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ITACT HABJIA TOJIAJIAP BA UUKUHANJAP APAJTAIIIMACHUHMU TAPAL
JKAPAEHUHU MAKBYJLIAIL

A3zuzoe Hnomorcon
HaMaHZaH m)?xwwalthuk canoamu uHcmumymu

AnHoTanus. Ymly MaKojaaa macT HaBIHM ToJalap Ba TOJAIA YUKHHIUIAP
apaylalliMacMHM KalTa WIUIAIIa Tapaml MallMHACHHUHT KalOyn OapabaHu
KUCMUHU UIIANI caMapaopIuTHHA OSNTUIOBYM OMIILIApP TaIKUK STUJITaH.
Kuupk ynyamnau Bamukiau Tapall MallMHACMHUHT Kalyn Oapabanu
KUCMUJIATH TE3JIMK Ba OpaJIUK MacodamapHu Y3rapuIIiHA TOJIATH MaXCyloT
Ba HOTYKMMa MAaTOHHHT XOCCallapura TabCHUPU KYypCaTyBUd MaTEMaTHK
mofemiap  onmuHraH.  OnuMHran  Mofemiap  acocuja  TaHJIaHTaH
KYpCATKUWIAPUHA MakKOy1 KHAMATiIapyd aHUKJIAHTaH Ba TaBCHsIIAp
KeJITUPUIITaH.

Kaaur cy3aap: Tona, YuKWHIM, apajaiima, Tapari, KaOyn 6apabanu, opaauk
Macoda, Te3JHK, To3aJIall caMapaJ0piIurd, HOTYKUMa, PErpeccHsl.

Tonanapaan 6up Texkucaa, cuaTiv TYKMMAaUMINK Maxcya0TIapy UIiad YMKapuil yayH yaap
Oup-OMpHUIaH TYJa aXpaTWirad, eTapiu Japakaaa To3ajlaHTaH Ba TapTHOIW KOWUJIAIITaH OVIIHIIN
Tanad KuiauHagu. TomamapHU MaxCylnoTha KOMIAIWII TapTHOW ylapHU MapajuleUIaliraHiIurd Ba
TYFpPUJIAHTAHIUK Japaxacura OOFIHK.

TYKUMauwIMK ToJalapUHU KypcaTwiraH Xojaraa TaWEpiallHUHT SHI MakOyl Ba SITOHA
TEXHOJIOTHSICH Tapail xucoOnaHajau. TapallHMHT MOXMATH Tonajnap OyiakyajdapuHU acTa-CeKHH
aJloXyaa Tojalapra axpaTrHll, XOp-Xac Ba HYKCOHJIAPDHM YHKApuO r0OOpUIN, KajTa ToJallapHU
axparumaad uoopar. Tapam jxapaHUHT Makcaad ToJlaJlapyd TO3ajJaHTaH Ba TapTUOJAHTaH, OUp
TEKHUC/Ia )KOMJIAITaH TapaM XOCHJI KHUIUIIIaH nOopar.

Tapam >xapa€Hu Kap/a Tapail MallliHaJIapy/ia amaira omupuiaai. TYKUMadInK ToladapHu
Tapaml yuyH IUISIKAIU Ba BATUKIM Tapall MamuHajgapuaad ¢oinananmnany. Lnsnkanu Tapain
MalIMHajlapy/ia axra Ba KUMEBMI LITarelN Tojanap Xyl yIapHUHUHT apajaliMajlapyuHy Tapalaiu.
Banuxin tapam MammHajgapuaa oKyH, JiyO Tonlanapu Ba YIApHUHT KUMEBHH Tonanmap Owuian
apanamiMacy, macT HaBJIM MaxTa ToJalapyu Ba TOJAJIN YUKUHIWIap Tapanaau [1].

Tapam sxapaéHu yMyMHH TEXHOJIOTHK TU3UMJIA TOJAJApHU TUTUII-TO3AJIAIl Ba apajaliTHPHUII
O0ockMuMIaH KeMUHTU YpuHaa amanra omupuianu. [llynra kypa tapam MammHacura TUTUJTaH Ba
TO3aJIaHTaH ToJayap eTKa3zuob Oepusiaau.

Tapam MammHalIapuHU Typu KypcatuO YTWiraH XyCyCUSITIApUHM HHOOATra onul, mMyaisH
ToNa €KM TOJNAajap apajaliMacy yuyyH TaHJIaHaIu. Xap Oup pycymIaru MallMHaHUHT KOHCTPYKTHB
TY3WIHIIN Ba TEXHUK UMKOHUATIAPU Y3Ura XOC KypcaTKHWwiapra ira. YIapHUHT HIILIANIMIard
acocuii Tapanl )kapaéHUHU aMaira OIIMPYBYM UIIYU KHCMIIap (GU3UK MabHOIA OUp-OMpHIaH KECKUH
¢bapxnanmaiiau. XKapa€HIapHUHT MOXHSITH 3ca SHaAa SKUHPOK.

Tapam MamuHaJaApUHUHT acoCUil Basudanapu OKOPH KaJAUUIMK OWIaH TOJaJapHU
TyTaMJIapUHU aJ0XK/1a ToJlaapra aXpaTulll, To3alall Ba KUCMaH napajulesall xamaa TyFpuiiaiiad
nbopat 6ynub, YMKapUII KUCMUa OSNITHIIaHTaH YM3UKIIU 3UWINKIAry (KaTMHIMKAArd) Tapam X0CHII
KHJTHIII.

Tapam mamrHacHHUHT KaOyn OapabaHu KUCMEIA TONaJapHU AacTiaOKu JaFall Tapalll amaira
omupwiaai. by KHCM TabMHHIANI MOCJIaMalapH, TABMUHJIOBYM CTOJYA, TABMUHIIOBYM LIWJIMHIP,
KaOyn kunui 6apabanu, 6apabaH ocTura ypHaTWIraH MUYOK Ba UIIUM Ky TinapraH ubopar.

Tomanapau kaOyn OapabGanuna Tapad, OMp-OMpHIAH aXpaTUIN Ba HYKCOHJIAPJAH TO3aJall
camapazopauru OapaGaHHM UILIAL JKagauidrura 6ofnuk. Mnutam xananaurn Oup J0oHa Tojara
€k OMp TrpaMM ToJayIapra TabCUp STYBYHW THILJIAP COHU OwiaH OenrminaHaau. Mnutam sxaganiuru
KaliTa MIIUTAaHA/IMTaH XOMAIIEHUHT cu(aT TapKUOU Ba Toslaap y3yHJIUIUra Kapad TaHajgaHau.
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[Tact HaBAM Tonanap Ba TOJIATM YMKUHIWIAPHU TapalllHUHT Y3Ura XOCJIWUTH XaM IIyHJIaKH,
YHUHT TallIKWJI 3TYBYMJIAPUHY KaTTa KUICMUHHU KaJITa ToJajap Ba HyKCOHJIap Tamkui 3taau. LLlyHuHr
ydyH OyHJIaii KOMITIOHEHTIapy OOp TONANK apalaliMaHy MUIAIKAIM MallHHAIapaa Tapaml y3ura Xxoc
WII TapaMeTpiapyuHU TaHJIAIIHU TaKo30 3Taau. AMpHUM apajammManap y4yH 3ca HUISIKaIW Tapall
MalllMHAJIAPUHYU KYJUTal caMapa Oepmaiiiu.

