarini ifodalovchi tenglama hosil gilinadi:

“x

[rnq+rng)27+b:—j+cx=F1+Fusinmti6ﬂ, (6)

bunda Fi, Fo — tasmali konveyerda xom ashyoni transportirovkasidagi sirpanish
podshipnigi qobig‘iga ta’sir giluvchi tashqi kuchning o‘rtacha qiymati va o‘zgaruv qismining
amplitudasi; 6F; — tashqi ta’sir kuchining tasodifiy tashkil etuvchisi.
Olingan differinsial tenglama (6) ni sonli yechimi parametrlarining quyidagi giymatlarida
amalga oshirildi:
mq = 0,69 kg; mg = 0,81 kg; ¢ = (1,5 = 2,0)-10* N/m;
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6=(6,1+28,5) Ns/m; F1=(35+85)N; Fo=0,1 F1; @ = (25,0 + 40,0) s°1.

Masalani sonli yechimi maxsus standart dasturlardan foydalanib amalga oshiriladi. Bunda
texnologik qarshilik kuchining tasodifiy tashkil etuvchisi maxsus sonli generatordan
foydalaniladi. Masalani yechishda asosan tasmali konveyer sirpanuvchi podshipnigi tarkibli
rolikning qobig‘t va tashqi gardishi tebranishlarini asoslash, chastota va amplitudasiga
parametrlarini, texnologik qarshilikni ta’sirini o‘rganish, natijada ularning maqgbul qiymatlarini
tavsiya qilish asosiy hisoblanadi. Ma’lumki tog‘-kon sanoati korxonalarida tasmali konveyer
asosan oltin rudasini transportirovka gilishda ishlatiladi. Bunda podshipnik roliklari gardishini
tegishli chastota va amplitudada tebranishi rudani tasma bo‘ylab tekis tagsimlanishiga yordam
beradi. Shuning uchun rolik qobig‘i va tashqi gardishini birgalikdagi tebranishlariga tashqi
texnologik garshilik kuchi ta’sirini o‘rganish muhimdir.

XULOSA

Modrenizatsiya  gilingan  tasmali  konveyerning  elektr  yuritgich  mexanik
xarakteristikasini, bikirlik-dissipatsiya xususiyatlari, inersion parametrlari, tashilayotgan rudadan
kelayotgan texnologik garshilikni va roliklardagi ishgalanish kuchlari momentini inobatga olib
mashina agregati matematik modeli ishlab chigilgan. Masalani yechimi asosida elektr yuritgich
yuklanishlari, barabanlar harakat qonunlari olindi. Konveyer tarkibli roligi qobig‘i va tashqi
gardishini tebranish qonunlarini texnologik yuklanish, umumiy massasi, dissipativ-bikirligi
xususiyatlarini hisobga olib aniqlandi. Tebranish qonuni parametrlarini ta’siri o‘rganildi va
tavsiya giymatlari olindi. Tasmali konveyer tarkibli podshipnik roligi qobig‘i va tashqi gardishi
tebranishlari siljishi va tezlik amplitudasini rezinali amortizatorning dissipatsiya koeffitsiyentini
o‘zgarishiga bog‘liglik qonuniyatlari aniglandi.
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MEXANIKA
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PNEVMOSILINDRNI STANINAGA OPTIMAL O‘RNATISH JOYINI ANIQLASH

Umarov Akmal Akparalievich
Namangan to‘qimachilik sanoati instituti doktoranti, PhD, dotsent, akmal.umarov@mail.ru

Usmonov Shuxratjon Kamoljonovich,
Namangan to‘qimachilik sanoati instituti dotsenti, PhD, shuhratusmonov@mail.ru

Annotatsiya. Maqolada arrali jin ishchi kamerasini ko‘tarish-tushirish mexanizmining
pnevmosilindrini staninaga optimal o‘rnatish joyini aniqlash bo‘yicha nazariy tadqiqotlar olib
borilgan. Bunda ushbu jarayonni amalga oshirishda minimal energiya sarfi bo‘lishi ta’minlanadi.
Keltirilgan uslubiyatdan boshga shu kabi mexanizmlarni o‘rnatish nuqtasini aniglashda
foydalanish tavsiya etiladi.

Annotation. The article carried out theoretical studies to determine the optimal
installation location on the frame of the pneumatic cylinder of the mechanism for lifting and
lowering the roll box of the saw gin. This will ensure minimal energy consumption when
performing this process. It is recommended to use the given method in determining the
attachment point of other similar mechanisms.

AHHOTaIII/Iﬂ. B cratne MPOBCACHBI TCOPCTHUUYCCKUC HCCICAOBAHUA II0 OIPCACIICHUIO
OINITUMAJIBHOTO MCCTa YCTAHOBKM Ha CTAHUHC ITHCBMOLMWJIMHApPA MCXaHU3Ma MNOAbCMaA-CITyCKa
paboueii kamepsl MUIBLHOTO JKkUHA. [Ipy 3TOM 00ecreunTcss MUHMMAIIBHBIN PacXo SHEPTUHU TPH
BBIIIOJIHCHUHU AOAaHHOI'O IIponecca. PGKOMGHI[yeTCSI HCIIOJIB30BaTh IMPUBCACHHYIO MCTOAWKY B
OIPCACIICHUU TOYKHU KPCIUJICHUSA APYTUX HO,Z[O6HBIX MCXaHHN3MOB.

Kalit so‘zlar: arrali jin, ishchi kamera, ko‘tarish-tushirish mexanizmi, pnevmosilindr,
energiyani tejash.

Key words: saw gin, roll box, lifting and lowering mechanism, pneumatic cylinder,
energy saving.

KuoueBble ciioBa: NUIBHBIN HKUH, pabodas Kamepa, MEXaHU3M IOIbEMa-CITyCKa,
IMTHCBMOIMWJIMHIAP, 3Heproc6epe>KeHHe.

Hozirgi vagtda energiyani tejash dolzarb masalalardan biri hisoblanadi. Buning asosiy
sabablari: energiya resurslarining yetishmasligi, ishlab chigarish narxining ortib borishi hamda
global ekologik muammolar bilan izohlash mumkin. Energiyani tejash bu texnik tomondan
amalga oshirsa bo‘ladigan, iqtisodiy tomondan asoslangan, ekologik va ijtimoiy nuqtayi
nazardan qabul qilsa bo‘ladigan innovatsion yechimlarni qo‘llash hisobiga energoresurslardan
samarali foydalanishdir.

Odatda korxonalar sezilarli energiyani tejash samarasini beruvchi quyidagi texnologiya
turlarini joriy gilishadi [1]:

1. Energiyadan foydalanish bilan bog‘liq ko‘plab korxonalar uchun umumiy
texnologiyalar (aylanish chastotasi o‘zgaruvchan motorlar, sigilgan havo va boshqalar).

2. Energiyani samarali ishlab chigarish, eski sanoat jihozlarini samaraliroq yangisiga
almashtirish.

3. Energiyaning mugobil manbalari.

Tadqgiqotlar [2, 3] da paxtani dastlabki ishlash korxonalaridagi arrali jinlar ishchi
kamerasini ko‘tarish-tushirish mexanizmini takomillashtirish, ya’ni mexanik uzatmalar o‘rniga
sigilgan havodan foydalanib, pnevmosilindrni qo‘llash taklifi berilgan. Uning o‘rnatish joyini
asoslash muhim ahamiyatga ega.

Pnevmosilindr mashinada ikki nuqgtada mahkamlanadi. Bir tomondan shtok uchidagi
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sharnir 1 yordamida ishchi kamera 2 ga (1-rasm), ikkinchi tomondan stanina 3 ga sharnir 4 orgali
mahkamlanadi va har ikki nugta (O,, O, ) atrofida aylanish imkoniga ega bo‘lishi kerak [3].

3
L
= 5 \ 4 ’_)ﬂ
e

‘ =T 2
2 1 8 - B

“ _/X 7
- V( 1

1 — shtok uchidagi sharnir, 2 — ishchi kamera, 3 — stanina, 4 — sharnir,
5 — pnevmosilindr, 6 — arrali silindr, 7 — kronshteyn, 8 — sferik nakonechnik
1-rasm. Ishchi kamerani pnevmosilindr yordami ko‘tarish sxemasi

Nazariy mexanika kursidan ma’lumki, kuch momenti ta’sir etayotgan kuchning ta’sir
chizig‘idan aylanish o‘qiga tushirilgan perpendikulyar (kuchning yelkasi) ko‘paytmasiga teng
[4].

M,(F)=%F-h (1)

F — pnevmosilindrning ta’sir kuchi, N;

h — kuch yelkasi, m.

(1) ifodadan ko‘rinib turibdiki, momentni maksimizatsiyalash uchun kuchning o‘zgarmas
giymatida yelkani imkon gadar kattalashtirish talab etiladi. Kuchdan unumli foydalanish uchun
harakat boshida pnevmosilindr 5 ning bo‘ylama simmetriya o°‘qi ishchi kameraning
mahkamlangan nuqtasidan o‘tuvchi urinma x — x ustida yotishi kerak. Aks holda kuch yelkasi h
o‘zining maksimal giymatiga erishmagan bo‘ladi va bundan kelib chigib, kuch momenti kam
bo‘ladi.

Amalda pnevmosilindr ta’sir kuchining yelkasi h (y—y o‘qida yotuvchi) ishchi
kameraning gabarit o‘lchamlari orqali chegaralanadi. Texnologik jihatdan pnevmosilindrni
ishchi kameraga mahkamlash nuqtasini bokovinadagi fartukni o‘rnatish o‘qi bilan bir nuqtada
tanlash o‘rinli bo‘ladi. Staninaga mahkamlash nuqtasi O, ni aniglash uchun koordinata boshi
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gilib shtok mahkamlangan nuqta O,, deb olsak shu nuqtaning ishchi kamera ko‘tarilib-tushishida

arrali silindr 6 dan ajratish uchun yetarli bo‘ladigan mahkamlangan nuqtaning ko‘chishi Al ga

imkon beruvchi pnemosilindrning uzunligi L ni va unga mos keluvchi kronshteyn 7 balandligi

I, va sferik nakonechnik 8 uzunligi |, yig‘indisini x —x o0‘qi bo‘ylab qo‘yish kerak bo‘ladi.
00, =L+I, +1,. (2)

L masofa shtok uzunligi Al ga garab tanlanadi (pnevmosilindr markasi SC 63x200) [5].
Balandlik I, ni esa pnevmosilindrga mos keluvchi kronshteyn o‘lchami standart qatoridan
tanlaymiz [6].

Ishlab chiqarishda aniqlangan ko‘rsatkichlar asosida O, koordinatalarini aniglaymiz.
Ishchi kamerani ko‘tarilib-tushishida h, radiusga mos keluvchi yoyda kolosnikning ishchi
yuzasini arra yoyi bilan kesishish nugtasi 4 dan ishchi holatiga kelish nugtasi 4" gacha bo‘lgan
masofa Al, ni o‘zgarishidan kelib chiqib, shtok uzunligi Al tanlanadi. Geometriya nugtayi
nazaridan quyidagi ifoda o‘rinli:

Al h
R 3)

Qolgan o‘Ichamlarni ishlab chiqarish jarayonida qo‘llanilayotgan 4DP-130 mashinasida
o‘Ichash orqali aniglaymiz. Bunda h=00, =800mm, h, =280 mm, Al, =70 mm. Keltirilgan
giymatlar orgali Al ni giymatini quyidagicha aniglaymiz:

Al = Al -h _ 70~800:200 mm.
h, 280

Shunday qilib, O, koordinatasini OO, o‘qidan pnevmosilindr shtokini ishchi kameraga
mahkamlash nuqgtasi O, da perpendikulyar o‘tkazamiz. Shu nuqtadan jin staninaga qarab
Al =200 mm masofaga to‘g‘ri keluvchi L=353mm ni, kronshteyn balandligi I, =32 va sferik
nakonechnik uzunligi I, =32 mm ni quyish orqali (2) dan aniglaymiz:

0,0, =353+32+32=417 mm.

Topilgan o‘lchamlardan foydalanib, ishchi kamerani ko‘tarish-tushirish mexanizmini
minimal energiya sarf qilib ishga tushirish uchun o‘rnatish koordinatalarini aniglaymiz.

Yugoridagi uslubiyatni qo‘llab, mashinalarning shu kabi ko‘tarish mexanizmlar optimal
o‘rnatish nuqtasini topish mumkin.
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FAZOVIY YUKLANISHLARDAGI UCH QATLAMLI STERJENLARNING
KUCHLANGANLIK-DEFORMATSIYALANGANLIK HOLATLARINI
MATEMATIIK MODELLASHTIRISH

Shokirov Davron Abdugaffor ogli
Namangan muhandislik-qurilish intituti, shokirov1004@gmail.com
160103, O‘zbekiston, Namangan, I. Karimov ko‘chasi, 12.

Annotatsiya. Maqolada fazoviy yuklanishlardagi uch gatlamli  sterjenning
kuchlanganlik-deformatsiyalanganlik holatini tadqiq etishning matematik ta’minotini keltirilgan
bo‘lib, ushbu ta’minotni ishlab chigishda Ostrogradskiy-Gamilton variatsion tamoyili asosida
matematik model yaratilgan. Uch gatlamli sterjenlarning tebranish tenglamalari mos ravishda
umumlashgan boshlang‘ich va tabiiy chegaraviy shartlari bilan ishlab chiqgilgan. Qo‘yilayotgan
masalaning hisoblash algoritmini markaziy chekli ayirmalar usulida ishlab chigilgan. Masalani
yechishda ushbu usulning oshkormas sxemasidan foydalanilgan. Hisoblash algoritmida ikkinchi
tartibli differensial tenglamalarni matrisali haydash usulidan foydalanilgan natijalar olinishi
ko‘rsatib o‘tilgan.

Annotation. In this article presents a mathematical interpretation of the study of the
stress-deformation state of three layered rods under spatial loads and in this development, a
mathematical model was created based on the Ostrogradskiy Hamilton variation principle. The
calculation algorithm of the given problem was developed by the method of central finite
differences. The vibration equations of three-layered rods are derived with appropriate
generalized initial and boundary conditions. An undisclosed scheme of this method was used to
solve the problem. In the calculation algorithm, it is shown that the results are obtained using the
method of matrix driving of second- order differential equations.

AHHOTanmusA. B [aHHOW cTaThe TMpPEACTaBICHA MAaTEMATHYECKasl WHTEPIPETALNs
HCCIICA0BAHUA HaprI)KCHHO-,Z[e(l)opMaI_II/IOHHOFO COCTOAHUA TpeXCHOﬁHBIX CTCp)I(Heﬁ npu
IIPOCTPAHCTBEHHBIX Harpy3kax M B 3TOM pa3paboTKe co3/aHa MaTeMaTHdecKas MOJENIb Ha
OCHOBC BapUHAllMOHHOI'O IIPpUHIIUIIA I"'amunbpToHA OCTpOFpa,ZLCKOFO. Ono COOTBETCTBYCT
YPaBHCHUAM BI/I6paHI/II/I Tp€XCJ'IOI>iHBIX CTGp)KHCfI, CCTCCTBCHHBIM Ha4YaJIbHbBIM W T'paHUYHBIM
YCIOBUSIM. I[J'Iﬂ pCIICHUA 3TOU 3aa4u ObLI HCIIOJIL30BaH MCTOJ HCHTPAJIbHBIX KOHCUYHBIX
pa3HOCTEW M CXeMa HepasrjameHus. B anropurMme pacuera IOKAa3aHO, 4YTO PE3YNbTATHI
MMOJIy4€Hbl MCTOAOM MATPUYHOI'O YIIPABJICHUA ,ZLI/I(I)(I)epeHI_II/IaHLHBIMI/I YpaBHCHUAMHU BTOPOI'O
nopsaxa.

Kalit so‘zlar: tebranish, uch qatlamli sterjen, matematik model, Guk gonuni,
kuchlanganlik, deformatsiyalanganlik, ko‘ndalang egilish, ko‘chish, Ostrogradskiy-Gamilton
variatsion tamoyili, chekli ayrmalar, haydash usuli, kinetik energiya, potensial energiya, tashqi
kuchlar.

KuroueBble ciioBa: BuOpanus, TpexciloiiHas cTep:KeHb, MaTeMaTHYECKasi MOJIENb, 3aKOH
I'yka, Hanpspokenue, nedopmalus, MOMEPEYHbIH H3ru0, CMEIIEHHWe, BapUAllMOHHBIA TMPUHITUTI
Octporpaackoro-I'amuibToHa, KOHEYHBIE PA3HOCTH, CIIOCOO BOXKIICHUS, KHHETUYECKAsl YHEPTHS,
MMOTCHIMAJIbHAS SHCPI'Hsd, BHCITHHUC CUJIbL

Keywords: vibration, three-layer rods, mathematical model, Hooke's law, stress,
deformation, transverse bending, displacement, Ostrogradskiy-Hamilton variational principle,
finite differences, driving method, kinetic energy, potential energy, external forces.

Respublikamizda ko‘p qatlamli sterjen turiga oid tuzilmalarni nazariy asoslarini
takomillashtirish va hisoblash usullarini ishlab chiqish bo‘yicha ko‘plab olimlar o‘z ilmiy
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izlanishlarini olib borishgan, jumladan, akademik V.Q.Qobulov tomonidan kostruksion
elementlarining chizigli deformatsiyalanish jarayonlarini aniglashtirilgan nazariyasi ishlab
chigilgan va amaliy masalalarni yechishga algoritmik yondashuvlar taklif etilgan [1].
O‘zbekistonda ko‘plab turdagi mexanika masalalarini algoritmlash va avtomatlashtirish uchun
algoritmik tizimlar yaratish dastlab akademik V.Q.Qobulov tomonidan taklif etilgan hamda
algoritmlash nazariyasi ishlab chiqilgan, akademik T.Bo‘riyev, K.Sh.Bobomurodov,
F.B.Badalov, B.Kurmanbayev, T.Yuldashev, Sh.A.Nazirov, X.Eshmatov, B.Mardonov, M.
Usarov, B.Babajanov va ularning shogirdlari tomonidan rivojlantirilgan.

Masalani qo‘yilishi. Bo‘ylama, ko‘ndalang kuchlarning birgalikdagi ta’sirida fazoviy
yuklanishlardagi uch qatlamli sterjenlar nuqgtalarining ko‘chish masalalarini matematik
modellarini Ostrogradskiy-Gamilton variatsion tamoyili asosida ishlab chigiamiz. Uch gatlamli
sterjenning yuk ko‘taruvchi qatlamlari uchun Bernulli gipotezasi o‘rinli, to‘ldiruvchi gatlam
balandligi bo‘ylab nuqtalar  ko‘chishining chizigli approksimatsiyasi bilan elastiklik
nazariyasining aniq munosabatlari o‘rinlidir.

Mazkur masalaning matemtik modelini ishlab chigish Ostrogradskiy-Gamilton variatsion
tamoyilini quyidagicha ko‘rinishida olamiz [1]:

5[(K-I1+A)dt=0. 1)

Bu yerda, (K —IT+ A) Kinetik va potensial energiyalar, tashqi kuchlarning bajargan ishi.
Uch qatlamli sterjenda nuqtalarining ko‘chishi quyidagicha bo‘ladi [2, 3]:

h
u® =u,— z+c+-2|a?, w®=w,(~c-h,<z<-c);
2 2 2 2

u® :(1+Ej(lul+ﬁa(l’j+(l—5](1u2 —&a(z)j,
c/)\ 2 2 c/)\ 2 4
1 yA yA
w® == 1+—jw + 1——jw, —c<z<c).
20 ¢t c) ? ( )

Bu yerda bo‘ylama va ko‘ndalang ko‘chishlar u®(x,z) va w®(x,z), k-gatlam ragami,
h, h,, h, =2c - 1, 2 va 3 gatlamlarning galinliklari.

Asosiy gism. Uch gatlamli sterjenning kinetik energiya variatsiyani aniglash.
Koshi mnosabatlariga ko‘ra va (2) formulaga asosan fazoviy yuklanishlardagi
deformatsiya komponentalari quyidagi ko‘rinishda aniqglanadi [4]:

. ou.
g:l(%Jr ,+auk_auk} 3)

(@)

To2lox, ox ax o ox
Kinetik energiyaning variatsiyasini hisoblashda quyidagi munosabatdan foydalanamiz:

3 au® PO PO
SKdt = =L _su®dvdt + —2_s5uMdvdt + == 5udvdt. 4
R O

Bu erda p — materialning zichligi, bir necha matematik hisoblashlar (differensallash,
variatsiyalash, integrallashlardan) so‘ng quyidagiga ega bo‘lamiz:

(2)-formulani  kinetik energiyaning variatsiyasini hisoblash (4) ifodasiga qo‘yib, keltirib
chiqarilgan formuladan ushbu belgilanishlar hosil bo‘ladi.

pF =”pdzdy, oS, =”pzdzdy, pl, =”pzzdzdy,
yz y z y z
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F - sterjen ko‘ndalanag kesim yuzi, S, - statik moment, I, -inersiya momenti.
Guk qonuniga asosan kuchlanganlik-deformatsiyalanganlik holatlarini bog‘ligligi
quyidagicha bo‘ladi [5]:

au(k) 6U(k) au(k)
Gflk) = Ekgl(ilf) E, @—;(; 013 =G, 2 %)

0z OX
Bu yerda E - elastiklik moduli, Gs-siljish moduli, o;; -kuchlanish.

(T35 om0 10,2,

i=l j=ly t (6)
+c711(3)5511(3) + 0'13(1) 56‘13(1) +0'13(2)5813(2) + 013(3)5813(3) ) dtdv;

(5) dan kelib chiqib potensial energiyalarni hisoblashda (2) ni (6) ga qo‘yib quyidagi tenglikga

ega bo‘lamiz:
() () () 1)
jandt—”{ “{ U _s00" | 500 | shoa )+

+611(2)(5—a;(2) 5za® —sca® — 5h—22a(2)]+
X

1 1 Sof s0u? au(l) o5 h1 oa® L5t 7 8U(1) Eﬂ (l)
p 71 2 X c ox c2 ox @
(2) (2) (2)
S ou _sh h, oa _sZ ou st h oa
OX 2 OX C oOX c 2 oX

szow,

+1al(§) s 52O 5 OW,
2 OX C OX OX C OX

+51u(1) +5ia‘” —§1u(2) +5&a(2’j dvdt.
C 2C c 2C

(7) da bir necha matematik hisoblashlar (differensallash, variatsiyalash, integrallash,
belgilashlar) dan so‘ng quyidagiga ega bo‘lamiz:
Bu yerda N- normal kuchlanganlik, M- kuchlanganlik momenti, Q- urinma kuchlanish.

NY = Ijall(l)dzdy; MY = ”all(l)z dzdy; N2 = j _[ o, Pdzdy; M2 = j J' 0,,?z dzdy;
yz

- J joll(3)dydz; MO = I J 0, zdydz; QY = I J. oddzdy; MY = ”zd?dzdy.
yz yz yz z
Tashgi kuchlar bajargan ishini quyidagi ifoda orgali aniglaymiz:

j shudt= [ {Z Fsu,“dvat +Z F,95u (k)dvdt}+ [f {Zq 0951, “dsdt +zq sy (")dsdt}
tl

tvLk=l

[ [Z £ 5u ) ds,dt +Z f3(")§u§k)dsldt} (8)
ts k=1 k=1
Bu yerda P-hajmiy kuchlar, g-yuzaga ta’sir etuvchi kuchlar, f-chetki kuchlar.

Tashqgi kuchlar bajargan ishini hisoblaymiz. Buning uchun (2) gan u,, u;larni (8) ga

qo‘yib, quyidagilarga ega bo‘lamiz:
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[oadt :”{Fl%(u(” _(Z_C_%)a<1>j+ ,:1<z>5(u(z> —(Z+C+h—22)a(2)j+
t tv
B s 1+E lu(1)+ﬂ @ +1_E lu(z)_ﬁ ) j+
(( G 22 ) =0G 2 %)

+FYsw, + FPsw, + F3(3)5(% 1+ E)Wl + % (- E)WZH dvdt +

+.|'J[ql(l)5(u(1) —(Z—C—%)a(l)j+ql(2)5(u(2) —(z+c+h—22)a(2)j+
tl

+q1(3)5((1+§)(%u(1) +%a(l)) + (1-%)(%&) —hfa@)j + (9)

+0,5w, + q3(2)5W2 + q3(3)5(% @+ E)Wl + % 1- E)Wz ﬂ dldt +

j[f Su ~ MEOSsa® 1 cF s <1>+h1f 5o + 750 — Mf, @5 —

T, sa® - %?f)aa(” + %?f)éu g %?f)aa B L ME@su® +
C

_h

v 0500 4 17050 2t T2 — L mt@su® 1 Mo vt 9502
4c 2 2c 4c

+?( )5W + ?( )5W L TS)5W1 +—Mf 8w, + l?f)&wz S Mf3(3)5w2}dt :
2 2c 2 2c

X

Qavslarni ochib yuborib, sterjenga ta’sir etuvchi hajmiy kuchlar ifodasini y va z o‘glar
bo‘yicha integrallash, yuzaga ta’sir etuvchi kuchlarni esa x o‘qi bo‘yicha (sterjenning uzunligi)
bo‘yicha integrallash amallarini bajargandan so‘ng quyidagilarga ega bo‘lamiz:

jAdt_” ”F su®dydz — ”F z§a“’dydz+c”F 5a(1)dydz+h1”F e dydz+

tx|yz

+I I F?5u®dydz —” 286" dydz - —c_f I F %50 @dydz - %” F 50 @dydz +
yz yz yz yz

+%U F%5udydz + % { j R o Mdydz + { j F¥zudydz + - j j F, 9260 “dydz +
+ %J;! Fou'®dydz _%‘H F, % 5a:@dydz - Zic .g .!' F¥z6u®dydz + 4—2 .E _! F¥z6a@dydz +
+£! F Y sw,dydz + Jy.! F.?sw,dydz + % { '! F,® sw,dydz + 2ic 3|: .!. F, % zsw,dydz +

1 (3) 1 (3)
JFEHF3 5W2dde_Z”F3 zow,dydz |dxdt +
yz yz
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@ 5,0 W, 5@ s L[ s @ (2) 51,(2)

+|| 19,76u”dl - | q,"z6a dl+c| g, sadl +=|q, oa™dl + | g, ou'"dl —
flfanaa-fa Jalfoutdl e [aloatdl+ fo
~[ 0P 25a®dI ¢ ¢? 5Vl _he [0, P ol 1 [a.Psutdl N [ 0.0V dl +

| | 4'I 2I 4I

Z 0@ Wt T @5t L @@t Do [ @@y L [ @)@ (10)
+— zouvdl + =+ zoadl + = oudl -+ o' dl —— zou'“dl +

ZC!ql 4C!q1 o qul 4!% a ZC!ql

My [0 @25,@ &Y 2) 1e (3 1 @
+4—C'|"q1 o0 dI+JI.q1 §W1dl+'|[q1 §W2d|+§.!‘q3 5W1dl+2—c.!‘q3 zow,dl +

+% [ o,V ow,di —Zic | q3(3)25w2dl}dt +| [ [ f.00uds, - [ 19250 ds, +c f,"5aVds, +
I I tls St S

o [ 195ads, + jf ou?ds, - [ 1,P250®ds, —c[ f1<2>5a<2>dsl—%j f,5a?ds, +
S S S

S

N |

+

N |

jf Joul ds+h1jf )5aPds, +— jf z6u ds+—jf 1266 Wds, += jf Jsu@ds, —
S

=)

4

——2 [ 160 ds, - — j f9zsu@ds, LY [ 19260 P ds, + [ £,P5wds, + [ £75w,ds, +
St ZC S 4c S S S

1 1 1 1
+5 '[ f,Osw,ds, + EJ‘ f.9z8wds, + > J' f.985w,ds, — e J' fs(s)zéwzdsl} dt

5 s S S X
Bu erda
Fi' = [[FOdydz, Fi” = [ [F®dydz, FY j j Fdydz, ME® = [ [ F®zdydz,
yz yz i~

MF,® = I I F?zdydz, MF® :” F®zdydz, Fy = HFg(l)dydz, Fs = ” F?dydz, (11)

yz yz

3% —”F(3)dydz ME® —”F(l’zdydz MF,? —”F(Z)zdydz MF® —” F,Pzdydz;

i) :J‘J'ql(l)dde, aiz) :J'J'ql(z)dydz, q “‘q1(3)dydz Mq(l) ”q‘l)zdydz,

o = j j o zdydz, Mq“’ j I o zdydz, g, =Hq§“dydz, 0y =I f o dydz,

_”q§3)dydz Mgl = ”q(l)zdydz Mg{? = ”q(z)zdydz Mgl = ”qf’zdydz.
yz yz yz yz
Kinetik energiya (4), potensial energiya (7) va tashqgi kuchlar bajargan ish (9) lardan
ishlab chigilgan ifodalarni (1) ifodaga qo‘yib, fazoviy yuklanishlardagi uch qatlamli
sterjenlarning tebranishlari umumlashgan tenglamalar sistemasi va tabiiy boshlang‘ich va
chegaraviy shartlarini hosil gilamiz [6-10].
Fazoviy yuklanishlarda uch gatlamli sterjenni umumlashgan tenglamalari:
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otu® ’a®  h_0%a® 1 oou® nh _o%a®
-| pF + pckF +p—F +=| pF —pF +
{ (p ar P Ter PR e A\ e 2t T
+i azu(l) . hl aza(l) 82u(2) _& aza(z) _i | azu(z)
2Pl o T Pl T a0 27 a2 2P
Lh 0P (N TOND 1 aMP 1 o),
22 o ox 2 ox 2¢ ox  2¢°®
(Ei“ SRR, iMF1<3>j+[a§”+3_“) Mq(3)j su® =0
2 2 2¢
ot %?  h, _o%a® 1 _owu® h _o%a®
| pF = o 1l L U -
[ [p ar P Tar TP T AP e P
1 oY h | o%a® ou® h, _oa® 1 ou®
=l - | + pF ERLINC +=pl L
P 2P TP T 2F T Tl
2_(2) (2) 3) 3)
B h22p|y6a2 J[OND TOND 1 oMP 1),
2¢ ot ox 2 ox  2c ox 2
(Ef) %Ff” —Zi MF(S)j (qf) +%c_1§3) —Z—Mq“’ﬂau@) =0
Pe (1) h1 22u® 2™ 2 @ h 2a®
cF —= I + pc°F c—F +
{ (p o PR TP PN
h 2a® h1 2q9 1 h 22u® h12 2a® h 22u®
+ —cF +p—= +—| —=pF +—= + I +
P e TPyt a2 e T e T e
2@ 2,1(2) 2 (2 2,1(2) 2 ()
hlpl JDp0u® hh o%e® b 0@ b o)
2T TP T g ot 22T e acthY o
()] 1) (] 3) (3) (3) _
M11 +c aNll ﬁaNn +ﬂaN11 +i6|\/|1 h1 8 +(—|\/|F1(1)+CF51)+
OX 2 OX 4 ox 4c  OX 4c ax
ﬂ ﬁ ZEMFl(?’)j ( Mq(l) +qu + hlqil) ﬂais) _|_21 Mq(3)]}5a(1) =0
2,.(2) 2 2 (2 2_(2)
{—(—pCF Oattlz —ph2 8&2 +plyaat + pC°F e +pch—22Fa;t!2
%a? az 1( h, _ou® hh, _o%a®
+pc2F + +— -2 pF —12pF
PP Pt T 2 e s e
. h, | AW hlh | o’a® hy 62u(2’+ h; %™
22 o Tae P T 2 o At T
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2,1(2) 2 2 ,(2) (2) (2) (2)
B hzzplya u | h22 ya a® ), MY NG b N
2¢C ot 4c ot OX OX 2 OX
(3) (3) (3) _ _ —
—%25';11 +2—28'\(;'ﬂ —2—282)1(3 J+(—MF1(2)—cFiZ)—%Ff)—%FF)+ (12)
X C X C
+Z_f; MF, j + (—Mql(z)éa(z) —cg,” —%_f’ —hzz_f’ + Z_é Mg H 5a? =0
o'w, 1 R 1., 0w, o°W 1., o°w
—| pF =2 +=| pF—2+ p= Ly pF—2-p=1 —2 |+
{ (p o 4(’0 R O ]
(3) (3) _ _ _ —
+(%a§”‘ +2ia'\£13 j+(Fél)+%Fée)+2iMF3‘3)j+(q;l)+%q;3)+2iMq§3)H5W1:0
X C X C C
o’w, 1 oW, 1. o°w o*w. 1. o°w
{{pF aﬁ”Z(pF o Palvoe TP TPl atzzj+
(3) (3) _ _ _ —
+(%6(§13 —%8%3 J+(F§2)+%F;3)—2LMF3(3’j+[qS)+%q;3)—2iMq§3)ﬂ5w1:0
X C C C
Tabily umumlashgan boshlang‘ich shartlar
ou® oa® oa® 1 _ou® oa® oa®
{/’F R Py R g PRy PR e S
(8] (2) (2) (2) 2)
+Cizply62t +/oFagt —h—22p agt —Ciz/olyégt +2t::22plyaa }5u(1) =0
t
. ou® oF oa? ~ E oa? 1 - ou® ﬂ - oa® _i ou® ~
PP P e P2 e a7 e 2P a2
h . o6a® au? h _oa® 1 @ h, | aa®] . o
——L ol +pF S22 pF = pl - | su®| =0
22T a2 A e a2 t
u @ hl ou @ da (3] () hl da () h1 da ()
cF +p—+F + pl + pC°F +pC2F——+p-=2cF -
[p ot P2 e PhTa P T Ta T e P
h2 _oa® 1(h _ou® h _o8a® h  aa® h . ou®
+p—F —+—| = pF——+—pF + I + I +
P a2 e 4 e w22
h _ou® hh _0a® h . au® hh o 0a®)] .
apFE F — L pl + | sa®| =0
27T T P 22ty act t
) ) 2) 2) 2) 2)
{—cha‘;t —ph—22|:8‘2t +p|ya‘;t +pC2Fagt +pCh—22Fagt h—ZZFa‘;t
h2 _o0a® 1( h, _ou® hh, _8a® h ou® hh, . oa®
+p-2F +=| -2 pF -2 pF +—2 +-12 -
P o a4l 27 a4 P Ta 22 e at T a
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h, —ou® h? oF oa® h, ou®  n?

| | 022 )| 50

+ - +

2" 4P a2 e a e )|
ow 1 oW, 1, ow oW, 1. ow

FLp = —2+pS |, L+ pF—2-p=I1 —2||5w,

{p (p L Pl PR ﬂ )

=0

t

c® ¥ ot =0

t
[,,F%g(,f%_ Ly, e, 1

OW.
=, —+pF—2+ I, —%||ow.
el p ral } )
Tabiiy umumlashgan chegaraviy shartlar:

Yoot ot
1 1 o 1= 7O, 1 i
HN&’ +EN1‘1‘°’) +%Ml(f)j (f Ef Mff*’j

=0 (13)

t

ou®
2C

=0

1 1 - 1—- 1
|:—(N1(12)+§fo)—2—CMff)J+(fl +§f1 —Z—CMfl(S)j:|5u(2)x
{—(—Mﬁ) e+ B+ B +iMl<f>j+

4 4
+(—Mfl(1’+c?il)+ﬁfi ﬁ Mf‘3’ 505‘” -
2 4
h

{—[—Mff) ~cN® - h, N@ -2 NG 4 h, Ml(f)}

4
+(—Mf1(2) cty -

? _h (3) n Mf @® H Sa®?
4
1 1 0o 1 (3)
|:—(§ 1(33)+EM1(;)\J+('['3 +E _Mf(s)j:|5wl
1 1 @ 1-e
|:—(E 1(33)—EM1(§))+[f3 +Ef3 —EMfS(S)j:|5W2
Hisoblash algoritmi: Fazoviy statik va dinamik yuklangan sterjen tenglamalari (12), (13)

va (14) hisoblash algoritmini ishlab chiqishda ularning vektor ko‘rinishda quyidagicha keltirish
mumkin.
Sterjennnig tebranish tenglamasi:

X

(14)
=0

'\’|'—: N |

X

) _.
MdL2J+Adl2J dU+CU+DF:O (15)
dt dx dx
Tabiiy boshlang‘ich va chegaraviy shartlar:
- au*
M — : 16
I ]{ = L_ (16)

—~0U*
B +{C|U“+| D =0, 17
(8]~ -+[C]u*+[D]F.. (1)
Tenglamaning vektorli ko‘rinishi (15), (16), (17) formulalarda M,A,B,C,D,M,B
matrisasalardir [11-12].

Hisoblash algoritmini ishlab chigishda chekli ayirmalar usulining oshkormas sxemasidan
foydalanib tenglamani quyidagi ko‘rinishga keltiramiz [13]
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Aai—l,jﬂ - éiUi,j+1 + BIU =F. (18)

i+, j+1 i
Uch diagonalli tenglamalar tizimi (18) ifodani matrisali haydash usuli orgali quyidagicha
yozib olamiz:

—

N — —
Ui,j+1 = ai+1Ui+1,j+l + ﬁi+1’

Bu yerda (?i . va [, noma’lum koyeffisiyentlar quyidagi ko‘rinishdagi

&i+1:—A,B—I~; ﬂh_l:M; (i:1,2,...,n—1).
Ao =G Ao =C
formulalar yordamida topiladi.
Ikki tomoni gattig mahkamlangan uch gatlamli sterjenga 50 kN kuch ta’sir gilgandagi
deformatsiyalanganligini tekshiramiz. Uzunligi 1=2000 mm, eni b=200 mm va balandliklari

h1=5mm, h2=5mm, h3=190 mm o‘lchamlarga teng.

u
0,05 w

0,045 -0,1
0,04

0,035 -0,2
0,03

0,025 -03
0,02

0,015 o4
0,01

0,005 03

0
0 2 4 6 8 10 I} -06

1-rasm. X o¢qi bo‘yicha ko‘ndalang 2-rasm. Z o‘qi bo‘yicha ko‘ndalang kesim
kesimning maraziy o‘qgiga nisbatan umumiy  makazuy o‘giga nisbatan umumiy ko‘chishi
ko‘chishi

Xulosa. Fazoviy yuklanishlardagi uch gatlamli sterjen masalalarini Ostrogradskiy-
Gamilton tamoyili asosida tuzulgan matematik modelning sonli natijalar olishda matrisali
haydash usuli boshga usullardan bir muncha anigligi hamda qulayligini ko‘rish mumkin.
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OBJIACTHU IPUMEHEHUSA PA3JIMUHBIX MAPOK BBICTPOPEXYIIUX CTAJIENR

ToupoB Mypro3a [llaBkuarHOBIY
HaBowiickuit rocyaapCTBEHHBIN TOPHO-TEXHOIOTHIECKU# yHIBepcHuTeT, PhD mokTOp, MOIEHT.
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[[TaBkuauuoBa Hurnna MypTto3a ku3u
cryaenTka TamkenTckoro @apMaieBTraeckoro nHcTUTyTa. E-mail: niginamurtozayevna@gmail.com

AHHoOTanusi. B »9TOl cTaThe aHAMM3MPYIOTCS paA3IMYHBIE MapKH COBPEMEHHBIX
BBICOKOJIETUPOBAHHBIX OBICTPOPEXKYIIUX CTaJIeH, U3 KOTOPHIX M3TOTABIUBAIOT OCHOBHYIO JIOJIO
pPa3HbIX METALIOPEKYIIUX HHCTPYMEHTOB. PacCMOTpeH aHamm3 HX XUMHUYECKOrO COCTaBa,
MEXaHWYECKHX, CTPYKTYPHBIX MW TEXHOJIOTHYECKHUX CBOHCTB OBICTPOPEKYIIECH CTaIH.
OO0cyxnarTcs pa3IHYHbIC TPOIECCHl YITPOUHSIONINX 00pabOTOK CTaNel pa3IMYHBIX MAapOK IS
3aMCHbI TBép,Z[OCHJ'IaBOB.

Abstract. This article discusses various grades of modern high-alloy high-speed steels,
from which the bulk of various metal-cutting tools are made. The article discusses the analysis of
their chemical composition and characteristics of mechanical properties, structural and
technological properties. Various processes of hardening treatments for steels of various grades
to replace hard alloys are discussed.

Annotatsiya. Ushbu maqgolada, zamonaviy tezkesar po‘latlarning turli markadagi
gotishmalari muhokama gilingan, volframli gattiq gotishmalardan tayyorlanayotgan kesuvchi
asboblar o‘rniga, zamonaviy markadagi tezkesar polatlardan tayyorlab metallarga metallarga
ishlov berish mumkinligi hagida aniq ma’lumotlar keltirilgan. Maqolada tezkesar po‘latlarning
kimyoviy tarkibi, mexanik, struktura va texnologik xususiyatlarining tahlili ko‘rib chigilgan.

KiroueBbie c1oBa: OBICTpOpPEXKyIasi CTaib, XUMUKO-TepMudeckas obpabdotka (XTO),
3aKaJika, OTIIYCK, HOpMaJIn3alusd, MCXaHUYCCKHUC CBOfICTBa, TBEPAOCTh, YIIPOUHCHUC, pe;xymnﬁ
WHCTPYMEHT, METAJUIMYECKUH CILIaB.

Key words: high-speed steel, chemical thermal treatment (CHT), hardening, tempering,
normalization, mechanical properties, hardness, hardening, cutting tool, metal alloy.

Kalit so‘zlar: tezkesar po‘latlar, kimyoviy termik ishlov berish (KTIB), toblash,
normallash, mexanik xossalar, gattiglik, mustahkamlash, kesuvchi asboblar, metal qotishmalari.

BBenenme. bvicmpopeosicywue cmanu — 3TO JETMPOBAHHBIE CTajH, MpeIHAa3HAUCHHbIE
IJIaBHBIM 00pa3oM [UIsl M3TOTOBJICHUS METAJUIOPEXKYIIEr0 HHCTPYMEHTA, pa0OTaloIiero IMpu
BBICOKMX CKOPOCTSIX pe3aHus. BrepBbie OBICTPOPEXKYIIMIA METall Ui  MPOW3BOJICTBA
MHCTPYMEHTOB HMCIIOJIb30BAIM OpUTAaHCKHE MH)KEHepbl. M3aenus U3 Takoro crjaBa MPUMEHSIOT
Ui paboThl ¢ MeTaylaMH pa3HOM TBEPAOCTH, MOITOMY CTalb HasbiBaeTcs rapidsteel, yto
MIEPEBOJIUTCS KaK «BBICOKOCKOPOCTHAS.

OTO CBOMCTBO M AHIVIMICKOE BBIPAXKEHUE IMOCIYKHJIO OCHOBAaHMWEM JUIS 3allMCU THUIA
OBICTPOPEKYILIMX CTaJled M UX MapoK B Bujae oOo3HayeHuss OykBoil «P». B mapkupoBke
ObIcTpOpeXKyIel ctanu OykBa P o3Hauaer, 4to cTanb OBICTpOpEeKyIasi, a cleayronias 3a OyKBoi
mudpa — coaepKaHue CpeHEe MaccOBOU 10M BOJIbPpamMa B MPOIEHTAX, XMMHUYECKHI COCTaB
OBICTpOpEXKYILEH cTanu npuBeneHa B 1-mabnuye. MoryT ObITh TaKHe JITUPYIOIIUE DJIEMEHTHI,
Kak: M — monubnen, @ — Banaauil. Ludpsl, cnenyromue 3a OykBaMu, 03Ha4alOT UX CPEIHIOIO
MaccoByto foiio B %. IlpuBenem npumep pacmudpoBku Ha npumepe ctainu P6MS, POMSKS —
CTaJlb MHCTPYMEHTaJIbHasi ObICTpOpEXyIIas ¢ coiepkaHueM Boibppama 6%, momubaeHa 5%,
kobasibTa 5%. PaccmaTpuBas xapakKTepUCTHKH OBICTPOPEKYIUX CTajei, cieayeT OTMETUTD, YTO
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Martepuai MoJOOHOro TUITA CIICIUATBHO CO3aeTCs ISl OKCIUTyaTAllK IIPH BEICOKOM OKa3aTee
TPEHHUsI, KOTOPBIl BO3HUKAET Ha MOMEHTY pe3anust [1].

OO0bekTbBI M MeTOABI HccaAeI0BaHMI. B COBpeMEHHOM MAaIIMHOCTPOHUTEIEHOM
IIPOM3BOJICTBE OOPabOTKAa pe3aHMEM MO-IPEKHEMY HIpaeT Beayllyro poib. [lockonbky
OCHOBHOH IyTh MOBBIIIEHUS 3P PeKTrBHOCTH 00pabOTKHN pe3aHneM — paboTa ¢ MaKCUMaIbHOU
IIPOM3BOJIUTENILHOCTBIO, HAOMIONAeTCsl TEHACHLUS JaJbHEHWIIEro IOBBIIMIEHUS CKOpOCTel
pe3aHusi, 4To, B CBOIO ouyepeib, TpeOyeT moBbImeHus 3)(HEKTUBHOCTH PEKYIIETO HHCTPYMEHTA.
[Tpou3BOAUTENBHOCTh U CTOMKOCTh PEKYILLETO MHCTPYMEHTA B 3HAYUTEIBHON CTENCHH 3aBHCAT
OT CBOICTB MHCTPYMEHTAJIbHBIX MaTepuaios [1,2].

1-Taoauna.
XuMHYeCKHii cOCTaB ObICTPOPEKYLIHX CTAJIeH ¢ KapOUIHBIM YIIpoUHeHueM B %0
Mapka Xumnyeckmuii cocras, %0
CTAJIH C | W | Mo | Cr | \ | Ipoune
Crajau yMepeHHO# TenjocToiikocTH (615...620 °C)
P18 0,75 18,00 1o 1,00 4,00 1,20 —
P12 0,85 12,00 - 3,70 1,70 -
P6MS5 0,88 6,00 5,00 4,00 1,90 -
10P6MSMIT 0,97 6,00 5,20 4,10 1,90 -
Crau noBbieHHOH TemiocToikocTu (630...650)
P12®3 1,00 12,70 10 1,00 3,70 2,70 —
PSM3K6C 1,00 8,00 1,70 3,70 17,00 6,30Co
POM4KS 1,05 9,00 4,10 3,30 2,30 8,00Co
P12M3®K8 1,30 12,00 3,10 4,00 2,10 8,00Co
Crajiv NOHMKEHHON TenJI0CTOMKOCTH (HU3KO0JeTrHPOBAHHbIE)
P3M3®2 0,98 2,80 2,70 4,50 2,90
11P3AM3 D2 1,07 2,90 2,75 4,05 2,40 0,11 N
OI1973 0,64 — 2,90 6,00 2,80 0,20N
P2M5 1,00 2,00 5,10 4,00 1,10 0,65N
P2M2®3 1,00 2,00 1,70 3,50 3,10 —
11IM5® 1,06 — 5,50 4,00 1,40 —
POM4** 0,85 — 4,40 4,20 1,00 —
POMA4D*** 0,90 — 4,20 4,20 1,00 —

CoctaB ObICTPOPEXKYIIEH MHCTPYMEHTAIBHOM CTaIM CYIIECTBEHHO MOBBIILIACT TBEPAOCTD
MeTaia, 3a CYET Yero OH MOXeT padoTaTh Ha MOBBILIEHHONW CKOPOCTU. BricTpopexyiiue cramu
00J1aJal0T BBICOKOM MPOYHOCTHIO, MOTYT YCHEHIHO paboTaTh Ha OOJBIION TiyOMHE pe3aHus
(cBepma) W Ha BBICOKMX CKOpPOCTSX Mmojad (pe3ubl, cBepiaa U Jp.) XapaKTepUCTHKU
OBICTPOpEIXYILIEH cTalu:

- Tennocroiikocts. TemmoctolikocTh ObicTpope3oB cocrtaBisger 600-650 rpamgycoB B
3aBUCHMOCTH OT COCTaBa U 00pabOTKH.

- Tsepmocts. TBepmocts ObicTpope3oB — HRC 68-70. Crtamu OBICTPOPEXKYIIMX MapoK
o0amaroT Jake MEHBIIEH TBEPIOCTHIO IO CPAaBHEHHMIO C OOBIYHBIMHU YTJICPOIUCTBIMH, €CIU
TEeMIIepaTypa pe3aHusl HaXOJAUTCS B HOPMAJIbHBIX Mpe/ienax.

- Cxopocts pe3anusi. [lepBbie HHCTPYMEHTHI U3 OBICTPOPEXKYIIECH CTAaIN JOMYCKaIN CKOPOCTh
pezanust 18 M/MUH, 3aTeM MOSBHIMCH HMHCTPYMEHTHI CO CKOPOCTBIO pe3anust 35 m/muH. B
HACTOSIIEE BPEMsI CYIIECTBYIOT CKOpOCTH pe3anus 60 M/MuH u OoJee.

- M3HococroiikocTh. JlaHHBIN MapameTp y OBICTPOPEKYIIUX cTalel B 3-5 pa3 BbINIE, YeM Y
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YIJIEPOJUCTBIX U JIETUPOBAHHBIX CTaJIEH.
- Kpacnocroiikocts. JlaHHBINA TapamMeTp J000ro MeTalljia XapakTepu3yeT Mepruoj BpeMEeHH, B
TE€YEHUE KOTOPOTO0 MHCTPYMEHT, M3TOTOBJECHHBIH M3 HEro, cloCOOEH BbIIEPKUBATh BBICOKYIO
TEeMIepaTypy, He Tepsisi CBOUX IEpPBOHAYAIBHBIX XapaKTEPUCTHUK. BBICTpoOpexylue cTaiud B
KayecTBe MaTepuaja Uil U3rOTOBJICHUS PEXYIIEro MHCTPYMEHTa HE MMEIT ce0e paBHBIX IO
JaHHOMY MapaMeTpy. /laHHbIi mapaMeTp y OBICTPOPE30B COCTABISAET MPHOIM3UTEIBHO 4 yaca.

OtnenbHOE BHUMAHUE CTOUT YIENIUTh TOpsiued TBEPAOCTH, TaK KaK HMMEHHO 3TOT
M0Ka3aTesb B MEPBYIO OYEPEab M OTIMYAeT OBICTPOPEKYIIYIO CTalb OT APYTHX CIUIABOB. JTO
TBEPJOCTh, COXpaHsAeMass B TropsyeM cocTosHuu. Kak wu3BecTHO, 11000H HHCTPYMEHT,
UCIOJIb3YEMBIA JUIsl BBIIIOJIHEHUS OOpabOTKM pe3aHueM, B Ipolecce Takod oO0paboTku
MHTEHCUBHO HarpeBaeTcs. B pe3ynbrare HarpeBa OOBIYHBIE WHCTPYMEHTAJbHBIE CTallU
MOJIBEPralOTCs OTITYCKY, YTO B UTOT'€ NMPUBOAMT K CHIKCHUIO TBEPAOCTH MHCTpyMeHTa. Takoro
HE MPOUCXOJUT, €CIIM AJI1 U3TOTOBJIEHUS ObliIa UCIOIB30BAHA OBICTPOPEKYIIAsl CTallb, KOTOpast
CIIOCOOHA COXpaHATh CBOK TBEPAOCTH JIaXKe MpHU HarpeBe MHcTpymeHrta 10 600 rpagycos. Uto
XapaKTepHO, CTaJM OBICTPOPEXKYLIMX MAapoK, KOTOpbIE 4YacTO Ha3blBalOT ObICTPOpE3aMH,
00JTIaaroT Jake MEHBIIEH TBEPIOCTHIO TI0 CPAaBHEHHIO C OOBIYHBIMHU YTJIICPOIUCTBIMH, €CIH
TeMIepaTypa pe3aHusi HaXO0IUTCs B HOpMAJIbHBIX MIpeesiax, To ecTh B npeaenax 200 rpaaycos.

PaccmarpuBasi mpuMeHeHHEe H3HOCOCTOWKOTO MeTajlia CIIeAYeT yASIUTh BHUIMAaHUE TOMY,
YTO KOHKPETHBIM COCTAaB MeTajlla ONpeJesIIeT ero SKCIUTyaTalliOHHbIE KaueCcTBa, IPUBEIEHHOE B
2,3-tabnumax. MHCTpyMEHT, M3TOTOBJICHHBIM M3 TOJOOHOTO MeETajula, MOXKET BBIICPKUBATH
JUIMTENbHYI0 JKcIutyataiuio. OOnacTe NpUMEHEHUs JO0CTaToO4HO obOmupHa. PaccMorpum
00JacTh MPUMEHEHMSI OBICTPOPEKYIINX CTaJel B 3aBUCUMOCTH OT Mapok [3,4].

2-Tabauna
O0aacTh NpUMeHEeHHs1 MAPOK OBICTPOPeKYIIei cTaau

Mapka crajaun O0JacTh NPUMEHEeHH

Crans P18 Jl1s Bcex BUJIOB PEXYIIETO MHCTPYMEHTA Ipu 00paboTKe YrIepoanuCThIX
Y JICTUPOBAHHBIX KOHCTPYKIIMOHHBIX CTalleh

Crams P12 Ta e, uTo H I[J'IS\IJ CTilJ'II/I P 18, Taxxe mis oOpabOTKM HEKOTOPHIX BHJIOB
KOPPO3MOHHOCTOMKOH CTaJIN

Crams P6M5 st M3roToBIeHUsST Pe3bOOHAPE3HOT0 WHCTPYMEHTA; JJIi MHCTPYMEHTA,
paboTaronero ¢ yaapHbIMH Harpy3KamMmu

LOP6MSMII Jlns  4YepHOBBIX H MONY4EPHOBLIX  HHCTPYMEHTOB  IPH o0paboTke
JIETUPOBAHHBIX U KOPPO3MOHHOCTOMKHX CTajIeH

3-Tabauua
Ha3znauenue Mmapok ObICTPOpPeKYIIEH CTAIU
Mapka craamn Ha3znauenmue

Crans P9 Pesmpr, cBepma, ¢pes3bl, IUTAKH, THIBL, J1€PEBOOOpaOATHIBAIOIIUI
WHCTPYMCHT

Crams P12 @DacoHHBI PEXYIMA HWHCTPYMEHT — (pe3bl, MPOTIKKH, METUHKH,
TUTAIIKY, pe3b0OHape3HbIe TPEOCHKH U JIP.

Cranp P18 MeTtunku pe3p0oBbIe hpe3bl, TPeOCHKN

Cranpe POMS Pexxymyie nHCTpyMEHTHI 1711 00pabOTKM METajuia BCEX BHJIOB
NuctpymenTsl st 00paOOTKM pe3aHHeM KOHCTPYKIIMOHHBIX CTaJleH,

Crans 10POMS MEIUIMHUCKUE HHCTPYMEHTBI

Crans P12®4K5 I/IHCTpvyMeHTLI I 00paboOTKM pe3aHueM TpyaHOOOpabaThIBAEMbIX
cTayie

Uto0bl cBepiia, 3€HKOBKH W TPOYHME PEXKYIIHE HW3JEIus cTanu Oojiee TBEpAbIMH,
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CTOMKMMHM K KOPPO3UHM M H3HOCY, MX JOIOJHUTEIBHO OOpa0aThIBAIOT, HCIOJB3YS METOIbI
XUMHKO-TEPMHUECKON 00paboTku. Ilpyu HarpeBaHWW HM3IETUH B ONMPEACIICHHOW >KUIKOW WU
ra3oBOM CpeJie Hy)KHbIE BEILIECTBA IPOHUKAIOT B AaTOMHYIO KPUCTAINIMYECKYIO PELIETKY JKeJe3a.

Azomuposanue — IOBEPXHOCTh HACBIIIAIOT a30TOM B ra3oBoit cpeae (80% azora u 20%
ammuaka, 1160 100% ammuak). 3a 10-40 munyt npu temneparype 500-600°C nmoBepxHOCTHas
000JI0YKa YKPETUIICTCS.

[uanupoeéanue — HachbIIIEHUE LMHKOM IOBEPXHOCTH B Ta30BOM WM KHUAKON cpene.
MoseT NpoXoIuTh NPU BBICOKUX U CPEJHUX TemImepaTypax, JJIUTCS OoT 5 10 45 MHHYT.
BricokoTemneparypnbiii mporiecc npoxoaut npu t 800-900°C, nuzkoremnepatypssii mpu 500-
600°C rpamycax. Hachllenne MOBEPXHOCTH MHCTPYMEHTA IIMHKOM HPUAeT €My OTIHYHYIO
CTOMKOCTB K U3HOCY.

Cynvgpuouposanue — HaCBHIIICHUE HW3ACIMA Cepod B TeueHHe 2-3 dvacoB. Martepuan
HarpeBalT B CEpHO-a30THCTBIX coisax mnpu t 550-600°C.  Ilpouecc Takke NOBBIIIAET
HW3HOCOCTOMKOCTh PEKYIIUX KPOMOK.

Jns monmydyeHus: MakCUMaabHOM TBEpAOCTU U TemtocTorkocT nocie XTO u 3akanku
ot 1220 °C pexkomenayetcss npoBoauTh oTnyck mnpu 600 °C, 4yTo MHTEeHCUPULIMPYET MpOLECcC
JMCTIEPCUOHHOTO TBepAeHUs cTaiu. [locime Tepmuueckoil oOpabOTKM cTanu MO BbIOPAHHOMY
pexumy pabouast TBEpIOCTh ciiosi Bozpactaer 10 67-69 HRC, Temnocroiikocts (ay1 60 HRC)
paBHa 675 °C, a ynapHas Bazkocts KC = 0,20 MJI/M?. YCTaHOBIEHO, 4TO € HEIbI0 MOBBIIEHHS
yAapHOW BA3KOCTH PEKOMEHAYETCS MEpBBIM OTMYCK mpoBoauTh mpu 560 °C, a BTOpoH
tpetuil — pu 600 °C. Ilocne oTmycka o TakoMy peXKUMY yAapHas BS3KOCTb CTaJId BO3PacTaeT
10 0,26 MJIx/m? [4,5].

VYcTaHOBIEHO, YTO MHCTPYMEHT M3 cranu tuna PO6MS noasepruyteiii XTO, He
YCTYNaeT IO TBEPAOCTH M H3HOCOCTOMKOCTH HWHCTPYMEHTY M3 JBYXKapOHWIHBIX TBEPJbIX
cruiaBoB Thna BK mpu cHukeHuMM yaenpHBIX 3aTpaT Ha martepuan B 1,2 pasza, u 3aTpar Ha
BCIIOMOTaTeNNbHBIE MaTepuanbl Ha 15-20% [1,2,7,8]. DTo m03BONSET pPEKOMEH/IOBATH
pa3paboTaHHbIE TEXHOJOIMHM W3TOTOBIEHHUS PEXYIIUX MHCTPYMEHTOB JUIs INTY4YHOE H
MEJIKOCEPUNHBIX MPEaNPUATHI MAaIlInHOCTPOCHUS, 4aCcoOBOM TIPOMBIIIUIEHHOCTH,
IIPOMBIIIIEHHOCTH JJII WM3TOTOBJIEHUS MEIUIMHCKUX HWHCTPYMEHTOB, 3JIEKTPOHMKH M Ap.
Tpynno nedopmupyemas CiI0XKHOJETMpOBaHHAs OBICTPOpEKYIasi ropsiuekataHas cranb POMS
(0,9% C; 6,0 % W; 5,3% Mo;1,95% V; 4,0% Cr) B cCOCTOSIHUM TIOCTaBKH (TOCJI€ OTKHUTA)
SIBJISIETCSI OCHOBHOW CpeaH OBICTPOPEKYIINX CTajell HOPMaJbHOM TETUIOCTOMKOCTH W IIUPOKO
MPUMEHSIETCS U1l IPOU3BOJCTBA OBICTPOPEKYIINX UHCTPYMEHTOB.

ITosnyyeHHble pe3yabTaThl. OKCIEPUMEHTHI IIOKa3ajdd, YTO IIPU CBEPXBBICOKHX
CKOpPOCTSIX MHTEHCHBHOCTb H3HOCA CHW)KAETCSl 10 CPAaBHEHHMIO C OOBIYHBIM pE3aHHMEM. YiKe
CEeroJiHs B BEIYIIMX CTpaHaX MHpa HMCIIOJIB3YEeTCs BBHICOKO - M CBEPXCKOPOCTHas 0OpaboTka Ha
ckopoctsx pezanust 500-1500 m/MuH 1 6o0J1ee, YTO OKa3BIBAETCSI BOSMOKHBIM JIMIIb TIPU YCIOBUHU
CO3JIaHMsI HOBBIX BHJIOB MHCTPYMEHTAJIBHBIX MaTepHaioB U 00Jee COBEPIIEHHBIX CTAaHKOB. M3-3a
BBICOKHX 3aTpaT Ha CMa304YHO-OXJaxnaromme cpeactBa (10 16% cedbectomMoctu 00pabOTKU
7eTaneif) B HacToslmiee BpeMsl OOJNIbIIOE BHHUMAHHE YIEISIETCS TaK Ha3bIBAEMOW «CyXOH
00paboTKe» pe3aHneM, Takke 0e3 MPUMEHEHHsT CCMa30YHO-0XJIAXKAIOIIMX JKUAKOCTEH.

B tex cnydasix, Korza MoyIHbI OTKa3 OT HUX HEBO3MOXEH, HallpUMep, MPHU CBEPJICHUH,
pexoMeHayeTcs 00paboTKka ¢ MpuMeHeHneM MUHUManbHoro koiauuectBa COXK, Tak Ha3zpiBaeMas
MMS-texnomorust (Minimalmengenschmierung), KoTopasi 3aKIII04aeTcsi B OXJKICHUU 30HBI
pezanus c¢ HeOompimM koiumdectBoM COXK, momaBaemoit mox naBnenuem jao 0,6 Mlla ¢
nmomoIpio motoka Bozayxa. Pacxonq COX, npeBpamaeMoit B 3TOM ciiy4dae B a’3po30Jib, OOBIYHO
He npessiaet 80 mui/4. [Ipu 3TOM HCKITIOYaIOTCS 3aTpaThl HAa MOATOTOBKY U yTuiau3amuo COX,
OYUCTKY CTPYXKU M T.jA. Tak, Hampumep, no naHHbiM ¢upmbl «Githring» (I'epmanus), npu
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ITYOOKOM CBEPJICHUM aJTFOMHUHHEBOTO CILIaBa PYKEHHBIMH CBEpJaMU OTBEpCTHH quamerpom 10
MM U TiryomHoit 200 MM mpu TakoM crmocobe momaun MmacisiHod COXX (uepe3 BHyTpeHHUE
OTBEPCTHS B CBEpJIE) yIAI0Ch MOBBICUTh CTOMKOCTh MHCTPYMEHTA B 4 pa3a, mojauyy — B 3 pasa, a
CKOpPOCTh pe3anus yBenuduth ¢ 130 mo 160 m/MuH.

[loBbIIEHNE KECTKOCTH U BETPOYCTOMUMBOCTH PEKYIIUX HHCTPYMEHTOB IO3BOJISIOT
MIOBBICUTB WX CTOMKOCTh, YBEJIMUUTH 110/1a4y, a CJIE€J0BATEIbHO, IPOU3BOIUTENBHOCTD IIpoLiEcca
pe3aHuss. Y OCEBBIX HMHCTPYMEHTOB JTO JOCTUTA€TCs 3a CYET YBEJIWYEHUs IUIOIIAIN
MIONEPEYHOI0 CEUYEHUS] KOPILyCOB MHCTPYMEHTOB M MAaKCHUMaJbHO BO3MOKHOTO COKpAILlEHUs
IUTMHBL paboyeil yacTh, mpu oOpabOTKE TIyOOKHX OTBEPCTHM — 3a CYET MNPUMEHEHUS
JIOTIOJTHUTENIFHBIX OIOp B BHJE HAINPABISAIONIMX, CTEOJIEBBIX JIIOHETOB, BHOpOTAacUTENCH W
Ipyrux ycTpoicTB. [Ipy MpOEKTUPOBAHWU MHOTOJIE3BUIHBIX PEXKYIIMX TOJOBOK, OOJBIIOE
3HAYCHHUE TPUOOPETAECT BOMPOC PALMOHAIBHOTO PAclpeleICHUs HAarpy3Kd MEXAY pexyIIuMU
3yObsiMU (KpOMKaMH), Takasi pa3paboTKa onTUMajbHa JIJIs pe3aHus METaJlIoB.

Hampumep, npu mpoeKTUpOBaHUH 1IEITHOU3TOTOBICHHOM (puc.1.) TulaHeTapHO# pexyIeit
TOJIOBKM HCIIOJIB3YeTCSl COBpPEMEHHasi ObICTpopexymias craib P6MS5. B TexHomorumueckom
IIPOLIECCe 3TO MO3BOJISET HAM MOBBICUTH HA/I€KHOCTh PabOThI pe3aHus PeXKYIIEro HHCTPYMEHTA,
MHTEHCU(UIMPYET PEKUMBI pe3aHusi, 00eCeUnuT OBICTPYIO CMEHHOCTh IIPU MX M3HOCE, TaK-Kak
OCOOCHHO Ba)XXHO TMPU BBIPE3KE OTBEPCTHH Ha JIO00H METaUIOKOHCTPYKIIMU H ACTAIIAX
TpyOonpoBozoB (puc.3.). DTO HOBOM300peTeHHass KOHCTPYKIMs (IJIaHEeTapHas pexylas
rojJIOBKa), IO3BOJIIET CO3JaTh LIMPOKYID HOMEHKJIATYpy [JIsi M3TOTOBJIEHUS KOPOHYATBIX
IUTAHETApHBIX PE3LI0B U IPYIMX BUJOB HHCTPYMEHTOB HOBENIINX KOHCTPYKLMH.

C pocToM TEXHMYECKOIrO MpOrpecca COBPEMEHHBbIE MAlllMHBI CTaHOBATCS Bce Oosee
MOILIHBIMM M CKOPOCTHBIMH, Ul TOBBIINIEHHUS HAJEXKHOCTU U JIOJIFOBEUYHOCTH JIE€Taled MallluH,
oOecrieyeHrss O€3BUOpPALIMOHHON W JWHAMHUYECKHX TIEPErpy30K, MPEIbSIBISIIOTCS BBICOKHE
TpeOOBaHUs K TOUHOCTH pa3MepoB, (opMaM U KauyecTBY MOBEPXHOCTEN HX JeTaneil. B cBs3u, B
MEPBYIO OUepeib Y)KECTOUAIOT TPeOOBaHUS K TOUHOCTH PEKYIIUX HHCTPYMEHTOB. IHCTpyMEHTHI
JUIS TIPOM3BOJICTBA XapaKTEpHU3YIOTCS emle Oosiee Y3KUMHU JOMyCKaMHM Ha HCIIOJHUTENIbHbIE
pa3Mepsl U OMEHHE PEeXYLIMX KPOMOK, KaueCTBO MOBEPXHOCTEH JETaal U BBIXOJ CTPYXKKU M3
Cpe3acMbIX OTBEPCTUI IPUBEIEHBIX HA PUCYHKE 4.

[IpakTHyecku 10Ka3aHHO YTO JFO0OM pexyluil MHCTPYMEHT, U3TOTOBJICHHBIN U3 CTaIu
tuna P6MS u npyroil, moaBepruyTble Ha HUTPOLEMEHTALMM, HE YCTYNAIOT MO TBEPAOCTU U
n3Hococroiikoctu  TBeppocmiasam tuna «BK4, BK6, T15K10 m T5K10», mo stomy mnpum
CHIDKCHUU YJIEBHBIX 3aTPaT COCTABISAET HAa MaTepuan B POMS u apyrue ObICTpOpeKyIIHe CTaIH
1,2 paza [6,7,8]. DT0 moO3BOJMSIET HAM JaTh PEKOMEHMAAIMIO TPEANPUATSIH, HU3TOTABIUBATH
CTelMaIbHbIE PEXYUINA WHCTPYMEHTHI (nianemaphas pexcywas 207106Ka) U3 ObICTPOpEKyIIen
CTaJld, JUIsl BBIPE3KU 3aroTOBOK W3 JIMCTOBOrO IMpokara (puc-3), IS U3TOTOBJIEHUS JeTanen
TpyOOTpoBOAOB ((praHIb, 3arIylIKd pa3HOro AuameTpa u pasHoro nasienue /Iy u PY a taxke
(bnanneBbIi naTpyoku) ao 2,5 MPa.

Puc-1. U300peTenHas njianeTapHasi pesKyluas roJioBka.
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Puc-2. Yepre:x n300peTeHHOH NUIAHETAPHOM pPeKyIeH IoJT0BKH.

Puc-3. IIponecc pe3aHusi NPOKATHBIX JTHCTOB.

OmHUM W3 METO/IOB YIPOUHEHHS PEXKYIIET0 WHCTPYMEHTA SIBIIIETCS METOJ JIa3epHOU
3aKaJKU. DTOT METO]l MOBHIIMIAET PabOTOCTIOCOOHOCTh PEXYIIEro MHCTpyMeHTa B 2,5-5 pa3 3a
CUET PperyJIMpOBaHUS JHEPreTHUECKUX IapaMeTpoB TPH JIa3epHOH 0O0pabOTKEe B MIMPOKOM
MHTEpBaje, BO3MOXKHOCTH OOpaOOTKM B BO3/ayxe O€3 3alIMTHBIX TI'a30B, OTCYTCTBHE TBEP.BIX
OTXOZOB TIPU HArpeBe W OXJAXKICHHH; COXPAaHEHHS BBICOKOW TBEPIOCTH OBICTPOPEIKYIIHX
cTajei, MoJy4eHHOH B pe3ylibTare Ja3epHON 3aKallKi, KOTOpasi COXPAHSAETCs M MOCIE OTIYCKa 3a
CYET MOBBIIICHUS U3HOCOCTOMKOCTH OBICTPOPEKYIITNX CTAJICH.
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Puc-4. IIpouecc pe3anue nerajau TpyoonpoBoIos .

[locne BBIMONHEHUS! TEPEUMCICHHBIX TEXHOJIOTHH PEXYyIas 4acTh WHCTPYMEHTA JOJDKHA
npoiTy 3atouky, nummdoBky. Mapka cramm P18 wmcmomb3yercss s MPOHW3BOJCTBA JIETaJICH,
KOTOpBIE JOJDKHBI 00NafaTh MOBBIIICHHBIMH SKCILTyaTAllMOHHBIMM KadyeCcTBaMU. 3a CUeT
BHYTPEHHEHN CTPYKTYpbI C MEJKHUMH 3€pHAMH CIUIAaB MOKa3bIBAET OTIUYHYIO U3HOCOCTOMKOCTb.
Taxoke mJaHHas MapKa OTIMYAeTCs OT MPOYHUX TeM, YTO MPU TEPMUUYECKON 00pabOTKe U3aenus u3
OBICTPOPEKYIIMX CTAJICH HE MPOUCXOAHT IeperpeBa. M3 craneit mapku P18 Henw3s mpousBecTn
BBICOKOTOUHBIM HMHCTPYMEHT, TaK KaK 3aroTOBKM HEBO3MOXXHO 00pabdoTaTh U XOpPOIIO
OTHLTH(OBATH.

XopommMy KaueCTBaMU B OTHOIICHUH MTPOYHOCTHU U TUIACTUYHOCTH, B OTIIOKEHHOM BHJIC
oIJlajaeT MmaTepual Cc oOo3HaueHHueM ObIcTpopexymield crtamum P12, cBolicTBa KOTOpPOTo
aHaJIOTMYHBI K MeTasuty P18.
3akJ/ouenue:

- TPaKTHYECKUI JOKa3aHO, YTO PpEeXYyIIUE TOJOBKH M3 OBICTPOPEKYILUE CTalu
MIPOM3BOJICTBE MPHU PE3aHHE METAJUIOB HE YCTyHaeT MO TBEPAOCTH OTHOCUTENBHO 10 CPaBHEHUE
TBEP/BIEC CIUIABOB.

- U300peTeHHasl pexylias TOJIOBKA M0 TEXHOJOTHYECKOMY IMapaMeTpy He yCTyHaeT OT
3arpaHUYHOTO AHAJIOTOB.

- 300peTeHHast pexXylias yIoO0HO 7Sl BBIPE3KU OTBEPCTHI OCOOEHHO Il U3TOTOBIICHUE
JUTSL TETaJIA TPYOOIIPOBOJIOB.
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MOTOBLOKKA ISHLAB CHIQILGAN KULTIVATOR YUMSHATKICH
PANJASINING PARAMETRLARINI NAZARIY ASOSLASH
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Xayitov Abdulla Nurmatovich
Urganch davlat universiteti, katta o°gituvchi, abdullaxayitov250@gmail.com

Annotatsiya. Maqgolada turli tuproq iglim sharoitlariga mos bo‘lgan yuqori hosildor
kartoshka ekinlarini tanlash, ularni yetishtirishda ilmiy asoslangan zamonaviy texnologiyalardan
foydalanish, O‘zbekiston respublikasi tuproq iglim sharoitida kartoshka yetishtirishning hozirgi
holati va dolzarbligi hamda ganday texnikalarni go‘llash zarurligi, tomorga yoki kichik fermer
xo‘jaliklarida kartoshka yetishtirish uchun motoblok va u bilan qo‘shib ishlatiladigan kultivator
yumshatkich panjasining parametrlarini asoslash bo‘yicha o‘tkazilgan nazariy tadgiqotlarning
natijalari keltirilgan. O‘tkazilgan tadgigotlar natijalariga ko‘ra, sabzavotchilik kultivatorining
yumshatkich panjasining uvalash burchagi mos ravishda 25-30°, yumshatkich panjaning eni
kamida 3 sm, ishchi sirtining uzunligi 17,5 sm bo‘lishi lozimligi aniglangan.

Annotation. The article discusses the selection of high-yielding potato crops suitable for
various soil and climatic conditions, the use of modern, science-based technologies in their
cultivation, the current state and relevance of potato cultivation in the soil and climatic
conditions of the Republic. In Uzbekistan, and the need to use what kind of equipment, a walk-
behind tractor for growing potatoes in household or small-scale farms is presented, and along
with it the results of theoretical studies conducted on the basis of the parameters of the
cultivator's pointed paw used. Based on the research results, it was determined that the
sharpening angle of the grip of the pointed paw of a vegetable cultivator should be 25-30°, the
grip width of the pointed paw should be at least 3 cm, and the length of the working surface
should be 17.5 cm.

AHHoTauusl. B crtatbe paccMoTpeH BBIOOp BBICOKOYPOXXAMHBIX KYJIbTYp KapTodens
IMPUT'OJHBIX JJIsA Ppa3InYHBIX ITIOYBEHHO-KIIMMAaTHYCCKUX yCJIOBI/Iﬁ, HUCIIOJIB30BaHU
COBpPCMCHHBIX, HAY4YHO O60CHOBaHHOX TEXHOJIOTUH Inpu #uX BO3ACJIbIBAHUHU, COBPECMCHHOC
COCTOSIHUEC U aKTYAaJIbHOCTH BO3JICJIbIBAHUSA KapTO(l)eJISI B MMOYBCHHO-KIIMMATHYCCKUX YCIIOBUAX
Pecniyonuku. B Y30ekuctane u HEOOXOIMMOCTH UCIIOIB30BaHUS KAKOW TEXHUKU MPECTaBICH
MOTOOJIOK Ul BhIpAIlMBaHUs KapTodess B MpHycaJeOHbIX WM MaJl0 KOHTYPHBIX (hepMEepCKUX
X035iCTBaX U BMECTE C HUM PE3YIBbTATBl TCOPCTHUCCKUX I/ICCJ'ICI[OBaHI/If/'I, MPOBCACHHBIX Ha
OCHOBC IIapaMCTpPOB HpI/IMeHSIeMOfI CTpeHanTOﬁ Jiafibl  KyJIBTUBATOPA. ITo pe3yiibTaTaM
I/ICCJ'IGI[OBaHI/Iﬁ OMpeaAcCJICHO, YTO YI'oJl 3aTO4YKM 3axBaTa CTpeJIB‘IaTOfI Jiaribl OBOIICBOJYECKOI'O
KyJIbTUBATOpa JOJKEH COCTaBIATh 25-30°, mMpuHa 3axBaTa CTpeIbuaTON Jambl JOJKHA OBbITh
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HE MeHee 3 cM, a JyThHA paboveld TOBEPXHOCTH IOJKHA OBITH 17,5 cM.

Kalit so‘zlar: motoblok, sabzavotchilik kultivatori, yumshatkich panja, yumshatkich
panjaning uvalash burchagi, uning eni, ishchi sirtining egrilik radiusi, tayanch g‘ildiraklar, osish
qurilmasi, tuproq, tuprogning ezilishiga solishtirma qgarshiligi, tortishga garshilik.

Keywords: walk-behind tractor, vegetable cultivator, pointed share, angle of the pointed
share, its width, radius of curvature of the working surface, support wheels, mounting device,
soil, relative resistance to soil collapse, traction resistance.

KuaroueBble ciioBa: MOTO6J’IOK, OBOI_I_ICBOI[‘ICCKI/II‘/'I KyJIbTUBATOp, CTpEJibYaTad Jalia, yroJ
pacTBOpa CTpENbYaTON JIalbl, €ro MKUPUHA, PAInyC KPUBU3HBI pabodeil MOBEpXHOCTH, ONIOPHBIE
KoOJI€Ca, YCTpOﬁCTBO HAaBCCKHU, IMOYBA, OTHOCHUTCIIbHOC COIIPOTHBJICHUC CMATHUIO ITIOYBBI, TATOBOC
COIIPOTUBJICHHC.

Kirish. Dehgonchilikda gishlog xo‘jaligi ekinlaridan yuqori va sifatli maxsulot olish
uchun o‘simliklarning biologik xususiyatlarini o‘rgangan holda, turli maydonlardagi tuprogning
unumdorligi va iglim sharoitlaridan hamda ilmiy asoslangan qishloq Xxo‘jalik ekinlarini
yetishtirish  texnologiyalaridan to‘g‘ri  foydalanish kerak. Hozirgi kunda kartoshka
yetishtirishning zamonaviy texnologiyasi joylardagi tuprog iglim sharoitlariga mos keladigan
gimmatli xo‘jalik-biologik xususiyatlarga ega bo‘lgan kartoshka turlari va navlarini tanlash,
almashlab ekish, ekish uchun o‘tmishdosh ekinni tanlash, tuprogga ishlov berish tizimi,
o‘g‘itlash, urug‘chilik, urug‘larni ekishga tayyorlash, ekish usuli va muddatlari, ekish normasi va
ekish chuqurligi, begona o‘tlardan, kasalliklardan va zararkunandalardan himoyalash, ekinlarni
parvarishlash, hosilini yig‘ishtirish va ularga dastlabki ishlov berish kabi ishlarni hamda ularni
amalga oshirishda qo‘llaniladigan mashinalar tizimi va boshgalarni gamrab oladi [1].

Tadqgigot usullari. Hozirgi kunga O<zbekiston respublikasi tuproq iglim sharoitida
kartoshkani aholi tomorgasida yetishtirishga ham alohida etibor qaratilmogda. Aholi
tomorgasida yoki kichik konturli dalalarda yetishtirilayotgan kartoshka asosan go‘l mehnati
hisobiga bajariladi. Ammo, bunda mehnat sarfi va boshga harajatlarni oshishi mahsulotni
tannarxini oshishiga sabab bo‘lmogda. Kartoshkani yetishtirishda uning gator oralariga ishlov
berish jarayoni eng murakkab jarayonlardan hisoblanadi. Hozirda jahonda kichik konturli
dalalarda motoblok bazasida ishlaydigan kultivatorlar go‘llaniladi. Ularning turli xil variantlari
mavjud bo‘lib, shundan o‘qyoysimon va yumshatkich panjalar bilan jihozlangan kultivatorlar
samarali hisoblanadi, ammo bu turdagi kultivatorlarning konstruktsiyasi murakkab va
metallhajmdor bo‘lib, ish jarayonida turli xil tuproq iglim sharoitlari uchun imkoniyatlari past.

