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Annotatsiya.Ushbu magolamizda paxta tozalash texnologik jarayonlarinida chigitlarni
jinlash qurilmalarining asosiy ishchi oraganlarini takomillashtirish orgali samaradorlikni oshirish
yo‘llari nazariy tadgiqotlar orgali yoritilgan.

AHHOTAUUA.B 1aHHON CTaThe MyTEM TEOPETUUYECKUX UCCIECIOBAHUN OCBEIICHBI METOIBI
IIOBBIIICHUA 3(I)(I)GKTI/IBHOCTI/I CCMAOUYUCTUTCIIBHBIX allllapaTOB B TCXHOJIOTMYCCKUX ITPOLECCAX
XJIONKOOYUCTKH ITYTEM COBCPIICHCTBOBAHUS OCHOBHBIX pa60q1/1x OpTraHoOB.

Annotatsion.In this article, the methods of improving the efficiency of seed ginning
devices in the technological processes of cotton ginning by improving the main working parts
are highlighted through theoretical research.

Kalit so‘zlar: Zichlik, paxta, tola, xomashyo, arra, tukdorlik.

KuroueBble ciioBa: HJIOTHOCTL, XJIOIOK, BOJIOKHO, CBhIPLC, OIMUIIKH, BOPCUCTOCTD.

Key words: Density, cotton, fiber, raw material, sawdust, hairiness.

Paxta tozalash jihozlarini boshgarish masalasi birinchi navbatda ularda kechadigan
texnologik jarayonlarini boshgarishni anglatadi.

Paxta tozalash texnologik jarayoni muayyan ketma-ketlikdagi texnologik jarayonlarni bir
butun tizim sifatida bajaradigan, xomashyo va mahsulotlarning ogimlari vositasida bir-biri bilan
bog‘langan mashinalarning majmuasidan iborat.

Texnologik operatsiyalar materiallarni jihozdan jihozga tashish va yuklash, mexanik
ta’sir vositasida ularning xususiyatlarini o‘zgartirish, masalan tozalash, issiqlik va massa
almashuv jarayonlari, masalan quritish yoki namlash, aerodinamik jarayonlar, xomashyo
massasidan magsadli mahsulotlar, masalan tola, chigit, lint va hokazolarni ajratib olishdan iborat
bo‘lishi mumkin.

Boshgaruv nuqgtayi nazaridan texnologik jarayonlarga xomashyo va mahsulot holatining
kiruvchi va chiquvchi o‘zgaruvchilar (omillar) bilan belgilanadigan tarzda o‘zgarish jarayoni
sifatida garaladi.

Texnologik jarayonlarni boshgarish masalalarini hal gilishda konstruksion va texnologik
parametrlar bilan ish ko‘rishga to‘g‘ri keladi.

Konstruksion parametrlarga texnologik mashina va jihozlarning tuzilishi bilan bog‘liq
parametrlar, masalan, ishchi organlar shakl va o‘lcham xarakteristikalari, tezlik, quvvat va h.k.
lar, texnologik parametrlarga esa ularda kechadigan jarayonlarning parametrlari, masalan
xomashyo va mahsulotlar harakatlanishi, ularga bo‘ladigan turli ta’sirlar, sifat, namlik va harorat
ko‘rsatkichlari va h.k. lar kiradi.
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Paxta tozalash jarayonlarining qo‘zg‘altiruvchi ta’sirotlarga texnologik jarayonlarning
boshqarilmaydigan o°zgarishlari (xomashyoni berilishi va mahsulotni chiqarishda tasodifiy yoki
tasodifity bo‘lmagan o‘zgarishlar, jihozlar sozlanishining buzilishi yoki ishlamay qolishi,
xomashyo tarkibi, sifat ko‘rsatkichlari kabi), shuningdek yuqori tartibli boshqa boshgarish
tizimining operativ ko‘rsatkichlari kabilar kiradi.

Paxta tozalash jarayonlarining boshqaruvchi ta’sirotlari eng asosiylariga xomashyo va
mahsulotlarning kirish va chiqgishdagi sarflari kiradi.

Tolali chigitlar mazkur sohada arraga ergashib harakatlanganda arraning tezligi
xomashyo valigi tezligidan ko‘p marta kattaligi sababli ularning ancha gismi xomashyo valigi
tomonidan tormozlanadi. Bu holda tola tutami arra tishi bilan mustahkam bog‘lanmagan bo‘lsa
tutam arra tishidan sirpanib chiqgib ketadi va tolali chigit xomashyo valigi bilan harakatni davom
ettiradi. Tola tutami arra tishi bilan mustahkam bog‘langanda, agar tola tutamining
mustahkamligi etarli va xomashyo valigi zichligi ortiqcha katta bo‘lmaganida tolali chigitni
kolosnikli panjaragacha tortib beradi va jinlash jarayoni sodir bo‘ladi. Xomashyo valigi zichligi
katta bo‘lganida esa tola tutamining mustahkamligi tolali chigitni zich muhitda arra tezligi bilan
tortishga etarli bo‘lmagani uchun ular turli joylaridan uziladi. Natijada tola uzunligi qisqaradi,
chigitda qoldig uzun tolalar migdori ortadi.

Tadgiqotlarda ko‘rsatib o‘tilishicha iste’mol quvvati (tolani ajratib olishni hisobga
olmagan holda) paxta xomashyosining bo‘laklariga sarflanadigan energiyaning ishchi kameraga
paxta yetkazib beruvchi tomonidan uzatib turgan va jinlash zonasidagi arralarning ishgalanishi,
paxta xomashyosining traektoriyasining o‘zgarishi va qamrab olish zonasida xomashyo
valigining xarakatlanish tezligiga sarflanadigan energiyalar yig‘indisiga teng ekan.

M. Tillaev va boshqalar o‘z tadqiqotlarida xomashyo valigining zichligini oshirish bilan
tola mexanik shikastlanishining ham ortishini ko‘rsatdi. O‘zgartirilgan jin konstruksiyasida
xomashyo valigining tezlatgichi qo‘llanilganda jinning samaradorligi ortgan holda xomashyo
valigining zichligi pasayadi. Natijada xomashyo valigining zichligi kamayishi tolaning
shikastlanish darajasini 19-20 % kamaytirish imkonini beradi. SHuningdek, u o‘z tadqiqotlarida
xomashyo valigi zichligining oshishi bilan tolaning mexanik shikastlanishining ham oshishini
asoslab bergan. Uning tadgigotlarida xomashyo valigini aylantiruvchi tezlatgichning jinlash
jarayonidagi quyidagi asosiy ko‘rsatkichlarga ta’siri ko‘rsatib o‘tilgan: mashinaning ish unumi,
chigitlarning ishchi kamerada turish vagqti, tarkibi, toladorligi, massasi, xomashyo valigining
zichligi va uning ishchi kamerasi devorlariga bo‘lgan bosimi.[1]

Arrali barabanga qarab yo‘nalgan havo oqimi toladan ajragan chigitlarning ishchi
kameradan chiqib ketishi tezladi.

Xom ashyo valigining toladorligi oshadi, bu esa o‘z navbatida jin mashinasining
unumdorligi oshishiga olib keladi. Mualliflar tomonidan o‘tkazilgan tadqiqotlarda bunday usul
bilan jin mashinasining ish unumdorligini oshirish hamda xom ashyo valigining toladorligini,
chigitning mexanik shikastlanishi va uning ishchi kamerada bo‘lish vaqtida kamaytirishni
atroflicha o‘rganilgan.[2]

Bundan tashqari toladan ajragan chigitlarning ishchi kamerasidan o‘z vaqtida chiqib
ketishini ta’minlash orqali ularning shikastlanish oldini olish imkoni paydo bo‘ladi. Bu esa o‘z
navbatida tolaning tarkibida har xil nugsonlarning hosil bo‘lishini kamaytiradi.

Arrali jinlarda asosiy ish organi sifatida arrali disklardan terilgan silindr xizmat giladi. Bu
jinlarda tolani chigitdan ajratish uchun arrali disklar bilan kolosnikli panjara birgalikda ishlaydi.

Jinning ishchi kamerasiga kelib tushgan chigitli paxtani chigit tarog‘i yonida
aylanayotgan arra tishlari bilan ilib olib kolosnikka olib keladi. Ishchi kamerada tishlarga
ilashgan paxta bo‘lakchalari boshqa paxta bo‘lakchalariga ilashib, ularni ham tortadi va xom
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ashyo valigini hosil giladi. Bu valik arra aylanishiga garshi tomonga aylanadi va u arra tishlarini
paxta tolasi bilan uzluksiz ta’minlab turadi. Ushbu maqolada mualliflar tomonidan mana shu
hosil bo‘lgan xom ashyo valigi tarkibi va holatini o‘rganish bo‘yicha olib borilgan tadgiqotlar
natijasi keltirilgan.Jin mashinasi samaradorligini oshirish yo‘llaridan biri, uning ishchi
kamerasida toladan ajragan chigitlarni tezroq chigarib yuborishdan iborat. Jin mashinasi yon
tomoniga o‘rnatilgan plastik oyna orqali kuzatishlari natijasiga ko‘ra yuqoridagi fikr noto‘g‘ri
ekanligi isbotlandi. Bunda jin mashinasini ishchi kamerada hosil bo‘lgan xomashyo valigi fartuk
yuzasi bo‘yicha kolosnik panjara bo‘ylab xarakatlanish natijasida hosil bo‘lishini kuzatildi [3].

Bu chigitlar arrali silindrga teskari tomonga aylanayotgan xom ashyo valigi ta’sirida asta-
sekin jin mashinasi ishchi kamerasi o‘rtasida to‘plana boshlaydi va baraban shakldagi toladan
ajragan chigitlar to‘plami hosil qiladi.

1-rasm. 1-fartuk, 2-xom ashyo valigi, 3-arrali silindr
Bundan tashgari arrali silindrning yon tomoniga urilgan toladan ajragan chigitlar ham
ishchi kameraning o‘rtasiga qarab xarakatlanadi. Chigitlar to‘plamining zichligi xomashyo

valigining zichligidan oshib ketgach, uni yorib o‘tib pastga tushib ketishi imkoniyati bo‘ladi [9].

I- va Ill-navli o‘rta tolali paxtani ishlashda xomashyo valigi zichligining tola sifatiga ta’siri

I-navli paxta I11-navli paxta
Xomashyo valigining Toladag_l J'r.“aSh .| Xomashyo valigining Toladag_l J'r.“aSh :
zichligi, kg/m? nuqsonlag/lomlqdorl, zichligi, kg/m® nuqsonlag/lomlqdorl,
171,8 2,12 183,6 3,1
196,4 1,67 248,1 2,05
314,9 1,24 255,7 1,97
326,3 1,15 280,5 1,96
328,2 1,33 288,2 1,94
344,5 1,81 293,9 1,86
349,2 2,48 301,5 2,02
364,5 2,73 314,9 2,35
337,8 2,8
351,1 3,04
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Unumdorlik oshishi bilan xomashyo valigi zichligi ham oshadi, bu esa jinlash
nugsonlarining ortishiga olib keladi. Ikki jinning ishi solishtirilganda ko‘rinadiki, xomashyo
valigi zichligining pasaytirilishi natijasida nugsonlar yig‘indisi va tolani ifloslanganligi asosan
jinlash nugsonlari hisobiga 0,5-0,6 % ga kamayadi. Tajriba natijalari bo‘yicha mualliflarning
xulosalariga ko‘ra jinlash nugsonlarini kamaytirish uchun xomashyo wvaligi zichligini
kamaytirish kerak. SHu tadqiqot doirasidagi «Paxtasanoat ilmiy markazi» AJ yigirish
laboratoriyasining olingan toladan yigirilgan ip sifati bo‘yicha ma’lumotlari ham shu fikrni

tasdiglaydi. [4]
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2-rasm. Xomashyo valigini harakatlantirish sxemasi

Shuning uchun, migdorda chigit kolosnik orgali chigib ketadi, xomashyo valigi ichida
to‘planadigan chigitlar miqdori ga teng. Ma’lumki, arralarni aylanish tezligi va chizigli tezligi
esa 12 m/s, arralar soni , Jinning ish unumdorligi chigitli paxta uchun 1 soatda 6000 kg deb
olinsa, 1 minutda 100 kgni tashkil etadi. Ya’ni 730 aylanishda 100 kg paxta jinlanadi.

O‘tkazilgan tajribalar natijasida tezlatgichlarning xomashyo valigi aylanish tezligiga,
ishchi kameradan toladan ajralgan chigitlarning chigishiga, xomashyo valigi zichligiga
ko‘rsatgan ta’siri o‘rganildi. Dastlabki tajribalarda uchinchi variantda xomashyo valigi aylanishi
tezligi kerakli darajada o‘zgarmasligi aniglandi. Shuning uchun keyingi tadgiqotlarda gozigchali
tezlatgichlar ta’siri o‘rganildi[5].

Tezlatgichning aylanish tezligi 150-250 ayl/min va tezlatgich gozigchalarning uzunligi
turlicha bo‘lganda jin mashinasining ish unumdorligi va mahsulot sifati har xil bo‘lishi aniqlandi.

1
=\

1-ishchi kamera, 2-ishchi kamerani yon tomoni, 3-qozigchalar
3-rasm. Jin ishchi kamerasining yon tomoniga o‘rnatilgan qoziqchalarning sxemasi

Xulosa. Jin ishchi kamerasi yon tomoniga o‘rnatilgan tezlatgichlarning aylanish tezligi
150 ayl/min bo‘lganda, ishchi kameraning old fartugining tirqishi orqali xomashyo valigini
aylanish tezligini taxometr bilan o‘lchash jarayonida 120 ayl/min oralig‘da ekanligi aniglandi.
Jin ishchi kamerasi yon tomoniga o‘rnatilgan tezlatgichlarning aylanish tezligi 200 ayl/min
bo‘lganda, ishchi kameraning old fartugining tirqishi orgali xomashyo valigini aylanish tezligini
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taxometr bilan o‘lchash jarayonida 160 ayl/min oralig‘da ekanligi aniqlandi. [6]
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POTOP APYCU KAHOTHUHHUHI 2- BA 3- XOJATJIAPUIAT'H
XAPAKATJIAHTUPYBYU MOMEHTJIAPH
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AHHOTanuA. Yoy Makoiaaa BEpTUKaAI YKJIU POTOP 0OTHK KAaHOTUHHUHI UKKH XWJI UIITYH
XO0JaThuda ro3acura TyHIyBUM HIAMOJI 6OCI/IMI/I,£[3.H X0CHUJ1 65'/.)11“ aH XapaKaTJIaHTUPYBUYU MOMCHT
TCHIJIaMaJlapn KeJ'ITI/IpI/I6 YHUKapuJraH. TeHrnaMana POTOPHHUHT AJWHAMHK, KHHCMATHUK Ba
reOMETPHUK MapaMeTpliapyu opacuiaru 60FaaHuIuIap ¥3 UPOJACUHHU TONTaH.

AHHOTanusA: B cTaThe NpHUBENEHO YPaBHEHHUE KPYTAIIUX MOMEHTOB BO3HUKAKOLIETO MO
AAaBJICHUCM BETPOBOTI'O IIOTOKA POTOPY C BepTPIKaJ'IBHofI OCBIO U30THYTBIMHU KPLBUIBSIMU ITPHU ABYX
€€ XapaKTEepHBIX IIOJIOKEHNUHA. B ypaBHEHUM OTpaXeHbl CBA3U MEXAY JIUHAMUYECKHMH,
KHHCMATUYCCKUMHU U TCOMCTPUICCKUMMU IMapaMETpPaMu.

Annotation. The article of moment gives the equations of a twisting propelling rotor with
a vertical axis with a curved wing arising under the pressure of the wind flow. The relationship
between dynamic, kinematic and geometric parameters is reflected in the equation.

Kamut cy3nap: Juddepenuman TeHrnama, Xxoiar, Mamoi, poTOp, arperaT, KaHOT,
0ocuM, OOTHK 1032, YM3UKJIN TE3JIUK, OypUYaKIn TE€3JIUK, MOMEHT.

KiawueBble ciaoBa: [ludepeHnnanbHOe ypaBHEHHE, IMOJIOXKEHUS, YHCICHHBIM METOJ,
BETEP, pOTOP, arperar, Kpblia, JAaBJICHUE, U30THYTas IUIONIAb, JUHEWHAS CKOPOCTb, YIJIOBas
CKOPOCTb, MOMEHT.
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pressure, curved area, linear velocity, angular velocity, momentum

MabJIiyMKH pOTOp OHWp WINYM JaBpH OpaJIMFUAa KAHOTIAPHUHT XapaKaTJIaHTHPYBUN
MOMEHT KUHMATUHM Y3rapuiu OwiaH OOFnMK Oynran TYpT Xwua xonataa unmaiau [1], [2].
Ymly makonaja WKKMHYM Ba YYMHYM XOJATIapd XaKuJa TaXJIWIMK Xyjocanap KWJaMu3 Ba
YVHUHT UHOIaCUHN aHUKITANMH3.

Hxxunum xonat Oy 2-KaHOT |- KaHOTHUHT B HyKTacuman Oonurad mamon HyHamumuaaH
TycunuO Konwmu Ownan Oornmuk Oynca (l-makm), 3-xomarma sca 2-KaHOT 1-KaHOTHHHT A
HYKTacH TaMOHHUaH IIaMOJI HyHaIMIUTra HucOaTad oumimb oopumuaup (2-1maK).

Porop spycM KaHOTHHMHI 2-X0JaTHIATH XAPaKaTJIAHTHPYBYH MOMEHTH:
Kanotnapauar miamon okuMura HucOAaTaH 2-XoJiaT/a >KOWJIANTYBH WITYM FO3aCHHM KaH/al
V3rapummra Kapad poTop SpYyCH XapakaTIaHTUPYBUM MOMEHTUTA Y3 TabCUPUHU YTKa3aIH,
YYHKH OMPHHYM KAHOT TYJIMK akTuB OYyiaanu [3],[4]. 2-kaHoTHHHT Oy X0IaTi

?-sing = ¢ -sin(180° + 5)
TEHTJIMK Kapop TONTaHAaH OONUTaHa U, SIbHH,

0= arcsin(ﬁ —sing)
r

KHiiMaTra TEeHr OyiraHia o3ara Kenaau. bonuwtanfFud Xxomataard |-KaHOTHUHT OypHUIIHII
Oypuaru ¢ Ba 2-kaHOTHHHT (+120° Gypuaknapuny KuiiMaTiapu Keitunru optu6 Gopummuaa 1-
KaHOT 2-KaHOTHU Tyca Oomuraiam, HaTikana 2-KaHOTHHUHT &, OypyYak acocuaa XOoCcws1 OViIyBun

103aCH XapaKaTJaHTHPYBUM MOMEHT XOCHJ Kwimainu. bynga @, Oypyak ¢ HUHT OpPTHILA

6unan optu® Gopanu Ba ymmHr kuitmatu 90° ra xamap eraau. Hatwxana y 2-KaHoT GumaH
O6aramoMm Tycmnmanu. l-pacmuaa @, Oypuak a;Owian kypcatwirad. by epna Oypunum Oypuaru ¢

HUHT y3rapub Oopuiy OunaH @, KHAMaTHHY Y3rapuIIuHU aHUKJIa Bazudacu Typaau [5].

1-pacm. PoTop 2-KaAaHOTMHHMHT 2-X0JIaTHIATH MOMEHTHHH XM CO00JIalIra JOUp

__R __ R T S
sin(£0,0S,,) sin(£0,0A+ ZA0S,_,) sin(£00,S,,)

Hlakngan
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) R r 27
Eéxu =— Ba 6yHILa5 o+ ? JKaHMHU HHOOAaTra

g{p+@;(¢+iﬁj sin(a, + as,)

) r .
omi6 Sin(a, +ag,) = E5|n(5 + L~ ) pa YHJaH AKYHUH TEHITIAMaCUHH TOIIAMU3:

N

Oy =y — arcsm(ﬁsm(é + [ —))
byuna r, @3, 0 Ba S napHMHr KuiMaTiapu KyWuaard TeHIaMayuap OwWiaH UQOIaTaHUIIN
manaym [6], [7], [8]:
0,0° +R?*—d?
a, = arccos(

2-R-|0,0
r = JR? +[00, = 2-[00,|- cosler; + ez,

—_R1+ 2_A.MN.
5—2-arctg Bl+ /Bl 4 AL CL

2-Al
L= arctg ‘1‘

Ym0y TeHrnama Ba IIAKIra acociaHuO 2-KaHOT UIIYM XOJATUHUHT Y3TrapulUIapUHU
maptiap acocuga &€3amu3  [9], [10], [11], [12], wuHTerpam ue-rapajapuHd POTOP

)

O 11z r
KOHCTPYKIHACHIAH MabayM 6yaran 40 ~ °F ; 40 ~ %c; 2 ~ %B kuiimaTimap acocuia
oenrmnaiimuz [13],[14], [15]:
0<ag,<a

2
M, :%C-p-h U:;(u-sinél—co-r)zj-r-da+(_|'oi(u-sin51—a)-r)j r-da

Qp SQgy S

M, :%c-p-hﬁjz(u-siné"l—a)-r)ZJ-r-da}

Og S ag, S ag

M, —%C'P‘h{[J.OZA(U-Siné‘l—w-r)zj-r-da}

Xynoca HIyKH, TEHIJaManap COHUAAH SPYCHUHI 2-KaHOTH Y3MHMHI 2-XoJaTuja 3 Xui
JMHAMUK Y3rapHUIIHU aMaJira OIIUPUPHUIINHN KYPUII MYMKHH.

Potop sipycu KaHOTHHUHT 3-X0JIATHAATH XAPAKATIAHTHPYBYU MOMEHTH: SpyCHUHT
2-(aHOTH 1-KaHOT OpTUTA YTTaHUAH CYHT ¢ HUHT KSHHHTH Y3rapyIly YHH 3-X0JIaTra YTKa3aIu.

byHna 2-kaHOT Y3WMHWHT MAacT KUCMU OYJIraH A HyKTaJaH IIamMoJl WyHalWIIWTa sSHa OYuiIa
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OolLIai M.
d-sing>r-sin(180° -5, )

Yerapagan 3-xonar OOIIIAHTaHMHM KypcaTaau. by xomma XaM IOKOpHAard TEHriIama
Ounan OMp XU KYPUHUII OJIAJIH:

O =y — arcsin(%sin(& + - ))

dapku 1yKH, &gy Oypyak acocura Kypwiral io3a MaccuB Xojjaa Oyica, @gz Oypuak acocura

KYpWIraH WM 103a aKTUB HUIIYM X0JIaTra yTaau. by nHTerpan yerapacuHu TaHJIalga aXxaMHusIra
ora.

2-pacM. PoTop 2-KaHOTHHMHT 3-X0JIaATHIArH MOMEHTHHH XMCO0JIALITa 0P
[[TapTnap acocuaa MOMEHT TEHIJIaMacHu €3aMu3:

O0<ay <ag; O < Ogs < Qg opanukiapia

1 s - 2
M, :ECVO'h[(L (v-sind, —w-r) )-r-da}

O < Qg5 < Ay opanukia sca

M, =%c-p-h-[(r“(u-sin51—a)-r)zj-r-da}

ag

Tenrnmamanap ypunnu 0yaaau
ObTHOOPIIMCH  TIYHAAKU  2-X0NaTna g Oypyak HHTETPATHHHT  OONUIAHTHY

KOOPJHMHATACHHH, @z aca WHTErPATHUHT OXUPI'U KOOpPJAMHATACH oynanu.

O < 05 < Qg opanukna KaHOTHUHT AF &M XOCHN KHIraH (032 MOMEHTH (033 IIAMOI

HYHamuIura Aespiu rnapaies Koiamraduaan, xKyjaa KHauK oynanu

Xynoca HIyKH, 2-KaHOT SPYCHHMHI 3-XOjaTHJa 2 XWJ JUHAMHUK Y3FapUIIHU aMalra
OLLUPAJIH.

Spyc CY3MHMHI MIUIATWIMIIA POTOPHMHT MKKU SpYCAaH MOOpAT SKaHWHU aHrjIaTaju.
bus Oy epaa OutTa sIpyCHUHT 2 - KAHOTU XaKuaa GUKp IopUTAUK. IKKUHYM APYCHUHT 2 — KAHOTHU
XaM aifHaH mIyHjaii XxapakTepucTukara sra 0ymamu, gakat 60° ra keunkkan Xonjaa 103 Gepanu

[16], [17], [18].
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Ymly TeHrnamanap MyXaHIUCIMK XUCOOIapuia e4uM Tanad 3TMaiau, yiaap KOMIIbIOTEp
JACTypiapyu acocuja TaKpuOWW edyumn ycyiuiapu €paaMuja, 3apypuil aHUKJIHKAA XucoOarra
UMKOH Oepaiu.
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AHHoTauusi. B crathe paccMaTpuBalOTCS METOIBI pemieHus auddepeHIaIbHbIX
ypaBHEHUH, KOTOpbIE 2P(HEKTUBHO UCTIOIB3YIOTCS TIPH PEIICHUH 3a/1ad (PU3UKUA U MEXaHUKH.

AHHoOTauusi. YmOy Makoiaza (u3MK Ba MEXaHMK MacalajapHd  €YuIIIa
Ky/utaHwiagurad auddepeHnyan TeHTIaMajJapHu €YUl yCYJUIAPUHUHT Ma3MyH Ba MOXUSITH
erapiinya EpUTHIITaH.

Annotation. This article includes some methods and techniques of solving
differential equations, which is effectively used in solving problems of physics and mechanics.

KiarwueBbie ciaoBa: guddepeHImanpHple ypaBHEHHS, aJITOPUTM HHTETPUPOBAHMS,
YUCJICHHBIC METOJbI, PCKYPPCHTHBIC COOTHOLICHMUS.

Kaaut cy3aap: nuddepennuan TeHriamMa, HHTETpaiall aJropuTMH, pakaMmiid ycyJuiap,
TaKpOpJIaHHUII MyHOcabaTiIapHu.

Key words: differential equations, integration algorithm, numerical methods, recurrence
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MEXAHUKA

relations.
Beenenue

Ceroans, ¢ pa3sBUTHEM HayKH U TEXHHUKHU, POJIb MAaTEMAaTUKU Bo3pacraeT. B wactHoCTH,
MaTeMaTUKa HUCIOJIb3yeTcs B (U3UKE, MEXaHUKE M AaCTPOHOMHUM, a TakKXKe IMpH PpEILICHUU
HSKOHOMHMUYECKUX 3a/1a4, aHaliu3e OHMOJOrMYecKHX MpPOIECCOB M MHOTHUX JPYTHX OOIacTsX.
MHuorue mpouecchl B 3THX O00JIacTAX ONMCHIBAIOTCA C TMOMOIIBI U depeHIaTIbHbIX
ypaBHeHuH. [{uddepeHnuanbble ypaBHEHUs MPECTABIAIOT OO0l MaTeMaTH4ecKylo MOJelb
M3y4aeMoro Ipouecca, a u3ydeHue AupdepeHLUaNbHbIX ypaBHEHHUH HPUBOAUT K IIOJIHOMY
OIMCAHUIO MTPOLIECCOB.

Bo MHorux 3agavax HaykM M TEXHUKU TpeOyeTcs HAXOOUTh HEU3BECTHYIO (YHKIUIO,
KOTOpast YAOBJETBOPSAET YPaBHEHHIO, CBS3BIBAIOIIEMY 53Ty (QYHKIHIO, €€ TNPOU3BOJHBIE U
He3aBUCUMYIO HepeMeHHyro. [IpocTeiimas Takas 3afgaya BCTpedajach B HHTETPAIbHOM
WCYUCIICHUH, TJ€ HaXOAWIH (QYHKUIUIO 10 JAaHHOH €€ MPOM3BOAHOM, TO €CThb HAaXOIWIU
ynkmo, ynosiersopsomyo ypasaenuo Y = f(X).

IIpuk/agHble pelieHNH 32124

3agaua. I'py3, macca KOTOpPOro M, 3akpemjeH Ha BEpPXHEM KOHLE BEPTUKAIbHO
pacronoxeHHO! NpyKUHBI (peccopsl). ETo OTKIOHSIOT OT Touku O Ha HEKOTOPOE PACCTOSIHHE, a
3areM oTmyckaroT. OnpenenuTb 3aKOH JBI)KEHUS Tpy3a, €ClIM CUila, AEHCTBYIOLIAsl HA HEro co
CTOPOHBI TPY)KUHBI, MPOMOPIMOHAIBHA CXKATUIO (PAacTSHKEHUIO) TPYKMHBI W HalpaBlieHa B
CcTOpoHY ToukH O (TOYKH, B KOTOPOM HAaXOJWICS BEPXHUH KOHEL MPYXXHUHBI, KOrJa OHa ObLIa B
CBOOOHOM COCTOSIHHH).

Pemenune. Eciu rpy3 aBwxercs npsAMOIMHEHHO Baosb ocM OX, TO COIACHO 3aKOHY

HeroToHa
n
ma=>) F,
k=1
d?x
roie ad= F - yckopenue rpysza, X = X (t) - KICKOMBIH 3aKOH JBHKEHHS TPYy3a,

Fk (k =1 2, ..., n) - IPOEKIMK CUIT Ha 0ch OX, ICHCTBYIONIMX HA TPY3.

B Hawew ci1yuae Ha rpy3 aeiictBytor xse cumst: F; =M1 -gec rpysan

F, = (—C X) | - cuna, neiicTByIOmas CO CTOPOHBI IIPYKMHBL, T€ C — KOI(QQUIHUEHT KECTKOCTH

npykusbl, | - eMHUYHBIIN BEKTOpP, HAanpaBIeHHbIH BI0Jb ocu OX. [IpoeKIuu 3THX CHIJI paBHBI

F, =mg, F, =—CX. Ionyuaem ypapuenne

coJieprKaliee HEU3BECTHYIO (PYHKIIMIO X H €€ BTOPYIO IPOU3BOIHYIO.
[TpoBepkoii MOXKHO yOETUTHCS, YTO YPABHEHUIO

—+k’x =g *)

C
2
rae K :E , YIOBJIETBOPSET PYHKIIHS
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9

X=¢, coskt+c, sin kt+F ,

rie C wm C, - npousBosbHBIC MOCTOSHHBIE.

JleiicTBUTENBHO, TIOICTABUM 3HaueHHe X B JIEBYIO UacTh ypaBHEHHS (*):
2

X : :
WH(ZX = —c, k*coskt —c, k?sinkt+c, k*coskt+c, k’sinkt+g=g
Takum oOpazom, GyHKIUSA

X=c, coskt+c, sin kt+%
YIIOBJIETBOPSIET YpaBHEHHIO (*).

IlockonbKy X 3aBHUCHT OT JABYX IPOU3BOJIHBIX IIOCTOSHHBIX, TO JJs MOJY4YEeHHUs
OIPEJIeIEHHOI'0 3aKOHA JBIMKEHHsI HYXHO 3a/]aTh JIBa JIOIOJHUTENBHBIX ycioBus. Hampumep,
HailieM 3aKOH JBMKEHMS Ipy3a, €CJIM B MOMEHT BpeMeHH t=0 ero OTKIOHWIN Ha BEIUYUHY X H
Vo IpUaIn eMy CKOPOCTh
Toraa nosyuum

Hanee

%z—clksin kt+c, k coskt
dt

Vo

V,=C,k = c2=?

Taxkum 06pa30M, HCKOMBIHM 3aKOH JABUMOKCHU A

X=| X, —% cos kt+v?°sin kt+%

W3 paccMOTpeHHO 3a1aui MBI TOJTYYMIH JUJIsI HICKOMOM (PyHKIMM ypaBHEHHE, KOTOPOE
COJIEPKUT IPOU3BOIHYIO HICKOMOM (DYyHKIUH.

[lpu wHTEerpupoBaHuM U GHEepPeHINATBHBIX YPaBHEHUI MBI HAXOIUM HX pELICHHS,
KOTOPBIE BBIPAXKAIOTCS Yepe3 eMeHTapHble (PYHKIMM 1 MHTErpaisl oT HuX. OJIHaKo J10Ka3aHo,
YTO BO MHOTHX CIIy4asix peueHus nupdepeHnnalbHbIX ypaBHEHUH, XOTS U CYLIECTBYIOT, HO HE

BBIPQXKAIOTCS B BUJI€ KOHEYHOW KOMOWHALIMU DJIEMEHTAPHBIX (PYHKIMHA M WHTErpajoB OT HHX.

r g2 2 o
Hampumep, pemenne ypaBaenuss Y =X + Y Henb3st HAliTH B TAKOM BHJIC.

Jns HaxoKIEeHHMsI 4YacTHBIX pEUICHMH B TaKUX CIIy4yasx I[IUPOKO MPUMEHSIOTCS
pa3IuyYHbIe YUCICHHBIE METO I, 3 (PEKTUBHOCTH KOTOPBIX CYIIECTBEHHO BO3POCIA C Pa3BUTHEM
KOMITBIOTEPHBIX TEXHOJOTUW. B HacTosdiiee BpeMsi YUCIECHHBIE METOJIbI MO3BOJISIIOT HAXOJUTh
pemenus qudGepeHInanbHbIX YpaBHEHUN TPAKTUYECKH ¢ JTI000# TpeOyemon TouHOCThIO [ 1, 2].

OTMeTHM, 9YTO UMEIOTCS CITPABOYHUKH 1O AP PEpPeHIMATBEHBIM YPABHCHHUSIM, B KOTOPBIX
MIPUBEICHBI PEICHHsI OOJIBIIOTO YHCIa BCTpEeUYaronnXcs AU PepeHnaIbHbIX YpaBHEHUH.

B nacrosimee BpeMs MeToibl AjjaMca SIBIASIOTCST OTHUMH U3 TIEPCTIEKTUBHBIX YHCIICHHBIX
METOJIOB HMHTErpupoBaHMs s pemienus 3anaun Kommwm. JlokazaHo, 4TO NMpU NPUMEHEHUU
MHOTOIIIATOBBIX YHUCJICHHBIX METOA0B Anmamca mia pemeHus 3aaaun Komm no 12 mopsiaka
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00JacTh yCTOMYMBOCTH yMeHbmaeTcs. [lpu nanpHeimeM yBeTWYEeHUH TMOpsiika 00JIacTh
YCTOMUYMBOCTH, a TAK’)KE€ TOUHOCTh METOJa Bo3pacTtaeT. Kpome Toro, npu 0JIMHaKOBOM TOYHOCTH
JUTSE MHOTOIIIATOBBIX METOJIOB Ha OJTHOM IIare MHTETPUPOBAHUS TPEeOyeTCsi MEHBIIE BRIYUCICHUN
nmpaBbIX yacte auddepeHnumaibHbIX ypaBHEHUH, dYemM B Mertonax Pynre-Kyrrer. K
JIOCTOMHCTBAM METOJI0B AJlamMca OTHOCHUTCS U TO OOCTOSITENICTBO, YTO B HUX JIETKO MEHSETCS
1ar MHTETPUPOBAHUS U TIOPSAIOK METO/IA.

Ha npakTuke mupoko MCHOIB3YIOTCS J1Ba THIA METOJAOB AJaMca — SIBHbIC M HEsBHBIEC.
SIBHBIE METOJNIBI M3BECTHBI Kak MeTObl Anmamca-bamidopra, HesiBHBIE — Kak MeTOAbl Ajamca-
Myrnrona [1].

PaccmoTpuM npuMeHeHne YMCIEHHBIX METOJIOB ISl pemeHus 3anaun Komm

y'=f(x,y), xel[ab], y(a)=y, 1)
IIpn penrennu 3amaun (1) ¢ TOMOIIBIO OJHONIATOBEIX METONOB 3HAa4YeHHE Y, ., 3aBUCHT

TONBKO OT uH(opManuu B Hpeablaymeid Touke X, . MOXKHO NPEINONONKHUTh, YTO MOMKHO
I00UTbCs OONBIIEH TOYHOCTH, €CITU MCIOJIB30BAaTh MH(POPMAIMIO O HECKOIBKHX IMPEIbIIYIIHX

Toukax X, X y X_i - Ha 3TOl njee 0CHOBaHbI MHOIOLIAr OBBIE METOIBI.

N1y .-
BoABIIMHCTBO MHOrONIArOBBIX METOJO0B BO3HHKAEeT HAa OCHOBE CJIeaAyromero nmoaxoaa.

Ecnu noacraBute B ypaBHeHue (1) TouHOe perieHue y(X) Y IIPOMHTETPUPOBATh YPABHEHUE HA

OTpe3Ke [Xn, X, +1] TO MOJy4UM
Xn41 Xns1

Y(Xoa)— Y(X,)= J'y’(x)dx: If(x,y(x))dx )

X X

n n

3amensis B opmyne (2) QyHKIUIO f(X, y(x)) MHTEPIOJIALIMOHHBIM [TOJIMHOMOM

P ( X) , IOJIy4UM TPUOIMKEHHBIH METO]T

Xn41
Ynu=Yn t I P(X) dx (3)

Xn
st TOr0, 9TOOBI MOCTPOUTD TTOTHHOM P ( X) , Ipeanonoxum, 910 Y., Y, 4,---y Yok -
npuOMKEHHss K pemenuo B Toukax X, X 4,..., X . Ilomaraem, 4ro y35bI Xi

pAacCIIONI0XKEHBI PABHOMEPHO C IIIATOM h . Torna fi =f (Xi ' Y, ), (i =n,n-1,...,n— k) -
€CTh MPUOINKESHHS K f (X, y(x)) Toukax X, X, gy ..oy Xy
B kauecree P ( X) BO3bMEM  HMHTEPHOJSLIUOHHBI  MOJHHOM  cTermeHu K,

YIOBJIETBOPSIOLIUIH YCIOBUIM P(Xi ) =f, (i=nn-1...,n-k).

Ecau nponHTErprpoBaTh STOT NOJIMHOM SBHO, TO MOJYYHUM CIEAYIOIINI METO:

Xn41

Yo = Yo + f P(x)dx

MEXAHUKA BA TEXHOJIOI'MS MJIMUI )KYPHAJIH, 2023, Ne 4 (13)
21



MEXAHUKA

pu k= 0 nonunom P(X) — €CTh KOHCTaHTa, paBHas fn , u dopmyma (3)
MpeBpaIiaeTcss B OOBIYHBIN MeTO1 Ditiepa.
Ipu K= 1, nomusom P(X) SBJISICTCSl JIMHEWHOW (YHKITMEH, MPOXOJAIIeH uepes
TOYKH (Xn_l, fn—l) H (Xn, fn), T. €.
k=0 4)

HuTterpupys 3ToT nonuHOM oT X, 10 X MOJTyYUM JIBYXILIAarOBBIN METOJ]

n+l »

h
Yo = Yn +§(3 fn - fn—l) (5)
KOTOPBIH MCHONB3yeT HHPOPMALIUIO B IByX ToUkax X, H X, ;.
Eciu K= 2, 10 nomuzom P(X) NPEJCTaBIsAET COOOW KBAaJPATUYHBIA TOJIHMHOM,

MHTEPIIONUPYIOIIHNI TaHHbIE (Xn—2’ fn—z)’ (Xn_l, fn_l) " (Xn, fn). MOoOHO MOKa3aTh, YTO

COOTBETCTBYIOIIMIA METOI HMEET BUJI
You=Y, +%(23 f,—16f, ,+5f.,) (6)
Eciu K = 3, To cootBercTBYommii MeTon onpeensercs hopMymnoi
You=VY, +2—h4(55 f,—59f ,+37f ,—-9f ) (7)

OtmeTtuM, 49to MeTox (6) sBisleTcsl TpeXIaroBbiM, (7) — YeTBIPEXIIArOBBIM. ODTH
¢dopmyibl U3BECTHBI Kak MeToabsl Amamca — bomdopra. Meton (5) mmeer BTOpO# MOpSIOK
TOYHOCTH, MO3TOMY €ro Has3blBalOT MeTonoM Anamca — bsmidopra BTOporo mnopsaka.
Amnanorn4no, Metoasl (6) u (7) Ha3BIBAIOTCS COOTBETCTBEHHO METO/J0M Amamca — bamopra
TPETbEro M YETBEPTOro MOPsAKOB [3].

[Ipomomxast 3TOT Mporecc, UCTIONB3Ysl BCe OOJIbIIEe YUCIO MPEABIYIINX TOUEK, a TAKKE
MHTEPHOJSIIMOHHBIM MONMMHOM OoJjiee BBICOKOW CTENEHM, MOIYyYMM MeToabl  Ajmamca —
Bamdopra ckomb yroaHO BEICOKOTO MTOPSIKA.

MHoro1aropsle  METOJbl TMOPOXKIAIOT TPYIHOCTH, KOTOpbIe HE BO3HHMKAIOT NpHU
WCTIOJIb30BaHUU OJHOIIATOBBIX METOJOB. OTH TPYIHOCTH CTAaHOBATCS TOHSATHBIMH, €CJIH,
Hanpumep, o0paTUTbCs K MeToaaM Anamca — bamigopra nsroro nopsaxa.

B 3amaue (1) 3agano nmavanpHOe 3Havenue Y,, HO npu N= O mns cuera ™o

popmyne (7) mneoOxomuma wuHpopmanusa B Toukax X 4, X ,, X 5, KOTOpas €CTECTBEHHO

otcyrcTByeT. OOBIUHBIN BBIXOJ U3 JTaHHOW CHTYAIMH 3aKJIFOYACTCS B HCIOJB30BAHUH KaKOTO —
1160 OTHOIIATOBOTO METO/IA TOTO JKE TOPsAKa TOYHOCTH, Harpumep Metoaa Pynre — KyTTel, 10
TEX TIO0P, TIOKa He OYAET MOJy9IeHO A0CTATOUYHO 3HAYCHHUM I pabOThl MHOTOIIArOBOTO METO/IA.
Wnu ke MOXHO Ha IIEPBOM IIare HMCIOJIb30BaTh OJHOINIATOBBIA METOM, Ha BTOPOM —
JBYXIIArOBBIA M TaK Jajice, MOKa He OyayT IMOJNydeHBbl BCE CTApTOBBIC 3HAYEHHs. [Ipu 3TOM
CYIIECTBEHHO, YTOOBI 3TH CTAPTOBbIEC 3HAUCHHMSI OBUTH BHIYMCIICHBI C TOM K€ CTENICHBIO TOYHOCTH,
C KaKoi Oyger paboTaTh OKOHYATENBHBIA METOMI. I[TOCKOJIBKY CTapTOBBIE METOIBI UMEIOT GoJjIee
HU3KUH TOPSI0K TOYHOCTH, BHAYAJC MPUXOJAUTCS CUNTATh C MEHBIINM [IarOM M HCITOJIb30BATh
OoJIbIIIEe TPOMEIKYTOUHBIN TOYEK [4, 5].

BeiBog Meto10B (5) — (7) ocHOBaH Ha 3aMeHE QYHKITUH f (X, y) WHTEPHOJIAIIMOHHBIM
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MMOJIMHOMOM P( x) . MI3BecTHO, 4TO MMEET MECTO Teopema, JO0Ka3bIBalollasi CYIIECTBOBAHUE W
€IMHCTBEHHOCTh MHTEPHOJAIMOHHOrO nomunoma. Ecim ysmer Xy, X, ..., X, pasuu4ssl, Ajs

JIFOOBIX fo, fl, ceey fn CYLIECTBYET €IMHCTBEHHBIM NOJIMHOM P(x) crerieHd He Bbeime N
1=0,1, ....,n.

PaccmoTpeB  pasnuuHble  pa3HOCTHBIE ~ METOJbl  pPEUIEHHsS  OOBIKHOBEHHBIX
mudQepeHIaTbHbBIX YpaBHEHUH, KaK yHUBepcanbHble (MeTon Anamca-bamidopra) mpunom k
CJICZIYIOIIMM BBIBOJAM.

CpaBHEHHE YHHMBEPCAJIBHBIX METOJOB MOYKHO IIPOBOJUTH HAa OCHOBE HECKOJIBKHX
HPUHIUIIOB!

a) TOYHOCTH;

0) HaJIGXKHOCTH;

B) HEMOCPEICTBEHHBIX 3aTpar;

I') IOJIHBIX 3aTpar.

[Ipu comocTaBieHNN YHUBEPCAIBHBIX METOAO0B MOJIYUYEHBI CAEAYIOLUINE XapaKTePUCTHKU:
MeTOoAbl AzaMca NEepeMEHHOro Mopsiika TpeOylT 3HAYUTEIbHO MEHBILIET0 KOJUYeCTBa
BBIUMCJICHUM MpaBOil 4acTu, 4eM IpYrue METO/bl, U UX CJIEIyeT HCIOJIb30BaTh B TE€X CIydasXx,
KOTJIa 3T BBIYMCIICHUS TPYAOEMKH. MeTosbl Aamca peanusyroTcst Hanbosee 3QpPpeKTUBHO pu
UCIIOJIb30BAHUH Pa3JIeICHHBIX pa3HocTel [5].

3akJiouenune

[Tockonbky nuddepeHnuanbHble ypaBHEHHS — SBISIOTCS  OJHUM M3  OCHOBHBIX
MaTeMaTUYECKUX YCTPOMCTB Ul M3YYEHUS HENPEPBIBHBIX (PU3UUECKUX IMPOLECCOB, U3YUECHUE
(bu3MYeCKUX MOHATUH, TAKUX KaK JMHAMUKAa MEXaHUYECKHUX CHCTEM, TEOpHs KoJieOaHHi, dacTo
MIPUBOJIUT K pelIeHuto AuddepeHnnanbHbIX ypaBHEHUH.

Crneunanu3upoBaHHble MeTOJbl Anamca 3(QGEKTHBHO HCIOJIB3YIOTCA MpPU PELICHUH
ypaBHEHUH JBWKEHUS B 3ajjauax HeOeCHOW MEXaHUKH.

Takou, uto P (xi ): f.
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MEXAHUKA

JeTUpiaHrad oK uysiHjmap ypranwiarad. Mnurad uukapuimn Mukécuaa YTKazwiraH Taxpuodanap
acocuJia KOTUIIMAaJla MaBXyJ AJIEMEHTIApHUHT a)Xpajlulld TaJKUK KWUJIMHTaH. TepMuK HIILIOB
OepulllaH ONAVMH Ba KEHHH JETAIUIAPHUHT MHUKPOCTPYKTYpPACH Ba KATTUKIUKIAPH TaXJIMAJ
KUJIuHTraH. byHaan tamkapu, TepMUK HIIOB O€pUIll HATHXKACKIa KyHMaTapHUHT MIIKAJAHUIITa
OapIONUTHITUK XOCCACH OUIHIIN YpraHHUITaH.

AnHoramusi: B pabGore wuccnemoBansl BbICOKOXpoMuCThie YyryHbl 280X29HJI u
300X32H2M2TJI. OmpeneneHa cerperaiuusi pacTBOPEHHBIX BELIECTB IO BCEH OTJIMBKE
W3TOTOBJICHHOW B NPOMBIIUICHHBIX MacmTabax. OxapaKkTepu3oBaHa MHUKpPOCTPYKTypa U
CBsI3aHHAas ¢ HeW TBepAOCTh Moiy(hadpukaToB U U3AENUil 10 U nocie TepmoodpadboTku. Kpome
TOTO, TIIATEJILHO UCCIIe0BaH a0pa3uBHBIA U3HOC TEPMOOOPAOOTAHHOTO JIUTHSI.

Abstract: In this study, a high-chromium 280X29NL and 300X32N2M2TL cast irons
were investigated. The segregation of solutes throughout the casting produced in industrial scale
was determined. The microstructure and the associated hardness of semi-final and products
before after heat treatments were characterized. Moreover, abrasion wear of heat treated casting
were thoroughly investigated.

Kaaut cy3nap: Einnumra Oappommm uysH, kKapouna ¢dasza, oOpa3uB eHWIUIN, FOKOPH
JIeTUpIIaHraH OK 4YysH, (PeppOKOTHIIIMA, CTPYKTYpa, KUMUBUH TapKuO, KapOua, MUKPOCTPYKTYpa,
KATTUKJTHUK.

KuaroueBbie ciaoBa: 3HOcocTolikuii wyryH, kapOugHas ¢asza, aOpa3uBHBIA H3HOC,
BBICOKOXPOMUCTBIX Oenblii 4yryH, (QeppocriaB, CTPYKTypa, XHUMHUYECKas COCTaB, KapOus,
MHKpOCTpYyKTYypa, hardness.

Key words: wear-resistant cast iron, heat treatment, microstructure, abrasive wear,
chemical composition, carbide.

CoBpemeHHble  Oenble  HM3HOCOCTOMKHME  YYI'YHBI  —  CJIOKHOJIETHPOBaHHbBIC
MHOTOKOMIIOHEHTHBIE CIIaBbI C OOJIBLIINM Pa3HOOOpa3HeM CTPYKTYpPhI U IIUPOKUM JUaNa30HOM
cBoiictB. KapOugnas ¢aza, dopmupyromascs Npu 3aTBEpJACBAHUU OTIUBKH, OIpPEAeseT
cnenu(uYeckre CBOWCTBA OEIBIX M3HOCOCTOWKMX UYryHOB, OJIHAaKO OHa JK€ CO3/aeT
3HAYUTEIbHBIC TPYAHOCTH B TPOM3BOACTBE M SKCILTyaTallUK 3TUX CIUIaBoB [1-4].

[lapameTppl  3aTBepaeBaHMsl  O€NbIX  JIETUPOBAHHBIX  YYT'YHOB  BIMSIIOT  Ha
AKCITyaTal[MOHHBIE CBOMCTBAa B 3HAUYMTEIBHO OONBII CTENEHH, YeM B JIPYTHX JIUTEHHBIX
crutaBax. [loaTomy ompezneneHue panuoHaIbHBIX TEXHOJIOIMUECKHUX IMPUEMOB H3TOTOBJICHUS
OTJIMBOK M3 O€JIbIX U3HOCOCTOMKUX UYT'YHOB, 110 CYILECTBY, UMEET CTOJb K€ Ba)KHOE 3HAYCHUE,
4TO M BBIOOp cocTaBa crutaBa [5-8].

OcHOBHOE CBOWMCTBO O€NbIX UYYryHOB, OIpeJessiollee HX BCE BO3pacTarollee
NPUMEHEHHE, - BBICOKAsi CTOMKOCTh B YCIOBHUAX aOpa3uBHOro usHammBanus [9-10].

C KaXIpIM TOJIOM Y)KECTOYAIOTCS YCIIOBUS DKCIUTyaTallud MallliH, KOTOpbIEe padoTaloT B
aOpa3uBHBIX H THUIpPoaOpa3WBHBIX cpemaax. B 2ToW CBsS3M MOBBIAIOTCA TpeOOBaHUA K
MaTepualiaM, U3 KOTOPBIX M3TOTABIMBAIOT JIUTHIC JCTATN TAKUX MAIMH U MEXaHU3MOB [12-14].
OTKpBITBIM OCTaeTCs BOMPOC BbHIOOpAa MaTepHaOB M U W3TOTOBJICHMS JIMTHIX JeTaliel
ITHEKOBBIX KJIACCH(PUKATOPOB, KOJEC, KPBIIIEK U KOPITYCOB OarOpHBIX, MECKOBBIX M IIIAKOBBIX
HAaCOCOB, HUMIEJJIEPOB  (JIOTALMOHHBIX MAaIIMH M JIeTale HHOro  00OpyIOBaHUS
oboratutenbHbIX (HaOpUK, NIAPOBBIX MEJIBHHIL, JJONATOK IPOOEMETHBIX anmaparoB u ap. [15-16].

B nacrosimiee Bpems B IUTEHHOM MPOM3BOACTBE HaBOMICKOro MammMHOCTPOUTEIBLHOIO
3aBojia pousBoauTcs 6osnee 120 TOHH B MeCAILl JIMTHIX OTIMBOK M3 BBICOKOXPOMHCTOI'O OEJI0ro
gyyryna [17-18].

Marepuanbl U MeTOAbI HCCJIe0BaHUs. B KadecTBe HccleayeMoro mMarepuaia ObuiH
BBIOpaHbl M3HOCOCTOMKHE Oenbie uyryHbl 280X29HJI, 300X32M2H2TJI u 330X17J1. danubie
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YYT'yHbl IPUMEHSIOTCS JJIs OTIMBOK TOPHO-OOOTaTUTENILHOrO 000pyHOBaHMsA, padOTAIOUINX B
YCIIOBUSIX MHTEHCHUBHOIO a0pa3uWBHOTO H3HOCa (MHUTAIOIIME AMCKH, MOMJOXKKH, IUIUT IS
JIPOOHIIOK).

Jns mpoBenieHnst uccieoBaHui OTauThl 00pa3ibl (Puc. 1.) u3 GenabIix M3HOCOCTOMKUX
gyryHoB Mapku 280X29HJI u 300X32H2M2TJI na wunaykuuonHoi neun MUT-2,5 (mp-Bo
Poccus).

XUMUYECKUH COCTaB OTJIMBOK, TPUTOTOBICHHBIX B TPOMBIIUICHHBIX YCIOBHSIX,
OTpejeieHbl IMHCCHOHHBIM CIIEKTPalbHBIM METOAOM Ha mnpubope Spectro-Lab —M (mp-Bo
I'epmanus).

Mukponuidsl TOATOTOBIIIM Ha NutH(oBaIbHO-TIoNHpoBabHOM cTtanke « HEPUCy (ip-
Bo JlatBus). Jlns numndoBku 00pa3lioB NPUMEHEHbI UTH(OBANBHBINA IIKYPKHA 36pHUCTOCTBIO OT
180 mo 1500 mxm. IlomupoBka IMOBEPXHOCTH MHKPONLIU(GOB MPOU3BEICHBI C IOMOIIBIO
anMasHoit mactel ASM 3epuuctoctsio 1/0, 2/1 u 3/2.

Pucynok 1. O0pa3uoB 0eJIbIX H3HOCOCTONKHX YYT'YHOB.
1- 280X29H.I, 2 — 300X32H2M2T.1

JUis BBISABJIEHUS] CTPYKTYphl 00pa3Libl I0ABEPTHYTHI TPABJICHUIO PEAKTUBOM CJIEIYIOILETro
cocraBa: 15 M a30THOM KHCHOTHI, 15 M coisiHOM kucinoTel W 15 mn riumuepuna. Bpewms
TpasneHus 10 MuH., npu Temnepatype peakrusa 60°C.

Jis u3ydeHuss MUKPOCTPYKTYpPBI 00paslioB M3y4alu Ha MHKpockore mapke OLYMPUS
BXS53. [Ina uzmepenus tBeproctu no HRC ncnomns3osancs tBepaomep TK-2M u 1 u3amMepeHus
tBepaoctu no HV ucnons3osaicsa teepaomep [IMT — 3M.

Pe3yabTaThl M UX 00CyKIEHHE.

YcpenHeHHbIe pe3yNIbTaThl H3yUeHUs] XUMUYIECKOT0 COCTaBa OCIIbIX YyT'yHOB IPUBE/ICHBI B
Tabiune 1.

Taoanna 1
XUMHYeCKHIl COCTAB HCCJIeyeMbIX CIIJIABOB
Mapku DJieMeHTbI, %o
CILIABOB C Si Mn P S Cr Ni Mo Ti Cu
280X29HJ | 2,82 | 0,51 | 0,57 | 0,067 | 0,032 | 28,86 | 1,54 | 0,057 - 0,2

300X32H2M | 2,67 | 1,13 | 0,57 | 0,043 | 0,018 | 31,58 | 1,93 | 0,37 | 0,2 | 0,07
2TJ
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Anamu3 Tabn. 1. mokas3piBaeT, YTO COCTaBbl MOJYYEHHBIX CIIABOB COOTBETCTBYIOT
TpeOOBaHUSM CTaHIAPTOB.

[NosiBnieHne mMapTeHCUTa B IBTEKTHKE Hapsiay ¢ kapoumamu Cr JOMKHO CYIIECTBEHHO
MOBBICHTh HM3HOCOCTOMKOCTh BBICOKOXPOMHUCTOTO dYyryHa. PaccMOoTpuM BIMsSHUE Xpoma H
yriaepoaa Ha CTPYKTypy U CBoiicTBa Oernoro uyryHa. CoxepikaHue Xpoma B JaOOpPaTOPHBIX U
OTIBITHO-IIPOMBIIIUIEHHBIX MJIaBKaX 4yryHa usmeHsui ot 29 go 17 %, a yraepoaa — ot 2,7 no 3,3
%. B 3aBUCHMOCTH OT coOAepXaHHUs YIiepoJa M XpoMa B CTPYKType Oe€NbIX YyryHOB
(bopMHpYIOTCsT KapOHIBI Pa3IMYHBIX TUIIOB: IEMEHTUTHOTO TUIA — MPH coaepkanuu a0 7 % Cr,
tpuronanbhbie (M7C3) — npu cogepxkanuu Oosee 10 % Cr u kyoumdeckue (M23Ce) — mpu
ornomennn Cr/C >10. B panee BBINOJIHEHHBIX HCCIEAOBAHUSIX OTMEYaNach BBICOKas
M3HOCOCTOMKOCTh KapOuaoB kyomueckoro tuma (M23Ce), sl KOTOpBIX XapakTtepHa Oolee
BBICOKasi TBEPIOCTb, YeM ISl KapOWJIIOB TPUTOHAIBHOTO THIA, M OoJiee BHICOKAas CTEIEHb
COOTBETCTBHS HX I(pI/ICTaJ'IJ'II/I‘{eCKOI/I PEIIETKH PEIICTKE ManI/II_[LI

PncyHOK 3. CprKTypa qyryHa 300X32H2M2TJI npu yBennqunﬂx x500.

OpHako A MONyYeHHsI TAaKUX CBOWCTB HEOOXOAMMO BBICOKOE COJEp)KAaHHE B UyT'YHE
XpOMa, BCJIEICTBUE YEro Yyr'yH CTAHOBUTCSI HETEXHOJIOTMYHBIM U IIPU 3TOM HE 00ecreunBaeTcs
HE00X0AMMasi KOHCTPYKTHBHASI IPOYHOCTh OTJIMBOK.

Kpome Toro, npu gopmupoBanun kapouaoB tuna Mz3Ce BMecTo M7C3 KonMyecTBO
KapOugHON (a3pl pe3ko yMEHBINAeTCs, YTO OKa3blBaeT OTPHIATEILHOE BIHMSHHE Ha
MU3HOCOCTOMKOCTD YYTI'yHa.

B cBs3M U 3TUM BepxHMI Ipenen coAepkKaHHs XpoMa B HCCIEAYEMBIX IUIaBKaxX ObLI
orpanuueH u coctasisu 18-20 %.

Tabunua 2.
Pe3yJsibTaThl 3KCIIEPUMEHTOB Ha 00pa3uax.
Mapku 4yryHos Teeppoctb, HRC» Crpykrypa n
TBepaocTh Ha TBepaocth B MHUKPOABCPAOCTD,
MOBEPXHOCTH B cepileBHHE B MIIa
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JIITOM COCTOSIHMHM | JIATOM COCTOSIHMH
HRC HRC
280X29HJI 50-51 45-46 Aycrtenut- 550
300X32H2M2T.JI 56-57 52-53 AycreHnurt-595

IIpu sTom TBepmocth Mo PokBemny Oblia ompeneneHa Ha MOBEPXHOCTU M CEPALICBHHE
JeTaa, TIOCKOJIbKY €€ TrabapuThl IMO3BOJWIM IPEAINOoJIaraTh HaJHMYhe TPaHeHTa CKOPOCTH
OXJIQKICHUS 110 CEUCHHIO JETalIU B POLIECCE KPUCTAIUIN3AIIHY.

MHUKpPOCTPYKTYpa BBICOKOXPOMHUCTBIX YYT'YHOB B JIMTOM COCTOSHHH TIPE/ICTaBJICHA
ayCTEHUT-MAapTEHCUT METAJLIMYECKONH MaTpulled M OSBTEKTHYECKUMH KOJOHHMSMHU Ha 0ase
kapouna xpoma M3C u M7Cs, umeromux po3eTounyro mopdomoruto (puc. 2).

OCHOBHOI1 OCOOCHHOCTBIO BBICOKOXPOMHCTBIX O€JBIX UYYrYHOB SIBIISICTCS HaJIH4YHE B
MUKPOCTPYKTYpE JIETUPOBAHHBIX KapOHWIOB jkeje3a W KapOWIOB JIETUPYIOIIUX D3JIEMEHTOB,
00EeCTIeYNBAIOIINX BBICOKYIO H3HOCOCTOMKOCTh B YCIOBUSAX aOpa3sMBHOIO M3HAIIMBAHUS.
KonmdectBo kapOMIOB B CTPYKType UyryHa TeM OOJIbINIE, YeM BBIIIC COJCPKAHUE YIIIEpo/a.
Tun o6pa3zyronmxcsi KapOUI0B ONpeAeseTCs COOTHOUICHUEM COJIepKAHUN XpoMa U yriepoJia B
gyryHe. [Ipr 3TOM MakCHMaJbHYIO M3HOCOCTOMKOCTh UMEIOT UYT'YHBI, COACpKaHUE YIieponaa B
KOTOPBIX COOTBETCTBYET 3BTEKTHYECKOM, a COOTHOILEHHE XpOMa M YIiepojaa o0ecreyuBacT
obpaszoBanue kapoumos tuma (Cr, Fe)7Cs u orcyrcrBue kapoumos tuma (Cr, Fe)sC. Ctpykryp
CIUIaBOB M3y4anu Ha mukpockore mapke OLYMPUS BXS53 mpu yBemuuenusx x200, x1000

(puc. 4).

Pucynok 5. CprKTypaqyryHa 300X32H2M2T.JI npn yBe.nnqe}mﬂx %200, x1000

YBenuueHrue pa3MepoB KapOWIHBIX BKIIOYEHHUN CHUXKAET HM3HOCOCTOMKOCTH YYyTyHA.
CreneHp BIUSHUS pa3MepoOB KapOMJIOB 3aBUCHUT OT YCJIOBUM M3HAILMBAaHUSA U XapaKTEPUCTUKHU
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abpas3uBa, YTO CBSI3aHO C BIMSHUEM ITHUX (aKTOPOB Ha GOPMHUPOBAHUE HANPSDKEHUH B KapOumax
W Ha pachpeneeHUe HAMpPSHKCHHH MEXIy KapOWIoM M MeTaTMYecKod OCHOBOW. KpymHble
KapOuHbIe BKIIIOYCHHS (OCOOCHHO B MSTKOM MaTpHUIE) PACTPECKUBAIOTCS M BBIKPAIIMBAIOTCS
MoJ JEHCTBUEM HAIPSKEHUH, CO3/1aBacMbIX aOpa3vBHOM dYacTulled, u AedopMalii OCHOBBHI.
Menkue — nepenaroT 4acTh HANPsKEHUM Ha METAJUIMYECKYK0 OCHOBY M HE paspymiarorcs. B
OTHOCHUTENIbHO «MSTKHX» YCJIOBHUSAX B UyTryHE JIOMYCTHUMBI Oojiee KpymHble KapOusbl, B Oojee
(OKECTKHX» I10 CKOpPOCTH, TBEPAOCTH, OCTPOYTOJIbHOM, Macce abpa3uBa JOMYCTHUMBIH pa3mep
KapOWI0B YMEHBIIIAETCS.

B uvactHoctu 00pa3uel uyryna mapku 280X29HJI, uMeroT B cBOEM COCTaBe MOBBIIIIEHHOE
cogepxkanue cepbl. Cynbunabl xkene3a, oOpasyroluecs MpH MOBHILIEHHON COAEPKaHUM CEpHI,
OKpYYHMBAEeT CIUIaB U U3HOC MPOXOJUT C BHIKpAIIUBaHHEM KapOUI0B.

Bnusinue pa3mepoB, KOIMYECTBO U OPHUEHTALUKM KApOUOB B CTPYKTYpE UyryHa OCOOEHHO
CYIIECTBEHHO B YCIOBHAX yJapHO-aOpa3MBHOTO M3HAIIMBAaHUA. B 3THX ycioBusAX Ooublioe
3HaYeHWE UMEET IMPOYHOCTh CBA3M KapOMJIOB C MaTpULEed M HMX CHOCOOHOCTh PaBHOMEPHO
pacipenensaTh SHEPrUIo yaapa adOpa3suBHON YaCTULIBI.

OOHapyxeHa 3aBUCHUMOCTbh M3HOCOCTOMKOCTH BBICOKOXPOMHCTBIX UYT'YHOB HE TOJBKO OT
TBEPAOCTH, HO U OT opueHTanu kapoumos Tuma (Cr, Fe)7C3 mo oTHOIICHHIO K M3HAIIMBAEMON
MOBEPXHOCTH JI€TaJIN.

BriBOabI.

HccnenoBansl yciaoBusi 0oOpa3oBaHus KapOWAOB O€noro 4yyryHa B 3aBUCUMOCTH OT
XMMHYECKOTO COCTaBa CIuIaBa. M3yueHbl MyTH yBEIHMUEHUS KOJIWYECTBA KApOHUIOB M METOABI UX
OPHEHTUPOBAHMUS.

[IpoBenen aHanmu3 MUKPOCTPYKTYpbl KOBKOro Oenoro uyryHa mapok 280X29HJI u
300X32H2M2TJI, dopma, pa3Mep U KOJIMYECTBO OOpa3yIOMIMXCA B CTPYKType CIUIaBa
kapOouaHbix a3 M7C3 u M23Ce 0OKa3bIBaIOT CYILECTBEHHOE BIUSHUE HAa MEXaHUYECKHE U
HKCIUTyaTal[MOHHBIE CBOMCTBA CILIABA.
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MEXAHUKA

OapalGaHiapHUHT Bajulapu Oypyak TE3JMKIApUHH TeOpaHMII KaMpOBIAPUHU TO3aJlaHa&TraH
MaxTajaH KeJaJuraH TeXHOJIOTUK KapIIWIMKHUHT Y3rapuiura OOFIUKINK IpaduKiIapy OJUHIM.
[Naxtanu wQIOCIUKIApAAH TO3alall caMapaJopiurd FOKOpPH OVIHIIM y4yH TacMajiu y3aTMma
oukpnuk kodpdunmentu kuitmaTiapu Cp=(200-220) Hwm/pan opanmruga TaBcus STHIIAIU.
bynpa snextp roputruy Banuaary kIaHdiHUAT (28+30) HM gan omMacnuruiu TabMUHIARIH.

AHHOTamuA. B crartbe mnpencTtaBieH AMHAMHYECKHN aHAJIM3 MAIIMHHOTO arperara
ouyHcTUTENs XJonka—copua. IlomydyeH rpaduk 3aBUCHMOCTH HM3MEHEHHUS TEXHOJIOTMYECKOTro
COTIPOTUBIICHUS OYMIAEMOT0 XJIOIMKA, YTIJIOBBIX CKOPOCTEHl BajloB pOTOpa 3JIEKTPONpPHUBOJIA
arperaTa MallMHBI, IPUBOJIHOTO Baja, MIETOYHBIX U MIITYATHIX OapabaHoB, o0OxBata Bubparmu. C
LEebl0 TIOBBIMIEHUA S(O(PEKTUBHOCTH OYUCTKM XJIONKA OT COPHBIX TNpUMeced 3HauYeHUs
KodpduureHTa pPaBHOMEPHOCTH pPEMEHHOH TMepeadyd pPEeKOMEHAYIOTCS B JUana3oHe
C2=(200+220) Hwm/pan. IIpu >TOM 37I€KTpONpHBO OOecreuynBaeT, 4ToObl Harpy3ka Ha Baj HE
npesbimana (28+30) Hwm.

Abstract. The article presents a dynamic analysis of the machine assembly of a cotton
gin machine. Graphs of the dependence of changes in the technological resistance of the cleaned
cotton, the angular speeds of the rotor shafts of the electric drive of the machine unit, the drive
shaft, brush and saw drums, and the vibration girth were obtained. In order to increase the
efficiency of cleaning cotton from impurities, the values of the uniformity coefficient of the belt
drive are recommended in the range C>=(200-220) Nm/rad. In this case, the electric drive
ensures that the load on the shaft does not exceed (28+30) Nm.

Kajur cy3aap: to3asiarny, MalllMHa arperatv, AMHAMUK MOJEJ, DJIEKTp HOPUTTHY
poTopH, IopuTMa BajH, Oypuyak Te3NMK, TeOpaHHII KaMpOBH, TO3aJAll caMapagopIuri, OUKpPIUK
KO3 PHUIIMEHTH, IOKJIaHUIII.

KuroueBble cJIOBa: OUYMCTUTENb, MAalllMHA arperar, JAWHAMUYecKass MOJelb, POTOP
AJIEKTPONIPUBO/IA, TPHUBOAHON BaJ, YIJIOBas CKOPOCTh, 00XBaT BuOpamuu, 3()(HEeKTHBHOCTH
OYHUCTKH, KO3()PHUIMEHT KETKOCTH, HArpy3Ka.

Keywords. cleaner, machine units, dynamic model, electric drive rotor, drive shaft,
angular velocity, vibration girth, cleaning efficiency, stiffness coefficient, load.

[NaxTaman MQIOCTUKIAPHUHT caMapajil aXpaJWIIA NaXTaHUHT cudaT KypcaTKU4iapy,
MaXTaHUHT CaHOAT HABU Ba HAMIIUTHU, TOJIAHUHT Y3YHIIUTH, MaxTajard ugioc apananmMalapHUHT
OynuIn BaKTH, WJIAIIUII XapaKTepH Ba Xokaszosapra Oormmk. OXupru BakTiapla MaxTaHWHT
Tojlacura Ba YMrUT cudarura Oynaran Tama® erapiau gapaxana optud Oopmokna. Ilynu
TABKUIJIANI JIO3UMKH, TIIaXTaHW HUQIIOCIUKIApAAH TO3AJATMYHUHT WINMYHA  OpTaHJIapUHH
TakOMWLIAITUpuIn 6yitnda oup karop [1,2] unmuii uzanaunuap onud 6opwiras. LIyHUHTIEK,
naxra To3ajlall MallhaJapUHUHT KO3UKIM OapalaHiapu KO3HMKJIApU LMIMHIPCUMOH KOOMKIA
KO3MK Ba I[JIaHKajdap KypuHHIIuAa YpHaTwirad [3]. Maskyp To3alaruuHUHT acoCui
KaMYIJIMKJIApU KO3UKJIW OapabaHJIApUHUHT KO3WMKJIApU IMAaXTaHW WJIANINO OJUIN Ba IMaxTaHU
TYpAM CUPT 103CHJA TAIMO YTUII MMKOHUHHUHT MAcTIUTU XucobmaHuO, 6apabaH KoOMKIapura
KO3UKJIAp 2JIACTUK KOTHpWITaH, Oy 3ca, YATHUTra JaBpWil paBuinjga 3apba Oepwin xucoOwura
YUTUTHUHT KapoXaTIaHWIIUra onub kemanu. YHaaH tamkapu 1 XK pycymnnm maxtanu Maina
uaocauKiIapaaH TO3aJariYHUHT OMp TEKUCIMKAA KOWJAIIraH CAaKKHU3Ta KO3HMKJIW-TUIaHKAId
OapalaHIapHUHT >KOMIAIINII KOHCTPYKIMACUHU KEATUpHII MyMKUH [4]. By Tonamu marepuan
TO3JIATUYHUHT aCOCUU KaMYWJIWMTH HGIocauk Oyiinya To3anam camapamopiauruauar 10-15%
JaH IOKOpW OYyIMal, KUMMH TO3aJlaHAJAWTaH HYKCOHJIAPHHUHT KPATUIIMHUHT TMAaCTIUTHIUD.
[laxtanu udaocnukIapiaH TO3AJIArMYHUHI TaxTa TO3aJlalll arperaTMHUHT KOHCTPYKLHMACHIA
TYypTTa Tapkubnu Oapabanmap YpHartuiran Oynub, OapabGanna KO3WKIap, IUIAHKajgap Ba
pEe3MHANM XaJKajdu BTyJKajap Bajra 3JIaCTUK YpHATWITaH OYiInO, KO3WUKIU TAaIIKU IMIMHID,
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IUTAHKaJIap OpacuJard pe3MHAIM BTYJIKalap KaauHiaurua kedumurucuzan 10- 15%ra kam.
Ko3uknn —mnankanu GapabaH ocTuaa TYpIW 1032 YpHATWITAH, YHHHT OCTHJA dCa aKpajiraH
Maiiia udaocaukiapHu oind YMKUO KeTyBYM THEBMATUK KYBYp YpHATWIraH. Xap OUp KeluHru
KO3UKJM OapabaH Ba IJIJaHKa FOKOPH YacTOTAIM Ba MAcT aMIUIMTYAIM KylmiuMya Oypama
TeOpaHMII XOCWJ KWinbO, Oy TeOpaHunuiap UGIOCIUKIAPHUHT caMapaid aXpaJuIlura ojaud
kemanu [5]. By To3amarnyHWUHT acocWii KaMYMJIMTH KO3MKIM OapabaH MacCaCHHUHT KaTTa
Oynrannury, TeOpaHUILIAPHUHT eTapiaud Oyiamarawiuru cababnu Maiina udrocnukiapaan
TO3QJIALIHUHT CcaMapajopiurd mnact xucobnmaHagu. Taxnu¢ >TumaéTraH Tojand MaTepual
TO3aJJATUYHUHT SIHTH KOHCTPYKUMsICHMIa OWpHHUYM OapabaH mpyToKiIM OapabaH KYpUHMIIIA
Oakapnwiaran Oynu0, KeluHTH ydra OapabaHiap KO3WK Ba IUIaHKAJApAaH TAIIKWI TOITaH
0ynmu0, yanHYM Ba TYPTHHYHN OapOaHIapHUHT KU3UKJIApHU Ba TUIAHKAIAPH UKKUHYM OapabaHHUHT
KO3WK Ba IIAaHKAJIAPHUHT y3yHiaurura HucOatan 10-15% ra kam OamaHmaukaa TalepiaHTaH.
Bynna Ko3ukinu-rutankany O6apabannap TapkuOIM KO3MK Ba IJIaHKaJIapJaH TAIIKHII TONTaH, yaap
BaJIra CTyNWIlAa Ba PE3UHAIM KAWUIIKOK BTYJIKaJIap epaamuga YypHaTwirad. WkkuHun
Oapabannaru karra y3yHiaukaara (S0MM) KO3UKIap KO3UK Ba TYPIU 1034, IJIAHKA Ba TYPIIH 1032
opacujia eTapiiu apakaza opajuk Macoga Oynranauru cabadbiu eTapiau fapaxaaa TUTKUIAHIY,
YUYMHUYM Ba TYpPTUHYM OapabaHiapaaru KO3WK Ba TYPIH 034, TUIAHKA Ba TYPIH 1033 OpacHIaru
Maco(aHUHT KUYMKIMIKM cababiau maxTa Oynakuyanapuja 4YykKyp OKoinamraH Maiina
UQIOCIUKIAPHUHT QKPaJUIl UMKOHUHU Oepay.

TaBcust 3THATaH NaxTaHU MQIIOCIUKIAPAAH TO3ajJarud KOHCTPYKUUSACUAA TabMUHIIBYU
BaJIMKJIAp, appadain 6apabaH, ayTkanu 6apabaH, KOJOCHUKIN MaHXapa, XaMa 3JIeKTp I0PUTIHY
KEJITUPHIITaH.

Nmnam  xapa€Hupa aimanMa XapakaT »dJICKTp IOPUTTHYAAH 4YyTKanu OapabaHra
TYFpUAAH-TYFpu My(dTa opkanu y3atwinau. UyTkamu OapabaH BanugaH appadanu OapabaHra
XapakaT TacMaJld y3aTMa OpKaju amanra omupuiand. LIlyHMHT yd9yH CHCTEeMaHUHT JAHMHAMHUK
MOJIeNIH Y4 Maccanu Kuiaub onuuaau (1-pacm). Bynna GupuHun - Macca 3JIeKTp IOPUTTHY POTOPU
Ba spuM My(dTa MaccacW, MKKHHYM Maccara — spuM MydTa Ba UyTKaaum OapabaH, Xamjia
€TaKJIOBUM ILIKUB Maccajlapy, Ba appadaiu 6apabaH Maccanapy KMpaau.

Kenarupunran pumHaMuUK MoOJeNra MOC paBHIIAa MalllMHA arperatd  XapaKaTHHH
n(oIaNTOBYM XapaKaT TeHIJIaMalapuHU KeITUPUO YyuKapaMu3. XapakaT TeHIJlaMaJapuHU XOCHIT
KWIMITHUHT OWp KaH4da ycywiapu Mamxyn. CucTemanaH Tamkapuaa dJIEMEHTIap MaBXy.l
OynmMaca, XapakaT TeHIVIaMaJIapUHU CUCTeMa KMHEMAaTHUK SHEprusulapy Mmakiuaek QoiaanaHuo
AHWKJIAH/IA:

mv? o mV}
4,4 =¥—-¥—° 1
10 "41\ 2 2 ( )
0y epna Aw, Ax-MallliHa arperatjard IOPUTYBYM Ba KapIUIWIMK KywIapuHHU Oakaprat
uIiapy; m-OYFUHIApHUHT Maccajnapu; Vo, V — OYFUHIAPHUHI OOLUIaHFMY Ba OXMPIU

TE3IUKIIAPH.

AlinanMa XapakaT KWIyBYM OVFWHIApW OyiAraH MeXaHu3Miap Yy4yH, MalluHalIap
(vHepuMS MOMEHTJIapW) Yy3rapyBuaH Oyiran Xxosarigap Y4YyH KyWuaarua TeHIJIamajiapJaH
doitnanann® OYFUMITaApHUHT XapakaT KOHYHJIApUHU aHHUKJIAI Kynaad xucoOmananu [7]:

2
M- =g, 82,2 P 2)
d 2 de
0y epra Mo, M —I0pUTYBYHM Ba KAPLUIMIIMK Ky4JIADMHUHT MOMEHTIAPH; Jx — CHCTEMaHUHT

KEJITUPUITAH WHEPIHSI MOMEHTH; () — KENTHPWITaH OYFIy Oypuak TE3JTUTH.
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M., Ms

il &z
W —w—]
M P V1 I 4 L b
—H —H

Mu aﬁ -
J J @ Ay

1-pacm. [IaxTanu iMpuk UPIOCIUKIAPAAH TO3aIaTrMyY MAIIMHA arperaTu TMHHAMHUK
MO/1eJIN.

YMymaH onraHia TEXHOJOIMK MallMHAIAp, JKyMiaJaH, MaxTaHU AAcTIa0Ku HILIall
TEXHOJIOTMK MAIllMHAJIAPU UIIYM OpraHIapy y3rapMac MHEpLHs MOMEHTHUrA 3ra, yiap y3apo Kyn
xoJutapia MydTa Ba TacMalld y3aTMasap OpKajau OOFIaHransiap.

Ymly xonaTnap y4YyH HINYM OpraHJIapHUHT XapakaT KOHYHJIApHHUA H(OIaTOBUU
TeHrinamajgapuan oymm ydyH Jlarpamxkaunr Il-taptubnu TeHrmamanapumad Qoiinananrad
X0J1/1a KyJu1ab xucoOmaHau:
d(orT ) oT o oIl
a(a_J_g_+_—+_=Qi 3)

qi qi 8ql 6q|

Oy epna T, Il — cucreMaHUHT KMHEMAaTHK Ba MOTEHLHWaN ’Heprusinapu; O-PeneiiHuHr
IVICCUTIATHB (QYHKIMSICH; (i — YMyMJIAIITHPWITAaH KoopauHata; Qj — CHCTEMaHHHT yMyMJIaITaH
KY4H.

Kentupunran nuHamMuK MoaenHH |-pacmMra acocaH maxTaHM WUPUK HQIIOCTUKIApAaH
TO3QJIATMYMHHUHT HIIYM OpraHjapd XapakaT KOHYHJapUHUHM udojanoBun auddepeHunan
TEHIJIaMaJlap CUCTEMAaCHHH Ty3aMH3.

VY4 Maccanu MalllMHa arperaTty y4yH MalllMHAJapHUHT KHHEMAaTHK TeHITIaMaJlapu:

2 2 2
J. (d J.(d J.(d
2\ dt 2\ dt 2\ dt

0y epna Jo , Ju , J6 — MOC paBHIIA SJEKTP IOPUTTHUYH, YyTKaIW OapabaH Ba appadain
OapabaHIApHUHT WHEPLHUS MOMEHTIIAPH; P, Pu, (5 - MOC PABUIINA DJEKTP IOPUTTHY, TYTKAIU
OapabaH Ba appadanu OapabaHIapUHUHT OypUyaK CUIDKHIIIAPH.

[Naxtanu #upuk WGIOCTUKIAPIAH TO3aJATMYHUHT TABCHUSI STWITAH KOHCTPYKIHSICH
IOpUTMACHIard y3aTMaJapUHUHT y3aTHII HUCOATIapuHM HHOOATra OlraH Xojijga MallhHa
arperaty MOoTEeHIINAI SHEPTUACUHN aHUKTaAMHU3:

1 2 1 2
szcl((ofo_umwgoq) +ECZ(¢v_uv6¢6) (5)
0y eprna Uiy, Uy — Maccamap opacugaru ysatum Hucobatmapu; Ci, C2 — mydra Ba
TacMajy y3aTMaHUHT OMKPIUK KO3 QUIIHEHTIapH.
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Maiuna arperatu yuyH PeneiiHunr quccunatus GyHKIHsICH:

2 2
@:ﬁ(%_um%j +6_2(%_uwd&J ©)
2\ dt dt 2\ dt dt

Oy epla B1, B2 — MydTa Ba TacMaji y3aTMa AUCCUNATUB G YHKIHIIApH.
Jlarpanx TeHIIIamMaapu KyIWIyBYWIAPUHHA aHUKJIANMU3:
a) Oypuak CHIDKUIIUTApU Oyirda XyCcycuid Xocuiaap:

oT oT oT oll
—=0 —=0 —=0 —=C(9,-9,,-2);
6¢’0 agoll 6?6 aw’o 1 (q)m ¢}()1£ gol{)
oll
% - U’o‘tCl (wlo - ¢10L1 - w‘! ) + C2 ((02 o U”5¢5 ) ;
oIl
5_% =-C,U,+ ((02 _Uu6¢6)

0) Oypuak Te3uKiIap Oyinda XocuiaJapuHu aHUKIAHMU3:
oT 16 o ... ad

A
%’; —6.(0 11, );
2—2 =~U,,,6, (P ~ 1 ®,) 6, (9, — 1,505 )
S—Z =—U,,6, (@, —1,;05)

B) BakKT OYiinya XocualapHU aHUKIaMMM3:

d( oT Cod(oT codf(oT )
=17 T T %
dt\ d¢, dt | og, dt { O¢;,

YMymnaniran Kkydiaap 6yiinua Taliku MOMEHTIIap Kylujaaruya oynaau:
Q = MI() - Mml(lt - Muw _MmKG

0y epra Mo, Muw, Mum — MOC paBuiga 4yyTkanu OapabaH Ba appadanu OapabaH
BaJUTAPUIAH MAaXTa TEXHOJIOTHK KAPIIUIUKIAPU; My — HITKATAHUII Ky9H KAPIIHIUK MOMEHTH.

Xap Oup WIIYM OpraHW Y4yH OJNIMHTaH JlarpaHk TEHTJIaMallapuHU KYIIHITyBUYMIAPHHA
IOpUTIUY BaJId, YYTKadW Ba appadanu OapOaHiap Bajulapu yuyH Jlarpamx TeHriamaiapura
aXpaTtnO MaxTa TO3aJardYHUHT MAaIllMHA arperaTd XapakaTHHU HQoAanoBuu IuddepeHIan
TEHTJIAMaJIApUHU XOCWJI KWinO, ymapHH OWp Heda MapTa Y3rapTHpUIUIApAaH CYHT, SJEKTP
IOPUTTHYHUHT XapakaT TeHIJIaMaJlapy, MEXaHUK Ba AMHaMUK xapakrepuctukanapu WU.C [Tuauyk
TaBCUS KWJITAH MaTeMaTHUK MOJCIIaH aHUKJIaHau [8].

Kentupu6 umkapwiran (7) nuddepeHnman TeHrIamanapd CHCTEMAaCHHH COHJIN
SYMMHHUHT ITapaMeTPIapUHUHT KyHUIaru KMiMaTiapu/a aMmalira ONIHpUIa I,

N=2,0 kBt; n=960aiin/mun; My/M=1,82; \=M,,/Ms=2,23; GD?=0,31 Hm?;
Uos=1,0; Usw=2,6; C1=(330+380) Hm/pam; C2=(250+270) Hwm/pam; B1=(4,5+5,5) Hwm?/pan;
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B2=(3,0+3.,5) HMZ/paII; Muw=(8,1+8,5) HMm; Mug=(40+55) Hm; Muw==(3,0-3,5) Hm; J,x=0,0213
krm?; J.=0,0619 krm?; Jo=0,181 krm®.

Mamumna arperaté xapakaTuHu udonanaiiguran (7) muddepeHnman TeHTIaManiap
CUCTEMAaCUHU COHJIM €YMMM acoCHJia JJIEKTp IOPUTTUY pOTOPH, YYTKAJIUd Ba appadain
OapabaHnapHUHT Oypyak Te3JIHKIApyd Ba IOPUTTUY FOKIAHUIIMHE HU(OAATIOBYH KOHYHUSTIAP
OJIMHTH.

OnuHran xapakat KOHyHUATIApUHU KailTa HIIUTAINl HATHKAacKua mapaMeTplIapHUHT y3apo
OofaHum rpaduKIapy KypuJIau.

2—pacmjia MalllMHa arperatd dJeKTp IOPUTIMY PpOTOpPH, UYTKaJIM Ba appadaiu
OapabaHapHUHT BaJiapy Oypyak TE3JIUKIApUHUHT TEXHOJIOTUK KAPIIMIUKIAPUHY Y3rapuiimnra
OormuKIIMK Tpaduknapu kentupwirad. ONMWHTaH OOFIAHUIUIAP TaXJIMIIUTA aCOCaH TEXHOJIOTHK
Kapmuuk 15 Hv man 120 Hm raga y3rapranga s7aekTp OpUTrud Oypyak TE3JIMTHHHUHT ypTada
kuitmaTu 104,2 ¢! nan 82,3 ¢! raya HOUM3HKIN KOHYHUATIA KaMaiu® Gopaji.

pnz’
|
a%

a7z

045

0z Mmx 10
40 80 v

2- pacM. MalHa arperaTu 3JIeKTP IOPUTIUY POTOPH, YYTKAJIH Ba appavyain
0apa0aHIaAPHUHT BAJLJIAPU 0ypPUYAK Te3THKJIAPHHHM TEXHOJOTHK KapIIWIHKIAPUHH
y3rapummura 0orJIMK/INK rpaguKIapu.

Tabkugam KepakkH, 3JIEKTp IOPUTTUYJAH XapakaT 4yTKaiau OapabaHra KaiMIIKOK
JeMEHTIM My(pTa OpKalIHM y3aTWINaad. YJApHUHT Yprada Oypyak TE3JIaHWILIApH Yy3ap Oup-
Oupura sKuH Oymamgu, 4yTKanu OapabaHra TEXHOJIOTUK KAPIIWIMK TYFPUIAH - TYFPU TabCUP
KWJITaHU Y4yH O3TMHA CHJDKUII MaBxyn Oynamu. bynna ¢, teOpaHunuiapuan uHOOATra OJIcak,

My = 76 HMm 6ynranga Oypuyak T€3JIMTMHUHT Kamaiummm 73,9 ¢! raua xamasutn. Moc paBuIIIa
appayany GapabaHHMHT Oypuak Tesnmuru 34,8 ¢ man 25,1 ¢ raua HouMsMKIM KOHYHHATIApAA
KaMainO OOpUIIMHM KYPULTUMH3 MYMKHUH. bypuak Te3MUKIapUHUHT KaMaiin0 KETHIU TO3aIalll
KapaCHUHUHT WHTEHCUBIWTUHU Kamaitupanu. IlyHMHr y4yH TEXHOJOTHMK KApPUIWIHK
kuiimaTiapu (75+85) HMuan ommaciuruHyu TabMUHIIAIT TABCUS STUIIAIH.

3-pacmma IOpuUTMa BajHM, YYTKATd Ba appawiapu Oapabamiap Bautapu Oypdak
TE3NMUKIapu TEeOpaHWII KAMpPOBIAPUHU TO3alaHAETraH TMaxTaJaH KelaJuraH TEeXHOJIOTHUK
KApUIMJIMKHUHT Y3rapuiura OOfIMKIMK rpadukiapu kentupuirad. Taxjawmiap acocujia IIyHH
alTHI KEpaKKW, TEXHOJOTHUK KAPIIMIUK OpTHO Oopumiu OunaH Oypyak Te3THKIApUHUHT
TeOpaHUII KaMpOBU KHHMaTiIapyu HOYM3MKIM KOHYHUATAA Kymnainb Oopanu. byHna appauanm
O6apaban Oypyak Te3TUTUHUHT KaMp0B KuiMaTiapy yHUHT I/IHepI_II/ISI MOMCHTI/I KHYUK KUiiMaTH1a
6ynranuna, apau Jo= 0,81 kr M? na A, kuitmatnapu 2,3 ¢t nmam 5,62 ¢! raua opru6 Gopca,

unepuus MomeHntu 0,226 kr M raya KyTmairanuia Apg Kuitmatiapu 4,23 ¢ ! nan ommaiinm.
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Ao, €
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Gy epma 1,4 — Ay = F(Meg); 25—~ A= F(M); 3,6 ——Ads = F(Mry)
1 —Jb=0,0213 krm%; 4 - J,,=0,0361 krm?;
2 — 3b=0,062 krm% 5 - J,,=0,086 Krm;
3-J,0=0,181 krm?; 6 - J,c=0,226 kr™?.
3-pacm. FOpuT™ma Baju, YyTKAJIN Ba appawiapu 6apadanjap Bauiapu oypuyak
Te3JIUKJIAPH TeOPaHUII KAMPOBJIAPUHH TO3AJAHAETIaH NAXTAIaH KeJIAJUTaH TeXHOJIOTHK
KAPIIMJIMKHUHT Y3rapuimura 00FJIuKJINK rpadurkiaapu

Tacmanu y3aTMaHUHT OUKPIMK KOX(POUIMESHTUHUHT OPTHUIIM MAaIllMHA arperatu
aiimaHyBYM KHCMJIapu Oypyak Te3NUKIapu TeOpaHWIIIaApUHU KaMmaWTHpaaw. ByHWHT acocuit
cababu myHmaH wuboparku, C, HUHT OpPTUIIM CHUCTEMaHH OWUp Maccald CcucTemara
SKUHJIAITHPATN, HHEPIHS MOMCHTH JCSIpiiH Kymmiaaan. Jlemak, TeOpaHunmiap aMIuIATy1aiapu
kamasau. Kymnanan, C; HuHr kuimatiaapu 0,5 102 Hwm/pan man 3 102 Hwm/pan raua
KymaiiTupunaranaa appadanu 6apaGaHHUHT Oypuak Te3TMTHHUHT TeGpaHuim kamposu 0,78 10 ¢
nan 0,42 10 ¢ raya HOUM3MKIN KOHYHUATIA KamMaiumu Ky3atunagu. YyTkanu GapaGaHHUHT
Ap, xuitmatnapy ca, 1,08 10 ¢ man 0,6 10 ¢ ra ya kamaiimmura omm6 kemamu. Jlemak,

MaxTaHu WHUPHUK HOIOCTUKIApAaH TOo3aJall camMapalopiiurd IOKOpPH OVIMIIM y4yyH TacMaiu
y3aTMa OuKpiauKk koddpdummentn Kuitmatiaapu C=(200+220) Hwm/pan opamuruga TaBcHA
stunaau. byHna smekTp roputruy Banuaaru oxiaaHumHuHar (28+30) HM gan ommMaciauruHu Ta
BMUHIIAUIH.
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KAVMUIIKOK DJIEMEHTJIA KO3SUKHUHT KOHCTPYKIUSIJIAPUHUA TAXJIUI
KUJIALI

Pocynos Pyzumypan XacanoBuu
TTECU,t.¢.H., mouent, Ter: +998993299056 rasulov.ruzimurad@mail.ru

AHHOTamudA. Makonana KalHIIKOK 3JEMEHTIIM KO3MKJIAPHUHI KOHCTPYKIHUACH TaXJIHII
KuiauHraH, KaluIKoK  BIEMCEHTIN  KO3HK T66paHI/IH_II/IHI/IHF aMIIUTyJaau-4acTOTaIn
XapaKTePUCTUKAIAPH MaxCyC TEH30METPUK KypwiMaZa aHUKJIaHTaH. To3anarnyjia KauiiKoK
AJIEMEHTVIM KO3WK KYJUIAaHWITaHAA MaxTa XOMAIUECHHUHI TUTKWIAHUII JAapa)KaCHMHHU aHUKJaIl
Oyiinua Taxpuba Vrkazwaw. [laxtann Maikiga wudmocnukiIapAaH TO3aJardYHUHT KO3HKITH
Oapabaniapy y4yH KaWWIIKOK acoCJard KO3MKHHM KYJUIalla TO3aJarHYHUHT camMapaaopiuru
OIIMIIXUIa SPpUIINIIIN.

AHHoOTanus. B ctathe aHanM3Mpyercs KOHCTPYKLMS KOJOK C YIPYTUMHU 3JIEMEHTAMH.
AMHJ’II/ITy,I[HO-‘IaCTOTHBIe XapaKTCPUCTHKHU BI/I6paI_II/II/I KOJIKOB C VIIpYTUM DJIEMEHTOM
OIIpENIeISINCh Ha CIEHUAIbHOM TEH30MeTpudeckoM mpubdope. IIpoBeneH H3KCEpUMEHT IO
OIMPEACIICHUIO CTCIICHU PA3pBIXJICHHOCTH XJIOIKA-ChIpHa IIPH HCIIOJB30BaHHMHU KOJKOB C
YOPYTUMHU 3JIEMEHTAMHM B oducTUTENE. VICIob30BaHME YIPYroro 3JE€MEHTa Il KOJIKOBBIX
6apa6aHOB XJIOITIKOOYHCTUTEIHHON MAIIUHEI IIOBBICHIIO €€ 3(1)(1)6KTI/IBHOCTB.

Abstract. The article analyzes the design of pegs with elastic elements. The amplitude-
frequency characteristics of vibration of pegs with an elastic element were determined using a
special strain gauge. An experiment was conducted to determine the degree of loosening of raw
cotton when using pegs with elastic elements in the cleaner. The use of an elastic element for the
peg drums of a cotton gin increased its efficiency.

Kaaur cy3aap: KO3WK, KaWWIIKOK 3JIEMEHT, TEH30JIaTYMK, TEH30METpJialll, MaXTaHU
Maiiga ubIOoCTUKIApAaH TO3aJIarud, TO3ajJall CaMapaJopiiurH, AMIUIMTYJAIH - YacTOTAJIA
XapaKTepUCTHKA, TUTPAILl, HAB, MAPYUHIIN OUPUKMA, KydalTHPTHY.

KaoueBble cjoBa: KOJOK, YHNPYTMH 3JIEMEHT, TEH30JaTYUK, TEH30METPUPOAHUS,
OUUCTHUTCIIb XJIOIIKa - CbhIpa OT MCJIKHX COPHBIX HpI/IMeceﬁ, OYHNCTUTEIbHBIA 3(1)(1)6KT,
AMIUIMTYIHO-4aCTOTHLIC XapaKTCPHUCTHUKHU, BI/I6paHI/I$I, PaSHOBHUAHOCTD, 3aKJICTIOYHBIC
COCAUHCHUS, YCUIIUTCIIb.

Keywords: peg, elastic element, strain gauge, strain gauge, purifier of raw cotton from
small impurities, cleaning effect, amplitude-frequency characteristics, vibration, variety, rivet
connection, amplifier.

IlaxTaHUHT THTHU CCJICKIIMOH HaBJIapUu eTI/IH_ITI/IpI/IJ'IaéTl"aH 6I/Ip BaKTJa YHU TO3aJ1all 6I/Ip
KAaTop MyaMMOJIApHU KeNTUpUO YMKapaau, IMIYHUHT YYyH YHH KYII MapTalid To3ajlallra TYFpu
KenuO0, To3asaml )xapa€Hy KYNuHYa KO3UK/IN OapabaHiapja amaira olMpuiInd, naxTaHu Maiina
udnocnuknapaan tozamaHagu [1]. By jkapaéH ertapiuya To3amami caMapajopidIura ara
OynmacnaH, maxtajga HyKCOHJAap XOCHJ Oymuimura onu0 kemaau. Maskyp MacajaHdu Xaj dTHII
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Makcaauaa TaxTaHH TUTKWIAHWIN JapakacHHU OIIMPUIN MaKCaJuga TaxTaHU Maiijga
udaocauKIapIaH To3ajall MallMHACK KO3MKIM OapabaHIapUHUHI KO3UKJIAPUHU KaWHIIKOK
IUIACTHHAra YpHATUII MaKcaara MmyBopuxaup [2].

MamuHanapHUHT TO3ajalll caMapaJOpiMIMHU  OUIMPUIIHUHT  yCyJlapugaH Oupu
MAaIllMHAHWHT UIIYM OpraHjiapd YYyH KaWWIIKOK Marepuan Kyjuram xucoOnanamu [3]. Bynmaii
MaTepHuall aBBAJI BAJMKIIN JKWHIIAII MAIIMHACHHUHT YPYBUM OpPTraHU Ba KO3WKJIM OapadaHIapHUHT
KO3MKJIapU YUyH XaM KyJIaHWIraH OYynuO, yHIaH Tamkapu Oy HyHanmumiga etapid Japaxana
WIMHAi unutap 6akapuamaras [4].

[MaxTaHWHT TUTKWIAHWII Japa)kacl yHJIAru naxra OynakdaJapuHUHT (ou3 TapkuOura
o6ornuk. by ’xapaéHna (axaT maxTaHUHT TUTKWIAHUII Japakacura TabCHUp ATald, JEKUH
MaxTaJard TOJIAHUHT XypHaiuIira TabCup dTMaiu. YHIaH TallKapy, naxra 0yiakyalapuHUHT
aOCoJIIOT OMp XWJI MaccaJaru 3WWINTK OYiuda Typiau xapakrtepuctukara sra. [IyHWUHT yuyH
Ma3Kyp MIIJa TUTKWJIAHUII Japa’kaCMHU aHUKJIAIl YU9yH KaWHIIKOK acociard KO3MKHM KYIUTail
yeynaan doimgananmaan [5-10].

Maskyp yTkasunma€rraH TaxpuOa HaTIWKalapuIaH Ky3JaHraH MakcaJ -KalHIIKOK
acocmar KO3MKHUHT TMAXTaHW TO3aJlall TEXHOJOTHK KapaéHWra TabCUPUHU YpraHUIIIaH
ubopar.

Nimnab yukunran KaMuIIKoK acocra YpHATHWITaH KOZUKHUHT STHI'M KOHCTPYKIUSICH aBBajl
kentupunran O6ymu6 (1-pacm), y Oapabanra | KaWWIIKOK acocra KOTHUPHWITaH KO3WKIaH 4
nbopar. [Inactuna 2 6apabanra 1 mapuuaiu 6upukma 3 épaamuaa TeOpaHUIl UMKOHUSATHTA 3Ta
Ooynaam.

Ko3ukHuHr TeOpaHUIIMra MaTepUAIMHUHT (PU3UK-MEXaHHK XO0CCACH TabCUP ATaJlu.
Taxpuba yTrazum yuyH Y8I' mapkanu yriepomid mynar KaluIIKOK 3JEMEHT MaTepuaiv
cudaTuaa TaHIaHTaH.

Kaiinkok DIIEMEHTITN KO3UK TeOpaHUITUHIHT aAMIUTUTY/ITTH-4aCTOTAIN
XapaKTepUCTHKATApU MaxCyCc TEH30METPUK KypuiMmaZa aHuKIaHau. KO3MKHUHT MacTKu
KUCMUa KOTUPWITAH TUIACTUHATa TEH30METPHUK JaT4uK 5 YpHaTwiras (1-pacm).

1-pacm. Kalinmkok acocra YpHATWITaH KO3SUKHUHT SIHTH KOHCTPYKUIMACH
Ko3uk teOpanummeanHT ocimuiorpammacu YT-4 Ba ANl E-154 kywadtupruum
épIaMmIa KOMIBIOTEPIA Kaill KIIMHIM. Y TKa3HIraH TAKpH6a HATIXATApH UIYHH KyPCATIHKY,
KO3UK naxrta 0ynaru Ounas y3apo Tabcupia Oyiranaa y3apo TabCUpIIaHyBUM NaxTa OYIaruHUHT
Maccacura Moc paBHINAa KO3UKHUHT TeOpaHum amruutyaacu 30 'y 6ynranna yHUHT TeOpaHHII
aMIUINTyacu 3-5 MMHH TaIlIKWI ATaJIH.
By tabcup xapa€Hum TO3anmam €duaa KO3MKHMHI TOJIAJIM Marepuaira Kyl MapTailu
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UMITyIBCAATH Kyd TabcHpUAa OYIMO, MaxTaHW jKajgan To3ajall TEeXHOJOTHK KapaCHHla YHHHT
SIXITY TUTKUJIAHUIITY Ba U(PIIOCTUK YUKAPYBYH 103a7aH U(DIOC KYIMMYAIapHUHT camapalid 0uo
YUKUO KETWINIINTA 010 KeIau.

[laxTa OYNMarMHUHT TUTKWIAHUIN JapakKaCMHM aHUKIAm OViWda TEKIIHpHUIILIap
VTrazunau. TUTKWIAHUII JapakKaCMHU aHUKJIAIl YCylud KyWHJaruda amaira OIIUPHIIIH.
Kaitnmkox acocra ypHatuiraH KO3UKIN OapadaH/a Ba CepUsIA KO3UKJIM OapabaH/ia TO3aIaHTaH
naxTajgaH HaMyHajap OJMHHO, TaKKochall uiuiapu onud Oopwinu. HamyHamap 3XTHETKOPIHK
OwraH maxrta Oyaakdagapura Oup Heua KHUUK Oyriakdanapra axpaTuiiau.

Taxxpuba ¥H Takpopnamiia oaub 6opminnb, Taxxprba xaToauru 4,9%Hu TalIKuI ATIH.