Tapai MammHagapuHUA KOHCTPYKUUSACUHU (apKIOBUM KUXATIApUAaH OUPH YIApHUHT YiIyaMu
xucoOmanaau. Yoy *KuxaTJaH MallMHATApHU KUYMK YI4aMIld, OJIMH, KarTa Oapabaniu Typriapra
Oynmuuamu. Omnuii Tapaml MallMHAIAPWHU Y3apo OUPUKTUPUO Tapail arperariiapd Ba Tapall
annapatiapy TalIKWI STUIAIH.

Kuuuk ymyammapu Tapaimn MaliMHAJIApW YHYMJIIOPIWTH OKOpH OYiMaraH HOTYKMMa Maro
uniad YMKapyIl MalluHagapy OniaH arperamiania GpoiganaHuIaaq.

[TaxTa Tomacum Ba ToNaNM YMKWHAWIAPHM Tapamja KUYMK YiIYaMid [axTa Tapail
MamuHanapuaan (Goinananmnaay. MaHa myHIail KOHCTPYKUMSUIM Tapail MalldHajJapu TOJaJId
YUKWHIAJIAP/IaH TEXHUK MaKCcaJlap yuyH HOTYKMMa MaTo Talépraiiia KyJuIaHWIaIu.

Tapam xxapaHUHN Hazapuil Ba aManuéTra TaaKuK TUII Oopacuja Kyaa Kymiad onumiap Ba
MyTaxaccucyiap u3naHumnuiap onubd o6opurmiran [2...5]. ByHnai uznanunuiapaa tapa )xapaéHUHUHT
camMapaJIopJIMTMHA aCOCaH TapaMHHUHI cu(aTH Ba >KMX03 YHYMIOPIMTH OwiiaH OOFJaHraH Xoija
TaJKUK STHITaH. YIapHUHT Xap OUpH MyailsiH mapouTiap Ba XoM amé€ yuyyH MakOyn ne® kalyn
KWIUHTaH [6].

[Tact HaBIM maxra TONAJIApU Ba TOJAIM YMKUHIWIAPHU TapallHUHT Y3Ura XOCIHUIU YIApHUHT
TapKUOWIa TONAIM HYKCOHJAp, XOp-Xac MUKIOPU KYIUTMTH XucoOnaHamu. byHmait xoM améHu
Tapalija TojlaJapHu TO3aJall Ba ’kaaajl UIIJIOB OepHuIra ybTHOOp KapaTuiaiu.

Tapam mammHacua To3ajam )xapaéHu acocat KaOyn 6apabaHu 30HACH A aMalira OMIMPHIIAIH.
Tonmanapau Oup-OMpHIaH MaKCHMall Japakaaa axparuiiga XaMm KaOya OapaOaHWHUHT —HII
KaJaJUTUTH MyXUM OMUIJI XHCOOIaHaIH.

TUkuO-TYKUII Ba WIrHa CaHYMIN YyCyiapuaa mebOeiab XamJa TUKYBUMWIMK CaHOATH YYyH
MYIDKaJUIaHTaH HOTYKMMa MarojlapHU WIUIA0 YMKApHIAA WHUIaTWIaJUurad xomameé cudar
KUXATUIaH HUTUPHILTa TYNa IPOKIN OyIMarannuru ounan axxpanu6 typaau. bynnaii apanammanap
acocan [V Ba V HaBu maxra Tonajapy Ba WHTHPYB KOPXOHACH 1A XOCHII OYIITaH TOJaJIM YNKHHIAIAP
WLUTAaTAIAIN.

TexHuk Makcamapaa GoinaraHmwIaIuran HOTYKuMa MaTojap Taiépramiaa KyJuTaHuIaIural
KUXO03JIap TU3UMHU KHCKapTHUPUraH arperamiap TypKyMura Kupaaud. byHaa TonamapHM TUTHII Ba
TO3aJIalll, apajalliTUPUIL MallMHAJIApU COH JKUXATAAH KaMm OYiuO, TaKpOpIAaHUIIU Ky3aTHJIManaH.
Bynpaii TM3uMa KaiiTa UIUTAITHU MOXHSTH TOJANapHU Xap Oup OOCKMY/la MakcHUMall Japaxarada
KelTupumra Kaparwiaad. JKymimagan, To3asall skapaéHu KYI TaKpOPJIAHTaH YUKUHAW aXpaano
YUKW OpTUO KeTaau. by sca ¥3 HaBOaruga MaxcCylnoT TaHHapXura cajaOuil TabcUp KypcaTaiu.
HlyHuHT ydyH Tapam MAalldiHACHHUHT TO3ajall BasW(aCUHM KyYaWTHPHUII acOCHIA TO3ajall
MalllMHACKa YUKUHIY YUKUIIUHU KaMalTUPUII UMKOHSIMTUHY YyKYp TaJKUK 3TULI J03UM [7].

Horykuma maronap nnniad ynkapuinga KyUIaHIIAIATaH KIX03/Iap KOMIDIEKCH Tapad-TYKHUII
arperatu xucoOnanamu. lllynmaii arperamiap TapkuOuaa NUISTIKATH Ba KUYUK YI4aMIIN BaJTUKIN
Tapall MalvHajgapy ypHatwiag. Kuuuk youamiug Tapain MalivHazapyu YMKUHAN, XyCyCaH HUIAIKa
TapaHJIMCUHU aXpaJIMacIUTd XamJa TONaJapHU TYTYHYacH XOCWJ OYNUIIMHM KaMIIUTH Kabu
aB(3amuru 6unad axxpanu6 Typanu. lllyHusr yayn OyHaai MammmHanap KYmpoK KyJUTaHUTIaIHU.

Oxkopuna kentupuiaran Xonamiap Ba JacTIa0ku — amManuii  Tagkukomiap OVitmya
XyJIOCATApPUMU3HU TaXJIMIJIA aCOCUA TOJIAJIM YUKUHIWIAPHU Tapall xapa€¢Huaa ToJIajdu MaxCyJIOTHU
cudar Ba TapKuO XKUXATAaH Y3rapuIINHU TAJIKUK STUI Ba3udacu OeNTuiIaH/Ix.

TaaKMKOTHUHT MakcaauJaH Keaud 4YMKUO ToNanud YMKUHIWIAp Ba TMACT HABIM ToJanap
KYIIWIraH apajanmMajad HOTYKMMa MaTo HIpiad 4MKapuiia Tapall MallMHACHHUHT WLl
napaMeTpiapHi TabCUPUHU YpraHwiau. JlacTimaOku TaAKUKOTIapla JPUIIMITAH HaTHKalapHU
TaXJIWJIM aCOCHIa MaKOYJI KYpcaTKUUJIapHHA aHUKJIAIl YUYyH OMIIIN TaXpruOanapHHu pexanalITHPHII
ycynuaas GoinaaaHuIIu.
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[ynmaii Taxpubanapaan xucobnanran tyna omuwum Taxpuda (TOT) tankuk >TumaauraH
OMIJIJIAPHHU TaKpOpJIaHMalauran Oapya carxjiapuHud Kampal onaau [8]. MakOyn mapaMmerpriapHH
AHUKJIANI Y9yH KYI OMUJUIM PEXKaTAITUPHII épaaMuaa amanra omupmiaguran TOT 2° taxpubacu
VTKa3UI M.