Yugoridagilardan kelib chigib, ushbu sharoitda kichik texnikalarni qo‘llash va ulardan
samarali foydalanish talab etiladi. Oxirgi yillarda butun dunyoda ham dehgonchilikda Kichik
texnikalarni keng qo‘llanilishi ommoviylashmoqgda. Hozirda respublikada tomorga va kichik
fermer xo‘jaliklarida kartoshka va sabzavot vyetishtirishda go‘llanilayotgan texniklarning
parametrlari respublika tuprog iglim sharoitiga mosligi, ularning ganday parametrlarga ega
bo‘lishi bo‘yicha tadgiqotlar ilgari o‘tkazilmagan va ilmiy asoslanmagan. SHu magsadda
Qishlog xo‘jaligini mexanizatsiyalash ilmiy tadgiqgot institutida olib borilgan izlanishlar asosida
motoblokka sabzavotchilik kultivatori rama 1(1-rasmga garalsin), unga o‘rnatilgan oldingi 2 va
organgi 3 ko‘ndalang bruslar, ularga o‘rnatilgan tayanch g‘ildiraklar 4 va 5, o‘ng 6 va chap 7
bo‘ylama bruslar, ularga o‘rnatilgan yumshatkich 8 va o‘qyoysimon 9 panjalar hamda sferik disk
10 ko‘rinishidagi ish organlaridan tashkil topgan etib ishlab chigildi. Kultivatorda tayanch
g‘ildiraklar 4 va 5 hamda ishchi organlar 8, 9 va 10 ni holatini ko‘ndalang 2 va 3 hamda
bo‘ylama bruslar 6 va 7 da ko‘ndalang va tik yo‘nalishlarda rostlash nazarda tutilgan.

Kultivatorni motoblok bilan bog‘lash uchun uning ramasining old qismiga maxsus flanets
11 o‘rnatilgan.
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Ishlab chigilgan kultivatorning ish jarayonida yumshatkich va o‘gqyoysimon panjalar
pushta yonbag‘irlari va egatlarini yumshatadi va ulardagi begona o‘tlarni kesadi, sferik disklar
esa yumshatkich va o‘qyoysimon panjalar tomonidan yumshatilgan tuprogni pushtaga surib, uni
balandligini oshiradi.

SHulardan kelib chigib, ushbu magolada motoblok uchun ishlab chigilgan sabzavotchilik
kultivatori yumshatkich panjasining parametrlarini asoslash bo‘yicha olib borilgan nazariy
tadgiqotlarning natijalari keltirilgan.

Natijalar. Yumshatkich panjaning uvalash burchagini aniglash uchun uning ta’siri
ostida tuprogni deformatsiyalanish va parchalanish jarayonlarini ko‘rib chigamiz. Adabiyotlar va
ilgari o‘tkazilgan tadqiqotlardan ma’lumki [2-4] yumshatkich panja ta’siri ostida tuproqning
deformatsiyalanish va parchalanish jarayonlari ikki bosgichdan iborat bo‘ladi: yumshatkich
panja | holatdan Il holatga o‘tganda (2-rasm) tuproq dastlab uning ishchi yuzasi ta’sirida sigiladi
(eziladi) va unda hosil bo‘ladigan kuchlanishlar kritik chegaraga yetganda uning harakat
yo‘nalishiga nisbatan wy burchak ostida (bunda wb - tuprogni bo‘ylama yo‘nalishdagi sinish
burchagi, °) joylashgan AVViA: tekisligi bo‘yicha parchalanishi (siljishi) yuz beradi va
tuprogdan AVV:1A:DCC;iD: prizma Kko‘rinishidagi bo‘lak ajraladi. Yumshatkich panjaning
keyingi harakatida bu jarayonlar ketma-ket takrorlanadi va undan keyingi bo‘laklar ajraladi.

A.To‘xtago‘ziev va Q.B.Imomqulovlar tomonidan [5] o‘tkazilgan tadgiqotlar bo‘yicha
yumshatkich panja ko‘rinishidagi ish organlari uchun tuprogni parchalanish gadamini quyidagi
ifoda bo‘yicha aniglash mumkin:

2

S=42 {K{bm + hmtg(z —%Hhm CoSg, cos;((p1 +p,-f, )} ;

{qobm cos® ;(ﬁm +o+ (pz)sinﬂm}2 , (1)

bunda k. — tuprogning siljishga solishtirma garshiligi, Pa;
h,, — yumshatkich panja tomonidan tuproqga ishlov berish chuqurligi, m;
@1, 2 —MoOs ravishda tuprogning ichki va tashqi ishgalanish burchaklari, °.

0o — tuprogning hajmiy ezilish koeffitsiyenti, N/m?3.

10 9 8
yon tomondan Ke ‘rinishi
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7 5

d%ﬁg o e
=N

yugoridan ke ‘rinishi
1-rasm. Motoblokka sabzavotchilik kultivatorining konstruktiv sxemasi

Adabiyotlarda ta’kidlanishicha [5, 6, 7], tuprogning parchalanish gadami ganchalik
kichik bo‘lsa uning uvalanish sifati shunchalik yuqori, yumshatkich panjaning tortishga
garshiligi shunchalik kichik bo‘ladi.

Yumshatkich panja uvalash burchagining tuprogning parchalanish gadami minimal
giymatga ega bo‘lishini ta’minlaydigan qiymatini aniqlash uchun (1) ifodadan S, bo‘yicha hosila
olamiz va uni nolga tenglab hamda soddalashtirib quyidagi natijaga ega bo‘lamiz.

2sin’ B, +2sin(¢, + @, )sin B, =1+ cos(g, + ¢, )cos 3, . @)

Bu ifodani grafik usuldan foydalanib yechamiz. Buning uchun

Y1=2SiN28,,+2sin(p1+¢2)sing, va y2=1+cos(p1+p2)cosp, belgilashlarni kiritib, y1 va y2 ni g1 va @2

ning turli qiymatlarida S, ga bog‘liq ravishda o‘zgarish grafiklarini quramiz (3 va 4-rasmlar).

Ularning kesishgan nuqtalari yumshatkich panja uvalash burchagining tuprogning parchalanish
gadami minimal bo‘lishini ta’minlaydigan qiymatlarini beradi.

A

C,C; B.BI

Pro

2-rasm. Tuproqni yumshatkich panja ta’siri ostida deformatsiyalanish va parchalanish
jarayonlari
3 va 4-rasmlarda keltirilgan grafik bog‘lanishlar bo‘yicha ¢1=25-35° va ¢=35-45°
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bo‘lganda tuprogni parchalanish gadami minimal giymatga ega bo‘lishi va demak uni sifatli
uvalanishi ta’minlanishi va tortishga garshilik kam bo‘lishi uchun yumshatkich panjaning
uvalash burchagi 25-30° oralig‘ida bo‘lishi lozim.

18

RATH) /

1.7
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N\
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09
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ﬂm!

3-rasm. @1 ning turli giymatlarida y1 va y2 larni f» ga bog‘liq ravishda o‘zgarish grafiklari
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4-rasm. g2 ning turli giymatlarida y1 va yz larni f» ga bog‘liq ravishda o‘zgarish grafiklari

Yumshatkich panjaning enini u ishlov berayotgan tuproq gatlami to‘liq yumshatilishi,
ya’ni uning tubida devorlari zichlangan egat hosil bo‘Imasligi shartidan olingan quyidagi ifoda
bo‘yicha aniglaymiz [5]:

(m +ctg/3, I,
10 = ' (3)
0’163[1+ Ctg(ﬂlo + ¢l)]_ Kcn
bunda m, n — tuprogning fizik-mexanik xossalariga bog‘liq bo‘lgan o‘lchov
birliksiz koeffitsiyentlar;
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oe— tuprogning ezilishiga solishtirma qgarshiligi, Pa.

m=4,2; n=2,5; h,=0,1 m; ¢.=1,44-10° Ra, ks=2-10* Ra va ¢1 =30° qabul qgilib [8-11]
hamda f, ning yuqgorida aniglangan giymatlarini go‘yib (8,=25-30°), (3) ifoda bo‘yicha
yumshatkich panjaning eni kamida 3 sm bo‘lishi lozimligini aniglaymiz.

Yumshatkich panja ishchi sirtining uzunligini 2-rasmdagi hisobiy sxemadan
foydalanib aniglaymiz. Unga binoan tuprogning to‘liq parchalanishi ta’minlanishi uchun
quyidagi shart bajarilishi lozim

|, >AD. 4)

Yumshatkich panjalar odatda ikki tomonlama etib ishlanishini hisobga olganda (4) ifoda

quyidagi ko‘rinishga ega bo‘ladi
|, >2AD. (5)

Bu ifodadagi AD ni S, ya’ni tuprogning parchalanish qadami orqali ifodalab quyidagiga

ega bo‘lamiz

1
2Ssiny,; 25 COSE(ﬂm +o+0,) (6)
m_Sin(ﬁm-I-l//ﬁ) l

1
COSE ((pl +@, - :B;o)

Bu ifodaga S ning (1) ifoda bo‘yicha giymatini qo‘yib, yumshatkich panja ishchi sirtining
uzunligini aniglash uchun quyidagi yakuniy ifodaga ega bo‘lamiz:

K{bm + hwtg(Z - (/;Zﬂhw COS@, COS,

0o, [Cosﬂm + Cos(gol T, )]Sinﬂm

Bu ifodadan ko‘rinib turibdiki, yumshatkich panja ishchi sirtining uzunligi uning eni,
uvalash burchagi, ishlov berish chuqurligi va tuprogning fizik-mexanik xossalariga bog‘liq
ravishda o‘zgarib boradi.

(7) ifodaga ke, bw, ho, @1, @2, Qo va B, ning yugorida gabul gilingan va aniglangan
giymatlarini qo‘yib, ishlab chigilgan sabzavotchilik kultivatori yumshatkich panjasi ishchi
sirtining uzunligi kamida 17,5 sm bo‘lishi lozimligini aniglaymiz.

Xulosa. Demak, o‘tkazilgan tadgiqotlarimiz bo‘yicha ishlab chigilgan sabzavotchilik
kultivatori yumshatkich panjasi gator oralariga kam energiya sarflab sifatli ishlov berishi uchun
uning uvalash burchagi 25-30°, eni kamida 3 sm, ishchi sirtining uzunligi 17,5 sm bo‘lishi lozim.
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KARTOSHKA KOVLASH MASHINASINING TAKOMILLASHTIRILGAN ELOVCHI
QISMINI HARAKAT UZATISH MEXANIZMINI HISOBLASH
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Duskulov Abdusattar Axadovich
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Haydarov Axmadali Qambarovich
Namangan muhandislik-qurilish instituti, dotsent, a’aydarov1961@mail.ru

Qambarov Eldorbek Axmadali o‘g‘li,
erkin izlanuvchi

Annotatsiya. Maqolada qishlog xo‘jaligi ekinlaridan kartoshka hosilini kovlab olish
jarayonida mexanizatsiya vositalarini go‘llash muammolari, kartoshka kovlash mashinasi elovchi
ishchi gismining kamchiliklari va yangi texnik yechimi to‘g‘risida ma’lumotlar berilgan.
SHuningdek, massalarni nisbati, asosiy ishchi gismlarining gabarit o‘lchamlarini, kuchlar
tagsimlanishi va boshga parametrlarini aniglash va mashinani loyihalash imkoniyatini beradigan
matematik modeli ishlab chigilgan. Kartoshka kovlash mashinasining takomillashgan
ajratgichlari tuproqg-kesak aralashmalaridan kartoshka tuganaklarini yaxshi ajratib olishni
ta’minlaydi.

Annotation. The article provides information about the problems of using mechanization
in the process of harvesting potatoes, about the shortcomings of the separating working parts of
the potato harvester and about a new technical solution. A mathematical model has also been
developed to determine the mass ratio, overall dimensions of the main working parts, force
distribution and other parameters and to design the machine. Improved separators of the potato
harvester ensure good separation of potato tubers from the soil mass.

AHHOTaIII/Iﬂ. B cratbe IMPUBCACHBI CBCACHHA O npo6neMaX HCII0JIb30BaHHA CpPCIACTB
MEXaHH3allMu B TIpolecce YOOpKH Kaprodens, O HeIOCTaTKax CeMmapupyrolmux  padodmnx
opraHoB  KkaptodeneyOOpodHON MamMHBI W O HOBOM TEXHHYECKOM pelieHud. Takxke
pa3pa60TaHa MaTeMaTH4YCCKasd MOJICJb, IIO3BOJIAIOIIAA OIIPCACINTb COOTHOIICHHUE MacCcC,
rabapuTHbIE pa3MEpbl OCHOBHBIX pabOYMX OpPraHOB, pACHPEICIICHUS] YCWIMH U JApyrue
BO3MOJHBIC IIapaMCTpPbl, W IIPOCKTHPOBAHUC MallHH. yCOBepH_IeHCTBOBaHHBIe CCIIapaTophbl
kapTodereyOopodYHOi MamMHBI 00SCIEYUBAOT XOpOIee OT/ACNeHUE KIIyOHeW kaprodens ot
MOYBEHHOM MacCHI.

Kalit so‘zlar: kartoshka kovlash mashinasi, kartoshka tuganagi, ajratgich, disk,
matematik models, uzatish mexanizmi, konstruktsiya.

Key words: potato harvester, potato tuber, separator, disk, mathematical model,
transmission mechanism, design.

KuroueBbie cioBa: kaptodesieybopouHas MaiinHa, KIyOeHb KapTodesns, cemapartop,
JUCK, MaTCMaTHUYCCKasa MOACIIb, nepez[aTquHfI MCXaHU3M, KOHCTPYKIHA.

Kirish

Hozirgi paytda mahalliy sharoitda kartoshka hosilini yig‘ib olishda mexanizatsiya
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vositalari yetarli darajada go‘llanilmaydi. CHunki kartoshka kovlab olishda go‘llaniladigan
mashinalarning O<zbekistonda ishlab chigarilganlari eksperimental nusxalari bo‘lib, takomiliga
yetmagan. Asosan xorijiy mamlakatlarda ishlab chiqgarilgan kartoshka kovlash mashinalari
hosilni kovlab olishda go‘llaniladi. Ammo ular mahalliy sharoitga moslashmagan. Ular keng
maydonlarda foydalanishga mo‘ljallangan ko‘p qatorli mashinalar bo‘lib, kichik, targoq
joylashgan fermer va dehqgon xgjaliklari yer maydonlarida qo‘llanilaganda ko‘zlangan samarani
bermaydi. SHu masalalarniii hisobga olgan holda O‘zbekiston iglim sharoitiga mos kartoshka
kovlash mashinasini yaratish muhim vazifalardan biri hisoblanadi .

Kartoshka hosilini mashinalar bilan kovlab olish jarayonida tuganaklarni tuproqdan
saralash bo‘yicha N.G.Bayboboev, Ya.l.Xizkilov, R.l.Boymetov, R.N.Norchaev, D.R.Norchaev,
F.M.Matmurodov,M.SH.SHoumarova, T.A.Abdillaev va boshqgalar tomonidan ko‘plab nazariy
va amaliy tadgiqotlar olib borilgan.

Elevatorda massani harakatlanishi va saralash jarayoni quyidagilarni o‘z ichiga oladi:
elevator polotnosi harakati, elevator chiviglari orasidan tuprogni elanib tushishi, tuganaklar
bilan elevator polotnosi o‘zaro ta’siri, tuproq va kesaklar bilan tuganaklarning o‘zaro ta’siri.
Ushbu jarayonlarni o‘rganish bo‘yicha olib borilgan tadgigotlarni taxlili, kartoshka tuganaklarini
tuprog massasidan ajratish samaradorligi elevatorlarning konstruktiv parametrlari va kinematik
ish rejimlariga bog‘liq ekanligini ko‘rsatdi [1,2,3,4]. SHuningdek, kartoshka tuganaklarini
tuprog massasidan  ajratish samaradorligini oshirish uchun  mashinalarining ajratish
moslamalarini ishlab chiqish va modernizatsiya qilishda tuproq qatlamiga mahalliy ta’sir
qilishga erishish kerak,yapni to‘g‘ridan-to‘g‘ri o‘sha joyni o‘ziga tassir etuvchi ishchi gismlar
ishlab chigish va silkinish chastotalarini kamaytirish kerak [5,6,7,8]. Hozirgacha o‘tkazilgan
nazariy va amaliy tadgiqotlar tahlili shuni ko‘rsatadiki, tuprog massasidan tuganaklarni ajratish
jarayoniga rotorli baraban ko‘rinishidagi ishchi qismlarni ta’siri hozirgi kunga qadar yetarli
darajada o‘rganilmagan.

Kartoshka hosilini yig‘ib olish mashinalarini yaratish borasidagi izlanishlar, texnik-
texnologik va konstruktiv yechimlarning tahlili kartoshkani kovlash jarayoni va texnika
vositalarini takomillashtirish va ishlab chigish muammosi to‘la hal etilmaganligini ko‘rsatadi.

Tadgigot materiallari

Ushbu muammoni hal etish maqgsadida rotorli-elevatorli kartoshka kovlash mashinasi
ishlab chiqgildi. Kartoshkalardan tuprog-kesaklarni ajratadigan va rotorli ajratkich bilan
jihozlangan kartoshka kovlagich mashina (1-rasm) harakat uzatish mexanizmi bilan
ta’minlangan rama 1, osgich 2, tayanch g‘ildirak 3, lemex 4, asos 5, kaskadli chiviqli elavator 6,
toraytirib beruvchi shtok 7, rotorli tosh va kesak ajratkich 8, nov 9, va gaytargich 10 lardan
tashkil topgan. Asosiy 5 va kaskadi 6 chivigli elevatorlar o‘zaro tutashgan konturli chivigli
polotnodan iborat bo‘lib, ularning yuqorgi ishchi, tarmog‘i lemexdan chiqish yo‘nalishida
harakatlanadi va elliptik yulduzcha 11 ta’sirida tebranadi. Asosiy va kaskadli elevatorlar tuproq-
kartoshka aralashmasini separatsiyalash-elash uchun xizmat giladi va biri-ikkinchisiga nisbatan
pastrogga o‘rnatilgan [9, 10, 11, 12].

Kaskadli chivigli elevator 6 ning tag qismiga rotorli ajratkich 8 vertikal o‘gqga
o‘rnatilgan.

Aylanma harakatlanayotgan rotorning o‘rta gismiga tushgan kartoshka tuganaklari, tosh
va kesaklar hamda o‘simlik qoldiglari go‘yilgan (og‘irlik, ishqalanish va markazdan qochma
kuchlar) ta’sirida rotorning ishchi yuzasida harakatlanadi. Natijada, aylanma kuch ta’sirida
saralanib rotorni markaziy gismidan uyumlanib dala yuzasiga tushadi.

Tadqgigot natijalari va muhokamasi
Taklif gilingan universal kartoshka kovlash mashinasini sxemasiga asosan harakat uzatish
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mexanizmini dinamik modelini tuzamiz (2-rasm).

1
Ul

I —
b)
1-rama; 2-osgich; 3-g‘ildirak; 4-lemex; 5-asosiy elevator; 6-kaskadli elevator; 7-toraytirib
beruvchi shitok; 8-rotor; 9-nov; 10-gaytargich.
a) yon tomonidan ko‘rinish b) ustki tomonidan ko‘rinish
1-rasm. Kartoshkalardan tuproq - kesaklarni ajratadigan rotorli qurilma bilan
jihozlangan kartoshka kavlagich mashinasining umumiy sxemasi

Modellashtirishni yengillashtirish uchun quyidagi farazlarni gabul gilamiz: tarqgatish
reduktoridagi energiya 7 ta mexanizmga teng tagsimlanadi, avtomatik ishlaydigan elagich-
elevator reduktordan harakat olmaydi deb faraz qilamiz. Bunda tebranishlar va turg‘unlik
parametrlarini hisobga olmaymiz.

kdzkrrkl

CE

C7CgC9C109C11C13

2-rasm. Kartoshka yig‘ishtirish mashinasi harakat uzatish mexanizmning ekvivalent
hisobiy sxemasi
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Energiya manbaidan (2-rasm) olingan aylanma harakatlanadigan mexanik
mexanizmlarning harakatlanishni ifodalovchi tenglamada, uni tuzish qulay bo‘lishi uchun

burchak tezliklari o ni burchak ¢ ga almashtiramiz [9,10]:
. . M54
Ja + Jms1)Pa + Ka,(@a = Pms1) + Caz@a+ Pmss) = Mg = ——,@a = P

2

g + Tms1)Pa + kaa (Gg — @rms1) + Ca2@a + Prms1) = My _Eil- Pa = Pms1

2
Umsl +ers2 jqﬂmz +Cms1 I:qu + @mﬂ] = _Mmz Sign(@mz ]imsz,

Jor@rr + k3a(Pmsz — @) + Cp(Prsz + @) = —Mpsign(@ )i, (1)
J1@s + k(L7 @ — ¢1) + ¢1(1/7@, + 1) = —M;sign(@, )iy,
J7 07 + k;(L/7 @rp — @7) +¢;(1/7 @, + @7) = —M;sign(@;)is,
JoPa + ko (1/7 @rr — @pg) + g (1/7¢,, + @g) = —Mgsign(gg)ig(1)
Jo@Pam + ko(L/7 @ — o) + €o(1/79,. + 5) = —Mysign(g,)is,
Ji0@10 + K10(1/7 @ — @10) + €10(L/7@pr + @10) = —Myo8ign(@yo)iso,
J11911 + k11 (U7 @ — @11) + €13 (/7 @ + @11) = —Myysign(@y )14,
J1a®13 + k13 (1/7 @ — @13) + €13(L/7@p + @13) = —My38ign(@y3)is3,

Bu yerda [;, [me1 @g, Wims, Mg.M,,,.—dvigatel va ilashish muftasining chap gismi
inertsiya momentlari, burchak tezliklari va burovchi momentlari;

Jins2y Wea, M. o—ilashish muftasi o‘ng gismining inertsiya momenti, burchak tezligi
va burovchi momenti;

[ @,, M. —tarqgatish reduktorining burchak tezligi, burovchi momenti;

J1. w4, M - ajratkich mexanizmlarning inertsiya momenti, burchak tezligi va burovchi
momenti;

J7, w;, M— yuklovchi konveerning inertsiya momenti, burchak tezligi va burovchi
momenti;

Ja, wg,Mg — elagich-ajratkich konveyerning inertsiya momenti, burchak tezligi va
burovchi momenti;

Jo, g, Mg~ elevator-ajratkich konveyerning inertsiya momenti, burchak tezligi va
burovchi momenti;

Ji0, @10,M,,— poya ajratkichning inertsiya momenti, burchak tezligi va burovchi
momenti;

J11, @,1,M, ;- pnevmo (gidro) ajratkich kameraning inertsiya momenti, burchak tezligi
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va burovchi momenti;

J13, @13, M,;— ko‘tarish elevator-bo‘lgich konveyerning inertsiya momenti, burchak
tezligi va burovchi momenti;

k; va c;- harakat uzatish va ajratkich mexanizmlarning o‘zlariga mos bo‘lgan
dempferlash va bikirlik koeffitsiyentlari. 1,7 —targatish reduktori harakati 7 ta mexanizmga
bo‘linib uzatilish giymati.

Keltirilgan matematik modelni tahlil gilish uchun sonli eksperiment o‘tkazamiz. Bunda
barcha parametrlarni bir xil son shaklida 0,7-1,9 chegarasida, massasini esa 30-50 chegarasida
gabul qgilamiz. MEPPL dasturidan foydalanib sonli ma’lumot olamiz va tahlil gilinayotgan
konstruktsiyaning burchak siljishlariga mos ravishda grafiklar quramiz (3-rasm).

200

100 4

-100

=200 4

=300

—400 4

3-rasm. Energiya manbasidan kartoshka kovlagich mashinaning asosiy gismlariga harakat
uzatishdagi kuch mexanizmining burchakli tezliklari

|\

| __ I[

-100 4
-150 4

-200

4-rasm. Energiya manbasidan kartoshka kovlagich mashinaning asosiy gismlariga harakat
uzatishdagi kuch mexanizmining burchak tezlanishlari
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Burchak tezliklar va tezlanishni aniglash imkonini beradigan burish momentini M,

aniglashni ko‘rib chigamiz. Texnologik mashina valining aylanishlarini tavsiflaydigan tenglama
quyidagidek bo‘lsin:

;‘ruqijv = Ms - Mus‘ign(qbujiw 2
Bunda /,, - agregatning aylanma harakatlanadigan mexanizmlarining inertsiya momenti;

@,, P,-agregatning aylanma harakatlanadigan mexanizmlarining burchak tezligi va
tezlanishi;

M, M, —agregatning garshiligi va aylanadigan mexanizmlarining burish momentlari;

1,, — aylanma harakatlanadigan mexanizmlarning harakat uzatish nisbati.
Xulosa

SHunday qilib, ishlab chigilgan matematik model yordamida ish bajaradigan
mexanizmlar: gidromotor, mashinaning harakat yuritmalari va kardanli uzatmalarining
harakatlanish parametrlarini aniglashimiz mumkin. Aniglangan ko‘rsatkichlar yordamida
burchak bo‘yicha siljish, burchak tezlik va tezlanishlarni qo‘llagan holda ish bajaradigan
mexanizmlarda hosil bo‘ladigan burish momentlarini aniglanadi.

Bunday matematik apparat mashinalarni loyihalashda uning asosiy parametrlarini, ya’ni
massalarining nisbati, asosiy ishchi gismlarining gabarit o‘lchamlarini, kuchlar tagsimlanish va
boshqalarni aniglash imkonini beradi. Qo‘llash natijasida texnologik mashinaning resurstejamkor
konstruktsiyasi yaratiladi.

Keltirilgan ma’lumotlardan quyidagi xulosalarni shakllantirish mumkin: printsipial
sxemasi keltirilgan mashina kartoshka aralashmasidan turli xil chigindilarini ajratish imkonini
beradi. Takomillashtirilgan kartoshka yig‘ishtirish mashinasining ajratkichlari kartoshka
aralashmalaridan tuproq va kesaklarni yaxshi ajratib olishni ta’minlaydi.
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AHHOTanus. B craThe aHATM3MPOBAHBI KOHCTPYKIIMHA PabOYUX OPraHOB KYJIbTHBATOpA
MPUMEHSEMBIX JIJI1 BHECCHHUS MHHEPAJIBHBIX YIOOpEeHMA TpH BO3JeNbIBaHUU KapTtodens. B
pe3yiabTaTC IMPOBCACHHBIX I/ICCJIGL[OBaHI/Iﬁ NpeaAio’KCHa HOBAasgd KOHCTPYKIUA COIIHHKA K
KYJIbTHUBATOpaM OCHAIICHHAsA pacCCuBATCICM  JIA HO,HHO‘IBGHHO-p&S(SpOCHOFO BHCECCHUA
MUHEpAJIBHBIX ynoOpeHuil. PaccenBaresnb BBIIIOJIHEH B BUJE CBOOOAHO Bpallalomuxcs odona
pa3HOHampaBiIeHHbIMU 3yObsiMu. [Ipennmaraemast paGodas opraH ymydilaeT pachpeeneHue
ynoOpeHuii B 00beMe KapToPeTbHON TPSIIKH.

Annotation. The article analyzes the design of the working parts of the cultivator used
for applying mineral fertilizers when cultivating potatoes. As a result of the research, a new
design of a coulter for cultivators equipped with a diffuser for subsoil-broadcast application of
mineral fertilizers was proposed. The diffuser is made in the form of freely rotating rims with
multidirectional teeth. The proposed working element improves the distribution of fertilizers
throughout the potato bed.

Annotatsiya. Maqolada kartoshka yetishtirishda mineral o‘g‘itlarni qo‘llash uchun
ishlatiladigan kultivatorning ishchi gismlarining dizayni tahlil qgilinadi. lIzlanishlar natijasida
mineral o‘g‘itlarni yer ostiga yuborish uchun soshnik bilan jihozlangan kultivatorlar uchun
ko‘targichning yangi loyihasi taklif etildi. Diffuzor ko‘p yo‘nalishli tishli erkin aylanadigan
jantlar shaklida ishlab chigariladi. Taklif etilayotgan ishchi element og‘itlarni kartoshka gatorida
tagsimlashni yaxshilaydi.

KuaroueBrle ciioBa: KYJIbTHBATOP, COLIIHUK, paCCCHUBATCIIb, OKYYHHK, paMa, TYKOIIPpOBOU,
yaoOpeHusl.

Key words: cultivator, coulter, scatterer, hiller, frame, fertilizer line, fertilizers.

Kalit so‘zlar: kultivator, soshnik, yoyuvchi, ochar, rama, o‘g‘it trubkasi, o‘g‘itlar.

BBeueHne. B HNOCJICAHUEC T'OAbI 6OHBH_IOC BHUMAHHUC JIA NPUMCHCHHA MHUHCPAJIbHBIX U
OpraHWYECKHX  yIOOpPEHWH  KaK  OCHOBHOW (haxTop MOBBIIEHUSI  YPOKAMHOCTH
CEJIbCKOXO3SUCTBEHHBIX KyIbTyp. IlpuMeHsiemble JtOOBIC TEXHOJIOTUH BO3JCIBIBAaHUS U
BHECCHHUS yAOOpeHWH JOJKHBI oOOecreunBaTh TPEOyeMyH IUIOMIAAb TMHTAHUS pPACTCHHI.
MHoruMH HCCIIEIOBAaHUSMH YCTAHOBJIEHO, YTO PalMOHAJIBHBIE CEBOOOOPOTHI CIOCOOCTBYIOT
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MOBBIIICHUIO ypoxaiHocTH Ha 10-15 %, cucrema ynoOpenuit Ha 40-50 %, KadyecTBEHHBIC
00paboTKK MOYBHI U yXoJ 3a nocaakamu Ha 20-30 %, BHeIpeHHEe HOBBIX COPTOB KapTodess u
MCIIOJIb30BaHUE KAUeCTBCHHOTO CeMEHHOro Marepuaia Ha 15-20 % [1,2,3,4,5].

Takum 006pa3oM, MPOTrpecCUBHbIE TEXHOJIOTUH, MHTEHCU(PHUPYIOIIHE ACHCTBHE BTOPOro U
TpeThero (akTOpOB  SABISETCS 3HAYUTEIBHBIM  PE3EPBOM  YBEIHUYCHHUS  YPOKaWHOCTH
CENIbCKOXO3sMCTBEHHBIX KYIbTYp [6,7,8,9,10,11].

B Hactosmiee Bpems NI HAWIydIIero ooOecredeHus MOTPeOHOCTH pacTeHHil B
MUHEpAJIbHBIX yaoOpeHusXx B ¢a3ze HUX pa3BUTHS MPUMEHSETCS CUCTEMa IOCIOHHOTO
pa3MmemieHuss ynoOpeHuid B TOYBE, COCTOSIAs W3 TPEX 3BEHBEB: OCHOBHOE, IPUIIOCEBHOE
BHECeHHUE U moakopMmka pacteHuit [2,3]. [Ipu stom ymoOpeHus 3a/enbIBalOTCs TIIyOOKO, YTO B
MOJI00OHBIX YCJIOBUSAX MOJIOJBIE PAacTeHHs CO €aab0 pa3BUTONW KOPHEBOM CHCTEMOI MOYTH HE
UCIOJIB3YIOT yI00OpEeHUs.

Bonpocamu cmoco6oB BHeceHus: ynoOpeHHHd W pa3paboTKa Ha HMX OCHOBE pPabOuYMX
OpraHOB M arperatoB 0O0OeCleYHBAIONIMX KAaueCTBEHHOE BHECEHHE YAOOpEeHMM, 3ajeska,
pacripefieyieHusi UX B Mo4Be paccMoTpensl B padorax H. Komumnora, H.B. Jlumatosa [4], A.E.
[Mumepmana [5]. H.B. JlunatoB npenioxun rpedHeoOpasyrommi KyJIbTHBATOP-MOJKOPMIIHUK,
COJIEpKalllMil HEeCylIyl0 paMy C HaBECKOW, ONOpHBbIE KoJieca, TYKOBBICEBAIOIIME alllapaThl,
3aroptaun-rpedHeoOpasoBaren (pucyHok 1). B asToM KynpTHBaTope HOpMa BHECEHMs
MUHEPAJIbHBIX yIOOpEHUI TYKOBBICEBAIOUIMMH amlapaTaMd pEryIHpyeTcss MpU I[OMOIIU
mMOepHBIX 3aciioHOK. OfHAKo, MpH S3KCIUTyaTalldd 3TOr0 ammapaTta BBIABIEHO, YTO I0/a4a
yA00pEeHU IPOUCXOIUT B OJIHY JIMHUU T10 TPSIZIKE, YTO YXYAIIAET pacipeeeHne MUTaTeIbHbIX
BEIIECTB B 00beMe KapTOPeTbHON TPsIIbL.

1 2
] |
ya ru
o] 0 6
3 o
5 <Q
4

1-OyHkep 7S TBEPAbIX MUHEPATIbHBIX YA0OPEeHU; 2—EMKOCTh IS )KUJIKHUX MUHEPATbHBIX
yno0peHuit; 3—onmopHoe Kojeco; 4—MoAKOPMOYHBIN COIIHHK; 5-0Ky4YHBaroIIIas Jiamna;
6-3aropraun-rpedHEO0Opa3OBaTEIh
Pucynok 1. I'pedHeoOpa3yommii KyJbTHBATOP-NMOAKOPMIIMK
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A.E. llumMepMaH Ui yCTpaHEHUS 3TUX HEJJOCTATKOB pa3padoTas HOBBIN pabounii opran
CEeSUIKM — KYJIbTHBATOpa IS MOJIMOYBEHHO-pa3OpocHoro mocena (pucyHok 2). HemocraTtkom
3TOTO YCTPOWCTBA SIBJIIETCS PACHpEACICHUE MHHEPAIbHBIX yJOOPEHUH TNPOUCXOAUT B
TOPU30HTAIIBHOM CJIO€, 4YTO 3aTPyAHSET IOIVIONIEHUE IUTATEJIbHbIX BEIIECTB KOPHEBOMU
CUCTEMOH PACTEHHH.

N3 o630pa m aHanu3a U NPOBEACHHBIX PaOOT BUIHO, YTO 3THU paboyue OpraHbl U
arperatbl UMEIT psAJ HexocTaTkoB. OHM HE OTBEYAIOT OCHOBHOMY HPHHIHUILY arpOXUMHHU
«IIUTaTh PacTeHUi, a He mouBy» [1]. Jlis yBenuyeHus] JOCTYIMHOCTH YAOOPEHHI MO KOPHEBOM
CHCTEMBI PACTEHHH HEOOXOAWMBI paboure OpraHbl, KOTOPHIE NAIOT BO3MOXXHOCTh BHECEHUS
ynobpenuit B cepe neiicTBHs KOpHEH.

10

TloBepxHOCTb MOMA

a) Buj ¢ Ooka 0) BUT CBEPXY
1-mapanpHHK; 2-1ama; 3-00T; 4-T0TOK; S-0TpaXkaTellb CeMsH; 6-oTpaxarens; 7-
pacceuBaTenb; §-HampaBuTelnb; 9-cemsanponoy; 10-tpyOuaras croiika
PucyHnok 2. Pabdoumnii opran cesyIKH-KyJIbTHBATOPA 1/ MOAIN0O4YBEHHO-Pa30POCHOr0
nmocena

Martepnanbl M pe3yJbTaThl HCCJaeOBaHMM. Jlii yCTpaHEHHsS ATHX HEIOCTATKOB
COBMECTHO C y4Y€HBIMU Ps3aHCKOro rocynapCTBEHHOI'O arpoTE€XHOJIOIMYECKOr0 YHHBEpPCUTETa
pa3paboTaHa HOBast KOHCTPYKLIMS COLIHMKA /I BHECEHUs yI00peHui 1o 00beMy KapTo(enbHOM
rpsiaku [11].

Pa3zpaboTaHHblil HAMH COIIHUK (PUCYHOK 3) COCTOUT U3 3aKPEIJICHHBIX Ha BEPTUKAIBHON
TpyOuaroii croiike 1 TykonpoBojaa 2, IpsIMOro BEpPTUKAJIbLHOIO HapaJbHUKA 3 ¢ MPUKIIETIAHHOMN K
HEMY KyJIbTUBATOPHOI1 anoit 4 u pacceuBarens 5. PaccenBaTens 5 BBINIOIHEH B BUJIE CBOOOTHO
Bpamiaromerocst 000/1a 6 ¢ pa3HOHaNPaBIEHHBIMH 3YObsIMU 7.

[pennaraemslii arperat pabortaer cienyromum oOpasoM. Ilpu 3armyOneHun comrHuka
MPOUCXOJUT B3aMMOJICHCTBUE HapaJbHUKA C MPUKICHAHHONW K HEMY KYJIbTUBATOPHOM JIAIoOn C
noyBoil. B pesynbrare packpbiBaeTcs kKapTodenbHas Tpsaa U 4yepe3 TYKONPOBOJ IOAAIOTCS
ya0OpeHusi, KOTOPBhIC B3aMMOJECUCTBYIOT C 3yObsIMH CBOOOJHO Bpalmlaromierocs o06omaa
pacceuBaTessl U paclpeessioTcs B 00beMe KapToQeabHON TPsiIbL.

Bpamenue paccenBatens ¢ 3yObsiMU NIPOUCXOAMT 3a CUET BHEAPEHUE JTHA OOPO3.IbI, UTO
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CHOCOOCTBYET 3ariayOJICHHIO YacTHIl MUHEpANbHBIX YIOOpEHUH B pazIHyYHbBIE TOPU30HTHI
KaproenabHOW TpsAbl, TEM CaMbIM YJIydllaeT paclpeleleHne yaoOpeHuid B oObeme
KapToQeIbHOU TPSIBL.

/ 7

Pucynok 3. ComIHHK VIl TOANIOYBEHHO-Pa30POCHOI0 BHECEHUSI MMHEPAJIbHBIX Y100 peHu

Hns onpenenenus >PpQPEeKTUBHOCTH HOBOW KOHCTPYKIMU arperara ObLIM HpPOBEIEHBI
arpoTexHu4eckue onbIThl B 2023 rony Ha momsx ¢pepmMepckux xo3sicTB Hamanranckoi o6macTy.

Pe3ynbTaThl ONMBITOB NIOKA3aJM, YTO MPH BHECEHUH YA0OPEHHI HOBBIM PabOYUM OpPraHOM
ypOKaltHOCTh KapTodes NOoBbIaeTcs Ha 4 1/ra o CPpaBHEHUIO CYIIECTBYIOLIEH TEXHOJIOTUEH.
[IpousBoauTENBHOCTH arperata mnosblaercs B 1,4 pa3a, pacxoll TOIUIMBa CHIbKaercs Ha 1,2
pasa.

BoiBoabl. B pe3ynbraTte NMpOBEACHHBIX MCCIENOBaHUN 000CHOBaHBI 3()(HEKTHBHOCTH
HOBOH KOHCTPYKLIMU COILIHMKA OCHAIIEHHBIH pacceuBaresieM. PaccenBaTelb BBIIOJIHEH B BUJE
CBOOOJTHO BpaIAIONIMXCs 000/1a ¢ pa3HOHANpPABICHHBIMU 3yObsiMu. brarogaps atomy ynydiaer
pacnpeneneHuil ynoopeHuil B o0beMe KapToQesbHOW IpsAbl B 30HE AEATEIBHOCTH KOPHEBOM
CHCTEMBI KapToQes U CIOCOOCTBYET NOBHIIICHUIO YPOKaHOCTH KapToders.
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MOTOBLOK BILAN AGREGATLANADIGAN KARTOSHKA KOVLAGICHNING
PARAMETRLARINI ASOSLASH
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Rustamova Nigora
TIQXMMI MTU Qarshi filiali, Katta o‘gituvchi, texnika fanlari bo‘yicha PhD

Xusainov Baxtiyor Saparbaevich
Urganch davlat universiteti, Katta o‘gituvchi

Annotatsiya. Magolada respublikamiz tomorga va kichik dehgonchilik xo‘jaliklari uchun
zarur bo‘lgan ixcham va sodda konstruktsiyaga ega bo‘lgan motoblok bilan go‘shib
ishlatiladigan kartoshka kovlagichning hozirgi kundagi zaruriyati, dolzarbligi va ahamiyati,
texnik yechimlari, taklif etilayotgan konstruktiv sxemasi, texnologik ishlash jarayoni va ish
printsiplari hamda uning geometrik va kinematik parametrlarini nazariy asoslari keltirilgan.
Oc‘tkazilgan tadgiqotlar natijalariga ko‘ra, motoblok bilan agregatlanadigan kartoshka kovlagich
elevatorining uzunligi 53 sm, gazish lemexining uzunligi 27 sm, kovlagichning umumiy uzunligi
1 m, g’ildiragining diametri 45 sm, barabanlarning o‘zaro orasidagi bo‘ylama masofa 1 sm dan
kam bo‘Imasligi, baraban diametri esa 7 sm bo‘lishi lozimligi aniglangan.

Annotation. The article discusses the need, relevance and importance of the potato
digger, the compactness and simplicity of its design necessary for household and small farms in
our republic, technical solutions, the proposed design diagram, technological process and
operating principles, as well as its geometric and kinematic parameters, and provides theoretical
foundations. According to the research results, the length of the potato digger elevator
aggregated with a walk-behind tractor is 53 cm, the length of the digging working element is 27
cm, the total length of the potato digger is 1 m, the wheel diameter is 45 cm, the longitudinal
distance between the drums must be at least 1 cm, and the diameter of the drum must be 7 cm.

AHHoTauusl. B craTthe paccMOTpeHa aKTyalbHOCTb M 3HAYCHHE KapToQeleKomares,
KOMITAKTHOCTh M MIPOCTOTA €ro KOHCTPYKIIMU HEOOXOAUMOM sl IPUyCaaeOHbIX U HEOOIBIINX
depMepcKuX  XO3SMCTB  Hamed pecrmyOiIMKH, TEXHUYECKHE pEUICHHs, MpeIoKeHHas
KOHCTPYKTHBHAsl CXeMa, TEXHOJIOTHYECKHH TPoIllecC M MPUHIHUIBI pabOThl, a TaKXKe ero
TCOMECTPUUYCCKHUC W KHMHCMATUYCCKUC MapaMCTPbl U IMPHUBCACHBI TCOPCTUUCCKHUC OCHOBBI. Ilo
pe3yiibTaTaM I/ICCJ'Ie,Z[OBaHI/Iﬁ JJIMHa 3JIeBaTOpa KapTO(I)CJICKOHaTCJBI aneraTHpOBaHHLIﬁ C
MOTOOJIOKOM cocTaBisgeT 53 cM, JUIMHA TOJKambIBaromiero paboueit oprana - 27 cm, obmas
JUIMHa KapTogenekonatens - 1 M, auameTp kojeca - 45 cM, MPOJOJIBLHOE PACCTOSHUE MEXITY
OapabaHamu JOJKHO ObITH HE MeHee | cM, a TuameTp GapabaHa 10JIKeEH ObITh 7 CM.

Kalit so‘zlar: motoblok, kartoshka kovlagich, elevator, quvur, baraban, g’ildirak, lemex,
chiviq, osish qurilmasi, tuproq, kartoshka, parametr.

Keywords: walk-behind tractor, potato digger, elevator, pipe, drum, wheel, ploughshare,
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rod, hitch device, soil, potatoes, parameter.

KiroueBrblie cjioBa: MOTOOJIOK, KapTodenekonarelnb, ieBaTop, Tpyoda, 6apadaH, KoJeco,
JeMeX, MPYTOK, YCTPOICTBO HABECKH, TI0UBA, KAPTOQEIIb, ITapameTp.

Kirish. Respublikamizda yildan yilga aholining ko‘payib borishi va ularni oziq ovgat
mahsulotlariga bo‘lgan ichki talabini oshishi hamda eksport hajmini ham bargaror ravishda
oshirib borish vazifalari kartoshka yetishtirish bo‘yicha ham samarali texnika va texnologiyalarni
yaratishni talab etadi [1, 2, 3].

Hozirgi kunga kelib kartoshkani aholi tomorgasida yetishtirishga ham alohida etibor
garatilmoqda. Aholi tomorgasida yoki kichik konturli dalalarda yetishtirilayotgan kartoshka
asosan go‘l mehnati hisobiga bajariladi. Ammo, bunda mehnat sarfi va boshga harajatlarni
oshishi mahsulotni tannarxini  oshishiga sabab bo‘lmoqda. Kartoshkani yetishtirishda uni
yig’ishtirish jarayoni eng murakkab jarayonlardan hisoblanadi.

Tadqigot usullari. Hozirda jahonda kichik konturli dalalarda motoblok bazasida
ishlaydigan kartoshka kovlagichlar go‘llaniladi. Ularning turli xil variantlari mavjud bo‘lib,
shundan elakli kartoshka kovlagichlar samarali hisoblanadi. Ammo, bu turdagi kovlagichlarning
konstruktsiyasi murakkab va metallhajmdor bo‘lib, ish jarayonida turli xil tuproq iglim
sharoitlari uchun imkoniyatlari past. CHunki kovlagichning elagini uzunligi cheklangan bo‘lib,
bunga sabab kovlagich motoblok bilan agregatlanganda motoblokning mashinist tomonidan
boshqarish qulay bo‘lishi lozim. SHunga ko‘ra, uning uzunligi motoblokni boshqgarish rulidan
uzun bo‘lmasligi lozim. Ushbu kamchiliklarni bartaraf etish magsadida Biz tomonimizdan
motoblok bazasida ishlaydigan kartoshka kovlagich taklif etiladi (1-rasm). Kartoshka kovlagich
qazish lemexi 1, elevator 2, elevator chivig’i 3, elevator chivig’iga kiygizilgan quvur 4,
barabanlar 5, g’ildirak 7, g’ildirakdan elevatorga harakat beruvchi yulduzcha 7 lardan iborat.
Kartoshka kovlagich motoblok osish qurilmasiga o‘rnatiladi, ya’ni kovlagich osma mexanizm
yordamida agregatlanadi. Motoblok harakati davomida kartoshka kovlagich g’ildiragi aylanma
harakatlanadi va unga joylashgan yulduzcha elevator o‘qgini aylantiradi. Natijada elevator
agregatning harakat yo‘nalishiga garama garshi harakatlanib, tuprog-kartoshka massasini elashni
boshlaydi.elevatorning harakati kovlagichning g’ildiragi va unga joylashgan yulduzcha
o‘lchamlariga bog’liq. Elevator chivig’iga kiygizilgan quvurlar harakat davomida kovlagich
ramasiga mahkamlangan barabanlar bilan ta’sirlashib, ham aylanma harakat qiladi hamda
o‘zining diametri bo‘yicha yugoriga tikka nisbatan ko‘tarilib keyin gaytadan birinchi holatiga
tushadi. Bu jarayon har bir baraban bilan ta’sirlashganda uzviy davom etadi. Bunda tuproq-
kartoshka massasini elevatorda elaklanishi ortadi.

1 — qgazish lemexi; 2 — elevator; 3 — elevator chivig’i; 4 — quvur (truba); 5 — baraban
(intensifikator); 6 — g’ildirak; 7 — elevatorni harakatga keltiruvchi yulduzcha
1-rasm. Motoblok bilan agregatlanadigan kartoshka kovlagichning umumiy sxemasi
Bunda kartoshka kovlagichning elagi chiviglariga trubalar kiritilgan bo‘lib, elevator
tagida barabanlar o‘rnatilgan. CHiviglarga kiydirilgan turbalar barabanlar bilan ta’sirlashganda
ham aylanma harakat giladi hamda pastga yuqoriga ko‘tarilib tuproq palaxsasini uvalaydi [4].
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Kartoshka kovlagichning asosiy parametrlari quyidagilar hisoblanadi (2-rasm):

Lk — kartoshka kovlagichning uzunligi, m;

Ler — elevator uzunligi, m;

Li — lemex uzunligi, m;

V| — lemex eni, m;

Do — g’ildirak diametri, m;

bw — chiviglarga Kiygizilgan truba diametri, m;

Dp — chiviglarga kiygizilgan trubalar bilan ta’sirlashuvchi barabanli intensifikator
diametri, m;

Tadgigot natijalari. Motoblok bazasida ishlaydigan kartoshka kovlagichning asosiy
parametlaridan biri uning uzunligi Lk hisoblanadi. Uning uzunligi kovlagich osish qurilmasining
uzunligiga Los, elevator uzunligiga Lel, g’ildirak diametri D¢ o‘lchamlariga bog’liq. Bularning
umumiy uzunligi o°z navbatida motoblok rulining uzunligidan kichik bo‘lishligi lozim. CHunki
motoblokni boshgarishda mashinist to‘liq boshqgarish imkoniga ega bo‘lishi lozim. SHuning
uchun kartoshka kovlagichning umumiy uzunligi motoblokning rul uzunligidan kichik yoki teng
bo‘lish shartidan quyidagi shart orgali aniglanadi

I—ru 2 I‘ku' 1)

Kartoshka kovlagichning uzunligi o‘z navbatida quyidagi ifoda yordamida aniglanadi [4]
1

I—ku = I—Iu + I—el +E(Dg'i _dyu )’ (2)

bunda dy, — yulduzcha diametri, m.

Lemex uzunligi kovlagich osish qurilmasi uzunligi oralig’ida bo‘lishi lozim. Lemexning
uchi motoblok bilan kovlagich osish qurilmasi tutashgan joydan oldinda bo‘la olmaydi chunki
motoblokni burayotganda lemex uchlari motoblok g’ildiraklariga tegmasligi lozim. SHuning
uchun lemexning uzunligi quyidagi shart orgali aniglanadi [4]

L, <L, cosa, (3)

Li'” |
L Lef 6
Dy 3 %
bet
2 4 [ \
¢
/ ) I Des
3
Bpo e\
Lku

1-lemex; 2-motoblokning osish qurilmasi; 3-elevator; 4-truba; 5-baraban; 6-g’ildirak
2-rasm. Motoblok bazasida ishlaydigan kartoshka kovlagichning asosiy parametrlarini
aniglash bo‘yicha sxema
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bunda « — lemexning gorizontga nisbatan o‘rnatilish burchagi, °.

(3) ifodaga Los=30 sm, a=24° ekanligini qo‘ysak, Liy;=27 sm ga ega bo‘lamiz.

(2) va (3) ifodalardan foydalanib elevator uzunligini quyidagi ifoda orgali aniglash
mumkin [4]

1 1
Ly = (Lku — L, cosa — 5 Dy + 5 dy, - bJCOSﬂ ) (4)

bunda b — lemex va elevator orasidagi oraliq masofa, m;
S — elevatorni gorizontga nisbatan o‘rnatilish burchagi, °.

(4) ifodaga L, =100 sm, 5= 30°, Los=30 sm, Dg1=45 sm, dy,=10 sm, b=2,5 sm giymatlarni
go‘yib, quyidagi Le=53 sm ega bo‘lamiz.

Elevatorda chiviglarga kiygizilgan quvurlar orasidagi masofa by =2,5 sm ni tashkil etishi
lozim.

SHuning uchun biz taklif etayotgan elevatorda har bir oraligda bitta chivig olib
tashlangan. SHunda chiviglar orasidagi masofa Vi,=5 sm ni tashkil etadi. CHiviglarga
kiydiriladigan trubalarning diametrini by tanlashda elevator chiviglar orasidagi masofa 2,5 sm ni
tashkil etishi lozim. SHuning uchun trubalarning diametri by quyidagi ifoda orqali aniglanadi [4]

B,, +20,
by < - (5)

(5) ifodaga giymatlarni qo‘yib, trubalarning diametri bw=5 sm bo‘lishligini aniglaymiz.
Elevator uzunligini giymatini hisobga olib, kovlagich elevatori tagiga o‘rnatilgan
barabanlarning sonini aniglashimiz mumkin. Bunda elevator yulduzchalarining diametri hisobga
olinishi lozim. Barabanlarning soni quyidagi ifoda orgali aniglanadi [4]
o L,-2d, 28,
b 28p0 (6)
(6) ifodaga ma’lum giymatlarni qo‘yib, np=3,3 dona bo‘lishligini aniglaymiz. Aniglangan
giymatni yaxlitlash orgali barabanlarning sonini 3 dona deyishimiz mumkin.
CHiviglarga kiydirilgan trubalar barabanlar bilan ta’sirlashganda ularning orasidagi
oraliq masofaning bex eng minimal giymati quyidagi ifoda orgali aniglanadi [4]

1
bek = Bop N dch _Ebtr’ (7)

bunda dcn — chiviq diametri, m.

(7) ifodaga ma’lum giymatlarni qo‘yib, be=1,3 sm ga teng bo‘ladi.

Barabanlarning diametrini aniglashda chiviglar orasidagi masofani aylanaga ichki
chizilgan kvadrat tomonlari deb gabul qilib olamiz. SHunga ko‘ra baraban diametri quyidagi
aniglanadi

D, =V2B,,. ®)

(8) ifodaga ko‘ra baraban diametri D=7 sm ni tashkil etadi.
Barabanlarning o‘zaro orasidagi bo‘ylama masofa By, ning giymati quyidagi ifodaga

ko‘ra aniglash mumkin
Bbo - Bpo - Z(Db - Bpo) 9)
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(9) ifodadagi ma’lum giymatlarni qo‘yib, Bpo=1sm ekanligini aniglaymiz.

Kartoshka kovlagich elevatori chiviglariga o‘rnatilgan quvurlarning barabanlar bilan
o‘zaro ta’sirlashishini tadqiq etish uchun kartoshka kovlagich elevatori chiviglariga o‘rnatilgan
quvurlarning barabanlar bilan o‘zaro ta’sirlashishini 3.3-rasm rasmda keltirilgan sxemaga garab
aniglashimiz mumkin. Elevator chiviglariga o‘rnatilgan quvurlar aylana shaklidagi barabanlar
bilan ta’sirlashganda uning tezliklar farqi, ya’ni kinematik parametrlari 3.3-rasmga muvofiq
aniglangan [5].

b

3-rasm. Kartoshka kovlagich elevatori chiviglariga o‘rnatilgan quvurlarning barabanlar
bilan o‘zaro ta’sirlashishini sxemasi

3-rasmda elevator chivig’iga kiygizilgan quvur va ularni aylanma harakatini ta’minlovchi
(intensifikator) barabanlarning parametrlari quyidagilardan iborat:

dch — chivig diametri, m;

reh — quvurning ichki diametri, m;

bqq — quvur galinligi, m;

heh — elevator chivig’i markazidan barabangacha bo‘lgan masofa, m;

S — elevator chivig’i va quvurning to‘gnashish nugtasi, m;

ar— M va K nuqgtalar orasidagi burchak, m.

Elevator chivig’iga kiygizilgan quvurlar elevatorning harakati davomida aylana
shaklidagi barabanlar bilan ta’sirlanib, o‘z o°‘qi atrofida aylanma harakat giladi va tuproq
massasini biroz uvalaydi. SHu harakat davomida baraban bilan ta’sirlashib uning harakat tezligi
quyidagi ifoda keltirilgandek o‘zgaradi [5]

Ve [rich (& + hch) - (9 btd + & rich) COSO‘]2
V, = 2 2 2

d ’ (10)
2b, b, ——
(%)
yoki (10) ifodani (5) va (8) go‘yib quyidagicha aniglash mumkin
J2B, d, B +2b, /2B,
[rich( 2 : +hch)_( 2Ch e 2 : + 2 : rich)Cosa]2
V.=V .
o7 ,B 20, (B, +20, d, (11)
2 2 2
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Elevator chivigiga kiygizilgan quvurning tangentsial tezlanishi quyidagi ifoda orqali

[5]
. dv, 2(btd)( ich Ch)( by + Ty 6)’5in0"vc
= dt ch D6 2 (12
[ ch( + hch)_(7btd +7rich)c0505]
yoki
PO tr ch ch +2b Dﬁ H
—— |+, —%)-sina-V,
ar _dVC ~ ( )( ich — )( ( 2 + ich 2 ) a C
AT dt d, (B, +2b,) D, (13)
[r ch( +hy,) — ( —a +7l’h)COSa]
2 2
Normal tezlanishni esa quyidagi |foda orgali aniglash mumkin [5]
d
, 20,4 (K _7Ch)2 ,
an =2m .thd = Db A D 5 'VC' (14)
[r ch( +hy,)—( |2c by +—* 5 lien) COS]
yoki
B +2b
2[ - d j( ich — Ch)
a, =20° .2( B +2b"J= 2 V2o (15)

[Ficn ([;b"'hch)_(dlzm( 5 7bl'ich)COSa]2

Yugorida Kkeltirilgan ifodalarga ko‘ra, motoblok bilan agregatlanadigan kartoshka
kovlagichning asosiy parametrlari, ya’ni elevator uzunligi 53 sm, qazish lemexining uzunligi 27
sm, kovlagichning umumiy uzunligi 1 m, g’ildiragining diametri 45 sm, barabanlarning o‘zaro
orasidagi bo‘ylama masofa 1 smdan kam bo‘lmasligi, baraban diametri esa 7 sm bo‘lishi
lozimligi aniqlandi. 10+15 ifodalardan elevator chivig’iga kiydirilgan quvurlar baraban bilan
ta’sirlashganda uning tezligi va tezlanishlari ganday giymatga ega bo‘lishini aniglash mumkin.

Xulosalar

1. Motoblok bilan agregatlanadigan kartoshka kovlagichni ishlab chigishda uning
konstruktsiyasi turli xil tuproq iglim sharoitlari uchun mos va ish unumi yuqori bo‘lgan yengil va
sodda konstruktsiyaga ega bo‘lgan kartoshka kovlagichning parametrlari nazariy asoslandi va
konstruktsion sxemasi ishlab chigildi.

2. Nazariy tadgigotlar asosida kovlagichning uzunligi Lx,=100 sm, osish qurilmasi Los=30
sm dan oralig’ida bo‘lishligi, g’ildirak diametri D,=45 sm, elevator yulduzchasi dy,=10 sm,
trubalarning diametri b=5 lemex va elevator orasidagi oraliq masofa b=2,5 sm elevator uzunligi
Le=53 sm, lemex uzunligi Li,=27 sm, baraban diametri D,=7 sm, quvur dimateri bg=5 sm
bo‘lishligi va barabanlar soni np=3 donadan kam bo‘Imasligini lozimligi aniglandi.

3. Elevator chiviqlariga kiygizilgan quvurlarning baraban bilan ta’sirlashganda inertsiya
momenti hosil bo‘lib aylanma harakat gilishi va unda tangentsial hamda normal tezlanishlarga
ega bo‘lgan kinematik parametrlarini aniglash imkonini beradigan ifodalar keltirib chiqgarildi.

B,, +2b, j+ D

ADABIYOTLAR
1. Norchaev D.R., Norchaev R., Egamov J. Prospects for improving technical tools for

Mexanika va Texnologiya ilmiy jurnali 5-jild, 1-son, 2024

https://mextex.uz/
98


https://mextex.uz/

Scientific Journal Of Mechanics And Technology ISSN 2181-758X, volume 5, Issue 1, 2024
AVTOMOBIL VA QISHLOQ XO JALIK MASHINALARI

growing and harvesting potatoes // German International Journal of Modern Science. Germany,
2022. —No47. —P.45-49.

2. Norchaev D.R., Norchaev J.R., Khusainov B.S. Results of experimental studies of a
potato groomer motoblock // German International Journal of Modern Science. Germany, 2022.
—No47. —P.42-45.

3. Hopuae JI.P., Hopuaee X.P., XycamnoB b.C. Texnuueckue cpeacTBa st
BO3/ICIBIBAHUSL OBOIIEH M KapTodens K MOTOOJOKY M pe3ylabTaTbl JKCIEPUMEHTAIBHBIX
uccnenoBanuii // EBpazuiickuii Coro3 YueHbIXx. MexIyHapOIHbIH HaydHO-HCCIIEI0BATEeIbCKUI
xypHai. Cankr—IletepOypr, 2022. —Ne47.—C.10-14.

4. Norchaev D.R., G’aybullaev B.SH.., Xusainov B.S. Motoblok bazasida ishlaydigan
kartoshka kovlagich elevatori parametrlarini asoslash // Yuqori samarali gishlog xo‘jalik
mashinalarini yaratish va texnika vositalaridan foydalanish darajasini oshirishning innovatsion
yechimlari xalgaro ilmiy-texnik konferentsiyasi. Gulbaxor.
— B. 266-2609.

5. CyznaneBa I'.®. TexHonorus cemapalnuyd HMOYBEHHO - KapTO(EIbHOTO BOpOXa C
000CHOBaHUEM KOHCTPYKTUBHO-PCIKUMHBIX IIapaMCTPOB 3JICBATOpa C KOM6I/IHI/IpOBaHHLIMI/I
MpyTKaMu U UHTeHcU(ukaTopoM. ABToped. aAucc. ... KaHI.TeXH.HayK. — Ps3anb, 2005. — 24 c.

Mexanika va Texnologiya ilmiy jurnali 5-jild, 1-son, 2024

https://mextex.uz/
99


https://mextex.uz/

Scientific Journal Of Mechanics And Technology ISSN 2181-758X, volume 5, Issue 1, 2024

AVTOMOBIL VA QISHLOQ XO ‘JALIK MASHINALARI

VIIK 621.43: 622.75

CHUCTEMHDBI NOJAXO0/ K UCIOJIb30BAHUIO KUCJIOPOJ COJAEPKALIUX
JOBABOK JJISI ABTOMOBWJIbHBIX BEH3UHOB

bazapos baxtuép mamoBuu

J.1.H., npodeccop kadenpsl « TpaHCIOPTHBIE SHEPTETUUECKUE YCTAHOBKI) TAIIKEHTCKOTO rOCYIapCTBEHHOTO
tparcnopraoro yausepcurera ORCID ID 0000-0002-3343-3932, E-mail: baxtbb@mail.ru

AxmarxaHoB PaBmamxon HepmaT:xanoBHY
PhD, morienT, 3aBemyroruii Kadempoii «TpaHCIIOPTHBIE SHEPTETHUCCKHE YCTAHOBKMY, TAITKEHTCKOTO
rOCyIapCTBEHHOTO TPAHCIOPTHOTO yHUBepcuTeTa, E-mail: axmatjanovravshanjon@gmail.com

Amumos lyxpatr UkpamoBu4
JMOKTOpaHT TaIIKeHTCKOro rocyaapcTBeHHOTo TpancnoptHoro yuusepcutera, ORCID ID: 0000-0001-9192-7271
E-mail: sh_alimov88@mail.ru

AHHoOTanus. Vcrons30BaHME OKCHUI€HATOB WJIM KHUCJIOPOACOAEPKAIIMX COCIMHEHUH B
KauyeCTBE BBICOKOOKTAHOBBLIX KOMIIOHEHTOB aBTOMOOMIILHBEIX O€H3MHOB UM B KaUueCTBE I[O6aBOK
AJIg TTOJIy4YCHUSA OEH3HUHOB C APYyruMu, 0oJiee BBICOKMMHU JKOJOIMYECKHUMM KJIACCAaMH SBIISIETCS
OAHUM U3 Haubolee JAOCTYIIHBIM U COBPEMCHHBIM PCHICHUEM 3HCProO-3KOJIOTMYCCKUX HpO6J’IeM
Ha3eMHBIX TPAHCIOPTHBIX CPEJICTB.

B ,Z[ElHHOI‘/'I CTaTbC IMPUBOAATCA PE3YJIbTAThl INPOBCACHHBIX HAYYHBIX I/ICCJICILOBaHI/Iﬁ o
HCIIOJIB30BAHHUIO PA3JIMYHBIX KHCIIOPOACOACPKAIIUX COGJII/IHeHI/Iﬁ B Ka4dcCTBC I[O6aBOK K
aBTOMOOMIILHBIM OeH3MHAM. HOJ’Iy‘-IeHHLIC PE3YJIbTAThL IIO3BOJIAOT HUCIIOJIB30BATh
KHCJIIOPOACOACPKAINEC COCAUHCHHUA-CIIOKHAA CMECh HHU3IIHUX W BBICHIMX CIIMPTOB, a TaK¥XE
7(HUpPOB B KaUECTBE 100ABOK K aBTOMOOUIFHOMY OC€H3MHY WM 0a30BOMY TOBApHOMY OCH3UHY.

Annotatsiya. Kislorod saglovchi birikmalar yoki oksigenatlardan avtomobil benzinlarida
yugori oktanli komponentlar sifatida foydalanish yoki yugori ekologik sinflarga ega benzin olish
uchun go‘shimchalar sifatida foydalanish yerusti transport vositalarining energiya va ekologik
muammolarini eng arzon va zamonaviy yechimlaridan biridir.

Ushbu maqolada turli xil kislorod saglovchi birikmalardan avtomobil benziniga
go‘shimchalar sifatida foydalanish bo‘yicha ilmiy tadgiqotlar natijalari keltirilgan.

Olingan natijalar kislorod saqglovchi murakkab birikmalar aralashmasi quyi va yuqori
spirtlar, shuningdek, efirlardan avtomobil benziniga qo‘shimcha sifatida yoki bazaviy benzin
sifatida foydalanish imkonini beradi.

Abstract. The use of oxygenates or oxygen-containing compounds as high-octane
components of motor gasoline or as additives to obtain gasoline with other, higher environmental
classes is one of the most affordable and modern solutions to the energy and environmental
problems of land vehicles.

This article presents the results of scientific research on the use of various oxygen-
containing compounds as additives to motor gasoline. The results obtained allow the use of
oxygen-containing compounds, a complex mixture of lower and higher alcohols, as well as
ethers, as additives to motor gasoline or base commercial gasoline.

Kalit so‘zlar: avtomobil benzini, kislorod saqlovchi birikmalar, yonilg’i aralashmasi
xususiyatlari.

KiroueBrie c¢jI0Ba. aBTOMOOMILHBIE 6€H3I/IHI>I, KHUCJI0poACOACpKAIUEC COCAUHCHUAA,
CBOMCTBA TOTJIUBHBIX CMECEH.
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1. Beenenue

B Hacrosimee BpemMs B Mupe TrojoBas NOTPEOHOCTb PA3JIMYHBIM ABTOMOOUIIBHBIM
OCH3MHAM COCTaBISIET OKOJO 1,2 MIpJ. T, KOTOPBIE JOJDKHBI COOTBETCTBOBATH COBPEMEHHBIM
TpeOOBAHUAM IO HKCIUTyaTallMOHHBIM, YKOJIOTHYECKUM U SKOHOMUYECKUM CBOWCTBaM [3].

OxcureHaTsl MU KUCIOPOJACOAEPKAIINE COSAMHEHNS, 00ECIIeUnBalOIUe JOCTATOUHYIO
JI€TOHALIMOHHYIO CTOMKOCTh aBTOMOOMJIBHBIX OEH3MHOB U CHMKEHME BBIOPOCOB OKCHIA
yriaepoga M JUOKCUAA yriaepoaa (YIJIEKUCHIbIA Ta3) B OKPYXKAIOUIYI0 Cpeay SBISIOTCS
9KOJIOTUYECKON J00aBKOW K MOTOPHBIM TOIUIMBAaM, a TAaKK€ OHU OTHOCSATCS K BECOMBIM
BEILIECTBAaM, KOTOPBIE PACIIUPSIOT PECypC MPOU3BOAMMBIX aBTOMOOHIbHBIX OSH3MHOB. [1-4].

OneHka MCIIOIB30BaHMS OKCUTE€HATOB (pa3iMuYHBIX CIHUPTOB M 3(UpPOB) B KauecTBe
9KOJIOTMYECKH YUCTOrO KOMIIOHEHTa aBTOMOOWJIBHOrO O€H3MHa B 1LIEJIOM  JIOJDKHA
XapaKTepu30BaThCs COAEpKaHUEM UX OObEMHOW JOJM B cOoCcTaBe OEH3MHA IPU OTPAHUYECHHBIX
KOHLEHTpALUAX cepbl, OeH3051a, OJEDUHOBBIX U apOMATHYECKUX  YIJIEBOJOPOJIOB,
MOHOMETHJIAHWJINHA, METaHOJIa, KHCJIOpOo/a U OTCYTCTBHE CBHHIIA, MapraHIia u xeiesa [5-8].

[IpoBenenue HEOOXOAUMBIX UCCIENOBAHUN KHUCIOPOICOAEPKALIMX TOIUIMBHBIX J00aBOK
K aBTOMOOWJIBbHBIM OC€H3MHAM B peaJIbHBbIX YCIOBUSAX SKCIUTyaTallMd IO3BOJIIOT MOJIYYUTh
HE0OXO0/IMMbIE JaHHbIE ISl CPAaBHUTENIBHOM HMX OLEHKU U IMOJIyYEHHBIE PE3yJbTaThl SIBISIOTCS
OCHOBAHHUEM JJIs1 PEKOMEHIALUil 110 X IPUMEHEHHUIO.

2. llenb 1 MOCTAHOBKA 3a/1a4H

M3BecTHO, UTO yCTaHOBJICHHE HauOoJiee BAXKHBIX HKCIUTyaTallHOHHBIX U SKOJIOTMYECKHX
CBOMCTB aBTOMOOWJIbHBIX OEH3MHOB C KHCJIOPOJCOJEPKALIUMH TOIUIMBHBIMU J00aBKaMU U
BIMSIHUE MX Ha pabOTy TPaHCIOPTHBIX CPEJCTB SBISIOTCS BAXKHBIMH HAayYHO-TIPAKTHYECKUMHU
HaIpaBJIEHUSIMU B YHEProoOeCeYeHHOCTH TPAHCTIOPTHBIX CPE/ICTB.

CoBpeMEHHBIE TPAHCIIOPTHBIE CPEACTBA OCHAILIAIOTCSA pa3jIMYHBIMM COBPEMEHHBIMU
CUCTEMaMH I10 00ECTIEUEHHIO UX MOKa3aTeseil Mo 3KOJIOTMYHOCTH U TOTUIMBHON SKOHOMUYHOCTH.
Hanpumep, pabora HeiTpanuzaTopa-Karaau3aTopa BO MHOI'OM 3aBHCHUT OT COCTaBa TOIUIMBA,
UCIIOJIb3YEMBIX TOIIMBHBIX MPHCANOK WM J00aBOK. beH3MHOBas WHXXEKTOpHas cHcTeMa
TOIUIMBONOJA4Yd YYyBCTBUTEIbHA K MOIOIIMM CBOMCTBAM TOIUIMBA W TIPU OTPHULATEIBHBIX
TeMIlepaTypax OKpY’Kalolleil cpeabl YCTOMYMBOCTh TOIUIMBHOW CMECH HUMEET OOJbIIoe
3HAuYEHHUE.

OOblMHO Ha NUTaHME OEH3MHAMHU C  KHUCJIOPOACOAEP)KAIIMMHU BBICOKOOKTAHOBBIMHU
KOMIIOHEHTaMHU TEPEBOIATCA T€ TPAHCIOPTHBIE CPEICTBA, KOTOpbIE pabOTaloT Ha HE(TIHOM
OcH3MHE, M, CJIEI0OBAaTEIbHO, TPH JTOM OOJblllee BHUMAaHHE  OOpalaloT Ha pa3HUIlY
HHEPro’KOJIOTHUECKUX TIOKa3aTeNell JBUTaTesel, padoTarlomuyX Ha TOM WM Ha APYroM BHJE
TOIIMBa. B 3TOM CBfA3M CHavana NpeABapUTENbHO ONPEACISAIOTCS pPACUETHbIE 3HAYCHMS
HCCIIEyeMbIX IIOKa3aTeei, a 3aTeM CpPaBHUBAIOTCS C MOJIYYEHHBIMHU 3KCIEPUMEHTAJIbHBIMU
3HA4YECHUSIMHU.

Crnenyer OTMETHTb, 4YTO TpPH OQUIMATFHOM YTBEP)KICHUM THIIA TPAHCIOPTHOTO
cpeZcTBa, pabOTAIOLIEro Ha JF000M aJIbTepHATMBHOM BHJIE TOILIMBA, HAIIPUMED, HA CKIXKEHHOM
HepTssHom ra3ze (CHI) wmnmm Ha cxkarom mnpuponnom rasze (CIIIY) nmomyckaercs, uyTo e€ro
HOMMHAJIbHAs BBIXOJIHAsl MOIIHOCTH JOJDKHA cOCTaBiATh OT 0,7 mo 1,15 BBIXOIHON MOIIHOCTH
ABHTaTeNs 0a30BOro TPAHCIOPTHOTO cpeactsa [9-11].

OpHako, MHOTHME TOTPEOMTENM  TPAHCIOPTHBIX  CPEACTB, paboTaromuX  Ha
anbTepHAaTUBHOM BHJI€ TOIUIMBA 3aWHTEPECOBaHbl B COXPAHEHHWH O0a30BBIX I[OKazaTesei
TPAHCIIOPTHBIX CPENCTB HE3aBUCUMO OT BUJA UCIIOJIB3YEMOI0O MOTOPHOT'O TOIUIUBA.
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B 5710i1 cBs3M MpU UCTIONB30BAHUH JIIOOOTO BHJIAa MOTOPHOTO TOILIMBA MpEABapUTEIbHAS
OLIEHKA OCHOBHBIX IIOKa3aTelied  TPAaHCIOPTHOIO  CPEACTBA IPOU3BOAMUTCS PacCUETHBIM
CocoOOM M OpU  MOJIYYEHUM  YJIOBJIETBOPUTEIBHBIX  PE3YJIbTATOB  IMPOBOISATCS
HKCHEPUMEHTAJbHbIE HCCIEJOBAaHUS M Jajieeé HCCIEAOBAaHUS B  pEAbHBIX  YCIOBHAX
JKCILTyaTalH.

B 37001 CBA3M LIeNbl0 HACTOSAIMX MCCIEIOBAHUMN SBISIETCS YCTAHOBIEHHWE MaKCHUMAaJIbHO
BO3MOYKHOM KOHILIEHTPAIMH KHCIOPOICOAEPIKAIINX KOMIIOHEHTOB aBTOMOOWJIBHBIX OCH3MHOB
yIy4IIEHHBIMU CBOMCTBAMH MPHU YCIOBUU IOCTOSIHHBIX 0a30BBIX PETyIUPOBOYHBIX APAMETPOB
cucteM nutanus u 3axuranus [IBC.

3. Anau3 nmyoauKanui

CoBpeMeHHbIE ~ aBTOMOOWJIbHBIE  OCH3MHBI  SIBIAIOTCS ~ MHOTOKOMITOHEHTHBIMH
HHEeproucroyHukamMu. KadyecTBO MpOM3BOAMMBIX aBTOMOOMJIBHBIX OEH3MHOB OO€CHEeYMBAETCs
MHHOBAIIMOHHBIMU TEXHOJIOTHUYECKUMH TPOIECCaMHd W KOMIAYHAWPOBAHUEM pa3IHYHBIMU
npucagkamMu U 1o0aBKaMH, a KHCIOpPOJCOepKalue JoOaBKM B OCHOBHOM IIPUMEHSIOTCS B
Ka4yecTBe aHTHUACTOHATOpOB [12-15].

B coorBeTcTBUM ¢ TpeOOBAHUSMU COBPEMEHHBIMH HOPMATHBHMHU JOKYMEHTaMHU U3
COCTaBa aBTOMOOMJIbHBIX O€H3MHOB HMCKIIIOYAIOTCS MPHUCAJKU Ha OCHOBE METaJIOCOJEPIKAIIMX
IPUCATOK (COAepIKaIIMX MapraHell, CBUHELl U jKeJe30), BKJIIoYask H30aJKWIKapOOKCHUIIAThI JIUTUS
(uTHiicoaepkaliie COeIMHEHUs), KOTOpPbIE HE YIOBJIETBOPSIOT 3KOJOTHYECKYIO 0€301acHOCTh
U HaJeKHOCTb CUCTEM HEUTpaJau3alMy OTpabOTaBIIMX Ia30B U 3a)KUTAHMUSA, & TAKXKE MOBBIILAIOT
CKJIOHHOCTbh O€H3MHOB K 00pa30BaHUIO OTJIOKEHHMI Ha BIYCKHBIX KJalaHaX, KaMepe CropaHus U
y3JlaX CUCTEMBbI BBIITYCKa OTpaboTaBIIuX ra3os [16]. .

Bce nepenoBble cTpaHbl MUpa J€NalOT KPEH B CTOPOHY MPOM3BOACTBA aBTOMOOMIIBHBIX
OEH3MHOB BBICOKOT'O 3KOJOrMyeckoro kiacca-K5, KOTOphlii JOKEH cojaepkaTh OeH3o0ja — He
6omee 1,0 % 00., cepsl — He Oosee 10 ppM, apoMaTHUECKUX YTIIEBOJIOPOIOB — He Oosee 35 %
00., oeUHOBBIX YTIIIEBOJAOPOJ0B — He Oonee 14 % macc., kucnopona — 2,7 % Macc., a Takxke 10
100°C meperonsiercst He MmeHee 46 % 00., a 1o 150 — ne OGomnee 75 % o00. Ilpuuem wu3
TEXHUYECKOT'0 periiaMeHTa Ha CerOJHSAIIHUI JeHb yaleHO TpeOOoBaHHE MO0 OKTAHOBOMY YHCIY
111 6eH3MHOB AKoKIaccoB K3-K5 [4].

W3BecTHO, YTO MpUCAAKU K TOIJIMBAM WJIM JPYTUM SKCIUTYaTallMOHHBIM MaTepuajlaM —
XUMHUYECKHE BEIIECTBA (CMECh XMMHUECKUX BEIIECTB), 100aBIII€MbIE K TOIUIUBY IS YITyUIlIEHUS
€ro 3KCIUTyaTallMOHHBIX, 3KOJOTMYECKUX U JAPYrHMX MOTPEOMTENbCKUX CBOMCTB. B HekoTopoit
TEXHUYECKOH JIMTepaType OTMEYalT YCJIOBHBIE pa3lWyMsl MOHATHHA NMPUCAAKU (BBOASTCA 1O
0,5%) u mob6aBku (BBoasATCS OT 0,5% 1 BbIIIE) K TorrBam [18].

MHOIrMMH OTE€YECTBEHHBIMH U 3apYOEKHBIMU CTaHAAPTaMU YCTAHABIMBAIOTCA MaccoBas
J0JsT KUCIIOpoJa U 00ObEMHAs JJIi OKCHI'€HATOB (CIIUPTOB M 3(UpOB) B cocTaBe OCH3MHOB B
3aBUCUMOCTH OT MX JKoJorudeckoro kmacca. OOBIMHO pEKOMEHIyeMasl KOHLIEHTpalus
OKCHUI'€HAaTOB B OeH3MHax cocTaBiseT 3-15% o0béMa U BHIOMpAETCs C TAKMM PAacyeToOM, YTOObI
COJIepKaHME KHUCJIOpOoJa B TOIUIMBE He mpesblmano 2,7% waccel. OnHako B EBpome mpu
nepexofe ¢ HOPMAaTUBHBIX BBIOpocoB EBpo-5 Ha EBpo-6 T1peGoBaHMs K KadecTBY
aBTOMOOWJIBHBIX OEH3MHOB HECKOJBKO CMIT4aroT-yBEJIUUMBACTCS JONYCTHMOE COJIep’KaHHe
OKcUTreHaToB 110 3,7% macchel 1o kuciopony (22% metun-tper-0yrunoBoro >¢upa unu 10 10%
3TaHOJIa), aMEpPUKaHCKHUIA cTaHnapT Ha OeH3uH E8S nomyckaer copep:kanue kucioponaa 1o 29,5
% [17-22].

MHOTrMMH HCCIIEJOBAHUSMHU YCTAHOBJIEHO, YTO MCIIOJb30BaHUE OKCUI'€HATOB B KaueCTBE
HKOJIOTMYECKH YHCTOTO KOMIIOHEHTa aBTOMOOMJIBHOrO O€H3MHa MNpUBOAMT K (ha3oBoi
HeCTaOWIbHOCTU Tpu oOBojgHeHHe. JlaHHas mpoOieMa pemaercs pasIMYHbIMU CIIOCOOaMuU
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(ucronp30BaHME  BBICHIMX  CIIMPTOB-CTAOMIM3AaTOPOB  WJIM  OOPTOBBIX  MasIoTaOapUTHBIX
KaBUTaTOPOB WJIM CHELMANbHBIX MPHUCAJOK U Ap.) WIN NPUMEHEHHEM MHOTI0O()YHKIIMOHAIBHBIX
(ynydmeHue XapakTepUCTUKH TOPEHHS, MOIOIIUX W  HHU3KOTEMIICPAaTypHBIX  CBOWCTB)
KHCJIOPOJICOACPIKAITUX T0OABOK CIIOKHOTO cocTara [19].