[laxTa OGYynaruHUHT XaBO/a PKUH TYIIUII BAaKTUHU KaOyJl KWJIMHTaH MabliyM OallaHIHK
(2000MM) ydyH aHUKJIAHIH. XABOHUHI TabCHUPWUHHM Oaprapad STUII Makcaauaa Taxkpuda
kamepana yTkaswinu. [laxta OYmaruauar Tymum BakTh 0,02cek aHUKIMKIArd CEKyHIOMEp
OwnaH ym4anu.

[TaxTa Oynakuamapu maccacu aHWKIUTH 0,2 Mr aHUKJIWKAaru TopcuoH Taposmma W.U.
@dunkenpmTeitn [11] TOMOHMAAH TY3WJraH MMaxTa OYJIArMHUHT TUTKWIAHWIN JapakKaCMHU
aHUKJAll KaaBanugaH QoiifadaHraH XojiJa MaXTaHWHT TUTKUJIAHUII Japakacu Z MUKIOPH
AQHUKJIAH]TH.

Taxpuba HaTwkamapu 1-KaaBanma KEATUPWITAH. YHIAH KYPUHAIWKH, KaHUIIKOK
AJNIEMEHTIN KO3MK KYJUIaHWIraHAa Naxra OyjJakuyanapu caMapajiu TUTKWIaHUO, YHU KEWHHTH
TEXHOJIOTHK apaéHa To3ajall y9yH MabKYJIJIUTH aHUKIAH/IH.

1-xkanBana
TUuTKnIaHUII JapaKaCMHU AHUKJIAII Oyiinya Ta:xKpuda HaTHKAJIAPH
[TaxTa HamyHacu TuTknnaHu gapaxkacu
OFUPJIUTH, KT Cepusiiu Oapaban Taxxpuba Gapabanu
0,00013 8,64 9,92
0,00026 6,14 7,65
0,00039 3,68 4,89

[TaxTa Oymakuamapu aBBaJl >KaJBajulapa TakiIu(] OSTWITaH TOPCHOH Tapo3WiIapiaa
VIuaHAM Ba MaXTaHUHT TUTKUJIAHUII JapakKacu aHUKJIaHH.

Kalunmkok acocra ypHaTWIraH Ba CEpUsiiard KOHCTPYKIMAAArM KO3UKJIAPHUHT TO3aJIaIll
KapaéHUTa TabCUPUHM YpPraHul Y4YyH MaXTaHd Maiga HQIOCIHKIApAaH To3ajaruyHUHT
nmabopaTopus KypuiaMacuaa TaKKOCIIAI Takpruoanapu YTKa3uian (2-pacm).

1 - korutama; 2 - KO3WK; 3 — KallMIIKOK MJIaCTHHA; 4 - Map4YuH OMpPUKMA;
5 - TEH30METPHUK JaTUYHK.
2-pacM. Kaiinmkok acocra ypHATH/ITaH KO3UKHUHT TeOPpaHULIMHY YJI4all cXxeMacH
Taxpuba ytrazumna [lopnok Ba Hamanran - 77 ceneknyoH HaBIU KyJijaa Tepuiran I Ba
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IT coprmu pactnabku uducnuru 4,7 Ba 5,7% Ba Hammuru 7,8 Ba 8,4% Oynran maxra Xom
amécuan Goigananmin. Taxpruda HaTWKaIapu 2-)KaaBaiia KeATHPUITaH
2-3KaaBaAJ
Kalinimkok acocra YpHATHJITaH Ba CEPUAIATH KOHCTPYKIHMSIATH KO3HKJIAPHUHT TO3aJ1a1l
JKapa¢HUra TabCHPH

Mainnaanan
[TaxTanuHT HAaBU »
cepusiiaru TaxpubaBuit
3,62 +0,07 3,324+0,10
Hoprox 36,541 21 41.8+1.75
Hananram - 77 9,91 +0,21 9,39+0,18
32,6+1,41 36,1 +1,21

N3o0x: Cypatna - udnocnuru, %, maxpaxnaa - Tozanaml camapajaopiaury, %.

2-XaJiBaJIJaH KYpUHAIWKH, KAWUIIKOK acocAard KO3uKiIapHUHr unuiamuaa Ilopiok Ba
Hamanran - 77 cenexuuoH HaBilapuaa To3ajall camapaaopiiura Moc pasuiga 5,3 Ba 3,5% ra
OLLY.

Vrkasunran Taxpuba HaTIKATAPUIAH MabiyM OYIIMKH, KOSHKJIAPHHHI Xap KaHiail
HyHanumpaa TteOpaHUIIM XucoOura Oy 30HajNa TalIKM 3apOalapHUHT TabCHUPUCH3 IaxTara
KO3MKJIApHUHT KYIIMMYa 5KaJaJllId UMITYJIbCIIN TEOPAHUIILIN TabCUPH OYIIaau.

Tapkupmad yTuaraH MabIyMOTIAp IIMKACTJIAHTAH YWUTHTIAp  YIyLUIApUHUHT
Kamaiumura oiaud kemaau, Oy KaWMIIKOK acocAard KO3MKJIApHUHI MIUIAIIKAA YWUTUT Ba
TOJIAJIADHUHT IOKJIAHUII TE3JIMTM KO3UKJIApHUHI TEOpaHHUIIM XHUcoOura OGapaOaHHHHI TE3JIUIH
JIOUMO TacT OyJaau Ba SHT KaTTa IOKJIAHUIIHUHT YCUIIIM BAKTUHUHT OLIUIINTA OJIUO KeIaiau.

HlyHuHraex, Tojgana rakakJapHUHT KaMalWIIM MITYM 30HAAA “KO3MK-TIaXTa-U(IIOCIUK
aXpalyBuM 103a” TH3UMHAA KO3UKJIAPHUHT JAOWMHUN TeOpaHUIIM XHCOOWra TU3UMHHUHT ¥3apo
TabCUP BAKTU KaMasiJIU.

VYHaaH Tamkapy, KO3MKHUHI MMAacT 4YacToTa OWwiaH TeOpaHUIIM KO3MK Ba TYpJU 103a
opacHJard WIIKaJaHUII Ky4YHHUHI KaMaiumura onub kenagu. Ko3UKHMHT TeOpaHuIIn
XHcOOUra OopKa TOMOHIa XapakaTjaHaéTraHja IaxTa XOM aIIECMHMHT TUTKWIAHUIIM Y4yH
IapouT sipaTHO Gepanu.

[Mynnaii kb, Xyjaoca KWIMII MYMKUHHKM, @aXTaHW Maiga HQIOoCIUKIapaaH
TO3aJJATUYHUHT KO3MKJIM Oapabaniapy y4YyH KaWWIIKOK acoclJard KO3MKHM —KYyIJama
TO3aJarMYHUHT TO3aJIall CaMapalopJIUIy OLIau.
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AHHoTanus. Y0y Makoiajga BUOpoMexaHHKa TAMONMIUTApUHU KYJUIAIl OpKaJld CaHOAT
Ba KHUIIIIOK XS")K&J'H/IFI/I TCXHUKACUHHUHT DQHCPIrvsd Ba PECYPCTCIKAMKOPJIUTHHNA OMIUPUIN YCYyIlIapu
TaAKWUK STUJITAH.

AHHOTamudA. B JaHHOW cTaThe UCCIAEAYIOTCS NYTH TMOBBIINIEHUS DSHEPro- U
pecypcoddHEKTHBHOCTH  MPOMBINUICHHBIX M CEIbCKOXO3SMCTBEHHBIX  MAIlMH  IyTeM
MIPUMEHEHHUS PUHIIUIIOB BUOPOMEXAHUKHU.

Annotation. This article explores ways to improve the energy and resource efficiency of
industrial and agricultural machines by applying the principles of vibration mechanics.

Kanut cy3aap: Canoar, TUTpail, TYOpOK 3UWINTH, SHEprus, TeOpaHHII, Kyd, Macca,
MaXOypuid TeOpaHMIII, TE3JIUK, CHHAIII, CapaJIalll, )KapaéH.

KuaroueBble cioBa: IIpoMbIIIIeHHOCTh, BHOpamus, IUIOTHOCTh TPYHTA, SHEPrHs,
Bn6pau1/151, Cujia, MaccCa, BbIHYKJICHHAA BI/I6paI_[I/I$I, CKOPOCTb, UCIIBITAHUEC, COPTHPOBKA, IIPOLCCC.

Keywords: Industry, vibration, soil density, energy, vibration, force, mass, forced
vibration, speed, testing, sorting, process.

Xo3upaa AyHEDAa Ba  MaMIIAKaTUMU3JArd  akCcapusaT  coxajlapia TUTpPaTyBYH
KypwiIMaJlapfiaH caMmapainu (oigaranud keamHMoKaa. JKymmanaH, WyuiapHd Kypuil, OeToH
KOopyuiMaJIapHU 3uYJIall, KO3UKJIapHHU )KOﬁJIB,H.I, 61/IHO Ba HWHIIOATIAPHU CHHAIO XaMJa I0H
MaxCyJIOTJIapHU capaliail kabu coxanapaa Oy skapa€HHH OeBOCHTa Ky3aTHIII MyMKHH. XYCYyCaH,
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JIOHHU apajammMaiapiaH To3ajaliia Ba OOIIKa KyNruHa jkapaéHiapia TeOpaHUIl KydugaH
dorinananmianu. byagan Tamkapu, ¥3-Y3umaad TeOpaHaauraH WINYW OpraHjapura 3ra OyiraH
TYIMPOKKA WUIIUIOB OCpUIl MalllMHAIApUaa KeHT GoiganuHub kenuHMoKaAa. Maskyp yHanmumaa
WIMUN TAIKUKOT Ba YJIApHU KyJam Oyiinda Oup Katop onumiap, skymnanad, [1.M. Bacuienko,
B.IL. Topstukun, B.B. T'optunckwmii, A.A. Jlyoposckuii, IL.M. 3amka, ILH. Jlanmmu, ILU.
Jleontues, I'.E. Jlucroman, TI'.J[. TepckoB, B.M. VYcakorckmii, A.B. ®ommn W. U.
Aptobonesckuii, 1. . bnexman, W. W. bitxosckuii, P. F. Fanues, . F. ['onuapeBuy, B. F.
Kypasnes, 0.1. Heitmapk, B. N. Ilotypaes, K. M. Parynckuc, H. B. Muxaiinos, P. F. Haraes,
S.T. IanoBko, I1. A. Pebunnep, H. B. VYpes, K. B. ®ponos, K.Sh. Xomxkaes, B. H. Uenowmeii, C.
@. Anyn Ba 6omkanap mryrysuianumras [ 1].

byHnan Tamkapu, Xo3upla TUTPATyBUM KypwiMalapAaH arpocaHoaT/a XaM KeHT
¢doitnanann®  kenMHMOKIa.  bymapHu  MexaHMK,  [HEBMOMEXaHHUK.  THIPOMEXaHUK,
3JIEKTPOMEXAHHUK Ba MHEPIIMOH TypJiapu KYIPOK TapKaJlraH.

Mucon y4dyH THUTpaTyBUM KypuiaMalapAaH [OH ToO3aJalll MalldHAlIapuaa SHT KyI
Kyananwnanau. Famma YpuMm-WuFUM MalIuHAIApUaIaH KenaéTraH Fauia YIOMJIApHWHHU, OOIIOK,
COMOH, TOII, Maiiia, eHrui Ba Oomrka OeroHa yT apanammanapuaaH JacT/Ia0Ky To3ajlall y4yH
XaBO 2JIaK MallMHaJapy MIUIa0 YMKApHIMOKaa. MammHa OOIIOKIH, TYKKAaKIH, MOWIM Ba YT
ypyFlIapu yooMuAa unoaiam. bynpali  MamumHaHMHT  BapuaHTiaapiaH Oupu  1-pacMia
KeJITUpWIraH [2].

1-pacm. lonHu To3a7am1 MAaIIMHAJIAPH
TutpaTyBun MalIMHAIAp KYPHIWII Kapa¢HIapuaa, KypwIdIl MaTepUaNIapUHUA WILIA0
yukapuiiga xam ¢oinananunanu [3,4]. Canoatna HucOaTaH KHYMK aMIUTATYAAId Ba IOKOPH
YacToTadM TeOpaHUIl XOCWI KWIQAWraH Kypuimanapnaa Qoiinananmnagu. Yiapaa acocas,
TeOpaHuI MaHOAN cndpamz[a Te6paHHm Ky3raTthmnapH (BH6paTopnap) WIUTaTHIIA]TH.
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2-pacm. llaxap mapouTuaa epra Ko3uk (Xaigamn) skoijiam MalmHacH
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Kypuwnmum coxacuna MIOBKMH Ba TEOpPaHUIIHUHT acOCH MaHOalapuHU KyWuaaru
rypyxJjiapra 0yaum MyMKUH:

1) xyuma KypHjIHII MallHAIapH — 3KCKOBaTopIiap, Oyimo3epiap, poiaukiap, MUHOPA, KYTIPUK
Ba aBTOMOOWJI KpaHJIapH, Au3ei OosFagapu Ba MOOMII KOMIIPECCOp arperatiapu;

2) OETOH apajalIMaHu Tal€piail, TapKaTUII Ba TEOPaHWII CHKUII YYyH MaldHaiap — OeToH
apajalITUpruwiap, yiyam MocjaManapu, YpHaTWIraH 3JeKTp BUOPATOpiU y3aTUII KyTHIJIapH,
TeOpaHUII MpPOKJIaJKaiapd, OETOH Komamanap, HW4YM OYyIml MaxCyJoTIapHH TeOpaHHUII
KOJIMIUIApH y4yH Mocjamaiap Ba Oolkasiap.

3) 2JeKTp Ba MTHEBMATHK XaiIOBUKra dra KyJj1a MeXaHu3alusUIalliral yCKyHaap.

Tynpokka unuioB 0epyBUM KHUILIOK X¥>KaJUTXM MallMHAJIapuaa TYNPOKKa OelrviaHraH
arpoTeXHUK Tajadyap JOMpacuia UILIOB OEPHIL Ba YHHHI 3UWIMTMHU KaMaWTHPHUIIIA MEXaHHUK
TabCHUP KYPCATHUII yCYJUTApHIaH XO3UPIH KyH/1a KeHT (hoi1alaHuIMOKAA.

Hasapuii TagkukoT/Iapfia OJIMHIaH HaTHKalap LIYHU KypcaTaJuKH, KUIUIOK XY>KalIuru
MalllMHAJIAPUHUHT UIIYU OpraHjiapyuja TeOpaHuIIap XOCHI KWIYBUM MEXaHU3MIIAPHU KYJUIall
TopTUIITa Kapminkau 60 ¢ousrada Ba sHeprust capHuHu KaMaluIIMHA TabMUHIann [7].

a) BB 15007 sirona apym TeOpaHUIl pOIMK KYPUHUIIN, 0) KaBapyUK CUKUIIHU XapaKaTu, C)
KaBapHK OyJIMaraH CUKWIHIL XapaKaTh
3-pacM. Cuxunaum 3¢pPeKTHHH IKCIIEPUMEHTAJ TeKIIMPHII MAIIHHACH

VTKa3uIran TaaKUKOTIAPHH KYpPCATHIINYA, TYIPOKKA TeOpPaHyBUH MIIYM OPraHIapra ra
arperaTijiap MIIYM OpraHjapy OJAMHIa CUDKUII OuilaH Oup KaropJa MabiyM OMp aMIUIMTYAA Ba
9JacToTa/Ia MyaisiH TeOpaHuIl OuaH XapakariaHaau. Yoy arperatiapaa TeOpaHuIuiap XOCHI
KWIYBYM MeXaHW3MJIap 4M3MKIM €KkM €M Xapakatura sra TeOpaHuil HyHanummaa Oynumm
MyMKUH. TeOpaHHII TEKUCIIMKIA TOPU30HTAJ, BEPTUKANI €K yd YmdoBinu ¢azonga OUpoH OUp
KUSUTHK]IA OY I MYMKHHIIUTY aHUKJIaHTaH [8].

Masxyn W.B.TpopumOB TOMOHHMIAH sIpaTHITaH MAasSTHUKIA TEOpaHUII KypuUIMacu
OuJIaH KUXO03/1aHI'aH YU3eN-KyJITUBATOP KOHCTPYKIMACH UII jKapaéHuAa TPakTop 1 HUHT KyBBaT
OJIMIII Baju 8 JlaH KapaaHiu y3atMma 9 épmaamuaa xapakat masTHUK 11 ra yzatunagu. Mammnaa
TeOpaTHIl KypuJIMacH arperar pamacura YpHaTHITaHIUrd cababau OyTyH Oup arperaTHU
teOpanTupanu. byHnail karra MaccaHu TEOpPAHTHUPUII Y4yH TEOpaHUII KypHJIMacu METajul Ba
sHeprus cappu, Mypakkad KOHCTPYKLHUS Ba KOHCTPYKTHUB YIYaMJIAPUHUHI KaTTaJallMIINra
cabal OyNraHINryu YHUHT acOCHI KaMuMJuIapuaad Oupu xucobianaau (4-pacm).

bu3 TomoHMMu3naH TakiaMd >TUIAETraH TYNPOKKA MIUIOB OEpHII y4yH IOMIIATIHY Ba
YHUHI paMacura ypHaTWIraH y4yTa MYBO3aHAT ILIaKiaujaa BuOparopiaH uOopar OYiraH sHru
TypJard TYNpoK IOMINATKU4JaH (oiananmirania BUOpalusid Ky3raTyBuM (akaT FrOpU30HTAI
HyHanuIIa MaxOypuit HyHaITHUpWITan TeOpaHUIIUIApHU XOCHIT KIIaau (5-pacm.).
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1 — tpakTop; 2, 4 — pama; 3 — OCHUIIl KypHUJIIMAaCH; 5 — UIITYH OpraH; 6 — TasHY FUIAUpAK; 7 —
TUAPOLMIINH/D; 8 — KyBBaT OJIMII BaK; 9 — kapaanau yzarMa; 10 — mapuup; 11 — MastHuk; 12 —
MYyBO3aHaT KypuinMmacu; 13 — 1k; 14 — npyxuna

4-pacm. U.B.TpopuMoB TOMOHMIAH TaKIU(} ITTraH MAATHUK Ty PpUAAru TedpaHuin

XOCHJI KWJIYBYM KypPHJIMAa KOHCTPYKIHUSCH
7

1-roMmIaTrud pamacu; 2-uIirdu oprad; 3-TeOpaHuIll Ky3raTyBUUCH
S5-pacM. BuGpanusiu Ky3raTyBud OMJIaH ep IOMIIATIHY

TyNpOKHUHT KHUIIUIOK XY’KaJIUK TEXHUKaJapy OWiaH aHTPONOIreH 3UWIMTMHUHT OPTUIIN
(U3HK-MEXaHUK Ba arpoQU3MK XOCCAJIAPWHH TACAWWINNTa, TYMPOKHUHT Xa)KMUH MacCacHHH,
KATTUKJIUTMHU Ba SHEpruscapuHU OPTHUILIUTA, CTPYKTYpACHHU EMOHIANIMIIUTA Ba SPO3HOH
XaB(Ju 3appavaiapHi OPTHIINTa OJIHO Kelasu.

Tympokka wunUoB OepyBUM WIIYM OPraHjapuHT TUTpalid (BUOpaLUsCH) KYypYyK
WIIKAJAHUII KYy4UHU KamaiTupand. HaTwkana arperatjapHUHT TOPTHUINTa KApIIMJIUTH Ba
eitmm kamasaau. by aca ¥3 HaB6atuna sHeprus cappuau 30%-40% raya kamaiummra, uirgu
opranyapau unuiam pecypcuan 50% rava ommmmra o6 kemanuy. [11].

VTKa3uiaran TaJKUKOTIAPIAH KYPUHAIMKH, MaXOypuil TeGpaHMII OGepHil OpKajH
caHoAaT/Ja Ba KUIIJIOK XY’KaJUrd MallMHaJapuIa camapaii HaTuXKajlapra SpUIIiiIaim.
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UDK 621.01

O‘SIMLIKLARDAN MOYI SIQIB OLISH QURILMASINING TAKOMILLASHGAN
SIRPANISH PODSHIPNIGI

Akbarov Alisher Normatjonovich
NamMQl, t.f.f.d., PhD. alilion2090@gmail.com

Annotatsiya. Maqolada o‘simliklardan moy siqib oluvchi moy siqish mashinasi ishchi
vali hisoblangan shnekli val tayanchlaridagi sirpanish podshipniklarining takomillashgan
konstruksiyasi va ularning yeyilish darajasini kamaytirish bo‘yicha tadqiqotlar tahlili keltirib
o‘tilgan.

AHHOTaI[I/Iﬂ. B ctatbe NpeACTaBJICH aHAJIN3 ynqueHHoﬁ KOHCTPYKIHU IMOJUINITHUKOB
CKOJIb)KeHUsI Ha omopax Baja lllHeka, KoTOphIli cuMTaeTcs paboOYuMM BaJIOM MAaclIOC)KUMHOM
MalllMHbI 4 OTXXHMa Macjda C 3aBOAOB, M HCCICIOBAHMA II0 CHHXCHHIO CTCIICHHU HX
CKalllnBaHUsI.

Abstract. The article presents an analysis of the improved design of sliding bearings on
the supports of the screw shaft, which is considered to be the working shaft of an oil-squeezing
machine for extracting oil from factories, and studies to reduce the degree of their mowing..
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Kalit so‘zlar: moy sigish mashinasi, val, kinematik juft, ishgalanish, yeyilish, tortish
usuli, konstruksiya

KuroueBble ciioBa: Maciorpecc, Bajl, KHHEMAaTH4YeCKas Mapa, TpeHue, U3rud, crocod
BBITATHBAHUA, KOHCTPYKIUA.

Key words: oil press, shaft, kinematic pair, friction, bending, pulling method,
construction.

KIRISH.

Yog-moy sanoatida moylarni moyli xom-ashyodan sigib olish uchun shnekli
presslarning har xil konstruksiyalari ishlatilmogda [1-3]. Hamma shnekli moy sigish mashinasi
bir xil turdagi ishchi organlarga, tuzilish sxemasiga va ishlash prinsipiga egadir.

Shnekli moy sigish mashinasi asosiy ishchi organlari tarkibiga shnekli val va zeyerli
silindridir kiradi. Mashinada texnologik jarayolarni bajarish orgali olingan mahsulotlari sigib
olingan moy va kunjaralar hisoblanadi. Yordamchi organlarga moy sigish mashinasi
ta’minlovchi qurilmasi, bosim va kunjara qalinligini rostlagichi bilan harakatlantiruvchi
mexanizm kiradi. Moy siqish mashinasining hamma ko‘rsatilgan asosiy va yordamchi organlari
cho‘yanli staninada yig‘iladi. Shnekli val staninaga sirpanish podshipniklari yordamida
o‘rnatiladi.

Ma’lumki texnologik mashinalar va jihozlarning ekspluatatsiya jarayonida yuritgichlar
tomonidan sarf bo‘ladigan barcha mexanik energiyalarning hammasi foydali ishlarni bajarish
uchun sarf bo‘lmasligi o‘z isbotini topgan. Sarf bo‘layotgan energiyaning ma’lum bir gismi
texnologik mashinalar ish bajarish jarayonida ishchi organlar orasidagi ishgalanishni yengish
uchun sarf bo‘ladi [4]. Kuzatishlar natijasi shuni ko‘rsatadiki o‘simlik yog‘ini ishlab chigaruvchi
moy sigish mashinasi shnekli valining tayanchi hisoblangan sirpanish podshipningining bronza
vtulkasi ko‘p holda 1000 soatdan ko‘pi bilan 3000 soatgacha ishlar ekan. Buning asosiy sababi
moy sigish mashinasining ishchi organi hisoblangan sirpanish podshipnigidagi tashqi silindrning
yeyilish darajasi yuqori bo‘lishi, ushbu ishchi organ ichki silindri ishgalanuvchi yuzalarning bir
tekis moylash imkoniyatlariga ega emasligi bilan baxolandi.

Shunday ekan ishqgalanuvchi yuzalar gisga muddatlarda yemirilishining elementar
sabablarini o‘rganish dolzarb masalalardan biri hisoblanadi.

MATERIALLAR VA METODLAR.

Texnologik mashinalar ishchi organi hisoblangan vallarining notekis aylanishi natijasida
aylanma tebranishlar ortishi vujudga kelib, aylanma kinematik juftlikda bo‘ylama va ko‘ndalang
tebranishlarni keltirib chigaradi. Bu esa o‘z navbatida vtulka va val orasida zararli ta’sirlarni
ortib ketishiga sabab bo‘ladi.

Sirpanish podshipnigining ishonchli ishlashini ta’minlash uchun eng birinchi navbatda
texnologik mashinalardagi sirpanish podshipniklarini konstruksiyalarini to‘g‘ri joriy qilish
muhim.

Yuqoridagi muammolarni bartaraf etish maqsadida o‘simlik moyini ishlab chiqarish
uchun yangi takomillashgan qiya bo‘ylama ariqchaga ega bo‘lgan sirpanish podshipnigi
konstruksiyasi ishlab chigildi.

Takomillashgan sirpanish podshipnigining ichki silindri quyidagi 1-rasmda keltirilgan.

Tavsiya etilayotgan takomillashgan sirpanish podshipniklari o‘simlik yog‘ini ishlab
chiqarish uchun qo‘llaniladigan moy siqish texnologik mashinasining ishlash rejimlarini
inobatga olgan holda joriy etildi. Mavjud sirpanish podshipnikka nisbatan taklif etilayotgan
takomillashgan sirpanish podshipnigi silindrlarining yeyilish darajasi ko‘rsatkichlarini
solishtirish magsadida uning ichki va tashqi silindrlarining yeyilish miqdori hamda og‘irligining
o‘zgarish qiymatlarini va yeyilish jadalligini ishlash vaqtiga bog‘liq holda o‘rganildi.
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1-rasm. Qiya bo‘ylama ariqchaga ega bo‘lgan takomillashgan sirpanish podshipnigi ichki
silindri

Tavsiya etilayotgan sirpanish podshipnigi o‘simlik yog‘ini ishlab chiqarish uchun
qo‘llaniladigan moy siqish texnologik mashinasining ishlash rejimlarini inobatga olgan holda
joriy etildi. Mavjud sirpanish podshipnigiga nisbatan taklif etilayotgan sirpanish podshipnigi
silindrlarining yeyilish darajasi ko‘rsatkichlarini solishtirish maqgsadida uning ichki va tashqi
silindrlarining yeyilish miqdori hamda og‘irligining o‘zgarish qiymatlarini va yeyilish jadalligini
ishlash vaqtiga bog‘liq holda o‘rganildi.

Dastlab mavjud va tavsiya etilayotgan aylanma kinematik juftlikni tashkil etadigan ichki
va tashqi silindrlarini yeyilish darajasini aniqlashning tortish usuli orqali og‘irliklari o‘lchandi
[5,6] (2-rasm).

Sirpanish podshipnigining tashkil etuvchi organlari hisoblangan ichki va tashqi
silindrlarni og‘irliklarini o‘lchashda o‘lchash aniqligi yuqori bo‘lishini ta’minlash magsadida,
laboratoriya sharoitida yuqori aniqlikka ega bo‘lgan laboratoriya tarozisidan foydalanildi.
O‘Ichash natijalari 1-jadvalrda batafsil keltirilgan.

-

2-rasm. Mavjud va tévsiya etilgan sirpanish podshipnigini tashkil etuvchi ichki va tashqi
silindrlarini tortish jarayoni

Taklif etilayotgan beshinchi sinf aylanma kinematik juftlik konstruksiyasining mavjud
konstruksiyaga nisbatan ichki silindrining tashqi yuzalariga ochilgan bo‘ylama ariqchalar soni va
ularning o‘lchamlari hamda tashqi silindr (vtulka) ning materiali bilan farglangani bois ushbu
ichki va tashqi silindrlarning yeyilish darajasining o‘zaro farqlari o‘rganildi[7-10].
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1-tashqi silindr, 2-ichki silindr.
3-rasm. Beshinchi sinf aylanma kinematik juft elementlari

NATIJALAR.

Sirpanish podshipniglarida quyidagi nosozliklar ko‘proq kuzatiladi:

- sirpanish podshipnigi tashqi silindri (sapfa) notekis yemirilishi va darzlar hosil bo‘lishi;

- ichki va tashqi silindrlar orasida hosil bo‘ladigan ishgalanish kuchlari ta’sirida notekis
yemirilishi;

- tashqi silindr (sapfa) yeyilishi ta’sirida shnekli val texnologik mashinaning zeyr
kamerasi markazidan uzoqglashishi;

- aylanma kinematik juftliklar silindrlari orasida hosil bo‘lgan notekis yeyilish hisobiga
texnologik mashinalardan chigadigan shovgin migdorining ortishi.

Tajribaviy tadqiqotlar uchun o‘lchashning xar ikki jarayoni yakunlangandan so‘ng
quyidagi formula yordamida yeyilish jadalligi aniglandi.

mbosh - myakun
gbir = .
t
bunda mposh — Na’munaning tajriba oldidan massasi; Myakun — Na’munaning tajribadan

keyingi massasi; t — tajriba vaqti.

Olingan natijalar asosida kinematik juftlikning tashqi silindridagi yeyilish darajasini ichki
silindrga ochilgan bo‘ylama arigchalar soniga bog‘ligligini aks ettiruvchi grafiklari qurildi. 4-
rasm.

A % 0,7
0,65
0,6
0,55 S
0,5 e
0.45 N
0,4 e ——
0.35 ‘
0.3

12 i,
(arigchalar soni)
—+-Po'lat (f=0°) --%- Po'lat (p=59) —+—Po'lat (f=10°)
—&—Bronza (f=0°) —#* -Bronza (p=5°) —*—Bronza (=10°)
4-rasm. Sirpanish podshipnigining tashkil etuvchi tashqi silindri yeyilish darajasini ichki
silindrga ochilgan bo‘ylama va qiya bo‘ylama ariqchalarga bog‘liglik grafigi.
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MUHOKAMA.

Tajriba-sinov natijalaridan shuni ko‘rish mumkinki, aylanma harakat gilayotgan moy
sigish mashinasi texnologik valining aylanish tezligi 24-25 ayl/min tezlik bilan
harakatlantirilganda kinematik juftlikning ichki silindriga mavjud ya’ni amalda qo‘llanilayotgan
bo‘ylama ariqchalarsiz konstruksiyasini 60 N-m texnologik qarshiligi ostida 250 soat
ishlatilganda po‘lat va bronzadan tayyorlangan tashqi silindrning umuiy vaznini mos ravishda
0,634 va 0,560 foizi yeyilishga sarflangan bo‘lsa, bo‘ylama arigchalar soni 6 tani tashkil etganda
bu ko‘rsatkich 0,450 va 0,448 foizlarni, arigchalar soni 9 ta bo‘lganda 0,406 va 0,401 foizlarga
teng bo‘lishini kuzatish mumkin. Kinematik juftlik ichki silindridagi bo‘ylama ariqchalar soni 12
ta bo‘lganda esa po‘lat va bronzadan tayyorlangan tashqi silindrning yeyilish darajasi 0,419 va
0,416 foizlarni tashkil etdi.

Bo‘ylama ariqchaning aylanish o‘qiga nisbatan qiyalik burchagi =5 va P=10 gradus
qilib tayyorlanib, tajribada sinalganda, ushbu kinematik juftliklarning yeyilish darajasi bo‘ylama
ariqchali (p=0) kinematik juftliklarning yeyilish darajasiga nisbatan mos ravishda 6-10 foizga
kamaydi.

XULOSA. Olib borilgan ilmiy-tajribaviy tadgiqotlar natijalariga asoslangan holda shuni
aytish mumkinki, tavsiya etilayotan sirpanish podshipniklarining konstruksiyasining kinematik
va dinamik parametrlarini inobatga olgan holda amaliyotga joriy etish natijasida texnologik
mashinaning eksplutatsiya jarayonida ularning energiya va resurstejamkorligiga erishish
mumkinligi oz tasdig‘ini topdi.
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METPONOJIMTEH MOE3/1JTAPA XAPAKATUIAH XOCHJI BYJIATUTAH
TEBPAHUIILJIAP HATUKACHJIA TOHHEJI ATPO®UIATH TPYHTJIAPIA
BYJKY/ITA KEJIATUTAH JTE®OPMALMSTIAPHA YACTOTAT A BOFJTUKJIUTH

KapabaeBa Mynupa YcmanoBHa
HamMMKH, PhD., karabaevamunira27@gmail.com, temn:(95) 122-50-57

AHHOTaIII/[H. MaKonana MCTPOIOJIMTCH TOHHEJIapruAaa IIO0C3d XapaKaThuAaH XOCHII
Oynmaguran TeOpaHUIIAPHUW TOHHEN arpoduiard TrpyHTIapAa TapKaJIdIl Macajacu Kypuo
YUKWJITaH. JII/IHaMI/IK Macajia JJIACTUKIIMK Ha3apHUACUHHUHT 6I/Ip JKHUHCJIIN TCEKHC MacajJacura
KCJITUPUIITAH. YI_H6y MacCajlaHu CHHUIILAA YCKIIM 3JICMCHTIIAPD YCYJIN KS'/J'IJ'IaHI/IJ'Il“aH. TaJIKI/IKOTI[aH
OJIMHT'aH HaTHXXaJiap TaxXJIUJI OTUJIT'aH.

AHHOTaI[I/Iﬂ: B cratbe paccMaTpuBacTCd 3aaada O pPacClIpOCTpaHCHUUN BI/I6paI_II/II/I B
TPYHTaX, BOSHUKAIOIIUX MPU MNPOXOKACHUU MOE310B, METPO B TOHHENAX. 3a/1aya MPUBOIUTCS K
PELICHUI0 HEOJHOPOJHOM, TUIOCKOW TMHAMMYECKOM 3aJayd TEOpHUH YIpyroctu. B stoi 3amaue
IIPUMCEHEH MCTOA KOHCYHBIX 3JICMCHTOB. Pe3yanaTH HuccjaeaoBaHuA ObLIH IIpoaHaJIn3upPOBaHbI.

Abstract: The article examines the problem of the propagation of vibration in soils that
occurs when subway trains pass through tunnels. The problem is reduced to solving an
inhomogeneous, plane dynamic problem in the theory of elasticity. The finite element method is
used in this problem. The results of the study were analyzed.

Kamut cy3nap: TeGpanum, nuddepeHman TeHriiama, Y4eKIm JIeMeHTIap YCyiu, TPYHT,
qacToTa, 3JIaCTUKIIMK Ha3apuiaCu, TyCHK, aMIINIMTyda, II0C3/1, qerapaBmZ mapTiap,
MCTPOIIOJIMTCH.

KiaroueBbie ciaoBa: BubOpanum, auddepeHnnanbHoe ypaBHEHHE, METOJ] KOHEYHBIX
DJIEMEHTOB, IPYHT, 4acTOTa, TCOPUU YIPYIOCTH, IIpeTrpana, TpaHIIes, aMIUINTy[a, II0€31,
I'paHUYHBIC YCJIOBUA, MCTPOIIOJIUTCH.

Keywords: Vibrations, differential equation, finite element method, soil, frequency,
elasticity theory, obstacle, trench, amplitude, train, boundary conditions, metro.

KI/IpI/IHI. TpchnopT BOCUTAJIapH HMYKUAA SHCPIrUATCIKAMKOPIIMK XUXAaTUJaH €p OCTH Ba

YCTU TEMUP WYI TPAHCIOPTU €TaKYM YPUHHU drajulaiiu, OMpOK yJapHU XapaKaTUIaH XOCHI
Oynmamuran TeOpaHUWILIAP axXOJMHHHT KyJlail Imapoutna ¢aoiuatu oiubd Oopummmra canouid
TabCUP KYpcaTyBuUM OMMIIap/aH xucoOnaaHaau. TeMup Hyn TpaHCHOPTUHUHT KYNANRUIIN JIMHUS
aTpoduaaru Xyay/JUlapHA CaHUTAp-TUTHEHUK MebEpiapia OCNTWIAHTaHaH OpPTHUK aKyCTHUK
upnocnanumura onubd KenMokga. MnMuii TeKImMpHUII TAaAKUKOTIAp IIYHH KypcaTaauku,
axomuHuHr 10% cornmmuFu JOMMHUIN caiOMi TabCUp OCTHAA SAmad KeaMokdaa. MeTpomojuTeH
TOHHEeJUIapuJa TOHHEN I03acuja TeOpaHUILIAPHUHT aKCIaHHWIIM TeOpaHUIUIAPHUHT KyIIMMYa
ManOan OYynmuO xu3Mar Kwiaau. TpaHCIOPT BOCUTANIApU XapakaTUAaH XOCWlI Oyiaauran
TeOpaHUIUIAPHU €p YCTUAA TAapKaJIMII HaTIKachIa XOCWJI OYynaauran canOuil TabCHpiiapu
HUPHUK MyaMMOJIEK KapajiMaca-fa, TPYHT MYXUTHAArd KOHCTPYKIMSIIAPHH OY3UIUIINTA OJHO
KeIyBUM OMMIIIapJaH xucoOnaHagu. DaH-TeXHHKa PHUBOXJIAHUIIN HATHXKAacHUJa TPAaHCIOPT
BOCHTAJIapH, MAlllMHA-MEXaHU3MJIAPHUA KYTIAWWIIK CYHITH 103 WWUIMKAa Oy MyaMMOHHM sHaza
nomap0 tyc oymmu onubd kenmokaa [1]. Kyitmmaru skanBaijga ep yCTH Ba OCTH TEMHUP My
Moe3/1Iapy XapakaTuaaH Xocui Oynaauran TeOpaHuiuiap KuiMaTiapu KypcaTuiras.
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1-skagBai.
60-80 kM/4 Te3IMKAA XapaKaTJIaHAETIaH BaroHJapaa X0CWJI 0VJ1aauraH TedpaHnuLiap
Baronaap Teopanumap, nbA
[Maccaxup nmoezau 60-70
DnekTpornoe3iap 70-85
MertpormonuTeH 80-90

2-KkafBanfa TypJad Te3NuKIa OynraH moe3mjap XapakaTulaH Xocws —Oynran
TeOpaHUIILIap KYpCaTHIITaH:

2-majBaJ
IMoe3n Typaapu Te3aunk, kM/yac TeOpanum napaxkacu, 1bA
IOk moeson 30-90 78-88
DnekTponoesn 40-120 76-90
[Taccaxup 40-130 78-88

«Carcan» HOMJIM T€3 10pap
oe3u 100-220 68-86

Yeyanap. Ym0y Tankukotaa 6 MeTp YyKypJIMKIA OSKOMJIamraH METPOIOJIMTEH
TOHHEJUTapua XOocusl OynraH TeOpaHMIIHM TPYHTHUHT HYyKTajlapuaa Xocusl OynmaauraH
KYYUIUIAPDHU BEPTUKAI MYyHaIuUa Y3rapuilyd ypraHwirad. MacajgaHu e€4ulll Y4yH YeKIIH
aJIeMEHTIap ycynuaaH ¢oiganaHamMus, TeKmupuiaérran coxa 854 anementra Oymuaran (1-
pacm).

ByHuHr y4yH MacaJaHM 3JIACTUKIMK HA3apUACHHUHI TEKHC MAcajlacura KeJITHpaMus3.
Taxxpuba HaTIKanapura Kypa TPYHTHHHI TeOpaHWIIM TapMOHMK KOHYHHSTra OYHCHHaIu Ba
TeOpaHMII AMIIUTYJACH KyAa KUUMK OYIraHIMIUJaH MacajlaH! YM3UKIU Ae0 Kapailmus.

A
]

X

."_lT

SRR

p
~)

1-pacm. MacajanuHr Xxucod cxemacu
SpuM TEKUCIUKHU SpKUH 4Yerapacura KyWWiraH rapMOHMK IOK Xy(QTH TabCHUpUAATH
MaTEpUATHUHT (PU3UK-MEXAHUK XapaKTEepUCTUKAJIApUHM XucoOra oJiraH XoJiJja TPYHT caTXu
Y3YHJIMTY OYiinya KY4MIUIapHU aHUKJIaiMKu3. YOy Macanaja 4eKCU3 sIpUM TEKUCIMKHU YEeKJIN
coxa O6winan anmamrupamus [2]. bynna A/[, /[C Ba CB uerapanapaa (1-pacm) TYJIKUHIApHUHT
YEKCU3JIMKKA HHTWIMIIMHY TAbMUHIIOBYM Kylnaaru maptiap Kyiwirad JIC Ba CB na [3].
a=a,0VpV} 0'=aprV}
JC na , CB na
r=f pV; U r=f pV, U

By epma ¢ Ba rHOpman Ba ypuHMa KywlaHunuiap; UBa V — dYerapaBuil HyKTayap
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TE3NUKIAPUHU YKiIapaara npoekuusuiapu; V, Ba Vo — P Ba S TYIKUHIAPHUHT TE3NIUKIAPY; o Ba

[ — ¥adaMcu3 mapameTpiap; p — MaTepUATHUHT 3UUWINTH.
Xapakat TeHIJIaMacUHU KylHuaarnda €3aMmm3:

) o+ () ut+ K] u (0] = P () [ ®
By epna: [M],[C] Ba [K]— moc paBumiia cHCTeMaHHHT Macca, AeMIup Ba GHKPIHK
MaTpuIaIapH; { u(t) },{ p(t) }—TYFYHHI/IHF KYUHII Ba TAbCHP 3TYBYM KyWIAPHUHT BEKTOPJIAPH;

[I"]—uerapa mapTnapunn Xucobra OyBuM AHaroHax MaTpuia [4-6].

Harmwkanap. I'pyHT cupTuparm TeOpaHuMLUIap aMIUIMTYAAa YpaMacu METPOIOJINTEH
CHUMMETpHUsl YKUJAH Y30KJIalllraH capyd CYHYBYaH Ba HOMOHOTOH Xapakrtepra sra. Kyiwnma
KEITUPWITaH rpaduK Ba ka/iBajja ynlOy MacalaHUHT COHJIM HaTWXalapy ¥3 aKCUHH TOTTaH.

0,00 0,10 0.20 0.30 0,40

f=20Tu
———— — 4 M macodana
— — - - — 6 MmMacodama
1730 2 — 8 M Macodana

400 —

goo | Y

1200 —

16 00 —

2-pacM. f=20 I'y yacToTasa BepTUKAJ HYHAIMIIIA KOMIAMTaH TPYHT HYKTAJaApUHHU
KYYHMIIMHY y3rapuum rpaguru

0.00 0.10 0.20 0.30 0.40 0.50

0.00 1 | 1 | 1
Vg
F
-

T == =30

e ———— — 4 mmacodana
b — — - - — 6 M Macodana
NN e — 8 M Macodana

4.00 —

8.00—

12.00 —

16.00—

3-pacM. =30 I'y BepTUKAJ HYHAIUIIAA KOWIAIITaH IPYHT HYKTAJAPUHHN KYYHIIITUHH
y3rapuu rpaguru
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3-xaaBaj

MeTpono/uTeH TOHHEINAA M0e3/]] XapaKaTHIAaH X0CHJI 0yJIaiuran TedpaHuILIap
TabCHPHUJIA FPYHTJIAPAA XOCHJI 0y 1aIUraH Ky4nuuiap

MertpononuteH MertpononuTeH
Merpononurex
TOHHEJIMHUHT TOHHEJIUHUHT
TOHHEJMHUHT
X Tekmmpunaér CHUMMETPHA CUMMETpUS CHMMeTpYt
) YKunaH 4m . YyKuIaH 8M
5 raH IPyHT VKH1aH 6M
3 Macodasa Macodaa rpyHT
5~ Y3YHJIUTH, M Maco(azaa rpyHT
TPYHT HYKTaJJADUHUHT
HYKTaJJApUHUHT M
HYKTaJapUHUHT . KYYHIIH, CM
. KY4MILH, CM
KYUYUIIH, CM
1 2 3 4 5
0.00000 0.19954 0.22140 0.25478
1.00000 0.19724 0.20431 0.23094
2.00000 0.18594 0.17749 0.19282
3.00000 0.16408 0.14473 0.14617
4.00000 0.13161 0.11014 0.09909
o 5.00000 0.09404 0.07725 0.06407
Zf 6.00000 0.07775 0.04923 0.05773
N
S 7.00000 0.11803 0.03284 0.07236
g 8.00000 0.19099 0.04061 0.08790
§ 9.00000 0.27103 0.06526 0.10012
a3 10.00000 0.33589 0.09724 0.11269
11.00000 0.36400 0.13324 0.12777
12.00000 0.35717 0.16602 0.14086
13.00000 0.34805 0.18311 0.14474
14.00000 0.33411 0.17592 0.13659
15.00000 0.31331 0.14877 0.11719
0.00000 0.26643 0.28090 0.25692
1.00000 0.24172 0.26074 0.24183
2.00000 0.18309 0.20296 0.19096
3.00000 0.10387 0.12216 0.11672
s 4.00000 0.04422 0.05162 0.03975
s 5.00000 0.09967 0.07874 0.04648
S 6.00000 0.17506 0.12948 0.08951
g 7.00000 0.24200 0.15485 0.10102
g 8.00000 0.30063 0.15628 0.07723
& 9.00000 0.35148 0.15421 0.02413
10.00000 0.38819 0.17963 0.05003
11.00000 0.40142 0.23483 0.12277
12.00000 0.39557 0.28844 0.17765
13.00000 0.38501 0.30912 0.20052
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14.00000 0.35432 0.28685 0.19113
15.00000 0.30504 0.23661 0.16112

XyJioca. Xyioca KAIM0O IIyHH alTHIII MyMKHUHKH, 0JIUO OOpHIIraH TaaAKUKOTIIap acocua
METPOIOJIUTEH TOHHEJUIApHUJa MOe3] XapakaTulaH XOCWJ OYyiajuraH KyduiuiapHu Hadakxat
BEpPTHKAI HYyHalIMIIga Y3rapuiivHM, OalKd TOPU30HTAN HYHanmumiia Y3rapuiimHH, TPYHT
caTkuJla TeOpaHMIUIApHU TApKAIMIIMHMA XaM TaxXJWi JTUII MyMKHH. By sca onguHmax
TeOpaHHUIUIap TabCUPH HATIDKACHAA XOCHJI OYynaaurad JegopManus-KywIaHUII XOJIaTUHHU
6axomai IMKOHUHH Oepajy.
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YMEHBIIEHHUE YPOBHSI BUBPALIUHU B I'PYHTAX C HOMOULIbIO
BUBPO3AIIUTHBIX 9KPAHOB TUIIA HIEJIEU, YCTPAUBAEMBIM MEXY
KEJIE3HOAOPOKHBIM ITOJIOTHOM U 3AINUIINAEMBIM OB BEKTOM

KapabaeBa MyHupa YcmaHoBHa
HamWCH crapuuit npenogosarens, Ph.D. karabaevamunira27@gmail.com rex: (95) 122-50-57

Annoranusi: TpaHmies MOXET BBICTYNATh B KauecTBe Oaphepa IJisi BUOpaIuu TpyHTa U
SABISIETCSI TOTEHLUUAIBHOW MEpOM CMSTYeHHsT HU3KOYaCTOTHOW BHMOpAllMM, BBI3BAHHOW MpHU
JBUKEHUH JKEJIE3HOIOPOKHOIO Ioe3fa. B uccienoBaHun paccMaTpuBaroTCs BHOpO3allUTHBIE
9KpaHbl TUIA IIEJIEH, YCTPaUBAEMbIM MEXKIY >KEJIE3HOAOPOKHBIM IOJIOTHOM U 3allMLIAEMBIM
o0bekTOM. B wuccienoBaHMM HMCHOJB3YIOTCS METOJ KOHEUHBIX DJIEMEHTOB. Pe3ynbTaTsl
MIOKa3bIBAIOT, YTO BO BCEX PACCMOTPEHHBIX YCJIOBUSAX HAWIyYIIMM OOpa3oM BBICTYHAOT
OTKPBITbIE TPAHIIEH.

AnHoTtauusi: Ep yctu Temup #yn moesanmapu XapakaTWIaH XOCWJI OyiaraH mact
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YyacToTalnd TeOpaHUIUIAPHU TPYHTAA TApKAJUIIMHE KaMaWTHpHILAA TpaHIIesIap TYCHK
Ba3u(pacuHU OakapuIld MYMKHH. YIIOy U3JaHUIILA TEMHUp WY MOJIOTHOCH Ba XUMOS
00BEKTIIapU YpTacura KyWuwiraH BUOPOXUMOS dKpaHJIapuiaH Oupu OYiraH TpaHIIESIapHUHT
camapagopiauru ypraHwirad. TagkuKoTna YeKiIM SJeMEHTIap ycyauaaH ¢oiiaraHuIraH.
OnuHraH HaTWXKaNap OYUK TPAHIISSUTAPHUHT caMapaopiIury IOKOPH SKAHIUTHHU KYpCaTIu.

Abstract: The trench can act as a barrier to ground vibration and is a potential measure
to mitigate low-frequency vibration caused by railway train traffic. The study examines
vibration-protective screens such as slots, arranged between the railway track and the protected
object. The study uses the finite element method. The results show that in all conditions
considered, open trenches perform best.

KuroueBble cioBa: Bubpanuu, auddepeHnuanbHoe ypaBHEHHE, METOJ KOHEYHBIX
3JIEMEHTOB, TPYHT, 4YacTOTa, TEOPUU YINPYrocTH, Mperpaja, TpaHies, aMIUIUTyAa, MOe3M,
T'paHUYHEIE YCIOBHSL.

Kaaut cy3nap: TeOpanum, nuddepeniman TeHriama, Y€K dJIeMEeHTIap yCYiu, TPYHT,
4acTOTa, AIACTUKIIMK HAa3apUsACH, TYCHK, aMIUIMTY/Aa, IO€3]l, YerapaBuil mapriap.

Keywords: Vibrations, differential equation, finite element method, soil, frequency,
elasticity theory, obstacle, trench, amplitude, train, boundary conditions.

BBenenne. B Hacrosiiiee BpeMs BO MHOTHMX TOpOJaX BeIETCS WHTEHCHBHOE
CTPOUTENLCTBO 3/IaHUH W COOPYKCHHU BOJM3W JTUHUA METPOIOJIUTEHOB, >KEJIE3HOIOPOKHBIX
Tpacc u aBTogopor. KonebaHus, BO3HUKAIOUIUE MIPH JBUKEHUH TPAHCIIOPTA, MEpeIaloTcs Yepes
ITPYHT Ha (yHOAMEHTHl 37aHWN, BBI3BIBAS B HEKOTOPBIX CIIydasX HEIOMYCTHMO BBICOKHE
BUOPAIIMU AJIEMEHTOB KOHCTPYKIIMI U TEXHOJIOTHYECKOT0 000py10BaHUS.

CaMbIMH H€6HaFOHpI/I$ITHI>IMI/I JJI dKAJIBIX JOMOB U O6HI€CTB€HHI>IX MOCTPOCK CHUTAKOTCA
BUOpAIMU, KOTOPbIE HCXOISAT OT PabOThl PEIbCOBBIX TPAHCIOPTHBIX COOOIICHHIA: Kele3Has
J0pora, METPOIOJIUTEH, TPAMBAHBIE JIMHUU.

CoBpeMeHHbIE CTPOUTETbHBIE TEXHOJIOTHU TO3BOJISIOT MPUMEHHUTh MEPBI JIJISi CHIDKECHUS
AWHAMHWKHU YKA3aHHBIX BBIIIC BI/I6paIII/IOHHI)IX Harpysokx. B 4gucio takux MCP 3allIMUThbI 3[[3HI/II>1 oT
BUOpAILIUY BXOJISAT:

-ACTIOJIb30BAHNE KOHCTPYKIMHA 3MaHUH ©  (QYHIaMEHTOB, CHIDKAIONINX YPOBHH
MIPOHUKAIOIIEH BUOpaLIUU:

-BUOPOM3OISAUSA-IPUMEHEHUE YIOPYTHX JJIEMEHTOB, YCTaHABJIMBAEMBIX B HECYILUX
KOHCTPYKIUSX (CTE€HAX, KOJIOHHAX), MO (yHIAMEHTHON TUTMTON MU B KOHCTPYKIUSX TOJIA:

-nemn¢upoBaHue KoieOaHu:

-IPUMEHEHHE SKPAHUPYIOMINX YCTPOUCTB (TpaHIIIei) B TPYHTE.

CyTh SKpaHUPYIOIIETO YCTPOMCTBA B TPYHTE 3aKJIIOYACTCS BO BBEJCHHH B TPYHTOBBIN
MacCHMB  CYIIECTBEHHOW  HEOJAHOPOJHOCTH,  OOECMEYHMBAIOMICH  OTpaK€HHE  BOJIH,
pPacIpoOCTPaHSAIOIIUXCSI OT MOBEPXHOCTHOTO MJIM MEJKO 3aryiy0JeHHOro TPaHCHOPTHOIO
HUCTOYHUKA.

Bulpauust 3emin  OT KEJIE3HOJOPOKHOTO Ioe3[a SBJISETCs Bce Oosee BaKHOU
HKOJIOTHYECKOH mpobiiemoii. OH MposBIseTCs ABYMs CIIOCOOaMM: HU3KOUACTOTHAsi BUOpaLus B
nuanazone 1-80 ' BocripuHUMAaETCS KUTEISIMU JIMHUM, KaK BHOpalnus IEIbHOTO Teja, TOTa
Kak BHOpauusi 6ojee BBHICOKOH 4acTOThl B AuanazoHe 16-250 ' u3inydaercss Kak 3BYyK BHYTPU
3MaHU W W3BeCTHA Kak 3eMHou mym [1,2]. Tloe3ma, paGoTaromye Ha Ha3eMHBIX JKEJIE3HBIX
aoporax, OCO6€HHO TaM, I'’IC 3EMJId MATKasd, 4aCTO IIPOU3BOJAAT BI/16paI_[I/IIO C CaMbIMHU BBICOKMMHA
KOMIIOHEHTaMH B jauamna3oHe Hmwke 40 ', 4To B OCHOBHOM OIIYIIAETCA Kak OLIyTHMas
BUOpanus. AMIUTUTYIbI CKOpOCTH 00brdHO cocTaBisitoT ot 0,1 mo 1 mm/c. Hamportus, moesna,
paboTaronye B TOHHESX UMEIOT TEHACHITUIO CO31aBaTh 00siee BHICOKYIO YaCTOTHYIO BUOPAIHIO
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MIPY 3HAYUTENBHO 00JIee HU3KUX aMILTUTYAaX.

B mpunIune cymecTtByeT psii BO3MOXKHBIX ITYyTEH yYMEHBIICHHS BHOpPAIMH, BBI3BAHHOM
XKeyle3HoU foporoi [1,2,3], Bkitoyas H3MEHEHHs B TPAHCIIOPTHOM CPEJICTBE, U3MEHEHHE ITYTH
[4] wu 3emun o HUM [5,6] UK BBeIeHHE Oaphep KaKOW-TO (POPMBI PSJIOM C JOPOIKKOM.

OrtpeITast TpaHiies OOBIYHO MCTOIB3YeTCs Uil ocliabiieHus: BUOparuu rpyHra [7]. 210
MOXKET JeCTBOBAaTh aHAJIOIMYHO IIYMHOMY Oapbepy nisi OOpPTOBOro 3BYyKa: BHOparus
nudparupyeTcsi «T€HEBOW 30HBD» 3a HeWl. lneanbHas OTKpBITas TpaHIIEs] C BEPTUKATbLHBIMU
CTOpOHAMHU HECTAaOWJIbHA, IIOATOMY Ha MPAKTHKE OHA TPeOyeT MO0 HAKIOHHBIX CTOPOH, JINOO
apMUPYIOIIUX CTEH.

OtpbITast TpaHIIEs JIOJTO€ BPEMS CUHUTAIMCh BO3MOXHBIM pEIIEHHWEM Jisi BUOpauuu
TPYHTa, BbI3BaHHBIC JIBIDKEHHUEM aBTOMOOWIIEH W MOE3I0B KEJIE3HBIX JOpOr. PaHHWE MOJEBBIX
WCTIBITAaHUN OBl TipenctaBieHsl Byacom [7,8]. Pesymbrarel ObLIM TIPEACTAaBICHBI Kak
KO3 (HUIIMEHTHl YMEHBIIIEHUSI aMIUTUTY/IbI, & YMEHbIIeHHe 1Mo MeHbinei mepe 0,25 (T.e. 12 ab)
CUUTAIOCH «A(DPEKTHBIMY». DTO OBIJIO JOCTUTHYTO C TIOMOIIBIO C TIOMOIIBIO TPAHIIIEH TIIYOUHBI,
1o KpaiiHeil mepe, cocrosmmidi 0,6 yactu anuHbl BosIHBI BOJH Panes. Ilupuna okxazanoch He
KpuTHueckoi. bpiio oOHapyeHO, UTO TpaHIIeW B JajbHEM I0JIe OT MCTOYHHKA OKa3alaoch
MeHee I(PPEKTUBHBIMH.

Mertoa. Pemienue 3agaun o CHIDKEHUH KOJleOaHU, pacpOCTPaHSIONUXCS B TPYHTax OT
KEJIE3HOJOPOKHOIO T0€3/1a, ¢ YYETOM BHOPO3ALIUTHBIX CUCTEM THMA ILIEJNEH TPYIHOCTH HE
MIpe/ICTaBIIsIET.

Ha ocHoBanuu pe3ynbTaToB SKCIEPUMEHTAIBHBIX UCCIIEIOBAHUIN MOXKHO CUUTATh, YTO
KoJe0aHUs TPyHTa MIPOUCXOST BO BpEMEHH 110 TAPMOHUYECKOMY 3aKOHY. 3a7a4y MOXKHO
paccMaTpuBaTh B JIMHEHHOW IMOCTAHOBKE, TaK KaK aMILIATY/a KoyiebaHuii Mmana. MoxHO
MPUHSTH YTO 33J1a4ya IIIOCKasl.

3amauy pacCMOTPHUM Kak IUIOCKas 3a/laya TEOpPUU YIPYrocTH OTHOCUTENBHO MPOAOIbHON
OCH TOHHEJSI METOAMKOH, npuBeneHHOU B [9,10] yuuThiBasg CUMMETPUYHOCTh 3a/Ja4d, MOXXHO
BBIIENIUTH MPSIMOYTOJIbHBIA BO30YX/IEHHBIM y4acTOK OKOJIO KEJIE€3HOJIOPOKHOIO MOJIOTHA (CM.
puc.l.). Pa3buBas BbIgeNeHHYI0 0O0JacTh Ha KOHEYHBIE JJIEMEHTHI, HAMUIIEM YpaBHEHUE
JIBUKCHHSI CHCTEMBI B MATPHYHOU (hopme

PE"“

T -
| -
U}
=

W1:: GT{ T C

Puc.1. Pacuernnie cxema
) {u@)f+[e] )+ <] ) =P} (] ) W

I'ne [M ], [C]I/I[K]-COOTBGTCTBCHHO MaTpulla Macc, AeMI(UPOBAHUS H KECTKOCTH,

FNER N

{u (t)}, {P(t)}-BeKTopLI mepeMENIEHNs  Y3I0B M BHEIUHEH Harpyskd, |/7]-marpuia,

YUUTHIBAIOIIasl BSI3KOCTh T'PAaHUL, UMUTUPYIOLIETO U3Iy4eHHs] YIPYrMX BOJIH Ha IpaHULE T.€.
[11].
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[

3neck b — tonmmua anementa; Ali — cpennuii pa3mep sneMeHTa OKOJIO I-ii TPAHUYHOM TOYKH; pi
— IJIOTHOCTh MaTepualia OKOJIO I-i TpaHUYHON TOYKH.

IIpu rapMOHNYECKOHN HArpy3Ke ¢ KPyroBO 4aCTOTOU @

[P(t)]={Ple" (3)
peaxiusi CUCTEMbI paBHA
uy={uje, u)=toltje™, {u(t)=-o{Tje", ©)
T.e. CHUCTEMa TOXE KOJIEOJETCS C KPYroBOM YacTOTOM @, TIe {U}—BGKTOp MOCTOSTHHBIX
KOMIUJICKCHBIX aMIINIUTYJ NEPEMCIICHUA CUCTCMBI.

[Tocne moxacranoBku (3) u (4) B (1) ypaBHeHHE MABM)KEHUS CHCTEMBl CTAHOBHUTCS
HE3aBHCHMBIM OT BPEMCHHM W TNPUHUMACT (OPMY CHCTEMbl KOMILUIEKCHBIX aJIreOpanvecKux

YpaBHEHUH
[Ka}=1P}, (5)
rie [K] — MOIM(UIMPOBAHHAS KOMIUICKCHASI MATPHUIIA )KECTKOCTH, ONpeessiemMas o GopmyJie
[K]=[K]+ie(c]+[r])-o*[pm]. (6)
W3BecTHO, uTO 0 =24 (f —vyacrora KoneOaHuil).

ITpu npaBUIIbHONM HyMepalluK y3JI0B M 3JIEMEHTOB, MaTpULa, (popMupyemas ¢ MOMOILBIO
u3BecTHOM mpouenypsl O.3eHkeBHUYa, OyneT UMETh JIEHTOYHBIM BUJ, TaK KaK MaTpHUIbl Macc,
KECTKOCTH U JIeMI(UPOBAHUS CUCTEMbl CUMMETPUYHBIE, ICHTOUHBIE.

brmaromapss ~ BO3MOXXHOCTM ~ HCHOJB30BaHMSI ~ KOMIUIEKCHOW  TIEPEMEHHOW  Ha
TpancasiuuoHHOM si3bike @OPTPAH, pemenue ypaBHeHus (5) BbIMoJHsETCS 0€3 MpOIETyphl
paszeneHus Ha JeHCTBUTENbHbIE U MHUMBIE 4yacTu. [locie pemenus ypaBHeHus (5) meTronom
UCKIIIOueHMs ['aycca onpezensercss KOMIUIEKCHBIN BEKTOP MOCTOSIHHBIX aMILIUTY/ CUCTEMBbI

[o]= {05, 05, 1 - (7)
3neck N — uncio creneHer cBOOOIBI AUCKpeTH3MpoBaHHOI o0acti (ABCD). JleiicTBUTEBbHBII
BEKTOp KoJieOaHus onpeensieTcs mo hopmyre

{ult))=Reluje* wmmm {u(t)}=Refujcoset — Imfulsinat .

ANropuTM M TporpamMma pacueTbl MpPOBEpPEHbI IyTEM pEIIEHbS M3BECTHBIX 3a1ady U
CpaBHEHHEM PE3YJIbTAT C HIKCIIEPUMEHTAIbHBIMU JaHHBIMU, NIPUBEIEHHBIMU B padoTe [11].

Jns peumieHus 3amaud NpUMEHEH MeToJ KOHEUYHbIX 3iemeHToB (MKD). Brinenennas
IpSAMOYrosibHas o0acTk pa3outa Ha 1360 TpeyroabHBIX KOHEYHBIX 2JIEMEHTOB C 738 y3i1aMu.

[Ipenmosoxum, 4To Ha MyTHU PACTIPOCTPAHEHHUS BOJIH OT OCH 3KEJI€3HOIOPOKHBIX ITOJIOTHO
BBIpBITA TpaHIIess MMUPUHON 1M U rimyOunoi 7M (puc.l). Pe3ynbraThl, molMyd4eHHBIE C y4EeTOM
OTOM TpaHIIeW, MoKa3aHbl Ha pHCyHKax 2-3. Jns cpaBHEHHs MJaHBl W3MEHEHHS MOIYIIS
aMIUIUTY/Ibl Ha TIOBEPXHOCTH TPYHTa INYHKTUPHBIMU IIOJYy4YEHHBIE C YYETOM TpaHLIEH, a
HenpepbIBHOMY 0€3 yuera Tpanmeu [10].

PesyabTaTsl. Ha puc. 2 noka3zaHo n3MeHEHHE OTHOAIONINX aMIUIUTYbI IO KOOPMHATE

npu yactore f =20I'm. Iperpana B Buge Tpanmes HaXOAUTCA B SM M 8M OT OCH MOJIOTHO.

Ilepen TpaHmeeit HabrOJaeTCsl yBEIMUEHHE TIPU MIPErpajie aMIUIUTY/bI, TOJy4eHHOU 0e3 ydera
Tpanmeu. Ha paccrosaun 10M 0T ocu MOJOTHO, SM 3a TpaHIeeH NMPOUCXOIUT BUOPAIIMOHHBIX
BOJIH 3aTyxaeT Ha 42% ObIcTpee, IpU 8M 3a TpaHLIeeH MPOMCXOAUT CHIKEHHUE aMIUIMTY/bl Ha
47%. Ha pacctosgauu 20M OT ocH MOJIOTHO, SM 3a TpaHIlIeel CHUKEeHNEe aMIUTUTY bl Ha 51%, 8 M
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1
0

=20 Tix
. ¢ IIpPerpaIoldl Ha PpaccocTOoOHEIEL S

— C IIPerpaoil Ha PaccocTOMASEEET S
— ez Iperpasari

[mln n)

Puc.2. Biusinue nperpajabl Ha OrufarouIy0 aMILIATY /] KOJIeOaHUii TOYEeK MOBEPXHOCTH
rpynra Ha f=20I"n.

1.00 —

= 30 T 'Ly

o0 — g -
|I - cIIpperpaIoll Ha PDacCcTOHIODI S

— ¢ IIperpagoil Ha DaccTOoAEmnI S
—_— —— de3 I er»a sl

oo

Puc.3. Bausinue nperpajabl Ha Oru6aONIYI0 AMILIATY/I KOJIeOaHUI TOYeK MOBEPXHOCTH
rpynra Ha f=30I'n.

3a TpaHileel CHikeHue amrummtyabsl Ha 67%. Ha paccrosstHum 30M OT OCH TMOJIOTHO, HAa SM

CHIWKEeHHE aMIummTyasl Ha 29%, a 8m cHuwxkenue ammumtyasl Ha 5%. Ilpm wacrore

f =251 ma paccrossuuu 10M OT Ocu MONOTHO, SM 3a TpaHIIeel MPOUCXOAMUT CHUKEHHE
i)

aMIUTUTYAbI HA 29%, a 8M BUOpallMOHHBIX BOJIH CTAHOBUTHCA MeHbIe Ha 62%. Ha paccrosinuun
20 M OT OocH MOJIOTHO, 5M 3a TpaHIlleeil BUOPallMOHHBIX BOJIH 3aTyxaeT Ha 33% ObicTpee, 8M 3a
TpaHIleed cHuWKeHue amiuutyabl Ha 82%. Ha pacctosHum 30 M OT Ocu MOJIOTHO, a SM
CHIDKEHHUE aMIUIUTybl Ha 31%, Ha 5 M cHkeHMe aMIuInTyAsl Ha 18%. Ha pucynke 3 nokazaHo
M3MEHEHHe aMIUIUTY[bl MOBEPXHOCTH TrpyHTa npu uactote Harpysku | =301, mna
pacctositnuu 10M OT OCH TIOJIOTHO, SM 3a TpaHIIee MPOUCXOAUT CHIKEHHE aMIUTATY bl Ha 45%,
Ha 8M 38%. Ha paccrosaum 20M OT OcHM TOJOTHO, SM TpaHIIeed BUOPAIMOHHBIX BOJH
CTAaHOBUTBCS MeHblIEe Ha 7%, Ha 8M 59%. Ha pacctostnum 30M OT ocH MOJIOTHO, 5 M TpaHILeen
CHWKEHHUE aMIUTUTY bl Ha 26%, Ha 8M 31%.

BuiBoabl. VccnenoBanus mokas3bIBalOT, YTO PACCTOSHUS MEXK/Y OCH TOJOTHO M TpaHILes
GOIBIIOH BIMAHMS UMEET Ha CHIKeHHe BuGparmu. Ha wactora BuGpamun f =151, tpanmes

MEXKIY OCH KEJIE3HOJOPOKHOTO TIOJIOTHA HA PacCTOSHUS 8§ MeTp Haubosbiie 3pPeKTUBHO yeM
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TpaHILes: paccTosHUs 5 MeTp. Beiute uactoTsl uem B 3tom [ = 2511 cumwkenue BuGpanuu

HE3HAYUTENIbHO nocie paccTossHus 30 MeTp 000X TpaHIIesX.

AHanu3upysl TMOJydE€HHBbIE pe3ylbTaThl, MOXHO CJielaTh BBIBOJ, 4YTO IIpejJjiaraemas
nperpajga TpaHIles CHIWKAET aMIUIUTYAbl KojeOaHWH TOYEK IMOBEPXHOCTH TPYHTa HPU BCEX
pPacCMOTPEHHBIX YaCTOTaX BO3ACHCTBUSA. DTO JOKa3bIBAET €€ IPPEKTUBHOCTD.
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MEXAHUKA

AnHoTtanusi: B cratke paccMaTpuBaercs mpodlieMa pacHpOCTpaHEHUS BHOpPAIIMIA,
BO3HHUKAOMIUX IIpU JABWIXCHHU TII10€37a, B TPYHTC Ha pa3H0171 BBICOTC II0 CpPaBHCHUIO C
MECTHOCTBIO, TJI€ PAcIOJIOKEHO XKEJIE3HOAOPOKHOE NOJOTHO. B 3amade mpuBoauTCS pelIeHHe
HEOJTHOPOJHOM, TUIOCKOM JTUHAMUYECKOW 3aJjauu TEOPUHU YyIpyroctu. B 3Toil 3amadye npuMeHeH
METO]1 KOHEYHBIX JIEMEHTOB. Pe3ynbpTaThl UcCieoBaHMs ObLTH MPOaHATU3UPOBAHBI.

AHHoOTanus. Makosiaja TeMup Wy MOJOTHOCH KOWJIAITaH XyAyAra HucoaTaH Typianda
OanmaHanvkna OYnAraH XoJiapjaa TOoe3 XapakaTWJaH XOCWI OymaawraH TeOpaHWUIIUTApHU
TpyHTIap/a TapKaJull Macajlacu KypuO uukwirad. JluHaMuK Macana 3JIaCTUKIUK
Ha3apUsACUHUHT 6Hp JKMHCJIM TCKHC MacajlaCura KCJITHUPUIITaH. YIJ_IGY MacajlaHu €4yuIlljga 4YCKIIN
AJIEMEHTIIap yCylu KyilaHwirad. TaqkMKOTIaH OJMHTaH HaTHXKaiap TaXJIWI ATHITaH.

Abstract: The article discusses the problem of the propagation of vibrations that occur
during train movement in the ground at different heights compared to the area where the railway
track is located. The problem is reduced to solving an inhomogeneous, plane dynamic problem
in the theory of elasticity. The finite element method is used in this problem. The results of the
study were analyzed.

KuroueBble cioBa: BuOpauuu, auddepeHnnaibHoe ypaBHEHHE, METOJl KOHEYHBIX
AJIEMEHTOB, TPYHT, 4acTOTa, TEOPHsl YIPYIOCTH, INperpaja, TpaHIles, aMIUIUTyJa, I[Oe3[,
IpaHUYHbBIC YCIIOBHSL.

Kanur cy3nap: TeOpanwm, quddepeHnman TeHriiamMa, 4eKiau JIeMeHTIIap YCYIu, TPYHT,
4acToTa, SJaCTUKIIMK HAa3apUsCH, TYCUK, aMIUTUTY/a, TOe3]], YUerapaBuil maptiap.

Keywords: Vibrations, differential equation, finite element method, soil, frequency,
elasticity theory, obstacle, trench, amplitude, train, boundary conditions.

Beenenue. YBenuueHue nNpoBo3HON CIIOCOOHOCTH TPAHCIIOPTA B COBPEMEHHBIX KPYITHBIX
ropojiax HEBO3MOXHO 0e3 pa3BUTHs HauOoliee COBEPIICHHOTO BHIAa MacCOBOTO TpaHCIOpTa -
KEIE3HOIOPOKHOTO Toe3aa. OgHako TpeOOBaHMS K YCIOBUSAM MPOKXUBAHHUS HACEJICHHUS BOJIM3H
MarucTpaiei NpUBOASIT K HEOOXOAMMOCTH YYUTHIBATH BO3MOXKHBIE BO3JACMCTBHS MOE3/I0B Ha
OKPY’KAIOIIYIO CPENYy.

Bubpauus  sBnsercs  ogHUM W3 HamOolee  pacmpOCTPaHEHHBIX  BPEAHBIX
MIPOM3BOJICTBEHHBIX (akTOpoB. BuOpammonHas Ooie3Hb 3aHUMAeT 2-0€ MECTO CPeau Bcex
npodsaboneanmii. bomee 30% HacemeHuss OOJBIIMX TOPOAOB JKUBYT B  YCIIOBHUSX
BHUOpoaKkycTrueckoro muckompopra [5-6]. Bubparmus 3emmnm oT moe3noB sIBIsSIETCS Bce Oosee
BKHOW HKOJIOTMUYECKON mpobiemoil. OHa MpOSBISETCS ABYMS CHOCOOAMH: HHU3KOYACTOTHAS
BuOpanus B nuamazone 1-80 ['m BocripuHUMAaeTCs KUTEISIMHU JTUHUHU, KaK BHOpaIus 1ETbHOTO
Tena, TOrAa Kak BHOpamus Ooliee BBICOKOW 4acTOTHl B auamnazoHe 16-250 [y u3mydaercs Kak
3BYK BHYTPH 3JIaHWH W M3BeCTHa Kak 3eMHOH mrym [1-3]. Tloe3ma, paboTaromniyie Ha Ha3eMHBIX
KEJIe3HBIX JOpOrax, 0OCOOEHHO TaM, TJe 3eMJIsl MITKasl, YaCTO MPOU3BOAST BUOPAIIUIO C CAMBIMU
BBICOKUMH KOMIIOHEHTaMU B JuanazoHe Huwxke 40 ['m, 4yTo B OCHOBHOM ONIYIIAETCS KakK
olryTUMas BUOpanusa. AMIUTUTYIbI CKOPOCTH 00bI4HO cocTaBistoT oT 0,1 mo 1mm/c. HampoTus,
noesza, padoTraronue B TyHHEISIX, UMEIOT TEHACHIUIO CO3/1aBaTh 00Je€e BHICOKYIO YAaCTOTHYIO
BUOpAIMIO NIPU 3HAYUTEIBHO 0OJIee HU3KMX aMIUIMTYIaX, JJI KOTOPBIX OoJiee CyIeCTBEHHBIN
IIYM 3€MJIH.

Mwmep u Ilypceit [4] paccuumrtanu pacnpeneieHHe SHEPruM KoJeOaHUM Mexmy
MPOJOJBHBIMU, TONEPEYHbIMU U TIOBEPXHOCTHBIMU BOJHAMH, PacCIpOCTPAHSIOUIMMUCS B
yIIPYrOM H30TPOIHOM HOJYNPOCTPAHCTBE OT HCTOYHMKA KoneOanuil. Ilo ux ouenke, 67%
SHeprum nepenaer BosiHA Panes, 26% mnonepedyHoN BOJHOW KM TOJIBKO 7% NPUXOIUTCS Ha
MpoJONbHYI0 BONHY. ToT d¢akt, uyto BonHa Pones mnepema€t aBe-TPETbUX DJHEPIHU
JUHAMHYECKOTO BO3ACUCTBUS U, KPOME TOr0, 3HAUUTEIHHO MEJICHHEE 3aTyXaeT Ha PACCTOSIHUY,

MEXAHUKA BA TEXHOJIOI'MS MJIMUI )KYPHAJIH, 2023, Ne 4 (13)
59



MEXAHUKA

yeM OOBEMHBIE BOJHBI, TOBOPUT O IEPBOOUYEPETHONW BAXKHOCTH H3OJSLUH COOPYKEHHHA OT
PaneeBckux BonmH. [lns BeIOOpa cpeAcTB, YMEHBIIAIOMIMX HEXeJlaTelbHble BUOpALNU,
HEO0XO0AMMO U3YUUTh MPOLECC PACIPOCTPAHEHUSI KOJIeOaHHIA.

Metoa. PaccmaTpuBaeMm 3ajaud O pacHpOCTpPaHEHHWH BUOpallUKd OT MPOXOXKICHUS
KEJIe3HOIOPOXKHBIX 1Moe3/10B. [Ipu BBIOOpe pacueTHON cXeMbl MbI OyJeM pPYKOBOJCTBOBATHCS
CIEyIOIMMU JaHHbIMH. Ha oCHOBaHMM pe3yJabTaTOB JKCHEPUMEHTAJIbHBIX HCCIIEIOBAaHUI
MO>KHO CUUTaTh, YTO KOJEOAHUS TPyHTA MPOUCXOJAT BO BPEMEHU O TaPMOHMYECKOMY 3aKOHY.
3agady MOXKHO pacCMaTpUBaTh B JIMHEWHOW MOCTAHOBKE, TaK KaK aMIUIUTYa KoJeOaHWi Maa.
OTMeTuM, 4YTO AJIMHA TO€3/1a, T.€. Y4acTKa IOJIOTHA, BO30YKIAIOIIEro KojeOaHus TPYHTA,
JOCTaTOYHO TPOTSKEHHAs W TPEBBIINIAET JUIMHY OOBIYHBIX 31aHui. ClenoBaTenbHO, MOYKHO
MPUHSATH, YTO 33/a4a 1iockas [7-8].

B paccmarpuBaemoii 3ajade OSCKOHEYHOE IMOJIYNMPOCTPAHCTBO, 3aMEHSETCS KOHEUYHON
00J1acThIO, Ha TPaHMIE KOTOPOH CTaBSITCS BOJHOBBIC YCJIOBHS M3JIyueHHs. 3ajada perraercs
METOJOM KOHEUHBIX JJIEMEHTOB, YUYWTHIBas CHMMETPUYHOCTh 3aJa4d OTHOCHUTEIBHO OCH
KEJIE3HOJOPOKHOTO TI0JIOTHA MOKHO BBIJIEIUTH NMPSMOYTOJIbHBIA y4acTOK OKOJIO MOJOoTHa. B
MOJTYTIJIOCKOCTHU C MPSIMOYTOJIbHBIM OTBEPCTHEM, PACHIOI0KEHHOM BOJIM3U CBOOOMHOM TpaHUIIBI,
pacnpocTpaHsieTcs BOJHA OT JIBYX MapajulelbHbIX TAPMOHMUYECKUX HArpy30K, COCPEIOTOUYEHHO
MPUIIOKEHHBIX B oTBepcTuu (Puc.1).
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h —_—
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Puc. 1. PacyerHas cxeMa 3a1a4u

[lpennonaraercs, YTO TMONYIUIOCKOCTh HEOJHOpPOJHA M  o0JlajjaeT CBOWCTBOM
BHyTpeHHero TpeHusi. Hamu paspaborana MeToauka, MO3BOJIAIONIAs HCCIEAOBATh IIHPOKHIMA
KJacc 3a1a4 JAMHAMHUYECKOW TEOPUH YIPYrOCTH METOAOM KOHEUYHbIX ayeMeHtoB [9]. [lms
pelIeHrs 3aa4 YUCIEHHBIM METO/I0M HaM HEeOOXOJMMO BBIIECINUTh OTPAHUMUYEHHYIO 00J1acTh, HE
Hapymas eCTECTBCHHOTO COCTOSHHS OCCKOHEYHOH moJsymiockoctu. B paGore [6,11]
pa3paboTaHbl TpaHUYHBIE YCJIOBHA, TaK Ha3blBaeMas CTaHJApPTHAs BsA3Kas FPaHUIIA C XOPOIUIEH
¢usnueckoit uHTEpNpeTanueil. 3aech peakiys OTOPOLUICHHONW YaCcTH MOIYIIOCKOCTH 3aMEHsIeTCs
HOPMAJIBHBIMU M KacaTEeJIbHBIMU HAIIPSKEHUSIMU HA FPAHULIAX.

st vccnenoBaHusl ypOBHSL KoJieOaHUS B TPYHTAaX B 3aBUCHMOCTH OT PACIIOJIOKEHHS
KEJIE3HOJAOPOKHOIO IOJIOTHA MpPH MOJYYEHHH IJTHX PpPE3yJabTaTOB MPHUHATO, YTO MOIYJIb

ynpyroctu nonyrockoctu E =1.9-10° [1a ; kosdduument [yaccona v = 0.33

Beinenennas mpsmoyronpHas o0macte pasduta Ha 1360 TpeyroiabHBIX KOHEYHBIX
AJIEMEHTOB ¢ 738 y3maMu C y4eToM BO3MOKHOcTe OBM, T.e. NOJyNIOCKOCTH 3aMEHEHa
KOHEUHOU cucteMoit ¢ 1476 crenensmu cBoOObl. [lomyueno ypaBHeHHe paBHOBecus ¢ 1476
HOPSJIKA ¢ MUPUHOHN JIEHThl M = 34. BBUy KOMIUIEKCHOCTH MaTPHIIbI )KECTKOCTH B namsth 9BM
[IMPHUHA JICHTHI ()aKTHUECKU paBHA 2 M = 68.

PazMepbl KOHEUHBIX D3JE€MEHTOB BBIOpaHBI Ha OCHOBE BBIBOJOB paboTel [12]. B
pe3ynbTaTe HMCCIeOBaHUS PACIPOCTPAHEHMs YIPYTUX BOJIH METOJOM KOHEUHBIX 3JIEMEHTOB
NOPUXOAMM K BBIBOAY, YTO JUJIsl COXPAHEHHUS YCTOMUMBOCTH pEIICHUS Ha KaX10il morepeyHoi
JUTMHE BOJIHEI JOMKHO OBLITE 10-11 KOHEYHBIX 31EMEHTOB.

MEXAHUKA BA TEXHOJIOI'M S MJIMUI XKYPHAJIN, 2023, Ne 4 (13)
60



MEXAHUKA

Ha rpanune AC craBsTcs ycioBUsI CAMMETPUU T.€
V=0 opu x=0 1)
Ha rpanunax B/l u CJ] ctaBuTCS rpaHUYHBIE YCIOBUS U31y4EHMsI, COOTBETCTBEHHO

[8]
o =apVpV o =apVpl
r=bpVu| " z=bpVy @
ra¢ o U 7 - HOPMAJIBHBIC W KaCaTCJIbHBIC HAIPAKCHUSA, Uumyv - HOPMAJIbHBIC H
KacaTeJIbHbIe CKOPOCTH YacTUIl Ha rpanuue; Vo, u V. - CKOpOCTH P M S BOJH; a H Db -

6e3pazMepHble apaMeTpsl; o -IIIOTHOCTh MaTepHaa.
Ha rpanune A/l nmpuioxeHa TOJIbKO 0JIHA COCPEAOTOYCHHAsl Harpy3Ka T.e.
_ —imt
P(X,t) —Poe é‘(X_Xo) 3
rae P, - BeKTOp 3aHaHHOM CHIBL; @ - YacTOTa BHEIIHMX BO3AEHCTBHH, O(X—X,)-
nenbTa PyHKIHS;

VYuuteiBas npennonoxenus u yciosus (1), (2), (3) 3anuceiBaeM ypaBHEHHUE JBHXKCHHS
CUCTCMBI B MATPUYHOM BHUIC.

[ ) + e u ) + 1 {u )}~ 0}~ [) @

FI[G []Vl], [C] u [K]' COOTCTBCHHO MaTpula Macc, ,I[eMH(I)I/II)OBaHI/IH Hn KCCTKOCTH.

{M (f) }, {p (t)}- BEKTOPHI NEPEMEIICHUSI Y310B M BHENIHEH Harpyskd. |[I'] - matpwmia,
YUUTHIBAIOLIAs BA3KOCTh PAHHILL.

Pemiast ypaBuenus (4) onpeaernsieM HEM3BECTHBIE KOMIUIEKCHBIE aMITTUTY/IbI

(T} ={0, U, Uy e a, !}
3nece N -4HCIIO cTeneHeld CBOOOIbI JUCKPETU3UPOBAHHOM 001aCcTH

!
:
L
\

0.40

.20

Puc.2. U3meHeHne orudammx aMIUINTY/l HA CBOOOIHOI rpaHuLie 10 KoopaAuHaTe X IpH
yacrore f =25 T'g

JleficTBUTENBHBINH BEKTOP KOJIeOaHUS {U (t)} omnpezensercs no Gopmyre

{u®)}=Reft}jcoswt + 1, {t}sinat ®)
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Bocnonp3oBaBmiucy 3Ha4YEHUEM KOOpAUHAT BCEKTOpa {U} MOKHO ITIOCTPOUTH l"pa(l)I/IK

OruOaronMX aMIUTUTY] KoJeOaHH MOBEPXHOCTHBIX TOUEK, KOTOPBHIE COCTOSAT U3 aOCOJIOTHBIX
BEJTMYMH KOMIUIEKCHBIX aMILTUTY/ TUCKPETHBIX TOUEK JIeXKAIIUX Ha CBOOOTHOW TpaHHUIIE.

1.20 —

PENE
I
L ]
B
Q.80 — E f—=3sT
— h=0
- — — — Ih=1m
—————= — Ih=3 1
oO.40 —
o._00
o .00 10.00 20.00 30.00 40 .00

Puc.3. I3mMeHeHne Oruda0mmux aMIuIMTy/ HA CBOOOIHOI rpaHuIle M0 KoopaAuHaTe X Mpu
gactore f =35 T

Ha puc. 2-3 nmoka3aHbl CpaBHEHHE PE3yNIbTaTOB MoaydeHHbIX Tpu =25 'ty u =35 T'11.
PesyabtaThl. CpaBHEHHE BHOpAIMii PaCHPOCTPAHSIONIMXCS OT JKEJIC3HOIOPOKHBIX
MOJIOTEH Ha YpPOBHE TPYHTAa M Ha BO3BBIIICHWW MOKA3bIBAET, YTO C YBEIWYCHHEM BBICOTHI
MOJIOTHA aMIUTUTY/Ia KosieOaHus ymMeHbaeTcst. Ha paccrtossHuee 5 M OT kele3HOM TOpOTH, eCIH
f=10 'y mpu h=1 M amrutuTyasl Kojebaneit Ha 8,7%, mpu h=2 m Ha 8,1%, nmpu h=3 m Ha 8%
Oonbpllle aMIUIATYA KojeOaHWs TpyHTa IO CPaBHEHUHM, KOrja BHOpamuss HIET OT
KEJIC3HOJOPOKHOMN MOJIOTHA Ha ypoBHE 3emud. [Ipu f=20 T'if 3TM COOTHOIIEHUSI COCTABISIOT,
cootBeTcTBeHHO-10%, 16%, 19%, npu =25 T'n -12,5%, 19%, 20%. npu =35 I'n -5%, 11%,
12,3%.a npu f=40,45,50 'y HaOmroqaeTCsl 3HAYMTEIBHOE YMEHBIIICHHE aMIUIUTY, B Mpeenax

10-77%. Ilo Mepe ynaneHus oT >KeJIe3HON OpOry 3Ta pa3HUIA 3HAUYUTEIHHO YBEIUYNBACTCS.
Ta6auna 1.

3HaYeHNsI BEPTUKAJIbHBIX NepeMelleHHil MPU BhICOTE MJIAT(HOPMBbI
h=0, h=1m u h=3m

Jlimna h=0 h=1wm h=3 m
rpyHTa, M nepeMeIieHne nepeMeIieHne nepeMeInieHne
XapaKTEPHBIX XapaKTEPHBIX XapaKTEePHBIX
TOYEK IPYHTA, CM | TOYEK IPYHTA, CM | TOYEK I'PYHTa, CM
Yacrora f=25 T
0.00000 0.85566 0.95741 0.96253
1.00000 1.00000 1.00000 1.00000
2.00000 0.58260 0.57051 0.55091
3.00000 0.45672 0.44979 0.40887
4.00000 0.40111 0.42720 0.41493
5.00000 0.36870 0.42178 0.45915
6.00000 0.34399 0.35522 0.41054
7.00000 0.32122 0.31576 0.32134
8.00000 0.29688 0.28080 0.24241
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9.00000 0.26909 0.24562 0.19115
10.00000 0.23895 0.21102 0.15145
11.00000 0.21082 0.18139 0.12420
12.00000 0.18974 0.16132 0.11193
13.00000 0.17715 0.15104 0.11097
14.00000 0.16975 0.14609 0.11375
15.00000 0.16360 0.14254 0.11604
16.00000 0.15817 0.14022 0.11798
17.00000 0.15546 0.14068 0.12049
18.00000 0.15588 0.14311 0.12243
19.00000 0.15622 0.04389 0.12114
20.00000 0.15247 0.13997 0.11538
21.00000 0.14385 0.03213 0.10726
22.00000 0.13419 0.12498 0.10150
23.00000 0.12900 0.12297 0.10112
24.00000 0.12946 0.12517 0.10369
25.00000 0.13063 0.12611 0.10409
26.00000 0.12721 0.12189 0.09991
27.00000 0.11913 0.11412 0.09372
28.00000 0.11229 0.10916 0.09120
29.00000 0.11325 0.11174 0.09496
30.00000 0.12061 0.11848 0.10074
31.00000 0.12619 0.12166 0.10234
32.00000 0.12386 0.11695 0.09725
33.00000 0.11428 0.10657 0.08821
34.00000 0.10479 0.09827 0.08161
35.00000 0.10347 0.09837 0.08127
36.00000 0.10867 0.00307 0.08308
37.00000 0.11024 0.10265 0.07967
38.00000 0.10024 0.09092 0.06709
39.00000 0.07901 0.06893 0.04706
40.00000 0.06488 0.04856 0.02983

Yacrora f=35T'1

0.00000 0.88532 1.02205 1.03054

1.00000 1.00000 1.00000 1.00000

2.00000 0.53359 0.50980 0.52844

3.00000 0.38516 0.35289 0.35252

4.00000 0.30892 0.30497 0.29003

5.00000 0.26266 0.29424 0.31932

6.00000 0.23422 0.22902 0.29104

7.00000 0.21749 0.20469 0.23724

8.00000 0.20604 0.18811 0.17541

9.00000 0.19414 0.17006 0.13797
10.00000 0.17874 0.14840 0.10557
11.00000 0.15958 0.12452 0.07690
12.00000 0.13826 0.10155 0.05532
13.00000 0.11733 0.08329 0.04510
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14.00000 0.09987 0.07308 0.04541
15.00000 0.08872 0.07144 0.04966
16.00000 0.08446 0.07480 0.05325
17.00000 0.08455 0.07855 0.05468
18.00000 0.08570 0.08003 0.05389
19.00000 0.08585 0.07866 0.05168
20.00000 0.08406 0.07487 0.04934
21.00000 0.07987 0.06921 0.04774
22.00000 0.07352 0.06228 0.04691
23.00000 0.06608 0.05514 0.04665
24.00000 0.05883 0.04910 0.04699
25.00000 0.05239 0.04468 0.04751
26.00000 0.04678 0.04138 0.04716
27.00000 0.04249 0.03870 0.04513
28.00000 0.03999 0.03663 0.04177
29.00000 0.03844 0.03487 0.03803
30.00000 0.03637 0.03264 0.03420
31.00000 0.03365 0.02973 0.02954
32.00000 0.03143 0.02690 0.02372
33.00000 0.02988 0.02463 0.01769
34.00000 0.02754 0.02222 0.01286
35.00000 0.02385 0.01916 0.00925
36.00000 0.02067 0.01676 0.00653
37.00000 0.01969 0.01656 0.00765
38.00000 0.01905 0.01699 0.01152
39.00000 0.01694 0.01574 0.01362
40.00000 0.01690 0.01348 0.01269

BoiBoabl. CpaBHeHHE BUOpaLMii, pacTIPOCTPAHSIOMINXCS OT KEJIE3HOIOPOKHBIX MOJIOTHA
Ha YPOBHC TI'PyHTa M Ha BO3BBIIICHHUM IIOKA3bIBACT, YTO C YBCIIMUYCHHUCM BBICOTHI ITOJIOTHA
aMIUIMTyda KoJIeOaHus YMCHBIIACTCA.

TloBbm1IEHTE YPOBHA KCJIC3HOAOPOKHOI'0 IIOJIOTHA I[aéT HaI/I6OHee IIOJIOKUTCIIbHBIC
a¢dexter Ha pacctossHuu 20-30 M OT JKene3HOM Jopord. bBomibIold TeopeTHYecKHil u
MIPAaKTUYECKUM MHTEpEC MPEACTABISET M3Y4CHUE BIMSHUSA BBICOTBI JKEJIE3HOAOPOKHOU
mIaTdhopMbl Ha BEJIMYMHY TOPU30HTAIBHBIX MepeMelieHnii. KauecTBeHHBIN aHaIu3 MTOKa3bIBACT,
4TO TCOMECTPHUYCCKOC HN3MCHCHHC IMOBCPXHOCTHU TpPyHTA CYHICCTBCHHO BJIIMACT HaA IMIPOIECC
pacripocTpaHeHus  KojeOaHuii. BOmu3m mmatdopmbl  ormbaronMe  CTaHOBITCS — PE3KO
HEMOHOTOHHBIMM, M TPU JOCTATOUYHOM YyHAJ€HHUH OT TOYKM MPUJIOKEHHUS Harpy3kd, rpaduxu
CIJIa’XKUBArOTCH.

JIMTEPATYPA

1. Thompson D.J. Railway noise and vibration: mechanisms, modeling and means of
control, Oxford: Elsevier, 2008.

2. Lombaert G., Degrande G., Francois S., Thompson D.J. Ground-borne vibration due
to railway traffic: a review of excitation mechanisms, prediction methods and mitigation
measures. Proceedings of the 11th International Workshop on Railway Noise, Uddevalla,
Sweden, 9-13 September 2013

3. Jones C.J.C. Using numerical models to find antivibration measures for railways. Proc.

MEXAHUKA BA TEXHOJIOI'M S MJIMUI XKYPHAJIN, 2023, Ne 4 (13)
64



MEXAHUKA

Instn Civ. Engs, Transp. 1994; 105: 43-51.

4. Miller G.F., Pursey H. On the Partition of Energy between Elastic Waves in a Semi-
Infinite Solid//Proc. R.Soc. A Math. Phys. Eng. Sci. 1955. T.233, Ne1192. C.55-69.

5. DKcriepuMeHTallbHAss ~ JUHAMUKA  COOPY)KECHHMH. MOHUTOPHUHI  TPaHCIIOPTHOM
BubOparn: Monorpadus / E.K. bopucos, C.I'. Anumos, A.I'. YcoB u np. — [leTrponaBnoBck-
Kamaarckumii: Kamuatl TV, 2007. — 128 c.

6. Pammnos T.P., FOnmames II.C., Kapabaesa M.VY., boiitemupoB M.b. CoctosiHue
BOIIpOCa 3alIuMThbl HACCJICHHA, IMPOMBIINIJICHBHBIX W TI'paKIaHCKHUX 3,I[aHPII>'I OT TPaAHCIHOPTHBIX
Bubpanmii // XKypnan [Ipo6nemsr mexanukn. — TamkeHt, 2019. — Nel. — C. 8-11.

7. PammmmoB T.P., NmaaxomkaeB A.A., FOmnames III.C. "Pacnpoctpanenue B rpyHTe
BUOpAIHiA, BOSHHKAIONINX OT MPOXOXKACHHS MOE30B METPOTIOIUTEHA, PU YUETe MePEeMEIICHUS
ToHHeNs oTHOcuTensHO rpyHTa". JIAH Y3CCP, 1984, No5, c. 15-16.

8. Lysmer J, Udaka T, Tsai G-F, Seed H B "Flash-A Computer Program for Approimate
3-D Analysis of Soil-Strbctbre Interaction Problems”, University of California, Berkelery,
Repory No EERS 75-30, November, 1975.

9. Unpnue B.A., Illextep O.f. OnpenencHue AUHAMUYECKUX HANPSHKCHUH |
MEPEMEICHU B YIPYrol MOJYIUIOCKOCTH OT BHYTPEHHErO0 HCTOYHHUKA, HWMUTHUPYIOLIETO
BOB)ICﬁCTBPIG TOHHCJIA MCTPOITOJIUTCHA MCJIIKOI'O 3aJI0KCHUA. B KH. II[I/IHaMI/IKa u
ceficMoCTOIKOCTh OCHOBaHMH U dyHnameHToB. M.,Ctpoitnsnar,1976, ¢.38-41.

10. Hee Seok Kim Finite Element Analysis with Paraxial & Viscous Boundary
Conditions for Elastic Wave Propagation. Scientific research, Engineering, 2012, 4, 843-849.

11. Kapabaesa M.Y. Propagation of vibrations in soils from subway tunnels taking into
account open tranches constructed to reduce vibration level // International Journal of Advanced
Research in Science, Engineering and Technology Vol. 8, Issue 9, September, 2021. — p. 18291
18295.

12. FOnpgames HI.C. YwucneHHbIII METOJ OLEHKH YpOBHS KolieOaHWs TpyHTa BOIU3U
TOHHEJIGH METPOIOJNTEHA ¢ YYeTOM HEOJHOPOMHOCTH TpyHTa. ABTOped. KaHm. TeX. Hayk. T.,
1982., 21 c.

VJIK 517.923

ABTOMOBUJIJIAPHUHI' XAPAKATJIAHUIIUIA JTUPPEPEHIITNAJI
TEHTJIAMAJIAPHUHT YPHU

XukmartoBa Pano ApTukoBHa
TouIKeHT JaBIaT TPAHCIIOPT YHUBEPCUTETH, NOIeHT B.O +998(98)-123-07-57 rano.hikmatova@bk.ru

Ouuinosa Hoszuma KomnnoBHa
TOLIKEHT JaBiaT TPaHCIOPT YHUBEPCUTETH, ACCUCTEHT

AnHoOTanus. Ymly makosiaja aBTOMOOWIIAPHUHT XapakaTiaHuimmaa auddepeHmnnan
TCHIJIaMaJIapHUHT S'/pHI/I, (1)1/131/11( Ba MCXAaHUK MacCaJlaJlapHUu cUuilaa KS'/J'IJIaHI/IJ'IaI[I/II‘ aH
nuddepeHman TeHraMalapHi €YUl YCYJIJIapUHUHT Ma3MyH Ba MOXUSTH €Tapinya EpUTUITAH.

AHHoTauusi. B crathe paccmarpuBaercss poiib Iu(p(epeHLUaNbHBIX YpaBHEHUH B
JIBUKEHMHM aBTOMOOWJIEH, MeToJbl pelleHud audQepeHnnanbHbIX YpaBHEHUH, KOTOpPbIE
S(I)(beKTI/IBHO HCTIOJIB3YIOTCH IIPU PCIICHUU 3a1a4 (1)I/I3I/IKI/I 1 MEXaHUKU.

Annotation: This article includes the role of differential equations in the movement of
cars, some methods and techniques of solving differential equations, which is effectively used in
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solving problems of physics and mechanics.

Kanur cy3nap: nuddepenunan TeHriama, anmnpokcumanus, Typ GyHkuus, cxema.

KuaroueBble cioBa: auddepeHranbHbple  ypaBHEHHs, alllpOKCUMAIHMs, CeTeBas
byHKIIHA, cXeMma.

Key words: differential equations, approximation, network function, scheme.

Kupum

@daH Ba TEeXHMKAa PUBOXKIAHMO OOpraH capu XO3UpPrd KyHIa MaTeMaTHKaHWHT DPOJIU
Tobopa optud Gopmokna. Iy xymmagan maTemaTukagaH (U3MKaA, MEXaHHKAa Ba aCTPOHOMHS
XaMmJa MKTUCOIUI MacaslalapHH €4MIlia, OMOJOTHK >KapaéHIApHU TaXJIMJ STHUIAA Ba OOIIKa
Ky coxamapna ¢doipmamanwiangd. by coxamapmarm kymma® okapaénmap nuddepeHiman
TeHrnamamap &pramuna TaBcuduanHamu. JuddepeHuman TeHrnamamap —ypraHuinaérra
KapaCHHUHT MaTeMaTWK Mojenu O0ynu0, nuddepeHmuan TeHTIaMalapHH  YpraHMII
XKapa&HJIapHU TYJa TaBcUQIIara oiud Kenaau.

Acocuii makcan tanabamapaa nuddepeHnran TeHrIaMaJapHIHT aCOCHHA TYyITyHUYAapH,
TacAMKJIApU Ba YJNApHUHT MCOOTIApH, MacajlajapHH €YMII YCYyJlapu Xakuaa OWiuM Ba
KYHUKMajap XO0CUJ KWIHO, yIapHU amania KyJutail Ouiniuiapura SpuImmup.

1-macana. ®apa3 xwiaimuk Mmoaauidi Hykta OX yku Oyitimad xapakaT KWICHH. XapakaT
byukuusicu f(t) Oyacun. Bynmman Ttamkapu Oumpop t=tp MoMmMeHTZA yHHHT abcmmccacH Xo
KuiiMaTHu KaOyn KwicuH. Iy Moanuii HyKTaHM xapakaT KOHYHHMHHM TONMHI. By MacajaHUHT
MaTeMaTHK MOJIeTTH

dx
e fe), x(t) = x,
KYpUHUII OuiaH uoasaHaim.

2-macana. ABTOMOOUIIHL TOPU3OHTAN XapaKaTHHU MaTeMaTHK U(OJaJaHHIIHU Ba YHH
MOJICJUTAIITUPUIIIHNA  KYpUO YHMKAWIMK. ABTOMOOMJIHHMHI SKCIUTyaTallMOH XYCYCHUSTIAPHHU
Oaxounariia MakCUMaJ Te3JIaHUIII, TOPMO3IAHUII KYPCATKUWIAPU TaXJ M STUIAIH.

ABTOMOOWJIb XapakaT TUHAMHUKACHHHU YpraHWIIAa aBTOMOOWIb SIXJIUT OWp KHCM €0
onuHaaAu. ABTOMOOWIIb XapakaTaaHyBYM TU3UM OYiuO, yHra Oup HeuTa Kydiap TabCHp KUJIaTu.
ABTOMOOWJIb XapaKaTHHH MaTeMaTHK HQoanan ydyH Xapakar jkapaCHuUIard TabCHp TyBUH
Ky4iapHu Ownuimn  3apyp. XycycaH, aBTOMOOWJIHM XapakaTra KeITHPYBUM Kyuiap,
XapakaTJIaHUIIUTa KapIIWIMK KypcaTaauraH Kywiap, OFUPJIMK Ba peakmus Kywiapu.
ABTOMOOWJIb XapaKaTJIaHWIIN YUyH YHTa TaAbCUP KWIAETTaH KAPIIMIUK Ky4JIapUHU €HTa OJHUIIN
Kepak. ABTOMOOMJIHM XapakaTJIAHTUPYBUM Kyd Oy — TOPTUII Ky4dyd XHUCOOJAHAIH.
ABTOMOOWJIHMHT XapakaTWra KapUIWIMK KWIYyBYM Kywiap 3ca KyHuaaruwiaap: XaBOHHHT
a’pOMHAMHUK KAPIIMIIMK Ky9d XaMa HITKAJIAHUII Ky9IapHIup.