Tapai xapaHUHUHT MaKcaJura Kypa MalinHaja Oakapuiaaurad Baszudanap kym Oyicana,
TEXHUK Ba UKTUCOIWH KUXATAAH yJIapHUA alpUMIIApUHU YpraHuIl MyMKUH. byHna Taxxpuba ycynm
Kyiab mapaMmeTpiapHd OMp BakTAa TAAKUK STHII UMKOHUSATHHM YEKIAHUIIMHU Tanad KWJIaaH.
[yauHar yuyH wunuiad YukapuiaguraH MaxcyloTnaH (oWgamaHuIl Makcaaura Kypa apum
YeKJIIAaHUIUIAp Ba capajam Hynaum OwiaH KYpcaTKMWIApHH MYXUMIIMK Japaxacu Oyiinua
aXaMUATWIWIATY AaHUKJIaH]IH.

Tonanu YUKWHAWIApHU Tapamyia TapaM cudartura KyHuwiaaurad Tanadiap, To3ajall
camapaJIoOpJIuTy Jlapakaci Ba TUKUO TYKUITaH MATOHUHT SHHU OYiinya y3WauIl Ky4WHU YHUKYBYU
KypcaTkuuiap cudaTia Kadys KWIrad XoJiaa ONTHMaJlIalll apaMeTpiapu Kyiunaruiapaan noopar
Oymau:

Y, - To3anam camapanopaury, %;

Y, - 600 cM? Tapamaru HyKCOHJIap COHHU;

Y,- TUKUO TYKWITaH MATOHUHT 3HU OYitnua y3uiuin Kydusu, H.

To

Tapamr >xapaéHUHUHT Ha3apui-TaIKUKOT WIUIAPUHU Ba NACTIA0KHM M3JIaHUIUIAPHH XHUCOOTa
OJIFaH XOJJa ONTHMAJIall TMapaMeTpllapura TabCHp JTYyBUM OMMIIUIAp cudartuaa KyHugaruiap
TaHJIa0 OJIMHINU:

X, -KaOyi1 GapaOGaHUHUHT ailJIaHKIILIAp COHU, MUH";
X, -xaOyn 6apabaHu Ba MUYOK opacuaara macoda, Mum;
X, -kaOy1n 6apabGanu Ba 6011 6apaban opacugara Macoda, M.

Tapam MamuHACMHUHT KaOys 6apabaHMHUHT ainanunuiap counan 700-1200 mun! werapana
Y3rapuIIMHy TaHaad OJIMK.

bapaban OuinaH MUYOK OpaIMFUHU Y3rapTUPWIMIIK TO3adall caMapaJopiury, YUKUHIWIAP
YUKHII MUKJIOPHUra TAbCUP KYpCaTUIINHU Ha3apAa TyTHO opanukuau 0,75-1,26 MM yerapacuau Kalyi
KWIIHK.

Kabyn 6apabanu Ba 6o 6apadan opacugaru Mmacoanu KailTa UIuIaHAETraH XOM aiéra Moc
TaHJAHUIIMHU Ba aMaliuii TaxpuOamap Taxjawiura acocianu® 0,15-0,23 mm dgerapacuHu KaOym
KWK,

bapua oMuimapHUHT Y3rapuill catxjiapy Ba opaiukiapu 1-xajaBanjga KeITHPHUITaH.

1-xkaaBaj
OMMTApHUHT Y3rapulll caTxjiapy Ba OpIHKIApU
Ommap HoMu VY3rapuuu carxjapu Vi3rapui
-1 0 +1 WHTEPBAJIN
X, -kabyn 6apal6 AHARAAT 1000 | 950 700 250
aillaHUIIUTAPD COHM, MUH ',
X, -kaOyn 6apabaHu Ba MTUYOK 1,26 1,01 0.75 0.25
opacujaru macoda, Mum;
X, -kabyn 6apab 0
3 “KaDYJ1 bapabatiit ba botl 023 | 019 | 0,15 0,04
Oapaban opacugaru Macoda, MM.

Y4 omuwin Taxpuba ydyH TaBCHs STWITAaH CTaHAApPT MarpuiacujiaH ¢oinananwiagu. by
MaTpHulla OMHUIAPHUHI XMCOOJNAHTaH IOKOPM Ba KyHHM JapakalapyuHM KOJUIAHTaH KUiMaTiapu
Oyiinya TYJIIUPUIIN.

Taxpubanap OMUUTAPHUHT OeNrujaHraH KuilMariapu Ba KaOyd KWJIMHTaH TapTHO Oyiimua
VTKazwiaau. Xap oup taxxpuda yu maporabanan yTka3wiau. byHaa To3anam camapaiopiurd Tapai
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MallMHACHaH YMKAETraH Tapamjaru Xop-xacjlap XamJa HyKCOHJap MUKIopH (S,) HM Tapam
MalpHacura Kupa€Trat tojanap Kamiamuaard (S, ) ra HucOatu opKanu aHuKIaHau [9].

Tapam cudaru 600 cM? 103a1aru HyKCOHJIAp COHMHU GEBOCHTA CaHAIl YCY/IHIa aHUKIaHA/IH.
Bynna Tapam HamayHanapy MalliHAHWHT WITYU KeHTWIIMTH 0Y1inal y4 HyKTaJaH OJMH/IM Ba yprada
KypcaTkuy TakpuoOa HaTikacu cudaruaa Kadyn kuiuaau [10].

TukuO-TYKWIran MaToa Tojiajap KyHIaJdaHTUra >KOMIAIraHy YUyH yJAapHH y3WIUII Ky4duaa
UIITUPOKU Ce3uyapiu OYnauiy MyMKHH. byiinamacura y3unuin Kydujaa 3ca Tojlajap y3WIMIIra
KapIIWIMK KYpCaTHIIN ce3uiapcu3 Oynaan. MaTOHUHT y3WIHMIN KyYWHU TETHIIUIA TapTuOa, y3ull
MamMHacuja anukiaanay [11].

Taxpubanap HaTIKaIapy AacTIaOKu KaiTa WIUIAmaH CYHr unuioB Oepuianu. Taxpuba
HaTWKaJlapy y4Ta TaAKpOPUIUINK/Aa aMaJira OLUMPUIITaHINI Y Y9yH HaTHKaJapHU IUCIIEPCHSIIApH XaM
anuKIagad. OnTUMaluIai napaMeTpiIapy Ba YIApHUHT YpTrada apudMEeTHK KuiMaTiaapu 2-)KaaBajiia
KEJITUPWIITaH.