AHanu3 pe3ynbTaToB paHee BBHIIOIHEHHBIX HAyYHO-UCCIEA0BATENBCKUX padOT, BKIIOYAs
HCCIIEZIOBAaHMS aBTOPOB HACTOSIIEH CTaThU, YCTAHOBJIEHO, YTO YJIYUIIEHUE 3KCIUTyaTal[MOHHBIX,
BKJTIOYAst SKOJIOTUYECKUX, CBOWCTB aBTOMOOWMIIBHBIX OCH3MHOB ITyTEM HAay4YHO OOOCHOBAaHHOTO
o100pa KUCIOPOACOAEPKAIINX J0OABOK K HUM  SIBJISIETCS BaXKHBIM HAayYHBIM HAIIPABICHUEM.

4. MeTtoabl HccJaeT0BaAHUA

OcHOBHbIE (DU3MKO-XUMHUYECKHE U HKCIUIyaTallMOHHBbIE IOKa3aTeau OEH3MHOB C
KHUCJIOPOACOACPKAIIMMU T0OOaBKaMU W 0€3 HUX OINpeNesUINCh Ha OCHOBE JICHCTBYIOIIMX
HOPMAaTUBHBIX M JPYIMX pPYKOBOJSIIMX JIOKYMEHTOB. ABTOMOOWIbHbIE O€H3UHBI C
panMoOHATFHBIMU KOHIIEHTPALMSIMHI KHCIOPOACOACPKAIINX J00aBOK OBUTH TaKKe IMOJBEPTHYTHI
K  HCCIEIOBAHUAM IO YIY4YUICHUIO (U3MUECKOW CTaOMIBHOCTBIO (HU3KOTEMIIEpATypHbIE
CBOWCTBa, CKJIOHHOCTh K MOTEPSIM OT MCIAPEHHUs, BPEMs PACCIAaUBAaHHS W BBITAJICHHUS] BTOPOM
(a3bl, TITPOCKONMUYHOCTh, COBMECTUMOCTh IIPU CMEIIEHUH) TOIIMBHBIX CMECEH BBIOIHIIUCH B
COOTBETCTBUH C TpeOOBaHUAMHU HOpMATUBOB [20].

B mpouecce wucciaenoBaHuif B KayecTBe CTaOMIM3aTOpa OEH3MHO-CIIUPTOBBIX CMecel
ObUIM  HWCHOJB30BaHbl OYyTaHOJ, Macjo CHUBYIIHOE, 3(upbl (MeTWIaleTar, 3TUJAleTar),
spupoanpaeruntas ¢pakuus U GypdypuioBblii COUPT, KOTOpBIE SBISIOTCS NPOIYKIMAMU
MECTHOM He()TEXUMHUECKON MPOMBIIIEHHOCTH.

5. Pe3yJbTaThl HCCA€I0BAHUH U 00CYyKIeHNE

5.1.PacueTHble pe3yJbTaThl OKa3aTe el TOIINB

M3BecTHO, YTO MHOTHE OKCUT€HAThl (METaHOJI, 3TaHOJ, OYTaHOJ U JIp.) MMEIOT MEHBIIIYIO
00BEMHYI0O M MAacCOBYIO SHEPrOEMKOCTH (TEIJIOTa CropaHusi), 4eM Yy OCH3WHOB, OJHAKO MpH
3TOM HUX TEIJIONPOU3BOIUTENBFHOCTh (TEIUIOTa CropaHHus Troprovye cMecu) M OeH3MHOBBIX
TOTTMBOBO3AYIIHBIX CMECEW NPU CTOPAaHWH OTIMYAIOTCS HE3HAYUTEIHHO 10 TOH MPUYMHE, YTO
OTJIMYUTEIIbHBIE 3HAUEHHUS TEOPETUYECKH HEOOXOIMMOIro KOJIMYEeCTBAa BO3AyXa JIs IMOJIHOTIO
CropaHMsi TOIUIMBA, BBICOKOE 3HAYEHHE MX TEIUIOTHl HCHApPEeHHs] CIOCOOCTBYET YIYYIICHHIO
HATOJHEHUS LWIMHAPOB JBUraTelss M CHW)KEHUIO TEIUIOHANPSDKEHHOCTH — JieTajei, 4To
MIPUBOJIUT K TIOBBIMICHUIO TIOJHOTHI CTOPaHMs, HO HA OCHOBHBIX HArpy30YHBIX PEKHUMaxX H3-3a
3HAYUTEIBHOTO OOEIHEHHS COCTaBa CMECH NPOUCXOAMT YMEHBIIEHHE MOIIHOCTU JBHUTraTels
[20].

ABTOMOOWJIbHBIE OCH3UHBI HE(PTAHOTO MPOUCXOXKICHUS M  KHUCIOPOACOAEpIKAIIME
n00aBkH (CUPTBl M A(DUPHI) UMEIOT pazIuyHble (DU3UKO-XUMHUYECKHE W TETUIO(QU3UIECKUE
cBoiicTBa (Tab.1), OCHOBHBIE 3HAUEHUSI KOTOPHIX OBLIM PACCYMTAHBI HA OCHOBE PYKOBOISIINX U
CIPAaBOYHBIX JOKYMEHTOB [21].

Taoanna 1
CpaBHHTe/IbHbIE PU3HKO-XHMHYECKHE U TenJIopu3nyecKue CBOHCTBA Pa3JINYHBIX TONJIHB

Tonnusa

HanmenoBanue Enun. bersun
U3M. (AU- Mertanon | Otanon | byranon | MTOb | IMD | MMA

92)
Xumuueckas _ CoHsO | C4HoO | CsHiz | CoHe | CH3NH
dhopmyna CeHyr | CHsOH H H O O 2
DneMeHTapHbIN %
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COCTaB:
Yraepon 0,855 | 0,375 0,522 0,649 0,682 | 0,522 | 0,387
Bomnopon 0,145 10,125 0,130 0,135 0,136 | 0,130 | 0,161
Kucmopon - 0,500 0,348 0,216 0,182 |0,348 | -
A3zoT - - - - - 0,452

ﬁ;)gTHomeHHe - 0,17 |0.33 025 |021 020 025 |042

Hwusnias
TEJI0Ta M]x/xr | 44,21 19,9 22,2 36 35,2 28,4 35,4
CropaHue

Husmas
TEIJI0Ta
cropaHue M/Ix/kr | 2,9 3,1 3,0 3,2 - - -
rOprOYe CcMecHu
npu o=1

MonexyisspHas

Kr/ kmoipb | 112 32,04 46,08 74,121 | 88,15 | 46,07 | 100,121
Mmacca

Temnora

k/Dx/kr | 295 1100 840 677 332 410 256
UCIIApPEHHUS

VYnenbHasg

. k/bx/kr-K | 1,4 2,488 2,39 2,34 2,1 2,35
TEIIOEMKOCTh

TeopeTnuecku
Heo0XoIMMOe
KOJMYECTBO
BO3/1yXa TSt
MIOJIHOTO
CropaHus
TOILINBA

KI/KT 1496 | 6,52 9,06 11,2 11,85 | 9,06 | 4,306
kmons/kr | 0,512 | 0,238 0,31 0,385 0,405 [0,31 |0,189

OKTaHOBOE ouun 92 115 118 96 125 - 280
YHCIIO OouM 83,5 91 95 78 100 - -

Tpebyemas
3,6-

KOHICHTPAMHA o/ oo | - 2526 |2930 |- - 03
JUIS TIOBBILIICHUS 3,8

OUN ual en.

Pacder oxTaHOBOTO uMcIa TOMIMBHBIX KucJopoaconepxkamux cmeceid (TKC),

COCTOAIINX M3 OEH3WHA, CIUPTOB U 3(PUPOB MPOBOAMIUCH 11O popmyIe:
20U = Z vi-OY; (1)
rae v - oobemuas nomns | — komrnonedta TKC;

OY; — okranoBoe uucio | — kommonenta TKC.

Pacuernpie 3HadeHust okraHOBBIX uucen TKC-1 (6emsun AU-92 74% , Oyranon 20%,
atanon 5%, MMA 1%) u TKC-2 (6en3un AU-92 74,5% , 6yranon 20%, stanon 5%, MMA
0,5%) momyuensl cootBeTcTBeHHO OUM 96,5 m 95,4, xoropbie nanee ObLTM MOIABEPTHYTHI
MOTOPHBIM HCTIBITAHUSIM.

5.2.9kcnepuMeHTANIbHBIE Pe3yJIbTATHI MOKA3aTe €l TOILINB

DKCIIepUMEHTaJIbHBIE  HCClIeoOBaHus 0Oa3oBoro Oem3mHa AM-92 ©  TOIIMBHBIX
kucnoponcoaepxkamux cmeceit (TKC), cocrosimux w3 OeH3WHA, COUPTOB U A(uUpoB
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MIPOBOMIIUCH C TIEIIBI0 OPEICIICHNS UX OKTAaHOBBIX YHCEI U IPYruX Mmokasareneit (Tab.2).

Taoauna 2
OcHOBHbBIE MOKA3ATEH IKCILTYATAMOHHBIX CBOHMCTB TOIJIMB
TommBa
HaumMenoBanue nokasarenis EnuH. u3Mm. Bbensun TKC - 1 TKC — 2
AN-92
OxranoBoe uncio(OUN)
Pacuyer - - 96,5 95,4
DKCIEPUMEHT 92 97,4 95,1
@pakIMOHHBIA COCTaB
Temnepartypa Hayajia
NeperoHKH He HIKe 35 39 39
Temneparypa neperonku 10 %
TOILJINBA HE BbIIIE 75 51 59
Temneparypa neperonku 50 % °C
TOILJINBA He BbIme 120 100 103
Temneparypa neperonku 90 %
TOILIMBA He BbImre 190 162 159
Konern kunenus He BbIme 215 192 205
OObeMHass 109 OCTaTKa B
KOJIOE % He Ooutee 2 1,1 1,1
OcTaTok 1 moTepu % He Ootee 4 4 4
MaccoBasi KOHIIEHTpAIHsi CMOJI mr/100 cm® He Ooutee 10 5,2 4

Kak moka3bpIBaloT MOJy4eHHbIE Pe3yJIbTAaThl BBHIIOIHEHHBIX Pa0dOT MpPHU HCIHOJIB30BAHUS
HU3IIUX M BBICIIUX CHUPTOB COBMECTHO C 3pupaMH B KauecTBe J00aBOK K OEH3MHY
3HAUUTENIBHO YIIYYIIAETCsl €r0 MOTOPHBIE U APYTHE CBOICTBA.

5.2. O0cyskaeHue pe3yJIbTATOB PACYETHBIX M IKCIEPHMEHTAJBHBIX HCCIEA0BAHUI

Hcnonp30BaHUE HECKOIBKO HU3MIMX WJIM HU3LIMX M BBICIIMX CIHUPTOB COBMECTHO C
s¢upamMu B KadecTBe N00aBOK K aBTOMOOWJIBHOMY O€H3MHY IO3BOJISIET YIYYIIMTh HUX P
9KCIITyaTallMOHHBIX CBOICTB,

[Ipu sTOoM Ha OCHOBE aBTOMOOWJIBHBIX OeH3MHOB KjaccoB K2 m K3 mMoxHO momyduTh
6en3unbl 3KoknaccoB K4 u K5, 3aneiicTBoBaB OMONHUTENBHBIE TPOU3BOICTBEHHBIE MOIIHOCTH
JUISL TIOJTYY€HUST KUCIIOPOJICOAEePKAIIUX T0OABOK.

3akiaro4yenue

CornacHo pe3yabTaTOB MPOBEACHHBIX HCCIIEOBAaHUI YCTaHOBJIEHO, YTO COBMECTHOE
MCTIOJIb30BAHUE PA3NUYHBIX KHCIOPOJCOACPIKALINX TOIIMBHBIX 100ABOK (CHHPTOB, 3(PUPOB) K
aBTOMOOWJIBHOMY O€H3MHY TIO3BOJIAT YJIYYIIUTh OJHOBPEMEHHO €ro JIeTOHAlMOHHBIE,
9KOJIOTMUECKHE, HHM3KOTEMIIEpaTypHbIE, MOIOIIME CBOWMCTBA, a TAKXKE PACILIUPSIIOTCS pPecypc
BBIMTYCKaeMON MPOAYKIIUU U HOBBIE MPOU3BOICTBEHHbBIE MOIITHOCTH.
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KOMBINATSIYALASHGAN MASHINA ZICHLAGICHLARINING
PARAMETRLARINI ASOSLASH
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Annotatsiya. Magolada bog® gatorlari oralarini bir o‘tishda sabzavot ekinlarini ekish
uchun tayyorlaydigan kombinatsiyalashgan mashina zichlagichlari tsilindrsimon gismining
diametri va kengligi, konussimon gismining giyalik burchagi, kengligi va katta diametri hamda
zichlagichning umumiy gamrash kengligini asoslash bo‘yicha o‘tkazilgan nazariy
tadgigotlarning natijalari keltirilgan. Olingan natijalarga ko‘ra kombinatsiyalashgan mashina
zichlagichlarining tsilindrsimon gismining diametri va kengligi mos ravishda kamida 24,2 cm va
27-44 cm oralig‘ida, konussimon gismining giyalik burchagi, kengligi va uning katta diametri
mos ravishda ko*pi bilan 35°, 8-16 cm va 35,4-47,3 cm oralig‘ida hamda zichlagichning umumiy
gamrash kengligi 60 cm bo‘lishi lozim.

AHHOTaHI/IH. B cratbe MNPUBCACHBI PE3YJIbTATbl TCOPCTHYUYCCKUX I/ICCJIe,I[OBaHI/Iﬁ 1o
O6OCHOBaHI/IIO AnaMeTpa M MHUPUHBL IIHHHHI{pI/I‘IGCKOﬁ 4JaCTH, yrja HaKJIOHa, HIUPHUHBI H
0O0JIBIIIOrO AnaMeTpa KOHHMYECKON YacTu H 06]].[6171 JJIMHBL  YIIJIOTHUTCIIA KOM6I/IHI/Ip0BaHHOI71
MalIuHBI IJI IIOATOTOBKU Memnypﬂzmﬁ CaoB K CCBY OBOIIHBIX KYJIBTYP 3a OOAWH IIPOXOM. IIo
MOJIYYCHHBIM PpE3yJibTaTaM OUaMCTp U [MHUPUHA HHHHH,I[pI/I‘{eCKOﬁ JaCTH YIUIOTHUTCIIA
KOMOMHHPOBAaHHOW MAIIMHBI JTOJDKHBI OBITh He MeHee 24,2 cMm u B mpeaenax 27-44 cm, yroiu
HaKJIOHA, HIMPpHUHA U 0010 AUaMETp €ro KOHHYECKOH YacTH JOJI?KHBI OBITh COOTBETCTBEHHO
He Oosnee 35° u B mpexaenax 8-16 cm u 35,4-47,3 cm, o0miast AJiMHA YIJIOTHUTEINS JTOJDKHA OBITH
60 cm.

Abstract. The article presents the results of theoretical studies to substantiate the
diameter and width of the cylindrical part, the angle of inclination, the width and large diameter
of the conical part and the total length of the compactor of a combined machine for preparing
garden rows for sowing vegetable crops in one pass. According to the results obtained, the
diameter and width of the cylindrical part of the seal of the combined machine must be at least
24.2 cm and within 27-44 cm, the angle of inclination, width and large diameter of its conical
part must be, respectively, no more than 35° and within 8-16 cm and 35.4-47.3 cm, the total
length of the seal should be 60 cm.

Kalit so‘zlar: bog‘ qatorlari oralarini bir o‘tishda sabzavot ekinlarini ekish uchun
tayyorlaydigan kombinatsiyalashgan mashina, kombinatsiyalashgan mashina zichlagichi
tsilindrsimon gismining diametri va kengligi, uning konussimon gismining giyalik burchagi,
kengligi va katta diametri, zichlagichning umumiy gamrash kengligi.

KuaroueBble ciioBa: KOM6I/IHI/Ip0BaHHaﬂ MalllMHa J1A IIOATOTOBKHU Memnypfmnﬁ CaJloOB K
CCBY OBOIIHBIX KYJIbTYp 3a OIHWH IIPOXOA, AUAMCTP W HNIUPHUHA LIHJIPIHILpH‘-IGCKOfI qacTu
VIUIOTHUTEJST KOMOMHUPOBAHHON MAaIMHBI, YTOJI HAKJIOHA €r0 KOHHYECKOW 4YacTd, IIMPUHA H
O0JbLION UamMeTp, oO1ast IMpUHA 3aXBaTa YILIOTHUTEIIS.
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Key words: combined machine for preparing the rows of gardens for sowing vegetable
crops in one pass, the diameter and width of the cylindrical part of the compactor of the
combined machine, the angle of inclination of its conical part, the width and large diameter, the
total working width of the compactor.

Kirish. Hozirgi kunlarda bahorda bog® va tok qatorlari oralarini ekin ekishga
tayyorlashda agrotexnik tadbirlar alohida-alohida gishloq xo‘jaligi mashinalari va qurilmalarida
amalga oshirilib kelinmoqda. Bu mehnat, energiya va yonilg‘i sarfini ortishiga, tuprogning
makro-mikrostrukturasini buzilishi va ortiqcha zichlanishiga hamda tuprogdagi namlikning
yo‘qotilishiga sabab bo‘Imogda. Bundan tashqgari yuqoridagi tadbirlarni amalga oshirishda 50-60
yillar oldin yaratilgan hamda MDH mamlakatlaridan olib kelingan, ma’naviy jihatdan to‘liq
eskirgan gishlog xo‘jaligi mashinalari va qurollaridan foydalanilmogda. Ushbu mashinalardan
foydalanish hamda ularni ta’mirlash uchun ko‘p migdorda moddiy xarajatlar sarflanmoqda [1-5].
Ta’kidlanganlardan kelib chigib, QXMITI da bog* va tok gatorlari oralarini biryo‘la ekin ekish
uchun tayyorlaydigan kombinatsiyalashgan mashinaning konstruktsiyasi ishlab chigilgan.
Kombinatsiyalashgan mashina osish qurilmasi bilan jihozlangan rama, yumshatkich, mayin
tuproq gatlamini hosil giladigan rotatsion ish organi, tekislagich, pushta olgich, pushtaning ustki
gatlami va yonbag‘rlarini zichlaydigan zichlagichdan iborat [6].

Tadgigot  materiallari.  Ushbu  maqolada  kombinatsiyalashgan ~ mashina
zichlagichlarining quyida keltirilgan parametrlarini asoslash bo‘yicha o‘tkazilgan nazariy
tadgigotlarning natijalari keltirilgan (1-rasm):

1-rasm. Zichlagichning parametrlari
— zichlagich tsilindrsimon gismining diametri Ds, m;
— zichlagich konussimon gismining katta diametri Dk, m;
— zichlagich konussimon gismining giyalik burchagi a, °;
— zichlagich tsilindrsimon gismining kengligi Bs, m;
— zichlagich konussimon gismining kengligi B, m;
— zichlagichning umumiy kengligi By, m.
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Zichlagichlar ish jarayonida pushtaolgichlar tomonidan shakllantirilgan pushtalarni talab
darajasida zichlashi, ularning tepa gismini tekislashi va undagi yirik kesaklarni maydalashi
lozim. Ularing yuqorida Kkeltirilgan parametrlarini ushbu talablardan kelib chiggan holda
aniglaymiz.

Tadgqiqot natijalari va muhokamasi.

Zichlagich _tsilindrsimon _gismining diametrini u ish jarayonida pushta tepasida
uchraydigan kesaklarni oldinga surmasdan bosib o‘tib ketishi shartidan quyidagi ifoda bo‘yicha
aniglaymiz [7]

D > [1+ COS((o1 + gpz)]dk +2h,
. 2

1-cos(¢, +9,)
bunda ¢,, @, —pushta tepasidagi kesaklarni zichlagichning ishchi sirtiga va tuproqga

ishgalanish burchaklari, °;
dk — pushta tepasida joylashgan kesaklarning diametri, m;

, 1)

hZ — zichlagichni pushta tuprog‘iga botish chuqurligi, m.
hZ ni quyidagi ifodadan foydalanib aniglaymiz [8]

hz=hb( —&j, (2)
2

bunda h, - pushtaning balandligi, m;

Py, P —Mos ravishda pushta tuprog‘ining zichlanmasdan oldingi va zichlangandan

keyingi zichligi, kg/m?.
(2) ifodani hisobga olganda (1) ifoda quyidagi ko‘rinishni oladi

|:l+ cos(¢, + @, )]dk + Zhb( —'Ooj
P

D. 2>

C

: 3)
1-cos(¢, +¢,)

@, =30°, @, =40°, d, =0,1m, h, =0,1 m, p, =1050 kg/m® va p, = 1200 kg/m®
gabul qilinib, (3) ifoda bo‘yicha o‘tkazilgan hisoblashlar zichlagich tsilindrsimon gismining
diametri kamida 24,2 cm bo‘lishi lozimligini ko‘rsatdi.

Zichlagich konussimon gismining giyalik burchagini quyidagi shartdan aniglaymiz

a<y, (4)
bunda I/ — tuprogning tabiiy to‘kilish burchagi (35-38°) [9], °.

Bu shart bajarilganda pushta yonbag‘irlarini zichlagichning konussimon gismi tomonidan
zichlanishi ta’minlanadi va uning to‘lig zichlanishiga, ya’ni pushtaning tepa gismini
zichlagichning tsilindrsimon gismi tomonidan, uning yon bag‘irlarini esa ish organining
konussimon gismi tomonidan zichlanishiga erishilinadi.

¥/ ning yuqgorida Keltirilgan giymatini hisobga olganda zichlagich konussimon

gismining giyalik burchagi 35° dan oshmasligi lozim.
Zichlagich tsilindrsimon_gismining kengligini pushta tepasining kengligiga teng etib
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gabul gilamiz, ya’ni
B, <h, (5)
bunda bt — pushta tepasining kengligi, m.

bt ni 2-rasmda keltirilgan sxemaga asosan quyidagicha ifodalash mumkin

b, =B, —2hctgy, (6)
bunda Be — pushta egatlari orasidagi masofa, m.
(6) ni hisobga olganda (5) ifodani kuyidagicha ifodalash mumkin
Bu ifodaga Be =70 cm, hb =10-15 cm va I =35-38° giymatlarni go‘yib, zichlagich

tsilindrsimon gismining kengligi 27-44 cm oralig‘ida rostlanadigan bo‘lishi lozimligini
aniglaymiz.

< bd =
2 « L
b
/] < . >
N/ EVERV
W IL& N
Y
s B,

1- bog“qator oralariga pushta olinmasdan oldingi profili;
2 —bog* qator oralariga pushta olingandan keyingi profili
2-rasm. Pushtaolgichning tuprogqga botish chuqurligini aniglashga doir sxema

B, <B, —2hcctoy. (7)
Zichlagich _konussimon __gismining __kengligini kombinatsiyalashgan mashinaga
o‘rnatiladigan barcha zichlagichlarni ko‘ndalang yo‘nalishda bir gator joylashtirish shartidan
aniglaymiz, chunki aks holda mashinaning konstruktsiyasi murakkablashadi va
materialhajmdorligi ortadi.
Zichlagich konussimon qismining yugoridagi shart bajarilishini ta’minlaydigan
kengligini quyidagi ifoda bo‘yicha aniglaymiz

Bk=%(Be—BS—A), ®)

bunda A — zichlagichlar orasidagi tirgishning kengligi, cm.

A =10 cm gabul gilib hamda (8) ifodaga B, va B, yugorida keltirilgan va aniglangan
giymatlarining go‘yib, zichlagich konussimon gismining kengligi 8-16 cm oralig‘ida bo‘lishi
lozimligini aniglaymiz.

Zichlagich konussimon _gismining katta diametrini 1-rasmda keltirilgan sxema
bo‘yicha aniglaymiz

D, = 2B, tga + D, 9)
yoki
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D, =(B.—B,—A)tga + D, (10)
Bu ifodaga B, =70 cm, B, =27-44 cm, A =10 cm, & =35° va D =242 cm

giymatlarni qo‘yib, zichlagich konussimon gismining katta diametri 35,4-47,3 cm oralig‘ida
bo‘lishi lozimligini aniglaymiz.

Zichlagichning _umumiy gamrash _kengligi uning tsilindrsimon va konussimon
gismlarining gamrash kengliklarining yig‘indisiga teng bo‘ladi, ya’ni

B, =B, +2B, =B, —A. (11)
Bu ifodaga Be =70 cm va A =10 cm giymatlarni go‘ysak, zichlagichning umumiy

gamrash kengligi 60 cm bo‘lishi lozimligi kelib chigadi.

Xulosa. Demak o‘tkazilgan tadgigotlarimiz bo‘yicha talab darajasidagi ish sifatini kam
energiya sarflagan holda ta’minlash uchun kombinatsiyalashgan mashina zichlagichlarining
tsilindrsimon gismining diametri va kengligi mos ravishda kamida 24,2 cm va 27-44 cm
oraligida, konussimon gismining giyalik burchagi, kengligi va uning katta diametri mos
ravishda ko‘pi bilan 35°, 8-16 cm va 35,4-47,3 cm oralig‘ida hamda zichlagichning umumiy
gamrash kengligi 60 cm bo‘lishi lozim.
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Annotasiya. Ushbu maqolada ixtisoslashgan transport vositalari tormozlanish jarayonida
tormoz ustquymalari yeyilishi natijasida atrof-muhitga chigadigan zarralar tarkibi tahlili
keltirilgan. Ixtisoslashgan transport vositalari tormoz ustquymalarining resurs davri g‘ildirakning
yo‘l bilan ilashish koeffitsiyentiga bog‘liq holatda o‘zgarishini hisobga olgan holda ularning
atmosferaga chiqaradigan zarralar miqdori nazariy jihatdan tahlil gilingan. Ixtisoslashgan
transport vositalari tormozlanish jarayonida tormoz ustquymalari yeyilishidan hosil bo‘ladigan
zarralar tarkibida metallarning kontsentratsiyasini targalishi tahlili keng yoritilgan. Shaharlarda
zarracha moddalarning muhim hissasi yo‘l harakati bilan bog‘liq manbalar hisoblanadi.
Ixtisoslashgan transport vositalari tormozlanish jarayonida olingan namunalar tarkibida temir,
mis, rux, xrom, galay va surma kabi metall elementlar yuqori migdorda mavjud ekanligi
aniglangan. Hozirgi kunda avtomobillar tormozlanish jarayonida hosil bo‘ladigan zarralarning
ekologiyaga ta’sirini salbiy ta’siri to‘g‘risida ma’lumotlar keltirilgan.

AHHOTa].[I/Iﬂ. B I[aHHoﬁ CTAaTbC pacCMATpUBACTCA COCTAB YACTHUIL, BbI6paCbIBaeMBIX B
OKPYXaWIIYI0 Cpeay B pe3yabTare Jerpajalvd TOPMO3HBIX HAKIAAOK IIPU TOPMOXKECHUHA
CIICUAJIN3UPOBAHHBIX aBTOMOOMIIEH. TeOpeTI/I‘IeCKI/I HU3YUYCHO KOJIMYECTBO 4acCTull,
BbIOpAChIBAEMBIX B OKPYXAIOIIYIO0 Cpedy, C YUETOM TOIr0, YTO PECypC TOPMO3HBIX KOJOJOK Ha
CIICIUAJIM3UPOBAHHBIX aBTOMOOMIISIX BAapbUPYCTCA B 3aBUCUMOCTH OT KO3(I)(1)I/II_II/ICHT8. KOHTAaKTa
Kojec ¢ goporoi. [loapoOGHO M3ydeHO pacmpeneieHrne KOHIICHTPAIM METaJIOB B YacTHIIAX,
O6pa3YIOH_II/IXC$I B PE3yibTaTe KOppo3uun TOPMO3HBIX KOJIOJOK npu TOPMOXKCHUHA
CIICHUAIM3UPOBAHHBIX aBTOMOOMJIEN. I/ICTO‘—IHI/IKI/I, CBA3AaHHLIC C OOPOXHBIM JBUKCHHEM,
BHOCSIT 3HAYUTECIILHBIN BKJIaJ B O6pa3OBaHI/Ie TBCPAbIX YaCTHULl B TOpOJAax. breuio 06Hapy>I<eHo,
9TO0 00pa3ipl, coOpaHHBIE BO BpeMs TOPMOXKECHHUS CHEIUATU3UPOBAHHBIX TPAHCTIOPTHBIX
CpCaACTB, COACPIKAT BBICOKHMC YPOBHH TAKHUX MCTAJUIMYCCKUX 3JSJICMCHTOB, KaK KCJIC30, MCIb,
IUHK, XpOM, OJIOBO M CypbMa. B HacTOAICC BPEMSA HMCCTCA I/IH(l)OpMaHI/IH O HETraTUBHOM
BIUSTHUM YACTUI], 00Pa3YIONIMXCS TPH TOPMOKCHUH aBTOMOOWIICH, Ha OKPYKAIOIIYIO CPELy.

Annotation. This article examines the composition of particles emitted into the
environment as a result of brake lining degradation during the braking of specialized cars. The
amount of particles emitted into the environment has been theoretically studied, taking into
account that the resource duration of brake pads on specialized vehicles varies based on the
coefficient of wheel contact with the road. The distribution of metal concentrations in particles
created by the corrosion of brake linings during the braking of specialized vehicles is extensively
studied. Traffic-related sources contribute significantly to particulate matter in cities. It was
discovered that the samples collected during the braking of specialized vehicles contain high
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levels of metal elements such as iron, copper, zinc, chromium, tin and antimony. Currently,
there is information about the negative impact of the particles formed during braking of cars on
the environment.

Kalit so‘zlar: tormozlanish, avtomobil g‘ildiraklari, yeyilish jadalligi, ilashish
koeffitsiyenti, yo‘l changi, zarralar tarqalishi.

KarueBble cjioBa: TOpMOXKEHHE, KOJIeca aBTOMOOMIICH, MHTEHCUBHOCTh M3HAIIIMBAHUS,
K03 DUIMEHT CHEIJICHUS, JOPOKHAS MbUIb, TUCIIEPCHOCTh YaCTHII.

Keywords: braking, car wheels, wear rate, adhesion coefficient, road dust, particle
dispersion.

Kirish

Ixtisoslashgan transport vositalari harakatlanishi natijasida hosil bo‘ladigan zarralar
asosan, chiqindi gazdan hosil bo‘ladi degan umumiy fikr mavjud. Atrof-muhutdagi gattiq zararli
zarralarning avtomobil bilan bog‘liq eng muhim manbalardan biri, tormoz ustquymalari
yeyilishidan hosil bo‘ladigan zarralar hisoblanadi. Tormoz ustquymalari yeyilishi natijadida
atrof-muhitga chigadigan miqdori bo‘yicha aniq hisob-kitoblarni olish murakkabrog. Chunki
tormoz ustquymalari yeyilishidan hosil bo‘ladigan zarralar miqdori aniqlash namuna olish
joyidan tashqari boshqa turli parametrlarga bog‘liq. Bunga eng muhim sabab, standartlashtirilgan
namuna olish tartibi va o‘lchash texnikasining yo‘qligi hisoblanadi. Bu, ko‘pincha, tadgiqotchilar
tomonidan turli xil eksperimental yondashuvlar asosida tekshiriladi. Shuning uchun
taggoslanmaydigan natijalar va xulosalarga olib keladi.

Ixtisoslashgan transport vositalari tormoz ustquymalarining yeyilishi natijasida hosil
bo‘lgan zarralarining kimyoviy tarkibi va =zararlilik darajasi ko‘p jihatdan avtomobilni
boshqarishga, xususan, tormozlanish samaradorligi va g‘ildirakning yo‘l biln ilashish
koeffitsiyentiga bog‘liq. Ixtisoslashgan transport vositalari tezligi, holati va texnik xizmat
ko‘rsatish davriyligi ham muhim ko‘rsatkichlardan biri hisoblanadi. Tormozlanish hodisasi sodir
bo‘ladigan sharoitlar (harorat va atrof-muhitdagi kimyoviy moddalar) hosil bo‘lgan zarralarning
xususiyatlariga katta ta’sir ko‘rsatadi.

Material va metodlar

Ixtisoslashgan transport vositalari tormoz ustquymalari yeyilishi natijasida hosil bo‘lgan
zarralarini  miqdorini o‘lchash va tavsiflashdagi qiyinchiliklarga qaramay, bu borada olib
borilayotgan tadqiqotlar tobora ko‘payib bormoqda. Adabiyotlar tahlili shuni ko‘rsatadiki,
tormoz ustquymalarining yeyilishi natijasida hosil bo‘ladigan zarralar miqdori, fizik-kKimyoviy
xususiyatlari, zararlilik darajasi va inson salomatligiga salbiy ta’sirlari bo ‘yicha salmoqli ilmiy
ishlar amalga oshirilmoqda. Shuningdek, ushbu olib boriladigan tadqiqot yuqorida aytib o‘tilgan
muammolar bo‘yicha asosiy kamchiliklarni aniqlash, g‘ildirakning yo‘l bilan ilashish
koeffitsiyentini hisobga olgan holda zarralar migdorini aniglashdan iborat.

Zamonaviy avtomobillardada ikki turdagi tormoz mexanizmi keng qo‘llaniladi:

- Diskli tormoz mexanizmida - disk aylanadi va kaliper ichiga ikkita qo‘zg‘almas
kolodka o‘rnatiladi. Ishchi silindrlar kaliperga o‘rnatiladi, tormozlash paytida ular tormoz
kolodkalarini diskka sigiladi.

- Barabanli tormoz mexanizmida — yengil avtomobilning orqa g‘ildiraklariga
o‘rnatiladi. Ish paytida shinalar va baraban orasidagi bo‘shliq ortadi va uni yo‘q qilish uchun
mexanik regulyatorlar qo‘llaniladi. Diskli tormoz mexanizmining grafik tasviri 1-rasmda
keltirilgan.

Zamonaviy avtomobillarda odatda old diskli va orga barabanli tormoz mexanizmi bilan
jihozlangan. Hisob-kitoblarga ko‘ra, oldingi tormoz mexanizmi umumiy tormozlash quvvatining
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taxminan 70 foizini ta’minlashi kerak va shuning uchun orqa tormozlarga qaraganda tez-tez
almashtirilishi kerak. Avtomobil tormoz mexanizmi asosan, disk, kalodkalar va tormoz
ustquymasidan tashkil topgan ishqgalanish juftlaridan iborat.

Tormoz Plunjer

kaliperi

Kolodkaning yon
nakladkasi

Kolodka

nakladkasi Diska barabani

1-rasm. Diskli tormoz mexanizmining grafik tasviri [1]

Ixtisoslashgan transport vositalari tormoz mexanizmida ishlatiladigan disklar odatda
kulrang quyma cho‘yandan tayyorlanadi, ammo ba’zi hollarda ular mustahkamlangan uglerod,
keramik kompozitlar va alyuminiy kabi kimyoviy elementlardan tayyorlanadi.

Tormoz diski, odatda, asosan bog‘lovchilar, tolalar, metallar, ishqalanishga qarshi
qo‘shimchalari va moylash materiallari o‘z ichiga oladi: [2, 3]. Bog‘lovchilar tormoz diskining
tarkibiy gismlarini bir-biriga bog‘lab turadi va mexanik harakat ostida qoplamaning strukturaviy
yaxlitligini ta’minlaydi. Bog‘lovchilar qoplama materialining 20-40 foizini tashkil giladi va
o‘zgartirilgan  fenol-formaldegid gatronlaridan tayyorlanadi. Mustahkamlovchi tolalar
metallarning mexanik mustahkamligi va tuzilishini ta’'minlaydi. Mustahkamlovchi tolalar odatda
qoplama materialining massasi bo‘yicha 6-35 foizini tashkil giladi. Mustahkamlovchi tolalar
metall, mineral, keramika yoki organik deb tasniflanishi mumkin. Mustahkamlovchi tolalar
asosan mis, po‘lat, kaliy titanat, shisha, organik materiallaridan iborat. Asos moddalari issiglik
va shovqin yutuvchanlik xususiyatlarini yaxshilash, shuningdek ishlab chigarish xarajatlarini
kamaytirish uchun ishlatiladi. Asos moddalari odatda noorganik birikmalar (bariy va sulfat,
magniy va xrom oksidlari), silikatlar, maydalangan shlaklar, tosh va metall kukunlardan tashkil
topgan. Qoplama materialining massa bo‘yicha 15-70 foiz oralig‘ida tashkil qiladi. Moylar
mexnizmning ishqalanish va yeyilish xususiyatlariga ta’sir qiladi. Yog‘lar noorganik yoki
organik bo‘lishi mumkin. Odatda grafitli plastik surkov moylari ishlatiladi. Moylar kaustiklar
ishqalanishni kuchaytirish, kontakt yuzalar orasidagi tozalikni saqlash va o‘tkazuvchi
plyonkalarning to‘planishini cheklash uchun ishlatiladi [3].

Ixtisoslashgan transport vositalarida odatda uch xil tormoz ustquyma turlari mavjud:
asbest bo‘lmagan organik (NAO), yarim metall va kam metalli. NAO tipidagi kolodkalar
nisbatan yumshoq va boshqga turdagi kolodkalarga nisbatan past tormoz shovginini namoyon
qgiladi, lekin ular yuqori haroratda tormozlash qobiliyatini yo‘qotadi va boshqga turlarga
garaganda ko‘proq chang hosil giladi [4].

Ko‘p yillar davomida tormoz kolodkalari asbest tolalaridan ishlab chiqarilgan, ammo ular
inson salomatligi uchun jiddiy zararli ta’sir ko‘rsatganligi tufayli hozirgi kunda asbestsiz
kolodkalar ishlab chiqgarish yo‘lga qo‘yilgan. Kam metalli kolodka oz miqdorda metallar (massa
bo‘yicha 10-30%) bilan aralashtirilgan organik moddalardan iborat. Ular yuqori haroratlarda
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ishgalanish va yaxshi tormozlash qobiliyatini namoyish etadilar. Yarimmetall tormoz kolodkasi
yuqori metall tarkibiga ega (massa bo‘yicha 65% gacha), bu ularni yanada bardoshli va
mukammal issiqlik o‘tkazuvchanligini ta’minlaydi. Boshqa tomondan, ular disklar tezroq
eskirishga moyil bo‘lib, yuqori shovqin xususiyatlarini namoyish etadilar. Yuqori ishlash
talablari yoki ekstremal tormozlash sharoitlari uchun (sport avtomobillari, tez yordam
mashinalari, politsiya mashinalari) po‘lat va mis tolalarni o‘z ichiga olgan metall qoplamalar
qo‘llaniladi [2, 4]. Tormoz kolodkalari materialining kimyoviy tarkibi 1-jadvalda keltirilgan.

1-jadval
Tormoz kolodkalari materialining kimyoviy tarkibi [5]

Xomashyo nomi Zichlik (kg/sm?®) % hajm
Bog‘lovchi kremniy karbid 3,21 15
To‘ldiruvchi bariy (BaSO4) 4,5 12
Sintetik grafit 2.32 8
Aluminiy (Al»03) 3,95 11
Rux 7,14 9
Koks 1,506 8
Mis 5,7 19
Temir 7,874 18

Disk va kolodka orasidagi ishgalanish orgali turli o‘lchamdagi zarralarni hosil giladi.
Tormozlash hodisasi vaqgtida diskka garshi siljiydigan va avtomobilning Kinetik energiyasini
issiglik energiyasiga aylantiradigan kolodkaga mexanik ta’sir giladi. Avtomobil tormozlari
mexanik ishgalanishdan tashgari yuqori issiglik hosil bo‘lishiga sabab bo‘ladi.

Tadqgigot natijalari

Disk va kolodka orasidagi ustquyma ishgalanishi orgali asosan mikron o‘lchamdagi
zarralarni hosil giladi. 2-rasmda laboratoriya sharoitida o‘tkazilgan tormoz mexanizmi sinovlari
natijasida hosil bo‘lgan qgattiq zarralarning turli o‘lchamdagi tasviri keltirilgan.

oy < S

\AA08-08 2.0kV 15.2mm x11.0k SE 5.00 0-06 2.0kV 15.4mm x8.00k SE
2-rasm.Tormoz ustquymalarini yeyilgan zarralarini SEM tasvirlari [1]

Ba’zi diskli tormoz tizimlari mustahkam tormozlanishni ta’minlash uchun kolodkaning
disk bilan past bosimli alogada bo‘lishini talab qgiladi. Bu atrof-muhitdagi zarralarning ortiqcha
chiqishiga olib keladi. Tormoz kalodkalari quyma temir disk o‘rtasidagi murakkab aloqa
holatining batafsil tushuntirish modeli tadgiqotchilar tomonidan ishlab chigilgan [6, 7]. Ushbu
modelda tormoz diskining makroskopik ishgalanish va gattiq zarralarining harakati kolodka va
disk orasidagi chegara qatlamidagi mikroskopik aloga holati (kontakt platolarining o‘sishi va
yo‘q qilinishi) bilan izohlanishi mumkin [3]. Tormoz diski kolodka yuzasida chapdan o‘ngga
siljiydi. Kolodka va disk orasidagi bo‘shliqdagi yeyilgan zarralari oqimi ko‘rsatilgan [8]. 3-
rasmda modelning soddalashtirilgan vizual tasviri keltirilgan.

Ixtisoslashgan transport vositalari tormozlash jarayonida hosil bo‘lgan barcha zarralari
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atmosfera tarkibiga aylanmaydi. Hosil bo‘ladigan zarralarining taxminan 50 foizni 20 mkmdan
kichik bo‘lgan zarralar tashkil etadi. Shahar muhitida olib borilgan tadqiqotlar tormoz
ustquymalari yeyilishidan hosil bo‘lgan zarralar tarkibi tormoz ustquymalari ishlab chigarilgan
materialiga bog‘ligligi aniqlangan [2, 9, 10]. Tormozlanish hodisalari kamroq bo‘ladigan
avtomobil yo‘llarida zarralar miqdori sezilarli darajada past ya’ni 3 foizini tashkil etadi [11].
Bundan tashqari olib borilgan tadgiqotlar avtomobil yo‘llardagi chang zarralari tarkibida tormoz
ustquymalarining yeyilishidan hosil bo‘lgan zarralar miqdori 11-21 foizni tashkil etganligini
aniglandi [8, 10].

Yuza

O S R\ L R
Yeyilgan qismlarni siqish Tkkilamchi qatlam Birlamchi qatlam

3-rasm. Ustquyma va disk o‘rtasidagi aloqa holatining tasviri [1]

Ixtisoslashgan transport vositalari tormoz ustquymalari yeyilishidan hosil bo‘lgan
zarralarining eng yuqori kontsentratsiyasi, asosan, chorrahalar, svetoforlar, piyodalar o‘tish
joylari va yo‘l burchaklari yaqinida kuzatiladi [2].

Ixtisoslashgan transport vositalari tormoz ustquymalari yeyilishi natijasida hosil bo‘lgan
zarralari asosan mexanik jarayon natijasida chiqariladi va qattiq o‘lchamli holatda namoyon
bo‘ladi. Bu borada olib borilgan ko‘plab tadqiqotlar mavjud, ular mayda va o‘ta mayda
o‘lchamda ham zarralar kontsentratsiyasi mavjudligini ko‘rsatdi [6, 7]. Tormoz ustquymalarining
yeyilishi natijasida hosil bo‘lgan zarralarining SEM tasvirlari shuni ko‘rsatdiki, tormozlanish
jarayonida hosil bo‘lgan zarralar o‘lchami juda kichik ekanligini ko‘rsatdi. [6].

P.G.Sanders tomonidan olib borilgan tadgigotlarda tormoz ustquymalari yeyilishi
natijasida hosil bo‘lgan zarralarini o‘lchami 1,0 va 6,0 mikron oralig‘ida o‘zgarib borishi
isbotlangan. Shahar magistral yo‘llari sharoitida metall, yarim metall va asbest bo‘lmagan
organik tormoz (NAO) kalodkalarini sinovdan o‘tkazdi va zarralarning o‘lchami 5-6 mikron
ekanligi aniglandi. Tadgigot ochig namuna olish tizimida orgali aniglangan [12]. Tormoz
ustquymalarini yeyilishi natijasida hosil bo‘lgan zarralarining o‘lchamlarini tagsimlash katta
ahamiyatga ega. Chunki hosil bo‘lgan zarralarning katta qismi kichik o‘lchamlar hisoblanadi.

M.Riediker tomonidan 2008-yilda atrof-muhit sharoitida oltita turli yo‘lovchi
avtomobillarning oldingi tormoz ustquymalarini sinovdan o‘tkazilganda (orga tormozlarga
nisbatan) hosil bo‘lgan zarralar kichik o‘lchamlarga o‘zgarishiga hamda avtomobilni to‘liq
to‘xtashi oddiy sekinlashuvga nisbatan yuqori zarralar hosil bo‘lishi aniqlandi [11].

Tadgiqot natijalari tahlili

Tormoz ustquymalari yeyilishi natijasida hosil bo‘lgan zarralarining kimyoviy tarkibi
ularni to‘liq tavsiflash va inson salomatligiga salbiy ta’sirini baholashda hisobga olinishi kerak.
Tormoz ustquymalarining yeyilishi natijasida hosil bo‘lgan zarralar tarkibida og‘ir metallar inson
salomatligi salbiy ta’sir ko‘rsatadi.

Zamonaviy tormoz mexanizmlari detallari juda ko‘p turli xil va ba’zan noma’lum tarkibiy
gismlardan iborat kompozitsiyalardir. Tormoz mexanizmlari detallari yeyilishi natijasida hosil
bo‘lgan zarralarning kimyoviy tarkibi asl qoplama materialining kimyoviy tarkibidan sezilarli
darajada farg giladi. Tormozlash jarayoni tormoz mexanizm detallari yeyilishi natijasida hosil
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bo‘lgan zarralarining kimyoviy tarkibiga qanday ta’sir qilishini to‘liq ko‘rib chiqish uchun
detallariga ishlatiladigan materiallar va yeyilish natijasida hosil bo‘lgan zarralar tarkibini ko‘rib
chigish lozim. Tormoz ustquymalari ishlab chigarishda foydalaniladigan materiallarning
kimyoviy tarkibida asosan Fe, Cu, Zn va Pb kabi metallardan foydalaniladi. Tormoz mexanizmi
detallarida tarkibida Fe (temir) ulushi 60 foizgacha yetishi mumkin, bu goplama turiga garab
o‘zgaradi [9]. Tormoz ustquymalari tarkibida K va Ti, Pb miqdori og‘irligiga nisbatan 12 foizni
tashkil giladi. Zamonaviy goplamalarda Ba, Mg, Mn, Ni, Sn, Cd, Cr, Ti, K va Sh kabi boshga
metallar ham og‘irligiga nisbatan 0,1 foizgacha bo‘lgan miqdorini tashkil etadi [13]. ]. 2-
jadvalda tormozlanish jarayonida hosil bo‘ladigan zarralarni elementlar tarkibi keltirilgan.

2-jadval
Tormozlanish jarayonida hosil bo‘lgan metall zarralar [10]

Metall Tormozlanish natijasida hosil Metall Tormozlanish natijasida hosil
nomi bo‘lgan zarralar (mg/kg) nomi bo‘lgan zarralar (mg/kg)

Al 330-20 000 Mg (1700) — 83 000

Mn 620-5640 Mn 620-5640

Ba (5800) — 140 000 Mo 5,0-740

Ca 500-8600 Ni 80-730

Co 12-42.4 Pb 4,0-1290

Cr 135-12 000 Sh 4,0-19 000

Cu 70-210 000 Sn 230-2600

Fe 1300-637 000 Ti 100-110 000

K 190-39 000 Zn 120-27 300

Hozirgi kunda tormoz ustquymalari yeyilishi natijasida hosil bo‘lgan zarralar tarkibida Sb
yugori ko‘rsatkichga ega. Ushbu element tormoz qoplamalari ishlab chigarishda 1-5 foiz
miqgdorida Sb (Sh2,Ss ) stibnit shaklida go‘llaniladi Sb tebranishlarni kamaytirish va ishgalanish
bargarorligini yaxshilash uchun moylash vositasi sifatida ishlatiladi. Turli geografik hududlardan
(‘Yevropa va Yaponiya) o‘tkazilgan sinovlar natijasida tormoz ustquymalari tarkibida Sb, S ni
0°z ichiga olgan namunalarini aniglangan. Stibnit tormozlash jarayonida Sb.O3 ga aylanadi. Bu
kanserogen moddalar sifatida tasniflanadi [14].

Tormoz kolodkalari tarkibida eng ko‘p turdagi fenolik birikmalar mavjud. Shuningdek,
yo‘l qoplamasida tormozlanish natijasida hosil bo‘lgan zarralar tarkibida karbonil birikmalari,
organik kislotalar va aromatik karboksilik kislotalar mavjud.

Asosiy qoplama materialining kimyoviy xossalari ko‘pincha tormozlash jarayonida hosil
bo‘lgan yuqori harorat va bosim tufayli o‘zgaradi [11]. Ba’zi og‘ir metallarning (Fe, Cu, Zn, Sn,
Sb) o‘ziga xos namunasi bilan tavsiflanadi, ular qoplama materialiga o‘xshashdir. Ushbu
elementlar tormozlanish jarayonida hosil bo‘lgan zarralar tarkibida mavjud. Tormozlanish
natijasida hosil bo‘lgan zarralar tarkibini o‘rganish natijasida juda kichik zarralar, asosan, Fe,
Cu, Ti, Al iborat ekanligini aniqlangan. Zarralar asosan Fe oksidlari shaklida paydo bo‘ladi. Bu
tormoz ustquymalari yeyilishi natijasida atrof-muhitga chigadigan zarralar ekanligini anglatadi
[11].

Zarralar tarkibidagi grafit abraziv qattiq zarralar natijasida hosil bo‘ladi. Xuddi shunday
“oddiy sekinlashuv” va “to‘liq to‘xtash” tormozlash shakllarida Fe, Cu ning yuqori
konsentratsiyada hosil bo‘ladi. Fe, Cu va Mn bir-biri bilan sezilarli darajada bog‘liq bo‘lib,
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ularning umumiy tormoz ustquymalari yeyilishi natijasida hosil bo‘lgan zarralardan paydo
bo‘ladi. Tormoz ustquymalari yeyilishi natijasida hosil bo‘lgan zarralarning 72 foizini Fe, Cu,
Ti, S va Zr elementlar tashkil etadi [51

Tormoz ustquymalari yeyilishi natijasida hosil bo‘lgan zarralar tarkibida aniglangan
organik birikmalar orasida polialkilen glikol efirlari (56,9%) va n-alkanik kislotalar (34,3%) eng
ko‘p turlar bo‘lgan n-alkanlar, polisestik aromatik uglivodorodlar (PAU) aniglangan [8].

Tormoz ustquymalari yeyilishi natijasida atrof-muhitga chigadigan zarralar migdorini
tartibga soluvchi idoralar tomonidan alohida transport vositasi yoki avtomobil parki tomonidan
ma’lum bir ifloslantiruvchi vosita sifatida o‘rganish magsadga muvofiqdir. Avtomobil
harakatlanishi natijasida hosil bo‘ladigan ifloslantiruvchi zarralar miqdori, iste’mol qilinadigan
energiya yoki yoqilg‘i miqdorini bashorat qiluvchi funktsional munosabatlar hisoblanadi.
Tormoz ustquymalari yeyilishi natijasida hosil bo‘lgan zarralar miqdori odatda avtomobil toifalari
uchun olinadi. Bular bir nechta ko‘rsatkichlarga bog‘liq bo‘lib, ulardan eng muhimi avtomobil
xususiyatlari va chiqindilarni nazorat qilish texnologiyalari, ishlatiladigan yoqilg‘ining turi,
sifati, atrof-muhit va ish sharoitlariga bog‘liq [8]. Tormoz ustquymalari yeyilishi natijasida hosil
bo‘lgan zarralar miqdorini o‘lchash, shu jumladan, real sinov sharoitlari yoki laboratoriya
tajribalari yoki matematik modellashtirish orgali aniglandi.

K.Gietl, R.Lourens, A.J.Torpe va R.M. Xarrison tomonidan 2010 yilda NAO tormoz
kalodkalari bilan o‘tkazilgan tadgiqotda tormoz ustquymalarining yeyilish jadalligi 0,039-0,058
g/km oralig‘ida ekanligini aniqlandilar.. Umuman olganda, to‘g‘ridan-to‘g‘ri o‘lchovlardan
yengil yuk avtomobillari harakatlanishi natijasida tormoz ustquymalari yeyilishidan hosil
zarralar 0,03-0,08 g/km dan 0,21-0,55 g/km oralig‘ida hosil bo‘lishi aniqglandi [14].

Shahar magistral yo‘llarida joylashgan chorrahalar atrofida tormoz ustquymalari yeyilishi
natijasida hosil bo‘lgan zarralar tarkibida og‘ir metallar ko‘p miqdorda mavjud. Avtomobil
yo‘llari va tunnellarda esa tormoz ustquymalari yeyilishi natijasida hosil bo‘lgan zarralar kam
miqdorda uchraydi. Shuningdek, tunnellarda o‘tkazilgan tadqiqotlarida yengil yuk avtomobillar
uchun tormozlanish jarayonida hosil bo‘lgan zarralar miqdori 0,01 g/km ni tashkil etishi
aniglandi. Atmosfera chigindilarining milliy inventarizatsiyasi markazi (NAEI) Buyuk Britaniya
avtomobil parkidagi har bir avtomobil turi uchun salt ishlash rejimi, ishga tushirish natijasida
hosil bo‘lgan zarralarni birlashtirib, umumiy zararli zarralar miqgdorini taqdim etdi. Ular
yo‘lovchi avtomobillari tormoz ustquymalari yeyilish jadalligi 0,7 g/km ekanligini aniqladilar.
Tormozlanish natijasida hosil bo‘lgan zarralarining 40 foizi atmosfera tarkibiga aylanishi
isbotlandi [15].

B.D.Garg tomonidan 2000-yilda o‘tkazilgan tadqiqotlarda tormozlanish natijasida hosil
bo‘lgan zarralar tarkibida S, Ti, Fe, Cu va Zr metal elementlar mavjud ekanligi va tormoz
ustquymalarining yeyilish jadalligi 0,014-0,037 g/km oraligida ekanligini anigladi [9].
B.D.Bukovieski tomonidan 2009 yilda o‘tkazilgan tadqiqotlarda mahalliy, magistral yo‘llarida
ham tormoz kolodkalari yeyilishi natijasida hosil bo‘lgan zarralar tarkibida Fe, Cu, Zn, Mo, Zr,
Sn, Sb va Ba ning elementlari bilan zararlanganligi aniglandi [16, 17, 18].

Xulosalar

Butun dunyoda avtomobil transportida transport xarajatlarini kamaytirish, ekologiyaga
ta’sirini kamaytirish va shinalardan samarali foydalanish bo‘yicha tadqiqotlar faol olib
borilmogda. Avtomobillar harakatlanishi natijasida tormoz ustquymalari va shinalar yeyilishidan
chigadigan zararli zarralarning miqgdorini aniglashda respublika va xorijiy tadgiqotlar natijalari
keltirilgan.

Xulosa qilib aytganda, tormoz ustquymalari yeyilishi natijasida hosil bo‘ladigan zarralar
tarkibida Fe, Cu, Sb nisbatan yuqori ekanlligi, yengil avtomobillar tormoz ustquymalari yeyilish
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jadalligi 0,011-0,51 g/km ekanligini ko‘rsatadi.
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Abstract. The article describes the application of mathematical modeling methods to
solve the problems of functional and spatial development of cities on the example of the
methodology developed by the authors for choosing the locations of transport hubs in the city
plan.

Annotatsiya. Magolada mualliflar tomonidan ishlab chigilgan shahar rejasida transport
markazlarining joylashishini tanlash metodologiyasi misolida shaharlarning funksional va fazoviy
rivojlanishi muammolarini hal qilish uchun matematik modellashtirish usullaridan foydalanish
tasvirlangan.

AHHOTaIlI(IH. B craTtbe ommcano IIPUMCHCHUC MCTOAOB MATCMATUYCCKOIO MOACIUPOBAHMA
TS peteHus 3a1a4 (yHKIIMOHATIBHOTO M IPOCTPAHCTBEHHOTO Pa3BUTHSI IUIaH FOPOJIOB HA IPUMEpPE
pa3paboTaHHOM aBTOpaMU METOJMKH BEIOOpA MECT PaCIOIOKEHHS TPAHCIIOPTHBIX Y3JIOB IPUMEDE.

Keywords: passenger transport, transport infrastructure, transport hubs, transport networks

Kalit so‘zlar: yo‘lovchi transporti, transport infratuzilmasi, transport markazi, transport
tarmoglari

KioueBble cj10Ba: TMacCaKUPCKUN  TPaHCIOPT, TpaHCIOpPTHass HMH(QpacTpyKTypa,
TPAHCHIOPTHBIN Y3€J1, TPAHCIIOPTHBIE CETH

Mathematical models are used in the development of transport and urban planning
documentation at various levels, as well as in the study of the processes of functional and spatial
development of cities and agglomerations. At the same time, a certain conceptual and ideological
crisis has emerged against the background of the development of software tools for transport and
urban planning modeling. Powerful software packages with an impressive graphical interface
available on the open market have expanded the range of users and created the illusion of simplicity
and inclusiveness of models. And often questions related to the goals and objectives of modeling
and the interpretation of its results fade into the background. For example, the accumulated
mathematical apparatus is far from being fully used to solve the entire range of problems arising in
transport and urban planning.

The described methodology is based on a number of mathematical models developed to
study the functional and spatial development of large cities, in particular to predict passenger
flows [1]. The experiment was conducted on the basis of a calibrated model of the Jizzakh city
public transport system at our disposal

In our study, the determining factors influencing the recommended order of formation of
transport hubs are the magnitude of the transfer passenger traffic and the indicator of its stability
(stability). To classify the existing stations, a series of calculations were carried out with
different values of boarding (transfer) times for public passenger transport. (Fig. 1)

Thus, as an initial hypothesis, it was assumed that the economic efficiency of transport
hubs depends on the magnitude and stability of demand. With this formulation of the problem, a
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Figure 1. The transport interchange hub of the city of Jizzakh
comparative analysis of the value of the transfer passenger traffic, depending on the time spent
on boarding (transfer), is the basis for determining the effectiveness of the locations of transport
hubs [2], which are understood as complexes of real estate objects, including a land plot or
several land plots located on them, above or below between the objects of transport
infrastructure, as well as other objects,- designated to ensure safe and comfortable passenger
service in places where they transfer from one type of transport to another without crossing
passenger flows. Special attention should be paid to the fact that in the proposed experiment, the
matrix of inter-district passenger correspondence is calculated once, subject to standard intervals
(time spent on entry), i.e. it is assumed that the population does not change the areas of gravity
depending on the operation of transport, but only varies its route. In other words, at the first
stage, the correspondence matrix is calculated, at the second stage only this matrix is distributed
taking into account the specified delays in the nodes. The algorithm for selecting potentially
significant nodes is shown in Figure 2.

o N5/ (g

......

Figure 2. The transport hub "uBozor“ (;f the city of Jizzakh
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As part of the experiment, artificial entry delays for bus stations were created on the arcs
of the graph of the transport network in the range from 3 to 30 minutes (from 3 to 15 minutes in
increments of 2 minutes), This approach allowed us to classify stations according to demand,
depending on the time spent waiting, in order to identify a number of nodes claiming to be
transport hubs nodes.

Thus, one of the sampling criteria is the coefficient of influence of the delay value on the
size of passenger traffic (“sustainability indicator"):

K — Finit (1)

pass -

where: x,,.. and x_,, are the values of the passenger traffic in the experiment at the
extreme values of the delay time at transport hubs.

This coefficient can be interpreted as an indicator of the stability (demand in the current
settlement and location of gravity areas) of a node, i.e. stations with a significant, maximally
stable flow, on the basis of which it is advisable to form transport hubs. It should be noted that
the sum of all passenger flows at boarding/disembarkation and transfers, including
boarding/disembarkation on ground public transport, is considered as passenger traffic at the
hub.

As indicated above, artificial delays at bus stations in the range from 3 to 30 minutes
(from 3 to 15 minutes in increments of 2 minutes) were created on the arcs of the graph of the
urban public transport network. This made it possible to classify stations by demand, depending
on the time spent waiting, in order to identify a number of stations claiming to be transport hubs
(Table 1). Having solved a similar problem for transport hubs, taking into account the entry
delays of 10, 20, 40 and 110 minutes, we were able to determine the priority locations for the
formation of Transport interchange hubs based on railway stations (see Table 1).

Table 1
Summary table of potentially significant nodes for the placement of transport hubs
Name of the
Ne distribution node Kppss Modes of transport interacting
When regional | When personal in the node
buses are delayed|  transport is
delayed

1 «Kuk bozor» 0,71 0,98 Private transport-public
transport

2 «Orom bozor» 0,71 0,90 Private transport-public
transport

So, using the proposed methodology, 2 potentially significant nodes were identified (see
Table 1) in which passenger traffic is significant and constant ("stable” stations). To identify the
locations of transport hubs, finding a "stability indicator” in the range from 0.7 to 0.9 shows the
locations of slightly changing passenger traffic (passenger turnover), which is one of the main
characteristics of the locations of transport hubs, indicating stable demand [3].

The introduced concept of "stability” of a node is the level of demand for a station in the
current settlement and placement of gravity areas, which weakly depends on time delays at the
entrance, i.e. "stable™ nodes are nodes with a significant, almost constant flow, on the basis of
which it is advisable to form transport hubs. The main indicator of the station's stability is the
coefficient of influence of the delay value on the size of passenger traffic (“stability indicator")
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Comparative calculations show what losses a particular type of transport can incur under
unfavorable traffic conditions for the population due to time delays. The conducted full-scale
survey of a number of transport hubs shows what time losses are observed among passengers at
transfers with irrational organization of movement at the hub.

In order to verify the applicability of the developed methodology and substantiate the
socio-economic efficiency of the organization of a transport hub in the autumn of 2023, a full-
scale time-lapse survey of the time spent on transplanting selected transfer points by students of
the Jizzakh Polytechnic Institute was conducted [4]. As part of this work, full-scale
measurements of the time spent on transplanting on weekdays (except Monday and Friday)
during the morning rush hour (8:00-9:00) for all possible transfer routes between ground modes
of urban public transport. The overall results of the survey and a comparison of the time spent on
transplantation with the standard indicators are presented in Table 2.

From the presented sample, only two stations "fell" into the above-mentioned standard
[5]. However, by optimizing the organization of movement in the node with the help of a rational
arrangement of a transport interchange node, it is possible to increase the efficiency of its use
(see table 2).

Table 2
Indicators of economic efficiency in optimizing the time spent on transplanting in nodes

Weighted average time spent

Ne | Name of the distribution Standard time spent on on transplantation according
node transplantation to the survey t, s
th, S

1 «Kuk bozor» 300 477
2 «Orom bozory 300 426

The assessment of the socio-economic effectiveness of the proposed measures was made
on the basis of a cost estimate of the time spent by the population(2).

The cost of time saved per passenger is as follows:

P="=-5 )
where: t,, is the standard time spent on transplantation [7], with;

t is the weighted average time spent on a transplant according to the examination, c;

S is the cost of a minute of working time, sum.

Conclusions. The conducted research on the mathematical calculation of passenger
traffic in the city of Jizzakh and the model based on them that takes into account the change in
the direction of passenger traffic, taking into account the cost of time saved by all passengers, is
calculated by multiplying the volume of passenger traffic by the cost of time saved by one
passenger.

The results of the study of the time spent on transfers allow us to talk about the need to
transform existing transfer points into full-fledged transport hubs.
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AVTOMOBIL SHINALARI YEYILISHI NATIJASIDA ATROF-MUHITGA
CHIQADIGAN ZARARLI ZARRALAR MIQDORINING TAHLILI
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Annotatsiya. Ushbu maqolada avtomobil shinalarining ekologik ta’sirini baholashda
ularning to‘liq hayot siklining barcha davrlari keltirilgan. Avtomobil shinalarida ishlab
chigarishda foydalaniladigan materiallar sarfi keng yoriltilgan. Avtomobil tezligi, shinalar turi,
yo‘l qoplamasining turi va haydash sharoitlari shinalar yeyilishi uchun ta’sir ko‘rsatadigan
parametr sifatida gabul gilingan. Shinalar ishlab chigarishda foydalaniladigan metall elementlar
tahlili keng yoriltilgan. Shinalarning yeyilishi natijasida hosil bo‘ladigan zarralar protektor va
yo‘l qoplamasi orasidagi ishqalanish natijasida hosil bo‘ladi. Ushbu holatda zarralar mexanik
ravishda hosil bo‘ladi. Juda mayda zarralarning hosil bo‘lishi shinalar protektoridagi issiq
nuqtalar bilan yuqori haroratga erishadigan va uchuvchi moddalarning bug‘lanishiga olib
keladigan termo-mexanik jarayon sifatida tavsiflanadi. Shinalarning yeyilishi natijasida hosil
bo‘lgan zarralarning kimyoviy elementlarni tahlili keltirilgan.

Abstract. In this article, all stages of the complete life cycle of car tires are presented in
the environmental impact assessment. The consumption of materials used in the production of
car tires is widely covered. Vehicle speed, tire type, road surface type, and driving conditions
were considered as influencing parameters for tire wear. The analysis of metal elements used in
the production of tires is widely covered. Tire wear particles are created by friction between the
tread and the road surface. In this case, particles are formed mechanically. The formation of very
fine particles is described as a thermo-mechanical process with hot spots in the tire tread
reaching high temperatures and causing the vaporization of volatile substances. The analysis of
chemical elements of the particles formed as a result of tire wear is presented

AHHOTanudA. B 1aHHOW CTaThe MPEACTaBICHBI BCE ATAIbl MOJHOIO XU3HEHHOTO ILMKJIA
aBTOMOOMJIBHBIX IIHH B DKOJOTHYECKON 9KCIICPTU3C. H_[I/IpOKO OCBCIICHO HOTpe6J'IeHI/IC
MaTrcpuaiosB, HCIIOJIB3YEMBIX npu IMPONU3BOACTBE aBTOMOOMIBHBIX HIHNH. CKOpOCTB
TPAHCIIOPTHOI'O CpCACTBA, THII [MHWH, TUII JOPOXHOTO IIOKPBITUA U YCIOBUA BOXICHUS
paccMaTpUBAIUCh KAaK MApaMeTphl, BIUSIONIME Ha H3HOC MMH. [IIMpoko ocBelieH aHamu3
MCTAJUIMYCCKUX BJICMCHTOB, HCIIOJIb3YCMbIX IIPH IMPOU3BOACTBC IIHH. ‘—Iacmum H3HOCa IIHUH
o0pa3yroTcsi B pe3ysbTaTe TPEHHUS MEXKAY MPOTEKTOPOM W IOBEPXHOCTHIO JOpOrH. B aTOoM
Cllydae 4YacTUIlbI 00pa3yroTcsi mMexaHudeckum myTem. OOpa3oBaHHE OYEHb MENKHX YaCTHUI]
OMNUCHIBACTCS KaK TEPMOMEXAHUYECKHI MPOLECC, MPU KOTOPOM TOpSIYME TOYKU B MPOTEKTOPE
IOAHBI OOCTUTAaKOT BBICOKUX TCMIICPATYPp W BbI3BIBAIOT HUCIHAPCHUC JICTYUYUX BCIICCTB.
[IpencraBineH aHamu3 XUMHUYECKHUX DJIEMEHTOB YAaCTHUI, OOpa3yrONIMXCs B PE3yJbTaTe HM3HOCA
IHNH.

Kalit so‘zlar: avtomobil shinalari, yeyilish jadalligi, avtomobil g‘ildiraklari, yol changi,
metall, yo‘l changi, metallar, atrof-mubhit, zarralar targalishi.
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JOPO’KHASI MTBUTh, METAJLI, OKPY)KAIOIIAs CPeJia, YaCTHIIBI OKPYKAIOIIEH CPe/IbI
Keywords: car tires, wear rate, car wheels, road dust, metal, road dust, metals,
environment, particles environmental

KIRISH

Barcha davrlarda energiya resurslari, tabiiy resurslar sarfini atrof-muhit va inson
salomatligiga ta’siri bo‘yicha baholash ishlari amalga oshiriladi. Yiliga avtomobil parkining
o‘sish dinamikasi aholining o‘sishiga nisbatan yuqori. Har bir avtomobilga odatda ikki xil
(qishgi va yozgi) shinalardan foydalaniladi, bu esa juda ham ko‘p shinalar jamlanmasi bo‘lib
to‘liq hayotiy siklda atrof-muhitga salbiy ta’sir ko‘rsatadi.

Avtomobil shinalarining ekologik ta’sirini baholashda ularning to‘liq hayot siklining
barcha davrlari (xomashyo olish, xomashyoni gayta ishlash va material olish, ulardan transport
ishlarini bajarishda foydalanish, resurs masofasi tugagandan so‘ng utilizatsiya qilish) hisobga
olinishi kerak [1].

Avtomobil shinalarini ishlab chiqarishda quyidagi materiallari qo‘llaniladi: protektor
gismlari asos (30%), mustahkamlovchi materiallar (15%), plastifikatorlar (6%), vulkanizatsiya
uchun kimyoviy moddalar (6%) va eskirishga qarshi to‘ldiruvchi qo‘shimchalar qo‘shilgan turli
xil kauchuklar (41%) hamda 2% aralashmalaridan iborat [2].

Shinalar ishlab chigarish standartlari asosan, kimyoviy moddalarning keng
assortimentidan foydalaniladi. Ma’lumotlarga ko‘ra, avtomobil shinalari taxminan 30 turdagi
sintetik kauchuk, 8 turdagi tabity kauchuk, 8 turdagi uglerod, po‘lat sim, polyester va neylon
tolalar, po‘lat similardan hamda mumlar, yog‘lar, pigmentlar va 40 xildan ortiq kimyoviy
moddalardan iborat [2]. 1-rasmda shinalar gatlamlari va uning umumiy tarkibining ushbu
qatlamlarga soddalashtirilgan ko‘rinishi keltirilgan.

& &

& £

L
KD

LN
1-rasm. Avtomobil shinalarini tuzulishi [2]

Shinalar protektorining asosiy gismi tabiiy kauchuk polimerlari, polibutadien kauchuk,
stirol-butadien kauchuk, nitrid kauchuk, neopren kauchuk, izopren kauchuk va polisulfidni o‘z
ichiga olgan turli xil kauchuklardan iborat. Yo‘lovchi tashuvchi transport vositalarida keng
qo‘llaniladigan kauchuk aralashmalarining umumiy tarkibi: tabiiy kauchuk (40%), stirol-
butadien kauchuk (30%), butadien kauchuk (20%) va boshga kauchuklar (10%)dan iborat.
Kauchukning qattiqligi va yeyilishga bardoshliligiga garab mustahkamlik xususiyatlarini
yaxshilash uchun to‘ldiruvchi moddalari qo‘shiladi. To‘ldiruvchi sifatida ko‘pincha uglerod
ishlatiladi, ammo hozirgi kunda gisman boshga materiallar bilan almashtirildi. Vulkanizatsiya
giluvchi moddalar (S, Se, Te, tiazollar, organik peroksidlar, nitro-birikmalar) odatda shinalar
rezina massasining 1% ni tashkil qgiladi va kauchukining chidamliligini oshirish uchun
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qo‘shiladi. Vulkanizatsiya jarayonida ishlatiladigan boshqa kimyoviy moddalar (Pb, Mg, Zn,
oltingugurt birikmalari va kaltsiy oksidlari) va retardantlar (terpen-gatron kislotasi aralashmalari)
ishlatiladi. Yeyilishga garshi vositalar, asosan, konservantlar (galogenlangan alkanlar),
antioksidantlar (fenollar), anti-ozonantlar (diaminlar va mumlar) va qurituvchilar (kaltsiy
oksidlari)dan foydalaniladi. Plastifikatorlar shinaning elastikligi va yopishqoqligini ta’minlash
uchun yumshatuvchi sifatida ishlatiladi. Ko‘p ishlatiladigan plastifikatorlar sintetik organik,
yog‘lar va qatronlardan tashkil topgan. Biroq 2010-yildan boshlab Yevropa Ittifogida sanab
o‘tilgan barcha polisiklik aromatik uglevodorodlar yig‘indisidan avtomobillar bir kilometr
masofa bosib o‘tganda hosil bo‘lgan zarralar tarkibida benzo(a)piren 1 mg tashkil etgan. Bu
miqdor belgilangan standard me’yorlaridan ancha yuqoriligi sababli, shinalar ishlab chigarish
jarayonida benzo(a)pirendan foydalanishni to‘xtatishni talab qildi [3].

TADQIQOT USULLARI

Shinalardan foydalanish muddati davomida yeyilishi hisobiga o‘z massasining 10%
gacha bo‘lgan miqdorini “normal” haydash sharoitida zarra sifatida chiqgariladi [2]. Avtomobil
tezligi, shinalar turi, yo‘l qoplamasining turi va haydash sharoitlari shinalar yeyilishi uchun ta’sir
ko‘rsatadigan parametr sifatida qabul gilingan.

Shinalar ishlab chigarishda foydalaniladigan metall elementlar tarkibi 1-jadvalda
keltirilgan.

1-jadval
Shinalar ishlab chigarishda foydalaniladigan metall elementlar [7]
rl\l/cl)(?;ail” ST Migdori (mg/kQg) Metall element nomi | Miqdori (mg/kg)
Ag 0,08 Mg 32-106
As 0.8 Mn 2
Al 81-420 Mo 2.8
Ba 0,9-41 Na 610
Ca 113-562 Ni 0,9-50
Cd 0,28-4,96 Pb 1-160
Co 0,88-24,78 Sh 2
Cr 0,4-6,73 Se 20
Cu 1,8-29,3 Sr 1,16-3,13
Fe 2,12-533 Ti 195
K 180 V 1
Li 0,23-2,3 Zn 8378-13494

Avtomobil shina rezinalari tarkibida uglevodorodlarning ko‘p turlari shina protektorining
asosiy qgismini tashkil giladi. Uglerod asos va Si esa asosan to‘ldiruvchi sifatida qo‘llaniladi.
Bundan tashqari, S, Se, Te, tiazollar, organik peroksidlar va azot birikmalar ko‘pincha
vulkanizatsiya giluvchi moddalar sifatida ishlatiladi. Oltingugurt birikmalari Ca, Pb, Mg asosan,
Zn oksidlari bilan birga vulkanizatsiya jarayonida tezlatgich (katalizator) sifatida ishlatiladi.
Boshga kimyoviy moddalar orasida terpen-gatron Kislotasi aralashmalari, sintetik organik
yog‘lar va smolalar, fenollar, shuningdek kaltsiy oksidi kabi noorganik moddalar kabi turli xil
organik birikmalar mavjud [7].

Shinalarning yeyilishi natijasida hosil bo‘ladigan zarralar protektor va yo‘l qoplamasi
orasidagi ishqalanish natijasida hosil bo‘ladi. Ushbu holatda zarralar mexanik ravishda hosil
bo‘ladi. Juda mayda zarralarning hosil bo‘lishi shinalar protektoridagi issiq nuqtalar bilan yuqori
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haroratga erishadigan va uchuvchi moddalarning bug‘lanishiga olib keladigan termo-mexanik
jarayon sifatida tavsiflanadi. Shinalarning yeyilishi natijasida hosil bo‘lgan zarralarning
kimyoviy elementlarni tahlili 2-jadvalda keltirilgan.

2-jadval
Shinalarning yeyilishi natijasida hosil bo‘ladigan kimyoviy elementlar tahlili [7]

. . Yeyilish miqdori (% | . . Yeyilish miqgdori (%
Kimyoviy elementlar og}i/rlikga nisqba tan)( Kimyoviy elementlar og}i/rlikga nisqba tan)(
Al 0,047 As 0
Si 0,180 Se 0,002
P 0 Br 0,002
S 0,110 Rb 0
Cl 0,052 Sr 0,004
K 0,038 Ba 0,037
Ca 0,2 Pb 0,016
Ti 0,056 EC 15,3
Cr 0,003 Mg+2 0.036
Mn 0,010 Na+ 0,068
Fe 0,460 CI 0,060
Ni 0,005 NO3 0,150
Cu 0,049 S042 0,250
Zn 0,043 NH," 0,019

Shinalar yeyilishi natijasida hosil bo‘lgan zarralar miqdorini aniglash bo‘yicha olib
borilgan ilmiy tadgigot ishlari natijalarida farglar mavjud va bunga quyidagi omillar ta’sir
ko‘rsatadi:

- namuna olish usullari;

- olingan natijalarda katta xatoliklarga ega bo‘lgan turli markerlardan foydalanish;

- shinalar protektoridagi polimerning o‘zgaruvchan miqdori;

- har xil turdagi avtomobil yo‘llar va transport vositalari, shuningdek, haydovchilar
malakasi;

- namuna olish joylari orasidagi fon konsentratsiyasi va shamol (yo‘nalishi va kuchi;

- namuna olish joyining turi (fon, shahar va boshgalar) va namuna olish joylarining
yo‘ldagi masofasi;

- meteorologik sharoitlar tabiiy-iglim va mavsumiy holat.

Shinalar polimeri, shinalar harorati 180°C dan oshib ketganda (ekstremal burilish,
noodatiy manevrlar, to‘liq to‘xtash, tormozlash) mayda zarralar ko‘rinishida uchuvchan, so‘ngra
materialning kondensatsiyasi natijasida o‘ta mayda zarralar hosil bo‘ladi [18,19, 20].

S.H.Cadle va R.L.Villiams tomonidan olib borilgan ilmiy tadgiqot ishlari natijalari
shinalar yeyilishi natijasida hosil bo‘lgan zarralar atmosfera havosi tarkibida uzoq vaqt turib
golmasligini anigladilar [10]. Boshga tomondan, havodagi shinalar yeyilishi natijasida hosil
bo‘lgan zarralarini ularning o‘lchamlariga ko‘ra mayda va yirik zarralarga bo‘lish mumkin.
Shinalarning havodagi zarralarining bu farqi birinchi bo‘lib 1970-yilda o‘tkazilgan tadqiqotlarda
aniglangan [9, 21].

J.J.M.Berdovski, C.Veldt, AJ.H.Visschedijk va P.Zandveldlar tomonidan olib borilgan
ilmiy tadqiqot ishlarida shinalar yeyilishi natijasida hosil bo‘ladigan zarralar tarkibi kichik
o‘lchamda ekanligi aniqladilar [22]. Har qanday sharoitda shinalar yeyilishi natijasida hosil
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bo‘ladigan zarralar asosan qoplama materiali bilan birgalikda tekshiriladi. Shuning uchun
shinalar yeyilishidan hosil bo‘ladigan zarralari yo‘l qurilishi, tosh materialining xususiyatlari,
shuningdek, qoplamaning texnik holati kabi bir gancha omillar ta’sir giladi [23]. Shuni ta’kidlash
kerakki, shina rezinalari elektrostatik zaryadni hosil gilish xususiyatiga ega bo‘lib, zarralarning
bir gismi avtomobil kuzov yuzasiga yopishadi va shu bilan zarralar migdorining tagsimlanishini
o‘rganishga ta’sir giladi [24].

[Imiy adabiyotlar talili asosida shinalarning yeyilishi natijasida hosil bo‘lgan zarralarini

midqori va o‘chamini aniqlash bo‘yicha uchta yo‘nalishda tadqiqotlar mavjud:
1. Laboratoriyada simulyatsiya qilingan g‘ildirak yordamida namunalar olish;
2. Atmosfera havosida zarralardan namunalarini olish;
3. Maxsus qurilmalar yordamida haqiqiy yo‘lda avtomobilni boshqarish sharoitida hosil
bo‘ladigan zarralardan namuna olish.