ABTOMOOWJIHMHT TOPU30HTAN HWYHANWIIUOATH XapakaT TeHIJIaMacu Kylujaaruda
ndogananagm:

F=F +F +mv+mgsina

by epna,

e F — toprum Ky4u;

e F,— a’poauHaMuKa Ky4w;

e F, — runaupanira KapImiiK Kydu;

e V- aproMo6uIH Te3JIaHUIIIH;

e MQJ — OFUPJIMK KYyYH,

e (X — WYIHUHT KUAIUK (HUIIA0JIMK) Oypuar.
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ABTOMOOWJIHMHT XYCYCHSITIAapW Ba TEXHHK MapaMeTpiapu OYiudYa OJIMHTAaH TYIUK
MabIyMOTIap Oa3acugaH aBTOMOOWJIHMHT TEXHHK IapaMmerpiapu Oyiinua auddepeHiman
TEHTJIAMAHUHT €YMMH aHUKJIAHAIH.

IOxopunaru mMacananapaan kKypuHaauku, outta auddepeHnnan TeHrIaMann Oup HedTa
GyHKOMSUIap KAaHOATIAHTUPHUINM MYMKHWH, UIIYHUHT Yy4yH nauddepeHnman TeHrIamamap
HA3apUsCUHUHT acocuil Makcaau OepuiraH TeHIVIaMaHMHI Oapya e4YMMJIApUHM TOIMUII Ba
yIApHUHT XYCYCUSATIAPUHU YpraHumaan uoopar [1].

Tanabamap ogauii nuddepennuan tenriama, nuddepeHnran TeHrJIaMaHuHT TapTHOM,
muddepeHnran TEHIJTAMAHWHT €YMMH JIeTaH TyllyH4Yajgapra i3ra ae0 Xucobnad, omauit
muddepernuan TeHrnamanap yayH Komm macamacMHM €YUITHWHT COHJIM METOJJIapuiaH Oup
HEYTACHHU KEITHPAMMU3.

Macananune Kyuuauwiu

du 0
— = f(t,u), u(0)=u 1
5 =G, u0) (1)
cucreMa yuyH €ku 6atacuiIpoK
du.(t) :
7:ﬁ(t,ul,u2,...,un), t>=0, i=12,..,n (2)
u, (0) = ufo), i=12,..,n (3)

Ko macanacunu kapaimus. Arap

filt,u, 1yt ), D = ﬂt‘ <a,

u, —ul.(o)‘ <b,i=12,.., n}

byHkIMsIap EnuK coxaia y3lykcus Oyicanap, yHIa |fi| <M, i=12,.,n wapr ypuriu
Oynmamu.
bynman Tamkapu arap fi Jap, D - coxama wucranran (t,u],u2,...,un),

"

! 4
n) HyKTajmap yuyyH U; aprymentnap Oyiiuua , MCTajira U s U Y4yH

|

(t,ul,uz,...,u

.HI/IHH_II/ILI apTUHU KaHOATJIIAaHTHUPCA, IbHU

fi(t,ul,uz,..., u, )— fi(t,u1 Uy eeny %1 < L{u1 —u, ‘ + ‘uz — uz‘ + ...+
Oynca, yana (2) cicTeMaHUHT

U =u,(t), u, =u,(t),...,u, =u,(t)

t|<t, = min(a,i)
M

Ba (3) mapTiapHu KaHOATIAHTHUPYBYM €UUMHU MaBxKy[ OYynub, siroHa Oynaau.

Komm macanacuHu COHJIM €uulll Ba YHM TaTOMK sTuiaa Komm macamacMHUHT e€4uMu
MaBXXy/l Ba SiTOHa Xam/a Kepakinya cHuK ae0 ¢apas kunamus [1, 2].

Conuta MeToa1ap MUCOJJIAPH

Komm macanacMHu €YUIITHUHT UKKU TYPYX COHJIM METOAJIApU MaBXKY/I:
Kyn kapamnu aitupmanu metojiap Ba Pynre-Kyrra meTomniapu.
Kyitnga connm mMeToasapHUHT OMp KaHYa MHCOJUTAPDHMHM Kapad 4MKaMu3 Ba OaéH KHIIaMH3.
Connanvk ydyH OuTTa

"

ul’l _un

%:f(t,u),t>0,u(0):u0 (4)
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TEHITIaMaHU KapaliMu3.

w ={t =ir, i=012,.}

T

HYyKTajap TYIUIaMUHU KapaiiMu3. byau Typ ne6 araiimmus.

u (t) byHkuus (4) TEHTJIaMaHWHT aHUK €4UMH OVICHH. ); = y(tl-) aca (4) MmacamaHUHT

TakpuOuii eunMu OYncun. Y; TakpuOuii euum TVp QyHkums ae6 alTunamu, seHu pakar D,

TYpAa aHUKJIaHTaH QyHKIUSIUD.
Cummempuk cxema
(4) Tenrmama

N A | ;
—uH'lT Vi —E[f(fiayi)+f(ti+layi+l )]: O’Z = 0’1""" Yo = Uy (5)

allupMaiu cxema OujaH aaMaIITHPHIIAIH.

By meron Diinep meToaura Kaparania aH4a MypakkaOIup, YyHKH ), KMAMAT OJJIMH

aHuKIaHTaH Y; KuiiMaT opKamm

1
yi+1 _ET.f(tH])yHl):F:

bynna

1
E‘ =) +§T'f(ti7yi)

TEHIJaMaHu euuin OwnaH anukimananau. Iy caGabiau meron omkopmac ne6 antwiagu. (5)
METOJTHUHT a()3aJUTUTH YHUHT FOKOPH TapTHOIN aHUKJIATHITUD.

a—u 1
(//i(l) = — % + 5 [f(ti > ui)+ f(ti+1 > ui+1 )]
Gynkumns yayn

CT 1/, : A : "
i) =—u -, +0(T2)+_(ui +”i+2): U Y +_[”z‘ tu +0(72)]
2 2 2 2

o M af.2
ypunnuaup, seaun Y, =0\77 ).

Kentupwiran Mucoiuiap adupmand MeTomiap [ne0 aTaayBud METO/AJIapIaH dHT
coJIajapuanp, yaap ssHa aiupMain cxeManap xam 1e6 airuinanu [2, 3].

Pynre-KyTra MeTOMUHUHT ailupMainn MeToanapaan (hapku HIYHIAKH, TCHIJIaMaTapHHHT

yur Tomonu f (t, U) KuiiMaTinapu HadakaT TYp HyKTanapuaa, 0ajaku opajuk HyKTaldapaa Xam

XHUCO0JIaHNUO TOIMIIa H.
XyJoca

Huddepennman TeHrnamamap y3nykcu3 (QHU3UK sKapaCHIapHU YPraHWIIHUHT aCOCHHN
MaTeMaTHK anmapaTiapuiaH OMpH OYITaHIUTH Y9yH MEXaHUK CHCTEMAJIAPHUHT JHHAMHKACH,
TYpFYHJIUK Ha3apusicH, TeOpaHMILIAp Ha3apusch KaOW (HU3MK TYIIyHYaJapHH YpraHWII,
akcapuiT Xxoiuapia auddepeHnman TeHrIamMadapHH euuil €KUM cU(aT Ha3apHACHHU TaTOWK
KWINIITA KeITUPUIIAIH.
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CALCULATING OF DETERMINING FORCE AND SPEED OF ROTARY SHAFTS
FOR GRINDING

Nematov Erkinjon Khamroyevich
Tashkent State Technical University named after Islam Karimov, nav27ruz91@mail.ru

Kalandarov Navruzbek Olimbayevich
Tashkent State Technical University named after Islam Karimov, nav27ruz91@mail.ru

Annotation. This article presents the types of devices used in the process of grinding raw
materials and their operation schemes. The main elements of the shaft structure of the rotary
shaft crusher are the dimensions and structure of the rifle, as well as the geometrical parameters.
The main calculation formulas for the amounts of forces affecting the raw material during the
grinding process, the rotational speeds of the shafts, the distance between the shafts and the
levels of grinding are presented. The formula for calculating the forces affecting the grinding
process was calculated.

Annotatsiya. Mazkur magolada xomashyolarni maydalash jarayonida ishlatiladigan
qurilmalarning turlari va ishlash sxemalari keltirilgan. Rotatsion valli maydalagichning val
konstruksiyasining asosiy elementlari rifel o‘lchamlari va tuzilishi hamda geometrik parametrlari
berilgan. Maydalash jarayonida xomashyoga ta’sir qiluvchi kuchlarning miqdorlari, vallarning
aylanish tezliklari, vallar orasidagi masofa hamda maydalash darajalari bo‘yicha asosiy hisoblash
formulalari keltirilgan. Maydalash jarayonida ta’sir qiluvchi kuchlarni hisoblash formulasi
aniglandi.

AHHOTanusA. B 1aHHOM cTaThe MNpENCTaBICHbI BHUABl YCTPOWCTB, HCHOJIB3YEMBIX B
Iponecce MU3MCIIBbUYCHUA CBIPbA, U CXEMBI HUX pa60TI>I. OCHOBHBIMH 3JIEMEHTAMHU KOHCTPYKIIMHN
BaJla POTOPHOW HIAXTHOM APOOMIIKH SBISIOTCS Pa3Mepbl U KOHCTPYKIMS BHHTOBKH, a TaKXke
TCOMCTPUYCCKHE IIapaMCETPhI. Hpe,Z[CTaBJ'IeHLI OCHOBHBIC (bOpMyJ'ILI pacdy€Ta BCIMYHUH CHII,
BOSI[GﬁCTByIOHIPIX Ha CBIPHC B IMMPOLCCCEC U3MCIIBYCHMA, CKOpOCTeﬁ BpalcHusA BaJIOB, paCCTOAHUA
MCXKAY BajlaMHu U cTeneHer m3MmenpueHusd. Paccunrana (I)OpMYJIa pacducTa CuJl, BIMUAIOIINX Ha
nporecc NUugOoBaHuUs.

Keywords: flattening of grains, roller surfaces, mill, forces, corrugation, roundness of the
roller, cutting angle, circumferential speed, particle capture by rollers, grain capture conditions,
inter-roll zone, working gap width.

Kalit so’zlar: bug’doyni maydalash, val yuzasi, tegirmon, kuchlar, rifel, slindrik val,
kesish burchagi, aylanma tezlik, donni vallarda qisish, bug’doyni qgisish shartlari, vallar orasidagi
masofa, ishchi yuza kengligi.

KurioueBble ciioBa: IUIFOMICHUA 3€PCH, IMOBCPXHOCTHU BAJIbIIOB, MCJIbHUIIA, CUJIA, pI/I(I)eJ'I,
OKPYIJIOCTH BaJIblia, YTOJIOM PE3aHus, OKPYKHAasl CKOPOCTh, 3aXBaT YaCTULIbI BAJILLIAMHU, YCIIOBUSA
3aXxBaTa 3€pHA, MCKBAJIKOBAA 30HA, NIUPHUHA pa6oqe171 ICSJIn.

Introduction.

In the flour-grinding industry machines and apparatus for grinding bulk food products are
used, for instance, - for grinding grains of cereals into flour, in the feed industry - for grinding
grain and hay into flour and various additives (salt, chalk) into powder, as well as for crushing
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cake ; in the production of food concentrates - for crushing grains of oats and corn, grinding dry
vegetables, fruits and various additives (sugar, salt, etc.) into powders; in the confectionery
industry - for grinding fat-containing half-ready products (cocoa nibs, kernels of nuts and
almonds, etc.), granulated sugar, chocolate production waste; in meat processing - for crushing
ice, greaves; in fat extracting - for crushing oilseeds, as well as for crushing cake; in
fermentation - for crushing barley, green malt, dry brewing malt and grinding potatoes; in fish -
to obtain fishmeal; in salt production - for crushing salt.

The following types of machines are mainly used in food production (fig. 1):

1. Roller mills. These machines briefly act on the original product, which before
destruction is subjected to compression and shear deformations at relatively low circumferential
speeds (0.5+1.4 m/s) of cylindrical rolls (roller diameter 200+500 mm) rotating towards each
other with different speeds. linear speed.

2. Disc mills. These machines have a relatively long effect on the original product also by
compression and shear, the circumferential speed of the disc is 10+68 m/s relative to another
fixed disc. These machines include, for example, millstones (mills).

3. Hammer crushers. In these machines, the material is destroyed due to hammer blows at
their circumferential speed of 50100 m/s and due to the interaction and friction of the crushed
product relative to the inner surface of the machine casing.

I

Fig. 1-Schemes of working bodies of machines for grinding food products
a)roller mills; b) disk mills; ¢) hammer mills
Roller mills are distinguished by the following features:

- according to the number of pairs of rollers - two-roller, three-roller, four-roller, five-roller,
eight-roller;

- by size - different length and diameter of the rollers;

- on the side surface of the rollers - on smooth and corrugated.

Roller mills with two rollers and different side surfaces are most widely used.

The operation of such mills is based on the principle of cutting, splitting and crushing.

Both rollers are driven to each other in opposite directions and at different speeds. Along with
cutting with corrugations, there is also a partial abrasion of the product.

By adjusting the width of the working gap, as well as by selecting the ratio of the
circumferential speeds of the rollers and the use of different shapes of the flute, it is possible to
obtain different degrees of grinding.

Methods.
When choosing a research method, the principles of operation of rotary grinders were
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studied, and the amount of power, which determines the available parameters in the production
of shaft riffle sizes and rotation speeds, is theoretical when calculating the grinding power.

Materials.

These mills are suitable because they allow you to get food in the form of grits with a low
guantitative content of mealy pulverized part.

Their disadvantages include quick sticking of the riffles when crushing wet (more than
18%), oily feed and heating the product.

Consider a cross section of a corrugated roller and its elements (Fig. 2).

Drum grooves are characterized by shape, slope, number per unit length of drum
roundness and cutting angle.

In cross section, the corrugations have two unequal edges: a narrow edge of the tip (Fig.
2) and a wide edge of the back. Angle y, enclosed between these faces is called the taper angle

and the standard is 90 °. The radius drawn through the top of the riffle divides the standard taper
angle into two angles: a = 20°— acute angle and g = 70°— back angle. Obtuse angley , enclosed

between the edge of the corrugation and the tangent to the cylinder, drawn through the top of the
corrugation, is conventionally called the cutting angle. Relying on the selected operating mode of
the rollers, the cutting angle will be not similar. (90+« or 90+ /).

§=0.15 mm

\

Fig. 2-Parameters of the corrugated roller

At the top of the riffle there is a platform with a width S =0.15mm, necessary to maintain
the exact shape of the cylinder after cutting the roller. The step t of the riffle along the
circumference and their height h are connected by a certain ratio. To identify it, we shall depict
the riffle elements. (fig.3)

Fig. 3-Riffle elements
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From the left right triangle we have:

t-x
()54
And from the right: x=h-tge
then
h_ (t=h-tge)
o
or
h
t=h(ctga +tgar) = ———.
SInNo -COSa

At the end, we have:

h:l-t-sinZa
2

Number of n, riffle on 1 cm circumference , —19. On rollers for coarse grinding
ot

taken, =4-10, and on the grinding rollers n =12+:15.

To eliminate the uneven load and vibration of the rollers, the corrugations are applied at a
certain angle o inclination to the generating of the cylinder; when they face with each other,
they form an angle y friction. In this 26 = y <2¢ (¢ -angle of friction of the grain on the edge
of the corrugation).

For the kinetics of grinding, the mutual emplacement of the grooves of the paired rollers
is important. Of the four possible variants at mills in our country, it is customary to install rolls
with corrugations in the “acute to acute” or “back to back” position. In the first case (Fig. 4 a),
the most intense effect of the flute on the grain (coarse grinding) takes place, in the second case,
the most “soft” one (Fig. 4 b).

The rollers of grain mills have the same diameters, but rotate at different speeds (high-
speed and slow-rotating rollers) and subject the grain to complex deformation - compression and
shear.

Peripheral speed ratio v, fast rotating drum to speed v, slowly rotating is called the

speed differential and is denoted byk .

Fig. 4-Options for the relative position of the grooves of the rollers
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For cutting rollers take k =1.25+2.5; for smooth k =1.25+1.5; for grain crushers k =1.
Relative speedv,, characterizing the intensity of the impact of the working bodies on the

material, is determined by the following expression:
Vo =V, =V, =V (k-1)

S

and the average speed v, movement of grain in the grinding zone will be equal to:
Vi 4V
9 = 2

It is also important to know the condition of grain capture by rollers. Let we have two
smooth rollers with a radius R (Fig.5). At the moment of entry into the slot, the particle
perceives pressure at the point n P to roller.

Between the particle (conditionally shown in the form of a ball) and the roller there is a
friction force F = f -P.

7

; F ;
Fig. 5-Scheme for determining the conditions for capturing grain by rollers.

Force decomposition P and F into horizontal and vertical components (in the figure it is
shown the decomposition of the forces acting from only one roller).

Horizontal forces cancel each other out. The vertical component of the friction force is
directed downward. It draws a particle of the product into the working space. The vertical
component of the force P is directed upward and prevents the particle from entering the
working space.

The condition for capturing a particle by rollers with a sufficient degree of accuracy in
general will look like this:

2-f-P-cosa>2-P-sina
Where « - grip angle,
from here f =tgp >tga,

a<pry.
Therefore, to ensure that the product is gripped by the surfaces of the rollers, it is
necessary that the angle & was less than the angle of friction ¢ between product and roller.

The diameter of the rollers is determined by the particle size of the product and the angle
of friction (Fig. 6).
From the scheme (Fig. 6) it can be seen that the center-to-center distance OO, is equal:
OO, =D+b=2-R-cosa+B
where B - exit particle size, b - largeness of the distance between rollers, D -diameter of
the rollers.
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Fig. 6-Scheme for calculating the design parameters of the rollers
The minimum diameter of the roller is distinguished by the formula:
_ B-b
1-cosa
But, since the limit value of the angle « equal to the angle of friction ¢, then finally the
result is:

min

_ B-b
“1-cose
In existing designs of mills, the diameter D rollers are accepted within 250 + 350 mm.
The intensity of product processing is characterized by the length | processing paths
(arcs) (Fig. 6). The more I, the more intense the crushing or grinding of the product.
It is distinguished | :

min

|=R-«
_0
From expression © 2/00 :I-sin%:l% (since the angle formed by a tangent and a

chord is measured by half the arc enclosed between them), it is found «
B-b
o=—-
I
It is substituted in the expression to determine | values «
|=R BT_b

From that | = \/R(B-b) .

Thus, the length of the processing path is greater, the larger the radius and the difference
(B-h).

The theoretical productivity of one pair of rollers is determined taking into account the
fact that the amount of grain equal to the second productivity passes through the gap per unit
time. In this case, the productivity Q (kg/h) of the mill is determined by the formula

Q=b-L~Vg-p-l//

where L -the length of the rollers (m), p - material density (kg/m3), w - coefficient taking
into account the degree of material filling of the grinding zone (when grinding grain
y=01+02).

The performance will mainly depend on the size b, which means, on the degree of
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grinding:
»  with fine grinding b=0.1+-0.2mm;
»  with medium grinding b=0.2+0.3mm;
»  with coarse grinding b=0.1+0.2mm.

Fundamentals of calculation of roller working bodies for peeling products. If metal rollers
in grain mills are replaced with rubber ones, then a machine for peeling cereal crops (rice, millet)
can be obtained. Inside the body of such a machine there are two rubber rollers with a diameter
of 200 mm rotating towards each other with different circumferential speed, a drive and other
components. The gap between the rollers is regulated by a special mechanism. For the rubber
surface of the rollers, rubber of a certain formulation is used, thanks to which the crushing of
seeds during peeling is sharply reduced.

When entering the machine, the raw material from the feeder enters the gap between the
rollers. Since the nature of the force effect on the seeds is based on a combination of
compression and shear forces, and due to the different ratio of roller speeds, the seeds in the
working area experience deformations and stresses that lead to the destruction of the outer
covers, i.e. peeling of grain (seeds) occurs.

Depending on the type of processed product, the gap between the rollers can be adjusted
from 0.35 to 1.0 mm. The peripheral speed of the rapidly rotating roller is v, =12.5+15 m/s,

slow rotatingv, =8.7 +10.5.

For the effective course of the process of peeling raw materials in a sheller with rubber
rollers, it is very important to establish the optimal forces for compressing seeds in the inter-
roller working area, the length of the path for the particle to pass through the working area,
which should be minimal with a high technological effect of peeling.

It is shown (Fig. 7) the length of the path (L) inter-roller working area, where the
working bodies act on the grain. If it is denoted the angle between the center line and the radius
(grip angle) drawn through the point of contact of the grain with the surface of the rollers at the
point where the grain enters the working area of the roller, through « , and at the exit point of the
rollers (entry angle) - through ¢, roller diameter D mm, distance between rolls (gap) 6 mm

and seed size (grains) d mm, then from the considered right triangle AOC, cosa = g—i.

From the scheme it is seen that oc = D;5, and OA=0b+BA=D+d. In this

conclusion, the grain is assumed to be spherical, therefore

OC D+¢6
CosSa=——=

OA D+b

A similar situation exists for «; .
The length of the working section of compression L
zone will be equal to:

grains in the working inter-roll

com

D+o6
o = arcco
S(Derj

z-D D+o6
Leom = 2———arcco
360 D+d

As can be seen from the formula L, does not depend on the circumferential speed of the
rollers and their differential.

From where
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|
Fig.7-Scheme for determining the length of the compression section L,

Since the rolls (rollers) rotate at different peripheral speeds, one of them (fast) is ahead of
the other (slow) by some certain amount in the working area L. It is determined the value of

this advance, which we will call the shift length L, (Fig.8).
|
[
i
i
i
i
A .
i
i
i
i
i
|

Fig. 8-Scheme for determining the amount of advance
(shifting) L, of the rollers
With steady motion, the fast roller vs for a certain period of time, the path from the
moment of capture (point F ) until the exit of the grain from the working area (point C), is
equal to L. In the same section, a slowly rotating roll travels a path equal to F; -0, (for the
same period of time). From the design scheme (Fig. 8) it can be seen that the rapidly rotating roll
is ahead of the slowly rotating roll by the length of the arc q-Q or L,,,:
I-com - I-mov _ Lc,wc
v - vV,

S

From where
Lcom (Vf _Vs)
Vv

S

Studies have shown that applying a differential is higher K =3 impractical, since it can
only slightly affect the increase in the peeling coefficient kp .

As it is known, one of the main requirements for peeling the grain of cereal crops is the
maximum preservation of the integrity of the kernel. Therefore, the forces in the working area of

L =

mov
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the machine should not cause the destruction of the grain itself with an effective separation of the
film (shells).

After contact of the grain with the rubber surface of the rolls, it moves in the working
area, as shown in Fig. 8, along the axisy—y. The center of the roll O, is connected with grain
center O, and consider a right triangle 0,0,B, in which y - the current value of the angle, which

determines the position of the grain at the moment.
Line segment

OB D+o6
COSX 2CO0SX

0103
D+¢6

where OB =
The value of the absolute deformation of the rubber surface is characterized by the
segment CF , which is defined in the following way.

A preliminary segment is found FO, = 0,0, —O,F , where 0,0, = D+o

D
cosx butOF = E ,

i.e. the radius of the rubber roll

FO, = D+s D
cosx 2
whence the segment CF =CO, - FO,
d
where CO, = 5
then, cF-4_D+d . D_n

_l_
2 2cosx 2
Corner y canvary from zeroto Y =«

|
Fig. 9-Scheme for determining the compression force of the grain in
inter-roll zone
This conclusion is also true for cases when the grain is below the line of roll centers.

- - - - 5 -
When the grain is on the center line of the windrows (¥ = 0),Ah0 =d _E, i.e. the
greatest absolute deformation of the rubber surface of the rolls is observed.
In the diagram (Fig. 9) of the interaction of a roll and a grain when it passes through the

working area. In this scheme, the power P represents the action of the second roll on the grain.
The amount of absolute deformation (Ah,) the rubber surface of the roll is determined by
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the following dependence on the applied force Ah, =3
32 R ‘R,

97k’ ‘(Rﬁszj'Pz

2

u

where k, =1—
m-E

- characterizes the mechanical features of rubber, ¢ =0.5- Poisson's

. .. d : .
ratio, E-modulus of elasticity of rubber (equal to 7.5+8.0 MPa), R :E- grain radius (m),

D : .
R, = ER rubber roll cylinder radius (m),

Results and discussion.
Knowing that Ah,, determine the magnitude of the force P, compressing grain

_ 4k, |ARS-R;-R,
3 R,
2+R,

Number of grains (), situated in the working inter-roll zone, is determined by the size of
its thickness ¢ (for an elliptical grain) or diameter d (for a spherical grain), as well as the length
of the roll (L, ):

P

n=——"-
d

In the process of shell removal, in addition to compressive forces, shear forces are of great
importance. The fast swath is ahead of the slow swath by L, . At the same time, as a result of

pressing the grain into the rubber surface, the high-speed roll not only destroys the shell of the
compressed grain, but also separates it, that is, it produces peeling.
The resultant force acts on the grain in the inter-roll zone
P, =P, —P,
where P, and P, - force, with which the fast and slow rolls act on the grain, respectively.
The value of P, is defined on the basis of quantity of motion:

m(v, —v,) =R -t
_ . Vi +V, _ . .
where m -weight of grain (kg), v, :T_ grain speed at the point when it leaves the
working area (m/s), v, =./2gH — grain speed at the moment of contact with the rolls (m/s), H -
grain fall height (m), t = lon the time of passage of the grain of the working area (s).
1 +V2

Knowing that m and t determine the shear force required to remove the outer covers from
the caryopsis

m(v, +V,)
PO — 1t 2

Conclusions.
Set energy costs ( E, )for the peeling process. Since the fast roll is ahead of the slow one by
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Lo = Lcom(k—%j, then on this segment in the inter-roll working zone, energy is expended on

the removal and destruction of the caryopsis shells. Then the work spent on the peeling process
will be equal to:
E. =P, L, Joul
or taking into account the work of compression (E,)
E. =R Loy + Ecom» HUK
The peeling coefficient of grain in a sheller with rubber rolls for a single pass is
k, =0.88+0.92 with a minimum amount of crushed kernel 0,3+0,5 %.
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ABTOMOBIJI BA KUIIJIOK XYXKAJIMK MAILIMHAJIAPU

V]K: 634.1-13

WHTEHCHUB BOTJIAPJAT'Y OYNJINB KOJII'AH JTAPAXT WIA3JIAPUHA
KYMAJIUT'AH U1l OPTAHUHUHI TAPAMETPJAPUHU ACOCJIALL
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AHHOTaumusl. YmOy Makoiajga, HWHTCHCHMB Oofjapaa o4ywimd KOJTaH JapaxT
WIIU3IApUHU KymManuraH chepuK IUCKHUHT JUaMeTpH, JUCKHUHT XapakaT HyHamuimra
HucOaTaH YpHaTWiIMIl Oypuard, AMCKHUHI THKKa HHUcOaTaH YpHATWIMII OypyakiapuHU
arpoTexHuka Tamabnmap mapakacuga Wil cU(pAaTUHU TabMHUHIOBYM TapaMeTpliapy Hazapuii
acocJaHraH.

AHHoTauuMs. B [1aHHON cTaTbe paccMOTpeH Juamerp c(epuyecKoro Jucka,
SaKaHI)IBaIOIlII/Iﬁ Or'0JICHHBIC KOPHH OCPCBHBECB B MHTCHCHBHLIX CaJaxX, YroJl YyCTAaHOBKHU JHCKa
OTHOCUTENIPHO HANpaBJICHUs IBI)KEHUs, MapaMeTp YIJIOB YCTAHOBKU JHMCKA OTHOCHTEJIBHO
CTOMKM M TEOpPETHYEeCKHM OOOCHOBaHbl KadyecTBO pabOThl 00ECleuuBaIOLIMil  yPOBEHb
arpoTeXHUYECKUX TpeOOBAHUH.

Annotation. In this article, the diameter of a spherical disc that buries exposed tree roots
in intensive orchards, installation angle of the disc relative to the direction of movement, the
parameters of the disk installation angles in relation to the upright, which ensure the quality of
work at the level of agrotechnical requirements are theoretically based.

Kanur cy3aap: usHTeHCHUB OOF, JapaxT, Winu3, CcPEpUK ITUCK, TYINPOK CYpyBUH
TEKUCJIaruy, XUMOsl 30HACH, MapaMmeTp, TYNPOK YIOMH, Ha3zapuidl TaJKUKOT, THKKa HHcOaTaH
VpHaTWIMII Oypyaru, U4y OpraH.

KiroueBble cJioBa: WHTCHCHBHBIM caj, JepeBO, KOpPEHb, COHEPUUYECKHA IHCK,
MOYBOOTTAIKUBATENb TJIAHUPOBIIUK, 30HA 3alIUTHI, MapaMeTp, rpyAa MOYBBL, TEOPETUUYECKUE
WCCIIEIOBAHUSI, YI'OJl YCTAHOBKM OTHOCUTENFHO CTOMKH, pabounii opraH.

Key words: intensive garden, tree, root, spherical disk, soil pusher leveler, protection
zone, parameter, soil heap, theoretical research, installation angle relative to the upright, working
body.

Kupum. V36eKucToHIa MHTEHCUB OOFIOPUMIIMK TApMOFUHHM PUBOXKJIAHTUPUIIra KaTTa
ybTHOOp KapaTwiMmokia. JKymmamgan, 2021 itmn 26 despangarn “Vabexucron Pecrybankacu
KMIUIOK ~ XYKaJIUTMHU  pUBOXJIAHTUpUIIHUHT  2020-2030  #wmnapra — MyJDKaJlJlaHTaH
cTpareruscuna Oenruwinadnran Basudanmapau 2021 #wima amanra OMMPHUIT Yopa-TaaOupiiapu
tyFpucuna’ru IK-5009-commu xapopu [1] Ba Y36ekucron Pecmy6mukacu IIpe3naeHTHHHHT
“V36exncTon Pecrybnmkacuaa MeBa CaG3aBOTUMIMKHM JKaJgall PUBOMKIAHTUPHINIA JIOUD
Kymmmua dopa-tagoupnap tyrpucuaa’ 2018 #un 29 maptmarm [1D-5388-com @apmonu Ba
Oomka Xyxokaiap OyHuHr nanunuaup [2]. XKaxoHma sHeprusi-pecypcreKaMKop Ba UII YHYMH
IOKOpU OYyNraH TYMpOKKa acoCHil WILIOB OEpHIN MallMHAIAPUHH WNLIIA0 YHKUII Ba KyJUTall
€TaK4YM YPUHHU 3rajulaMoK/a.
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MamnakaTiMM3/1a MHTEHCHB OOFAa KYJUIaHWIAJUraH AapaxT TaHa aTrpodura HIUIOB
Oepuil Ba TYyNpoK OwWIaH KYMyBYM MalIMHajJapy Ba WINYM OpraHJapUHUHT HII cudaT
KYpcaTKU4JIapy, YIApHUHT UIIATa KYHWITaH arpOTeXHUK Tanadiapra TYJIUK xkaBoO OepMaiiu Ba
EHWIFU-MOMIIAI MaTepuaiiapu caphu I0KOpH.

Oxopunarun xamumnuknapau Oaprapad »Tum makcaauna KXMUWUTHpa wuHTEHCHB
O0ofFiary ounaub KOJraH JapaxT WIAU3IapUHU KYMaJuraH Ba KaTOp opacura UIuIoB OepaauraH
MAITHHAHN KOHCTPYKIMACH MILIA0 unkumy [3]. YTKasunran TaqkuKKOTIAp acOCHIA MHTEHCHB
Oofyapiard OYMJIMO KOJTaH JapaxT WIAU3JIApUHU KYMHUII Y4yH CQEepuK TUCK Ba TYIPOK
CYypYBUM TEKHCIAru4JaH TAIIKWI TONTaH WII opraHiapu KaOyn Kuiaub onuuau [4]. Ymly wim
OprasjiapuHu MakOysl KUHMaTIapuHU aHUKJIAII YIyH Ha3apuil TaIKUKOTIap 0u0 OOpUIIH.

Yeymu. W xapaénuna chepuk AUCK XUMOS 30HACHHUHT TAIIKAPUCHAAH TYIPOK
najaxcacCMHU Kecajau, YHM WII CUPTH OYiiyiad kyTapaau Ba €H TOMOHTA YJIOKTHPAId, TYIMPOK
CYypyBUM TEKHCJIArud 3ca IUCK TOMOHJAAH YJIOKTUPWJITaH TYNPOK I03acuaa XOCWJI OyiraH
HOTEKHUCIIMKIIAPHU TEKUCTAaN XaM/la YHH JapaxT TyOura cypau.

Kyiiuparunap chepuk AMCK Ba TYNPOK CYpPYBYM TEKHCIATWYHUHT YJIAPHUHT WII
KypcaTKu4japura TabCup KypcaTaauraH napametpiapu xucodnanaau (1-pacm):

- chepuk quckHUHT TUameTpu D;

- c(hepuk JUCK UIITYU CUPTUHHUHT STPUIIHK paanycH R;

- TUCKHUHT XapakaT WyHaJIUIIra HUcOaTan YpHATHIUII OypUard o,

- TUCKHUHT THKKA HUCOATaH YpHATUIUII Oypuaru £,

- TYIPOK CYpPYBUM TEKHMCIArMYHUHI XapakaT HyHajauliura HUcOAaTaH YpHATUIIHIL
Oypuaru y;

- TYNIPOK CYpYBUYHM TEKUCIATMYHUHT OalaHAIuTru H,

- TYIPOK CYpYBYH TEKHCIATHYHHUHT Y3YHIUTH ly;

- chepuk qUCK Ba TYIPOK CYpYyBYH TEKHCIATHY opacuaard oOyiinama macoda Lp.

A kariush
Luridgan

1-pacm. Cepuk AucK Ba TYNPOK CYPYBYH TEKMCJIATHYHUHT ACOCHI mapaMeTpJapu
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Myxokamacu. Ouninn0 KoJaraH AapaxTt WIAM3IAPUHU KYMaJUraH MaliiHa cepuK JUCKH
Ba TYNPOK CYpyBUM TEKHCIArMYUHHUHI YOy KypcaTWJIraH MapameTpiapuHU acociam OVyiinua
tagkukoiap unrapu I'.H.Cuneoxo, ®.M.Kanapes, I1.C.Hapros, H.B.byrenun, .JI.JIyHu,
IO Mepkun, A.Tyxtakysues, A.H.Xymoépos, A.Y.Urambepmues, LI.Y.Mmmypanos,
M.M.Oprames, A.A.HOparumos, III.A.bapnmuboeB Ba Oomikamap TOMOHHJAH YTKa3WIraH
TaJAKUKOTIapaAan Goigananub yrkasumam [5-14].

Coepux auck ¥3 xapakaTu JaBOMHUAA TYNPOKJIAH HOB KYPHHHUIIJATH TMajaxcaHu KecuO
oJIaJIi Ba KyHHJaruiap yHHHT aCOCUH Yuamiapu xucoomanaau (2-pacm):

a-0anaHury (KaJTMHIUTH);

b-kenrmury;

S-xyHraanaHr KECUMHHUHT F03H.

bynapuu kyiinnaru ndoaanap 6yinda anukiam Mmymkus [7,13]:

a=nh; 1)

b=2 L(D—
cos

jsin a, (2)
cos B

Ba

2
S = D—arccos 1—i —
4 Dcos g

(D a a [H__2a
2 cosp )\ cosp cos B

OyHaa h — cheprk AUCKHUHT TYMPOKKA OOTHII YyKYpJIUTH, M.

) sina cos S, ©)

// a
P Y

2-pacm. Cepuk aucK TYNPOKIAH KeCHO OJIaTUTMH MAJTAXCAHUHT ACOCHIA
yiagamiapu

JlapaxXTIapHUHT OUMJIMO KOJITaH WIAM3JIApU TYJIMK Ba Tajadiap Aapakacuaa KYMUIAIIHA
YUyH KyHHJIaru mapT 6akapHuiIuily JIO3UM:

D? 2a D a
—arccos|l———— || —— X
4 Dcos S 2 cosp

MEXAHUKA BA TEXHOJIOI'M S WJIMUI )KYPHAJIH, 2023, Ne 4 (13)
82




ABTOMOBIJI BA KUIIJIOK XYKAJIMK MAILIMHAJIAPU

a
cos cos

OyHma by—mapaxTiap XMMOsi 30HACHHUHT KEHIJIUTH, M;
ho—ounn6 KoJIraH WIAM3IApHU TYPOK OMITaH KYMUJIHUIN KAJTUHIATH, M.
Arporexnuka Tanabmaapu Oyimua by = 30-50 cm Ba hg = 6-10 cm kaOyn KuiauHHO, 3-
pacMma KelITHPWITaH MabJIyMOTIIap Oyiinda (4) mapt acocad chepuk TUCKHUHT JUAMETPUHH Ba
YHUHT XapakaT WyHaIumura HucOaTtaH YpHATUIUII OypyardHU TYFpPU TaHiaml Xucooura
TabMUHJIAHATH.

X

sinacos f=b,h,, (4)

40 3L1

b, em b, em
b, cm
15 30,7

30

40 50 60 70 . @

360 410 334

S, em*

240

40

a)

60

D, cm

70

320

230
5e

0)

40

324

314

1o

B)

2

3—pacm. b(1) Ba S(2) mapuu D (a), o (0) Ba  (B)ra Gof/IMK paBHIIIA y3rapuin rpadukiapu

Hatukamap. a=h =15 cm kabyn kunuuu6, 3-pacmaa b Ba S uu D, a Ba f ra 6ofiuk
paBuIia y3rapuil rpadukiapu Kypuirad. YiaapaaH KYpuHuO Typubauku D, o Ba f HU OpTUIIH
b Ba S Hu oprummra onub kenrad. bynna D Ba o vuHr b Ba S ra Tascup napaxacu f ra karra
OynraH. ArporexHuka TagadiapuHi KaHOATIIAHTUPaAUraH KUMaTIapuHu aHuKJam yayH D=40-
70 cm, 0=25-45° xamma B=5-25° kaOyn kunuHuo, (2-3) udomanap Oyiinya XxucobmanimMus.
ATpoTexHWKa TanaONapiHH KAHOTIAHTUPATUTaH KHAMATIApUHU XHcoOJjamuiap OpKaid
Kypwiran rpadukiap oOpKaiud aHukiIaiimu3. byHna cdepuk AMCKHUHT auameTpu 63 cwm,
JUCKHUHI Xapakar WyHanumura HucOatan ypHatuinui Oypuaru 35-40° opanuruaa Ba chepuk
JVCKHUHT TUKKA HUCOaTaH YpHaTuiaui Oypyaru 20° OYIUIIM JTO3UMIMIMHN aHUKJIAHMU3.

Xyaoca. VTkaswiran Haszapuii TajKUKOTIAp, TpaduK OOFIMKIAP AcOCHIA HHTCHCHB
Oornapaaru o4nian0 KoJraH AapaxT WIAMIApUHHE cHEepUK TUCKHUHT TuaMeTpH 63 ¢M, TUCKHUHT
XapakaT WyHajauImmra HucOatan ypHatuiaui Oypuaru 35-40° opanuruaa Ba cPepuk TUCKHUHT
THKKa HUcOaTaH ypHaTuiaum Oypuaru 20° OYIuIIug JI03UM.
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YIK 631.312

“PUSH-PULL” CUCTEMACHJATU KOMBUHAIIUAJTAIITI'AH MAILIMHA YHU3EJI-
KYJITUBATOPUHUHI TAPAMETPJIAPUHU ACOCJIAIIL

Mancypos M.T.
HamMKU, 1.¢.1, mpodeccop, mM_mansurov_1978@mail.ru, +998941598106

AHHoOTauMsl. Makonajga epiapra SKHUII OJJWAAH MIUIOB Oepulijga KylaHWIaJWraH
“Push-Pull” cucremacumarn koMOHWHAIMsIIAITaH MAallMHA YH3EJI-KYJITHBATOP KUCMUHHHT
napaMeTpJIapuHM acociall 0yinya YTKasuiarad TaIKUKOTIAPHUHT HaTHXKaJlapyu KeITUPUIITaH.
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AHHoTauusi. B crarthbe mnpuBeIeHBI pPE3YyNbTAaThl MCCIEIOBAHUNA MO OOOCHOBAHUIO
napamMeTpoB YH3eIbHO-KYJIbTUBATOPHON YacTH KOMOMHHPOBAHHOW MAalIMHBI 10 cucteme “Push-
Pull”, mpumeHsieMo# rpu NpeArnoceBHON 00pabOTKE MOYBBI.

Annotation. The article presents the results of research on the justification parameter
chisel-cultivator of the combined machine system “Push-Pull”, when used seedbed preparation.

Kaaur cy3nap: TpakTOpHM OJIIra OCWJIAQJUTaH YM3ENI-KyJITHBATOpP Ba OpKacura
OCHJIaJIUTaH TEKUCIOBYM-3UYIOBUM KUCMIIAp/IaH TALIKWII TONTaH KOMOMHALMSIAIITaH MallHa,
Yy 4YM3eI-KYyJITHBAaTOp KUCMUHHHI IOMIIATKMY Ba YKEMCMMOH NaHXaJlapW, ylap oOpacuiaru
KYHIajdaHr Ba Oyiiama Macodanap, YJapHMHT TYMpPOKKa KHUpHII Oypdakiapu, YKEHCUMOH
MaHXa KaHOTJAPUHUHT OUYWIMII Oypyard, IOMINATKWY TaH)XKaHUHT DHM, WIIYA CUPTHHHUHT
Y3YHJIUTH, YKENCUMOH TMaHKAHUHT KaMpall KEHIJIUTH.

KutoueBble ci1oBa: KOMOMHUPOBAaHHAS MalllMHA, COCTOSIINAS U3 HABEIIMBAEMbIX CIIepeIn
U C334U TPAKTOpa YM3EJIbHO-KYJIbTUBATOPHOM M BBIPABHUBAIOIIC-YIUIOTHAIOUIEH 4YacTOM,
PBIXJIUTENbHBIE W CTPEJIbUATHIE JIANbl €€ YH3EJIbHO-KYJbTUBATOPHOM YacCTH, MONEPEYHOE M
IIPOJIOJIBHOE PACCTOSHUS MEKAY HUMH, YroJl BXOKIEHHUS UX B MOYBY, YIOJl pacTBOpa KpbUILEB
CTpebYaTOi Jambl, MIMPUHA PUXIUTENBHOMN Nambl, JJIMHA ee paboyeil MOBEPXHOCTH, IIMPUHA
3axBaTa CTPEJIbYATOM JIAIbI.

Keywords: combined machine, consisting of put in the front and rear of the tractor-
cultivators and chisel-equalizing sealing parts, scarifying and pointed her paw chisel-cultivator
parts, transverse and longitudinal spacing, angle of entry into the soil, angle of the wings lancet
paws width ripper feet, the length of its working surface width lancet paws.

Epnapra wunuioB Oepuiiga »Heprusi-pecypciap capuHU KaMalTHPHUII Ba UII
YHYMJIOPJIUTUHH OIIMPUIIHUHT MyXHM #yiutapugan Oupu “push-pull” cucremacunmaru, sibHU
TPAKTOPHUHI OJIIM Ba OpPKAacUra OCWUJIAJAWIaH KHUCMJIapAaH TAlIKWJ TONraH TYNPOKKa HIILIOB
OepuIil MamIMHAJAPUHHM  KyJutamgad ubopat. BbyHma TpakTopiap XapakaTiaHTHPrHYJIapHra
TYIIAJUTaH IOKIAHUIUIAPHU MaKOya TAKCUMIIAHHIIN XaM/la OPTUIIH Tyhaliy yIapHUHT TYIIPOK
OWJIaH TOPTHII-WJIAIIUII XOCCAIApH SXIIMWIAHAAA Ba OYHUHT HATHKACUAA W YHYMIOPIUTUHU
OpTHUIIH Ba EHWIIFU cappuHU Kamaituimra spunriinaaiy [1-11].

Ymby Makomaga WHCTUTYTHMH3/a e€pilapra OJKHUII OJJUJaH WIUIOB  Oepumiga
Kynanunaaurad “push-pull” cucremacuaarn komOvHaIUsIAIITAaH MallIMHA UITA0 YUKUII Ba Y
YM3eN-KyJATHBATOp  KUCMHHUHT  TapaMeTpiapuHH  acociam  Oyin4ya  YTKa3wiran
TaAKUKOTJIADHUHT HaTH>KaJapy KEJITUPUITaH.

KomOuHanusiamras ManivHa TPakTOPHU OJIUIa OCWIJIAJUIAaH YU3€] - KYJITHUBAaTOp Ba
OpKacura OCWJIaJuraH TEKHCIOBUU-3UWIOBYM KHCMJAapAaH TalKuia Tonran O0ymmu6 (1-pacwm),
nanamad oup yrumga TynpokHu 12-20 cM 9yKypiIMKKa FOMIIATaId Xam/Ia IOMIIATHITaH KaTjiamM
103aCUHH TEeKHCIaiiau, Maiiianaiiin Ba Taal gapaxacuaa 3udiaiim.

KomOuHanusianmras MalimHaHUHT YU3€1-KYJITUBATOP KHUCMH IOMILATKAY Ba YKEWCUMOH
NaHXaJlap/aH, TEKUCIOBYM-3UWIOBYM KUCMHU 3Ca TEKUCJIarud Ba IUIAHKAJIW FaJITaKMOJaJaH
TAUIKWI TONTaH.

KomOunanusuiamran  mamuHa spra 0axopAa epiapHHM YHTHUT Ba OOILIKA KHIIUIOK
XY>KQJIUTH SKUHJIAPUHY SKUII Y9YH Tal€piiaiiia Ky UIaHWIaau.

Kyiinparniap KoMOMHAIMSUIAIUTAH MANIMHA  YW3EI-KYJITUBATOPUHUHI  ACOCHM
napamMeTpiapu xucodaaHaau (2-pacm):

Oy, O — MOC PaBUIINA IOMINATKUY Ba YKEWCHMOH MaH)KAJAPHUHI TYNPOKKA KHPHIL
(yBautamr) Oypuaxnapi; 2% — YKEMCHMOH NaHXKa KaHOTJIAPMHUHT OUMIIMII Oypuaru;

by, — FOMIIIATKAY TAHKAHUHT 3HU; |, — FOMIIATKUY MaHXa WITYU CUPTUHUHT y3YHIIUTH;

2b; — YKENCMMOH TaHKaHUHT KaMpalll KeHIJIMTH; dx, |x — MOC paBHIIIa FOMIIATKAY Ba
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VKENCUMOH MaHXajap opacujaru KyHjaJaHr Ba Oyitnama macodanap;

NN

0

0

0

1-xoMOMHanMsIANTaH MAaITMHAHUHT YH3€J-KYJITHBATOP KUCMU; 2- KOMOWHAIMSUTAIITaH
MaIlIMHAHUHT TEKUCIOBYU-3UWIOBYN KUCMHU; 3, 4-MOC paBuUIla IOMIIATKHY Ba YKEMCUMOH
MaHaziap; S-Tekuciaruy; 6-FalTakMoa.
1-pacm. TPaKTOPHUHT OJIIUTa OCWJITAH YHM3€JI-KYJTHBATOP Ba OPKACUTa
OCWJITAH TEKHCJI0BYM-3UYIOBYH KMCMJIAPAAH TAIIKMWJI TONTAH KOMOMHAUAIALITaH
MAIIMHAHUHT CXeMAaCH

IOMmarkuy Ba YKEHCMMOH NaHKAJAPHMHI TYNPOKKAa KHpPUII Oyp4Yak/JapuHH
UIIOB OepmiiaéTral TYNpOK Majaxcalapd YJapHUHT HWIIYU CUPTH OYHnald KyTapuiauiiu Ba
CWDKHUIINJAH XOCWI OYnaguraH TOPTHUIUra KapUIWIMK Kydd MHHMMaJl KUHMAaTra sra OYIMIIN
IIapTUAH KeNTUPUO YMKapuiIrad Kyiuaaru udoaa Oyiinya aHukiaaiMus

am:ayv:arctg(i/—q+w/q2+p2 +3§/—Q— q*+p° _ﬂ) oy

3a

_(6d-hm*  m m’ M 1t taPe ‘o
oyama P e g 27d® 6d2 2d° g @; M=19®;; @ -tynpoxknu
IOMIIIATKWY Ba YKEHCUMOH MaHXajiap WYY CHPTIIApHUra MIIKAIaHUII Oypyary.

VKéiicnMoH mamka KAHOTJIAPHHHHT OUIIMII GYypUarMHM YHHHT THFIApuaa GeroHa
VTnap Ba yNapHUHT WIAM3JIAPH TYIUIAaHUO KOJMMACIWTH INApTUAaH Kyhuaard udona Oyiinda
aHukanmMus [12]

/4
ZVyZE—%' )
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OyHna ¢ — OeroHa yriap Ba ynap WIAM3JIAPUHU YKEMCHMOH MaH)Xa TUFJIAPUTra HIIKAJIAHHUII
Oypuaru.
Lo

a — IOMIIaTKU4 MaHXaHUHT aCOCUN apaMeTpiiapH; 0 — YKENCHMOH MaHKaHUHT acOCUi
IapaMeTpliapy; 6 — FOMIIATKUY Ba YKENCUMOH NaH)KaJapHU paMaia *KOMIaI THPHLIT
napaMmeTpiapu
2-pacm. KoMOMHAIMAIAIITaH MAIIHHA YM3€JI-KYJITHBATOPUHUHT aCOCHI MapamMeTpJiapu

IOMmATKHY NAHKAHUHT 3HH Ba y WIIYM CUPTUHUHI Y3YHJWIHM YU3EI-KYJITUBATOP
TOMOHUJIAaH MIUIOB OepuiraH KarjaM TyOuJa TYNPOKHUHT (U3UK-MEXaHUK XOCCallapUuHU
E€MOHJIANTYBU XaMa dHEprus capuHU OMHUO KETHIUTAa OMUO KEeMyBYU JEBOpIApH 3UUIIaHTaH
aramiap [13] Xxocun OYmMaciury mapTuiad aHUKJIaHIW Ba Kyiuaara udoaanapra sra OyIuHIun

t h
b, > (m+ctga, h 3)

0,115"(1+ 3tge)—n

c

| > 22 k{bm+htg E—&Hx
)

10 , 1
cos E(Ot,owlwz

Ba

N

1 . 1
x hcosg, Cose, cosE((p1 +o,—a, )} :: [qob,o sina,, cosE(go1 +o,+a, )} (4)
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Oyuna T, — TYMPOKHH I3WIHILTA COJTUIITHPMA KaPIIWINTH; £ — TYPOK TOMOHU/IAH HIIl OPTaHHUTa
TabCHP ITAETraH KAPIIWIMK Ky4JIapW TEHT TabCUP TYBYHMCHUHUHI TOPHU3OHTIa HUCOATAaH OFUII
Oypuaru; K. — TYNpOKHH MapyajaHuIlira COJUIITAPMA KapIIWIATH; N, M — TYMPOKHUHT (DU3HK-
MEXaHUK Xoccajgapura OOFIHK Oyiran YirdoB Oupiaukcus Koddduuuentiap; h — umutos 6epuri

qyKypaurd; (y— TYOPOKHMHI XaXMuil 33uwium Ko3()GUIueHTH; (P, — TYNPOKHU HUKU

WIIKAJTAHUII OypYary.

VKECHMOH NAHKAHMHT KAMpPAall KeHIJIMTH YHUHT TabCHPH OCTHIA TYIPOK
IOMIIIATKUY  TIAHXKajdap XOCWJ KWiIraH €EHOOII IOMIIATWTaH 30HajJap TOMOHTra MyHalraH
TOPU30HTANl TEKUCIUKIAp Oyiinya mMapuajaHull IapTuaaH aHukiaHau [13] Ba Kyiuparu
udoaanap onuHIN

2hcos(y, +
COS¢, cosE (a; + o +@,)
€Ku
hcos(y, + ¢,)
by < ] ' )

1
COS@, cos5 (a; +o, +p,)

by maptnap 6axkapunranna YKEHCUMOH MaH)XaHU OYTYyH KaMpalll KeHIJTUTH OViinda OunK
KECHIII IIAPOUTH/Ia UIIUIAIIN Ba JIEMAaK YHUHT YHEPTUAXAKMIOPIUTH KaMalUIITN TAbMUHIAHAIH.

IOMmaTkuy Ba YKEHCHMOH MAaHKAJap opacuJard KyHAaJaHr MacodaHu
KOMOMHAIMSUIAIITaH MAalllMHA YH3eI-KYJITHBATOPH TOMOHHJAH WILIOB OepuiaéTran Katiam
TYJIYK FOMINATWIMINY [MAPTUIAH aHUKIaHIU. ByHUHT ydyH 2-pacMmla KeNTHpWITaH cxemara
OWHOAH KyWHJary mapT OaKapyIAIIH JIO3UM

a, <05b, +b,. (7)

IOMmaTkuy Ba YKEHCHMMOH NaHKajdap opacuaaru OyMiaama macoda ynap opacura
TYOpoK, O€roHa ¥yTimap xamJa VCUMIMK KOJJIUKJIAPYW THKWAIUMO KOJMACITUTH IIapTHIaH
aHMKJIAaH/IM Ba KylHuaara udoaa oruHIu

l, =1, cosa, +t,, +K btg(y, +¢), (8)

OyHna ty,,—IOMIIAaTKNY MaHXa YCTYHUHUHT KAJIWHIIATH;
K,~TympoK, YCHMIIMK KOJIUKIApH XaMmaa OeroHa yTiapHH YKEHCHUMOH MamHXka OJIuaa
YIOJIMILMHU XUCOOTra 0JyBUM KO3(PPUIIUEHT.

AzaGuétnapia KeXTHpWIraH MabiymoTiap Oyitmaa [14-16] ¢, =30°, ¢, = 40°,
T =144-10°TIa, k. =2-10° ITa, m=4,2, =25, £=40°, h=20cwm, 0 =3-10° HAsS,
ty,o =7cm Ba ky =15 kabyn xummuu6 (1)-(5) Ba (7).(8) ndonamap Gyiimua yTkasuirax
XMCOOIap IOMIIATKMY Ba YKEHCMMOH MNaHKaJapHUHT TYNPOKKA KUpHI Oypuaxiapu 240,
YKEHCHMOH TTaHXa KAaHOTJIAPUHHUHT OumiIHI Oypuarn 50°, JoMINAaTKMY MaHXAHUHT SHHA KaMHIA
4,7 cMm, UIIYM CUPTUHMHT Y3YHJIUTH Kamuaa 13 cM, YKENCUMOH NMaHXaHUHI KaMpall KeHIJIUTU
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Kynu OmnaH 36 cM, IOMIIAaTKUY Ba YKEHCHMOH MaH)Kajap opacuaard KyHaajdaHr Ba Oyiinama
Macodanap moc paBuiiga kynu 6mian 20 cMm Ba kKaMua 65 ¢cM OYJIUIIN JIO3UMIIMTHHA KYPCATAH.
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VK 635.13

CYFOPHII STATUHU OUYAJIUTAH UIIIYW OPTAHUHUHI TIAPAMETPJIAPUHU
HA3APUM ACOCJIAII

Typnanues Boxuxon MakcynoBuy
HamMKH, T.¢.1.,ipodh. vox-171181@mail.ru

Ackapos Hogupxon HopmatxoHoBHY
HamMKHU, nokropant. E-mail: alisherlion2090@gmail.com

AHHoTanus. Yoy Makoiaaa nué3 ypyriIapuHH KU KYJUTAaHWIQUTaH MallTiHAHUHT
CYFOpMII STaTHHM OYaJWIaH MINYM opraHu Taxymin stwirad. Ly Ounman Oupra maxamimid
TYNPOK-UKJIUM MIAPOUTHIA MHUE3 YPYFIAPU SKAJUTAaH MAIIWHAHWHT CYFOPHII STATHHU OYYBYHU
UIIYM OPTaHMHUHT TapaMeTpIapuHU acociam Oyiinda onu® OopuiraH Hasapuil TaAKUKOTIAp
HaTHXXajJlapu KCITUPUIITaH.

AHHoOTauusl. B cratbe mpoaHanM3upoBaHbI pabouue opraHa JUIsi HApe3KH MOJMBHBIX
60p03I[ MAlllWHbI, MOTPHUMCEHACMOI0 IIpU IIOCEBE CEMSH JyKa. BMmecte ¢ »tuM IIPUBCACHEBI
pe3yibTaTa TCOPETUYCCKUX HCCHGZ[OB&HI/Iﬁ, MMPOBCACHHBIX II000OCHOBAHUIO napamMeTpoOB
pa6oqero opraHa aJjid HapE€3KHU IMOJIMBHBIX 60p03I[ MalIrHBI OCYIICCTBEAIOIIAA IIOCEB CEMSH JIyKa
BMCCTHBIX ITOUYBCHHO-KIIMMATHYCCKBIX YCJIOBUIX.

Annotation. The article analyzes the working parts for cutting irrigation furrows of a
machine used for sowing onion seeds. At the same time, the results of theoretical studies carried
out to substantiate the parameters of the working body for cutting irrigation furrows of a machine
that sows onion seeds under local soil and climatic conditions are presented.

Kaawut cy3aap. Orat ournd, nués, ypys, MyliTa, 3raT, TypOK, AKI, aFAaprud, KUsJIuK
Oypuaru, y3yHJIHK.

KuoueBsble cioBa. boposnopes, 1yk, cemeHa, rpedeH, 00po3/a, mousa, ¢opma, oTBal,
YToJ OTKOCa, AJInHa.

Keywords. Furrow cutter, onion, seeds, ridge, furrow, soil, shape, blade, angle of repose,
length.

Kupum

V36eKHCTOH KHIIUIOK XYyKalMruaa XO3UPIW KyHrada Nnué€3 ypyrJapuHHU JKHIIJIA IyIITa
XOCWJI KWJIMII YYyH 3raT ourud cudaruna, acocad, KXV-4 pycymnu 4yonuk KyJIbTUBATOPUHUHT
srar ournuugad €ku ['X-4 pycymnm srat ourmunapaad ¢oinananunaau. Omub Oopunrax
TaJIKUKOTJIAp ILIYHW KYpPCaTAUKH, INHUE3 YPYFUHHU OKHUIILA IYyIUTAHWUHI TE€OMETPUK IIAKIU
Tpanenus KypuHuamuaa oymumm kepak skad. Ly ca6abmm, mué3 ypyFuHU SKHIIIA MyIITAHUHT
FCOMCTPUK IIAKIINHU nHoOaTtra oo Cyropuir 3raTu OUYTMYUHUHIT acocuit reOMCETpPHUK
napaMeTpJIapuHU acocall JIO3UM SKAHJIUTU Kenud YUKW, ylnap KyHuaaruiap: CyFOPUII draTH
O4rnymM KaHOTHHHHIT OYMJIHNIII 6ypqar1/1 2]/, Cyropull 3raT OYTrMYMHHUHI TYIIPOKKAa KHPHUIIL
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Oypuaru a, kopmyc Oaganmmri ho, kopryc y3yrauru | Ba kopryc KaHOTIapUHUHT KeHruru bo.
(1-pacm)

2y

< bo
< >
1-pacm. Cyropuui 3raTUHH 0YAUTaH W1 OPTaHUHUHT MapaMeTPJIapUuHU
AHUKJIANITa OUJ] cXeMaJjap.
CyFopHIll 3raTd OYTHIMHHUHT OaJaH UIMTHHU aHWKJIANIIAa OYWJITAaH CYFOPHII STaTHHHHT
qyKypJurd Ny 1aH kenu0d 4MkKaH Xoiaa Kyiuaaru gopmynanan ¢oigananamus [1; 14-16-6., 2;
163-166; 3; 66-6.]

h, =(@+i)h,, (1)
OyHIOa | — CYFOpHWII 3TaTH OYTHYMHHMHT OJIKAA TYNPOKHH YIOMJIAHHUIIUHA XHCOOTa ONyBUYH
ko3 dunuent, i=0,4-0,6.
[4; 213-224-6.] ra xypa

_bigp _ 2H, +bige

H=H, 2
2 > )
9KAHJIUTH MabJIyM.
hn H auar kuiimatuau (2) udomganu (1) ndomara kenTupud KysaMu3
2H
H, = 1+ ) 2P 20102,
2 3)

(3) udona 6yitmua Ha = 0,25 M, be= 0,01 m ¢ =350 Ba p = 0,5 M Oynranma Cyropuii
AraTH OYTHYM KoprmycHHHUHT OanaHmrd Hy = 0,45 M Oynumm go3um.
AFIAaprUYHUHT TACTKH KUPPACUHHUHT KCHIVIUTH Da CyFOPHII apUFUHUHT TACTKU
ACOCHHUHT KEHIJIUTUTra TEHT, S’bHU,
ba: bT = 0,1 M.
Cyropumn sraTd OYrMYMHUHT y3yHiaurd Lk armapruyauar nactku (11) Ba €m (12)
KUPPATAPUHUHT Y3YHIMKIApH HUFUHANCUIAH noopar (2-pacm), SbHH

LK:I1+I2' (4)
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AFJIapruuHUHT TACTKU KUPPACUHUHT y3yHIHTrH (1-pacM) Kyluaarura TeHr

l, =0,5b,ctgy,. 5)

Arpapruununr y3ywmruan C.A.Kynay3zoB [3; 62-0.] ToMOHMAaH Takiaud HTHITAH
Kyhungaru ¢popmyna OViinya aHUKJIaliMu3

L. =0,5b,ctgy, + H,(f + I +1.
sing (6)
Hx wuar xkuitmatuam (3) udonanu (6) ndomara kenTupud Kysamu3
A+ 1)(2H, +btge)(f + f*+1
2sing ' @

(7) ndona 6yimua Ha = 0,25 m, bc= 0,05 ™M, f = 0,5, ¢ =35°% vyl =30° Ba n=05m
OynraHma CyFOPHII 3TaTH OUYTHYUHHHT Y3yHIUTH Lk = 0,75 M OYaummm mo3uM.

L. =0,5b,ctgy, +

B L

2 —pacm. Cyropulll 3TAaTHHHU OYAJUTAH UIII OPTAaHUHUHT MapaMeTpJIapu.
CyFopulll 3raTé OYru4M I0KOpHU Kuppacu Oyiinua KaHOTJIApUHUHT KeHruru Bk cyropuin
ApPUFMHUHT I0KOPH KHppaapy opacuaaru Mmacogara TeHr OYIUIIT JIO3UM, ShHH

B, =B, =b, + 2Hctge,

H nunr kuiimatunu (2) udoaa 6yitnyda (8) ra kyitud omamms

B, =b, +(2H, + b tge)ctge.

(8)

©)
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Cyropulll 3raTd OYTMYMHUHT IOKOPU KHUPPACUHUHI OYWIMII Oypuyaru, SbHM YHHUHT

KaHOTJIapuHM YpHaTuil Oypyaru y1 Hu kyiuaaru popmyna O6yitnua anukinainmus [3; 67-6.]
(10)

OyHzna @ T — TynpoKHM aFaprud KaHoTH Oyinya HIIKalaHUII Oypyaru, rpamyc.

(10) udona 6yitmya T = 30° Oynranga CyFOPHIN 3raTh OYTHYM KAHOTHHUHT OYMJIMII
Oypuaru y1 = 30° 6ynumm 103uM.

Cyropull sraTv OYTWYH TAH)KacH TYMIIYFHHHU TYNPOKKA KUPHUII Oypyard o HA yYHUHT
CUPTH O¥iin4a TYIpOK 3appajlapiHH CHJDKUIIH NIAPTHIAH aHUKIAMU3

V4
as—-—o.
5 ® (11)

@ = 25-30° O6ynaranaa CyFOpUII 3raTH OYTWYMHUHT OJJIMHTM KUPPACUHUHI TYIPOKKA
kupui oOypuaru a = 60 - 65° opanukna 6ynanu. [emak, (11) udonanunar maprtura kypa, o = 60°
ned KaOyn Kumamus.

CYFOPHIIl 3TaTW OYTHYM aFJaprHuyuHUHT Oypam Oypuard S HU Kyhumarun Gopmyna
Oyitnya anuknaiimMus [4; 213-224-6.]

B =arctg tg_a. (12)
tgy

(11) udoma 6yitnya o = 60° Ba y1 = 30° OYATaHAA CYFOPHIII 3raTH OYTMYMHUHT Oypari
Oypuaru f = 70° Oymumm 103UM.

CyFopHuIll 3raTH OYrMYd aFAapruiyd MacTrd KHUPPACHHH AraT TyOura HUCOaTaH KHSIIHK
Oypuaru € HU Kyiuaaru udoaa OVitnua anukiaimus [4; 213-224-6.]

cosy
tgf

(13) udona 6yitmua f = 70° Ba y1 = 30° OynraHga CyFOPHII 3raTH OYTMUYMHUHT HIITIH
E¢KMHHM FOPU30HTA TEKUCIMKKA HUCOATaH KUSUTMK Oypdaru &€ = 17° OYmuim JI03uM.

Xynoca. YTKasuiraH TajKMKOTIAp HATHKAIAPHTa Kypa, CYFOPHII SraTH OYTHYHM
KoprycuHUHT Oamanumru Hq = 0,45 M; cyropuin sratu OYrdnauHUHr y3yHaurd Le = 0,75 wm;
CYFOPMII 3TaTH OYrMYM KaHOTUHUHI odmium Oypuaru y1 = 30°; cyFOpHIL 3raTv OYrHYMHUHT
OJIIMHTH KUPPACHHUHT TYIPOKKa Kupuil Oypuaru a = 60 - 65° opanmkna 6ynanu Ba yau a = 60°
ne6 KaOyn Kuiiamu3; CYFOPHUII 3TaTh OYTMYMHHUHT Oypam Oypuaru f = 70°; cyropuiln sratu
OUTMYMHUHT UIIYU €KUHU TOPU30HTA TEKUCIMKKAa HUCOAaTaH KUSUIMK Oypuaru € = 17° Oynumn
KeJIn0 YUKIHN.
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UDK656.12

AVTOBUSLAR HARAKATINI ALOHIDA BO‘LAKLARDA TASHKIL ETISH
ORQALI ALOQA TEZLIGINI OSHIRISH

Nazarov Anvar Aripovich
Toshkent davlat transport universiteti texnika fanlari doktori., professor

Matyaqubov Odilbek Egamberdiyevich
Toshkent davlat transport universiteti doktorant, Email:encourse1991@gmail.com, tel:+998933003467

Annatatsiya: Maqolada hozirgi kunda yirik va gavjum shaharlarning  dolzarb
muammolaridan biri bo‘lib hisoblangan shahar ko‘chalaridagi tirbandliklarning kelib chigish
sabablari va ularning jamoat transporti harakatiga tasiri ogibatida, jumladan, jamoat transporti
aloga tezligi va harakatlanish intervalining buzilishi va ularning oldini olish chora-tadbirlaridan
biri bo‘lib hisoblangan jamoat transportining alohida ajratilgan bo‘laklarda harakatlanishi,
transport ogimlarining jadalligi va ularning tarkibi, yo‘lovchi tashish yo‘nalishlari harakatining
o‘ziga xos xususiyatlari, yo‘lovchi tashish tahlili, avtomobil yo‘lining o‘tkazuvchanlik gobiliyati
va jamoat transportini harakat yo‘nalishlarida kechikishi o‘rganildi. Toshkent shahrida 10 ta
ko‘chada avtobuslar harakatlanishi uchun alohida harakatlanish bo‘laklari tashkil gilinishi va
kuzatuv natijalariga ko‘ra, yo‘lovchi tashish uchun jamoat transportiga alohida ajratilgan
bo‘laklarda harakatlanishni joriy etish, shuningdek, harakatlanish intervali va aloga tezligini
oshirish hisobiga shahar markaziy avtomobil yo‘lining o‘tkazish qobiliyatini oshirish chora-
tadbirlari samaradorligi to‘g‘risida xulosa chiqarildi.

AHHoOTanusi: B craThe paccCMOTpEHBI IPUYMHBI BOSHUKHOBEHUS 3aTOPOB HA TOPOICKUX
yiaudnax, KOTOPBIC CUUTAIOTCA 0,[[HOI71 N3 AaKTYyaJbHbIX npo6neM KPYIIHBIX W MHOI'OJIFOJIHBIX
ropoJaoB, U MX BJIUAHUC HAa ABUXKCHHUC 06H_ICCTBCHHOI‘O TpaHCIIOPTa, B TOM YHCJIC HAPYHICHUC
CKOPOCTH ABHXKCHHA U UHTCPBaJla ABMXXCHUSA 06I_HCCTBGHHOFO TpaHCIIOpTa. O,[[HOI71 M3 MCP IO UX
NpECaAOTBPALICHUIO  ABJIACTCA  OpraHu3alivsa  JIBUKCHUSA OGH.IGCTBGHHOFO TpaHCIIOpTa 110
OTACJIBbHBIM I10JIOCAM. Z[J'IH qero Tpe6yeTC}I HU3Y4YCHUC MHTCHCUBHOCTH TPAHCIIOPTHBIX IIOTOKOB U
UX COCTaB, OCOOCHHOCTH JBI)KCHHS MAapUIPyTOB MACCAXKUPCKOIO TPAHCIIOPTa, aHAJIU3
MMacCaKupoOIi0TOKa, IMPOITYCKHAA CIOCOOHOCTD Jopor U 3aJCPiKKH O6H.[€CTB€HHOFO TpaHCIIoOpTa.
[lo pe3synbrataM HaOJIOEHUS YCTAHOBJIEHHUS OTIEIbHBIX MOJOC JBUKEHMS IJii aBTOOYCHOI'O
ABWXKXCHUA Ha ylIHMIax Tamxkenra. C BBCIACHUEM OTIACIIbHBIX ITIOJIOC ABUXCHUS O6I_I_IGCTB6HHOFO
TpaHCTOPTa JJIsi OOIIECTBEHHOTO TPAHCIIOPTAa MOXKHO YBEJICUUTh WHTEPBANl JBWKCHHUS H
CKOpPOCTH COO6I_I_IGHI/I}I B HeHTpaHLHOﬁ JaCTu ropoJaoB. Ha ocHoBe IMPOBCACHHKX I/ICCJ'IGI[OBEIHI/Iﬁ
MOXKHO CJenaTh BBIBOJ 00 3((EeKTHBHOCTH MEpONPHUITHH 1O YBEIHMYEHHUIO IPOITYCKHON
CIOCOOHOCTH J0poOru.

Annotation: In the article, the causes of traffic jams on city streets, which are considered
to be one of the urgent problems of large and crowded cities, and their impact on public transport
traffic, including disruption of public transport communication speed and movement interval,
and one of the measures to prevent them calculated public transport movement in separate lanes,
intensity of traffic flows and their composition, specific characteristics of the movement of
passenger transport routes, analysis of passenger traffic, road capacity and public transport delay
was studied and, according to the results of the observation, the establishment of separate traffic
lanes for bus traffic on 10 streets of Tashkent, the introduction of traffic in separate lanes for
public transport for passenger transportation, as well as the increase of the traffic interval and
communication speed of the city's central car a conclusion was drawn on the effectiveness of
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measures to increase the capacity of the road.

Kalit so‘zlar: Yo‘l, avtobuslar, transport vositalari, aralash transport ogimi, tezlik,
ajratilgan alohida bo‘laklar, marshrutlar va bo‘laklardagi transport ogimining intensivligi va
tarkibi , tarkib harakat tezligi, harakatlanish intervali, aloga tezligi,vaqt.

KiaoueBble cJioBa: Aopora, aBT06YCLI, TPAHCIIOPTHBIC CPCACTBA, CMEIIaHHBIN
TPAHCIIOPTHBIA ITOTOK, CKOPOCTh, MHTEHCHUBHOCTb M CTPYKTypa TPAHCIIOPTHOIO MOTOKA HAa
OTACJIbHBIX Y4YaCTKax, MapmpyTrax MU Yy4YacCTKaX, COCTaBHasA CKOPOCTb, UMHTCPBAJ IABUIKCHUA,
CKOPOCTh COOOIIICHHUS, BpEMSI.

Key words: road, buses, vehicles, mixed traffic flow, speed, intensity and structure of
traffic flow in separate sections, routes and sections, composition speed, movement interval,
communication speed, time.

Kirish. Kundan kunga shiddat bilan rivojlanib borayotgan shaharlarda urbanizatsiya
darajasining oshishi mamlakatning yuk va yo‘lovchi tashishga bo‘lgan ehtiyojining ortishiga
sabab bo‘ladi. Bu esa, shaharlardagi kichik va katta halga yo‘llarida transport vositalari sonining
oshishi va ularning shahar ko‘chalarida muammosiz harakatlanishi uchun zarur chora tadbirlar
ishlab chigish va ularni amaliyotga tadbiq gilish vazifalarini keltirib chigaradi.

Shaharlarda transport vositalarning soni ortishi ko‘chada transport yuklamasining
ortishiga sabab bo‘ladi. Bu esa ko‘chalarda turli hil darajadagi tirbandliklarni keltirib chigaradi
va 0‘z navbatida jamoat transporti hisoblangan avtobuslar harakatiga o‘z ta’sirini o‘tkazmasdan
golmaydi. Avtobuslar shahar ko‘chalardagi ma’lum bir marshrut bo‘ylab harakatlanar ekan,
transport vositalarining yuklanganlik darajasining oshishi ko‘chaning transport vositalarini
o‘tkazuvchanlik qobiliyatidan oshib ketishi natijasida vujudga keladigan tirbandlik
avtobuslarning ekspluatatsion ko‘rsatkichlari yuqori darajadaligiga garamasdan, ularning
marshrut intervali va aloga tezligiga juda katta salbiy ta’sirini o‘tkazmasdan golmaydi. Hozirgi
kunda Toshkent shahrida yana 10 ta ko‘chada avtobuslar harakatlanishi uchun alohida
harakatlanish bo‘laklari tashkil gilinishidan magsad jamoat yo‘lovchi transporti (avtobuslar)ning
marshrutda harakatlanish muntazamligini va aloga tezligini belgilangan vaqt bo‘yicha
taminlashdan ibort.

Alohida avtobuslar harakatlanish bo‘laklari tatbig gilinayotgan ko‘chalar-Bobur ko‘chasi
(Xalgaro aeroport bekatidan Seul ko‘chasi kesishmasi), Furgat ko‘chasi (Seul ko‘chasidan Islom
Karimov ko‘chasi kesishmasi), Kichik halga aylanma yo‘li (Shota Rustaveli ko‘chasidan Farxod
ko‘chasi kesishmasi), Farxod ko‘chasi (Kichik halga aylanma yo‘lidan Lutfiy ko‘chasi
kesishmasi), Lutfiy ko‘chasi (Farxod ko‘chasidan Mugimiy ko‘chasi kesishmasi), Mugimiy
ko‘chasi (Lutfiy ko‘chasidan Shota Rustaveli ko‘chasi kesishmasi), Farg‘ona yo‘li ko‘chasi
(Qo‘shko‘prik ko‘chasidan Qo‘ylig ota ko‘chasi kesishmasi), Istigbol ko‘chasi (Nukus
ko‘chasidan Shahrisabz ko‘chasi kesishmasi), Axmad Donish ko‘chasi (Toshkent halga aylanma
yo‘lidan Nurafshon ko‘chasi kesishmasi) va Sebzor ko‘chasi (Nurafshon ko‘chasidan Abdulla
Qodiriy ko‘chasi kesishmasiga qadar). Ko‘chalarda harakatni tashkil etish orgali jamoat
transportining faollik darajasi va aralash harakat ogibatida vujudga keladigan tirbandliklarning
oldini olish chorasi nazarda tutilgan bu esa mavjud sxemalarni o‘rganish va tahlil gilinishi
kerakligini bildiradi [1]. Mavjud marshrut sxemalar va taxlil natijalari 1-jadvalda keltirilgan.

Tadqgiqot gismi: Shuni ta’kidlash joizki, bugungi kunda avtobuslar harakati uchun
alohida bo‘laklar tashkil etilishi bo‘yicha me’yoriy ko‘rsatkichlar mavjud emas. Bu sohadagi
muammolar alohida tadgigotlar obyekti ham bo‘lmagan. Shu boisdan avtobuslar harakati uchun
alohida bo‘laklarni tashkil etishga turlicha yondoshuvlar mavjud.

Tahlil  natijalari va  kuzatuvlarga ko‘ra quyidagi malumotlar  to‘plandi.
«Toshshahartransxizmat» AJ matbuot xizmati malumotiga tayangan holda, Toshkent shahrining
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faktorlar keltirilgan.

1-jadval
Mavjud marshrut sxemalar va taxlil natijalari
~ 5 Ko‘chadan
o §, = | Yo'l | harakatlanuvchi
. S= 5 bo‘lak jamoat Tirbandlik hosil
Ne Ko‘chalar 2o Lo . . .
CE = &l l-ari transporti bo‘layotgan
2 % soni, yo‘nalishlari chorrahalar
28 (ta) soni
Bobur ko‘chasi
(Xalgaro aeroport 23ta(18ta Nukus,Sh.Rustaveli
1 bekatidan Seul 3.4 30 8 avtobus ,5ta ko‘chalari
ko‘chasi kesishmasiga yo‘nalishli taksi) kesishmalari
gadar)
Furgat ko‘chasi (Seul
. . 14 ta (11ta .
9 ko c_ha3|dan Islom 138 30 8 avtobus, 3 ta !slom_ Kar!mov _
Karimov ko‘chasi T .. | Ko‘chasi kesishmasi
. . yo‘nalishli taksi)
kesishmasiga gadar)
Kichik halga aylanma
yo‘li (Shota Rustaveli 23ta(19ta Bunyodkor,Qatorto
3 ko‘chasidan Farxod 3.3 36 8 avtobus, 4 ta | ko‘chalari
ko‘chasi kesishmasiga yo‘nalishli taksi) kesishmasi
gadar)
Farxod ko‘chasi
(Kichik halga 16ta (13 ta . . .
4 aylanma yo‘lidan 0.95 30 8 avtobus, 3 ta Lul?;ls);sﬁnz:?g
Lutfiy ko‘chasi yo‘nalishli taksi)
kesishmasiga gadar)
Lutfiy ke‘chasi
(Farxod ke‘chasidan 131a(81a KHAY ko‘chasi
5 L . 2.5 40 10 avtobus, 5 ta . .
Mugimiy ko‘chasi T . kesishmasi
. i yo‘nalishli taksi)
kesishmasiga gadar)
Mugimiy ko‘chasi
(Lutfiy ke‘chasidan 14ta(10ta .
6 Shota Rustaveli 3.3 36 10 avtobus , 4 ta Qa}torto_l, Ch_llonzor_
S . i .. | ko‘chasi kesishmasi
ko‘chasi kesishmasiga yo‘nalishli taksi)
gadar)
Farg‘ona y_o‘ll Uysozlar,
ko‘chasi hrafi
(Qoshko*prik 22ta(15ta M.As rafiy,
7 ‘ . o 6.45 25 8 avtobus, 7 ta Tolimarjon
ko‘chasidan Qo‘yliq R . . .
. . yo‘nalishli taksi) ko‘chalari
ota ko‘chasi . .
. . kesishmasi
kesishmasi ga gadar)
Istigbol ko‘chasi 7ta(6ta . .
8 | (Nukus ko‘chasidan | 0.92 | 20 6 | avtobus,lta | \ukusko'chasi

Shahrisabz ke‘chasi

yo*‘nalishli taksi)

kesishmasi
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kesishmasiga gadar)
Axmad Donish
kor:ct;asi ('I;oshkent 25 ta (14 ta Mﬁyqof‘rrg]g‘on,
9 naiga aylanma 6.45 | 30 8 | avtobus,1lta urarshon
yo‘lidan Nurafshon “nalishli taksi) ko‘chalari
ko‘chasi kesishmasiga yo kesishmasi
gadar)
Sebzor ko‘chasi
(Nurafshon 13ta(4ta . .
10 | ko‘chasidan Abdulla | 1.25 30 8 avtobus, 9 ta Nurf:;(;ﬂrﬁgs?ham
Qodiriy ko‘chasi yo‘nalishli taksi)
kesishmasi-ga gadar)

Toshkent shahridagi sergatnov ko‘chalarida jamoat transporti avtobuslar harakatlanishini
tartibga solish va uni boshgarish uchun chora tadbirlar uzluksiz amalga oshirilib, ganday
vaziyatlarda jamoat transporti (avtobuslar) uchun alohida bo‘lak  ajratish  zaruriyati
o‘rganilmoqda.

Yuqoridagi malumtlarga tayanib avtobuslarning marshrut intervali va aloga tezliklarini,
aralash ogim va alohida avtobuslar uchun ajratilgan bo‘laklarda harakatlanishini nazariy va
amaliy taqgoslash orgali mavjud muammoni yanada batafsilroq ko‘rish imkoniyati yaratiladi.
Marshrutdagi avtobuslarning harakatlanish vagti - bu mashrutda erishilgan tashish tezligiga va
mashrrut uzunligiga bevosita bog'liq bo‘lgan giymat ya’ni

2L .
Tt=v—60 [min]; bocladi (1)

.
Bu yerda L-mashrut masofasi, km va V, -sayohat tezligi km/soat;

Jamoat transportining transport vositalari aralash harakat ogimida harakat gilganligi
sababli, ular ushbu ogimning bir gismi bo‘lib harakatlanadi va ularning harakati umumiy
transport ogimining harakati bilan bir hil deb garaladi. Shuni ta'kidlash o‘rinliki, transport ogimi
tezligini, shu jumladan aralash transport ogimidagi jamoat yo‘lovchi transport vositalarining
tezligini qat'iy belgilangan giymat sifatida kuzatish mumkin emas, lekin jamoat transport
vositalari kuzatilgan marshrutdagi harakat sharoitlarining bevosita funktsiyasi bo‘lib hisoblanadi.
Avtotransport ogimining tezligi ogim va sig'imning o‘zaro bog'lig. Transport ogimi o‘tadigan
chorrahalar soniga, transport vositalarining chorrahada bajaradigan manyevrlik hususiyati,
harakatni tartibga solish turiga va yo‘l sharoitiga bog‘liq bog‘liq ravishda o‘zgaradi.

Shuning uchun, vagti-vagti bilan uzilib qolgan transport ogimi sharoitida, o‘rtacha
harakat tezligini kamaytiradigan ya'ni amaldagi harakatlanish vaqtini oshiradigan ma'lum
kechikishlar mavjud. Boshqa tadgigotchilar, shuningdek, harakatlanish vaqgtiga, boshga omillar
gatorida, transport ogimi, yo‘lovchilarning chigish va tushishi, yo‘l signalizatsiyasi ta'sir gilishini
aniglangan [2, 3].

Jamoat  transport vositalarida har bir turish vagtida go‘shimcha kechikishlar
mavjud. Avtobus bekatida yo‘lovchilar almashinuvini kutishdan tashqari, ular to‘xtash oldidan
harakatlarini sekinlashtiradi ya'ni transport ogimiga qo‘shilganda, transport ogimi tezligiga
erishish uchun harakatlarini tezlashtirishlari kerak. Yuqoridagi omillarni hisobga olgan holda,
jamoat transport vositalarining aralash ogimli harakat tezligini quyidagi o‘zgaruvchilar
funksiyasi sifatida ifodalash mumkin:
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vT = flt,t,t,t,,d ); )

7 Qachon ishda
bo'laman

1-rasm. Bekatlarda ye‘lovchilar

Bu yerdatr— ish vaqti, ts - to‘xtash vaqti, t» — avtobus bekatida to‘xtash uchun sekinlashuv
vaqgti, t a — transport ogimiga qo‘shilish uchun kutish va tezlanish vaqti, d — kechikish.

t a— transport ogimiga go‘shilish uchun kutish va tezlanish olish uchun sarflanadigan vaqt,
erkin tezlanish olish uchun sarflanadigan va havfsizlik kuzatuvi tezlanish olish vagti

yig‘indisiga teng deb hisoblansa, yani
t, =ty +t; boladi.
bu yerda tn—havfsizlik kuzatuvi tezlanish olish vaqti, t a1 —avtobus erkin tezlanish olish uchun

sarflagan vaqt desak. Jamoat transporti ( avtobuslar)ning harakatini alohida bo‘laklarda tashkil
gilsak, bu holatda t, =0 shart bajariladi . Bu holatni quyidagicha ifodalash mumkin bo‘ladi

t,>1t,
va alohida ajratilgan bo‘laklardagi avtobus harakat tezligini quyidagicha o°zgaruvchilar
funksiyasi sifatida ifodalash mumkin bo‘ladi, y’ani quyidagi ifoda hosil bo‘ladi.

V; = ft,tt,t,,d ) 3)

r1%s?
chunki avtobuslar harakatini alohida bo‘laklarda haraktlantirilsa transport ogimiga go‘shilish
uchun havfsizlik kuzatuvi tezlanish olish vaqti sarflanmaydi va fagat ta: erkin tezlanish olish

uchun vaqt sarflanadi yani 1y =1, 1, bo‘ladi.

Bu esa o‘z navhatida

T, =%60 [min] ; (4)

:
ga ta’sir qilib, marshrutdagi avtobuslar harakatlanish vaqtining qisqarishiga aniqrog‘i, aloga
tezligining oshishiga sabab bo‘ladi va belgilangan marshrut jadvalida belgilangan vagtlarda
amalga oshirilishini ta’minlaydi.

Binobarin, harakatlanish vaqgti bir xil o‘zgaruvchilar funktsiyasi sifatida ifodalanishi
mumkin, ya’ni aralash oqimli harakatda
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T, = f(t,.t,,t,,t,,d ); (5)

r»=s?pr ta’
Avtobuslar harakatini alohida ajratilgan bo‘aklarda tashkil gilsak yani ta— transport
ogimiga go‘shilishning tezlanish olish uchun sarflanadigan vaqgtini
t a1 —avtobus erkin tezlanish olish uchun sarflagan vaqt bilan tagqoslasak |,
t, >t,, bo‘ladi
va uni nazarga olsak mashrutdagi avtobus uchun sayohat vaqti
T, = f(t,,t,t,t,,d ) (6)

r?*s?
gateng bo‘ladi .
Avtomobilning linyada ishlash vaqti to‘g'ridan-to‘g'ri kuzatilgan yo‘l uzunligiga va
yo‘ldagi tezlikka bog'lig. Shuning uchun uni quyidagi munosabatda ifodalash mumkin:

t =V£6o [min]; (7)

bu erda V - transport ogimining tezligi, km/soat. Alohida ajratilgan bo‘laklarda fagat jamoat
transporti  harakatlanganligi uchun V — transport oqim tezligi alohida bo‘laklarda
harakatlanuvchi jamoat transportlari tezligiga tenglashtiriladi.

Transport ogimi nazariyasiga asoslangan harakatlanish vagtini aniglashda turli nazariy
modellardan foydalaniladi. Ushbu yondashuvlarning afzalligi shuki, mazkur tarzda ko‘cha
tarmog'idagi umumiy transport holati hagida malumot beradi. [ 7].

Transport ogimi nazariyasida tezlik va zichlik yoki transport ogimi o‘rtasidagi bog'liglikni
ko‘rsatadigan turli modellar ishlab chigilgan. Ogim eng oson o‘lchanadigan giymat bo‘lganligi
sababli, ushbu magolada transport ogimi tezligi ogim orgali ko‘rsatilgan.
Jamoat transporti marshrut bo‘ylab aralash ogim bo‘ylab harakatlanish vaqgtida yo‘lovchilar
almashinuvi uchun bekatlarda to“xtaydi va quyidagi harakatlar amalga oshiriladi:

» avtobus bekatida to‘xtash uchun sekinlashuv;

» avtomobil eshigining ochilishi;

» avtomobil eshigini yopish bu (avtomobilning ekspluatatsion texnik hususiyatidan

kelib chigib o‘zgarmas gilib belgilanadi);
» Yo‘lovchilarni almashtirish (kirish va chigish);

Bekat turlari

15
-

—-é———

512

2-rasm. Cho‘ntak turidagi bekat

Avtobusga yo‘lovchilar chiggandan keyin transport vositasining tezlanishi. jarayondagi
harakatlarning har biri ma'lum vaqtni talab giladi. Aralash transport ogimi uchun avtobuslar
kutish vaqti quyidagicha yozilishi mumkin
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17

15 117

e
3- rasm. Qatnov gismidagi bekat
to= f(t, +t,, +us +ty +ta)-6—10; [min] (8)

bu erdatoq, t cq - eshikning ochilishi va yopilish vaqti, sek; (eslatma: ular avtomobilning texnik
xususiyatlariga garab gabul gilinadigan konstantalar orqgali ifodalanadi) , t ag - yo‘lovchilarni
tushirish va minish uchun kerak bo‘ladigan vaqt, t » — avtobus bekatida to‘xtashning sekinlashuv
vaqti, t a — transport ogimiga go‘shilishning tezlanish vaqti ) [5] .
Agar avtobuslarni alohida ajratilgan bo‘laklarda harakatlanishini ta’minlansa
t, >t bo‘ladi va atobusning kutish vaqti va ushlanib qolishi sezilarli kamayadi . Bu esa

jamoat transpoti fa’olligini oshiradi [7].

1:s = f(tb +tod +tAB +tcd +tal)'%; [mm] (9)

AN
Toshkent
Bobur ko'chas|
@ Nukus va Muqu

4-rasm. Avtobusnlng alohida ajratilgan bo Iakda harakatlanlshl

Toshkent shahriga Xitoyning “King Long” va “Yutong” brendlaridan sotib olingan 12
metrli 300 ta elektrobus, 12 metrli 500 ta va 18 metrli 200 ta tabiiy gazda yuradigan avtobuslar
olib kelinganligi va shahar ko‘chalarida avtobuslar sonining ortishi jamoat transportining
yo‘lovchi tashish hajmining oshishi bilan izohlanadi. Bu esa, yo‘lovchi tashuvchi avtobuslarning
havfsizligi, ortigcha ushlanib golishlarning oldini olgan holda ularning aloga tezligini taminlash
magsadida asosiy sergatnov ko‘chalarga jamoat transporti harakatlanishi uchun alohida bo‘lak
ajratilishini talab giladi.
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5-rasm. Toshkent shahri asosiy ko‘chalari

Xulosa

Xulosa qilib aytilsa, shahar yo‘nalishlarida avtobuslarning alohida ajratilgan yo°l
bo‘laklarida harakatlanishi natijasida, shahar jamoat transporti yo‘nalishlarida avtobuslarning
ortigcha ushlanib qolishlarsiz harakatlanishini ta’minlananadi, ko‘cha-yo‘l tarmoglarida alohida
harakat bo‘laklarini tashkil etish natijasida ularning uzluksiz va xavfsiz harakatlanishini tashkil
etish orgali yo‘lovchilarni manzillariga o‘z vaqtida yetib borishlarini ta’minlanadi va jamoat
transportining faolligi va aloga tezligi oshadi.lkkinchi tomondan alohida bo‘laklarning tashkil
etilishi ham o‘z navbatida bir gator muammolarni keltirib chigaradi. Bu muammolarni o‘rganish
orgali shahar jamoat transporti harakati uchun alohida bo‘laklarni tashkil gilish nagadar samarali
bo‘lishini asoslash imkoniyati yaratiladi.
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FAJITAKIATU YAJIAP COHUHU YAJIIAPJAAT'U YPYTJIAP COHUT' A, YAJIAP
OPACUIATH MACODAT A, YAJIAP KEHI'VIMI'UT A BA YAJIAP
YY3WITAHJIUTUAT A BOFJIUKJIUTHU

HopmupzaeB Aoaukarom PaxumoOepaneBud.
HamMKHWU, 1.¢.H. nouent, nabducaum@gmail.com +99897-251-4409

bexmup3zaes llyxpat bekmup3a yriu.
HamMKU, Tasuu noxropant, E-mail: shuhratjon 1919@gmail.com +99894-302-5689

AnHoOTanus. Ymoly Makoiaaa AYKKAKIA ypyFIApHH IKUII YIyH TaBCHUS STHITAH DKHUII
anmapaTUHUHT FaJITaKdard ysjiapyu COHHMHM YysJIapara ypyrliap COHHMIa, ysjaap opacuiaaru
Mocodpara, ydaj1ap KCHIJMrura 60FJ’II/IKJ’II/IFI/I Ta}KpI/I6a S'/TKaSI/II_H HaTH)>Xacuga OJIMHI'aH
MaBJIyMOTIIap acOCUIa Ha3apui XMCOOJIAaHTaH KypcaTKU4iap OWaH FajaTakAard ysuiap COHUHU
TamJ1a0 OIHIII KCJITUPpUIITaH.

AHHoOTanusl. B naHHOW cTaThe NpeACTaBIEHbl PEKOMEHAYEMbIN IOCAJOYHBIM ammapaT
I IIOCE€BAa CEMSH 0000BBIX KYyJIbTyp, 3aBHUCHUMOCTb KOJMYCCTBA THE3A Ha KaTyIIKEe OT
KOJIM4YCCTBA CCMAH B THE3aX, paCcCTOAHUA MCKAY THC3JaMH, MMHUPUHA THE3 U HOI[60p
KOJIMYCCTBA I'HE3]] HA KAaTYHIKC C TCOPETHUYCCKUMU PACCUUTAHHBIMHA ITIOKA3aTCIIIMU C IIOMOIIBIO
rpauKOB, COCTABICHHBIX 110 PE3yJIbTaTaM YKCIIEPUMEHTOB.

Annotation: This article presents the recommended planting apparatus for sowing
legume seeds, the dependence of the number of nests on a reel on the number of seeds in the
nests, the distance between nests, the width of nests and the selection of the number of nests on a
reel with theoretically calculated indicators using graphs compiled from the results of
experiments.

Kanur cy3aap: rantakaarud ypyr ysaCcH, FalaTak TE3JIMCH, ysjap COHM, JIEHTA TE3JIUTH,
aliaHUILIAp COHM, SKUIL MEeEpHU, KAUTapruy Ba ypyF Opacuiaru yadam.

KaroueBnlie CJIOBaA._ KOJIMYECTBA T'HE31 Ha KaTylIKC, CKOPOCTb KaTyHICK, KOJIUYCCTBO
IrHE31], CKOPOCTb JICHTBLI, KOJUYCCTBO O60pOTOB, HOpMa BBLICCBA, pasMCp MCKIY BO3BPATHBIM
MEXaHHU3MOM U CEMCHaAMU.

Keywords: seed slot on reel, reel speed, number of slots, belt speed, number of
revolutions, seeding rate, size between returner and seed.

PecnyOimkaMu3HUHT KYNTUHA BUIOSTIIApU KUYMK (hepMep XYKaluKiIapuaa SpTaHTd Ba
TaKpOpUH SKUHJIAPHU JKHUIIAA acocaH KyJa MexXHaTuaaH doigananuiMokaa. Kym mexHaTuHH
TCXKaIll, SKUII UIIapUuHU 573 BaKTHa Ba arpOTEXHUK Tana6nap acocyga o1u0 60pI/IH_I XOCHUIITHHU
9pTa MyAJAaTna WHFUIITHPHUIL MUMKOHUATUHU Oepanu. YmoOy adzaiukiap Typaliau 3KuIrad
S'/CI/IMJII/IKJ'Iap TE3 y'HI/I6 quKaau, S’/CI/IMJ'II/IK AXIIA  PUBOXIAHAAWX Ba HOKOpU XOCHII
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eTUILTUPUIUIINTA Spuiunanu [1.2].

IOxopunarunapnan kenu® 4UKUO, WUNUIA0 YUKUITAH AYKKAKIH YPYFIapHH SKUII YUyH
MUHHM CEsJIKa OSKHUII anMapaTuHU TaxpuOa YTKAa3UIl OpKaJM YHUHT KYpCaTKUWIAPUHU
MaKOy/UTaIITUPHUIN uiutapu oaud Oopwinu. Taxkpubana MTyKKakIM ypyFlIapJaH MaKKaXyXopH,
JIOBUS, HYXOT Ba MOIIl YPYFJIAPMHU JKUIIJIAa MOC PaBUILJIA FANTaKAard YpyF YsICH Yadamiapu
9x15x6, 10x21x10, 12x16x8 Ba 7x8x10 MM OynaraH ysS4aiM FaJlTakiIapja 3aHXKUPIA y3aTMa
TYFpU YM3UKIMTUHM TabMMHJIAraH XOJIAaT/a FalNTaK TE3JIMIMHU Y3rapTupuil yuyH 1-pacMpaa
Kkypcatuiaranuek, D50 Ba @107, @54Ba ¥90, B¥63 Ba D84, B70 Ba D70, D84 Ba V63, D90 Ba
054, P107 Ba OS50 MM yrmuamiam roiay3uaigap YIaHUILIAPHU XOCWJI KWITaH XoJija yd MapTa
Takpopiam OunaH yTkaswiau. Jlenra tenmuru 0,8 Ba 1,0 m/c, ranrak adnaHunuiap COHUHU 60
alll/MUH opanuKaa KaOyn KWITUK.

1-pacMaa keaTHpWIIraH KU anmapaTy FajlTard XapakaTMHU 3aHXKUPIU y3aTMa OpKaIu
Ooepwiaau. by ypuHaa TabKuaiam JIO3UMKH, 3aHXXUPHH YpyF OyHKepu €H jaeBopu EHHra
VpHATWIMIIK Makcaara MyBopukaup. Typiu Xui KaTTaluKAard ypyrjlapHH JoHajnad Tamuiain
YUyH, YJIQpHU YIyamiiapura Moc XoJjaTja CO3JI0BUM KUCMAAH (pOiIaIaHuII TaBcUs dTHIAIH. By
KiucM cudaruga FanTak Ba ypyF oOpacuIard TUPKUIIHM CO3JAll YYyH IIeTKa KYyHWIIU.
Taxxpubanu yTKa3WIIIA SKUII MEUEPUHU CO3JIAll MAKCaIWAa FaITaK Ba KalTaprud opacuiaru
ymuamuu 2, 3, 4 Ba 5 MM opanmMKrada y3rapTupu6 6opuiau.

1-pacm. Te3mkaapHu pocT/iall YUyH 0JAy34Yaiap TYIJIaMu.
Taxpubanu yTKa3uil >kapaéHuia Kyiuaaru napameTpiap aHuKJIaHIH:
- N,,- ysanapnaru ypyenap conu; n0Ha;
l,,or -ysinap opacunaru mocodara; cm;
L, 50~ yAIAp KEHIIIHIH, CM;

L, chs- yAnap 4ysuiranamru, cMm;

VYpyF KaTOpUHUHT MapKa3ui YM3UFHUJIaH OFUIIMHU aHUKJAIl Y9yH y4 mapTa yidad
HATIKaHU ONUK. TaxpuOaHu YTKa3uIl kapaHua KaTop OpaINFy MapKasuaaH 5 M y3yHJIUKAA
LIHYp TOPTAHK. YIHOBIap Xxap 6up katopHuHT 10 Ta HyKTachma, +1 cM XaToOIMK GHUIAaH amaira
omupmwian. OnuHran Hatwxkanap b wnoBacununr b.5 maknura €3unau. [HypHUHT Xap UKKU
TOMOHHUJA YI4aHTaH MacodaJapHUHT ypTadya KUMUMATIapd WUFUHANCH KATOp OpaJTUFHHUHT
Vpraya KeHrnurura TeHr Oymamu. ONMHraH ynyamapJaH OJIMHTaH MabIyMOTIApHU KaiTa
HIUIaII HaTWXacuja  ypyFJIApHUHT KATOPHUHT MapKasugaH OFWIIHN Ba
TT Ba TII Tana6napunan ommG KeTaguran OFUNI OWIaH YPYFIAPHMHI MHKIODUH YIIyLIH,

acocuil Ba TyTallyB KaTOPJAPUHUHT KEHTJIMTHHUHT ypTada apupMETHK KHUMaTH XHCOOIaHaIH.
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Xuco0-kutobaap OyTyH COHra sxJMTiam Ouiad amanra oumpuiny [3,4,5].

1-ypyr KyTHCH, 2-FaJITAKHU XpaKaTra KeITHPYBUYHU 3aHKUPIHU y3aTMa, 3- FalITaKHU
XapakaTra KeJITUPYBUH I0Jy34anap TYIlaMu, 4- SKUII anmnapaTy, S- FaITakKHU Xapakarra
KEJITUPYBYH BaJl, 6- KOPITyC, 7-ypYF TYIIHII HOBHU.
2-pacM. JIyKKaKkJ/IM YPyFJIapHH KM ANNAPATHHUHT CTEHAJArH KYPHHUIIH
Vrkasunran Taxpubamap acocuua OIMHIaH MabIyMOTIapiaH (oiimamanuG 1 Ba 2-
pacmiapia KeNTUpWIraH TpaQUKJIapHM XOCWJI KWiaMu3. 3-pacMjard rpadukaaH ysyaiu
FANITAKHUHT aiinanunuiap conn 60 aitn/MuH, FalTakaard ysgaiap COHU 3 J0HA, JCHTAaHU TE3JTUTH
0.8 ™/c nma rantak Ba Kaiftapruu opacuaard yiauam 2 MM J1aH 3, 4 Ba 5 MM opanuruia
KaTTaJAMTUPWITAHA AYKKaKId YPYFJIApHUHT ysida coHM 1,6 moHaman 2.4 nmoHara, JICHTaHU
tesnuru 1,0 6ynranga sca, 1,5 nonagan 2,5 nonaraya optanu. ['padukaan Kypuir MyMKHHKH,
ypyFJiap TYIIUIIW ypTaya KMMUMaTH Y3Tapuiny OWJIaH STPH YM3HUK HIAKIW Y3rapMaiu, JEKUH
YHUHT KOpJMHaTajapu OOIIaHUIIMIa HUCOATaH >KOWIAIIUINM Y3rapuIIMHU KYpHUII MYMKHUH
[6,7,8]. By XomaTHH ys4yany FainTak ysulap COHM KYyNaWTraHIa KYNpPOK YpyF TYIIMIIHM OWJIaH
M30XJ1all MYMKHH.
4-pacMpaaru rpaduk dca, FaNTaKIard ysulap COHM KymaWranna, jgeHtanu Tesnuru 0,8 m/c
Oynranaa ysiap opacunaru y3yHnuk 9,4 cMm man 7,7 cMm ra, neHrtanu Te3nuru 1,0 m/c 6ynranga
aca, 10,6 cm naH 6,6 cM ra KamalraHWUHU KypcaTau.