Taxpubanapaaru KaTopuil TUCTIEpCHSJIAPHUHT KHAMaTH Kyiuaara popMyranaH XUcoOIaHIu:

m Y. )2
szivy=> (W) 1
=2 o (1)
HucniepcustmapHuHT Oup >kuHCTWIUTH KoXpeH Me30Hu EpaMuia aHuKJIaH i :
SeiY
Gx — Nu{ }max (2)
2, S
u=1

oynaa Gx - KoxpeH ME30HUHUHT XUCOOMI KHUHMATH.

TOT 23 acocuaaru pexanalTHPHII MATPULACH Ba ONTUMAJUIAIITHPUIAIUTaH IapaMeTPIIapHu

Yypradya KUMaTiIapu

2-kaaBaJ
Ommap OnruMalniant HilpaMeTpI/IHI/IHF Vpraua
KHMaTIapu
600 cm? MAaTOHHHT YHU
No TO3aJaIl o
Tapamzaa oyiinya
Xo | X | X, | X3 | camMapagopiau
y (?1 ) HYKCOHJIap Y3HJTHII KyH,
T, 70, L T conrt, (Y ) H(Yw)
1. + | - - - 90,1 668 112,7
2. + |+ | - - 86,97 627 88,5
3. + | - | + | - 91,67 648 100,2
4. + |+ |+ | - 88,89 616 90,1
5. + | - - |+ 97,47 548 89,7
6. + |+ | - |+ 92,70 635 111,3
7. + | - |+ |+ 94,20 571 98,6
8. + |+ | + |+ 86,55 625 85,1

KoxpeHn Me30HMHUHT XUCOOUI KUIMaTHHH *Ka/1Bal KWAMaTH OMJIaH TaKKOCIaiMu3:
G [p, =0,95; f{S/}=m-1=3-1=2; N =8]=0,516.

Texmmpuirania 0apya Taxxpudanapaa AUCIEPCUSIIAPHUHT OUP KUHCIMIUTY UCOOTIIaHAH.
HagOarnarn 6ockuyna KyWujgaru KYpUHHUILJArd KYI OMIUIIM PETPECCHOH TEHIVIaMa OJIMII
yUyH perpeccust KoappuIueHTIapu XucoOIaHIu:

Y, = b, +bx; +b,x, + byx; + b,x,x, + b3x,x5 + Dyyx, X5 + DX X, X5 (3)
Tenrnamanaru kodpduumenTIap Kyiunaru popMmynaiapaad XUCOOIaHAIHU:
s
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. :%ZN: —0L...M): 4)
bij =%Z iu qu (I J)1 (5)
- ixluxjux,uY (i=j=l) (6)

Xucobnab aHUKIIaHTaH perpeccust Koa(b(bnuneHTnapHHHHr axamusTra MoJIMKIUTY CThIOAEHT
ME30HH aCOCHIa aHUKJIaHIH.
b
t {b-}=‘—" %)
R ’
Y

CTbIOIEHT ME30HUHUHT XaABaauil KuiiMatu [12]

t [P, =095 f=8(3-1)=16]=2]12.

Tankukotnapaa Oup kKarop kodhdUIHMEHTIAp TaAKUK OJTHIAETTaH TapameTpiap Y4dyH
aXaMUATCU3 SKAHJIUTY MabliyM OYman. Axamustiu kodpdumrentiap Ounad TeHramanap Kyhugarua
KypuHULIAA €3UIaaU:

Y, - To3anam camapaaopaurd, %;

Y, =91,05-2,28x, —0,73x, +1,67 X, —0,82X X, —1,62x,x, ®)
Y, - 600 cM? Tapamaru HyKCOHJIap COHMU;
Y, =617,13 +8,38x, — 22,37 x; + 26,88x,X; + 5,63X,X, )
Y,- TUKUO TYKWITaH MATOHUHT 3HU OYitnua y3uiui Kyuusu, H.
Y, =87,04 —3,28%, —3,53x, — 2,63x,X, —6,43X,X, (10)

Onunran tenramManap Ouiep Meb30HH acOCHa TEKIIUPHUITAHA aIeKBATIUTY TACTUKIaHHN.

KomnbloTeprap y4dyH Ty3wiraH Maxcyc JacTypljlapuja IOKOPHAArd perpeccUcoH MoAesuiap
acocusia M30YM3UKIap CUPTUHUHT OFUIIM YM3Majapu ONUHAM. TaJKUKOT YUyH YMKYBYM MapameTp
KUJIMO OJIMHTaH KYPCAaTKMYHU aHUKJIAIl y4yyH TY3WIraH TEHIJama yd yadyamiau Oynranu cabalmnu
TaxXJIWJ KWIMILAA KAPUBYM OMMJUIap/aH OMpuHM YpTaua xonar cudaruaa xaOyn KwinHrad X;=0
KMMMaTIaru MKKM oMui Oyiinya y3rapuill COXaCuHU UKKU Yidamiii TpaduruHu Kypuiiau.

CHPTHUHT OFUII U30YM3HUKIIAPU Ba PETPECCHOH MOJIENIJIApHU OUPralvKIaru TaXJIuiId acocHia
Tapall MAalIMHACWHT WIUIAIIMHA MakOyJl Japa)kacura MOC KeTyBYM TaIKUK OJTHIAETraH
OMWJUTAPHUHT KyHHuaaru KuiiMatiaapuaa SpuIniau:

Kabyn 6apabanuuuur aitnanunuiap conu, X, =1200 mun!;

KabOyn 6apabanu Ba 4ok opacunaru macoga, X, =1,25 mwm;

Kabyn 6apabanu Ba 60w O6apaban opacunaru macoga, X, =0,18 mm.

lynnait kunu6, onu® OopwiraH TagKUKOTIAp Tapaml MallMHACUHUHT KaOyn OapabaHu
KHCMHJIa amalira OLIMpUJIAJUIaH kapacHiap MILIa0 YMKapuiIaJuraH MaxcyJoT Xocciapura Ba
nnuiad YMKapHIl caMapaJopiurura KaTTa TabCup KYpCaTUIIN aHUKIAHAW. YIIOy KHCMIa TO3ajall
camMapaJlopJIMIMHU OIIMPHII HATHXKACH1a MaXCYJIOTHUHT TallKU cU(aTH sSXIIMIaHca a, XOMalEaH
MaxCyJloT YMKWIIM KaMmalumy MyMKHH. LIIyHHHTOex To3anam caMapagopiurd TUKUO-TYKHUII
*Kapa€HMJa WrHajapra TylIaJuraH 3YpUKULUIAPHU KYNaWTUPUIIN MYMKUH OYJIraH HYKCOHJIAPHU
XaM KaMalTUpWII OpKajld, WIHajap CHHUIIMHU KaMaWTHUPUII HUMKOHMHHM Oepamu. Opanuk
Maco(alapHUHI ONTUMaJl KUHMaTu MallMHAHMHI YHYMJIOPJIMIMHHU Ba Tapall >KaJaJUIur'd Xamja
Tapaml Japakacu Opacujard MyTaHOCUOJIMKHU TaHiamra UMKoH Oepanu. lllynunraex cudariu
TapajaraH TojaJlapJlaH TaW€piaHraH MaTOHMHI HOTEKHCIUTMHU XaM Ce3WIapiu Japaxkajaa
KaMalMIuura »Spuiiniaagy. TagkuKOTIapHWM yMyMHMH TaxXJIWiad KaiWTa WIUIAHAJAWIaH XOMalle
apajalMacuard Xop-Xxac MUKJIOPH XaM MyXUMJIMTHMHU Kypcatau. Taxxpuoa yTkazwirad mapoutiap
Ba XOMam€ acCCOPTUMEHTHHHUHT ypTada KypcaTKuuu cudartuia, TaaKUKOT oMb OOpUiIraH BaHKIN
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Tapall MallMHACKAa I0KOpUAa OesruiIaHraH ONTUMall rapaeMeTpiap xop-xaciap mukaopu 10-12%
OyiraH macT HaBJIM ToJiajap Ba TOJNAIW YUKUHAWIAPHU KalTa UILIal MyMKHUH.
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PISHITILGAN IPLAR XOSSALARINING TAHLILIY TADQIQI