Yo‘l simulyatsiyasi laboratoriya tadqiqotlari shinalar va yo‘llarning eskirishini
izolyatsiya qilingan muhitda, nazorat qilinadigan laboratoriya sharoitida o‘rganish uchun
qo‘llaniladi, mobil qurilmalar esa odatda atrof-muhit sharoitida mavjud bo‘lgan to‘plangan
changning ulushini qo‘shimcha ravishda o‘lchaydi [25].

M.Gustafsson, G.Blomgvist, A.Gudmundssonlar tomonidan 2008 yilda turli asfalt
materiallariga nisbatan shinalarni ishqalanish bo‘yicha yo‘l simulyatsiyasi tadqiqotlarini o‘tkazdi
va shinalar yeyilishi natijasida hosil bo‘lgan zarralar tarkibida inson salomatligi uchun zararli
bo‘lgan juda mayda zarralar mavjud ekanligini anigladi [14]. Shuningdek, shina protektorlari
yeyilishiga avtomobil tezligi oshib borishi ta’sir qilmasligini aniqladilar. To‘liq yopiq
laboratoriya sharoitida beton qoplamali avtomobil yo‘llari hamda asfalt qoplamali avtomobil
yo‘llarda shinalarning yeyilish jadalligi bir biridan farqi mavjudligini aniqladi [26].

K.Kupiainen, H.Tervahattu, M.Raisanen, T.Makela, M.Aurela va R.Hillamolar
tomonidan 2005-yilda asfalt-beton qoplamali yo‘llarda shinalarni yeyilish jadalligini sinovdan
o‘tkazdi [27]. Hosil bo‘lgan zarralar shinalar turiga va avtomobil tezligiga, qoplama turiga qarab
turli xil o‘Ichamlari tagsimotini anigladilar. Pastroq tezliklar (15 km/soat) kamida 0,001 va 0,10
g/km, shinalar o‘rta tezliklar (30 km/soat) 0,9-0,10 g/km oraligda ega ekanligini anigladilar.
K.Kupiainen tomonidan barcha turdagi asfalt-beton qoplamali yo‘llarda sinash ishlari olib bordi.
Natijalar shuni ko‘rsatdiki, shinalar yeyilishidan hosil bo‘lgan zarralar miqdorining asosiy
gismini yirik zarralar tashkil etishini anigladi [27].

Atmosfera havosida shinalar yeyilishidan hosil bo‘ladigan zarralardan namunalarini olish
bo‘yicha olib borilgan ilmiy tadqiqot ishlari, asosan, zarralar o‘lchamlari e’tibor qaratilgan.
R.M.Harrison tomonidan 2012-yilda olib borgan ilmiy tadqiqot ishi natijalariga ko‘ra, atmosfera
havosida shinalar yeyilishi natijasida hosil bo‘ladigan zarralar o‘lchamlari <0,2 mkm dan >21
mkm oraligda ekanligini anigladi [28]. T.Husayn tomonidan 2008-yilda kichik furgondan tosh
mastikli asfalt, zich asfalt-beton qoplamali yo‘llarda avtomobillar harakatlanishi natijasida hosil
bo‘ladigan zarralarni o‘rganishda barcha turdagi shinalar va qoplamalar uchun o‘rtacha diametri
3-5 mkm bo‘lgan yirik zarralarni anigladi [15]. Ushbu zarralarning manbasini aniglash uchun
hech ganday vositadan foydalanmagan, shuning uchun ham ular shinalar va yo‘l qoplamasi
eskirishi natijasi hosil bo‘lgan bo‘lishi mumkin degan xulosaga kelgan. Parametrlardagi farqglar,
ya’ni shina turi, avtomobil turi, tezligi, goplama turini taggoslashni giyinlashtiradi.

TAHLIL VA NATIJALAR

Shinalarning yeyilishi natijasida hosil bo‘lgan zarralarni tavsiflash uchun ularning
zarralar o‘lchami tagsimotini o‘rganish kerak. Olib borilgan ilmiy tadqiqot ishlarida shinalar va
yo‘l qoplamasining turidan qat‘iy nazar, shinalarida juda mayda zarralar mavjudligi aniqlangan
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tadgigotlar mavjud. [29, 5, 4].

2006-yilda A.Dahl tomonidan har xil turdagi asfalt qoplamali yo‘llarda shinalar
ishqalanishini yo‘l simulyatsiyasini o‘rgandi. Tadqiqot natijalariga ko‘ra, hosil bo‘lgan zarra
o‘lchamini 15-50 nm gacha bo‘lgan ultra mayda zarralar mavjudligini, shuningdek, avtomobillar
yugqori tezlikda harakatlanganda zarralar miqdori ko‘p hosil bo‘lishini aniqladi [5, 27].

P.G.Boulter tomonidan 2006 yilda olib borilgan tadgiqotlari natijalariga ko‘ra, yengil
avtomobil shinalari resurs masofasi tugagunga gadar o‘rtacha 40 000-50 000 km masofa bosib
o‘tishi davomida protektor kauchukning taxminan 10-30% atrof-muhitga zarra ko‘rinishida
chiqgarilishini anigladi [20]. Avtomobil shinalarining yeyilish koeffitsiyenti (bir kilometrga
yo‘qolgan materialning umumiy miqdori sifatida aniqlanadi) bir nechta parametrlarga bog‘liq
holda juda katta farq giladi, [6] masalan:

a) shinalar xususiyatlari: eng muhimi o‘lcham protektor chuqurligi, konstruksiya, bosim
va harorat, shinani yer bilan aloqa maydoni, kimyoviy tarkibi, o‘rnatilish burchagi;

b) avtomobil konstruksiyasi: og‘irligi, yuk tagsimoti, yetakchi g‘ildiraklarining
joylashishi, dvigatel kuchi, tormoz tizimlari, osma turi va texnik xizmat ko‘rsatish holati kabi
Xususiyatlari;

c¢) yo‘l qoplamasi: yuzasining eng muhim bo‘lgan materiali (bitum, beton), shakli va
to‘lqin uzunligi, g‘ovakligi, holati, namligi va sirt qoplamasi;

d) avtomobil eksplutatsiyasi: tezlik, chizigli tezlanish, radial tezlanish, tormozlash va
burilish chastotasi va cho‘zilishi kabi transport vositalarining ishlashi.

Shinalar va yo‘l qoplamalarining o‘zaro ta’siri ishqgalanish natijasida issiqlik hosil
bo‘lishi, shuningdek, yo‘l qoplamasi yuzasidagi materialning qo‘shilishi tufayli haqiqiy shina
protektoriga nisbatan hosil bo‘lgan zarralarning kimyoviy tarkibi va xususiyatlarini o‘zgaradi
[4]. Shinalar yeyilishi natijasida hosil bo‘ladigan zarralarining ko‘rinishi va o‘lchamlari 2-
rasmda tasvirlangan.

—
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2-rasm. Shinaning yeyilishi natijasida hosil bo‘ladigan zarralarning mikroskopik Ko‘rinishi
[5]

Shinalar protektorlari yeyilishi natijasida hosil bo‘ladigan kimyoviy elementlar va
organik birikmalarning umumiy tahlili M.Kovochich tomonidan 2021-yilda olib borilgan ilmiy
tadqiqot ishida keng yoritilgan [6]. Shinalar protektorlari yeyilishi natijasida hosil bo‘ladigan
kimyoviy elementlar va organik birikmalarning skanerli elektro mikroskop (SEM) orgaga
elektron tasvirlash va ToF-SIMS (ikkilamchi ion massa spektrometriyasi) xaritalash amalga
oshirildi. Shinalar protektori materiallari tarkibida K, Mg, Ca va Al kabi boshga elementlar bilan
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S, Na, Zn mavjud. Shinalar protektorining yeyilishi natijasida hosil bo‘lgan zarralar tarkibida
organik birikma mavjudligi anigladi [6]. Sinov natijalari 3-rasmda keltirilgan.

M.Kovochich tomonidan olib borilgan tadgigot ishida olingan natijalar shinalar
protektorlari yeyilishi natijasida hosil bo‘ladigan kimyoviy elementlar va organik birikmalarning
SEM tasviri protektor materialining kimyoviy tarkibiga mos keladi. Shinalar yeyilishi natijasida
hosil bo‘lgan zarralar tarkibida Zn, Si va S ning yuqori konsentratsiyasi mavjud ekanligini
anigladi. Bu elementlar shinalar og‘irlik markazini rostlash ishlarida foydalaniladigan metall
toshlar va vulkanizatsiya vositalari bilan bog‘liq.

3-rasm. Shinalar protektorlari yeyilishi natijasida hosil bo‘ladigan kimyoviy elementlar va
organik birikmalarning SEM tasviri [6]

ToF-SIMS tahlili shinalar protektorining asosiy materialida va CMTT zarralarida stirol-
butadien sopolimeridan ion turlari, stirol-butadien sopolimeridan bir nechta ion turlari mavjudligi
anigladi [6]. C7H7 fragmenti ma’lum bir polimerga xos emas, balki aromatik birikmalardan
(masalan, stirol-butadien sopolimeri) hosil bo‘ladi. Na, Al, K va Ca uchun ion turlari ham
shinalar protektori ishlab chigarishda ishlatiladigan material tarkibida mavjud. Ushbu ion
turlarining mavjudligi shinalar protektorining polimerik komponentlari, jumladan SBR va BR,
shuningdek, uglerod, kremniy va bo‘rni o‘z ichiga oladi [6].

Avtomobillar harakatlanishi natijasida shinalar yeyilishidan hosil bo‘lgan zarralarning
umumiy kontsentratsiya bo‘yicha atrof-muhit havosiga ta’siri bo‘yicha belgilangan me’yorlarga
ko‘ra, taxminan bir kilometr masofa uchun uning miqdori 0,02-0,11 g/km tashkil etadi [10, 11].
Shinalarning yeyilishi natijasida hosil bo‘lgan zarralar g‘ovakli yo‘l qoplamalardan
foydalanilganda sezilarli darajada yuqori ekanligi aniglangan [9, 12, 13].

Shinalar yeyilishi natijasida hosil bo‘lgan barcha zarralar atmosfera havosi tarkibiga
to‘liq aralashib ketmaydi. Shinalarning yeyilishi natijasida hosil bo‘lgan zarralarining atigi 0,1 -
10 foizi atmosfera havosi tarkibiga aylanadi [7,16] Shinalarning yeyilishi natijasida hosil bo‘lgan
zarralar atmosfera havosiga zararli ta’sir ko‘rsatishi transport bilan bog‘liq muhim manbai
hisoblanadi (miqdor bo‘yicha 5-30%). Ammo bu hissa yo‘lning eskirishini ham o°z ichiga olishi
mumkin, chunki ularni farqlash juda qiyin [7, 8]. Ammo ba’zi tadgiqotchilar shinalarning
yeyilishi natijasida hosil bo‘lgan zarralarining 30 foizigacha bo‘lgan qismi atmosfera havosi
tarkibiga aylanadi degan xulosaga kelishgan [17].
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2008-yilda M.Gustafsson tomonidan turli xil qoplamali yo‘llarga nisbatan shinalarni
ishqalanishini sinovdan o‘tkazdi va atmosfera havosi tarkibida Al va Si zarralarini yuqori
miqdorini aniqladi [14]. Shinalar yeyilishi natijasida hosil bo‘ladigan zarralar tarkibida Zn
shahar atmosferasini ifloslantiruvchi muhim manbasi ekanligini anigladi [28, 29, 30].

Shinalar yeyilishi natijasida hosil bo‘ladigan zarralar tarkibida noorganik Zn (ZnO va
ZnS) yoki organik birikmalar shaklida taxminan 1 foizini tashkil etadi [5, 19,31]. P.Kreider
tomonidan 2010-yilda olib borilgan ilmiy tadgiqot ishida shinalardan yeyilishidan hosil
bo‘ladigan zarralar tarkibidagi Zn kontsentratsiyasi tormoz naklodkalari yeyilishidan hosil
bo‘ladigan zarralarga qaraganda bir necha barobar yuqori ekanligini anigladi [32].

D.Smolders tomonidan olib borilgan tadgigot ishlarida shinalar yeyilishi natijasida hosil
bo‘ladigan zarralar tarkibida Zn hissasini yengil avtomobillar (1,1%) yuk mashinalari bir oz
yugori (2,4%) ekanligini anigladi [33]. Shuningdek, J.Gadd va P.Kennedilar tomonidan olib
borilgan tadqiqotlarda yo‘lovchi avtomobillari shinalarining protektorlari yeyilishi natijasida
hosil bo‘ladigan zarralar tarkibi Zn ning 0,6-1,0 foizi oralig‘ida bo‘lishini aniqladilar. [34]

Shinalarining yeyilishi natijasida hosil bo‘lgan zarralar miqdorini taxminan 5 foizi
karbonli birikmalardan iborat. Uglerodli fraktsiyada organik moddalar (88%), iz miqdori
elementar (4%) va karbonatli uglerod (8%) tashkil etadi. A.Dahl tomonidan 2006-yilda shinalar
va yo‘l qoplamalarining o°zaro ta’siridan hosil bo‘lgan mayda zarralarni o‘rganib chiqdi va ular
uglerod zanjirlari, tomchilar va granulalar kabi turli xil shakllarga ega ekanligini anigladi [35].

J.M.Panko tomonidan 2009-yilda olib borgan ilmiy tadqiqot ishi natijalariga ko‘ra,
mayda zarralarning tarkibida uglerod miqdori yuqori tarkibga ega ekanligini anigladi [4]. Bu
zarralar skanerli elektron mikroskopda (SEM) kuzatilganda turli xil shakllarni namoyish etadi.
A.Aatmeeyata va Sh.Sharma tomonidan olib borilgan ilmiy tadgigot ishida protektorning
yeyilishi natijasida hosil bo‘lgan zarralaridagi umumiy politsiklik aromatik uglevodorodlar
miqgdori 5 foizini tashkil etishini anigladi [36].

A.Sjodin, M.Ferm, A.Bjork, M.Rahmberglar tomonidan olib borilgan ilmiy tadgiqot
ishida shinalari ishqalanish natijasida hosil bo‘lgan zarralar miqdori 0,09 g/km ekanligi
anigladilar. Yozgi shinalar uchun ishqalanish natijasida hosil bo‘lgan zarralar miqdori 0,038
g/kmni, real yo‘l sharoitida o‘tkazilgan tadqiqotda zarralarning miqdori 0,07 g/km tashkil
etganligi anigladilar [36]. Bu giymatlar AQSh EPA tomonidan yengil yuk avtomobillari uchun
ruhsat etilgan me’yor(0,05 g/km)dan yuqori ekanligini ko‘rishimiz mumkin.

A.Rauterberg-Vulff tomonidan Berlin-Tegel tunnelida retseptorlarni modellashtirish
orqali o‘tkazilgan tadqiqotda shinalar ishqalanishi natijasida hosil bo‘lgan zarralar miqdori 0,061
g/km va 0,031 g/km oralig‘ida ekanligini aniqladi [38]. Shveytsariyadagi yengil avtomobillar
shinalarning ishqalanishi natijasida hosil bo‘ladigan zarralarni o‘rganishda PARTICULATES
loyihasi doirasida asosiy komponentlar tahlili esa zarralar migdori 0,074 g/kmligi aniglangan
[17].

Atmosfera chigindilarining milliy inventarizatsiyasi (NAEI) Buyuk Britaniya parkidagi
har bir avtomobil uchun o‘rtacha umumiy zarralar miqdorini taqdim etdi Unda yo‘lovchi
transport vositalari shinalari bir kilometr masofa bosib o‘tganda zarralar miqdori 0,07 g/km
tashkil etgan [37]. Ularning xulosasiga ko‘ra, shinalar yeyilishi natijasida hosil bo‘ladigan
zarralarning kimyoviy tarkibini aniqlash imkoni bo‘lmagan tadqiqotlar ham mavjud. Ushbu
tadqiqotlarda  shinalar yeyilishi natijasida hosil bo‘lgan zarralarni yo‘l eskirishidan hosil
bo‘ladigan zarralarga aralashib ketganligi, ajratishdagi qiyinchiliklar tufayli aniq xulosaga
kelmagan [21, 39].

XULOSA

Adabiyotlar tahlili asosida quyidagicha xulosaga kelish mumkin: shinalar protektorlari
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yeyilishi natijasida hosil bo‘lgan zarralarining fizik-kimyoviy xususiyatlariga, hosil bo‘lish
vaqtiga bir qancha omillar ta’sir ko‘rsatadi. Ta’sir etuvchi omillar sabab zarralarni hosil bo‘lish
mexanizmlarini tushunish va zarralarning xossalarini o‘rganishni juda giyinlashtiradi. Bundan
tashqari, avtomobillar harakatlanishi natijasida hosil bo‘ladigan zarralardan namunalar olish
metodologiyalarining  xilma-xilligi (ularga qo‘llaniladigan tezliklar, tezlanishlar va
sekinlashuvlarning keng doirasi kiradi) ko‘pincha taqqoslanmaydigan va ba’zi hollarda hatto
garama-qgarshi natijalarga olib keladi.

Avtomobillar harakatlanganda shinalar yeyilishi natijasida atfof-muhitga chigadigan
zarralar miqdori 0,06 -0,075 g/km tashkil etishi aniglandi. Ushbu miqgdor avtomobil
g‘ildiragining yo‘l bilan ilashish koeffitsiyentini hisobga olgan holda aniglanmagan.
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UDK 656.02

SVETOFOR ISH REJIMINI TAHLIL QILISH VA ULARNI OPTIMALLASHTIRISH
YECHIMLARI

Normirzaev Abdukayum Raximberdievich
NamQMI, Transport logistikasi kafedra mudiri t.f.n., dotsent, nabducaum@gmail.com

Ro‘zmetov lIxom Qodirovich
UrDU Transport tizimlari kafedrasi, katta o‘gituvchi, 1973qodirovich@gmail.com

Annotatsiya. Ushbu maqolada bugungi kunda yirik shahar ko‘chalarida yuzaga
kelayotgan tirbandliklarning asosiy sabablaridan biri chorrahalarda svetoforning ishlash rejimlari
transport ogimi gatnoviga muvofiglashtirilmaganligi ogibatida yuzaga kelayotganligi hagida so‘z
boradi. Chorrahalardagi tirbandliklar harakat ishtirokchilarining vaqti olinishiga, atrof-muhit
ifloslanishining oshishi va tirbandliklarning kuchayishiga olib keladi. Tirbandliklarni bartaraf
etishning mavjud usullariga transport ogimini boshqgarishda zamonaviy innovotsion
texnologiyalardan foydalanish va infratuzilmani o‘zgartirish kabi tadbirlarni amalga oshirish
kiradi. Shuningdek, chorrahalarda svetoforlar ish taktini optimallashtirishning asosiy
yondashuvlari va usullari, transport vositalarining harakat jadalligini aniglash, hisoblash
formulalari ko‘rsatib o‘tilgan hamda amaliy tavsiyalar berilgan.

AHHOTaIII/Iﬂ. B I[aHHofI CTaTbC TOBOPHUTCA O TOM, 4YTO OI[HOI71 U3 OCHOBHBIX IMTPUYHUH
poOOK, BOSHUKAIOIIMX CErO/IHS Ha YJIHIAX KPYITHBIX TOPOJIOB, SBISETCS TO, YTO PEKUM PabOTHI
cBeTO()OPOB Ha MEPEKPECTKaX HE COOTBETCTBYET C MTOTOKOM TPAaHCHOPTHBIX cpeAcTB. [IpoOku Ha
NEPCKPECTKAX MPHUBOAAT K 3aJCpPKKaM JABWIKCHUS, YBCIMYCHUIO 3arpsA3HCHUA Oprmanmeﬁ
Cpeabl U YBCIMYCHUIO 34TOPOB Ha A0porax. CYIJ_IGCTBYIOH_II/IG METOAbl YMCHBIICHHUA 3aTOPOB
BKJIIOYAIOT HCIIOJIB30BAHHUEC COBPEMCHHBIX HWHHOBAIIMOHHBIX TEXHOJIOTUA B YIpaBJICHUU
TPaHCTIOPTHBIMU MOTOKAMU M peaTH3aIiio TAaKuX Mep, Kak u3MeHeHne nHppacTpykTypsl. Kpome
TOro, OBUIM IIOKa3aHbLI OCHOBHEIE IoaxoAbl MU METOAbI OITHUMH3AIIMU TaKTa CBGTOCI)OpOB Ha
MepeKpecTKax, OMpEeAeNICHUs CKOPOCTH TPAHCIOPTHBIX CPENCTB, (HOpPMYINBI pacueTa U AaHb
IMPAKTUICCKHUEC PCKOMCHAAIINH.

Annotation. This article states that one of the main reasons for traffic jams that occur
today on the streets of large cities is that the operating modes of traffic lights at intersections do
not correspond with the flow of vehicles. Congestion at intersections leads to traffic delays,
increased pollution and increased traffic congestion. Existing methods to reduce congestion
include the use of modern innovative technologies in traffic management and the implementation
of measures such as infrastructure changes. In addition, the main approaches and methods for
optimizing the timing of traffic lights at intersections, determining the speed of vehicles,
calculation formulas were shown, and practical recommendations were given.

Tayanch so‘zlar: chorraha, shahar infratuzilmasi, chorraha, optimallashtirish, tirbandlik,
piyoda, haydovchi, svetofor, jadallik, tsikl, harakat xavfsizligi.

KiaroueBble cjioBa: TEpeKpEéCTOK, TopojcKas HH(pacTpykTypa, ONTHUMH3ALUSL
HeperéCTKa, JABHOKCHHUC TpaHCIIOpTa, IICHICXO0d, BOAUTCIIb, CBCTO(I)Op, CKOpPOCTh, IHKII,
0€30MacHOCTh IOPOKHOTO JIBHKEHUSI.

Keywords: intersection, urban infrastructure, intersection optimization, traffic,
pedestrian, driver, traffic light, speed, cycle, road safety.

Chorrahalar shahar yo‘l-transport infratuzilmasining eng gavjum joylaridan biri bo‘lib, u
yerda avtomobillar va piyodalar ogimi to‘gnashadi. Chorrahalarda harakatlanishni samarali
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nazorat qilish barcha yo‘l harakati gatnashchilarining xavfsizligi va qulayligini ta’minlashda
muhim o‘rin egallaydi. Chorrahalarni optimallashtirishda svetofor tizimi zarur bo‘lganda
sozlanadi va bu bilan tirbandliklarni kamaytirish, transportlar kutish vaqtini gisgartirish hamda
o‘tkazish qobiliyatini oshirishga erishiladi.

Chorrahalarda svetoforlar ishini optimallashtirish bir nechta magsadlarga tayanadi:

v’ birinchidan, u barcha yo‘l foydalanuvchilari uchun kutish vagtini gisgartiradi, bu esa
harakatning qulayligini sezilarli darajada oshiradi;

v' ikkinchidan, chorrahalarda va ularning atrofidagi tirbandlikni kamaytiradi, bu esa
transport vositalarini ftrof-muhitni ifloslantiruvchi chigindilar va yo‘nilg‘i-energiya
sarfini kamaytirishga olib keladi;

v"uchinchidan, transport xavfsizligini ta’minlash, baxtsiz hodisalar xavfini kamaytirishga
yordam beradi.[1,2,3]

Harakatni boshgarish — yo‘l harakati xavfsizligini ta’minlashning muhim yo*‘nalishi
bo‘lib, u harakat ogimini tartibga solish, yo‘l harakati ishtirokchilari xavfsizligini ta’minlash,
yo‘l infratuzilmasidan foydalanishni optimallashtirish kabi tadbirlarni oz ichiga oladi.

Yo‘l harakati boshgaruvining asosiy jihatlaridan biri bu transport vositalari ogimini
tartibga solishdan iboratdir. Bularga yo‘l belgilari, svetofor qurilmalari, yo‘l to‘siglari va yo‘lda
tartibni ta’minlashga qaratilgan boshqa vositalarni o‘rnatish kiradi. Bunday chora-tadbirlar yo‘l-
transport hodisalarini kamaytirish va transport vositalarining ravon harakatini ta’minlashga
yordam beradi [4,5,6,7,8,9].

Yo‘l harakati gatnashchilarining xavfsizligi ham harakatni boshgarishda muhim o‘rin
egallaydi. Bu transport vositalarining haydovchilari va yo‘lovchilari, piyodalar, velosipedchilar
uchun xavfsiz muhitni ta’minlashni oz ichiga oladi. Jamoat transporti infratuzilmasini, piyodalar
hududlarini rivojlantirish, shuningdek, piyodalar o‘tish joylari xavfsizligini ta’minlash chora-
tadbirlari esa yo‘llarda baxtsiz hodisalar kamayishini kafolatlaydi.

Yo'l infratuzilmasidan foydalanishni optimallashtirish uchun kunning turli vaqtlarida
transport ogimlarini hisobga olish ham muhim hisoblanadi. Bunga transport ogimini
boshgarishning intellektual tizimlarini ishlab chiqgish, harakatlanish tartibini tashkil etish, ayrim
hududlar va chorrahalarga kirishni vagtincha cheklash kabi tadbirlarni amalga oshirish kiradi.

Yo‘l harakati qoidalarining qat’iy ishlab chiqilishi va bajarilishi yo‘l harakati
xavfsizligini yaxshilashga yordam beradi hamda transport infratuzilmasidan yanada samarali
foydalanishni ta’minlaydi, bu esa 0‘z navbatida shahar muhitini rivojlantirishga, fugarolarning
hayot sifatini yaxshilashga yordam beradi.

Bugungi kunda vyirik shaharlarda chorrahalardagi tirbandlikni bartaraf etish yo‘l
harakatini boshqarish sohasidagi eng muhim vazifalardan biri hisoblanadi. Chorrahalardagi
tirbandliklar harakat ishtirokchilarining kechikishlarga, havo ifloslanishining oshishi va
tirbandliklarning kuchayishiga olib keladi. Tirbandliklarni bartaraf etishning mavjud usullariga
transportni boshgarishda zamonaviy texnologiyalardan foydalanish va infratuzilmani o‘zgartirish
kabi tadbirlarni amalga oshirish kiradi [10,11,12].

Chorrahalarning o‘tish qobiliyatini yaxshilashning asosiy usullaridan biri svetoforlarning
ishlashini optimallashtirish hisoblanadi. Bunda harakat ogimini boshgarishning intellektual
tizimlaridan foydalanish yo‘l tarmog‘idagi joriy yukni hisobga olgan holda chorrahalardagi
svetoforlarni sinxronlashtirishga yordam beradi va transport ogimlarining optimal vaqtini
ta’minlaydi. Bu tirbandliklarni kamaytirish va yo‘l infratuzilmasidan foydalanish samaradorligini
oshirishga yordam beradi [6,7,9,10,13,14].

Umuman olganda, chorrahalarda svetoforni boshgarishni optimallashtirish murakkab
jarayon bo‘lib, ma’lumotlarni yig‘ish va tahlil qilish, harakatni boshqarishning zamonaviy
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texnologiyalaridan foydalanish hamda infratuzilmadagi o‘zgarishlarni o‘z ichiga oladi. Bu
harakatni ravonroq qilish, kechikishlarni kamaytirish va xavfsiz yo‘l sharoitlarini ta’minlash
imkonini yaratadi.

Svetoforning tsiklini hisoblash bir nechta parametrlarga asoslanadi, jumladan, ma’lum
fazalar vagqti, sariq chirogning davomiyligi va o‘tish vaqti shular jumlasidandir. Svetoforning
tsikli quyidagi asosiy bosgichlardan iborat:

I. Asosiy yo‘l uchun yashil chiroq (t,., ) - bu bosqgich asosiy yo‘lda harakatlanishga
ruxsat berilgan taqtni ko‘rsatadi.

Il. Sarigq chiroq (t,) - ushbu bosgichning davomiyligi odatda yashil chiroq fazasidan
gisqaroq bo‘lib, yo‘l foydalanuvchilariga bo‘laklarni almashtirish yoki to‘xtashga tayyorgarlik
ko‘rish imkonini beradi.

I1l. Asosiy yo‘l uchun qizil chiroq (t,,) - bu bosgich asosiy yo‘lda harakat toxtatilgan
tagtni ko‘rsatadi.

IV. Pauza (t,,,) — ba’zan signal davrlari orasida qisqa pauza berilishi mumkin. [2,46]

Har bir faza va o‘tish davrlarining taqtini quyidagi formulalar yordamida hisoblanadi:

1. Stetofor tsiklining umumiy davomiyligi (T, ):

Ttsikl :tyashil +tsariq+tqizil +tpauza

bu yerda har bir faza mos keladigan vaqgt (sekundlarda) bilan ko‘rsatilgan ta t ., - agar
mavjud bo‘lsa, pauza vaqti.

2. Fazalar ulushi: Tsikl davomida svetoforni optimal tarzda o‘rnatish uchun har bir
fazaga ajratilgan vaqt foizini ko‘rsatish foydali bo‘lishi mumkin va u quyidagicha aniglanadi:

t 0= ty‘ﬂ*loo

yashil -
tsikl

tsari
% ="2*100

tsikl

t

sariq

t..
t 0p=-24%100

qizil 79 =
tsikl
va hokazo.

3. Bir soatda svetoforning tsiklini (aylanishlar sonini) aniglash (C,,, ): Agar ma’lum bir
davrda bajarilishi mumkin bo‘lgan tsikllar sonini aniglash kerak bo‘lsa, quyidagi formula
yordamida aniglanadi:

3600
Ttsikl

bu yerda 3600 — bir soat ichidagi soniyalar (sekund) va T, - stetofor tsiklining umumiy
davomiyligi. [2,148]

Agar svetoforda piyoda ishoralari yoki maxsus rejimlar kabi qo‘shimcha funksiyalar
mavjud bo‘lsa, unda formulalar yanada murakkablashishi mumkin.

Misol uchun, agar svetoforda piyodalar ishoralari bo‘lsa, u holda formulalarga piyoda
yashil vagtini (t . ) va piyoda gizil ishora vagtini (t,; ) go‘shish mumkin:

Ctsikl =

Ttsikl :tyashil +tsariq+tqizil +tpyashi| +tpqizi|
Svetoforning samarasiz ishlashi bilan bog ‘liq muammo va qiyinchiliklar tahlili
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Chorrahalarda svetoforlarning samarasiz ishlashi shahar transporti uchun jiddiy muammo
hisoblanadi. Bu kechikishlar, tirbandlik va xavfli holatlarga olib kelishi mumkin. Ma’lumotlar
tahlili shuni ko‘rsatadiki, svetoforning samarasiz tizimlari bilan bog‘liq asosiy muammolar
quyidagilardan iborat:

+¢ balanssiz ish vaqti: ba’zi hollarda, bir yo‘nalishda chorrahadan o‘tish uchun ko‘proq
vagt oladi, boshga yo‘nalishlar esa uzoq vaqt kutishadi. Bunga noto‘g‘ri ish vaqti
sozlamalari yoki transport ogimi tahlilining yetarli emasligi sabab bo‘lishi mumkin;

¢+ muvofiglashtirishning yo‘qligi: turli chorrahalardagi svetoforlar bir-biri bilan
sinxronlashtirilmasa, bu chorrahalar bo‘ylab sekin harakatlanadigan avtomobillarning
“to‘lqini”ga olib kelishi mumkin. Bunday holatlar kechikishlarni oshiradi va yo‘lning
o‘tkazuvchanligini pasaytiradi;

% har xil transport turlarini yetarlicha hisobga olmaslik: svetofor tizimlari turli
transportlar, jumladan, avtomobillar, piyodalar va velosipedchilar ehtiyojlariga
moslashtirilishi kerak. [3,5]

Chorrahada transport ogimlarini hisoblash turli usullar bilan, jumladan, kuzatish, statistik
tahlil va modellashtirish yordamida amalga oshirilishi mumkin. Eng keng targalgan usullardan
biri “avtomobilni hisoblash” usuli bo‘lib, u quyidagi bosgichlarni o‘z ichiga oladi: [4]

a) ma’lumotlarni yig ‘ish metodologiyasini tanlash: birinchi navbatda, transport ogimlari
to‘g‘risidagi ma’lumotlar ganday to‘planishini aniglash kerak. Bu odatda, chorrahada transport
vositalarining harakatini qo‘lda yoki videokuzatuv kameralari hamda avtomatik hisoblagichlar
kabi texnik vositalar yordamida kuzatishni oz ichiga oladi;

b) ogim turining ta’rifi: magistral yo‘lda transport vositalari ogimi, yondosh yo‘ldan
keladigan ogim va piyodalar ogimi kabi transport ogimlarining har xil turlarini farglash muhim
ahamiyatga ega.

C) ma’lumotlarni yig‘ish: to‘plangan ma’lumotlar odatda transport vositalarining soni
va ularning harakat yo*‘nalishini o‘z ichiga oladi;

d) ma'lumotlarni tahlil qilish: ma’lumotlar yig‘ilgandan so‘ng, u tahlil gilinadi,
jumladan, transport ogimining o‘rtacha intensivligini hisoblash, eng yuqori davrlarni aniglash va
boshqalar;

e) matematik modellardan foydalanish: kuzatuv ma’lumotlari bilan birlashtirilganda,
navbat modellari yoki transport modellari kabi matematik modellar transport ogimlarini bashorat
qilish va kesishish samaradorligini baholash uchun ishlatilishi mumkin.

Ushbu usullar chorrahadagi transport ogimlarini hisoblash uchun asos bo‘lib hisoblanadi va
transport muhandislari hamda rejalashtiruvchilarga chorrahalarning ishlashini optimallashtirish
bo‘yicha asosli garorlar gabul gilish imkonini yaratadi [4].

Chorrahada transport ogimlarini hisoblash turli formulalar va usullar yordamida amalga
oshirilishi mumkin. Quyida chorrahadagi transport ogimini hisoblashning ayrim usullari
keltirilgan:

1. “Yo‘l sig‘imi” - bu ma’lum vaqt ichida chorrahadan o‘tishi mumkin bo‘lgan
avtomobillar sonini tavsiflovchi ko‘rsatkich hisoblanadi. Yo‘l sig‘imini hisoblash quyidagicha
aniglanadi:

3600*n

1lﬁk
bu yerda T, - svetofor tsiklining umumiy davomiyligi va n — yo‘nalishdagi harakat

bo‘laklari soni.
2. “Oqim tezligi”- harakat ogimi chorrahadan vaqt birligida (odatda soat) o‘tadigan

P =

chorr
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transport vositalari soni bilan o‘lchanadi. Transport ogimining jadalligini (intensivligi) hisoblash
quyidagi formula yordamida aniglanadi:
3600
Voqim =—"
1}ﬂk
bu yerda T, - svetofor tsiklining umumiy davomiyligi N - bir svetoforning aylanishi

davomida chorrahadan o‘tadigan transport vositalarining o‘rtacha soni.

3. “O‘tkazish gobiliyatidan foydalanish koeffitsyenti” - bu nisbat chorrahaning sig‘imi
ganchalik to‘liq ishlatilishini tavsiflaydi. O‘tkazish gobiliyatidan foydalanish tezligini hisoblash
formulasi quyidagicha:

N

Voqim *
Henorr =5 100%
chorr

4. “Transport oqimini modellashtirish dasturiy ta’minoti” (Traffic Flow Simulation
Software) - shuningdek, TISSIM, AIMSUN ta SYNCHRO kabi maxsus dasturlar mavjud bo‘lib,
ular chorrahalardagi transport ogimini simulyatsiya gila oladi, bunda harakat bo‘laklari soni,
tirbandlik hajmi, svetofor tsikl vaqti va turli kirish ma’lumotlar hisobga olinadi.

Chorrahalarda svetoforlarni optimallashtirish usullari.

Chorrahalardagi svetoforlarni optimallashtirishda transport ogimini yaxshilash va
tirbandlikni kamaytirishning bir nechta usullari mavjud.

Svetoforlarni  optimallashtirishning  klassik yondashuvi tsiklik ish sxemasidan
foydalanishga asoslangan bo‘lib, bu yerda har bir transport oqimiga ma’lum vaqt ajratiladi. Bu
yuklamani harakatning turli yo‘nalishlari o‘rtasida teng tagsimlash imkonini beradi. Biroq
bunday tizim har doim ham samarali emas, aynigsa o‘zgaruvchan transport ogimi sharoitida.

Svetoforlarni optimallashtirishning ikkinchi wusuliga sun’iy intellekt algoritmlari,
mashinalarni o‘rganish va moslashuvchan boshqaruv tizimlaridan foydalanish kiradi. Masalan,
genetik dasturlash algoritmlari svetofor sozlamalarini joriy tirbandlik sharoitlariga qarab
avtomatik ravishda sozlashi mumkin [3,4,6,7,10].

Shuningdek, svetoforning dinamik boshgaruv tizimlari ham qo‘llaniladi, ular real vaqt
rejimida transport oqimi ma’lumotlarini tahlil gilish va shunga mos ravishda svetoforning ishini
sozlash imkonini beradi. Misol uchun, agar chorrahaning bir tomonida tirbandlik bo‘lsa, tizim bu
yo‘nalish uchun yashil signal vaqtini oshirishi mumkin.

Chorrahalardagi svetoforlarning ishlashini optimallashtirish uchun turli xil texnik va
dasturiy yechimlar go‘llaniladi. Bunday yechimlardan biri zamonaviy harakat sensorlaridan
foydalanish bo‘lib, ular yo‘lda avtomobillar sonini hisobga olish va har bir svetoforning optimal
ish vaqtini aniglash imkonini beradi.

Bundan tashgari, maxsus nazorat algoritmlaridan foydalanish chorrahadagi joriy
yuklamaga qarab svetoforlarning ishini tartibga solish imkonini beradi. Masalan, “yashil to‘lqin”
algoritmi svetoforlarning ishlashini sinxronlashtirishni ta’minlaydi, shunda avtomobillar bir
nechta ketma-ket chorrahalardan to‘xtamasdan o‘tishlari mumkin bo‘ladi.

Svetoforlarning ishlashini optimallashtirishning asosiy elementi markazlashtirilgan
boshgaruv tizimidir. Bu svetoforning ish parametrlarini yo‘lda mavjud vaziyatga garab tezda
o‘zgartirish imkonini beradi - masalan, tirbandlik yoki favqulodda vaziyatlarda. Bunday tizimlar
ko‘pincha operator uchun maxsus displeylar bilan jihozlangan bo‘lib, ular joriy yo‘l sharoitlari
haqida ma’lumotni aks ettiradi [14,15,16].

Xulosa gilib shuni aytish mumkinki, chorrahalardagi tirbandlikni bartaraf etish kompleks
yondashuvni talab giluvchi murakkab vazifa hisoblanadi. Bunda zamonaviy texnologiyalarni
joriy etish, yo‘l infratuzilmasini optimallashtirish va chorrahalarda harakatlanishni samarali
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nazorat qilish yo‘llarda harakatlanish darajasini oshirish hamda yo‘l tarmog‘ining umumiy
holatini yaxshilashda hal giluvchi rol o‘ynaydi.
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HUDUDNING ISTIQBOLIY YUK OQIMLARINI YER USTI TRANSPORT
TARMOG*‘IGA OPTIMAL TAQSIMLASH
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Annotatsiya. Ushbu maqolada transport tarmog‘iga hududning istigbolli yuk ogimlarini
optimal biriktirishning kompyuter texnologiyalaridan unumli foydalanish bilan bog‘liq
muammolar muhokama gilinadi.

AHHOTanusa. B cratbe pacCMOTpeHBl 3aJayd  ONTHMAJIBHOIO  PACIpPEIEICHUs
MEePCIEKTUBHBIX I'PY30BbIX MMOTOKOB B HA3€MHOM TPAHCHOPTHOW CETH PErMOHa C MPUMEHEHUEM
KOMIIBIOTCPHBIX TEXHOJIOTHH.

Annotation. The article deals with the problems of using computer technologies in
optimal regulation of region’s perspective good traffic to overland transportation system.

Kalit so‘zlar: transport tarmog‘i, yuk oqimi, optimal tagsimlash, optimallik, dasturlar.

KuaoueBbie cjioBa: TPAaHCIIOPTHAA CETb, I'PY30IIOTOK, OINTUMAJIBHOC pPACHpCACICHUC,
ONITUMAJIbHOCTD, ITPUJIOKCHUA

Keywords: transport network, cargo flow, optimal distribution, optimality, applications.

Viloyatda ishlab chigarish sohasini katta amaliy va strategik ahamiyatga molik istigbolli
yo‘nalishlarda o‘sishi, chet el investitsiyalari asosida xalgaro qo‘shma korxonalarni jadal
sur’atlarda shakllanayotgani va faoliyat ko‘rsatishni boshlayotganligi mazkur hudud transport
tizimini texnik-texnologik imkoniyatlarini rivojlantirishni, turli transport vositalari va tarmoglari
esa iste’molchilarning tashish hajmlariga bo‘lgan ehtiyojlarini o‘z muddatlarida samarali
ta’minlashlarini taqozo etadi. Buning uchun mazkur hududda asosiy hisoblanadigan avtomobilb
va temir yo‘l transportlarining tashish vositalari, tarmog‘i va usullarini rivojlantirish, yuk tashish
ogimlarini hudud transport tarmoglari bo‘yicha optimal tagsimlash va mazkur ogimlarni
istigboldagi kattaliklarini ta’minlash uchun transport tarmog‘ini o°zini optimal rivojlantirish kabi
dolzarb masalalarni hal etish lozim bo‘ladi.

Mazkur masalalarni hal etishda mulstitarmoq usulidan foydalanish tavsiya etiladi. Bu
usul transport tarmog‘ida yuk ogimlarini optimallashtirishga asoslangan [1].

Masala quyidagi shaklda ifodalanadi: n uzellar va m yoylardan tashkil topgan transport
tarmog‘i maydoni S mavjud bo‘lib, bunda i, j punktlarini biriktiruvchi har bir yoyga

xarakteristikalar-C; —solishtirma tannarx va d;—mavjud liniyaning o‘tkazish qobiliyati

parametrlari berilgan [2].
Masala quyidagi mazmunda qo‘yiladi. Tarmoqda yuk ogimini mumkin gadar gisqa
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vagtda taxminiy tagsimlash bilan birga har bir yoyda harakat (/7;) zichligini aniglash talab
etiladi. Bunda quyidagi mezon talablarini bajarish lozim [3]:

F :ZC” Iy yoki F =>"C, - X, — min
ij st

Bu usulning g‘oyasi quyidagidan iborat. Qulay yo‘llar tizimi quriladi, St yo‘nalishining

yuk ogimini o‘tkazish qobiliyati aniglanadi, ya’'ni
u(S,..0, j..t)  dy =min d; dek.

Qatordagi navbatdagi X, yukni qulay yo‘llar yoylari bo‘yicha jo‘natish (tagsimlash)
bilan birga bu yuk o‘tgan yoylarning o‘tkazish qobiliyatlari ana shu yuk miqgdoriga
kamaytiriladi. Yoy to‘lig ganoatlanganda yopiladi va keyingi hisoblashdan chiqariladi. Har bir
yopilgan yoydan keyin qulay yo‘l tizimi yana tuziladi.

Bunda ikki transport turlarini o‘z ichiga oluvchi transport tarmog‘ini rivojlantirish
masalalari ko‘riladi. SHuning uchun yuk ogimini optimallashtirish kengaytirilgan yagona yer
usti transport mulstitarmog‘i S° da amalga oshiriladi. Yagona transport mulstitarmog‘i oddiy
tarmoqdan bir nechta transport uchastkalari va qo‘shimcha (fiktiv) uzellari borligi bilan farq
giladi. U quyidagi tartibda tuziladi. Har bir transport turlarining mavjud punktlari (jo‘natish,
gabul qilish, igtisodiy-texnikaviy, o‘tkazish qobiliyati va boshga ko‘rsatkichlari bo‘yicha)
grafaning uzellari sifatida ko‘rsatiladi.

Har xil transport turlari tutashgan manzillar, ya’ni bir transport turidan boshqasiga qayta
yuklash imkoniyati mavjud bo‘lgan punktlar mos ravishda bir nechta manzillar ko‘rinishda
tasvirlanadi. Ular boshlang‘ich-so‘nggi operatsiyalar bo‘yicha kelib chigayotgan xarajatlarning
igtisodiy ko‘rsatkichlarini belgilovchi yoylar bilan biriktiriladi.

Ta’kidlaganidek, kengaytirilgan tarmoqda yuk oqimlarini tagsimlash masalasini
yechishda transport tarmog‘i va tashish o‘lchamlari dastlabki ma’lumot bo‘lib hisoblanadi.
Tashish o‘lchamlari, ya’ni aniq punktlarda turli yuklarni ishlab chigarish hajmi va iste’moli
yoki hamma yuklar hajmi bo‘yicha tashish rejasi yuk tashish matritsasi ko‘rinishida berilishi
mumkin, bu yerda ma’lumotlar tarmoqning har bir yuk jo‘natuvchi va gabul giluvchi punktlari
uchun ko‘rsatiladi.

Yuk ogimlarini optimallashtirish masalasi turlicha variantlarda qo‘yilishi va yechilishi
mumkin. Birinchi variantda yuk ogimlarini optimallashtirish ularni o‘tkazish qobiliyati
chegaralangan tarmoglarga tagsimlashdan iborat bo‘lib, u ko‘p sonli mahsulotlar masalasini
yechish bilan bog‘liq bo‘ladi. Bunday masalani amaliy yechish katta qiyinchiliklarni tug‘diradi,
avvalambor, qiyinchilik dastlabki ma’lumotlarni yig‘ish bo‘yicha ishlar hajmining juda
kattaligidadir.

Ikkinchi holatda yuk tashish matritsasining har bir gatorini bir punktli ishlab chigarish
bilan o‘zining turkumidagi «bir turli yuk» sifatida qarash mumkin. O‘shanda tarmoqgda yuk
ogimini optimallashtirish masalasi qulay yo‘l tizimini yaratish masalasiga keltiriladi. Bunda bir
punktdan golgan hamma punktlargacha ushbu yo‘llar yoyi bo‘yicha keyingi yuk jo‘natuvchi va
gabul giluvchilarga tagsimlash qulayroq bo‘ladi. Bu masalani yechish vaqtini kamaytiradi,
shuningdek, yuk jo‘natuvchi va qabul giluvchilarning yuk tashish matritsasini qulayroq
o‘lchamga keltirishga imkon beradi. SHu tufayli, yuk tashish hajmlari matritsa ko‘rinishida
berilgan bo‘ladi. Agar tarmoqdagi uzel “kompleks” hisoblansa, ya’ni mazkur uzelda bir nechta
tur transport birlashsa, unda ishlab chigarish hajmlari (B) “boshlang‘ich” punktda, iste’mol
hajmlari esa (O) “so‘nggi” punktda to‘planadi deb hisoblanadi.

Er usti transporti mulstitarmog‘ida yuk oqimlarini tagsimlash uchastkalarni o‘tkazish
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gobiliyati cheklanganligini hisobga olgan holda taqribiy usulda amalga oshiriladi. Bunda
yo‘lning o‘tkazish qobiliyati chegaralanganligi hisobga olindi. Bunday murakkab va ko‘p
variantli masalani yechishda kompsyuter texnologiyasidan foydalanish beqiyos yordam beradi.

Dastur quyidagi asosiy bloklardan iborat [4]:

1. Dastlabki va o‘zgaruvchan ma’lumotlarni yozish blokida dasturda hisoblarni bajarish
va natijalarni olishda foydalaniladi;

2. Dastlabki ma’lumotlar topshiriq bloki;

3. Berilgan transport tarmog‘ida minimal tannarxli yo‘llarni izlash bloki;

4. Minimal tannarxli yo‘lda yuk ogimlarini tagsimlash bloki;

5. Transport tarmog‘ini ratsional rivojlantirish uchun yangi yoylarni kiritish bloki;

6. Hisob natijalarini beruvchi blok.

Dastlabki va o‘zgaruvchan ma’lumotlarni yozish blokida dasturning ishlashi
uchun xizmat giladigan o‘zgaruvchilar yoziladi. Bundan tashqgari uzellar soni, tarmoqda uzellar
o‘rtasidagi alogalar, yoyning o‘tkazish gobiliyati, yuklarni temir yo‘l stantsiyasida o‘tkazish va
har bir yoydagi yuk tashish tannarxi kabi boshlang‘ich ma’lumotlar yoziladi.

Dastlabki ma’lumotlar topshiriq blokida asosiy dastlabki ma’lumotlar quyidagilar
hisoblanadi:

N — tarmoqda uzellar soni;

K — tarmoqda yuk jo‘natuvchi va yuk gabul giluvchi punktlar soni;

MAR — [I1...N, 1-N] —tarmoqda ikki uzel o‘rtasidagi bevosita alogani yozadi (yuk
tashishning mos tannarxi asosida);

D [1...N, 1-N] — tarmoq yoyi o‘tkazish qobiliyati topshirigi uchun xizmat giladigan
matritsa;

MK [1...K, 1...K] — tarmoqda yuk jo‘natuvchi va gabul giluvchi punktlar o‘rtasidagi yuk
oqimi qiymati topshirig‘i uchun xizmat qiluvchi matritsa.

Dastlabki ma’lumotni kiritish dasturning muxarrir rejimida amalga oshiriladi.

Berilgan transport tarmog‘ida minimal tannarxli yo‘Ini izlash bloki mashhur Deykstr
algoritmi asosida bajarilgan bo‘lib, qisqa zanjirli bog‘lanishni izlash algoritmiga asoslangan.

Minimal tannarxli yo‘lda yuk ogimlarini tagsimlash blokida tarmogning yuk
jo‘natuvchi va gabul giluvchi punktlarini birlashtiruvchi minimal tannarxli yo‘lda yuk ogimini
tagsimlash amalga oshiriladi. Yuk ogimini tagsimlash deyilganda tanlangan marshrut bo‘yicha
ma’lum hajmdagi yukni tashish tushuniladi. Dasturda har bir marshrut yoyining yuk o°‘tkazish
gobiliyatidan foydalanishi hisobga olinadi va ushbu yo‘nalishda iborat bo‘lgan yuk jo‘natuvchi
va gabul giluvchi matritsada (tuzatish) korrektirovka amalga oshiriladi.

Transport tarmog‘ini ratsional rivojlantirish masalasini yechish uchun yangi yoyni
kiritish blokida tarmoqdagi ikki qo‘shni uzellar o‘rtasiga dastlabki yoyni yuk o‘tkazish
gobiliyati tugagandan keyin yangi yoyni Kiritish tashkil etiladi. Minimal tannarxli yo‘l izlanadi.
SHunday qilib, transport tarmog‘ini rivojlantirishning har xil varianti ko‘rib chigiladi.

Hisob natijalarini berish bloki operatori hisob natijalarini alohida hisoblashni amalga
oshiradi, keyin integrallashgan ko‘rsatkichlarni hisoblaydi va ularni monitor ekraniga beradi.
Mazkur blok natijalarni tahlili qulay bo‘lishi uchun alohida fayl ko‘rinishiga ega bo‘ladi. Asosiy
yakuniy natijalar quyidagilar hisoblanadi:

1. Yuk jo‘natuvchi va gabul giluvchi punktlar tartibi punktlar o‘rtasida minimal tannarxli
yo‘Ini izlash bilan amalga oshiriladi;

2. lzlanayotgan marshrutga kiruvchi punktlar tartibi va soni belgilanadi;

3. Yo‘lning minimal yuk o‘tkazish qobiliyati aniglanadi;

4. Ushbu yo‘l bo‘yicha tashish tannarxi beriladi;
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5. Yuk ogimining tagsimlanishi amalga oshiriladi;

6. Ayni yo‘lga kiruvchi yoyning yuk o‘tkazish qobiliyati to‘liq tugaganligi yoki zaxira
miqdori aniglanadi;

7. Tarmoqda berilgan yuk ogimining hammasi tagsimlanib bo‘lgandan yoki tarmoqda
yoyning yuk o‘tkazish gobiliyati to‘lgandan keyingi optimal funktsionali beriladi.

Mulstitarmoqda yuk oqimini tagsimlash masalasini kompsyuter texnologiyalarida
yechish uchun boshlang‘ich ma’lumotlarni kiritiladi.

SHunday qilib, viloyat yer usti transportida hududdagi mavjud va istigboliy yuk ogimlarini
transport turi va tarmoglari bo‘yicha optimal tagsimlash masalasini kompsyuter
texnologiyalarida yechish imkoniyati paydo bo‘ladi. SHuningdek, viloyat turli tumanlariga
yuborilayotgan yuklarni gaysi temir yo‘l stantsiyalarida tushirib, keyin esa avtomobils
transportida yetkazib berish qulayligi ham ma’lum bo‘ladi. Bunga oddiy ekspert usulda erishib
bo‘Imaydi. Ushbu variantning o‘ziga xos xususiyati shundaki, bunda optimal reja transport
turlari (avtomobilp va temir yo‘l)ning birgalikda va o‘zaro muvofiglashgan ishtirokida olinadi.
SHuning bilan bir vaqgtda transport turlari va tarmoglarini rivojlantirishning optimalga yagin
rejasi ishlab chigiladi.
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ROTATSION YUMSHATKICH PICHOG*I TA’SIRI OSTIDA TUPROQ
DEFORMATSIYASINING KATTALIGINI ANIQLASH

Nishanov Botirjon Muxammadjonovich
NamMQI, PhD, dotsent

Annotatsiya. Maqolada tuprogga bir o‘tishda ishlov berish uchun chizels-kultivatorga
ishlab chigilgan rotatsion yumshatkichning ish jarayoni, uning parametrlarini aniglash uchun olib
borilgan  eksperimental izlanishlar natijalari  keltirilgan.  Tuprogning fizik-mexanik
xususiyatlaridan kelib chigib rotatsion yumshatkichning magbul turini tanlash magsadida turli
variantdagi pichoglar bilan jihozlangan rotorlar tayyorlandi va o°zaro solishtirib sinab ko‘rildi.

AHHOTa].[I/IH. B cratbe MNpEACTaBJICHBI PE3YJIbTAThl SKCIICPUMCHTAJIBHBIX I/ICCJ'IGI[OBaHI/II‘/'I,
OJIHO3aXOAHOW OOpabOTKM MOYBBI IPOBEJEHHBIX I10 ONpPEIEICHUIO I[apaMETPOB paboyero
nponecca pPOTAUOHHOI'O PBIXJIIATCIIA, pa3pa60TaHHOro YHU3CJIb-KYJIbTHBATOPA. I[J'I}I BLI60pa
OINITUMAJIBHOTO THUIIAa POTAHUOHHOI'O PLIXJIUTCIA HUCXOOd U3 (1)I/ISI/IKO-MCX3HI/I‘I€CKI/IX CBOMICTB
IIOYBEl OBLIH IMOATOTOBJICHBI, CPAaBHCHBI W HUCIIBITAHBI POTOPBLI, OCHAIICHHLIC Pa3JIAYHBIMHA
THUIIAMH JIOTIACTEH.

Abstract. The article presents the results of experimental studies conducted to determine
the parameters of the working process of the rotary softener developed for the chisel-cultivator
for one-pass cultivation of the soil. In order to choose the optimal type of rotary softener based
on the physical and mechanical properties of the soil, rotors equipped with different types of
blades were prepared and compared and tested

Kalit so‘zlar: rotatsion yumshatkich, chizelli kulstivator, ishlov berish, radius, rotor,
kenglik, tuprog.

KiiroueBbie ciioBa: KyJdbTUBATOP, YH3EIb-KYJIBTHBATOpP, 0OpaOOTKa TIOYBBI, paanyc,
poTop, LIUpHHA, ITI0YBA.

Keywords: rotary tiller, chisel cultivator, tillage, radius, rotor, width, soil.

Jahonda qishlog xo‘jaligi ekinlarini ekish uchun vyerlarni sifatli tayyorlashda
resurstejamkor texnologiyalar va ushbu jarayonni amalga oshiradigan texnik vositalarning
yaratishga yo‘naltirilgan ilmiy tadgiqgot ishlari olib borilmoqgda. Jumladan, tuproga yuza ishlov
berish jarayonini takomillashtirish, ushbu jarayonni to‘lig mashina va qurilmalar yordamida
amalga oshirishga imkon beradigan energiyatejamkor texnik vositalarni yaratish muhim
ahamiyat kasb etmoqda. Yerlarni belgilangan agrotexnik talablarga muvofiq sifatli
tayyorlaydigan, ish unumi va ishonchliligi yuqori, tez hamda oson rostlanadigan qurilmalarni
ishlab chigish va ularni amaliyotga joriy etish bo‘yicha ilmiy tadgiqot ishlarini olib borish
dolzarb masalalardan hisoblanadi [1-6].

O<zbekistonda gishlog xo‘jaligi texnikalarini ishlab chigarishni rivojlantirish, eksportga
mo‘ljallangan tayyor mahsulotlar ishlab chigarish hajmini oshirish va turlarini kengaytirish,
shuningdek, agrar sektorni o‘zimizda ishlab chiqarilgan texnikalar bilan ta’minlash bo‘yicha
izchil chora-tadbirlar amalga oshirilmoqda [7-12].

Rotatsion yumshatkich pichog‘i ta’siri ostida sodir bo‘ladigan tuprog deformatsiyasining
kattaligini aniglash uchun 1-rasmdan foydalanamiz [7, 13-23]. Bu rasmda keltirilgan sxemaga
binoan tuprogning pichoq ta’siridagi deformatsiyasining kattaligi

AX =X, =Xy, 1)
bunda Xi, X2 — mos ravishda rotatsion yumshatkichning dastlabki holatidan
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pichoq tuproqgga kira boshlagan va undan chiggan nugtalargacha bo‘lgan bo‘ylama masofalar.

Pichog enini hisobga olgan holda quyidagi ko‘rinishga ega bo‘ladi
AX =X,—-X,+b, 2

A v

bunda b-pichogning eni.

- t’ —
z | Vi, | -
- -"\-\.-‘\“ ’_,-o-"_l--'-u ~
-& i \&f
\ 1 o 1] \\
O M 0 \
L1 a._|_|_. 2 . |
. oy Y Lh /
i .
Y L A2t
< M~ T X
A X.l | -
- X, =

1-rasm. Pichoq ta’siri ostida tuproq deformatsiyasining kattaligini aniqlashga doir

sxema
X, =Vt, + R cosa, =Vt, + R, cosarcsin{l—i] ; 3)
p
: h
X, =Vt, -R cosa, =Vt, —R, cosarcsin 1—— |; 4)
p

bunda t, t,— pichogni tuprogga kirish va chigish uchun burilishga ketgan vaqt;
Rp — rotatsion yumshatkichning radiusi;
on — pichogni tuproqga kirish burchagi;
h — pichogni tuproqgga botish chuqurligi.
X1 va Xz larni ifodalar bo‘yicha giymatlarini ifodaga qo‘yamiz

AX =V (t,-t)-2R, cosarcsin(l—RL}+b (5)
p
Endi t,va t, larni giymatlarini aniglaymiz

arcsin[l—hJ
t =% Ry
1

e ©)

(2} (2}

] h
sr—arcsin 1— —
o m-o R,

t, =L
w w w

bunda « — pichoqgni chigish burchagi.
t,va t, larni yugorida keltirilgan giymatlarini (2) ifodaga qo‘yib, quyidagiga ega bo‘lamiz:

(")
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a) rotatsion yumshatkich sirpanib ishlagan hol uchun

AX =R, 1 7 —2arcsin 1—L —2cosarcsin 1—L +b; (8)
1-n, R, R,
b) rotatsion yumshatkich toyib ishlagan hol uchun
AX =R L 7 —2arcsin 1—L —2cosarcsin 1—L +b. 9)
P11+, R, R,

bunda 7c — sirpanish koeffienti;
nt — toyish koffitsienti.

(5) va (6) ifodalarning tahlilidan ko‘rinib turibdiki, tuproq deformatsiyasining pichoq
ta’siri ostidagi kattaligi rotatsion yumshatkichning radiusi, ishlov berish chuqurligi hamda
rotatsion yumshatkich ishlash rejimini xarakterlovchi sirpanish va toyish koeffitsentlariga
bog‘lig.

2-rasmda b=30 mm deb gabul gilinib deformatsiyalanish kattaligini rotatsion yumshatkich
radiusi, sirpanish va toyish koeffitsentlari hamda ishlov berish chuqurligiga bog‘liq holda
o‘zgarish grafiklari keltirilgan.

2-rasmda keltirilgan grafiklardan ko‘rinib turibdiki 7., Rp va h larni oshishi hamda 7;

kamayishi tuproq deformatsiyalanishi kattaligini oshishiga olib kelar ekan.

Rotatsion yumshatkich bir aylanishda bosib o‘tadigan yo‘Ini AX ga bo‘lib, uning har bir
diskiga o‘rnatiladigan pichoqlar sonini topish mumkin, ya’ni:

a) rotatsion yumshatkich sirpanib ishlagan hol uchun

530 150
AX.mm /’/ Axm.‘\
250 / 50
- // \‘
/
100 0 0.1 0.2 03 n 05
0 0.1 02 03 M 0.5
265 100
AX.mm / AX:mm‘-\
260 — 60 \-....
2575 40 B
255 20
120 140 160 Rpmm 200 120 140 160 Rp.mm 200
150
AX.m i
90
60 e
30 peeme==]
0
50 75 100 bh.em 150

2-rasm. Tuproq deformatsiyalanish kattaliginin (a), ny (b), Rp (v) va h(g) ga bog‘liq
ravishda o‘zgarish grafiklari
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Z=2R,/ 1 7r—2arcsin 1—L —2cosarcsin 1—L +bt; 9)
1-7, R, R,

b) rotatsion yumshatkich toyib ishlagan hol uchun

Z=2R,/ ! 7 —2arcsin 1—L —2cosarcsin 1—L +bt; (10)
L+ R, R,

h=8 sm, Ry=15 sm va b=3 sm qabul qilinib, 3-rasmda pichoglar sonining 7, va 7; ga
bog‘liq ravishda o‘zgarish grafiklari keltirilgan.
3

3
Z.dona
) Z.dona
2 —
2 ]
1 il
0 1
0 0.1 0.2 0.3 T 0.5 0 0.1 0.2 0.3 n 0.5
- a b

3-rasm. Rotatsion yumshatkichning har bir diskiga o‘rnatiladigan pichoglar sonini
n. va n; (b) larga bog‘liq ravishda o‘zgarish grafiklari

3-rasmdan Ko‘rinib turibdiki, 7, ni oshishi pichoglar sonini kamayishiga, 7; ni oshishi esa

uni ko‘payishiga olib keladi. Rotatsion yumshatkich pichog‘i ta’siri ostida sodir bo‘ladigan
tuproq deformatsiyasining kattaligi AX sirpanish koeffitsenti 7. oshib borgan sayin ortib, toyish
koeffitsenti T oshgan sayin kamayib boradi.

Erlarga ekish oldidan ishlov berishda go‘llaniladigan texnik vositalar konstruktsiyalarining
holati va rivojlanish istigbollari hamda ular bo‘yicha o‘tkazilgan tadgiqotlar natijalari shuni
ko‘rsatadiki, ularning tarkibidagi rotatsion yumshatkichlarning turlari va parametrlarini
magbullashtirish dalalarni ekishga tayyorlaydigan chizel-kultivatorning ish sifati va unumini
oshirish imkonini beradi.
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EGAT OCHKICHLARNING KELIB CHIQISH TARIXI VA ADABIYOTLAR TAHLILI

Turaev Nosirjon Sobirjonovich
NamMQl, t.f.f.d, (PhD) dotsent nosirjonturayev1986@gmail.com

Soliev Doniyor Zokirjonovich
NamMQI, tadgigotchi_doniyorsoliyev1978@gmail.com

Annotatsiya. Maqolada egatochkichlarning kelib chiqish tarixi, jahonda ganday ishlar
olib borilmoqda, dunyoning yetakchi olimlari egat ochkichning geometrik tuzilishi bo‘yicha
go‘shgan hissalari, olib borgan ilmiy ishlar bilan tanishib chigilgan.

Natijada egat ochkichlarning adabiyotlar tahlili o‘tkazildi va o‘rganildi.

Abstract. In the article, the history of the origin of egat keys, what works are being
carried out in the world, the contributions made by the world's leading scientists on the
geometric structure of the egat key, and the scientific works carried out are introduced. As a
result, a literature analysis of egate openers was conducted and studied

AHHOTanus. B craTtbe npeacTaBieHa HCTOPUS IPOUCXOKACHUS €raTHBIX KIIF0YEH, KaKue
pa6OTBI BCAYTCA B MHPC, BKJIaJbl BCAYIIHNX YYCHBIX MHpaA IIO I'COMCTPUYCCKOMY CTPOCHHIO
€TaTHOI'O KJIt04a, a TAKKEC MPOBCIACHHBIC HAYYHBIC paGOTH.

Kalit so‘zlar: Egat, korpus, mehanizm, mashina, lemex, tuproq, egri chiziq, geometrik.

B pesynbrate ObLT MPOBEEH U U3yUYEH JUTEPATYPHBIN aHATIH3 OTKPHIBATEJICH SraToB.

KuroueBbie caoBa: FErar, kopmyc, MexXaHW3M, MalllMHA, IUIyr, [OYBa, KpHUBasd,
reoMETpHUICCKas.

Key words: Egat, body, mechanism, machine, plow, soil, curve, geometric.

Kirish. Hozirgi kunda butun dunyoda insonlar soni ko‘paygan sari dehqon xo‘jaligi
mahsulotlariga bo‘lgan ehtiyoj oshib bormoqgda bundan kelib chiggan holda kam energiya
sarflaydigan resurstejamkor, qulay, sifatli, kombinatsiyalashgan gishlog xo‘jaligi mashinalariga
ehtiyoj oshib bormoqda. O‘zbekiston Respublikasi prezidentining 2020-yil 9-sentyabrdagi PQ-
4821-son garorida mahalliy ozig-ovgat mahsulotlarining ragobatbardoshligini oshirish va ularni
diversifikatsiya gilish, hududlarning mavjud tabiiy va igtisodiy resurslaridan unumli foydalanish
asosida ozig-ovgat sanoatini rivojlantirishning strategiya va modellarini ishlab chigish
belgilangan [1].

Ushbu vazifalarni amalga oshirishda, gishlog ho‘jaligi mahsulotlarini yetishtirishdagi
muammolarni bartaraf etish, shudgorlash ishlarini o‘z vaqgtida bajarilishi, shudgolangan dalalarda
erta bahorda va takroriy ekinlarga shudgorlarni tayyorlashda ekiladigan ekinlarning turi va
navlaridan kelib chigan holda egatlarni hosil gilish lozim.

Yurtimizda hozirgi kunga gadar mavjud resurslardan kelib chigib egatlarini ochish va
pushta hosil gilish ishlari olib borilmogda lekin egat ochkichlarning ishchi yuzalari yetarlicha
ilmiy asoslanmagan. Biz tomonimizdan olib borilayotgan tadgiqot ishlarimizda egat ochkichning
ishchi yuzasini geometrik asoslanmoqda va adabiyotlar tahlili olib bormogdamiz.

O‘tgan asrning 80 vyillariga kelib Rossiyaning Qishlog xo‘jaligi mashinasozligi bo‘yicha
ilmiy-ishlab chigarish birlashmasi olimlari V.A.Erofeev, N.D.Keller, Yu.S.Efremov va
A.F.Rasstanaevlar tomonidan egat ochkichning konstruktsiyasi taklif etildi. Egat ochkich
sektsiyasi ikkita garama-garshi ko‘muvchi korpuslar tashkil topgan bo‘lib, uni motobloklarga
agregatlab kichik o‘lchamli egatlarni hosil gilish mumkin. Egat ochikich harakatlanganda lemex
tuproqgqa kiradi va tuprog palaxsasi uning tanasi bo‘ylab yuqoriga ko‘tariladi hamda korpusning
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o‘rtasi bo‘ylab harakatlanib maydalanadi va yon tarafga ulogtiradi (1-rasm).

1 - lemex; 2 — tana; 3 — korpus; 4 — ustunko‘muvchi ish organlar; 5 — tayanch; 6 — mahkamlash
kronshteyni; 7 — stopor
1-rasm. V.A.Erofeev, N.D.Keller, Yu.S.Efremov va A.F.Rasstanaevlar tomonidan taklif
etilgan egat ochkichning konstruktiv sxemasi
Egat ochkichning lemexi va tanasidan hosil bo‘lgan egri chizigning profili quyidagi
tenglama bilan tavsiflanadi

H :219,3—3,15L+0,011L2 (1)
bunda N — profil balandligi, m;

L — profil uzunligi, m.

90 yillarga kelib Ukraina Kartoshkachilik ilmiy tadgiqot instituti olimlari N.Ya.Moskov
va L.V.Moskovalar tomonidan kultivatorlar uchun egat ochkich konstruktsiyasi taklif etildi. Bu
egat ochkich (2-rasm) ish organi egri chizigli ustunga mahkamlangan kesuvchi pichoq hamda
sharnirli o‘rnatilgan o‘ng va chap ganotlardan tashkil topgan bo‘lib, uning har biri 4 tadan
ganotlari bir-biriga nisbatan yarus shaklida o‘rnatilgan. Ushbu egat ochkichning ustunida o‘yiq
mavjud bo‘lib ganotlarini turli xil balandlikka o‘rnatish imkonini beradi.

55

1 — egri chizigli ustun; 2 — kesuvchi pichog; 3 — transportyor; 4 — shox yotgizgich; 5 — tayanch
g‘ildirak; 6 — pnevmatik tayanch g‘ildirak
2-rasm. N.Ya.Moskov va L.V.Moskovalar tomonidan taklif etilgan kultivatorlar uchun
egat ochkichning konstruktiv sxemasi
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M.Gorkov nomidagi Qozon qishlog xo‘jaligi instituti olimlari A.X.Zimagulov va
SH.N.Asaevlar tomonidan tuprogni kam zichlaydigan egat ochkich konstruktsiyasi taklif etildi.
Ushbu egat ochkich (3-rasm) konus shaklidagi juft valli ishchi gismdan va unga shaxmat
shaklida o‘rnatilgan tishlardan tashkil topgan. Konus shaklidagi juft vallar gorizontga nisbatan
burchak ostida o‘rnatilgan bo‘lib, ular harakatni reduktor orgali traktorning quvvat olish validan
oladi. Qurilma konstruktsiyasining juda murakkabligi, gabarit o‘lchamlarining kattaligi, metal va
energiya sarfining ko‘pligi uning asosiy kamchiligi hisoblanadi.

1 —rama; 2 — osish qurilmasi; 3 — tayanch g‘ildirak; 4 — pichoq; 5 — uyumlovchi korpuslar; 6 —
yotqizgich; 7 — sharnir-richagli ilgak; 8 — ko‘muvchi korpuslar; 9 — gidrotsilindr
3-rasm. A.X.Zimagulov va SH.N.Asaevlar tomonidan taklif etilgan tuprogni kam
zichlaydigan egat ochkichning konstruktiv sxemasi
Belorusiya qishlog xo‘jaligini mexanizatsiyalash instituti olimlari Z.V.Lovkis,
P.P.Krasnolutskiy, G.P.Krasnolutskiy, M.B.Uglanov va V.S.Laxmakovlar tomonidan yugorida
keltirilgan texnologiya takomillashtirib, yangi egat ochkich konstruktsiyasi taklif etildi. Ushbu
qurilma (4-rasm) konus shaklidagi rotatsion ish organ, uning uchida almashtirish imkoniga ega
bo‘lgan uchlikdan tashkil topgan. Rotatsion ish organi valiga pichoglar karkas shaklida va radial
o‘rnatilgan. Gidrotsilindr yordamida egat ochkichning gorizontga nisbatan o‘rnatilish burchagini
sozlash imkoni mavjud. Ushbu rotatsion egat ochkich harakatni gidromotordan olganligi sababli
ish organ pichoglari orasiga turli begona o‘tlarning ildizlari yoki katta o‘lchamli kesaklar tigilib
qolishi natijasida egatlar sifatiga salbiy ta’sir ko‘rsatadi.
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1 —rama; 2, 3 — zvenolar; 4 —richag; 5 — gidrotsilindr; 6 — osish qurilmasi;
7 — tayanch g‘ildirak; 8, 10 — o‘ng va chap ko‘muvchi korpuslar; 9 — uyumlagich
4-rasm. Z.V.Lovkis, P.P.Krasnolutskiy, G.P. Krasnolutskiy, M.B.Uglanov va
V.S.Laxmakovlar tomonidan taklif etilgan rotatsion egat ochkichning konstruktiv sxemasi
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Qozog‘iston Ilmiy-ishlab chigarish birlashmasi hamda V.D.Jurin nomidagi O‘rta Osiyo
irrigatsiya ilmiy tadgiqot instituti olimlari N.T.Laktaev, P.Ya.Saruxanov, V.F.Perman,
M.G.Xorst va O.Yu.Naganovalar tomonidan birgalikda sug‘orish egatlarini ochadigan qurilma
konstruktsiyasi taklif etildi. Bu qurilma (5-rasm) rama, unga o‘rnatilgan tayanch g‘ildirak,
egilgan ustun, lemex, tyaga, richag, yulduzcha, zanjir va revers reduktordan tashkil topgan.
Metal sarfi yuqoriligi sababli ushbu qurilmadan keng foydalanilmagan.

A-A '

a) yon tomondan ko‘rinishi; b) yugori tomondan ko‘rinishi
1 — osish qurilmasi; 2 — o‘rnatgich; 3 — rama; 4 — disk ustuni; 5 — sferik tishli disk; 6 — lemex; 7 —
boshmoq; 8 — tishli pichoq; 9 — tayanch g‘ildirak
5-rasm. V.D.Jurin nomidagi O¢‘rta Osiyo irrigatsiya ilmiy tadgiqgot instituti olimlari taklif
etgan egat ochkichning konstruktiv sxemasi
1975 yilda Ozarbayjon gishlog xo‘jaligini mexanizatsiyalash va elektrlashtirish ilmiy
tadgigot instituti olimlari M.K.Babaev, A.A.Bagiev va l.I.Axmedovlar tomonidan gamrash
kengligini o‘zgartirish imkoniga ega bo‘lgan va ganotlari sharnirli o‘rnatilgan egat ochkich
yaratildi. Ushbu egat ochkich (6-rasm) o‘gqyoysimon panja, sharnirli o‘rnatilgan o‘ng va chap
ganotlar, tyaga, koromisla, gidrotsilindr va vertikal ustundan tashkil topgan. Ushbu qurilmaning
afzalligi uning ravon harakatlanishidir.

Pue 2

a) yon tomondan ko‘rinishi; b) yugori tomondan ko‘rinishi
1 — tayanch g‘ildirak; 2 — bo‘luvchi baraban; 3 — rama; 4 — vintli mexanizm;

5 —ishlov berish chuqurligini sozlagich; 6, 10 — prujina; 7 — ko‘muvchi ish organlar; 8 — rolik
6-rasm. M.K.Babaev, A.A.Bagiev va I.I.Axmedovlar tomonidan yaratgan egat ochkichning
konstruktiv sxemasi

Uzoq SHarq qgishlog xo‘jaligini mexanizatsiyalash ilmiy tadqgigot instituti olimlari
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A.l.Donets, V.I.Lukyanov va N.D.Sisorovlar tomonidan yenergiyaresurstejamkor diskli egat
ochkich qurilmasining konstruktsiyasi taklif etilgan. Bu qurilma (7-rasm) bir-biriga garama-
garshi o‘rnatilgan sferik diskli ish organlardan tashkil topgan. Diskli egat ochkich quyidagicha
ishlaydi, agregat harakatlanganda sferik disklar tuproq palahsalarini kesib uning yuzasi bo‘ylab
harakatlantirib yuqoriga ko‘taradi va yon tarafga tashlaydi. Sferik diskli ish organlarni yasash bir
muncha murakkabligi uning asosiy kamchiligi hisoblanadi.
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a) orga tomondan ko‘rinishi; b) yugori tomondan ko‘rinishi
1 — shnek shaklidagi uyumlagich; 2 — bo‘ylama brus; 3 — traktor; 4, 11 — kardanli uzatma; 5 —
rama; 6 — ko‘muvchi korpus; 7 — korpus; 8, 9 — tayanch g‘ildiraklar; 10, 13 — shnek harakatini
boshgaruvchi mexanizm; 12 — reduktor
7-rasm. Uzoq SHarq qgishloq xe¢jaligini mexanizatsiyalash ilmiy-tadqiqot instituti olimlari
tomonidan taklif etilgan egat ochkichning konstruktiv sxemasi
Xitoy gishlog xo‘jaligini mexanizatsiyalash fanlari akademiyasi hamda Qingdao gishlog

xo‘jaligi universiteti olimlari Xinyu Chen, Xinyu Chen, Mingdong Chen, Mengmeng Liu va
boshgalar tomonidan shirin kartoshka ekish qurilmasining egat ochkichining ishchi yuzasining
geometrik parametrlari o‘rganilgan. Ushbu egat ochkich (8-rasm) ustun 1, egat yuzasi 2 va
ganotli plastinalar 3 dan tashkil topgan.

8-rasm. Xitoy gishlog xo¢jaligini mexanizatsiyalash fanlari akademiyasi olimlari taklif
etgan egat ochkich
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Egat yuzasi yo‘naltiruvchi egri chiziq harakati bo‘ylab hosil bo‘lgan gorizontal to‘g‘ri
chiziq sifatida qgaraladi va gorizontal to‘g‘ri chiziq bilan yo‘naltiruvchi egri chiziq orasidagi
burchak ma’lum bir o‘zgarish qoidasidir, yo‘naltiruvchi egri chizig AB to‘g‘ri chizigning
boshlanishidan iborat. BC tuproq ostidagi va CD tuprog ustidagi egri chiziglari [2].
Yo‘naltiruvchi egri chizigning nugtalari A(0, 0), B(Xb, Zb), C(Xc, Zc), D(Xd, Zd) 9-rasmda
ko‘rsatilgan.

ZA D

L
Lu

LIO

L
O(4) X
L1 — CB kesmaning eni; IAB — boshlang‘ich to‘g‘ri chizigning uzunligi;
¢ — o‘rnatilish burchagi; H1 — BC kesmaning balandligi; H2 — CD kesmaning balandligi
9-rasm. Yo‘naltiruvchi egri chizigning sxemasi

Xulosa: SHunday gilib, hozirgi kunga gadar egat ochkichlarning ishchi yuzasining
geometrik asoslash bo‘yicha yetarlicha ilmiy tadgiqot ishlari olib borilmagan va tadgiq
etilmagan, egat ochkichlarning ishchi yuzasi geometrik shakli gaytartibda aniglanishi va ishlash
sharoitidan kelib chiqib qaysiturdagi egat ochkichlar ishlatilishi o‘rganilmagan.
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AVTOMOBILLARNING EKOLOGIYAGA TA’SIRI BO‘YICHA MUAMMOLARINI
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Annotatsiya. Transport vositalari sonining ko‘payishi, shuningdek, tezlik va transport
intensivligining oshishi atrof-muhitga ajraladigan zaharli gazlar miqgdorining ko‘payishi
muammoni yanada dolzarb bo‘lishiga olib keladi. Avtotransport vositalarining ekalogiyaga
yetkazadigan ta’sirining asosiy ko‘rsatkichi-bu Salt ishlash koeffitsiyenti bo‘lib, u avtomobilning
barqarorligi va boshqarilishiga ta‘sir giladi.

AHHOTaIII/IH. VYBennueHnne KoIM4YECTBA TPAHCIIOPTHBIX CPCIACTB, a4 TAKIKC YBCINYCHUC
CKOPOCTH MW HHTCHCHUBHOCTHU JOPOXHOI'O ABWMIKCHHUA, MW KOJIMYCCTBA TOKCHYHBIX TIa30B,
BEIOpACHIBAEMBIX B OKPYXAIOIIYI0 Cpeidy, Jenaer mpobiemy Oosee akryaibHOH. OCHOBHBIM
II0Ka3aTeJIEM BO3,Z[€I>'ICTBI/IH TPAaHCIIOPTHBIX CpPCACTB HaA OKPYXAOIIYIO0 Cpeay ABJIACTCA
KO3(QPHUIHUEHT MPOU3BOJUTEILHOCTH COJIS, BIUSIONIMKA HAa YCTOWYMBOCTb M YIPABISIEMOCTb
ABTOMOOMIJIS.