2,6
N,, dona

22

2
1
s >%
1.4 4
3 4 5 n, dona 6

3-pacm. Faarakaaru ysiiap COHMHH ysiJIapAard ypyfJjiap COHHra 0OrJIMKJINK rpaduru
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T~ 1

4 | |

3 4 5 n, dona 6

4-pacm. FanTaknaru ysiiap COHUHH ysijiap opacuaaru Macodgara 00FJIMKJIMK rpaduru
IOkopuna xenarupunras rpadukiapAad OWINII MyMKUHKH, TYKKAaKIU YPYFJIApHHU SKHUIL
Y4yH MIUIA0 YMKWITAaH MUHU CesjKa ypyF KalTaprud Ba FajTaKk OpacHJaru yia4aMHU 3 MM
Oy MM JO3UMIMTUHM Kypuin MyMkuH. [9,10].

3.0

luka <m

2.0
\ 1

1.0 \ —
4

0,0

3 4 5 n,dona g
S-pacm. Fanrakaaru ysjiap COHMHH ysijIap KeHIVIMTUIa OOFJIMKJINK rpaduru

S5-pacmparu rpadukaaH WnUIad YMKWITaH SKHII anmnapaTH/ia dKUIraH JYKKAKIH ypyFiiap
ysCH KEHIVIUTM FalTaK ysdajapyd COHUTa OOFIUKIMIMHM KYpHUIl MyMKHH. By Takpubanu
VTkazumga nentanu teznuruHu 0,8 mam 1,0 M/c rava y3raptupu® Oopwigu. FanrakHuHT
aitmanunuiap couu 60 aitn/MuH y3rapMac. FalITaKHU aliJlaHUIIIAp COHUHM I0Jay34anap TYIiaMu
Ounan y3rapTupud Ba ypyr ypHU 9x15x6 ymuamnm rantaknaa jienra tesnuru 0,8 m/c Oynranga
ypyFaap conu 46 noHa, yanap keHnurd 2.6 mm aan 0,9 MM y3rapumuay, nenrta teznuru 1,0 m/c
O6ynranna 42 noxa, ysiap keHiura 2.3 MM fad 0,7 MM Y3rapuIInHU KYpULT MYMKHH.

bynu kyiuparuya mzoxjam MyMKuH, jeHTa te3nurud 0,8 m/c tesnmukaan 1,0 Te3nukka
y3rapraiia ypyfllapHU JIeHTara TYHIMIIM KaMasgu, YyHKHd JICHTAHUHT TE3JUTH OPTHILU
XHcOoOUTa ypyF TYIIHII KaMairanu Ouiad nzoxJjianaau. [11].

6-pacmaaru rpaduK TaXJ MM IIYHW KYpCaTaauKH, FAITAKIATA YPYF ysajapyu COHH 3 JJOHA
6ynca, nenta te3nuru 0.8 m/c 6ynranaa ysmap uyswiranauru 1,09 mm, 6 gona 6ynranga 2,2 cM.
nenta Tte3nuru 1,0 m/c Oynranma sca moc paBumga  1.12 gan 2,4 cM rada y3rapiam.
IOxopunarunapaan rantakgard ypyr ysCH COHM KymalMinu OujlaH TyLIraH ypyFiap COHHU
Kynaiuo Oopuiy xucoOura ysiap 4y3wIraliura XaMm opTud OOpUIIMHM KYPHIL MyMKHUH.
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6-pacm. Faarakaaru ysijiap COHMHHM ysiJIap 4y3WJITaHIUTUTa OOFJIMKJINK rpaduru
TaaKuKOT HaTWXKamapuAaH Xyjaoca KWIMO aWTranjga, AYKKAKIM YPYFIApHH JKaJuraH
MUHHU CesJIKa arpoTeXHUK TalabllapHW TYIHK Oakapullld Xamaa YpYFIApHH KeITHPUITaH
Tamabmap acocuia SKHII Y4yH OKUII ammapaTd FaiTaryaa ysdajgap COHM S5 Ta OYmuImu
JIO3UMJITUTUHU KYPUILIUMHU3 MYMKHH.
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TYINPOKHU TAKPOPU SKMHJIAP DKUIITA TAUEPJIALI YCYJUIAPH

KupruzoB Xycuunaun TypryH6oeBud
HamMMKHU. 1.¢.H. nouent, girgizovh8@gmail.com +998941502867

KynpatoB ®o3unbex Konupxon yrim
HamMKW wmarwuctp.

AHHOTALMSA: MakKoJafa YTKa3WwiIraH WIMHHA TaIKUKOT HATIIKAlIapH acocuja OOIIOKIH
JIOH SKMHJIApUJaH OVIarad janxa MaiJIOHJIapUHNA TAaKPOPUNA SKUH DKUII YUyH Tak€piall aBBajio
XY)KaJIUKHU TYIPOK IIAPOUTUra, JKWIAETTaH DKUH Typura XamJa XY KAJIUKIaru MaBxKyz
TEXHUKAaHU XHUCOOra ojraH Xojija ydTra ycyira acocaH oOJIM0 OOpUIIMIIM MYMKHUH 3KaHIJIUTH
TYfpucuaa 6aradcuil MabIyMOTIap OepuiraH.

AHHOTANUSI: TIO pe3ylbTaTaM HAYYHBIX HCCIIEIOBaHUII B CTaTbe IPEJCTaBJICHA
no,up06Ha>1 I/IH(I)OpMaI_II/I}I O TOM, 4YTO IIOAT'OTOBKA IIOYBbI OCBOGO,Z[I/IBH_II/IXCSI OT 3CPHOBBIX
KYJIbTYP YYacTKOB IOJii K IOBTOPHOMY IIOCEBY MOXET OCYIIECTBISTHCS Ha OCHOBE Tpex
CHOCOOOB € Y4€TOM MOYBEHHBIX YCIOBHUI X0341CTBA, TUIIA BHICA)KUBAEMON KYJIBTYPHI.

Abstract: based on the results of scientific research, the article provides detailed
information that the preparation of the soil of the field areas freed from grain crops for re-sowing
can be carried out on the basis of three methods, taking into account the soil conditions of the
economy, the type of srop being planted.

TasiHu cy3aap: TyOpoKKa HIIUIOB OCpHIN, XalJI0B arperatv, YCUMIIMK Ba COMOH
KOJITUKJIapH, TAaKpOpHH SKHUHIAp, (pe3ajd IOMINATIUY, SCCH KECyBUYHM IaHXKajap, WIIYU
oprassap, KyJIbTUBaTOP.

KiroueBble ci1oBa: 00pabOTKa MOYBHI, MMOJIOCHAsE 00paboTKa MOYBBI, pabouue OpTaHbl,
npenanoceBHas o0paboTKa, MOBTOPHBIE TTOCEBBI, KYJIBTUBATOP, MIOCKOPEXKYIIHUE JIalbl, OCTATKU
pacTeHui.

Key words: tillage, strip tillage, working bodies, pre-soving treatment, repeated crops,
flat-cutting paws, plant remains, lanset paw, disk working body, sowing unit, harrover, working
depth

Kaxonga sHeprus-pecypcTekaMKop Ba HII YHYMH IOKOpU OYJIraH TYHNpPOKKa HIILIOB
Oepull arperatjapyuHu UILUIA0 YMKAPUII €TaKYd YPUHHU drajiamokaa. JlyHé Mukécuua KuImioK
XYXKQJIUTK SKUHJIAPUHU €TUIUTUPULI Y4yH Xxap Hwin 1,6 Mipa. rexkrapiaH OpTHK MaiJoHra
UIUIOB OepMWIMIIMHU XucoOra oJcak, Wil cudaTd Ba YHYMH IOKOPH Xamja SHEprus-
pecypcTexaMKop TYNPOKKAa WILIOB MalllMHa Ba KypWJIMaJapHH WIUIA0 YUKUII MYyXAM
Bazu(anapnan Oupu Oynmub xucobmanmoxaa. Iy Oumman Oup Karopaa famnagaH OymiaraH
CyFOpWJIAJIUTaH MalJoHIapra TaKpOpHil SKMHIAPHU SKULI YUyH TYNPOKHHU Tai€priam Oomrkaya
TEXHOJIOTUK EHJAIlyBHU Tako30 3Taau. by kapa€una namagan Oup YTHIIIA TEXHOJIOTMK
*KapaéHiaapHu KymumO onuO Oopuil Ba arperaTyiapHU  JajlajaH  YTUILIap COHUHU
KaMalTupaauraH KOMOWHAIMSUTAIITaH MallMHAJapHA MIIIa0 YUKUII MYyXUM axXamusT KacO
ATaIu.

MamiakaTUMHU3HUHT €p, CYB Ba MKJIUM I[IApOMTH FajiajaH OymiaraH CyrFopWJIaJuraH
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epiapra Kaprouika, ca03u, Kapam, LIOJIFOM, TYypIH, MOILI, COf, JOH Ba KYK IO Y4YyH
MaKKa)XXyXOpH, OK XXYXOpH, paric, NepKo, TPUTUKaNE KaOu SKUHJIApHU 3KUO, ylapAaH OKOpU
XOCWJI OJIMII MMKOHMHM Oepamu. By 5ca XaJKMMU3HHM O3MK-OBKaT Ba ca03aBOT OuiaH
TabMMHJIAIIHM KECKUH SXUIMIAiAM Ba YOPBAUYWIMKHM PHUBOMJIAHTHPUII YYyH KaTTa
UMKOHUSATIIAp SIPATaaU.

Xo3upru KyHJa MamallakaTUMH3/a Fajiajad Oyiarad JajalapHU OpajiuK SKHHIApHU
JKMIIra Tal€piaml acocaH NaXTaYWJIMKIA HIUIATUIAAWraH TPaAULMOH TEXHOJOTusIap Ba
TE€XHHKAa BOCHUTAJIAPHU KYJU1ad amaira OIIMPHIMOKJA, S’bHU aBBall Jajajap LIyAropjaHaju,
OpKacHuJaH WIyAropiamjga Xocuia OyiraH HOTEKMCIUKIAp TEKHCIaHaaAW, KEHMMH 3ca LIyarop
r03acura WnuioB Oepuin yu3esuiani, OOpoHajall Ba MOJjajall amaira ommpuiaaad. byHamgail kym
OOCKMYIM WIUIOB OEpulll KaTTa MEXHAT, JHEpPrus Ba CHWIFM capQUiaHUIIM Ba OKUII
MYyJAATIapUHA YY3WIMIIUra onub Kenaau. YOy TabKHUIAHTaHAAH Kelud YMKKaH XoJjjaa
TaBcusAaa Takiu@ TUIAETTaH JIoMMXaaa Xal STUIHNINY 3apyp OYaran acocuil MyaMMo FaJljiajiaH
OymaraH nganajgapra WILIOB Oepuiga dHEprus capdUHM KaMaWTUPHIN Ba W CH(pATUHU
OLIMPHUIN Macananapu OYnu0, ynapHM WXKOOMH Xajd KWIMHHILK pecrnyOIMKaMu3 MUKECHaa
KyI1ab MUKAOpIaru EHWIFU-MOMIAI MaTepualJlapuHi  TeXalll, MeXHaT capu Ba Oomka capg
XapaXaTIapHU KaMalTUpHIl, Wil cU(aTd Ba YHYMIOPJIMTHHH XaMmJa TaKpOpUH SKHHIIap
XOCWJIZIOPJIMTMHU OLIMPHII UMKOHUHH Oepajy.

VrTKasunran wiMuil TaAKMKOTIAP OONIOKIHM JOH SKMHIAPHAAH OVYINAraH nananapHu
TAKpOpUH SKMH SKMII YYyH Talépnaml, XY>KaJIUKHU TYNPOK IIApOUTHUra, SKWIAETIaH 3KHH
Typura xamja Xykajaukiard MaBxkyJ TEXHUKaHUM XHcoOra ojraH xojjaa Kylujaaru ycyiiapia
0710 OOPUIIMILIY MYMKHUH SKaHJIUTHHU KYpcaTaiu.

bupunuu ycyi. by ycynna ramuia ypuM-UuFUMUIAH KEMUH epilap XyKaauKiIapaa MaBxKy[l
oynran II5-3-35, [1H-4-35 Ba Oomka miyrnap Ownan 20..25 cM 4UyKypawKAa Xaigaigaau.
Cyurpa I'H-2,8 ékm I'H-4 Texucnarumwiap OwiaH XalaoBaa XOCHJ OYITaH HOTCKHCIUKIIAP
tekucnanaau Ba BII-8 éku MB-6,0 mmb6anaruunap 6unan Tynpok ro3acu mudOanaHagu, ep
cepkecak Oyica, BII-8 éku MB-6,5 mmb6anaruunap ypaura OITY- 2,2 dpe3anu roMImaTruyaan
dboiinananunagy.

Ymlby ycyn KyJUlaHWITaHJa epJjapHU aijlaHMa IuTyrjap OwWiiaH XaWjain KaTTa caMmapa
Oepanu. bynna, OupuHUMAaH MaliJOH OUp TEKUC, SHHU Map3a Ba apuKJap XOCHJ KWJIMHMAC/aH,
XalJanranaury Ty(hainm epHu TeKHchalra KeTaJuran capd xapakarinap KeCKWH KaMasau Ba
MKKMHYMJAH 3Ca SHT acOCHICH FaJulaHW YpuO OJMII, TYNMPOKHM 3KHH SKMINra Tailépriam Ba
YpYFJIApHU SKUIIHU KeTMa-KeT 010 Oopuil MyMKUH OYynaau, sbHU OyHAa XailJ0B arperaTuHu
JapxoJl YpUM arperaTd OpKacHJaH, 3KHII arperaTMHU 3Ca XalIoB arperatd OpKacuJaH MIIra
TYLLIUPUIL UMKOHH OVyI1aau Ba BaKTIAaH FOTHIIA M.

Onmuit mnyrnapaan  QoinanaHwiranna ypuM-MuFuM, €pHH Tal€piaiml Ba HKHUII
UIUIAPUHA KETMa-KeT 010 OOpUIIHM MMKOHM HYK, UyHKH OyHra XaiJ10B arperaTMHUHI TaxTa
(3aroH) ycynuaa XapakaTjJaHHIIN Ba €pHU Xalalia Xocui OYIraH HOTEeKUCIUKIApHU (apuK Ba
Map3ajiap) TeKHCIall 3apypiuru XajJakut oepasiu.

By ycyn acocan ca03aBOT, KapToIlKa, KapaMm, MOII, TypIl, LIOJFOM KaOM O3MK-OBKAT
SKMHJIAPUHU €TULITUPUIITa KYJUTaHUWIMHAAH.

Arap raqa YpuO ONMHraHIAaH KeMHMH TYyNpOKJAarn HaMm eTapiad OyiMaca, epHHU
XalJalgad oJAMH AajajlapHU CYFOPUII Ba TYIPOK €TWITaH/AaH CYHT UIIIOB OEpUILl KEPaK.

Wkkunun ycyn. EM-xamak S5KMHIApUHU €THIITHPHUII y4yH OOIIOKIM JOH SKHHJIApU Ba
VJIApHUHT KOJJIMKJIapuaaH Oyimmaran Maidnonnapra Xamanmacman OIIY-2,2  dpesanu
IOMIIATIHY, SICCH KecyBuM mnamxkanap YypHatwiran UKY-4A Ba Oomika KyabTHBaTOpiapiaH
doiimananu6, 12...16 cM dyKypIMKIA MIUIOB OepUIagd. YTKasHiIraH Taxpubazap Oy ycyr
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kymnanuiranga Tynpokka b/T-3, BAT-07 kabu nuckanu 6oponanap Ownan Oup xoiiman 2...3
Maporaba yTuO MIUIOB OEpHIl HI caMapalld 3KaHIWTHMHM KypcaTtnu. byHaa Tympok saximm
MaiiiagaHaay, YCUMIIMK Ba COMOH KOJIUKJIApH, OeroHa yTinap maiganaHu0, TYMpoKKa KyMuo
00opuIaaM Ba HATWXKaJa Yylap SKUII Ba KaTop opajapura MIUIOB OepHIlfa arperaTiapHHUHT
WIIHTa Xe4 KaHaai xamakut Oepmaiiau [7,8,9].

Yuunun ycyn. by ycynga ramnmagan OymiaraH epiapra €nmacura WIUIOB OepHIIMaiiu,
(akaT 3KHIaIMrad KaTopiap MU3JIapuruHa IoMIIaTHINO, 1y IOMIIATHITaH u3japra Oup iyna Kyk
Mo YYyH MakKKaxXyXxopu €k oK kyxopu skwiaau. bynunr yuyn TT3-80.11 éxku MT3-80X
qyonuk Tpakropaapura ocwirad KXVY-4 KynbTUBaTOpJapMHUHI  OJIIMHIM KUCMUZAH XamJa
XYyKamuKiIapaa MaBxyn Oyiran CUX-4b, CMX-3-6 cesnKaJapuHUHT OHMpOHTACHIAH
¢oiinananmwiaan. byana KXVY-4 kynbTUBaTOpH OJMHTY KUCMHHUHT CeKIMsIapu (TpSAUIUIApH)
SKUJIAINTaH KaTop W3JIApUHM IOMIIATUO KeTaauraH KWIMO pocTiaHaiu. DKWIaJuraH KaTopiap
M3JapUHH IOMIIATUII YIYH Xap Oup TpsAniIKa UKKUTaJaH MUYoK (OpuTBa) Ba OUTTalaH KaMpOB
keHruru 250 MM OyiraH KUpKYyBYM TaHXa YpHaTwiaaud. byHaa wimdum opraHiap FOMIIATHII
qyKypaura 60 MM J1aH KaM OYIIMaciuru Kepax.

Pacmpma (a) ramma skuHIapumaH OVimaraH Maimonnapra cudaTid Wya- HYJT HILIOB
OepyBUYHM WIIYM OPTaHJAPHUHT JKOMIAIIMII cXxemacu €HJaH KYpPHUHUIIN/A, TAaCTKU KucMuaa (0)
XYM Ty CXeMaHUHT 3KHIII arperati OuiaH OMprajvkIarid YCTKU KYPUHUIIHN KeJITHPUIITaH.

Fanmna oskunnapunan Oymaran MaiaoHiapra Wyn- Hyn unuioB OepyBUM Ba AKYBUH
KOMOMHAIMsUIAIITaH arperat Kyduaaru Uiy opralyiapAa Ty3WIraH KyJIbTUBATOp rpsauiura 1
KETMa-KeT pYyCIu YpHATWIraH MIIYM OpraHjap IUIACTUHKAIM 2 SCCU KECYBUM MaHXKa 3 XaMmjJa
CTpEJIKacMMOH TMaHXa 4, SICCM KeCcyBuM maHxa 3 CTpeJIKacMMOH mamxara 4 HucOaTaH
0anmaHIpOK Ba Kampall KEHTJIMTH XaM KaTTa, COUIHMKIM 5 SKWII yCKyHacH, 30ropTad 6 Ba
FaJITaKMOJa 7, COIIHUKIAH OJJIWH KaTOp Opacuaa XOCHJ OYNraH apuKyaHU TEKHUCTad KETyBUH
chepuk auckiIap 8§ KOMIAIITHPWITraH, YHUHI HUILIOB O€pHIll YYKYpJUIH IUIACTUHKAIU SICCU
KECYBYM KECYBYM MAH)KaHUHT WIUIOB OEpUIN YyKYpJIHTUIra TEHT, SCCH KEeCYBUM MaHXaHHHT
KaMpaml KEHTJUrd cheprK IUCKIap KaMmpall KEHTJUTHAAH KaTTapoK, CONTHHUKHWHT Kampall
KEHIJINTY 3Ca UKKUHYU OYITUO YpHATUIITaH CTPEIKACUMOH MaHXaHUKUAaH Ku4uk [1,2,3].

i~

Tymnpoxkka yn-iyn uiioB 6epyBUM arperar cXxemacH.
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Tymnpoxka iyn-ityn unuioB 6epyBur KOMOWHAIIMSIIAIITAH arperaT cXxeMacH. 1-TpsInib;
2-TYTNIPOK CYPYBUM IUIACTUHKA; 3-SICCH KECYBUH MaHka; 4-CTPEITKAaCUMOH ITaH»ka; S- COMTHUKIIN
9KUII YCKyHacH; 6-3aroprad; 7-FanTtakmoda; 8-chepHuk JAHCK.

Tynpokka Wyn-iyn unuioB OepyBYM kapa€H KyHUJard WKKUTA IJIACTUHKAIM SICCH Ba
CTPEJIKACUMOH TaHXajap XamJa HKKHTa chepuk auckiap &pramuna xap OHUPUHHHT MOC
paBumia OeNTMIaHraH WIUIOB OEpHIll YYKypJuIrura acocaH YpHaTwirad. bupunum O0yan0
UIIIOB OepHIll KAaTop OpAacHHHUHI IOKOPM KHCMHIa WILIOB Oepuil Ba Faula SKUHIApU
KOJIIUKJIAPUHU YeTra CypyBUM IUIACTUHKAIY SICCH KECYBYM MaHka 2 YpHatunanu. Numos Oepuii
gykypaura 40...50 MM, uttoB 6epurn keHraura 270 MM. ByHUHT yayH KaTop opajapura UIILIOB
OepyBuM KyIbTUBAaTOpUIA KYJUIAHWJIQJWTAH SCCU KeCyBuu mamwxkaaaH oimanunaau. [lactku
apyc 100... 120 mm uykypinukna, keHriaurd 150 MM OynraH cTpeiakacMMOH mamka 3
unuatuwiaay. Tynpokka HIIOB OepHill kapa€HUHU UKKUTA cepuk auck skyHnanau. Chepux
IUCKJIAPHUHT Ba3u(acu CTPEIKACHMOH TaHXa TOMOHUAAH XOCHJ OYiraH apuKuaHH KadTaaaH
KYMHO, TeKkucIad ypyF OdKaaWraH mymrTaHu Xocwn kuiaau, y 40..50 MM uykypaukna
YpHaATHITaH, Xapakar HyHanummra HucOaTtaH ypHaTwium Oypuaru 15...16°, chepuk muckiap
opacunaru macoda 180...200 mm. Ummor 6epunmaran 320..350 MM 111 KaTOp opacu ypyF 3KHUO
6ymu6, cyropuman 6...12 KyH yTrau Karop opajapura OMPUHYM Ba UKKWHYHM WILJIOB OEpHI
BaKTH/Ia TYIIPOKHHHT XapOpaTH Ba HAMJIUTHIa Kapab yTkaswmnanu [4].

By ycynaa rokopuaara UKK{ ycyira HucOaTaH epHH DKHH DKHIITa TaW€piaml Ba SKHHHH
sKull yuyH 4...6 mapoTaba kam EKHIFH Ba MexXHAT capdiaHagu. DHT MyXUMH dCa  YpYFIapHH
epra Kajaaml KHCKa MyJJIaTAa aMaira OMMPHINO, MYJ XOCHJ €TUIITUPUII YUYH KyJnald MapouT
spaTUIIaIu.

XO03Upry BakT/Aa FaJiaaH OyIaraH CyFOpuiIaural MaiIoHIapra TaKpopuil SKUHIIAPHA
SKUII YYyH TYNPOKHM Tal€pramn Typiau Xuil aloXuia-aJoxXuja arperatiap OwiaH amanira
OLIMPHIMOK/IA, Oy SKHII MyIAATIAPUHUHT UY3WJIUIIUTA, TYNPOKIATH HAMIMKHH HYKOTHIIUIIN
Ba OKCIUTyaTallMOH XapaKaTJIapHUHT opTuinura onubd kemaau. by aca rammagan Oymraran
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CyFOpWJIAJIUTaH MaiOHIapra TAKPOPH SKUHJIAPHU IKUII Y9yH M3Ma-U3 arpOTEXHUK Tanabiap
napakacuja WIUIOB OepyBUM KOMOWHANMSUTAINITAH MAIllMHA WINUIA0 YHUKUIT Wynu OwinaH
6apTapad STWINIINA MyMKHUH.

Fanmnagan Oymiaran cyropwiaguraH MalIoOHJIApra TaKpOPHH SKUHJIAPHU DKW YUyH
TYNPOKHU Taiépramaard MaBxys OViraH KaMYriIuKIapHu Oaptapad STUIHIIUTA JanagaH oup
VTUIIgAa TYNPOKHM OHKUIIra Taiépnam Oyinya Oapya TEXHOJIOTUK Kapa€HIapHU KyIIuo
OakapanuraH KOMOWHAIMAJAINTAH arperatiapHd, >KymJaZaH FaljlajaH Oymiaran epiapra
énmacura WNUIOB OepMacnaH, (akaT SKWIaJuraH KaTopjap H3JapuruHa FOMINATHIIHO, Iy
IOMIIATWITaH U3JIapra 03yKa SKWHIAPHHU SKHUII OPKAJIN SPUIIUIT MYMKHH.
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AHHoTauusi: YmOy Makoiajga aBTOMOOMJ TPAaHCIOPTH BOCHTANapHa OK TaIIWIIra
Oynran SXTUEXKIAPHU TabMHUHIANI HIIOHWIMJIMTUHU aXaMUATH aHUKIaHaau. ByHMHT yuyH
UCTEHMOTUN IXTHUEKMHU TabMUHJANITA KAPATWITAH TPAHCIOPT HIN XAXKMIAPHUHU OaskapwHiil
y4yH, Xap Oup aBTOMOOWJI TPAHCIOPT BOCHUTAJIAPUHUHI  MapUIpyT MHYHAJNWIIM, TalIuIl
XKapaéHiapy KYpCaTKUWIapUHM aHUKJIAIl Ba TallMIIl >KapaéHUHM TalIKWI  3THUIIJA
UCTEHMOTUMIIAP IXTUEKUHU OCNTUIIaHTaH MyIaariapa Ba caMapaiy BapuaHTAa TabMUHIAHAIU
Ba MaTeMaTUK MOJEIUIAIITUPUIIA N,

AHHoTanusi: B naHHON craThe ompenensercs BaXXHOCTh HAJEKHOCTH 00ecTedeHUs
norpeOHOCTEHf B TIEpEeBO3KE TPY30B AaBTOMOOWIIBHBIM TpaHCIOPTOM. /[l BBIIONTHEHUS
TPAHCIOPTHOM pPalOThl  OMPEAENSIOTCS MapIIPYThl KaKIOTO TPAHCIOPTHOTO CpPEICTBa,
MOKAa3aTeNId TPAHCIOPTHOTO TMpoIiecca, a Takke (P (eKTHBHOE 00ecTieYeHne 1 MaTeMaTHYeCcKoe
MOJICTMPOBAHKE MOTPEOHOCTEN B yCTAHOBJICHHBIE CPOKH.
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ABTOMOBIJI BA KUIIJIOK XYXKAJIMK MAILIMHAJIAPU

Abstract: This article defines the importance of reliability of ensuring the needs for the
transportation of goods by road. To perform transport work, the routes of each vehicle, indicators
of the transport process, as well as effective provision and mathematical modeling of consumer
needs in a timely manner are determined.

Kanur cy3nap: ABromMoOWII, TalIHII XapaéHIapu, UII KYypCcaTKUUIapH , KATHOB BaKTH,
TypHO KOJIHIII BAKTH, FOK KYHATHII MaH3WJIH, FOK KaOyJl KWJIHII MaH3WIH, TOHHA, TOHHA-KM.

KuoueBbie  cioBa:  ABTOMOOWIb,  TPAaHCIOPTHBIE  TPOIECCHI,  MOKa3aTeH
3¢ (HeKTUBHOCTH, BpeMsl B IIyTH, BpeMsl IPEObIBAaHUS, aJIpec OTIPY3KH, aJpec MOIy4eHUs rpysa,
TonHbl, TOHHO-KHIIOMETPBI.

Keywords: Car, transport processes, performance indicators, travel time, stay time,
shipping address, cargo receiving address, tons, ton-kilometers.

Kupu (Introduction)

Byryuru kyHaa FOKIapUHU TAIUIIHA caMapaid TAIIKWI STUIL, OSITUIaHTaH TPAHCIIOPT
WIIMHA BakT MOOaiHHIA HCTEHhMOIUMIAp SXTHEKUTa MaKCHMal paBHIIAa MOCTAIITHPHIL,
Tamwil Ba YyHUHT cudarura OynraH TanmablapHW TaxJIWI OTHUI, TAIIWIAJWTaH FOKIApHU
TOBapJUK XYCYCHSTIAPUHM CaKJall, TPAHCIOPT XU3MAaTIApUHU KypcaTuIlla HapX-HaBOCHHU
MYBOGUKITAMTHPHIL, paKoOaTna OTUO YMKHUII WMKOHMATIAPUHHM KYpuIl Kabu Kyriad dopa-
TaIOUpJIapHA amaira omupuian uoopat OYymamu. Iy Owmman Oup KaTopaa, FOKIApUHH
TaIIWIIa aBTOTPAHCTIOPT BOCUTAJIAPHHUHT WM KYPCATKUWIAPUHU Xap OUp TAIIWII HYHATUIIN
Oyiinya ONTUMAJUIAIITHPHUIN Macajacy, WYHAJIUIIHWHT Y3YHJIUTH, WY IIAPOUTH, XapaKaTHH
TaITKWII ATUIITA KyHrirad Tajnadiap kadu gakropiapra OOFIUKIUD.

ByHuHr y4yH Xap Xwi Mapuipymiap TH3UMHAA TallWIl Kapa€HUHUHT TapKUOUN
AJIEMEHTIIapU Ba YJIIAPHUHT KYPCATKUWIAPUHHU TAbCHUP JOUPACH OYHHYA aHUKTAMITHPHUIIL, TaX T
KUJIUII Ba MEBEPIAITUPHII KEPAK.

Yceyanap (Methods)

IOk rtammm okapaémmapuaa xap Xwi Mapuipyrtiap (j), aBTOMOOWJI TpaHCIOPTH
Bocutanapu(i), okiap (l) Ba Mmanswuiap (N) y4yH Typiauya Oynaau. | MapiipyTaa UnuiaéTra |
TypJard aBTOMOOMJI TPAHCIIOPTH BOCHUTAIAPH (BAONUATH KyHHUIArd TOUMUAN  On, Yer, liocn, hoxe Ba
TaCOTUPHH Ly, VIO, VIOC xapakTepmaru kypcaTkudaiap TabCUpUAA MIaKIUTAHAIH.

By epna, Qn - aBTOMOOMITHM HOMHHAI IOK KYTapyBUAHIINTH; Yer - FOK KYTapyBYaAHIUKAAH
dovinananuim Ko3GPumueHTH; |lioxn, loxe - FOKJIM Ba I0KCH3 KATHOB Y3YHIMKIAPH; tw - FOK
KYHATHUII Ba KaOya KUJIWII MaH3WIIapyuaa aBTOMOOUIUTapHU TypuO KoJui BakTu; VO, VoK
IOKJTM Ba FOKCH3 KaTHOBIIAp/la YpTada TEXHUK TE3JIUK.

Vpranunaérran i Typaard aBTOMOGHMIHM | Mapuipyraa | IOK TammiaérraHma oK
KYHATHII Ba KaOysn KWIMII MaH3wDIapuaa TypuO xommmr (tx, tc) Ba IOKIM Xamzia IOKCHU3
KaTHOBJIapAa xapakatnaHum BakrTiapu (T°°, t°)am  maxknanantupagu. ABTOTPaHCIOPT
BOCUTACHHH FOK JKYHATHII MaH3WIH/IA TYPUO KOJIHII BAaKTH

T . .
(t,,.. ), MacanaH, aBTOMOOHJIHHU FOK 5KYHATHII KOPXOHACH MaiioHuaa xapakartnanum (t 27 ),

fokar optumn (7)), 1OKCH3 Ba IOKJIAHTAH ABTOMOOWIIHMHT YMYMHH OFMPJIMTHHA TOPTHIII

t o02c. 4 t o2y o yore
(Uoornr Uiore ) TETHIDIH XyXOKaTIapHH pacMuitamrupum (t727 ) Ba 10K OPTUIMIINHH,

IOKJIaHTaH Ba IOKCM3 aBTOMOOWIb OFUPIUTMHU  YJIYAIIHM TETHIUIM  XyXOKaTiiapra
v Kym vy o
pacMuiIaITHpWIMIIMHA KyTn6 Komvm (L, ) BaKTIapuHMHT HUFMHIMCHIAH MOOpaT O6Yaumm

MYMKUH, TBHU

T . .
L =0 0+ H e 17+ (1)
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HOxHM KaOys KUIUII MaH3WIKA XaM IOKOPH/Ia Kaiil STUITaH TypAaru dJIeMeHTIap naiao

)

Oymumm MyMKuH, OyHAa ¢akaT IOKHM OPTHIN BaKTW YpHUTAa yHW Tymupum Baktu (T
Hamo€H Oymamu. Illynmait xKunnO, aBTOMOOWIHHHT FOKHH KaOyll KWIHMII MaH3WIHIA TYpUO

KOJIMII BaKTH ( t;r ) Kyiiuarnya aHuKJIaHa u:
T xa m oz.ynu oz.ynu Kym
tl(' = tK v + tK o + tK}OZJZ + tICFOZC + tKW9,C + tKy (2)

Kunuioxk xyxaavk MaxcyloTJIapuHU XalJ10BUM (EKM KCHEIUTOP) TOMOHHIAH TallIWIITa
KaOyn KWIMHMIIKM Ba Talluil MOOaiHWIa, YHM CaKJIAHUIIMHA TabMHMHIA0 MCTEHMOIYMTa
TOMIIUPHII MACHYIHSITH Ma3Kyp IOKHH OFUPIUTHHU Ym4a® Terumuim Xyxkaraa Oenruinad
KYWHITUIIT OpKalld amajira ommpuiagn. byHaa XaioBuM IOK MUKIOPHHH (OFUPIUTHHM)
KaMaiTHpMaclaH HCTEbMONYMra eTKa3uO Oepuil ydyH Machyinaup. AHpUM XosaTiapiaa
TalIWIAUral 0K MHKJIOPHHM Cakjall >KaBoOrapjuru, wMacajlaH, KOHTeWHepiapaa Eku
pedpexupaTtopiapaa 0K TalIWITaHIa, YIapHU SIIUKIApUHU Kyldaad TaMralam Ba TO IOKHU
UCTEHhMOJIUNTra TOMIIMpPMaryHua, Oy Tamrajap Oy3WIMAcIWIMHU TabMUHIIAII OpPKaIM amMaira
ommpunaau [1].

DneMeHTap *kapa¢HIapHu Xap OUPUHU aCOCHI OOBEKT OYIMHII “‘aBTOMOOMIIb-XaUIOBYN
AJIEMEHTHHU MabliyM OMp XoJaTaa OYIMIINHY, MacalaH, XyX’KaTJIapHU pPaCMUMIAIITHPULI, 0K
OPTHJINLI JKapa€Hu1a TyprO KOJIHII, aBTOMOOMIIHYU 0K OMJIaH OUpPraluKAard OFUPIUTUHYU YIdalin
Ba 11y Kabu xap Oup XoyaTaa OYINIIMHU TaK030 Ta/IH.

Mapmpyrna OaxapunaéTran Talldml kapa€HUJa aBTOMOOWIHHM UMl (aoNUATH
KaJaJUINTH KATHOBHM Oa)kapMIlra KETraH BaKT - KATHOB BaKTHM OWIaH XapaKTepilaHaIHU.
KatHoB BakTH IOK Tammiga Typaudya Tapkuora sra 6ynanu. KOk Tammm mMapupyTiaara KaTHOB

t;” BakTH KyiiMaariua aHUKIAHATH:
t7 =t +t7 7+ =t T ©)
Oy epna:

m o
{1 - aBTOMOOMIIHH IOK JKYHATHIN MAaH3UIKIA TypUO KOJIMII BaKTH (COAT) ;
tm
« - @BTOMOOWMIJIHM 10K KaOys KWJIMII MaH3UINIa TypruO KOJIHII BaKTH (coar) ;
m
to,c_,{ - aBTOMOOWJIHHM FOK JKYHATHII Ba KaOynl KWJIUII MaH3WUIapuaa TypuO KOJIHII

BaKTH, Xap OMp KaTHOB Y4YH, t;,nc_K = tor,nc + t,T (coar) ;

10Kl
tx - IOKJIaHTaH aBTOMOOMJIHH JKYHATYBUM MaH3WIAAH Ka6y.]'1 KWJIYyBUM MaH3UJIravda

Oynran iynHu 0ocub YTHI, SFHU LIy Hy1a XapakaTaaHHUII BaKTH (coaT) ;

IOKC
tx - FOKCH3 aBTOMOOMITHY 10K KaOyJ KHJIWII MaH3WINIaH KEHMHTY KATHOBHU OaskapuIll

YUYH STHa 0K JKYHaTHII MaH3UIuTraya 0ynran Mmacoganu 60cud yTumr BakTu (coar) ;

ABTOMOOWII TPAHCTIOPTH BOCUTACHHH MabJIyM MapIIpyT/a TEruiui MacodanapHu 60cud
yTumra keraguraH BakTiapu Oy macoda KMHMaTHHH, aBTOMOOWJIb Iy KAaTHOBJA Ba aHa Iy
MacodaHnu 60cu0 YTUIIA SPUIIHITAH ypTavya TEXHHK Te3JIMKIapura HUcOaTH OWMJIaH TOTMIIA/IH.
IOk Tammm Mapuipytuna low: y3yHIMKIaru ki Ba loe Macodanaru rKCH3 KaTHOBIAPHU
OakapuIa XapaKaTIaHUII BaKTJIapy MOC paBHINAa KyHHIarnda TOIWIIA[IH;

thKﬂ — oKl tIOKC _ IoKc

x - oK x N, orc ! 4
VT VT}OKC ( )
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; 10KC
6y epma, V., V{"“- Moc paBmmia roxmaHraH Ba [OKCH3 aBTOMOOWIIAPHH lowr Ba loke

Mmacoagaru iynnapau 6ocud YTUIIAry ypTadya TEXHUK TE3TUKIApH, KM/COaT.
Oxopunarn 1.4 TeHrIUMKAaH KenuO YMKWAO, FOK TallWIl >KapaéHUHUHT MapHipyTaa
KAaTHOBHU OakapuIlra KeTraH BaKT Kyluaarnda ngoanaHaam:

o m | I
t =t ., —|—V’°K’;’(’ﬂ +V’0K’;fc : (5)
T T
IOk Ttammm >xapa€Hinapuaa aBTOMOOMJ TPAaHCIOPTH  BOCHTAJAPUHHMHI MapuIpyTAa
untam Bakth (7y) MoOaifHuza Oakapa€TraH TpPAaHCHOPT MINMHUHT XaXMH KyWuaaruda
aHUKJIaHA[IN:

m TM
Q,O(TM):qm'J/c‘ZK:qm‘Vc‘t_,O(TOHHa); (6)

6y cpaa, q,o' ABTOMOOHII TPAHCIIOPTU BOCHTACHMHHUHIT TOHHAJApAArd HOMMHHAJ IOK

KyTapyBUaHIIUIY;
Yc- @BTOMOOWJI TPAHCIIOPTH BOCUTACUJIAH CTAaTUK (poiananui Ko3pPpuiueHTu;
T’x- aBTOMOOMJI TPAaHCHOPTU BOCUTACHHMHI OMp KyHIAa MapIIpyTAa MILIAll MYJAaTH,
coaTaa;
Zy- aBTOMOOMJI TPAHCIIOPTH BOCUTACHHUHI MapuipyTaa 7y BaKTaa OaxapaguraH KaTHOBIAp
COHU;
Q)(T,)- aBTOMOOWI TpPAHCIOPTH BOCHUTACHHMHI FOK TAIIWIIIA OWUp KYHJIHK nul
YHYMJIOPJINTY, TOHHAJA;
ABTOMOOM TPAaHCHOPTH BOCHUTACHHUHI 0K TALIMIIIATM HUII YHYMIOPIMIH KUMMaTH
UKKH XWI (akropiap TabCHpHIa INAKUIAHAAW, SBHU Yy3rapMac TaOuaTra Ba Y3rapyBuaH
tabuaTra sra OyiaraH KypcaTKuwiap TabCHUpHa MIaK/ulaHaau [2].
ABTOMOGH TPAHCIIOPTH BOCHTACHHMHT 10K Tammmiard wum yaymmopara Qp (7))

aHWKJIAHTaH/a, Qo , Yc Ba Ty - pakTopiap KuAMaTiapu Ma3Kyp MyaaaTia y3rapmac 0ymuo, Oy
(GaKTOpJIADHUHT WII YHYMJOpJIMTHra TabcupuHu ¢yHkuuonan (f ) OofmaHunuiap acocuuaa
udoaanan MyMKUH, SbHHU,

Q;:] (TM) :f (TM! Q}o, YC) (7)

) o m ) o
Aitan nmanuTaa Qm ra TabCHUPH XUXATAaH KUHMMATIApHWHHU Y3rapyBUYaHJIWIU XUXAaTAaH

KAaTHOB MYAJATUHU ( t,io ) Taconuduii Tabuatnu napameTp cudaruaa Kabyn Kuum g03um [3].
[ynaait Kuauo, Q,;n KaTHOB My/1aTH OuiiaH Tacoauduit 6ornanumaa 6yaaau, sbHH,
o
Qu(r,) =f(t.). (8)
N . N 0
IOk Ttammm >xapaéHiapuga TaOuaTaH TacoAUUN paBUIA IMaKUIaHAETTaH tK
Kypcatkud, loxi Ba loxe  Tapamerprapu OwiiaH (GyHKIMOHAA OOFJIAHMILUIAD acOCHIa Xamja

o o . tm V FOKJL V OKC
KuimMaTinapu Ttacoauduii paBumpa markmianaérran L. .,V V4 xypcatkuunap Ounan
Tacoauduil OOFIaHUIUIAP KYPHUHUIINA Y3rapaan, IbHU,

00 =f (o Lore) 60 =F (Lo, V{77 V7 9

Hlynnait xkunub, okopumaa kentupwiran QU (7,) KypcaTkuumHH (QYHKIHOHAT Ba
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tacoaubuii 6ormanunuiapu ' Hu roKopunarn udogasap KypUHHIIHIATH ATOKAJOPIUKIAPHHE
XHCcOoOTa oJIraH XoJiIa Kyduaarnda Oenruian MyMKAH:

QT )=, 0y, Ve Loer o Loce); (10)

Qm(7,) = f (L, Vi7" VL), (11)

Hatu:xa Ba myxokamaJap (Results and discussion)

TapKuanam JIO3UMKH IOKOpHIArd udojanapia KEITHPWITAaH Ba HWII YHYMIOPIUTHra
¢byHKIMOHAT OOFIaHUWILIAD acoCHIa TabCUP OTYyBUM (akTopiap KUWMATH MabiyMm Oup
mynnataa (Oup kyH, Oup Heua kyH €ku Oup xadTa) y3rapmaiinu, Oab3uiiapu 3ca JOUMHN
paBumga ys3rapmac Oymamu. Ammo Tacoaudwuii paBulAa MIAKIJIAHYBYM TapaMeTpiIapHU
KUAMATIapyu JOUMO Y3rapu0d Typaau, XaTrTo, OMp KAaTHOBJAH MKKHHYHCHra yTraHjna Ba OHp
KaTHOBHM HMYWJA XaMm yinap Oup xun Oynamaiau. ByHmaih xonmaT BakT MoOaiiHuma ¢aszona
KaTHOBJIADHU aHMK Ba WIIOHWIM PEXAIAMITUPHUIIHA KUWUHIAIITUPAAU. Typiu KOHCTPYKTHB-
TEXHUK UMKOHMSTIApra 3ra OYIraH aBTOMOOWIIIAp, Xap XUl Japakagaru MaxopaTra ara 0ynrax
XamoBumap, y3rapud TypyBUYHM WY MIApOUTHUTA, YT XapaKaTWHU OOIIKAPUII BOCHTAIApUra Ba
TYpAH >KaJaTUKIArd TPAHCIOPT OKMMJIapura sra OYiraH Typiu Mapuipyriapjaa KedaéTraH
TalIMII Kapa€HUHU UIIOHWIM Japaxkaja MebEPIAIITUPUIL Ba pekKajalllTUPHUII Mypakkal
Macajara ainaHaim.

Tammm xapa€HUHU TAIIKWI JTUIIIA aBTOMOOWIHH TYpJIM Japaxaaard oObeKTIap Ba
MyanaTiap, SbHU MaplipyTiap, XaWJOBUM Ba Xap XWJI THIJIaTd aBTOMOOWJ TpPaHCIOPTH
BOCUTAJIapH, MCThEMOJNYWIAp, KyHJap, Xadraizap Ba oWiap OYyilMua VyprayajamTHpUIral
KypcatkuuiapaaH GoiganaHuiaras.

Kypcarkuunapuu ypraua KuilmatnapunaH kenuOd 4YMKKaH X073, aBTOMOOWIHM

. ~ F ’0 (V3
MapIIpyT/a JOK TAIIMIIIA OaapadTraH OWTTa KAaTHOBra KeTraH yprada BakT L,  Kyiimmarmdaa

AHUKJIaHAU:
fFO _§m IIOKﬂ I’OKC _ t—m I_)'om
K T “oce—k + \TIOKJZ \7101<c = “oe—x + \7 (12)
T T T’ ﬁu
I_’OKJZ —+ I}OKC _ Irox/t + IlOKC _ IIOR'JZ (13)
FOKJl — - — - W
VT VTIOKC VT VT : ﬂ M
- I,OK], I_ I_ _ I_iOK]l
IBM - I_ I_ 6yHI[aHa rorn + woke T 5 (14)
IOKJl + OKcC ﬂM
6y epma, [3. s |,OK,, , Voke - YpTada OuTTa MapmipyTra TYFpu KeJaauran wyigan

¢oiinananui k03 GUINEHTH, IOKIN Ba I0KCU3 KATHOB Y3YHJIMKIIAPH, KM;

V o V 10Kl V oKC
+ - IOKJIM Ba IOKCU3 KATHOBIApAaru ypraua TexHUK Te3nukmap (Vg ,Vy ) JaH
OJIMHTaH YMYMHH YpTada TEXHUK TE3JIHK , KM/COaT.

Arap aBTOTPaHCIIOPT BOCHTACMHH KYHIMK yprada 1 ,, coaraard Oaxapajaura

KaTHOBJIAp COHMHW Z  OuiaH Oelruiacak, yHjaa aBTOMOOMIUIApa IOK TAINMII Ha3apuscuiaa

MEXAHUKA BA TEXHOJIOT'MS MJIMHIA XKYPHAJIH, 2023, Ne 4 (13)
115



ABTOMOBIJI BA KUIIJIOK XYXKAJIMK MAILIMHAJIAPU

MabJiyM OyiraH OOfJIaHUIITIAPHU TOTIAMU3, SIbHU,

T, T,-B,-V
ZK: _M - — M_mﬂM _T — (15)
tK‘ IiOK]Z + HC—K .ﬁjl/l .VT

ApromoOmwman Tomna (Q ) Ba Tomma-km (P, ") na ypraua Gup kymnuk wm
YHYMJIOPJIUTH KyHU1aruua aHuKJIaHa i

7 B N.-7-q

m _ Ly o7 == = == S 16
Q}o}c qH Ve K I}OK./Z _|_t9’n;_}< . e ’VT |:’<yH:| ( )
o T -8 N..-v.-a -1
provag 7.7 0 =t B Ve Vo o [ra] (49
IIOKJZ +t9f677<' .ﬂM VT KyH

Oy epna, Yo - 1o KYTapyBYaHJIMKAAH JUHAMHUK (oigananum ko3 humeHTuHn

ypTada KuiimaTH.

YMmymuil xonja aBTOMOOMIIHU XKOpUHA Huia Ypraya Oup I KyHHUra TYFpU KeJaJuraH
UII YHYMAOPIIUTY WK MOOaHuIa Tanmirad oK XakMid  (Qjiur, TOHHA/IA) Ba TPAHCIIOPT WIIIA
€xu oK ainaHumu ( Pius, TOHHAKMIA)HU aBTOMOOWIE uil KyHuapu (AKy ) ra HucOatu Ounax
TOMWIUIIA MYMKUH:

me — Qi Q.
Q’ok’ — Uuui — < uui : (18)
AK, Z A
=1
N P.
PmmKMK — tun uun (19)

AK, KZ AW’
=1

Oy epna, Aux— MMITHUHT Xap Oup « - Ui kyHuaa (K € {1+ K, }) UIITa YUKKaH aBTOMOOMII
Ku
TPAHCIOPTHU BOCHUTAJIAPH COHU Ba 4K, = ZAMK 3ca WWJI 1aBOMHJIA MIITa YUKKAH aBTOMOOWIT
k=1
TPaHCIOPTHU BOCUTAJIADUHUHT HUFUHIU KuiimaTu [4].

IOk Tammmra Gynran 3XTHEXKIAPUHN TAbMHUHJIANI UIIOHWIMIUTH MYXUM aXaMUsT KacO
sTagu. VMcTepMOMUMIapHy MIAKJUTAHTaH SXTUEXUHNA TabMHUHJIAINTA KApaTWIraH TPAHCHOPT HII
XaKMJIApUHU Oakapull y4yH, Xap OUp aBTOTPAaHCIOPT BOCUTAJIAPUHUHT MapUIpyT HYHaIUIIN
Ba TaIMII >KapaHJapu KYpCaTKUWIApWHHM aHMKJIAI JIo3uM Oymamu. Tammm skapaéHUHU
TAlIKWJI 3TUNIA acOCUM Tayiald, UCTEhbMONYWIAp IXTUEKUHM OeirujaHraH Mynaaatiapia Ba
camapajay BapuWaHTAA TabMUHIANIAH uOopaT OYmamu. Maskyp TamaOHu Oaxkapumr dca
MCTEHMOIYM MaH3WUIapra TAllUII XU3MATH KYPCATUIIHUHT 3J€MEHTap *KapaHJIapuHU KaHIan
[IAKJUTAHUIIMHUHT 00BEKTHB KOHYHUSTIIAPHHN YyKyp OMIMIIUMH3 Ba €UUMIIap UIIad YMKHIIIa
XucoOra oJMIIUMHU3Ta OOFITUKINDP.

Tammi skapa€HUHU JIEMEHTIIApU Ba KYpCATKUYIAPUHYA aBTOTPAHCIIOPT BOCUTAIAPUHUHT
xap oup Typu (i), Xxap Oup xaigoBuu (I) Ba Tammi iyHanmumm (j) yayH aHMKIAmn go3uM. FOk
TAIIAIIHAHT OUTTA FOKJIN KATHOB BAKTH liowrx OMITaH Mdoganananu. KOKIM KaTHOB BaKTH 3ca, 10K
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KYHATHUII Ba KaOyll KU MaH3WIApUIard aBTOTPAHCIIOPT BOCUTAIAPUHU TYpHO KOJIHII BAaKTH
e« Ba Oy MaH3WILIAap Oopacu/ia 0K OMIIaH XapaKaTiIaHWUII BaKTH toxryap TAPUHUHT HUFUHIUCHIAH
ubopar 6ynanu, sbHH,

thKJl.K - tIOKJZ.)Cap + tDIC—K . (20)
KaTHOB BakTu 3ca aBTOTPAHCIOPT BOCHUTACHHHU SHA IOK JKYHATHUII MaH3WINWTa €TKa3HIL
yUyH OaXkapuiiaJurat 10KCu3 Uy IopUILITa KeTraH tioweyqp BAKTHU XUCOOTA OaH, SHHH,

t =t +t =t +1 +t . (21)

oK. XD 1oKc.xap oK. Xap 1oKc.xap

KartHoB Baktn 1 toxkam Ba fokcu3 wymmap ysymimkiaapura (low Ba loxe) Ba
ABTOTPAHCIIOPT BOCUTACHHU FOKJIM Ba FOKCU3 XapaKaTjaHWIN TeXHUK Te3nukiaapura( Vrow Ba
VT 10xc) OOFTMKIUD, THHH,

J— IFOK'./Z IFOKC
L=ty e (22)
T .roxn T .10xc

ABTOTpaHCTIOPT BOCUTAJApUHU MapmpyTaa Oymran (7) BakT MoOaitHuaa OaxxapraH
KaTHOBJAp coHM (Zk) Ba OyHja Tammira ok xaxmu (Q') Kyliugarnya aHuKIaHaau:

T—ZIO

_ V.
z, =1 b 2 29)
tK I}0K7 IPOKC
+ +1,. .
VT.}OK.‘! T .1oKkc
T
Q :qH'7/CT'ZK (24)

Oy epna, Xlo Ba to -aBroTpancnopt BocutacuHu (7) BaKTOa YTraH HOJUHYM WYIUTapu
HuruHArCH Ba Oy HyHM O0CHO YTHIITa KETraH BaKT;

FOxopunaru udponanapaan daxar Zlo, T, low: , loxe KypcaTkudnap Oepuiran y3rapmac
KaTTaJMKIap XUCOOIaHa i, KOJITaHIapH 3ca TacOMuHil KypcaTKkuwiap cudaTnia MakuIaHa/Iq.
KatHoB BakTH Macodara Ba TE3NIMK MapaMeTpiapUHUHT Tacoauduil pyEéora YMKUIIMra OOFIMK
Oynran mypakkad ¢yHKIus cudaTraa makiaHaau, SsbHH,

tK - f( I VT.;om’

XapakaTJaHUII Te3JUTH Xap OUp | - TypJaru aBTOMOOMJI Ba | - TALIMII HYHAIHMIIH YIyH
Typsin (akTopIiap TabCUPUAA MIAKIITIAHAN: MacallaH, My IapOUTH, aBTOMOOMIIHY KOHCTPYKTHB
TEXHUK UMKOHMSTIAPU Ba YHU TEXHUK XOJaTH, TAIIUIAETTaH 0K TabCUPH, UYIJaru TPAaHCIOPT
OKMMH, XaHJOBUMHU XapaKaTJaHWII PEKUMH Ba TE3NMUIMHU pyEOra uukapuml Oopacumaru
PyXuil-pU3MOIOTUK XycycusaTiaapu Kabu Qakroprap aBTOMOOWIHHM XapaKaTIaHWUII TE3JIUTMHU
HIAKJUTAHTUPagl. AMMO, Oy (akTOpJIIApHUHT TE3JIMKKa TabCUPU BAKT MoOaifHHWIa Ba MapuIpyT
Oyitnabd mommuid amac, ynap y3rapu6 typaau. Iy Tydaiam aBTOMOOWIIHM TEXHHUK TE3JIUTH, FOK
KYHATYBUM Ba KaOyn KHJIMII MaH3WUIapuia TypuO KOJWII BaKTH, YHU IOKJIM Ba IOKCH3
KaTHOBJIApJa OpHILI BaKTJIapu KaOW KypcaTKuuiap TacoAu(uil KaTTalMKIApHU MaTeMaTHK
KYTWINIIY cuaTuaa Kapaauliy JIo3uMm [5].

KatHoB (i) Ba 10kiu KaTHOB (tixix) BaKTJIIAPH YMYMHUHPOK KaTTaIUuK cudaTHIa yIapHA
TAIIKWJI ATYBYM KYPCATKUWIAPUHUHT MaTeMaTHK KyTWwiMIuiapuaan noopar 6ynanu. ly acocna
Mapupyrga  (aoauAT  KypcaTa€TraH — aBTOTPAHCIOPT  BOCUTAJAPUHU  MHUKAOPUH
XapaKTepUCTHKACH, STbHU MOJENH Kyiunarnya udoaananaim:

vV, t

oK1 T 0KC T .1oxc M*K)
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M) = M (o) + ML)
M(t)=M(,,..)+M{,..)+M({E,.)

M (tK) — IlOKﬂ. IIOKC. + M(t:”c_K)

+
MWVr ) MV )

FOKJI.K

(25)

T_ZIO/M(VTO)_ Ty _ . )
M () ; M@Q')=q, 7 M(Z,)

Xyaoca (Conclusion)

[lyHn TabKUANAIl SKOM3KM, OXHUPIH MaiTiapradya aBTOMOOMJUIAp/A IOK TaIIWIIHUA
TAIKWI JTUII  HYHamumugard EHAONIYBIAp, TalIMIl >KapaCHJIApUHM  XapaKTepjoBYH
KypcaTkuuigap acocuga udoma STwiran O0ynub, OyHIa KYpcaTKUWIapHU IIAKJUTAHUIIWHU
tacomuuii TabuaTH Ba yJAPHUHT KUHMaTIapuHU TeOpaHUIIM XHCcOOTa onuHMarad. byHnai
€HJaNIyB peXaau UKTUCOAUET IIAPOUTUAATH NWIIJIMK TALINII PEKATAPUHY Ty3ULIA KYJUIAHAIIN
MaHTHUKUH acocra sra 31u. UyHku kapaénnap Kyn MapTanald KalTapuiauiid oKuOaTuaa ylnapHU
n(poaanoBUd MapaMeTpiapHU ypTaua KUMMaTiapd 3XTUMOJUIAp HA3apUsCUHU KaTTa COHJIAp
KOHYHUTa MYBO(DHK Y3WHUHT Tacoauduii XxapakTepuHU HYKOTHO, TOMMHUIN KaTTaIuKIap TYCHHH
omap »onu. bynpmaii €HmamyB OyryHrw IapoWTHAa o3ara KelraH Tajadiapra, sSbHU
MCTEHMOIUMHU KYHJIAJTUK SXTUEKMHH SHT KaM Xapa)kaTjap Ba 3aXupanap XaXMHAa Te3KOPIUK
OuJaH TabMUHIIANI TAMOWMIIIAPUTA TYFPU KEIMaHIH.

M(Z,)=
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ASFALTOBETON QOPLAMALARINI MUSTAHKAMLIGINI OSHIRISHDA SANOAT
CHIQINDILARIDAN FOYDALANISH

Maxkamov Dilshod Ismatillayevich
NamMQI, dotsent dm1684@mail.ru, +998993627801

Annotatsiya. Maqgolada birinchi marta asfaltbeton goplamarini mustahkamligini oshirish
uchun sanoat chigindilaridan foydalanib olingan kompozitsion materiallarning samarali tarkibi
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bo‘yicha tadqgiqot natijalari keltirilgan bo‘lib, olingan kompozitsion materiallarni issigqqa,
deformatsion siljishga, yorilishga chidamliligini ko‘rsatib o‘tilgan

AHHoOTanmusi. B craTtee BHEpBbIE IPEACTaBICHBI  PE3yJbTaTbl  MCCIEIOBaHUN
Bq)(l)CKTI/IBHOFO CcoCTaBa KOMIIO3UMIIMOHHBIX MATCPHAJIOB, IIOJIYUYCHHBIX C HCIIOJb30BaHUEM
OTXOJ0B MPOMBIIIJICHHOCTH, IJIS ITOBBIIMICHUA ITPOYHOCTU aC(I)aJ'ILTO6eTOHHBIX cMecel.

Abstract. For the first time, the article presents the results of research on the effective
composition of composite materials obtained using industrial waste to increase the strength of
asphalt-concrete mixtures.

Kalit so‘zlar. Fizik mexanik xususiyatlar, issigga chidamlik, kompozisiya, to‘ldiruvchi,
ikkilamchi polietilen, ingrediyentlarning mexanik faollashuvi, siljishga chidamlilik, yorilishga
chidamlilik, ishchanlik, massa zichligi, mustahkamlik chegarasi, qattiglik, zarbiy govushqoqlik,
igna botish chuqurligi, yumshash harorati halga va shar, mo‘rtlik harorati, alangalanish harorati,
asfaltbeton kompozitsiyalar.

KawueBbie cioBa. DuU3NKO-MEXaHUYECKHE CBOWCTBA, TEPMOCTOMKOCTh, COCTaB,
HAaII0JIHUTCIIb, BTOpH‘IHBIfI IIOJINDTUIICH, MEXaHHUYCCKas aKTHUBallus HUHI'PCAUCHTOB,
COIIPOTUBJICHUC CIABUTY, TpeHlHHOCTOﬁKOCTB, 06pa6aTBIBa€MOCTB, MacCoBasd INIOTHOCTD, IMPCACIT
TEKYy4eCTH, TBEpPJOCTb, YIapHas BS3KOCTb, TJIyOMHAa NPOHUKHOBEHUS WIJIBI, TEMIepaTypa
pasMATYCHUA KOJIbDa MW MIapHuKa, TEMIICpATypa XPYIIKOCTH, TEMIICpATypa BOCIINIAMCHCHUS,
ac(haabTOOCTOHHBIC KOMIIO3UITHH.

Key words. Physical mechanical properties, heat resistance, composition, filler,
secondary polyethylene, mechanical activation of ingredients, shear resistance, crack resistance,
workability, mass density, yield strength, hardness, impact viscosity, needle penetration depth,
softening temperature ring and ball, brittleness temperature, ignition temperature, asphalt
concrete compositions.

Kirish. O‘zbekistondagi jami avtomobil yo‘llar tarmog‘i 209,5 ming kmdan ziyod
uzunlikda bo‘lib, undan 42,869 kilometri umumiy foydalanishdagi avtomobil yo‘llari, 141,883
kilometr ichki xo‘jaliklararo, qishloq, shahar va ovullarning avtomobil yo‘llari, 24,745 km
esa - idoraviy inspektorlik yo‘llari tarmog‘i hisoblanadi. Joriy yil Investitsiya dasturiga asosan
2735,8 km.lik umumiy foydalanishdagi avtomobil yo‘llarida hamda “Obod qishlog”, “Obod
mahalla” va boshqa dasturlarga asosan 10 114,5 km ichki yo‘llarda, shahar ko‘chalarida qurish,
gayta qurish ishlari amalga oshiriladi.

Shuningdek, Xalgaro moliya institutlari bilan hamkorlikda 7 ta loyiha amalga oshirilmoqda.
Jumaladan:

- Osiyo taraqgiyot banki ishtirokida — A-380 “G*‘uzor-Buxoro-Nukus-Beyneu” avtomobil
yo‘lining 87 km qismini rekonstruksiya qilish;

- Osiyo taraqqiyot banki ishtirokida — A-373 “Toshkent-O‘sh” avtomobil yo‘lining 3 km
gismini rekonstruktsiya qilish;

- Islom taraqqiyot banki (ITB) ishtirokida M39 “Toshkent-Termiz” avtomobil yo‘lning
1395-1400 km va 1410-1426 km (21 km) gismlarini rekonstruksiya qilish;

- Osiyo taraqgiyot banki ishtirokida — A-380 “G*‘uzor-Buxoro-Nukus-Beyneu” avtomobil
yo‘lining 240 km qismini rekonstruktsiya qilish;

- Osiyo infratuzilma investitsiyalar banki ishtirokida — A-380 “G*uzor-Buxoro-Nukus-
Beyneu” avtomobil yo‘lining 78 km qismini rekonstruktsiya qilish;

- Jahon banki ishtirokida — Toshkent, Andijon, Farg‘ona va Namangan viloyatlari
mahalliy avtomobil yo‘llarini rivojlantirish;

- Saudiya taraqqiyot jamg‘armasi va Quvayt arab iqtisodiy taraqqiyot jamg‘armasi
ishtirokida — 4R87 “G‘uzor-Chim-Ko‘kdala” avtomobil yo‘lining 35 km qismini rekonstruktsiya
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gilish loyihalaridir.

Mamlakatimizda avtomobil yo‘llari tarmog‘i bo‘yicha yuzaga kelgan hagigiy holat va
rivojlanish darajasi yo‘l xo‘jaligining barcha yo‘nalishlariga doir aniq va samarali chora-
tadbirlarni ishlab chigishni, avtomobil yo‘llarini qurishda yo‘l qurilish materiallarini sifatini
oshirishga e’tibor qaratish hozirgi kunda dolzarb muammolardan biridir[1].

Tadqgiqgot usullari. Sinovlarni o‘tkazishda baholash mezoni sifatida yumshash xaroratini
aniqlash uchun “Xalga va shar” jihozidan, 25°C da ignani botish chuqurligini aniglashda
penetrometr jihozidan, cho‘ziluvchanligini aniglashda duktilometr jihozidan foydalanildi.

Yumshash xaroratini aniqlash uchun “Xalqa va shar” jihozidan foydalanildi. Chinni
kosachada sinaladigan bitum 120°C ga qadar 15 min qizdirildi. Po‘lat plastinkaga tal’k kukuni
bilan qorishtirilgan glitserin surkaldi. Eritilgan bitumni halqaga quyib va sovugandan keyin
uning sirti issiq pichoq bilan halga qirrasi bo‘ylab tekislandi. Bitum sovugandan keyin uning
ustiga po‘lat shar qo‘yilib va halqalar shtativdagi maxsus teshiklarga joylandi va shisha idishdagi
suvga (25°C) botirildi. Keyin 15 min ushlab turildi. So‘ngra shisha idish asbest to‘rli elektir plita
ustiga qo‘yildi va suv minutiga 5°C tezlikda isitildi. Bitum yumshab, po‘lat shar halganing ostki
takchasiga bitumga o‘ralgan holda asta-sekin oqib tushdi. Shu vaqtdagi suvning temperaturasi
bitumning yumshash temperaturasini ifodaladi.

25°C da ignani botish chuqurligini aniglashda penetrometr jihozidan foydalanildi.
Penetrometr vintlar bilan gorizantal qilib o‘rnatildi. Suvsiz bitumni qumli isitgichda eritib,
undan o‘rtacha namuna olindi va po‘lat idishchaga solindi. Temperaturasi 25°C bo‘lgan
termostatda bitumli idish bir soat davomida sinalguncha saqlandi. Keyin bitumni idishchaning
temperaturasi 25°C bo‘lgan suvli idishga botirib, penotrametrning stolchasiga o‘rnatildi. Bitum
bilan igna uchi orasidagi masofa 10 mm ga to‘g‘rilandi. Siferblat ko‘rsatkichi “0”ga
to‘g‘irlandi. Keyin bir qo‘lda sekundamerni ushlab, ikkinchi qo‘l bilan penetrometrning
tugmasini bir vaqtda bosildi. Tugma 5 sekunddan keyin qo‘yib yuborildi. Bunda siferbalatdagi
ko‘rsatkich qo‘zg‘alib ignaning bitumga gancha chuqurlikka botganligini gradusda ko‘rsatdi[2].
Cho‘ziluvchanligini aniqlashda duktilometr jihozidan foydalanildi. Bitum chinni kosada eritildi
va uni 0,5 mm li elakdan o‘tkazilib yaxshilab aralashtirildi. Tunika plastinka ustiga latundan
ishlangan sakkiz shaklidagi qolip bo‘laklari yig‘ildi va qolipning ichki sirtlariga glitserin
surkaldi. Eritilgan bitumdan qolipga quyildi. 30-40 min xona haroratida sovutildi va sirtini
qizdirilgan pichoq bilan sidirilib yuzi tekislandi. Bitum qolip bilan 25°C temperatura suvda 60-
75 min saqglandi. Keyin qolip duktolometrga o‘rnatildi, duktolometrdagi suv harorati 25°C ga
keltirildi. Suvning sathi bitum namunadan 2,5 sm yuqori bo‘lishi ta’minlandi. Duktolometr 5
sm/sek tezlikda gorizontal yo‘nalishda yurgizildi. Bitum cho‘zildi va u uzildi. Tunika chizg‘ich
bo‘ylab yuruvchi ko‘rsatkich yordamida aniglangan masofa bitumning cho‘ziluvchanlik
ko‘rsatkichini bildirdi.

Tadqgiqot natijalari. Hozirgi kunda yo‘l qurilish bitumiga bo‘lgan extiyoj kundan kunga
ortib bormoqda. Undan tashqgari yoz oylarida xavo haroratini keskin ortishi hisobiga,
asfaltobeton goplamali yo‘llarda ko‘plab buzilishlar yuzaga kelmoqda.

Shu o‘rinda, asosiy e’tibor hududlardagi mahalliy avtomobil yo‘llarini yanada
rivojlantirishga garatilganligini e’tiborga olib, yuqorida keltirilgan muammolarni gisman
bo‘lsada ijobiy hal gilish magsadida asfaltobeton gorishmalariga go‘shimcha materiallar qo‘shib,
uning mustahkamligini oshirish bo‘yicha ilmiy ishlar amalga oshirilmoqgda.

Plastmassa chigindilaridan foydalanib olinadigan asfaltobeton qorishmasini tayyorlashda BND-
40/60, rezina kukuni va “UZCHASYS” MCHJdan chiqayotgan plastmassa chiqindilaridan
foydalanildi[6].

Qattiq rezina chigindilari kabi plastmassa chigindilari ham odatda sanoat chigindilari va

MEXAHUKA BA TEXHOJIOI'M S WJIMUI )KYPHAJIH, 2023, Ne 4 (13)
120



ABTOMOBIJI BA KUIIJIOK XYKAJIMK MAILIMHAJIAPU

maishiy chigindilariga bo‘linadi. Plastik xomashyosini ishlab chigarish jarayonida turli quyma,
bo‘laklar, brak tolalar shaklidagi texnologik chigindilar hosil gilinadi. Turli plastmassa
buyumlariga shakl berish uchun quymalar yasash jarayonida ham nugsonli mahsulotlar,
bo‘laklar, quymalar kabi gattiq chigindilar hosil gilinadi. Bunday chigindilar aksariyat holatlarda
quyidagi ikki yo‘nalish bo‘yicha gayta ishlanadi:

1) gattiq chigindi ganday mahsulot ishlab chigarish jarayonida hosil bo‘lgan bo‘lsa, shu
jarayonda gaytadan foydalanish;

2) boshga mahsulot ishlab chigarishda foydalanish.

Plastmassa chigindilari bilan birga ko‘p migdorda gimmatli organik moddalar yo‘qotilib,
ulardan foydalanish tashkil gilinsa, tabiiy neft va gazdan foydalanish ko‘lami kamaytirilib, atrof-
muhit ifloslanishining oldini olishi mumkin bo‘ladi. Shuningdek, igtisodiy muammolari ham hal
qilish imkoniyati tug‘iladi, ya’ni ikkilamchi polivinilxlorid, polietilen, polistirolning tannarxi
birlamchilariga nisbatan 2,5-6 marotaba, ikkilamchi kapronning tannarxi birlamchisiga nisbatan
12 marta kamdir. Plastmassa qattiq chiqindilarini qayta ishlashdan avval ular yig‘ilib, saralanadi,
boshqga aralashmalardan tozalanadi va zichlanadi hamda granulalanadi. Ushbu gattiq plastmassa
chigindilarini gayta ishlash usullari asosan ularni tozalash darajasi, geometrik o‘lchamlari, tashqi
ko‘rinishi, go‘shimcha aralashmalarning borligiga bog‘liqdir. Plastmassa qattiq chiqindilarini
gayta ishlashning eng  muhim usullariga  maydalash, ekstruziya, to‘ldirish,
deplastmassaizatsiyalash, eritish, kimyoviy modifikatsiyalash kiradi.

1-rasm.“UZCHASYS” MCHJdan chiqayotgan plastmassa chiqindilari

“EXPERT LABORATORY” MCHJ laboratoriyasida tasarrufidagi  drobilka
(maydalagich) yordamida “UZCHASYS” MCHJdan chigayotgan plastmassa chigindilarini
maydalandi (2-rasm).
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2-rasm.“UZCHASYS” MCHJdan chigayotgan plastmassa chiqindilarini maydalangan
xolati
Maydalangan plastmassa chigindilarning kimyoviy xossalarini quyidagi 1-jadvalimiz
orgali ko‘rishimiz mumkin.

1-jadval
“UZCHASYS” MCHJdan chigayotgan plastmassa chiqindilarning
fizik mexanik xossalari
T . Nisbiy T Zarbiy

. Zichligi Mustaxkamlik P Qattiqgligi -

Material olsm’ chegarasi, MPa cho OZ/(I’|IShI NV qOVL':;r;;qrggllgl
Plastmassa

chigindi 0,98 25-38 100 1,8-2,6 4-18

Namunaviy bitum kompositsiyaning fizik-mexanik xususiyatlariga rezina kukuni va
“UZCHASYS” MCHJdan chigayotgan plastmassa chiqindilari bir qancha organik va noorganik
ingrediyentlarni ta’sirini kompleks o‘rganib shunday xulosaga keldikki, asfaltobeton qoplamali
yo‘llarni xizmat muddatini oshirishda yugori markali bitum kompozitsiya yaratish mumkin.
Yaratilgan bitum kompositsiyalarning tarkibi 2- jadvalda keltirilgan.

2-jadval
Yaratilgan bitum kompozitsiyalari
Yo¢l iglim mintaqgalari uchun bitum kompozitsiya tarkibi,

Komponentlar %
I I i v \%
Bitum BND 40/60 60 60 60 60 60

“UZCHASYS” MCHJdan
chigayotgan plastmassa 25 23 21 19 17
chigindi

Rezina kukuni 15 17 19 21 23

Yaratilgan 5 ta markali bitum kompozitsiyaning halga va shar usuli bo‘yicha yumshash
haroratini, penitrometr jihozi yordamida ignani botish chuqurligini, duktilometr jihozi yordamida
cho‘ziluvchanligini anigladik. Tekshirish natijalariga ko‘ra yaratilgan V-markali mastikada

MEXAHUKA BA TEXHOJIOT'MS MJIMHIA XKYPHAJIH, 2023, Ne 4 (13)
122




ABTOMOBIJI BA KUIIJIOK XYKAJIMK MAILIMHAJIAPU

yuqori natijalarga erishilganligini 3- jadvalda ko‘rishimiz mumkin.

3-jadval
Yaratilgan bitum kompozitsiyalarini fizik-mexanik xossalari
Ko‘rsatgichlar | 1 i v \Y/
Halga va shar ugléll bo‘yicha yumshash 50 60 20 80 90
harorati,”S, kam emas
0 - - - - -
25 °S da ignani botish chuqurligi, 0,1 38 40 42 44 16
mm, kam emas
Cho‘ziluvchanligi, 25 °S da, kam emas 51 52 53 54 55
Suvga to‘yinuvchanligi, 24 soatda, kam 0.2 0.2 0.2 0.2 0.2
emas
Tayyorlash vaqti, soat 1,0-1,2

Shunday qilib, avtomobil yo‘llarining asfaltobeton qoplamalarni xizmat muddatini
oshirish uchun bir gator bitum kompozitsiyalarning quyidagi samarali tarkiblari birinchi marta
yaratildi: I, 11, 111, IV, V. Ushbu bitum kompozitsiyalarni - 30 dan + 90°C gacha bo‘lgan harorat
oralig‘idagi iqlim sharoitlarida ishlatish mumkin.

Ikkilamchi xomashyolar asosida bitum kompozitsiyalarni ishlab chiqgarish, samarali
tarkibini olish uchun texnologik liniyalar va ilmiy-uslubiy tamoyillar ishlab chigildi. bitum
kompozitsiyalarni olishning optimal texnologik rejimini aniglash magsadida I, II, I, 1V, V
markali mastikalarning fizik-mexanik xususiyatlariga qaynash harorati va vaqtining ta’siri
o‘rganildi[5].

Qaynash vagtini 1 soatdan 1,2 soatgacha va haroratini 120 dan 160°C ga oshirsak, bitum
kompozitsiyalarni fizik-mexanik xossalarini qaynash vaqtiga va haroratiga bog‘liqligi mos holda
o‘zgarishini egri chiziglardan ham ko‘rishimiz mumkin.1-rasmda V-markali mastikalarning
fizik-mexanik xossalarini haroratda qaynash haroratiga bog‘ligligi keltirilgan. Egri chiziqdan
ko‘rinib turibdiki, gaynash vaqti 1 soatdan 1,2 soatga oshirilganda yumshash haroratining
ko‘rsatkichi ham 50 dan 90°C ga oshadi[4].

o0

=4] - =]
= = =

Yumshash harorati,’s
tn
=

08 09 1.0 11 12
Qavnash vaqti, t soat
3-rasm. V-markali bitum kompozitsiyalarning fizik-mexanik xossalarining harorat 160 +
5°C bo‘lgandagi qaynatish vaqtiga bog‘ligligi
Yugqorida keltirilgan ma’lumotlardan ko‘rinib turibdiki, texnologik rejim bitum
kompozitsiyaning muhim Kko‘rsatkichlari shakllanishiga sezilarli darajada ta’sir ko‘rsatadi.
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Tajriba natijasiga tayangan holda yugori fizik-mexanik va ekspluatatsion ko‘rsatkichga ega
bo‘lgan bitum kompozitsiyalarni olishning optimal texnologik rejimi ishlab chiqildi (4-jadval).

4-jadval
Bitum kompozitsiyalarni olishning optimal texnologik rejimi ko‘rsatkichlari
Texnologik Bitum kompozitsiya
ko‘rsatkichlar [ I 11 v V
Qaynatish
harorati, °C 120 130 140 150 160
Qaynash vaqti, 0,8 0,9 1,0 11 12
soat

4-jadvaldan ko‘rinib turibdiki texnologik rejim I-marka uchun gaynash vaqti 0,8 soat,
harorati 120°C, ll-marka uchun gaynash vaqti 0,9 soat, harorati 130°C, Ill-marka uchun gaynash
vaqti 1 soat, harorati 140°C, IV-marka uchun gaynash vagqti 1,1 soat, harorati 150°C, V-marka
uchun gaynash vaqti 1,2 soat, harorati 160°C tashkil etadi.

Xulosa. Ikkilamchi plastmassa va rezina kukunlaridan foydalanib olingan bitum
kompozitsiyalarni asfaltbeton gqoplamalarning tarkibiga kiritish orgali ularning mustahkamlik va
boshqga ekspluatatsion xossalarini oshirishning samarali usuli taklif etildi.

Ikkilamchi plastmassa, rezina kukunlarini bitum bilan modifikatsiyalab yuqori fizik-
mexanik xususiyatlariga ega bitum kompozitsiyasini samarali tarkibi ishlab chigildi.

Taklif etilayotgan bitum kompozitsiyasi tarkibida ikkilamchi plastmassa, rezina
kukunlaridan foydalanish hozirgi kunda yo‘l qurilishi soxasida dolzarb muammolardan biri
bo‘lgan bitumni 40% gacha tejash imkonini beradi.

Ikkilamchi plastmassa, rezina kukunlarni fizik-mexanik xossalariga ta’sirini o‘rganish
natijasi ularni faollashtirish va bitumlarni modifikasiyalashda siljish va sigilishdagi
mustahkamlik chegarasi oshishiga olib keladi.
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RESPUBLIKAMIZ ICHKI YO‘LLARINI XIZMAT MUDDATINI OSHIRISHDA
GEOSINTETIK MATERIALLARDAN FOYDALANISH.

Xabibullayev Alimardon Xidoyatillayevich
NamMQI, dotsent khabibullaev@mail.ru, (998883695555)

Annotatsiya. Maqgolada birinchi marta respublikamiz ichki yo‘llarini qurishda geosintetik
materiallardan foydalanib mustahkamligini oshirish bo‘yicha tadgiqgot natijalari keltirilgan
bo‘lib, buning natijasida asfaltobeton qoplamalarini deformatsion siljishga, yorilishga
chidamliligini oshishiga erishilgan.

AHHOTanusi. B craThe BHEpBBIE MNPEACTaBICHBl PE3YJbTAaThl HCCIENOBAHUN IO
MOBBIIICHUIO TPOYHOCTH BHYTPEHHUX aBTOMOOWJIBHBIX JOpOT HAaIlIed pecrmyOauKd 3a CueT
MNPUMCHCHUSA T'COCUHTCTUICCKUX MATCPHUAJIOB.

Abstract. For the first time, the article presents the results of the research on increasing
the strength of the internal roads of our Republic by using geosynthetic materials.

Kalit so‘zlar. Geotekstil material, geosetka o‘ramlari, bitum emulsiyalari, temir shayba,
yo‘l poyi, GAT texnologiyalari, chaqgiq tosh, qum-shag‘al aralashmasi, gaynoq yirik donali
yugori g‘ovak asfaltobeton.

KiawueBble cjioBa. ['€OTEKCTHIBHBIA MaTepHal, TeoceTKa, OWTyMHBIE 3MYIbCHUH,
JKeje3Has Imaiiba, mopoxkHoe ocHoBaHuWe, ['AT-texHosoruu, mieOeHb, IeCYaHO-TPABUHHAS
CMeCh, KPYITHO3EPHHUCTHIN BBICOKOIIOPUCTHIN ac(haabToOETOH.

Key words. Geotextile material, geonet wraps, bitumen emulsions, iron puck, road base,
GAT technologies, crushed stone, sand-gravel mixture, large-grained high-pore asphalt concrete.

Kirish. Respublikamizning shahar va gishloglarini obodonlashtirish, chiroyli va ko‘rkam
turar joy binolari, ishlab chigarish inshootlari va shahar ko‘chalarinii barpo etish, shuningdek,
tekis va ravon yo‘llarni qurish va ta’mirlash hozirgi kunning dolzarb vazifalaridan biri
hisoblanadi. O‘zbekiston Respublikasi Prezidentining 2017-yil 7-fevraldagi farmoni bilan
tasdiglangan 2017-2021yillarda O‘zbekiston Respublikasini rivojlantirishning beshta ustuvor
yo‘nalishi bo‘yicha ‘“Harakatlar strategiyasi”da keyingi besh yilda barcha sohalarda olib
boriladigan islohatlarning aniq yo‘nalishi belgilab berilgan. Jumladan, “Ijtimoiy sohani
rivojlantirish” deb nomlangan to‘rtinchi yo‘nalish tuman va shaharlarni kompleks va mutonasib
holda ijtimoiy iqtisodiy taraqqiy ettirish, aholini arzon uy-joy, elektr energiya, gaz, yo‘ltransport,
muhandislik-kommunikasiyalar bilan ta’minlashni yaxshilash, shuningdek, “Oliy o‘quv yurtlari”
ta’lim sifatini yaxshilash hamda ularni rivojlantirish, zamon talablariga javob beradigan yuqori
malakali kadrlarni tayyorlash chora-tadbirlarini amalga oshirishni nazarda tutadi. Insoniyatning
tarixiy rivojlanishida “yo‘l fenomeni” muhim o‘rinni egallab, hayot va turmush darajasini
yaxshilashda wuning xissasi beqgiyosdir. Avtomobil yo‘llari ham o‘zining “ixchamlilik”
Xususiyatiga ko‘ra, yer yuzida foydalaniladigan barcha yo‘l tarmoglari ichida asosiy
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infratuzilmalardan biri hisoblanadi [1].

Respublikamiz mustaqilligining dastlabki yillaridan boshlab joylarda kapital qurilish
sohasiga jumladan, yo‘l qurilishiga ham alohida e’tibor berib kelinmoqda. Yo°l qurilishi
sohasida avtomobil yo‘llarini qurish, ta’mirlash va ularga qarov o‘tkazish ishlarida industrial
usullar va zamonaviy texnologiyalardan, yangi uslub va me’yorlardan foydalanilmoqda.

Tadqgiqot usullari. Geosetka (SSP) ni yotgizish avval asosni tayyorlash ishlaridan
boshlanadi. Ikki gavvat geosetkani yotgizishda birinchi bo‘ylama gatlam, so‘ngra ko‘ndalang
gatlam yotgiziladi. Geosetkani zichlash asosan go‘l yordamida 3-4 ishchi bilan bajariladi.
Geosetkalar P yoki G shaklidagi metal ankerlar yordamida asosga mahkamlanadi.

Geosetkani yotgizishdan oldin asosdagi ayrim nugsonliklar (chuqurlar, yoriglar va
boshq.) bartaraf etilishi lozim. Pastki gatlam quruq va changlardan tozalangan bo‘lishi kerak.
Qatlamning tekisligi belgilangan talablarga mos bo‘lishi kerak.

Tadqgiqot natijalari. Geosetka o‘ramlari ish joyiga bevosita yotgizishdan oldin olib
kelindi.Uning uzunligi yotgiziladigan gavatning uzunligiga mos xolda xisoblandi. Geosetka
yotgizish jarayoni boshlangunga gadar o‘zining mahsus ximoya o‘ramida saglanishi magsadga
muvofiq bo‘ladi. Ximoya o‘rami buzilgan geosetkani quyosh nurida goldirish mumkin emas.

Yopishqoq bog‘lovchi sifatida bitum emulsiyalaridan foydalanildi. Bitum emulsiya sarfi
0,6 dan 1,1 I/m2gacha me’yorlashtirildi. Sepish kengligini esa geosetka kengligidan 10 - 15 smga
katta holda sepildi[2].

Geosetkani yotgizish uning ximoya goplamasini buzishdan boshlanadi. Geosetka uncha
katta bo‘lmagan tortish kuchi ta’sirida yotqizilishi lozim bo‘lgan maydon chetlaridan kamida
0,10-0,15 m chigarib yotqizildi. Geosetkani mahkamlash temir shayba yordamida 1,0-1,3 m
oralig‘ida bajarildi. Geosetkani bo‘ylama yo‘nalish bo‘yicha oralig 3,0-5,0 m, ko‘ndalang
yo‘nalishda 1,0-1,3 mni tashkil etdi.

Ixtiyoriy tuzilishdagi geosetka bir biridan kuchlanishni gabul qilish darajasi va
ekspluatatsiya gilish xossalariga ko‘ra farglanadi.

1-rasm. Geosetkani yo‘l poyiga yotgizish jarayonlari
Geosetka materialini yotgizish uchun yo‘l poyi asosi yuzasi tekislandi, toza va quruq
bo‘lishi ta’minlandi. 3 mmdan katta yoriqlar berkitildi. Chuqurliklar va siniqlar ko‘p migdorda
bo‘lgan gismlariga tekislovchi gatlam yotqizildi. Barcha geosetkalar maxsus himoya gatlamiga
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ega bo‘lib, u fizik-mexanik xossalarini yaxshilanishiga olib keldi. Natijada, materialni
deformatsiyaga bardoshli va mustaxkamligi oshishiga olib keldi.

Eski qoplamada ko‘p uchraydigan haroratdan yoriladigan yoriglarni orasi 4 m va undan
kichik bo‘lsa, yoriglar to‘rining yuzasi ta’mirlanadigan bo‘lakning 20% gacha gismini tashkil
gilsa, to‘r ta’mirlanadigan bo‘lakning hamma yuzasiga dastlabki tozalash (chang va moydan
tozalash, chuqurliklarni va o‘lchami 3 m dan katta yoriglarni to‘ldirish) va bog‘lovchi modda
quyishdan so‘ng yotqizildi. Transport yukidan yuzaga keluvchi, o‘zaro 8 m dan katta masofada
joylashgan haroratdan hosil bo‘lgan yoriglar bo‘lganda, yoriglar joylashgan joylarda va xususan,
uning ustida to‘rlarni yotqizish magsadga muvofig. Hosil gilinayotgan gatlamcha eni 1,5-2,0 m
dan kam bo‘lishi mumkin emas va u yoriglarni to‘ldirilgandan so‘ng amalga oshiriladi. Geosetka
atrof-muxit ta’siriga aynigsa, namlik va quyoshning ultrafeolit nurlariga juda chidamlidir[3].

rasm. Geosetkani yuklanishni gabul gilishi

Ta’mirlanayotgan qoplamani tayyorlashda uni loy va changdan tozalandi, hamma
chuqurliklar va g‘ildirak izlari bartaraf qilinadi, yirik yoriqlar (kengligi 3 mm dan katta)
berkitiladi. Bu ishlar amalga oshirilmaganda, asfaltobetondan gatlamlari o‘zaro va geosetka bilan
mustahkam birlashmaydi, geosetka yo‘l konstruksiyasiga Kiritilishidan kerakli samara
olinmaydi[4,5].

Namangan shahar Ma’rifat MFY Qo‘gon ko‘chasini (Sardoba bozoridan Toshbulog
aylanma yo‘ligacha) masofani axborot texnologiyalaridan foydalanib GAT texnologiyasi va
shagomer orqali aniglandi.

Avtomobil yo‘llarini qurishda bajariladigan yer ishlari, odatda, qurilayotgan yo‘l uzunligi
bo‘yicha bir xil bo‘lmaydi. Yer ishlarining hajmi ko‘tarmaning balandligi va o‘ymaning
chuqurligiga garab o‘zgarib turadi. Yo‘l poyining tuzilmasi ham bu tavsiflarga va bundan
tashqari, grunt-gidrogeologik sharoitga garab o‘zgaradi.

Bularning hammasi, umuman olganda, ayrim texnologik jarayonlarni yoki
texnologiyaning o‘ziga xos farglanishini belgilaydi. Ammo yo‘l poyini qurishda quyidagi ish
tarkibi o‘zgarmas hisoblanadi: tayyorgarlik ishlari, ko‘tarmalarni qurish va o‘ymalarni
o‘yishdagi asosiy ishlar, pardozlash ishlari.

Yer ishlari har xil mashinalar yordamida bajariladi, ishning kerakli sifatini ta’minlanishi
uchun ularni shunday tanlash kerakki, har bir mashindan to‘liq foydalanilsin. Bu esa ish
unumdorligini oshishiga va ishning tannarxi kamayishiga olib keladi[7].

Turli sharoit va texnologik jarayonlar uchun mashinalarni tanlash har xil variantlarning
hisobi va texnik-igtisodiy solishtirish asosida olib boriladi.
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3-rasm. Namangan shaxar Ma’rifat MFY Qo‘gon ko‘chasini geometrik o‘lchamlarini GAT
texnologiyalari orgali aniglash.

Namangan shaxar Ma’rifat MFY Qo‘gon ko‘chasini 1506 metrini mukammal ta’mirlash
jarayonida asos gatlamini qurishda geosetka (geotekstil) materialidan foydalanildi.

10956,8 m? mukammal ta’mirlanayotgan avtomobil yo‘lining 1m? yuzasiga 300gramm
nisbatda geosetka (geotekstil) materiali yotqizildi. Ushbu yo‘l uchun 3,29 tonna geosetka
(geotekstil) materiali ishlatildi.

Shundan so‘ng, GOST 25607-2009da keltirilgan talablarga asosan h=0,25sm qalinlikda
asosni ostki gatlamiga, 16361,2 m? yo‘l yuzasiga (geosetka (geotekstil) ustidan) qum-shag‘al
aralashmasidan 5181,10 m® xajmda tashib kelib, avtogreyder yordamida yoyib tekislandi. GOST
3344-835-20 talablariga asosan, 5-20 mm o‘lchamdagi chagiq toshdan 245,42 m3, galinlikda
40-70 mm o‘Ichamdagi chagiq toshdan 2846,85 m® xajmda asosni o‘rta gatlami uchun h-15sm
galinlikda tashib kelib, avtogreyder yordamida yoyib tekislandi.

0.05 H ‘ | H ‘ HH Hl ‘ - Qaynoq mayda donali zich a/b qorishmasidan goplamani
’ ustki gatlami B-tur, marka I, GOST 9128-2009 -0.05m
0,07 — Qaynoq yirik donali g‘ovak a/b qorishmasidan goplamani

;jff ostki gatlami marka I, GOST 9128-2009 -0.07m.
0,09 H;'fr J;’%— Qaynoq yirik donali yuqori g‘ovak a/b qorishmasidan

asosni ustki gatlami, marka I GOST 9128-2009 -0.09m

© 0.15 _ Chagig toshdan asosni o‘rta gatlami fraksiyalari GOST
ol 3344-835-20; 40-70 mm h-0,15m.
< Qum-shag‘al aralashmasidan asosni ostki qatlami
GOST 25607-09 S3 h-0,25m.
0,25

Geotekstil 300gr/m? GOST 5902.2-2003 (ISO 9073-
2:1995) GOST 53225-2008. (PK5+00-PK15+06)

4-rasm. Namangan shaxar Ma’rifat MFY Qo‘qon ko‘chasini mukammal ta’mirlash yo‘l
to‘shamasi turlari
Qaynoq vyirik donali yuqori g‘ovak asfaltobeton qorishmasidan asosni ustki gatlami
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uchun GOST 9128-2009 talablariga asosan 16361,2 m? bitum BND 90/130 markali 8,18 tonna
bitum va 9 sm galinlikda 3360,59 m? asfaltobeton qorishmasi asfaltobeton zavodidan olib kelib,
asfaltyotqizg‘ichda yotqizib, katokda zichlandi.

Qaynoq yirik donali g‘ovak asfaltobeton qorishmasidan asosni ustki qatlami uchun
GOST 9128-2009 talablariga asosan 16361,2 m? bitum BND 90/130 markali 3,27 tonna bitum va
7 sm qalinlikda 2648,22 m3 asfaltobeton gorishmasi asfaltobeton zavodidan olib kelib,
asfaltyotqizg‘ichda yotqizib, katokda zichlandi.

Qaynoq mayda donali yuqori g‘ovak asfaltobeton qorishmasidan asosni ustki gatlami
uchun GOST 9128-2009 talablariga asosan 16361,2 m? bitum BND 90/130 markali 3,27 tonna
bitum va 5 sm qalinlikda 1976,43 m? asfaltobeton gorishmasi asfaltobeton zavodidan olib kelib,
asfaltyotqizg‘ichda yotqizib katokda zichlandi.

Yo‘l poyini qurilishida ishi, ekspluatatsiya xarajatlarini ishlash muddati va ta’mirlar
oralig‘ini uzayishi xisobiga erishiladi.

Geosetkaning yo‘l gatlamlari tarkibiga kiritish gatlamlar galinligini kamayishi va yo‘l
qurilish materiallar sarfini kamaytirishga sabab bo‘ladi, bu esa material xarajatlarini kamaytiradi.

Qatlamlar galinligini kamaytirilmasa, goplamaning mustaxkamligi ortishi hisobiga uning
ekspluatatsion xarajatlari kamayadi.

Xulosa. Avtomobil yo‘llarini qurishda innovatsiyalardan foydalanish mexanizmlarini
takomillashtirish, asfaltbeton qoplamalariga ta’sir qiluvchi turli xil omillarga chidamliligini va
bardoshliligini oshirish uchun geosetkalardan foydalanishni magsadga muvofiqdir,

Avtomobil  yo‘llari go‘mitasining viloyatlar xududiy yo‘llardan foydalanish
tashkilotlarining avtomobil yo‘llarini saqlash va ta’mirlash sohasidagi faoliyatlarini
muvofiglashtirish, ularning me’yoriy-huquqiy faoliyati, avtomobil yo‘li sohasidagi ilmiy-
tadgiqgot ishlarini rivojlantirish kabi tadbirlar avtomobil yo‘llari holatini yaxshilashga xizmat
giladi.

Yol to‘shamasini loyihalashda geosintetik materiallar yaxshi ishlash xususiyatlari barcha
turdagi yo‘llar qurilishida barcha ajoyib dasturlarni topishga imkon beradi. Ushbu material
elastiklikni, mexanik va kimyoviy xarakterga chidamlilik, harorat farglariga chidamliligi bilan
ajralib turadi. Shuningdek, yo‘l geosetkalari ta’mirlash ishlaridan so‘ng uni yanada
kuchaytiruvchi vosita sifatida kamaytiradigan yo‘l goplamasi sifatida go‘llaniladi va yo‘llar
o‘tkaziladi.
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ICHKI BO‘SHLIG‘IGA PASSIV PICHOQLAR O‘RNATILGAN FREZALI
BARABANNING PARAMETRLARINI ASOSLASH

Qidirov Adxam Rustamovich
NamMQI, PhD., katta o‘gituvchisi, +998972177611, agidirov@mail.com

Annoraunusi: Maqolada rotatsion mashinaning freza barabani parametrlari asoslangan
bo‘lib, unda frezali baraban diskining bir tomoniga o‘rnatilgan pichoglar soni, radiusi, aylanma
tezligi, pichogning gadami kinematik ish rejimi, agregatning ilgarilanma harakatdagi tezligi,
frezali baraban pichoglari ganotlarining o‘rnatilish burchagi, pichoglar o‘rnatiladigan disklari
orasidagi masofa, pichoq tig‘ining o‘tkirlanish burchagi, pichog ganotining uzunligi,
barabanning aylanishlar soni va pichoq ganotining egilish burchagi aniglash ifodalari keltirilgan.

AnHoTamusi: B cratu mpencrtaBieHbl MOJIOKEHBI TapamMeTpsl ¢pesepHoro OapabaHa
POTOPHOM MaIIUHBI, K KOTOPBIM OTHOCSITCS KOJMYECTBO HOXEW, YCTAHOBJIEHHBIX C OJHOU
CTOpOHBI JMCKa ¢pe3epHoro OapabaHa, paadyc, YacTOTHl BpaICHUsS, IAroBBIX JIOMATOK,
KMHEMaTUYEeCKUI peXuM padOThl, CKOPOCTb arperara B IOCTYHAaTEJIbHOE JIBUKEHHUE, YIoj
YCTAaHOBKM Jiomacteld ¢pe3epHoro OapabaHa, pacCTOSHHE MEXIYy IUCKAaMH, Ha KOTOPBIX
YCTAHOBJICHBI HOKH, YTIJIa 3aTOYKH HOKCBOI'O IIOJIOTHA, AJIMHBI KpblJIa JIOIIACTH, YMUCJIa O60pOTOB
6apa6aHa, " YroJI HaKJIOHA JIOIIACTHOT'O KphbLiIa.

Annotation: The article lays out the parameters of the milling drum of a rotary machine,
which include the number of knives installed on one side of the milling drum disk, radius,
rotation speed, blade pitch, kinematic mode of operation, forward speed of the unit, installation
angle of the milling drum blades, distance between the disks on which the knives are installed,
the sharpening angle of the blade, the length of the blade wing, the number of revolutions of the
drum, and the angle of inclination of the blade wing.

Kamur cy3map: frezali baraban, baraban radiusi, aylanma tezlik, pichoq gadami, ish
rejimi, o‘rnatilish burchagi, disklari orasidagi masofa, o‘tkirlanish burchagi, qanotning uzunligi,
aylanishlar soni, egilish burchagi.

KaroueBble ciaoBa: (pesepHblii 6apabaH, paguyc OGapabaHa, 4yacToTa BpalleHMs, IIar
HOEH, peXUM pabOoThl, YroJl YCTAaHOBKU, PACCTOSIHME MEXIY AMCKaMH, yrojl 3aTOYKH, JIJIMHA
KpblJia, KOJIMYCCTBO O60pOTOB, YroJt HaKJIOHaA.
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Keywords: milling drum, drum radius, rotation speed, blade pitch, operating mode,
installation angle, distance between disks, sharpening angle, wing length, number of revolutions,
tilt angle.

Bugungi kunda frezali mashinalar katta energiya talab gilishiga garamasdan o‘tloglar
holatini yaxshilash, ekishdan avval ishlov berish, bog® va tomorgalarda ishlov berishda
almashtirib  bo‘Imaydigan dehgonchilik vositasiga aylanmoqda. Mashinalarni energiya
hajmdorligi uning konstruktsiyasidan kelibchigadi. Ish bajarish jarayonida freza katta tezlikda
aylanishi va tuprogni intensiv yumshatib, o‘lchami katta bo‘lgan kesak va palaxsalarni
maydalashi kerak. Taklif gilinayotgan tuprogqga ishlov berish vositasida freza barabani ichiga
passiv pichoglar joylangan. Bundan magsad freza tezligini kamaytirish va o‘lchami katta yirik
kesak va palaxsalarni ortigcha energiya sarf gilmasdan eguvchi kuchlanish hisobiga
maydalashdir.

Tuproqga ekish oldidan ishlov berishda energiya sarfini kamaytirish uchun yangi
innovatsion usullar yaratilmogda va ularni amalga oshirish uchun yangi texnik vositalar taklif
etiladi. Yanigi texnik vositalar vyaratishda rivojlanish yo‘nalishlarining biri rotatsion
mashinalarning rotorni optimal parametrlarini tanlashdir. Energiya sarfini minimallashtirish
uchun uning aylanish o‘qini jihoz bo‘ylab oldinga burish tavsiya etiladi. Kuchlanishni o‘lchash
natijalari shuni ko‘rsatadiki, vertikal aylanish o‘gi va doimiy chuqurlashtirilgan pichoglar bilan
solishtirganda, rotorning aylanish o‘qini pichoglar nisbiy harakat trektoriyasining orga yarmiga
chuqurrog tushguncha egish jarayonining energiya intensivligini 2,4-2,6 marta kamaytirishga
imkon beradi. Shu bilan birga, ishlov berish chuqurligi ish kengligi jihatidan begaror bo‘lib
goladi, ammo bu pichoglarda ijobiy hodisa sifatida gabul gilinishi kerak. Bu ularning ramaga
maxkamlanishning o‘ziga xos jihatiga bog‘liq [1].

Frezaning konstruktsiyasini takomillashtirishning muhim yo‘nalishi —pichog turini
tanlash va uning parametrlarini optimallashtirish. V.B.Mostovkiy o‘z ishida egilgan G-shaklli
pichog eng kam energiya sarflashini keltirgan [2].

Jarayonning matematik modellashtirish natijasida shartli nomi “qaldirg‘och gqanoti”
kombinatsiyalashgan pichogning konstruktsiyasini tahlil gilindi. Uning pastki kesuvchi pichog‘i
po‘lat tasmaning pastki gismini uzunasiga kesish va shu tarzda olingan yarmini turli
yo‘nalishlarda egish orqgali hosil gilingan. Vertikal o‘q rotorining kuchlanishini o‘lchash
natijalari  yangi  konstruktsiyasining sezilarli afzalligini ko‘rsatdi, ammo wuni to‘liq
optimallashtirish tugallanmagan. SHu munosabat bilan oldingi tadgiqotlarda hisobga olinmagan
go‘shimcha parametrlarni baholash dolzarb vazifadir [3].