Zokirjon Erkinov!, Davlatali Abduvaliyev', Nurbek Toxirov’

INamangan to ‘gimachilik sanoati instituti
’Termiz muhandislik-texnologiya instituti

Annotatsiya. Xalq xo‘jaligining turli tarmogqlarini yuqori sifatli, yumshoq
sochiq va tabiiy tolalardan tayyorlangan arzon mahsulotlar bilan ta’minlash
imkoniyati mavjud.Texnologik jarayonlarda tabiiy tolalardan ishlab
chiqarilgan chirmovigsimon iplarga berilgan kuchlar, buramlar, tezliklarning
deformatsiyasini matematik usullaridan foydalanib, iplarning qovushqoqlik
xususiyatini hisobga olish va ular orqali iplardagi dinamik jarayonni
stabillashtirishni hisoblash ko‘rsatilgan.

Kalit so‘zalar: integral-differensial tenglama, rezonans,tabiiy tola,paxta, ip,
tanda ipi, mato, to‘quv dastgohi.

Murakkab deformatsiya holatida bo‘lgan iplarning ixtiyoriy kesimidagi hosil bo‘ladigan to‘liq
normal kuchlanish, cho‘zilishdagi hamda egilish va buralishlarda hosil bo‘ladigan kuchlanishlarning
yig‘indisiga teng bo‘ladi.

R
o,=to,fto,*—
S (1)

Murakkab deformatsiya holatida bo‘lgan iplarning ixtiyoriy kesimidagi hosil bo‘ladigan to‘liq
urinma kuchlanish, cho‘zilishdagi hamda egilish va buralishlarda hosil bo‘ladigan kuchlanishlarning
geometrik yig‘indisiga teng bo‘ladi.

o,=0,+0, @)

Qaralayotgan kesimda hosil bo‘ladigan ichki bo‘ylama P va ko‘ndalang Q kuchlar hamda
eguvchi M, va burovchi M, momentlar, tashqi qo‘yilgan bo‘ylama, ko‘ndalang kuchlar hamda
eguvchi va burovchi momentlar ta’siridan hosil bo‘ladigan keltirilgan momentlar M; va keltirilgan

kuchlanishlar 9= mustahkamlik gipotezasiga bog‘liq bo‘ladi.
Agar deformatsiyaning katta qismi cho‘zilish va egilishdan bo‘lsa, keltirilgan moment M; va

keltirilgan kuchlanish 9« quyidagi formulalardan aniglanadi:

M, =0,5-M,+0,5-yM2+M? 3
0,=05-0,+05-\c’+4-0; @)

Agar deformatsiyaning katta qismi buralishda bo‘lsa, keltirilgan moment M va keltirilgan
kuchlanish % quyidagi formulalardan aniglanadi:

M, =/M2+MZ0, =/o?+4.02

)

Mustahkamlik shartini keltiramiz:
Gk max < [G] (6)

Bu yerda, [&] ip materiali uchun ruxsat etilgan kuchlanish.

Ip va to‘qimachilik texnologik mashinalaridan tashkil topgan mexanik sistemadagi dinamik
jarayonlar ko‘p holda iplarning tebranma harakatlaridan tashkil topgan bo‘ladi. Shuning uchun ham
dinamik jarayonlarda hosil bo‘ldigan rezonans holatlarni va uning natijasida iplarda ro‘y beradigan
uzilishlarni kamaytirish muhim ahamiyatga ega bo‘ladi.

Iplardagi buralma-tebranma harakatni ko‘rib chiqamiz. Buning uchun xususiy holda [6]da
keltirilgan tenglamadan foydalanamiz.

. _______________________________________________________________________________________________________________________________|
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Buralma tebranma harakatni ifodalovchi [1] integral-differensial tenglamalarni yuqorida
keltirilgan tenglamalarga o‘xshash qilib hosil gilinadi va quyidagi ko‘rinishda yoziladi:

o°%v o%v o°v  dv, ov Oow/l
— = - 1— _ Y% GV Tt
e e B
C, o3v
+ + M s, t) =0
. [(aszat Uq 553)] ek (S, 1)
(7)
2
& :C/(7HJk); (8)
bu yerda,
U — buralma deformatsiyaning tarqalish tezligi;
M =M(s.t) elementga qo‘yilgan burovchi moment, umumiy holda nugqtalarining

koordinatasiga va vaqtga bog‘liq;

YW jismning buralishini ifodalovchi koeffitsient.

Yugqorida keltirilgan tenglamaning yechimini V=Y1+Y2 ko‘rinishida qidiramiz. U holda ipning

xususly tebranma harakati differensial tenglamasini quyidagi ko‘rinishga keltiriladi:
o°v, 0V ou, v, G o%v o%v

(of =3 )[asz] st ot ot s pd lastar T o)

; ©)

Agar chegaraviy shartlar y (0, t )=n( et )=0, C 320, vy=const ko‘rinishda bo‘lsa, ipning l
uzunlikka ega bo‘lgan qismi uchun xususiy chastotasini sonli usul bilan aniqlanadi. Yuqorida

keltirilgan formulalardan vy=0 bo‘lganda, C. buralishdagi bikrlik koeffitsienti
C:yH‘]KQf f3n)2. (10)

ifodadan aniqlanadi.
Buralma-tebranma harakat uchun rezonans hodisasi

fsn =05 f3B

, Up=sonst; (11)

tenglikda ro‘y beradi. Bu yerda Jan buralma-tebranma harakatdagi tashqi kuch chatotasi, agar,
V =V = sonst bo‘lsa, parametrik rezonans ro‘y beradi.

Jumladan, to‘qimachilik materiallari, xususan, alohida tolalar va elementar iplardan iborat
bo‘lgan kalava va chirmovigsimon iplar uchun mustahkamlik koeffitsienti C buramlar soniga
bog‘liq bo‘ladi. Shuningdek, vy tezlik ham buramlar soniga bog‘liq bo‘ladi. Kichik buralgan iplar
uchun € va ur kichik qiymatlarga ega bo‘lib, ipda buram tarqalmaydi.

Faraz qilaylik, qaralayotgan ip uchun asosiy parametrlar berilgan bo‘lsin. Bu parametrlar
tajribalardan aniqlanadi.