Abstract. An increase in the number of vehicles, as well as an increase in speed and
intensity of traffic, an increase in the amount of toxic gases released into the environment, makes
the problem more urgent. The main indicator of the impact of vehicles on the environment is the
Salt performance coefficient, which affects the stability and control of the car.

Kalit so‘zlar: avtomobil, xaydovchi, tizim, xavfsizlik, axborot, baxolash, transport.

Kuarouessble ciaoBa: AJIAC, aBTOMOOUITB, BOJUTEND, CUCTEMA, 0€30MaCHOCTh, TpaduK,
OLICHKA, TPAHCIIOPT.

Key Words: ADAS, car, driver, system, safety, traffic, assessment, transport

Kirish. Ekologik xavfsizlik. Atrof-muhitning ifloslanishiga o‘sib  borayotgan
avtomobillar soni yanada katta ta'sir ko‘rsatmogda. Jahonda avtomobillar yiliga 2,1 mlyard
tonna yonilg‘i ishlatadi va atmosferaga 700 miIn tonna atrofida zaharli moddalar chigaradi, shu
jumladan 420 min tonna CO, 170 min tonna CxHy, 60 min tonna NOyx, 17 miIn tonna qurum va
0.6 miIn tonna go‘rg‘oshin (bir dona o‘rtastatistik avtomobil uchun yiliga o‘rtacha 1.3 tonna
chigindi to‘g‘ri keladi). Natijada rivojlangan davlatlarda atmosferaning umumiy zaharlanishida
avtomobil transportining ulushi 45-50% ga yetmoqda. Rossiyada 40%, shu jumladan shaharlarda
50-60%, megapolislarda 85-90%.

Avtotransport majmuasining (ATM) atrof-muhitga salbiy ta'siri deganda chiqindi
gazlarning (ChG) zaharli komponentlari, detallar va yo‘l goplamasining yeyilish mahsulotlari,
ishlab chigarish-foydalanish faoliyatining, ya'ni avtomobillarni yuvish, texnik xizmat ko‘rsatish
va joriy ta mirlash, harakat, yuk ortish-tushirish, yonilg‘i quyish jarayonlarida paydo bo‘ladigan
chiqindilar atmosfera havosi, suv va yerga tushishi natijasida ularning salbiy o‘zgarishi
tushuniladi.

Ekologik xavfsizlik deganda avtotransport majmuasining atrof-muhit, aholi va
xodimlarga ta'siri rasmiy belgilangan ruxsat etilgan me yorlarda bo‘lishi tushuniladi.

Rossiyada 1991 yili “Tabiiy atrof-muxitni muhofazasi xaqida” Qonun qabul qilingan
bo‘lib, u jamiyat va tabiatning o‘zaro munosabati va tabiiy yashash muhitni saglash, xo‘jalik
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faoliyatining ekologik zararli ta'siri oldini olish, atrof-muhitni sog‘lomlashtirish sohalarida
munosabatlarni tartibga soladigan Qoidalarni gabul giladi. Uning asosida xudud va sohalarda,
shu jumladan avtomobil transportida atrof-muhit, yer va suv havzalariga zaharli chigindilar

tushishini kamaytirish bo‘yicha alohida dasturlar ishlab chigilmoqgda va amalga oshirilmogda.

Avtomobillarning sifati

Yanada ekologik toza
transport turlarini
rivojlantirish

Harakatni tashkil etish va
boshgarish

Arxitektura rejalashtirish
yechimlari

Atrof-muhitning iflos-
lanish miqgdori va tarkibi

Hudud, shaharning transport
Xizmatiga talabi

Transport jarayoninig
sharoitlari va tashkil etilishi,
avtomobil transportining hissasi

Parkning texnik xolati,
0 Ichami, tarkibi,yoshi

Avtomobil parkining yurgan
yo'li va yonilg’i sarfi sarf

Korxonalar va avtomobillarning
ekologik xavfsizligini nazorati

[Imiy-uslubiy ta’minot

Qonunchilik, me yorlar,
Xuqugiy ta'minot,
texnologiyalar

Xodimlar, mutaxassislar
va raxbarlarning malakasi

Ishlab chigarish texnika
ba’zasi

Atrof- muhit holati
monitoringi

Avtotransport tarmog’ining shahar atrof- muhitiga tasirini kamaytirishga garatilgan yo nalishlar

1-rasm. Avtomobil transporti majmuasi tomonidan atrof-muhit ifloslanishiga ta'sir

etuvchi omillar

Atrof-muhit ifloslanishining o‘lchamlari va tarkibi o‘zaro bog‘langan, vaqt va makon
bo‘yicha o‘zgaruvchan hamda boshqarilish darajasi har xil bo‘lgan gator omillarga bog‘liq.

Ularni ikki guruhga bo‘lish mumkin: asosan, yuqori tizim darajasida (mamlakat, hudud,
shahar) boshgariladigan va avtotransport korxonasi hamda transport vositasining egalari

darajasida boshgariladigan.

Omillarning birinchi guruhiga quyidagilar kiradi:

o Avtomobilning o‘lchami, tarkibi;
o Transport jarayonining sharoiti va tashkil etilishi;
o Ishlatilayotgan harakatdagi tarkibning texnik darajasi va sifati, ishlatiladigan yonilg‘i, moy
va ekspluatatsiya ashyolarining sifati;
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o Ko‘cha-yo‘llar tarmog‘ining uzunligi, holati va yo‘l harakatini tashkil etilishi;
o Avtomobil transporti infratuzilmalarini rivojlanganlik darajasi va ATM korxonalarining
ishlab chiqarish texnik ba’zasi;
o ATM ning huqugiy-meyoriy va resurs ta'minoti, ekologik xavfsizligini boshqarish;
o Parkning texnik xolati, avtomobillar va avtotransport korxonalarining ekalogik xavfsizlik
darajasini federal va hududiy nazorat tizimlari;
Ikkinchi guruh omillariga quyidagilar kiradi:
e ATK ni ekalogik ko‘rsatkichlari yaxshilangan avtomobillar bilan butlash;
e Parklar tatkibini yoshi bo‘yicha boshqarish;
e Ekalogik ko‘rsatkichlari yaxshilangan yonilg‘i, moy va ekspluatatsiya materiallarini
ishlatish;
e Harakat tarkibini yo‘lda ishlatish samaradorligini oshirish;
e Yonilg‘i, moy va ekspluatatsiya materiallarini hisobga olish me yorlashni
mukammallashtirish;
¢ Yonilg‘i va moy maxsulotlarini tashish, saglash va quyish jarayonlarini
mukammallashtirish;
e (Ogqava suvlarni tozalash, ishlab chiqarish chiqindilarini yig‘ish va qayta ishlash;
o Xodimlar malakasini oshirish.
Avtomobillarning harakat jarayonida va ATM korxonalarining IChTB da hosil bo‘ladigan
iflosliklar (chiqgindilar, to‘kilmalar, sanoat axlati) nisbati hamda ularga ayrim avtomobil turlari va
korxonalarning go‘shadigan xissasi 2- rasmda ko‘rsatilgan

Avtotransport majmuasi

1009/
Harakatdagi avtomobillar [shlab chigarish texnikasi ba’zasi 24%
VA

Yengil Yuk Avtobuslar Avtomobi Avto- Garaj Avtoservis
12% | saglash ransport qurilish stantsiyalari

65% || 23% joylari shirkatlar _
Korxona i229% Avtomobil

40%, -lari egalari va

27% b.r. 11%

2-rasm Avtotransport tomonidan atrof muhitni ifloslash manb

ATM raxbarlari va mutaxassislarining ekalogik ma'lumoti darajasi va malakasi.
Haydovchi xavfsizlik talablariga rioya etishi va buni bajarishda harakatlanishdan oldin

Mexanika va Texnologiya ilmiy jurnali 5-jild, 1-son, 2024

https://mextex.uz/
161


https://mextex.uz/

Scientific Journal Of Mechanics And Technology ISSN 2181-758X, volume 5, Issue 1, 2024
AVTOMOBIL VA QISHLOQ XO ‘JALIK MASHINALARI

transport vositasining texnik sozligini, tozaligini va to‘liq jihozlanganligini tekshirishi va
harakatda keskin to‘xtash va manyovrlar bajarishda yo‘lovchi tan jarohati olmasligini
ta’minlashi zarur Boshga mamlakatlarda ham shunga o‘xshash ma’lumotlar olingan. Masalan,
Finlyandiyada harakatlanganda chiqadigan chiqindilarning 77% 1 yengil avtomobillarga to‘g‘ri
keladi; AQSh da 67%, yuk avtomobillari va avtobuslarga esa 33%, shu jimladan kam yuk
ko‘taruvchi va kam sig‘imli, benzinlilarga 22%, o‘rta va katta yuk ko‘taruvchi benzinlilarga 4%,
dizelli yuk avtomobillari va avtobuslarga 7% Priborlar panelida biron—bir indikator signal bersa,
darhol harakatni to*xtatib, uni bartaraf gilish choralarini ko‘rishi kerak.

: ‘ ‘;;p.. -. SR &
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3-rasm. Avtomobillarning ekologiyaga ta’siri

Avtomobillar texnik ekspluatatsiyasini takomillashtirish zararli chigindilarning kamayishi
va ATM ning ekologik xavfsizligi oshishini ta‘minlovchi muhim yo‘nalishlardan biridir.

ATE ning ushbu masalani yechishdagi hissasi 20-25% deb baholanadi va u, birinchidan,
avtomobillar va ularning agregatlarini texnik holati sozligini ta'minlash va uni saglab turishdan
iborat bo‘lib, asosiy zararli chiqindilar miqdorini belgilaydi; ikkinchidan, avtomobillarni texnik
xizmat va ta'mirlash, saqlash, yonilg‘i bilan to‘ldirish jarayonlarida muhim ifloslanishni
kamaytiradi; uchinchidan, resurslarni (yonilg‘i, moy, elektr quvvati, suv, ehtiyot gismlar, shina,
akkumulyatorlar, texnik suyugqliklar va boshqalar) tejamli sarflaydi; to‘rtinchidan, sanoat
chiqindilarini kamaytirish, yig‘ish, qayta ishlash va ikkilamchi foydalanishni o‘z ichiga oladi.

Asosiy qgisim: n - yo‘ldagi bo‘lak soni, unda transportning harakati amalga oshiriladi.
Bunda n — bo‘laklar soniga (turganlaridan tashqari), S — engil avtomobillar harakat migdori, G —
og’ir yuk avtomobillarining harakat miqdori, A — relssiz jamoat transportlarining harakat
miqdori.

Bunda umumiy Q — birlikdagi harakat migdori shunday belgilanadi:

Q =kc *C Q ke*G QKka*A,
Bunda k., ks, ka —engil, yuk va jamoat transport koeffitsiyenti.

Jamoat transport harakati bo‘lagini aniglashda asosiy ogqim golgan bo‘laklarga aralashadi.
Shunda quyidagi chegaralanish amalga oshiriladi:
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(S-S1) > (Q-0),
Bunda S — magistralning o‘tkazish qobiliyati, harakat bo‘laklari sonini oz ichiga oladi; S1 — bir
bo‘lakdaga magistralning o‘tkazish gobiliyati; g — jamoat transportining harakat miqgdori.

So‘ngra golgan harakat bo‘laklarining o‘tkazish gobiliyatini solishtirish kerak bo‘ladi.

(S — S1)- jamoat transporti uchun harakat bo‘laklarini hisoblamasdan va (Q-q) - jamoat
transport harakatini hisoblamasdan umumiy ogim harakat tezligini tekshirish amalga oshiriladi.
Agar qolgan bo‘laklarni o‘tkazish qobiliyati umumiy ogim harakat migdoridan kam bo‘lsa,
jamoat transport uchun alohida bo‘lak ajratish mumkin emas.

Umumiy ogim harakat tezligini hisoblashda jamoat transportiga alohida bo‘lak ajratish
quyidagi formula asosida bajariladi:

V = (Vo 2)*(2-[1 (S-S1)*([(S-S1)*~(S-51)*(Q-9)]*
Bunda V4 — berilgan joydagi transport vositalarining harakat tezligi KYT, km/s.

Jamoat transporti uchun maxsus bo‘lakni uzaytirishni hal gilishda chorrahadagi o‘tkazish
gobiliyati hisobga olinadi va svetofor boshqgaruv tartibi amalga oshiriladi.

Boshqariladigan chorrahalarda harakat ishtirokchilarining sarflagan vaqti ko‘payishini
inobatga olish zarur (W) ular shaxsiy transportdan foydalanadilar.

Shaxsiy transportdan foydalanadigan harakat ishtirokchilarining turib golishidan zarar
yoki jamoat transport birligining o°rtacha hisobi shunday ko‘rinishga ega:

W=WaQWe=T (1-G/T)*/(2-[1-(Q-a)/(S(n-])QX?/(2(Q-a)-[1-X]),
Bunda Ws, W, — bir avtomobilning tasodifiy va diterminantli turib qolishi, s; T- chorrahada
boshgaruv bosgichining davomiyligi, s; G - jamoat transport harakatining yo‘nalishiga ruxsat
etuvchi signal davomiyligi, s; X- chorrahadagi kesishmaning yuklanganlik darajasi; Q-q —
golgan harakat bo‘lagidagi jamoat transport ogimining harakat miqgdori; S(n-I)- golgan harakat
bo‘lagining o‘tkazish gobiliyati.

Chorrahadagi yuklanish darajasi, harakat bo‘lagini hisobga olib, jamoat transport ogimi
uchun quyidagi ko‘rinishga ega:

X=T(Q-0)/G~(S-Sy),

Maxsus bo‘lakni ajratishning mohiyati boshqgariladigan chorrahada transport turib
golishdagi harakatni boshgarish va eksport yo‘li bilan o‘rtacha ushlanib golish transport birligini
aniglash mumkinligini ko‘rsatadi.

Mugobil yo‘nalishda harakatlanayotgan harakat gatnashchilari sarf giladigan vaqti
quyidagi formula orgali aniglanadi:

W=W:QW.=T (1-G/T)?/2*q-[I-X])Q(X?/(2-[1-0/S]))

Bunda G-muqobil yo‘nalishda ruxsat beruvchi signalning davomiyligi, s; @ — mugqobil
yo‘nalishdagi jamoat transport ogimi harakatining miqdori, avt/s; S - magistralning
o‘tkazuvchanlik gobiliyati, u harakat bo‘laklarining sonini hisobga oladi, n;

X=(T*q)/(G*S)

Mugobil yo‘nalishdagi harakatlanayotgan transport vositasining o‘rtacha ushlanib
golishini hisoblaganda (G) svetoforning ruxsat etuvchi ishorasining davomiyligini nazarda tutib,
harakat 10 s ga gisgaradi, chunki maxsus ruxsat etuvchi ishorani 5 soniya (sekund) ilgari yoki
kechroq berishga zarurat tug’diradi.

Hozirgi vaqtda harakatni tashkil etish mutaxassislarining kun tartibida yo‘l harakatini
tashkil etish bo‘yicha ishlab chigilgan tadbirlar muhim hisoblanadi [1].

Yo‘l harakatini tashkil etishda yo‘l-transport hodisalarini tizimli tahlil gilish talab etiladi.
Yo‘l-transport hodisalari ogibatida kelib chigadigan ko‘plab sarflarni  kamaytirishda
mukammallashgan garor gabul gilishga imkon beradi. Ushbu tahlillar har xil igtisodiy sarflardan
tejash va harakatini tashkil etishni yaxshilashning birinchi navbatdagi texnik-igtisodiy
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asoslangan tadbirlarini aniglash imkonini beradi [2].

Shahar ko‘cha va yo‘llarida harakat xavfsizligini oshirish bo‘yicha shahar ko‘cha-yo‘l
tarmog’ini boshqarishda samarali tadbirlar foydalanuvchilar uchun ko‘proq qulayliklarni aks
ettirishi lozim [3].

Harakat xavfsizligini oshirish bo‘yicha tavsiya etilgan tadbirlarda har xil kapital sarflar
keltiriladi va YTHning ortishiga ta’sir darajasi aniqlanadi.

Katta shaharlarda ko‘p yillardan buyon yo‘nalishdagi jamoat transportlarini yo‘l-tarmoq
tizimidan samarali foydalanishini ta’minlash uchun har xil usullar muvaffaqiyatli qo‘llanib
kelinmoqda: avtobuslar uchun maxsus bo‘laklar qurish, avtobuslar bo‘laklari bilan bir vaqgtda
izlaridan foydalanish, chorrahalardan jamoat transport vositalarini imtiyozli o‘tkazish, svetofor
orgali boshgarishda maxsus tizimlarni qo‘llash va boshqalar [5].

A.Navoiy ko‘chasida engil avtomobillar V=65 km/soat ta’minlangan tezlikda S=100 m
masofa uchun ketgan vagtni hisoblaymiz:

teng": E: &:5’5 ﬂ
V 184m/c c
yuk avtomobillari uchun ke S - 100 _ g m
V 1lu/c c
avtobuslar uchun taviobus— S _ 100w =772

V. 13ulc ¢
Ko‘chalar uchun hisoblangan giymatlarni 1-jadvalga kiritamiz:

1 -jadval
. Vaqtt, s
Ne- | Kochalar Engil yuk avtobus
1 A.Navoiy 55 9 7,7
2 Sh.Rashidov 54 8,1 7,5
3 Mustaqillik 51 8,1 7,5
4 I.Karimov 5,3 6,9 7,2

Olib borilgan tadqiq ishlari va statistik ma’lumotlarga asosan Sh.Rashidov ko‘chasida
tezlikning va o‘tkazuvchanlik qobiliyatining yuqoriligi hamda YTHlIlari nisbatan kamligini
hisobga olib, Sh.Rashidov ko‘chasini etalon gilib olamiz va A.Navoiy ko‘chasida yo‘qgotilgan
vaqtni hisoblaymiz:

At= tnaVOiyeng'tA'-I-emureng= 55¢c-54c=0,1c
At = Vo, A TEMI =77 ¢~ 7,5¢=0,2¢C
At = thavoly, tATemur =9c—-8,1c=09c

Shuningdek, Mustaqillik ko‘chasida yo‘qotilgan vaqt hisoblangan va qiymatlar 2-
jadvalda Kiritilgan:

2-jadval
X . Yo‘qotilgan vaqt At, s
Ne Ko'chalar Engil yuk avtobus
1 A.Navoiy 0,1 0,9 0,2
2 Mustagqillik 0,3 0 0
I.Karimov -0,2 1,2 0,3
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Xulosa
Demak, tavsiya etilayotgan tadbirlarimiz samarador hisoblanar ekan. Avtomobillar va
jamoat transportlari harakatlanadigan boshga ko‘chalarda ham yuqorida keltirilgan harakat
tezligini aniglab, uni kamayishi sababli kuzatiladigan yo‘qotish vagtini hisoblab, shuningdek,
YTH statistik ma’lumotlariga asoslanib, harakat xavfsizligini ta’minlash magsadida belgilangan
tavsiyalarni samaradorligini aniglanishi mumkin.
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METHODS OF CREATING NOISE PROTECTION AND INFLUENCING FACTORS
ON CAR NOISE IN ALISHER NAVOI STREET OF JIZZAKH CITY

Khamrakulov Yorkin Murtazaqulovich
Jizzakh Polytechnic Institute, assistant teacher, e-mail: hamragqulovyorgin479@gmail.com

Annotation. This article examines the influencing factors on car noise in Alisher Navoi
street of Jizzakh city, according to which the analysis of the causes of noise in car engine,
transmission noise, aerodynamic noise and tire noise in the structure itself as sources of noise
done. The speed, intensity and noise of the braking areas on the road were also found to have a
significant impact on the overall traffic noise of Shah Street. The most effective way to protect
traffic noise is to extinguish it at the source of the noise. Noise problems can be solved by
creating an alternative to car noise sources, engine, noise suppressor, transmission and other
factors. It can also be achieved by optimizing the movement of cars in the traffic flow to
eliminate noise by organizing traffics on highways.

AHHoTanus. B nanHo# cTtaThbe paccMOTpeHb! (PaKTOPHI, BIUSAIONIME HA IITYM aBTOMOOUIIS
Ha yiunne Annmepa Hasou ropoaa I[)KI/I?»aKa, COTJIACHO KOTOPBIM IIPOBCACH aHAJIU3 HNPUYNH
mymMa ABUTaTelid aBTOM06I/IJ'I${, myMa TpaHCMUCCHH, aOPOANMHAMHUYCCKOI0 IrymMa U 1mymMa IrH B
camou KOHCTPYKIIMM KaK HMCTOYHUKOB IIyMa. briio Takke 06Hapy>1<eHo, 9TO CKOpPOCTh,
HHTCHCHUBHOCTH W IIYM B 30HAaX TOPMOXKCHHUA Ha AOPOre OKa3bIBaAlOT CYHMICCTBCHHOC BIMAHHUC HA
obmuit gopoxsblii mym Ha ynune I[llax. Camblil 3QQEeKTHBHBI CMOCOO 3alIUTUTBCA OT
AOPOXHOIO0 mMymMa — IOTYIOUTH €0 B CaMOM HCTOYHHKE IIyMa. HpO6J'I€MI>I mymMa MOXXHO
peUInTh, CO3/1aB AJIbTCPHATUBY UCTOUYHHKAM IIIyMa aBTOM06I/IJ'IH, ABUTATCIII0, ITYMOTTYIIUTEIITO,
TpaHCMUCCHH U ApYyruM (akTtopam. JOOUTBCA 3TOr0 MOXKHO TakKe 3a CUET ONTHUMH3AIUU
ABHUKCHUA aBTOMOOMIIEN B TPAHCIIOPTHOM IMOTOKE JIs1 YCTPAHCHHUA IyMa 3a CUHCT OpTraHU3alun
ABWXXCHUA HA aBTOMArucTpaliax.

Annotatsiya. Ushbu maqolada Jizzax shahridagi Alisher Navoiy ko‘chasida avtomobillar
shovginiga ta’sir etuvchi omillar tadqiq etildi, unga ko‘ra shovqgin manbaalari sifatida
konstruktsiyaning o‘zida avtomobil dvigateli shovqini, transmissiyasi shovqini, aerodinamik
shovgin va shina shovqini sabab bo‘lishi tahlil gilindi. A. Navoiy ko‘chaning umumiy transport
shovginining harakat tezligi, jadalligi va yo‘ldagi tormozlanish-tezlanish joylaridagi shovqin
ham Kkatta ta’sir etishi aniglandi. Transport shovqinining muhofazasini tashkil etishdagi eng
samarali tadbiri, shovgin chigaruvchi manbalarning o‘zida shovginni so‘ndirishdir. Avtomobil
shovgin chigaruvchi manbalari dvigatel, shovgin so‘ndirgich, tarnsmissiya va boshga
omillarning mugobil variantini yaratish orgali shovgin muammosini bartaraf etish mumkin.
Bundan tashgari avtomobil yo‘llarida harakatni tashkil etish orgali shovginni so‘ndirishda
transport ogimidagi avtomobillar harakatini optimalashtirish orgali erishish mumkin.

Keywords: car, noise, street, traffic safety, noise sources, traffic speed, traffic speed,
congestion, noise protection, traffic noise, engine noise, aerodynamic noise, noise reduction.

KiaroueBble cioBa: aBTOMO6I/IJ'II>, my™m, Yyiania, 0€e30MacHOCTh ABMIXKCHUSA, MCTOYHUKHN
IIrymMa, CKOPOCTh JABHMIKCHHS, CKOPOCTh JABHMIKCHUS, 3aTOPHI, ITyMO3aIllMTa, IITYM TPaHCIOPTa, IIyM
JABUTAaTCIIA, aapo,I[I/IHaMI/I‘{eCKI/Iﬁ myM™m, IIyMoOII0aBJICHHC.

Kalit so‘zlar: avtomobil, shovqin, ko‘cha, harakat xavfsizligi, shovgin manbaalari,
harakat tezligi, harakat jadalligi, tirbandlik, shovgin muhofazasi, transport shovqini, dvigatel
shovqini, aerodinamik shovqin, shovginni kamaytirish.

There is a wide range of researches being done by scientists today to reduce the negative
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impact on the operation of vehicles, and users of this vehicle will definitely choose and buy the
most comfortable, safe, economical car. In the Republic of Uzbekistan, the automotive industry
is developing day by day, making great efforts and investments in the production of competitive
products. In particular, the adoption of the Resolution of the President of the Republic of
Uzbekistan dated July 18, 2019 No PO-4397 "On measures to accelerate the development of the
automotive industry of the Republic of Uzbekistan" also aims to develop the automotive industry
steps to ensure the rapid development of the automotive industry and increase its investment
attractiveness, the introduction of modern market mechanisms and management methods based
on best international practices, as well as the production of competitive car brands in domestic
and foreign markets [1].

By the end of 2022, it is planned to implement three projects cost $ 277 million in the
automotive industry in Jizzakh region. In the first phase, ADM Jizzakh will produce cars, in the
second phase Jizzakh Automobile Factory will produce Volkswagen commercial vehicles, and in
the third phase Auto Motors Asia will produce commercial and truck cars. Established in
partnership with foreign countries, the products of this automobile plant are of high quality,
economy and, most importantly, safety. These cars are also manufactured in accordance with the
latest environmental standards.

As mentioned above, the car generates many negative effects during operation, including
traffic noise, which has a slow but very serious impact on the human body, and is one of the
most pressing issues that need to be addressed today.

External and internal noise from cars poses a serious threat not only to road users -
drivers, passengers and pedestrians, but also to people living in areas adjacent to the road [5].

Noise control is now one of the most pressing issues. Studies show that people who have
been exposed to excessive noise for a long time suffer from central nervous system disorders.
They experience wakefulness, irritability, fatigue, and headaches. High levels of noise can cause
serious illnesses, such as nervous system stress, cardiovascular disease, and hearing loss. Studies
have shown that at 88 dB of noise (in the bus cab) the driver's thinking ability is reduced by
10%, and at 95 dB by 20% [2].

Noise sources primarily transmit strong noise to the interior of the car. As mentioned
above, noise can reduce a driver's attention span and lead to fatigue and exhaustion. Decreased
attention span, fatigue, and, in many cases, drowsiness while driving can lead to serious road
traffic accidents [7].

During the movement of the car on the road and during the operation of its engine, a
strong noise is generated and spread to the environment. The amount of noise from cars is
constantly increasing as it moves on the roads. In the work of a number of Uzbek and foreign
scientists on the reduction of car noise, its protection and anti-noise measures, including O.
Kudratov - strong sharp and long-lasting noise can have extremely negative consequences for the
human body. conducted scientific research on the subject and proposed appropriate conclusions
in this regard. Foreign scientists VF Babkov, LE Biryukov, VI Chudnov, VN Lukanin, 1V
Alekseev have conducted a lot of research and scientific research on the sources of car noise,
their amplification factors, the development of measures to reduce and combat traffic noise.

The increase in vehicle noise during operation is due to the fact that highways are the
main sources of noise in the traffic flow - car engine noise, transmission noise, aerodynamic
noise and tire noise [6].

In the engine, noise is generated during the compression and expansion cycles in the
cylinders, which in turn causes the engine to vibrate, causing noise [8]. The amount of noise in
the engine depends on its operating capacity, speed and power. Noise in the supply system is
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caused by the opening and closing of the inlet and outlet valves, the intensity of which depends
on the engine operation, speed and type of air filter. The noise of fans, generators and pumps in
the cooling system further enhances the noise of the engine. Noise in car transmissions is mainly
caused by friction between gears and friction transmissions (Figure 1).

1-engine air intake and exhaust vents, 2-noise extinguisher, 3-wheel, 4-engine, 5-transmission, 6-
fan.
Figure 1. Sources of noise in the design of the car
The noise generated in the structure increases during the movement of the vehicle, which
is greatly affected by the speed of the vehicle and the speed of movement on the road [11]

(Figure 2).
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Figure 2. Influence of speed of trucks (a) and cars (b) on noise (when the noise level is
determined at a distance of 10 m)

At the same time, the presence of high-powered and heavy-duty trucks in the flow of
traffic also increases the noise level.

Noise measurement tests are carried out in accordance with international standards, in
which the noise levels of the noise-producing parts of the car are integrated - the internal and
external noise of the car. The normal operation of the engine and the normal operation of other
units can also be determined from the amount of noise obtained from the test results.

Traffic noise is mainly observed on highways in densely populated urban areas, which is
due to the growing number of cars, which in turn is due to the congestion of city streets. Noise
levels will be measured on existing highways in the city. The tests are mainly performed on
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high-noise roads.

GOST ISO 362-1-2017 “Measurement of noise emitted by cars during acceleration.
Technical method. Part 1 According to the standard "M and N category vehicles"! conducted
research by specialists of the Department of "Vehicle Engineering” of Jizzakh Polytechnic
Institute. Noise was measured using a Sound Analyzer Nor-140 meter

During the study, The high-noise section of Alisher Navoi street and the main factors
influencing this noise level were studied.

Based on the test results, the following was identified:

- Sh. At the intersection of Rashidov avenue and Shifokorlar, Alisher Navoi and Islam
Karimov Streets, the noise level was found to be 88-96 dB due to high traffic congestion,
constant use of sound signals by drivers and braking and acceleration;

- It was found that most of the cars with a noise level of 84-89 dB in the traffic were old
models (Jiguli (VAZ), Moskvich) and technically defective;

- The effect of the speed and intensity of traffic on the highway on the noise level was
analyzed (Figure 3);

- The level of noise in regulated and unregulated pedestrian crossings on this street will
reach a maximum of 93.6 dB due to braking and acceleration (tire noise).

The influence of speed on amount of noise
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Sanitary norms "SanPiN RUzN 0267-09" "Sanitary norms and rules of permissible noise
in residential buildings"? are applied in the territory of the Republic and according to this
standard the average noise level in residential areas is 45-50 dB. In particular, the noise level for
educational institutions, medical facilities, resorts are 35-40 dB.

Given the location of schools, clinics, recreation centers, institute buildings and shops in
the areas adjacent to Navoi street, noise protection is one of the most important tasks in this area.

Measures to reduce and combat noise in the car, mainly to eliminate noise at its source, as
well as to cover the noisy car parts with sound-absorbing materials are proposed. In addition,

! GOST 1SO 362-1-2017 Measurement of noise emitted by motor vehicles during acceleration. technical method. Part 1. Vehicles of
categories M and N (https:/files.stroyinf.ru/Data/719/71994.pdf)

2 SANITARY NORMS AND RULES for ensuring permissible noise in the premises of residential, public buildings and on the territory of
residential development SanPiN RUz N 0267-09
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spraying sealants and anti-noise sealants on the inner surfaces of metal bodies using a
straightener or pneumatic spraying device to reduce the noise when the car is moving [2].

Extinguishing the noise from the car is done by its design and organization of traffic.
Noise can be reduced by noise suppression in the structure itself, coating of insulating materials
on noisy parts and body (Figure 5) and creation and improvement of modern designs of noise
sources in the structure.

Tovushizolyatsiya Vibroizolyatsiya

Vibreisolation

Sound isolation

Noise isolation

Figure 4. Covering the corpus of car with isolation materials.

One of the most effective solutions to organize noise protection on highways and
eliminate it in road conditions is noise barriers. Road noise screens are the most effective noise
suppression barriers in road conditions, they have different designs and their installation is based
on special acoustic requirements.

In conclusion, the most effective measure in the organization of traffic noise protection is
to extinguish the noise at the noise sources themselves. Noise problems can be solved by
creating an alternative to car noise sources, engine, noise suppressor, transmission and other
factors. This can be achieved by covering electric vehicles, car bodies with noise-absorbing
materials, and improving the engine combustion process. In addition, the organization of traffic
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on highways can be achieved by optimizing the movement of vehicles in the flow of traffic to
reduce noise. is one of the sensible solutions. In addition, noise-absorbing and noise-reducing
devices, the creation of structures gives effective results.
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HCCJIEJOBAHUE UHTEHCUBHOCTH JOPOXKHOI'O IBUKEHUA N
HOABN’KHOCTH HACEJIEHHUSA B CYPXAHJAPBMHCKOMU OBJIACTH HA
IPUMEPE ABTOMOBWJIBHOM JOPOT'H

Enropos JXamonmanua Ham030B14
TepMe3ckuil MH)KEHEPHO-TEXHOIOTHUECKUI MHCTUTYT, accucTeHT, edgorovjamoliddin@gmail.com

AHHOTaIII/IH. B cratbe paccMaTpuBacTCA NPOCKTUPOBAHUC BBIJACJICHHBIX II0JIOC IJIA
JIBUKEHUS TPAHCIOPTHBIX cpeAcTB (aBTomoOmiel, HOT) Ha mepecedeHHsIX (peryiupyeMbiX U
HEpETyIUPYyEMbIX), Ha KOTOPBIX 3aJI€p>KKa U JIJTMHA OYEpPEeAN TPAHCIIOPTHBIX CPEICTB SIBIISIOTCS
OOJHMMHM H3 TJIaBHBIX 3JICMCHTOB, 06CCH6‘II/IBaIOIJ_II/IX KOM(bOpTHBIe yCciIoBusa MOE3OKHU
[1aCCaXUpPOB.

Abstract. In the article, the design of dedicated lanes for the movement of vehicles (cars,
vehicles) at intersections (regulated and unregulated), at which the delay and length of the queue
of vehicles are one of the main elements that ensure comfortable travel conditions for passengers.

Annotatsiya. Magolada yo‘lovchilar uchun chorrahalarda transport vositalari harakati
uchun (tartibga solinadigan va tartibga solinmagan) ajratilgan yo‘laklarni loyihalash,
(avtomobillar, umumiy transport vositalari) bunda transport vositalari navbatning kechikishi va
uzunligi noqulay sharoitlarni asosiy elementlardan biri hisoblanadi.

KuroueBble ciioBa: o0Ciy)KHBaHHME, CPOK CIIy>KObI, BpeJHbIE BBIOPOCHI, JKCILIyaTalus,
Jlopora, 10pOKHBIE YCIIOBHSL.

Kalit so‘zlar: xizmat ko‘rsatish, muddat, zararli ogibatlari, ekspluatatsiya, yo‘l, yo‘l
sharoiti.

Key words: maintenance, service life, harmful emissions, operation, road, road conditions

HpOBC,Z[eHLI HAaTYpHBIC HCCJICAOBAHUA O XAPAKTCPUCTUKAX IBUKCHHUA CPCACTB HOT na
BBI}IeJIeHHOfI nojioce. B Tom 4ucie AKOCHTHUPYEM BHUMAHUC HA HUX PCKUM ABUKCHHSA B 30HC
[IepECEeYCHU .

Brnusinue paccTosiHHsS MEXay aBTOOYCHbIMH ocTaHOBKaMHu (L) Ha CKOpOCTH ABHMIKCHHS
cpeacts HOT Obuto mccnenoBano B aAByx ciydasx npu L=300 m u L=600 m. M3mepenus
IMPOBEACHBI B HECKOJIBKHUX CTBOpPAX HA PAaCCTOAHUAX OT OCTaAaHOBOK 06HIGCTBCHHOFO TpaHCIIoOpTa
25 M, 50 M, 100 M, 150 M, 200 M, 10 u mocie octaHoBKu. IlomydyeHHsie pe3ynbTaThl (puc.l)
MOKa3ajiau CIEeayoLee:

F 90
E 75 | | | | * # - » o -
5‘ 60
: ;f] B e S Sy (s QU S
s % B L
¥ -
) 0 25 50 100 150 200 250 275 300 325 350 400 450 500 600 700 750 800 850 875 900
Paccroanne, M
—*__AgTobyc (35%) AgTobyc (50%) ssensA_ApTOOVC (15%)
—*— Tawcu (85% - b=300p)... .........—— Taxcu (85% - b=600m)
Puc. 1. U3menenue ckopocrei npuzkenusi rpynn cpeacts HOT npu nBuskennn Ha
mMapipyTe 10 uiau nocje octanoBku (L= 300m u L= 600m)
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- BOJUTEIh OOBIYHO HAYMHAET MOCTENECHHO MPUTOPMAKUBATh Ui CHIKCHHS CKOPOCTH
nBwkeHus Ha paccrosHud 80... 100M 1o ocTaHOBKH. B TO ke Bpems paccTosiHHE, HEOOXO0IUMOE
JUIsL pa3roHa JJIsl JOCTHKEHUS] OCTOSTHHONM MaKCHUMaJIbHOM CKOPOCTHM Ha MEPEroHe COCTaBIsET
130...150 M (mpu L= 300 M) u ot 180 g0 200 M (iput L= 600 m).

OTO 03HayaeT, 4TO 30HAa BJIMSIHHMS OCTAHOBKM Ha CKOpPOCTb JBMkKeHMs cpeacts HOT
coctaBisgeT 250...300 m;

- NpU YBEJIWYEHUM PACCTOSIHUS MEXIy ocTaHOoBKamu ckopocT aswkeHus HOT 3a
mpe/iesiaMi 30HbI BIUSHUS OCTAHOBKHM yBenu4uBaroTcs Oonee yem Ha 20% (¢ 42 xkm/4 o 51
km/4, Ha 21,4% nns obecnieueHHOCTH 85%);

- monss HOT 3a npepenaMu 30HbI BIUSIHUS OCTAHOBKU JBUKYIIUXCSA CO CKOPOCTHIO MEHEE
35 xM/9 ymensmraercs B 5 pa3 (¢ 45% mo 9%), a KOIMYECTBO TPAHCHOPTHBIX CPEICTB CO
CKOpPOCThIO Oosiee 45 km/u yBenuuuBaeTcs B 9 pas (¢ 5% 10 45%) u Bpems ABMKEHHUST aBTOOYCOB
C MaKCUMAaJIbHOM CKOPOCTHIO YBEJIMUMUBAETCS MpuMepHO B 4 paza (¢ 4,3 ¢ mpu L= 300m no 21,6¢
pu L= 600m);

- CKOPOCTb JIBWKEHHSI aBTOMOOWJIEH - TaKCH HE MEHSETCS NpU MPOXOXKIECHUU Yepe3
ocTaHoBKY. OJTHaKO CYILECTBYET pa3HULA MEXIY CKOPOCTBIO IBH)KEHUSI aBTOMOOMIIEH - TAaKCH B
IBYX ciydasx wuccienoBaHuid. Jlns oOecnedeHHocTH 85% MakcuMaiabHash CKOPOCTb TaKCH
yBenuuuBaeTcs Ha 14 km/4 (¢ 67 km/4 10 81 km/4) coorBeTcTBeHHO Ha 20,8% MpH yBeIMUEHUN
PacCTOSIHUS MEX1y OCTAaHOBKaMH.

Pacnpenenenyie MyHKTOB OTHpaBlIeHUs] MOE30K (puc. 2) TNpOJUBaeT CBET Ha
pacnpenenieHne IYHKTOB  OTHpPAaBIEHUS, BBIOPAaHHOE ONPOIICHHBIMH  PECHOHICHTAMH.
Ilorpanununeni nepexon JycTu cinyXuT oTnpaBHOM ToukoW 11t 20 pPECIOHAEHTOB, 4TO
YKa3bIBAa€T Ha €ro poJib B KaYeCTBE OTMPABHOM TOYKHU JUIsl YACTU MOE3JI0K [0 PETHOHATIBLHOMY
kopuzopy M-41. CypXoH NOJXy4us HEMHOTO OOJblliee KOIMYECTBO - 47, YTO YKa3bIBAaeT Ha €ro
3HaueHue Kak Mecrta npoucxoxaenus. Capuacus, DnbOaeH, J[xapkypran, lypun, Tepmes u
Jlenay ObLIM BBIOpaHBI B KaueCTBE HMCTOYHHKOB IPOUCXOXKJIEHUS OONBUIMM KOJIHMYECTBOM
pecnionieHToB: 85, 89, 93, 106, 111 u 129 cooTBeTCTBEHHO. DTH MECTa EMOHCTPUPYIOT CBOIO
BAKHOCTh KakK MOMYJSPHbIE OTHpPAaBHBIE TOYKW JJisi MyTelecTBUM mo Kopuaopy. Kymkypran
oKazajcsi Haubojiee YacTO BHIOMpAaeMbIM MECTOM MPOUCXOXKAECHUSA: ero BblOpamu 137
PECIIOHJIEHTOB. DTOT BBIBOJ NMOAYEPKUBAET poib KyMKyprana kak KpyIHOIO TPaHCIOPTHOIO
y37a U OOIIeH OTIpaBHOM TOYKM JAJIsi IMYTEIIECTBEHHUKOB, OTIPABIISIONIMXCSA B MOE3JKH IO
peruoHanbHOMy Kopuaopy M-41. AnHanu3 pacnpeneneHusi MECT OTIPABICHUS IOE310K AaeT
Mpe/iCTaBICHUEe O paclpeleieHUH BapHaHTOB MPOUCXOXKICHUS CpeId  ONPOLIEHHBIX
PECIIOHJIEHTOB, BBISBIISISL  MOMYJSIPHOCTH  ONPEIEIEHHBIX MECT U Ppas3jIMYHbIE YPOBHU
MPEANOYTEHUs Pa3INYHBIX TYHKTOB OTIPABJICHUS BJIOJIb PETUOHAILHOTO Kopuaopa M-41.

[Tonydyena moapoOHast uH(MOpMAIMSA O PACIpPEeIEHUH WHTCHCUBHOCTH JBMXKEHUS 10
Pa3IUYHBIM THIAM U KJlaccaM TPaHCIOPTHBIX CPENICTB, YTO MO3BOJISIET MPOBECTH TIIATEIbHYIO
OLIEHKY COCTaBa U XapaKTEPUCTUK TOPOKHOIO ABMXKEHHUS 110 aBTOAOPOKHOMY Kopuaopy M-41.

OO0cnenoBaHue MPOBOIUIOCH B TPeX KIFOYEBBIX Toukax: Touka Ne 1 Bozie ropona
Tepmes (1604 kM), Touka Ne 2 Bozinie paiionHoro nentpa Kymkypron (1537 km) u touka Ne 3
Bo3sie norpannepexona Jycrtu (1450 xm). /IBa skcmepra Ha KaxJIoM 00bekTe (hUKCHPOBAIU
Tpapuk B TeueHue 7 nHeW mo 12 yacoB HENpEepbIBHO U OJUH JIeHb B TeueHue 24 yacos. 12-
4yacoBble JaHHble O Tpaduke ObUTM IMpeoOpa3oBaHbl B 24-4acoBble JaHHBIE C MCIIOJIb30BaHUEM
24-9acoBBIX JJaHHBIX. B Ta0imax 3—5 mokazaH CyTO4YHbBINH 00heM TpaduKa JUIs KaXKI0H JIOKAIAN
¢ 9 urons 2023 r. (maTHuna) no 16 urons 2023 r. (MATHUIA).

HccnenoBanne mnokazano, yTo HauOosibmMil Tpaduk 3adukcupoBaH Ha ydacTke Ne2
BOyM3u KymKypranckoro paiioHa, rie cpeiHerofoBoii Tpaduk coctasnset 17 318 aBromobuiieit
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B CyTKH. BeposTHO, 3TO cBsi3aHO ¢ Tem, 4To Touka Ne2 HaxoautTcs Ha Tpacce M41, xotopas
coequnser Bce 6 pailioHoB CypxanaappuHCKOM oOmactu. Btopoe Mecro mo Tpaduky
3apukcupoBaHo Ha yuactke Ne 1 BOmm3um ropoma Tepmes, Thae cpenHEromoBod Tpadux
cocrapisier 9466 aBromoOWIeld B CyTKH. BeposTHO, 3TO CBsi3aHO C TeM, 4To ropoxa Tepmes
SBIISICTCSI KPYIHBIM TOProBbIM IeHTpoM Cypxangapbu. HanMensiuii Tpaduk 3aduKcupoBaH Ha
yuactke Ne 3 Bosne morpanmnepexona [lyctu, rae cpeaHeronoBoi Tpaduk cocrtaBisger 3907
aBTOMOOWIICH B CYTKH. BeposiITHO, 3TO CBs3aHO ¢ TeM, 9TO Touka No 3 HaXOJWUTCS HA TPAHUIE U
TaM MEHBIIIE S)KOHOMUUYECKON aKTUBHOCTH.

Surxon Saraosiyo
5.8% 10.4%
Dzarkurgan
11.4%
Denau
15.8%
Kumkurgan
16.8%
Shurchi
13.0%
Elbayon

10.9%
Dusti Border Cros...
2.4%

Termez
13.6%

Pucynok 2. Pacnipenesienne npoucxoxaeHust

HaunGonpmass ”HTEHCUBHOCTh ABWXKEHUsI HabOmonanack B yrperaue (¢ 7:00 mo 10:00) u
BeuepHue 4dackl uk (¢ 18:00 go 21:00), mukoBas ckopocTh coctaBimsuia 1000 aBromoOuieit B
yac. BeposiTHO, 3TO CBSI3aHO ¢ T€M, YTO B ATO BPEMsI MHOTHE JIFOJHU €3IAT Ha pabOTy U ¢ pabOTHI.
HaumenbIliass HHTEHCUBHOCTH JBIDKEHHUSI Oblla HOYBIO — B cpeqHeM 50 aBToMOOMIeH B dac.
BeposiTHO, 9TO CBs3aHO C TeM, YTO B 3TO BpeMs Ha JOPOTAaX MEHBIIIE JIFOACH.

Ananu3 u3MeHeHHs] 00beMa JOPOKHOTO JBMKEHHUS B 3aBUCUMOCTH OT BPEMEHH CYyTOK U
JHS HEACNH JaeT IEHHYI0 MH(POPMAIMIO O MOJENAX IMOE3/I0K M TMOBEACHUU IMACCAKUPOB IO
JIOpO’)KHOMY Kopunopy M-41. M3yuas naHHble, MBI MOXEM IOJIYy4UTh Ooyiee TIyOOKOe
MOHUMaHue (DAKTOPOB, BIMAIOMIMX HA OO0BEM TMEPEeBO30OK, M CAenaTh OOOCHOBAHHBIC
MPEITIOKEHUS IO ONTUMHU3AINH TPAHCTIOPTHON HH(PPACTPYKTYPHI U YCITYT.

Ha pucynke 3 mokazaHo m3MeHeHHe oObema Tpaduka mo HenensM. B OymHue maHH
WHTEHCUBHOCTH JBMKEHUs cTabmibHO npeBbimaeT 9000 aBToMmoOumeit B 1eHb, 9TO YKa3bIBaCT Ha
TO, YTO MHOTHE JIFOJIA €3/1T B Topol Tepmes Ha paboTy win 1o Aenam. [IukoBeIil 1eHsr — cpea,
Ha joporax Haxoautcs 6ornee 12 000 aBToMoOMIEH.

Kpome Toro, ananus BBISIBISIET WHTEPECHBIC Pa3IMuWs B WHTEHCHBHOCTH JBIKCHUS B

OTJIEJIBbHBIX paiioHaxX BAOJb aBTOJOPOXKHOTO Kopuaopa M-41. B Kymkypranckom paiione
HaOJI0AaeTCsl OTHOCUTENIHHO MEHbIIasi MHTEHCUBHOCTD JBM)KEHHS C MOHEJCNIbHUKA 10 YeTBEPT
10 CPAaBHEHUIO C MIEPUOJIOM C IISITHULBI 110 BOCKpeCceHbe. Takue XapakTepUCTUKU PACTIPEAEICHUS
TpauKa MOXKHO OOBSICHUTH CTPATETHUYECKUM PACIIONOKEHHEM pailloHa, MOCKOJIbKY OH SIBJSETCA
nepekpecTkoM Mexay pavioHamu Jxapkypran, lypun u Jlenay. Bonee Bwicokuii 00beM
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Tpaduka, HabIOJaEMBbI 110 TATHULIAM M cy000TaM, yKa3bIBaeT Ha POCT J€I0OBOM aKTUBHOCTH H,
BO3MOJKHO, Ha O0JbIIMI MpUTOK mocetuteneid B Kymkypron. Ota mHpopmanust MOXKeET ObITH
IOJIE3Ha I MeCTHBIX Biactel B KyMKyprane, NOCKOIBKY OHHM IIOMOTYT OIPEICIINTH
MPUOPUTETHOCTh YIy4IIEHUs] HHYPACTPYKTYpPHI W TPAHCIIOPTHBIX YCIYT JJISl YAOBJICTBOPEHUS
pa3IMYHBIX TOTPeOHOCTEH B pa3HbIe THU HEJENN
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5,000

2,500
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Puc. 3. O6bem Tpapuka no gusimM Heeaun Ha yyactke Nel. (Tepmes)
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18,397
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Puc. 4. O6bem Tpaduka no gusM Hepean B Touke Ne2 (Kymkypran)

Ananmu3 o0bemMa JIOPOKHOTO JBHIKCHHSI TaKKE BBISBISET CTPYKTYPY JTOPOKHOTO
nBIWKeHUs B parioHe Capaocuiio. JlaHHBIC TIOKA3bIBAIOT YCTOWYMBBIN POCT 00BbEeMa JTOPOKHOTO
JBUKCHHSI C TIOHEICIbHUKA TI0 CPEeay, BO3MOXKHO, M3-32 TOTO, YTO MACCAKUPHI €AyT Ha paboTy U
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B IIKOJY B TeueHue Heaenu. OIHAKO B YETBEPT U MATHUILY 00BEM CHIXKAETCS, YTO YKA3bIBaET Ha
M3MEHEHHE XapaKTepa Moe3A0K, YTO MOTEHIMAIbHO MOKET yYKa3blBaTh Ha COKpAIlEHUE padounx
WIA Y4eOHBIX 4acoB. B BBIXOJHBIC JTHM HMHTEHCHBHOCTH JBWXeHHs B Capaocuiio cHoBa
BO3pacCTaeT, YTO YKa3bIBA€T HA YBEIMYECHHUE KOJIMUYECTBA IIOE310K B LENSIX NMPOBENCHUS 10CYra U
MOCEIICHUSI MECTHBIX PBIHKOB. JTa MH(pOpPMAalMs >KM3HEHHO Ba)KHA JAJSI MECTHBIX BJacTel
Capaocuifo Ay ydaydilleHUs] TPAHCHOPTHBIX YCIYyr, MPOJABMXKEHUS Mep Oe3omacHOCTH
JIOPOYKHOTO JBMDKEHUS W YIYYIICHHS HH(PACTPYKTYpHI Uil YAOBJICTBOPEHUS MEHSIOMIUXCS
TpeOOBAHUH TOPOKHOTO JABHIKEHHUS.
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Pucynok 5. O6bem Tpaduka no q1uam Heaeau B Touke Ne3. (Capuacus)

PucyHok 5 nomonHser mosyuyeHHbIE pe3ynbTaThbl, MOKa3biBas, 4To o0beM Tpaduka B
Henay, Ulypun, Kymkypron u Tepme3 sBiseTcs camMblM BBICOKHM 10 cy0Ootam u
BOCKPECEHBSIM. OTH paiioHBl HaxXoIATCsA Henxaneko oT Capuacus U MMEIOT CXO0XKHE CXEMBbI
MEPEABIKEHUS, YTO IOJYEPKHMBACT BAXXHOCTh KOOPAMHALMU MEXAY ITUMHU pPalOHAMM IS
pemieHust OOMIMX TPAaHCHOPTHBIX MpoOseM U coxedcTBUS A(PPEKTUBHOMY YIPABICHUIO
JIOPOKHBIM JIBHYKEHUEM.

Pucynok 6. MeiieHHO ABHIKYLIeecs] TPAHCIIOPTHOE CPEACTBO, BbI3bIBAKIIEE 3aTOPHI
OnHUM U3 KITIOUEBBIX (PAKTOPOB, CIIOCOOCTBYIOLIMX BOSHUKHOBEHHUIO 3aTOPOB, SIBJISETCS
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B3aMMOJICHCTBUE MEXIY PEryJsSpHbIM JBHKEHHUEM TPAHCIOPTa M MEMJIEHHO JBHKYIIUMUCS
TSKEJIbIMU TPAHCHOPTHBIMM CPEACTBAMH W aBTONOE3AaMHU. DTUM OOJBIIUM TPAHCHOPTHBIM
cpeacTBaM yacto TpeOyercss Ooibliie BPEMEHH M TMPOCTPAHCTBA ISl MaHEBPHUPOBAHHUS, YTO
IPUBOJAUT K COKPALICHUIO OOILIEro TPaHCHOPTHOIO IOTOKa. B pe3ynbraTe BO3HMKAIOT
yYMEpEeHHbIE 3aTOpbl, OCOOEHHO B Yachl MUK, KOTrJa Ha Jgopore Habmomaercss Oosbliee
KOJINYECTBO TPAHCIIOPTHBIX CPEACTB (pHUC. 6).
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CJIO’KHOCTHU OLHEHUBAHHUSA ABTOMOBWIBHBIX JOPOT B TOPHOM
MECTHOCTH

Enropos Kamonuaaun Ham030B1Y
TepMe3CcKuil HHKEHEPHO-TEXHOJIOTHYECKHH MHCTUTYT, accuctenT, edgorovjamoliddin@gmail.com

AHHOTanus. B crarbe npoaHanM3MpOBaHO BIIMSHHUE NPOJOJBHOIO YKJIOHA JIOPOTH M
pPeKUMa JABUIKCHHA aBTOMOOMIISI Ha HOpMAJIBHBIC PCAKIIHU KoJIéc Hu MNpUBCACH PACUCTHO-
IKCIIEPUMEHTAILHBIA METOJ[ OMpECIICHUsT TPOAOIBHOr0 yKiIoHa jgoporu. OOecrieyeHue
HOpMaTHBHOﬁ I.II/IKHI/I‘IGCKOﬁ JO0JI'OBECYHOCTU CBAPHBIX MCTAJUIMYCCKHX IIPOJICTHBIX CTpOGHI/Iﬁ
JKCJIC3HOAOPOXXHBIX MOCTOB C YCTAJIOCTHBIMH TPCIIMHAMHM HA OCHOBE COBCPIICHCTBOBAHMA U
BHCIApECHUA B MMPAKTUKY HIPOTPECCUBHBIX TEXHOJOTHMH IIaMKu U HHAYKOUOHHOTO HarpeBa IJIs
JIOKAJIM3allur YCTAJIOCTHBIX TPCUIWH.

Abstract. The influence of the longitudinal slope of the road and the vehicle’s driving
mode on the normal reactions of the wheels is analyzed and a computational and experimental
method for determining the longitudinal slope of the road is presented. The article ensures the
standart cyclic durability of welded metal spans of railway bridges with fatigue cracks based on
the improvement and impelementation into practice of advanced soldering and induction heating
technologies for localizing fatigue cracks.

Annotatsiya. Maqolada, yo‘lning bo‘ylama qiyaligi va transport vositasining
harakatlanish rejimining g’ildiraklarning normal reaksiyalariga ta’siri tahlil gilinadi va yo‘Ining
bo‘ylama qiyaligini hisoblash va eksperimental usuli keltirilgan. Temir yo‘l ko‘priklarining
payvandlangan metall oraliglarining standart siklik chidamliligini takomillashtirishni amalga
oshirish va yorilgan joylarini ta’'mirlash va charchagan joylarni yoriqlarni lokalizatsiya gilish
uchun ilg’or yechim va induksion isitish texnologiyalarini amaliyotga joriy etish.

KuaroueBble cjI0Ba: HHTEHCUBHOCTD ABWKCHUA, KCJIC3HOAOPOra, MOCT, POBHOCTDL,
IIOTOK.

Key words: traffic intensity, railway, bridge, evenness, flow.

Kalit so‘zlar: Transport intensivligi, temiryo‘llar, koprik, to‘g’riligi, oqim

Penbed) MecTHOCTH TO YCIOBHSIM DKCILTyaTalldd aBTOMOOWIEH B 3aBUCUMOCTH OT
BBICOTHI PACIOJIOKEHUSI HAJ ypOBHEM MOpsS TMoApaszaeisaercs Ha paBHUHHBIA (10 500 M),
xommuctbiit (500-1000 m), ropusiit (1000-2000 M) u Beicokoropubiii (cBeime 2000 m) [8]. A
TaK)K€ TOPHBIE YCJIOBHS OKCIUTyaTallud OMPENEISIOTCS TreorpadUuuecKiuM  pacIoyiOKEHUEM
MECTHOCTH, IPEACTABIISIOIIEH COYETAHHE BO3BBIIMIEHHOCTEH, IUIOCKOTOPUM, BBICOKOTOPHBIX
MepPEBaJIOB, U3BUJIUCTHIX TIYOOKHUX YIIEINH, MHOTOUYMCIECHHBIX OBPAaroB M BOJOTOKOB. [ToaTOMy
TOpHbIE aBTOMOOWJIBHBIE JIOPOTM IO CBOEMY XapaKTepy 4pe3BbIYAiHO pPa3HOOOpPa3HBI M IO
HEKOTOPBIM IIOKA3aTCJIAM, HAIIPUMEDP, TAKUM KaK HHTCHCUBHOCTHE CMEHBI YKIIOHOB ITPOJOJBHOT'O
HpO(i)I/IJISI, CTCIICHb HM3BUWJIMCTOCTH IUIaHA TpPAaCChbl, PA3HOCTb BBICOTHBIX OTMECTOK U T.A.,
MNPUHOUIIMAIBHO OTINYArOTCA OT JOPOT B paBHHHHOﬁ MCCTHOCTH.

TlopHble pernons! 3aHUMAOT 0KOJIO 22 % Teppuropun Y3oekucrana [9, 10]. CroxHbIi
penbe(l) MCCTHOCTH B TOpPHBIX PpPETHUOHAX OKa3bIBACT OOJIBIIIOE BIUAHHE HAa PEKUM H
0€30IacHOCTh JIBUKEHUSI aBTOMOOMIIeH. bonbiiast mpoTs)KeHHOCTh Y4aCTKOB ¢ MaKCUMAJIbHBIMU
MNpOOdOJbHBIMH YKIIOHAMHU, KPUBBIMU MAJIbIX paaWyCOB B INIAHC, 3a4YaCTyrO C HeoOeCIIeYeHHOM
BUIUMOCTBIO, 3aCTaBJISAIOT BOI[I/ITCJIefl PE3KO U3BMCHATH PCIKHUMbI ABHUIKCHUA aBTOMO6HHefI, qTo
qaCTO BE€ACT K BO3ZHHMKHOBCHHIO aBaprIHBIX CHTyaL[I/Ifl. Haubonblitee BIusgHuEe Ha CKOpPOCTb H
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0€30MacCHOCTh JBUKCHHSI aBTOMOOWIJICH TOPHBIX JOPOT OKa3bIBAIOT KPHUBBIC B IUIAHE MAJIOTO
paauyca ¢ OONBIIMMHU yIIaMH TOBOPOTA, YHUCIO KOTOpPBIX cocTaBiuseT 2-3 Ha 1 kM. ['opHble
aBTOMOOWIIBHBIC JOPOTH Y30EKHCTaHa COCTABIISIOT OKOJIO 3 % OT 0O0IIeil ceTH aBTOMOOMIIBHBIX
JIOpOT.

JlopokHbIE W KIMMATHUYECKHE YCJIOBHS TOPHOW MECTHOCTH HETaTUBHO BIHSIOT Ha
paboToCTIOCOOHOCTh aBTOMOOMIIEH, MX arperaToB U MEeXaHW3MOB. MOIIHOCTb JIBUTaTeNsl Mpu
nogbeme aBroMooOmis Ha Kaxabie 1000 m 1o BbicoThl 3000 M cHmxkaetcs Ha 10 - 13 % wu3z-3a
YXYALICHUS HAMOJHEHUS IWIMHAPOB BO3AyXoM [4]. Pesko yxyamaercs W OXJaxaAeHHE
JBUTATENsl BCICICTBHE CHIKCHHSI TEMIIEpaTypbl KHIeHUs BOABI (B cpeaneMm 5°C Ha Kaxable
1500 M BBICOTBHI), CHUXEHHMS MPOM3BOAUTEIHLHOCTH BEHTWJISATOpPAa M TEIUIONepeaadyd OT
paaraTopa B OKpYXKarollyro Cpeay.

[leperpeB nBuratens BbI3bIBACT PA3KMKEHHE Macja B KapTepe ABUTATENS U YXyIIIaeT
€ro JKCIUTyaTal[MOHHBIC CBOWCTBA. MeEXIy TeM CHUKCHHE BS3KOCTH Maclia MOXKET CTaTh
MPUYMHON MOBBIILIEHHOTO U3HOCA JIeTajeil IBUTaTeNsl.

C MOBBINIEHUEM BBICOTBI MECTHOCTH HAJl YPOBHEM MOPS YXYIIAIOTCS YCIOBHS paOOTHI
ANEKTPOOOOPYIOBAHUSA: YMEHBIIAETCS COMPOTHUBICHUE H3OJSIUU  OJICKTPOIMPOBOAOB U
prOOPOB, YCHIIMBACTCS WCIIAPEHUE DJICKTPOJIUTA M3 aKKyMYJSTOPHBIX OaTapeid, CHIDKASTCS
HaJEKHOCTh pabOTHI eTaNell U MPUOOPOB.

B ropHoii mectHOocTH B cpenHeM 12 - 15 % mnyTd [ABWXKEHUS aBTOMOOWMIIS
OCYIIIECTBIISIETCS C HCIOIH30BAHHEM TOPMO30B. Ha 3aTsSyKHBIX CIyCKax TemIepaTypa TOPMO3HBIX
Hakimagok gocturaet 350-400°C, Ttopmo3Hbix OapadbanoB - 280 - 300°C, BciemcTBue 3TOTO
TOPMO3HOM MyTh YBETMYMUBAETCA B 2 pa3za u OoJiee 1Mo CPaBHEHUIO C IOMYCTUMBIM.

JIist u3ydeHUs BIMSIHUSI METCOPOJIOTHIECKUX YCIIOBHM Ha MOIIHOCTh U YKOHOMHYHOCTH
neurarens [3] mpuMEHEH METOJ] aHAIMTUYECKOTO OIpeAeNieHUs] BIUSHUS TEMIepaTyphl H
JABJICHUS BO3ayXa Ha KOA((PHUITMEHTHI HANOJHEHUS U U30bITKa Bo3myxa, nHaAnKaTopubii KITJ n
BETMYMHY MEXaHWYECKHX TOTeph, T.€. Ha T€ MapaMeTphl, KOTOPbIE BXOASIT B (HOPMYIIBI
MOIIIHOCTH U PAcXo0]ia TOILTUBA, BEIOPAHHBIC ISl aHATN3a.

cr or - ka
5 I\N.2 1 o
X %+ ¥
N <700 ?
Q
= O 50_ §§
% 23
=S 1001~ 490 S
&S 2t .o
= 38
g3 50 3
Po0f 80 §
= 0 L | ] 1 Qt

70 80 90 100 110 %
Omrowernue mowrocmed,P/P,

Puc.1. Binsinne arMoc(epHBIX YCJI0BHI HA H3MEHEHHE MOIIHOCTH ABUTATEJIsA B
3aBHCHMOCTH OT: 1- JaB/IeHHS OKPY:KAIOIIEro BO3/1yXa; 2-TeMIepaTypbl Bo3AyXa Ha
BIIyCKe 0EH3MHOBOI'0 ABHraTeIsl; 3-TeMIepaTypbl BO3AyXa Ha BIIyCKe AU3eJ1bHOI0
ABUTATEJIA.

Ha 3T0if 0OcCHOBEe pacyeTHBIM ITyTEM OIPEIEICHbI U MOCTPOSHBI TPapUKH, TOKA3bIBAIOIINE
BIMSIHUE aTMOC(EpHBIX YCIOBUM Ha WHAMKATOPHYIO M A(PQGEKTUBHYIO MOIIHOCTH, BEIHUUHY
MEXaHUUYECKUX IOTEPb M YAEIbHBIM pPACXOA TOIUIMBA IS JW3€JIed M KapOHOpaTOpPHBIX
JBUraTesiel, KOTOpble PEKOMEHIYeTCS HCHOJb30BaTh [UIsl Yy4€Ta BIMSHUS aTMOC(HEpHBIX
yCJIOBI/Iﬁ Ha MOIIHOCTB 1 TOIIJIMBHYIO 3 KOHOMHWYHOCTDH I[BI/IF&TGJIGFI.
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OKcrulyatauusi MOABM)KHOTO COCTaBa B FOPHBIX YCIIOBHSX, KaK IMOAYEPKUBACTCS B psJle
paboT, BHOCUT CBOU OIpeieJICHHbIE KOPPEKTHBHI [0, 7], KOTOpBIE 3aTparuBaroT HE TOJIBKO chepy
TEXHUYECKOM  OKCIUTyaTallik, HO ©  KomMMmepueckyio cdepy. IIpomsBoauTenbHOCT
TPaHCIIOPTHOT'O CPENCTBA, CIEN0BATENIBHO, IIEPEBO30YHBIE IIPOLECCH], B TOPHBIX YCIOBUAX MPU
OJIMHAKOBBIX PACCTOSHUSAX MapLIPyTa MOTYT OBITh Pa3IMYHBIMH B 3aBHCUMOCTHU OT HANpaBJICHUS
IBIDKEHUsT Ha TMOABEM MM CIycK. Takoe o0O0CTOATENbCTBO ONpEesieT OpraHu3aLuio
COIIOCTaBUTEJILHOTO HCCJIEI0OBAaHUS IIEPEBO30YHOrO Ipoliecca B JBYX IPOTHUBOIIOJIOKHBIX
HAIPABJICHUAX C ONPEIEIIEHUEM IIPOAOIBHOIO YKJIOHA IOPOTH.

[IpuBenenbl mnporpamMmbl U pe3yibTaThl JAOOPATOPHBIX HCCIEAOBaHUN 00pa3LoB,
BBIIOJIHEHHBIX MHAYKUMOHHOM M MMI-nmaiikoil, ¢ wuenabto 0OOCHOBAHHSA BO3MOXKHOCTH
NPUMEHEHHS NasHbIX COEAMHEHUM JUIs JIOKAJIM3AallMKM YCTAJIOCTHBIX TpPEIIMH B CBapHbIX
METAJUIMYECKUX IpPOJIETHBIX CTpoeHusiX. [Iporpamma wuchbpITaHuil BKIOYana 1oaoop
ONTUMAJBHON TEMIEPATypbl MNallKM KOHCTPYKLUMOHHOW CTalM, IPOYHOCTHBIE HCIbITAHUS
o0pa3loB i BbIOOpa MpPUIIOSI, MPOYHOCTHbIE M LMKIMYECKHE HCHbITaHUA 00pas3noB C
YCTaJIOCTHBIMH TPEIIMHAMU, JIOKAJTU30BaHHBIMU C IPUMEHEHHUEM MasHbIX COSIUHEHUM

B Hauane riaBbl gaHO omucaHue o0OpYyAOBaHUS U pa3pabOTaHHOTrO IO pyKOBOJICTBOM
aBTOpa KOMILUIEKCA MHIYKIIMOHHOTO Harpesa.

IlepBass 3ajmava, KoTopas pemanach B pamkax JaOOpaTOPHBIX HCCIEAOBaHHM,
3aKJII0Yagach B BHIOOpE ONTHUMAIbHON TemmepaTypbl HarpeBa MOCTOBBIX HU3KOJErHPOBAHHBIX
CTajeil, NMpH KOTOPOW HE MPOUCXOOUT cylecTBeHHBIX (Oonbme 10 %) wu3MeHeHMH HX
MEXaHUUYECKUX XapaKTEepPUCTUK (BPEMEHHOI'O CONpOTUBIEHUS W mpeaena TEKYy4YeCTH).
[ununapuueckue «rarapuackue» tun IV 10 FOCT 1497-84 o6pa3iubl HarpeBaiu JIO pa3inyHbIX
TeMIieparyp 1 ocje UX OCThIBaHUs MPOBOJMIM CTaHAAPTHBIE UCIIBITAHUS HA MPOYHOCTb.

[IpoBeneHHbIE UCTIBITAHUS MTOKA3aJId, YTO HarpeB KOHCTpyKuuoHHou cranu 10XCH/L J10
temneparypbl [UIIOC 900 °C He Beaer K CyIIECTBEHHOMY HW3MEHEHHMIO €€ IPOYHOCTHBIX
xapaktepucTuk. HarpeB crtamu J0 Temmeparypsl IUTIOC 1200 °C U Oonee mnpuBOAUT K
MCYE3HOBEHMIO IJIOLIAJAKU TEKY4eCTH Y YBEJIMYEHHIO BPEMEHHOI'O COMPOTUBIIEHUS Pa3phIBY.
Vcue3HoBeHME IUIOMIAJKA TEKYy4eCTH BeAeT K YBEIMUYEHHIO BEPOSTHOCTH OOpa3oBaHMs
YCTAJIOCTHBIX TPEUIMH B mpolrecce sSKcrulyaTanuu. Juarpammsl nedopmanuii KOHTPOJIBHBIX
o0pa3loB MpuBeAeHbl Ha pHCcyHKe 3. OnTumanpHON TemmepaTypoil HarpeBa OCHOBHOI'O
MeTajjla KOHCTPYKIIMHM CBapHBIX MPOJETHBIX CTPOCHUH MPH WMHAYKIMOHHOM Mailke SBIsSETCS
nuarma3oH OT IJ1toC 700 °C Ao rioc 900 °C.

Pa3puTHe JHMHHMHM N0 CKJIOHAM H IepeBajbHble Aoporu IlepexonHble y4acTKH OT
JOJMHHBIX TPacC K IMEPeBaJbHBIM YYaCTKaM XapaKTEpU3YIOTCS OONBLUIMMU TPOJOJIEHBIMU
YKJIOHAMH MECTHOCTH, IPEBBIIAIOMMUMHY JONYCTUMBIM Ha gopore. Jlid BO3MOXKHOCTH
IIPOJIOKEHUST TPACChl MPUXOJIUTCS HCKYCCTBEHHO YBEIMUYMBATH €€ JUIMHY (pa3BUBATh Tpaccy)
3axoJaMM B OOKOBBIE JOJUHBI. B OoTiaMuue OT MpOEKTUPOBAHUS JAOJIMHHOW TPAcChl Ha y4acTKax
pa3BUTH AOPOTY MPOKIAIBIBAIOT C MPOAOIBHBIMU YKIOHAMH, OMU3KMMU K MaKCHMAaJbHBIM,
UCTONB3Ysl KaXyI0 BO3MOXKHOCTb HaOopa BbICOTHL. [IpumenstoTcs n Oonee cloKHbIE CIIOCOOBI
pa3BUTHS TPACChI, KaK, HApPUMeEp, MPOJIOKEHUE TPACChl JOPOTU IO CIUPAIU C TOHHEISAMH U
ACTaKaJaMH, 4TO IO3BOJIMJIO B IIPUMEpE, NOKA3aHHOM Ha PUCYHKE, IIPU PACCTOSIHUM MEXIY
HavyaJIbHOM M KOHEYHOM TOUKaMu 1o BO3ayIHoM uau S00 M mpeoaoieTh pa3HOCTh OTMETOK B
80 M. Ilopxonel k mepeBajlaM XapaKTEPU3YKOTCS 3HAYMTEIBHBIMU IPOAOJIBHBIMU YKIOHAMH,
OOJIBIITUM YUCJIOM KPHUBBIX, HAJTMYUEM OOPATHBIX KPUBBIX - CEPIIAHTHUH, OOJBIIMMHU O0ObeMaMu
CKalbHBIX paboT. Ha HUX wYacTo NPUXOAWUTCS YCTpaWBaTh CHELMATIbHbIE WHXECHEPHbIE
COOPYKEHHUS - CHETO3alUTHBIE Tasieper U ToHHenu. CaMu e TepeBajibl U TOPHBIE IIATO UMEIOT
CPaBHUTENIBHO CIHOKOMHBIM penbed U MEHbIIMe, YeM Ha MOAXoJaX K HHUM, YKJIOHBL. Ha
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MEepeBaJbHBIX yYacCTKaX OCOOEHHO CHJIBHO TMPOSBISIOTCS KIMMAaTHYECKHE OCOOCHHOCTU
BBICOKOTOpPHBIX paiioHoB. Ilepen HauyanoM NPOEKTUPOBAHUSA [IOJDKHBI OBITH YCTAHOBJICHBI
YPOBHU M CpPOKHU OITyCKaHUS JIEAHUKOB M CHErOBOM JIMHHWH, MECTAa YCTOMUYMBBIX TYMAaHOB U
Ipyrue XapaKTepUCTHKH, MO3BOJSIONIME HAMETUTH LEIeco00pa3Hyl0 BBICOTY PACHOJIOKEHUS
TOHHEJIbHBIX BAPUAHTOB, a TAK)KE OLIEHUTh TPAHCIIOPTHBIE KauecTBa OyAyIIeld JOPOTH C y4eTOM
0coOeHHOCTel pabOThl aBTOMOOMIIBHBIX JBHUraTele B BBICOKOTOPHBIX YCIOBHSIX. MOIIHOCTD
ABTOMOOWJIBHBIX JIBHUTATEJICH 3aBUCHT OT IUIOTHOCTH Bo3ayxa. CocTaB TOprodYeld cMmecu
XapaKTepU3yeTCs OTHOIIEHUEM KOJIMYECTBA ACHCTBUTENBHO HCIONIB3YEMOTO KHCIOpOoAa K
TEOpeTHIECKU HeoOXoauMoMy (KO3 PUITUEHT M30bITKa BO3ayXa). ABTOMOOUIIBLHBIC JBUTATEIH
00bIYHO paboTaroT Ha cMecsax ¢ kodpduumentom u3obITKa Bo3ayxa 0,8-1,2. Ha OGombimmx
BBICOTaX IIJIOTHOCTh BO3JyXa YMEHBIIAETCS, U BCIEJACTBUE STOrO HAIOJHEHUE JBUTraTeNeh
CHIDKaeTCs. ODTO MPHUBOJUT K CHIDKEHHIO MOIIHOCTH JBHraTeleld Kak H3-3a YMEHbIICHUS
KOJIMYECTBAa KHUCJIOpPOJa M TOIUIMBA, IONAJAIOIIEr0 B IMWJIMHAPHI, raKk M H3-3a YXYALICHUS
Ipolecca CropaHusi B pe3yiabTaTe MaJeHUs JaBICHUS B KOHIE ckaTus. OTpakaeTcsl Takke Ha
pabore aBUrareneil yxyAlleHne UX OXJIaKIEHHUS B CBSI3U C MOHMKEHUEM TeMIIEpaTypbl KUIIEHUS
Bozbl. llokasanus 5>QQeKTUBHOCTH HCIONB30BaHUA aBTOMOOWJIEH ¢ KapOOpaTOpHBIMU
JBUTATENSIMU YXYAIIAIOTCS C MOJHATUEM HAa KaXKIYIO ThICSIUy METPOB HaJ ypoBHeM Mops. [Ipu
NepeBO3Kax Ha BbICOTax, mHpeBblmaromux 2000 M, HEOOXOIUMO CUUTATHCS CO CHHKEHHEM
MOIIHOCTH JABurarens. [loaToMy HpH MNPOEKTHUPOBAHHM BBICOKOTOPHBIX JIOPOI MpeleabHBIN
YKIJIOH JUUIsl IEpeBaJIbHBIX Y4acTKOB Lieiecoo0pa3Ho Ha3zHauaTh Ha 10-20% MeHbIIMM, YeM Ui
Y4aCTKOB TPacChl, PacOI0KEHHBIX Ha HEOOJBIINX BbICOTaX HaJl YPOBHEM MOpSI.
Heo6xonuMocTh y4yera BBICOKOTOPHOCTH MPH TNPOEKTUPOBAHUM JIOPOT BO3HHUKAET
N0BOJILHO 4acTo. Hambomnee BricOKME ropHble NepeBalibl Ha goporax KaBkaza pacrosioskeHbl Ha
BbicoTe 2500-2800 M. IlepeBan Ax-baiitan Ha [lamupckom Tpakte (Omr - Xopor) HaxoIuTCs Ha
BeicoTe 4800 M Haj ypoBHEM Mops. [nHamudeckuit ¢hakTop cocTaBisieT Ha HeM Jymib 44% ot
HOMUHAJIBHOTO. BBICOKOTOPHOCTh OTpakaeTcsi U Ha paboTe BOAWTENIEH, YBEIWYHMBAs BpEMs
peakuu  Boamtenen. [lo mammeim B. JI. YeOwieBa, mpu 85%-HOW 00ECNEYCHHOCTH OHO
COCTaBJIACT: Ha BRICOTAaXx OT 1 fo 2 kM - 1,2 ¢c; or2 no 3 km - 1,8 ¢; o1 3 10 4 kM - 2 ¢ u BhIIe 4
KM - 2,2 c. JIns nepecedeHusi TOPHbIX XpeOTOB BHIOMPAIOT MEPEBalibl C HAUMEHBIIEH BBICOTOM,
pacrosiokeHHbIE OJIM3KO K 3a/laHHOMY HAIlPaBJICHHUIO TPACChl M UMEIOIME YAOOHbIE MOAXOIBI,
MO3BOJIAIONINE Pa3BUTH Tpaccy. OCHOBHAs OCOOEHHOCTh MEPEBATIbHBIX XOJ0B - HEOOXOIUMOCTD
HCKYCCTBEHHOI'O YHJIMHEHUS («pa3BUTHSI») TpacChl, BbI3BaHHAS TEM, YTO YKJIOH MECTHOCTHU IO
NpsIMOMY HAINpaBJIEHUIO OOBIYHO TMPEBBINIACT 3aJaHHBIA MpeAeNbHBbI  YKIOH. JIMHMIO
Pa3BUBAIOT, OPUCHTUPYACh HE Ha INPEIECIbHBIA, @ HA HECKOJIBKO MEHBIIWW YKJIOH, KOTOPBIA
Ha3bIBaeTCcsl pykoBoAsumM. Ero nmpurumaror Ha 10-15%o0 MeHblIe npenenpHOro, y4uThIBas
HEM30EKHOCTh  MOCJEIYIOUIer0  COKpAIIeHUS JUIMHBI  Tpacchl TPU  OKOHYATEIHHOM
IpacCUpPOBAHUU M3-3a CIPSIMIICHHS MEJIKUX IMEPeIOMOB B IJIaHE, BIUCHIBAHUSA KPHUBBIX B YIJIbI
IIOBOPOTAa U YMEHBILIEHUS MPOJOJBHBIX YKJIOHOB Ha KPUBBIX Majoro paauyca. Yem cioxsee
penbed TOpPHOTO CKJIOHAa W BbIIe TPeOOBaHUS K IUIABHOCTU TPAcChl, TeM OOJIbIIE ClEayeT
CHIDKATh 3HAUEHUE 3aJIaHHOrO YKJIOHA. TpaccmpoBaHMe NOPOrd Ha MepeBAJbHBIX YYaCTKaxX
BeIyT OT mepeBaJjia K JojuHe. Ha BepxHell yacTH CKJIOHA MpU CHIIBHO M3PE3aHHOM penbede
MHOTJ]a TIPUXOJUTCS B BEPXHEH YacTU CKJIOHA MEX]y MEepPeBaJOM U BEPIIMHOW JJOJUHBI Tpaccy
pa3BHUBaTh 3Ur3araMy, MPOKJIAJbIBAas €€ MAKCUMAJIbHO JONYCTUMBIMHM YKIOHaMH. B cBsizu co
CIIOKHOCTBIO pabOT B TOPHOM MECTHOCTH II€JIecCO00pa3HO BHauaje BBIOpAaTh Tpaccy IO
MaTepuaiaM apo(OoTOCHEMKH WM MO KPyMHOMAcIITaOHBIM IUIaHaM B ropu3oHTansx. Ha mecre
MO>KHO JIMIIb OPHUEHTHUPOBOYHO HAMETUTh BO3MOXKHOE HarpaBieHue aoporu. llponoxus mno
CKJIOHY MAaruCTPAJbHBIA TEONOJIUTHBIA XOJ, CHMUMAIOT IUIaH B TOPU3OHTAIAX IS IOJIOCHI
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mmpuHoi 100-150 M, MO0 KOTOpOMY KaMepallbHO MPOCKTHPYIOT TPAcCy, OOBIYHO COCTaBIIsisS
HECKOJIbKO €€ BapHaHTOB. B mpenenax 3Toif ke MOJOCH! BBHIIOIHSIOT JIE€TANbHYI0 HH)KEHEPHO-
re0JIOTMYECKYI0 CheMKY. BhIOpaHHBIN BapyaHT 3aTeM NEPEHOCAT Ha MECTHOCTh U OKOHYATEIIbHO
KOPPEKTUPYIOT B IIpoliecce pa3OoUBKHU.