Rotatsion mashina frezali barabanining konstruktiv, texnologik va ish rejimlarini
belgilaydigan asosiy parametrlar quyidagilar hisoblanadi (1-rasm)

Frezali baraban diskining bir tomoniga of‘rnatiladigan pichoglar soni. Frezali
baraban pichoglar o‘rnatiladigan disklarga ega. Ularga pichoglar ikki tomondan o‘rnatiladi.
IImiy-texnik adabiyotlarda keltirilgan ma’lumotlar bo‘yicha [4; 276-b.] har bir diskka bir
tomondan 2 dona dan 4 dona gacha pichoglar o‘rnatilishi magsadga muvofiq. Bunda disklarga
pichoglarni 3 dona dan o‘rnatilishi tuprogni yetarli darajada maydalash hamda nisbatan yuqori
tezlikda ishlash va ish unumini oshirish imkonini beradi. Shundan kelib chiggan holda, har bir
diskni bir tomoniga o‘rnatiladigan pichoglar sonini 3 dona gabul gilamiz.

Frezali barabanning radiusini quyidagi ifoda bo‘yicha aniglaymiz [5; 77-b.]

R >R, +Ah +h | (1)
bunda Rg-freza pichoglari mahkamlanadigan diskning radiusi, m; 4h-freza pichoglari

mahkamlangan disk va dala yuzasi orasidagi tirgish, m; h-ishlov berish chuqurligi, m.
Freza pichoglari mahkamlanadigan diskning radiusi freza valining radiusi, pichoglar soni,
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pichoq ustunining eniga bog‘liq bo‘lib, uni quyidagi ifoda bo‘yicha aniglash mumkin [6; 108-b.]

=R, t+ , 2

d v 27[ ( )

bunda Ry-frezali baraban valining radiusi, m; zsfrezali baraban diskining bir tomoniga
o‘rnatilgan pichoglar soni, dona; by - pichoq ustunining eni, m.

z+—frezali baraban diskining bir tomoniga o‘rnatilgan pichoglar soni, dona; R—frezali baraban
radiusi, m; w—baraban pichoglarining aylanma tezligi, m/s; S—pichogning gadami (pichogga
uzatish) m; A— kinematik ish rejimi; V—frezali baraban (agregat)ning ilgarilanma harakatdagi
tezligi, km/h; yfrezali baraban pichoglari ganotlarining o‘rnatilish burchagi, °; b—frezali
barabanning pichoglar o‘rnatiladigan disklari orasidagi masofa, m; i—pichoq tig‘ining
o‘tkirlanish burchagi, °; £—pichoq ganotining uzunligi, m; n—barabanning aylanishlar soni, r/min;
Re—pichoq ganotining egilish burchagi, °.
1-rasm. Frezali barabanning asosiy parametrlari

(2) ifodani hisobga olganda (1) ifoda quyidagi ko‘rinishga ega bo‘ladi [6; 108-b.]

Z,,
R >R + +Ah +h
6 : (3)
27
Rv=0,05 m, z=3, by=0,04 m, 4h=0,010 m [35; 108-b.] va h=0,10 m qgabul gilinib, (3)
ifoda bo‘yicha o‘tkazilgan hisoblar frezali barabanning radiusi kamida 0,179 m bo‘lishi
lozimligini ko‘rsatdi. Olingan natijani yaxlitlab, R=0,180 m gabul gilamiz.
Baraban pichoglarining aylanma tezligini quyidagi ifodalardan foydalanib aniglanadi.

V2Rh—h? (J + mR?)
W——jg——z[q]ggf———r 4)
p(1-k*)

Bundan
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(J +mR?)
3EJp (1-k2)@Rh —h?)’ ®)

V, >[o,R

o

ekanligi kelib chigadi.

(5) ifodadan ko‘rinib turibdiki, baraban pichoglarining aylanma tezligi uning radiusi,
inersiya momenti, ishlov berish chuqurligi hamda kesaklarning mustahkamligi, massasi,
elastiklik moduli, zichligi va tiklanish koeffitsiyentiga bog‘liq.

llgari bajarilgan tadgigotlarga asosan, [oen]=3,5-10° Pa, E=1,9-10° Pa, p,=1200 kg/m?,
m=1,02 kg, ki=0,3, J=0,11 kgm? hamda R=0,18 m qgabul gilib, (5) ifoda bo‘yicha o‘tkazilgan
hisoblar kesaklarni sifatli maydalanishini ta’minlash uchun frezali baraban pichoqlarining
aylanma tezligi kamida 6 m/s bo‘lishi lozimligini ko‘rsatdi. V_, ni ortishi frezali barabanni

aylantirish uchun talab etiladigan quvvatni ortishiga olib kelishini hisobga olib, pichoglarning
aylanma tezligini 6 m/s deb gabul gilish magsadga muvofig.

Pichogning gadami. Frezali barabanning ikkita qo‘shni pichoglari harakat
trayektoriyalarining bir xil nugtalari dala yuzasida gorizontal bo‘yicha bir-biridan S masofaga
siljigan bo‘ladi (2-rasm) va bu masofa pichog gadami deyiladi. Uni quyidagi ifodalar bo‘yicha
aniglash mumkin.

27V 27R
S =2 : s ="
Z.0 yoki » (6)
71 O: O -
.y
L & |
B

g :

2-rasm. Pichogning gadamini aniglashga doir sxema

Bu parametr frezali barabanning kesaklarni maydalash darajasi va uning
energiyahajmdorligini belgilaydigan eng muhim parametrlardan hisoblanadi.

Uni ortishi kesaklarni maydalanish darajasi va energiyahajmdorlikni kamayishiga,
kamayishi esa ularni ortishiga olib keladi.

Ilgari bajarilgan tadgigotlarga asoslangan holda pichoq gadamini 0,0942 m deb gabul
gilamiz. Pichog gadamini bundan katta bo‘lishi kesaklarni maydalanish darajasini
yomonlashuviga, kichik bo‘lishi esa energiya hajmdorlikni ortishiga olib keladi.

Frezali barabanning ish rejimini (6) ifodadan foydalanib aniglaymiz. Bu ifodani A ga
nisbatan yechib, quyidagiga ega bo‘lamiz:

27R
A=—s (7)
Z¢S
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Bu ifodaga R, zr va S larning yuqorida aniglangan va gabul gilingan giymatlarini go‘ysak,
A ning giymati 4 bo‘lishi lozimligi kelib chigadi.

Frezali baraban(agregat)ning ilgarilanma harakatdagi tezligini o va A larning ma’lum
giymatlari bo‘yicha quyidagi ifoda bo‘yicha aniglaymiz:

v=2 8

7 ®)

®w va A ning yuqorida Kkeltirilgan giymatlarini ushbu ifodaga qo‘yib, frezali

baraban(agregat)ning ilgarilanma harakatdagi tezligi 1,5 m/s (5-7 km/h) oralig‘ida bo‘lishi
lozimligini aniglaymiz.

Frezali baraban aktiv pichoglari ganotlarining o‘rnatilish burchagi. Bu burchak
pichog ganotining orga tomoni AB ish jarayonida uning tig‘i, ya’ni 3-rasmdagi A nuqta hosil
gilgan MK trayektoriyaga tegib qolmasligi shartidan aniglanadi. Chunki aks holda pichogning
orga tomoni u tomonidan ishlov berilgan tuproqga tegib ishlashi natijasida frezali barabanning
botishi yomonlashadi hamda energiya sarfi ortadi (pichoq orga tomonini ishlov berilmagan
tuprogga botishi natijasida). Pichoglar ganotlarining o‘rnatilish burchagining yuqorida
ta’kidlangan shart bajarilishini ta’'minlaydigan qiymati pichoq ganotining enini hisobga olgan
holda quyidagi ifoda bo‘yicha aniglanadi.

—-arccos(1~+ 2 )
4 ST 9)

bunda fK— pichoq ganotining kengligi, m.

| O

K
3-rasm. Frezali baraban pichoglari ganotlarining o‘rnatilish burchagini aniglashga
doir sxema
bp=0,40 m [7; 108-b.] gabul gilib, hamda A ning yuqgorida aniglangan giymatlarini qo‘yib,
(9) ifoda bo‘yicha y burchak 68° oralig‘ida bo‘lishi lozimligini aniglaymiz. y burchakni ushbu
olingan natijadan katta bo‘lishi yuqorida ta’kidlangandek pichoq orqa tomonini ishlov
berilmagan tuproqga tegishiga, kichik bo‘lishi esa energiya sarfini ortishiga olib keladi.
Frezali barabanning bitta seksiyasidagi disklar orasidagi masofani quyidagi ifoda
bo‘yicha aniglaymiz:
b=2l, +t+A, (10)

bunda lq—pichoq ganotlarining uzunligi, m; t—diskning galinligi, m;
A—garama-garshi joylashgan I'-simon pichoq uchlari oralig‘idagi masofasi, m [8; 388-391-b.].
14=0,128 m, t=0,004 m va A=0,04 m gabul gilib, (10) ifoda bo‘yicha frezali barabanning
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disklari orasidagi masofa 0,30 m bo‘lishi lozimligini aniglaymiz.

Pichoq tig‘ining o‘tkirlanish burchagini tig® tezda o‘tmaslanib golmaslik shartidan
kelib chiggan holda 30° gabul gilamiz.

Frezali barabanning aylanishlar sonini uning aylanma tezligi V, va radiusi R ning
yuqorida aniglangan giymatlari asosida quyidagi ifoda bo‘yicha aniglaymiz.

N 30w
TR (11)

Bu ifodaga @ ning va R ning yugorida keltirilgan giymatlarini go‘yib, barabanning
aylanishlar soni 318 r/min bo‘lishi lozimligini aniglaymiz.

Pichoq ganotining egilish burchagini frezali baraban butun gamrash kengligi bo‘yicha
bir xil chuqurlikka ishlov berishni ta’minlashi shartidan 90° gabul gilamiz.

Demak, o‘tkazgan tadgigotlarimizning natijalariga bo‘yicha frezali baraban diskning bir
tomoniga 3 dona pichoq o‘rnatilishi, uning radiusi 0,180 m, aylanma tezligi 6 m/s, pichogning
gadami 0,0942 m, frezali barabanning ish rejimi 4, agregatning ish tezligi 1,5 m/s, pichoglar
ganotlarining o‘rnatilish burchagi 68°, frezali baraban bitta seksiyasi uzunligi 0,30 m, pichoq
tig‘ining o‘tkirlanish burchagi 30°, ganotining uzunligi 0,128 m, barabanning aylanishlar soni
318 r/min, pichoq qanotining egilish burchagi 90° bo‘lishi lozim [9; 10].
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MATHEMATICAL JUSTIFICATION OF THE MOVEMENT OF VEHICLES
THROUGH AN ADJUSTABLE INTERSECTION

Ernazarov Aziz
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Abstract: The article presents the results of a study of modeling the process of crossing a
regulated intersection by a vehicle, taking into account the synchronization of traffic flow. The
introduction of coordinated regulation in accordance with the "green wave" system is considered,
which creates a number of advantages over individual regulation at each intersection: the speed
of traffic on the highway increases, transport stops at intersections are reduced, the number of
road accidents decreases. The different manner of driving vehicles by drivers is considered.

Annotatsiya: Magolada transport ogimining sinxronizatsiyasini hisobga olgan holda
transport vositasi tomonidan tartibga solinadigan chorrahani kesib o‘tish jarayonini simulyatsiya
qgilish bo‘yicha tadgiqot natijalari keltirilgan. "Yashil to‘lgin” tizimiga muvofiq kelishilgan
tartibga solishni amalga oshirish ko‘rib chigildi, bu har bir chorrahada individual tartibga solish
bilan taggoslaganda bir gator afzalliklarni keltirib chigaradi: avtomagistralda harakatlanish
tezligi oshadi, chorrahalarda transport to‘xtash joylari kamayadi, yo‘l-transport hodisalari soni
kamayadi. Haydovchilar tomonidan transport vositalarini boshgarishning turli xil usullari ko‘rib
chigiladi.

Annoranusa: B craTthe IpeACTaBICHbl PE3YyNbTaThl HCCICIOBAHUSI MOJACIUPOBAHUS
Ipolecca IepeceueHuss TPAHCIIOPTHBIM CPEACTBOM PETYIUPYEMOIO MNEPEKPECTKA C YUYETOM
CUHXPOHU3AIIUU TPAHCIIOPTHOT'O IIOTOKaA. PaCCMOTpeHO BHCAPCHUC COIrj1IaCOBaHHOI'O
peryJMpoBaHusi B COOTBETCTBUU C CUCTEMOM "3ejieHas BoJiHA" co3aroliee psijl MPEeUuMYIIECTB 0
CpaBHCHHUIO C HMHAWBUAYAJIbHBIM PCTYJIMPOBAHUCM Ha KAXKIOM ICPCKPCCTKEC: YBCIMYUBACTCA
CKOpPOCTb JABMIXXCHHA II0 IIMOCCEC, COKpallaroTCA OCTAaHOBKH TpPaHCIIOPTAa Ha IMCPEKPECTKax,
YMEHBIIAETCS KOJIMYECTBO TOPOKHO-TPAHCIIOPTHBIX IMPOUCHIECTBUN. PacCMOTpeHBI pa3iinyHble
MaHCPHU yIIpaBJICHUA TPAHCIIOPTHBIX CPEACTB BOJUTCIISAMHU.

Keywords: vehicles, modeling, traffic flow, intersection, regulation cycle,
synchronization, braking, transport delays.

Kalit so‘zlar: transport vositalari, modellashtirish, transport ogimi, chorrahalar, tartibga
solish sikli, sinxronizatsiya, tormozlash, transport kechikishi.

KiroyeBbie c¢Jj10Ba: TPaHCIOPTHBIE CPEACTBA, MOJACIUPOBAHUE, TPAHCIIOPTHBIN IOTOK,
MEPCKPECTOK, UKII PETYIUPOBAHUS, CHHXPOHU3aAI WA, TOPMOKCHUEC, TPDAHCIIOPTHLIC 3aICPKKH.

The economic development of the country depends, among other things, on the
development of the transport system. The active development of the transport system contributes
to a comfortable human existence, improves living conditions and increases work efficiency.

With the increase in the number of motor transport, problems on the road network are
becoming more complicated. The use of improved methods of traffic regulation does not bring
the desired result for all transport. Drivers, using their own vehicles or working in government
agencies or enterprises, use the same routes every day, have the main majority of the same routes
that they overcome from day to day. Not all drivers take advantage of forecasting in traffic on
permanent routes, which leads to an increase in emissions of €0, [1-2,8,9,10], increased fuel

consumption and increased loss of time to move along the road network.
In order to solve this problem, it is necessary to consider the analysis of recent
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publications on the study of traffic flows, traffic management, modern systems and
recommendations for the passage of regulated road sections, etc.

Analysis of research and publications has shown that for a long time, the study of
vehicle movement modes in various fields of knowledge has been conducted. Leading experts
such as: M. S. Fishelson, G. Potthoff, A. A. Polyakov, D. Drew, G. Grinberg, A. Koroglu, JI.
Pipes, A. Shul, R. Oliver, F. Haight, E. O. Reitzen, etc. They have made a significant
contribution to the study of traffic flows and the movement of the vehicle as a whole.

Extensive experience and the versatility of scientific processes have not increased the
level of practical solutions to the problem. Thus, studies of the traffic flow, its intensity,
composition, speed, density, the availability of means of regulating traffic, geometric elements of
sections [3,8] made it possible to create the "green wave" system, which first appeared back in
1926 [4]. Looking at it, you can see that it was not perfect, the traffic light signals were not
programmed and switched with the help of a person who was standing at the traffic light. For a
full-fledged organization of the "green wave", it was necessary to involve at least one more
person.

The introduction of coordinated regulation according to the "green wave" system has
created a number of advantages over individual regulation at each intersection: the speed of
traffic on the highway increases, transport stops at intersections are reduced, the number of road
accidents decreases.

The system is constantly being improved. So, in 2016, in test modes, they began to
actively implement the "green wave" on the streets of the city[5]. This led to an increase in the
speed limit and capacity on certain sections of the road network, as well as a reduction in traffic
congestion.

Considering the research of scientists in the city of Copenhagen, one can see the
disadvantages of the "green wave"[6]. The mode of operation of five traffic lights and three types
of transport was investigated: bicycles, passenger vehicles, buses. The movement of vehicles
using the "green wave" was displayed in two directions: the forward direction of movement and
the reverse.

In the forward direction of movement, the Green Wave system operates normally, since
all vehicles pass traffic lights without stopping.

Considering the movement in the opposite direction, it can be seen that the movement of
vehicles was energy-consuming, since the passage of traffic lights by vehicles occurred with a
stop. From this it can be concluded that the "Green Wave" system, making a continuous passage
of traffic lights in one direction of the traffic flow of vehicles, and in the other — in the opposite
direction, it was not possible to organize the same continuous movement. Therefore, it is
necessary to reduce the time spent by the car in acceleration and stop mode, and thereby
reducing fuel consumption and emissionsCQ,.

During observations of the actions of drivers on regulated sections of the road, it was
found that the absolute majority of them, approaching the traffic light when the red signal is lit
on it, perform the following actions:

J turn off the transmission, transferring vehicles into rolling motion;
o immediately in front of the traffic light object, taking into account their own experience
and driving style of vehicles, the service braking mode is used to reduce speed and stop.

This method of braking and stopping is performed with low intensity until the very stop,
does not cause discomfort to the driver and passengers [7].

Thus, during the movement with the initial speed Vn, the stop in front of the stop line of
the traffic light schematically occurs in two stages (Fig. 1, a).
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Figure 1. Passage of a regulated section of road with a stop in front of a traffic light
stop line: a) schematic; b) experimental

At the first stage, the vehicle moves coasting at a speed V, for a time t,, , and during this
time the vehicle passes the path 5., .

Experimentally, the dependence of the change in the speed of movement during the
approach to the stop line of the traffic light was determined (Fig. 1, b).

According to research data, it can be seen that during the rolling motion t, before
stopping at a prohibited traffic light signal, the speed changes insignificantly. Taking into
account the fact that the rolling motion lasts for a few seconds, we can assume that V,, % const. It
can also be assumed that service braking starts at a speed of V,, & V.

The second stage begins when the driver begins service braking with deceleration
j-immediately in front of the traffic light object during time t. and ends when the vehicle stops
in front of the stop line for which the path 5. will pass, waiting for the enabling signal to turn
on[8].

Based on this, it can be written that the stopping path and the stopping time of vehicles
are equal:

Sy =S, + S, (1)

ost —
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t =t +t )
where 5 ..., 5. is the rolling path and the service braking path, m;
t,.axs b - COasting time and service braking time, s.
As a rule, service braking occurs with deceleration

j.=1+2.5m/s*
Then the time and path of service braking will be equal:
Vv
t ~ 1 3
TRV, 3)
ST — JTt'lg
2
or S; = V'_“ 4)
2);
Taking into account (1,2), the path and time of coasting is equal to:
Snak = Soct + ST (5)
Sna
tnak = V_nk (6)
After the transformations we get:
S \Y
nak — —rek _n (7)
Vi 2

The coasting path before service braking is equal to:

S =V, t

nak = Y ntnak

When you know the time that will be on for the alarm to allow movement (t,,-,.), and the

distance from the vehicle to the traffic light (S), you can analyze the traffic situation, given (1, 2)
and install this:
—ift,., < ti,-. , the driver slows down and forced to stop before the traffic light, as it

will be still on forbidding signal;
—ift,,, =t;,-, andS,.. =S, then the driver can pass the traffic light without stopping

at the green signal, which will light up after the red one.

In the process of developing a mathematical model of braking in front of a traffic light
object, taking into account experimental research, mathematical dependences of the time and the
way of stopping were established, which makes it possible to predict the road situation during
the passage of regulated road sections.

Taking into account long-term observations and recommendations, the following
modeling conditions were adopted: the distance to the traffic light is 200 m, the initial speed (V)

in the range from 5 m/s to 15 m/s, deceleration during service braking (j,) is 1.5 m/s*
deceleration during coasting (j,..;) is 0.16 m/s*, the time until the enabling signal of the traffic
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light (t,4,=.) is in the range from 10 s to 40 s. As a result, the dependences of the maximum final
velocity ( V. ,....) are obtained) from the initial speeds (¥},) and the time until the enabling signal
of the traffic light (¢,,,) is turned on (Fig. 2).

\I?n r:-“.'m'&

15

10

0 1
10 15 20 25 30 is 10

H“’L ma, HLE

15
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b)
Figure 2. - The effect of t4,.,, on V. ,..... during the normal passage of a traffic light object:
a)V, =15 m/s; b) V,, =10 m/s

Considering the options for changing the initial speed of vehicles (Fig. 2), it is necessary
to highlight that in most cases drivers will stop at a red traffic light signal, almost regardless of
the change in the initial speed[9].

Considering the simulation of changes in the maximum final speed during the passage of
a regulated section of road, it can be concluded that drivers in 53.7% (blue zone) stop at a red
traffic light and accelerate from zero speed, and only in 46.3% of cases vehicles pass the traffic
light at a green signal without stopping (in Fig. 2, the transition from light blue to orange).

Considering the passage of vehicles through regulated sections of roads, it is necessary to
allocate the proportion of drivers approaching a traffic light object in traction mode. This
irrational option of driving a regulated section of road occurs in the following sequence: the
driver moves in traction mode until the traffic light and only before the traffic light begins to
perform service braking, which can sometimes turn into an emergency.

Based on the results of calculations, graphical dependences of the maximum final speed
V. maxfOr an irrational travel option are constructed and the possibilities of driving without

stopping with different initial speed V,, are determined. At the same time, other conditions are

investigated and accepted, where the speed of rolling on the movement in traction mode has
changed and the deceleration during service braking has changed to 2.5 m/s*.
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Considering this variant of irrational travel at different initial speeds, it can be seen that
the number of traffic light passes without stops decreases, and the time before the enabling signal
of the traffic light at ¥, = 15 m/s cannot exceed 13 s.

As a result of the simulation, it is necessary to highlight that drivers under given
conditions in 55% of cases will stop in front of the stop line of the traffic light and wait for the
enabling signal to turn on, and only in 45% of cases will pass the traffic light on the green signal
without stopping.
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ANALYSIS OF PRACTICAL CALCULATION METHODS OF EXTERNAL SPEED
CHARACTERISTICS OF ENGINE
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Urazov Bekzod Abdukarimovich
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Abstract. This article describes developing an external speed of the engine
characteristics for teaching the subject of “vehicle constructions” at Technical higher education
institutions. And it is explained easily for bachelor or independent learners in the field of
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automobiles. By using this method (given above) projecting the external speed of the engine,
solving the construction problems, and teaching based on the subject is capable to get a good
result. Modern designs of cars have high reliability with the ability to automatically adapt to
specific operating conditions. The analysis of the level of use of the constructive potential of
heavy vehicles in operation shows that there is a significant reserve for their improvement. The
external speed characteristic is used to obtain complete information about the engine parameters.
The external speed characteristic is a graph of the dependence of engine power and torque on the
frequency of crankshaft revolutions or angular speed.

AnHOTanus. B [aHHOM cTaThe OMNUCHIBAETCA pa3pabOTKa BHEIIHEH CKOPOCTHOM
XapaKTEepPUCTUKKU JIBUTATENs JIA TpenojaBaHus mnpeaMera «KOHCTPYKIIMU TpaHCIOPTHBIX
CpCACTB» B TCXHUYCCKUX BY3axX. N »T0 1erko O6I>SICHI/ITB 6aKanaBpaM HIIN HE3aBUCHUMbIM
CTyJleHTaM B oOyiactu aBToMOOwWieil. lMcmomb3ys 53TOoT MeTo (TIPUBEACHHBIA BBIIIE),
MIPOTHO3UPYSI BHEIIHIOIO CKOPOCTh BHUTATENs, pellas CTPOUTEIbHBIE 3agaud W oOydas Io
MPEAMETY, MOKHO TIOJYYUTh XOpOIIHiA pe3ynbTaT. COBpeMEHHBIE KOHCTPYKIIMU aBTOMOOUIIEH
oGnanaroT BBICOKOH HaZACXKHOCTBIO C BO3MOXKXHOCTBHO aBTOMATHYECKOU aganTaimumu K
KOHKPCTHBIM YCJIIOBUAM OKCILIyaTalluH. Ananmms YPOBHA HCIIOJIb30BAHUA KOHCTPYKTHUBHOI'O
IIOTCHIIMAJIa 60JH>HICpr3HI>IX aBTOM06I/IJI€I7I, HaxoOAmuXxcCAa B OKCILTyaTalluv, IMMOKa3bIBACT, YTO
HMeeTCsS 3HAUUTEILHBIN pe3CpB A HUX COBCPHICHCTBOBAHUA. Bremmsgsa CKOpOCTHAasA
XapaKTePUCTHKA UCTIONB3YETCs [Tl TIOTyYeHUs TTOJTHON WH(pOpMAIMK O TapaMeTpax JBUTATEIs.
Buemmnsas CKOPOCTHAsA XapaKTCPUCTUKA MMPCACTABIIACT coboit Fpa(l)I/IK 3aBUCUMOCTHU MOITHOCTHU U
KpyTAIIETO MOMCHTA MABUTAaTCId OT YaCTOThI 060pOTOB KOJICHYAaTOIr0 BajJla HWIHN erIOBOfI
CKOpPOCTH.

Annoranus. Ushbu magolada texnik oliy o‘quv yurtlarida "Avtomobillarni loyihalash"
fanini o‘qitish uchun dvigatelning tashqi tezlik xarakteristikalarini ishlab chigish tasvirlangan.
Avtomobil sohasida bakalavrlar yoki mustaqgil talabalarga tushuntirish oson. Ushbu usuldan
foydalanib (yuqorida keltirilgan), dvigatelning tashqi tezligini bashorat qilish, qurilish
masalalarini hal gilish va mavzuni o‘rgatish yaxshi natijaga erishish mumkin. Zamonaviy
avtomobil dizaynlari muayyan ish sharoitlariga avtomatik ravishda moslashish qobiliyati bilan
yugqori ishonchli. Amaldagi og‘ir yuk ko‘taruvchi avtomashinalarning konstruktiv salohiyatidan
foydalanish darajasi tahlili shuni ko‘rsatadiki, ularni takomillashtirish uchun katta zaxira mavjud.
Tashqi tezlik xarakteristikasi vosita parametrlari hagida to‘lig ma'lumot olish uchun ishlatiladi.
Tashqi tezlik xarakteristikasi dvigatel kuchi va momentning krank mili tezligiga yoki burchak
tezligiga bog'ligligining grafigi.

Keywords: automobile, engine, wheel, tire, whole mass, torque, power, crankshaft,
rotation frequency, efficiency of the transmission, the coefficient of friction, coefficient of
rolling resistance.

KioueBbie cjioBa: aBTOMOOWIIb, JBUTATENb, KOJIECO, IIHWHA, BCA Macca, KPYTSIIHA
MOMCHT, MOIIHOCTBD, KOJICHYATBIN BaJl, 4aCTOTa BpallCHUA, KHI[ TPAHCMHUCCHUH, KOB(I)(I)I/II_II/ICHT
TpeHwusl, KO3 PUIUEHT CONPOTUBICHUS KAUEHHUIO.

Kalit so‘zlar: avtomobil, dvigatel, g'ildirak, shina, umumiy massa, moment, quvvat,
krank mili, aylanish tezligi, uzatish samaradorligi, ishgalanish koeffitsienti, aylanma qarshilik
koeffitsienti.

Introduction: According to several decrees of the President of the Republic of
Uzbekistan based on transportation and its operations develops transportation field in
Uzbekistan. Nowadays transport is considered essential part of our life. The automobile industry
is developing rapidly last few years in Uzbekistan. The current task is to train, retrain and
improve the skills of mature specialists in the automotive industry. Modern constructions of cars
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have high reliability with the possibility of automatic adaptation to specific operational
conditions. The analysis of the level of use of the constructive potential of trucks in operation
shows that there is a large reserve for their improvement. The development of motor transport
enterprises, the development of modern technology and economy expands the scope of activities
of specialists, increases the requirements for justifying the decisions and evaluating their
economic, social and technical consequences. The main ideas of the development of the
education system in our country, the "Strategy of Actions for the Further Development of the
Republic of Uzbekistan" developed under the leadership of the President of the Republic of
Uzbekistan, became the scientific methodological basis for this study.

Literature analysis and methodology:

I. Askarov [2,3,4] and independent researchers B. Begmatov [5, 7, 8, 9, 10], I. Umirov [6,
11] and A. Ernazarov [12] are conducting research on the development of students' technical
creativity and development of their professional competences.

Issues of reforming the education system, enriching the content of academic subjects,
introducing advanced technologies in teaching, ensuring cooperation between educational and
production enterprises, equipping specialist personnel with modern knowledge and ensuring their
employment. studied in detail by scientists. The factor of development largely depends on the
mental capacity and labor skills of the personnel, which determine the rate of growth in
production, while the research in this area is observed to expand its direction and network.

Results:

Choosing the weight and geometrical parameters is considered the first step of designing
an automobile. In this step, by analyzing the technical characteristics of the vehicle to be set up
several parts of the automobile such as weight, geometrical size, composition, and characteristics
of the engine and transmission. It consists of full mass m,, the number of axles and distribution

of mass to the axles, tire sizes, efficiency of transmission 7, , and creep coefficient k, .
- For light vehicle.
m,=m, +my-n+m,-n=969+75-5+10-5=1394
Here,
m,, — laden mass of the vehicle;

m, — Human mass, average mass is taken 75 kg;

n— the number of seats in the car cabin, with the driver;

m, — Luggage mass, 10 kg for every person in a light vehicle including a driver, for
heavy vehicles 5 kg for the driver and each person in that.

Brief technical characteristics of some models of domestic and foreign cars accepted as
prototypes are given in the list of literature [3]. The types and sizes of tires are determined
depending on the weight that falls on one wheel (the type and geometric dimensions of tires can
be obtained from the technical characteristics of the car during course work).

For calculations, the total resistance coefficient of the road W is approximately
determined by the following formula:

- For light vehicles:

w="f,+046-10°-v>_ =0,015+0,46-10°-163 =0,02722
Here,
f, — coefficient of rolling resistance, for light vehicle is f, =0,015

V.x — 1he maximum speed of the vehicle, km/hour.
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H 2
Creep coefficient k, (———) depending on the type of the vehicle body, it is taken in
]l/l

the range of 0.15-0.35 for light vehicles.

Front side (area) of the vehicle is calculated by following formula:

F,=a-B-H=0,78-1,662-1,393=1,80583

Here,

a — space filling coefficient (a =0,78—0,8—for light vehicles);

B — vehicle width,

H — vehicle height

The efficiency of the transmission 7, depends on the construction of the power
transmission. For calculation, the value of 7, is taken as follows:

For light vehicle 7, = 0,90 -0,95.

The turning radius is determined as follows:

I'. —static radius: the distance from the center of the fixed wheel loaded with normal

gravity to the road surface;
The static radius of a car wheel is determined as follows:

r-00254.94 B A
21000 100

4, radial deformation coefficient of the tire.
A, =080+0,85 for radial tires;

A, =085+0,90 for diagonal tires;

—00254E 185 60 0,83=0,26993

2 1000 100
Discussion:
Selection of engine characteristics. Engine power (kW) is found by the following

formula:
k. F
Ne = : Gal//vmax +ba—vmax 10_3’
3,67, 12,96

Here,
G, =m, - g — full weight of the vehicle, N;
y — total road resistance coefficient;

V...« — the maximum speed of the vehicle, km/hour;
2
k, — creep coefficient, ——;
M
F, =aBH — front side (area) of the vehicle, m.

N = 1 0,22-1,80583-163°
° 36-092 12,96

(1394~9,81-0,02722-163+ J-lO_3 =58,40328
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The external speed characteristic is used to obtain complete information about the engine
parameters. The external speed characteristic is a graph of engine power and torque as a function
of crankshaft rotation frequency (rpm) or angular velocity (s-1).

The dependence of engine power on the frequency of crankshaft revolutions is calculated
using S.R. Leiderman's empirical formula as follows:

LR ORI

n, — the nominal frequency of rotations of the crankshaft corresponding to the maximum
power of the engine, rpm;

n, — the frequency of crankshaft rotations at the current time;

a, b, c— the empirical coefficient depending on the engine type is selected from the table
below (Table-1).

Table-1
Engine
Coefficients Diesel
Carburetors -

Direct Front chamber | vortex chamber

2 1 0,5 0,7 0,6

1 15 13 14

S 1 1 1 1

When calculating the external speed characteristic, it is recommended to take the values
of the minimum rotation frequency n_,, of the crankshaft as follows:

N, = 700—900 rpm — for gasoline engines.

The frequency of crankshaft revolutions n,, corresponding to the maximum power of the

engine is selected from table 2;
When constructing a graph of the relationship between engine torque M, = f(n) and the

frequency of crankshaft revolutions, it is found from the following formula.

M, =9,554.10° Ny
n

Table-2
The nominal frequency of rotations of the engine crankshaft
Engine type Ny, rpm
Light vehicle engines 5200-5600

Values of the graph of the dependence of the engine power on the frequency of
crankshaft revolutions N, = f(n)for carburetor and diesel engines are calculated using the

formula (1.7) and a graph is constructed. The graph of the relationship between the torque and
the frequency of crankshaft revolutions M, = f(n) is built based on the data calculated using the

formula (1.8) for carburetor and diesel engines.
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1O OPRTERNAL SPEED CHARACTERISTICS OF THE ENGIRE™
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Figure 1. External speed characteristic of the engine

=== Dvigatel quvvati

The calculation results are summarized in Table 3, where w = % the angular velocity of

the crankshaft. The number of calculations should not be less than 10 to obtain a high-resolution
graph.

Table-3
The results of the calculation of the external speed characteristic of the engine
Curre
nt nmln nN nmax
values
of n;, 900 1500 2100 2700 3300 3900 4500 5100 5700
rpm
N;, 58,0327
kvl 11,08581 | 19,47777 | 28,11008 | 36,50205 | 44,17299 | 50,64221 | 55,42904 | 58,05278 c
t
M., | 117,6820 | 124,0604 | 127,8874 | 129,1631 | 127,8874 | 124,0604 | 117,6820 | 108,7522 | 97,2710
Nm 1 4 9 8 9 4 1 1 4

Based on the data of Table 3: N, =f(n) va M_=1f(n) or N, =f(®) va M, = f(w)
these graph are constructed, from this, the number of revolutions corresponding to maximum
power can be determined, and the number of crankshaft revolutions corresponding to maximum
torque (or the angular velocity of the crankshaft) can be determined.

The maximum torque M, is selected for the next stages of performing transmission

calculations.

Conclusion.

In conclusion, it should be noted that in order to ensure the quality of training of
specialists, it is necessary that to increase the interest of students in science, to study the
technical characteristics of internal combustion engines in the education of students of the
automotive field within technical higher education institutions. In this article, the technical
characteristics of internal combustion engines are explained in a simple and understandable way
for students and users. It can be used in the formation of knowledge, skills and abilities of
students in science.

ax
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ko‘chalarida avtomobillar va jamoat transporti aralash harakatlanadigan, hamda shaharning
hozirgi kunda asosiy magistral ko‘chalarida olib borilgan tadgigot natijalari shuni ko‘rsatdiki,
ushbu ko‘chalarda harakat miqdori yo‘lning ahamiyatiga, transport vositalarining tarkibiga,
holatiga va shunga o‘xshash bir qancha omillarga bog‘liq bo‘lib, bir-biridan farg gilishini ko‘rish
mumkin. Harakat miqdori va tarkibining o‘zgarishi harakat tezligi va yo‘l -transport
hodisalarining o‘zgarishiga ta’sir qilishi tahlil gilindi.

AHHOTa].[I/IH. B ,Z[aHHOfI CTAaTbC PE3YJIbTAThl UCCICAOBAHUA, ITPOBCACHHOI'O Ha TI'JIaBHBIX
ymunax Jku3aka, mpeacTaBisomux co0oi cMech aBTOMOOMIICH M OOIIIECTBEHHOT'O TPAHCIIOPTA,
MOKAa3bIBAKOT, YTO MHTCHCUBHOCTHL ABWXXCHHUA HA OTUX YJIHIAX 3aBUCHUT OT BaAXXHOCTH JOPOTH.
BunHO, 94TO OHM OTAWMYAIOTCA APYr OT Jpyra B 3aBUCUMOCTH OT psja (aKTOpPOB, TaKHUX Kak
COCTaB, COCTOSAHUC M TaK HOaJIcC. AHaJII/ISI/IpyeTCSI BJIMAHAE W3MEHEHUs o0beMa U COcCTasa
AOPOXHOIO JABHXKXCHHA Ha HU3MCHCHUC CKOPOCTH MABMIXXCHHUA W KOJIHMYECTBA JOPOKHO-
TPaHCHOPTHBIX TPOUCHIECTBUM.

Abstract. In this article, the results of a study conducted on the main streets of Jizzakh,
which are a mixture of cars and public transport, show that the intensity of traffic on these streets
depends on the importance of the road. It can be seen that they differ from each other depending
on a number of factors such as composition, condition, and so on. The influence of changes in
the volume and composition of traffic on changes in the speed of movement and the number of
traffic accidents is analyzed.

Kalit so‘zlar: yo‘l tarmog‘i, avtobus, mikroavtobus, yo‘l transport hodisasi, haydovchi,
piyoda, muhit, avtomobil, yo‘l, to‘gnashuv.

KioueBble ciaoBa: JOpoXKHas CE€Th, aBTOOYC, MapIIpyTKa, JOPOKHO-TPAHCIIOPTHOE
MpONUCIECTBUC, BOAUTECIIb, IICIICXO0, OKpYyXKaromasa cpeaa, aBTOM06I/IJII>, aopora, CTOJIKHOBCHHUC.

Key words: road network, bus, minibus, traffic accident, driver, pedestrian, environment,
car, road, collision.

KIRISH

Avtobuslar va mikroavtobuslarning tezligiga bir qancha omillar ta’sir qiladi. Bu
omillardan biri yo‘nalishdagi bekatlar sonidir. Chunki har bir avtobus har bir bekatlarga to‘xtab
o‘tishga majbur bo‘ladi. Agar yo‘nalishda bekatlar soni ganchalik ko‘p bo‘lsa, avtobusning
harakat tezligi shunchalik tez o‘zgaradi. Chunki avtobus bekatlari ko‘p bo‘lganligi uchun
boshidan oxirigacha ko‘p vaqt ketishini hisobga olib tezroq haydashga urinadilar. Avtobus
yo‘nalishlarida bekatlar sonining ko‘p bo‘lishi yo‘nalish uzunligiga ham bog‘liq bo‘ladi. Agar
yo‘nalish yo‘li uzunligi ganchalik uzun bo‘lsa, bekatlar soni shunchalik ko‘p bo‘ladi. Yo*nalish
yo‘li uzunligi gisga yo‘nalishlarda bekatlar soni ham kamroq bo‘ladi. Ikkita bir xil uzunlikka ega
bo‘lgan yo‘nalishlarda bekatlar soni bir xil bo‘lmasligi mumkin. Bunga sabab aholi yashash
joylarining kam yoki ko‘pligiga bog‘lig. Aholi yashash joy kam bo‘lgan yo‘nalish yo‘llarida
bekatlar soni ham kam bo‘ladi, ya’ni bekatlar oralig‘idagi masofa kattaroq bo‘ladi. Aholi
yashash joy ko‘p bo‘lgan yo‘nalishlarda bekatlar soni ham ko‘prog bo‘ladi. Demak, bekatlar
sonining ko‘pligi avtobuslar harakat tezligining tez o‘zgarishiga sabab bo‘ladi.

Avtobuslar harakatining tezligiga ta’sir qiluvchi omillardan yana biri yo‘nalish yo‘lidagi
svetoforlar sonidir. Svetoforlar yo‘nalishdagi bekatlar soniga nisbatan avtobus harakati tezligiga
kamroq ta’sir ko‘rsatadi. Chunki avtobuslar har bir bekatlarda to‘xtab o‘tishga majbur, biroq
yo‘llarga o‘rnatilgan har bir svetoforlarga to‘xtashga majbur emas, fagatgina svetoforning
tagiglovchi ishorasida to‘xtaydi. Ko‘pincha yo‘lda ketish davomida svetoforning yashil
ishorasiga duch kelib golishi mumkin. Bu esa, albatta, avtobus haydovchisining mahoratiga
bog‘lig. Bunday hollarda avtobus harakatini to‘xtatmasdan yurishda davom etadi, ya’ni ganday
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tezlikda kelgan bo‘lsa, shunday tezlikda harakatini davom ettiradi.

Yo‘nalish yo‘lida svetoforlarning ko‘p uchrashi, yo‘nalishning murakkablik darajasini
oshirib yuboradi. Buning bir gancha sabablari bor: birinchidan avtobus ichidagi yo‘lovchilarning
asabiga tegadi; ikkinchidan avtobus bekatlarda to‘xtashdan tashqari yana svetoforlarda to*xtashi
yanada asabning taranglashishiga olib keladi. Buning sababi fagatgina kutish emas, balki,
avtobuslar svetoforlarda to‘xtab yana joyidan qo‘zg‘alayotgan vaqtida avtobus ichidagi
yo‘lovchilarning silkinishi, hatto vyigilishiga olib kelishi mumkin. Ko‘pincha avtobusda
o‘rindiglar soniga nisbatan tik turib ketayotgan yo‘lovchilar soni ko‘prog bo‘ladi. Ana shu
yo‘lovchilarga avtobusning silkinishi yoki chayqgalishi ko‘proq salbiy ta’sir ko‘rsatadi.

ADABIYOTLAR TAHLILI VA METODOLOGIYASI

Olib borilgan tadqiqotlarni tahlili shuni ko’rsatadiki, yo’l tumanlashtirish ishlari
Q.X.Azizov [1], R.A.Abduraxmanov, S.Z .Azizov [2], B.®.ba6kos [3], U.Nurullayev [4, 8],
O.K.Adilov [6, 7], I.Umirov [5] va boshqgalar tadgiqotlarida uchraydi. O‘zbekiston Respublikasi
tog’li  hududida yo’llarni dengiz sathidan balandligi bo’yicha tumanlashtirilgan.
Tumanlashtirishlarda asosiy mezon sifatida avtomobillar harakat xavfsizligi ko’rsatkichi olingan.
Tadqiqotlarda harakat sharoitiga ta’sir etuvchi omillarga tizimli yondashilmagan va tizimli tahlil
gilinmagan, harakat sharoiti nazariy asoslari takomillashtirilib, harakat sharoitini baholash
mezonlari kiritilmagan.

Avtobus harakati tezligining pasayishi yoki tez-tez o‘zgarib turishining sabablaridan yana
biri, bu yo‘nalish yo‘lidagi o‘ngga va chapga burilishlar sonining ko‘pligidir. Chunki avtobus
burilish uchun tezligini pasaytiradi, ya’ni tormozlanish sodir bo‘ladi, burilishdan so‘ng esa
haydovchi yana tezlikni oshirishga harakat giladi. Bu o‘z navbatida dvigatel detallarining
zo‘rigib ishlashiga, hamda atrof-muhitga chigadigan chiqindi gazlar migdorining oshishiga olib
keladi.

Avtobuslar fagatgina chorrahada emas, to‘g‘ri yo‘llarda ham burilishi mumkin. Misol
uchun biror bir transport vositasini quvib o‘tayotganda yoki o‘tkazib yuborayotganda burilishga
majbur bo‘ladi. Burilishlarning ko‘pligi fagatgina tezliklarning o‘zgarishiga olib keladi. Buning
oldini olish uchun haydovchidan katta mahorat talab gilinadi. Ammo, hozirgi kunda
shahrimizdagi yo‘lovchi tashish transportlarining ko‘pchiligida yosh haydovchilar ishlamoqda.
Yosh haydovchilarning hammasi ham mahoratli bo‘lavermaydi, chunki ularga tajriba
etishmasligi  mumkin. Buning ogibatida yo‘llarda avtobuslar ishtirokida yo‘l-transport
hodisalarining yuzaga kelishiga olib keladi. Demak, haydovchilarning bilimiga va malakasiga
ham jiddiy e’tibor berilishi lozim.

NATIJALAR

Avtobuslarning harakat tezligiga ta’sir ko‘rsatadigan omillardan yana biri bu yo‘nalish
yo‘lining uzunligidir. Agar yo‘nalish yo‘li uzun bo‘lsa, yo‘nalishdagi avtobuslarning tezligi
oshishiga olib keladi. Yo‘nalish yo‘li uzun bo‘lgandan so‘ng haydovchilar yo‘nalishning
boshdan to oxirigacha tezroq etishga harakat giladi. Bundan tashgari haydovchilar manziliga
tezrogq etib borishni hoxlaydilar. Buning natijasida haydovchi asabiylashishi yoki toligishi
mumkin. Natijada haydovchining yo‘lga bo‘lgan e’tibori susayadi, harakatdagi aniqlik
kamayadi. Hattoki, haydovchilar keskin harakat gilishi mumkin. Keskin harakat deganda,
avtobusni boshgarish davomida bekatlarda, svetoforlarda keskin tormozlash va katta tezlanish
bilan harakatlanishi, keskin burilishlarni amalga oshirishlarini tushunishimiz mumkin.

Avtobus harakat tezligiga ta’sir qiluvchi omillardan yana biri bu rejadagi vaqt
hisoblanadi. Har bir avtobus uchun yo‘nalishdagi gatnov vaqti ko‘rsatiladi. Qatnov vaqti
deganda, avtobuslarning yo‘nalish boshidan oxirigacha yoki yo‘nalish oxiridan boshigacha
borish uchun ketgan vaqt tushuniladi. Rejadagi vaqtni belgilash uchun bir nechta omillar hisobga
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olinadi. Misol uchun, aholi yashash joylarini zichligiga, yo‘nalishdagi harakat miqdoriga,
yo‘nalishdagi yo‘lning texnik holatiga bog‘liq bo‘lishi mumkin. Agar yo‘nalish yo‘lidagi
burilishlar soni ko‘p bo‘lsa ham rejadagi vaqt uzayishi mumkin.

Hozirgi kunda Jizzax shahridagi yo‘nalishlarda har bir gatnov uchun belgilangan rejadagi
vaqt kamayib bormoqda. Bunga sabab shahrimizda yo‘lovchilar ogimining o‘sib
borayotganligidir. Chunki shahar aholisining soni kundan-kunga oshib bormoqda. Yo‘lovchilar
ogimi ko‘p bo‘lgandan so‘ng, avtobuslar va mikroavtobuslar tashib ulgurmayapti. Aynigsa,
kunning eng tig‘iz vaqtida yo‘lovchilar avtobus va mikroavtobuslarga chigishning imkonini ham
topa olmayaptilar. Fagatgina, yo‘nalishning oxiridan yoki yo‘nalishning boshidagi bekatlardagi
yo‘lovchilar uzoq vagt davomida kutib golishadi. Buni his gilgan avtobus haydovchilari iloji
boricha tezroq haydashga, yo‘lovchilarni o°z vaqtida tashib ulgurishga harakat giladilar.

Muammoni hal gilish uchun yo‘lovchilar migdori ko‘p bo‘lgan yo‘nalishlarda yana
avtobus va mikroavtobuslar go‘shish kerak. Shahrimizdagi deyarli barcha yo‘nalishlarda bunday
muammo ko‘zga tashlanadi. Bunday muammoni rejadagi vaqtni kamaytirish hisobiga yoki
foydalanish muddatini o‘tab bo‘lgan avtobus va mikroavtobuslarni gqo‘shish bilan hal qilib
bo‘Imaydi. Bu fagat yo‘llarda transport vositalarining harakat xavfsizligiga ta’sir qilibgina
golmasdan, ekologik muhitning buzilishiga ham olib keladi.

Bizga ma’lumki transport vositalarining tez yurishi uchun yo‘llarning ravonligi, kengligi
juda muhimdir. Aynigsa, bu yo‘lovchi transportlari uchun juda muhimdir. Chunki avtobuslarda
yo‘lovchilar ko‘p bo‘ladi. Bu esa avtobusni ravon boshqarishni talab giladi. Avtobusni ravon
boshgarish uchun haydovchining mahorati yoki boshga omillardan tashqgari yo‘llarning ravonligi
ham yetarlicha talab darajasida bo‘lishi lozim. Lekin shahrimizning ba’zi chekka joylarida
yo‘llarni talab darajasida deb bo‘lmaydi. Bunday yo‘llar nafagat transport vositalarining tezligiga
ta’sir etadi, balki yo‘llarda harakat xavfsizligiga ham ta’sir etishi mumkin.

Shahar yo‘nalishidagi avtobuslarning harakat tezlik vaqtiga ta’sir qiluvchi omillarni
yugorida ko‘rib o‘tdik. Endi shahar avtobus yo‘nalishlaridagi avtobuslar va mikroavtobuslar
ganday tezlikda harakatlanishini o‘rganib chigamiz.

Hozirgi kunning talabi aholiga tez va qulay transport Xxizmatini ko‘rsatishdir. Shuni
hisobga olgan holda, 33-yo‘nalishdagi avtobuslar harakat tezligini o‘rganib, tahlil gilindi. Butun
yo‘nalishni bo‘laklarga ajratilib, har bir bo‘lakdagi tezligi aniglandi (1-rasm).
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1-rasm. 33-yo‘nalishdagi avtobuslar harakat tezligining o‘zgarishi.

33-yo‘nalishning umumiy uzunligi 23 km 400 m ni tashkil etadi. Bu masofani biz 70 ta
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bo‘lakka bo‘lib, har bir bo‘lakdagi harakat tezligini tahlil qildik. Tahlil natijalari shuni
ko‘rsatdiki, yo‘nalishning. Bu esa haydovchining harakat xavfsizligi ta’minlanmagan holatda
harakatlanganini ko‘rsatdi. 5-bo‘lakdan avtobuslarning harakat tezligi o‘rtacha 60 km/soat ni
tashkil etdi. 60-bo‘lakdan boshlab esa harakat tezligi o‘rtacha 20 km/s ni ko‘rsatdi. Bunga
avtomobil yo‘lining torligi, hamda yo‘l sharoitining yomonligi sabab bo‘ldi. Demak tadgiq
natijalari shuni ko‘rsatmoqgdaki, avtobuslarining harakatlanish tezligi o‘zgaruvchan bo‘lib, bunga
yo‘l sharoiti ta’sir ko‘rsatar ekan [8].

Shahar yo‘nalishidagi avtobuslarning ikki xil tezligi mavjud:

1-texnik tezlik (\Vt);

2-aloqa tezlik (Va).

Texnik tezlik — ma’lum yo‘nalishdagi ushlanib golishlarni hisobga olmagan ravishda
aniglangan harakat tezligi, uning giymati asosan avtomobil yo‘lining geometrik o‘lchamlariga va
yo‘l sharoitiga, shuningdek, transport oqimining tarkibiga bog‘liq [9].

Texnik tezlik yo‘nalishdagi avtobuslarning haqiqiy tezliklarini topish imkonini bermaydi.
Agar biz avtobuslar tezliklarini shu usulda topsak, avtobuslarning tezliklari, haqigiy tezlikdan
ancha kam chigishi mumkin. Chunki avtobuslar bosh bekatdan oxirgi bekatgacha bir xil tezlikda
yurmaydilar. Avtobuslar har bekatda to‘xtab o‘tadilar va ko‘p vaqgt yo‘qotadilar. Bu esa,
avtobuslarning texnik tezligi hisoblanganda ancha past chigishiga sabab bo‘ladi. Texnik tezlikni
topish uchun avtobusning umumiy bosib o‘tgan yo‘lini va shu yo‘Ini bosib o‘tish uchun ketgan
umumiy vaqgtiga nisbati bilan aniglanadi:

Bu yerda: Vi-texnik tezlik;
Sum-umumiy bosib o‘tilgan yo‘l;
tum —umumiy ketgan vagqt.

Aloga tezligi — ma’lum yo‘nalishdagi ushlanib qgolishlar ( bir sathli chorrahalar, temir yo°l
kesishmalari, goplamaning notekis bo‘laklari mavjudligidan hamda transport ogimidagi
avtomobillarning o‘zaro ta’siri natijasida) hisobiy aniqlanadigan tezlik [9].

Aloga tezlik asosan avtobuslar uchun go‘llaniladi. Avtobuslarning haqiqiy tezliklarini
topish uchun aloga tezligi juda muhimdir. Chunki aloga tezligini topishda avtobuslarning har bir
bekatlarda to‘xtab turish vagti, ham hisobga olinadi. Lekin bu ham hagiqiy tezlikni hisoblay
olmaydi. Chunki avtobuslar bekatlardan tashqgari har bir svetoforlarda to‘xtab o‘tishi mumkin.
Bu vaqgt aloga tezligida hisobga olinmagan. Umuman olganda aloga tezligi hagiqiy tezlikka
yaqindir. Chunki avtobuslar svetoforlarning yashil chirog‘iga to‘g‘ri kelib qolishi mumkin,
bunday hollarda avtobuslar harakatda davom etaveradi. Avtobuslar svetoforlarda uzog vaqt
to‘xtab qolmaydi.

Avtobuslarning aloga tezligini topayotganda umumiy ketgan vagtdan bekatlarga to‘xtash
uchun ketgan vaqtlar ham ayriladi.

va :L* v
tyM - n6 tT.T

Bu yerda; V.- aloga tezlik;

Lm— yo“nalish uzunligi;

np — bekatlarning umumiy soni;

tr.1 — bekatlarda o‘rtacha to‘xtab turish vaqti.
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1-jadval
Harakat jadvalining me’yoriy ko‘rsatgichlari.
Vaqt Soat-min Tezlik Km/soat Qatnov Sarflanadigan | Masofa
boshlanadigan | vagt minutda | km da
|1 5 O‘rtacha va
Harakatdagi soat | minut texnik 206 tugallanadigan
joy nomi
1 20 Bunyodkor MFY 23.4
Qatnovdagi . Qatnovdagi 16,5 dan Kaxramon 80 minut ’
soat | minut km
MFY gacha
. Bunyodkor MFY
Avtobu§n|ng 2 40 . - Kaxramon . 46,8
borib . Ishlatish 17,6 160 minut
I soat | minut MFY - Bunyodkor km
gaytishi MEY
33- Yo‘nalishli avtobusning tezliklarini aniglash
1. Aloga tezligini aniglash.
Ly 16km 16km 16km
vV, = = . = _ — = =27,6km/soat (3)
t,, —N; *t;;  48min-33*237 48min-13min 0,58so0at
L 16km 16km 16km
V, = M = _ = _ = =26,7km/soat
t,, —N, *t,  49min-33*234 49min-129min 0,6soat (4)
L 16km 16 km 16km
a3 = . = : = , — = =28,6km/soat
t, —N *t  47min-33*24 47min-132min  0,56s0at (5)
L
v, = " _ _16km _ .16km _ 16km _ 28km/soat 3
t,, —N, *t. 46min-33*24 46min-118min 0,6s0at (6)
L 16km 16km 16km
Vas = . = : 0 = , 0 — = 0 =271km/soat
t, —n *t-  48min-33*229 48min-126min 0,59so0at (7)
O‘rtac\r}aalc\)ﬁate\zlngi:v V.. 276+26,7+286+28+271
+V, +V +V,, + 6+26,7+286+28+ 27,
v . =-4——e2 a8 al e =27,4km/ soat
5 5 (8)
2. Texnik tezlikni aniglash: L 16k
m
V, =—1= =20km/soat
t,.  08soat )
L 16km
V,, =—M" = =19,5km/soat
Tt 082soat (10)
L 16km
== =20,5km/soat
t 0,78soat (11)

um
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T4:LM = 16km =21km/soat
t., 0,76soat (12)
. Ly = 16km =20km/soat
t 0,8soat (13)

um

O‘rtacha texnik tezlik:

- Va+Vy, +Vg3 Vo +Vos 204195+ 250,5+ 21+20 _ 202km/ soat »

Teskari yo‘nalishda

1. Aloga tezligini aniglash.
Ly 18,4km 18,4km _ 184km

\Y

V,, = = . = _ — = =30,2km/soat
a7t —n *t. 50min-32*254 48min-135min 0,61soat (15)
L
- " _ _18,4km _ .18,4km | :18’4km:30,7km/soat
t, —N,*t;;  49min-32*237 49min-12,64min 0,6s0at (16)
vo tu _ 184km _ 184km _ 184km oo, oo -
t, —Nn,*t, 5Imin-32*248 5imin-132min 0,63s0at (17)
V., = L,, _ .18,4km _ .18,4km -= 18,4km :30,2km/soat(18)
t, —N; "ty 49min-32*237 49min-125min  0,61soat
V., - Ly, _ .18,4km _ 1?,4km . 18,4km _ 27km/ soat
t,, —N; *t;;  54min-32*24,4 54min-13min 0,68soat (19)
O‘rtacha aloga tezligi:
y VoV, +V +V Vs _ 30,2+30,7+29,2+30,2+27 _ 29.6km/soat

ao'rt 5 5 (20)

2. Texnik tezlikni aniglash:

L,  184km

= = =221km/soat
™ t, 083soat (21)
= Ly = 18,4km =216km/soat
t,, 081lsoat (22)
5= Ly = 18.4km =216km/soat
t,, 085soat (23)
L 18,4km
V., =4 =" =22,7km/soat
t 0,81soat (24)

um

MEXAHUKA BA TEXHOJIOT'MS MJIMHIA XKYPHAJIH, 2023, Ne 4 (13)
153



ABTOMOBIJI BA KUIIJIOK XYXKAJIMK MAILIMHAJIAPU

Ly _ 184km =20,4km/ soat

V. = —
™t 0,9soat (25)

um

O‘rtacha texnik tezlik:

v VatVe +V§3 VotV 2214227+ 226+ 2T+204 oo »

Yo‘nalishdagi avtobus va mikroavtobuslarning harakatlanish tezliklarini quyidagi 4-
jadvalda ko‘rishimiz mumkin.

4-jadval
Transport vositasi Maksimal tezlik, km/soat Axborot tezligi, km/soat
Avtobuslar:
Shahar 60-70 13-23
Shahar ekspress 80-90 19-29

4-jadvalda avtobus va mikroavtobuslarning maksimal va axborot tezligi ifodalangan.

Avtobuslar maksimal tezligi gorizontal joydagi yo‘lda ichidagi o‘tirish joyi to‘la
bo‘lgandagi tezlikka aytiladi. Axborot tezligi yo‘nalishning uzunligi va vaqgtning o‘rtacha
darajasi, harakatga ketgan vaqt, yo‘lovchi chigish va tushish bekatlardagi vaziyatlarda
aniglanadi. Bundan tashqari, shunday tushuncha mavjudki, foydalanish tezligi deb nomlangan.

Foydalanish tezligi—bu oxiri to‘xtash joyi va oraliq bekatlardagi harakatga, o‘rtacha
yo‘nalishning uzunligiga bog‘liq munosabatdir. Foydalanish tezligi odatda axborot tezligidan 5-
15% ga kam bo‘ladi, agar bekatdagi avtobuslar uzoq ushlanib qolmasa.

Foydalanish tezligini hisoblash uchun quyidagi formula go‘llaniladi:

S= 4 27)

T+’H+C(1+1j
C 2a 2d

bunda S - avtobusning axborot tezligi; T - oralig bekatlarda turish vaqti; S - maksimal tezlik; a -
tezlanish me’yori; d - sekinlanish me’yori; D -bekatlar orasidagi o‘rtacha masofa.

Avtomobil tezligini o‘lchash - yo‘lning ma’lum qismida tezlikning umumiy o‘rganilishi
deyiladi. Kerakli xususiyatlarni aniq belgilashda ma’lumotlar etarli bo‘lishi kerak. Tezkor
tavsifnomalar umumiy izlanishlar tomonidan berilib keng qo‘llaniladi. Doimiy izlanishlar tufayli
tezlikning o‘zgarishi aniglanadi. Umumiy izlanishlar quyidagi ahamiyatga ega:

1) masofa tezligini belgilash;

2) tezlikni oshirish bo‘yicha savollarga javobni asoslash;

3) harakatlanish tartibining zaruriy chegaralanishi;

4) burilish joylarida harakatning xavfsiz tezligini ko‘rsatuvchi zaruriy anigliklar;

5) yo‘l belgilarini o‘rnatish, ular kerakli gismlarda ogohlantiruvchi va ko‘rsatuvchi belgilar
sifatida harakat tezligini boshgaradi;

6) quvib o‘tish mumkin bo‘Imagan masofa o‘Ichovlarini aniglash;

7) yo‘l-transport hodisasini tahlil gilish.

Harakat sharoitini yaxshilashdan avval yoki keyin umumiy tezlikni o‘lchashda vaqt va
joy birligi orasi ko‘zda tutiladi. Agar yo‘ldagi barcha avtomobillarning bir vaqtda tezligi hagida
ma’lumot olinsa (masalan, 2 ta aerofotorasm qisga vaqt ichida) unda bo‘shligli tagsimlanish
bo‘ladi, avtomobil tezligini sekin-asta o‘lchovi vaqt tagsimlanishiga to‘g‘ri keladi. Ushbu
tagsimlanish ahamiyatli bo‘lib, har ikki tagsimlanish bir-biri bilan solishtiriladi. Bu
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tagsimlanishlarning o‘rtacha ma’nosi  bir-biriga to‘g‘ri kelmaydi, chunki tezlikning vaqt
bo‘yicha tagsimlanishi masofaviy tagsimlanishga nisbatan ahamiyatlidir.
Yo‘nalishdagi avtobus va mikroavtobuslarning harakat tezligini o‘rganish yo‘nalish
davomida harakatning o‘rtacha tezligi L km uzunlikda quyidagicha aniglanadi:
60L
Uu=—

" (28)
bu yerda, t - bosib o‘tilgan masofa vaqti, dagiqa.

MUHOKAMA

Yo‘nalish davomida harakat tezligining o‘rtacha tagsimlanishiga suzuvchi avtomobil
uslubini go‘llash mumkin. Harakatdagi avtomobilning o‘rtacha tezligini aniglash kerak
bo‘lganda (texnik tezlik) bekatga ketgan vaqt mahrajdagi formula orqgali hisoblanadi. L
uzunlikdagi yo‘l gismida tezlik haqida batafsil ma’lumot zarur bo‘ladi, shunda tezlikning
o‘rtachasi, ya’ni “tezlanish ovozi” orqali ifodalanadi. Amaliyotda “tezlanish ovozi” wvaqt
oralig‘ida o‘lchanib, harakat tezligi 3 km/soat ga o°zgaradi.

Yo‘lning tezligini tezkor o‘lchash 2 ta asosiy uslubda bajariladi. Biri - avtomobilning
yo‘lidagi gisga vaqtni o‘lchash bilan va ikkinchisi - kerakli uskunalar yordamida
harakatlanayotgan avtomobil tezligini ifodalash uchun. Amalda berilgan yo‘ldagi avtomobil
harakati sekundomir bilan o‘lchanadi. Bunda yo‘lning ma’lum bir qismi olinadi, ammo bu
o‘lchash bir oz xatolikka olib keladi. Bu xatolikni sodda bir jihozni qo‘llab bartaraf etish
mumkin. Bu jihozning nomi enoskop, enoskop ikki yoni ochiq trubka L —formaga ega va unda
45° oynacha burchak gilib o‘rnatilgan. Enoskop chizigni burib shunday ko‘rsatadiki, u avtomobil
harakati bo‘ylab garama-garshi bo‘lib goladi. Agar avtomobil biror gismning chegarasini kesib
o‘tayotganda kuzatuvchi asbobda yorug‘lik ko‘radi.

Umuman enoskoplarni yo‘lning har ikkala chegarasida o‘rnatilishi magsadga muvofiq
bo‘ladi. Bunda 3 km/soat gacha aniglik belgilanadi. Transport vositalari tezligini o‘lchashda
rodarlar ko‘proq qo‘llaniladi. Rodarning harakati harakatlanayotgan buyumning tezligiga
proportsional bo‘lgan radioto‘lginlarga asoslanadi.

Hozirgi kunda rodarlarning bir gancha ko‘rinishdagi turlari ishlab chigilgan, ular bir-biri
bilan ba’zi foydalanish xususiyatlari bo‘yicha farglanadi. Rodar o‘lchagichlar Kichikligi va
oddiyligi bilan afzaldir, ammo, avtomobillar soni ko‘payib ketsa rodar ba’zi avtomobillarni
farglamaydi. O‘Ichashning kafolatli tezligi 3 km/soat ga to‘g‘ri keladi. Avtobuslarning tezlik va
tortish xususiyatlarini baholash ularning maksimal tezligi va bu maksimal tezlikka erishish
uchun zarur bo‘lgan vaqt hamda yo‘lning eng katta giyaligini yenga olish ko‘rsatkichlaridan
foydalaniladi.

Avtobuslar maksimal tezligi ularning vazifasi bilan bog‘liqdir: katta harakat tezligi zarur
bo‘Imagan shahar ichi yoki shahar atrofi yo‘nalishlari uchun bu giymat 60-80 km/soat,
shaharlararo gatnaydigan avtobuslar uchun 90 km/soat [39]. Maksimal tezlikka erishish uchun
sarflangan vaqt gancha kichik bo‘lsa, boshga sharoitlar bir xil bo‘lgan taqdirda avtobuslardan
foydalanish ko‘rsatkichi shuncha yaxshi hisoblanadi. Biroq yugoridagi aytilgan vagtning kichik
bo‘lishi yonilg‘i sarfini ko‘paytiradi va avtobuslarga katta quvvatli dvigatellar o‘rnatishni talab
giladi. Shuni hisobga olgan holda, tezlanishga sarflangan vaqgtning eng katta ogilona miqdori
shahar ichi avtobuslari uchun 40-55 s, shahar atrofi avtobuslari uchun 50-65 s va shaharlararo
avtobuslar uchun 70-90 s deb gabul gilingan.

XULOSA

Xulosa qilib aytganda Jizzax shahrining magistral ko‘chalarida shahar yo‘lovchi
transportlarining harakatlanish sharoiti va holatini belgilab o‘lkan tahlilga asoslandi, bunda
adabiyot manbalarga va chet el izlanishlari bo‘yicha internet ma’lumotlaridan foydalanildi.
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Jamoat transportlari harakatlanadigan shahar magistral ko‘chalarida transport ogimi
xususiyatlarini o‘zgarishi aniglandi.

4. Avtobus va mikroavtobuslarni harakat tezligi to‘g‘ri yo‘l bo‘laklarida 45-50 km/soat,
chorrahalarda 15-20 km/soat, egri bo‘laklarda 25-30 km/soat, umuman yo‘nalishlar bo‘yicha
o‘rtacha 50 km/soatni tashkil etishi aniglandi. Harakat zichligi esa harakat miqgdorini
o‘zgarishiga bog‘liq ravishda 2200, 2350 avt/soat bo‘lganda zichlik mos ravishda 36 va 48 ta
avtomobillarni tashkil etishi aniglandi.
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FSU73:A KATOP OPAJIAPUT'A OPTAHO-MHMHEPAJI 0% 3 UTJAPHHU COJINII YYYH
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AHHoTanusA. Makonaza ry3a KaTop opajlapura OpraHo-MUHepas YFUTIAPHU COJIMII yYyH
KYJUIAHWIAQIUTaH MII OPraHW YFUT WYHANTUPTAYUHUHI IapaMeTpiapyuHU TY3WIWIIW, WIIYH
KUCMJIADH Ba TapaMeTpiapd KeATUPWIraH. byHIaH Tallkapu Hasapuil acociiall fy3a Karop
opajapura Y¥uT COJAQJWraH Ml OPraHd YFUT MYHAITUPTUUMHHUHT UL KYpCAaTKUWIapura TabCUp
STYBUM OMIULTADU TYFpHUCHAA 0AH JTHATAH. YTKA3WITaH Ha3apHil TaIKMKOT HATHKAJIAPHTa
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Kypa UIIYM OpraH OeNTMJIaHraH TEXHOJOTHK JXapaéHHM WIIOHWIM Oa’kapagyd Ba YHHMHI HII
KypcaTKu4japy yHra Kyiuiaras tajgadiapra Moc KeJaau.

AnHoTanusi. B cratbe mpencTaBleHbl CTPOSHUS IapamMeTpoB, paboune dYacTH U
napaMeTpbl HampaBuUTENs YAOOpeHHH paboyero opraHa Ajisi BHECEHHS OpraHO-MUHEPaJIbHBIX
yIoOpeHuit MeXay psiiaMu XJomyaTHuka. Kpome Toro, onmcaHo TeopeTndeckoe 000CHOBaHUE
(hakTOpOB, BIUSAIONIMX HA TPOU3BOAMTEIBLHOCTH PaOOTHI HAIpaBUTENsT YAOOpeHHi pabouero
opraHa Hjisi BHECEHHs OPraHO-MHUHEPAIbHBIX YAOOpeHHH MEXAy psaamMu xiomudatHuka. [lo
pe3yibTaTaM TEOPETUYECKUX HCCIENOBaHMNA paOouuii OpraH Ha/leKHO BBIMOJHSET 3aJaHHBIN
TEXHOJIOTHYSCKUM nmponecc u €ro nmponu3BOAUTCIbHOCTb COOTBETCTBYCT NPCABABIIACMBIM K HCMY
TpeOOBAHUSM.

Annotation. This article is focused on the construction parameters of the fertilizer guide
of the working organ for inserting organic-mineral fertilizers between the rows of cotton plant.
Along with it, theoretical reasoning of the factors influencing on the performance of work of the
fertilizer guide of the working organ for inserting organic-mineral fertilizers between the rows of
cotton plant. Due to the results of theoretical investigations, the working organ accomplishes the
given technological process reliably and the fertility meets the requirements.

KaauT cy3aap: ry3a, opraHo-MuHEpa YFUT, YFUT HYHAITUPTUY, YFUT YTKA3yBUM OYFuU3,
IUTACTUHKA, UIITYM OpraH, UCKaHa.

KuaroueBble cjI0Ba: XJIOMYAaTHUK, OpPraHO-MUHEPAIbHOE YI0OpEHHE, TYKOIPOBOJ,
TYKOIIPOBOJIAIIAs TOPJIOBHHA, TUIACTHHA, pabOYHil opraH, 10JI0TO.

Key words: cotton plant, organic mineral fertilizers, electrical conductor, power
conducting neck, plate, working organ, chisel.

KaxoHna opraHuk Ba MUHEpal YFUTIAp apajallMacUHU YCUMIIMKIAD WIAU3IIApH
pUBOXJIAHAAWTAH 30HAara OeNruiIaHraH MUKIOpAAa COJHUII TEXHOJOTHSCH Ba TEXHHKA
BOCUTAJIAPMHM TAKOMMWUIAILITUPUILN €TaKyd YpuHIapAaH OupuHM sramnamoxaa. OpraHuk Ba
MUHEpall YFUTIap apaialiMacuHU YCUMIMK WIAN3 TH3UMHU PUBOKIAHAJAWIAaH 30HAra COJUII
ynapauHT camapagopnuruan  10-30 % opTrupum Ba yrurinam mukaopusu 10 % xamaitupuin
UMKOHHHHU Oepasu [1, 2].

Xo3upru kyHzaa PecnyOnukamuzga fFy3aHU O3MKJIAHTUPHUIL YYYH YFUT COJIMIIHUHT
pecypcTekaMKoOp TEXHOJOTHSIIapy Ba yJAapHHU aMajra OIIMpaJuraH TeXHUKa BOCHTaJapUHUHT
SHI'M HaMYHAJIapUHHW ApaTUlil, MaBXyd MallMHAJIAPHHUHT PECYPCTCIKAMKOPJIUTHUHU TaAbMUWHJIAII
Makcaauia TaKOMWUIAIITUPUIIHUHT WIMHA-TEXHUKABUM acOCIapuHU HWIUIA0 YUKUIITa
WVHANTUPUITAH MaKCaIJTd WIMHI TaIKUKOT UIILIAPH OJMO OOPUIMOKIA.

Mabnymku a3or Ba docdopiu YFUTIAp caMapaJOpiIUTHMHU OLIUPUITHUHT MyXHM
Wynmapuaan 6upu yaapaaH opraHuK-MUHEpas apanamma cudatuaa Ghoigamanui XUcoOIaHaIu.

AKIII onumiiapuHUHT MaxTa eTUIITUPHUILIATH TaXpubanapuaa YFUT Jana 13acura couud
Ocepriranga YyeuMiauk yHUHT 14 %, cyB Omnan okm3ub Oepunranma 27% y3mamrupran Oyiica,
TaCMacUMOH 3TUO TYNPOKKa KyMuO (Jokan) Oepunranaa sca 45 % y3namruprad Ba 3HT IOKOPU
xocua onHras [3; 14-6.].

@.A.Ckps6un Ba I1.B.IIpoTacoBiapHUHT TabKUAJIAIIAYA, OPTAHUK Ba MUHEpaJl YFUTIAp
apanamMacuian  (QolgamaHWIl ~MHHEpal YFUTHH Y3WUHM COJNraHra HucOaTaH Taxrta
xocwinopsuruan 10-15 % ra ommpran [2; 150-162-6., 4; 7-8-6.]. bynunr cababu Bererarus
JaBpH/la MUKPOOPTaHU3MIIADHUHT KYI TYFWIMIIM OuiiaH OOFNIMK. Yiap YCUMIMKIAp WIIU3
TU3UMHHUHT TapKaJIMII KUCMHIA O3yKa MOJJalapHU yuuia® Kodaaud Xama YCHUMIUKIApHH
SIXIIM O3UKJIAHUIIMHY TabMUHIANRIN.

Fyza karop opamapura wunuioB OepHina OpraHO-MHUHEpad YFUTIAp apajlalliMacUHH
colyBYM uII opraHu Kyiad 1, rpsamun 2, Tyrkud 3, uckaHa 4, YFUT HUYHAITUPTU4Y S, YFUT
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YyTKa3yBun OY¥u3 6, TyNmpoK TYCKWY 7 Ba pocmiaml Kypuimacu 8 mpan tamkui tonras (1-pacmra
KapaHr).

YHUHI TEXHOJIOTMK UL Xapa€Hu KyWujaaruya KedaJu: YFUT YTKa3TM4yJaH TyIIA€TraH yFUTIIap
VFAT yTKa3yBuM OYfu3 6 nmaH YTHO, YFUT WYHANTUPrad 5 ra Ba yHIAH 3Ca WII OPraHWHUHT
MCKaHacH o4ya€TraH arar TyOura Kenuo Tymaau.

Fy3a katop opamapura yFuT CONAAWraH WII OPraHW YFUT WYHAITHUPTUYM WII OpPraHu YFUT
YTKa3yBuYl KUCMHUHUHI Tarura ypHatwiran OYnu0, yHAaH TymaéTrad YrUTIapHU HII
OpPTraHWHUHT UCKaHACH 0YaETraH sraT Tyoura 00pud TYIUITUHA TaAbMUHIANRIH.

Vrur yTasruunan ifyHanTHpruura Keaub TymaéTra YPUTIAp YIAPHUHT (GH3MK-MEXaHUK
Xoccallapu xamja HYHaATUPTUYHMHI THKKAa HuUcOaTaH YpHaTwivil Oypuyaru & ra OOFJIMK
paBuIIIa yHIA cakpad €k cUpIaHuO XapaKaTIaHa H.

bupuHuM xo0naT HYHANITUPrUUHUHT TUKKAa HUCOATaH YpHATWIMII XamJa YFUTJIAPHUHT
TUKJIaHUAI KOA((UIIMEHTH KaTTa KuiiMatra sra Oyiranna Ky3aTHiIaJd, MKKHHYHA XO0JIaT 3ca yiaap
KUYMK OYJranja Ky3aTuiaju.

Veurnapuu ityuantupruy 6yitna cakpab xapakarnanumu. by xomnna ityaantupruura Ve
OOIITaHFUY TE3JIMK OWJIaH KeNMO TyIIraH YFUT OYIaru YHJIaH Okq; Oypdyaru octuaa Kautuo, Vo
TE3JIMK OWJIaH 3PKUH XapaKaT KWIHIIra yTaan (2-pacMra Kapasr).

3apba Hazapuscura 6unoas [ 7; 360-365-0.]

tga
tgakaﬁ = M (1)
T
Ba
V, :Vﬂ/sin2 A, + K7 COSQ, )

OYHIA Gy, — YFUT OYINaKIApUHU HYHANTUPTrUYra Tymui oypuaru, gradus;
Kt — ¥¥uT OY1aruHuHT TUKIAHUII KOA(GUIUEHTH.

2 1

3

1-rpsnnn; 2-kynd; 3-TyTkuy; 4-uckana; 5 — YUt HyHantuprud; 6- Yrut YTka3yBuH
OY¥3u; 7-TyNpoK TYCKHUY; 8-poCcTIiail KypuiMacu
1-pacm. Fy3a kaTop opajiapura oprano-MuHepaJ YFUTIAPHH COJATUTAH U OPraHUHUHT
cxemMacH
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‘myud.
% "
= a
Kaid. X‘
a, ;6 "
. & R R,
Ry M
n
vP
n
X
‘ A »e A N
A
\j

2-pacm. YruT 6y 1arunn HyHAITHPrAYAa caKpad XapaKaTJaAHHIINHA TaAKHK THINra T0HP
cxema
ﬁyﬂanTHerqz[aH Vo Te3nuk OumaH KaiTuO, XaBoaa SPKUH XapakaT KWIHIITA YTraH YFUT
Oymaru orupauk P=mg (M — YruT OYIarvHUHT MaccacH,  — SpKUH TYIIHII T€3JIaHHUIIN) Ba
XABOHMHI' KapIIMINK R KydIapy Tabcupu octua 6ymaau. YEuT 6ynaruauur 6y Kyaiap TabCHpH
OCTHJIa XapaKaTUHH TaJKUK 3TaMu3. byHuHr yuyn yHu X Ba ¥V yKkiapura HucOaTaH XapakaTh
nuddepeHIan TeHrIaMaJapuHl Ty3aMu3

dv,

Mg = R ©
dv,

my dt =P—RZ, (4)

OyHzIa My — YFUT OYIaruHUHT MaccacH, KT,

V,,V, — Vo kaittuin te3nuruauar X Ba Z KOOpMHATA YKJIapura MpoeKuuscy, m/s;

t — Bakr, S;

Ry, R;— xaBoHMHT Kapmink Kyuu R Hu X Ba Z koopauHata yxinapura rnpoekmuscu, N.
XaBOHUHT KApIIMIMK KY9H TE3JIMKHUHT OMPUHYHN Japakacura MpoIropIiuoHa ae0 Kaoyi

kuiamus [5; 120-134-6.], aspau R=mkV (Oynaa

k — mpomopiioHauiuK ko3 duituenty; V — YFUT OYaaruHuHr Te3nuru). byau xammaa P=mg

SKAHJIMTMHU Xucobra onranja (3) Ba (4) TeHIaManap Kyiuaaru KypuHUIITra sra 0yinaau

dv,

5 - Ve ©)
dv,
raindie kV, . 6)

by tenrnamanapuu t=0 6ynranma V.=VoC0Sao Ba V,=VoSinao (OyHma
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00 — KaiTuu Te3nuru OuiiaH abcuucca YKy opacuaard Oypuak) miapTiapHu XUCoOTa oJiraH
XO0JI7Ia MHTErpayu1ad KyHnaara TeHrJIaMajJIapHy OJIaMu3

—kt
V. =V,e " cosa, ©)
Ba
—kt .
V - gle™ - +kVysing, 8)
z kekt
By udomanapuu Kyliugaru KypruHHAIITA KEITUPAMU3
X _\ e cosa
= = 9
dt ° 0 ©)
Ba

dz g(e™-1)+kV,sing,

10
dt ke (10)
xamaa ynapau uarerpamiad (t=0 6ynranna X=0 Ba Z=0 mwapriapaan), yrut Oynaruau
NYHANTUPru41ad KauTraHlaad KeMUHIY XapaKaTh TEHIVIAMAJIAPUHU OJIAMU3
1 "
X = EVO (1-e")cosay; (11)
1 g - Kt
VA —E[gt—(E—VoS'”%)(l—e )] (12)
2-pacMa KeNTHPWITaH cxemara Ba (4) udoaara Ounoan
Ay =90 — & (13)
clge
tg akaﬁ = (14)
KT

(5), (13) Ba (14) udonanapuu xucodbra onran xonaa (11) Ba (12) ubonanapuu Kyitnnaru
KYpUHHIIIA €3aMU3

X = %Va Jeos? &+ KZsin? g (1—e ™) cos(arctg c|t<g(9 —€) . )
T

T

Z= %[gt— (% —Vm/cos2 &+ K, sin? g)sin(arctgc;[(ﬁ—EJ(l—ekt)]. (16)

by udonanapuu Gupranukaa eaud, Kyiiugaru HaTH>Kara sra 0ynamus

Vé\/cos2 e+K?Zsin*¢ sin(arcthtgtg—e)

Z =—2|n th P -
Kk KV, \[cos® £+ KZsin® ¢ cos(arctg 9% — ¢)
T
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g —kV. \/c052 & + K7 sin® g sin(arctg c|t<gg —&)
_ T
KV, /cos? & + K2 sin? & cos(arctg age £)
T (17)
(Z = xctge (18)
V,,Jcos? & + KZsin? & sin(arctg cge _ g)
g Ky
2=z ctge N
) k KV, \/cosz &+ KZsin® g cos(arctg “ge _ g)

T

g —kvm/cos2 &+ KZsin? g sin(arctg g)
- . ! X . (19)
KV, Jcos? & + K2 sin? & cos(arctg age _ g)
L T

ctge

(17) udoma ¥yrur OYnakiapuHu HYHANTUPTUYNAH KalTraHnaH KeWHHTH OWPHHYM
CAKpAll¥ TPACKTOPHMSCHHUHI TEHIIAMACH XHMCOONAHAIM. YFUT OYIaKIapMHMHI KeHHHIH
CaKpalUIapUHU TAJKUK STHUII YUYyH YJIapHH OUPUHYM CakpaliaH KeHUH WYHaITUpPrud OwiiaH
KaiiTa ydpalmlyB HYKTaCMHMHI KOOpAWMHATAJIApWHM TONMII 3apyp. byHra KyWunarn
TeHIJIaMaJapHu OMPIIMKIA e4ud dpUIIaMu3
by Tenrnamanap cucremacuHu edu0, nactiabd YruT OyiakyadapuHU TaKCUMIIOBYM IIACTHHKA
UIIYM CUPTHra Keauld TYIIUII HYKTAaCMHHMHI KOOpJIMHATajapu, KeiuH sca udonamap Oyiinya
ylapHH Tymuil Te3aukiapu tonuiaau. llyHnaH keluH rokopuaard TapThOna YFUT
OYmakapUHUHT KEHUHTY CaKpalluard Xapakar TeHIJIaMallapy Ty3WIHO0, eUHIIaIH.

Ventnapuu #iynantupruuam 6Yinad cupnanmb (qymanad) XapakaTIaHHIIW. by xonma
HyHanTupruura xenu® tymraH Yrut Oynakimapu Z 6yitna0d VsC0Se OOUUTaHFUY TE3NMUK OWiaH
cuprnaHa OonuIaiIu.

TakcuMIIOBYM TUIACTUHKA UIIYU CUPTH OVilnab X1 koopauHaTa YKUHU yTKazamus (2-
pacmra KapaHr) Ba YruT Oynarunu Oy Yk Oyitnad xapakaTUHUHT JuQQepeHnan TeHrIaMacuHu
Ty3amu3. Y KyWuaaru KypuHuiga oymnanm

dVv

X

dt

Oynma f — YruTHE TaKCHMMUITAII [UTACTHHKACHUTA MIKAIAHUIN KO PUIUCHTH.

= g(cose — fsing), (20)

(13) renrnamanu t=0 6ynranna V, =V, cos & Ba X, =0 maptiapaan uarerpannao,

KyHuJard HaTvKaiapra sra 0yiaMu3
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V, =V, cose+gt(cose — fsing). (21)
2
X, :V6tc035+g%(c035— fsing) 22)

VruTnapau xapakar HyHaammmM OyifMda WII OpraHH XOCHI KHIFAH SraT Tybura Gup
TEKHC CENWIMIIMHN TaAbMUHJIALI YUYH yJap HyHalATHpruyja CUPTHJA CUPIAHUO XapaKaTiaaHWII
Makcaara MyBOGHWK Oynmaau. ByHMHT ydyH 5ca TaAKUKOTYWIAp TOMOHHUJAH YTKa3WITaH
u3naHunuIap oyiinua ¢ < 18° 6ymumu nosum [6; 85-6., 7; 127-6., 8; 58-62-6.].

XyJsocanap

1. Fy3a karop opanapura Bereranus AaBpuaa YFUTIOBYM COIIHUTHHUHI TYNPOK OWIIaH
V30p0 TabCHpHW, YFUT YTKAa3TM4YJa YFUTIAPHUHI WYHAIMII >KapaéHJIapu YpPraHwigud Ba IOy
acocy/ia yJapHUHI NapaMeTpiapd aHMKJIAIl WMKOHMHU OepajuraH aHaJIUTUK OOFJIaHUIILIAp
KEeJITUPUO YUKAPHIIIH.

2. F'y3a Katop opanapura opraHoMHHEpPaJ YFUTIAPHHU CONUIIA KYIJIaHUIAAUTaH TEXHUK
BOCHUTAJIap KOHCTPYKUMSJIAPUHHUHT X0JIAaTH Ba PUBOXKIIAHUII MCTUKOOIIApU Xamaa ynap O0yiinya
YTKa3WwIrad TaAKUKOTIAp HATHXKAJapy IIyHU KypcaTaluKy, YIapHUHT TAPKUOUIATH YFUT COJIUII
UII OpraHjJapMHU TAKOMWUIAIUTHPUII Ba MapaMeTpilapuHU MakKOy/UIAIITUPUII HMKOHHHHU
Oepamam.

3. Fy3a xarop opamapura COJMHAIWTaH OpPraHUK Ba MHUHEpal YFUTIAPHU
camapaJopIUTruHU OLLIMPHIL, KYJITUBATOP-03UKJIAHTUPTMUHUHT MaTepuan Ba
SHEPIUAXAKMAOPIUTUHU KaMaWTUpHUIITa 00 Kelaau.

4. VFruTnapHM WII OpPraHM XOCWI KHJIAETraH draT TyOura OMp TEKHC CENMIHIIHAHHI
TabMMHJIALI YUyH yJIap HYHanTUpruy Oyiinua cupnanub xapakaTIaHUIIN JIO3UM Ba OyHUHT yUyH
YHUHI BEpTUKaJIra HucOataH ypHatuinuil Oypuaru 18° ommMaciuru kepak xamaa YFuTIarud
COUIHMK KYH/JaJaHT KUCMH HOCUMMETPHUK OYIINIIN JT03UM.
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UDK 62.656

KARTET MOYINING TARKIBIY TAHLILI YORDAMIDA AVTOMOBIL
DVIGATELLARINI DIAGNOSTIKALASH USULI TAHLILI

Kurbonova Buvrajab Kankelovna
Jizzax politexnika instituti, katta o‘gituvchi, buvrajab91@mail.ru

Annotatsiya. Mazkur maqola ichki yonuv dvigatellaridagi buzilish va nosozliklarni
aniglash va diagnostika gilishning karter moyining tarkibiy tahlili usuliga bag‘ishlangan.

Dunyoda avtomobillar sonining keskin oshib borishi ichki yonuv dvigatellarini yanada
takomillashtirish bo‘yicha olimlar oldiga juda katta vazifalarni go‘ymoqda. Bugungi kunda
asosiy vazifalardan biri dvigatel quvvatidan to‘la foydalanish, ekologik jihatdan zararsiz bo‘lgan
ichki yonuv dvigatelini loyihalash, hamda dvigatellardagi buzilish va nosozliklarni aniglashning
samarali usullarini o‘rganishdan iboratdir.

AHHOTanuA. /[aHHAs CTaThs MOCBAIIEHA METOJYy CTPYKTYPHOI'O aHajau3a KapTEpHOTO
Mmaciia aJjida 06Hapy>1<eHH;1 U JUArdHOCTHUKHU IIOJIOMOK UM OTKa30B ,Z[BI/IFaTeJIGP'I BHYTPCHHCTO
CrOpaHusl.

Pe3kmii poct konmMyecTBa aBTOMOOMIICH B MHpE CTAaBUT MeEped YYEHBIMH OTPOMHbBIC
3a7la4M MO JajbHEWIIEMy COBEpIICHCTBOBAHUIO JIBUTAaTeled BHYTpeHHero cropanus. Ha
CGFO,Z[HHH_IHI/Iﬁ JCHb OHHOﬁ N3 OCHOBHBIX 3a4a4 ABJISICTCA ITOJIHOC HCIIOJIB30BAHHUEC MOIIIHOCTH
JABHUIaTCIIA, pa3pa60T1<a OKOJIOTMYCCKHW YHUCTOI'O ABUIATCJIA BHYTPCHHETO CropaHus, U3y4YCHUC
3¢ (HEeKTHBHBIX METO/IOB BISIBIICHHS ITOJIOMOK M OTKa30B B pabOTe JBUTATEINCH.

Annotation. This article is devoted to the method of structural analysis of crankcase oil
for the detection and diagnosis of breakdowns and failures of internal combustion engines.

The sharp increase in the number of cars in the world poses huge challenges for scientists
to further improve internal combustion engines. To date, one of the main tasks is the full use of
engine power, the development of an environmentally friendly internal combustion engine, the
study of effective methods for detecting breakdowns and failures in the operation of engines.

Kalit so‘zlar: avtomobil, dvigatel, buzilish, nosozlik, to‘la massa, burovchi moment,
quwvvat, karter moyi, diagnostika, tashqi tezlik xarakteristikasi, tirsakli val, aylanishlar chastotasi,
dvigatel quvvatidan foydalanish.

KiroueBble c10Ba: aBTOMOOWIIb, IBUTATEIb, IOJIOMKA, OTKA3, TIOJTHAS Macca, KPYTSAIIHMA
MOMCHT, MOIIHOCTb, KapTCPHOC MACJIO, JUAI'HOCTHUKA, BHCIOHAA CKOPOCTHAA XaPAKTCPUCTHKA,
KOJICHYATBIHN BaJ, 4aCToTa O60p0TOB, HUCIIOJIBb30BaHUC MOIITHOCTHU ABHUI'ATCIIA.

Keywords: car, engine, breakdown, failure, gross weight, torque, power, crankcase oil,
diagnostics, external speed characteristic, crankshaft, speed, engine power use.

KIRISH. Hozirgi vaqtda hech bir soha yo‘gki, unda avtomobil transportidan
foydalanilmasa. Xususan, yo‘lovchilar va yuklarni tashish hamda maxsus ishlarni bajarishda
avtomobillardan foydalaniladi. Avtomobillarning birinchi avlodlari ot tortadigan aravalar
shaklida ishlanib, unga oldingi g‘ildiraklarni aylantirish uchun bug* dvigateli o‘rnatilgan.

X1X asrning 80-yillariga kelib, Amerika, Buyuk Britaniya va boshqga yevropa davlatlarida
neft gazib chigarishning keng yo‘lga qo‘yilishi va neftni gayta ishlash zavodlarining barpo
etilishi, benzinli va dizel yonilg‘isida ishlaydigan ichki yonuv dvigatellari bilan jihozlangan
avtomobillarning takomillashishiga etarli zamin tayyorlagan edi.

ADABIYOTLAR TAHLILI VA METODOLOGIYA

O<zbekistonda avtomobil dvigatellarining iglim sharoitiga mos ekspluatatsion
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ko‘rsatkichlari tahliliga garatilgan ishlar tadgiq gilinmagan. Chet ellarda esa dvigatellarning issiq
iglim sharoitida ishlash xususiyatlarini aniglash usullari birmuncha tahlil etilgan.

Avtomobillarning ish samaradorligi uning dvigatelining quvvatiga bevosita bog‘ligdir.
Hozirgi paytda avtomobillarda asosan porshenli ichki yonuv dvigatellari ishlatilmogda. Bugungi
kunda mutaxasisislar oldida turgan asosiy vazifalardan biri dvigatelning quvvati oshirib,
avtomobilning tezligi va yuk ko‘tarish qobiliyatini oshirishdan iboratdir. Buning uchun
dvigatelning asosiy ekspluatatsion xususiyatlarini oshirish, yonilg‘i sarfi va ekspluatatsion
materiallarning sarfini kamaytirish zarur.

Respublikamizda avtomobillar dvigatellari ishonchliligini oshirishga garatilgan ilmiy
tadgiqot ishlari talab darajasida emas, chunki avtomobil ishlab chigarish mustaqillik davriga
to‘g‘ri kelib, endi rivojlanish bosgichiga chigmoqda. Respublikada, chet ellarda va Rosiyada bir
gator olimlar bu yo‘nalishda ilmiy-tadgiqot ishlari olib borishgan va olib bormogdalar.

Tadgigot mavzusini ishlab chigish darajasi A.A.Mutalibov, S.Qodiriv, B.l.Bozorov,
M.Musajanov, Q.M.Sidignazarov, Sh.l.Erbekov va xorijiy olimlardan V.l.Eroxov, L. Afanasev,
I. Batishchev, V.M. Belyaev, L. A. Bronshteyn mualliflari tomonidan yaratilgan ilmiy tadgigot
mavzusiga katta ilmiy hissa qo‘shgan. Bu mualliflarning ilmiy ishlanmalari transport
vositalarining asosiy energiya manbai hisoblangan ichki yonuv dvigatellarining ekspluatatsion
ko‘rsatkichlarini o‘rganish ularning ekologik xususiyatlarini yaxshilashga garatilgan.

X.T. Tursunovning qo‘llanmasida ekologiya asoslari amaliy ekologiya, ekologik
xavfsizlik va bargaror rivojlanish masalalari o‘rganiladi. Ekologik xavfsizlikni ta’minlashning
huqugiy, tashkiliy va iqtisodiy asoslari berilgan. O‘zbekistonning ekologik muammolarini
o‘rganish va xal gilish masalalariga alohida e’tibor berilgan. Kitobda har bir bob uchun tegishli
illyustrativ materiallar nazorat savollari, test topshiriglari, referat va ma’ruzalar mavzulari
berilgan. O‘quv go‘llanma oliy o‘quv yurtlari talabalari uchun yozilgan. O‘quvchilar atrof-
muhitni muxofaza qgilishning turli masalalari bilan shug‘ullanadi [8].

P.Sultonovning go‘llanmasida ekologiyaning umumiy masalalari, atmosfera muhofazasi,
gidrosafera va uni muhofazalash, litosfera va uni muhofazalash, o‘simlik va hayvonlarni
muhofazalash, atrof-muhit muhofazasining tashkiliy va huquqiy asoslari ko'rsatib berilgan [9].

NATIJALAR

Dvigatelning asosiy nosozliklari. Ekspluatatsiya jarayonida detallarning tabiiy eyilishi,
to‘satdan ishdan chiqishi va ish qobiliyatini yo‘gotishi natijasida tsilindr porshen guruhi (TsPG),
krivoship shatun mexanizmi (KShM) va gaz tagsimlash mexanizmi (GTM), boshga birikma va
agregatlarda turli nosozliklar paydo bo‘ladi. KShM ning asosiy nosozliklariga tsilindrlar,
porshen halgalari va arigchalari, porshen bortmasi devori va teshiklari, shatun kallagi vtulkalari,
tirsakli val bo‘yinlari vkladishlarining eyilishi va porshen halgalarining qurum bosib golishi
kiradi.

Asosiy buzulishlar va ishdan chigishlarga esa porshen halgalarining sinishi, tsilindr
yuzasining eyilishi, porshenning tigilib golishi, podshipniklarning erishi, tsilindr bloki va uning
kallagida darzlar hosil bo‘lishi misol bo‘la oladi. KShM nosozligining alomatlariga tsilindrdagi
kompressiyaning yo‘qolishi va shovqin bilan ishlashi, gazlarning ko‘p migdorda karterga o‘tib
ketishi va moy quyish bo‘g‘izidan quyuq tutun chigishi misol bo‘la oladi.

GTM ning asosiy nosozliklariga turtkich va uning vtulkalari, klapan tarelkalari va
o‘rindiglari, shesternyalari, gaz tagsimlash valining tayanch bo‘yinlari va mushtchalarining
eyilishi, klapan va koromisla orasidagi tirgishning buzilishi kiradi. Ishdan chigishlarga esa
klapan prujinalari elastikligini yo‘qotishi va sinishi, gaz tagsimlash shesternyasining sinishi,
klapanlarning kuyishi va boshqalar kiradi. Gaz tagsimlash mexanizmining shovqgin bilan ishlashi
nosozlik alomatlaridan biri hisoblanadi.
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KShM va GTM ga texnik xizmat ko‘rsatish. Dvigatelning buzilishi va unda yuzaga
keluvchi nosozliklarning oldini olish magsadida avtotransport korxonalarida kompleks
profilaktik tadbirlar bajariladi. Bu ishlar diagnostikalash, KXK, 1-TXK, 2-TXK va MXK
davridagi dvigatel bo‘yicha mahkamlash, sozlash va moylash ishlaridir. Shu jumladan,
zamonaviy engil avtomobillar uchun ham davriy servis xizmati ko‘rsatish ishlarini bajarishda
yugorida keltirilgan amallar bajariladi. Xizmat ko‘rsatish davrida asosiy ¢’tibor mahkamlash va
nazorat-sozlash ishlariga garatiladi.

Mahkamlash ishlarini bajarishdan magsad — dvigatel birikmalari gotirilganligi va
jipsligini tekshirishdan iborat (dvigatelning rama tayanchiga, tsilindr kallagi va karterning
tsilindrlar blokiga va h.k.). Gaz va sovutish suyuqligi sizib chigmasligi uchun tsilindr kallagining
blokka mahkamlash momenti tekshiriladi. Bu vazifa avtomobillarni ishlab chigaruvchi zavod
ko‘rsatmasiga binoan belgilangan ketma-ketlikda bajariladi.

KShM va GTM lar be‘yicha tekshiruv nazorat va diagnostika ishlari. Amaliyot
shuni ko‘rsatadiki, dvigatel bo‘yicha nosozliklar va buzilishlarning asosiy gismi GTM va KShM
zimmasiga tushadi hamda bajariladigan ish hajmining yarmidan ortig‘i shu nosozlik va
buzilishlarni bartaraf etishga sarflanadi. Ko‘rsatilgan mexanizmlarni diagnostikalash dvigatelni
bo‘laklarga ajratmay bajariladi.

Porshenning yuqori gismini jipslik bo‘yicha diagnostikalash uning kompressiyasi,
karterga o‘tuvchi gazlar migdori, moyning kamayishi, kiritish taktida havoning siyraklashuvi,
tsilindrga sigilgan havo yuborilganda uning bosimi pasayishini aniglashdan iboratdir.

Dvigatel moyi ichki yonish dvigatelining texnik holati to‘g'risida noyob ma'lumot
tashuvchisidir. Ko‘pgina mamlakatlarda o‘tkazilgan ilmiy tadgiqotlar ishlayotgan dvigatel
moyini tahlil gilish natijalariga ko‘ra dvigatelning ishdan chigishining diagnostika gilishning
yuqori ishonchliligini tasdigladi.

Tashxis, aynigsa, yuk mashinalari va yo‘l-qurilish mashinalarining dizel dvigatellarida
ishlatiladigan moyni tahlil gilishda samarali bo‘ladi, bu erda demontaj va ta'mirlash paytida 95%
hollarda taxmin gilingan nosozliklar tasdiglanadi. Yog 'tahlili yo‘li bilan dizel dvigatellarini
muntazam diagnostika gilish operatsion xarajatlarni o‘rtacha 25% ga kamaytirishi mumkin.

Boshga diagnostika usullari bilan taggoslaganda, dvigatelda ishlatilgan moyni tahlil gilish
bir gator muhim afzalliklarga ega:

« avtomobillar ish vaqtini yo‘gotmaydi;

« diagnostika sarf harajatlari kamayadi;

» dvigatelning nosozliklari yuzaga kelishining dastlabki bosqichida aniglash imkoni
mavjud,;

+ diagnostika asbob-uskunalarini asbob-uskunalarni ishlatish joylariga yetkazib berish
yoki uskunani diagnostika stansiyalariga o‘tkazish talab gilinmaydi;

 tahlil moyni belgilangan miqdordagi dvigatel soati tugaganidan keyin emas, balki
samaradorlik hagiqiy yo‘qolgan taqdirda o‘zgartirishga imkon beradi;

« tahlil katta haymdagi axborotni olish imkonini beradi;

* tahlilning murakkabligi kam.

Neft tahlili bo‘yicha ishonchli ma'lumot olish uchun bir gator shartlarga rioya gilish
kerak:

» dvigatelning texnik holatini kuzatishning butun davri davomida bir xil markadagi
dvigatel moyida ishlashi kerak;

* moy namunalari har doim issiq dvigateldan va yangi moy qo‘shilishidan oldin olinishi
kerak;

 texnik hujjatlarda ko‘rsatilgan moyni almashtirishdan oldin dvigatel soatlari yoki
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kilometrlari yozib olinishi kerak;

* ishlatilgan moyning tarkibi va xususiyatlariga ta'sir qilishi mumkin bo‘lgan holatlar:
boshga markadagi moyni majburiy to‘ldirish, ish sharoitlarining keskin o‘zgarishi va boshqalar.

To‘rt (yoki undan ko‘p) namunalarni tahlil gilish ish vagtiga garab moyning tarkibi va
ishlashidagi o‘zgarishlar dinamikasini aniglash imkonini beradi. Agar o‘zgarishlar tabiiy
ravishda davom etsa, dvigatel ishlashi ijobiy bo‘ladi, agar bir yoki bir nechta o‘zaro bog'liq
ko‘rsatkichlarda g'ayritabiiy o°zgarish aniglansa, diagnostik vositaning ishlashi noto‘g‘ri
hisoblanadi. Ko‘rsatkichlarning diagnostik giymati jadvalda keltirilgan.

Laborator tribodiagnostika usullariga infraqizil spektral va ferrografik tahlil usullari
kiradi. Ular moylangan ishqgalanish birliklarining nosozliklarini tashxislash imkonini beradi.
Ferrografiya — dvigatelda ishlatiladigan moy namunalaridan eskirgan metall zarralarini magnit
bilan ajratish usuli. Bu sizga zarrachalarning shakli, ularning sirtining holati, zarracha
o‘lchamlarining tagsimlanishi, alohida zarrachalarning materiallari, aralashmalar va yog'ning
parchalanish mahsulotlarining mavjudligi bo‘yicha eskirish turi, intensivligi va ishgalanish va
moylash usullarini aniglash imkonini beradi.