C_ 18,16 10-8 Hm 2 v=1,5-103 kel m 3 J (= 4,410 M 4,

Berilgan bu parametrlardan foydalanib, kritik tezlikni aniglaymiz.

Uk:\/C/(J’HJk) =5.33 mml ¢

Buralma-tebranma harakatni ifodalovchi integral-differensial tenglamadagi hadlarning sonli
taqqoslashlari aralash hosilalik hadlarni miqdor jihatdan juda kichik bo‘lganligini ko‘rsatdi [1-3]
Shuning uchun ularni tashlab yuborish mumkin. Natij ada tenglama

jG(t—)—d 7]- +M(st) 0,a2=GC/I

(12)
ko‘rinishga keltiriladi.
Bu yerda,
G- buralishdagi siljish moduli;
S-ipning ko‘ndalang kesimiga bog‘liq bo‘lgan koeffitsient;
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I-inersiya momenti ( =PI 0, P - zichlik; lo—0 qutbga nisbatan inersiya momenti).
(12) tenglamani bo‘ylama-tebranma harakatni o‘rganilgandagi usul bilan xususiy yechimini

M (s,t)

argument bo‘yicha gator ko‘rinishida qidirib, burovchi moment ni ham S bo‘yicha

qatorga yoyib, quyidagi integral-differensial tenglamani hosil qilamiz.
2

d<v
_2n+ pZnVn :qn(t)
dt (13)

Ta’sir etayotgan kuch vaqtning davriy funksiyasidan iborat bo‘lsin, ya’ni, % () =Gon sin(pt) Agar

P=Pn bo‘Isa, rezonans hodisasi ro‘y beradi. (13) tenglama sonli usul bilan «Mathcad» dasturi sonli
usullar yordamida yechiladi, matlab,maple,GeoGebra dasturiy ta’minotlardan foydalanib (13)
formulaning yechimlari amplitudasini grafiklari tasviri chiziladi.

Olingan natijalar quyida grafiklar ko‘rinishda keltirilgan (1-rasmga qarang). Unda tebranma
harakat amplitudasini turli chastotalardagi o‘zgarishini ifodalovchi grafiklar keltirilgan. Bu grafiklar
davriy o‘zgarishlarni xarakterlab, tebranma harakatlarni umumiy qonuniyatlariga mos kelishini
belgilaydi, ya’ni qo‘yilgan masalani adekvatligini ko‘rsatadi.

2

-2
0

<
o

Vn

2 T T T T

oo AN AARARAANy - 212

[o]

vﬂ(o)

0.4 T T

T e

T
1 1
60 80 100

1
o 20
Vn<o>

1-rasm. Tebranma harakat amplitudasini turli chastotalardagi o‘zgarishini ifodalovchi grafiklar

1-rasmda Keltirilgan grafiklarda buralishning vaqt birligi ichida-o‘zgarishini ifodalovchi egri
chiziglar keltirilgan. Olingan natijalar orqali iplar dinamikasining amplituda va chastotalar
xarakteristikalarini ham tahlil qilish mumkin. Shuningdek, keltirilgan tenglamalar orqali iplarning
govushqoqlik xususiyatini hisobga olish va ular orqali iplardagi dinamik jarayonni stabillashtirish
imkoniyati mavjud.

Xulosa. Texnologik jarayonda olingan chirmovigsimon iplarning murakkab deformatsiya
holatida bo‘lgan iplarning ixtiyoriy kesimidagi hosil bo‘ladigan to‘liq normal kuchlanish,
cho‘zilishdagi hamda egilish va buralishlarda ham chirmovigsimon ipning fizik-mexanik
xususiyatlarini o‘rganish shuni ko‘rsatdiki, chirmovigsimon iplardan to‘qilgan matolar standart
talablariga javob beradi va ba’zi ko‘rsatkichlarda bu talablardan ham yuqori.

Grafiklarda buralishning vaqt birligi ichida-o‘zgarishini ifodalovchi egri chiziglar keltirilgan.
Olingan natijalar orqali chirmovigsimon ip dinamikasining amplituda va chastotalar
xarakteristikalarini ham tahlil qilish mumkin. Shuningdek, keltirilgan tenglamalar orqali iplarning
qovushqoqlik xususiyatini hisobga olish va ular orqali iplardagi dinamik jarayonni stabillashtirish
imkoniyatini aniglash mumkin.
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QIYA TEBRANMA SIRTDA PAXTA HARAKATINI O‘RGANISH

A. Dadajanov, U. Jo ‘rayev, B.G ‘anijonov
Namangan to ‘gimachilik sanoat inistituti

Annotasiya. Maqolada paxta chigitining gorizontal qiya tebranuvchi
tekisligida harakatlanishi hal qilindi va sinovdan o‘tkazildi. Nazariy
tadqiqotlar shuni ko‘rsatdiki, vertikal tebranishlar gorizontal tebranishlarga
qaraganda samaraliroq, lekin tebranish amplitudalari pastroq. Har bir
tebranish yo‘nalining o°ziga xos tomonlari bor. Gorizontal tebranishlar paxta
bilan kamroq ta’sirlashgani tufayli samaradorlik lamroq bo‘ladi. Vertikal
tebranishlar paxta bilan ta’siri og‘irlik kuchi hisobiga ko‘proq bo‘lganligi
uchun samaradorlik yuqororoq bo‘ladi. Biz murakkab usulda ishlovchi
qurilmani taklif qilganimiz uchun ikki tebranish ham ishlaydi.

Kalit so‘zlar. Chastota, amplituda, vibiratsiya, paxta, tola, chigit,
aralashlamalar, nugsonlar.

Kirish. Xozirgi kunda ishlab chiqarishning turli sohalarida tebranishlarni muhim ahamiyatga
ega ekanligi yaqqol ko‘zga tashlanmoqgda. Shu bilan birga paxtani dastlabki gayta ishlash sohasida
ham bir qator olimlar tomonidan o‘zgaruvchan ta’sirlarni paxta tozalash samaradorligiga ta’siri
o‘rganilib kelinmoqda va zarbiy ta’sirli tozalash qurlmalarinini o‘rnini bosuvchchi qurilmalar ishlab
chigarishga tavsiya qilinmoqda[1]. Bu ishda asosan vertikal va gorizontal tebranishlarni paxta va
uning tarkibidagi turli yod aralashmalarga ta’siri o‘rganilib, vertikal tebranishlar tozalash davrida
gorizontal tebranishlarga nisbatan samaraliroq ekanligi aniqlanib, shu asosda ishlovchi vibrokonveyr
ishlab chiqarishga tavsiya qilingan. Bu ishda tebranishlar tozalash samaradorligini mavjud
qurilmalarga nisbatan 25% ga oshganligni ko‘rsatdi. Bundan tashqari tola va chigitda zarbiy ta’sir
natijasida xosil bo‘ladigan turli nugsonlar paydo bo‘lishi 40% kamaydi.
1-xolat(1-rasm)