[Ipu usbickaHusX 0€3 MpEenBAPUTENBHOIO INPOEKTUPOBAHUS 110 IUIAHY B FOPU3OHTAISAX
IUISL TIPOJIOKEHHSI MAarCTPAIbHOTO X0J1a UCIOIB3YIOT T€OJ0IUT. UHCTPYMEHT yCTaHABIUBAIOT B
Ha4yaJIbHOM TOYKE Tpacchl U MPUIAIOT 3pUTEIBLHON TpyOe yroi, COOTBETCTBYIOIIUN NMPUHATOMY
JUISL TPacCHUpPOBAHUSI MPEIEIbHOMY YKJIOHY. 3aTeéM TpPAaCCUPOBIIMK IOCBIIAET PEEUYHHUKA IO
HarpaBlieHut0 Oyaymed Tpaccel Ha pacctostHue 50-100 m. Ha peiike ycIOBHBIM 3HAKOM
OTMEYAIOT BBICOTY HMHCTPYMEHTA. 3acTaBisisi pEeeYHUKA IEepeIBUTaTbCA BIPABO WM BIEBO,
TPACCHUPOBIIMK YCTAHABIMBACT PEHKY TaKUM 00pa3oM, YTOOKI MepeceueHrue HUTEH COBIAIAIO C
OTMETKOH Ha pelike. 3aTeM TEOJOIUT MEPEHOCIT Ha MECTO JalibHE PEeUKH U BBHICTABIISIIOT PEUKH
10 HOBOMY HAaITPAaBJICHHUIO TPACCHI. OTI[CJII)HBIG Y4aCTKH HaMe4YeHHOU TPaCChbl CIIPAMIIAIOT U
HA3HAYaIOT YIJIbl IOBOPOTOB.
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SHAHAR KO‘CHALARIDA TRANSPORT VOSITALARI HARAKAT TEZLIGINING
O‘ZGARISHINI TADQIQ QILISH

Kulmuradov Dilshod Istamovich
Jizzax politexnika instituti, p.f.f.d., dotsent v.b. “Transport vositalari muhandisligi” kafedrasi

Annotatsiya. Ushbu tadgiqot ishida shahar ko‘chalarida transport vositalari tirbandligini
tartibga solishni tadqiqg qilish, ko‘chalarda avtomobillarni o‘tkazuvchanlik gobiliyatini oshirish
bo‘yicha tadbirlar ishlab chigish, ko‘chalarda harakatlanayotgan transport ogimining asosiy
xususiyatlarini o‘zgarish gonuniyatlarini aniglash, ko‘chalarda tirbandlik bilan bog‘liq yo‘l-
transport hodisalari sonini kamaytirish tavsiyalarini ishlab chigish hamda avtomobil transporti
ishining samaradorligi va xavfsizligini ta’minlash, jamoat transporti va maxsus vakolatli
transport vositalarining harakatlanishiga imtiyoz yaratish harakat xavfsizligini ta’minlash
magsad qilib olingan.

AnHOTanus. B 1aHHOW Hay4yHO-HCCIIEIOBATENBCKOW paboTe WU3Y4arOTCs BOIPOCHI
peryjiupoBaHusa ABHUXXCHUA TPAHCIHOPTHBIX CPEACTB Ha YyilulNax ToOpoaOB, pa3pa60TKa
MEPOIPUATHI MO YBEIUYEHHUIO MPOMYCKHONW CIIOCOOHOCTH TPAHCHOPTHBIX CPEJICTB Ha YJIMIAX,
OIIPECACIICHUC 3aKOHOMepHOCTeﬁ HU3MCHCHHUA OCHOBHBIX XAPAKTCPHUCTUK TPAHCIIOPTHOI'O IMOTOKA
Ha yjiaunoax. ¢ IBHXKCHUCM Ha yiulax, pa3pa60T1<a peKOMeH)IaHI/IfI II0 CHUW)KCHHUIO KOJIMYECTBaA
CBA3aHHBIX C HUMHU OOPOKHO-TPAHCIIOPTHBIX HpOI/ICIJ_IeCTBI/Iﬁ A 00€ECIIEYECHHUTO BCI)(I)CKTI/IBHOCTI/I u
0e30MacHOCTH  pabOThl aBTOMOOWJIBHOTO TPAHCIOPTAa, CO3JAAHUIO JIBIOT JUISl  JIBMOKCHHS
O6I_I_IeCTBeHHOF0 TpaHCIIOpTAa W CIICHUAJIBHO YIIOJITHOMOYCHHLBIX TPAHCIIOPTHBIX CPEACTB,
o0ecreyeHno 0€30MacCHOCTH IOPOKHOIO ABHXKEHUS.

Abstract. In this research work, the study of the regulation of vehicle traffic on city
streets, the development of measures to increase the capacity of vehicles on the streets, the
determination of the laws of change of the main characteristics of the traffic flow on the streets,
with the traffic on the streets, the development of recommendations to reduce the number of
related road traffic accidents and to ensure the efficiency and safety of road transport work, to
create privileges for the movement of public transport and specially authorized vehicles, to
ensure traffic safety.

Kalit so‘zlar: yo‘l tarmog‘i, avtobus, mikroavtobus, yo‘l transport hodisalari, haydovchi,
piyoda, atrof-muhit, avtomobil, yo‘l, to‘gnashuv.

KuoueBble cjioBa: J0pokHAs Ce€Th, aBTOOYC, MUKPOABTOOYC, JOPOKHO-TPAHCIIOPTHHIE
MpOUCIICCTBUSA, BOOUTCIIb, IICTICXO0A, OKPYyKaromas cpcaa, aBTOMOGI/IHB, Jopora, CTOJIKHOBCHUC.

Key words: road network, bus, minibus, traffic accidents, driver, pedestrian,
environment, car, road, collision.

O<zbekiston Respublikasi mustaqgillikka erishgandan so‘ng, mamlakatimizda ijtimoiy-
iqtisodiy o‘zgarishlar hayotga joriy etila boshlandi. Chunonchi, avtomobil ishlab chigarish
sanoati yo‘lga qo‘yildi, yo‘l qurilish sohasida keng o°zgarishlar ro‘y berdi, shu bilan birga chet el
davlatlari bilan savdo-sotiq aloqalari joriy etila boshlandi. Yana shuni aytib o‘tish joizki
mamlakat aholisining soni yildan-yilga ortib borishi bilan shahar hududi kengayib, aholining
avtomobil transportiga bo‘lgan ehtiyoji yanada ko‘paymoqgda. Bu esa tabiiy ravishda Respublika
avtomobil yo‘llarida, shu jumladan shahar magistral ko‘chalarida harakat migdorining yildan-
yilga ortishiga olib keldi [1].

Shahar ko‘cha-yo‘l tarmoglarining rejalashtirish yechimiga muvofiqg shahar uchun 1000
kishiga avtomobillashtirish darajasi 170-180 ta avtomobil kritik miqgdor hisoblanadi. Yaqin
yillarda Jizzax shahrida avtomobillashtirish darajasi me’yoriy ko‘rsatkichlardan oshib ketadi,
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chunki hozirgi kunda har 1000 kishiga 125 ta avtomobil to‘g’ri kelmoqgda. Bundan ko‘rinib
turibdiki, transport vositalarining harakat miqdori jadal sur’atlar bilan ortib bormoqda. Shahar
magistral ko‘chalarida avtomobillar va jamoat transportlarining xavfsiz harakatlanishlarini
tashkil etishda transport vositalari va piyodalar harakatini tavsiflovchi asosiy ko‘rsatkichlardan
biri harakat miqgdoridir [3].

Kuzatish usuli orqgali Jizzax shahrining magistral ko‘chalarida avtomobillar va jamoat
transporti aralash harakatlanadigan, hamda shaharning hozirgi kunda asosiy magistral
ko‘chalarida olib borildi. Olib borilgan tadgiqot natijalari shuni ko‘rsatdiki, ushbu ko‘chalarda
harakat miqdori yo‘lning ahamiyatiga, transport vositalarining tarkibiga, holatiga va shunga
o‘xshash bir gancha omillarga bog’liq bo‘lib, bir-biridan farg qgilishini ko‘rish mumkin. Harakat
miqdori va tarkibining o‘zgarishi xarakat tezligi va yo‘l -transport xodisalarining o‘zgarishiga
ta’sir giladi. Shahar ko‘chalarining tasmalarida harakat miqdori va uning tarkibining tez-tez
o‘zgaruvchanligi kuzatiladi. Yo‘llarda xavfsiz harakatni tashkil etishda transport vositalari
ogimini maksimal darajada yo‘Ining geometrik o‘lcham imkoniyatlaridan foydalanib, uning har
xil bo‘laklarida xavfsiz harakat rejimini va yuqori o‘tkazish qobiliyatini ta’minlashga qaratiladi.

Bunda transport vositalarini yuqori samaradorlik bilan harakatlanishiga garatilgan
tadbirlar tizimi ishlab chigiladi. Transport ogimining o‘zgarishi nafagat harakat miqgdorining
o‘zgarish natijalariga emas, balki yo‘l sharoitining holatiga ham bog‘liq. Aynigsa transport
vositalari aralash harakatlanadigan katta shahar ko‘chalarida transport vositalarining asosiy
xususiyatlarini o‘rganishda katta ta’sir ko‘rsatadi. Shuningdek uzun ko‘chalarda yo‘l sharoitining
o‘zgarishi transport ogimida harakatlanayotgan o°‘zaro ta’sirlashuvchi avtomobillarda og‘ir
kechadi. Avtomobil yo‘llarida transport ogimining harakat tizimini o‘rganishda eng ahamiyatli
xususiyatlardan biri bu- transport ogimining harakat zichligidir. Transport ogimining harakat
zichligi — transport vositalarining 1 km uzunlikdagi bitta harakat polasasiga joylashgan soni
bilan o‘Ichanadi (g-km/dona) [5].

Bu ko‘rsatkich harakat tarkibiga, uning tezligiga va yo‘l sharoitiga nisbatan o‘zgaradi.
Yengil avtomobillardan iborat maksimal transport ogimining zichligi gmak=200 avt/km, bunda
tezlik vg0 km/soatga, transport ogimining optimal zichligi qopt=15-25 avt/kmga ega bo‘ladi.

Tranport ogimining zichligi oshib borgan sari transport vositalari oralig masofasi
kamayishi, tezlikning kamayishi hamda haydovchilarning psixologik ish rejimining
giyinlashishi umumiy yo‘l harakatining noqulayligiga olib keladi. Eng katta transport ogimining
zichligi transport vositalarining to‘htab qolish (“zator”) holatida kuzatiladi. Transport ogimining
zichligini quyidagicha baholash mumkin

N
Q=3 €y

bu yerda: N- bitta polasadagi harakat migdori, avt/km V-transport ogimining zichligi, km/soat.

Bu Kko‘rsatkich harakat miqdori “N” va yo‘l sharoiti o‘zgarishiga bog‘lig, chunki “N”
ko‘rsatkichi o‘zgaruvchan. Tranport ogimining zichligini aerofotosyomka yoki yo‘lning yon
tarafidan baland joydan kinosyomka qilish orgali aniglanadi. Tranport ogimining zichligi
yugori bo‘lgan paytlarda yo‘lning yuklanganlik darajasi ortishiga, shu bilan birga transport
ogimining tezligini kamayishiga olib keladi. Bu xollarda tabiiy ravishda transport vositalaridan
atrof-muhitga chigayotgan ortigcha zaharli moddalar soni kattalashishiga olib keladi. Transport
vositalaridan chigayotgan chigindi gazlarning kamaytirishda transport ogimining zichligini
kichik ko‘rsatkichga keltirish, buning uchun oralig masofani saglagan holda 40 dan 60
km/soatgacha tezlik bilan harakatlanishni ta’minlash kerak [6]. Xarkova milliy avtomobil —
yo‘llar univesiteti olimlari dots.L.A.Kovalenko, ass.S.N.Urdziklar transport ogimining harakat
zichligi, harakat miqdori va tezligini bog‘lovchi qonuniyatni ishlab chiqishdi:
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Nmax = Dmax 2% (2)

Bu yerda Dmax me’yoriy harakat miqdori, shahar ko‘chalarida o‘tkazuvchanlik
qgobiliyatini miqgdorini belgilab beradi. Yilning har xil vaqtlarida olib borgan eksperimental
tadqiq ishlariga asosan, harakat zichligi va harakat tezligi orasidagi bog‘liglikni quyidagicha
shaklga keltirishdi:
qurug ob-havo sharoiti uchun

D... =125-088-V (3)
yog‘ingarchilik sharoiti uchun
D, =125-110-V @

Shuni aytish kerakki, yog‘ingarchilik sharoiti quruq havo sharoitiga nisbatan harakat
zichligini, o‘tkazish gobiliyati va transport ogimining tezligiga ko‘proq ta’sir ko‘rsatadi [11].
Shuning uchun transport ogimining harakatlanish xavfsizligi va uning holatini baholashda
ko‘proq migdorda harakat zichligini va harakat tezligini yuqori aniglikda aniglash talab etiladi.
Shahar ko‘chalarida eksperimental kuzatishlar olib borishdan magsad harakat tezligini o‘zgarish
gonuniyatini o‘rganish, har xil sharoitlarda transport ogimining harakat zichligini o‘zgarishini
o‘rganish hamda transport ogimining asosiy xususiyatlari orasidagi gonuniyatlarni o‘rganishdir.
Transport ogimining zichligi harakat tezligining pastligi va harakat notekisligi orgali ham
xarakterlanadi. Transport ogimining harakat zichligini o‘rganish uchun harakat zichligiga yo‘l
sharoitining ta’sirini va “ tezlik-zichlik ” bog‘ligligini tadqiq qilinadi. Harakat zichligi vaqt
davomida yo‘lning ahamiyatiga bog‘liq ravishda o‘zgarib turadi. Harakat zichligining yuqori
giymatini ko‘proq qgiyaliklarga ko‘tarilishlarda, temir yo‘l kesishmalari atrofida, aholi yashash
joylarining gatnov gismi tor bo‘lgan ko‘chalarida kuzatiladi. Balandliklarga ko‘tarilishlarda
harakat jadalligi ortishi bilan transport ogimining zichligi ortib boradi. Kesishmalar oldida
harakat zichligi ortib boradi va yuqgori darajaga etadi hamda kesishmalardan so‘ng to‘g‘ri yo‘l
bo‘laklari boshlanishi bilan kamayib boradi. Aholi yashash joylariga kirishdan 150-200 metrdan
so‘ng harakat zichligi yuqgori ekanligini kuzatish mumkin. Harakat zichligi ortib borishi bilan
xavfsizlik koeffitsiyenti kamayib boradi [12].

Transport ogimining zichligi bo‘yicha eksperimental ilmiy izlanishlar olib borgan
V.M. Trubunskiy [3] “tezlik - zichlik” bog‘likligiga aniqlik kiritdi. “Tezlik-zichlik” bog‘liqligi va
avtomobillar oqimining asosiy xususiyatlari bilan bog‘liklik darajasini quyidagi formula
ko‘rinishiga keltirdi:

N =v-g )

V=vy,-f-q+a-p ©6)

bu yerda: N - harakat miqdori, avt/ soat
q - harakat zichligi, avt/km
v - ko‘rib chigilayotgan jadallikdagi harakat tezligi, km/soat
Veh— erkin sharoitdagi harakat tezligi, km/soat
a - harakat tarkibiga ta’sirini hisobga oluvchi koeffitsiyent
p - harakat tarkibidagi engil avtombillar soni, %

Yol sharoiti har xil bo‘lganda darajalanish koeffitsiyentini aniglash:
to‘gri yo‘l bo‘lagida

N=81l.v—-15-v®*+0125-p-v )

radiusi 35 m bo‘lgan rejadagi egrilikda
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N=96-v—3,76-v*+0,422-p-v ®)
50 %o burchak ostida balandliklarga ko‘tarilishlarda
N=75v-173-v* +0175-p-v 9)

Bundan V.M.Trubunskiy yo‘l sharoitining yuqori darajadagi harakat zichligiga
bog‘likligini quyidagicha izohladi: radiusi 35 m bo‘lgan rejadagi egriliklarda 96 avt/km, 50 %o
burchak ostida balandliklarga ko‘tarilishlarda 75 avt/km, to‘g‘ri yo‘l bo‘laklarida 81 avt/km ni
tashkil etadi. Demak, transport ogimining zichligiga to‘g‘ri yo‘l bo‘laklariga garaganda
balandliklarga ko‘tarilishlarda ko‘proq ta’siri hamda asosan kichik radiusli egriliklarda ta’sir
etishi aniglandi. 2-rasmda olib borgan tadgigot ishimga asosan Jizzax shahrining Sh.Rashidov
ko‘chasida harakat zichligining har xil vaqgtlarda o‘zgarish diagrammasi keltirilgan. Ushbu
grafikdan tahlil qilib ko‘rsak, harakat zichligi harakat miqdori ortgan sari ko‘payib bormoqda.
Ushbu ko‘chada harakat migdori eng kam bo‘lganda, ya’ni 2725 avt/soat ni tashkil etganda,
harakat zichligi o‘rtacha 30 avt/kmni tashkil gildi. Xuddi shunday yo‘l sharoitlarida kunning
boshga vaqtlarida harakat migdori 2930, 4300 va 4600 avt/soatni tashkil etgan vaqtlarda harakat
zichligi o‘rtacha 38, 40 va 43 avt/km atrofida bo‘lishi aniglandi.

Harakat miqdori ancha jadallashgan vaqtlarda ya’ni 5200 avt/soat atrofida bo‘lganda
harakat zichligining eng yuqori giymati 48 avt/km atrofida aniglandi. Shuningdek, 3-rasmda
Mustaqillik ko‘chasida olib borgan tadqiq ishimga asosan harakat zizligining o‘zgarish grafigi
keltirilgan.

40
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o1 O

=
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Harakat zichligi, avt/km
N
o

=
o

5

1-rasm. Mustagillik ko‘chasida harakat zichligining o‘zgarishi

Mustaqillik ko‘chasida harakat zichligi Sh.Rashidov ko‘chasiga nisbatan kam ekanligini
aytish mumkin. Ushbu ko‘chada harakat miqdori 1546 avt/soat atrofida bo‘lganda harakat
zichligi 24 avt/kmni tashkil etishi aniglandi. Harakat miqdori ortib borgan sari, ya’ni 2540, 2900
avt/soat bo‘lgan holatlarda harakat zichligi 27, 30 avt/kmni tashkil etgan bo‘lsa, harakat migdori
jadallashgan paytlarda, ya’ni, 3800 avt/soatda harakat zichligining yuqori qiymati 36 avt/km
atrofida bo‘lishi kuzatildi. I.Karimov ko‘chasida zichlikning o‘zgarishi grafigini 4-rasmda
ko‘rish mumkin. I.Karimov ko‘chasida harakat migdori eng kam bo‘lganda, ya’ni 1546 avt/soat
ni tashkil etganda, harakat zichligi o‘rtacha 22 avt/kmni tashkil qildi. Xuddi shunday yo‘l
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sharoitlarida kunning boshga vaqtlarida harakat migdori 2540, 2900, 3200 va 3800 avt/soatni
tashkil etgan vagtlarda harakat zichligi o‘rtacha 30, 30, 34 va 36 avt/km atrofida bo‘lishi
aniglandi. Xuddi shunday yo‘l sharoitlarida kunning boshqga vaqtlarida harakat miqdori 2540,
2900, 3200 va 3800 avt/soatni tashkil etgan vagtlarda harakat zichligi o‘rtacha 25, 35, 34 va 37
avt/km atrofida bo‘lishi aniglandi.
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2-rasm. I.Karimov ko‘chasida harakat zichligining o‘zgarishi.
A.Navoiy ko‘chasida zichlikning o‘zgarishi grafigini 5-rasmda ko‘rish mumkin.
A.Navoiy ko‘chasida harakat migdori eng kam bo‘lganda, ya’ni 1546 avt/soat ni tashkil etganda,
harakat zichligi o‘rtacha 24 avt/kmni tashkil gildi.
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3-rasm. A.Navoiy ko‘chasida harakat zichligining o‘zgarishi.
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Demak, harakat zichligi birinchi navbatda harakat miqdori bilan uzviy bog‘liq ekan.
Harakat miqgdori o‘zgarib borgan sari harakat zichligi ham o‘zgarib borar ekan. Shuningdek
harakat zichligi yo‘l sharoitiga ham bog‘liq ekanligini aytish mumkin. Yo‘llarda xavfsiz
harakatni ta’minlashda va yo‘l harakatini tashkil etishda transport ogimi Xxususiyatlarini
o‘rganish muhim ekan.

XULOSALAR

Transport vositalarining tirbandligi  kuzatilayotgan shahar ko‘chalarida transport
ogimining asosiy xususiyatlari quyidagilar hisoblanadi: transport ogimida harakatlanayotgan
transport vositalari harakat tezligi, transport ogimining harakat zichligi, transport vositalarining
oralig masofasi.

Sh.Rashidov, Mustaqillik, I.Karimov va A.Navoiy ko‘chalarida transport ogimining
zichligini o‘rganib tahlil gilganimda, transport ogimining harakat zichligi ortib borishi bilan
xavfsizlik koeffitsiyenti kamayib boishni, shuningdek, harakat zichligi harakat migdori hamda
yo‘l sharoiti bilan uzviy bog‘liq ekanligini aniqladim.
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YANGI QURILGAN TURAR JOY BINOLARINII SUV BILAN TA’MINLASHDA
QUVURLARDAN O‘TUVCHI SUVNING HARAKAT DINAMIKASINI O‘RGANISH

Karimov Komolxon Abbosovich
I.Karimov nomidagi Toshkent davlat texnika universiteti. t.f.d. professor, komolxon.karimov@gmail.com

Toirov Murtoza Shavgidinovich
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Annotatsiya. Ushbu magolada mukammal arxitektura asosida qurilayotgan zamonaviy
binolar va aholi turar joylarini suv bilan ta’minlashda suyuqlikning quvur ichidagi dinamik
harakati, miyyoriy hujjatlar asosida yangi quvur tarmoglarini barpo etish ishlari muhokama
gilingan, shu bilan bir gatorda ushbu magistral quvurlardan otayotga bosim ostidagi suvni aholi
turar joylari uchun kichik diametrli quvur tarmoslar orqgali yetkazib berishda
moderinizatsiyalangan ratsional tejamkor texnologiyalardan foydalanish yugori tejamkorlikning
ustivor tayanchi ekanligi hagida ma’lumotlar keltirilgan.

AHHOTaTI.[I/IH. B HaHHOﬁ CTaTbC pacCMATpUBACTCA AUHAMUYCCKOC IBHIKCHUC KXKUIAKOCTHU
BHYTpHU TpyO IIpH BOJOCHAOKEHUHM COBPEMEHHBIX 3/IaHUM M KWIJIBIX MAacCHUBOB, BO3BOJHUMBIX Ha
0a3e COBPEMEHHOM apXHUTEKTYPhl, CTPOUTEIHCTBO HOBBIX CETEH TPyOONPOBOIOB HA OCHOBE
HOPMATUBHBIX JOKYMCHTOB, a TaKXKC OGCCHG‘ICHI/IG BOJAbI 1IOJ HOAaBJICHHUEM H3 JTUX
MarucCTpalibHbIX pr60HpOBO,Z[OB B KUNJIbIC paﬁOHBI HaCCJICHU A, qTo MMPUMHUHCHUC
MOJICPHU3UPOBAHHBIX PALIOHATBHBIX YKOHOMUYECKH d(PPEKTUBHBIX TEXHOJIOTHIA MPH MPOKIAIKE
pr6OHpOBOI[OB Majaoro AnaMeTpa ABIACTCA OCHOBHBIM o0ecIieue HIEM BBICOKOI
HKOHOMHYECKOH APPEKTUBHOCTH.

Abstract. This article examines the dynamic movement of liquid inside pipes during the
water supply of modern buildings and residential areas built on the basis of modern architecture,
the construction of new pipeline networks based on regulatory documents, as well as the
provision of pressurized water from these main pipelines to residential areas of the population,
which is the use of modernized rational, cost-effective technologies for laying small-diameter
pipelines is the main guarantee of high economic efficiency.

Kalit so‘zlar: magistral quvur tarmoglari, yangi qurilayotgan binolar, suv taminoti,
suyuglikning harakat dinamikasi, vaqt tejamkorligi, moderinizatsiyalangan ratsional tejamkor
texnologiyalar.

KuaroueBble ciaoBa: JIMHHMS ~ MarucTpajJbHbIX  TpPyOONpPOBOJOB,  HOBOCTPOMKH,
BOI[OCHa6)KeHI/IC, JUHAMHUYCCKHUE ABUXCHHUA, XHUIAKOCTHh ITOJOCTH pr6OHpOBOILOB, 3KOHOMUA
BPEMCHHU, MOJACPHU3NPOBAHHBIC PAlIMOHAJIBHBIC SKOHOMUYHBIC TECXHOJIOTUH.

Key words: main pipeline line, new buildings, water supply, dynamic fluid movements
inside the pipeline cavity, time saving, modernized rational economical technologies.

Kirish

Oxirgi o‘n yillikni olib qaraganimizda, respublikamiz shaharlarida ko‘p gavatli uylar qurilishini
davlat dasturiga kiritilishi, yangidan-yangi mikrorayonlar va kichik shaharlarning paydo bo‘lishiga olib
keldi va olib kelmogda, ushbu qurilgan ko‘p gavatli uylarga komunal xizmatlarni ko‘rsatishda esa bir
gancha echimini kutib yotgan muammolar yuzaga kelib qolgan.

Ushbu muammolardan biri magistral quvur tarmoglari bosimini tushirmasdan turib magistral
quvurlarga teshik ochish va ushbu teshikka yangi quvur tarmog‘ini flanetsli shtutser orqali ulashdir.
Magistral quvur sirtida sifatli payvand chokini hosil gilish vaqgt unimdorligini oshishiga olib keladi.
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Sifatsiz payvand chokini hosil bo*lishi quvur ichidagi suvni tashqi atmosferaga chigishiga olib keladi,
natijada karroziya kuzatiladi, bu holat BCH 2-124-80 va BCH 171-84 yo‘rignomasi talablarida ham
ko‘rsatib o‘tilgan (2-rasm).

~

l-rasm. Yangi qurilayotgan ko‘p qavatli uylarga komunal xizmatlar ko‘rsatish uchun
qurilayotgan yangi magistral quvur tarmoglari
. '”V s & T

Z. 4 T : iy B - iy

A3 C g N (e s AT N, bt

2-rasm. Yangi qurilayotgan ko‘p qavatli uylarning suv quvur tarmoglarini magistral quvurga
ulash jarayoni

Quvur tarmoqlariga yangi loyihalangan quvurlarni payvandlab o‘rnatish uchun quvurlar
BCH 2-124-80 va BCH 171-84 yo‘rignomasi boyicha quyidagi talablarga javob berishi shart
[2,3]:

- quvur tipi (payvand chokli va payvand choksiz) bo‘ladi;
- quvur ichki diametridan o‘tuvchi muhitning hajmi quvurning ichki diametriga to‘g‘ri
kelishi shart;

- quvur devorining qalinligi, o‘tuvchi muhitning bosimiga qarab tanlanishi shart y’ani
payvand chokli quvurlar 1,25%, payvand chokisiz quvurlar 1,5% zaxira koeffitsenti bilan
bosimga bardoshliligi hisoblanib tarmoglarga payvandlanadi;

- quvurdan o‘tuvchi muhitning quvur materiali karroziyaga uchramasligi BCH 2-124-
80 va BCH 171-84 yo‘rignomasida ko‘rsatilgan miqdordan oshmasligi shart.

- quvur tashqi sirtini korroziyabardosh himoya gatlami BCH 2-124-80 va BCH 171-84
yo‘rignomasida ko‘rsatilgan talablarga javob berishi shart.
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Texnologik quvurlar deb quyidagilarga aytiladi:

payvand choklari uchun ikki yon tarafida faskalari bor;
turli tomonga yo‘naltirish imkoniyatini beruvchi quvur detallari (otvod, rerexod,

troynik, zaglushka) bo‘lgan quvurlar;

quvurlar;

taglik, suyanchiqlari yoki ilmoqli ko‘tarmalari bor bo‘lgan quvurlar;
briktiruvchi brikmalar (bolt, gayka, shpilka, shayba) bilan germetik zichlangan

zaporli armaturalar (zadvijka, ventel, kranniklar) o‘rnatilgan quvurlar;
bosimni nazorat giluvchi priborlar va ularni boshgaruvchi qurilmalari bor quvurlar;
issiqlikni o‘zida ushlovchi yoki korroziyadan himoyalangan quvurlar.

O‘tkazayotgan muhitiga qarab quvur tarmogqlari quyidagilarga bo‘linadi:

suv o‘tkazuvchi quvurlar;

bug‘ o‘tkazuvchi quvurlar;

siqgilgan havo o‘tkazuvchi quvurlar;

neft mahsulotlarini o‘tkazuvchi quvurlar;

moy o‘tkazuvchi quvurlar;

gaz o‘tkazuvchi quvurlar va boshqalarga bo‘linadi.

Geometrik tavsifiga ko‘ra quyidagi o‘lchamlari bor buyumlar quvurlar deb

aytiladi:

ichki o‘tkazish diametriga ega bo‘lgan (Du);

tashqi diametrga ega bo‘lgan (Diasngi);

ma’lum bir 0‘lchamdagi devorga ega bo‘lgan (&);
ma’lum bir o‘lchamdagi uzunlikka ega bo‘lgan (L).

Quvurlar texnologik jarayonda bosimga bardoshliligi jihatidan ikki guruhga bo‘linadi: 1)
0,1MPa — 10MPa bosimda ishlovchi quvurlar past bosimli quvurlar, 2) 10 MPa va undan
yugori bosimda ishlovchi quvurlar, yugori bosimda ishlovchi quvurlar deb aytiladi. Quvurlarni
ichki diametri o‘zgaruvchan bo‘lib tashqi diametri o‘zgarmaydi, quvurlarni ichki diametrini
topish uchun quyidagi formuladan foydalanamiz:

d:’chk:’ = dtashq —2-6; (1)
7

3-rasm. Quvur devorini aniglash usuli.

Quvur ichidan o‘tayotgan muhitning hajmini aniglash uchun, quvurning ichki diametriga,
quvurdan o‘tayotgan muhitning bosimiga va quvur ichidagi muhitning harakat tezligi bog‘liq
bo‘ladi va buni quyidagi formula orqali aniglaymiz:

d = 4V j (2)

W
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d — quvurning ichki diametri, m;
V' — quvurdan o‘tuvchi muhitning hajmi, m? /c;
W — quvurdan otuvchi muhitning o‘rtacha tezligi, m/s.

Magistral quvur devoriga loyihada belgilangan teshikni ochib, so‘ng teshikdan bosim
ostida chigayotgan suyuqlikning tezligini tahlil gilganimizda, bosimga ko‘ra quvurga ochilgan
teshikdan chigayotgan muhitning tezligi doimiy yoki o‘zgaruvchan bo‘ladi. Bosim ostidagi
mubhit hosil gilingan teshikdan erkin atmosfera chigsa ushbu muhit yuqori tezlik bilan harakat
giladi, aksincha, bo‘lsa muhit tezligi atmosferaga tarqalish tezligidan past tezlikda harakatlanadi.
Vakuum holatida esa gqarshilikka uchramaydi, natijada tezlik yugorida ko‘rib o‘tilgan
holatdagilarga nisbatan yuqori tezlikda bo‘ladi.

1
) i e nnas focincanvinramsinn s pomeas
Fy
pr 8
1
4-rasm. Quvur devoriga hosil gilingan teshikdan suyuglikni bosim ostida chigishining

harakat yo‘nalishi

Magistral quvurga hosil gilingan teshikdan, har ganday muhit bosim ostida chigish
jarayonida siqilib chigayotgan muhitning siqilish koeffisyenti bo‘ladi, ushbu koeffitsent £ harfi

bilan belgilanadi, uni topish uchun (5.1.8- rasm)ga asoslanib quyidagi formula orgali topamiz, £
ning giymati aylana shakildagi teshiklar uchun 0,64 ga teng.

_E.
e=1; ©)

F, — teshikdan chigayotgan muhit maydonining o‘lchami (diametrni 7T ga kopaytmasi
@ - T =mm), mm;

F — teshik maydonining o‘Ichami (diametrni 7T ga kopaytmasi @ - 7T = mm), mm.

Quvurdan chiqayotgan suyuqlik diametrining to‘g‘ri chiziq bo‘ylab o‘zgarmas quymati
quvurdagi suyuglikning bosimiga va garshilik kuchiga uzviy bog‘liq. Suyuqlikning quvur ichida
qarshilikka uchrashi quvur ichki sirtining g‘adir-budirligiga bog‘liq, quvur ichida
korroziyalanish natijasida g‘adir-budirlik (notekislik) gancha yuqori bo‘lsa, quvur ichidan bosim
ostida o‘tuvchi suyuqlik shuncha ko‘p qarshilikga uchraydi va biz bu qarshilikni Yulius Lyudbig

Veyshax formulasi asosida (4- rasm)da ko‘rsatilgan 1-1 va 2-2 ko‘rinish orqali quyidagicha
topamiz:

Ve
'ﬁhk:’n'sh = ‘fk:’n’sh 2_5 (4)
g
& — quvur sirtida yangi ochilgan teshikdan bosim ostida chiquvchi
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suyuglikning garshilik koeffisyenti;
V.2 — quvurdan Isekundda ogib o‘tuvchi suyuglikning hajmi;
g — erkin tushish tezligi.

Qur sirtida hosil qilingan teshikdan muhit chiqish jarayonida sigiladi va ma’lum bir
masofagacha muhit diametri o‘zgarmasdan to‘g‘ri chiziq bo‘ylab harakatlanadi, bosim ostida
quvur teshigidan chiqayotgan muhit diametri (dastasi)ning to‘g‘ri chiziq bo‘ylab
harakatlanganda harakat uzunligini quyidagicha izohlaymiz ya’ni bosim ostidagi quvur sirtidan
0,5 -d masofada ogim diametri o‘zgarmaydi va teshikdan uzoqlashgan sari muhitning

diametri boshlang‘ich o‘Ilchamga nisbatan ozgaradi.

Bosim ostidagi quvur sirtida hosil gilingan teshikdan quvur ichi g‘adir-budirligi natijasida
mahalliy garshilikga uchrab chigayotgan suyuglikning tezlik koeffisyenti ¢ quyidagi formula
orgali topamiz:

1

(P:

M1+ & ipissh—n2- 7 ()
y kirizsh—Nn=-&
n — quvur sirtida yangi ochilgan teshikkacha bo‘lgan oqimning tezlik koeffisyenti;

Quwvur sirtida yangi ochilgan teshikdan bosim ostida chiquvchi muhitning tezlik
koeffisyenti ¢¢ & 0,97-0,98 o‘zgaruvchan qiymatga teng bo‘ladi. Quvur sirtida yangi ochilgan
teshikdan bosim ostida chiquvchi suyuglikning garshilik koeffisyenti £ — 0,06 giymatga teng.
Suyuglikning tezlik koeffisyenti ¢ topish orqgali garshilik koeffisyenti £ topish mumkin.

1
. =——1-
‘E-karassh o2 ' (6)

Korxonalarda va aholi ichimlik suvi va shaharlarni obodonlashtirish magsadida
foydalaniluvchi suvlardan foydalanganda, quvur tarmoglari uchun yillik karroziya migdori BCH
2-124-80 va BCH 171-84 yo‘rignomasi talablari bo‘yicha o‘rtacha 0,1mm qilib belgilangan.

Hozirgi vaqtda respublikamizda aholini sifatli ichimlik suvi bilan uzluksiz ravishda
ta’minlash uchun juda katta e’tibor berilmoqda, shu bois mamlakatimizda iqtisodiy islohotlarni
amalga oshirishda mazkur soha respublikamizda yettinchi asosiy ustuvor yo‘nalish qilib
belgilangan. Barchamizga ma’lumki eng muhim hayotiy ahamiyatga ega bo‘lgan soha bu shahar
aholisini ichimlik suvi va issiqlik manbai bilan ta’minlash bo‘lib, bu sohada yillar davomida
jiddiy muammolar to‘planib qolgan va bu muammolar bugungi kunda o‘z echimini kutmoqda.
Ushbu echimini kutayotgan muammolardan asosiysi, respublikamiz shaharlarida barpo
etilayotgan ko‘p gavatli uylarni, ichimlik suvi va issiglik ta’minotining magistral quvurlariga
ulash jarayonida, quvurdan o‘tuvchi muhit oqimini to‘smasdan, to‘xtatmasdan turib ulash
korxonalarning eng dolzarb muammolardan biri to‘lib qolmoqda.

Amaliyotdan bizga ma’lumki yangi quvur tarmoqlarini bosim ostidagi magistral quvur
tarmogqlariga ulash uchun, quvurlardagi suv ogimini vaqtincha to‘xtatish kerak bo‘ladi. Misol
tariqasida quyidagicha tushintiramiz, yilning sovuq fasillarida yangi qurilgan ko‘p qavatli uylarni
magistrall issiqlik manbai quvurlariga yoki ichimlik suvga ulash uchun, aholi yashash
massivlariga magistral quvurlar orqali uzatilayotgan issiqlik manba va suvni vaqtincha to‘xtatib,
quvur ichidagi qoldigni drenajlarga bo‘shatish va undan so‘ng yangi quvur tarmog‘ini magistral
quvurga payvandlab ulashga ruxsat etiladi. Taklif etilayotgan qurilma ana shunday
giyinchiliklarni oldini olib, ishchilar kuchini tejalishiga, mehnat unimdorligini oshirilishiga,
material tejamkorligiga olib keladi (5-rasm) [1,4] .
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b)
5-rasm. Magistral quvur sirtiga teshik ochuvchi taklif etilayotgan qurilmaning
umumiy ko‘rinishi: a) qurilmani quvurga ornatilmagan holatdagi umumiy chizma b)
gurilmani quvurga ornatilgan holatining umumiy chizmasi
BCH 2-124-80 va BCH 171-84 yo‘rignomasida ko‘rsatilgan karroziyalanish miqdori,
uzoq yillar davomida doimiy ish faoliyatida bo‘lgan issiqlik manbayi quvurlariga o‘zining salbiy
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tasirini ko‘rsatadi. Ushbu salbiy tasirlar natijasida quvur tarmoqlariga o‘rnatilgan zadvijkalar,
sharli ventillar, bosimni ushlovchi klapanlarning germetikligi yogoladi. Karroziya natijasida suv
tarkibidagi tuzlarning kristall shaklga o‘tishi yuqorida ko‘rsatib o‘tilgan quvur tarmogqlari
jihozlarini germetikligini yo‘qolishiga olib keladi. Magistral quvurlardagi bosimni ushlab
turuvchi qurilmalar germetikligini yo‘qolishi quvurlardan o‘tuvchi issiq va sovuq suvni ma’lum
bir miqdorda o‘tkazib turishiga olib keladi, ushby holat o‘tkazilgan kuzatuvlar va amaliy
tajribalar natijasida aniglandi.

6-rasm. Aholi yashash massivlari uchun qurilgan suv va issiglik manbayi uchun quvurlar

Yugqori haroratda ishlovchi quvur tarmoqlari uchun T'OCT 8731-87 va IroCT
8732-78 standartlari asosida tayyorlangan Ctl10, Ct2cm, Ct120, Crdem, 15XM  markali
quvurlardan foydalaniladi. Ushu markali quvurlar yuqori haroratda o‘z mexanik xossalarini
yo‘qotmaydi, shuning uchun ham shahar isitish tarmoqlari va sanoat korxonalarining isitish
tizimlari, texnologik jihozlar uchun issiq suv va bug‘ni uzatishda markalari yuqorida ko‘rsatilgan
quvurlardan keng miqiyosda foydalaniladi. Quvurdan o‘tuvchi issiq suvning hajmini topish
uchun quyidagi formuladan foydalanamiz, m [5,6]:

Dichp: = ; (7)

Tw o
G — sarflanayotgan suv, kg/s;

£ — suvning zichligi, kg/m?,

() — suvning quvur ichidagi tezligi, m/s.

Issiq suv va bug* quvur tarmoglari uchun quvur devorini tanlashda, quvur ichki diametri,
bosimi, maksimal harorat va mexanik xossalarini inobatga olgan holda quvur tanlanadi, quvur
devorini tanlashda quyidagi formuladan foydalanamiz:

D -
- Plrashgi _I_S

T 2300p+p ; (8)
p — issiq suvning zichligi;
C — hisoblangan quvur devoriga qo‘shilivchi giymat, mm.
Bosim ostidagi quvurning ruxsat etilgan ishchi bosimi quyidagi formula orqali topiladi:
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2300-(5-C)

= =— 0 9
P Prus Drashgi—(5—C) iE ( )
Issiq suv, ichimlik suvi va bug® quvurlari uchun quvur devori S ni quyidagi formula
orgali topamiz:

S =4, Shison (10)
A — payvand chokisiz quvurlarning texnologik jarayondagi vazifasiga ko‘ra, quvur devoriga
qo‘shib hisoblanuvchi texnologik (dopusk) quyim (ruxsat etilgan chegaraviy o‘lcham).

1-jadval.
Ay Ruxsat etilgan o‘lcham (nominal o‘lchamga nisbatan %)da
0,2 +15
0,15 +10
0,1 +5

Payvand chokli quvur devorining galinligi hisoblanganda nominal S o‘lchamga
nisbatan C ruxsat etilgan chegaraviy o‘lcham qiymat 0,5mm.dan kam bo‘lmasligi kerak.

2-jadval
C, mm S, mm
0,5 <6
0,6 6-8
0,8 >8

Amaliyotdan bizga ma’lumki, quvurdan o‘tuvchi bosim ostidagi issiq suvning haroratini
oshishi, kinematik qovushqgoglikni ham kamaytiradi, ushbu holatda issiq suvning qarshiligi
kamayishi natijasida quvur devori va issiq suv ortasida ishqgalanish koeffitsenti pasayadi va
buning natijasida issiq suvning harakati tezlashadi. Bundan xulosamiz shuki, issiq suv
o‘tkazuvchi magistral quvurlardagi issiq suvning tezligi, sovuq suv o‘tkazuvchi quvurlardagi
suvning tezligiga qaraganda yuqori bo‘ladi.

Knimatik qovushqoqlikni haroratga bog‘ligligini quyidagi jadvalda ko‘rib
chigamiz.

3-jadval
0 Kinematik govushqgoglik
Harorat °C mifs [ lﬂ—ﬁ]
0 1,787
5 1,519
10 1,307
20 1,004
30 0,801
40 0,658
50 0,658
60 0,475
70 0,413
80 0,365
90 0,326
100 0,294
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Magistral quvurlarga, tavsiya etilayotgan teshik ochish qurilmasi yordamida teshik ochib
quvur ichki muhitini atmosferaga chigishini oldini olish magsadida qurilma germetikligini
ta’minlash uchun, zichlama o‘rnatiluvchi korpus va grundbuksa loyihaga kiritilgan. Zichlama
grundbuksa bilan sigilishi natijasida qurilna vali atrofida zichlanish hosil bo‘ladi va qurilma
germetikligi nazoratga olinadi. Magistral quvur tarmoglariga yangi quvur tarmog‘ini ulash uchun
(5-rasmda ko‘rsatilgan) CTII 17-50-88 talablari boyicha flanetsli yoki rezbali shtutser magistral
quwvur sirtiga payvandlanadi [4].

T SN ..;-‘ »\‘
P - » " -~ "“ '\. r‘ -‘*- w kl b
7- rasm Maglstral suv quvurlga shtuttser va sharll vintelni o‘rnatilishi.

Xulosa:
- yangi qurilgan va qurilayotgan kop gavatli uylarni suv quvurlarini magistral quvur tarmoglariga
ulashda vaqt va material tejamkorligiga erishiladi;
- xorijiy davlatlarda ishlab chigarilgan shu tipdagi qurilmalarni sotib olish bartaraf etiladi va
valyuta tejamkorligiga erishiladi;
- mahalliy mashinasozlik korxonalarida ishlab chigarish uchun murakkab texnologiyalarni talab
etmaydi;
- tavsiya etiluvchi qurilma bilan magistral quvur tarmoglariga teshik ochish ishlari olib
borilganda ishchi kuchini tejalishiga olib keladi;
- magistral quvur tarmoglari sirtiga flanetsli shtutser paybandlanganda sifatli payvand choklari
yaratiladi.
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Annotatsiya. Ushbu magolada O‘zbekistonda qayta tiklanadigan energiya manbalaridan
foydalanishga alohida e’tibor qaratgan holda zamonaviy elektr tarmogqlarini barpo etish
natijasida yuzaga keladigan imkoniyatlarni o‘rganilgan. Qayta tiklanadigan energiyani ushbu
tarmoqlarga integratsiyalashning istigbollari va potentsial afzalliklarini o‘rganilar ekan, maqola
O‘zbekiston energetika sektori, iqtisodiyoti va atrof-muhitga o‘zgartiruvchi ta’sirini bildiradi.
Mavjud gayta tiklanadigan energiya landshaftini va kelajakdagi imkoniyatlarni har tomonlama
tahlil gilish orqali ushbu maqola bargaror rivojlanishni qo‘llab-quvvatlash va yashil energiyaga
asoslangan energiya ishlab chigarishni takomillashtirish uchun ushbu imkoniyatlardan
foydalanish muhimligini ta’kidlashga qaratilgan.

AHHOTanuA. B 1aHHON CTaThe pacCMATPHUBAIOTCS BO3MOMXKHOCTH, KOTOPBIE MOSBATCS B
pe3yibTaTe CO3AAaHUA COBPECMCHHBIX JJICKTPUYCCKUX cerell B Y30ekucTaHe ¢ 0coObIM AKIICHTOM
Ha HCIIOJL30BAaHUE BO300OHOBIAEMBIX HCTOYHHUKOB OHCPTHUH. HCCJ’IGI{y;[ MNEPCIICKTUBLI U
NOTCHUUAJIBHBIC BbII'OABI OT HWHTCTPALUA BO300HOB/IIEMBIX HCTOYHHUKOB SHEpPruu B IOTOM
CEKTOpa, CTaThsl OIMHUCHIBAET TPAHC(POPMALIMOHHOE BO3JEHCTBUE HA SHEPTETUUYECKHUM CEKTOp,
OKOHOMHKY UM OKPYXAKIIYHO Cpeay V30ekucrana. Bnarozlapﬂ BCCCTOPOHHEMY aHAJIU3y
TEKYIIETO COCTOSIHUSI BO30OHOBIIIEMOM SHEPreTUKU U OYAYIIMX BO3MOKHOCTEH, 1aHHas paboTta
Ipu3BaHa MOAYCPKHYTH BaXXHOCTb MHCIIOJIB30BAHUA JOTUX BO3MOJKHOCTEH AJIL IIOAACPIKKHU
YCTOMYMBOT'O Pa3BUTHS U COBEPLICHCTBOBAHMS IPOM3BOACTBA DHEPIMM Ha OCHOBE '3eneHoin"
DHEPIUHU.

Annotation. This article examines the opportunities that will arise from the establishment
of modern electricity networks in Uzbekistan, with a particular focus on the use of renewable
energy sources. Exploring the prospects and potential benefits of integrating renewable energy
into these sectors, the paper outlines the transformative impact on Uzbekistan's energy sector,
economy and environment. Through a comprehensive analysis of the current renewable energy
landscape and future opportunities, this paper aims to highlight the importance of harnessing
these opportunities to support sustainable development and improve green energy-based energy
production.

Kalit so‘zlar: zamonaviy elektr tarmog‘i, elektr energiyasi iste’molchilari, kichik quvvat,
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shamol elektr stantsiyalari, gayta tiklanadigan energiya, markazlashtirilmagan ishlab chigarish,
texnologik yutuglar, atrof-muhitga foyda, tarmoq integratsiyasi, barqaror elektr ta’minoti.

KiioueBble ci10Ba: COBpeMEHHasi AeKTpoceTh, [loTpedurenu snektposnepruu, Manas
JHEpPreTHKa, BeTpsHble  AJNEKTPOCTAHIIMH,  BO30OHOBIISIEMbIE  HCTOYHHKH  DHEPTHH,
JCLEHTPAIM30BaHHAsl TeHepanus, TEXHOJIOIHYECKUI MPOorpece, SKOJIOTHYECKUE MPEUMYIIECTBa,
MHTETpaLus CeTel, yCTOMYMBOE AIIEKTPOCHAOKEHHE.

Key words: modern power grid, Electricity consumers, Small-power, Wind power
plants, Renewable energy, Decentralized generation, Technological advancements,
Environmental benefits, Grid integration, Sustainable electricity supply.

Jahonda elektr energiyasi iste’molchilarini ishonchli va uzluksiz ta’minlash borasida
magsadli ishlar olib borilmoqda [1; 2]. Xususan, elektr energiyasini uzatishda zamonaviy elektr
tarmogqlarini shakllantirish uchun so‘nggi energiya tejamkor texnologiyalardan foydalanish,
iste’molchilar yaqinida tagsimlangan generatsiyalarni o‘rnatish, elektr energiyasi isrofini
kamaytirish, yuklamalarning pik davrida elektr energetika tizimida kuzatiladigan ortigcha
yuklanishlarni aniqlash, elektr energetika tarmog‘ining turg‘unligini oshirish usullarini
takomillashtirish masalalariga jiddiy e’tibor garatilmoqda [3].

Respublikamizda yashil igtisodiyotga o‘tish, uning tarmoqlarini kengaytirish, investitsiya
jozibadorligini oshirish va bu borada tadbirkorlik faoliyatini qo‘llab quvvatlash, kichik biznes va
xizmat ko‘rsatish sohalarini kengaytirishga qaratilgan keng ko‘lamli islohotlar amalga
oshirilmoqda . O‘zbekistonda 2024 yil uchun bir kunda o‘rtacha elektr energiya iste’moli 227,6
mln. kVt-soatni tashkil etgan bo‘lsa, bu ko‘rsatgich 2021 yil (205 mln. kVt-soat)ga nisbatan
11.2% oshganligini ko‘rsatadi [4; 5; 6].

Qayta tiklanadigan energiyaning keng integratsiyalashuvi, elektr energiyasiga bo‘lgan
talabning ortishi va elektr tarmoqlarida avariyaviy uchishlarning tusatdan paydo bo‘lishi tufayli
butun dunyo bo‘ylab elektr energetika tizimlarining transformatsiyasi sezilarli o‘zgarishlarni
boshdan kechirmoqda. Bu o‘zgarishlar elektr tizimlarida kelgusi o‘n-yigirma yilliklarda gayta
tiklanadigan energiyaning katta qismini tashkil etishi bilan yaqqol namoyon bo‘lmoqda. Ushbu
o‘zgarishlar, birinchi navbatda, inertsiya va gisga tutashuv darajalarining pasayishi tufayli tizim
bargarorligi va boshgaruvi nugtai nazaridan yangi muammolarni keltirib chigardi [18].

Bir qator mamlakatlar ananaviy yoqilg‘iga asoslangan energiya manbalariga bo‘lgan
qaramligini kamaytirish va shamol, quyosh, geotermal, gidro, okean va biomassani o‘z ichiga
olgan qayta tiklanadigan energiya manbalari (QTEM) integratsiyasini kuchaytirish bo‘yicha
magsadlar qo‘ydi [7]. Yevropa Ittifoqi 2025 yilga kelib 25%, 2040 yilga kelib 30% va 2050 yilga
kelib 40% ga bosgichma-bosqich o‘sish bilan QTEM integratsiyasining aniq magqsadlarini
belgilab qo‘ydi. Bu magsadlar barcha a’zo davlatlarni gamrab oldi, ularning har biri o‘z siyosati
va magsadlarini ishlab chigdi. Misol uchun, Italiya 2040 yilga borib energiya iste’molidagi
QTEM ulushini 40% ga yetkazishni magsad gilgan, Germaniya va Angliya esa elektr energiyasi
iste’molini 65% va 40% ulushini aynan QTEM yordamida ta’minlashni magsad qilgan [19].

Ushbu ulkan magsadlarga erishish uchun keng ko‘lamli texnologiyalar, tizim
konfiguratsiyasi va yuqori kuchlanishli o‘zgarmas tok tarmogqlari (HVDC- high voltage direct
current), mikrotarmoqlar, raqamli elektr stantsiyalari va podstantsiyalari kabi elementlarni o‘z
ichiga olgan elektr tarmoglarining real modellarini ishlab chigish juda muhim deb topildi
[11;12]. Ushbu modellar mahalliy ob-havo sharoiti, energiya resurslarning mavjudligi va
mavsumiy elektr va issiqlik energiyasi talabining o‘zgarishini hisobga oladigan turli xil
kelajakdagi stsenariylarni hisobga olishi kerak. SHvetsiya, Buyuk Britaniya, AQSH, Kanada,
Xitoy, Yaponiya, Koreya, Germaniya, Hindiston, Saudiya Arabistoni va Birlashgan Arab
Amirliklari kabi mintaqalar va mamlakatlarda ko‘plab tadqiqotlar o‘tkazildi, bu davlatlarning
ko‘pchiligi to‘lig QTEM integratsiyasini maqsad qilgan [8; 9; 10].
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Ushbu tadgigotlar soni ortib borayotganligi sababli, ishlab chigarishni kengaytirishni
rejalashtirish va QTEM loyihalashda yordam berish uchun turli xil vositalar va usullar taklif
gilindi. Biroq, ushbu tadqiqotlarning aksariyati elektr tarmog‘ining rolini hisobga olmagan holda
qayta tiklanadigan manbalarga e’tibor qaratadi. Aslida, tarmoq ham, resurslar ham zamonaviy
elektr tizimining stsenariylarini belgilash uchun ajralmas hisoblanadi va mavjud usullar va
yondashuvlarning ko‘pligi tufayli oqilona garorlar qabul qilish uchun optimallashtirish usullari
talab gilinadi [20]. Bundan tashqari, optimallashtirish metodologiyasi gayta tiklanadigan elektr
stantsiyalarining hajmini har xil misollarda, xarajat va daromadni hisobga olgan holda
qo‘llaniladi. Ushbu umumiy ko‘rinish qayta tiklanadigan energiya ishlab chiqarishning turli
texnologiyalarini birlashtirishning afzalliklarini ko‘rsatadi, boshqalari esa yuqori xarajat bilan
boshqgariladiganlikni ta’minlaydi, lekin keng tarqalgan qayta tiklanadigan integratsiya uchun bu
juda zarur.

1-rasmda zamonaviy elektr tarmoglarining tarkibiy tuzulishi Keltirilgan. Jahonda
zamonaviy elektr tarmoqlari va tizimlari ishonchli, samarali va barqaror elektr ta’minotiga
bo‘lgan ortib borayotgan talablarni qondirish uchun yillar davomida sezilarli darajada rivojlandi.
Bu tizimlar ilg‘or texnologiyalar, keng infratuzilma va ekologik barqarorlikka katta e’tibor
garatilishi bilan ajralib turadi. Rivojlangan mamlakatlarda zamonaviy energiya tizimlarining
asosiy xususiyatlari va tarkibiy gismlari quyidagilardan iborat [21]:
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1-rasm. Zamonaviy elektr tarmoglarining tarkibiy tuzulishi

- Takomillashtirilgan tarmoq infratuzilmasi: Germaniyada da yaxshi tashkil etilgan va
o‘zaro bog‘langan elektr tarmoqlari mavjud. Bu tarmogqlar elektr energiyasini elektr
stantsiyalaridan tagsimlovchi nimstantsiyalarga yetkazuvchi yuqori kuchlanishli elektr uzatish
liniyalaridan hamda barcha elektr energiyasi iste’molchilariga quvvat yetkazib beruvchi past
kuchlanishli tagsimlash tarmoglaridan iborat [22].

- Turli energiya manbalari: Hindiston zamonaviy elektr tizimi odatda energiya
manbalarini, jumladan, qazib olinadigan yoqilg‘ilarni (tabiiy gaz, ko‘mir), atom energiyasini va
gayta tiklanadigan energiyani (quyosh, shamol, gidro va geotermal) o‘z ichiga oladi. Qayta
tiklanadigan energiya manbalariga bo‘lgan ishonch tobora ortib borayotganligi sababli, asosiy
¢’tibor toza va bargarorroq manbalarga qaratilmoqda [23].
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- “Smart-Grid” texnologiyasi: Koreya respublikasida tarmogning chidamliligini oshirish,
energiya samaradorligini oshirish va gayta tiklanadigan energiya manbalarini yaxshiroq
integratsiyalashuvini ta’minlash uchun aglli tarmoq texnologiyasiga sarmoya kiritmoqda. Quvvat
tagsimotini kuzatish va optimallashtirish uchun aglli hisoblagichlar, sensorlar va boshgaruv
tizimlari qo‘llaniladi [24].

- Tarmoqning yuqori ishonchliligi: Angliya elektr tarmog‘ining ishonchliligiga katta
¢’tibor beradi va elektr ta’minotidagi uzilishlarni minimallashtirish uchun infratuzilmaga
sarmoya kiritadi. Bu muammolarni tezda aniglash va ularga javob berish uchun muntazam texnik
xizmat ko‘rsatish, tarmoq zaxiralari va murakkab monitoring tizimlarini oz ichiga oladi [13].

- Energiyani saqlash bo‘yicha yechimlar: AQSHda akkumulyatsion batareyalar va boshqga
energiya saglash texnologiyalari zamonaviy elektr tarmoglari va tizimlariga integratsiya
qilinmoqda, chunki pik bo‘lmagan soatlarda hosil bo‘lgan ortigcha energiyani saglash va eng
yugori talab paytida uni chigarish, tarmogning moslashuvchanligini oshirish [14].

- Energiya samaradorligi bo‘yicha chora-tadbirlar: energiya sarfini kamaytirish uchun
energiya samaradorligi dasturlari Xitoy davlatida keng targalgan. Ular energiya tejaydigan
qurilmalar, yorug‘lik va energiya tejamkor qurilishni talab qiladigan qurilish me’yorlari uchun
imtiyozlarni o‘z ichiga olishi mumkin.

- Atrof-muhitning bargarorligi: Yevropadaa elektr tizimlarining atrof-muhitga ta’sirini
kamaytirishga ustuvor ahamiyat berishadi. Bu issigxona gazlari chigindilarini kamaytirish, havo
va suv ifloslanishini minimallashtirish va toza energiya manbalariga o‘tishni o°‘z ichiga oladi
[15].

- Markazlashtirilmagan energiya ishlab chigarish: Yaponiya uylarining tom gismida
quyosh panellari, kichik o‘lchamli shamol turbinalari va mahalliy energiya ishlab chigarishni
qo‘llab-quvvatlovchi siyosat orgali markazlashtirilmagan (tagsimlangan generatsiya manbalari)
energiya ishlab chiqarishni rag‘batlantiradi, markazlashtirilgan elektr stantsiyalariga qaramlikni
kamaytiradi [25].

- O‘zaro bog‘lanish va transchegaraviy tarmogqlar: Yevropa davlatlari ko‘pincha qo‘shni
davlatlar bilan elektr tarmogqlari o‘rtasida o‘zaro aloqalarni yaratish uchun hamkorlik qiladilar.
Bu tarmoq bargarorligini oshiradi va elektr energiyasi almashinuviga imkon beradi, aynigsa, bir
mamlakatda energiya ortiqchaligi yoki taqchilligi ko‘zatilganda [26].

- Normativ nazorat: Kanada davlati elektr energetika sanoati samarali va adolatli
ishlashini ta’minlash uchun mustahkam me’yoriy-huquqiy bazalar mavjud. Ushbu qoidalar
narxlashdan tortib atrof-mubhit standartlarigacha bo‘lgan hamma narsani o‘z ichiga oladi [16].

- llmiy tadgigot va ishlanmalar: AQSHda davom etayotgan tadgigot va ishlanmalar
energiya texnologiyalarini takomillashtirish, tarmoqg boshgaruvini takomillashtirish va bargaror
energiya kelajagi uchun innovatsion yechimlarni o‘rganishga garatilgan [17].

- Elektr transport vositalari infratuzilmasi: Xitoy elektr transportiga o‘tishni qo‘llab-
quvvatlash uchun elektr transport vositalari (EV-electric vehicle) infratuzilmasiga, jumladan,
zaryadlash stantsiyalariga sarmoya kiritmoqda [27].

- CHidamlilik va tabiiy ofatlarga tayyorlik: Zamonaviy elektr tizimlari tabiiy ofatlar va
boshqa favqulodda vaziyatlarga bardosh berishga mo‘ljallangan. Bunga zaxira quvvat tizimlari,
falokatlarni tiklash rejalari va tarmogni mustahkamlash choralari kiradi [28].

Rivojlangan mamlakatlardagi zamonaviy elektr tizimlari ishonchlilik, bargarorlik va
texnologik innovatsiyalarga e’tibor qaratishlari bilan ajralib turadi. Ular o‘zgaruvchan energiya
landshaftiga moslashish va atrof-muhitga ta’sirni minimallashtirish bilan izchil va toza elektr
ta’minotini ta’minlashga qaratilgan. Ushbu tizimlar iqtisodiy rivojlanishni qo‘llab-quvvatlash va
aholining hayot sifatini yaxshilashda hal giluvchi rol o‘ynaydi.
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Ushbu dissertatsiya ishi keyingi yuqori darajadagi QTEM integratsiyasiga ega bo‘lgan
kelajakdagi elektr tizimlarining stsenariylarini har tomonlama o‘rganishni taklif qiladigan
tadgiqotlar uchun asos bo‘la oladi. Tagimlangan generatsiyalar asosida QTEM mavjud
texnologiyalarini to‘liq ko‘rib chiqish, ularni nazorat qilish imkoniyati asosida tasniflash va
kelajak stsenariylari hagida tushuncha berish bu ishning asosiy vazifasi hisoblanadi. Tadgiqot
shuningdek, Christian Breyer, Siavash Khalili olimlarning “On the History and Future of 100%
Renewable Energy Systems Research” va boshqgalarning ishida ko‘rsatilganidek, QTEM ga
asoslangan zamonaviy elektr tarmoglari va tizimlarining murakkab va rivojlanayotgan
landshaftini shakllantirishga yordam beradi [30].

TSO mas'uliyat hududi
DSO mas'uliyat hududi

DG egalarining javobgarlik sohasi

1-0 B-0 O-C

2-rasm. Zamonaviy elektr tarmoqlarining boshqaruv pog‘onalari|[29]

Elektr tarmoglari va tizimlarining boshgaruv tamoyillari 2-rasda ko‘rsatilgandek
darajalarga ega. Bunga ko‘ra tagqsimlangan generatsiya egalari ham tizim turg‘unligiga javobgar
bo‘ladilar.

Carlos Collados-Rodriguez o°zining “Definition of Scenarios for Modern Power Systems
with a High Renewable Energy Share” nomli maqolasida quyidagilarni taqdim etdi [31]:

Oxirgi atrof-muhit, ekoligiya siyosati akademik, sanoat yo‘nalishlarida davlatlar o‘rtasida
kelajakdagi energiya tizimlarida gayta tiklanadigan energiya manbalarining muhim mavjudligini
hisobga olgan holda strategiyalarni ishlab chigish uchun hamkorlikni kuchaytirishdi. Energiya
barqarorligini ta’minlash, iste’mol talabning mavsumiy o‘zgarishlarini bartaraf etish va asosan
QTEMga asoslangan energiya tarmogqlarida igtisodiy barqgarorlikni saglashga chorladi [29]. Turli
kattalikdagi generatsiyalar, ishlab chiqarish texnologiyalari va tarmoq konfiguratsiyasini o‘z
ichiga olgan variantlarni o‘rganish uchun turli energiya stsenariylarini ko‘rib chiqdi. Ushbu
stsenariylar tadqiqot diqgat markazida bo‘lib, optimallashtirishga asoslangan algoritm yordamida
miqgdoriy jihatdan baholandi. Yevropa mamlakatlarining sinov elektr tarmoglari topologiyalari
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QTEM mavjudligi va energiya talabiga oid haqiqiy ma’lumotlarni o‘z ichiga olai. Bir qator
QTEM texnologiyalari turli vaqt oralig‘ida tarmoq integratsiyasini osonlashtirish uchun ko‘rib
chiqildi va eng istigbolli stsenariyda gayta tiklanadigan manbalarga 100% gacha bo‘lgan
ishonchni kengaytirdi.

Optimallashtirish algoritmi uchta alohida stsenariyda qo‘llanildi, bu esa quyosh
fotovoltaik va shamol energiyasi birlamchi gayta tiklanadigan manbani tashkil gilishi mumkin
bo‘lsada, ularning moslashuvchanlikdagi cheklovlari elektr taminotida juda yugori ulushlarga
erishishga to‘sqinlik qilishini ko‘rsatdi. Ushbu muammoni bartaraf etish uchun quyosh issiqlik
va nasosli gidrotexnologiyalar, generatsiyalarning eng yuqori darajalariga erishishda muhim
komponentlar sifatida paydo bo‘ldi. Ushbu texnologiyalar qayta tiklanadigan energiyaning
yuqori ulushi uchun zarur bo‘lgan asosiy moslashuvchanlikni taklif qildi, garchi gqimmatroq
bo‘lsa ham, uzluksiz elektr taminotini taminlab bera oldi.

O‘zbekistonda optimal energiya tannarxiga erishish uchun gayta tiklanadigan energiya
manbalarining mamlakat energetika tarkibidagi hissasini oshirish zarur. Quyidagi 3-rasmda
optimal energiya tannarxiga erishish va resurslardan unumli foydalanish uchun taklif etilgan
generatsiyalar ko‘rsatib o‘tilgan.

v H J -J ;J;I‘J '-Elu -DJ SI;I‘J 'J -u "J 'J 'El-u 'D-J IE)I;I-J OI;I‘J ‘J:IJ

ENatural Gas BCoal BWind OSolar BHydro

3-rasm. Taklif gilingan energoresurslar [35].

Noananaviy energiya shamol, quyosh va gidroenergetika o‘rtacha 2026 yilga kelib
energiyaning 12% va 2030 yilga kelib 30% qismini tashkil etishi rejalashtirildi [35]. SHamol
energiyasidan quyosh energiyasiga nisbatan kattaroq giymatga egaligi va uning elektr tizimlarida
qo‘shgan hissasi o‘rtacha 2026 yilga kelib 6% va 2030 yilga kelib 25%ni tashkil etadi. Issiqlik
elektr stantsiyalaridan foydalanishni gisgartirish zarur deb topildi.

Quyosh fotoelektrik stantsiyalarining o‘sishi 2026 yilgacha juda yuqori, ammo bu
qiymatning 8.8 GVt ga yetishi biz uchun juda katta ko‘rsatgich hisoblanadi (3-rasm). SHamol
elektrostantsiyalari esa 2026 yilgacha 2.6 GVt 2036 yilga kelib esa keskin oshirilishi hamda 5
GVt ga yetkazilishi rejalashtirildi. O‘zbekistonning umumiy elektr energiyasini ishlab chiqarish
imkoniyati 19 GVt ekanligini inobatga olinsa bu juda katta ko‘rsatgich hisoblanadi. Bundan
tashqari, BESS (Battery Energy Storage System) energiya saglash qurilmalari ham 2.4 min.
kVt*soat gacha foydalanish nazarda tutilgan.

Elektr energiyasi iste’moli o‘tgan yaqin yillar davomida 6.5-7% ni tashkil etdi. Ammo bu
o‘zgarish doimiy saqlanib qolishini anglatmaydi. Uzoq yillik dasturlar uchun, iste’mol talabi 5-
5.5 % qilib belgilanadi.
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[ Quyosh radiatsiyasi (Vt/m?) J [ SHamol tezligi (m/s) ]

l

Imkoniyatlarning mavjudligi

- geo topologik izlanishlar
- maydonlarni ajratish 1km?

¢

Qurilish hududlarini belgilash

\ - elektr tarmoglarigacha masofa

!

Quvvat uzatish imkoniyati

4-rasm. QTEM imkoniyatini aniglash metodologiyasi

SHamol va quyosh elektr stantsiyalari imkoniyatini baholash metodologiyasi 4-rasmda
keltirib o‘tildi.

Xulosa qilib aytganda, O°‘zbekistonda qayta tiklanuvchi energiya manbalaridan
foydalanish bilan birgalikda zamonaviy elektr tarmoqlarini shakllantirish ko‘plab istigbolli
imkoniyatlarni taqdim etadi. Ushbu imkoniyatlardan foydalangan holda O‘zbekiston oz
energetika sohasida sezilarli yutuglarga erisha oladi, bu esa iqtisodiy o‘sishga, infratuzilmaning
yaxshilanishiga va atrof-muhitning tozalanishiga olib keladi. Qayta tiklanadigan energiyaning
elektr tarmoqlariga integratsiyalashuvi nafagat mamlakatning qazib olinadigan yoqilg‘iga
garamligini kamaytiradi, balki barqaror rivojlanishga hissa qo‘shadi va iqlim o‘zgarishi ta’sirini
yumshatadi. O‘zbekiston uchun bu imkoniyatlardan foydalanish, qayta tiklanadigan energiya
infratuzilmasiga sarmoya Kkiritish va zamonaviy elektr tarmoglari imkoniyatlaridan to‘liq
foydalanish uchun xalgaro hamkorlar bilan hamkorlik qilish zarur. Bu orqali O‘zbekiston o‘zini
toza energiya bo‘yicha mintaqaviy yetakchi sifatida ko‘rsatishi va barqaror va mustahkam elektr
tarmog‘idan uzoq muddatli foyda olish imkoniyatiga ega bo‘ladi.
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BARABANLI QURITGICHNING GIDRODINAMIK REJIMLARINI NAZARIY
TADQIQ ETISH

Mansurov M.T.
Namangan muhandislik-qurilish instituti t.f.d., professor

Abdukodirov N.SH.
Namangan muhandislik-qurilish instituti, Tayanch doktorant, nurzodgodirov1991@gmail.com

Annotatsiya. Maqgolada qishloq xo‘jalik mahsulotlari, jumladan, boshogli usimliklarni
quritish jarayoni va unda qo‘llaniladigan qurilmalarning taxlili, jarayondagi mavjud muammolar
va ularning magbul yechimlari taxlil gilingan. Taxlillar asosida sholi donlarini quritish jarayonini
intensivlash va issiqlik almashinish yuzalarni ko‘paytirish magsadi belgilangan hamda issiqlik
almashinish yuzalarini  hosil qiluvchi setkali kronshayn konstruktsiyasi va quritgichning
laboratoriya nusxasi ishlab chigilgan. Barabanli quritgichning gidrodinamik rejimlari tadqiq
gilingan. Qurilmaning umumiy gidravlik qarshiligi va kontakt elementning qarshilik
koeffitsientini aniglovchi tenglama tavsiya etilgan.

AHHOTanus. B crarbe aHanM3UpyeTCs MPOLECC CYIIKK CEIbCKOXO3IMCTBEHHON
MPOAYKIIMM, B TOM 4YHCJIE PACTEHHH KYKYpy3bl, W HCIOJb3yeMOe B HEM OOOpYIOBaHUE,
CYIIECTBYIOIIME TPOOJIEMBI B TPOIECCe W WX ONTHUMANIbHBIC pernieHus. Ha ocHOBe aHamm3a
omnpceaciicHa 1elib I/IHTeHCI/I(bI/IKaI_II/II/I mnponoecca CYHIKM PpHUCOBOTO 3€pHA U YBCIUMUYCHHA
MOBEPXHOCTEH TeIUI0OOMEHa, a TakkKe pa3padoTaH J1TaOOPATOPHBIA SK3EMIUAP CYLIHIKA M
KOHCTPYKIIMI COCOUHUTCIBHOTI'O KpOHH.ITGﬁHEl, O6p33YIOH_[eFO MMOBECPXHOCTHU TEII000MEHA.
N3ydeHbl ruapoaMHaMHuecKue peXuMbl OapabaHHOM cymmiaku. PekoMeHnyercs ypaBHEHHE,
ompezenstoniee oO0Iee TUAPABIMYECKOE COMPOTHUBIECHUE YCTPOHCTBA M KO3(PGUIIUEHT
COIIPOTUBJICHHUSA KOHTAKTHOI'O 3JICMCHTA.

Abstract. The article analyzes the process of drying agricultural products, including corn
plants, and the equipment used in it, the existing problems in the process and their optimal
solutions. Based on the analysis, the purpose of intensifying the drying process of rice grains and
increasing the heat exchange surfaces was determined, and a laboratory copy of the dryer and the
construction of the connecting bracket forming the heat exchange surfaces were developed. The
hydrodynamic regimes of the drum dryer were studied. The equation that determines the total
hydraulic resistance of the device and the resistance coefficient of the contact element is
recommended.

Kalit so‘zlar: kontaktli, konvektiv, barabanli quritgich, setkali kronshayn, kontakt
element, gidravlik garshilik, gidrodinamik rejim, kontakt yuza, issiglik almashinish.

KuaroueBrle cioBa: KOHTaKT, KOHBCKIIHA, 6apa6aHHa;1 CYyIIHNJIKA, KOHTAKTHBIN
KpOHIHTCﬁH, KOHTAKTHBIN OJICMCHT, THAPABINYCCKOC COIMPOTHUBIICHUC, FI/I)IPOI[I/IHaMI/I‘—ICCKI/II\/'I
PEKUM, KOHTAKTHAsI IOBEPXHOCTh, TEINIOOOMEH.

Key words: contact, convective, drum dryer, contact bracket, contact element, hydraulic
resistance, hydrodynamic regime, contact surface, heat exchange.

Kirish.

Qishlog xo‘jalik mahsulotlari, jumladan, boshogli o‘simliklarni termik ishlov berib
quritish texnologik chizigda muhim jarayonlardan biri hisoblanadi. Bu jarayondan foydalanish
tayyor mahsulot sifatini belgilash uchun zarurdir. Termik quritish xarajatlari jarayonga ishlov
berishda umumiy giymatning 10 % tashkil etadi [1;2;3]. Bunday sharoitda yuqori samarali,
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energiyani tejaydigan quritish rejimlarini yaratish va quritish apparatlarida issiglik almashinish
jarayonlarini tartibga solish hamda optimallash dolzarb hisoblanadi.

Yugorida takidlanganidek quritish jarayoni material namligi, o‘lchami, ularni barabanda
harakatlanish usuliga, quritish agenti bilan materialning harakat gidrodinamikasiga va ichki
hamda tashqgi muhit parametrlariga bog‘liq ekanligi ma’lum. Ushbu omillarning kombinatsiyasi
quritish jarayonining sharoitini belgilaydi. SHu bois jarayonda quritiladigan materialning fizik,
kimyoviy va mexanik xossalariga ko‘ra turli usullar va qurilmalardan foydalaniladi.

Yuqorida ta’kidlangan usul va qurilmalarning eng ko‘p targalgan turi bu konvektiv
quritish usuli bo‘lib, bu jarayonda qo‘llaniladigan barabanli quritgichlar konstruksiyasining
soddaligi, yuqori ish unumdorlik va universalligi bilan alohida o‘rin tutadi. SHu sababli hozirda
ushbu quritish agregatlaridan xalq xo‘jaligining turli tarmoglarida foydalanish tendensiyasi
kengayib bormogda. Ammo bu turdagi quritgichlarning xam o‘ziga xos kamchiliklari mavjud.

Masalan, quritish intensivligini ta’minlash, quritish uchun sarflanadigan issiqlik
agentidan ogilona foydalanish, gidrodinamik parametrlarni magbullash va sarflanadigan energiya
iste’molini minimallash kabi bir muncha murakkab jarayonlarni aytish mumkin. SHu sababli bu
turdagi qurilmalarda magbul parametrlarini aniglash va asoslash masalalari dolzarbdir.

Ma’lumki, barabanli quritgichda issiglik almashinuvining ikki turi - kontakt va konvektiv
usullari mavjud. Lekin, quritilgan materialga uzatilgan issiglikning katta migdori konvektiv
issiglik almashinuvi orgali amalga oshiriladi. Barabanli quritgichda quritilayotgan materialga
konvektiv usul bilan uzatilayotgan issiqlik miqgdori kontakt usuli bilan uzatilayotgan issiqlik
miqgdoridan 20 martagacha yuqori bo‘ladi. Barabanli quritgichda konvektiv issiglik berish
intensivligi, o‘z navbatida, zarralar yuzasining ochilishiga va zarraning median o‘lchamiga
bevosita bog‘liq. Material baraban yuzasi bo‘ylab gancha ko‘p targalsa, konvektiv issiqlik
almashinuvi maydoni shuncha katta bo‘ladi.

Keltirilgan omillarning magbul parametrlarini aniglash bo‘yicha ko‘plab ilmiy-tadgigot
ishlari olib borilgan [4,5]. Ammo quritgich gidravlik garshiligi, issiglik almashinuvchi kontakt
elementi (nasadkalar) va issiglik almashinish jarayonlarining magbul parametrlarini asoslovchi
to‘liq yechimlar ishlab chigilmagan.

Tadgigot ob’ekti.

Yugoridagilardan kelib chigib boshogli o‘simlik hisoblangan sholi donini quritish
jarayonini intentsivlash va quritgichda issiglik almashinish yuzalarini ko‘paytirish magsadida
issiglik almashinish yuzalarini hosil giluvchi V simon nasadka va unga yordamchi qurilma
sifatida qo‘llaniladigan kronshteynning konstruktiv sxemasi ishlab chiqgildi. 1-rasmda V simon
nasadka va kronshteynning qurilmaga o‘rnatilish sxemasi keltirilgan.

1-baraban korpusi; 2- V simon tipdagi nasadka; 3-kronshteyn.
1-rasm. Taklif etilayotgan V simon nasadka va kronshteynning qurilmaga o‘rnatilish
sxemasi
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Nazariy tadqgiqot natijalari:

Ma’lumki barabanli quritgichlarda issiglik tashuvchi agent quritgich ichida va kanallarda
harakat gilganda gidravlik garshilikka uchraydi. Ular ishgalanish Pisng, mahalliy Pmax , quritgich
nasadkalarining ishchi yuzalarida Pnas, kronshteynda Py va kaloriferda Px. U holda qurilmaning
umumiy gidravlik garshiligini AP quyidagicha yozish mumkin bo‘ladi, Pa;

AP= Pishq+ Pmax + Pk + Pnast Pkr (1)
bunda Pishg - qurilmada harakatlanayotgan issiglik agenti ogimining ishgalanish kuchi tufayli
yo‘qotilgan bosimi bo‘lib, u quyidagi tenglama orgali aniglanadi, Pa [6];

I w?-p
bunda | — quritgichning uzunligi, m; A - ishgalanish garshiligi koeffitsienti bo‘lib, u ogimning
xarakat rejimiga bog‘liq bo‘ladi va uni Blazius tenglamasi orgali aniglanadi [6;7];
1

' ke ®

Bu tenglamada Reynolds soni quyidagiga teng bo‘ladi;

w-d -
Re=—F @
y7i
U holda (3) tenglamaga (4) tenglamani qo‘ysak quyidagi ko‘rinishga keladi;
A=y £ ©)

w-d-p
bunda w-qurituvchi agentning tezligi, m/s.