Ferrografiya usuli nafagat magnit metall zarralarini, balki magnit bo‘lmagan
materiallarni: alyuminiy, bronza, mis, grafit, polimer zarralari va boshgalarni o‘rganishda ham
go‘llaniladi. Ushbu parametrlarning kombinatsiyasi eskirish turini aniglash imkonini beradi.
Nosozlikning joylashuvi va nugsonning xavflilik darajasini baholash imkonini beradi. Masalan,
skuff zarralari harakat yo‘nalishi bo‘yicha oluklar bilan tavsiflanadi. Prokat paytida ishgalanish
yuzalarida charchoqg mikro yoriglari paydo bo‘lsa, yog'da sharsimon zarrachalar paydo bo‘ladi.

Odatda ularning yuzasida ko‘plab mikropitlar mavjud. Korroziv buzilish paytida, yog
namunasida 2 mikrongacha bo‘lgan ko‘plab zarralar paydo bo‘ladi. Abraziv zarralar ta’sirida
yeyilish jarayonida zarrachalar chiplar shaklida hosil bo‘ladi.

MUHOKAMA

Yog' namunalarini tizimli tahlil gilish almashtirish vaqtini to‘g'ri aniglash, juda erta yoki
juda kech texnik xizmat ko‘rsatishning oldini olish, shuningdek, dvigatelning ishonchliligi va
xavfsizligini oshirish imkonini beradi.

Dvigatel moyi diagnostikasi tobora keng targalgan bo‘lib bormoqgda, chunki ba'zi motor
moylari ishlab chigaruvchilari o‘z mahsulotlarining doimiy mijozlari uchun moy tahlilini bepul
taqdim etadilar.

1-jadval

Ko‘rsatkich Diagnostik belgilar

Kamayishi — karter moyiga yonilg‘i aralashsa
Oshishi — moyning ishgorlanishi, erimaydigan moddalar bilan
ifloslanishi

Qovushqgoqlik

Ishgoriy migdori

Neytrallanish xususiyatlarining kamayishi (yuvish go‘shimchalarining
uygunligi)

Kislota soni

Yog* tarkibidagi kislotalarning birikmasini tavsiflaydi, bu esa
gismlarning korroziyasiga olib keladi

Metall tarkibi (Fe, Cu,

Dvigatel gismlarining emirilishi va korroziyalanish tezligini

Pb, Al, Cr, Zn) tavsiflaydi
Tark'br'r(]ji?%ol;iremmy Moyni abraziv zarralar bilan tashqi ifloslanishi ko‘rsatadi

Yonilg‘i tarkibida
erimaydigan cho‘kma
borligi

Bu yonilg‘ining to°‘lig yonmasligi tufayli yonilg‘ining asosan qurum
zarralari bilan ifloslanishi tavsiflaydi
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Alangalanish harorati | Moyda yonilg‘i, suyuglik yoki chigindi gazlar mavjudligini ko‘rsatadi

Infraqizil
spektrogramma

Oksidlangan yog* darajasini, yohda sovutish suvi mavjudligini

Ixtisoslashgan laboratoriyalarda o‘tkaziladigan tahlillardan tashgari, ular haydovchilar va
avtotransport korxonalarining boshga xodimlari tomonidan amalga oshiriladigan ekspress
tahlillardan ham foydalanadilar. Ekspress tahlil gilish uchun oddiy asboblar va reagentlarning
maxsus to‘plamlari sotuvga chigariladi. Ekspress-tahlilning elementlaridan biri bu "tushish testi"
deb ataladigan testdir. Filtr gog'oziga surtilgan bir tomchi yog' yog'ning disperslik xususiyatlari
(ifloslantiruvchi moddalarni yuvish va olib ketish gobiliyati), uning ifloslanish va oksidlanish
darajasi, unda suv borligi hagida ma'lumot beradi. Ekspress-tahlil xatolarni o‘z vaqtida aniglab,
tez-tez amalga oshirilishi mumkin. Batafsil laboratoriya tahlillarining tezkor tahlil bilan
kombinatsiyasi ishda eng yaxshi natijani beradi.

XULOSA

Mazkur maqolada tadqiqotning ob’ekti sifatida ichki yonuv dvigatelining asosiy buzilish
va nosozliklarini aniglash uchun diagnostika jarayonini tashki etishning eng samarali yo‘llaridan
foydalanish bo‘yicha tavsiyalar berilgan. Karter moyining tarkibiy tahlili yordamida avtomobil
dvigatellarida sodir bo‘ladigan buzilish va nosozliklarni aniglash bir gancha afzalliklarga ega
hisoblanadi.

Ma’lumki, I'YoDning silindrlarida yonilg‘ining yonishi natijasida yuqori harorat: benzinli
dvigatellarda 2800 K va dizellilarda 2200 K hosil bo‘ladi. Bu haroratni TsPG detallari gabul
gilib oladi va shuning uchun ham ular avtomobilning golgan barcha detallari ichida eng tez
ishdan chigadi. Shuning uchun mazkur BMI ning magsadi- ichki yonuv dvigatellarini karter
moyining tahlili asosida diagnostikalash hisoblanadi.

Dunyo tajribasida porshenga to‘g‘ri keladigan yuklanishlarni kamaytirish masadida
silindr o‘qini vertikal o‘qga nisbatan chap tomonga og‘dirib o‘rnatish gabul gilingan. Bunda
yuklanishlar gisman ravonlashsada, porshenni chap tomonga og‘dirib o‘rnatish silindrning shu
tomondagi yarim silindr sirtining porshen komplekti detallarining massasi evaziga hosil
bo‘ladigan og‘irlik kuchi evaziga tez eyilishiga olib keladi. Biz taklif etayotgan porshen
barmog‘ining o‘qini porshen o‘giga nisbatan asosiy suyanch sirti tomonga siljitib yasash
dvigatelni vertikal o‘rnatish imkoniyatini berib, bunda tsilindrning barcha ishchi yuzasi bir xilda
yeyilishi ta’minlanadi. Bunday taklif hozirgacha dunyo tajribasida gayd etilmagan.
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UDK 62.656

ICHKI YONUV DVIGATELLARIDA ISHLATILGAN GAZLAR TARKIBINING
TAHLILI YORDAMIDA DVIGATELNING TEXNIK HOLATINI BAHOLASH

Kurbonova Buvrajab Kankelovna
Jizzax Politexnika institute, katta o‘gituvchi, buvrajab91@mail.ru

Annotatsiya. Mazkur magola ichki yonuv dvigatellaridagi buzilish va nosozliklarni
aniglash va diagnostika qilishning ichki yonuv dvigatellarida ishlatilgan gazlar tarkibining tahlili
usuliga bag‘ishlangan.

Dunyoda avtomobillar sonining keskin oshib borishi ichki yonuv dvigatellarini yanada
takomillashtirish bo‘yicha olimlar oldiga juda katta vazifalarni go‘ymoqda. Bugungi kunda
asosiy vazifalardan biri dvigatel quvvatidan to‘la foydalanish, ekologik jihatdan zararsiz bo‘lgan
ichki yonuv dvigatelini loyihalash, hamda yonilg*i sarfini kamaytirishdan iboratdir.

AHHOTaIII/Iﬂ. I[aHHaSI CTaThbs IMMOCBALICHA MCTOAY aHalin3a COCTaBa ra3oB, UCIIOJIL3YCMbIX
B ABUI'aTCIAX BHYTPECHHCI'O CropaHus IJIA O6H3py>KGHI/I$I U JUAarHOCTHUKH ITIOJIOMOK M OTKa30B
JIBUTATEJIEH BHYTPEHHETO CrOPAHMSL.

Pe3kmii poct kosmuecTBa aBTOMOOWJIEH B MHUPE CTaBUT IEpe] yYEHBIMH OTPOMHBIC
3a/a4M 10 JajbHEHWIEMY COBEPLICHCTBOBAHUIO JBUTaTesiell BHYTpeHHero cropanus. Ceronss
0,[[H0f/i N3 OCHOBHBIX 3aJa4 SABJIACTCA ITIOJIHOC HCIIOJIB30BAHHMEC MOIIHOCTHU ABUI'aTCIIA, CO3JaHHUC
9KOJIOTMYCCKH YUCTOI'0 ABUTATCIISA BHYTPCHHCTO CrOpaHusl, CHUIKCHUC pacXxoJa TOIJIWBA.

Annotation. This article is devoted to a method for analyzing the composition of gases
used in internal combustion engines to detect and diagnose breakdowns and failures of internal
combustion engines.

The sharp increase in the number of cars in the world poses huge challenges for scientists
to further improve internal combustion engines. Today, one of the main tasks is the full use of
engine power, the creation of an environmentally friendly internal combustion engine, and a
reduction in fuel consumption.

Kalit so‘zlar: avtomobil, dvigatel, buzilish, nosozlik, to‘la massa, burovchi moment,
quvvat, karter moyi, diagnostika, tashqi tezlik xarakteristikasi, tirsakli val, aylanishlar chastotasi,
dvigatel quvvatidan foydalanish.

KuaioueBble cioBa: aBTOMO6I/IJ'H>, JABUIraTciib, IMIOJIOMKA, OTKa3, I10JIHasg1 Macca, KpYTSIH_[I/Iﬁ
MOMCHT, MOIIHOCTb, KapTECPHOC MACI0, JUArHOCTHKA, BHCUIHAA CKOPOCTHAA XapaKTCpPpUCTHUKA,
KOJICHUATBIN BaJj, 4aCToTa 060p0TOB, HUCITOJIB30BAHUEC MOIIIHOCTH ABUTaTCIIA.

Keywords: car, engine, breakdown, failure, gross weight, torque, power, crankcase oil,
diagnostics, external speed characteristic, crankshaft, speed, engine power use.

KIRISH

Ichki yonuv dvigatellarida ishlatilgan gazlar tarkibida taxminan 200 ta tashkil etuvchi
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mavjud. Ularning bargarorlik davri bir necha dagigadan 4-5 yilgacha davom etadi. Kimyoviy
tarkibi va xossalari hamda inson organizmiga ta’sir xususiyati bo‘yicha ular guruhlarga
birlashtirilgan.

Birinchi guruh. Ularga zaharli bo‘lmagan moddalar: azot, kislorod, vodorod, suv bug‘i,
karbonat angidrid va atmosfera xavosining boshqa tabiiy tashkil etuvchilari kiradi.

Karbonat angidrid va suv bug‘i yonilg‘i yonishida xosil bo‘ladi. Tabiatda CO, ni

o‘simliklar o‘zlashtiradi va fotosintez jarayonida organik moddaga aylanadi. CO,
konsentratsiyasining oshishi, uzun to‘lqinli issiglik nurlanishi yutilishida “issigxona effekti” deb
ataladigan, er yuzasining isib ketishiga sabab bo‘ladigan holat yaratishi nuqtai nazaridan
xavflidir.

Ikkinchi guruh. Bu guruhga fagat bitta modda uglerod oksidi (CO) kiradi. U neftdan
olingan ugluvodorodli yonilg‘ilarning to‘lig bo‘Imagan yonish maxsuloti bo‘lib rangsiz, xidsiz,
xavodan engil.

Is gazi yaqqol zaharlovchi ta’sirga ega, u insonning asab va yurak-tomir tizimiga ta’sir
ko‘rsatadi. Is gazi atmosferada 0,3 yil saglanadi.

Uchinchi guruh. Uning tarkibiga azot oksidlari, asosan NO -azot oksidi, NO, -azot

diaksidi va N,O, kiradi. Bu gazlar ichki yonuv dvigatellarining yonish kamerasida 2800 °S

haroratda xosil bo‘ladi va chigarish taktida bir turdan boshga turga aylanadi.
Tortinchi guruh. Bu guruhga turli uglevodorodlar, ya'ni C H  turdagi birikmalar

kiradi. Ular yonilg‘ini matorda yonish to‘la bo‘Imaganligi natijasida xosil bo‘ladi.

Uglevodorodlar zaxarli va insonning yurak —tomir tizimiga yomon ta’sir ko‘rsatadi.
Ishlatilgan gazlarning uglevodorodli birikmalari zaxarli bo‘lishi bilan bir gatorda kanserogon
ta’sirga xam egadir.

Beshinchi guruh. Aldigidlar —uglevodorod radikali bilan bog‘langan aldegid guruhiga
ega organik birikmalardir. Eng ko‘p aldegidlar dvigateldagi yonish xarorati o‘ncha Kkatta
bo‘lmagan ishlash tartiblari-salt yurish va kichik yuklanishlarda xosil bo‘ladi. Chigindi gazlar 60
% formaldegid, 32% alifatik aldegidlar va 3 % aromatik aldegidlar bor bo‘ladi. Chigindi gazlar
organik tashkil etuvchilarning umumiy miqdoridan 32 % ortig‘i chegaraviy, 27 % atrofida
chegaraviy bo‘lmagan uglevodorodlarni, 4 % gacha aromatik birikmalar va 2 % dan ko‘pirog‘ini
aldegidlar tashkil etadi.

Oltinchi guruh. Unga gqorakuya va boshga mayda zarrachalar(dvigatel detallarining
eyilish maxsulotlari, aerozollar, qurum va hakozo) kiradi.

Qorakuya —qora rangli qattik uglevodorod zarrachalari yonish to‘lig bo‘lmaganda va
yonilg‘i uglevodorodlari termik ajrashida hosil bo‘ladi.

Yettinchi guruh. Oltingugurt birikmalaridan iborat bu guruhga tarkibida oltingugurt
miqgdori oshirilgan yonilg‘idan foydalanilgan dvigatelning chigindi gazlarida paydo bo‘lgan
noorganik gazlar-oltingugurt angidiridi va oltingugurt vodorodi kiradi. Avtomobilda ishlatilgan
boshga yonilg‘i turlariga toqgoslaganda dizel yonilg‘ilarida oltingugurt ancha ko‘p bo‘ladi.

Sakkizinchi guruh. Bu guruhni ashkil etuvchilar —go‘rg‘oshin va uning birikmalaridir.
Qo‘rgcoshin va uning birikmalari fagat benzinli dvigatellarning ishlatilgan gazlarida etilgan
benzindan foydalanganda uchraydi.

ADABIYOTLAR TAHLILI VA METODOLOGIYA

O‘zbekistonda avtomobil dvigatellarining iglim sharoitiga mos ekspluatatsion
ko‘rsatkichlari tahliliga qaratilgan ishlar tadgiq gilinmagan. Chet ellarda esa dvigatellarning issiq
iglim sharoitida ishlash xususiyatlarini aniglash usullari birmuncha tahlil etilgan.

Avtomobillarning ish samaradorligi uning dvigatelining quvvatiga bevosita bog‘ligdir.
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Hozirgi paytda avtomobillarda asosan porshenli ichki yonuv dvigatellari ishlatilmogda. Bugungi
kunda mutaxasisislar oldida turgan asosiy vazifalardan biri dvigatelning quvvati oshirib,
avtomobilning tezligi va yuk ko‘tarish qobiliyatini oshirishdan iboratdir. Buning uchun
dvigatelning asosiy ekspluatatsion xususiyatlarini oshirish, yonilg‘i sarfi va ekspluatatsion
materiallarning sarfini kamaytirish zarur.

Respublikamizda avtomobillar dvigatellari ishonchliligini oshirishga garatilgan ilmiy
tadqgiqot ishlari talab darajasida emas, chunki avtomobil ishlab chigarish mustaqgillik davriga
to‘g°ri kelib, endi rivojlanish bosgichiga chigmogda. Respublikada, chet ellarda va Rosiyada bir
gator olimlar bu yo‘nalishda ilmiy-tadqgiqot ishlari olib borishgan va olib bormogdalar.

Tadgiqot mavzusini ishlab chigish darajasi A.A.Mutalibov, S.Qodiriv, B.l.Bozorov,
M.Musajanov, Q.M.Sidignazarov, Sh.l.Erbekov va xorijiy olimlardan V.I.Eroxov, L. Afanasev,
I. Batishchev, V.M. Belyaev, L. A. Bronshteyn mualliflari tomonidan yaratilgan ilmiy tadgiqot
mavzusiga katta ilmiy hissa qo‘shgan. Bu mualliflarning ilmiy ishlanmalari transport
vositalarining asosiy energiya manbai hisoblangan ichki yonuv dvigatellarining ekspluatatsion
ko‘rsatkichlarini o‘rganish ularning ekologik xususiyatlarini yaxshilashga garatilgan.

X.T. Tursunovning go‘llanmasida ekologiya asoslari amaliy ekologiya, ekologik
xavfsizlik va bargaror rivojlanish masalalari o‘rganiladi. Ekologik xavfsizlikni ta’minlashning
huqugiy, tashkiliy va iqtisodiy asoslari berilgan. O‘zbekistonning ekologik muammolarini
o‘rganish va hal gilish masalalariga alohida e’tibor berilgan. Kitobda har bir bob uchun tegishli
illyustrativ materiallar nazorat savollari, test topshiriglari, referat va ma’ruzalar mavzulari
berilgan. O‘quv go‘llanma oliy o‘quv yurtlari talabalari uchun yozilgan. O‘quvchilar atrof-
mubhitni muxofaza gilishning turli masalalari bilan shug‘ullanadi [8].

P.Sultonovning go‘llanmasida ekologiyaning umumiy masalalari, atmosfera muxofazasi,
gidrosafera va uni muxofazalash, litosfera va uni muhofazalash, o‘simlik va hayvonlarni
muhofazalash, atrof-muhit muhofazasining tashkiliy va huquqiy asoslari ko rsatib berilgan [9].

NATIJALAR

Rossiyaning Yevropa va jahon igtisodiyotiga qo shilib borishi, xalgaro yuk tashishlarni
kengayib borishi, ularda nafagat yuk tashuvchilar, balki shaxsiy yengil avtomobillar va
avtobuslar gatnashishi ekologik xavfsizlikka, igtisodiy va boshga ko rsatkichlarga qo’yiladigan
talablarni jiddiy ravishda oshiradi, yurtimiz avtomobillarini sertifikatsiya qilishda ularni
bosgichma bosgich Yevropa me’yorlariga yaginlashishini ta'minlaydi.

Bu esa, texnik xizmat ko'rsatish va ta'mirlashda gat iylashtirishda va ularga yoyishish
usullarida aks etadi.

Igtisodiy, texnologik va tashkiliy sharoitlar ta'sir etishlarni tikka shtrix-uzik chiziq
bajarilish taktikasi boyicha tagsimlaydi. Iqtisodiy va boshga me“zonlarni ishlatish natijasida 1-
strategiya bir-biridan tubdan farq qiladigan ikki yo nalishlarda rivojlanadi: texnik xizmat
ko'rsatishda Los bo'yicha ishlashlarni oldindan gilinadigan nazoratsiz (I-1) bajarish va oldindan
nazorat qilib Lo — diagnostika (1-2), ya'ni holati bo'yicha bajarish. Igtisodiy sharoitlarga,
buyumlarning mustahkamligiga va qo yilgan magsadlarga muvofiq bu strategiyalarning har biri
ma qul bo’lishi mumkin, lekin 1-2 strategiya keyin ham takomillashishi mumkin. 1-21 strategiya
holatida ko'chmas, keyinchalik esa asosan ixcham va harakatlanuvchi nazorat-diagnostika qgilish
vositalaridan foydalaniladi. Bu taktikani qo llashning asosiy shartlari: aniglik, mustaxkamlik va
nazorat-diagnostika qilish vositalarini har xil ishda ishlatilishi, ularni sotib olishga va
foydalanishga gilinadigan xarajatlarning pastligidir. Shunda 1-21 taktika ikki xil yo nalishda
rivojlanishi mumekin. Birinchisida (I-211) ishga layoqgatlikligi nazorat gilinadi, u ma’lum (doimiy
yoki 0°zgaruvchan) davriylik bilan bajariladi. Bu nazoratlar natijasida texnik ahvolga “tuzatishlar
kiritiladi”. Ikkinchisida (I-212) nazorat natijalariga ko'ra ishga layoqatliligining bashorati
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beriladi, bu esa keyingi gadamda kelgusi nazoratlar davriyligiga imkoniyat beradi.
1-jadvalda nemislarning transport assotsiatsiyasi (VCD) tomonidan tuzilgan, nemislar
bozorida sotiladigan avtomobillarning ekologik reytinglaridan ko chirmalar keltirilgan.
Yevropaning zaharli moddalarga qo'yiladigan me’yorlari, g/km, yengil avtomobillar
uchun NETSD uslubi bo"yicha

1-jadval.

83-goidaga asosan Benzin dvigatellari Dizel dvigatellari

meyorlar NOyx | CxHx | CO Qattiq COQNOyx | CO Qattiq

zarrachalar zarrachalar

YEVRO-1 (1991) 0,57 | 0,77 | 3,9 - 1,14 3,2 0,18
YEVRO-2 (1996) 0,25 | 0,34 | 2,7 - 0,9G0,7 | 1,0 | 0,1G°0,08
YEVRO-3 (2000) 0,15 | 0,20 | 2,3 - 0,56 0,64 0,05
YEVRO-4 (2005) 0,08 | 0,20 | 1,0 - 0,30 0,05 0,025
YEVRO-5 (2010) 0,06 | 0,075 | 1,0 0,005 0,25 0,5 0,005

Baholashlar shahar ichi (ECE-R) va o'zgartirilgan shahar orti (EUDC) davralarining
birikmasini ifodalaovchi yangi Yevropaning harakat davrasiga (YaEXD) muvofiq berilgan. Eng
yugori reyting 10 ballga boradi. Baholashda dvigatelning quvvati va ish hajmi, eng yuqori
tezligi, YaEXD bo'yicha yonilg'i harajati, CO. chigarishi va tashqi shovqin darajasi hisobga
olingan.

1- rasm. Ishlangan gazlarning ma’lum qismini kiritish kollektoriga kiritish

MUHOKAMA

Ishlangan gazlarni qayta kirgizish (resirkulyatsiya). Bu usulning mohiyati shundan
iboratki, ishlangan gazlarning ma’lum qismi chiqarish tizimidan ajratib olinadi va yangi
zaryadning bir gismini egallash uchun IYDning Kkiritish kanaliga yo‘naltiriladi. Ajratib
olinadigan gazlarning miqdori 1'YDning ish rejimiga garab maxsus rostlash tuzilmalari vositasida
0 zgartiriladi. Kameraga qayta Kkirgiziladigan ishlangan gazlarning issiglik sigimi Kkatta
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bo’lganidan yonish haroratini pasaytiradi, bu esa azot oksidlari chigishini anchagina kamaytiradi.
Bunda yonish jarayoni yomonlashadi, natijada SO va SN miqdori birmuncha ko payadi, dizellarda
esa ishlangan gazlardagi tutun miqgdori ortadi. Qator hollarda kengayish oxirida yonishning
cho zilib ketishi va haroratning ko tarilishi ogibatida SN migdori ham kamayadi.

Qayta kirgizish usulidan uchgundan o't oldiradigan lI'YDlarda ham, dizellarda ham
foydalaniladi. Birinchi holda ishlangan gazlar kiritish tizimiga karbyuratordan keyin uzatiladi,
shunday gilinganda aralashma hosil bo'lish jarayoni buzilmaydi. Benzinda ishlaydigan 1'YDlarda
ishlangan gazlarni qayta kirgizish usulidan foydalanishning kengayib borishi (tez yonish
kameralari bilan birgalikda) ularni suyuq aralashmalarda ishlashga o"tkazishga yordam beradi. Bu
esa azot oksidlari chigishining ko payishiga olib keladi. Qayta kirgizilgan ishlangan gazlar yangi
aralashmaning bir gismi o'rnini egallab, quvvatning kamayishiga sabab bo'ladi. Bunda yonish
jarayonining yomonlashuvi siklda issiglikda yomon foydalanishga olib keladi. Qayta
kirgiziladigan ishlangan gazlarning ulushi (ishlangan gazlarning umumiy miqgdoriga nisbatan) 15
foizdan oshmaydi, ko'p hollarda esa ko pi bilan 10 foizni tashkil etadi. Tajriba ma’lumotlariga
ko'ra, ishlangan gazlarning 5 foiz gismi gayta kirgizilganda azot oksidlarining chigishi dastlabki
darajadan 40 foizigacha, 15 foiz qismi gayta kirgizilganda esa 60-70 foizgacha kamayar ekan.
Mazkur usul chigarib tashlanadigan azot oksidlari migdori keskin cheklab qo’yilgan
mamlakatlarda yengil avtomobillarning dvigatellarida boshga chora-tadbirlar, masalan,
oksidlovchi neytrallash usuli bilan birgalikda keng ko lamda qo"llanilmoqgda.

Avtomobillarda ishlatilgan gazlar tarkibidagi zaharlovchi moddalar migdoriga goyilgan
xalgaro talablarni o‘rganishni iqgisodiy asoslash orqgali uni amaliyotga joriy etish mumkun.
Igtisodiy asoslashda hozirgi kundagi bozordagi resurs narxlaridan foydalaniladi, ishlab
chigariladigan mahsulotni raqobat darajasi hisobga olinadi, shunigdek shu kundagi loyixa orgali
tayyorlangan mahsulotni narxi hisoblanib bozordagi narxga solishtiriladi, ishlab chigarish
dasturini tuzishda ragobat daraja xisobga olinadi. Loyixani amalga oshirish uchun kerakli
mablag'ni bank kredit foizi hisobga olinadi, uni bankka qaytarish muddati talabdan oshib
ketmasligi kerak.

Bunday iqtisodiy asoslash quyidagi ketma-ketlikda amalga oshiriladi:

1. Avtomobillarda ishlatilgan gazlar tarkibidagi zaharlovchi moddalar miqdoriga
go yilgan xalgaro talablarni o‘rganishni igisodiy asoslashni dastlabki ma’lumotlari tuldiriladi.

2. Avtomobillarda ishlatilgan gazlar tarkibidagi zaharlovchi moddalar miqgdoriga
qo yilgan xalgaro talablarni o‘rganishni igisodiy asoslashni asosiy fondi xamda ishlab chigarish
fondi xisoblab chigiladi.

3. Avtomobillarda ishlatilgan gazlar tarkibidagi zaharlovchi moddalar miqgdoriga
qo'yilgan xalgaro talablarni o‘rganishni igisodiy asoslashni vyillik ishlab chigarish xajmi va
tayorlov narxi (mahsulot birligiga) hisoblanadi.

4 Avtomobillarda ishlatilgan gazlar tarkibidagi zaharlovchi moddalar miqgdoriga
qo'yilgan xalgaro talablarni o‘rganishni igisodiy asoslashni ishlab chiqgarish dasturi tuziladi.
Unda olinadigan daromad tannarx, yalpi foyda, amprtizatsiya va samaralar hisoblanadi.

5 Avtomobillarda ishlatilgan gazlar tarkibidagi zaharlovchi moddalar migdoriga
go yilgan xalgaro talablarni o‘rganishni igisodiy asoslashni o‘zini oglash muddati hisoblanadi.

6. Asosiy fondlardan foydalanish ko‘rsatkichlari: fond gaytimi aylanma fondlarni
aylanishi soni, yillik mexnat unumdorligi, rentabelliklar hisoblanadi.

XULOSA

Atrof-muhitni avtomobil transportining zararli ta'siridan himoya qilish_asosan 2 xil
yo nalishda ish olib boriladi:

1- avtomobillar va uning dvigateli konstruktsiyalarini takomillashtirish.
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2- ekspluatatsiyadagi avtomobillarning zararli ishlashiga garshi kurash.

Avtomobillar va uning dvigateli konstruktsiyalarini takomillashtirish, dvigatel ish
rejimini takomillashtirish, har xil yordamchi jihozlardan va yuqori sifatli yonilg'idan
foydalanish, texnik xizmat va ta'mirlash ishlarini 0’z vagtida va sifatli bajarish va kam zararli,
gazotrubinali, tashqi yonuvchi-Stirling dvigateli, elektromobillar, injektorli dvigatellar ishlab
chigarish bilan amalga oshiriladi.

Ekspluatatsiyadagi avtomobillarning zararli ishlashiga garshi kurash, asosan avtomobillar
chigarayotgan zararli moddalarning miqdorini tegishli gonun xujjatlari bilan chegaralash va bu
me yorlarga amal gilinishini nazorat gilishdan iboratdir.
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AVTOMOBIL YO‘LLARI ARXITEKTURASINI YANADA BOYITISH VA
TAKOMILLASHTIRISH

Mahmudov Sanjarbek Toxirjon o‘g‘li
NamMQI, stajyor-o‘gituvchi, msanjarbek1003@gmail.com,+998999774742

Annotatsiya. Ushbu magolada avtomobil yo‘llari atrofini yanada obodonlashtirish va
ko‘kalamzorlashtirish, qolaversa, arxitekturaviy jozibadorligini oshirish, yo‘l chetlarida atrof-
muhit havosini tozaligiga ijobiy ta’sir ko‘rsatuvchi o‘simlik va daraxt turlarini ko‘paytirish
bo‘yicha takliflar ishlab chigilgan. Avtomobil yo‘llaridan foydalanib kelayotgan haydovchi va
yo‘lovchilarning yo‘llardan foydalanish jarayonida yo°l atrofidan estetik zavq olishini
ta’minlash, shahar markaziy ko‘chalarida arxitekturaviy landshaftlar hosil gilish bo‘yicha dunyo
tajribasini o‘rganilgan, mamlakatimizda qo‘llash va qo‘shimchlar Kiritish to‘grisida yoritib
o‘tilgan.
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Abstract. In this article, proposals have been developed for further beautification and
greening of highways, as well as to increase their architectural appeal, and to increase the
number of types of plants and trees that have a positive effect on the cleanliness of the
surrounding air on the sides of the roads. . The world experience of creating architectural
landscapes in the streets of the city center to ensure that the drivers and passengers using the
roads enjoy the aesthetic pleasure of the road environment during the use of the roads, applied in
our country and additions are covered.

AnHoramusi. B gaHHOW craTtbe pa3paboTaHbl TPEMIOKEHUS TI0 JabHEHIIEMY
OIaroycTpoiiCTBY U O3CJICHCHHIO aBTOMOOWIBHBIX JOPOT, a TaKXKe TOBBIIEHUS WX
APXUTEKTYPHON TPHUBIICKATECIBHOCTH, YBEJIMYECHUS KOJIMYECTBA BUIOB PACTCHHU M JIE€PEBBLEB,
MIOJIO)KUTENBHO BIMSIONIMX HA YHCTOTY OKPYXKAIOLIETO BO3AyXa HAa TEPPUTOPUU OOOYMHBI
nopor.. PaccMOTpeH MUpPOBO# OMBIT CO3/IaHUS APXUTEKTYPHBIX JaHAMA(TOB Ha yIWIAX IIEHTpa
ropoga mjid TOro, I-ITOGI:I BOOUTCIIM MW MNACCAXKUPBI, MOJB3YHOIIUCCA OOpOramMu, IMoJydain
ACTETHYECKOE YJOBOJIBCTBHE OT JIOPOKHOM cCpenbl BO BpeMsl HCIOJIB30BAHMS JIOPOT,
MPUMCHACMBIC B Hamei CTPAaHC U JOIOJIHCHUA.

Kalit so‘zlar: ko‘kalmzorlashtirish, obodonlashtirish, arxitektura, landshaft, estetika,
atrof-muxit, me’moriy, manzara, ko‘rish masofasi, xavsizlik, ekologiya, dizayn.

Key words: andscaping, beautification, architecture, landscape, aesthetics, environment,
architectural, scenery, sight distance, poverty, ecology, design.

KioueBble cjoBa:  OMaroyCTpoWcTBO,  apXHTEKTypa, JIaHamadT, ACTETHKA,
OKpY>Karollasi cpejia, apXUTEKTYPHBIN, IEKOpaAIluH, TadTbHOCTh BUIUMOCTH, O€HOCTD, KOJIOTHS,
TU3aNH.

Kirish

Respublikamizda transport kommunikatsiyalarini rivojlantirish va ularning foydalanuv
holatini yaxshilash bugungi kundagi iqtisodiyotning dolzarb ustivor yo‘nalishlaridan biri
hisoblanadi. Avtomobil yo‘llari avtomobillarning xavfsiz va tejamli harakatlanishini
ta’minlashdan tashgari yo‘lovchilar bilan haydovchilarning yo‘lda yurishini qulay va oson ham
qilishi kerak.

Yo‘l yurish qulay va oson bo‘lishi uchun harakat xizmati tizimi, harakatni tartibga solish
vositalari va yo‘l bezash vositalari ilmiy asoslangan bo‘lishi kerak.

Oc‘zbekiston respublikasi avtomobil yo‘llarini rivojlantirish konsepsiyasining strategiya
magsadlarida avtomobil yo‘llarining ko‘kalamzorlashtirilishini va me’moriy-landshaft tuzilishini
rivojlantirish to‘g‘risida alohida band mavjud [1].

Asosiy gism

XX asrning birinchi yarmida avtomobil yo‘llari landshafti loyihasini tuzish fikri paydo
bo‘lib muvaffagiyat bilan rivojlandi va yo‘l loyihasini tuzish dunyo amaliyotida yetakchi o‘ringa
chigdi. O‘tgan asrning 70-yillarida esa yo‘lning landshaft bilan uyg‘unligi, yo‘l chetining
manzarali bo‘lishi haydovchilar charchashini kamaytirishi, harakatning qulay va xavfsiz
bo‘lishiga imkon berishi ma’lum bo‘ldi.

Bundan tashgari tizim tarkibida yo°‘l chiroyli va badiiy bezatilgan bo‘lishini
ta’minlaydigan texnik estetika tizimini; yo‘Ining manzara bilan uyg‘un bo‘lishini ta’minlaydigan
manzara loyihasini va yo‘Ini bezashda manzara elementlaridan foydalanish imkonini beradigan
manzara me’ morchiligini ajratib ko‘rsatish mumkin [2].

Yo‘l obodonlashtirilishining manzaraviy me’moriy loyihasini tuzish avtomobil yo‘llarida
yurish xavfsiz va qulay bo‘lishini oshiradigan ilm va san’at bo‘ladi.

Avtomobilning harakat qgilish tartibi va xavfsizligi ko‘p jihatdan haydovchi yo‘Ini ganday
qabul qilishiga, ya’ni “ko‘rish muhiti” gandayligiga bog‘liq bo‘ladi.
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1-rasm. Avtomobil yo‘lini atrofini ke‘kalamzorlashtirish:

Ko‘plab rivojlangan davlatlarda atrof-muhit manzalari tobora kamayib bormoqda, bunday
hollarni o‘zimizning hududlarda ham ko‘rish mumkin. Asosiy sabablaridan biri bu ijtimoiy
obyektlar hamda turar joy binolarining ortib borishi bilan bog‘lig. Avtomobil yo‘llarini
loyihalash va qurilish jarayonlarida yo‘l chetlarida ko‘kamlamzorlashtirilgan hudularni barpo
etish bu eng muhim va kerakli vazifalardan hisoblanadi [3]. Chunki avtomobildan chigayotgan
zaharli gazlarni oz bo‘lsada kamytirish, yo‘l infratuzilmasini yanada to‘ldirish, yo‘ldan
foydalanayotgan insonlarga estetik zavg berish uchun hizmat giladi. Transport vositalaridan
chigayotgan shovqgin miqgdori yildan-yilga ortib bormoqgda. Yo‘l atrofida joylashgan aholi
yashash turar-joy binolarida yashovchi insonlarning har xil asab kasalliklarini paydo bo‘lishida
shovqin kichik bo‘lsada ahamiyatga ega. Koz kasalliklarini yurtimizda ko‘payib borishi ham
transport vositalaridan chigayotgan zaxarli gazlar natijasidadir. Daraxtlar va manzalari
o‘simliklar hudulari shovginni kamaytirish yoki shovqin chastotasini susaytirish xususiyatiga
ega.

‘
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2-rasm. Yo‘lning ko‘ndalang kesimi bo‘yicha elementlarini to‘g‘ri joylashtirish:

Yurtimizning ko‘plab viloyatlari markazlarining yo‘l atroflarida gullar yoki
daraxtlatlardan dekarativ manzalar hosil gilingan [4].
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3-rasm. Yo‘lning chetlarida hosil gilingan dekarativ na’mna ari.

Bunday dekarativ na’munalarni yana ko‘plab uchratish mumkin. Ushbu na’munalarning
o‘zgacha estetik zavgi va insonlarni jalb qilish xususiyati mavjud. Yurtimizga keluvchi
sayohatchi (turist)larni ushbu dekaratsiyalar ham jalb giladi. Bunday tabiiy dekaratsiyalarni
ko‘plab na’munalarini avtomobil yo‘llari atrofida hosil qilish, transport vositasida
harkatlanayotgan haydovchi va yo‘lovchilarning e’tiborini tortib, haydovchida kuzatilishi
mumkin bo‘lgan zerikishlarni oldini olishga hizmat giladi. Ularning tabiiyligi esa atrof-
muxitdagi zaharli gazlarni 0z bo‘lsada kamaytirish imkonini beradi.

Xulosa

Avtomobil yo‘llarini qurilish jarayonlarida ahmiyat berishimiz kerak bo‘lgan oddiy
ishlardan biri atrof-muxit muxofazasi hisoblanadi. Bu bilan biz nafagat atrof-muhit muhofazasi,
golaversa, o‘z salomatligimiz uchun ham e’tibor beradigan jihatlarni inobatga olishimiz zarur.

Yol atrofida ko‘kamlamzorlashtirilgan hududlar, me’moriy landshaft, dekarativ
manzalar sonini ko‘paytirish:

-ekologiyani mo‘tadillashishiga

-yo‘llardan insonlarni xavfsiz, qulay foydalanish imkonini beradi;

-transport vositalaridan chigayotgan zaxarli gazlarni kamaytirish;

-arxitekturaviy manzarani jozibador bo‘lishi;

-tuprogni unumdorligini saglab qolish;

-shovqin miqgdorini kamaytirish imkoni beradi.
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Annotatsiya. Ushbu maqolada, gaz ballonli avtomobillarning ekspluatatsion va ekologik
ko‘rsatgichlari tahlili, ularning istigbollari va gaz ballon uskunalarini optimal o‘rnatish
ko‘rsatgichlari keltirilgan. Gaz ballonli avtomobillarning ekspluatatsion ko‘rsatgichlarini
yaxshilashda va ekologik xafsizligini ta’minlashda gaz ballon uskunalarini avtomobil texnik
ko‘rsatgichlariga mos tanlash va shunga mos dastur sozlamalarini optimal holatda o‘rnatish usuli
ko‘rsatilgan. Shu bilan birga universal yonilg‘i ta’minlash tizimiga ega gaz ballonli
avtomobillarning bazaviy dasturlari orgali ularning yonilg‘ini ta’minlash tizimidagi gaz
injektorlarining yonilg‘i uzatish miqdorini optimallashtirish bo‘yisha tahliliy ma’lumotlar
keltirilgan. Gaz-benzin rejimlarining almashish davrini to‘g‘ri tanlash bilan avtomobilning
ekspluatatsion samaradorligini oshirish imkoniyatlari o‘rganilgan.

AHHoTamusa. B 1aHHON cTaThe TPEACTABICH AaHAIW3 OAKCIUTyaTal[MOHHBIX H
SKOJIOTUYECKUX IT0Ka3aTenei F&306aJIJIOHHBIX aBTOMOGHHeﬁ, HUX HNCPCICKTHUBBI U ONTHMAJIbHAA
yCTaHOBKa Ta300aytoHHOTO o0OopymoBaHus. C TII€bIO0 TOBBIIICHUS SKCIUTyaTallMOHHBIX
XapaKTePUCTHK ra300aNIOHHBIX aBTOMOOMIIEH M 00ECTIeYeHUsI X IKOJIOTHYECKON 0€30MacHOCTH
MoKa3aH CII0co0 BBI60pa raso0aIOHHOTO 060pyI[0BaHI/I}I M0 TEXHUYCCKHUM XapaKTCPUCTHUKaM
aBTOMOGI/IJISI N YCTAaHOBKHM COOTBCTCTBYIOIIMX IIPOrpaMMHBIX HACTPOCK B OITUMAJILHOC
COCTOsHHCE. HpI/I OTOM IIPUBOAATCA AHAJIUTUYCCKHUC JaHHBIC II0 OIITHMH3AlIMU KOJHWYCCTBA
NEepeKaykyl TOIUIMBA Ta30BbIX (OPCYHOK B HMX CHCTEME TOIUIMBONOAAYM uepe3 Oa3zoBble
IIporpaMmabl ra3o0a/UIOHHBIX aBTOMOOUIEN C yHHBepcaanoﬁ CHUCTEMOU TOIIJIMBOIIOAAa4H.
M3yueHsl BO3MOXKHOCTH TMOBBIICHUS 3()()EKTUBHOCTH HKCIUTyaTalldd aBTOMOOWIS TpU
IIpaBUJIbHOM noz[6ope neprnoaa CMEHbI PEKUMOB rasz-0eHsuna.

Abstract. This article presents the analysis of operational and environmental indicators
of gas cylinder cars, their prospects and optimal installation of gas cylinder equipment. In order
to improve the operational performance of gas cylinder cars and ensure their environmental
safety, the method of choosing gas cylinder equipment according to the technical specifications
of the car and setting the appropriate program settings in the optimal state is shown. At the same
time, analytical data on optimizing the amount of fuel transfer of gas injectors in their fuel
supply system through the basic programs of gas cylinder cars with a universal fuel supply
system are presented. Possibilities of increasing the operating efficiency of the car with the
correct selection of the exchange period of gas-petrol modes have been studied.

Kalit so‘zlar: muqgobil yonilgilar, avtomobillar ekspluatatsiyasi, ekologik xavfsizlik,
sigilgan tabiiy gaz, gaz ballon uskunalari, yonilg‘i ta’minlash tizimi, gaz-benzin rejimi, yonilg*i
tejamkorligi, tortish-tezlik xususiyatlari.

KaroueBnie ciioBa: AJIBTCPHATUBHBIC BHUJbI TOIUIMBA, OSKCILTyaTallyusd aBTOMO6I/IJ'I$I,
JKOJIOTHYECCKas 6C3OHaCHOCTL, CoKaTBIN HpI/IpO,I[HLIP'I ras, razo0aJuIOHHOE o60py)1013aHI/Ie,
CHUCTEMa TOIUIMBOIIOJAa4H, ra3zo00€H3MHOBBII PCXKUM, DKOHOMMUS TOINIMBA, TATOBO-CKOPOCTHBIC
XapaKTCPUCTHUKU.

MEXAHUKA BA TEXHOJIOT'MS MJIMHIA XKYPHAJIH, 2023, Ne 4 (13)
179


mailto:akmaldotsent@gmail.com

ABTOMOBIJI BA KUIIJIOK XYXKAJIMK MAILIMHAJIAPU
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speed characteristics.

Kirish

Yonilg‘i energiya resurslari ichida neft mahsulotlari dunyoda eng ko‘p foydalaniladigan
yonilg‘i turi hisoblanadi, iste’moldagi neft yonilg‘i resurslarining 50 % avtomobil transporti
hissasiga to‘g‘ri keladi [5] ya’ni neft yonilg‘ilarining asosiy iste’molchisi bu avtomobillardir.
Shuningdek, avtomobillar ekspluatasiya jarayonida asosiy issigxona gazlarini va zararli gaz
chigindilarini chigaruvchi manbalaridan hisoblanib, sanoat-ishlab chigarish, tog‘-kon sanoati va
boshqalar ichida umumiy zararli gaz chigaruvchilar ichida 40% dan ortiq ulushda ifloslantiruvchi
moddalarni atrof-muhitga chigaradigan asosiy manbaa hisoblanadi.

Markazlashgan va aholi zich joylashgan shaharlar hududidagi avtomobil yo‘llarida,
doimiy paydo bo‘ladigan tirbandliklar, avtomobil ichki yonuv dvigatel (I'YoD)larining salt va
yugori-past (dvigatel boshlang‘ish harakatni berishi uchun yugori yuklanish so‘ng past yuklanish
rejimlarida ishlashi doimiy takrorlanadi) yuklanish rejimlarida ishlash davrining ko‘payishiga
olib keladi. Bu holat o‘z navbatida yonilg‘i sarfini oshirib, o‘sha hudud ekologiyasiga salbiy
ta’sir ko‘rsatadi.

Birgina respublikamiz misolida atmosferaga chigadigan umumiy chigindi gazlarning 60
foizga yaqini transport vositalari hissasiga to‘g‘ri keladi va yiliga o‘rtacha 1,3 min tonna zararli
gazlar havoga tashlanmoqda [5]. 2030 yilgacha bo‘lgan davrda O‘zbekiston Respublikasining
atrof muhitni muhofaza gilish kontsepsiyasi doirasida mamlakatimizda transportlarni gaz ballon
yonilg‘isiga, elektr quvvatiga va boshqa muqobil yoqilg‘i turlariga o‘tkazish, bunda, 2022 yilga
kelib transport vositalarining 50 foizini, 2030 yilga kelib esa 80 foizini gaz-ballon yoqilg‘isi va
elektr energiyasida ishlashga o‘tkazish bo‘yicha ustuvor vazifalar belgilangan. Agarda, mavjud
texnika vositalarini tahlil giladigan bo‘lsak, respublika bo‘yicha jismoniy shaxslarga tegishli
bo‘lgan jami 3,2 min dona avtotransport vositalari mavjud bo‘lib, shundan, 15,8 ming donasi
avtobuslar hisoblanadi. Shundan, gaz yonilg‘isida harakatlanadigan avtobuslar 10240 tani tashkil
etadi [6]. Shuningdek shahar hududida mavjud harakat tarkibining ekspluatasion samaradorligini
oshirish va ekologik xavfsizligini ta’minlash uchun bosqichma — bosgich muqobil energiya
manbalari bilan harakatlanuvchi avtomobillarni ko‘paytirish rejalashtirilmoqda.

O‘zbekiston Respublikasi Prezidentining 2022-yil 2-fevraldagi “Toshkent shahar jamoat
transporti tizimini yanada rivojlantirishga doir qo‘shimcha chora-tadbirlar to‘g‘risida”gi qaroriga
muvofiq olib kelingan STGda ishlovchi yangi avtobus va elektrobuslar Toshkent shahar
ko‘chalarida 1000 dan ortiq yo‘nalishda harakatlanmoqda. Natijada atmosfera havosiga
chigariladigan zaharli gazlar migdori bir yilda o‘rtacha 1,2 ming tonnaga kamayishiga erishiladi

[5].

Bugungi kunga kelib, gaz ballonli avtomobillar (GBA) sonining kun sayin oshib borishi,
ularning ekspluatatsion ko‘rsatgichlarini yanada takomillashtirish va yaxshilash yo‘llarini tadqiq
etishni va shunga mos yechimlar ishlab chiqish zarurligi bilan dolzarbdir.

Mugobil yonilg‘i turlari sifatida bugungi kunda sigilgan tabiiy gaz (STG) yonilg‘isi
avtotransport vositalari ichida keng ommalashgan bo‘lib, uni IYoD yonilg‘isi sifatida
foydalanish uchun belgilangan talablar bo‘yicha gaz ballon uskunalari (GBU) o‘rnatiladi va
ekspluatatsiya qgilinadi. Xorijiy tadgiqotlarga ko‘ra [6], STGda ishlovchi gaz ballonli
avtomobillar ekspluatasiya jarayonida yillik 280 barrel benzin yonilg‘isini tejab, 46500 dollar
yonilg‘i xarajatlari iqgtisod giladi va benzinli avtomobillarga nisbatan zararli gazlar va shovgin
miqdorini sezilarli darajada kamaytiradi. Buning natijasida dvigatel moylash tizimining ishlash
muddati uzayib, moy qovushqogligining uzoq vaqt optimal saglanishi, moylash tizimi samarali
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ishlashiga, moylash materiallarining sarf xarajatlari tejalishiga olib keladi. Shuni ham ta’kidlash
kerakki, gaz ballonli avtomobillarning energiya samaradorligini oshirish asosida avtomobil
ekspluatatsion ko‘rsatgichlarini yaxshilashda, avtomobillar xarakteristikasiga mos GBUni
tanlash, gaz-benzin rejimlarini to‘g‘ri sozlash va ekspluatatsion sharoitlarga mos holatda GBU
elektron boshqgaruv bloki (EEB)ni optimal roslash talablarini go‘yadi.

Respublikamiz hududidagi gaz ballonli avtomobillarini O<zbekiston Respublikasi
Vazirlar Mahkamasining 2015-yil 11-noyabrdagi “Siqilgan tabiiy gazda, suyultirilgan neft
gazida yoki dizel va gazsimon yoqilg‘i aralashmasida ishlaydigan transport vositalarining
xavfsizligi to‘g‘risida umumiy texnik reglamentni tasdiqlash haqida” gi 326-sonli qarorilga
muvofiq talablar bo‘yicha ekspluatatsiya gilinishi va nazorat olib borilishi belgilangan.
Respublikamizda 2022-yilga gadar avtomobil yo‘llarida 1,570 milliondan ortiq avtotransport
vositalari mavjud bo‘lib, ularga 2,5 milliondan ortig STG va 200 mingdan ortiq avtotransport
vositalarida suyultirilgan neft gaz yonilg‘isiga moslab qayta jihozlangan va ekspluatasiya
gilinmoqgda [9], bu ko‘rsatgich kun sayin jadall o‘sib bormoqda. Shuningdek gaz ballonli
avtomobillarni ishlab chigarish va ekspluatatsion ko‘rsatgichlarini yaxshilash ishlari ko‘lami
ham kengayib bormoqgda. An’anaviy yonilg‘i turida ishlovchi avtomobillarning GBU bilan gayta
jihozlanishi, ushbu avtomobillar dvigatel quvvatining 15-20 % pasayishiga sabab bo‘ladi [1], bu
asosan STGda ishlovchi 1-2-3-avlod gaz ballon uskunalari bilan jihozlangan avtomobillarda
kuzatiladi. Universal yonilg‘i ta’minlash tizimiga ega 4-avlod GBU boshga avlodlarga nisbatan
har tomonlama samarali bo‘lib, hozirda keng ommalashib bormoqda.

Universal yonilg‘i ta’minlash tizimiga ega gaz ballonli avtomobillar ekspluatatsiyasida
yuzaga kelayotgan eng asosiy muammolardan biri dvigatel “gaz-benzin” almashish rejimlarining
sozlanishida yuzaga keladigan ko‘plab noanigliklardir.

Adabiyotlar tahlili va metodologiyasi

Gaz ballonli avtomobillarni ekspluatatsion ko‘rsatgichlarini tahlil gilish va yaxshilash
bo‘yicha tanigli respublikamiz tadgigotchi olimlaridan B. 1. Bazarov gaz ballonli
avtomobillarning ekologik hamda ekspluatatsion samaradorlik ko‘rsatgichlari bo‘yicha va
gishlog xo‘jaligi mashinalariga GBUni o‘rnatish xususiyatlari va texnalogik omillari bo‘yicha
ilmiy izlanishlar olib borishgan . Shuningdek xorijiy olimlardan G. I. Samol va K. I. Genkinalar
gaz-havo aralashmasining silindrlarga me’yoriy miqdorda kiritilishi va yonilg‘i sarfini rostlash

xususiyatlariga yonilg‘i ta’minlash tizimini boshqarish algoritmlarining ta’siri ko‘rib
chigilgan ammo aniq ko‘rsatma va tavsiyalar ishlab chigilmagan.

V.V. Biryuk, S.V. Falaleev va boshga mualliflar gazda ishlovchi IYoDning
ekspluatatsion ko‘rsatgichlarini yaxshilash uchun ejektorli (yonilg‘i uzatuvchi) ta’minlash tizimi
va kompressorli yonilg‘i uzatish usullaridan foydalanish bo‘yicha tavsiyalar bergan, ammo bu
porshenli I'YoD da ko‘rib chigilmagan.

V.lL.Eroxov, V.L.Ximich, Yu.V.Panov, A.S. Xachiyan, |.M.Korostyshevskiy,
E.A.Fedyanov va boshgalar tomonidan GBA ekspluatasion samardorligini oshirishda gaz —
benzin rejimlarining almashish vaqgtini optimal o‘zgartirish bo‘yicha ilmiy tavsiyalar ishlab
chigilgan. Benzindan gaz yoqilg'isiga o‘tishda GBA dvigatel quvvat va tortish kuchining
kamayish masalasi yugoridagi mualliflar tomonidan keltirib o‘tilgan, ammo turli usullar ya’ni
konstruktiv va dasturiy ta'minotlar yordamida bu yo‘qotishlarni kamaytirish bo‘yicha hech
ganday ilmiy izlanishlar olib borilmagan.

Natija va muhokama

! O‘zbekiston Respublikasi Vazirlar Mahkamasining 2015-yil 11-noyabrdagi “Siqilgan tabiiy gazda, suyultirilgan neft gazida yoki dizel va
gazsimon yoqilg‘i aralashmasida ishlaydigan transport vositalarining xavfsizligi to‘g‘risida umumiy texnik reglamentni tasdiqlash haqida” gi
326-sonli garori

MEXAHUKA BA TEXHOJIOT'MS MJIMHIA XKYPHAJIH, 2023, Ne 4 (13)
181



ABTOMOBIJI BA KUIIJIOK XYXKAJIMK MAILIMHAJIAPU

Universal yonilg‘i ta’minlash tizimiga ega gaz ballonli avtomobil (GBA) larning
ekspluatsion ko‘rsatgichlarini yaxshilashda, dvigatel effektiv quvvati, yonilg‘i tejamkorlik
ko‘rsatgichlari samaradorligini oshirish juda muhim hisoblanadi. Shuningdek bu o‘z navbatida
GBAlarning ekologik xavfsizligini ham parallel yaxshilanishiga olib keladi.

GBA dvigatellari effektiv quvvatini oshirishda quydagi ikkita usuldan foydalanishimiz
mumkin [12]:

(a) silindrga qisga vaqtda ko‘prog yonilg'i aralashmasini Kiritish;

(b) silindrdagi issiglik energiyasini ko‘prog mexanik energiyaga aylantirish.

Avtomobillarga GBUni o‘rnatishda asosan dvigatel ta’minlash tizimiga gisman
konstruktiv o’zgartirishlar kiritiladi yoki butunlay yangi konstruktsiya yaratishni taqozo etadi.

STGda ishlovchi gaz ballonli avtomobillar dvigatel ta’minlash tizimining yonilg'i
aralashma uzatish va tayyorlash usuliga ko‘ra quyidagi turlarga bo‘linadi [7]:

« ikki yonilg‘ili bilan ishlovchi - universal yonilg‘i ta'minlash tizimiga ega va o‘t oldirish
tizimida ishloshga mo‘ljallangan, bunda gaz va benzin uchun ikkita ekvivalent yonilg‘i
ta’minlash tizimiga ega gaz ballonli avtomobil;

« gaz-suyuglik yonilg‘i (gaz-dizel) bilan ishlovchi - STGda ishlaydigan dizel ichki yonuv
dvigatelidagi gaz-havo aralashmasini yogish uchun dizel yonilg'isining bir gismi yondiruvchi
doza sifatida ishlatiladigan ta’minlash tizimiga ega gaz ballonli avtomobil hisoblanadi;

« fagat gaz bilan ishlovchi — fagat tabiiy gazda ishlash uchun konvertatsiya gilinadigan
dvigatellar, bunda gaz-havo aralashmasini silindrlarda elektr uchqun o‘t oldirish tizimiga ega gaz
ballonli avtomobillar.

Bugungi kunda respublikamiz va xorijiy davlatlarda STGda ishlovchi birinchi turdagi
ya’ni ikki yonilg‘ili bilan ishlovchi - universal yonilg‘i ta'minlash tizimiga ega Avtomobillarning
STG yonilg‘isidan foydalanishni boshlagandan bugungi kungacha 4 avlod (bu Yevro talablar
bo‘yicha ham nomlanadi: Yevro-1, Yevro-2, Yevro-3 va Yevro-4) GBUdan foydalanilgan [13].

Bugungi kunda STG vyonilg‘isida ishlovchi avtomobillarni 4-avlod GBU bilan gayta
jihozlanish keng ommalashmogda (1-rasm). Ushbu avlod GBU deyarli barcha zamonaviy ichki
yonuv dvigatellariga konvertatsiya gilish mumkin, konstruktsiyasi juda oddiy, shuningdek juda
samarali ishlaydi. STGda ishlovchi avtomobillarning 1-2-3-avlod GBUdan farqgli ravishda 4-
avlod GBU har bir silindning o‘ziga STG yonilg‘isini uzatuvchi gaz injektorlari o‘rnatiladi, bu
esa o‘z navbatida dvigatel quvvatining kuchayishi va yonilg‘ining sezilarli darajada tejalishiga
olib keladi.

1-rasm. GBU bilan jihozlangan holatda “UzAuto Motors” AJ tomonidan ishlab
chigarilayotgan Lacetti SX CNG L3-15G avtomobili
2016-yilning kuzidan GM Uzbekistan zavodi tomonidan ishlab chiqgarilayotgan ikki xil
yoqilg‘i turida ishlashga moslashtirilgan Lacetti B15D avtomobili 4-avlod GBU bilan
jihozlangan, dvigatel benzinda ishlaganda elektron boshgaruv tizimi bilan hamkorlikda
ishlaydigan gaz injektorlarini boshgaruvchi hamda uchqunni ilgarilash burchagini (yroa

MEXAHUKA BA TEXHOJIOI'M S WJIMUI )KYPHAJIH, 2023, Ne 4 (13)
182



ABTOMOBIJI BA KUIIJIOK XYKAJIMK MAILIMHAJIAPU

ornepexeHue 3axuranus) o‘zgartiruvchi maxsus LCO2 dasturli elektron boshgaruv tizimiga ega
qurilma bilan jihozlangan. GBU bilan ta’minlangan Lacetti avtomobillarining ommaviy sotuvga
chiqarilishi va unga zamonaviy GBUning o‘rnatildi [10, 11]. Lacetti avtomobiliga o‘rnatilgan
GBU tizimi Yevropa Ittifoqining “Regulation Ne 110 of the Economic Commission for Europe
of the United Nations (UN/ECE)” talablariga javob beradi va uning ishlab chiqarilishi General
Motors korporatsiyasi tomonidan tasdiglangan. Ushbu avtomobilga o‘rnatilayotgan universal
ta’minlash tizimiga ega 4-avlod GBU bilan jihozlangan va gaz ballon hajmi 90 litr bo‘lib, bir
marta gaz yonilg‘isi bilan to‘liq to‘ldirilganda, ushbu avtomobil soatiga 90 kilometrlik tezlikda
280 kilometrgacha, shahar ichida esa 230 kilometr yo‘l bosa oladi [11].

4-avlod STG avtomobillarida yuqgoridagi kamchilik bartaraf etilgan va gaz uzatish uchun
har bir silindrga alohida gaz injektorlari o‘rnatiladi, shuningdek jarayonni optimal boshgarib
turuvchi STGning elektron boshqgaruv bloki o‘rnatilgan. Avtomobillarni 4-avlod GBU bilan
jihozlash ishlaridan so‘ng gazli EBB kompyuterda o‘ziga mos bo‘lgan programmada
dasturlanadi (2-rasm). Ushbu programmalarga bugungi kunda ommalashgan Stage, Digironic,
Europegas, Prins, Autogas system, BRS, Autogaz AC va boshgalarni keltirish mumkin.Yengil
avtomobillarda o‘rnatilayotgan zamonaviy GBUning samaradorligi avvalgilaridan fargli ravishda
tortish tezlik xususiyatlarining yaxshilanishi va ekologik xavfsizlik ta’minlanganligi bilan har
tomonlama qulaydir. Bundan tashgari yonilg‘i ta’minlash tizimida gaz yonilg‘isi uchun ham
alohida EBBining mavjudligi, dvigatel energiya samaradorligini oshirib, yonilg‘i tejamkorligiga
katta ta’sir ko‘rsatadi.

Gaz EBB

Gaz benzin rejimini o’chirib
yogish tugmasi

Yugori bosimli gaz ogimi

MAP sesori

Gaz balloni

o e

Gaz iniektori

2-rasm. 4-avlod GBU ishlash jarayonining umumiy sxemasi

Yugqoridagi programmalar orqali dvigatel ta’minlash tizimidagi “gaz-benzin” yonilg‘i
almashish rejimini yonilg‘ining xususiy haroratiga yoki tirsakli val aylanishlar soniga nisbatan
o‘zgartirish mumkin. Bu jarayonni gaz EBBga kompyuterni bog‘lash orgali programa o‘rnatib
o‘zgartirishimiz mumkin (2-rasm).

4-avlod GBU bilan jihozlangan avtomobillarni ekspluatasiya gilish jarayonida benzin
rejimining gazga o‘tish vaqtini gisgartirish bilan benzin sarfini kamaytirish mumkin va bu oz
navbatida yonilg‘i xarajatlarini tejash, avtomobillarning ekologik xavfsizligini yaxshilash
imkoniyatini beradi.

STGda ishlovchi 4-avlod GBU bilan jihozlangan universal yonilg‘i ta’minlash tizimiga
ega yengil avtomobillarning “gaz-benzin” rejimlarini samarali boshqarish uchun gaz rejimoni
boshqgaruvchi EBBga optimal dastur tanlanadi va “gaz-benzin” rejimini boshqgarishning asosiy
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ko‘rsatgichlari o‘zgartiriladi. Bu ko‘rsatgichlar dvigatel harorati va tirsakli val aylanishlar
chastotasidir. Yuqorida keltirilgan Lacetti SX CNG L3-15G avtomobili misolida, uning
ekspluatasion samaradorligi oshirishda, bunda asosan yonilg‘i tejamkorligi va ularning 4-avlod
GBU bilan jihozlanishi tortish-tezlik xususiyatlarining yaxshilanishiga olib keladi. Bu jarayon
gaz yonilg‘i ta’minlash tizimining umumiy ishini optimal amalga oshiruvchi gazning EBBga
o‘rnatilgan dasturiy ta’minotga bog‘ligq hisoblanadi.

Xulosa

Xulosa qilib aytganda, gaz ballonli avtomobillarning eksplutatsion ko‘rsatgichlarini
yaxshilash bugungi kunda muhim bo‘lib, bu ekologik talablarga to°‘liq javob beradigan
zamonaviy GBU bilan jihozlangan gaz ballonli avtomobillarning kun sayin ommalshib borishi
bilan tavsiflanadi. Elektron boshqgariladigan universal (gaz-benzin) yonilg‘i ta’minlash tizimi
bilan jihozlangan yengil avtomobillarning bazoviy dasturiga ekspluatatsiya sharoitini hisobga
olib ratsional o’zgartirishlar kiritish ularning energitik va ekologik ko’rsatgichlarini yaxshilashga
olib keladi.
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PA3PABOTKA I:AIIHOHAJII:HOfI TEXHOJOTMYECKON CXEMBI
KOMIIVIEKCHOU NEPEPABOTKMU TBEP/JbIX BBITOBBIX OTXO10B

Xankenos Tas0Oaii Kapmmesuu
TalIKeHTCKHIA TOCYIapCTBEHHbINM TPAHCIIOPTHBIN YHUBEPCHUTET, JI.T.H, JoleHT,Xankelovtd@gmail.com

AHHOTaIII/IH. B cratne MPpEACTABJICH aHAIM3 CYHICCTBYIOHIUX TCXHOJOTMYCCKHUX CXCM
MYCOpPOCOPTHPOBOYHBIX CTAHIIMM, MPETHASHAYCHHBINA TSI KOMITJIEKCHON TIepepaOOTKH TBEPIBIX
OBITOBBIX OTXOJOB. C YUCTOM CBOMICTB OBITOBBIX OTXOA0B BO3HHUKAIOIIIHNX B PCCHy6J'II/IKe
V30ekucTaH ImoKa3aHbl npenuMymeCcTBa 1 HEJOCTATKH CYHICCTBYIOINX TEXHOJIIOTHYCCKUX CXEM, a
TAKIKC BO3MOXHOCTH HUX IPHUMCHCHHA. Ha ocnose THIATCIIBHOT'O aHaJin3a CYHICCTBYIOIIUX
KOHCTPYKIUH MYCOPOCOPTHPOBOYHBIX CTAHIIUN, C YUETOM CBOMCTB TBEPIBIX OBITOBBIX OTXOJOB
MNpEAJIOKCHA palflMOHAJIbHAA TCXHOJIOTHYCCKAd CXCMa nepepa60TKH OTXOO0B.

AHHOTamua. Makonajga KaTTUK Maulluid YMKWHIWIAPHM KOMIUIEKC KailTa HILIamra
MS'/JI)KaHHaHI‘aH capaJiami CTAHIUATIAPUHUHI TCXHOJIOTUK CXCMaJIapW TaXJIWJINW KCJITUPHUIITaH.
V36exucron Pecrybinkacuaa maifgo OyIaguraH MauIIni YUKHHIHIAD XOCCATAPHHU XHCOOra
ONITaH XOJ/a,  MAaBXKyJ TEXHOJOTHMK CXEMaJapHUHT a(3aJUIMK Ba KaMUYWIMKIApU KypcaTtuod
VTuiran, xamaa yiaapaad GoHAaNlaHWIl HMMKOHHMATIApW KenTupuiarad.KaTtTuk —maummii
YUKUHOIWIAP XOCCaJlapuHHU Xucobra osraH XoJija yIIApHU KalTa uOulamra MyJpKaJuIaHTaH
panuroHal TEXHOJOIMK CxXeMa TaKJ'H/I(b OTUJIT'aH.

Abstract. The article an analysis of existing technological schemes of waste sorting
statons intended for the comprehensive processing of solid household waste. Taking into account
the properties of solid waste generated in the Republic of Uzbekistan, the advantages and
disadvantages of existing technological schemes, as well as the possibilities of their application,
are shown. Based on a thorough analysis of existingdesigns of solid household waste, a rational
technological scheme for waste processing is proposed.

K1ro4eBbIe cjIoBa: TBCPAbIC OBITOBEIE OTXOAbI, TCXHOJOI'M4Y€CKasa CXEMa, KOMIIJIICKCHAsA
nepepaboTka, TpoOIeHUE, COPTUPOBKA.

KaJumnr cy3nap: KaTTUK MavIlIni YUKUHHAIIAP, TEXHOJIIOITMK CXEMa, KOMIUIEKC KaiTa
WIIJIAII, Mai1anaiil, capajanl.

Key words: solid household waste, technological scheme, complex processing, crushing,
sorting.

B Mupe ymyunieHus kauecTBa KU3HHU JIIOACH M pOCTa YHCIA TOPOJACKOIO HACEJECHHMs, a
TaK>XK€ IIOIOHA 3a HOHOHHHTGHBHOﬁ HpI/I6BIJ'IBIO CO CTOPOHBI HpOI/ISBOI[I/ITeJICﬁ IMoCPCaACTBOM
MEJKOHW pac(acoBKH TOBAapOB, MPUBEIH K CYIICCTBEHHOMY POCTY O0OBEMOB TBEPJBIX OBITOBBIX
OTXO0I0B, BCICACTBHUC I3TOr0, YBCIMYHIIOCH HX OTPHLATCIBHOC BIIMAHUC HA OKPYKAIOOIYIO
cpeny[1].

B HaCTOALICC BpeMs, C LCJIbIO YMCHBIICHUA OTPULATCIIBHOTO BJIMAHHA TBCPABIX
OBITOBBIX OTXOJOB Ha OKPYXAlOUIyl0 Cpeay, BOIPOCHL, CBS3aHHBIE CO  COOpOM,
TpaHCHOpTI/IpOBKOfI, I[pO6J'IeHI/IeM, COpTHpOBKOﬁ U 3aXOpPOHCHHUEM OTXOHAOB Ha IOJUTOHAX, a
TAKKXE HUX HCIIOJIBb30BAHUC B BHUJAC BTOPHUYHOI'O CBIPbA OCTAIOTCSA aKTyaJIbHBIMHU. I/ISBGCTHO, qTo
ornepannunu I[pOGJ'IeHI/ISI U COPTHUPOBKU ABJIAIFOTCA Y3JIOBBIMU 3BCHBIMU B CHUCTCMC KOMIIJIEKCHOH
nepepaboTKH OTXOJOB M, B CBA3U C OTUM, BO MHOTHX Pa3BHUTHIX CTpaHaX YIENISETCs 0coboe
BHUMAaHHEC BOIIPpOCaM CO3JaHUA U MPOU3BOACTBA BLICOKOB(I)(I)GKTI/IBHBIX, THOKUX I[pO6I/IJ'ILHLIX u
COPTHUPOBOYHBIX MAIIIMH, YUUTHIBAIOIINX CBOMCTBA OTXOI0B[2].

B PecnybOnmke VY30ekucTaH Hayajgach peanu3anus MacIITaOHbIX MEpONpPUSTHH,

|
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HaIpaBJICHHBIX Ha cOOp, TPAHCIIOPTUPOBKY, APOOJIEHHE W COPTHPOBKY OTXOOB, a TaKXke Ha
3aXOpoHeHHe Ha mnojuroHax. Hapsny c peanusanmeid meponpusituii B cdepe SKOJIOTHU IO
KOPEHHOMY COBEpIICHCTBOBAHMIO M PA3BUTUIO CHUCTEMHBIX pabOT, CBS3aHHBIX C OTXOJaMH,
TOMY CBUJETENIBCTBYET W PSI HPHUHSATHIX TOCYIapCTBOM HOPMATHUBHO-IIPABOBBIX aKTOB,
MOTUBUPYIOIIUX K MPOBEACHUIO HAYyYHO-UCCIEA0BATENbCKUX U OPraHM3allMOHHBIX pabor. B
ctparerun pasutusi HoBoro VY3b6ekucrana nHa mepuon 2022-2026 TomoB 0cob60 OTMEYEHO
BBITNIOJTHEHNE HUKECIEAYIOINX 3a/1a4d “ ... COBEPLIEHCTBOBAHUE CUCTEMBI OLICHKH 3arpsA3HEHUS
OKpY)Kalollled Ccpeapl, MOHHUTOPUHT OKpYXalolled cpenbl, MPOrHO3UpPOBAaHHE CTEHEHU
3arps3HeHus1 okpyxaromeil cpenbl. MapopmanonHoe obecrieueHne opraHa rocyaapCTBEHHOTO
9KOJIOTHYECKOTr0 KOHTPOJISI, TPOBEICHNE MOHUTOPUHTA 110 COCTOSIHUIO UCTOYHHUKOB 3arpsS3HEHUs
U UX BIMSHUE HA OKPYXKAIOLIYIO0 cpeay”’ W ““...yBeJIMYEHHE INPOLIEHTa MepepadOTKU OTXOJO0B K
2026 roxy ot 21 mpouenta a0 50 mporeHToB”[3]. Ilpy BBIMOJHEHHH BBIIEYKA3aHHBIX 3a/1a4
aKTyaJbHBIMHU SIBJISIIOTCSI UCCJIEJOBAHUS, CBA3aHHbIE C Pa3padoTKOil 3(h(heKTUBHBIX TEXHOJIOTUI
nepepaboTKH OTXOIOB.

B cBs13u ¢ 3TUM NIpOBEZIEH aHAJIN3 CYILIECTBYIOIIMX TEXHOJIOTMUECKHUX CXEM KOMILJIEKCHOM
nepepabotku THO pa3audHbIX 3apyOeKHBIX GUPM.

Ha puc.] noka3zana aBTOMaTH3MpOBaHHasi CXEMa M3BJICUEHHUS COCTABISAIOLIMX OTXO/0B
bupmer «Asahi Jukeny (SImonus).
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Puc.1. ABTOMaTH3HpOBaHHAS CXeMa M3BJICYEHHS COCTABJISIIOIMX 0TX010B pupmbl «Asahi
Jukeny» (SImonmus)

Cxema ocymiecTBisieT (ppakiMOHHYIO COPTUPOBKY OTXOAOB 1O pasmepam 50 mm u 200
MM B JBYXCEKIIMOHHOM BpAILAIOIIEMCsl TPOXOTE, a TaKKE€ COPTUPOBKY UEpPHOro Meramia. Tak
KaKk pa3Mepbl OCHOBHOM YacTH COCTaBISIONIMX OTXOJOB JiexaT B mpenenax 15-50 mm,
HE0oOXOIMMO aHaJU3UpPOBaTh 3Ty (PPaKIMOHHYIO cocTaBisionlyto. [lo 3Toif cxeme OTXOABI
CKUTAIOTCS UJTU 3aXOPOHSIOTCS HA TMOJTUTOHAX.

Kpowme Toro, TexHonorus npeaycmMaTpuBaeT pyqHyl0 COPTUPOBKY OyMakHOHU (pakiuu, a
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TaKXe [IaCTMACChI.

D¢ beKTHBHOCTh aBTOMATU3UPOBAHHOW COPTHUPOBOUHON JMHUK (Gupmbl «Asahi Jukeny
HEBBICOKAs:

-3(QdeKTUBHOCTH PPAKIIMOHHON COPTUPOBKHU IO KPYIMHBIM KJIACCAM HEBBICOKAS;

-HU3Kast 3¢ ()EeKTUBHOCTh MArHUTHOM cenaparyu;

-0OJIBIIION MTPOIIEHT OTEPH MHUIIEBBIX OTXO/IOB.

M3 BbllIeyka3aHHBIX MOJO0XKEHUH MOXKHO CJeJaTh BBIBOJ O TOM, YTO JAHHYIO CXEMY
W3BJICUCHUS HEJIb3s1 PEKOMEH/IOBATH JIJIsl HCTIOJIh30BaHUS B YCIOBHSIX PecryOnunku Y30ekucTaH.

Ha puc.2 noka3ana aBTOMaTH3UPOBaHHAs CXEMa U3BJICUCHHS COCTABIISIOIINX OTXOI0B Ha
3aBoje B r. KenbH (I'epmanms).

TBO

i

poxoyeHue

35% | -BOmMm 50% | -400+80mm 15% +400

MazaHumHas cenepayus MazHumHas cenepauyus

K JApobnerue

Fe Fe

PyuHas copmuposka

Bymaza [lMnacmmacca

|

Y

Ha cxuzaHue

Puc.2. ABTOMaTH3MpOBaHHAsI cXeMa M3BJIeYeHHUS COCTABJISIONINX OTX010B Ha 3aBOJi€ B I.
Keabn (I'epmanmns)

W3 pucyHka BHUIHO, YTO MOJTrOTOBHUTENbHAS CEMapalysi UCXOAHBIX OBITOBBIX OTXOJOB
IPOBOJUTCS Ha TPEXCEKIIMOHHOM Tpoxore mo paszmepam ¢pakuuit 80 mm u 400 mm. dpakuuu
OTXOJIOB, pa3Mepbl KOTOPbIX MeHblIe 80 MM cenapupyroTCs MAarHUTHBIM CErmapaTtopoMm, a
¢bpakuuu, pasmepsl KOTopbiIXx koneOmores or 80 MM 1o 400 MM, moaBepraroTcsi MarHUTHOM
COPTHPOBKE M PY4YHOH cenapauuu. B mociegneM ciydae, Oymara M IuiacTMacca M3BJIEKAIOTCS
BPYUHYIO.

OCHOBHBIE HEJJOUETHI B CXEME:

-HU3Kast 3 (HEKTUBHOCTh COPTUPOBKU 1O (PPAKLUAM, pa3zMepbl KOTOPBIX MeHee 80 MM;

-HE U3BJIEKAETCS [IBETHOM MeTal;

~TOJILIMHA [10JJaBAEMOr'0 OTXO0/1a HE PETYIUPYETCS.

K BbllIECKa3aHHOMY MOHO J100aBHUTh, YTO APOOJIEHHE OPraHMYECKUX COCTABIAIOIIMX,
pa3Mepbl KOTOpBIX HaxoAsaTcs B mpeaenax A0 80 MM, MOTjo Obl MOCTYXHTb ChIPbEM IS
MPOU3BOACTBA KOMITOCTA [4].
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Ha puc.3 npuBeneHa TEXHOJIOTHYECKasi CXEMa aBTOMAaTU3UpPOBaHHOM copTupoBku ThO
Hemenkoi pupmer «Husmann Umwelt-Technik GmbH» (I'epmanus) [5,6,7].

ThO

KpynkoeadapumHsie
omxodob
[Tonu2ou PaspsiBames naKemodl
PyyHas copmupobka
MaeHumHbIU cenapamop
lTnacmuk : bymaza
Fe
& -80 MM PomopHbiu cenapamop
]

2

2

N

o

8 lTonuzoH

S qeckud ce

E basnucmuveckud cenapamo,
o

©

™

2

o

|| Bassacmusie L.

BrknwveHus
——
[TonuzoH

Puc.3. TexHonornueckasi cxeMa aBToOMaTH3MpoBaHHoOH copTupoBku ThO Hemenkoit
¢pupmbr «<Husmann Umwelt-Technik GmbH» (I'epmanmus)

[To TexHOMOTHM TIEPEpaOOTKH OTXOJOB KPYIHBIE OTXOMbI +250 MM HE COPTHUPYIOTCS, a
MIPOCTO BHIBO3ATCS Ha CBAJIKU.

Her npoGnenuss Ha menkue (Qpakiuu, KOTOpoe crocoOcTBoBaio Obl 3(hdexkTHBHON
COpPTUPOBKE Ha OATTHCTUYECKOM cemapaTope. OpraHu4ecKre COCTaBISIONINEe MOTYT IMOCTYXKHUTh
MPOAYKTOM JJIsl BeIITyCKa KommnocTa. KpoMe Toro, He copTupyroTcs npetHor metamul. [Iponagaer
LIEHHOE ChIPbE /ISl HApOJHOTO XO3sICTBA.

[lonBoast utor, BBILIE MPEACTABICHHBIM CXEMaM H3BJICYEHHS COCTABISIOLIMX OTXOJOB,
MO>KHO 3aKIIOYUTh, YTO UX HE PEKOMEHYeTCs UCIOIb30BaTh IPU CMEIIAHHOM cOope.

BonbmmHCTBO CcXeM aBTOMAaTHU3MPOBAHHON COPTUPOBKH, MpEIHA3HAUYEHHBIX IS
W3BIICYCHUS BBICOKOJIMKBHUIHBIX OTXOJIOB, HE PEIIAIOT MTPOOIEMY CUCTEMHO.

Bcewm BbIlIe mpecTaBIeHHBIM CXeMaM MpHCyIIa HU3Kas 3((HEeKTUBHOCTh (GPAKIIMOHHOM
COPTUPOBKH, MOATOMY OHHU HE SIBJISIIOTCS palMOHATBHBIMH CXEMaMH. CrnenoBarenbHo,
BaXHOW 3aJauell B HaCTosIIee BpeMs SBISETCS pa3padoTKa paldOHATBHOW TEXHOJOTUH
nepepadbotku ThO, Bo3HuKamux B PecnyOnnke Y30ekucTaH, KOTOpas MOJHOCTHIO YUHUTHIBAJIO
OBl CBOMCTBA OTXO/IOB.

UccnenoBanue npeacTaBiIeHHBIX CXEM MYCOPOCOPTHUPOBKH (IMOATOTOBKA K KOMILJIEKCHOM
nepepaboTKe), a TakkKe aHajdu3 UCMHOIb3yeMONH TEXHOJIOTUH COPTUPOBKH Ha CTaHIUU

|
MEXAHUKA BA TEXHOJIOI'MSI MJIMUI XKYPHAJIH, 2023, Ne4 (13)
189



TEXHOJIOI'A

Mmycoporneperpy3ku Ceprenuiickoro paiiona r.TamkeHTa M03BoJIMI pa3paboTaTh PaMOHATBHYIO
TEXHOJIOTHYECKYI0  CXeMy TIepepaOdoTKu  oTxomoB. [lpm  pa3paboTke  palMoOHAIBHOM
TEXHOJIOTUYECKOH CXeMbl YUTEHBI IPEUMYIIIECTBA U HEOCTATKH BBIIICYKAa3aHHBIX CXEM.

Ha puc.4 npuBeneHa mpejjaraeMas TEXHOJIOTMYECKas CX€Ma aBTOMATU3MPOBAHHOMN
coptupoBku THO.

760
Kpyn+ocadapumHsie 1
omxo0sl
Apodnenue PaszpsiBamens nakemob

Maznumu.cenapamop

] PyyHas copmupobka

Fe
Apodnenue bymaza
llnacmux
MaeznumHsid cenapamop
1
20mM Fe
lpoxoveHue
-50 mm +50 mm
: 50ﬂﬂ,cenapanl7_op Apodnerue
(ywka ‘
L ]
ApodneHue L oepe
5mm
Copmupobka

baan
Bkn

| llonuzor |

Puc.4. IIpennaraemasi TeXHOJI0OrH4ecKas cxeMa KOMILIeKCHOI nepepadorku ThO

[IpeuMyiiecTBOM mpesiaraeMoil TeXHOIOrnueckoi cxemsl nepepadbotku ThO sBusercs,
TO YTO TEXHOJIOTHMUYECKasi CXeMa 00OpyJOBaHA Pa3phIBATEIISIMH MAKETOB, TaK KaK B HACTOSIIEE
BpeMsi OCHOBHAsI Macca OTXOJIOB yIakyeTcsl B makeTsl. Kpome Toro emné oHUM U3 MPEeuMyIIecTB
JIAHHOW CXEMBI SBJSICTCS, TO, YTO KPYIMHOTA0APHUTHBIC OTXOIBI JPOOSATCS HA JUCKOBBIX
Apobunkax (Mpenepax) ¥ MOTOM BO3BPAIAIOTCSA B OOMIMil IMKN mepepaboTku. Fme omauM u3
MPEUMYIIECTB MpeJiaracMOld CXEeMBbl SBISIETCS TO, YTO TIOCNIE JPOOJICHUS OTXOJIOB, B
TEXHOJIOTHYECKONW CXeMe MpPeayCMOTPEHBI COPTHPOBKA IJIEHKHA C IMOMOIIBI0 BCACBHIBAIOIIETO
BakyymMma [8].

JI1si KOMIUTEKCHOW OIEHKU CYIIECTBYIOIIUX M TMpeagaraeMoil TeXHOJIOTHMYECKOU CXEeMbl
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nepepadotku THO mpoBeneH MX CpaBHUTEIBHBIA aHAINU3 110 OCHOBHBIM IMOKa3aTessM (Tadimia
1).
Taoauna 1
CpaBHHTE/ILHBII aHATU3 CYIIECTBYIOIIUX U NPeIJIaraeMoil TeXHOJOrM4eCcKoii cXeM bl
nepepadoTKH TBePAbIX ObITOBBIX 0TX010B

Ilepepabotka opranndeckux cocrapistonmx ThO
CoptupoBka o0yeHne
TexHonornueckue CXxembl pTHP /p Hcnonp3oBanue B
OpraHNYeCKHX OpraHNYeCcKHUX
nepepadbotku ThO BHJI€ BTOPUYHOTO
COCTABJISIOIINX COCTaBJISFOIINX N

TBO TBO P
®dupma «Orfay(I1IBeitmapusi) _;_ _;_ _
dupma «Foster + +
Wheller»(CIIIA) _ -
dupma «Sorain Cecchini» + N
(Mramus) _ -
dupma «Asahi Jukeny + _ _
(Smonus)
MycoponepepabaTbIBarouit _ _ _
3aBoJ I. KenbH (I'epmanns) +
dupma «Husmann Umwelt- + - +
Technik GmbH» (I'epmanmus) -
IIpennaraemas + + +
TEXHOJIOTHYECKas CXeMa
KOMIUIEKCHOMW TepepaboTKu
ThO

[Tpum: (+) - TOT WIK HHOM MPOIECC BBIMTOIHIETCS MOJHOCTHIO; (+,-) - BBIIIE CPeaHEro; (-
,1) - cpennee; (-) - OTCYTCTBYET MPOLECC APOOJICHUS UK COPTHPOBKH.

BoiBoa: OnHUM U3 OCHOBHBIX MPEUMYIIECTB MpPeIaracMoi TEXHOJIOTHIECKON CXEMBI 110
CPaBHEHMIO C OCTAJbHBIMU SIBISIETCS TO, YTO JaHHas cXeMa pa3paboTaHa HMCXOIsd HUX
(paKIMOHHBIX CBOMCTB OTXOJIOB, KOTOpPHIE B CBOIO OYEpEIb CYLIECTBEHHO OTIMYAIOTCS OT
«cpenHeeBporeinckoro Mycopay». Kpome toro, eme OgHUM H3 NPEUMYIIECTB JAHHOW CXEMBI
SBJISICTCSI BTOPUYHOE HCIIOJIb30BAaHUE OTXOJIOB, CTOJIb HEOOXOMUMBIX MJIsi HYXJ CEIbCKOTO
XO351CTBaA.
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D49 TURIDAGI DIZELI DVIGITEL QOPQOGINI TAYYORLASH UCHUN YUQORI
MUSTAHKAMLIKKA EGA BO‘LGAN CHOYANLARNI OLISH TEXNOLOGIYASINI
TAKOMILLASHTIRISH
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Annotatsiya: Ushbu maqolada temir yo‘l transportining mas’ulyatli detallaridan biri
bo‘lgan, D-49 tipidagi dizel dvigateli qopqog‘ini yuqori mustahkamlikka ega cho‘yanlardan
quyish texnologiyasi tadqiq etilgan. D-49 tipidagi dizel dvigateli gopgog‘i quyish uchun, kovsh
va quyish tizimida magniy (Mg) madifikatorlari bilan sharsimon grafitli yugori mustahkamlikka
ega bolgan cho‘yanlar olish texnologiyasi ustida tadqiqotlar olib borilgan. Temir yo‘l transporti
rivojlanishining zamonaviy sharoitida mahalliy xomashyodan foydalangan holda energiya va
resurs tejamkor sharsimon grafitli cho‘yan ishlab chigarish dolzarb masala hisoblanadi.

Abstract: This article investigated the technology of casting the D-49 type cylinder cover
from high-strength cast iron, which is one of the important parts of railway transport. For casting
of D-49-type cylinder lid, research has been conducted on the technology of producing high-
strength cast iron with spheroidal graphite with magnesium (Mg) modifiers in the ladle and
gating system. In modern conditions of railway transport development, production of energy-
and resource-saving spheroidal graphite cast iron using local raw materials is an urgent issue.

AHHOTanuA: B TaHHON CTaThe UCCIEAYETCS TEXHOJIOTHS JINThS KPBIILIKY HWJIWHAPA TUIA
J-49 13 BBICOKONPOYHOI'O YYryHa, KOTOpas SBISETCA OJHOW M3 BAXHBIX JETalei
KEIJIE3HOJJOPOKHOTO TpaHcmopTa. JIJish TUThsl KPBIIIKKA MUIUHApPa Tumna [[-49 Obuti mpoBeeHBI
HUCCIICOAOBAHUA IO TCXHOJIOTHUHN IMOJYUYCHHA BBICOKOIIPOYHOI'O YyIr'yHa € HIapOBUHBIM Fpa(bI/ITOM
¢ moaudukaTopamu Maraus (Mg) B KOBIIE U JIUTHUKOBBIN clcTeMy. B COBpEMEHHBIX YCIOBHSAX
Pa3BUTHA KCIIC3HOJOPOKHOI'O TpaHCIIOpTa IHIPOU3BOACTBO JHEPIro- H pecypcoc6epera101uero
YyTryHa C IIApPOBUAHBIM Ipa)UTOM C HUCHOIH30BAHUEM MECTHOTO CHIPbS SBISETCS aKTyaJbHBIM
BOIIPOCOM.
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Kalit so‘zlar. Yugori mustahkamlikka ega bolgan cho‘yan, sharsimon grafit,
modifikator, D-49 tipidagi silindr qopgog‘i, induksion tigel pechi, mexanik xossalari, tuzilishi.

Keywords. High-strength cast iron, spheroidal graphite, modifier, D-49 type cylinder lid,
induction crucible furnace, mechanical properties, structure.

KiroueBble ci10Ba. BBICOKONPOUYHBIM YyryH, HIapoBHUIHBIN Tpadur, Moaudukarop,
KpbllIKa IuMHApa Tuna /[-49, WHAYKIIMOHHAs TUTreNbHAs I1€4b, MEXaHWYECKHE CBOWCTBA,
CIPYKTypa.

KIRISH

Yangi mashinasozlik materiallari sifatida - sharsimon grafitli yugori mustahkamlikka ega
bo‘lgan cho‘yanlar - po‘latning yuqori mexanik xususiyatlarini ishlab chigarish va yugori
mustahkamlikka ega bo‘lgan cho‘yan ishlab chigarish qulayligi bilan birlashtirilgan. U po‘lat
quyma va zarb buyumlarini, yugori mustahkamlikka ega bo‘lgan cho‘yan va rangli gotishmalarni
almashtirishi mumkin va uni kulrang va modifikatsiyalangan quyma po‘lat o‘rniga ishlatish
mashina gismlarining ekspluatatsion ishonchliligi va chidamliligini oshiradi va ba’zi hollarda
ularning kesimini va og‘irligini kamaytirishga imkon beradi. Yuqgori mustahkamlikka ega
bo‘lgan cho‘yan ishlab chigarish uning suyuq gotishmasini magniy yoki seriy bilan ishlov
berishga (modifikatsiyalashga) asoslangan. Magniy texnologik xossalari bo‘yicha seriydan
pastrog, ammo arzonligi tufayli u sanoatda eng ko‘p go‘llaniladi [1-4].

Ushbu ishning magsadi texnologik ishlanmalarni ilmiy asoslab berish, takomillashtirilgan
texnologiya asosida ishlab chiqgarishga joriy etish hamda ishlab chigarishda qo‘llaniladigan
yugori mustahkamlikka ega bo‘lgan cho‘yandan tayyorlangan detallar va uzellarni import
gilishni kamaytirishdan iborat. Yuqori mustahkamlikka ega bo‘lgan cho‘yanning o‘ziga xos
xususiyati uning yuqori mexanik xususiyatlari bo‘lib, unda asosan sharsimon grafit mavjudligi
sababli, kulrang quyma cho‘yandagi gatlamli grafitga garaganda kamroq darajada metall asosni
yuqori darajada zaiflashtiradi va eng muhimi shundaki, kuchli kesish ta’siriga bog‘liq emas,
buning natijasida grafit qo‘shimchalari turli kontsentratorlarga kamroq ta’sir giladi. Sharsimon
grafitli quyma cho‘yan nafagat yugori mustahkamlikka, balki egiluvchanlikka ham ega.

Eritilgan qo‘shimchalar, Mg, Ca, Ce va boshga noyob turdagi metallarni (REM)
qo‘shilishi bilan cho‘yanda sharsimon grafit shaklini oladi.

Yugori mustahkamlikka ega bo‘lgan cho‘yanning kimyoviy tarkibi va xossalari GOST
7293-85 tomonidan tartibga solinadi va “B” - yuqori mustahkamlikka ega, “4” - cho‘yan harflari
“BU” va yuqori mustahkamlikka ega bo‘lgan cho‘yanning o‘rtacha kuchlanish kuchini
ko‘rsatadigan ragam bilan belgilanadi. Masalan, BU100 yuqori mustahkamlikka ega bo‘lgan
cho‘yan, valentlik kuchi 1000 MPa (yoki 100 kg/mm?). Sharsimon grafitli yuqori
mustahkamlikka ega bo‘lgan cho‘yan eng istigbolli quyma qotishma bo‘lib, ular yuqori
ishonchliligi va chidamliligini saqlab, tuzilmalarning og‘irligini kamaytirish muammosini
muvaffagiyatli hal qila oladi. Yugori mustahkamlikka ega bo‘lgan cho‘yanlardan
avtomobilsozlik sanoatida muhim qismlarni (tirsakli vallar, tishli mexanizmlar, silindrlar va
boshqalar) tayyorlash uchun foydalaniladi.

Asosan yuqori mustahkamlikka ega bo‘lgan cho‘yanlar induksion tigelli pechlarda
eritiladi. Induksion tigelli pechlarning asosiy afzalliklari quyidagilardan iborat:

+ energiyaning to‘g‘ridan to‘g‘ri metallga chiqishi;

+ oraliq isitish elementlari;

+ nozik dispers zaryadning tez erishini;

+ chigindilarni vannaning hajmi bo‘yicha haroratni tenglashtirishni va ko‘p
komponentliligi;

+ kimyoviy jihatdan bir hil gotishmalarni ishlab chigarishni kafolatlaydigan mahalliy gizib
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ketishning yo‘qligini ta’minlaydigan eritmaning tigeldagi intensiv elektrodinamik aylanishi;

+ har ganday bosimda pechda har ganday atmosferani (oksidlovchi, gaytaruvchi yoki
neytral) yaratishning asosiy imkoniyati;

+ yuqori 0‘ziga xos quvvat qiymatlari tufayli yuqori ishlashga erishiladi;

% aynigsa o‘rta chastotalarda;

+ metallni tigeldan to‘liq to‘kish imkoniyati va o‘choq qoplamasining nisbatan kichik
massasi;

+ bu futirofka tomonidan to‘plangan issiqlikni kamaytirish orqali pechkaning termal
inertsiyasini kamaytirish uchun sharoit yaratadi.

+ ushbu turdagi pechlar eritmalar orasidagi tanaffuslar bilan davriy ishlash uchun qulay va
qotishmaning bir meyorda boshqasiga tezda o‘tish imkoniyatini beradi;

+ pechkaga texnik xizmat ko‘rsatishning soddaligi va qulayligi, eritish jarayonini nazorat
qilish va tartibga solish;

+ jarayonni mexanizatsiyalash va avtomatlashtirishning keng imkoniyatlari;

+ erish jarayonining yugori gigienasi va havo ifloslanishining past darajasi [5-7].

Induksion pechlarning boshqga eritish moslamalariga nisbatan afzalliklari sezilarli bo‘lib,

ular sanoatning turli sohalarida keng qo‘llaniladi.

TEKSHIRUV OBYEKTI VA USULLARI

Eritish jarayoni “Quyuv-mexanika zavodi” davlat korxonasida neytral goplamali quvvati
6 tonna bo‘lgan temir erituvchi o‘rta chastotali induksion tigelli pechda amalga oshirildi.

Yugori mustahkamlikka ega bo‘lgan cho‘yanni (BY50) eritganda, oltingugurt miqdori
0,02% dan ortiq bo‘lishiga yo‘l qo‘yilmasligi kerak. Aks holda kimyoviy tarkibi, mexanik
xossalari bo‘yicha beqaror natijalar olinadi va cho‘yan strukturasida deformatsiyalangan grafit
kuzatiladi.

— — MeTAAA 13 NeYn
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1-rasm. Temir va kremniy dioksidi asosidagi murakkab modifikator “sendvich
jarayoni” texnologiyasidan foydalangan holda eritmani o‘zgartirish uchun kovsh tubiga
joylashtirilgan modifikator eskizi.
Cho‘yanni oltingugurtdan tozalash uchun NPP Texnologiya tomonidan ishlab chigarilgan
Refloy®FM (briket 30x60mm) qo‘shildi. Refloy®FM kompleks modifikatorining kimyoviy
tarkibi 1-jadvalda keltirilgan.
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1-jadval
Refloy®FM kompleks modifikatorining kimyoviy tarkibi
Modifikator Asosiy elementlarning massa ulushi, %
markasi Mg Ca Al TRE* Si Fe
REFLOY® FM | 10,0-12,0 gzcga gacha 1,5 gaSCSa 35,0-448 | qoldig.

Refloy®FM FS45 markali murakkab modifikatorlar ferrosilikon o‘rniga temir eritishda
ishlatiladigan kremniy o‘z ichiga olgan zaryadlovchi materialdir. Metallni kremniy gotishmasi
bilan bir gatorda, Refloy® FM metall eritmasiga tozalovchi sifatida ta’sir ko‘rsatadi, tarkibida
magniy va faol gidroksidi noyob va nodir elementlari 15% gacha bo‘lganligi sababli undan
oltingugurt va fosforni olib tashlaydi. Shixta eritilgandan so‘ng, hosil bo‘lgan eritma umumiy
pechka hajmining 1/3 - 2/3 gismiga teng hajmni egallaganida, REFLOY®FM briketlari
go‘shiladi. Ularning ustiga, shixtaning golgan gismi eng samarali foydalanishni ta’minlash
uchun briketlarni to‘liq qoplaydigan tarzda joylashtiriladi.

Pechkadagi barcha shixtani eritib bo‘lgach, shlakni olib tashlash kerak boladi.
Ishlatiladigan REFLOY®FM briketlarining miqdori jarayon sharoitlari va yakuniy mahsulot
talablariga bog‘liq bo‘lib, ularni fagat quyish zavodida tajriba yo‘li bilan aniglash mumkin.
REFLOY®FM ning o‘rtacha iste’moli 1 tonna erigan metall uchun 20 kg ni tashkil giladi.
Refloy®FM materiallari yordamida yuqorida tavsiflangan eritmani oltingugurtdan tozalash
texnologiyasidan foydalanish metalldagi oltingugurt kontsentratsiyasini kamaytiradi.

Sharsimon grafitli yugori mustahkamlikka ega quyma cho‘yan olish uchun kovshning
pastki gismiga fraksiyasi 1,0-10,0 mm bo‘lgan Sferomag®620L modifikatorlari
(sharsimonlashtiruvchi) qo‘shiladi, sementitni bartaraf qilish uchun, quyma kesimi struktura
yuzasi boyicha bir xil tagsimlanishi uchun SIBAR®4 qo‘laniladi fraksiyasini erta grafitlanishi va
kech grafitlanishi uchun esa INOCSIL SM80 bilan ustini qoplash tavsiya gilinadi.

Ushbu materiallar kovshda modifikatsiyalash orgali sharsimon grafitli yugori

mustahkamlikka ega  cho‘yanlarning  barqaror ishlab  chiqarilishini  ta’minlaydi.
Modifikatorlarning kimyoviy tarkibi 2-jadvalda keltirilgan.
2-jadval
Modifikatorlarning kimyoviy tarkibi
Modifikator Asosiy elementlarning massa ulushi, %
markasi
Mg Al Si Ca Ba La Fe
Sferomag ®620L | 57.65  06-1,2 @ 44,0490 1,6-2,5 - 0,35-0,6 | Qoldig
SIBAR®4 ; 1,020 | 650-750 | 0,8-15 | 3550 ; Qoldig
INOCSIL .
SM180 - 3,2-45 | 70,0-780  0,3-15 - - Qoldiq

Sharsimon grafitli yugori mustahkamlikka ega cho‘yanlardan quymalar olish uchun
“sendvich jarayoni” kovshda modifikatsiyalash texnologiyasi qo‘llaniladi, bu modifikatorlarning
minimal sarfi bilan barqaror o‘zgartirish natijalarini olish imkonini beradi.

Eng yaxshi natijaga erishish uchun metallni o‘zgartirish maxsus ishlov berish kovshda
amalga oshiriladi, uning quyma ishlab chigarishda an'anaviy ravishda qo‘llaniladigan
kovshlardan asosiy farqi geometrik nisbatlar va pastki qismida reaktsiya kamerasining
mavjudligi (1-rasm). Hajmi 0,5 tonna bo‘lgan aylanuvchi kovshni ishlatishda quyidagi
texnologiyaga rioya qilish kerak: kovshning pastki gismini ikki kameraga ajratilidi reaksiya va
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metall gabul gilish uchun o‘tga chidamli materiallar yordamida.

Cho‘yanlarni  “sendvich jarayoni” bo‘yicha modifikatsiyalashda Sferomag®620L
sharsimonlashtiruvchi modifikatorning hisoblangan miqdori reaktsiya kamerasining pastki
gismiga solinadi suyuq metallning og‘irligi bo‘yicha 1,8-2,0% miqdorida va uning ustiga 0,25-
0,35% miqdorida grafitlashtiruvchi modifikator SIBAR®4 solinadi suyuq metallning og‘irligi
bo‘yicha. Keyin modifikatorlar kichik bir gatlam bilan sepiladi (10-15 mm) cho‘yan girindisi
yoki sharchalari bilab goplanadin bu esa modifikatorlarni kovsh to to‘lguncha suyuq metal bilan
o‘zaro ta'sir gilishdan himoya qiladi. Yuklashdan so‘ng, kameradagi materiallar balandligi to‘siq
darajasida bo‘lishi kerak. Metall induksion eritish pechdan kovshga quyilganda metall gabul
gilish kamerasiga shunday yonaltirilishi kerakki, goplangan modifikatorlarni yuvmasligi kerak to
koshni  balandligining 3/4 qgismiga to‘ldirilguncha. Piroeffekt oxirida shlakni (reaktsiya
mahsulotlarini) to‘kish kerak va metallni qolipga quyishni boshlash kerak.

Pastki yarim qolipni quyish tizimining tubiga kech grafitlanishi uchun INOCSIL SM80
modifikator o‘rnatiladi (2-rasm).

2-rasm. D49 turidagi dizeli dvigitel qopqog’ining pastgi qolipi

Modifikatorlar tarkibida sezilarli migdordagi kremniy mavjud bo‘lganligi sababli hamda
uni metallga singishi kamida 95% ni tashkil giladi, eritish uchun shixtani hisoblashda kremniyni
miqdorini oldindan modifikatorlardan keladiganini inobatga olib va shunga mos ravishda
ferrosilisiy migdorini kamaytirish kerak.

OLINGAN NATIJALAR VA ULARNING MUHOKAMASI
Yugori mustahkamlikka ega bo‘lgan cho‘yan “BY50” markasini mexanik xususiyatlari
3-jadvalda keltirilgan va mikrotuzilishi 3-rasmda ko‘rsatilgan.
Sferomag®620L, SIBAR®4 va INOCSIL SMI180 modifikatsiyasidagi yuqori
mustahkamlikka ega bo‘lgan cho‘yan “BYS50” grafit shakli sharsimon shaklga ega ekanligidan
dalolat beradi. Buni 3-rasmda ko‘rishimiz mumkun.
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3-rasm. Yugqori mustah kamlikka eg bo‘lgan cho¢

ey -

yan “BY50” markasini mikro tuzilishi.