1-rasm. Tola va chigitda zarbiy ta’sir natijasida xosil bo‘lish xolati
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Y x=F,+F,+Gcos(90-a) =0;
mx” = — N + mg cos(90 — ) — mw’b cos a;
X" = g(cosB - f)+w’bcosat;........ = (90 — )
X'=gt(cosf— f)+ambsinwt+C;............... C =0;

2
x=g%(cos,8—f)—bcoswt+cz; ......... C,=Db;
>y =N-Gsina - o’asinat;

y" = g(1-sin a) + w’asin ot;
y' = gt(l-sina) - wacosat +C;......C, = @;

2

y=g%(l—sina)—asincot+Cl+C2; ........ C,=C,;

2-rasm. Tola va chigitda zarbiy ta’sir natijasida xosil bo‘lish 2-xolati

> x=F,+F,+F,+Gcos(90 -a) =0;
" V 2
mx" = fN +mgcos(90 — @) — mT—mw bcosawt;

x”:g(cosﬂ+f)—\T/—ba)zcoswt; ........ £ =(90-a)

X'=gt(cosf+ f)-V —bwsinat +C,;.............. C, =0
V = 0,038
cek

>y =N-Gsina + mo’asin at;
y" = g(L—sina) + ®’sin at;
y' =gt(l-sina) —wcosat +C,;.....C, = w;
2
Y=g%(l—sina)—asinwt+C1+C2; ........ C,=-C;

Paxta harakati trayektoriyasini aniqlash.

Berilgan: @ =05-1-15-2- p_ad;
cex
yoki
ne? 01622
2r cek

a=21% ¢ =45% a = 0,0lmuemp
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I —
Keyinchalik biz tezlik 0,24 metr sekundiga aylanma chastota 6,28 rad/sek bo‘lgandagi holatni
tekshiramiz.

X = asin wt

U = wacos wt

a=—w?asin wt = —w?X
ma = cX
C = mMw?

3-holat (3-rasm). Bu holatda paxtaga xavo bosimi ta’siri ham qo‘shiladi.

NT

~ - 2
F\ -~ o
Ffl(? &n

3-rasm. Tola va chigitda zarbiy ta’sir natijasida xosil bo‘lish 3-xolati
> y=N-Gsina-P_,, +mao’asin at;

Tadqiqotlar shuni ko‘rsatdiki, mavjud qurilmalarda to‘rli sirtga vertikal tebranishlar berilganda
gorizontal qoziq takroriy zarbi va to‘rli sirtni vertikal takroriy zarbi natijasida samaradorlik 20%
gacha o‘sishi kuzatildi. Bundan shuni xulosa qilib aytish mumkinki, zarbiy ta’sirsiz tebranishlar
yordamida paxta tozalashda nafagat gorizontal yoki vertikal tebranishlarni alohida-alohida tadbiq
qilish balki, ularni birlashmasi, ya’ni murakkab garmonik tebranishlarni tozalash jarayoniga qo‘llash
samaradorlikni zarbiy ta’sirsiz xozirgacha taklif etilgan tebranma usullardan 2-3 barobar samaraliroq
ekanligi yaqqol ko‘zga tashlanadi.
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METO/JbI PACYETA KPYTWIBHBIX KOJJEBAHU BAJIOB

L. Umomxynoe!, P Mamapacynos’

Hamaneanckuii UHCmMuUnmyn mekKcmujibHo2co u NE2KUX NPOMbBIUTIEHHOCTU

AHHOTamusi. B crarbe paccCMOTpeHBl TPOIECCHl  CBOOOAHBIX M
BBIHYXK/ICHHBIX KPYTWJIBHBIX KOJICOAHWI Bajla C OJHOM Maccoil, TaHbI
OCHOBHBIC  ompeaenieHus. [IpousBenen BbiBOA — auddepeHIMaTbHBIX
YpaBHEHUU CBOOOJHBIX M BBIHYKJCHHBIX KPYTHJIBHBIX KOJIOaHW Basia ¢
OJIHOM MaccCoO#l ¥ MPUBEJICHO UX PEUICHUE.

KiaroueBbie ciioBa: BaJl, KPYTUJIbHBIC KOJ'Ie6aHI/I$I, CBO6OI[HBI€ KOJ'IC6aHI/IH,
BBIHYXXJICHHBIC KOJI€6aHI/ISI, HaIIPsAKCHUS.

COBpCMeHHBIC MCTOJbI paCcuCTa KPYTHUJIbHBIX KOHGGaHI/Iﬁ BaJIOB J?KUHHBIX MAaIlllH IO3BOJIAIOT
OTIpEeCNUTh, C OOJbIIEH WM MEHBIICH CTENEHBI0O TOYHOCTH, T€ JOMOJHUTENbHbIC HAMpSKEHUS
CKpY4MBaHUS, KOTOPbIE BO3HUKHYT B Bayly IpH paboTa JHKUHHBIX MAallMH HAa KaKOW-THOO0 U3 ero
KPUTHYECKHX CKOPOCTEH, B YCIOBUSIX TOYHOTO KPYTUIILHOTO pe3oHaHnca. Kpurepuem Haauuus 3TOro
pEe30HaHCa CUYMTAETCS COBIIAJCHUE YTJIOBOM #h YACTOTHl PE3OHUPYIOMIMX TAPMOHHMK KPYTSIIETO
MOMEHTa Ha Bajly JKUHHBIX MAIllMH C OJHOW U3 YIJIOBBIX YaCTOT o COOCTBEHHBIX KPYTHJIbHBIX
KoJieOaHU# BaJIONpPOBOAA UCCIEAyeMOl ycTaHOBKU. OTHOIICHUE

= In
y_wo’

Nmenyemoe B manbHelmeM KO3 (QHUIIMEHTOM HaCTPOWKH, TIOTyYaeT B YCIOBUSIX Pe30HAHCA
3HayeHue y = 1.

Ho Ttakue «OnmarompusiTHbie» (A7 pa3BUTHS BUOpaIuii) uiealbHble YCIOBUS AOCTATOYHO
MIPOJOIDKUTEIHHON paboThl YCTAHOBKH MPH TOYHO IM 3HAUYEHUHM KOX(PPHUIMEHTa HACTPOUKU ¥ = 1
II0 CYHIECTBY HHUKOIZla HE DPEATU3YIOTCA B IPAKTUKE, TaK KaK B JECHCTBUTEIBHBIX CHIJIOBBIX
YCTaHOBKaxX C JUKUHHBIX MAIllMH BCEr/la NEPEMEHHBI KakK #h, TaK U (0.