Odatda uni 5-20 m/s atrofida olish mumkin; d — kalorifer quvirining diametri bo‘lib, uni
sekundli sarf tenglamasidan aniglanadi, m;

\Y
d= - (6)
0,785-w
bunda V¢ — qurituvchi agentning sekundli xajmiy sarfi, m3s; p -qurituvchi agent zichligi.
U holda (2) tenglamada matematik amallarni bajarsak quyidagi ko‘rinishga keladi;
2
Pumlc = ad 'l' w p ! (7)
3. Vv, d 2
\0,785-w

P.ax-quritgichdagi mahalliy yo‘qotilgan bosim bo‘lib, u quyidagi tenglama bo‘yicha

aniglanadi, Pa;
2

W -
Prae =Sy ®)

P«-kaloriyferdagi yo‘qotilgan bosim bo‘lib, Pa. Uni aniglashda quritgichga tanlanadigan
kalorifer markasi xisobga olinadi va gidravlik garshilik giymatlari kaloriferni hisoblash
jadvalidan olinadi.

Px-quritgich koloreyferidagi yo‘qotilgan bosim bo‘lib, u quyidagi tenglama bo‘yicha
aniglanadi, Pa;

2
W p

PK = é]( 2 1 (9)

P«-kaloriyferdagi yo‘qotilgan bosim bo‘lib, Pa. Uni aniglashda quritgichga tanlanadigan
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kalorifer markasi xisobga olinadi va gidravlik garshilik giymatlari kaloriferni hisoblash
jadvalidan olinadi.
P..c-qurituvchi agentning qurilma nasadkasi ishchi yuzalaridagi yo‘qotilgan bosimi
bo‘lib, u quyidagi tenglama orgali aniglanadi, Pa;
wop
P = —

Hac Hac 2 ] (10)
bunda &..-ishchi yuzaning qgarshilik koeffitsienti bo‘lib, u bir necha faktorlarga bog‘liq. Uni
aniglash murakkab va turli chetga chigishlarni talab etadi. Tadqiq etilayotgan quritgichda ishchi
yuzaning qarshilik koeffitsientini aniglashni soddalashtirish magsadida R.X. Mirsharipovning
dissertatsiya ishida keltirilgan aniglash usuli, ya’ni baraban yuzasining issiqlik agentidan
foydalanilmagan yuzasiga nisbati bo‘yicha aniglash tenglamasidan foydalanish mumkin [8];

éHaC = n ) a ’ SE

Soi0

bunda Ss-barabanning ko‘ndalang kesimi bo‘yicha yuzasi, m?, Sawo-quritgichning issiglik

agentidan foydalanilmagan yuzasi bo‘lib, u tanlangan nasadkaning konstruksiyasiga, quritgichni

to‘lirish yuzasiga va xarakat sxemasiga bog‘liq holda aniqlanadi, n- barabanning aylanishlar

soni, ayl/min; Z-setkali kronshtayn pog‘analar soni.

(10) tenglamadagi garshilik koeffitsienti &..c o‘rniga (11) tenglamani qo‘ysak, u holda 10)

tenglama quyidagi ko‘rinishga keladi, Pa;
2
P :n.a.SE ZWp

Hac S@}O 2 1

-z, (11)

(12)

Olingan nazariy natijalardan foydalanib (1) tenglamani quyidagicha yozish mumkin
bo‘ladi, Pa;

I 2

AP = ad =+ & té tN-a- 3 L +¢,, Wp, (13)
4 V. d ’ Saio 2
W.p -«
0,785-w

Keltirilgan (13) tenglama bo‘yicha ikki gismli nasadka bilan jihozlangan barabanli
quritgichning umumiy gidravlik garshiligini aniglash imkoniga ega bo‘lamiz.
Xulosa:

Tadgiqgotchilar materialning barabanning ichki yuzasi bo‘yicha tagsimlanishini
samaradorligi belgilash uchun bir xillik tagsimlanish koeffitsienti K, bilan baholashadi, bu
material tagsimotining muvofigligini miqdoriy baholash koeffitsienti hisoblanadi [9,10,11].

Turli nasadkali elementlar bilan barabanlarning samaradorligini qiyosiy baholash
materialning bir tekis tagsimlanish koeffitsientini tajriba yo‘li bilan olingan materialning
tagsimlanishini baholash imkonini beradi [12,13,14].

U quritish barabanining bo‘ylama va yuza kesimlarida bir vaqtning o‘zida zarrachalarni
nasadka elementlar bilan sochish samaradorligini tavsiflovchi yig‘'ma parametrdir. Bu esa o‘z
navbatida gidravlik garshilikka ham bog‘liq bo‘ladi.
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TERMOELEKTRIK GENERATORLARNI ISHLAB CHIQARISH KORXONALARIDA
QO‘LLASH MASALALARI
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Annotatsiya. Ushbu magolada elektr ta’minoti tizimini o‘zgarmas tok manbai bilan
ta’minlashga xizmat giladigan kondensator batareyalarini o‘zgarmas tok manbai bilan ta’minlash
uchun termoelektrik generatorlardan foydalanish masalalari tadgiq gilingan.

AHHoOTamusA. B JaHHOW cTaTbe paccMaTpHUBAIOTCS  BOMPOCHI  UCIOJIb30BaHUSA
TCPMOIJICKTPUICCKUX  TI'CHCPATOPOB  JIA o0ecriedeHUsT HMCTOYHHMKA IIOCTOSHHOTO TOKa
KOHACHCATOPHBIX 6aTapeI7I, ClIyKallux JJIsd oOecrieueHnsT HCTOYHHUKA ITOCTOSIHHOI'O TOKa
CHCTEMBI AJIEKTPOCHAOKECHHUSI.

Abstract. This article examines the issues of using thermoelectric generators to provide a
constant current source to capacitor banks that serve to provide a constant current source to the
power supply system.

Kalit so‘zlar: termoelektrik generator, termolement, Zeebek effekti, termoelektrik
yurituvchi kuchlar, elektr toki, issiglik manbai, Pelste effekti, rele himoyasi, kondensator
batareyasi, ZU-400, himoya vositalari, operativ tok manbai, foydali ish koeffitsienti.

KiroueBble ci10Ba: TEpMO3JIEKTPUUECKUN IeHepaTop, TepMo3JIeMeHT, 3ddekr 3eebeka,
TEPMODJICKTPUUYECKUE JIBIDKYIIUE CHIIBI, SJICKTPHUSCKHUIA TOK, UICTOYHHK Teruia, dddekt Ilenbte,
peneiiHas 3amuTa, KOHAEHcaTtopHas Oarapes, 3Y-400, ycTpoifcTBa 3alMThl, ONEpPAaTHBHBIN
MCTOYHUK TOKa, KO (PHUIIMEHT TOJIE3HON paObOTHI.

Key words: thermoelectric generator, thermoelement, Zeebeck effect, thermoelectric
driving forces, electric current, heat source, Pelte effect, relay protection, capacitor battery, ZU-
400, protection devices, operational current source, useful work coefficient.

Kirish

Garchi termoelektrik generatorlar (TEG) dunyo migyosida ma’lum bir darajada
tadgigotchi fiziklarning diggat e’tibori markazida bo‘lishsa-da, bizning mamlakatimizda hali
keng quloch yoygani yo‘q. Balki bunga sabab shu soha mutaxassislarining kamligidir.
Termoelektrik energetikaning fan sohasida o‘rin topishi, asosan, Sankt-Peterburglik olimlarning
bu jarayonga bo‘lgan Katta gizigishi bilan bog‘liqdir. Hozirgi paytda TE, yetarlicha darajada,
boshga turdagi ayrim muqobil energiya manbalari bilan ragobatbardosh desa xato bo‘lmaydi.
Uning bir gancha ijobiy xususiyatlari, avtonom energiya manbai sifatida ishlatish fikrlariga
tadgiqotchilarni jalb etgan. Hozirda fizika sohasining yarim o‘tkazgichlar fizikasi ixtisosligi
bo‘yicha tadqgiqgot ishlarini olib borayotgan, yosh iqgtidorli izlanuvchilar, o‘zlarining diggatini shu
termoelektrik energetika sohasida olib borilayotgan ilmiy ishlarga garatsa, foydadan holi bo‘lmas
edi. Xo‘sh, madomiki biz TE xaqida tavsiya ishlarini olib borar ekanmiz, unda gisgacha ravishda
TE xaqida ma’lumot berish juda muhimdir.

TEGIarni asosiy vazifasi issiglik energiyasini elektr energiyasiga aylantirishdir [1+5].
Hozirgi paytda, bir marotaba ishlatilib bo‘lingan issiglik energiyasini salmoqgli miqdori, tashlab
yuborilayotgani sir emas. Albatta xorijiy olimlar ulardan foydalanish magsadida, ma’lum bir
ishlarni amalga oshirmogdalar. Ammo O‘zbekiston sharoitida, mavjud ishlab chigarish
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korxonalaridagi sovutish tizimi sifatida qo‘llanilgan suv energiyalari, quyosh energiyasi yoki
issiglik elektr stantsiyalaridan chigayotgan, sovub suvga aylangan bug‘lar energiyasidan hali
unumli foydalanilmaydi. Aynan shu energiyalarni elektrga aylantirishda TEG lar katta va hal
giluvchi role o‘ynaydi. TEG bu - bir nechta termoelektrik batareyani (TB) ma’lum bir sodda
sxema asosida yig‘ilishidan hosil bo‘ladi. TB ham xuddi shunday tarzda termolementlarni (TE)
yig‘ish orgali tayyorlanadi. TE ikkita yarim o‘tkazgichli materialdan tayyorlangan, elektron va
teshikli o‘tkazuvchanlikka ega bo‘lgan yarim shoxchalarni, kommutatsion plastinalar orgali
tutashtirilib olinadi. Asosiy fizik jarayonlar aynan shu termoelementlar hajmida yuzberadi. Bu
fizik jarayon Zeeebek effekti [6] deb atalib, uni mohiyati shundan iboratki, ikki xil jinsli
materiallarni uchlarini biriktirib, shu biriktirilgan uchlarning birini gizdirib, ikkinchisini sovuq
holda ushlab turilsa, termoelektrik yurituvchi kuchlar (o) hosil bo‘ladi. Agar zanjirga yuklama
ulansa, u holda zanjirda elektr toki (I) hosil bo‘ladi. Bu konstruktsiyada, termoelementlarni
tutashgan bir tomonini gizdirish uchun, har ganday issiglik manbaidan foydalanish mumkin:
alanga, quyosh nuri, ikkilamchi energiya turlari, radioaktiv moddalarning parchalanishi tufayli
ajralib chigayotgan issiglik va hokazo. Hozirda, hatto inson organizmi issigligidan foydalangan
holda ham, termoelektrik batareyalar ishlab chigarilmogda [7]. Agar biz xorijiy davlatlarda
TEGlardan imkon gadar keng miqyosda foydalanishga bo‘lgan intilishlarni[8+10] nazardan
chetda goldirmasak, o‘ylaymizki ma’lum darajada yutuglarga erishishimiz, shu bilan bir gatorda,
hozirda juda dolzarb bo‘lgan energiya yetishmovchiligi va mugobil energiya manbalaridan
foydalanish masalalarini amalga oshirishga kirishgan bo‘lamiz. CHunki hozirda ham,
fikrimizcha termobatareyalarni qo‘llash darajasi o‘zining eng yuqori cho‘qqisiga chiggani yo‘q
va undan foydalanish mumkin bo‘lan sohalar ko‘p. Qolaversa bu manbalarni o‘zgarmas tok
ishlab chigara olishini, amalda esa o‘zgarmas tok ishlab chigarish igtisodiy muammolar bilan
bog‘ligligini nazarda tutsak, bu sohaga ko‘proq Kirishish juda ham muhimdir.
Masalaning qo‘yilishi

TEGIarni ishlab chigarishga tadbiq etishdan avval bir gancha mavjud bo‘lgan muammo
va talablarni o‘rganib chiqgish zarur [11+13]. Masalan, birinchidan, TEGlar ganday
imkoniyatlarga ega, ularni quvvati gaysi iste’molchi turini ganoatlantira oladi, hajm va gabarit
tavsiflari talablarga javob beradimi, gaysi korxonalar o‘zining “issiglik manbai” ga ega, ularni
yasash va tayyorlash texnologiyalari, kadrlar masalasi, texnologik jihozlarning mavjudligi va
hokazo bo‘lsa, ikkinchidan, mavjud texnologiyalar ichida samarador texnologiya sifatida gaysi
metodni olish mumkin, materiallar bormi, ganday foydali ish koeffitsientiga (f.i.K.) ega bo‘lgan
TEG yarata olish mumkin, texnik-igtisodiy masalalari kabilardir.

Mavjud horijiy [14-17] va ayrim, kam sonli bo‘lsa-da, mamlakatimizdagi ilmiy
nashrlarga ko‘ra, ular texnika va texnologiyani ko‘p sohalarida qo‘llanilib, o‘zlarini ma’lum bir
darajada oglaganini ko‘rish mumkin. Aynigsa, Pelte effektiga asoslangan [18] termoelektrik
sovutgichlar ham juda qulay va xaridorgir bo‘lib, ularni o‘rni meditsinada beqiyos o‘rin tutgan
[19]. Bir necha yillar avval ishlab chigilgan dastlabki modelsdagi sovutgichlar ham buning
isbotidir [2]. Lekin, ta’kidlab o‘tish joizki, ekspluatatsiya uchun imkon gadar ekologik nugtai-
nazaridan toza va inson hayoti uchun xavfli bo‘lmagan konstruktiv yechimlar zarur. SHuning
uchun hozirgi paytda radioiztop issiqlik energiyasi manbalaridan foydalanish ko‘p ham tavsiya
etilavermaydi[2]. Boisi, avariya holati yuz berganida, atrof-muhit radioaktiv moddalar bilan
zaharlanishi tufayli halokatli ta’siri kuzatiladi.

TEGIarni barq urib avj ola olmaganligining yana bir muhim sababi - uning f.i.k.ining
pastligidir. Hozirgi paytdagi mavjud TEGlar, ishchi haroratlarini giymatlariga garab, gaysi
toifaga kirishiga mos ravishda 5-6% (quyi haroratlarda ishlovchi termoelektrik energiya
o‘zgartirgichlar) toki 12-15% gacha (yuqori haroratli materiallarda) bo‘lishi mumkin. Ularni bu
ko‘rsatkichlarini ko‘tarish ustida ham izlanishlar ketmoqgda. TEglarni yaratish va ishlab
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chigarishga keng tadbiq etilishida yaxshi termoelektrik xususiyatga ega bo‘lgan materiallardan
foydalanish katta ahamiyatga molik. Yarim o‘tkazgichli materiallarni elektrofizik xususiyatlarini
yaxshilash ularni texnologiyasini takomillashtirish, tarkibiga kiritmalar kiritish, yangi moddalar
olish bilan bevosita bog‘liq [20].

Yugoridagi muammolarni bar tarafga qo‘yib turib, asosiy magsad bo‘lgan TEGlarni
ishlab chigarishda qo‘llash masalasiga gaytadigan bo‘lsak, u holda hozirgi paytda shu narsa
ma’lumki, TEGlar avtonom energiya manbai hamda ixcham sovutish elementlari sifatida (Pelste
elementi) aholi ichida, mashinasozlikda, meditsinada, fazo apparatlarida, suzish kemalarida keng
go‘llanilmoqda [21+23]. Lekin ishlab chigarishda yana bir soha borki, bu sohani talablarini
bajarmay turib, elektr energiyasini uzluksizligini ta’minlab bo‘lmaydi. Bu soha rele himoyasi va
avtomatika (RH va A) sohasidir [24]. RH va A sohasi elektr ta’minoti tizimida tinimsiz ravishda
ro‘y berishi mumkin bo‘lgan avariya holatlarini oldini oladi, zarar yetishidan va eng muhimi -
inson hayoti xavf ostida golishidan saglaydi. Bu himoya tizimining bir gismi, o‘zgarmas tok
manbai ishlab chigarib beradigan operativ zanjirlar orgali, oziglantiriladi. Ularga qo‘yilgan
asosiy talablarga uzluksiz ishlash, ishonchlilik, tezkorlik, sezgirlik va tanlovchanlik Kiradi.

Tadqigot ob’ekti

Tadgiqot ob’ckti sifatida elektr ta’minoti tizimini o‘zgarmas tok manbai bilan
ta’minlashga Xxizmat qiladigan kondensator batareyalarini olamiz. Aynan shu magsadda
akkumulyator batareyalarini ham olishimiz mumkin. CHunki ular tinimsiz ravishda
0‘zgaruvchan tok tarmog‘iga ulangan holda zaryadlanib turadi va tarmoqgda avriya hodisasi ro‘y
bergudek bo‘lsa, rele himoyasi elementlariga kerakli ozugani beradi. Quyidagi 1-rasmda
an’anaviy usulda konsdensator batareyasining tarmoqga ulanishi va undan elektr energiyasini
olgan holda maksimal tok himoyasi (MTH)ning ishlash printsipi ko‘rsatilgan. Ushbu sxemadagi
MTH tomonidan himoya gilinayotgan liniyada gisga tutashuv (QT) yuz berganida, uni gizib, erib
ketib uzilishidan saglash uchun ishlaydigan himoyaning o‘chirgichi, kondensator batareyasi S da
zaxiralanib saglanayotgan energiya hisobiga, amalga oshiriladi. Sxema ikkita tok relesi va vaqt
relelaridan tashkil topib, odatiy ulanishlar asosida bajarilgan. Kondensator S zaryadlangan
holatdadir. Uni zaryadlash zaryadlovchi qurilma ZU-400 orgali amalga oshiriladi. Zaryadlash
qurilmasi, o‘z navbatida, o‘lchovchi kuchlanish transformatori yoki xususiy ehtiyoj
transformatori orgali oziglantiriladi. QT yuz berganida ishga tushirish relesi ulanib, vaqt relesi
cho‘lg‘amining zanjirini ulaydi. VVaqt relesi sabr vaqgtini o‘tkazgach kondensator S ni o‘chirish
g‘altagi (KO)ni oziglantirib, zaryad toki tufayli tarmogdan uzib qo‘yiladi.

[

@
£ X

1 OmTH

1-rasm. Zaryadlangan kondensatordan oziglantirilayotgan maksimal tok himoyasining
sxemasi.

Keyingi 2-rasmda zaryadlovchi qurilma UZ-400 ning sxemasi keltirilgan bo‘lib, u
kuchaytiruvchi transformator TN,to‘g‘rilagich V va ikkita yordamchi relelar:qutblangan rele
RP hamda minimal kuchlanish relesi RN lardan tashkil topgan.

Kuchlanish transformatori orgali kelayotgan kuchlanish 2-8 bo‘g‘inlarga uzatiladi.

Mexanika va Texnologiya ilmiy jurnali 5-jild, 1-son, 2024

https://mextex.uz/
215


https://mextex.uz/

Scientific Journal Of Mechanics And Technology ISSN 2181-758X, volume 5, Issue 1, 2024

TEXNOLOGIYA
Uni giymati 400V gacha orttiriladi va RN relening ajraluvchi kontaktlariorgali chigish
bo‘g‘inlari 5-7 ga uzatiladi. Bu bo‘g‘inga kondensator S ulangan. Kuchlanishni 400Vgacha
ko‘tarilishi kondensatorni sig‘imini kamaytirishni imkonini beradi, chunki kondensator
tomonidan to‘plangan energiya kuchlanishni kvadratiga proportsionaldir:
W = U2C/2.

To‘g‘rilagich V kondensatorni zaryadlash uchun kerak, negaki kondensatorni
o‘zgaruvchan tok bilan mo‘’tadil giymatigacha zaryadlashni imkoniyati yo‘q. RP rele 5-7
chigish bo‘g‘inlaridagi kuchlanishni bor, yoki yo‘qligini nazorat qilish uchun ham
ishlatiladi. Kondensator yoki to‘g‘rilagich buzilib golishi tufayli kuchlanish yo‘qolib golgan
tagdirda, yoki oziglantiruvchi liniya kuchlanishi to‘xtasa RP reledagi tok yo‘qoladi va u
ishga tushadi. S1 kondensator to‘g‘rilangan tokani lippilab o‘zgarishini silliglashga xizmat
giladi. RN relesi zaryadlovchi qurilmaning kirishida kuchlanishni nazorat giladi va
kuchlanish yo‘qolib golgan taqdirda kondensatorni zaryadlash qurilmasidan uzib qo‘yadi.
SHu jarayon bilan oziglantiruvchi manba qarshiligi orgali kondensatorni razryadlanishini
ogohlantiradi. UZ-400 qurilmasi sig‘imi 500 mkF gacha bo‘lgan kondensatorlarni
zaryadlashga mo‘ljallangan. Qurilmaning PS-10 namunasidagi yuritmasini ishga tushirish
uchun 75 mkF li kondensator kifoyadir.

(—)

2-rasm. UZ-400 zaryadlash qurilmasining sxemasi.

Tadgiqot ob’ektining yana bir tashkil etuvchisi bu uch gorishmali vismut surma selen
tellurididan (Bi2Tesz-Bi2Shs —p-tipli teshikli o‘tkazuvchanlikka ega bo‘lgan va BixTez-Bi>Shs-
n tipli elektron o‘tkazuvchanlikka ega bo‘lgan yarim o‘tkazgichli termoelektrik
materiallardan) tayyorlangan batareyadir.

Eksperimentlar o‘tkazish va natijalar tahlili

Tadgiqotning mohiyati, yugorida bayon etilgan qurilma vazifasini termoelektrik
generatorlarga almashtirish va uni ekspluatatsion tavsiflari bo‘yicha xulosalar gilishdan iborat.
Albatta taklif etilayotgan innovatsion variantda, o‘zgarmas tok manbai vazifasini bajarish uchun
xizmat gilayotgan qurilma, barcha uni tashkil etuvchilari bilan olinib tashlab, shu o‘zgarmas tok
TB dan olinishi rejalashtirildi. Rele himoyasi va avtomatikasi fanidan ma’lum, masofalarga
uzatilayotgan elektr toklarini o‘tkazuvchi sim va kabellar bir necha turdagi himoya vositalari
yordamida foydalaniladi va bu himoya vositalari o‘zlarining funktsional vazifalarini bajarish
uchun operativ tok manbalaridan foydalanadi. O°‘zgaruvchan tok operativ tok manbalariga
to‘xtalmaymiz. Agar himoya turlarini ko‘radigan bo‘lsak, masalan mavjud maksimal tok
himoyasi, tok otsechkasi, differentsial himoyalar, masofaviy himoyalar yoki boshga turlari ham
bevosita operativ tok manbalari bilan bog‘ligq. SHuning uchun ularni turlarini inobatga olish shart
emas. Bu yerda manba tanlashdagi asosiy mezon - shu rele himoyasi vositalarini mukammal
ishlashliklari uchun kerakli bo‘lgan energiya miqdorini o‘z vaqtida yetkazib bera olishdir. Ushbu
mushohadadan kelib chiggan holda, an’anaviy usulda kondensator batareyasiga yetkazib
beriladigan zaryad miqdorini, kondensatorni quvvatidan kelib chiggan holda tanlaymiz. Masalan,
maksimal tok himoyasi (MTH) uchun 50 kVar quvvatga ega bo‘lgan kondensator batareyasi

Mexanika va Texnologiya ilmiy jurnali 5-jild, 1-son, 2024

https://mextex.uz/
216


https://mextex.uz/

Scientific Journal Of Mechanics And Technology ISSN 2181-758X, volume 5, Issue 1, 2024

TEXNOLOGIYA

zaryadlanishi termobatareya tomonidan amalga oshirishini eksperimental usulda tekshirildi.
Buning uchun har bir elektron va teshikli o‘tkazuvchanlikka ega bo‘lgan shoxchalarning
geometrik uzunliklari 4x4x4 mm?® ni tashkil etgan termoelementlardan yasalgan termoelektrik
energiya o‘zgartirgich gabul gilindi. SHoxchalarning bunday kubsimon o‘lchamlari matematik
modellashtirish yo‘li bilan bajarilgan nazariy hisoblashlardan kelib chigib tanlab olindi. CHunki
shu o‘lcham, batareyadan ogayotgan ishchi tok bilan optimal tok o‘rtasidagi tafovutlarni minimal
migdorda ta’minlanishi aniglandi. Ishchi tok giymati esa, kondensator batareyasining quvvati
asosida aniglandi. Termobatareyaning nominal giymatdagi, kondensator batareyasi kirishlaridagi
kuchlanish va tokni ta’minlash, termoelement juftlarni bir nechtasini paralell va bir nechtasini
ketma-ket ulashlar orgali (Om qonuniga binoan!) amalga oshirildi. Eng muhim masala- TB
uchun issiglik manbai sifatida kimyoviy korxona ichida texnologik jarayonni amalga
oshirilishidagi ~ rezervuarlarni ~ sovutish  tizimi  uchun  foydalanilayotgan  novsimon
konstruktsiyalarining tashgi devor gismlari tanlanib, termobatareya bu novga issiglikni yaxshi
o‘tkazuvchi, elektr tokini o‘tkazmaydigan KTP-4 namunasidagi pastadan foydalanilib
biriktirildi. Termobatareyani vazni bilan bog‘lig muammo (ya’ni, TB og‘irligini ko‘tara olmay,
tushib ketish masalasi) uni tagiga taxtadan maxsus tayyorlangan taglik bilan ko‘tarib qo‘yish
orgali hal gilindi. Nov temirdan tayyorlangan bo‘lib, uni termobatareya ulangan tomoni ochiq
goldirilgan bo‘lsa-da, shu TB ulangan joygacha bo‘lgan masofa (taxminan 1+1,5 m) issiglikni
izolyatsiya qgiluvchi tarkibida shisha kukuni bo‘lgan paxta (steklovata) bilan o‘raldi. Bu holat,
shu masofa ichida ham issiglik yo‘qotilishini kamayishini imkonini berdi. TB ulangan joydan
keyingi gismi bizni tajribada uncha ahamiyatga molik bo‘lmaganligi uchun ochiq goldirildi. TB
ni kondensatorga va issiglik manbaiga ulanish sxemasi 3-rasmda keltirilgan.

—_— Cys {THaIMLW HOBM —_—

3-rasm. TBlarni kondensator batareyasiga ulanish sxemasi. 1, 4-mos holda, TElarning issiq
va sovuq uchlaridagi kommutatsion plastinalar (Fe va Ni), 3-r — va n-tipli
termoelementning yarim shoxchalari (BizTes —BiSbs Bi2Tes —Bi2Ses), 5-TB ni ko‘tarib
turish uchun taxta tirkamalar, 6-KB turgan yer sathi
Tajriba jarayonida termoelektrik batareya hajmidan ogayotgan tok hamda chigishlaridagi
kuchlanish miqdori elektr o‘lchash asboblari yordamida nazorat gilib borish bilan birga,
avtomatik tarzda o‘zi yozuvchi asbob orgali yozib, diagrammasi chizib borildi. Suv ogimining
tezligi o‘zgarmas va texnologik jarayonning davomiyligi uzluksiz bo‘lganligi uchun, suv
haroratining farqi tajrib o‘tkazilgan uch kun davomida ~+1.0+1,4% dan ortiq o‘zgarmadi. To‘liq
zaryadlash vaqti davomiyligi 45 minutni, rele himoyasi bir marta ishga tushganidan so‘ng goldiq
zaryadni to‘Idirish vaqti esa 3 minutni tashkil etdi. Bu ishonchlilik talablarini ganoatlantiradi.
SHu o‘rinda aytib o‘tish kerakki, sxemada kondensator to‘liq zaryadlanib bo‘lgach, uni
avtomatik tarzda termobatareyadan uzish masalasi ham ko‘zda tutilgan. Bunday “tanaffus”
paytida termobatareyadan chigayotgan elektr quvvatni boshga iste’molchilarga ham ulab
foydalanish mumkin. Bu o‘sha korxonaning ichida mavjud bo‘lgan o‘zgarmas tok
iste’molchilarining ehtiyojiga bog‘liq. Ammo bu iste’molchilar katta quvvatli bo‘lsa, u holda
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TEG ni konstruktiv jihati javob bermasligi mumkin. SHuning uchun undan kichik va o‘rtacha
quvvatli iste’molchilar uchun foydalanish mumkin xolos. Quyidagi grafiklarda TB ni sovuq
uchlaridagi haroratni o‘zgarishi undan ajralib chigayotgan quvvat miqdoriga, hamda shunga mos
ravishda generatorning foydali ish koeffitsientiga ta’sir ko‘rsatishi beltirilgan (4-rasm).

?Tb [ %]

80 -

v/eféj
B0 7 s
~ ﬁ 2
# -
” - g -
P —
4@/*9/ Tt
-~
8 g
) / |
20 0 S0 40 0 460 H00 +20 r O

4-rasm.Termobatareyaning f.i.k.ini uni sovuq uchlaridagi haroratni o‘zgarishiga
bog‘ligligini ko‘rsatuvchi grafik. 1,1-Ts=+20'S; 2,2-Ts=-20'S; 3,3-Ts=-60'S; Punktir
chiziglarda modellashtirish orgali nazariy hisoblashlar giymati, uzluksiz chiziglarda esa
tajriba natijalari keltirilgan.

SHu o‘rinda TB ni sovuqg uchlarini sovutish masalasi ganday hal etildi degan savol
tug‘ilishi mumkin. Eksperimentlar azot ishlab chigarish birlashmasi tsexlarida qo‘llashni nazarda
tutgan holda va u yerda azot masalasi bilan bog‘liq bo‘lgan muammolar bo‘lmasligini nazarda
tutib, TEning sovug uchlarini suyuq azot bilan sovutish magsadga muvofig hisoblandi. SHuning
uchun tajribalar davomida TE larni sovuq uchlari tomoni bilan sovutgich moslamasiga
payvandlab turib, unga suyuq azot bug‘lari haydaldi. Bug‘larni haydash uchun Deyuar termosi
ichiga quyilgan suyuq azot ichiga maxsus yasalgan gizdirish elementi joylashtirildi va undan
sekin astalik bilan tok o‘tkazildi. Tokni migdorini kattalashtirish, undagi bug‘lanish jarayonini
tezlashishiga va sovuq uchlardagi haroratni ko‘proq olib keta olganligi uchun, chuqur sovushiga
olib keldi. Rasmdan ko‘rinib turibdiki, sovuq uchlardagi harorat ganchalik kichik bo‘lsa
shunchalik f.i.k. yuqori bo‘ladi. Bu xodisani albatta, Zeebek effekti hodisasi bilan tushuntirish
mumkin, ya’ni issiq va sovuq uchlardagi haroratlar fargi gancha katta bo‘lsa, e.yu.k miqdori, va
shunga mos ravishda TB chigishlaridagi quvvat hajmi ortib boradi [25].

Xulosa

Tajribalarni  ko‘rsatishicha, xagigatdan ham qanday sharoitda termoelektrik
generatorlardan foydalanilganida, agar uni parazit haroratlar ta’siridan va tokni keraksiz tomonga
ogib ketishidan asragan holda ekspluatatsiya gilinsa, u o‘zini elektr xususiyatlarini
o‘zgartirmagan holda faoliyat ko‘rsatishi mumkin ekan. Kimeviy zavod yoki ishlab
chigarishlardan tashgari sharoitlarda ham qo‘llash mumkin. Masalan, issiglik elektr
stantsiyalarida foydalanilib bo‘lingan bug‘lar harorati juda yugori bo‘lganligi sababli, TE ning
shoxchalari bo‘ylab ancha katta bo‘lgan haroratlar fargini saglash mumkin. Bu esa, uni sovuq
uchlarini qo‘shimcha sovutish tizimisiz ham yaxshi ish rejimlarini olish imkoniyatlarini beradi.
Termoelektrik bataeyalarni mexanik mustahkamligi ham bir muncha yuqori. Undan yanada
samarali foydalanish uchun yarim o‘tkazgich materiallarni yanada elektrofizik xususiyatlarini
yaxshilash ustida ishlash kerak. Qolaversa, fikrimizcha, termoelektrik materiallarga atrof
muhitda mavjud bo‘lgan kimeviy moddalrni ta’sirini o‘rganish va buni ustida tadgigotlar olib
borish ham foydadan holi emas. CHunki atmosferada mavjud bo‘lgan gazlar, changlar tarkibida
kimeviy moddalar ham mavjud bo‘lib, bizni mamlakatimiz yoki yurtimiz mintagasida yoz
mavsumida o‘rin tutadigan jazirama issiq havo, ularni kimyoviy birikishlariga va parametrlariga
ta’sir ko‘rsatishi mumkin.
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W CCJIEJOBAHME BJIMAHUA COAEPKAHUSA PA3JINYHBIX HAITIOJITHUTEJIEA
HAMW3HOCOCTOMKOCTh KOMIIO3UIIMOHHBIX TOJIMMEPHBIX
MATEPHUAJIOB

Myxutaunos M.b
HamanraHckuit HHKEHEPHO-CTPOUTETBHBIA HHCTUTYT JJoKTOp (pritocodmii Mo TEXHHIECKUX HayK
e-mail: muzaffarbek0047 @gmail.com.

AHHOTanudA. B 1aHHOW cTaThe paccMaTpUBAETCsS PE3YIbTaThl UCCIIECTOBAHUI BIUSHUS
COACPIKAHUA HAIOJHUTEJIEH Ha HWHTEHCUBHOCTL W3HANIUBAHUSI U (I)I/ISI/IKO-MexaHI/I‘-IeCKI/Ie
CBOMCTBA KOMIIO3MIIUOHHBIX IMOJIUMEPHBIX MATCPHUATIOB, B YaCTHOCTHU HSHOCOCTOﬁKOCTH,
TBEPAOCTH, JHHAMHYCCKOIO MOAYJS  YIPYroCTH, MNpPOYHOCTH Ha pa3pelB W yjaap,
TEIUIONPOBOIHOCTh U OOBEMHOE COINPOTHBIICHHE YKa3aHHBIX MaTepHajoB, pabOTalOIMUX B
KOHTaKTHOM BSaI/IMOI[ef/'ICTBI/II/I ¢ OeToOHOM.

Abstract. This article discusses the results of studies of the influence of filler content on
the wear rate and physical and mechanical properties of composite polymer materials, in
particular wear resistance, hardness, dynamic modulus of elasticity, tensile and impact strength,
thermal conductivity and volumetric resistance of these materials working in contact interaction
with concrete

Annotatsiya. Ushbu maqolada to’ldiruvchilarning yeyilish intensivligi va kompozitsion
polimer materiallarning fizik-mexanik xossalariga ta'siri, xususan yeyilishbardoshliligi, gattiglik,
dinamik elastiklik moduli, tortishish va zarba kuchiga mustaxkamligi, issiglik o'tkazuvchanligi
va beton bilan o’zaro ta’sirida ushbu materiallarning hajmiy qarshiligi bo'yicha tadgiqotlar
natijalari ko'rib chigiladi.

KuaroueBble ciioBa: KOMHOL’»I/IHI/IH, HAIIOJIHUTCIIU, IMOJIMMCPHBIC MAaTCpUalibl, TBEPAOCTD,
JUHAMHAYECKUMM  MOXAYJb YIPYIOCTH, IPOYHOCTH HA pPa3pelB U yAap, TEIJIONPOBOIHOCTD,
00BEMHOE SJICKTPUICCKOC COIMPOTHUBJICHUC, HU3HOCOCTOMKOCTD MaTepualia.

Keywords: Composition, fillers, polymer materials, hardness, dynamic modulus of
elasticity, tensile and impact strength, thermal conductivity, volumetric electrical resistance,
wear resistance of the material

Kalit so‘zlar: Kompozitsiya, to’ldiruvchi, polimer materiallar, qattiglik, dinamik elastik
modul, kuchlanish va zarbga mustahkamligi, issiglik o'tkazuvchanligi, hajmli elektr garshiligi,
materialning yeyilishbardoshliligi.

BBenenue. Ha cerogusmauii 1eHh B MHpE HKEJIC300€TOHHBIE W3ACIUS IIHPOKO
MMPUMCHAIOTCA B CTPOUTCIILCTBC 3,[[aHI/II71, MOCTOB U COOpy)KCHPIfI, rac U3 rojJga B roa CIipoCc Ha HUX
pacTeT. O)IHOf/i U3 BaKHEHIINIX 3aaa4 B 5TOM HallpaBJICHUU ABJIACTCA 3HAYUTCIBHOC IMOBBIIICHHUC
KadecCcTBa C60pHBIX )Kene300€ TOHHBIX I/I3IleJII/II>'I, npu OAHOBPECMCHHOM CHUWXKXCHUU CTOUMOCTHU
CTPOUTCIILHBIX KOHCprKIIPIfI, TPYAOECMKOCTH M JBHCPro3arpar MyréM HNPHUMCHCHUA NOJIUMCEPHBIX
MaTepuaoB B pabOUNX MOBEPXHOCTIXMETAIIIMUECKON OCHACTKY JKeJI€300€ TOHHBIX U3CTHil.

B wMwupoBom macmrtabe s MOBBIIICHHS 3(PGEKTUBHOCTH U PabOTOCTIOCOOHOCTH
METaJNIMUYECKOM OCHACTKHU 1 HU3TOTOBJICHUA JKENEe300€ TOHHBIX I/ISI[GJII/Iﬁ AKTyaJIbHO U
HeO6XOI[I/IMO CO3JaHHUC B(b(beKTI/IBHBIX TpI/I6OTeXHI/I‘ICCKI/IX MOI[I/I(l)I/ILII/IPOBaHHBIX KOMIIO3NIITMOHHBIX
TCPMOPCAKTUBHBIX STIOKCUAHBIX MMOJIUMCPHBIX MATCPUAJIOB IJIA MOJYYCHHA HOKpBITI/Iﬁ C BBICOKMMU
aAr€3MOHHbBIMU CBOMCTBAaMH H M3HOCOCTOMKOCTBIO. B »TOM acmekrte AKTyaJIbHbIM N HeO6XOI[I/IMBIM
ABIISICTCSA IIOBBIIIICHUEC aHFe3HOHHOfI MMPOYHOCTHU u H3HOCOCTOMKOCTH KOMITO3UITMOHHBIX
TCPMOPCAKTHBHBIX JIOKCUIHBIX ITOJIUMCPHBIX MATCPUAJIOB U HOKpBITI/Iﬁ Ha X OCHOBE C BBICOKMMH
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(bU3UKO-MEXaHUYECKUMHU CBOMCTBAMU ISl NPUMEHEHUs Ha pabO4YMX IMOBEPXHOCTSIX OCHACTKHU
’Kese300eToHHbIX n3aenuii [1-10].

B sToM acrnekre B NaHHOM CTaThe MPUBOAATCS PE3yIbTaThl HCCIEIOBAHHUMA IO BIUSHUIO
COAEpKaHUS PA3JIUYHBIX HAIMOJHUTEIEH HAa W3HOCOCTOMKOCTh U APYTME€ MEXAHHUYECKHUE CBOMCTBA
KOMITO3UIIMOHHBIX OJMOKCUIHBIX IOJMMEPHBIX MAaTepualoB, paboTalOMMX B KOHTAKTHOM
B3aUMOJIEHCTBUH C OETOHOM.

O0beKT 1 MeTOAMKA UccaenoBaHUuA. OOBEKTOM SBIISIOTCS JBa BUAa OCHOBHOT'O COCTaBa
(OC) casyromero w3 100 macc.u. smokcumHod cmoner DJ1-16, 12 macc.d. oTBepauTes-
nonudyTUIeHanonuamuHa, 20 macc.y  mmactudukatopa-agudyrundranara - OC-1 u u3z 100mace.u.
BM1-16, 7 macc, 4. orBepauTens-nunepuauHa, 20 Macc.4. anupaTHYecKOod HU3KOMOJIEKYISIPHOU
SIOKCUAHOM cmonsl - OC-2. Beibop cBs3yromero Ha ocHoBe JJ[-16 00ycioBieH ero
TEXHOJIOTHYHOCTHIO, CPABHHUTEIBHO  BBICOKAMH  (DM3MKO-MEXaHWYECKMMH  CBOWCTBAMH U
TETUIOCTOMKOCTHIO M BO3MO>KHOCTBIO MTOJTYUEHHUST MOKPBITUI KaK MpU XOJOIHOM, TaK U TropsYeM
oTBepkneHnU. ST HAMOJHEHWS STIOKCUIHBIX KOMITO3UIIUK OBUTH BHIOpPAHBI BEITYCKACMbIE
MPOMBIIUICHHOCThIO ~ JMCIIEPCHBIE M BOJIOKHHUCTBIE  HANOJHUTENHM  OPraHu4ecKoro,
HEOPraHWYECKOr0, CHHTETHYECKOT0 ¥ MHHEPATBHOTOTIPOUCXOXKICHUS, a TAK)Ke TPaQUT 3epHUCTHIH
U TUTACTUHYATHIN, YTIIEpOJHBIE BOJOKHA, Ca)ka, KEJIEe3HBIM MOPOIIOK, IIEMEHT, TallbK, KaOJHH,
CTEKJIOBOJIOKHO, (DTOPOILIACT, TOJMATHIICH BHICOKOUTIIIOTHOCTH.

MeTtoasb! ucciaenoBanus. [Ipy BEIMOTHEHUH TUCCEPTAIMOHHON pabOThI UCTIONB30BAHbI, B
OCHOBHOM, CTaHAAPTHBIC METOBI YCTaHOBKH. Tak,anare3nonnas npouanocts no 'OCT 14-760-69,
npouyHocts npu usrube mo ['OCT 4648-71. M3HOococTOWKHE CBOMCTBA KOMMO3UIIMOHHBIX
TEPMOPEAKTUBHBIX SIOKCHUIHBIX IOJIMMEPHBIX MAaTCPUAIOB NMPH B3aUMOJICHCTBUU C OETOHOM
ObUTMM3y4YeHBI Ha quckoBoM Tpubomerpe UzDST3330:2018.

Pe3ysabTaThl HMccieA0BaHMI M WX 00cy:xkaeHue. Pe3ynbraThl HUCCIEIOBaHUS TIO
MOpenbIIyIieMy paslieny paOoThl TMOKa3aldW, 4YTO Hauboliee W3HOCOCTOMKUMHU  SIBIISFOTCS
KOMITO3WIMY, HATIOJIHEHHBIE CTEKJIOBOJIOKHOM,  YIJIErpa(HTOBBIM  BOJIOKHOM, JKEJIE3HBIM
MOPOUIKOM M LeMeHTOM. [IpoMexyToyHOe TOJIO)KEHHE 110 W3HOCOCTOMKOCTH 3aHHUMAIOT
KOMITO3UITMH, HAIOJHEHHBIC Cakel, TrpauTOM 3EpPHUCTBIM M YeNIyW4aThbIM, TajJbKOM H
KaorMHOM. HanMeHee n3HOCOCTOIKHE PUHATIONHEHUH (PTOPOIIACTOM U TOJIMATUIICHOM.

Ecmu mpoaHanu3upoBaTh MOJTYYEHHBIE PE3yAbTaThl B IIEJIOM, TO BHIHO, YTO KaXKIbIH
BBOJMMBIA B COCTaB AMOKCHIHON KOMIIO3HWIIMM HAMOJHUTENh UMEET CBOM NPEUMYIIEeCTBa U
HenocTaTki. Hampumep, KOMITO3WIIMK HAIOJHEHHBIE (PTOPOIUIACTOM M TMOJMATHIICHOM, HapsIy C
PAIOM UX HEOCTATKOB IO (PH3UKO-MEXaHMUYECKHM CBOMCTBAM MMEIOT HAMMEHBIIYIO aAre3ui0 K
0ETOHY, YTO OYEHBb BAXHO I MOBBIMIEHUS 3((PEKTUBHOCTH (POpM. DMOKCHUIHBIE KOMITO3HIINH,
HAMOJIHCHHBIE  [IEMEHTOM H  JKEJIE3HBIM  TOPOIIKOM  O0JaJal0T  MPOTHBOIOIOKHBIMU
XapaKTepUCTHUKAMHU [0 CPaBHEHUIO C (TOPOIUIACTOM M TOJHUITHICHOBBIMU KOMIIO3HUIIMSIMH.
[IperMyIiecTBO AMOKCUIHBIX KOMIIO3WIIMM, HAIMOJIHEHHBIX YriaerpadUTOBBIM BOJIOKHOM,
OeccropHO, HO 3TOT MaTepuan JepHULUUTEH M K TOMY K€ O4eHb JOPOI, YTO OrpaHUYMBAET €ro
MPaKTHYECKOE MPIMEHEHHE.

Hcxons u3 aTuX cooOpaxeHuid, a TaKXkKe C HeIbl0  COKpAIlleHUs] KOJHYecTBa
AKCIICPUMEHTAIILHBIX HMCCICIOBAHUN TPH W3YYCHHWH BIMSHUS COJCPKAHUS HAIOIHHUTES Ha
M3HOCOCTOMKOCTh SMOKCUJIHBIX KOMIO3MIIUK, HAMH ObUTM BBIOpPAHBI TaKHE HAMOIHUTENH, Kak:
nomvaTiieH (II9BIT), xene3Hslit MOPOIIOK, IpapUT HOPOIIKOBBINA, TaJIbK, CTEKIOBOJIOKHO, T.€.
npefcTa BUTENU pa3IMyHOW TPHUPOABI, BHUAA, CTPYKTYp M CBOICTB. Bmecte e 3Tum oHHM
JOCTYITHBI W, TJaBHOE, HEAOPOTH, YTO YMPOINAET BHEAPEHHE KOMIIO3UIIMOHHBIX MOJMMEPHBIX
MaTEpHUAaIOB C UCTIOJIb30BAHUEM ITHX HAITOTHUTENEH. A pe3ylIbTaThITEOPETUIECKUX T
OKCTIEPUMEHTAIBHBIX  ITCICAOBAHUNA, HECOMHEHHO, OyIyT TOJIE3HBIMU [UIsi MTPOTHO3UPOBAHHS
JONTOBEYHOCTH TMOKPBITUH W3 TMOJUMEPHBIX MaTepHajoB B YCIOBUSX paboTel (QopM AJis
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IIPOU3BOJICTBA OETOHHBIX IJIMT OOJIMIIOBOYHO- IEKOPATUBHOI'O HA3HAYECHUSI.

Pe3ynabpTaTthl 3KCIEPUMEHTANBHOIO HCCIIEIOBAaHUS  M3HOCOCTOMKOCTH K  JIPYTMM
9KCIUTYaTallMOHHBIM U (U3UKO-MEXAHWYECKMM CBOMCTBAM 3IMOKCHIHBIX KOMIIO3MLMN B
3aBUCHUMOCTH OT COJEpPKaHUSI HAMOJIHUTENS MpeAcTaBieHbl Ha puc.1-2 u tabn. 1. BugHo, uto ¢
YBEJIMYEHUEM  COJAEP)KAaHUS  IMOJMITHICHA, HMHTEHCHUBHOCTb W3HAIIMBAHUS  SMOKCHJIHBIX
KOMITO3UIIMM yBETMYMBAETCSA HE3aBUCHMO OT BHJA CBsA3yroulero. [Ipu yBenuueHun coneprkaHus
KEJIE3HOT0 MOPOUIKAa U CTEKJIOBOJIOKHA MHTECHCUBHOCTD M3HAILMBAHMS STIOKCUIHBIX KOMIO3ULIUI
IIPOXOJUT Yepe3 MUHUMYM B obnactucogepxanus 20-30 00.4. YBenuueHnue coaepkanusrpadura
U TaJIbKa B 3MokcuaHoN komnosuuuu A0 20-30 00.4. npakTUYeCKU He U3MEHSET HHTEHCUBHOCTH €€
W3HAIMBAHMS, a TIPH TOCIICIYIOMNX 3HaueHUs X cogepkanus (30-40 06.4.) HabmromaeTcs pe3koe
NIOBBIIIEHUE WHTCHCUBHOCTM  M3HAIIMBaHMA  Komno3uuuu. Creayer OTMETHTh, UTO
3aKOHOMEPHOCTh U3MEHEHUSI HHTEHCUBHOCTH M3HAILIMBAHUS ATIOKCUAHBIX KOMIIO3ULIMI HA OCHOBE
cessytoniero OC-1 u OC-2 ot conep)kaHus HANIOJHUTENS UMEET OJJMHAKOBBIN XapakTep, HO OHa
3HAYUTENIBHO OTJIMYAeTCsl MO aOCOJIOTHBIM 3HAUEHUSM M IIOJIOKEHUSM 3KCTPEMYMOB IpHU
PaBHBIX IPOYMX YCIOBUAX (cM.pHcC. ).

[Tpu 5TOM WM3HOCOCTOMKOCTH KOMITO3HUIIMI Ha ocHOBE cBsizytomero OC-1 Bcerja BhIIIe,
yeM y kommo3uiuii Ha ocHoBe OC-2. Kpome Toro, xapakTepHble y4acTKU B 3aBUCHUMOCTH
MHTEHCUBHOCTU M3HAILMBAaHUSA OT COJAEp)KaHUA HamoJHuTeNs (cMm.puc.l), T.e. 3KCTpeMyM Hpu
BBEJICHUU JKEJIE3HOTO IIOPOLIKA M CTEKJIOBOJOKHA W PE3KOE IMOBBILIEHUE IIPU BBICOKHX
COJIEp)KaHUSAX BCEX HaIOJHUTENeH y Kommosuuuid Ha ocHoBe OC-1 cMmemeHo B CTOpPOHY
YBEJIMUEHUS CO/EP)KAaHUsS 110 CPaBHEHMIO C KOMIO3ULUSIMU Ha ocHoBe OC-2. D10 00BACHSIETCS
TeM, YTO 3MOKcuaHoe cBs3ytoniee OC- 1 nMeeT CpaBHUTEIHHO MEHBIIYIO BA3KOCTh, yeM OC-2,
Onmaromapss uyemy o00JiaZaeT BBICOKOM CMAayMBA€MOCTBIO HAINOJHUTENEH M, B pe3ylbTaTe,
KoMIo3uIK Ha ocHoBe OC-1 001a1at0T BHICOKOMM3HOCOCTOMKOCTBIO U JTYYIIUMU
HKCIUTyaTallMOHHBIMH U (PU3UKO-MEeXaHMYECKUMU CBOHCTBAMH.

) 8 16 24 3z C, 0b.4

Puc.1. 3aBHCHMOCTh HHTEHCHUBHOCTH M3HAIMBAHUAIMOKCHIHLIX KOMIIO3UIMHA Ha ocHoBe OC-1
(ciutominbie kpuBble) 1 OC-2 o a0pa3snBHOMY IOJIOTHY OT COICPKAHMS U BHA
HanoJTHUTeei: 1- moJmITHIeH; 2-TabK; 3-TpaduT; 4-5Kejle3Hblil MOPOIIOK; 5-

CTEKJI0OBOJIOKHO
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Puc.2. 3aBUCcMMOCTBb a/ire3NOHHOI MPOYHOCTH K cTaau (a) 1 0eToHY (0) IMOKCUIHBIX
KOMIIO3MIIMIiI HA OCHOBE OC-Nel (cnmomnbie kpuBbie) H OC-Ne2 oT cogep:RaHus U BUAA

Hanosnutenei: 1-I1I31I1; 2- crexyoBoI0KHO; 3-TpaduT; 4-TaAbK; S-Ke1e3HbII MOPOIIOK

YMeHbIlIeHHe W3HOCOCTOMKOCTH STIOKCHIHBIX KOMITO3UIIMH, HAMOJHEHHBIX MOIUITUICHOM,
MOYKHO OOBSCHUTh CHIDKEHUEM (PU3NKO-MEXaHUYECKHX CBOWCTB, a HWMEHHO CHW)KCHHEM
TBEpIOCTU Kommo3uiuii (cM. puc.l u Tadu. 1). Ilpu 3TOM Takke HaOJIOACTCS 3HAYMTEIBHOC
CHIDKCHHE aJIN€3MOHHON MPOYHOCTH, KaK K CTajld, TaK U K TMOBEPXHOCTH OETOHA, YTO MOYKHO
OOBSICHUTh MHEPTHOCTHIO TONMATHICHA TMPH B3aUMOJCHCTBUU C IPYrUMH Tenamu, Onmaromaps
CUMMETPUYIHO PACTIOIOKEHHBIM STHJIBHBIM TpyImaM, O0O0eCIeYMBAIONINM HYJICBYIO
MOJISIPHOCTD BI0JIb MAKPOMOJIEKYJISIPHOM 1ierH mommepa [3,4,7,9].

HesnaunTenpHOe CHW)KEHUE WHTCHCHBHOCTH HM3HAIMBAHUS STOKCHIHBIX KOMITO3HIIHMA
npu HanojaHeHuH rpapuroM 10 20-30 00.4. HECMOTPS Ha CYLIECTBEHHOE yBEJIMUYEHHE KOMIUIEKCa
(PU3HKO-MEXaHUIECKUX CBOMCTB MOYKHO OOBSICHUTH MPUPOJION CaMOr0 HANOJHUTEIA-TpaduTa U
€ro CTPYKTYPHOU 0cOOEHHOCTHI0. MI3BECTHO, UTO TpaUTUMEET CIOUCTYIO CTPYKTYpY U Onaromaps
3TOMY 00J1a/IaeT aHU30TPOITHBIMU MEXaHWMYECKUMHU CBOWCTBAMH 110 HOpMaJIM U TaHreHcaM. Cria
B3aMMOJICHCTBUS MEXKIY CIOSMHU 3HAUYUTEIHHO MEHBIIE M TOITOMY MPU B3aUMOJACHCTBUU
KOMITO3HITMIA ¢ a0pa3MBaMU MPOHUCXOJUT OTJAENEHHE YaCTHIl, O0BEM KOTOpOTO pacTeT ¢
YBEJIMYECHUEM COJCPKAHMUS HATOJIHHUTENS, YTO BHJHO U3 pe3ylbTaTOB HCCienoBaHusI. B
YACTHOCTH 3HAYUTEIbHOE CHMKEHHE aJre3MOHHON MPOYHOCTU SMOKCHUAHBIX KOMIIO3UIUN MpHU
BBICOKHX COJIEp)KaHUSX Tpadura TakKe MOXKET CIYKHUTh B KadeCTBE JOKa3aTeJhCTBA
BBIIIIECKAa3aHHOTO.

Heckonbko HEOXHIaHHBIM BBITJISIASAT PE3YJIbTAaThl HMCCICAOBAHUS TIPU YBEIUYCHHUH
coZiepKaHUsl MUHEPAJILHOTO HAMIOJIIHUTEIIS TalbKa, UMEIOIIETr0 3HAYUTEIbHO MEHBIIIYIO TBEPIOCTh
(10-30 MIla) no cpaBaeHuto ¢ camum cBsiyrommM (180-190 MIla). C yBenmuueHneM coepKaHust
TajgbKa yMEHBIIAETCS TBEPJOCTh KOMIIO3UIIMU, YTO JOJDKHO ObUTO Obl 3HAUUTEIBHO CHU3UTH €€
M3HOCOCTOMKOCTh. HO 3TOro He HabmIOgaeTcs, 4TO BEPOSATHO MOXKHO OOBSICHHTH HEKOTOPHIM
YBEJIMYCHHEM MPOYHOCTH  KOMIIO3MIIMKM HA  pa3pblB, CHOCOOCTBYIOUICH  MOBBIIICHUIO
n3Hococtoikoctu. Clenyer OTMETHTh, YTO C YBEIHUYCHHUEM cojepanus Tanbka 10 20-30 00.4.
3HAYUTENIHO MOBBIIIACTCS ar€3MOHHAsI POYHOCTH SMOKCHIHBIX KOMITO3UIIUNA. DTO TPOUCXOAUT
Ha Haml B3TJSA IO TOMY, YTO MEJIKOAMCIEPCHBIH MHHEpal TallbK O0JIaZaeT XOpOILei
CMayMBaeMOCTBIO CBA3YIOLIET0, 00pa3ys MPOYHbIE CBA3M B pasese a3 HAOIHUTENb- TOJIUMED.

YBennueHne N3HOCOCTOMKOCTH SMTOKCHIHBIX KOMITO3HUIIMN C YBEJTMYEHUEM COAEPKAHUS 10
30 006.4. ’KeNIe3HOT0 MOPOIIKA U CTEKJIOBOJIOKHA, ITIABHBIM 00pa30M, OOBSICHSIETCS YIy4IIEHUEM
KOMILIEKca (PU3MKO-MEXaHMYECKUX CBOMCTB, OCOOCHHO TBEPAOCTH U MPOYHOCTH HA Pa3pbIB. DTH

Mexanika va Texnologiya ilmiy jurnali 5-jild, 1-son, 2024

https://mextex.uz/
224


https://mextex.uz/

Scientific Journal Of Mechanics And Technology

TEXNOLOGIYA
XapaKTEPUCTHKU KOMIIO3MILIMM YIIYYILIAIOTCS KaK 33 CYET BBICOKMX CBOMCTB CaMHUX HAIOJHUTENEH,
TaK M 3a CYET JY4YLIEro B3aMMOAEHCTBUs MoiuMepa C HanojaHutenaem. OYeBUIHO, OJHUM W3
OECCIIOpHBIX TMPUYMH B  TIOBBIIICHUS HM3HOCOCTOMKOCTH KOMITIO3UIMI, HAIMOJHEHHBIX
CTEKJIOBOJIOKHOM, SIBIISICTCS] apMHUPYIOIIAsi CIIOCOOHOCTH MOCIIETHETO.

B uwacTtHOCTH, BBICOKasl aJr€3MOHHAS IPOYHOCTh AMOKCUIHBIX KOMIIO3UIIMM CO CTajblO B
HallleM ciydae M IO JaHHBIM paboT [5,6] u ¢ moBepxHOcThIO cTekia [8,9] sBusercs sipkum
JI0Ka3aTeJIbCTBOM BBIIIECKA3aHHOTO HAJIMYMs BBICOKOM CHJIbI B3aUMOJICHCTBHUS STIOKCUIHOTO TOJIN-
Mepa ¢ MaTepuajaMH U3 CTEKJIA U CTaJIH.

BMmecte ¢ 3TUM BBICOKYIO aare3wio K OETOHY y KOMITO3MIIMH, HAMOIHEHHBIX >KEJIE3HBIM
MIOPOLIKOM, U CPAaBHUTEIBHO HU3KUE €€ 3HAYEHUS y KOMIIO3MLIMIL, HAIIOJHEHHBIX CTEKIOBOJIOKHOM,
MOYKHO OOBSICHUTB, ICXO/IsI M3 HU3KOM TyBCTBUTEIILHOCTH K BJIare CTAJIMK BHICOKOI - cTekia [8,9].

HekoTtopoe yBennueHue MHTEHCUBHOCTH W3HALIMBAHUS 3MOKCHIHBIX KOMIIO3ULMHM NpU
BbICOKUX conepkaHusix 30-40 00.4. CTEKIOBOJIOKHA Y KEJIE3HOTO MOPOIIKA U PE3KOE YBEITUUCHHE
MHTEHCUBHOCTU W3HAIIMBAHMS SIOKCUAHBIX KOMIIO3ULMN NpPU aHAJIOTUYHBIX COAEPMKAHUIX
MONIMATUJICHA, Talbka M rpaduTa, TJIABHBIM 00pa3oM, OOBSCHSETCS HEKOTOPHIM CHHKEHHEM
TBEPAOCTH W JAPYTHX MPOYHOCTHBIX CBOWMCTB KOMIIO3MIIMM 33 CHET YXYIUWIEHUS YCIOBHM
B3aUMOJICUCTBUSL B pazzene (a3 HamoJHUTeNb-cBA3ytommil. Kak mokazanu pe3yiabTaTsl
UCCIJIEIOBAHUS, IPU BHICOKOM COJIEPKAHUN HATIOJHUTENECH 3HAUYUTENBHO YXYAILIAETCS TEXHOIOTUs
MOJYYEHHs 3aJIMBOYHBIX KOMIIO3ULIMM M TOKPBITMA W3 HHUX BCJEJICTBUE YBEJINYEHUS BSI3KOCTU
komno3uiid. [lpu 3TOM moOBBIIIAETCS BO3MOKHOCTH MHUKPOIIOPOOOPA30BaHUS B KOMIIO3UIMH.
Kpome TOro, kak TIoOKa3aau pe3yJbTaTbl MHCCIEAOBAHUN DJIEKTPOHHOTO MMKPOCKOIA,
MOBEPXHOCTU HAMOJHUTENEH, 0COOEHHO MOPOIIKOOOPa3HbIX, HATIOJIHUTEIN UMEIOIINE CUIIBHYIO
LIEPOXOBAaTOCTh, K TOMY K€, MMEIOT MHUKPOIOpPHI, KOTOPBIE OCTaKOTCS HEJI0CMOUYEHHBIMU
cBs3yrouMu. Yem Oosibllie coepKaHUe HAITOJIHUTENEH U BbIIIE UX AUCIIEPCHOCTb, TEM OOJIbILIE
BEPOSITHOCTH 00pa3zoBaHus JedekToB B Kommosuimu [1-4] wu, cremoBatenbHO, CHMKAKOTCS
MIPOYHOCTHBIE CBOMCTBaMaTepHuaa, 4YTo MOATBEPKIACTCS pe3ylibTaTaMUHUCCIIEI0BaHUSI.

B wactHocTH, Kak BHMIHO U3 Tabn.l, ¢ yBeJIWYEHHEM COJEpKAHMUSA HATOJHUTEIS
YBEJIMYUBAETCS Pa3HOCTh MEXKAY PACUETHOW M AKCIEPUMEHTAIBLHON MJIOTHOCTHIO KOMIO3UIMH.
BennuuHa 3TON pa3sHOCTH OCOOEHHO PE3KO BO3pacTaeT MpU cojepxaHuu HamonHutens 30-40
00.4. ¥ MMeeT TEeHJIEHLHUI0O K JaJbHEHIIEMY pOCTY B CTOPOHY YBEJIMUYEHHUS COJIep KaHUs
HAIlOJIHUTEJN, YTO KOPPEIUPYET C CYLIECTBEHHBIM CHIKEHMEM OKCIUTyaTallMOHHBIX U
MPOYHOCTHBIX CBOMCTB AMOKCUIHBIX KOMITIO3UIIH.

M3BectHO [1-4], 9TO MHKpOIOpOOOpa3oBaHKEe BEICOKOHAIOTHEHHBIX KOMIIO3UIMIA MOKHO
YCTpaHUTh A00aBICHHEM B HUX OBICTPO JIETYUUX XUAKOCTEH U BakyymupoBaHueM. OJIHaKoO,
IpUMEHEHHE OBICTPO JIETYYMX JKUAKOCTEH Helelecoo0pa3sHO TeM, YTo B Ipolecce
SKCIUTyaTalluy MOJMMepa M0 Mepe UCMapeHus KHUAKOCTU o0pasyeTcs nedeKkT B MaTepuase, yTo
CMOCOOCTBYET CHIKCHHUIO €T0 IKCIUTyaTallMOHHBIX CBOWCTB [3,4].
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Tao6auma 1
Pusuko-MeXaHHYeCKHE CBOMCTBA DMOKCHIAHBIX KOMIIO3ULNHA B 3aBUCHUMOCTH OT BHA U
COJeP:KaHUsI HANIOJTHHUTEJIS

Ddusznko-MexaHn4eCcKnue CBOMCTBa
Conep- Junamud| [IpouyHocTh Ha O6bemHoe |[Pa3HOCT.
Cocras kaHue |TBepn| eckuit Koadpduiue pnextpuyecko| pacd.
KOMIIO3UIIMH HAIIOJIHUT| OCTh | MOMAYJIb HTTCILIOBOI- e H DKC.B
ens, |Ha HB|ympyroct Pa3peiB Vnap HOCTH COIPOTHBJIEH %
Ca. | Mlla ju E, Mlla| Gp, MITa| Gyx, H.m ue,Pv,
OM cMm
1 2 3 4 5 6 7 8 9
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10 195 420 39 35 14 8108 2
180 | 460 34 3,1 16 6,510°
20 202 560 41 3,6 30 6 -10* 4
185 540 36 3,4 32 5-10%
OC+rpadur 30 186 640 36 3,4 38 1.2 '10? 7
165 630 30 3,2 41 1,3 '10?
40 168 500 31 2,6 40 0,5 102 15
145 550 28 2,7 42 0,6 102
OC+ranbk 10 390 38 2,8 3,6 7108 1
380 36 2.4 3,8 610
20 400 39 2,9 4,1 4108 3
480 37 2,5 4.4 3108
30 410 40 3,1 55 1,5-10% 6
470 36 3,0 6,5 1,1-10%
40 420 34 34 5,6 1,0 -10% 12
465 32 3,2 7.1 1,0 -10%
10 210 | 460 40 25 16 610! 1
195 520 36 2.4 18 4-101
20 261 790 44 2.4 32 8108 2
OC+xene3Hsl 234 860 39 2,1 34 9108
TTOPOILIOK 30 285 930 51 2,1 42 5-10° 6
240 900 48 2,2 44 3-10°
40 260 950 49 1,6 41 2-10° 12
230 980 43 1,4 42 1,0 '10°
10 210 | 1050 46 35 14 1,4 -10% 2
200 900 41 3,8 13 0,9 10*
20 230 | 1400 52 4,0 28 6,9 -10M 4
210 | 1350 46 4,1 25 6,5 10%
OC+crexo- 253 | 1600 60 4,2 36 6,110
BOJIOKHO 30 221 | 1650 54 4,3 39 6,2 '10* 8
w*X
40 230 | 1500 54 4,2 44 6,4 -10™ 12
196 | 1530 51 43 51 6,1 10"
170 380 33 35 2,4 6,0 10%
10 2,6 1
139 400 30 3,8 2,6 4,0 108
20 145 450 31 4,0 2,9 8 -10%3 3
OC+nomu- 116 420 29 4,1 31 6108
DTUIIEH 30 120 300 28 4,2 3,3 9-10% 6
90 310 26 4,3 3,6 81013
40 100 250 25 4.4 3,5 1,1 -10% 12
82 290 23 4,6 3,8 0,9 10*

[Tpumeuanue: B uncnutene komno3umuu HaocHoBe OC-1, B 3namenatene OC-2.
OTo0 JUIsl HAlIero ciaydast BOoOIe He IpUeMIIEMO, T.K. OCHACTKH C MOJUMEPHBIMH MaTepHallaMu
paboTaroT mpu OOJBIINUX TMEpernagax TeMIepaTyphl, AaBlIeHUsS OETOHHOW CMECH M CKOPOCTH UX
nepeMeIIeHus, 4To HaMHu ObUTO OTMeueHO paHee B padore [10] m B rmaBe 1 maHHOM pabOTHI.
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[losTOMy HamMM He MNPUMEHSAIUCH OBICTPO JIETYy4HE€ KHMJIKOCTH B BbICOKOHAIIOJIHEHHBIX
KOMITO3ULUSIX.

BoeiBoabl. TakuM 00pa3oM, Ha OCHOBE IMPOBEAECHHBIX HCCIIEOBAHUI MOXKHO CHEaTh
CJIETyIOIHE BBIBOJBI:

Ha u3HOCOCTOMKOCTh M ApYyrue 3KCILTyaTallMOHHbIE M (PU3UKO-MEXaHUYECKUE CBOMCTBa
SIOKCUJIHBIX KOMIIO3ULUI CYLIECTBEHHOE BIUSHUE OKAa3bIBAET COJEP)KAHUE HAIOJIHUTEIS.
VBenuueHue coaepkKaHus MOJUATUICHA CHMXKAET WM3HOCOCTOMKOCTD M ApPYTHME€ CBOWMCTBA
KOMIIO3UIIUH, 00paTHBI 3(hdekT HabmogaeTcss Mpu yBEIHMYSHUH COACPIKAHUS HATIOJHHUTEICH
CTEKJIOBOJIOKHA U KEJIE3HOr0 MopollKa. BiusHue comepkanus HaoJHUTENEH TajabKa U rpaduTa
Ha HM3HOCOCTOMKOCTh KOMIIO3UIMI HE3HAUWTENbHO, HECMOTpPS Ha YIy4dlIEHHE HEKOTOPBIX
(U3UKO-MEXaHNYECKUX CBOMCTB, 0COOEHHO MPHU HAIIOJIHEHUH IpauTOM.

Komnozunun Ha ocHoBe cssyromero OC-1  MMET BBICOKYHO H3HOCOCTOMKOCTH IO
cpaBHeHHMio ¢ OC-2 ¥ OoNTHUMajJbHOE 3HAYEHUE COJCpP)KaHMs HAIOJIHMUTEINS, 00eCHeunBaroIIero
JIOCTaTOYHYIO WJIA MHHUMAJIbHYI0 MWHTEHCHBHOCTh M3HAIIMBAHUS y KOMIIO3MIIMI Ha OCHOBE
cazymomero OC-1 cMmeniaercss B CTOPOHY YBEIHUEHHSI COIEPIKAHUSL.

Haubonbimas aare3noHHass NpoOYHOCTh K CTaJIM HAOMIOJAeTCs y KOMIIO3UIMII Ha OCHOBE
OC- 2, a nauMenbmias kK OeToHy - y Kommo3uinmii Ha ocHoBe OC-1 mpu HamoJHEeHUH
KEJIE3HBIMIIOPOLIKOM U MOJIUAITUIIEHOM COOTBETCTBEHHO.

OnTtuManbHBIM ~ COJEpXKAHHMEM  HamoJHUTeNned,  o0ecrneuyuBarolluM  KOMIUIEKC
HEOOXOJIMMBIX IKCIUTYaTallUOHHBIX M (PU3UKO- MEXAHUYECKUX CBOMCTB KOMIIO3HMILIMSM, SBIISETCS
30-35 u 25-30 006.4., cooTBeTcTBeHHO 14 cBsi3yromux OC-1 u OC-2.

TakuMm oOpa3om, pe3ynbTaThl HUCCIEA0BAHNS IOKA3bIBAIOT, YTO YBEJIUUYEHUE COACPIKAHUS
HaIOJHUTENIEH MO-Pa3HOMY BIHSET Ha SKCIUTyaTallMOHHbIE M (U3UKO-MEXaHUYECKHE CBOMCTBA
kommo3uiuii. Hau6omnee s3ppekTuBHBIMU IO M3HOCOCTOWKOCTHU SIBJISIFOTCS JKEJIE3HBIN MOPOIIOK U
CTEKJIOBOJIOKHO. OJIHAaKO KOMIIO3MIIMH, HAIIOJIHEHHBIE TOJIBKO JKEJIE3HBIM IMOPOIIKOM, HUMEIOT
BBICOKMI aare3ust ¢ OETOHOM, YTO IIeIeCO00pa3HO JJIsi MPUMEHEHHUs TaKMX KOMIIO3UIUI B
OETOHHBIX U XKeJle300€TOHHBIX OcHAcTKax. IIpuMeHeHHne SMOKCHIHBIX KOMITO3UIHH,
HAIOJIHEHHBIX TOJIBKO CTEKJIOBOJOK HOM, TaKXe CBS3aHO C OIpE/EJICHHBIMU HEAOCTaTKaMu C
TOUKHM 3PEHHUS HE TEXHOJOTMYHOCTH IIPU BBICOKHUX COJEP)KAHUSAX HAIOJHUTENS M HHU3KUMU
ANEKTPOPU3NYECKUMU CBOMCTBAMH, KOTOpPhIE HEOOXOJUMBI B YCIOBUSAX pabOThl OCHACTKH, IJie
BO3MO>KHO HaKaIUIMBAHHUE JJIEKTPOCTATHUECKHUX 3apsiI0B.

B cBs13u ¢ 3TUM BO3HMKaeT HEOOXOUMOCTh HAMTH ONTHUMAIBHOE COUETaHUE HECKOIbKUX
HATOJHUTENIEH, WX COOTHOILIEHHE U pa3padoTaTh KOMIIO3UIMU C HaIlpaBJICHHBIMU
9KCIITyaTallUOHHBIMH CBOMCTBaMHU.
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Annotation. The article presents the results of experimental research on determining the
hydraulic resistance of the rotor-filter apparatus that cleans dusty air in a wet way. A formula
that determines the coefficient of hydraulic resistance depending on the ratio of active and
passive surfaces of the filter mesh material coated on the rotor of the device is recommended.
Based on the results obtained in the experiment, the total lost pressure in the apparatus was
determined depending on the diameter of the filter mesh material hole.

AHHOTaHI/IH. B cratne NpeaACTaBJICHBI PE3YJIbTAThlI OKCIICPUMCHTAJIbHBIX I/ICCJ'IC,Z[OBaHI/Iﬁ
M0 OMPEJCICHUIO THIPABIMYECKOTO COMPOTHUBICHHUS POTOPHO-(PUIBTPOBAILHOTO arapara,
OYHNIIAOIICTO 3anbUIEHHBIA BO3aYyX MOKPBIM Ccoco0OoM. PeKOMeHIIOBaHa (bopMyna,
ompexaensomas  KodQOUIUEHT THIPABIAYECKOTO CONPOTHBICHUS B 3aBUCUMOCTH  OT
COOTHOIICHHUA AaKTHBHBIX U ITIaCCUBHBIX HOBerHOCTefI MaTtcpuaiia Q)HHBTPYIOH_IGI‘/’I CCTKH,
HAaHECEHHOT0 Ha pOTOp ycTpoiicTra. [1o pe3ynbraraMm sKCiepuMeEHTa OnpeesieHa o0mIas moTepst
JAaBJICHHUA B aIlliapaTe B 3aBUCUMOCTH OT AHaMETpPa OTBEPCTUSA MATCPHUAJIA (bl/IJIpr}fIOH_Ieﬁ CCTKH.

Annotasiya. Magolada changli havoni nam usulda tozalovchi rotor-filtr apparatining
gidravlik qarshiligini aniqlash bo‘yicha eksperimental tadqiqotlar natijalari keltirilgan.
Qurilmaning rotoriga goplangan filtrli mash materialining faol va passiv sirtlarining nisbatiga
garab gidravlik garshilik koeffitsientini aniglaydigan formuladan foydalanish tavsiya etiladi.
Tajribada olingan natijalarga ko'ra, filtr to'r materiali teshigining diametriga garab apparatdagi
umumiy yo'golgan bosim aniglandi.

Keyword: active and passive surface, rotor-filter, hydraulic resistance, flow rate, dusty
air, secondary gas, resistance coefficient, diffuser, confusor, filter mesh material.

KiaoueBoe ¢JIOBO: aKTHBHAasE W [AaCCHUBHAs  IOBEPXHOCTb,  POTOP-(PHIBTP,
TUApPaBINYCCKOC COIIPOTUBIICHUC, PACXO/, 3aIbLICHHBIN BO3YX, BTOpH‘lHLIfI ras, KOC—)(I)(I)I/II_[I/ICHT
conpotusneHus, Tuhdy3op, KoHPy30p, MaTepran GUIbTPYIOMIEH CETKH.

Kalit so'zlar: faol va passiv sirt, rotor-filtr, gidravlik garshilik, ogim tezligi, changli
havo, ikkilamchi gaz, garshilik koeffitsienti, diffuzor, konfusor, filtr to'r materiali.

Introduction. One of the main characteristics is the choice of optimal values of the loads
that affect the speed of the dusty air flow moving in the wet air cleaning devices in the working
bodies of the device. This characteristic determines the hydraulic resistance of the device and
the permissible value of the droplet of the working fluid leaving the device with air [1,3,4]. In
addition, the increase of hydraulic resistance in the working bodies of the apparatus affects the
improvement of the cleaning efficiency, it causes a decrease in the work efficiency and causes
dust particles to clog the pipes. This, in turn, increases energy consumption.

Many scientific and research works have been carried out to determine the optimal
values of the mentioned factors [5,6,7, etc.]. However, a complete solution for achieving
maximum cleaning efficiency and increasing productivity at minimum values of hydraulic
resistance has not been developed.

By studying these problems in general, a rotor-filter apparatus for cleaning dusty air and
toxic gases by wet method was created [2], experimental studies were conducted to determine
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the hydraulic resistance of the apparatus and to study the effect on cleaning efficiency and
productivity. Figure 1 shows an overview of the experimental setup.

Experiments were carried out at different parameters and with the following limits:
Diameter of the hole of filter mesh material coated on the rotor di= 2,3,4 mm; The rotation
frequency of the rotor is 15, 25, 35 rev/min; The speed of the gas supplied to the device vgas=
7.67+-34.4 m/s (The range of speeds is chosen close to the range of speeds that are loaded on wet
vacuum cleaners used in industry); The diameter of the orifice of the nozzle that disperses the
liquid dnoz= 1;2;3 mm. Experiments were conducted in air and water system at a temperature of
20+20C.

clean gas
—

dusty gas

liquid

1-hardware body; 2-diffuser; 3-rotor-filter; 4-confuser; 5-working liquid bath; 6-sludge pipe;
7-liquid nozzle; 8- umbrella; 9th prandl tube; 10-electric motor; 11- pump; 12- fan; 13-
electromotor speed control device; 14-working fluid adjustment switch.
Figure 1. Overview of the experimental device.

RESEARCH OBJECT AND METHOD.

In all types of dusty air cleaners, there is a loss of pressure when the dusty air is moved.
This situation is explained by the constructive structure of the apparatus and the number of
working bodies.

The created rotor-filter apparatus consists of a diffuser 2, working surfaces A and B of
the filter 3, and a confusor 4. When the dusty air stream moving in the apparatus passes through
the diffuser 2, the flow is observed and it moves in a straight line on the working surfaces A and
B of the filter 2. The rectilinear movement of the flow on the working surfaces is provided by
the liquid distribution zone 8 and the cleaning liquid 5 in the apparatus bath. Air cleaned of dust
particles on the working surfaces of the filter 3 is discharged through the confusor 4. The dusty
air moving in the apparatus is subject to hydraulic resistance due to local resistance and frictional
forces in the diffuser, working surfaces and mixer. This condition is called the loss of pressure
in the working organs.

Then the total hydraulic resistance of the apparatus can be written as follows [8].

APcom= Pdit+ Pkont Pus, Pa 1)
There: APcom - total hydraulic resistance of the apparatus, Pa; Pgir —hydraulic resistance in
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the diffuser of the apparatus , Pa; Pxon —hydraulic resistance in the device's condenser , Pa; Pus —
hydraulic resistance of the working surfaces of the device, Pa. It is determined by the following
formula.

Pws = P1+ Py, Pa (2)
There: P1- hydraulic resistance on the working surface A of the device, Pa; P - hydraulic
resistance of the device on the working surface B, Pa;
The studies on determining the total hydraulic resistance of the rotor-filter apparatus
were carried out in the case of no liquid supply.
The hydraulic resistance of the rotor-filter apparatus without liquid is determined from

the Darcy-Weissbach formula:
2

_ Pgas "V gas
APs.b. - gs.b. 2 ' Pa (3)
There; pgas-gas density, kg/m3; vgs- gas velocity lost in the working bodies of the
apparatus 5 s.b. - total resistance coefficient of the apparatus.

Since the determination and calculation of the coefficient of resistance is complicated
and requires various deviations, it can only be found by experiment.

It was studied that the total resistance coefficient depends on the above-mentioned
factors in the case where no liquid is supplied to the rotor-filter apparatus. In that case, the
formula for determining the overall resistance coefficient acting on the dusty air flow in the
apparatus in the working bodies can be written as follows [8].

Ssb. = Sait + Skont T Sus 4)
There: &, -is the resistance coefficient of the diffuser, it is determined according to the
approximate formula of 1.E. Idelchik and Flinger[9].

2
A
‘. _[1LJ0€_(1LJ 5
8sin@ Neie 2 Ny
2

There: A -coefficient of friction in the diffuser; n, -the degree of expansion of the
diffuser; «,, -diffuser expansion angle;
Ewonr -1S the coefficient of resistance of the confusor, it is determined according to the

following formula.
ﬂkon 1
é:konf = f 1- (6)

2
83in h nkonf
2

There: 4, --coefficient of friction in the mixer; «,, -the taper angle of the confusor;
N -degree of narrowing of the confusor.

Resistance coefficients in the diffuser and confusor of the rotor-filter apparatus were
determined experimentally according to formulas (4) and (5) above.
The values of the coefficient of hydraulic resistance are given in Table 1.