3-jadval.
Yugori mustahkamlikka ega bo‘lgan cho‘yan namunalarining mexanik xususiyatlarini sinov
natijalari
Ne | Nazorat qgilish Punkt HD | Normallashtirilgan Olingan natijalar giymati
parametrlarning giymatlar
nomi
| Chotzishdagi GOST 7203 | Kam borlmagan Namuna | 535, MPa, U+0.264%
mustahkamlik | “g5p 5 500 MPa Namuna
chegarasi o No2 606, MPa, U+0.264%

3-jadvaldan ko‘rinib turibdiki, murakkab modifikatsiya yuqori NX mexanik
xususiyatlarini va vagtinchalik garshilikni 7 dan 21% gacha oshirish imkonini berdi.
Temirni eritish jarayonida eritish texnologiyasi 4-jadvalda keltirilgan.
4-jadval.
Eritish va cho‘milish jarayonida quyma cho‘yanning kimyoviy tarkibi

No Elementning massa ulushi%

namunalar | C Si [Mn| S P | Cr | Ni |Cul V Ti Al

1 3,039/ 0,916 0,552 0,020| 0,030/ 0,104 0,090| 0,080/ 0,010| 0,007 | 0,003

1 2 3,467 0,882| 0,568| 0,021| 0,029 0,106| 0,088/ 0,080/ 0,010 0,008 | 0,004

kovsh |3,380|2,213|0,570| 0,009| 0,032/ 0,111 0,088/ 0,082| 0,011 0,010 | 0,025

1 2,554| 1,085| 0,683 0,026| 0,057| 0,193/ 0,140/ 0,158| 0,012| 0,008 | 0,014

2 2 3,054| 1,140/ 0,685| 0,028| 0,052 0,189| 0,139/ 0,157( 0,012| 0,008 | 0,012

kovsh |2,979|2,094| 0,667|0,023| 0,051| 0,197/ 0,137/ 0,154| 0,011| 0,010 | 0,021

4-jadvaldan ko‘rinib turibdiki, cho‘yanni induksion pechida erish jarayonida kimyoviy
tarkibi keltirilgan, oxirgi kovshdagi kimyoviy tarkibi GOST 7293-85 mos keladi.

XULOSA

Cho‘yanlar induksion pechlarda eritilganda, Refloy® FM kompleks modifikatori bilan
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ishlov berish amalga oshiriladi 1 tonna uchun 20 kg ni tashkil giladi, bu oltingugurt va fosforni
kerakli tarkibga kamaytirish imkonini berdi.

Tadgigot natijasi shuni ko'rsatadiki, kovsh va qolipning pastki yarim qismi quyish
tizimiga joylashtirilgan INOCSIL SM80 modifikatori gayta ishlash uchun murakkab
modifikatsiya yuqori ND mexanik xususiyatlarini va cho‘zishdagi mustahkamlik chegarasi 7%
dan 21% gacha oshirishga imkon berdi.

Sferik shaklga ega bo‘lgan nozik dispers grafitning murakkab o‘zgartirilgan namunalari
metallining mikrostrukturaviy tahlili. Sinov natijalari yugori mustahkamlakka ega cho’yanning
kompleks modifikatsiyasini Sferomag®620L, SIBAR®4 va INOCSIL SM180 bilan birgalikda
qo‘llash magsadga muvofigligini ko‘rsatdi.
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V3BEKUCTOH TOF )KUHCJIAPU ACOCUIATH HIUINAKPUCTAJL KYPUAJIHUII
MATEPHAJIJIAPA OJIMII TEXHOJIOTI'MACH TAAKUKH

AxyHoB [lanu€p baxtuépoBuu
HamMMKH, 1.¢.H.1011eHT. e-mail-doni78 inbox.ru +998 97 250 20 78

AHHOTanusA. Makosasa MUIIAKPUCCTAUT KYPWIMILI MaTepuauiapyd OJMII MaKcaauaa
V36exucton Kytun xoHM 0a3anbT TOF JKMHCIAPUHU MUHEPAJIOTHK, KUMEBUUA Ba TYpPIU XHII
XapopamiapJa KpUCCTaUIaHUII )KapaCHIIapy YpraHUIraH.

AHHOTaIII/ISI. Ha crane HU3YUCHBlI [OJId IIOJYUYCHHUA CTPOUTCIIBHBIX MAaTCpHaJIOB
MHUHCPAJIOTHYCCKUC, XUMUYCCKUC U KPHUCCTAIIN3AIIMOHHBIC IMPOLICCChI 0a3anbTOB Y30eKucTaHa
KYT‘II/IHCKOFO MCCTOPOXKIACHUA

Annotation. The mineralogical, chemical and crystallization processes of basalts of
Uzbekistan from the kutchinsky deposit were studied at the site to obtain building materials.

Kamur cy3aap: bazaner, TOF JKMHCH, IIMIIA, CHTAJUI, MCCUKIHUK WIIUIOBH,
KpucCTTaJUIaHUII, aHaJIu3, aHOPTUT, TIMPOKCEH, aBI'uT, aLOUT.

KuarwueBsblie cioBa: ba3aneT, ropHas 1opoJa, MECTOPOKIAEHHUS, COCTAB, CTEKIIO, CUTAILI,
TepMooOpabOTKa, KpUCTAILTU3AIIUS, aHAIN3, AaHOPTHUT, ITMPOKCEH, aBTUT, aTbOUT.

Key words: Basalt, rock, deposits, composition, glass, glass-ceramic, heat treatment,
crystallization, analysis, anorthite, pyroxene, augite, albite.

V36eKHCTOHHMHT MKTHCOMMH Ba MKTUMOMiI PUBOXIIAHMIIKM Y4yH TAOUMIl pecypclapHH
TCIKAMKOP capq)nam, MKKHWJIaM4Y1 XOM-allIEHU MIJIATHII Ba I/IKTI/ICOI[I/IéTHI/IHl" TYpJIX TapMOKJIapnu
YUKUHIWIAPH Ba TOF KUHCIAPUAAH camapanu (poiaaTaHuIIHN Tanad dTaau.

PeCHy6J'II/IKaMI/I3HI/IH1" KI/IMé, MCTAJLTYpIrus, KypHuJInII, aBTOMO6I/IJ'I, KOCMHK Ba CAHOATHUHT
OOIKa TapMOKJIApWHU KECKUH PHUBOMNIIAHUINNM YYyH KYI MHUKIOPAArd EMHUpPHIIHINTA,
HUCCUKJIIMKKA Ba KHUCJIOTAra YnJaMijini MaTepualjlapHnu Tanab oTaau. SJIBI/IMI/IBHI/IHF KOpa MeTaJuiap
MUHEpaJl XoM-alé 0a3acuHU UYKIUTH MEeTaJlJl Ba MeTayyl OyIOMJIapUHH YeT/IaH OJIM0 KEIHILHHY,
Xam/1a UKKWJIaM4Yu XOM-alénapaad KeHr Kynamaa GhoiamaHuIlHu TaK030 dTaln

bazanst rypyxvura KHPYBYM ap30H TOF JXHWHCJIApU Ba CaHOAT YUKUHAWIAPU XOM-
amécm[aH TaﬁépnaHraH CUTAJNI MaxCyJjloTJIapyu MabJIyM JHdapaxalaa MCTAJUI MaTCpUaJlNIapUHU
VpHUHHM OOCHIIM MYMKHH Ba MWUIMM HMKTUCOIMMU3JAa KEHI KYJIAaHWIMIIM Kepak. byHna
TaOMMHKY IIMIIA Ba IIUIIAKPUCTAT MaTepHAJUIAPUHM MIUIA0 YMKAPHUILI YUYyH MaXaJjaui XoM-
amé xucoOnaHran OazasbT Ba Auaba3 XxoM-ame€ Oa3acMHU KEHTaWTUPHIIL MacajlaCu Kejuo
YUKAIU.
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Oxupru #wwiapaa PecryOimkaMu3 XyKymMaTH TOMOHHUAAH — MaxXaJUTMHATAIITHPHIIL
JacTypua ajoxujaa ypry OepuiaMoKaa SbHU UMIOPT XapakaTIapuHU KaMaWTHUPUII MaKcaauaa
MaxaJuluii MHHepall XOM-all€ TypJapuHHM Y3JaIlITHPUII Macanajapura. by Owuman reosor,
TEXHOJIOI Ba PecHyOJIMKAaMU3HUHT CaHOATUMJIApH oJiiura OuUp KaTop MacajlajdapHu KysIu.
VYnapnan Oupu Mmaxauiuii XxoM-améaan (o IanaHuIIHu THTY HYHATUIITIApUHH TOTIUII Ba HIILTa0
YUKUII MUHEpaJl XOM am€ MOTEHIMAJUHU KeHraWTUPHII Ba 3aMOHAaBUU IOKOpPH peHTalesu
KaliTa MIUIOBUM KOPXOHANAPHM TAIIKMI KIIHIIIAH HOOpat.Y30eKHcTOH#a caHoaT GyioMIapH
unurad YuKapuil ydyH OommiaHFud xoMm-amé cudaruma QoimamaHAl MyMKHH OYyiraH
CaHOATHMHT TYpJIM YNKWHAMIAPU Ba XOM-alénapu Taii€p 6asacu masxyn [1].

Maxkonana Kytun konm Oazampriapu ypranwirad. KyTun koHM OazanbTiapu a3uMyT
oyitnua 290°-350° na Murmuka kunutorugad 11-12 kM y30KIUKAAa MUMOIHNA XKaHyO TOMOHHIA
x)ounamrad 0ynmu6 3upalOyinok TOFjapuaard IMUMOJIUN WHTPY3WBra yJIaHuO KeTraH. 3axupa
€éanman OkTomm maxpura onud O0opyBUM KUCMaH acdaibTiaHTaH Ba KUCMaH acdanbTiaHMaraH
fiyn maexyn. Wymman Wuermuka xunoiorurada Oymran macoda 17-18 KM. HH, MHTPY3HUBHH
muMoNInid KucMugan OKTONI maxpuraya ca 5-7 KM HU TallKuiI 3Taau [2].

Y10y pallOHHUHT Ie0JIOTHUK TY3WIHIIKAA YPTa KaTIaMIIH, FOKOPH KaTJIaMJIH OpIOBUKIIAD
Ba KylHU CHJIypa KaTJIaMH, IacT Ba ypTa AEBOH, XamJla aCOCUI MHTPY3HUs Ba HOPJIOH TapKuOiIap
UIITUPOK dTaJuiap.

KoHHMHr ynuamiapuHu ypraHraH XOJJa YHM TaxMUHUN 3aXMpacHHHM KyWujaarumya
XHCOOIaI MyMKHH:

3000 x 30 x 30 x 2,7 =7290000 T

0y epna 3000-3axupaHuHT Y3yHIUTH, M; 30-3aXupaHuHT 3HH, M; 30-3axupa YyKypJIUTH,
M; 2,7-TOF JKUHCUHHUHT OFUPJIUTH.

Kpucranoontuk anHanuznmapHu onub OopuIinna acocaH HabMyHATapHU  OINTHUK
KOHCTAaHTaJlapi Ba MHIIMPWITaH €KUM KPHUCTAJaHTaH raOuTycnapura 3bTHOOpP Oepauk.
TaakukoTnap onu® OOpHIIa MKKA MaBXKyHd YCy/UlapJaH sS’bHU — YTyBUM Ba KaWTyBUHM HYpP
yCyJapuIaH UKKUHYY yCyiaaH (oiimananranank. JpuTuO ONWHTaH MIKAIIAJApHUHT TOOJIAaHTaHaa
€KUM KpUCTaJUTaHTaHJaTu KpHUCcTaiap MIaKId Ba XaXMIAPUHU aHUKIaNAa yodam aHukaura +0,02
Oynran nnutad TypraH aHanM3aTopa orud OOpAMK.

Pentrenorpaduk ananu3 ycynuia CHHTE3 KWJIMHraH OWpHKManap Ba MaTepUaIapHU
MaBXKyJ J1ay- Ba AU(PaAKTO yCyJUIapuaaH MOJIMKPUCTAIUIAp YCylIunaH oimanaHnuk. PeHTren
aHamu3napuan omuuyia JIPOH-4  CuK o Hypmanunum, Temup GUIBTPIN, OJUII TE3JUTH
2 rpaj/MuH Ooynran nudpakToMeTpAaH ¢oiinanaHauk. HabmyHnanapHuHT
mudpakTorpaMManapuHE  KyKyH ycyiuaa, onauH 10 MKM Taua Maiimanaé amamerpu 2x1073
OynraH muIIa KpyKkaaa npecciiad anukiaank. dazanapHu WHIASHTU(PUKAIUIACH Ba XUCOOIapHU
anuknampaa C.C.TonkaueB, B.H. Muxees, JI.LH. Mupkun, S.I'. ['mummep Ty3raH »kaaBan Ba
aMepuKaH KapToTeKacH KyJanManapuaan ¢ovgananauk [3].

Hccuriuk aHanu3 ycyJulapuiaH WUIOHYWIM Ba MablyMoTiapra 0oil ycymiapnan Oupu
nepuBatorpaduk ycynmu OynubG y OWp BaKTHUHT Y3uaa HCCUKIUK d(dextmapu (9K30 Ba IHIO
s dexmiap) Ba Macca HYKOIMIIIApUHI aHUKIAIIra UMKOH Oepaiu.

HabmyHanapuu kpucrauiapu yiadaMmjaapuHU 3JEKTPOH MHKPOCKON  KypHJIMajapu
épaamua 6up GOCKUWIN KYyMHUP-KYMYII pPeIIkKa yCyiau OulaH aHukiIaauk. HabMyHaHUHT STHTH
cunaupwirad kuemuHu 5500-6000 6apobap karamamTupuO cypartra OJuK.

HIumanapHy KpUCTAJUIAHUII XYCYCHUATIapU MaccaBUil kpuctauiam ycynu Owitan 600-
1100°C opaymmruaa xap 100°C xapopatia Oup coat JaBOMHUA CAKIAHUO aHUKJIAHTH.

Pentrenorpaduk aHaiaM3iapHU TAcAMKIAIl MaKCaguaa HHQPAKU3WI CIEKETPOCKOIHUS
yeymuaad mumanapaard Si-O, Al-O Ba 0omika KpucTall MapKasJIapuHH THaigo Oyauimd Ba
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TapkuOuaaru (pazasapHu aHUKJIAM YIyH KYJIaaMK.

[Mumamapau 35% HCI, 35% NaOH Ba H2SO4 xucnoranapra 6apronutwmuraan ['OCT
10134.1-82-10134.3-82; TOCT 473.1-81-473.3-81. tanabnapura OMHOAH aHUKJIAIVK.

HabMyHanapHuHr (Gu3HK-KMMEBUI XOccajlapu - KaTTUKJIMIY, MEXaHUK OapOLUININIH,
3UWINK KaOM XOCCaJIapHU CTaHJAapT ycyiiap OuiiaH aHUKIIa UK.

[Muma Ba cutamuiapauHr 3uwuruau I'OCT 9553-74 Oyitnua aHuKIaHTaH.

Hccuknukaan du3ukiau  KeHraiumm  koaduuuentunn ['OCT 10978-83. 6¥itnua
aHUKJIaJUK

bazanbT TOF KMHCHM MMHEPAJOTHK TapKUOHM NMHUPOKCEH, aKTHMHOJUT, SMHIOT KBapll Ba
pynamu MuHepayulapaaH Tamkwi TtorraH (l.okan.). OXHprd MKKH MHUHEpal IDIarHoKias
MaxcyaoTiapu — xucobmaHamu.  ToF  KMHCHHUHT  CTpPYKTypacu  mnopdupoOiacti,
JENMUI0TPAHOOIaCTIN, MaWuH  JgoHagopaup. JKoWnammin  TEeKCTypacu — Mapajuliesiaup.
MuHepanoruk TapkuOM KYIUIMTH JKUXAaTUJAH IHPOKCEH>3NUI0T>aKTUHOIUT>KBapl] KeTMa
KETJINTH YpHATHIITaH.

XKanBanman TOF >KMHCHMHM acoCaH IUIATMOKIIa3, MHPOKCEH Ba OJMBUH MUHepaiiapu
TAlIKWI KWIMIIM KYpUHUO TypuOau. Acocuil KMCMHMHM KaH4a KYN IJIardokjasjiap TallKuil
KWJICA KPUCTAJUIAHUII XYCYCUSTH Ba CYHOJaHMIL XapopaTH IIyH4Ya I0KopHu O0ynaau. SIHa »KMHCHU
TAIIKWI KWIYBYM MMHEpajap COHJIM HMCOATH MYXUM axaMusATra sra. DHI SIXIIM HaTWXKajiap
TapkuOaaru miarunokiasiap 50% HU TAIKUI KWIHITUAA OJTMHUAIIN TaXprOatapaH MabiIyM.

1-xanBan
KyTun koHH 0232J1bT HABMYHAJAPUAAH OJHMHIAH YPTA4a MUHEPAJTOTHMK TAPKHOH
No [Inupokcen AKTHUHOJIUT OnunoT KBapu Pynanu
I MUHepaap
1-9 49 15 26 9 1

bazanbT TOF JXKMHCIApW KUMEBUM TapKUOMHM acocaH KpPEeMHHH OKCHIH, ATIOMUHHIM
OKCH/IM, KaJIbI[1il, MarHuil Ba TEMUP OKCHUIIapH TALIKWUI KUiIaau (2-KaaBai).

Kyrun xoHm Oa3zanpTiiapy caHoaTJa XoM-améra Kyiuiaran amanuii TanmaOnapura
CONUIITUPTaHjaa TYIUK >kaBo0 Oepanu. TaxpubanapgaH KpeMHUH OKCHIMHU >KUHCHUHT
Tapku6uaa 51% naH omMacIury Kepak akc XoJulapAa KOBYIIKOKIMKHU OMIMPHUO KPUCTAJUIAHHUII
XYCYCHUSTIApUHU MMacauTupagn. AJTIOMUHAN OKCHUJIM XaM KPEMHUN OKCUIY CUHTApU SPUTMAHUHT
KOBYLIKOKJIUTHra ¥3 TabCUPUHM  YTKazaau. Taxpubanapia aHUKIAHUIIMYA aITFOMUHHUNA
okcuauHuHr 10 % raya OYnMIIM KOBYIIKOKJIWKHM Oup KaHua mnacantupaau. Kymaiumm
JaBOMU/A 3pUTMA KOBYIIKOKJIMIM YCHUO KpPHUCTAIIAHUII XYCYCHSTH Hacasau. Maruuii okcuau
3ca KOBYIIKOKJIMKHU NAaCAUTUPUO KPUCTATIAHUII XYCYCUATHHU SAXIIMIARIH.

2-3KaaBaA
KyTun koHu 0a3aJbTJAPUHUHT HABMYHA/IaH OJIMHIaH YPTaya KUMEBUI TapKUOHU
No SiO | Fe203 FeO TiO MnO AlO | Ca | Mg K0 | NayO | SOs K.i1
2 yM. 2 3 0] @)
Hapmyna
nap 491 933 | 716|127 | 015 | 14,48 132 | 75 |0,32 | 2,23 | 0,03 | 1,55
ypradacu

HabpmyHanaru 6a3aibT TOF KHHCIIAPH TIACT XapOpaTIaH CYIOKJIAHTYHra Kajaap MCCHKITHK
unuioBu Oepwian. Kyrau 3axupacu 0a3anbTiiapd MCCUKIUK WIIUIOBH HATHXKalTapu Ba Xap XHJ
xapoparnard (ha3aBuii TapKUOJIaApU PEHTICH aHATHM3JIAPH EpAaMuia Ky3aTHIIIH.

Onuaran nudpakTorpamMmanap HaTWXKacura Kypa IIyHAad MHHEpauiap OOpiuru
anukyanau: asrut (0,298; 0,252; 0,162 um), akrunonut (0,271; 0,254; 0,232 uM), >0HA0T
(0,290; 0,282; 0,268; 0,211 um), xBapi (0,334; 0,228; 0,1813 um), 0,324; 0,312 am 800°C raua
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cakymaHu® KosraH pedrexciap mupokceH rpynmacura goupaup, 0,320 aM  pedekcnapu 3ca
ampubon rpymnnacura JOUPIUTH aHUKJIAH/IH.

CyrokmanryHra Kajap OJHMHraH AudpaxTorpamMmalapHd TepMorpaMmManap Oujal
COJIMIITUPHIN IIYHH MabJIyM KWIAUKA SKUHCHUHT 600°C Xapoparraya Ku3IUpHITaHIa
y3rapmacnuruHu Kypcarau. by xapopaTaaH OKOpH Xapopatiapia 3ca aM(uOon rpymmnacu
MUHEpAJTAPUHUHT CTPYKTYPACUHU OY3WIMIIHN Ba YIapHUHT CYIOK (hazara YTUIIN MabiayM OYIau.

800°C xapopatna am¢ubon rpynmack MHHepaulapu Wykonud (l-pacm), Koarax
peduieKCIapHUHT  XaM HYKONMIIMAAH MNUPOKCEH MMHEPAJUIADMHUHT XaM  CYIOKJIaHMII
xapaéHnapu ketummaan nanonat Oepaam. 1200°C xapopaTma 3ca >KUHCHUHT CYIOK amopd
MoOJiJiara aiJlaHraHIUTUHA KYpCcaTan

Jo 65 b 55 so 45 4b 35 do 25 do 5 b

1-pacm. KyTun xonu 6a3anstiaapu qudpaxkrorpammaiapu: 1-Ku3aupuiaMaran HabMyHa,
2-400°C, 3- 800°C, 4-1200°C

Kyrtum koHu OasanpTiapy aHaIW3jIap HaTWKacura Kypa Kym (azanum 3KaHIUTH.
MuKpOCKOIUK, peHTreHOTpaduK Ba SJIEKTPOH-MHUKPOCKOINK aHAIHM3JIApU HATIKAIapy YHIA OUp
Heua acocuil (aszamap wumkopuii aHoptuT (Na,Ca)Al2Si2Og; Temup TapKUOIH MHPOKCEHIH
KaTTHK KOpHIIIMa KYPUHUIIIIA JTIAOTICU]T CaMg[Si20¢], aBTUT Ca(Mg,
Fe?")[Si206-CaFe(AlSiOs)], srupmr NaFe**[Si’Os]; axtumomur CazMg, Fe|s[OH]2|SisOz|;
a0t CasAls[OH]2 O3[Si207]3; kBapir SiO2 Ba 03 MUKIOpAa KyIIMMYa pyaald MUHEpasuiap
OOpJIUTY aHUKJIAHTH.

Taxpubanap acocuma 1400°C xapopataa Oup coar ymad Typuil JaBoMuja 0as3anbT
JKUHCTIApU KOpa paHTJard CYIOKJIMKKA ailIaHUINM Ba YYsH IUIMTajapra KyiO OJMHraHaa THM
KOpa paHr/ard muiia Xocui Oynuinu. by onmHran mmina TapkuOu Ba Xoccajlapu TOII KyhMa
OyroMiapura XOCJIUTY aHUKJIaH U,

AnabuérnapaaH MabJIyMKd TOII KyiiMa OYIOMJIapUHU KpUCTaUlall >KapaéHIapUHUHT
acocuii KaMYMIUKIApU (032 KUCMUJAH KPHUCTAJUIAHUIIM Ba MYCTaXKaMIIUK XOCCATapuHU
MACTIIUTUAUP.

Kentupunran MabIyMOTJIApHU TEKIIUPUII Makcaauga OW3 TOMOHIAH JPHUTUITaH
mMIIany Kpucramuiam taxpuodamrapu 700, 800, 900, 1000, 1100°C makcumai xapopatiapaa oup
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coar ymad Ttypunau. CYHrpa OJIMHIaH HabMYyHAIApHH 3JIEKTPOH-MUKPOCKON Ba PEHTICH
aHaJIU3J1apu OJIUHIM.

‘Atz"- i '

2-pacm. 900 °C xapopa;[a 6np c

aHam3u. X5500
Tepmorapduk, peHTreHorpaduK Ba SIEKTPOH-MHUKPOCKOI aHATU3JIAPUHHU COJTUIITHUPHUIIT
0a3aNbTIM MIUIIA KPUCTAIIIAHTAHIUK X0JIaTIapUHU XapaKTepiaian.
bazanpTim spuTMa €KUM COBYTWIITAH CYIOKJIMKHU KpPUCTAJUIANI >Kapa€HW MOHOMMHEPAJT
MaxcylnoTjiap OJNHIIra onud KenMmaiau. AkcuH4Ya 0aszaibTiid dPUTMAHU KpUCTANAIl >KapaéHu
WHUPUK KPUCTAUIA ACHAPUTCUMOH IAKJITa 3ra OyJIraH TOII KyiiMa MaxCy/loTJIapH OJIUIITa OJHO

KeJaau.
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VJIK 621.383.8

TECHNOLOGY AND CALCULATION OF THE THERMAL BALANCE OF A SOLAR
MODULE WITH TWO-CHAMBER COOLING.

Murodov Muzaffar Khabibullaevich
PhD, associate Professor Department of Power Engineering, NECI,
E-mail: m_murodov@mail.ru. Tel: +99-893-4014545

Annotation. The heat exchange of the photoelectric module with the environment and its
changes in constant temperature were analyzed. Its temperature depends on the ambient
temperature and the flux density of solar radiation, the heat balance equation is formed.

The maximum concentration coefficient corresponding to the accepted limit temperature
of 85 °C of the photocell was determined. It turned out that in the case of arbitrary installation of
photoelectric modules, the maximum concentration coefficient does not exceed K = 3 at ambient
temperature 25 °C, and K = 2,5 when installing the roof. An increase in the unit concentration
coefficient in the summer leads to a constant temperature rise of the photocells to 18-22 °C,
depending on the method of installation.

A sandwich structural method of photoelectric module surface cooling was developed
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taking into account the increase in ambient temperature.

Annotatsiya. Fotoelektrik modulning atrof-muhit bilan issiglik almashinuvi va uning
doimiy haroratda o‘zgarishi tahlil gilinadi. Uning harorati atrof-muhit haroratiga va quyosh
radiatsiyasi oqimining zichligiga bog‘liq bo‘lib, issiglik balansi tenglamasi hosil gilinadi.

85 °C fotoelementning gabul qilingan chegaraviy haroratiga mos keladigan maksimal
konsentratsiya  koeffitsiyenti aniglandi. Ma'lum bo‘lishicha, fotoelektrik modullarni
o‘zboshimchalik bilan o‘rnatish bilan maksimal kontsentratsiya koeffitsiyenti 25 °C 1i atrof-
muhit haroratida K=3 dan, tomga o‘rnatishda esa K=2,5 dan oshmaydi. Yozda o‘ziga xos
kontsentratsiya koeffitsiyentining oshishi, o‘rnatish usuliga qarab, fotoelementlar haroratining
18-22 ° C gacha doimiy o‘sishiga olib keladi.

Atrof-muhit haroratining oshishini hisobga olgan holda fotoelektrik modulning sirtini
sovutish uchun sendvich strukturasi usuli ishlab chigilgan.

AHHoOTauusl. B maHHOW cTaTbe MpoaHATU3UPOBAH TEIUIOOOMEH (POTOIIEKTPHUECKOTO
MOJYJISI C OKpYKarolel Cpellod M €ro M3MEHEHHE NpH TMOCTOSIHHOM Temmeparype. Ero
TeMIepaTypa 3aBUCHUT OT TEMIIEPATYPbl OKPYXKAKOLIEH CPellbl U IUIOTHOCTH MOTOKA COJIHEYHOU
paiuanuu, Immpru KOTOPOM BBIBOAUTCS YPABHCHHUC TCIIJIOBOI'O Oaanca.

ABTOp  CcTaThu  OmpeneNnseT  MaKCUMaJIbHBIA  KOA((UIMEHT  KOHLEHTpAIHH,
COOTBETCTBYIOIIMIA MPUHATON TpenesbHol TemmnepaTtype ¢gorornementa 85 °C. Okazanock, 4To
IpYU TPOU3BOJIBHON YCTaHOBKE (DOTODIIEKTPUYECKHX MOAYJIEH MaKCUMAaJTbHBIA KOA((UIIMEHT
KOHIIeHTpaluu He npeBbimaeT K = 3 npu temneparype okpyxatomeit cpeast 25 °C, u K = 2,5
MIPY MOHTAX€ KPBIIIU. YBETHUEHUE YACTHbHOT0 KOAPPHUIMEHTa KOHIIEHTPAIIMH JIETOM MPUBOIUT
K TIOCTOSSHHOMY TIOBBIIICHHUIO TeMmIiepaTypbl ¢oTodaeMeHTOB 10 18-22 °C B 3aBUCHMOCTH OT
croco0a yCTaHOBKHU.

Pa3paboran COHJBUY-CTPYKTYPHBIN METOJ OXJIaXKICHUS IIOBEPXHOCTH
(OTO3TEKTPUIECKOTO MOAYIISI C YIETOM MOBBIIICHUS TEMIIEPATYPHI OKPYKAIOIIEH Cpebl.

Key words: photoelectric module, silicon-based photocells, concentrator, density of solar
radiation, photocell temperature, heat balance, solar radiation.

Kalit so'zlar: fotoelektrik modul, kremniy asosidagi fotoelementlar, kontsentrator,
quyosh nurlanishining zichligi, fotoelementlar harorati, issiglik balansi, quyosh radiatsiyasi.

KuaroueBble coBa: (OTOIIEKTPUUECKUI MOAYINb, (POTORIEMEHTHI HA OCHOBE KPEMHUS,
KOHIIEHTPATOp, TUIOTHOCTh COJIHEYHOTO H3JIy4deHHUs, TemIiiepaTypa (OTOdJIEMEHTa, TEeTUIOBON
6anch, COJIHCYHOC U3TTYUCHHUC.

The depletion of fossil fuel resources, as well as important environmental problems of
conventional energy, has necessitated the search for new ways to generate energy. Photoelectric
conversion of solar energy is one of the most promising methods. At the same time, the energy
density of solar radiation is much lower than the energy density of conventional fuels. Given the
low overall utilization factor, the self-recovery period leads to a significant increase compared to
conventional energy-based reciprocal power plants.

A large part of the cost of modern solar power plants is actually semiconductor solar
cells. It is also possible to increase the surface area of expensive photocells without reducing the
total output power by increasing the intensity of the incident radiation flux proportionally. This is
achieved using concentration systems of various designs. At the same time, an increase in the
concentration coefficient leads to an increase in the temperature of the solar cell, which has a
negative impact on the efficiency, maximum power and service life of the solar cell. For silicon-
based photocells, the efficiency of solar energy conversion reaches a maximum value at a
temperature of (-150 °C) + (-100 °C) and is about 17%. As the temperature rises, it decreases
and drops to 9% at 50 °C [1]. The rate of decrease of Efficiency Factor (EF) is 0,05% / °C at 25
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°C. Such a decrease in EF is particularly noticeable when using solar concentrators (due to high
temperatures) and imposes certain restrictions on the concentration coefficient for surface
exploitation processes. Determining the concentration limit is very important when choosing a
concentrator design, as the increase in the concentration level has a negative impact on the
accuracy of reflective surfaces, the quality of the whole optical circuit, the design cost,
production, operation and maintenance of photo elements. Strict requirements are placed on the
accuracy of the tracking mechanism. By making the concentration coefficient K=2+6, the cost of
solar power plants can be significantly reduced. This is usually done by removing the mechanism
of tracking the sun and strict requirements for the quality of proportion.

In this scientific work, the task is to determine the constant temperature of the
semiconductor photocell and the maximum level of solar radiation concentration without active
cooling methods, as well as to increase the efficiency of the photocell.

The solar module is determined based on the energy balance equation. The flux of solar
radiation absorbed by the solar element is partially converted into useful work, which is
determined by the useful work factor ». The remaining energy causes the photocell to heat up. It
is known [2] that silicon is practically transparent to infrared radiation with wavelength | > 1,1
wm, but this radiation is absorbed in the structural elements of solar cells and affects the constant
temperature of photoelectric modules. Heat is transferred to the environment in three ways:
radiation, convection, and heat transfer. In stationary mode, the amount of energy absorbed per
unit of time is equal to the sum of useful work and total heat losses.

Assume that the integral energy flux Po is absorbed in the photoelectric module. Then the
heat balance equation is:

P=nP+P,+P +PF; (1)
here — by P, radiation; P, — through thermal conductivity; P. — radiation currents transmitted to
the environment by convection.

Radiation losses are determined according to Stefan-Boltzmann's law:

R=¢goT* 2)
where is the = — blackness coefficient of the irradiated body.

In addition to radiation, light energy scattered from the celestial dome is also absorbed by
the photocell, so (2) has the following form:

R=so(T*-T¢) 3)
here T,, — effective temperature of the sky.

to [3], it can be expressed as follows.

T, =0,0552-T,° 4)
where is T, — the ambient temperature.

Thus, the power of the radiation losses directed upwards from the surface of the
photoelectric module P., is expressed as follows:

P, =0 (T*~T*)-S (5)
S —is the surface of the photoelectric module.

When mounting photoelectric modules on the ground, the back of the photocell is usually
grounded and its effective temperature is close to the ambient temperature. Thus, the losses at the

bottom of the photoelectric module are P_,:
P,=c0-(T*-T})-S (6)

e

total losses through radiation P, are:
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P = Pyt Ry =08 [(T4 1))+ (1 -1 ™
P, — losses in thermal conductivity are determined by the coefficient of thermal

conductivity of air — A:
R=2S(T-T,) ®

These losses are the same on both sides of the photoelectric module. Because the side
surface area of the module is small, it is possible to ignore the heat losses of the side surface
compared to the working surface. Since the thermal conductivity of air is low, it is expected that
the losses through thermal conductivity will be much smaller compared to the losses through
radiation and convection.

Convection force is calculated based on the theory of similarity. In the absence of active
cooling, there is a state of free convection due to the Archimedean force acting on the heated
volume of air. In this case, convection occurs in an infinite amount.

In general, convective heat transfer power E. is defined by the following expression:

R=aS(T-T,) ©)
where is the « — convection heat transfer coefficient.

The similarity criteria for calculating this coefficient are Nusselt numbers Nu, Prandtl Pr
and Grashof Gr.

_al
A
where L — is the dimensional character of the task to be performed, in which case it is equal to
the smallest volume of the planned photoelectric module. Prandtl number:
Pr=" (11)
a
where is the vkinematic viscosity of the air; a is the coefficient of thermal conductivity of air.

Grashof number:

Nu (10)

3
Gr = M (12)
v
Here gis the acceleration of free fall; g = lir = Tjr — coefficient of thermal expansion of air.

Nusselt number (Nu) Prandtl (Pr) in free convection mode and is a function of the
Grashof numbers (Gr):

Nu =C(Pr-Gr)’ (13)
For the horizontal position of the photoelectric modules during convection in infinite
space, C and n in formula (13) are C = 0,135; n = 1/3 [4]. Then, taking into account (10) - (12),

(13) will have the following appearance.
a:iC[MJ 1)

L va

It is worth noting that the specific power of convection at the accepted value n = 1/3 — «
does not depend on L. Since the specific losses through radiation and thermal conductivity are
also not related to L, it can be concluded that the constant temperature of the photocell does not
depend on its volume. This is confirmed by the results of digital experiments presented
throughout the article. However, when the photoelectric module is placed at an angle to the
horizon (14), the dependence on L can occur if the n — degree index in formula differs by 1/3.

Thus, the power dissipation in convective losses can be expressed as follows:
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P.=a-S-(T-T,) (15)

It should be noted that convection occurs more intensively on the upper surface than on
the lower part of the heated body. According to [3], to calculate convection on the upper surface,
the coefficient C in (13) should be increased by 30% and for the lower surface by 30%. Thus, for
the total convective flow we obtain the following expression:

P.-13+P.-0,7=2-P;
Considering (6), (8) and (15), we can write (1) in the following form:

KP,(1—7n)=eo]T* =T )+ (T* —T/)]+ 24(T -T, ){1,35(2—9 ﬂﬂm (16)

vaT +T,
K — is the coefficient of concentration of solar radiation.

Equation (16) g, v, y, a, &,1, K and P, the solution at known values of allows to determine

the steady-state temperature of the photoelectric module.
The values of the initial parameters of the model are given in Table 1.

Table 1.
Initial parameters of the model
Parameter Designation Value
Free fall acceleration g 9,8 m/s?

14,9510 8 m/s?
0,026 W/(m'K)
21,210 $m?/s

Kinematic viscosity of air
Air heat transfer coefficient
Air temperature coefficient

= M |D|><

The irradiance coefficient of silicon 0.85
The Efficiency Factor of the photocell 0.17
The intensity of the solar radiation flux Py 200 W/m?

absorbed by the photocell

Concentration coefficient from K = 1 to K = 4 are shown in Figure 1. The upper heating
limit of the photocell is 85 °C. As can be seen from Figure 1, if the ambient temperature is higher
than 20 °C, a concentration coefficient higher than K = 3 will cause the photocell to overheat,
which requires additional measures for heat transfer (using a radiator — mandatory or passive).

The calculations show that for any concentration coefficients under consideration, the
increase in the photocell temperature increases with the increase in the ambient temperature and
is 0,5 °C for each level of ambient temperature.

Depending on the ambient temperature, the value of K increases from 16,5 °C to 21,5 °C
with each unit increase.

When the photoelectric module is installed on the roof, the thermal resistance of the
bottom side is almost infinite, heat loss occurs only at the top of the photocell. In this case,
equation (16) looks like this:

KP,(1-17)=o|(T* ~T*)+ (T* =73 )]+ 24(T —TO{O,NG(Z—Q ﬂﬂm (17)

vaT+T,
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Figure 1. Dependence of the temperature of photocells on ambient temperature at
different concentration coefficients.

It can be seen that in this case the situation with heat dissipation worsens, which leads to
more heating of the photocells (the calculation results are shown in Figure 2). Now the
concentration coefficient K = 3 leads to overheating of the photocell as soon as the ambient
temperature is about 5 °C.

140 ‘

120 | —K=1
o100 | —
% \ K=2
5 80 |-
= K=3
L5}
= 60
= _
= 40 K=4
g
'5.% 20 — 85 degree

0 limit
-10 -5 0 5 10 15 20 25 30 35 40 45 50
Ambient temperature [°C[

Figure 2. The temperature dependence of the temperature of the photocell mounted on the
roof.

As a result of the increase in ambient temperature due to the high convection power, the
rate of rise of the photocell temperature decreases by 20% and is 0,38 -0,4 °C for each level of
outdoor temperature. At the same time, the dependence on the concentration coefficient
increases by 12-17%, and its unit growth corresponds to 18,5-25 °C.

The additional heating of the photocells mounted on the roof depending on the ambient
temperature is shown in Figure 3. Typically, at a temperature of 25-30 °C, an increase in the
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device temperature to 7-13 °C is observed, which reduces the maximum concentration
coefficient by one unit.

16 ‘
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Figure 3. The dependence of the additional heating of roof-mounted photocells on the
ambient temperature.
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Figure 4. Dependence of the maximum concentration coefficient on the ambient
temperature.

By determining the limit temperature (T) of the photocell, it is possible to solve equations
(16) and (17) with respect to the concentration coefficient (K) and thus determine the
dependence of the maximum allowable concentration coefficient on the ambient temperature.
This relationship is shown in Figure 4.

As mentioned above, during operation, the photoelectric panel, especially if it is equipped
with a concentrator, its surface and back surface will have high thermal energy, and this will
mainly cause the voltage value in the photoelectric device to drop. If the surface temperature of
the photocell is higher than the upper heating limit, this temperature will cause the photocell to
overheat, regardless of whether the photoelectric device has a concentrator or not. As a result,
the efficiency of the PV module deteriorates. As an additional measure for this heat transfer, the
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following method gives good results (Fig. 5).
PV
module

Air
camera

Black

BlibLid
£ / £ / Watery

camera

Figure 5. Photoelectric module cooling system.

The cooling system can be mandatory or passive.

The heat extracted by the aqueous chamber can be directed through the working fluid to
other energy devices, in particular to the combined bioenergetic device for heating the substrate
[5, 6].

The intended result of this research work is to cool the photoelectric module through the
working fluid and increase the efficiency. Also, the thermal energy obtained from the working
fluid can be optimized in the bioenergetic device operation process in subsequent studies.

Conclusion

1. The constant temperature of a photocell does not depend on its geometric dimensions
in the horizontal position.

2. Unless special measures are taken to cool the photocells, the maximum concentration
coefficient is limited to values K = 2,5 + 3. A high coefficient of K allows the system to run
more efficiently in the morning and evening, but causes it to overheat at noon.

3. When the ambient temperature is 25 °C, an increase in the concentration coefficient by
one leads to an increase in the temperature of the photocell of an arbitrarily mounted device on
the ground by about /8 °C and by 22 °C for a roof-mounted device.

4. The above conclusions apply to conditions where Po = 700 W/m?, which corresponds
to the maximum energy flux of solar radiation in summer for a latitude of 41 + 45° At higher
latitudes, the maximum concentration coefficient increases with decreasing Po and can be
obtained by solving equations (16) or (17) with respect to K.

5. The efficiency of the device can be increased by cooling the photoelectric module
through the working fluid and directing the heat energy obtained from it to heat another power
system. We have drawn some conclusions in this regard in our previous work [6].

In addition, calculations show that in the absence of concentration, overheating of the
photocell is not observed in real conditions. However, even small concentrations of solar
radiation (K>2) lead to the need to cool the photocell.
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SHEPTOCBEPETAIOIIIMIA MEXAHW3M BPAIIIEHUS MAJIOMOIITHOA
BETPOSHEPTETUYECKOMN YCTAHOBKHU C BEPTUKAJIbHOM OCBIO

Myponos My3addap XabudymiaeBud
HamWCH, k.1.H. nouent, m_murodov@mail.ru. Tel: +99-893-4014545

AHHoTauusi: Pa3paboran ManoMmouUIHBIM  BeTporeHepaTop (BeTpoTypOuHA) ¢
BepTukasibHOW ochi0 (BTBO) ¢  mMOCTOSHHBIM MarHMTOM M METOJ MAarHUTHOW JICBUTAIlUU
UCTIOJNB3yeTCsl s TOBBIIEHUS 3()()EKTUBHOCTH 3TOTO THUIIA BETPOTYpPOMHBI. MarHuTHas
JICBUTAllUMsA BBOAMTCA C IIOMOIIBIO ITOCTOAHHBIX MArHUTOB, CHJIa OTTAaJKHMBAaHHA MArHuTOB
HCIIOJIB3YCTCA OJId MOABCIINBAHUA Bpamafomeﬁca qacTu Typ6I/IHbI.

Annoranus: Kichik quvvatli doimiy magnit bilan jihozlangan vertikal o'qli shamol
turbinasi (VO'ShT) ishlab chigildi va ushbu turdagi shamol turbinasining samaradorligini
oshirish uchun magnit levitatsiya usuli go'llanildi. Magnit levitatsiya doimiy magnitlardan
foydalangan holda amalga oshiriladi, magnitlarning itarish kuchi turbinaning aylanadigan
gismlarini ishqalanishsiz muallaq harakatini ta’minlaydi.

Abstract: Have developed a low-power wind generator (wind turbine) with a vertical
axis (VAWT) with a permanent magnet and the method of magnetic levitation is used to increase
the efficiency of this type of wind turbine. Magnetic levitation is introduced using permanent
magnets, the repulsive force of the magnets is used to suspend the rotating part of the turbine.

KiroueBbie cjaoBa: HEProdPPeKTUBHOCTB, aJbTepHAaTUBHAsS HHEPreTHKa,
BCTPOIrcHCPATOp, MArHuTHasA JICBUTAlLMA, BCTPOKOJICCO, CHJIa OTTAJIKHMBAHUA, BeTp0Typ6I/IHa,
a’POJAMHAMHUKA, KPYTAIIUNA MOMEHT

Kalit so'zlar: energiya samaradorligi, muqobil energiya, shamol generatori, magnit
levitatsiya, shamol g'ildiragi, itarish kuchi, shamol turbinasi, aerodinamika, aylantiruvchi
moment.

Keywords: energy efficiency, alternative energy, wind generator, magnetic levitation,
wind wheel, repulsive force, wind turbine, aerodynamics, torque.

B IIOCJIIEAHUE T'OJbI 6BICTpO€ HCTOLICHUE 3aI1aCOB HMCKOIMAEMOI'0 TOIIJIMBA, YBCIMYCHHC
3aTpaT Ha 3JICKTPOSHCPIUI0 U 3KOJIOTHUYCCKUC HpO6J’IeMLI CTaJIn 3aMETHBIMU HpO6J’IeMaMI/I n3-3a
Ype3MEPHOTO MOTpPeOJIEHUs MCKOMAaeMOro TOIUIMBAa B pa3iMYHBIX cekTopaXx. lloaTomy
BO300OHOBIISIEMBIE PECYPCHI CTAHOBATCS BCe OoJiee >KM3HECIOCOOHOW TEXHOJOTHEH BBIPAOOTKH
QJICKTPOOHCPIUHA JId PECUHICHUA 3TUX 3a/1a4.

B namei CTpaHC ObLIH MMPUHATHI pA HOPMATHBHO-IIPABOBLIX JOKYMCHTOB JJISA PCIICHUS
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BBIINICYKA3aHHBIX TJIO0ATBHBIX MPUYUH B O0JIACTU DHEPIeTUKH U PA3BUTHUS DHEPreTHUYECKOTO
CeKTopa B Y30eKuCTaHe.

4-e mpuopuTeTHOE HampaBieHue «Pa3BUTHS cexTopa 00pa3oBaHUS M HAYKW» CTpATETUU
nercTBuid 1o pa3Butuio Pecnyommku Y36ekuctad B 2017-2021 rr. nmocBsmeno «IIpuopureram
pa3BUTUS COIMAIBHOTO CEKTOpa», «KadecTBY H A(D(HEKTUBHOCTH AEATEIHHOCTH BBICIIHX
y4eOHBIX 3aBEICHHH Ha OCHOBE MEKIYHAapOJHBIX CTaHAAPTOB OOECHedYeHHs KadecTBa H
3¢ (HEeKTUBHOCTH 00 yUSHUSI.

Kpome TOro, crparerus ompenesnseT MPUOPUTETHBIE oOmacTu it (4,3) peanusauu
LIEJIEBBIX IPOrpamMM IO CTPOMTEIBCTBY JOCTYIHOTO JKWJbsl, Pa3BUTHIO U MOJEPHU3ALNU
JOPOKHO-TPAHCTIOPTHOM, MHKEHEPHO-KOMMYHHUKAIIMOHHON M COLMAIbHONH HWHQPACTPYKTYPHI,
o0ecreYnBaroNINX yITy4llIeHue YCIOBHH )KU3HU HaceneHus [ 1].

Oco060¢ BHIMaHUE yIEISAETCS:

e PacipeHni0o WHHOBAIlMOHHBIX TEXHOJIOTWH, HAayYHO-TEXHHYECKHX pa3pabOTOK B
o0jacT  pa3BUTHS  BO30OHOBJISIEMBIX  HCTOYHMKOB  JHEPrMM M PACIIUPEHHIO
9HEpProdGEeKTUBHOCTH, TMPOU3BOACTBA U JIOKATU3AIMH YHEProcOeperaromero o0opynoBaHus,
BKJIIOUAsl NIepelady TEXHOJIOTUH U CO3/1aHNE UH)KEHEPHBIX LIEHTPOB;

o COKpalIeHUIO MPOU3BOJCTBEHHBIX MOIIHOCTEH, HAallMOHAJIBHBIX HAaYYHO-TEXHHUUYECKHUX
pa3paboOTOK ¥ IEJCHANPABICHHOTO BHEAPEHHS TIEPEIOBBIX TEXHOJIOTMH WCCIICAOBAaHUHA B
00JIaCTH SHEPreTHKU;

e CHIDKEHUIO HJHEPrOEMKOCTH  BBIIYCKa€MOH MPOAYKIMH IyTEM MOJEpHHU3ALNUH,
TEXHUUYECKOI'O M TEXHOJOTMYECKOTO NMEPEBOOPYKEHUS M CO3/1aHUS HOBBIX MPOU3BOJCTBEHHBIX
MOIIIHOCTEH Ha OCHOBE COBPEMEHHBIX 3HEProd((HEeKTUBHBIX TEXHOJIOTHIA;

e VIyulleHHt0 O0ecnedyeHuss HaceleHMs DJICKTPUUECKOM »JHEeprueil Ha OCHOBE
CTPOUTENHCTBA HOBBIX M MOJEPHHU3ALMU JEHUCTBYIOIIUX AJIEKTPOTCHEPUPYIOIINX MOIHOCTEH,
OOHOBJICHHS HU3KOBOJBTHBIX JJIEKTPUYECKUX CETed M TpaHC(HOPMATOPHBIX ITYHKTOB, a TaKXKe
peanuzansi Mep IO  YIYYIICHHIO OOECNeYeHHs  HaceJIeHHs JIPYrUMH  TOIUIMBHO-
SHEPreTUYECKUMHU pPECypcaMu M PaCIIUPEHUE HCIOIB30BAHMUS BO300HOBISIEMBIX HCTOYHHUKOB
SHEPTUH.

Kpome Toro, noxymentsl, npunstsie [Ipesunentom u IlpaButensctBom Pecnybiuku
VY36ekucran 00 3¢(HheKTUBHOM UCTIOIB30BAaHUU AIbTEPHATUBHBIX HCTOUHUKOB SHEPTUU B CTpaHe,
MOT'YT TIOCITY’KHTh OCHOBOM JIsl HAIIMX UccaeaoBanuit [2,3,4,5,6].

Hcxons U3 BBIMIEH3IIOKEHHBIX, B CTaTh€ PAacCMaTPUBAETCSI OCOOCHHOCTH MaJOMOITHOM
BETPOIHEPreTUUECKONW YCTAaHOBKH, KOTOpasl SIBJISIETCA SPKUM IPEICTABUTENIEM aJbTEPHATUBHBIX
HCTOYHUKOB SHEPIHH.

Cpean pa3mu4HBIX BUIOB BO30OHOBIISIEMBIX PECYpPCOB BETPSHbIE TYpOUHBI CIHOCOOHBI
IIPOU3BOJIUTH OOJIBIIYIO MOIIHOCTh B MEHBIIIEM MECTE, KOT1a BETPsIHbIE TYPOUHBI 3aITyCKAIOTCA C
HOMUHAJIBLHOW CKOpOCThIO [7]. HecMoTpst Ha TO, 4TO BETPOTYpOMHBI C TOPU3OHTAIBHON OCHIO
(BTT'O) ucnonb3yroTcs B KOMMEPYECKUX IENsX JUisi Oojiee BBICOKOW MOIIHOCTH, MHTEpPEC K
pa3paboTke HOBBIX TexHojoruid g BTBO wmamoro wu cpemHero pasmepa pacTer.
Menkomacmtabueile  BTBO  Hyxnatorcss B Oomblieit  pa3pabotke it 3QQPEKTHBHOTO
UCIIONIb30BaHUsl Ha OBITOBOM ypoBHE [8]. Mcmonb3oBaHue 3y04aThIX MEXAaHU3MOB SIBIISETCS
OCHOBHBIM HEJIOCTATKOM BETPOTYpOMH, YTO NPUBOIUT K TOTEPSM, a TaKKE YBEITHMYMBACT
CTOMMOCTB BETPOTYpOUHBI [9].

Mowinocms 6empa

JlocTtynHast sHeprus BeTpa - 3TO SHEPrusi, Colepskamiasicss B ABMXKYIIUXCS YacTUIAX
BO3/yXa, TAKMX KaK KHCIOPOJ, a30T ¥ BOAOPOA. DTa dHEPrus Oosee N3BECTHA KaK KHHETUYECKast
sHeprusi. KuHeTnueckass sHepruss B JBHXKYIIEHCS cHCTEME MOKET OBITh pacCUUTaHa [0
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cnenyomen hopmye;
2

mv
E= 1)
rae E — xunermueckass sHeprust (x), m — macca cucremsl (Kr), a V — CKOpPOCTb
IBIKYILIEHCS cucTeMbl (M/C). MOIIHOCTP — 3TO Mepa BSHEPruu, IMPOU3BEJICHHONH WIH

WCIIOJIb30BAHHOM B TeUYeHHE OMpEeNeJIeHHOro Nepuoaa BpeMeHH. PaccrosiHue, nocturaemoe
YacTUIIAMH BO3/yXa, SBJISIETCS MPOU3BEICHUEM UX CKOPOCTH M BPEMEHH, KOTOPOE UM TpedyeTcs
JUISL AOCTUKEHHS 3TOT0 KOHKPETHOTO paccTOsiHUS. YpaBHeHHE (1) MOKET OBITh TOMOJHUTENBHO
Pa3BUTO, YTOOBI OIYYUTH BeIpaskeHHE MoITHOCTH (P) 11 pacuera BeTpoTypOHHBI,

P:% AV3C, )

p — d MaccoBas TITOTHOCTB BO3/yXa Ha TMOBEPXHOCTH Mops (KI/M°), KOTOpasi COCTABIIAET

1,225 xr/m%, A — nomans, oMeTaeMas BeTpokoaecoM (M2), V - CKOPOCTh ABUKYIIEHCS CHCTEMbI
(M/c) u Cp — KO3(PUITUEHT MONIHOCTH. BenmunHa MOIIHOCTH CHIIBHO 3aBUCUT OT CKOPOCTH
BeTpa. HeOounbiias BeTpsiHas TypOMHAa HY)KIAeTcs B CHUJIBHOM BETpe, UYTOOBI IMPOU3BECTH
oonpmoe kommyectBo dHEpruu. Kosddumument momuoctu (Cp) mcmonp3yercss s pacyeTa
KOJINYECTBA YHEPTUH, NOTpeOsieMoil TypOMHOM, KoTopasi ObLIa JOCTYIHA Ha BETPY, Kak B (3)

C - 3axeauennas — MexaHuyeckisi — IHep2usi— 1e36UA3MU 3)
’ Jlocmynnas— cuna — eempa

Onpeoenenue pazmepa mypounul

JnuHa gnomactedl poropa W paaMyc pOTOpa MPSIMO MPONOPIMOHAIBHBI BBIXOJHOM
MOIITHOCTH TypOHHBI. PazmMep BeTpoBOil TypOMHBI TaK)ke M3BECTEH KaK IUIONIAAb Pa3BEPTKU ATOM
gacTUYHOUW TypOuHbL. Ilnomane pa3BepTku TypOWHBI pa3auyaeTcs B 3aBUCUMOCTU OT (HDOPMBI
KoHurypamuu potopa. Ilockonbky B BTI'O Banm Bpamaercs BOKPYT TOPH3OHTAJIBHOW OCH,
TakuM 00pa3oM, IUIOMIAAb 3aXBaTa PACCUMTHIBACTCS IO JIpyrou ¢popmyie otHocutennbHO BTBO
[10]. TInomaar pa3BepTKH ATON TYpOMHBI paCCUYUTHIBACTCS 1O CIIEeAyIoIIeh hopmye;

A=2RH 4)

rae, A — momasp TypouHsI (BeTpokoneca) (M?), R — paauyc Typ6uns (M), a H — BeIcoTa
JIOTacTH (M).

Ilpogpune nonacmu mypounwi

Jlonmactu (71€3BUHM) TYpOMHBI HCTOJNB3YIOT MOJBEMHYIO CHIIy OT BeTpa JJIsi BpalICHHS
nmonaTtok. JlesBun mmeror (opmy adpoamHamudeckoro npoduis [11]. KoncTpykums se3Buii
TypOUHBI ObLTa BRIOpaHA C YIETOM HAIMYUS JTAHHBIX IO KOHKPETHOMY IMPOQIITIO.

IIpounocmov mypounst

Ha mnnaBHOCTh paboThl poTOpa HAOPSIMYIO BIMSAET YBEJIMYEHUE U YMEHbILIECHUE
konnyectBa Jjomnacter BTBO [12]. CamocTosTenpHbI 3amyck TYpOMHBI MOXET OBITh
OCYIIECTBJIEH 3TUM IMapaMeTpoM, KOTOpbId Oe3 enuHuusl uzMmepeHus. [Ipounocts (o) ans
npsmoit ne3suit BTBO MoseT ObITh paccunTaHa Kak:

Nc

R
rae N — konruecTBo Jie3BUi, ¢ — AiMHa XopAsl (M) 1 R — paauyc potopa (Mm).
Koadoumment momrHoctn (Cp) Takke 3aBUCUT OT KOJIHMYECTBA JIOMACTEH, KOTOpOE
3HAYUTEIIFHO YMEHBIIIACTCS MTPH YMEHBIIICHHN KOJTMYECTBA JIOTIACTEH.
KII] 6empomypounwi

o

()
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B npornecce nmpeobpazoBaHus SHEPTUU, TAKOM KaK MIPEBPAIICHNE MEXaHUUECKOW SHEPIUn
B DJIEKTPUUECKYIO DHEPruio, npeolOpasyercs yacTu4Hasi sHeprusi BeTpa. COOTHOLIEHHE MEXIy
MOIITHOCTBIO, TE€HEPUPYEMOH BETPOBOW TypOWHOW, M MOIIHOCTBIO, JIOCTYIIHOM Ha BETpY,
Ha3bIBaeTCs 001IeH 3 (HEKTUBHOCTHIO BETPSHON TypOUHBI, KOTOpas ykazaHa B (6).

P
7706u4. = F‘;LXO@ (6)

6X00
B BetpoTypOuHe nmerorcs nBa tuna s dextuBHocTH: nepsas — KITJ[ potopa (Cp), Taxxke
M3BECTHBIN Kak KodddummeHT morHoctH, a BTopoi — KIIJ reneparopa (7). DddextuBHOCTH
poTopa BETpPOTYpPOMHBI 3aBUCHT OT MEXaHMYECKOW KOHCTPYKIMH Jomnacteit poropa. C apyroi
CTOPOHBI, 3(h()EKTUBHOCTH T€HEpaTOpa 3aBUCUT B OCHOBHOM OT AJIEKTPUYECKON KOHCTPYKIIUU
reseparopa. BbIxoiHasi MOIIIHOCTh T€HEpaTopa 3a/1aeTcsl Kak:
1 43
Prcwn = 5 PAV'Con )

661X00

W3mepeHust CKOPOCTH JIONACTH pOTOpa MPOBOAMIIUCH I MPOBEPKH pabOTOCIOCOOHOCTH
MarHUTHON JICBUTAIIMA. DTH H3MEPECHHS OBUIM BBITIONHEHBI MPU TPEX PA3TUIHBIX CKOPOCTSIX
BeTpa. Peakius ckopocTu BpallleHHs pOTOpa C MarHUTHOMW JIeBUTalMel U Oe3 Hee MoKa3aHa Ha
Puc. 1.

MoXHO MOKa3aTh, YTO CKOPOCTh YBEIWYMBAETCA C YBEJIMYEHHEM CKOpPOCTH BETpa,
OJTHAKO TPU WCIOIH30BAHUM MATCHUTHOW JIEBHTAIMU PpOTOP OOECTIECUMBACT JIYUYNIYIO
MIPOU3BOAUTENBHOCTb.

O} dexTUBHOCTD JIOMACTel poTOpa MpPHU KAKIAOW KOHKPETHOH CKOPOCTH BETPA MOMXKET
OBITh paccYMTaHa CJEIYIOINUM 00pa3oM:

 56-44
=" a4

IIpu ycpennenun KIIJ[ poropa yBennuusaercs Ha 23,6%.
140 4

-100% (11)

£ 120 _ A
g yrey
g | 100 7 Bes
: 80 y_4 =8==|  MarHUTHOI
g /)/ JCBHTALIHLL
2| 60 Yo%
O V s C MarHHTHOII
40 TERUITATHI
20
0
0 0.5 1 1.5 2 2.5 3

CKopocThb BETpa, M/C

PucyHnok 1. YBesinueHue 000poToB poTopa.
Maznumnasn neeumanun
[es1b MarHUTHOM JIEBUTALIUU COCTOUT B TOM, YTOOBI CJI€aTh MMOJHOCTHIO JIEBUTUPYIOIIHMA
POTOP, UCIIOJIB3YS TOJIBKO IMOCTOSAHHBIC MAIrHUTHI, I-ITOGI:I CBCCTH BCC POTOpA K HYJIIO U I/136G)KaTL
J000r0 MEXaHMYECKOr0 KOHTAKTa MEXIY POTOPOM U OKPYXKAIOIIMMH €ro MEXaHUYECKUMU
qaCTiaMU. .HGBI/ITaI_II/ISI OCYIICCTBIIICTCA € MOMOIIBIO JIBYX KOMIUJICKTOB KOJIBIICBBIX MAIHHUTOB C
aKCcHaJIbHOW HAMarHUYEHHOCTBIO, KOTOPBIE PACIIONI0KEHBI TAKUM 00pa30M, UTO OHU HaXOMASTCS B
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OTTAJIKUBAIOLIEM COCTOSIHUM. [lepBplii MarHUT HaJAEBAE€TCS HA Baj, a BTOPOW - MOJ OINOPHYIO
BTYNKY. M3-3a OTTaNKMBaHUS MarHUTOB CTYMHUIIA U IPYTHE BPAMIAIOIIMECST YaCTH TOTHUMAIOTCS,
a €e BeC YaCTUYHO CBOJUTCS K HYNI0. OH YaCTUYHO aHHYIUPYETCS, IOTOMY YTO LIEHTP TIKECTH
TOYHO HE pAacCIIOJIOKEH B LEHTpe Jionacted poropa. Korma porop BBIHYXKIEH BpamaTbes,
[EHTPaIbHBIA Ball OyJeT HEMPEPHIBHO YAApATh MO JIOO0O0H CMEXKHOW MEXaHHMYECKOH dacTw,
OKpyKarome ero. YToObl BBHIYUCIUTH BEIMYMHY CHJIBI OTTAJKUBAHUS MEXKIY JBYMS
OJIMHAKOBBIMH MarHWTaMH, MOXHO TOJB30BaThCs OHNAWH KanbkymsatopoM oT K&J Magnetics,
Inc [13]. [locTOsSTHHBIE MarHUThI, UCIIOJIb3YEMbIE JIJII BEPTUKAIBHOMN JIEBUTAIIMU B TOM CTaThe,
CIOCOOHBI CO37aBaTh OTTaJKMBarollyro cuiny 78,4 H Ha paccrosHuM 1 cM OT IOBEPXHOCTH
MarHuTOB C MaKCHUMaJIbHOM CHIJION OoTTankuBaHHI okoyo 124,4 H, xak moka3ano Ha Puc. 2. 9t
MarHuThl MOXXHO MUCIIOJIb30BATh JJIsl IOJTHATHSL POTOPA BETPOTYPOUHBI.

28 @

21

14

CHita oTTaIKHBaHIIA

0.00 0.15 0.30 0.45 0.60

PaccrogHiie

Pucynok 2. Cujia oTTaJKUBaHMS BLIOPAHHBIX MATHUTOB (MArHUTHBIN KAJbKYJATOP K&J)
BriOpannas cnenudukanus MarHuTa ¥ U3MEpeHus okKa3aHsl B Tadmure 1.

Tadoauna 1.
JleTajib MarHura 1Jisi JIEBUTALMH.
Tun Mmaraura NdFeB kogbueBbie MaruuThbl N42
HapyxHbiii anametp 45 mMm
Buyrpennuit nuamerp 35 mm
Tommuua 5 MM

Koncmpykuyua zenepamopa

['enepaTopHas cucteMa MOXeT ObITh KiIacCH(UUMPOBaHA HA MAIIUHY C MOCTOSHHBIMU
marautamu (IIM) u mammHy ¢ snekTpudeckuM Bo30yxkaeHnem (MOB). KonudecTBo Tomonoruit
reHeparopa ¢ MOCTOSHHBIMH MarHUTaMy MOET ObITh UCIOJB30BAHO JJI HEOOJBUINX BETPOBBIX
TypOUH, TAKMX KaK F'€HEpaTOPOM OCEBOI'0 MOTOKA, FT€HEPATOPOM TOPOUAAIBHOIO U PaIUAIBHOTO
notoka [14]. TepmuH oceBO MOTOK BBITEKACT M3 TOTO (haKTa, YTO B 3TOM KOHKPETHOM THIIE
reHepaTtopa IOCTOSHHBIE MAarHUTHI, pa3MELICHHbIE Ha IUIACTUHAX pPOTOpa, HMMEIOT OCEBOE
HaMarHuuuBaHue. ['eHepupyemMoe 53JIEKTpUUYECTBO B OCHOBHOM CJE€IYyeT 3aKOHY HWHAYKLIUU
@apajness, KOTOPBII TJIACUT, YTO MHAYLHUpPOBaHHAsA »nekTpoaBmwxkymas cuia (3C) B mroboit
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3aMKHYTOM 1IelMM paBHAa CKOPOCTHM MAarHUTHOrO mMoToka uepe3 uenb [14]. IlomspHocTs
unHayuupoBanHoit DJ{C 3aBUCUT OT OIpeieIEHHOT 0 MpaBuila, KaK yKa3aHo B 3akoHe JIeHna.

doe
e=—
dt
3aKJIloueHne

B aTOoM wmccnemoBaHMM BeTpoBas TypOWMHA C BEPTHUKAILHOW OCBIO ObLIA YCIEHTHO
crpoeKkTupoBaHa u rnocrpoena (Puc 3 a, 0).

. |
a)

PucyHnok 3. BHemiH#ii BUJI BeTPOYCTAHOBKH € BEPTHKAJIbHOI 0CHI0

B pa3zpaboranHom mporotunie 3pPeKTUBHO T0OaBICHAMArHUTHAs JIEBUTAIMS, KOTOpas
YMEHBIIAET TPEHHE 3a CYET IMOABCIIMBAHMS BPALIAIOIIMXCA YacTe TYpOMHBI W TeHEepaTopa.
MaruutHasi JeBUTalUsl BBOAUTCS C IOMOINBIO PEIKO3EMENbHBIX MMOCTOSHHBIX MAarHHUTOB.
D@ dexkTUBHOCTh BeTpOABUTATENsT yBelawdeHa Ha 23,6% 3a cdyer MarHuTHOro mois. Takxke
YCHENIHO MOCTPOEH MPOCTOM reHepaTop MOCTOSHHOTO TOKA C OCTOSIHHBIM MAarHUTOM C MPSIMbIM
NPUBOJIOM, KOTOpPBI oOecreunBaeT Tpexda3Hbli BBIXOA IEPEMEHHOI'O TOKA, KOTOPBIN
npeodpa3yeTcss B UCTOYHUK IOCTOSIHHOIO TOKAa C IOMOIIBIO TPeX(a3HOro BBIIPSIMUTEIS.
[lockonpky HET MexaHM3Ma peayKTopa Uis NpPUBOJAA TE€HEpaTopa, CTOMMOCTb CHUXKAETCA.
Cratop pa3pabOTaHHOrO TeHepaTopa BBIIOIHEH C BO3MOXKHOCTBIO OOECTEeueHHUs YPOBHSA
HANPSDKEHUS U1 3apSAIKU aKKYMYJITOPOB. DJIEKTPUUYECKUN AU3aiH KaTyIIeK CTaTopa c/ejlaH Ha
ocHOBe 3akoHa Dapazes.
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AnHoTauus. KoOMK/IaHraH YMTHTIApHU KYPUTHII TEXHOJOTHK >KapaéHUAA OCIMIUIAIMS
pexxuMuaan ¢oiaanannl, KOOMKIAaHTaH YUTUTIIAPHU MCCHK+COBYK+ +HCCHK XaBO TabCHPHIA
KYPUTHIL OPKAJIH, TEXHOJOTUK TU3UMHHMHT Ul YHYMIOPIUTUHH OIIMPHILIHN, UKKUHUNIAH SJICKTP
SHeprus capUHN KaMalWIIY, yIMHYNAAH, KOOMKIAHTaH yPYFIapHUHT cu(aT KypcaTKUWIapura
WKOOUH TabCUp KYpCAaTUIIM Ba TYPTHHYMAAH, KOOMKIAHTaH YUTUTIIAPHU CaKJaml Tamabiapura
KaBOO OEpHUIITN KeITUPHUIITAH.
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AHHOTauusl. B mporecce CymIKM OYMIIEHHBIX CEMsH, HUCIOJb3YS KoJeOaTeIbHbIN
peXHUM, IMYTEM CYIIKA OYMIIEHHBIX CEMSH IO/ BO3JEUCTBUEM TIOpSYEro + XOJOJHOTO +
rOpsSiYero BO3/yXa, MOKHO MOBBICUTH 3((EKTUBHOCTh pabOTHl TEXHOJIOTMUYECKOW CUCTEMBI, BO-
BTOPBIX, CHU3HUTHh NOTPEOJCHUE AIEKTPOIHEPIHH, B-TPETHHUX, IOJIOKHUTEIBHO CKAaXKETCS Ha
KayeCTBEHHBIX IMOKa3aTeNsIX OYMINEHHBIX CEMSH W, B-YE€TBEPTHIX, OYyJET COOTBETCTBOBATH
TpeOOBaHUSAM XpaHEHUS] OYUIIIEHHBIX CEMSH.

Abstract. In the process of drying shelled seeds, using the oscillation mode, by drying
shelled seeds under the influence of hot + cold + hot air, it can increase the efficiency of the
technological system, secondly, reduce the consumption of electricity, thirdly, it will have a
positive effect on the quality indicators of shelled seeds, and fourthly, it will meet the storage
requirements of shelled seeds. The answer for this process is provided.

Kanur cy3nap: naxra, TyKId YHTUT, KOOWK, TpaHCHOPTEp, JIeHTa, Kanopudep,
TEXHOJIOT S, XaBO, KypHJIMa, KypUTHILL, TEXHOJIOTHUSI.

KutoueBble cJjioBa: XJIOMOK, MOXHATOE ceMs, 000JI0UKa, KOHBEHeEp, JIeHTa, HarpeBaTelb,
TEXHOJIOT S, BO3/1yX, YCTPOHUCTBO, CYIIKa, TEXHOJIOTHUSI.

Key words: cotton, woolly seed, shell, conveyor, tape, heater, technology, air, device,
drying, technology.

MabnayMKu, naxra XOCWIJOPJIMIMHUA OIIMPUII Ba ETUIUTUPWITAH MaXCYJIOTHUHT
TaHHAPXWHU KamalTupuima OOIIKa arpoTeXHUK TaaOupiap OwmaH Oup Kartopla HOKOpH
cudatiy ypyFiauK YUTUT TaUEpIaIn XxaMm MyXuM pout ViHauau. [1].

Kyunuiok  XyKaJIuruH — MeXaHM3alMSUTAIITHPUIN  WIMMM — TaJAKUKOT  UHCTUTYTH
(KXMUTHW)na Tykau YUTHTIAPHUHT COYMIYBYAHJIIMTHHUA OMIMPHO, KaM MebEpiapia dKHII
MakcaJauaa KynHuMua XUMOsUIaliauraH-03uKIaHTHpaAural Oupukmanap OwnaH KOOMKJalauran
TEXHOJIOTHS Ba TEXHHK BOCHTAIAp MakMyacu uiuiad unkuiran[2-3].

VYpyriaukka Tal€piaHraH TYKJIM YUTUTIAPHU KOOWKJIA0 SKHUIIIA acOCH TEXHOJOTHUK
*KapaéHiapaaH ssHa OMpHU ylnapHU HUCOWUN THHY XOJaTaa KypuUTHII Xucobmanaau. KoOoukmanran
TYKIM YUTUTIAPHUHT cu(aT KYpcaTKUWIAPHMHM CaKjiad KOJIMIIA KYpPUTUII TEXHOJIOTHK
XKapa€HU >Kyla KaTTa poi YitHainu. UyHKH KypUTHII PeXUMHU OWIaH ypYyFIapHUHT OMOIOTHK
Xoccajgapu ypracuzaa »kyjaa sKUH ajgoka Oop. by aBBan yTkaszwiran wiMui TaAKUKOT MILIApHUIa
XaM Y3UHUHT TacOUFUHU TOMraH OYynu0, ypyrnapra OepuiiaguraH HCCHUK XaBO XapOpaTHHU
KYTapuIll yIApHUHT YHHO YMKHUIIUTA Y3WHUHT canOuil TabcupuHu Kypcaranu [4]. Ilyaunr yayH
KOOMKJTaHTaH YHWTUTJIAPHU KypUTHINJA HUCCHUK XaBO OKWMHUHU XOCWJI KWIMO Oepagurax
KypUJIMaHU TaKOMUJUTAIITUPUII JKy/1a KaTTa axaMHsITra 3ra.

1-pacMaa KOOMKTaHTaH TYKIU YUTUTIAPHU KYPUTHUIIIA KYNIaHAAUTaH MaBXKY] KypUTHUII
KYpPUJIMACHHHUHI TEXHOJIOTMK CXeMacHu TacBUpJiaHTraH. Y kano-pudep 1, BeHTUIATOpP 2, UCCHUK
XaBO OKMMUHH Y3rapTUpaJurad pocTjiarud 3, XaBo KaHaJiapu 4, TEpMOMETp S, apajlaliTUPTU4
6, KypuTuIl Kamepacu 7, KOOMKJIAHTaH YPYFJIapHU TYIIMIIMHYU Y3rapTUpaauraH poctiaruy 8,
fokyam OyHkepu 9, ceTka Tumuuaru tpaHcnoprep jenta 10, TpybompoBon 11 Ba maxra 12
JapJiaH TalllKWJI TOITaH.

Kanopudep 1 yu cekuusgan ubopar 6ynuo, snextp TOHnap ynanran Ba y BEHTUISATOD 2
HUHI XaBO CYpPyBYM KuUCMHUTa YypHaTwiraH. Bentunsatop 1 1aH MCCHK XaBO OKHMH XaBoO
KaHaiiapu 4 OpKajdu KypuTHII Kamepacu 7 1obopunaau. Mccuk XaBo OKMMH pocTiarud 3
€pmamuna yiraptupuiaaud. KypuTuim  kamepacuaarun XaBO XapopaTd TepMoMeTp S5 OuiaH
YyI4aHaau.

Cerka Ttunupgaru TpaHcnopTép JieHta 10 KypuTuin KaMepacura yd IIOFOHaaa
JKoMnmamrTupwirad OynuO, OUPUHYM TOFOHA/IAaH YHMKKAH KOOWKJIAHTaH YUTHTIAP WKKUHYU
IIOFOHAara, MKKMHYM ITIOFOHA/IaH 3Ca YYMHYM NIOFOHara Tymaau. byHna Kyputuna€rran ypysiapra
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MEXaHUK Kyd TabCHp YTKa3Mai, yjap ceTka TUIUAArd TPAaHCHOPTEpAA JEeHTAa HUCOUN THUHY
XoJaTaa XapakaTiaHaau. by sca KOOMKJIaHTaH YMTUTJIIADHUHT KOOWUFMHM INIHMKACTIAHUIIWHU
OJIIUHU OJIA]IU.

1—kanmopudep; 2—BEHTUIATOP; 3—HUCCHUK XaBO OKUMHUHH Y3rapTUPAJAUTaH POCT-Iarud; 4—xaBo
KaHaJUTapyu; S—TEepMOMETp; 6—apanamTUPrud; 7—KypUTHII KaMmepa-Ch; 8—KOOUKJIaHTaH
YpYFJIapHU TYIIUIIWHU Y3rapTHpaadral poctiarud; 9—rokmnam OyHkepu; 10—ceTka Tunuaaru
TpaHcnopTep JieHTa; 1 1—-tpybonposox; 12—maxra
1-pacm. MaB:KyJ KOOMK/JIAHTaH YUTUTIAPHH KYPUTAIUTaH KypHiaMa

CeTtka Tunuaard TpaHcnoptép JeHTanap 10 3aHriamaiuran cumiapaaH Tau€piaaHraH
06ynmu0, XaBO OKUMHMHHU SIXIIM YTKA3aJHW Ba Iy OuiaH Oupra ypyrlapHHM CeTKa 103acujaa TyTuo
Typa omagu. Cerka Ttunmuaru TpaHnoptép Jentanap 10 syekTpoaBuraten Ba peayKToOp
époamuga xapakarra kentupwiagu. KoOuWKimaHraH 4YHMTHTIapHH OWp TEKHUC KypHIIMHU
TabMMHJIALI YYYH Xap OMp NMOFoHaAa apanamruprud 6 sap ypHatwirad. FOxmam Oynkepu 9 nan
KOOMKJIaHTaH YUTHTIAP CeTKA THIUAArd TPAHCHIOPTEP JieHTara Oup XWil KaJIMHIMKIA BHOpaTop
Ba pocTiaruy § épramusa eTkasud oepuiiaiu.

Mapxya KypUTHILI KypHUIMacHa TEXHOJIOTHK >Kapa€H KylMuaaruda aMajira OLIMPUIAIHN.
FOxunam Oynkepu 9 naH KOOMKJIaHraH YMIMTIap BUOpaTop Ba pocTiarnd 8 épramuzia Oup TeKuc
ceTKa THMUAAard Tpancnoptép senta 10 HUHT OyTyH 5HU OYinad eTkazub Oepunaau. Xyaau 1y
BakTAa Kajopudep 1 naH BeHTWIATOp 2 €praMuia KypUTHII KaMepacu 7 Jard y4yTa IMOFOHa
UCCHK XaBO OKUMH eTkaznO Oepaam. CeTka Tumuaard TpaHcnoptép senra 10 ra Ttymrax
KOOMKJIaHTaH YUTWTIIap OMpPUHYM IOFOHAJa HCCUK XaBO OKMMMIa KapIld XapakaTaHuoO,
WMKKMHYH [TOFOHAra TYIIAJH Ba HCCUK XaBO OKMMH OYiiMua XapakaTiaHaau. VIKKHHYM TIOFOHAaH
ypy#Jlap YUMHYHM [IOFOHAra TYIIa Iy Ba SiHA HCCUK XaBO OKMMUI'a KapIlK XapaKaTiIaHaau. Y YuHUU
MOFOHAJaH KOOMKJIAHTaH YMTHTIAp maxta 12 ra TymmO, Koruiapra >KoWjam y4dyH WHFHII
OyHKepura y3aTHiaau.

Kyputnm kamepacuaaru xaBo xapopatu kanopudep | ra ypaarwiran snextp TOHmapau
KeTMa-KeT YyJall Ba aXpaTUIl opKaau Yy3raptupwiaau. Kyputunaérran KoOMKJIaHTaH
YUTHTIApAAH aXpaiud YMKKAH HaM XaBO KypHUTHIN Kamepacu 7 maH TpyoOompoBoja 11 opkamu
TaIIKapura Yukapuo dopuIaiu.

MaBxyJ KypuTUII KypuiMacuiaH KypuO YMKKaH KOOMKJIAHTaH YMIHTIApAaH OJIMHTaH
HaMyHaJIapDHUHT HAMJIMTMHM YpraHUIl IIyHW KYpCaTAUKH, yJIapHUHT Hamiuru 9,5 % nan 18 %
radyaHy TAlIKWJI 3TAH, SHHU MaBXyJl KypUTHII KypuiMacu KOOMKIaHTaH YUTHTIapHA 20 MUHYT
WYKJa TYIUK KYPUTHIIHE TAbMUHIAA OJIMasITH.

MaBxyn KypwiMaaa KOOWKJIAHTaH YWUTHTIAPHU YPYFIMKIApHU cakjiail Tajgalnapura
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*KaBoO Oepaguran napaxana Kyputuim yuayH 30 mMuHyT capduam kepak skaH. llyHuHr yuyn
KYPUTHII TEXHOJIOTUK >KapaHUHM TE3JAIITUPUO, TYXTOBCHU3 TEXHOJIOTHK apaéHaa, sbHu 20
MUHYT/a cakjaml Tanabimapura »aBoO Oepaauran KOOMKJIAHTaH TYKJIM YWUTHTIAp OJUII YYyH
KYpUTHII KypHJIMaCHHHA TAKOMUWUIAIITUPULI 3apyp.

AnabuérnapiaH MabIyMKH, KYpPUTHUII TEXHOJOTMK >KapaHMHU HWKKU ycyl OuiaH
TE3NAITUPUII MYMKHH: KypPUTHUII KaMepacHuJard XaBO XapOpaTHUHH KYTapuil €KW KYpPHUTHII
KaMepacuaard UCCUKINK OamaHcuHu Oy3uil opkanu. KypuTHin kamMmepacuaara XaBo XapopaTHHU
KyTapuin TyFpu KenMainu. byHra ca6ab, OMpuHYHMIaH, KypUTHII KaMepacHuaa XaBO XapopaTu
XangaH 3uM€N OIIMpWIraHja ILIyHAal XoaT ro3ara KelaJuKW, KypUTHIAJAWraH MaTepuai
XapopaTu OWiIaH KypUTHII KaMepacuaard xapopar TeHrnamanu. Hatrnxkana, Kypuil TeXHOJIOTUK
Kapa€HM TyXTabd, KypUTHINTa KeTaJUraH BaKTHU Yy3UIUIIUTa 0Iu0 Kenaau. KKMHYNIaH, XaBo
XApOpaTUHU XaJJaH 3UEJ OUIMPUIL, KypUTWIAJUraH YUTUTIAPHU KU3UIIUra oiaub kemaau. by
sca KOOMKJIAHTaH YUTUTIAPHH YCHII SHEPTUACH Ba YHYBUYAH-JIMTUra CAIONH TabCUp KypcaTaiu.

IOxopunarunapnan keaud YMKUO, KypuUTHII KaMepacuaaru UCCUKINK OaTaHCHHH OY3HIII
Hynu OunaH MapXyJ] KypUTHII KypUIMacH TaKOMWLIAIITHPWIAN. KypuTuil Kypuimacuuarua
UCCHUKJIMK OAJaHCUHM OCLMJUIALUS PEKUMM OpKasld Oy3WII MYMKUH JeraH WIMHH FOs Wirapu
CYpWJIIM Ba KyPUTHII KaMepacuaaru UCCUKINK OaJaHCHHU OY3HUII YU4yH COBYK XaBO OKUMHUHH
Oepasurad BEHTWISATOP YPHATHIIH.

2-pacM/ia TaKOMWUIAIITUPWITAH KYPUTHII KYypHIMACHHHHI TEXHOJIOTUK CXEMacH
TacBUPJIAHTaH.

| —BEeHTUIIATOP; 2—UCCUK XaBO BEHTUWISATOPH; 3—HMCCUK XaBO OKUMHHH Y3rapTUpaUraH
pocTiaruy; 4—xaBo KaHa/UIapH; S—IKpaH; 6—TepMOMETp; 7—apalalliTUPTuy; §—KypUTHIII
Kamepacu; 9—KOOHMKJIaHTaH YpYFIapHU TYIIUIIMHYU Y3rapTUpagurad pocmiaruy; 10—tokmam
OyHkepw; 11—ceTka Tunuaaru TpaHcnoptép JeHrta; 12—rpyodonpoBos; 13—mraxra; 14—CcoByK
XaBO BEHTUWISTOPH
2-pacm. TakOMHIIAIITHPUIITAH KYPUTHII KYPHJIMACHHUHT T€XHOJIOTHK CXeMacH

TakoMuIIaITUPWITAaH KYPUTHII KypPWIMACHHWHT WIUIANI TPUHIMIN KyWWJaruya.
FOxmnam 6ynkepu 10 maH KOOMKITaHTaH YUTUTIAp BUOpATOp Ba pocTiarud 9 épaamuaa Oup TeKUc
CeTKa TUIUAATH TpaHcHopTEp jeHTa 11 HuHT OyTyH 5HM OYiinad etkazub Oepunaan. Xyaau mry
BakTAa Kajopudep | man OMpHHYM Ba yYMHUYM MOFOHAra MCCHK XaBO, MKKMHYM TIOFOHAra sca
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COBYK XaBO OKUMH Oepmiagu. CeTka TUNMAATHU TpaHCIOPTEP JeHTa 11 ra Tymran KoOMKIaHraH
YUruTIap OMPUHYM MOFOHA/JA MCCHK XaBO OKMMMIra Kaplid XapakaTiaHO, UKKMHYHM MOFOHAara
TyIIaJ¥ Ba UKKWHYM TMOFOHAara OepuiaéTraH COBYK XaBO OKMMH HYHaIHINUIA XapaKaTIaHAIH.
VkxkuHYM NOFOHaJaH ypyFjap y4YMHUM TOFOHara TYIIAJAW Ba HMCCHUK XaBO OKUMHIa Kapid
xapakatiaHaau. KoOukiaHran 4urutiap yYMHYH MOFOHAaH maxTa 13 ra Tymuo, Koriam yayH
HuFuI OyHKEepUTa y3aTHIIaIu.

Jlemak, KOOMKJIAQHTaH UYUTHTIAPHH KYPUTHII TEXHOJOTMK >KapaéHuaa OCLWI-Taius
pexuMuaan (QoiganaHunl, SbHU KOOWKJIAHTAaH YWTHUTIAPHH HCCHUKTCOBYK+ +HCCHK XaBoO
TabCUpUAa KypUTHIL, TAKOMWULIAIITHPWITaH KypuiaMaaa KOOUKIaH-TaH YUTUTJIApHU KYPUTHIL
TEXHOJIOTUK apaéHUHU Te3namTupaan. by sca, OupHH-4MIaH, TEXHOJOTWK TU3MMHUHT HIII
YHYMJIOPJIMTUHH OUIMPaaX, UKKHHYHUJIAH AJIEKTP PHEPrus capPuHu KaMaWTHpaaH, YUMHUUAAH,
KOOWKJIaHTaH ypyFJIapHUHT cudar KypcaTKHWwilapura WKOOWW TabCcHp KypcaTaaw Ba
TYPTUHYMAH, KOOMKJIa-HI'aH YUTUTIAPHU CaKJIall Tanadiapura xaBod Oepasu.
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DEVELOPMENT OF TECHNOLOGY FOR GRAPHITATION OF AMORPHOUS
CARBON MATERIALS OBTAINED BASED ON LOCAL RAW MATERIALS

Ubaydullaev Mamasidik Maxammatsolievich
NICI, PhD, silverstar-14@mail.ru, tel:+99891183 2996

Parmonov Sarvar Toshpo’latovich
Tashkent State Technical University Olmalik branch, Ph.D.
E-mail: Parmonovst@mail.ru, tel:+99(894) 224 0005

Abstrakt: In the article, samples of amorphous carbon material containing petroleum
coke + molasses obtained on the basis of local raw materials were subjected to the graphitization
process at high temperatures, in a medium vacuum environment, in a special laboratory furnace,
and the degree of graphitization formed in them was studied, and the analytical results on the
formation of graphite crystal quantities were presented.

AHHoOTanus: Makosiaja Maxauimii Xomami€ acocHuiaa OJIMHraH HeT KOKCH + Meracca
TapKkuOJIM aMopd YyrJIepoaau MaTepuaa HaMyHATapWHU FOKOPU XapopatTiapia, ypra BaKyyMm
MYXHTHJIa, Maxcyc Jlaboparpus meunaa rpadutian x)apaéHumad YTKa3uIuO Ba yjaapaa XOCHI
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Oynran rpaduTIaHUIN JapakacH YpraHWIAM Xamjaa rpaduT KpUCTAII MHUKIOPIAPUHH XOCHI
Oynuim 6yinya TaxJIMINM HaTHXKalap KeITHPUITaH.

AHHoTauusi: B crathe paccMoTpanbl 00pas3ibpl aMOpP(HOro yriepoJHOro marepuana,
cojeprkamiero HeTIHOW KOKC + Meracca, MOJy4YeHHbIE Ha OCHOBE MECTHOTO CHIPhS, OBLIN
MNOABCPIHYTHI MPOLCCCHI Fpa(I)I/ITI/BaI_II/II/I IMIpU BBICOKHUX TEMIICpATypax, B CpPCAC CPCAHLTO
BaKyyma, B CIEeLUaJIbHON J1a0OpaTOpHON TMeuyu, a CcTelneHb u3ydeHa; o0pa3yeT B HHX
Fpa(bI/ITI/ISaLII/ISI U TOpCACTABJICHBI AHAJIUTUYCCKHUEC PE3YJIbTATHI I10 O6pa3OBaHI/IIO KOJIMYECTB
KpUCTAJIJIOB rpadura.

Keywords: technology, carbon graphite, graphite, coke, oil, electrical engineering,
molasses, degree of graphitization, specific resistance, density, pitch, voltmeter, thermocouple,
anisotropy.

Kaaut cy3aap: tex"omorus, yrierpadur, rpaduT, KOKC, HEPT, DIEKTPOTEXHHUKA,
Menacca, TpadUTIaHWII JapakacH, COJMUINTHPMA KApPUIWIUK, 3WWIHK, CMOJa, BOJBTMETD,
TEpMOTNapa, aHU30TPOIIUS.

KutoueBble ciioBa: TexHONOTHsA, yrierpadur, rpaduT, KOKC, He(Th, IIEKTPOTEXHHKA,
IIaTOK, CTCIICHb Fpa(bI/ITI/IBaI_II/II/I, YACIBHOC COIIPOTHBJIICHUC, IIJIOTHOCTb, IICK, BOJIBTMCTDP,
TepMOIIapa, aHU30TPOIIU.

Objective. It consists of the theoretical basis of the graphitization technology of
amorphous carbon materials obtained on the basis of local raw materials and the test processes
on the change of the degree of graphitization depending on time as a result of heating the
material at different temperatures.

Methods. The experiment was carried out in a furnace operating in a high vacuum
environment at the Tashkent State Technical University. The formation of graphite crystals was
studied as a result of searching samples of amorphous carbon material containing petroleum coke
and molasses at temperatures of 1600...2500 °C for 1 hour. Heating processes were carried out in
a vacuum environment of 10-3. The degree of graphitization was determined by X-ray
diffractometer (XRD) "MiniFlex 600"

Results. According to the obtained results, the degree of graphitization of the samples
increased as the temperature increased. The degree of graphitization of the sample at a
temperature of 1600 °C for 1 hour was 17%, at a temperature of 1800 °C it was 22%, at a
temperature of 2200 °C it was 45% and at a temperature of 2500 °C it was 58%.

Conclusion. Based on the analysis of the obtained experimental results, it was found that
the processing of amorphous carbon materials based on local raw materials at a temperature of
2500 °C for 1 hour was not enough for complete graphitization of the samples in terms of size.

Keywords: technology, carbon graphite, graphite, coke, oil, electrical engineering,
molasses, degree of graphitization, specific resistance, density, pitch, voltmeter, thermocouple,
anisotropy.

Introduction.

It is known that the degree of graphitization of carbon materials is evaluated by the
reduction of the interplanar distance in the X-ray image, or by the ratio of acceleration of
different lines, or by the size of the material crystals [1].

According to the results of research conducted by scientists on the degree of
graphitization of carbon materials, the degree of graphitization of amorphous carbon depends
primarily on temperature [2, 3]. In this case, the degree of graphitization of amorphous carbon
reaches a certain limit at a constant temperature [4-7]. However, according to the data presented
in a number of literature, kinetic studies of the graphitization of amorphous carbon showed that
the graphitization of amorphous carbon depends on the duration of the process in addition to the
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temperature. According to calculations made by scientists - according to books, a temperature of
2420 °C is sufficient for the graphitization process of petroleum coke. At other lower
temperatures, petroleum coke takes 13 hours at 2150 °C, one month at 1900 °C, 1.5 years at 1500
°C, 3200 years at 1000 °C[8-10] to reach this result.

It is difficult to observe changes in the properties of carbon materials during processing at
high temperatures. Usually, in researching the properties of carbon materials, amorphous carbon
is first processed at high temperature, and then the sample is completely cooled, which can
complicate the research process and cause a number of inaccuracies [11-14].

Methods.

Graphitization process of a tube-shaped sample with coke + molasses made from local
raw materials, size: outer diameter 96 mm, inner diameter 76 mm, height 240 mm in the furnace
at temperatures of 1600...2500 °C and 1 hour at each value of these temperatures we did.

The special laboratory furnace is designed to heat samples prepared by the powder
metallurgy method in a high vacuum or protective gas environment up to a temperature of 2500
°C. The outer part of the oven is made of two-layer steel sheets, and the oven is continuously
cooled by passing water between the sheets so that the oven does not overheat [Fig. 1].

The chemical compoCition of the research samples and technological indicators of the
graphitization process are presented in Table 1.

1 —table
Chemical compoCition of research samples and technological indicators of graphitization
Chemical compoCition, | Graphitization temperature, Duration of the
Thp o
% C procedure, hour
1 1600
2 1800
3 Coke + molasses 2200 1
4 2500

1 - vacuum pump; 2 - thermocouple; 3 - manometer; 4 - thermal sensor; 5 - ammeter; 6 -
voltmeter; 7 - cooling system; 8 - automatic; 9 - thyristor block; 10 - test sample; 11 - bronze
contact; 12 - radiator; 13 - current conductor.
Figure 1. Baking in a special laboratory oven and testing the physical and mechanical
properties of the material
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1 - sample; 2 - thyristor; 3 — ammeter; 4 — voltmeter; 5 - thermocouple.
2 — picture. Schematic view of the graphitization process.
Fig. 2.The electrical scheme of the oven developed for the graphitization of samples is
shown in

In order to determine the degree of graphitization of amorphous carbon samples, we cut
fragments from the graphitized samples and analyzed their structure-phase compoCition in
"MiniFlex 600" X-ray diffractometer (XRD). Fig. 3 shows the maxima of the diffraction profiles
of the 002 crystallographic planes of the studied carbon samples.

| 4a
T=2500C
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Fig.3. 002 crystallographic planes diffraction profiles maxima of carbon samples subjected
to the graphitization process at different temperatures

In this case, the B-integral width of the 002 diffraction line decreased from 1.56 to 0.2° as

the processing temperature increased. The change of the integral width in this order is primarily

due to the change of the average size of the coherence scattering regions of X-rays towards the

direction of the Ls - crystallographic "s" axis, and with the increase of the processing
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temperature, Ls gradually increased by 5 nm at a temperature of 1500 °C and 45 nm at a
temperature of 2500 °C. . With an increase in the processing temperature, the size of the
coherence scattering regions increased, and the center of the diffraction profiles of the 002
crystallographic planes shifted to the right (larger angles) (Fig. 3). This is due to the fact that the
distance between doo2 crystallographic planes decreases from 0.344 nm at a temperature of 1500
°C to 0.33 nm at a temperature of 2500 °C.

Results.

Data obtained by processing the results of quantitative X-ray structural-phase analysis on
the samples subjected to the graphitization process at different temperatures using relative units
are presented graphically in Figure 4.
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Graphitization time, minutes
1-1600 °C; 2 — 1800 °C; 3 -2200 °C; 4 — 2500 °C.
Figure 4. Effect of process temperature on the degree of graphitization of
amorphous carbon

According to the obtained experimental results, the degree of graphitization of the
amorphous carbon sample increases from 0% to 58% within 1 hour with the increase of the
temperature of the graphitization process and the time of holding at this temperature. For
example, the degree of graphitization of the sample at a temperature of 1600 °C for 1 hour is
17%, at a temperature of 1800 °C it is 22%, at a temperature of 2200 °C it is 45% and at a
temperature of 2500 °C it is 58%. It can be seen that the higher the temperature in carbon
materials, the higher their degree of graphitization. In addition, it can be seen from Figure 4 that
even treatment at 2500 °C for 1 hour is not enough to completely graphitize the carbon samples
by volume.

Discussion.

V.1. from a number of scientists of the world in research work on identifying new types
of binders rich in carbon in the production of amorphous carbon and graphitized carbon
materials in world practice, studying their properties. In the works of Kostikov, V.l.Kasatochkin,
A.T.Kaverov, the principles of kinetics of obtaining graphitized carbon materials, adding
petroleum coke as a filler and coal tar as a binder and influencing the physico-mechanical and
operational properties of the material were studied [15-18 ].

The thermal conductivity of the samples increases in direct proportion to the logarithm of
the processing time at different temperatures. This is based on experimental results obtained by
scientists in Figure 5.
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It can be assumed that the formation of the graphite structure from amorphous carbon
takes place in several stages and is complicated by the influence of various additional processes

(Fig. 6).
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Figure 5. A graph showing the variation of the thermal conductivity of the samples as a
function of the logarithm of the isothermal holding time and the temperature

1.0
09f—*—e |
08| B — S R
0,7 -"-q__
0,6 Sy g
L0551 ey ——
AP A 2
04 . - | S—
b —
0.3 . - “»-
N ~ ls
. -
0,2 . =
\\:‘ - |
J
0.1 . 1 .
0 30 60 90 120 50
Time (minute)

12000 °C; 2 — 2150 °C; 3 — 2300 °C; 4 - 2420 °C
Figure 6. Dependence on (1-a) processing time of petroleum coke at different temperatures
(according to V.I. Kasatochkin and A.T. Kaverov).
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During graphitization of amorphous carbon, the amorphous structure changes to the
crystalline structure. One of the important indicators of the graphitization process is the process
temperature. According to the analysis of the literature, graphitization of carbon with an
amorphous structure by heating it at a temperature of 1600...2500 °C ensures the transition of the
amorphous structure to a fully crystalline structure (Fig. 7) [8].

According to the graph presented in figure 3 below, the crystallization of amorphous
carbon materials increased depending on the temperature of the process and the time of holding
at this temperature.

-
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Figure 7. Influence of amorphous carbon on the degree of graphitization, the temperature
of the graphitization process and the time of holding at this temperature.

World scientists used petroleum coke as raw material, petroleum tar and coal tar as
binding materials for coal coke in the development of graphitization technology of amorphous
carbon materials[19-21].

Conclusion.

As a result of the conducted research, it can be concluded as follows: It was determined
that the degree of graphitization of amorphous carbon materials containing petroleum coke and
molasses depends on temperature and time. The resulting graphite material made it possible to
produce products used in the fields of electrical engineering and metallurgy.
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“OLMALIQ KMK” AJ NODIR METALLAR VA QATTIQ QOTISHMALAR ISHLAB
CHIQARISH BIRLASHMASI SHAROITIDA 99, 98% YUQORI TOZA MOLIBDEN
TUZLARINI ISHLAB CHIQARISH TEXNOLOGIYASI
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Annotatsiya: Ushbu maqolada “Olmaliqg KMK” AJ Nodir metallar va qattiq qotishmalar
ishlab  chiqarish  birlashmasining IImiy-texnalogik markazida sof molibden tuzini
gidrometallurgiya usulida olish bo‘yicha olib borilgan laboratoriya tadqiqotlari va ularning
natijalari hamda molibdenning ahamiyati, undan foydalanish, tajriba uchun zarur bo‘lgan
materiallar, jihozlar, usullar va natijalar haqida ma’lumot keltirilgan.

AnHoTanusi: B maHHOW cTaThe NpHBENEHBI J1a0OPAaTOPHBIC WCCIICIOBAHUS W WX
PE3yIbTaThl IO IMOJYYCHHIO YUCTON COJIH MOJ'II/I6I[6H8. rHApOMCTAIUTYPTUICCKUM MCETOAOM B
HAaYYHO-TCXHOJOTMYCCKOM LCHTPE O6’I)CI[I/IH€HI/I$I 110 IPOU3BOJACTBY PCAKUX MCTAJIJIOB U TBEPABIX
cmiaBoB AO «Anmainsikckuii 'MK», a Takke cooOI1aeTcst 0 €ro UCHoIb30BaHUH, HEOOXOINMBIX
JUISL KCIIEPUMEHTA MaTepuaiax, 000pyl0BaHNHU, METOAAX U pPe3y/bTaTax.

Abstract: In this article, the laboratory studies and their results on obtaining pure
molybdenum salt by hydrometallurgical method at the Scientific and Technological Center of the
Association for the Production of Rare Metals and Hard Alloys JSC “Almalyk MM”, as well as
the importance of molybdenum, its use, materials necessary for the experiment, equipment,
methods, and results are reported.

Kalit so’zlar: kek, molibden tuzlari, paramolibdat, neytrallash, sorbsiyalash,
desorbsiyalash, regeneratsiyalash, uchirib tutish, pishirish, kristallantirish, filtr press, repulpator.

KuoueBble c¢jioBa: KeK, COJIM MOJUOJEHA, MapaMoinOIaT, HeUTpaau3anus, copoIus,
necopOIys, pereHepanus, TyleH’e, Bapka, KpUcTauin3anus, GuibTp-rnpece, penyabnaTop.

Keywords: cake, molybdenum salts, paramolybdate, neutralization, sorption, desorption,
regeneration, quenching, cooking, crystallization, filter press, repulpator.

Magsadi. Yugori toza molibden tuzlarini olish texnologiyasi tuzning o'ziga xos turiga va
uni qo‘llashga qarab farq qilishi mumkin. Yuqori toza molibden tuzlarini ishlab chiqarish
jarayoni molibden qazib olish, rudani gayta ishlash, molibdenitni eritish, olingan eritmani
tozalash va maqsadli tuzni cho‘ktirish kabi bir necha bosqichlarni o‘z ichiga olishi mumkin.

Usullari. Maqolada yoritilgan laboratoriya tahlillar: “Nodir metallar va qattiq
qotishmalar ishlab chiqarish bo‘yicha IIChB”, ToshDTU OF, “Ilg‘or texnologiyalar markazi”,
“O‘zbekiston — Yaponiya yoshlari innovatsiya markazi” va “INNO” o‘quv va ishlab chigarish
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texnoparkining laboratoriya bazasida amalga oshirildi.

Natijalari. Natriy molibdat olishning keng targalgan usullaridan biri molibdenitni
konsentrlangan sulfat kislotada yuqori haroratda eritib, so‘ngra olingan eritmani ammiak bilan
ishlov berish va natriy molibdat olishdir. Olib borilgan ilmiy va amaliy izlanishlar natijasida
yugori tozalikdagi molibden tuzlarini 99,98% tozalik bilan gayta tiklashga erishildi.

Xulosa. Molibdenni sorbsiyalash uchun optimal muhit pH 2-2,5 (1,8-3) bo‘lishi, ushbu
muhitda molibden eritmada polimer anion ko‘rinishida bo‘lishi, bu esa 0‘z navbatida sorbentni
molibden bo‘yicha (150 g/l) yuqori shimilishini ta‘minlab berishi hamda olingan molibden
bo‘yicha boy desorbatni olishni ta’minlashi aniqlandi.

Kirish.