1-table
vgas,m/s 34,4 28 23,8 18,79 7,67
A 05 0.3 0.3 0.3 0.4
Aron 0.0006 0.0005 0.0004 0.0005 0.0005
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From the values presented in Table 1, it can be seen that the values of the local resistance
coefficients in the mixer have an insignificant effect on the air flow being characterized. One of
the main reasons for this can be said to be the reduction of the frictional force due to the sharp
expansion of the air conditioner. local resistance coefficients in the confusor can be ignored in
calculations. In this case, the coefficient of local resistance in the diffuser can be taken as 0.3
with sufficient accuracy and average value.

&, -1s the resistance coefficient of the working surface, which is determined depending
on the ratio of the active surface of the filtering mesh material to the passive surface [10].

2. Sas
gws - Ak ZSDIS. ! (7)
Here: Sas-non-perforated surface of the filter mesh material of the apparatus, Sps-
perforated surface of the filter mesh material of the apparatus, Ak- is the correction factor,
which was determined experimentally. Ak
The values of are determined experimentally depending on the ratio of the active surface
to the passive surface. Figure 1.
It can be seen from Figure 1 that an increase in the active surface causes a decrease in the

S S
value of the correction coefficient (Z 2% =1,65 equal to Ak =11, 2. Sas =2,38 equal to

ZSP-S- Zsp.s.

S
Ak=0,91,§s“'=4,7 equal to Ak =0,48). This situation is related to the correct
p.s.

proportionality of the total resistance coefficient to the active area. picture 1.

1.2 Ak

08

0,4

02

Z Sp.s.

o 1 2 3 4 5

0

Figure 1. The graph of the change of the correction coefficient depending on the ratio of
the active surface to the passive surface.
Then formula (3) can be written as follows.

S
=0.3+ Ak L
gs.b. Z Sp_s, (8)
(8)from the formula, it will be possible to determine the total resistance coefficient of the
apparatus without liquid.
The total resistance coefficient was determined by the ratio of the active surface of the
filter mesh to the passive surface. Figure 2.
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3 =
gws
2,5 /.-—____..—-""
Lol
2
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1
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S Ses
S 5.
0
0 1 2 3 4 5

Figure 2. The graph of the change of the resistance coefficient depending on the ratio of
the active surface to the passive surface of the filter mesh material of the rotor-filter
apparatus.
Figure 2 shows that the increase in the active surface causes an increase in the resistance

of the device (DS, =0,268u"ma &,=21, DS, =0229n" £,=22,
>S,. =0,202x* na &, =2,6).

Using the obtained experimental values, the hydraulic resistance of the apparatus without
liquid was determined according to the formula (3). Fig. 3. The fixed frequency of rotations of
the rotor provides an imperceptible hydraulic resistance to the air flow, that is, an increase in the
frequency of rotations does not create a ventilation effect. Therefore, when calculating hydraulic
resistance, the frequency of revolutions of the rotor can be ignored. But the frequency of
rotations of the rotor ensures a quick change of the working surface and an increase in the
contact surface.

900
850

800 1 /

750 /
700
650 v
600 / 5
550 2 =
500 /
450 / /’
400

—
350 7
300 / 4

APss, Pa

250
200 -

e
/

~

150 =

100 P

—
53 % i Vgas, m/s
7,67 18,79 238 28 344

Figure 3. Dependence of the hydraulic resistance of the rotor-filter apparatus without

liquid supply on the gas velocity:

1-active surface »_S,  =0,268x" ; 2nd active surface D_S, =0,229.°;

3- active surface ) S, =0,202x%
From the data given in Figure 3, it can be seen that at a small value of the air speed
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supplied to the device, the flow is sparse and the pressure loss in the device is close to each
other, as a result of the increase in air speed, the flow becomes denser and the hydraulic
resistance in the device increases.
The experimental data obtained on the dependence of the hydraulic resistance on the flow rate
and the increase in the active surface of the filter mesh material were satisfactorily expressed by
the following equation.

AP, =A+B- Uygas

: (9)
Table 3 gives the values of the coefficients for the formula (9).
3-table
Active surface, Sas,m? A coefficient B coefficient Cor_r e_Iatlon ’
coefficient, R
0.268 44.32 -234.93 1.51
0.227 32.53 -150.47 1.48
0.202 28.15 -116.21 1.45

From the data given in Table 3, it can be seen that the coefficient values determined by
the increase of the active surface of the filtering mesh material are close to each other, that is, the
change of the hydraulic resistance in the apparatus without liquid supply is not so great
depending on the active surface. However, the layer of liquid film formed on the surface of the
filter in the device where the liquid is given becomes stronger with the increase of the active
surface. This situation significantly affects the air flow.

The hydraulic resistance of the liquid-fed apparatus was measured when the gas velocity
range was 7.67-34.4 m/s.

In the device with a rotor filter, the flat spreading of the liquid ejected from the hole of
the nozzle 7 through the probe 8 on the active and passive surfaces of the filter 3 forms a film on
the surface of the filter 3. The closeness of the gap between the rotor-filter 3 and the probe 8
ensures that the dusty air is struck perpendicularly to the liquid plyonx on the active and passive
surfaces only. The film attracts dusty air, is in contact, mixes and partially gives its kinetic
energy. The working liquid collected in the liquid bath 5 located in the lower part of the device
washes the dust particles caught on the surface layer of the rotating rotor-filter and brings the
filter into working condition. The boundary layer of the film thickness increases depending on
the amount of liquid supplied. The thicker the layer, the better the cleaning efficiency. But it
causes an increase in hydraulic resistance. In addition, the thickness of the film causes an
increase in the drop of liquid that leaves the device with air. The layer boundary is linear [5].
The study of the film layer is a complex process, and usually the amount of liquid used is taken
into account when studying the hydraulic resistance of the apparatus and the cleaning efficiency
depending on the film thickness. Since the research of the film thickness is not considered the
main goal of the ongoing scientific research, the hydraulic resistance of the liquid-fed apparatus
was determined depending on the amount of liquid consumed. (Figure 4). In the experiments,
high loads of hydraulic resistance in the apparatus were determined depending on the maximum
performance of the fluid supplied to the apparatus. The following auxiliary devices were
selected for the experiments. S32-412 liquid-dispersing nozzle 7 (hole diameter 1.2.3 mm,
according to GOST-3846-10, 3 pieces are installed in accordance with the width of the rotor-
filter of the device), a variable slope gradient 8 (rotor-length along the diameter of the filter
I,=700mm and width by irrigation length b,=150mm ), centrifugal pump 11 (PEDROLLA-
Qmax=40 I/min; N=0,37kwt; hmax=38m; V=220W; n,=3000ayl/min GOST-2757030-91 on),
rotometer PC-5 (scale indicators 0-100 between; according to GOST-13045-81 ).
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Figure 4. A graph of changes in hydraulic resistance depending on the gas velocity

and liquid consumption of the device with a given liquid.

From the data given in Figure 4, it can be seen that the total hydraulic resistance in a
given fluid apparatus increases with the increase of fluid consumption. This situation can be
explained by the thickening of the liquid film formed on the surface of the filtering mesh
material and the strengthening of the film due to the increase of the active surface.

SUMMARY

According to the conducted experimental studies:
the change of the resistance coefficient depending on the active surface of the rotor-filter device
leads to an increase in hydraulic resistance and an improvement in cleaning efficiency;
resistance coefficient of the device Y Sa.s./> Sp.s. It was determined that the hydraulic resistance
of the device corresponds to the standards of technical requirements developed for the device
when the value of the entered correction coefficient Ak is 0,5<Ak>1,5.
it was found that the intermediate increase in cleaning efficiency at the minimum and maximum
values of liquid consumption is 6.7%.
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UDK 373.1:373.2

ELEKTR TARMOQLARI ISH REJIMINI OPTIMALLASH USULLARI VA
ULARNING TAHLILI

Otamirzaev Olimjon Usubovich
Namangan muhandislik-qurilish instituti, dotsent. E-mail: oolimjon1963@mail.ru

Atamirzaev Toxirjon Usmanovich
Namangan muhandislik-qurilish instituti, katta o‘qituvchi. E-mail: tohirzonatamirzaev@gmail.com

Annotatsiya. Magolada elektr tarmoglari ish rejimini optimallash orgali energiya
samaradorligini oshirish usullari taxlil gilingan. SHu bilan birga elektr tarmoglarida quvvat
optimal tagsimlanganda energiya isrofi ganchaga kamayishi va bu bilan gancha mablag* tejalishi
hisoblab berilgan.

Magsad. Elektr energetika tizimining ish rejimi va parametrlarini optimallashtirish
muammosi juda murakkab va ko‘pqirralidir. Biror ob’ekt parametrlarini optimallash masalalarini
elektr tarmog‘ini loyihalash yoki uni rekonstruktsiya qilish jarayonida hal qilinishi lozim bo‘ladi.
Joriy optimallash masalalari esa elektr tarmog‘ini ish jarayonida ya’ni ekspluatatsiya qilish
davrida amalga oshiriladi.

Elektr tarmoglarini joriy optimallash masalalari loyihalashdagidan anchagina farq giladi,
bunda elektr tarmogqlarida quvvatni optimal tagsimlash qo‘shimcha kapital sarf-xarajatlar talab
etmaydi, shuning uchun undan amalda maksimal foydalanishni yo‘lga qo‘yish.

Metodlar. Elektr tarmoglarini modernizatsiya va rekonstruktsiya gilish jarayonida
optimallashning boshga yo‘llari xam mavjud, masalan, uch fazali tarmoqdagi har bir faza
yuklamasini tenglash, ochiq targatish tarmoglaridagi ishchi kuchlanishni oshirish, tarqgatish
tarmogqlaridagi transformator quvvatlarini tartibga solish, podstantsiyadagi transformatorlarni ish
rejimini optimallash, ma’nan eskirgan transformatorlarni yangisi bilan almashtirish, elektr
tarmoqlarilardagi reaktiv quvvatni optimallash, elektr tarmog‘idagi quvvatni optimal tagsimlash
va boshqgalar.

Natijalar. Bizga ma’lumki har ganday elektr tarmog‘idagi yuklama yil davomida bir xil
bo‘lmaydi, shuning uchun elektr tarmog‘ining eng optimal uzilish nuqtasini aniqlashda yillik
yuklama grafigini ham e’tiborga olish kerak bo‘ladi.

Ikki tamonlama ta’minlangan elektr taromogqlarida quvvatni optimal tagsimlanganda,
ya’ni elektr tarmog‘ining optimal uzilish nuqtasidan ajratilganda, elektr uzatish liniyalaridagi
elektr energiya isrofi eng kam miqdorda bo‘ladi. Bunda optimallashni mezon ko‘rsatkichi
sifatida eng kichik yig‘indi quvvat isrofi olinadi.

Xulosa. Elektr tarmoglarini eksplutatsiya qilish davridagi optimallash masalalari
loyihalashdagidan anchagina farq giladi, bunda elektr energiya tizimini eng yaxshi ish rejimi
qo‘shimcha kapital xarajatlarsiz amalga oshirish ko‘zda tutiladi. SHuning uchun optimallashning
umumiy mezon ko‘rsatkichi sifatida eng kichik yig‘indi quvvat isrofi mezon ko‘rsatkichiga
o‘tish mumkin.

Hech ganday kapital sarf xarajatlarsiz, ikki tomonlama ta’minlangan elektr tarmog‘ida
quvvatni optimal tagsimlash orgali elektr energiya isrofini kamaytirish bilan igtisodiy
samaradorlikni oshirishga erishish mumkin.

Kalit so‘zlar: Quvvat isrofi, isrofsiz liniyalar, optimallashtirish, elektr tarmoglari, quvvat
oqimi, uzatish (o‘tkazuvchanlik) xususiyati, optimal ajralish nuqtasi.
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AHHOTanusl. B cTaThe aHaIM3MPYIOTCA IMYTH MOBBIMICHHUS YHEProdhEeKTUBHOCTH 3a
CUeT ONTUMHU3ALMU peKUMa pabOThl AEKTpUUeckux cereil. IIpu 3ToM mojacuuTaHo, HaCKOJIBKO
MOXHO COKPATHUTb NOTCPHU SHCPIrUU U CKOJIbBKO MOJKHO COKOHOMHUTB ACHCKHBIX CPCACTB B CJIydac
OINITUMAJIBHOTO pacCpCaACICHUA MOIIHOCTHU B SJICKTPUIYCCKUX CCTAX.

Heas. [IpobreMa onTuMu3aIuu pexkuma paboThl U MAPaMETPOB JICKTPOIHEPTETHIECCKOM
CHUCTCMBbI OYCHDb CJIOKHA U MHOI'OI'paHHaA. BOHpOCH OINITUMHU3AIIUU TTAapaMETPOB OG’bCKTa JOJIPKHBI
pelaTtbcsi MpU MPOCKTUPOBAHUU DJIEKTPUUYECKOM CETH WM €€ PEKOHCTPYKIHUU. TeKyliue
BOIIPOCHI ONTHMHU3ALHMU BBIMIOJIHAIOTCA B IIPOLECCEC OBKCILTyaTaluU OJBJICKTPOCCTH, TO €CTh B
mponecce SKCIIryaTalluu.

COBpeMeHHI)Ie BOIIPOCHI ONITUMU3AIIHUU SJICKTPUUCCKHUX ceren CYIICCTBCHHO OTJIMYAIOTCA
OT IMPOCKTUPOBAHUA, I'’IC OINTHMAJIBHOC PACIIPCACIICHUC MOIIHOCTH B JJICKTPHUYCCKUX CCTAX HC
Tpe6yeT AOMOJHUTCIIBHBIX KallMTAaJIbHBIX 3aTpar, IMO3TOMY €10 CJICAYET MAaKCHUMAJIbHO
HCIIOJIb30BATh HaA ITPAKTHKE.

MeTtoabl. CyiecTBYIOT U Ipyrue CrocoObl ONTUMHU3AIMKA B MPOIECCEe MOJACPHUBAINN 1
PEKOHCTPYKIIMH DJIEKTPUYECKUX CeTed, HampuMep, BhIpaBHUBAHUE HArpy3KH Kaxaol (asbl B
Tp€X(1)33HOI>'I CE€TH, IIOBBIINICHUEC pa6oqer0 HAMNpsKCHUA B OTKPBITBIX PACIIPCACINTCIIbHBIX CETAX,
peryjivupoBaHuCe MOIIHOCTHU TpaHC(I)OpMaTOpOB B PacCIIpCACIIUTCIIbHBIX CCTAX, ONTUMH3ALUA
pexxuma paboThl TpaHC(HOPMATOPOB Ha IMOACTAHLMAX, 3aMEHa CTapbIX TPaHCHOPMATOPOB Ha
HOBBIC, OIITUMHU3alIHA peaKTHBHOP'I MOIIIHOCTU B JJICKTPUUCCKHUX CCTAX, OITHUMAJIIbHOC
pacnpenesieHue MOIUTHOCTH B AJIEKTPUYECKON CETH U T. 1.

Iony4ennsble pe3yjbTaTbl. MBI 3HaeM, YTO Harpy3Kka Ha JH0OYIO 3JEKTPOCETh B TEUCHHE
roja HEOJIMHAKOBa, IO3TOMY TO0JIOBOM TpauK Harpy3Kd TakkKe CJeAYyeT Y4YUThIBATH IpU
OIIPEACIICHUHU OINITUMAJIBHYIO TOUKY PAa3MBbIMKAHUS 3JICKTPOCCTHU.

HpI/I OIITUMAJIBHOM pacrpeaciCcHnun MOIIIHOCTHU B OJICKTPHUYCCKUX CETAX C
ABYXCTOPOHHUM IHUTAaHUCM, TO €CTb TIpU OTACICHHU OT ONTUMAJIIBHON TOYKH PasMbIKaHUA
AJEKTPUYECKON CETH, MPU 3TOM ITOTEPH AIEKTPUUECKON SHEPIMM B JIMHUAX JJIEKTpOIEpeaadn
6y,ueT MHUHHUMAaIbHBEIM. B 3TOM ClIyda€ B KaUCCTBC KpPUTCPUSA OINTUMHU3AIUU IMPUHUMACTCA
MHHHMYMa CYMMapHBIX ITOTEPh AKTUBHON MOIIIHOCTH.

3akJaoueHne. BOHpOCLI OINTUMHU3AIMNA TIPpU SKCIUTyaTalluHu ISJICKTPHUYCCKUX ceten
CYIICCTBCHHO OTJIUYAKOTCA OT IPOCKTUPOBAHUA, TAC MPEAYCMATPHUBACTCA PCaIn30BaTh
HaPIJ'Iy‘IIJ_II/Iﬁ PCKUM paGOTBI 9HEPTOCUCTEMBI oe3 JAOIMOJIHUTCIIBHBIX KallUTAJIbHBIX 3aTpar.
CrnenoBaTenbHO, MOXHO TEPEKIIOYUTHCS HAa KPUTEPUHM HAWMEHBIIEH CYMMAapHBIX IIOTEPh
aKTUBHOU MOIITHOCTHU B KAQUECTBEC OGH.[GFO KpUTCpUA OITUMU3ALINN.

be3 xakux-mu00 KamUTadbHBIX 3aTpatT MOXHO ,I[O6I/ITBC$I MOBBIIICHHUST YKOHOMHUYECKON
3G(GEKTUBHOCTH TMpPH OJHOBPEMEHHOM CHIKCHMHM TIOTEPb AJIEKTPOIHEPIMH 33  CYUET
OIITUMAJIBHOTO pacpeaACICHUA MOIIHOCTU B DJICKTPUIYCCKUX CETAX.

KawueBbie caoBa: lloreps MOIIHOCTH, WACAJIbHBIE JIMHUM, ONTUMHU3ALIMS,
AJIEKTPUYECKHE CETH, MOTOK MOIIHOCTH, TiepenaTodHas (IIpoBOsIIas) CBOMCTBA, ONTUMAIbHAS
TOYKa pa3MbIKaHUA.

Annotation. The article analyzes ways to increase energy efficiency by optimizing the
operating mode of electrical networks. At the same time, it is calculated how much energy losses
can be reduced and how much money can be saved in the case of optimal power distribution in
electrical networks.

Target. The problem of optimizing the operating mode and parameters of the electric
power system is very complex and multifaceted. Issues of optimizing the parameters of an object
must be resolved when designing an electrical network or its reconstruction. Current
optimization issues are carried out during the operation of the power grid, that is, during
operation.
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Modern issues of optimization of electrical networks differ significantly from design,
where the optimal distribution of power in electrical networks does not require additional capital
costs, so it should be used as much as possible in practice.

Methods. There are other optimization methods in the process of modernization and
reconstruction of electrical networks, for example, leveling the load of each phase in a three-
phase network, increasing the operating voltage in open distribution networks, regulating the
power of transformers in distribution networks, optimizing the operating mode of transformers at
substations, replacing old transformers with new ones , optimization of reactive power in
electrical networks, optimal power distribution in the electrical network, etc.

Results. We know that the load on any electrical network is not the same throughout the
year, so the annual load schedule should also be taken into account when determining the
optimal breaking point of the electrical network.

With optimal power distribution in electrical networks with two-way power supply, that
is, with separation from the optimal breaking point of the electrical network, the loss of electrical
energy in power lines will be minimal. In this case, the minimum total active power losses is
taken as an optimization criterion.

Conclusion. Optimization issues during the operation of electrical networks differ
significantly from design, where it is envisaged to implement the best operating mode of the
power system without additional capital costs. Therefore, you can switch to the criterion of the
smallest total active power losses as a general optimization criterion.

Without any capital expenditure, it is possible to achieve increased economic efficiency
while reducing energy losses through optimal power distribution in electrical networks.

Key words: Power loss, ideal lines, optimization, electrical networks, power flow,
transfer (conducting) properties, optimal breaking point.

Kirish.

Elektr energetika tarmog‘ining ishonchli faoliyat yuritishini ta’minlamasdan turib
igtisodiyot tarmoglari va mamlakat hududlarining sanoat salohiyatini oshirish, tadbirkorlik
faoliyatini rivojlantirishni rag‘batlantirish, aholi farovonligini yuksaltirish va hayot sifatini
yaxshilashga erishib bo‘lmaydi.

Zamonaviy sharoitlarda elektr energetika tarmog‘ida raqobat muhitini rivojlantirish va
investitsiyalarni jalb qilish elektr energiyasini ishlab chiqgarish va yetkazib berish sohasidagi
faoliyatning institutsional va tashkiliy-huquqgiy asoslarini tubdan takomillashtirish zarurligini
tagozo etmoqda [1].

Elektr energetika tizimining ish rejimi va parametrlarini optimallashtirish muammosi juda
murakkab va ko‘pqirralidir. Biror ob’ekt parametrlarini optimallash masalalarini elektr
tarmog‘ini loyixalash yoki uni rekonstruktsiya qilish jarayonida hal qilinishi lozim bo‘ladi. Joriy
optimallash masalalari esa elektr tarmog‘ini ish jarayonida amalga oshiriladi.

Elektr tarmoq (ET) ob’ektlarini loyixalash va eksplutatsiya qilish juda katta mablag’
evaziga amalga oshiriladi. SHuning uchun ham bu mablag‘larni sarflanganda undan, albatta,
yetarlicha foyda ham ko‘zda tutiladi.

Elektr energetika tizimlarini loyixalashda har bir kichik parametrlarni ham hisobga olish
kerak, chunki bu tizim juda uzoq vaqt ishlatishga mo‘ljallangan bo‘ladi. Agar xato qilingan
bo‘lsa, uni tuzatish uchun ish jarayonida yana ma’lum bir mablag* sarf qilishga to‘g‘ri keladi.

Masalan, ma’lum bir tarmoqgning istigboldagi yuklamasi odatda aniq bo‘lmaydi. Bunda
yuklamani hisoblashda uchta ko‘rsatkich (eng katta, eng kichik va o‘rtacha) uchun elektr tarmoq
parametrlari hisoblanadi va bundan eng magbuli tanlab olinadi. Har ganday holda ham ET
parametrlarini optimallashda ma’lum bir optimallash mezoni bo‘lishi kerak.
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Odatda umumiy optimallash mezoni sifatida bitta ko‘rsatkich emas, balki bir necha
ko‘rsatkichlarni e’tiborga olish kerak bo‘ladi. Masalan, mezon ko‘rsatkichi sifatida kapital sarf-
xarajatlar, elektr energiya isrofi, elektr ta’minotining uzluksizlik darajasi, atrof-muhitga ta’sir
darajasi va boshga omillar bo‘lishi mumkin.

Odatda ko‘p ko‘rsatkichli mezonlar bo‘yicha elektr energetika tizimlarini optimallash
juda murakkab bo‘lganligi sababli bunda ma’lum bir elektr tarmoglarining ko‘rsatkichi asosiy
mezon sifatida olinadi va shu bo‘yicha elektr tarmoqlari optimallashtiriladi, qolgan
ko‘rsatkichlar esa m’lum bir cheklov ko‘rsatkichlari sifatida olinadi [2].

Amalda EET larini optimallash masalalari loyihalash jarayonini boshlang‘ich paytida hal
gilinadi, masalan elektr tarmoglarining tuzilishi, liniyada nominal kuchlanish, liniya simlarining
ko‘ndalang kesim yuzasi va boshqalar. Bundan asosiy maqgsad belgilangan texnik effektga,
imkon gadar oz mablag® sarflab erish hisoblanadiiladi.

Belgilangan texnik effektga erishish uchun asosiy parametrlar tanlab olingandan so‘ng
qo‘shimcha parametrlar tanlanadi. Ushbu qo‘shimcha parametrlarni optimallashtirish bilan
qo‘shimcha mablag® tejash maqgsad qilib olinadi. Bu mablag® elektr energiya isrofini kamaytirish
yoki elektr tarmog‘ini texnik imkoniyatlarini yaxshilash evaziga iqtisod qilib qolinadi.

Elektr energiya tizimlarini eksplutatsiya qilish davridagi optimallash masalalari
loyihalashdagidan anchagina farq giladi, bunda elektr energiya tizimini eng yaxshi ish rejimi
qo‘shimcha kapital xarajatlarsiz amalga oshirish ko‘zda tutiladi. SHuning uchun optimallashning
umumiy mezon ko‘rsatkichi sifatida yillik sarf-xarajatlar olinadi. Agar vyillik sarf-xarajatlarni
asosiy qismini elektr energiyani isroflari tashkil etishini hisobga olsak, iqgtisodiy mezon
ko‘rsatkichlaridan boshqa mezon ko‘rsatkichlariga o‘tish mumkin. Ma’lum bir vaqt oralig‘idagi
elektr ta’minotini ish rejimini optimallashda, asosiy mezon ko‘rsatkichi sifatida elektr energiya
isrofi olinadi.

Yana shuni ta’kidlash mumkinki, eksplutatsiya vaqtidagi optimallash xususan elektr
tarmogqlarida quvvatni optimal tagsimlash qo‘shimcha kapital xarajatlar talab etmaydi, shuning
uchun undan amalda maksimal foydalanishni yo‘lga qo‘yish kerak [3].

Metodlar.

Kuchlanishi 1000 V gacha bo‘lgan elektr tarmoglaridagi asosiy vazifalardan biri bu faza
yuklamalarini tenglashtirish hisoblanadi. Bunga odatda bunday elektr tarmoglarida bir fazali
elektr energich iste’molchilari ko‘p bo‘lganligi sabab bo‘ladi. Bunday elektr tarmoqlari uchun
quyidagi tengsizlikni yozish mumkin bo‘ladi:

IZ+15+18>317
Bu yerda: la, Ig, Ic-mos fazalardagi liniya toklari;
= % -fazalardagi o‘rtacha tok.

Fazalarda bir xil yuklama bo‘lgandagi quvvat va energiya isrofi yuklama har xil
bo‘lgandagi quvvat va energiya isrofidan kam bo‘ladi. Faza yuklamalarini tenglashtirish
vazifasini loyixalash jarayonida ma’lum bir qismini, bir xil iste’molchilarni fazalarga teng
tagsimlash yo‘li bilan amalga oshirish mumkin. Lekin sutka davomida xar bir fazadagi
yuklamalarni o‘zgarib turishi nosimmetriklikning asosiy sababchisi bo‘lganligi sababli, faza
yuklamalarini tenglashtirish vazifasini to‘la amalga oshirish mumkin bo‘lmay qoladi.

Elektr tarmoglarini modernizatsiya va rekonstruktsiya gilish jarayonida optimallashning
boshga yo‘llari ham mavjud, masalan, targatish tarmogqlaridagi transformator quvvatlarini
tartibga solish, podstantsiyadagi transformatorlarni ish rejimini optimallash, manan eskirgan
transformatorlarni  yangisi bilan almashtirish, elektr tarmoglarilardagi reaktiv quvvatni
optimallash va boshqalar.
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Yillar o‘tishi bilan transformatorning asl quvvati loyihalangan quvvatdan ortib ketishi

mumkin, bunda texnik shartlar talabiga asosan o‘ta yuklamada ishlayotgan transformatorlarni
katta quvvatli transformatorlar bilan almashtirish zarur bo‘ladi. Bunda salt ishlash rejimidagi
quvvat isrofi ko‘payadi, yuklamali quvvat isrofi esa kamaydi. Demak tarqatish elektr
tarmogqlarining ish rejimini optimallashda ushbu omillarni hisobga olish zarur bo‘ladi [4].

Elektr tarmoglarining optimal uzilish nugtasini aniglash orgali elektr tarmoglarini ish
rejimini optimallashtirish ham mumkin, ya’ni elektr tarmog‘idagi quvvatni optimal tagsimlash.

Natijalar. Misol uchun quvvati 20 MVA bo‘lgan elektr tarmog‘ini (Rasm-1.a) optimal
ajralish (uzilish) nuqtasini aniqlashni ko‘rib chiqamiz. Eng katta yuklamalarda tarmoq
tugunlaridagi quvvat (MV-A)larda, tugunlar orasidagi liniyaning garshiliklari (Om)larda berilgan
bo‘lib, kuchlanish U1=U>=35 kV ga teng. Optimallashni mezon ko‘rsatkichi sifatida eng kichik
yig‘indi quvvat isrofini olamiz.

Faqat aktiv garshilikka ega elektr tarmoglarida eng samarali quvvatlarni tagsimlanishi, bu
tarmoqdagi oqim tagsimlanishi (tok tagsimlanishi) bilan mos keladi. Har ganday elektr tarmog‘i
uchun umumiy holda quyidagi kontur tenglamalarini tuzish mumkin:

D1;-R; =0 yoki »'S;-R; =0
ij=1 ij=1
Bu yerda Sjj va Rjj- tarmogning ij-gismidagi quvvat ogqimi va garshiligi.
Har bir tugundagi to‘la qarshiliklarni modulini (effektiv qiymatini) hisoblaymiz:
S;=6+j4 S3=7,2 MVA
S,=5+]j3 S4=58 MVA
S;=3+j2 S5=3,6 MVA
Yugoridagi tenglamani tarmogning 1-3 kismi uchun tuzamiz:
S13-2,5+( S13-7,2)-4,5+( S13-7,2-5,8)-1,5+( S13-7,2-5,8-3,6)-6,2=0
bundan S13=10,6 MV A ga tengligi kelib chigadi.
Kirxgofning birinchi gonuniga asosan zanjirning boshga gismlaridagi quvvat ogimlarini
ham hisoblaymiz:

S34=S13-S3=10,6—7,2=3,4 MVA
S45=S34-S4=3,4-5,8=-2,4 MVA
S52=S45-S5=-2,4—-3,6=-6,0 MVA

Quvvatlar ogimidagi manfiy ishoralar quvvat oqimining (tok oqimining) yo‘nalishi
garama-qarshi ekanligidan dalolat beradi, ya’ni elektr tarmog‘ining 4-5 va 5-2 qismlaridagi
iste’molchilar 2-manbadan ta’minlanayotganlini bildiradi. (Rasm-1.b).

Berilgan elektr tarmog‘ining (Rasm-1.b) barcha nuktaliridan birida (a,b,s, d) ajratish
mumkin bo‘ladi, ajratish nuqtasi qaerligidan qat’iy nazar barcha tugunlar (3,4 va 5) birinchi
nuqtadan yoki ikkinchi nuqtadan ta’minlanadi.

Eng kichik yig‘indi quvvat isrofini mezon ko‘rsatkichi sifatida qaralganda 4-nugta eng
optimal ajratish nuqtasi hisoblanadi, lekin bu nuqta ikki tamondan ta’minlangan. SHuning uchun
ushbu nuqtaga yo‘nalgan quvvat oqimi qaysi tomonda kamroq bo‘lsa, xuddi shu joyda (Rasm-
1.s) tarmoqni ajratish maqgsadga muvofiq bo‘ladi va bunda quvvatlar tagsimlanishi optimal
tagsimlanishga juda yaqin bo‘ladi.

Elektr tarmog‘ida “S” nuqta ajratish nuqtasi bo‘lganda yig‘indi quvvat isrofini
quyidagicha hisoblaymiz:

n 2
AP, = z% R; =%(132 -25+58%-45+3,62-6,2) =0,53 MVt
ij=1
Elektr tarmog‘ida “S” nuqta eng optimal ajratish nuqtasi ekanligini tekshirib qo‘ramiz,
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buning uchun tarmoqning boshga nugtalarini ajratish nuqgtasi deb garalgandagi quvvat isrofini
hisoblaymiz va ularni bir-biri bilan taggoslaymiz.
R 725 Rz45 RgzF15  R62

1 3 4 ¥ 5 2
O] ] i J 0.0
2) SF6+4  SF5+3  S&3+2

S,710,6 Y S,

¢) S 22" SF58  Se36

a) ET ning boshlang’ich sxemasi; b) ET ning quvvatlari optimal tagsimlangan sxemasi; s) ET
ning optimal uzilish nugtasi.
1-Rasm. Ikki tomonlama ta’minlangan elektr tarmoq sxemasi
Ajratish nuqtasi “b” bo‘lganda (Rasm-1.a) yig‘indi quvvat isrofini quyidagicha
hisoblaymiz:

n 2
AR, = Z;UZ Rij = =352 (7,22-2,5+5,82-1,5+9,42-6,2):0,59 MVt
i
Ajratish nuqtasi “a” bo‘lganda (Rasm-2.5.b) yig‘indi quvvat isrofini quyidagicha
hisoblaymiz:
SZ
AP, = ZUZ Ri; —g(722 -45+13*-15+16,6*-6,2) =1,79 MVt
ij=1
Ajratish nuqtasi “d” bo‘lganda (Rasm-2.5.c) yig‘indi quvvat isrofini quyidagicha

hisoblaymiz:
n 2

Si
APy = LR, _—(1662 25+9,4*-45+3,6°-1,5)=0,9 MVt
ij=1 U

Olib borilgan hisob-kitoblardan shu narsa ma’lum bo‘ladiki, ajratish nuqtasi sifatida
“b” yoki “d” nuqta olinganda quvvat isrofi “s” nuqtadagiga nisbatan katta chiqdi, demak ushbu
tarmoqdagi optimal uzilish nuqtasi “s” nuqta hlsoblanadl [5].

Bizga ma’lumki har qanday elektr tarmog‘idagi yuklama yil davomida bir xil bo‘lmaydi,
shuning uchun elektr tarmog‘ining eng optimal uzilish nuqtasini aniqlashda yillik yuklama
grafigini ham e’tiborga olish kerak bo‘ladi. Agar yillik yuklama grafigida elektr tarmog‘idagi
eng katta uzatiladigan quvvat vagti 1000 soat, golgan 7760 soat esa eng katta quvvatni 80% ni
tashkil etsa, optimal ajratish nuqtasi “s” nuqta bo‘lmasligi mumbkin.

Yuklama grafigini 7760 soat vaqti uchun xar bir tugundagi quvvatlarni aniglaymiz:

S3=7,2:0,8=5,8 MVA
S4=5,8-0,8=4,6 MVA
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S5=3,6:0,8=2,9 MVA
Tarmogning 1-3 gismi quvvat ogimini aniglaymiz:
S13-2,5+( S13-5,8)-4,5+(S13-5,8-4,6)-1,5+( S13-5,8-4,6-2,9)-6,2=0
bundan S13=7,1 MVA ga tengligi kelib chigadi.
Yuklama maksimal bo‘lmaganda ajratish nuqtasi “S” va “b” bo‘lgan xollar uchun aktiv

quvvat isrofini aniglaymiz:
2
n

SZ
AP, =2 =5 Ry =%(8,72 .25+29%-45+18%-6,2)=0,2 MVt

ij=1
P, = n Si‘? R. = ! 58°-25+2,9%-15+4,7°-6,2) =019 MVt
Abz_;F' ij_g(! '|+| '1+1 'l)_!
ij=
Yil davomida har xil yuklama bo‘lishini hisobga olgan holda, ajratish nuqtasi “b” va “S”
bo‘lgandagi yillik elektr energiya isrofini hisoblaymiz:

AW, = AP, -1000+ AP,, - 7760=0,59-1000+0,19-7760=17644 MVt-soat;
AW, = AP, -1000+ AP,, - 7760=0,53-1000+0,20- 7760= 2082 MVt-soat

Bundan ko‘rinib turibdiki tarmoqning optimal ajratish nuqtasi “S” nuqta emas balki, “b”
nuqta ekan, chunki yillik elektr energiya isrofi ajratish nuqtasi “S” nuqta bo‘lganda katta chiqdi.

Yil davomida xar xil yuklama bo‘lishini hisobga olgan xolda, ajratish nuqtasi “b” va “S”
bo‘lgandagi yillik elektr energiya isrofini yuqorida hisobladik.

Yillik elektr energiya isrofi kamayishini hisoblaymiz:

OWyii=AWc-AW,=2082-1764,4=317,6 MVt-soat.

Yillik elektr energiya isrofini kamaytirish hisobiga olinadigan foydani hisoblaymiz:

Dyii=dWyi -f=317,6-295=93 692 ming so‘m;

Bu yerda =295 so‘m/kVt-soat -1 kVt-soat elektr energiya narxi.

Xulosa. Hisoblash natijalarini tahlil qilganimizda ma’lum bo‘ldiki ikki tomonlama
ta’minlangan elektr tarmog‘idagi yuklamani optimal tagsimlaganimizda elektr energiya isrofi
317,6 MV1-soatga kamayadi, bu esa yillik daromatni 93 million 692 ming so‘mga oshishiga olib
keladi.

O‘rganilayotgan umumiy quvvati 20 MVA bo‘lgan elektr tarmog‘ida yil davomida xar xil
yuklama bo‘lishini hisobga olgan holda, ajratish nuqtasi “b” va “S” bo‘lgandagi, ya’ni quvvat
optimal tagsimlangan va optimal tagsimlanmagandagi yillik elektr energiya isroflari hisoblanib,
o‘zaro taqqoslandi va quyidagi xulosalarga kelindi:

» olib borilgan hisob-kitoblardan shu narsa ma’lum bo‘ladiki, ajratish nuqtasi sifatida
“a”, “b” yoki “d” nuqta olinganda quvvat isrofi “s” nuqtadagiga nisbatan katta chiqdi, demak
ushbu tarmoqdagi optimal uzilish nuqtasi “s” nuqta hisoblanadi.

» har ganday elektr tarmog‘idagi yuklama yil davomida bir xil bo‘lmaydi, shuning
uchun elektr tarmog‘ining eng optimal uzilish nuqtasini aniqlashda yillik yuklama grafigini ham
e’tiborga olish kerak bo‘ladi. Agar yillik yuklama grafigida elektr tarmog‘idagi eng katta
uzatiladigan quvvat vaqgti quvvatning kichik giymatlari uzatiladigan vaqtga nisbatan kichik
bo‘lsa, optimal ajratish nuqtasi “s” nuqta bo‘lmasligi mumkin.

Hech ganday kapital sarf xarajatlarsiz, ikki tomonlama ta’minlangan elektr tarmog‘ida
quvvatni optimal tagsimlash orqali elektr energiya isrofini kamaytirish bilan iqtisodiy
samaradorlikni oshirishga erishish mumkin.
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QUYOSH FOTOELEKTR STANTSIYASIGA EGA BO‘LGAN KORXONALARNING
YUKLAMA GRAFIKLARINI OPTIMALLASHTIRISH

Abdullaev Elnur Axmatovich
Jizzax politexnika instituti, Dotsent v.b. Email: elnurabdullayev6229@gmail.com

Annotatsiya. Ushbu magolada quyosh fotoelektr stantsiyasiga ega bo‘lgan
korxonalarning yuklama grafiklarini optimallashtirish masalasining matematik modeli ishlab
chigilgan. Ishlab chigilgan matematik model va optimallashtirish algoritmidan foydalanib
korxonaning yuklama grafigini optimallashtirish hisobiga qo‘shimcha iqtisodiy samaradorlikni
ta’minlash mumkinligi ko‘rsatilgan.

AnHoranmusi. B pganHHOW crathe pa3paboTaHa MaTeMaTHYeCKas MOJCIb 3aJadu
OInTUMHU3aAlINU Fpa(l)I/IKOB Harpys3ok Hpe,ZLHpI/ISITI/Iﬁ C COJIHCYHbIMU (I)OTOBJ'IGKTpI/I‘-IeCKI/IMI/I
CTAHIIHUSIMU. Pa3pa60TaHHa;1 MaTeMaTH4YCCKasd MOJCIb U aJITOPUTM OINTHUMH3AIIUU ITOKA3bIBAIOT,
YTO ONTUMM3AIMA TpaQHUKOB HATPY3KH MPEINPUATHS MOXKET O00ECIeUYUTh TOMOJHUTEIBHYIO
AKOHOMHUYECKYIO (D (PEKTUBHOCTE.

Abstract. In this article, a mathematical model of the problem of optimization of load
graphs of enterprises with solar photoelectric power plants has been developed. The developed
mathematical model and optimization algorithm show that optimizing the enterprise's load
graphs can provide additional economic efficiency.

Kalit so‘zlar: quyosh fotoelektr stantsiyasi, optimallashtirish, yuklama grafigi,
matematik model, samaradorlik.

KiroueBble cioBa: comHeuHas (OTOIJIEKTPUYECKAsh CTAHIMSA, ONTHMH3AIMA, Tpaduk
Harpy3Ku, MaTeMaTH4ecKasi MoJieib, 3(pGEKTUBHOCTD.

Key words: solar photovoltaic power plant, optimization, load graph, mathematical
model, efficiency.

KIRISH

So‘ngi yillarda fotoelektr stantsiyalarga asoslangan elektr energiyasini ishlab chigaruvchi
texnologiyalarni rivojlantirish, ulardan ogilona foydalanish va ularni elektr energika tizimlariga
optimal integratsiyalashga bag‘ishlangan ko‘plab ilmiy ishlar paydo bo‘ldi. Ular ushbu
yo‘nalishdagi tadgigot va amaliy ishlarni rivojlantirish uchun muhimdir. SHu bilan birga barcha
ta’sir etuvchi va cheklovchi omillarni hisobga olgan holda fotoelektr stantsiyalarning optimal
parametrlarini aniglashning usul va algoritmlarini yetarli darajada rivojlangan deb bo‘lmaydi.
Muammolardan biri gayta tiklanuvchan energiya manbalarida ishlovchi elektr stantsiyalariga ega
bo‘lgan iste’molchilar uchun elektr energetika tizimiga nisbatan optimal yuklama grafigini
aniqlash bilan bog‘lig. SHu bilan bir qatorda, hozirda korxonalarga o‘rnatilayotgan quyosh
panellari ishonchli ishlashini ta’minlash uchun akkumulyator batareyalaridan foydalanish ham
keng qo‘llanilib kelinmoqda. Bu o‘z navbatida ushbu tizimlarning yuklama grafigini optimal
rejalashtirish kabi muammolarni yuzaga keltirdi. Bunday vagtlarda gayta tiklanuvchan energiya
manbalarida ishlovchi elektr stantsiyalaridan oqilona foydalanish uchun ma’lum vagqtlarda
energiyani to‘plash va quvvat defitsiti mavjud bo‘lgan vaqtlarda iste’molchilarga berish uchun
hizmat giladigan akkumulyator batareyalaridan foydalanish mumkin [1,2]. Boshga tomondan,
akkumulyator batareyalaridan foydalanish quyosh fotoelektr stantsiyalarini qurish va ulardan
foydalanish bilan bog‘liq iqtisodiy xarajatlarni keskin oshishiga olib kelishi mumkin. SHuning
uchun akkumulyator batareyalarini bunday qurilmalarda foydalanish maqgsadga muvofigligi
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tegishli optimallashtirish muammolarini yechish asosida aniglanadi.

Quyosh fotoelektr stantsiyasidan oqilona foydalanish, elektr ta’minotining ishonchliligini
oshirish va iqtisodiy jihatdan foydali bo‘lgan variantlarni tanlash maqgsadida majud sharoitlarda
korxonalar elektr energetika tizimiga ham ulanadi. Elektr energetika tizimidan olinayotgan
energiya tarifining sutka davomida o‘zgaruvchanligi sharoitida korxona o‘zining sutkalik
optimal yuklama grafigini ishlab chiqgishi magsadga muvofigdir. Bunday masalani hal etish
umumiy holatda tenglik va tengsizlik ko‘rinishidagi oddiy, funktsional va integral chegaraviy
shartlarni hisobga olgan holda optimallash masalasini yechishni talab etadi.

Mavjud adabiyotlar tahlili bunday masalalarni tegishli matematik modellardan
foydalanish asosida hal qilishning qat’iy usul va algoritmlari mavjud emasligini ko‘rsatadi. [3]
da quyosh va shamol energiyasiga asoslangan avtonom elektr ta’minoti tizimini optimallashtirish
muammosi ko‘rib chiqilgan. [4] da tagsimlovchi elektr tarmoqlarida akkumulyatorli quyosh
fotoelektr stantsiyalarining joylashishini va parametrlarini optimallashtirish muammolarini hal
gilishning matematik modellari va usullari taklif qgilingan. Biroq, ushbu maqolada ko‘rib
chigilgan muammoni samarali hal qilish uchun ularni to‘g‘ridan-to‘g‘ri ishlatish tegishli
qiyinchiliklarni keltirib chiqaradi. [5] da ushbu davr uchun zarur bo‘lgan elektr energiyasi
miqdorini o‘zgartirmasdan ma’lum oraligda bir sutka davomida yuklamalarni individual
oraliglarda tartibga solish imkoniyatini ta’minlash sharoitida iste’molchilarning yuklama
jadvallarini optimallashtirish algoritmi tasvirlangan. U faqat maxsus holatlarda ko‘rib
chigilayotgan muammoni hal gilish uchun ishlatilishi mumkin.

NATIJALAR

Korxonada o‘rnatilgan quyosh fotoelektr stantsiyasi elektr energiyasi ishlab chigaruvchi
quyosh panellaridan tashqari fotoelektr stantsiyada hosil bo‘layotgan quvvatni boshqaruvchi va
o‘zgarmas tokni o‘zgaruvchan tokka aylantirib beruvchi qurilma — gibrid invertorlar, stantsiya
ish rejimi parametrlarini kuzatuvchi monitor tizimi kabi qo‘shimcha uskunalarni oz ichiga oladi.
Bu uskunalar gatoriga ishlab chigarilayotgan elektr energiyasidan ogilona foydalanish uchun
qo‘llaniluvchi akkumulyator batareyasini ham kiritish mumkin.

T'ubpnn nuBepTep
DnexkTp

Xncoobmarnyg

Hmnopt 1‘:‘ ] l
—]- = — ) | VcTenmomun

DINEeKTp SHEpreTHKa
TH3UMH

Axxymymarop Garapescn

Kyém nmanemn

1-rasm. Elektr energetika tizimiga ulangan quyosh fotoelektr stantsiyasiga ega bo‘lgan
iste’molchining elektr ta’minoti printsipial sxemasi
Akkumulyator batareyasi o‘rnatilgan quyosh fotoelektr stantsiyasiga ega korxonaning
yuklama grafigini ushbu stantsiya va elektr energetika tizimi yordamida optimal qoplash
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masalasini ko‘rib chiqamiz. 1-rasmda elektr energetika tizimiga ulangan quyosh fotoelektr
stantsiyasiga ega bo‘lgan iste’molchining elektr ta’minoti printsipial sxemasi keltirilgan.

Ushbu muammoni hal qilishda akkumulyator batareyasining elektr sig‘imi W,
rejalashtirilgan kun uchun iste’molchining yuklama grafigi PL(t), elektr energetika tizimidan
olinuvchi elektr energiyasining sotib olish tarifi Ci, quyosh fotoelektr stantsiyasining quvvat
grafigi Ppy(t), akkumulyator batareyasini zaryadlashning minimal va maksimal chegaraviy
quvvatlari (razryadlanish quvvati manfiy belgi bilan olinadi) ma’lum ma’lumotlar hisoblanadi.
Masalani yechish natijasida aniglanuvchi noma’lumlar bo‘lib quyosh fotoelektr stantsiyasi
iste’molchiga beruvchi optimal aktiv quvvat grafigi Pcpv(t), elektr energetika tizimidan
olinuvchi optimal aktiv quvvat grafigi (is’temolchining elektr energetika tizimiga nisbatan
optimal  yuklama  grafigi) Pes(t) va  akkumulyator  batareyasining  optimal
zaryadlash/razryadlanish quvvatlari grafigi Pgpv(t) hisoblanadi.

Ushbu masalani hal qilish uchun optimallashtirish masalasining quyidagi ko‘rinishdagi
matematik modeli taklif etiladi. Unga ko‘ra minimallashtiriluvchi magsad funktsiyasi bo‘lib
sutka davomida quyosh fotoelektr stantsiyasi va elektr energetika tizimidan olinuvchi elektr
energiya bilan bog‘liq bo‘lgan umumiy xarajatlari funktsiyasi hisoblanadi [6-8]:

24
3= [c.PY + gL, | min (1)
t=1

bu yerda, C: — sutkaning t- soatida elektr energetika tizimidan olinuvchi elektr

energiyaning narxi (tarif); Fé;} — sutkaning t- soatida elektr energetika tizimidan olinuvchi aktiv

quvvat; Pé:j'., — sutkaning t- soatida quyosh fotoelektr stantsiyasi beruvchi aktiv quvvat; g —

quyosh modullari va unga xizmat giluvchi uskunalarni ishlab chiqarish, o‘rnatish, foydalanish va
texnik xizmat ko‘rsatish xarajatlarini o‘z ichiga olgan koeffitsient hisoblanadi [9].
CHegaraviy shartlar
Sutkaning har bir soatida iste’molchilarning quvvat balansi bo‘yicha:
PY +PM, =P, t=12..,24 (2)
Sutkaning har bir soatida quyosh fotoelektr stantsiyasining akkumulyator batareyasini
zaryadlash/razryadlnish kuvvatini e’tiborga olgan holatdagi quvvati bo‘yicha:

P& —Piy =PSh, t=12,..,24 (3)

Akkumulyator batareyasining mumkin bo‘lgan maksimal zaryadlanish (razryadlanish)
quvvati bo‘yicha (razryadlanish manfiy ishora bilan olingan):

- PB.PV.max < PB.PV < PB.PV.max’ t=12,..,24 (4)

Sutkaning har soatida quyosh fotoelektr stantsiyasining invertorini maksimal quvvati
bilan belgilanadigan cheklangan quvvati bo‘yicha:

0< PG(H)DV < PG(?DV.max’ t=12..24 5)
Akkumulyator batareyasining sig‘imi bo‘yicha

t-1
Woarpy + Z[PP(\E) - Pe(ﬁgv ]*At(k) <Wpy,, t=2,3,..,24 (6)
k=1

bu yerda: P;',:;Lsutkaning t-soatida quyosh fotoelektr stantsiyasining aktiv quvvati; Pif:r:'f
sutkaning t-soatida iste’molchining umumiy aktiv quvvat yuklamasi;
Pg ov mar—akkumulyator batareyasining mumkin bo‘lgan maksimal zaryadlanish yoki

.
)
.

razryadlanish quvvati; P.._;jfv.,mx—sutkaning t-soatida quyosh fotoelektr stantsiyasi tomonidan
iste’mol uchun ishlab chigarish mumkin bo‘lgan maksimal quvvat; Wg,—quyosh fotoelektr
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stantsiyasida o‘rnatilgan akkumulyator batareyasining elektr sig‘imi; W, .; zr — quyosh fotoelektr

stantsiyasiga o‘rnatilgan akkumulyator batareyasining oldingi kundan qolgan elektr zaryadi.
Ushbu modelda, ishlab chiqarish quvvatidan gat’iy nazar, quyosh fotoelektr stantsiyasida
ishlab chiqariluvchi elektr energiyaning narxi o‘zgarmas deb qabul qilingan.
Hosil bo‘lgan matematik modelda maqsad funktsiyasi va chegaraviy shartlar chizigli
ko‘rinishda bo‘lganligi sababli uni yechish mos chiziqli dasturlash usullaridan Simpleks
algoritmi yordamida amalga oshiriladi.

MUHOKAMA

Taklif etilayotgan matematik modellar va ko‘rib chiqilayotgan muammoni hal qilish
algoritmining samaradorligi akkumulyator batareyasiga ega bo‘lgan quyosh fotoelektr stantsiyasi
o‘rnatilishi  rejalashtirilgan ~ “Do‘stlikdonmaxsulotlari” ~ AJning  yuklama  grafigini
optimallashtirish misolida tadqiq qilindi. 1-jadvalda iste’molchining sutkalik yuklama grafigi,
quyosh fotoelektr stantsiyasining sutkalik ishlab chigaruvchi quvvati, elektr energetika tizimidan
olinuvchi elektr energiyasining sotib olish hamda quyosh fotoelektr stantsiyasida ishlab
chiqgariluvchi elektr energiyasini elektr energetika tizimiga sotish tariflari keltirilgan. Ushbu
o‘zgaruvchan tarif bugungi kunda Jahonning ko‘plab rivojlangan mamlakatlarida sutka
davomida tarifning o‘zgarishiga proportsional ravishda aniglangan. Akkumulyator
batareyasining elektr sig‘imi Wpy=600 kVt-soat. O‘tkan kundan akkumulyator batareyasidagi
goldig energiya Wha.pv=120 kVt-soat. Akkumulyator batareyasining mumkin bo‘lgan maksimal
zaryadlash/razryadlanish quvvati Pgpv.max=100 kVt. Bugungi kunda O‘zbekiston Respublikasida
mavjud fotoelektr stantsiyalardan olinuvchi elektr energiyaning narxi 0,023 $/kVt-soat [10].
Bunday stantsiyada akkumulyator batareyasi o‘rnatilgan holatda u uchun sarflanuvchi kapital
xarajatlar bugungi kunda 40-60% ga ortiqgcha baholanmoqda. Bundan tashqari qo‘rg‘oshin-
kislotali akkumulyator batareyasidagi isroflar taxminan 20% ni tashkil etadi. Bunday sharoitda
ishlab chigariluvchi elektr energiyaning narxi ham proportsional ravishda oshadi. Yuqoridagi
holatlarni e’tiborga olib, bunday stantsiyadan olinuvchi elektr energiyaning narxini 52% ga
oshirish orqali 0,035 $/kVt-soat gqabul gilish mumkin [10].

1-jadval
Iste’molchining kunlik yuklamasi , QFES quvvati, elektr energiyasini sotish va sotib olish
narxalari
t,soat 1 2 3 4 5 6 7 8 9 10 11 12
p(t)
kLVt, 70 70 70 70 70 70 70 200 | 200 | 200 | 200 | 200
p(t)
olo 0 0 0 O | 40 | 70 | 90 | 100 | 130 | 150 | 180
kVt
(k:\t}t$8/ 0,036 | 0,036 | 0,036 | 0,036 | 0,036 | 0,036 | 0,036 | 0,087 | 0,087 | 0,087 | 0,064 | 0,064
t,soat 13 14 15 16 17 18 19 20 21 22 23 24
p(t)
kLVt, 200 | 200 | 200 | 200 | 200 | 200 | 200 70 70 70 70 70
p(t)
PV, | 200 | 200 | 200 | 180 | 160 | 150 | 120 50 0 0 0 0
kVt
E\t}t$5/ 0,064 | 0,064 | 0,064 | 0,064 | 0,087 | 0,087 | 0,087 | 0,087 | 0,087 | 0,064 | 0,064 | 0,036
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Quyosh fotoelektr stantsiyasiga ega bo‘lgan korxonalarning yuklama grafiklarini
optimallashtirish masalasining matematik modelidan foydalangan holda optimallashtirish
algoritmining samaradorligini ko‘rib chigamiz. 2-jadval va 2-3- rasmlarda ko‘rib chiqgilayotgan
model va tanlangan optimallash usuli yordamida optimallashtirish natijalari keltirilgan, ya’ni
quyosh fotoelektr stantsiyasi beruvchi aktiv quvvat Pcpy(t) va elektr energetika tizimidan
olinuvchi aktiv quvvat Pps(t) larning optimali, xamda akkumulyator batareyasining optimal
zaryadlanishi Pchpy(t) yoki razryadlanish Pachpv(t) grafiklari keltirilgan. Bu yerda akkumulyator
batareyasining zaryadlanish quvvati musbat va razryadlanish quvvati manfiy ishora bilan
keltirilgan. Quyosh fotoelektr stantsiyasi beruvchi va elektr energetika tizimidan olinuvchi elektr
energiyasining kunlik umumiy giymati 137,01 AQSH dollarini tashkil giladi.

2-jadval.
Iste’molchi, QFES, elektr energetika tizimi va akkumulyator batareyalarining
sutkalik yuklamasi

t, soat 1 2 3 4 5 6 7 8 9 10 11 12
PO
kVt, 70 70 70 70 70 70 70 200 200 | 200 | 200 | 200
Py

' 70 70 70 70 70 70 70 110 60 0 150 0
kVt
Py

’ 0 0 0 0 0 0 0 90 140 | 200 50 200
kVt
Py

' 0 0 0 0 0 40 70 90 100 | 130 | 150 | 180
kVt
p(t)
e 0 0 0 0 0 40 70 0 0 0 100 0
kVt
p(t)
dch. pv

, 0 0 0 0 0 0 0 0 -40 -70 0 -20
kVt

t,soat | 13 14 15 16 17 18 19 20 21 22 23 24

p(t)
kLVt, 200 | 200 200 200 200 200 200 70 70 70 70 70
P

» 1 100 | 100 | 100 40 0 0 0 0 0 0 0 70
kVt
P
kVt’ 100 | 100 | 100 | 160 | 200 | 200 | 200 70 70 70 70 0
Py
kVt, 200 | 200 200 180 160 150 120 50 0 0 0 0
p(t)
i 100 | 100 100 20 0 0 0 0 0 0 0 0
kVt
p(t)

den-pv., 0 0 0 0 -40 -50 -80 -20 -70 -70 | -70 0
kVt
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T T T T T T T T T T
[ Yuklama i
[ Elekir energetika tizimidan olinuvchi quvvat
[ Quyosh fotoelektr stansiyasi beruvchi quvvat | |

[ Quyosh fotoelektr ing quvvati

n
@
3

Quvvat/kVt
N o
3 3
T T 1 1 1 1 T 1T T 1T 17 T 17

9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
Vaqt/soat

2-rasm. QFESning quvvat berish va korxonaning elektr energetika tizimiga nisbatan

optimal yuklama grafiklari

100 = T T T

T T I I I I T I
[ Akkumulyator batareyasining zaryadlanish quvvati
[ Akkumulyator batareyasining razryadlanish quvvati

80 [— -

60 —

40 —

20 —

Quvvat/kVt
o

100 —1 | | | 1 | | | | | | 1 | | | | | 1 | | | | | |
1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20 21 22 23 24

Vagt/soat

3-rasm. QFESga o‘rnatilgan akkumulyator batareyasining zaryadlanish va razryadlanish

diagrammalari
Natijalarni  tagqoslash  uchun  3-jadvalda  korxonaning  yuklama  grafiklari

optimallashtirilmagan holatdagi quvvatlari keltirilgan. Bunday holatda quyosh fotoelektr
stantsiyasi va elektr energetika tizimidan olinuvchi elektr energiyasi bilan bog‘liq bo‘lgan
sutkalik umumiy xarajatlar 148,6 AQSH dollarini tashkil giladi.

3-jadval
Korxonaning optimallashtirilmagan yuklama grafigi
t, soat 1 2 3 4 5 6 7 8 9 10 | 11 | 12
p(t
kLVt1 70 70 70 70 70 70 70 200 | 200 | 200 | 200 | 200
P(t)
kijt’ 70 70 70 70 70 30 0 110 | 100 | 70 | 50 | 20
P | 0| 0| 0| 0| 0 |40 |7 | 9 |100 | 130 | 150 | 180
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kVt
t, soat 13 14 15 16 17 18 19 20 21 22 23 24
p(t)
kLVt’ 200 | 200 | 200 | 200 | 200 | 200 | 200 70 70 70 70 70
P

' 0 0 0 20 40 50 80 20 70 70 70 70
kVt
p(t)
kaVt1 200 | 200 | 200 | 180 | 160 | 150 | 120 50 0 0 0 0

SHunday qilib, ishlab chigilgan matematik model va algoritmdan foydalanish asosida
iste’molchining yuklama grafiklarini optimallashtirish hisobiga erishiluvchi iqtisodiy
samaradorlik 7,8 % ni tashkil etdi.

XULOSA

Quyosh fotoelektr stantsiyasiga ega bo‘lgan korxonalarning yuklama grafiklarini
optimallashtirish masalasining matematik modeli va uni yechishning samarali algoritmi taklif
etildi.

Sutka davomida elektr energiyasining tarifi o‘zgaradigan sharoitda quyosh fotoelektr
stantsiyasi va elektr energetika tizimi yuklama grafiklarini optimallashtirish orgali salmogli
igtisodiy samaradorlikka erishish mumkinligi aniglandi.

Quyosh fotoelektr stantsiyasiga ega bo‘lgan korxonalarda ishlab chigarilayotgan elektr
energiyasini ma’lum vaqtlarda batareyalarga yig‘ish va berish iqtisodiy jihatdan samarali bo‘lishi
mumbkinligi ko‘rsatildi
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MEXANIKA FANINI O‘QITISHDA TA'LIM SAMARADORLIGINI OSHIRISH
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Annotatsiya. Magolada OTMlarda kredit-modul tizimini joriy etishda mexanika fanini
o°qgitish hamda talabalarning mazkur fandan bilim olish samaradorligini oshirish to’g risida
mulohaza yuritilgan. “Nazariy mexanika” fanini o’qitish, mustaqil ta'limga ajratilgan fan
dasturidagi mavzularni talabalar tomonidan muvaffagiyatli o zlashtirishlari uchun nimalarga
e tibor berish va ganday usullar qo llash mumkinligi to g risida ma’lumotlar berilgan.

AHHOTanus. B ctatbe pacCMOTPEHBI BOIPOCHI BHEAPEHHUS B BY3aX KPEAUTHO-MOAYIbHON
CHUCTEMBI TpETNoJaBaHus MEXaHWKH W TOBBIMICHUS d()PEKTUBHOCTH OOYYEHUS CTYACHTOB IIO
naHHOMY npenMerty. IlpenonaBanue npeamera “TeopeTndeckas MexaHUKa™ JaeT WH(POPMAIIHIO
O TOM, Ha 4YTO o6pamaTL BHUMAHHUC W KaKHC MCTOAbI MOKHO IPUMCHATH IJIA YCIICOIHOI'O
OCBOCHMU yqyaumuMucAa npeamMcToOB HpCI[MGTHOfI MporpamMmal, OTBCACHHBIX JJIA
CaMOCTOATCIBHOTO O6y‘IeHI/I}I .

Abstract. The article discusses the problems of introducing a modular credit system for
teaching mechanics at universities and improving the effectiveness of student education in this
field. Teaching the subject of Theoretical Mechanics provides recommendations on which
aspects to focus on and which methods students can use to successfully master the topics covered
by the self-study program.

Kalit so'zlar: mexanika, nazariy mexanika, samaradorlik, tavsiya, fan ishchi dasturi,
mustaqgil ta’lim, ma'ruza, amaliy mashg ulot, sinov savollari, nazorat ishlari, uslubiy
ko rsatmalar, o quv adabiyotlari, baholash mezoni.

KiauyeBble  ci1oBa:  MexaHHWKa, TeOpeTHYecKas  MexaHuka, d3(deKTuBHOCTS,
peKoMeHaanus, pa6oqa;1 nporpamma 1o AUCHUIINIMHE, CaMOCTOATCIBHOC 06yquHe, JICKIIMA,
MPAKTUYCCKOC 3aHATUC, KOHTPOJBbHBIC BOIIPOCHI, KOHTPOJIbHAA pa60Ta, MCTOANYCCKUEC YKa3aHu,
yueOHas uTeparypa, KpUTepuil OLIEHKH.

Keywords: mechanics, theoretical mechanics, efficiency, recommendations, work
program for the subject, independent study, lectures, practical lessons, exam questions, control
work, methodological guidance, educational materials, evaluation criteria.

Mexanika — insoniyatning hayotiy ehtiyojlari asosida paydo bo‘lgan juda qadimiy fan
bo‘lishi bilan birga, zamonaviy matematika usullari, hisoblash texnikasi, axborotlar va
materiallarning  yuqori texnologiyasi taragqgiy etayotganligini hisobga olgan holda
rivojlanayotgan ilmiy soha hisoblanadi.

Yuqori malakali mutaxassislar tayyorlashda mexanika fanining o‘rni beqiyos.
Respublikamiz OTM larida mexanika fani bir necha qismlarga bo‘lib o‘qitiladi. Nazariy
mexanika, materiallar qarshiligi, elastiklik nazariyasi, qurilish mexanikasi, mexanizm va
mashinalar nazariyasi, mashina detallari hamda shu fanlar asosida yo‘nalishlar bo‘yicha
shakllangan bir gancha maxsus fanlar. Bu fanlar murakkab bo‘lishiga qaramasdan, ularda
ko‘riladigan masalalar hayotiy va jozibador bo‘lganligi uchun talabalar tomonidan qiziqib
o‘rganiladi.

Respublikamiz OTM larda kredit-modul tizimining joriy etilishi sohada dars beruvchi
professor-o‘qituvchilarning o‘z mehnat faoliyatlariga yangicha yondashuvni taqozo etdi.

Ma’lumki, kredit-modul tizimining magsadi, auditoriyada o‘qgitiladigan dars soatlarini
kamaytirib, talabalarni ortiqcha yuklamalardan ozod qilish hisobiga ularni mavzular bo‘yicha
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mustaqil ishlashga, o‘quv ishlariga ilmiy amaliy yondashishga o‘rgatishdan, yo‘naltirishdan
iborat [1]. Mazkur magsadni amalga oshirish uchun professor-o‘qituvchilar tomonidan tizimga
moslangan, o‘quv dasturlariga asoslangan yangi o‘quv adabiyotlarini yaratish, tagdimotlar,
videodarslar tayyorlash, oquv uslubiy ko‘rsatmalar, laboratoriya mashg‘ulotlarini o‘tkazish
uchun uslubiy ko‘rsatmalarning yangi avlodini yaratish, tayyorlash, ishlab chiqgish talab etiladi.
O‘qituvchi bilan birgalikda o‘tiladigan dars soatining kamayishi talaba, mazkur fandan kamroq
ma’lumot bilishi yoki o‘zlashtirishi kerak degan xulosani bermaydi.

Demak, berilgan qisqa muddatda katta hajmdagi ma’lumotni talabalarga yetkazish va
talabalar mustaqil o‘zlashtirishi uchun o‘quv modulining ellik foizini o‘rganishlariga yordam
berish masalasi jarayonning asosiy muammosi hisoblanadi. Xuddi shunday, “Nazariy mexanika”
fanini talabalarga o‘rgatish ham soha professor-o‘qituvchilarining asosiy muammolaridan
hisoblanadi.

Bu yerda, “Materiallar qarshiligi va mexanika” kafedrasida muhandislik yo‘nalishlarining
deyarli barchasida o‘tiladigan “Nazariy mexanika” fani bo‘yicha masalalarni qanday hal qilish
mumkinligi to‘g‘risidagi fikrlar bilan o‘rtoglashmoqchimiz.

1. Umumiy holda masalani bitta fan miqgyosida hal etish mumkin emas, balki unga
kompleks yondashish zarur deb hisoblaymiz. Ya’ni mexanika fanlari bilan bir gatorda
matematika, fizika va axborot texnologiyalari fanlarining ishchi dasturlari va sillabuslarini
tuzishda mexanika fanlarida o‘tiladigan mavzular, yechiladigan masalalarni nazarda tutish kerak.

Masalan: matematikada differensial va integral hisob formulalarini keltirib chigarishda va
ularni tatbiq etishda, yoki vektorlar algebrasidan o‘quv dasturlarini tuzishda mexanika
masalalaridan foydalanish maqsadga muvofiq bo‘lar edi. Amaliy mashg‘ulot darslarida ham
mexanikadan tatbiq gilinadigan masalalar tanlash kerak deb o‘ylaymiz. Fizika fanining mexanika
qismini o‘qitish ishchi dasturini shunday tuzish kerakki, nazariy mexanika va materiallar
qarshiligi fanlari o‘qitilayotganda mavzular takrorlanmasin.

Axborot texnologiyalarining dasturlash bo‘yicha o‘tiladigan mavzularini mexanika fani
masalalaridan tanlash kerak.

Yuqoridagi mulohazalarni amalga oshirish uchun mazkur fanlardan dars beruvchi kafedra
o‘qituvchilarning davriy ravishda ishlab turuvchi qo‘shma seminarlarini tashkil qilish kerak. Bu
seminarda, har bir fan bo‘yicha tuzilgan ishchi o‘quv dasturlari, sillabuslar, ma’ruza matnlari,
uslubiy qo‘llanmalar, uslubiy ishlanmalar muhokama qilinadi. Yozilgan uslubiy qo‘llanmalar har
bir kafedrada foydalanishga yaroqgli va ishlatilishi zarur bo‘lishi kerak.

2. Ikkinchi bosqichda bajariladigan ishlar har bir fan o‘qituvchisining mahoratiga,
foydalanadigan o‘quv adabiyotlarining mukammalligiga, vaqtning to‘g‘ri tagsimlanishiga va shu
kabilarga bog‘liq bo‘ladi.

“Materiallar qarshiligi va mexanika” kafedrasida ‘“Nazariy mexanika” fanidan quyidagi
ishlanma asosida dars mashg‘ulotlarini va mo‘ljallangan mustaqil ishlarni talabalar tomonidan
o‘zlashtirilishi magsadga muvofiq deb topildi.

Yo‘nalishlarning aksariyatida o‘n besh haftalik o‘quv dasturi asosida dars mashg‘ulotlari
bo‘lib, har haftada ikki soat ma’ruza, ikki soat amaliy mashg‘ulotlarga mo‘ljallangan.

O‘quv moduli dasturiga kirgan barcha mavzular (ma’ruza va amaliy mashg‘ulotlar) o‘n
besh haftaga teng tagsimlanadi. Bir haftaga ajratilgan bu darslar paketiga o‘qgituvchi tomonidan
o‘tiladigan ma’ruza matnlari, amaliy mashg‘ulotlarda yechib ko‘rsatilgan masalalar, mavzuga
oid sinov savollari va undan keyin, shu mavzuga oid talaba mustaqil o‘zlashtirishi talab etilgan
nazariy ma’lumotlar, amaliy mashg‘ulotda hal gilingan masalalarga o‘xshagan masalalar, talaba
mavzuni qanday o‘zlashtirganligini aniqlash maqgsadida tuzilgan nazorat savollari, test savollari
joylangan bo‘ladi.

Albatta, yuqorida aytilgan mustaqil ishlarni bajarish uchun talabalarni o‘quv adabiyotlari
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bilan ta’minlanganlik masalasiga katta e’tibor berilgan bo‘lishi kerak. Mavzuga oid ma’ruza
matnlari, oquv darslikning [3] shu mavzuga oid sahifalari, masalalar yechish uchun uslubiy
go‘llanmalar, masalalar yechib ko‘rsatilgan va ma’ruza matnlari o‘qilgan video-darslar to‘plami
“Hemis” tizimiga o‘rnatilgan bo‘lishi zarur. Haftaga mo‘ljallangan topshiriglar to‘plami mazkur
hafta ichida topshiriladi, fan o‘qituvchisi tomonian baholanadi. Qo‘yilgan baho talabalarga
yetkaziladi.

Bu yerda albatta, talabaning qaysi yo‘nalishda o‘qishiga mos ravishda modul mavzulari
tanlanadi. Masala variantlari, test savollari har bir talabaga alohida tayyorlanadi.

Talabalarning mustaqil ishlarini topshirish va tekshirish usullari o‘qituvchi va talaba
vagtlarini hisobga olgan holda tasdiglangan ish jadvaliga asosan belgilanadi. Ba’zi hollarda,
onlayn topshirish imkoniyatini ham qo‘llash mumkin.

Talabalarning auditoriyadan tashqarida bajariladigan mustaqil ishlarini baholash mezoni
[2] yo‘rignomada keltirilgan tavsiyaga binoan, talabalar to‘plashi mumkin bo‘lgan umumiy
balning yigirma foizidan kam bo‘lmasligi kerak. Shunga ko‘ra, o‘n besh paketga bo‘lingan, har
haftada topshirish kerak bo‘lgan mustagqil ish uchun maksimal ikki ball, jami o‘n beshta mustaqil
ish uchun maksimal o‘ttiz ball to‘plashi mumkin deb belgilanadi.

Auditoriyadan va o‘qituvchi nazoratidan tashqarida amalga oshirilgan mustaqil ishlariga
bunday e’tibor qaratish, ularni yetarli baholash talabalarni o‘z ustida mustaqil ishlashlari, nihoyat
ta’lim samaradorligini oshirish uchun motivatsiya bo‘ladi.

ADABIYOTLAR
1. Kredit-modul tizimga o'tish nima uchun kerak? Maqsad, mohiyat va afzallik. “Xalq
so'zi” (onlayn) gazetasi, jamiyat bo'limi. 5 avgust, 2020 yil soni.
2. Talabalar mustagil ta'limini tashkil etish. VVK: 738.0/8.4, Kb K: 74.4, 3.49
L.Zaripov, N.Xayitov, Z.Tohirov. Toshkent, Sano-Standart, 2023. 32 b.

3. Shirin Jumaboyeva. “Nazariy mexanika”, darslik, Toshkent, “Fan zargari”, 2023 vy.,
425 b.
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MUALLIFLAR DIQQATIGA
Mexanika va texnologiya ilmiy jurnalida magolalarni chop etish uchun rasmiylashtirishga
qo‘yiladigan talablar

1. Namangan muhandislik-qurilish institutining «Mexanika va texnologiya ilmiy jurnali»
(«Nauchnery jurnal mexanika i texnologiya», «Scientific Journal of Mechanics and
Technology») da respublikamizning oliy ta’lim va ilmiy-tadgiqot institutlari, ilmiy-ishlab
chigarish markazlari va xorijda bajarilgan ilmiy ahamiyatga molik ilmiy-tadgigot ishlarining
natijalari nashr etiladi. llmiy jurnal bir yilda to‘rt marta chop etilib, unda quyidagi yo‘nalishlar
bo‘yicha maqolalar e¢’lon gilinadi:

- mexanika;

- avtomobilllar va gishlog xe‘jalik mashinalari;

- texnologiya;

- gisga xabarlar.

2. Tahririyatga taqdim etilayotgan maqgola qo‘lyozmasi bo‘yicha muallif faoliyat olib
borayotgan muassasa rahbariyati tomonidan imzolangan yo‘llanma Xati, magolani chop etish
mumkinligi hagidagi ekspert xulosasi va magola mualliflarining tarkibida fan doktori bo‘lmagan
taqdirda tegishli fan yo‘nalishi bo‘yicha fan doktorining rasmiy taqrizi bo‘lishi shart. Maqolalar
o‘zbek(lotin grafikasida), rus yoki ingliz tillarida taqdim etilishi mumkin. Magolaning nomi,
gisgacha annotatsiyasi (8-10 gator) va kalit so‘zlar (10-15 ta) o‘zbek, rus va ingliz tillarida
beriladi.

3. Magola matni “MS Word” dasturida “Times New Roman” shiriftida 12 pt o‘lchamda,
hajmi 1 intervalda 6-10 bet bo‘lishi kerak. Varag o‘lchami 210x297 mm (A4-format), matn
chegara o‘lchamlari yuqgoridan va pastdan— 2,0 sm, chapdan — 3,0 sm, o‘ngdan — 1,5 sm bo‘lishi
lozim.

4. Magolani rasmiylashtirish qoidalari quyidagilardan iborat. Maqgola boshining chap

tomonida UO‘T (UDK), keyingi gatorda magolaning nomi o‘zbek, rus va ingliz tillarida (bosh
harflarda, o‘rtada, qalin yozuvda (jirniy)), undan keyingi qatorda mualliflar to‘g‘risidagi
ma’lumotlar (familiyasi, ismi, otasining ismi, ish joyi, lavozimi, ilmiy darajasi va unvoni,
elektron manzili hamda telefon ragamlari) o‘zbek, rus va ingliz tillarida kichik bosma harflarda
yoziladi, gisgqacha annotatsiyasi (8-10 gator) va kalit so‘zlar (10-15 ta) o‘zbek, rus va ingliz
tillarida beriladi.

Maqgolaning  annotatsiyasi(abstract)  ya’ni  maqgolaning gisgacha  mazmunida
magsadi(objective), usullari(methods), natijalari(results) va xulosa (conclusion) qismlari
gisqacha vyoritilib o‘tilishi shart. CHunki magola annotatsiyasini o‘qib chigib, olim magolani
to‘liq o‘qishga garor gilishi uchun magolaning asosiy tushunchalarini yetarlicha tushinishi kerak.
Annotatsiyadan so‘ng mavzuga tegishli terminlar, kalit so‘zlar(keywords) ham keltirilishi
kerak;

Magolaning asosiy gismida Kirish(Introduction), usullari(methods), natijalar (results),
muhokamalar(discussion), va xulosalar(conclusion) bo‘limlari anig ma’lumotlar asosida yoritib
berilishi kerak.

Bir gatordan so‘ng maqola matni yoziladi. Maqoladagi formulalar Microsoft Equation
3.0 da yoziladi. Rasm (grafik, sxema va chizma)lar standart qoidalarga rioya gilingan holda
10x10 sm dan katta bo‘lmagan o‘lchamda tayyorlanishi, ularni soni 5 tagacha, gisga xabarlarda
esa 2 tagacha ruxsat etiladi. Nomlari esa rasmdan so‘ng galin yozuvda o‘rtada yoziladi (1-rasm.
Nomi). Jadvallarning nomlari javalning yuqori gismida galin yozuvda o‘rtada yoziladi (1-jadval.
Nomi). Adabiyotlarga havolalar magola ichida [1] ko‘rinishda bo‘lib, foydalanilgan adabiyotlar
magola oxirida havolalar ketma-ketligi tartibida beriladi. Adabiyotlar ro‘yxatida quyidagilar
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ko‘rsatiladi: jurnalda chop etilgan maqolalar va ma’ruza tezislari uchun - Mualliflarning
familiyasi, ismi sharifi. Magolaning nomi // Jurnalning nomi. — Nashr joyi va yili. — Soni yoki
gismi. — Betlari. (1. Turdaliev V.M., Maxkamov G*.U. Piyoz ekish texnologiyasini tanlash
bo‘yicha tajribaviy tadgiqotlar // Namangan muhandislik-texnologiya instituti ilmiy-texnika
jurnali. — Namangan, 2019. — Ne3. — B. 77-81.); monografiyalar uchun - Mualliflarning
familiyasi, ismi sharifi. Nomi. — Nashriyot nomi, joyi va nashr yili. — Betlar soni. (1. Djuraev A.,
Magsudov R.X., Turdaliev V.M. O‘zgaruvchan uzatish nisbatli tasmali uzatmalarni kinematik va
dinamik tahlili. — Fan va texnologiyalara: Toshkent, 2013. — 168 b.); avtoreferatlar uchun -
Muallifning familiyasi, ismi sharifi. Mavzusi: ishning darajasi. — Nashr joyi va yili. — Betlar soni.
(1. Turdaliev V.M. Tuprogga ishlov beradigan va sabzavot ekinlarini ekadigan
kombinatsiyalashgan mashinani ishlab chigishning ilmiy-texnik yechimlari: Texn. fan. dok. diss.
avtoref. — Toshkent, 2018. — 64 b.); dissertatsiya uchun - Muallifning familiyasi, ismi sharifi.
Mavzusi: ishning darajasi. — Nashr joyi va vyili. — Betlar soni. (1. Turdaliev V.M. Tuproqga
ishlov beradigan va sabzavot ekinlarini ekadigan kombinatsiyalashgan mashinani ishlab
chigishning ilmiy-texnik yechimlari: Texn. fan. dok. diss. — Toshkent, 2018. — 200 b.); kitoblar
uchun - mualliflarning familiyasi, ismi sharifi, kitobning nomi, nashr joyi, nashriyot nomi, nashr
yili, gismi va betlari (1. Jo‘raev A., Mavlyaviev M., Abdukarimov T., Miraxmedov D.
Mexanizm va mashinalar nazariyasi. — T.: G*.G‘ulom, 2004. — 592 b.); patent uchun — Patent
olingan davlat va uning ragami / e’lon gilingan yil. Mualliflarning familiyasi, ismi sharifi.
Mavzusi // Patent ragami, nashr vyili. — Byulleten ragami. (1. Patent O‘zR FAP 00848 /
31.10.2013. Djuraev A., To‘xtaqo‘ziev A., Muxamedov J., Mamaxanov A. Zanjirli uzatma //
O‘zbekiston Respublikasi patenti, 2013. — Byul. Ne10.); internet ma’lumotlari uchun - URL,
ma’lumotga murojaat etilgan sana. (1. ZiyoNet ta’lim portali. http:/library.ziyonet.uz/ru.
20.05.2020.)

5. Tahririyat barcha magolalarni tagrizga yuboradi, ushbu taqriz natijalari asosida
maqolani chop etish masalasi bo‘yicha tegishli garor gabul giladi.

6. Yuqoridagi talablarga javob bermaydigan maqolalar tahririyat tomonidan ko‘rib
chigilmaydi.

7. Keltirilgan talablar yakuniy emas, ba’zi maqolalar borasida tahririyat qo‘shimcha
ma’lumot so‘rash huqugini saglaydi.
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