Yugori mexanik va kimyoviy xossalarini namoyon gilganligi sababli molibden bugungi
kunda keng sohalarda go‘llanilib kelayotgan metallardan biridir [1-3]. Molibden juda yuqori
erish nuqtasiga, issiqlik ta’sirida kam kengayishiga, yuqori darajadagi issiglik va elektr
o‘tkazuvchanligiga va yuqori zichlikka ega bo‘lgani uchun metallurgiya, neft va gaz, kimyo va
neft-kimyo, avtomobilsozlik kabi turli sohalarda keng qo‘llaniladi[4-6].

Hozirgi vaqgtda dunyoda molibdenning ajoyib xususiyatlari tufayli ishlab chigarish
tarmogqlarida unga talab keskin oshib bormoqda. “TRADING ECONOMICS” kompaniyasining
ma’lumotlariga ko‘ra, 2023-yil boshidan buyon molibden 27 dollar/kg ga yoki 58,06 % ga o°sdi
[7-9]. “Expert Market Research” (2022) tomonidan ta’kidlanganidek, “Bozor 2023-2028
yillardagi prognoz davrida yillik o‘sish sur’ati 4 % ga o°sishi kutilmoqda” [10]. Shunday qilib,
yugori tozalikda molibden olish keskin ragobatbardosh dunyoda muvaffagiyatga erishish uchun
muhim gadamdir. Shu sababli, hozirgi vaqtda past navli molibden rudalaridan yugori darajada
toza molibdenni olishga katta e’tibor qaratish muhim[11-14].

Usullari.

Yuqori  tozalikdagi  molibden  tuzlarini  olishning  texnologik  sxemasi
1 - rasmda keltirilgan. Texnologiya quyidagi asosiy jarayonlarni o‘z ichiga oladi:

- Kuyindidan molibdenni 2 bosgichli garama garshi ogimda tanlab eritish. Har bir
bosgichda davomiyligi
2 soatdan bo‘lgan harorat 80 °C da, 120 g/l li sodali eritma bilan doimiy ravishda olib boriladi.

- Kekni sodali eritma yordamida go‘shimcha va filtrda distillangan ilig suv bilan yuvish.

- pH muhit 2-2,5 bo‘lguncha boy eritmani nitrat kislota bilan neytrallash, so‘ng past
asosli anionit bilan molibdenni sorbsiyalash.

- Molibdenni kislotali boy eritmadan A-100 (Mo) sorbentiga sorbsiyalash.

- To‘yingan sorbentni suv bilan yuvish, molibdenga to‘yingan A-100 (Mo) sorbentidan
molibdenni ammiakli eritma yordamida desorbsiyalash.

- A-100 (Mo) sorbentini nitrat kislotali eritma bilan regeneratsiyalash.

- Tovar holidagi molibden desorbatini ortiqgcha ammiak bilan birga bug‘latilib uchirib
tutish.

- Desorbatni nitrat kislota bilan neytrallab bug‘latilib ushlangan desorbatdan ammoniy
tetramolibdatni kristallash.

- Yanada yuqori tozalikdagi toza molibden mahsulotini olish uchun ammoniy
tetramolibdatni gayta kristallantirib ammoniy paramolibdat olish.

- Texnologik jarayonlar yordamida gaz fazasidan ammiakni tutib olish va ushbu
ammiakni gaytadan jarayonda ishlatish.

- Molibdenni sorbsiyalashdan so‘ng golgan eritmadan reniyni A-170 sorbentiga to‘lig
sorbsiyalash.

- Uchirish yo‘li bilan natriyli selitra olish uchun natriy nitratli chigindili eritmani gayta
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ishlash.
- 2-bosqgich tanlab eritish so‘nggida tarkibida Cu, Au, Ag va boshga komponentlar
saglagan tovar holidagi kek olish.

Maydalangan shiak Eritma NaxCos

‘I Birinchi tanlab eritish I <

Bo'tana

Filtrlash
Kek i i
To'yingan eritma HNO;
Eritma H.O v

Boltana Eritma NaxCos Filtrlash
; A

Tkkinchi tanlab eritish To'yingan eritma Kik

Desorbsiyalash

Bo'tana Mo ni sorbsiyalash
+ NH:OH —»
Filtrlash *

Eritma Kek Eritma (NHz)2MoOs Matochnik
H:0 _+ + v chigindixonaga
- T™A
Repulpatsiya +
PMA
l Filtrlash va filtrda yuvish
Kekni keyingi ¢
bosgichga yuborish En:na

NaxCo; ——{NaCos eritmasini tayyorlash [—

1 —rasm. Yugori tozalikdagi molibden tuzlarini olishning texnologik sxemasi

Natijalar.

Jarayon kimyosi. Sodali tanlab eritish texnologiyasi oksidli xomashyodan molibdenni
selektiv (alohida) tanlab eritish imkonini beradi. Kuyindini sodali tanlab eritish jarayonida
shuningdek Cu, Fe, Ca, Zn kabi metallar kekda kam eruvchi gidroksid va karbonat holida qgoladi.

Molibden bilan bir gatorda eritmaga reniy, kremniy dioksidi va alyumosilikatlar ham
o‘tadi. Molibdenni tanlab eritish quyidagi reaksiya asosida kechadi:

MoO3+ Na;CO3z = Na2M0oO4 + CO-1, @

Karbonat angidridning ajralishida bo‘tananing gaynashi bilan sodir bo‘ladi. Ushbu
jarayonda sodir bo‘ladigan oraliq mahsulotlaridan biri natriy bikarbonatni hosil bo‘lishi bilan
boradi:

Na>COsz+ H20 + CO, = 2NaHCO3, 2

Bu esa tanlab eritishga ketadigan soda sarfini oshirib yuboradi. Shu sababli bikarbonatni

buzish (hosil bo‘lishini oldini olish maqsadida tanlab eritish jarayoni yuqori haroratda olib
boriladi).

2NaHCO3z = Na,COz+ CO2 + H.0, 3)
Kremniy dioksid eritmaga natriy silikat ko‘rinishida quyidagi sxema bo‘yicha o‘tadi:
Si02*MeO+Na2CO3 = NazSiOz+MeCOz (4)

Molibdenga boy eritmani neytrallab pH muhit 2-2,5 da molibdenni sorbsiyalashga
tayyorlashda natriy silikat kremniy kislotali gelga, molibden esa polimolibdatga o‘tadi. Bunda
eritmada natriy nitrat NaNOs3 hosil bo‘ladi:

Na2SiOz + 2HNO3 = 2NaNOz + H.0+Si02] (5)
7Na:Mo04 + 10HNO3 = NasH2M07024 + 10NaNOs + 4H,0 (6)
Kremniy kislota gelini hosil bo‘lishi jarayon uchun keraksiz bo‘lib, u sorbent yuzasiga
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cho‘kib qoladi va molibden sorbsiyalash jarayoniga birikib ketadi. Shuning uchun sorbsiyalashga
odatda eritma qo‘shimchalardan filtrlanib tozalanib olinishi kerak.

Molibdenni sorbsiyalash uchun optimal muhit pH 2-2,5 (1,8-3) bo‘lishi odatda ushbu
muhitda molibden eritmada polimer anion ko‘rinishida bo‘lib, bu esa o‘z navbatida sorbentni
molibden bo‘yicha (150 g/l) yuqori shimilishini ta‘minlab beradi va olingan molibden bo‘yicha
boy desorbatni olishni ta’minlaydi.

Molibdenni sorbsiyalash jarayoni eritmadan sorbent fazasiga yutilishi ionalmashinish
hisobiga kechadi:

4R — NO3 + NasH2M07024 = R4 — HoM07024 + 4NaNO3 @)

Bunda eritma natriy nitrat bilan to‘yinib boyiydi. Past asosli anionitlarni yugori asosli
sorbentlarga garaganda asosiy yutuglari shundan iboratki bunda ammiakni molibden uchun
desorbsiyalashda qo‘llash imkoniyati hamda ammoniy molibdatga to‘yingan eritma olish:

R4 — H2M07024 + 14NH4OH = 4R — OH + 7(NH4) M0oO4 + 5H,0 (8)

Olingan desorbat odatda qo‘shimchalardan deyarli holi bo‘lib uni qayta ishlash natijasida
molibdenni ammoniyli tuzlarini va yuqori tozalikdagi molibden trioksidini olishimiz mumkin.
Desorbatdan molibdenni ammoniy tetramolibdat holida uni pH muhit 2-2,5 da cho‘ktirish
amalga oshiriladi

4(NH4)2M004 + 6HNO3 = (NH4)2M04013] + NH4NO3 + 3H20 9)

Cho“ktirish xususiyatlari quyida keltirilgan.

Ammoniy tetramolibdat ammoniy paramolibdat kabi mahsulotlar sirasiga kiradiki bunda
odatda prokalka (pishirish) yo‘li bilan molibden III oksidini olish mumkin.

Yugqori tozalikdagi ammoniy paramolibdat APM olish uchun tetramolibdat cho‘kmasini
t°=70-80 °C haroratda 3-5 % li eritma ammiakni eritmasi bilan eritilib qayta kristallantiriladi.

Harorat 15-20 °C gacha sovitilgandan so‘ng eritmadagi molibden kristallik APM
(NH2)6M07024x4H>0 ko‘rinishida kristallanadi. Texnologik eritma (MartouHbIii pacTBOp) esa
ammoniy molibdat eritmasiga ammoniy tetramolibdat (ATM) holida gayta kristallantirish uchun
qaytariladi, taxminan har 10 ta tetramolibdatli eritma (mMaTtounuka TeTpoMosmOmaTa) natriy
molibdatni qo‘shimchalar Si, P va As dan tozalash uchun maxsus liniyaga yuboriladi.

Desorbsiyadan so‘ng olingan OH™ shaklidagi solvent belgilangan kislota eritmasi bilan
qayta ishlanib (nitrat) tuz ko‘rinishiga o‘tkaziladi. Sorbentni regeneratsiyalash quyidagi
neytrallash sxemasi bo‘yicha kechadi:

R-OH + HNO3z = R-NOz + H.O (10)

Regeneratsiyalangan sorbent esa pH muhit 2-2,5 bo‘lgan eritmadan molibdenni
sorbsiyalash uchun gaytariladi.

Kuyindi tarkibidagi molibdenni tanlab eritish.

Jarayon 2 bosqgichda olib boriladi. Birinchi bosgichda doimiy aralashtirilib turuvchi
reaktorga bir martalik 3 tonna kuyindi va idishdan 8-9 m? sodali eritma solinib turiladi.
Reaktorga solinayotgan bo‘tana 80 °C haroratgacha reaktorning yeng tomonidan beriladigan
bug® bilan gizdiriladi. Jarayonda kuyindini yuklash vagtida is gazini ajralishi tufayli bo‘tanani
kuchli kopik hosil qilishi kuzatiladi. Qo‘shimcha ravishda reaktorlarga idishdan konsentrlangan
sodali eritmani yuklanishini (4 m?® eritma bir bosgichli tanlab eritish uchun) ham garab turish
kerak.

Ikki soatlik tanlab eritishdan so‘ng gaynoq bo‘tanani filtrlash maqgsadida ramali filtr
pressga jo‘natiladi. Tarkibida molibden 80-120 g/l bo‘lgan eritmani filtrdan yig‘uvchi idishga
yo‘naltiriladi. Filtrdan chiggan kekni esa sodali eritma yordamida Q:S 1:1 nisbatda
repulpatsiyalash uchun repulpatorga yuklanadi.

Repulpatordan olingan bo‘tana ikkinchi bosgich tanlab eritish uchun reaktorga
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yo‘naltiriladi u yerda esa konsentrlangan sodali eritma konsentratsiyasi 120 g/l bo‘lguncha suv
bilan aralashtirilib eritma tayyorlab olinadi. Tanlab eritish 80 °C haroratda 2 soat mobaynida
doimiy aralashtirilib turish orgali amalga oshiriladi. Tanlab eritishdan so‘ng bo‘tanani nasos
yordamida filtrlash uchun ramali filtr pressga yuboriladi. Ikkinchi bosgichdan olingan filtrat
eritmani yig uvchi idishga yuboriladi. Kek esa ikkinchi bosqgich repulpatoriga jo‘natiladi. Kekni
repulpatsiyalash gaynoq suv yoki sodali eritma bilan S:Q nisbat 1:1 da olib boriladi.
Quuyultirilgan bo‘tana suv bilan yuviluvchi reaktorga tortib olinadi u yerda S:Q 3:1 nisbatda
harorat 40-60 °C da kekni gaynoq suv bilan chayiladi (yuviladi). Yuvilgan kek o’zining
eritmasida filtr — pressda ajratiladi. Bu eritma keyinchalik reaktorda birinchi bosgich tanlab
eritishda bo’tana tayyorlash uchun ishlatiladi. Filtrlangan kek esa filtrda qaynoq suv bilan
qo’shimcha yana yuviladi. Filtrdagi kek (havo purkash yo‘li bilan) quritilib, konteynerlarga
joylanadi va keyinchalik gayta ishlash uchun mis eritish zavodining metallurgik sexiga
jo‘natiladi. Jarayonda kekning chigishi umumiy yuklangan kuyindi massasining 65-70 % ini
tashkil giladi.

Molibden saglagan eritmani neytrallash. Ushbu jarayonda asosan molibden saglagan
eritmani qo‘shimchalardan Si, P, As dan tozalash va molibden sorbsiyalashga tayyorlash uchun
mo‘ljallangan. Molibdenni A-100 (Mo) sorbentiga sorbsiyalashning optimal muhiti pH — 2-2,5 ni
tashkil etdi. Suv bilan sovitiladigan reaktorda neytrallash 9-10 m?® idishdan molibden eritma
olinguncha amalga oshiriladi. Reaktordagi neytrallash uchun aralashtirish va pH muhit nazorati
sekin rejimda konsentrlangan (56 % li) nitrat Kkislotasini yoki kislotali eritmani qo‘shish orqali
olib boriladi. Neytrallash odatda is gazining ajralishi va kremniy — fosfor —mishyakli
kislotalarning cho‘kmasini hosil bo‘lishi bilan boradi. Neytrallangan eritmani cho‘kma hamda
yengil fazalardan filtr — presslarda filtrlash orgali filtrlanadi va idishga yig‘ishdan keyin
yakunlanadi.

Natriy molibdatni ammoniy molibdatga konversiyalab sorbsiyalash jarayoni. Ushbu
texnologiyada asosan molibdenni natriy molibdatdan ammoniy molibdatga kuchsiz asosli ionit
A-100 (Mo) ga o‘tkazish va to‘yingan sorbentdan molibdenni ammiakli eritma bilan
desorbsiyalash ko‘rib chigiladi. Jarayon har bir sorbsion kolonnalarda bir necha bosgichlar
hamda oraliq jarayonlardan iborat bo‘ladi.

Sorbsiyalash bo‘limiga sutkasiga tarkibida 80-120 g/l Mo saglagan idishdan hajmi 35-50
m? kislotali eritma kelib turadi.

Sorbsion qurilma balandligi 6 m va diametrik 1,2 m (ishchi hajmi 6,8 m®) bo‘lgan ostki
gismi harakatlanmaydigan sorbent gavatga ega (eritma ostki gismdan beriladi) 4 ta kolonnadan
iborat bo‘ladi. Har bir kolonnaga sorbent yuklanishi 6 m® ni tashkil gildi. Har bir kolonnalar
hajmi 10 m® dan bo‘lgan ajratuvchi sistemadan iborat va jarayonda quyidagilar kechadi:

-Dastlabki kislotali molibden saglagan eritma;

-Aylanma kislotali molibden saglagan eritma;

-Molibdenni sorbsiyalashdan so‘ng golgan eritma;

-Ammiakli aylanma desorbat;

-Dastlabki ammiakli desorbat (11-12 % li NH3);

-Sorbentni regeneratsiyalash uchun 120 g/1 li nitrat kislota eritmasi;

-Jarayon so‘nggida sorbentni yuvish uchun distillangan suv;

-Eritmani sozlash uchun pH;

-Filtr press;

-Reniyni sorbsiyalash uchun eritma.

Kolonnalarning yugori gismi sigilgan havo berish uchun liniya, ostki gismi esa shtuser
bilan jihozlangan.
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Sorbsion kolonnalardagi eritmalar tagsimlash qurilmasining yugori gismidan chiqgariladi
va kaskad rejimidagi keyingi kolonnalarga kelib tushadi, so‘ng idishlarga shu ketma ketlikda:

-Molibden sorbsiyalashdan so‘ng qolgan eritma va texnologik chigindi eritma kaskad
tizimidagi 5 ta, 3 ta va 2 ta yuklash kolonnalaridan A-170 da reniyni 2 bosgichli sorbsiyalash
uchun keladi. Eritma dastlab yig‘uvchi idishga reniyni sorbsiyalash uchun sozlangan holda
bo‘ladi va reniyni sorbsiyalash uchun 3 ta kolonnadan iborat
1 — kaskad tizimiga yo‘naltiriladi. Reniyni sorbsiyalashdan so‘ng tarkibidan 110-130 g/l natriy
nitrat saglagan eritma sodali eritma bilan reaktor-neytralizatorda neytrallanadi va natriy selitrasi
yigcuvchi idishga keladi (idish hajmi 3000 m®). So‘ngra sorbsion bo‘linmadan chiggan chigindili
eritma natriyli selitra ishlab chigarishga yo‘naltiriladi.

-Tarkibida 2-3 g/l molibden bo‘lgan eritma dastlabki eritma idishga kelib qo‘shiladi.

-Tovarli desorbat yig‘uvchi idish orgali ammoniy tetramolibdat kristallarini olish
bo‘limiga yo‘naltiriladi.

-Yigcuvchi idish kolonnalaridagi aylanma desorbat, yig‘uvchi aylanma desorbatni
idishdagi ammiakni miqdoriga yetguncha tortib olinadi.

Yig‘uvchi idishdagi 1 — bosgich reniyni sorbsiyalashdan olingan desorbat 2 — bosgich
reniyni sorbsiyalashga jo‘natiladi, texnologik eritma esa idishga kelib tushadi. Ikkinchi bosgich
desorbsiyalashdan olingan desorbat yig‘uvchi idishga keladi va apparatga bug‘latib uchirishga
yo‘naltiriladi.

Bug‘latilib ushlab olingan ammoniy perranat eritmasi yig uvchi idishga to‘planadi va
affinajlash uchun kamyob metallar ishlab chigarish sexiga jo‘natiladi.

Muhokamalar.

Dunyo amaliyotida sof molibden tuzini gidrometallurgiya usulida olish va ularning fizik-
kimyoviy xossalarini M.S. Moreno, L.L. Kabezas, G.C. Kreymer, J.A. Gurland, J.F. Doi, J.
Pittari, R.P. Herber lar tomonidan tadqiqot ishlari amalga oshirilgan[15-17]. Tovar holidagi
desorbat (ammiakli eritma) idishdan nasos yordamida olinadi. Eritmani t°=90 °C haroratda
gaynatiladi (apparatdagi eritma balandligi bir maromda ushlab turiladi).

Desorbatni 1,5-2 marta bug‘latilgandan keyin (eritma zichligi nazorat bo‘yicha, p=1,2-1,3
g/gm*, MoOs konsentratsiyasi taxminan 400 g/gm?®) eritmani belgilangan miqdori reaktor —
kristallizatordan chigarib olinadi, reaktor aralashtirgich va sovitgichli yeng bilan
jihozlangan[18]. Ammoniy tetramolibdatni reaktorda kristallantirish uchun 56 % li nitrat kislota
yupga ogimda eritmani pH mubhiti 2-2,5 ga pH yetguncha beriladi bunda harorat 55-65 °C ni
tashkil gilgan. So‘ngra reaktordagi massa ehtiyotkorlik bilan 10-15 min davomida aralashtirilib
turiladi pH mubhit nazorat gilinadi va olingan mahsulot nutch filtrga berilgan. Texnologik eritma
nasos yordamida chigarib olingan[19]. Ammoniy tetramolibdat kristallari  esa
(NH4)2Mo04013x2H20) nutch filtrdan olingan.

Yanada yuqori tozalikdagi sifatli mahsulot olish uchun ammoniy tetramolibdatni
gaytadan kristallantirib ammoniy paramolibdat olishgan. Reaktor Kkristallizator yig‘uvchi
idishdan hajmi 2-2,5 m® da 3-5 % li ammiakli suv eritmasi bilan to‘ldiriladi va ammoniy
tetramolibdat (ATM) bilan to‘yingan zichligi d=1,41 — 1,42 g/dm? bo‘lgan kristallari yuklangan.
Keyin esa eritmani sovitish orgali (sovitish tizimi bilan) 15-20 °C haroratida ammoniy
paramolibdat kristallarini  olingan. Olingan wushbu kristallar nutch filtrga to‘kilgan.
Kristallanishidan so‘ng golgan texnologik eritma (filtrat) montej yordamida yig‘uvchi idishga
chiqarilib yig‘ilgan[20]. Olingan ammoniy paramolibdat (NH4)sMo07024x4H20) tovar holidagi
mahsulot hisoblandi.

Tovar holidagi desorbatni bug‘latish jarayonida ma’lum miqdorda ammiak va suv
bug‘lari ajralib chigadi. Gazlar aralashmasi absorberning kondensatsion kamerasiga chiqarib
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(so‘rib) olinadi va suvga yuttirilgan. Absorberda esa 10-12 % li ammiakli eritma olinadi u
keyinchalik molibdenni desorbsiyalash uchun ishlatilgan[21].

Xulosalar.

Olib borilgan izlanishlar natijasida quyidagicha xulosa qilish mumkin: Ajratish
jarayonida asosan molibden saglagan eritmani go‘shimchalardan Si, P, As dan tozalandi.
Molibdenni A-100 (Mo) sorbentiga sorbsiyalashning optimal muhiti pH — 2-2,5 ni tashkil etdi.
Suv bilan sovitiladigan reaktorda neytrallash 9-10 m? idishdan molibden eritma olinguncha
amalga oshirildi. Reaktordagi neytrallash uchun aralashtirish va pH mubhit nazorati sekin rejimda
konsentrlangan (56 % li) nitrat kislotasini yoki kislotali eritmani qo‘shish orgali olib borildi.
Neytrallash odatda is gazining ajralishi va kremniy — fosfor —mishyakli kislotalarning
cho‘kmasini hosil bo‘ldi. Natijada“Olmaliq KMK” AJ nodir metallar va qattiq qotishmalar ishlab
chigarish birlashmasi sharoitida 99, 98% yuqgori toza molibden tuzlarini ishlab chigarish
imkonini berdi.
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SEMENTBETON QOPLAMALARNI YORILISHIDAGI MUAMMOLAR

Mutalibov Ibroxim Qosimjon o‘g‘li
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Muxiddinov Sardorbek Zokirjon o‘g‘li
NamMQI, magistri, sardorbekmuxiddinov843@gmail.com, +998932799696

Annotatsiya. Magolada sementbeton qoplamalarida yoriglarning paydo bo‘lish sabablari,
issig haroratda sementning miqdorini kamaytirib sementbeton qoplamali yo‘llarning yaroqlilik
muddatini oshirish uchun sementbetonning fizik-mexanik xossalari, elastikligi, markasi, sinfi,
sovuqg bardoshliligi, harorat va deformatsion choklarini yaxshilash usullarini takomillashtirish
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texnologiyasiga to‘xtalib o‘tilgan. Tadqiqotlar natijasida sementbeton qoplamalarini yuza
gatlamlarini ta’mirlash, qoplama yuzasini ta’mirlashga tayyorlash, sement ko‘chishini bartaraf
etish jarayoni, qoplamaning yuza qatlamini ta’mirlash uchun materiallar, qoplama yuzasini
ta’mirlashga tayyorlash bo‘yicha amalga oshiriladigan ishlar yoritilgan.

Abstract. The article discusses the reasons for the appearance of cracks in cement
concrete pavements, the technology for improving the physical and mechanical properties,
elasticity, grade, grade, cold resistance, temperature-strain joints of cement concrete in order to
increase the service life of cement concrete roads by reducing the amount of cement at high
temperatures. As a result of the research, the repair of the surface layers of cement concrete
pavements, the preparation of the surface of the pavement for repair, the process of eliminating
the migration of cement, materials for the repair of the surface layer of the pavement, the work of
preparing the pavement for repair.

AHHoOTanus. B cTatbe paccMOTpEeHBI IPUUNHBI OSBIEHUS TPELIMH B IEMEHTOOETOHHBIX
MOKPBITUSX, COBEPIICHCTBOBAHHE TEXHOJOTHU TIIOBBIIICHUS (PU3MKO-MEXaHHYECKUX CBOWCTB,
DJIACTUYHOCTH, MapKy, XJIAIOCTOUKOCTH, TeMIepaTypHO-1e(hOpMaIIMOHHBIX LIBOB
[IEMEHTOOCTOHOB C IICNBIO0 YBEJIMUYCHHSI CPOKa CIY)KOBI I[EMEHTOOCTOHHBIX JOPOTH 3a CUET
YMEHBIICHUSI KOJMYECTBA IIEMEHTa MPU BBICOKMX TeMIleparypax. B pesynbrare mcciemoBaHUs
PEMOHT TOBEPXHOCTHBIX CJIOEB IIEMEHTOOCTOHHBIX IOKPBITHI, IOATOTOBKA IOBEPXHOCTH
JOPOKHOM OJEXKIbl K PEMOHTY, IPOLECC YCTPAHEHWs MHUIPAlMy LIEMEHTa, MaTepuasbl Il
PEMOHTA TIOBEPXHOCTHOTO CJIOSI TOPOYKHOM OJIEXKIIbI, paOOThl PabOTHI IO MOJATOTOBKE JOPOKHOM
OJZIEXK bl K PEMOHTY.

Kalit so‘zlar: sement, suv-sement nisbati, gil, tob tashlash, destruktsiya, yo‘rignoma,
suvsizlanishi issiqg iqlim, aralashma, ta’mirlash.

Keywords: 1ieMeHT, BOJOIEMEHTHOE OTHOIICHHE, TJHMHA, JMThE, pa3pylICHHUE,
HaTpaBJISIONas, 00e3BOKUBAHUE, KAPKUN KIIMMAT, CMECh, PEMOHT.

KawueBble cioBa: cement, water-cement ratio, clay, casting, destruction, guide,
dehydration, hot climate, mix, repair.

KIRISH

Har ganday mamlakat iqtisodiyoti ko‘p jihatdan avtomobil yo‘llarining uzunligi va
transport holatiga bog‘liq. Shu sababli, yangi texnologiyalar va materiallardan foydalangan holda
xavfsiz va sifatli yo‘llarni ishlab chiqish, shuningdek, hayot tsikli shartnomalari yo‘lsozlik
sohasining asosiy vazifalaridan biridir. 8 ming km uzunlikdagi asfaltbetonbeton yo‘llarni qurish,
ta’mirlash va ekspluatatsiya qilishning 30 yillik tsikli uchun jami xarajatlar 2019 yil narxlarida
taxminan 1991 mlrd. Biroq, rejalashtirilgan yo‘llar sementbeton qoplamalari bilan qurilgan
taqdirda, shunga o‘xshash narxi 1092 milliardni tashkil etadi, bu 898,5 milliardni tejashga imkon
beradi. 30 yillik qurilish davrida 8 ming km uzunlikdagi avtomobil yo‘llari 5806,5 ming tonna
bitum tejaladi. Bo‘shatilgan hajmlar yurtimizda ekspluatatsiya qilingan yo‘llarning keng
tarmog‘ini doimiy ta’mirlash uchun ishlatilishi mumkin. [1]

Asosiy gism

Avtomobil yo‘llaridagi sementbeton qoplamalar murakkab kuchlangan holatdagi
sharoitlarda avtomobillarning takroriy yuklamalari, yo‘l poyi va yo‘l to‘shamasining
o‘zgaruvchan harorat - namlik ta’sirlari ostida ishlaydigan konstruksiya hisoblanadi. Bundan
tashgari, sementbeton materiallar uchun ichki kuchlanishlar xos bo‘lib, bunga shu materiallar
tuzilishining har xilligi, shuningdek, doimiy kechadigan tuzilish hosil bo‘lish va destruksiya
jarayonlari sabab bo‘ladi. Yo‘l betonining ekspluatatsion ta’sirlarga barqarorligini oshirish
to‘g‘ridan - to‘g‘ri uning fizik - mexanik xossalari va tuzilishini yaxshilash bilan bog‘liq [2].
Yol betoni tuzilishi va xususiyatlarini shakllantirish quyidagi ko‘pgina omillarga bog‘liq:
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boshlang‘ich materiallarning turi va sifati, betonning loyihalangan tarkibi, qo‘llaniladigan
kimyoviy qo‘shilmalar, tayyorlash texnologiyasi, beton qorishmasini yotqizish va zichlash,
goplamani armaturalash samaradorligi, betonni parvarishlash sifati va boshgalarga. Bularning
ichida ishlatilayotgan materiallarni tanlash va sifatini baholash muhim ahamiyatga ega[3].

Sementbeton yo‘llar yog‘ingarchiliklarga, yer osti suvlariga, tsiklli muzlash-eritishga,
muzga qarshi eritmalarga juda sezgir. Bunday yo‘l korroziyaga garshi maxsus himoyaga muhtoj.
Tosh materiallarining yuqori sifati, maxsus sementlardan foydalanish, drenaj inshootlarini
o‘rnatish va tikuvlarning izolyatsiyasi bilan ta’minlanadi. Beton yo‘l yuklarga bardosh berishi va
ko‘p yillar davomida yaxshi holatda bo‘lishi uchun siz uni yotqizishda texnologiyaga rioya
qilishingiz va ish paytida g‘amxo‘rlik qilishingiz kerak[4].

Natijalar

Sementbeton qoplamalarning qurilish amaliyoti shuni ko‘rsatdiki, u yoki bu
nugsonlarning hosil bo‘lishini oldini olish juda murakkab va ulardan to‘la qochib bo‘lmaydi.
Yoriglar hosil bo‘lishiga, tob va po‘st tashlashiga ta’sir etadigan ko‘plab omillar mavjud.
Nugsonlar va buzulishlar hosil bo‘lishi sabablari, ko‘p hollarda bir necha omillarni birgalikda bir
vaqtda ta’sir etishdir. Yoriglar va boshqa nugsonlar hosil bo‘lishiga asosiy sabablarga quydagilar
kiradi:

1. Beton qorishmasi tarkibini noto‘g‘ri tanlash ya’ni:
- Materiallarni noto‘g‘ri tanlash va komponentlarni o‘zaro nisbati optimal bo‘Imasligi;
- Noto‘g‘ri fraksiyadagi qorishmalar qo‘llanilishi, misol uchun chaqiqtoshning (5+10) mm
va (10+20) mm fraksiyasi o‘rniga, (5+20) mm fraksiyani ishlatilishi;
- Suv-sement nisbatini oshishi yoki haddan tashqgari kamayishi;
- Sement miqdori va gorishma gismini ortigcha oshishi;
- Kimyoviy qo‘shimchalarni noto‘g‘ri tanlash va dozalashni ortiqcha oshirish.

2. Beton gorishma tayyorlashdagi buzilishlar:
- Belgilangan retsepturadan chetlanish, dozalash anigsizligi;
- Past sifatdagi yoki boshqa turdagi to‘ldiruvchilar ishlatish, birinchi navbatda nooptimal
tarkibda bo‘lishi va changsimon hamda gilli zarrachalar miqdorini oshishi (1-rasm);
- Retsepturada ko‘rsatilmagan materiallarni qo‘llash;
- Komponentlarni bir jinslik bo‘lguncha yaxshi aralashtirmaslik;
- Beton qorishmalar ishlab chigaradigan korxonalar zamonaviy texnik bazasi yetarli

emasligi;

- Beton gorishmasi haroratining ortib ketishi[5].

3. Qurilish  sharoitlarining  yaxshi  emasligi, beton qorishmasini  yotgizish
texnologiyasini buzulishi va ekspluatatsiya sharoitlari noqulayligi:
- Loyihalashdagi gabul gilingan texnik yechimlarning optimal emasligi (betonyotgizgich
texnik imkoniyatlarini hisobga olmaslik, beton qoplamasi ostidagi politelin plyonka, tob tashlash
va kompensatsion choklari yo‘qligi.);
- Qoplama hisobi anigmasligi;
- Joylarning iglim va boshqa sharoitini hisobga olmaslik;
- Yotgizishda ortiqcha zichlash va beton gorishmasini gatlamlasnishi;
- Ortigcha tekislash, aynigsa metal tekislagichda;
- Qurug issig iglimda beton yuzasining tez qurishi (suvsizlanishi) va betonnong dastlabgi va
davriy qotish davrida parvarish goidalariga rioya gilmaslik;
- Choklarni o‘z vaqtida va to‘g‘ri tashkil etilmasligi (2-rasm);
- Haroratni sutka mobaynida keskin o‘zgarib turishi;
- Qoplamalarni asos bilan birikishi yetarli bo‘lmaganda yuklamalar qo‘yish;

|
MEXAHUKA BA TEXHOJIOT' WS MJIMUI XKYPHAJIM, 2023, Ne4 (13)

238



TEXHOJIOI'A

- Sovug bardoshlikni oshiruvchi kimyoviy reagentlarni to‘g‘ri qo‘llanmasligi;
- G‘ildirak yuklamalari intensiv ta’siri va takrorlanishi;
Qoplamarning birinchi yil ekspluatatsiyasida muzini erituvchi reagentlarni qo‘llanishi

1-rasm. Gilli zarrachalar.

2-rasm. Choklardagi darzlar.
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Beton qorishmasini konstruksiyasiga yotqizishda qatlamlanishi, ya’ni og‘irroq
to‘ldiruvchilarning plita kesimining past qismiga cho‘kib, yuqori qismiga esa, nisbatan yengilroq
sement-qum qorishmasini sigib chigarishi yuz beradi. Beton gorishmasini qatlamlanishi
natijasida, yuza gismi yaqginida, yuqori suv-sement nisbatida, sement suti bilan to‘yingan qatlam
hosil bo‘ladi. Sement sutini yuzaga chiqish darajasi, aynigsa plitalarni tagiga politelin
plyonkasiga yotqizilganda yuqori bo‘lishi kuzatildi. Bu holatda, plitani past qismiga nisbatan
yuqori gismi tez qurib, qisqarish turli bo‘lib, tob tashlashga olib keladi. Ko‘pincha, tob tashlash
effekti, betonning boshlang‘ich qotish davrida namoyon bo‘ladi. Biroq amaliyot shuni
ko‘rsatmoqdaki, plitani tob tashlashi, ancha vaqt o‘tganda ham sodir bo‘lishi kuzatiladi. Misol
uchun A-380 avtomobil yo‘lining sementbeton qurilishida plitalarni tob tashlashi keyinchalik
muddatlarda ham kuzatilgan. Ushbu mashrut bo‘yicha, avtotransport harakati ochilganidan bir
necha oy o‘tganda, B2 uchastkada, 2011-yil oktabr oyida yotgizilgan beton plitalarda, 2023-
yilning birinchi (aprelda), gatlam bo‘yicha ochilish eni katta bo‘ylama yoriglar hosil bo‘lgan (1-
jadval).

1-jadval
Yoriqlar hosil bo‘lgan uchastkalar.
Joylashishi Beton yotgizish Yoriglar parametri, mm
sanasi
Uzunligi Eng katta eni
PK5084+65 11.10.2011y 15000 45
PK5084+80
PK5083+05 11.10.2011y 5000 6
PK5083+10
PK5081+30 13.10.2011y 5000 7
PK5081+35
PK5081+80 14.10.2011y 10000 8
PK5081+90

Bu obyektlarda yoriglar hosil bo‘loshiga asos va yer polotnosi defektini ta’sirini
o‘rganilganda, sementbeton goplamasi to‘kma gatlami 1,5 m gacha bo‘lgan mavjud yo‘l ustiga
tiklangani aniglangan. Yoriglar hosil bo‘lishi xususiyatlarini go‘shimcha o‘rganish shuni
ko‘rsatdiki, bo‘ylama vyoriglar, kengayish choklaridan boshlangan, plita chetlari ko‘tarilib
goplama asosi bilan orasida 5- 12 mm bo‘shlig hosil bo‘lgan, bu esa plitalarni tob tashlaganinig
aniq dalilidir

Xulosa

Sementbeton goplamalarni yoriglarini ta’mirlash ishlarini yo‘lga qo‘ysak yurtimizdagi
sementbeton qoplamalarni tamirlashga erishamiz. Chunki bugungi kunda dunyo mamlakatlari
ichida ham ta’mirlashning samarali usullari yo‘q. Mamlakatimiz sement qoplamaga bosqichma -
bosqich o‘tib borishi sababli sement qoplamali yo‘llarga talab kuchayib bormogda. Shu
jumladan, sementbeton qoplamani ta’mirlashga ham. Ta’mirlashda quydagilarga erishamiz:

- Qoplama yuzasini ta’mirlashni yo‘lga qo‘yish;

- Sement “qaymog‘i”ni ko‘chishini bartaraf etish;

- Qoplamani uzoq muddat xizmagqilishini oshishi:

- Sementbeton bilan asfaltbeton yaxshi birikishishini oshishi;

- Sementbeton qoplamaning harorat choklarini yopishish imkoni oshishi.
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KYPUTHII ) KAPAEHUHU TU3UMJIU TAXJINJI ACOCUIA PALIMOHAJI
KUMMATJIAPUHHU BEJTWIAIL
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AHHOTanus. Makonaga OOWIOKIM OKUHJIAP, KyMJIaJaH IIOJIH MAaxCyJIOTIapuHU
KypUTHII >XapaéHuJa KyJlalml MyMKHH OYJraH J>XUXO3JIapHUHI KOHCTpykuusuiapu MatLab
AacTypu acoCcuza THU3MIIM TaxXJWJI KHJIWHIAH. S’/YTKaSI/IJ'IFaH TaxJajaap acocuaa 6apa6aHnH
KypUTTrud y4yH V CUMOH HacajKa Ba yHra épraMuu cudaTiia KOpOHIUTSHHIN KypHiIManapaaH
dolinananum Oyiinya xynoca OepwiraH. bapaGaHiyM KypUTTHYHHHT HIIYM 30HACHUIATH KYTI
OOCKMWIHM TaxJIMJITHU Ba MapaMmerpiapHu xucobnamma MatLab nactypunan doiimananunras.
Tusmimm Taxaun Typrra OOCKMYIAa YTKAa3WiaraH Xamja KOHCTPYKIMSUIAPHUHT ad3ajuliK Ba
KaMYUWJIMKIIapu aCOCJIaHT'aH.

AHHOTaIII/ISI. B cratpe cucreMaTHuecKu AHAJIIU3HUPYIOTCA KOHCTPYKIHUH 060py,Z[OBaHI/ISI,
KOTOPbIE MOKET OBITh UCIIOIB30BAHO B MPOLIECCE CYIIKU 3€PHOBBIX KYJIBTYpP, B TOM YHUCIE pHCa,
Ha OCHOBE€ IIpOI'paMMBbI MatLab. Ha ocuoBanuu IIPOBCACHHOI'0 aHallu3da ACJIAaCTCsa BbBIBOO O
NPUMEHEHUH B KadyeCcTBE IOMOIIHHMKOB V-00pa3HbIX HacagoK Uit OapaOaHHBIX CYIIWIOK U
KPOHIITEHHOBBIX  ycTpoicTB.  [Iporpamma  Matlab  ucnonp3oBamace  mias pacdera
MHOTOCTYIIEHYATOTO aHajiM3a W TapaMeTpoB B pabodeil 30He OapabaHHOW CYIIMIIKH.
CucreMaTHYeCKHI aHAJIN3 IIpOBOAMJICA B YCTBIPC OTalla U OCHOBBLIBAJICA HAa IMPCUMYLICCTBAX U
HEJIOCTaTKaX KOHCTPYKIIUM.

Annotation. In the article, the constructions of equipment that can be used in the drying
process of grain crops, including rice, are systematically analyzed based on the MatLab program.
On the basis of the conducted analysis, a conclusion is given on the use of V-shaped nozzles for
drum dryers and bracket devices as assistants. The MatLab program was used to calculate the
multi-stage analysis and parameters in the working zone of the drum dryer. Systematic analysis
was conducted in four stages and based on the advantages and disadvantages of the constructs.

Kanur cy3uaap: Hacagka, TH3UMIM Taxjui, OapabGaHiu KypuUTTUY, IIOJH, OOLIOKIH
YCHUMIIMK, HCCUKJIMK aJIMAaIlIMHYBYH 103a.

KuaroueBble ciioBa: Hacajaka, CHUCTEMHBIN aHaJInu3, 6apa6aHHa;I CYIIHWJIKa, prUC, KOJIOCOBas
YCTaHOBKA, TOBEPXHOCTh TEMIOOOMEHA.

Key words: nozzle, system analysis, drum dryer, rice, spike plant, heat exchange surface.

Kupum
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YUKapWIaéTraH MaxCyJOTHU CH(aTI KypUTHII 3apypaTd KyHAaH-KyHra ycub OOpMoKaa.
Bbynunr acocuii cababnapunan Oupu cudaruga unuad yMKapuiIaérraH MaxCYJIOTHUHI cudar
KYpCaTKU4M aiiHaH MaxCyJlOoT HaMJIUTUra OOFIMKJIWTMHU aWTuil MyMKuH. Iy Oouc KypuTHin
*Kapa€HMJa KOHBEKTUB, MHQPAKU3WI Ba MUKPOTYJIKUHJIM SHEPIrUSHU TEXKAMKOP pPaBHIIIA
OMpJIAIITUPUIIT UMKOHUSATIAPUHU YpraHWII, MakOyl BapHaHTIap XamJa KOHCTPYKLHUSIIApHU
TaHJIall, aMaauéTra TaJ0uK 3TUII Ba Iy acocuAa KypUTHII *XapaéHuIa MaxcyjaoT cudaTUHH,
HKCHOPTOOIJIMTUHU Ba DHEPrUATS)KAMKOPJIMKHM TabMUHIIANI J10J13ap0 axaMmusATra ora.
Kymnaman muHepan YrutTiaap unuiad 4yukapuiaa XaM KYpPUTHII acoCUi kapaéHiapiaH Oupu
O0ynub, YFUTHUHT NOHAJOPJIUTH, cU(ATH Ba HKCIOPTOOIUIMTH aliHAH HIy kapa¢Hra OOFIUKIHP
[1;2;3;4]. llly cababnu ymoOy yHamumaa WaIMANR-TaIKUKOT UIIUIAPUHN YTKA3UIIl MYXUM Macaia
XHCOOIaHa N,

IOxopumarunap acocuna V36exucron pecnyOIuKacuaa ETHINTHPWIAETTAH  OOIIOKIN
YCUMIIMKIIAp JKyMJIAJIaH LIOJIM MaxXCYJIOTUHH YPUMJIAH KEMMH KypUTHIL Ba YHU CaKIall KXpacHU
Ba YHJAaru MaBXyJ MyaMMOJAp TaxJWil KWIMHIW. TaxJmia HaTWKalapu UIyHH KypCaTIUuKQ
V36exucTon mapourtnna erumrtupunaérran 20 JaH OPTHK LIONM HABIAPUIA aCOCHIi
MyaMMoJiapJiaH OMpH YHM JacTIaOKy KalTa MIUIAII Ba CakJIall MIuIapuja xucobsanaau. bynna
JIOHHHU TO3a CakJall Ba MOFOPJIAHUIIMHUHT OJJIMHHU OJIUII Macajalapu OMp MyHUYa Mypakkad
xucobmaHap 9KkaH. Xo3upJa JacTiaOKu — KypUTHII  JkapaéHiapuaa  KyJUlaHWIa&TraH
KypwiMaiapaa OyHMHT Jesipii UMKOHUATH MaBxkya. JIekuH xapaénra capduiaHaaurad SHeprust
Ba HII YHYMJOPJWIHM JKUXaTWJaH OyHaail Kypuimanap ontuman smac. Iy cababmum
Yprauunaétran 00bEKT YUyH TYFpU KypUIMaHM TaHJIAII Ba YHH TAKOMULIAIITHPUII MaKCaIuIa
TH3MJIM ~ TaxXJWI — YTKa3wiau. Tu3umium  TaxawiHd — yTkasumma Matlab  nmacrypupan
doitnananmIy.

Taxanauii TAAKHKOT METOANKACH:

Typrra moroHaga THU3UMIIM TaX)IMJ KYPUHHIINAA PANMOHAT KUMMATIApUHHU OeNrHianl
cxemacH l-pacmaa Gepuiras.

1-pacmpna Gepuiran MabiIyMOTIap kKapa€Hra Kyjuiall MyMKHH OYIITaH Hacaaka TypliapH,
yIApHUHT WOl TMapaMeTpiapy, MakOya peXUMIapuHU TONUII HMKOHMHU Oepanu. bynna
YTKa3uiarad TypT OOCKUYWIM TOFOHAIAPHUHT Xap OUp YCTYHH MYXUM XUCOOJIaHAIH.

IOxopuna 6enrunanran Ba3udagan kenud yuKkuo, Hacaka KOHCTPYKTUB IMapaMeTpllapHU
TYJIMK TaKKOCJAll Ba HATWXKaJlap XaTOJUTMHM KaMalTHpHUII Xamaa MakOysl KOHCTPYKLHUSHU
TaHJIAIl MaKcaauaa TYPT OMWUIM TU3MMIIM TaxXJuia ycyiaunaH (oitnananunau [5,6]. Tusummn
TaxJIMJUIapHU YTKa3ulla KypUTWIyBUM Martepuan cudatuga cynepdocdar MuHepan YFUTH
TawIaHaAu. THU3UMIIM TaXJIHI KyHUard KeTMa-KeTiauKaa ond 0opuiau:

Bupunun OGomIAaHFMY TNOFOHAJA WIOAM JAOHJAPUHU KYPUTHULIAA KYJUIaHWIAETraH
Oapalanny KypUTI'MY Ba YHTa YpHaTWIAIUraH TYpiad KOHCTPYKLMSAZArd Hacajakajgap KYpuIau.
Tu3MMHU KUPUII Ba YMKUII TapaMeTpiIapy aHUKIaHAIH.

Taxnmun acocuaa MKKM KUCMIM V CHUMOH Hacajgka OWiaH >KMXO3/aHraH OapabaHiu
KypUTIHY ONITUMAJT SKaHJIUTH Tannanau [7-11].

N KkKnHYM MOFOHAJA HCCHUK XaBO Ba XOM-allI€HU y3aTHIL YUyH JEMEHTIIAP, HICCUKIINK Ba
MOJJa ajJMallMHULI 30HACHM Ba MIUIATWITAH MCCHK XaBO Ba XOM-AaIIEHW YHUKAPUII YYYyH
JIeMEeHTNap Kypwinu. Xap Oup €pramMuu TH3UMHMHT KHPHUII Ba YHMKHII IapaMeTpiiapu
anuKIaHaan [12].

V cumoH Hacajaka OWIaH KUXO3JaHTaH OapabaHIM KypUTTHYJa HacaJKaiap Maxmar
TapTHOMAa onTHUMan 2 KartopjaaH, 1 Ta Karopaaru Hacaakaigap conu 12 gan 20 monarava
VpHaTUII MYMKHMHIUIH, €MUK Ba OYMK 30HaJap y4yH ONTHMal KuiiMariap | kartopaa moc
pasumza 16.9 mM? Ba 0,95 M2, 2 Katopya 3ca 13,56 M Ba 1,14 M?-HM TAIIKWI STUIIN GeITnIat
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CexTop.n
kponmreiinanbK

CekTopau

Hccuk xaBo Ba xoM-amEHH HecHKIHK Ba MOIUTA AJTMALTHHHII HinaaTuiraH HCCHK XaBo
Y3aTHII YHYH YJIEMEHT1ap 30HACH BA XOM-AIIEHH YHKApHII
YUYH YJIeMEHTIap

BeHTHIATOP
HecHK XaBo XocHI
KHJIHII Y4YH
Kajopudep
Maxcy/1oT yuyn
Gynkep
Hmnaruaran XaBo
YHKHIIH YYYH KYBYP

XaBoHH Xaligam y4yH
HMuku nacaakanap
Tasiny posaukaap
Peayxrop
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Banpak
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1
! 1
1 1
1 1
! I I !
1 P 1
1 by - - -
! 212 |E sl |2 :
1 a8 E] 1 ~
| - o0 = a - :
1 [ 1
. [ .
1 1
! 1
1
| I |
: ‘ KypuTKHYHHHT HacajKa OMJIaH TYVI/IHPHIATaH XAKMH 1

1
! 1
1 I I 1
: L] - L L !
. = (3 = = !
1 ® =< - ! 1
1 = i = L h
L e o o e e e e e e e ___,,_—_——— e —_,—_ —,Y /) —_—_,—,— M ) ] 004/t 1
P e T e T S I
1 da3zanap OKHKMH dazanap ymymuii Hmaamaiiguran :
1
1 KOHTAKT K03a1apH 30HANAPHUHT MABKYLIHIH | !

Maxcy/10THH annaparaa
O6VaHIm BAKTH
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=
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1-pacm. TYpTTa NoFoHaAa TH3UMJIH TAXJMJI KYPUHHUIIHAA ONTHMAJIAIITHPUII CXEMACH .
OJIUH]IH.
Illonn noHamapy COBHIIMHMHT omTuMan Xapopatu 40-45°C opamuruma, THAPaBIHK
Kapiwinry sca 2.4-4 xIla —Hu Tamkuia STUIIN mapT.
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YuuHYM NoFoHaAa (azaJapHUHT Y3apo TabCUPIALIYBU, KYPUTKUYHUHT YMYMHUH HIIYU
XaKMU Ba KYpUTKUYHUHI Hacajgka OWJaH TYNIUPWITaH XaXMU Kypuiau. Kupumn Ba 4ukuin
napamerpiapy aHukiIanaau [13].

dazanapHUHT ¥3ap0 TABCUPIANIYBHAA KYPUTKHYHHHT YMyMHH WIOIMH XaXMH 12 M,
KYPUTKHUHMHT HACAJ[Ka OMIAH TYIIMPHITAH XaKMH dca 5-8 M3-HM Tamikunm HTvmm Genrumab
OJIUH/IH.

Typrunun mnoronaaa ¢daszamap OKuUMH, (a3aJapHUHT YMYMHH KOHTAakT IO3ajiapH,
UIUIaMaiurad 30HaJTapHUHT MaBXKyJIMTH Ba MaxCyJOTHHU ammapatia OYiauil BaKTU KYpHIIIH.
Kupur Ba ynkuin napamerpiapu aHukianany [14].

bynna:

(asamapHUHT yMyMUit KOHTAKT 1o3anapu 10-12 mM?-Hu;

UIUIaMaiauran 3ouanap 2.5-5 M°-HH;

MaxCyJI0THH armnapataa Oyaui BakTH 9-14 MUHYTHH TaIIKWII STUIINA Oenruiaad oIuH/Iu.

XyJioca:

Vpranunran MyaMMOHH HYKOTHIIHMHT MaKOyJl €4MMH 5KapaéHra MOC HACAIKAHH TAHJIALI
Ba YHUHT KOHCTPYKIUSICHU TaKOMWUIAIITUPHUILAUD. X0o3upAa ymdy HyHanumaa Kymiad uimMui
TaIKUKOT HIIapu onubd OopuiMokga Ba V CHMOH THUIJIArd  Hacagka KOHCTPYKUHUSIApH
UCTUKOO/UTH BapuaHT cudartuga KypcaTwiMokaa. byHpan tamkapu (asamapHUHT ¥3apo
TYKHAIIYB [03aJIApUHU OLIUPUII YYyH KOPHIUTEHHIM KypuiMainap XaM MakOyl BapHaHT
XHCOOJIaHap JKaH.

FOxopuarn TM3UMIIM TaxJIMJI HaTUKajJapyu Ba TYpPT MOFOHAIM aHAJIU3 MapameTpiiapuaaH
Keau0 YMKUO IIOJM JMOHJAPUHU KypUTHIN >kapa€HW ydyH V CHMOH THUIJIard Xamja
KPOHIITEHHIM KypUMalapHU KYpUTUIN >Kapa€Huga OupjaHura Kyijgam MakOyn BapHaHT
XHCOOJIaHap JKaH.
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KHUCKA XABAPJIAP

VK 372.853

HA3APU MEXAHUKA ®PAHU KHNHEMATHKA BYJIUMHJIAH TAJTABAJIAP
OJITAH BUWJIMMHMWHU BAXOJIAII MACAJIACH

MaxmynoB 3okupkoH COTHBOJITHEBUY
HamMKMU, nouentw, zokirjon.1956@mail.ru, +998 97 374 19 56

AHHoOTanusi. YmOy MakojaJa yvalkallllraH MaHTUKUM 3aHXUp YCYJIWMHU Ha3apui
MexaHuKa (aHu Mabpy3a Ba aMalIlil MAIFyJIOT Japciapuaa Kyuam TYFpucuaa cy3 6opaam.

AnHoTanus. B cratbe paccMaTpuBaeTcs NIpUMEHEHUE METO/Ia JIOTHUECKUX IEMOYeK st
OLICHKM 3HAHWI CTYAEHTOB IpPU NPOBEJCHUM JIEKUUOHHBIX M IPAKTHYECKUX 3aHATUH IO
TEOPETUUECKON MEXAHUKE.

Abstract. The implementation of the entangled logic chain approach in theoretical
mechanics lectures and practical training sessions is discussed in this article.

Kaaur cy3nap. kuHemaTuka, XapakaT KOHYHH, TE3JIMK, TE3JIaHMILI, TPaeKTOpHs,
wirapujiaHMa Xapakar, ailllaHMa XapakaT, TEKHC Mapajjiesn xapakar, ¢opMmyia, Teopema,
Mypakkab xapakxar.

Kuarwuesbie ciaoBa. Kunemartuka, 3aKOH JIBHXKEHHS, CKOPOCTb, YCKOPEHUE, TPACKTOPHS,
MOCTYMNATEIbHOE JBUKEHUE, BpAILATEIbHOE JBUKEHUE, IUIOCKONAPAJUIEbHOE JIBH)KEHHE,
bopmyna, TeopeMa, CI0KHOE IBIKCHHE.

Keywords. Kinematics, law of motion, velocity, acceleration, trajectory, forward motion,
circular motion, planar parallel motion, formula, theorem, complex motion are all terms used to
describe motion.

Xo03upru KyHJArd TabJIAM COXACHJArd SHT MyxuM Basudanmapman Oupu Ttamabamapra
Oepunaétran napc cudatuHu uHTEphAON YCYIJIApHU KYIJIaraH XoJjjaa IOKOpH Japakara oiu0
YUKAOIAD. AWHHUKCA, ONUH TabJIUM TH3UMH YKUTHII >kapaéHuaa wHTepdaoa ycyiuiapiaH
doiinanaHuIl — TABIUM CaMapaJOpJUIHHHA OIIMPYBYM, WHHOBAIIMOH Ba camapaiu YCYIIup.
Makosaa 9ankamrad MaHTHKWA 3aHXKHp YCYJIMHH Ha3apuid MexaHuka (paHu MaB3yJlapuHU
Vpranuii xapaéHuaa KYJUTalHu Kypuo YuKaMus.

Hazapuii mexaHnka (GaHWMHH XO3UpPrH 3aMOH TajabjlapW acocuua WIIFOp IeAaroruKk
TEXHOJOTUSUTApHU KyIIad YKuTHuml O0yiinda kymiad TaAKUKOTIAp MeJaror oJuMiiap TOMOHUIAH
om0 Oopunrad. [apcmapna Benn aguarpammacuHu  Ky/utad  Mabpy3a  Ba  aMalidid
MAaIFyJIOTIApUHU Tamkui dtui [2,4,6,7,8,12,15,16,24,31] unutapaa 6atadeun KeaTHpUITaH.
Tanabamap yayH wuHTepdaon Kimactep YCYJIUHH Japc JkapaéHWra KyJjall OpKaJd
KYpra3MaJWwiIMKHA omupuiinra Oarunuianran  [1,21,23,27,28] wuniapaa amanuii  edumiiap
kentupwirad. [lapc mamrynoTinapuaa tamadanap (aoTMTHHU OIMIMPHUIN YCYIIapu TYFpUCHAA
[3,10,14,26,32] tankukotiapaa cy3 oputwiaau. Tamabanap Hazapuii MexaHuka (aHu Mabpy3a
Ba aMalluii MaIIFyloTiaapuaa OWIMM Japa)KacMHUW YaJIKalllaH MaHTUKUN 3aHXUDP YCYJIUHU
KyJ1a0 aHuKIan yeyiuiapu tyrpucuaa [5,9,11,13,17,18,20,22,25,29] uuniapaa 6aéH sTuiraH.

Hazapuii mexanuka ¢danu OVIFyCM MyXaHIUCIApra KAaTTHUK J>KACMIIAPHUHT Kydjap
CUCTEeMAacH TabCHpPUAA MYBO3aHATIAA OVYIWIN IIapTIapUHU Ba MEXaHUK XapaKaTUHU
KOMIIOHEHTAJIapu - XapakaT KOHYHH, TPACKTOPHWACH, TE3JIMK Ba TE3JIAHHUIUIAPUHHM AHUKJIAIIHU
Vypraragu. YmOy QaHHM 4YyKyp OSrajjam yiaap KeIrycu — YKUIIapd y4yH (QYHAaMEHT
Bazudacuau Oaxkapaau. Illy ca®abnum Hazapuii MexaHuka (GaHUHUA YKUTHIIIA WHTEPGao
ycy/ulapAaaH OYNraH dYalkamraH MaHTUKUNA 3aHXUpP YCYIMHH KYJUIAHUII 3apypiurd Kemuo
YUKA]IH.

Hazapuii mexanuka (anuaan tamabanap yuyyH TalOIKWI 3TWIAETTaH Mabpys3a Ba aMalluit
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MAIFyJI0T JapclapuHM VKUTHII KapaCHUAa  YajKallraH MaHTUKUM 3aHXUp yCyluJaH
dolimananum camapacuHu Kypamu3. Mabpy3a MamIFyJoTH YTHII JaBpUAa YCYJHU KYJUIaIl
opkanu Tanabanapra Oepuna€TraH MaTepUATHH V3JIAIITHPHIN AapakKaCUHU aHWKJAII, OUpop
MaB3y, OVium €k 000 Oyiinua ynap srajuiarad OWJIMM Japa)kaCUHU OWIIMII, OPAJIUK HAa30paTH
OalapuHy YHWKApWIl Y49yH Kymam MymMkuH.  Kyiimga Hazapuidk  MexaHuka (QaHHHHMHT
KuHeMaTuka Oymumu « Hykra Te3nmuru Ba TE3NMaHUIIM » MaB3ycH Oyiinua Tai€piianrax
KaJBaJHU KEITUPAMU3.
MoCIUKHY aHUKJIAHT .

Kanpaii xapakaT TEKHC Xapakat 1 YpurHMa Te3/1aHUIIN y3rapmMac

1 Jennnaan OynraH xapakarra

2 VYpunma teznaHui GopMyIacuHH 2 a=R-w
KYpCaTUHT

3 Texuc y3rapyBuan xapakar ae0 3 Tesnuru y3rapmac OyiraH xapakaT
KaHJail Xxapakarra aiTuiaau

4 ®yTO0J TYIIU TUK IOKOPUTa OTUIIIH. 4 Honra teur

TpaexTopHst HUHT HT IOKOPU HYKTa
CH/Ia YHUHT TE3JIMTH KaH4ara TeHT
Oymaam

5 Hopwman te3nanum Gpopmynacuau 5 a=~HR-¢
KYpCaTHHT

Ty¥pu :xaBoodaap (3,5,1,4,2).

MabiayMkH, opaiiK 6axosamia tajgadanap oiaraH OWaIuM Japa)KacuHU Te3, aJoJaTiIk Ba
XOJIMCOHA aHUKJIA MyXuM XucoOsananu. [y cababiu gankamrad MaHTUKUAN 3aHKUDP YCYJIUHU
Hazapuil MexaHuKa (aHM OpasiuK OaxoJjalUIapuHU YTKa3uma xam Kyiam Kynain. dakat Oy
X0J/1a Tanadanapra TakauM 3TWiaaurad caBoiuiap coHu 10 - 15 tanu tamkwn 3tanu. YyHKH
CaBOJUIap COHM OIMMO Oopwiy OwinaH Tamabanap srajuiaraH OMJIMMIIAPUHM a0JIaTiu OaxoJianl
napaxacu omu0 Oopanu. YHAaH TamKapu caBoiulap Kym OYnuImmM (aHHUHT KYTPOK KHCMHU
Oyiinya caBoyiap Oepunummra 3amMuH spatagu. CaBosutap COHMHHM Kadeapa YKUTYBUMIIApH
¥3apo MacnaxariamuO, Ty3wiraH caBoiilap OaHKMIAH TaHIa0 onWmagd. DBTHUOOPUHTHU3rA
Hazapuil MexaHuka (paHM KMHEMaThka OynuMu Oyiuya opayiuK OaxojallHU YTKa3ull Y4yH
Ty3WJIraH XaJABaJIHH KCJITUPAMHA3.

MOCIMKHY aHUKJIAHT
Te3nuk BEKTOPUHUHT MYHAIUIIN Xap

1 JIOUM ... 1

2 | Tabuwmii koopaKMHATA YKIAPU TYFpU
KypcaTwirad KaTOPHU TOIIMHT 2

3 | YpuHMa Te3TaHUII Ba TE3IUK 3
BEKTOPJIApH JIOUMO ...

4 | )KuCMHUHT XapakaTy Wirapuianma 4

JernIaam, arap...
5 JKvcMHUHT uiTapuiaHMa xapakatuaa | S
VHUHT ...
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6 | Tesnukinap oHMIA MapKa3H KUCMHHHT
KaepTuJia oilamanaum

7 | Ilnatdopma 4 m/s Teznuk Onnan
TOPU30HTAJl NyJ/1a XapakaT KWIAIH.
VYHUHT ycTHIArH apaBa 2 M/S Te3JuK
OuJlaH TecKapu TOMOHTa XapakaT
KWJICA, apaBaHUHT abCOJIOT
TE3JINTUHU TOIMHT

8 XKucm ¢ = 6t KoHyH OYiinua

aif;TaHMa Xxapa KaT KWica, yHHHT
aitmannm ykugan R=0,5m
Macodaaru HyKTaCHHUHT Te3JIUTHHH
TOIUHT

9 | Kopunomnuc teznanumm GpopMynacuan
KYpCaTUHT

10 | Hykranu mypakkab xapakarura
MUCOJI KEITHPHHT

11 | Texuc mapamnen xapakaTaaru XUcm
WKKH HYKTacH TE3JIUKIapUHH
MPOEKIUSACH XaKUJarkd TEOpEMaHN
KYpCaTUHT

12 | Teznuxiap oHMI MapKa3u TabpUPHUHU
KypCaTHHT

13 | Hykranu Mmypakkad xapakaTuaa
TE3JUKJIApHU TOMUII (POPMYTaCUHU
KYpCaTUHT

14 | Texuc mapaien xapakaTaard XUCM
nxTuépuil B HyKTacu Te3naHuIINHEN
TonuIl (POPMYJIACHHU KYpPCATHHT

15 | Moaawmii HyKTa TYFPU YM3HKIH HYIaa
X=12t?> m KoHyH GyiiKua Xapakar
KWJIMOKIA. YHHAHT t=2 S BakTIaru
TE3JUTUHHA TOITHHT

Tyrpu :xaBobaap (3,12,1,5,4,10,15,8,14,6,13,2,11,9,7).

Yankarrad MAaHTUKUH 3aH)KUDP YCYJIMHU Ha3zapHuii MeXaHuka (haHUIaH aMaliiil MalFyaoT
VTKasraH AaBpja XaMm KyJutamr MyMKuH. TamabamapHuHr OWTTa MAaIIFyiaoT, XHUCOO-Tpaduk
umuHU Oaxomnami, Oupop OYynuMm Oyiindya €xku opanuK OaxoJallHM TAIIKWI ATHUIINA YCYIJIaH
doiinananum sxmu HaTika O0epud kenmokaa. Kyiimpa kuHemartuka OYIMMUHUHT “XapakaT
KOHYHMHH Oepuiuin ycyminapu. Hykra Te3nuru Ba Te3naHUIIM’ MaB3ycu Oyiinya Tamabamap
OMIMM Japa’kaCUHM aHUKJALl yYyH Ty3WIraH MAHTUKUN KaJBalHU KeaTHpamu3. MOCIMKHU
aHMKJIAQHT:
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Hyxkra xapakatu X=2sin3t +5 m,
y=5c0s3t — 4 m koHyH Oyiinua
TEKHCIIMK/A XapakaT Kuinaérran oyica,
YHUHT TPaeKTOPHSICH TEHTJIaMaCUHU
TOIHHT.

3 .

x = g v~ , napabona

Hykra xapakatu X=16t — 5t> m, y= 8t +9
M KOHYH Oyiilua TEeKHCINKAA XapakaT
Kwiiaétran Oyinca, yHuHr t=1 S BakTaaru
TE3JIMTMHHA TOIHHT.

3 m/s

da3ona HyKTa TE3JIMTMHA MOAYIUHU
Tonuil (OpMYyJIaCUHU KYpCATUHT

= |2 2 2
a = ja;ta,+ag

Hykra xapakartu X=5t? - 2 m, y=3t m
KOHYH Oyiin4a TEKUCIUKIa Xapakar
Kuia€Trad 0yica, yHHHT TPaeKTOPHUACH
TEHIJIAMAaCHHU TOIIUHT

(x=5)7°  (r+4)° _

1, snaunc
4 25

da3ona HyKTa T€3IaHUIINHA MOYJINHHA
Toruil (OPMYIACHHU KYpPCATHHT

v= || v;-l-v:;—i-ug
N

Hyxkra xapakatu x=4sinzt +12 m,
y=3cosmt — 2 M KOHYH Oyiinya
TEKHCITUK/A XapaKkaT Kuiaétran Oyca,
yauHT t=1/2 S BakTHaru TE3IHru
MOJYJIMHU TOTUHT.

10 m/s

Ty¥rpu xaBobaap (4,6,5,1,3,2).
Hasapmii MmexaHuka (aHugaH Mabpy3a Ba aMaHii MalIFyJIoT Japciapuia daliKallraH
MaHTHKHAN 3aHKUp YCYJAMHH Ky/Ulab MaIIFyJoTIapHH TAIIKWI STHII HATHKACHAA KyWHaard
Xynocanapra KCJIINII UMKOHUATHU TyFI/IJ'II[I/II
Tanabanap OHIMM JapaXkaCHHU XOJIKMCOHA Ba a0JIaTiM aHWKJIAll KMKOHHUSITH TTaij1o0

oynau.

bunum napakacuHu aHUKJIAIIA KUCKA BaKT KETUIIIH.
VYcynHu Kytam yayH KaMm pecypceliap Tanad STUIIH.
@dannarn ¢Gopmyna, caBoi, TeCT Ba OenruiammapaaH camapand (oiganaHuil

HMKOHUATU MAaBXYJIJINTU.

Yy ycynaan 6omika pannapaa xam QoiianaHaéTraHIury.
TabiuMHu 6apya makuiapuaa Kylam MyMKAHIUTH.

Jemak Hazapuil MexaHuka (aHM Mabpy3a Ba amMaldil MAIIFyIOTIapuAa YaJlKallraH
MaHTUKMH 3aHXXUp yCyauaaH Oaxonam Me30HM cudartuaa ¢oljanaHWII HaTHKacuaa aape
O6epwiaétran Tanabangap OMIMMMHU a/10JIaTJIM Ba XOJHMCOHA OaxoJall Japa)kac OLITraHu Ba Oy
X0JIaT OXUP-OKUOaTAa TabJIUM CU(ATH OLIMIIUTA OIHO KEJTUIIN MabJIyM OYIIIu.
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MEXANIZMLAR VA MASHINALAR NAZARIYASI FANINI O‘QITISHDA
ZAMONAVIY KOMPYUTER DASTURLARINING O‘RNI

Komilov Sahob Rasuljonovich
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Annotatsiya. Maqolada mexanizmlar va mashinalar nazariyasini o‘qitishda zamonaviy
kompyuter dasturlarining o‘rni ko‘rib chiqilgan. Kompyuter dasturlarining asosiy turlari hamda
hozirda eng mashxur dasturlar va ularning funktsiyalari bayon etilgan. Shuningdek, maqolada
kompyuter dasturlaridan foydalanishning afzalliklari tahlil gilingan.

AHHoOTanus. B cratbe paccMaTpuBaeTcs pojib COBPEMEHHBIX KOMIBIOTEPHBIX MTPOTPaMM
B O6y‘-IeHI/II/I TCOpUU MCXAHU3MOB U MaAIllHH. Omnucanpl OCHOBHBIE BUJBI KOMIIBIOTCPHBIX
mporpaMM, a Takke HauOoJiee TMOIMyNSIpHbIE MPOorpaMMbl M WX (yHKIMU. Takke B CTaThe
AHATIU3UPYIOTCA NPECUMYIIECCTBA UCITIOJIB30BaAHUA KOMIIBIOTCPHBIX MPOrpaMM.

Abstract. The article examines the role of modern computer programs in teaching the
theory of mechanisms and machines. The main types of computer programs are described, as
well as the most popular programs and their functions. The article also analyzes the advantages
of using computer programs.

Kalit so‘zlar. Mexanizm, mashina, kompyuter dasturlari, ogitish, ko‘rish, interaktivlik,
foydalanish imkoniyati, modellashtirish, hisoblash, loyihalash.

KiaroueBble ciioBa. MeXaHI/IBM, MalllhHa, KOMIIBIOTCPHOC IMPOI'PaMMHOC 06ecnequI/Ie,
06yquI/Ie, BU3yajn3anusi, HHTCPAKTUBHOCTb, JOCTYIIHOCTb, MOJACIMPOBAHUEC, BBIYHUCIICHUC,
TU3alH.

Keywords. Mechanism, machine, computer software, learning, visualization,
interactivity, accessibility, modeling, computing, design.

Mexanizmlar va mashinalar nazariyasi mashinasozlik, sanoat ishlab chigarishi,
robototexnika va boshqa sohalarda ishlaydigan muhandislar uchun muhim fandir [1]. Ma’lumki,
bu fanda mexanizmlar va mashinalarni loyihalash, tahlil gilish, ularning samaradorligi hamda
ishonchliligini oshirish kabi mihim muhandislik ishlari o‘rgatiladi.

An’anaviy o’qitishda mexanizmlar va mashinalar nazariyasi fani ma’ruzalar, seminarlar
va amaliy mashg‘ulotlari orqali amalga oshirildi. Biroq, so‘nggi yillarda zamonaviy kompyuter
dasturlari tobora keng tarqalmoqda, bu esa o‘qitish samaradorligi va sifatini sezilarli darajada
oshirishi mumkin.

Mazkur fanni o‘qitishda kompyuter dasturlarini qo‘llashning afzalliklari quyidagilardan
iborat:

- Vizualizatsiya: Kompyuter dasturlari mexanizmlar va mashinalarning harakatini
tasavvur qilish imkonini beradi, bu esa murakkab nazariy tushunchalarni tushunishni
osonlashtiradi.

- Interfaollik: kompyuter dasturlari o‘quvchilarning o‘quv jarayonida faol ishtirok
etishiga imkon beradi, bu ularning motivatsiyasi va fanga gizigishini oshiradi.

- Foydalanish imkoniyati: Kompyuter dasturlari talabalarga o‘quv materiallaridan
istalgan vaqgtda va istalgan joyda foydalanish imkonini beradi.

Mexanizmlar va mashinalar nazariyasini o‘qitishda foydalaniladigan kompyuter
dasturlarining asosiy turlari [2, 3, 4]:

- Mexanizmlar harakatini modellashtirish dasturlari: turli shartlarda mexanizmlar
va mashinalarning harakatini tasvirlash imkonini beradi. Bu o‘z o‘rnida mexanizmlarning
ganday ishlashini va ularning xarakteristikalari turli parametrlarga bog‘ligligini aniq ko‘rish
imkonini beradi.

- Mexanizmlar va mashinalarni hisoblash dasturlari: mexanizmlar va
mashinalarning kinematik, dinamik va ekspluatatsion xususiyatlarini hisoblash imkonini beradi.
Natijada loyihalash va tahlil qilish uchun zarur bo‘lgan mexanizmlarning parametrlarini aniglash
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imkoniyati yaratiladi.
- Mexanizm va mashinalarni loyihalash dasturlari: belgilangan parametrlarga ega

mexanizmlar va mashinalarning konstruktsiyalari hamda dizaynini ishlab chigish imkonini
beradi. Bu talabalarga kelajakdagi ishlari uchun zarur bo‘lgan konstruktsiyani yaratish va
mexanik dizayn ko‘nikmalariga ega bo‘lish imkonini beradi.

Quyida ushbu dasturlardan foydalanishning ba’zi aniq misollari keltirilgan:

SolidWorks Motion: turli sharoitlarda mexanizmlar va mashinalarning harakatini
tasvirlash uchun ishlatiladi (1-rasm). Misol uchun, siz ichki yonuv dvigateli krivoship-shatun
mexanizmining harakatini yoki robotning harakatini yaratishingiz mumkin.

5

SOLIDWORKS MOTION

Matlab Simulink: mexanizmlar va mashinalarning kinematik, dinamik va ekspluatatsion
xususiyatlarini hisoblash uchun ishlatiladi (2-rasm).

2-rasm. Shamol turbinasi simulink modeli
Adams: Robotlar va gidravlik tizimlar kabi murakkab mexanizmlar va mashinalarni
modellashtirish va hisoblash uchun ishlatiladi (3-rasm). Masalan, turli vazifalarni bajarayotganda
robotning harakatini yoki turli sharoitlarda gidravlik tizimning harakatini modellashtirishingiz

mumkin.
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3-rasm. Adams Machinery simulyatsiya dasturi
ANSYS Mechanika: yuqgori yuk va harorat sharoitida ishlaydigan mexanizmlar va
mashinalarni modellashtirish va hisoblash uchun ishlatiladi (4-rasm). Misol uchun, avtomobil
ko‘prikdan o‘tayotganda uning harakatini yoki yuqori haroratlarda ichki yonish dvigatelining
harakatini yartishingiz mumkin.
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4-rasm. Ansys DesignModeler ishchi oynasi
Autodesk Inventor CAM: ChPU texnologiyasidan foydalangan holda mexanizmlar va
mashinalarni loyihalash va ishlab chigarish uchun ishlatiladi (5-rasm). Masalan, siz dastgoh yoki
qurilma uchun mexanizm qlsmlarlnl onlhalashln iz va ishlab chigarishingiz mumkin.

5-rasm. Autodesk Inventor CAM ishchi oyna5|

MEXAHUKA BA TEXHOJIOT' WS MJIMUI XKYPHAJIH, 2023, Ne4 (13)
254



KUCKA XABAPJIAP

CATIA V5: Samolyot dvigatellari va kosmik kemalar kabi murakkab mexanizmlar va
mashinalarni loyihalash va ishlab chigarish uchun ishlatiladi (6-rasm). Masalan, siz samolyot
korpusini yoki kosmik kemani loyihalashingiz va ishlab chiqarishingiz mumkln '
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6-rasm. CATIA V5 dasturida samolyotni loyihalash jarayoni
Siemens NX: turli sohalarda ishlaydigan mexanizmlar va mashinalarni loyihalash va
ishlab chigarish uchun ishlatiladi (7-rasm). Masalan, siz dastgoh yoki qurilma uchun mexanizm
gismlarini onlhalashlnglz va |shlab chlqarlshmglz mumkln

@0 Hreeea o

7-rasm. Siemens NX dasturida loyihalash jarayoni
Xulosa qilib shuni aytish mumkinki, mexanizmlar va mashinalar nazariyasi fanini
o‘qitishda zamonaviy kompyuter dasturlari muhim o‘rin tutadi. Bunday kompyuter dasturlari
o‘qitish samaradorligi va sifatini sezilarli darajada yaxshilaydi, uni yanada vizual, interaktiv va
qulayroq o‘zlashtirish imkoniyatini yaratadi.
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YMYMKACBUI ®AHJIAPHU VKUTHIIIA ®AHJIAPAPO ATTOKAJIAPHUA
WHTETPAIIASUIAITHUHT CAMAPAJIOPJIUTH

Hermatynnaes C.O.
HamaHran MyxXaHIUCIUK-KYPHIIAII HHCTUTYTH, KaTTa ykuTyBun +998 93 405 20 07

AHHoTanus.Ma3kyp MaKoiaza yMmyMKacouii ¢annapHu YKuTHIa (haHmapapo ajJokaiap
épramuaa Tanmabanap OWJIMM OJIMUIMHMHT caMapajopiuru OaéH KWIMHTaH. YMyMKacOuit
¢dannapau ykuTHIaa “MeTposiorusi, CTaHJAPTIIALITHPHII Ba ¥3ap0o aJMalldHYBYaHINK (aHU
MHUCOJIMIa Tasabaniap OMIMMUHYU OIIMPHUII YCYJIJIAapH Ba METOIJIAPH KYpHO YUKHUIITaH.

AHHOTaIII/IH. B IlaHHOfI CTAaThE€ OIINCBHIBACTCS B(IJ(I)CKTI/IBHOCTL O6y‘IeHI/IH CTYACHTOB C
IIOMOIIIBIO MG)KHpGJIMeTHOI\/’I CBA3HU IIpU NpPErogaBaHUn 061H€Hp0(1)CCCI/IOHaHI:HI)IX npeamMETOB.
Ilpu npenogaBanuu 00IENPOPECCHOHATBHBIX NPEAMETOB OBUIM PACCMOTPEHBI METOABI U
CrocoObI COBEPIIICHCTBOBAHUS 3HAHWK CTYIEHTOB Ha MpuMepe mnpeaMera «Metpoiorus,
CTaHgapTUu3anus U B3auMO3aMCHACMOCTD).

Annotation. This article describes the effectiveness of students' learning with the help of
interdisciplinary communication in the teaching of general professional subjects. In the teaching
of general professional subjects, the methods and methods of improving students' knowledge
were considered on the example of the subject "Metrology, standardization and
interchangeability”

Kanut cy3nap: dannapapo anokamnap, HHTErpanus, yMyMKacOuil ¢aniap, Maxcyc
dannap, y3apo aJIMalIMHYBYAHJIHMK,JOMMYCKJIAp Ba YTKAa3UILIAP, MAaTEPUAIIYHOCIHUK, MalluHA
ACTaJllIapy, MAIIMHACO3JIUK TCXHOJIOTHUACH.

KiarmoueBble ciioBa: MCKIPEAMETHBIC CBA3bI, HHTCI'pALu, 06H_II/IG HayKH, CIICIUATIbHBIC
HAayYKH, B3aUMO3aMCHACMOCTb, NJOIIOB M INCPECHOCOB, MATCPHAIIOBECACHUC, NACTAJIMPOBKA MallWH,
TEXHOJIOTHA MAIIMHOCTPOCHUA.

Key words: interdisciplinary relations, integration, general professional sciences, special
sciences, interchangeability, dops and transfers, material science, machine details, machine
engineering technology.

Kupum. Wmma® uumkapumgard WHTETpPAIMOH JkKapaHiap Tabiaumaa GdaHIapapo
aJloKamap Ba YKUTUIIHUHT WHTep(}AONT METOMJIapUHM KYJUIAIIHA TaKo30 3TMoKaa. Mmurad
YUKApUIIa SIHTM ~TEXHOJIOTHSUIADHUHT  TOOOpa  KYMPOK  KYJUIAaHWIHMIIM — OakajgaBpUaT
MYTaxaCCCUCIIAPUHUHT OJIJITa WHTETpalusiaiiral Ba auddepeHiuamiamrad Ommmiapra dra
OYuIIHN Taxad KWJIagu. Mammnaaco3nuk TEXHOJIOTHUSICHU TabJIUM HyHaIUIIN
OUTUPYBUWIAPUHUHT YyKyp Omimmra sra Oyiran myraxaccuc OYnuO eTHUIIMIIIapu yiaapra
Oepunaérran TabauM cudatd OwiaH OenrminaHaau. Tamabamapaa XOCHI KWJIWHAIUTAH OWIIUM,
KYHUKMa Ba MaJlaKaJJapHU MYCTaXKaMJIUTH Ba TabCUPYAHJIUTMHUHT MYXUM LIapTiapujiaH Oupu
yMyMKacOuii ¢aHIapHH YKUTHII S>kapaéHuaa (aniapapo OOFIaHULUIAPHU YKUTHIIHUHT
unaTepdaon metoapaan Gorgananud amanra omupumaup [1].

@dannapapo OoflaHUILIAp MYaMMOCHMHM amaljra OIIMPUINJIA YKYB KapaéHUHUHT
Ma3MyHH, YCYJUIapU Ba TAIIKWI S3TUIIMHUHI aHUKJIAIILA MyXHM poi yWHaiiau. Metponorus,
CTaHJAPTJIALITUPHII Ba ¥3apo aJIMalIMHYBUAHJIUK (aHUHU YKUTUIIHM (aHiIapapo OOFIaHMII
acocyJa TalIKWJ JTHUII Ba YHM YTKAa3WII METOAMKACH, KYII XOJUIapAa YKyB MaTepHaJulapu
Ma3MyHHUTa KacOui XapakTepaard MabIyMOTJIapHH, TYIIyHYaJapHU Ba MacalalapHU KUPUTHII
OpKaJIi OOMUTHII OPKAJIU IOKOPU caMapara SpHUIIHNII MyMKHH [2].

TagkukoT ycyaaapu. YMyMKacOuil pangapHUHT YKYB Kapa€HUIaru ¥3apo OOFJIaHUIIN
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MKKMTA QJIOKaZop HyHanum OwiaH TabMMHJIAHAIU: YMyMKacOuil ¢anmapHuHr KacOra
WYHANTUPUIUIIN Ba KacOuil TalléprapiukHu (anmapapo amokaiap Ba YKUTHIIHUHT HHTEpGao
METOIAPUHU KYJUTAIl OPKAJIN UIMHA-TEXHUK Japa’kaCUHU OLIUPUIL. YMyMKacOui (aHIapHUHT
TapkuOuUra KUpyBud “MeTposiorHsi, CTaHIaPTIIAIITHPHIN Ba y3apo aaMalIMHyBYAHINK  (aHUHU
Yypranum y4yyH Tanabanap MyXaHAMCIMK TpaduKacd, MaTepHaIIyHOCIUK, MAallhHA Ba
MeXaHU3MJIap Hazapusicu Kabu (aHiapiaH TeruuuM Ownumiapra sra oynumm kepak [3]. by
¢daHHMHT Makcaau Taynabanapra MalldHamap JAeTaUIapuHr Y3apo  aJMallMHyBYaHJIUTHMHH,
CTaHJAPTIALITUPHII Macajajapy, JOMYCK(KOM3JIMK)Iap Ba YTKa3uILIap, Yiadall Ba Ha3opaT
KWJIMII BOCUTanapu O0yitnua OnianM Ba KYHUKMaTapHH OSpUIIIUD.

Mertposorus, CTaHAApTIALITUPUII Ba ¥3apo aJIMAaIIMHYBUAHJIMK (aHUIAH OJIMHIaH
ounumnap ¢akatruHa ¢GaH Oyiinya OelrwiaHraH MaB3yJapHUTMHA dMac, Oajku Oolka
ymymKacOuii dannap (MammHa AeTaJIapd, METEPHAIITYHOCTHK, MYXaHIUCIUK rpaduKkacy) Ba
HyHamui Ganiapu opacuaari OOFJIaHUIIHE XaM 04n0 OepuIlia acocuit pod yitHaiimu [4].

Wurterpanus-0y Ou3 MaHTHKMA (UKpIAIIHM PHUBOXKIAHTUPHIL, JYHEKApAIIUMU3ZHU
KEHTaUTHUpUII Ba YKyB >Kapa€HUHM parOaTIaHTUPHIL Y4YyH JOMMO MYpPO)KaaT KWJIaJuraH
¢dannapapo anokanap smac. Marerpanus (C. M. OxeroBa TankuHKUIa)- Oy XOCHJ KWJIMHAIUTaH
OwmuMiapun  Oup  Oyrynra  Oupmamummaup[5]. HWHTerpamusuiamran  jgapc  IyxTa
peXaNAIITUPUILIHN Tanad KWiaau, YyHKU Tajaba OuTTa MaB3ly OyiiMua yMmMyMIIalITHpWITaH
TyIIyHYara KeJUIm KU KY3 OJIIura KeITUPHUIIH Kepak 0ynaau [5,6].

Xo3upru KyHJAa 3aMOHaBUM wWiIM-paHma “wHTErpamus’ —TYIIyHYacH KyHHIaru
MabHOJapa KYIJIaHWIMOK/IA!

1) c¢anra Termmm xap KaHall KUCMiIap Ba 3JEMEHTIAPHUHI SIXJIMT OMpIUrura
oupnammmm  (O.C. I'pebenrox, A.f. Jlammmok, Bb.M. Kempos, M.I'. Uenmxor, H.C.
Ceetnosckas, A.Jl. Ypcyn, 10.C. Tonnuxos, .. denopen) [9];

2) Terumnuy TapKuOu KUCMJIAPHUHT y3apo OOFIMKIMK XOJAaTHHU OeNruiaiiurad xxapaét
(O.M. CuuuBuna) [7];

3) Oup-Ompu Ounan yambapuac OOFIHMK OYNTaH SXJIUT, ATOHA TYIIYHYAJIAPHHU SPATHII
xapaéuu (.. 3BepeBa, B.H. Makcumosa) [8].

bup kanua nemaroruk agabuérnapja MHTETpanus TAbJIMMHUHI MaKCagd Ba BOCHUTACH
cuparuga xaMm Kypuob umkuiarad. lynpail kuam0 “umHTerpauus” TyLIyHYacH MabHOCHHHU
aHUKJIaIga TypJd Xuwil EHAOLIYBIAPHUHI Ha3zapuil TaxXJIWIM ILIYHU KypcaTaJuKH, OJIUMIIap,
TaJIKUKOTYMJIAp YHUHT MAbHOCHHU TypJIMya TaJKUH KUIUILIAIH.

Metoaosorus. Muterpanus apa€Hyu NeJaroruk FOSICUHUHT PUBOKJIAHUILNTA WIMHN
OMJIMMIIAPHUHT PUBOXKJIAHMIIM CE3WJapid Japaxajga Tabcup Kuwiaau. VHrerpamus sxapaéHu
TaBJIMMHUHT cu(aT )KUXAaTUaH SHrU Oockuuuaa (aHgapapo ajoKajJapHU aMajra OUIMPULITHUHT
9HT acocuid maknu xucobnananyu [9]. llyHu TabKuIan MyMKHHKH, HHTETpalys KapaéHUHIUHT
WIAN3JIapH KJIACCUK MEeIarorMKaHuHT Y30K YTMHINMIa TakKajadu Ba (aHiIapapo ajoKaiap FOsICU
Oounan yambapuac Oornukaup. Pannapapo anokaniap FoscU YKyB MaHOAJTapUHMHI Ma3MyHHUZAA
TaOMATHUHT SIXJUTJIMTUHYU aKC STTUPUII WYIJIAapUHU U3Jall skapaéHuaa naijgo O0ynanu. byrok
muaakTuK onuM SlH AmMoc KomeHckuil miyHnai TabKuuIaiau: “y3apo anokajga Oynran xamMma
Hapca Oup XWJI aJloKaa YKATHIUIINA KepaK’.

VKUTHIIIArd TH3MMIIMIMK Ba KETMA-KETIMK TAMOMIIMTA Kypa, OMIMMIADHM HIMHIA
acoJIaHraH TH3UMJA YpraTWIMILY, Xap Oup ypraHwiaauraH MaTepuall aBBajl YypraHwiraHjiapura
aCOCJIaHUIIY Ba aMaJIMET OUIaH MycTaxKaMiIaHuIM Kepak [10].

YMyMTEeXHUK Ba yMyMKkacOuwii Qanmap Oyiinua ¢anaapapo OOFJIAHUIIHU MaB3ynap Oyiinua
KyHMJIary XosaTaa TaXJIuia KWIAII MyMKHH:

Harmxanap. Maskyp ¢aniapapo OOfJIaHMII Ba HMHTErpaTHMB METOJUIap acocuia

YKUTHUILHN aMaJra OIIMPUIIUIIN F03acUIaH KyHHIaru Xyaocanap KWINHIM:
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1. YMyMTeXHHK Ba yMyMKacOuil (aHmapuHUHT YKYB >kapaCHuIarud y3apo OOFJIaHMIIH
UKKUTA ajoKaaop WyHanunuiap OWiIaH TabMHUHIIAHAIU: YMYMTEXHHUK Ba yMyMKacOuit
¢dannapHuHr KacOra MyHaNTHUPWIMIIM Ba KacOui Tai€prapiaukHu (aHiapapo ajokaiap Ba
YKUTUIIHUHT UHTETPaTUB METOAJIAPUHU KYJUIAIl OPKAIN WIMHNA-TEXHUK Japa)KaCUHU OLIMPHILL.

2. YmymkacOuit ¢an xucobmanran ‘“MeTposiorusi, CTaHIAPTIAMITHPHUII Ba ¥3apo
alIMallMHYBYaHIUK® (aHu Ba YMYMTEXHUK (aHIapUHUHT ¥y3apo OOFIaHMIIMHM amajira
OLIMPHUIIHUHT KyHHIarn OOCKUWIApH acOCIaHIU: METPOJIOTHUS, CTaHAAPTIAIITUPUII Ba ¥3apo
aJIMallMHYBYaHIUK (AaHUHMHT ¥3apo OOFJIaHMII Macajajapd Ba YHUHI acocuaa €ETyBYM
TaMOMWITApHU Ypranwii, QaHiapapo  aJoKaJOpIUK TaMOWIIIIapU acocuja OWIMMIIapHH
muddepeHnmaanm, TETHIDIM MaB3yjaap Oyinua WHTerpamnusuians JapcHd  (aHmapapo
AJIOKAIOPIINK acocuaa HHTepQoI MeToaIapaan (Goiiananud TalIKuI STHIIL

3. Mamwrynomiapau (aHgapapo MHTETPaTUB AJTOKAZAOPJIUK acoCHJa TAIIKWI 3TUIHIIN
Kylugarn HaTwkanapra: Ttajga0alapHH MyTaxacCHUCIMKKa, (aHra OYnraH KU3HKHIUIAPHU
OLIMILINra; OJIraH Ha3apuil OWIMMIIApMHM aMalnéTAa KyJulall, TaHJIaraH HXTHCOCIUKIApU
Oyiinua WyHamuIn QaHgapu y4dyH 3apyp OWiIMMIapHU Jrajuiall, MYCTaKMJI Ba IKOIUH
¢bukpnamra oMo KeauIy Ky3aTuiiu.

Maskyp dan 0yiinya MaImIUHACO3JIMK TEXHOJIOTHSCH TabJIUM WyHAmHumu 2-kypc 27-28-
MT-21 rypyxiapu Tanabanapuia MalFyJIoTIapHU (aHIapapo ajoKajap acocHuia TAalIKWI 3THO,
KOMIIJIEKC TECTJIap OpPKAJIX Y3JIAlITHPHUII HA30paTH YTKa3WwiIraHaa “saxmu’’ Ba “abyio” 6axonapra
V3mamrTupras tanadanap COHM aHbaHaBU ycynra HucOatan 16-18% omrannuru Ky3aTuiiam.

Xymoca  kunub — aiiTraHga, ymyMmKacOwii  ¢ammapHu  yKuTHIga  (aHmapapo
OOFNIaHMIIUIAPHU aMajra OLIMPUII YKYB *apaéHUHUHI Ma3MyHM, METOJUIApU Ba TAIKHUJ ITHII
[IAKJIMHA aHUKJIANIIa MyXHM poJl YHHaWIM Xamua TEeXHHKaBHi OWJIMMIapHH Ba HILIA0
YUKApUILJaru MacajajlapHu y3BUi OOFJIaHraH X0J1/1a YpraHuill UMKOHUHU Oepajiu.
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MYAJUIM®JIAP JTUKKATUT' A

MexaHnka Ba TEXHOJIOTHS WIMHHA OKypHAJTWAa MakoJaJapHA YOIl OTHII YYyH
pacMHUITAIITHPHILTA KYHUIQAUraH Tanadaap

1. HamaHran MyXaHAMCIMK-KYPUIMII UHCTUTYTUHUHI «MeXxaHuKa Ba TEXHOJIOTUS WIMUHN
xypHanu» («HayuHbli )KypHan MexaHHUKa U TEXHOJIOTHs», «Scientific Journal of Mechanics and
Technology») nma pecnyONUKaMU3HMHT OJIMMA TabIUM Ba WIMHUNU-TAIKUKOT HWHCTUTYTJIApPH,
WIMHAR-UIUIA0 YMKApHUII MapKasjapy Ba XOpIKAa OakapwiraH WIMMHA axaMusTra MOJIUK
WIMUN-TAIKUKOT WIUIAPUHUHT HATFOKallapu Hamp JSTwiaan. Vnmuil sxypHam Oup wwinga TYpT
MapTa 4ol STHINO, YHAa Kyiuaaru iyHanunuap 0yinda Mmakoaanap YbJIOH KUIHHAIH:
- MEXaHUKa,
- AMOMOOUNNNAD 60 KUWLIOK XYHCAIUK MAWIUHANAPU;

- MexXHOoN02UA;
- KUcKa xaoapnap.

2. TaxpupusaTra TakauM 3TWIAETraH Makoja Kyné3macu Oyitnda myammud daonust oaud
Oopaétran Mmyaccaca pax0apusaTé TOMOHUAAH UM30JIAHTaH WYJUTAaHMA XaTH, MaKOJIAHH YOIl ITHII
MYMKHHJIMTH XaKUJard SKCIEpT XyJlocacu Ba Makoja MyayuiMIapuHUHT TapkuOuna ¢ax
JNOKTOpH O¥yimMaraH Takavpia Teruuuu ¢aH HyHamumu Oyiinuya ¢aH JOKTOPUHUHI pacMuit
Takpu3u Oynumm mapt. Makonanap y30ek, pyc €KdM WHIIM3 TWLIapUAa TakKIUM STUIHLIH
MyMKUH. MaKOJaHUHI HOMH, KHcKaya aHHoTauuscu (8-10 karop) Ba kaaut cysaap (10-15
Ta) V30eK, pyC Ba MHIJIN3 THLIAPUIa OEpUIaan.

3. Makona matau “MS Word” nmacrypuma “Times New Roman” mmpudrtuma 12 pt
Yymuampaa, xaxmu | uHtepBanga 6-10 Ger Oynumm kepak. Bapak ymuamu 210x297 mm (A4-
dbopmar), MaTH yerapa yiadamiapu OKopuaaH Ba mactaaH— 2,0 cm, yangan — 3,0 cMm, YHraaH —
1,5 cm OynuIm 103um.

4. MaxkoJiaH! pacMUMTAIITAPHII KOUJAIApU KyHuaaruiapaad noopar. Makoyia OOIMIMHUHT
uan tomommaa YYT (VJK), keilMHru katopa MakoJaHHHI HOMM Y30€K, pyc Ba HHIJIM3
Twapuaa (Oom xapdriapaa, Ypraga, KanuH &€3yBra (OKUpHBIN)), YHAAH KEHHHTH KaTtopia
Myauduap TYFpUCHAArM MabiymMoTiap ((pamMuIUsACH, MUCMH, OTACMHMHI HCMH, HII >KOMWH,
JaBO3UMHU, WIMHN Jlapa’kacu Ba YHBOHHM, 3JIEKTPOH MaH3WIN Xamaa TenedoH pakamiiapu) y30exk,
pyc Ba WHITM3 TWIIapuaa KWYUK OocMa Xapdiapna €3wranu, Kuckada anHotarwsicu (8-10

Katop) Ba kanut cy3nap (10-15 Ta) ¥30ek, pyc Ba HHIIIN3 THIIapUaa OepHIIaIn.

MaxkonanuHr ~— aHHoTanuscu(abstract)  sSbHM ~ MaKOJIAHUHT KHCKaya  MasMyHHJa
Mmakcanu(objective), ycymiapu(methods), nHatmxanapu(results) Ba xymoca (conclusion)
KACMJIapH KUCKada EpUTWiINO yTwiaumy mapT. UyHKH MakoJjia aHHOTAIMACUHU YKHO YHKHO,
OJINM MAaKOJIaHM TYJIMK YKUIITa Kapop KWIMIIM Y4yH MAaKOJAHHMHI aCOCHUHM TyLIyHYaJapHHU
eTapidya TYIIMHUIIM Kepak. AHHOTAIMSJaH CYHI MaB3yra TETHIUIM TEPMUHIAP, KaJIUT
cysnap(keywords) xaM KeATHPUIHIIHU KEPAK;

Makonanunr acocuii  kucmuga Kupumi(Introduction), ycymmapu(methods), nHatmkamap
(results), myxokamanap(discussion), Ba Xysnocanap(conclusion) 6yaumiIapu aHUK MabIyMOTJIap
acocuya EpuTHO OEpUITUIIN KEpaK.

bup karopmaH cyHr Makona MaTHH E3wnaad. Maxkonanaru (opmynanap Microsoft
Equation 3.0 na émmamu. Pacm (rpaduk, cxema Ba yu3Mma)iap CTaHAApT KOMIalapra puos
kuiuHTaH xonaa 10x10 cm maH karra Oynmaran yiadaMja Tai€piaHuinyg, yJIapHA COHU 5 Taraya,
KHCKa xabapiapaa sca 2 Ttaradya pyxcar »Tuinanau. Hommapu sca pacMaaH CYHr KainuH €3yBaa
Vprana €3unanu (1-pacm. Homu). XXaasannapHuHr HOMIapy jKaBaJIHUHT FOKOPU KHCMUJA KaIUH
ésyBma ypraga &unaau (l-mwagBan. Homm). Anabuérnapra xaBonamap makona wuuuaa [1]
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Kypunuinga 0ynu6, ¢oiiganaHwiran agabuéraap Makoja OXHMpHIA XaBOJAlap KeTMa-KeTJIUTH
TapTuOuAa Oepunaau. Anabuérnap pyixatuaa KyHugarwiap KypcaTHIaIu: XypHalja YOIl
STWIITAaH MaKoJiaJlap Ba Mabpy3a Te3uciapu ydyH - MyammdrnapHunr GaMunuscu, HUCMH
mapudu. Makonanuar Homu // KypHasHauHr HOMH. — Hamp xoiin Ba iininu. — CoHM €KU KUCMU.
— bernapu. (1. Typmnanue B.M., MaxkamoB F.V. [1u€3 sxumn TeXHONOTHSICUHU TaHJall Oyinda
TakpubaBuil TankukoTiap // Hamanran MyXaHIHCIUK-TEXHOJIOTHSI MHCTUTYTH HJIMHUN-TEXHUKA
KypHainu. — Hamanran, 2019. — Ne3. — B. 77-81.); monorpadusnap yuyH - MyamnudaapHuHT
dhamunuscu, ucmu mapudu. Homu. — Hampuér Homu, xoiin Ba Hamp innd. — bernap conu. (1.
Jlxypaes A., Makcynos P.X., Typmammes B.M. Vsrapysuan y3aTuur HucGAaTiM TacMaiu
y3aTMaJlapHd KHHEMaTUK Ba JUHAMUK Tax;iid. — @aH Ba TexHojorusuiapa: Tomkent, 2013. —
168 06.); aBTopedepariap yuyH - MyannmudHUHT HaMUInscH, KCMU apudu. MaB3ycH: HITHUHT
napakacu. — Hamp >xoiim Ba ¥mmm. — betnap conu. (1. Typmamme B.M. Tympokka wumuios
Oepanuran Ba ca03aBOT OHKMHJIAPMHU OHKAJAWIaH KOMOMHALMSUIALITaH MAIIMHAHUW UILIa0
YUKUAITHUHT WIMUAKA-TEXHUK eaumiiapu: TexH. ¢aH. 1ok. aucc. aBToped. — Tomkent, 2018. — 64
0.); auccepramust ydyH - MyammdHuHr Qamunuscd, ucMu mapudu. MaB3ycH: HITHHHT
napakacu. — Hamp >xoiim Ba ¥mmm. — bernmap conu. (1. Typmamuer B.M. Tympokka umuioB
OcepaguraHn Ba ca03aBOT OKHHJIAPWHU OKAJIUTaH KOMOWHAIMSJIAINTAH MAIIMHAHU UILIA0
YUKUIITHUHT WIMHR-TEXHUK euyumiapu: TexH. ¢an. gok. aucc. — Tomkent, 2018. — 200 06.);
KUTOOIAp yYyH - MyaJutiIapHUHT (HaMUIHACH, UCMH Iapudu, KHTOOHUHT HOMHM, HAIIp >KOIH,
HampuéT HOMU, Hamp Wik, KucMu Ba Oetnapu (1. KypaeB A., MasnssueB M., AOayKapruMOB
T., MupaxmenoB [I. Mexanusm Ba mammuanap Hazapusicu. — T.: F.Fymom, 2004. — 592 6.);
naTeHT yuyH — IlaTeHT onMHraH [gaBlaT Ba YHUHT pakaMd / 9BJIOH KWJIMHTaH WHIL
Myamnudnapauar ¢amunusicu, ucmu mapudu. Massycu // IlateHT pakamu, Hamp Hwid. —
Bronneren paxamu. (1. ITarent V3P FAP 00848 / 31.10.2013. JIxypaeB A., TyxTaky3uen A.,
Myxamenos JK., MamaxanoB A. 3amkupin y3atva // Y36ekucToH PecrmyGnukacu maTeHTH,
2013. — Bron. Nel0.); untepHer Mabrymoiapu yuyH - URL, MabiymoTra mypoxaar 3TUITraH
cana. (1. ZiyoNet Tasnum noptainu. http:/library.ziyonet.uz/ru. 20.05.2020.)

5. TaxpupusaT 6apya MakoIaJapHU TaKpusra p0opaau, ymoy Takpu3 HaTHKaJapu acocuaa
MaKOJIaHH YOII ATUII Macayiacy Oyinda TEruITN Kapop KadyJ KuIau.

6. FOxopunaru tanabnapra >kaBod GepMaiiiuran MakoJsajgap TaXpUpUSAT TOMOHHUIAH KYpuO
YUKWUIMAW]IA.

7. Kentupuiran tanabnap sikyHuid smMac, 6ab3u MaKoiaizap Oopacuaa TaXpUpUAT KyIIuMya
MabJIyMOT CYpall XyKyKUHU CaKJIalI!.
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