VrnoBas 4actoTa #h TApMOHUYECKOTO KPyTALIEro MoMeHTa My, sinn, t cBsI3aHa ¢ yIioBOU
CKOPOCTBIO BpAIICHHsI BaJia 1) ¥ MOPSAKOM N 3TOro MOMEHTa COOTHOIICHUEM

Nn = hn
Takum 00pa3oM, #h MOCTOSHHO 10 BPEMEHH JIMILb TIPU YCIOBUU 1) = CcONst.
Boo01ie mpu AMHAMUYECKOM HCCIIE0BAaHUH YCTAaHOBOK € JUKUHHBIX MAIIMH HA/IJIC)KUTh Pa3INYHATD:

a) CpeaHol (BOOOpakaeMyl0 WM YCJIOBHYIO) YIVIOBYIO CKOpPOCTh 7o BpAallleHHUs Baja
JDKAHHBIX MaIlvH;

0) MTHOBEHHYIO YIJIOBasi CKOPOCTb #s BpallleHHs Bajla [UKUHA, KOT'/la 3TOT Bajl, BMECTE BCEMHU
BaJlaMH YCTaHOBKH, PACCMaTPUBAETCA KaK aOCOJIFOTHO KECTKHE (Ha CKpyYMBAHUE) TEJIO;

B) HCTHMHHYIO MIHOBEHHYIO CKOPOCTH #i BpallleHHs] KaKOro-inbo OMpeAeseHHOTO CeUeHUs

BaJia.
Cpennss yrioBasi CKOPOCTb #o OIpeaesiseTcs no GopMynoi:
b n 1
= —,CeK
°7 30’

Yepe3 MUHYTHOE 4MCIIO N JUKUHHBIX MallUH, 3aMEPEHHOE, CYMMAapHbIX CYETUYHMKOB. CKOPOCTbH 70
OOBIYHO TIOCTOSIHHA NPU TOCTOSHHOM Harpy3ke Ha JDKUHHBIX MallMH M HEU3MEHHOM ero
pETyJIHUpOBKE.

Ota ¢opMyna, IpUBIIEKaOas CBOM MPOCTATON M HArsAHOCTBIO, IIUTUPYETCS BO MHOTHX
Tpy/ax 1O TEOpUHU BUOpaIuii HapsoM aBTOpoB [ 1, 4] pekoMeHyeTcs /Ui IPUMEHEHUS B pacueTHON
npakTtuke. Ho TpakToBka hopMysibl MaHCH U B OLIEHKE CTENIEHH €€ TOYHOCTH HET €IMHCTBAa MHEHHH.
[IpuHIMNMaIbHBIE OCHOBAHUS €€ HENb3sl CUMTaTh yOeIuTelIbHbIMH. boisblie TOro, KpUTHYECKOU
aHayiu3 (popmyasl MaHCH U HEKOTOPBIX CBSI3aHHBIX C HEW B3MIAA0B Ha 3G (EeKT IMHAMHYECKOTO
neMrupoBaHUs 3aCTaBISIOT IPU3HATE €€ IBHO HEYIOBJIETBOPUTEIBHOM [5].
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[IpumeHeHne ee MOXKET MPUBECTH K CEPHEIHBIM OMIMOKAM HE TOJIBKO B KOJIMYECTBEHHOM, HO
Y B KAYECTBEHHOM OIIEHKE TeX JHHAMHUYECKHX MPOIECCOB, KOTOPHIE Pa3bIrPHIBAIOTCS B BAJIOTIPOBO/IC
CUJIOBOH YCTaHOBKH JKUHHBIX MAIIIUH.

[enb HacTOsMIEH pabOTHI SIBNSETCS IPOBECTHU JaTAbHBIN aHAJIN3 BIMSIHHE HEPAaBHOMEPHOCTH
BpalllcHUsl BaJla JDKUHHBIX MAllMH Ha XapakTep W pa3BUTHE PE30HAHCHBIX M HEPE30HAHCHBIX
BHOpanuii B HEM, a TaK)Ke€ YCTAaHOBUTh MCTHHHBIA 3(P(EKT ITHHAMHUYECKOTO IeMITI(pUpOBaHMSI,
00yCJIOBJICHHOTO 3TOW HEPaBHOMEPHOCTHIO.

[Tpu u3ydyeHun BHOpalMM BajJOB HEOOXOAMMO MMETh B BHUIY KOPEHHOE PA3IUYUE MEKIY
«BHemHen» (J;,0;) U «BHYTpeHHEH» () CTENEHSIMH HEPAaBHOMEPHOCTH B YCTAHOBKAX KMHHBIX
Mall¥H.

«BuyTpennsisi» ~ HepaBHOMEpHOCTH  (§p > 0),  oOycinoBieHHass  NEPUOAUYECKUMU
W3MEHEHUSMU MOMEHTOB WMHEPIMH NMPUBEACHHBIX MAacC JPKMHA, LEIUKOM CBS3aHA C OCHOBHBIMU
XapaKTepUCTHKAMH yCTAHOBKH. 3/1€Ch NMPHUBEIEHHUs CUCTEMa, N0 KpailHe Mepe MpH HE CIUIIKOM
Maoil &y, TEepseT CBOWCTBA TapMOHUYECKOTO pe30HaTopa, a ee¢ KoJeOaHus mnpuoOperaroT
KBa3UTapMOHUYECKUI XapakKTep.

«BuemHss» HenpaBoMepHOCTS (J5,0;), TO €CTh HEPAaBHOMEPHOCTD BPAILIEHHS Bajla, HE BHOCHUT
CTOJIb CYIIECTBEHHBIX M3MEHEHHI B KOJIEOIIOIYIOCS CUCTEMY, KOTOPasi, KaKk ¥ B UACATLHOM CITy4dae
(6= 0), mpu HEKOTOPHIX YKa3aHHBIX HW)KE OTPAaHMUYCHHUAX, OOBIYHO MOXKET OBITh OINHCaHA
JUHEHHBIMU U PEpeHITNATPHBIMA yPAaBHEHUSIMUA C TOCTOSHHBIMU KO3 dUIIMeHTaMH. Takum
0o0pa3oMm, IpH UCCIIeIOBAaHNH BUOPAIINii yCTAHOBOK C MTOCTOSSHHBIMU MTPUBEICHHBIME Maccamu (5, =
0), umeromux §; > 0 (a, B u3BecTHOU Mepe §; > 0), y Hac COXpaHSIETCs BO3MOYKHOCTh UCIIOJIb30BaTh
BECb OCHOBHOW ammapar TeOpHH TapMOHHYECKHUX KOJEOaHWH C ee CHEeKTpajJbHBIM MOIXOJOM K
aHam3y P ¢GeKTa CI0KHOTO MEPHOANISCKOTO BO30OYKIACHHUS.

B peanpHbIX KOJI€OATENbHBIX CHCTEMaxX, KAKUMU SIBIISIFOTCS YCTAHOBKHM JKHMHHBIX MAallHH,
OOBIYHO OJHOBpPEeMEHHO HMeETCI 8y > 0 u & > 0 wm, tounee 6, > 0 u §; > 0. OmHako
WCCIIeIOBAaHIE BUOPAIMIA B ATHX YCIOBHUSIX NMPEACTABIISIOT HCKIIOYUTEIBHBIC TPYIHOCTH.

Mpl orpaHuYMMCs 3[eCh JIHIIb aHaau3oM ciaydae 6, = 0, 1 Toro, 4ToObl BBHISIBUTH B
gucToM Buae 3Pdext Hammuus 6g > 0 (wm  §; > 0) B JIMHEHHOW cHCcTeMe, U TeM YCTaHOBHTH
KOHKPETHBIC 3HAUE€HHWE HEPaBHOMEPHOCTH BpallleHHWsl Baja, Kak (akTropa TUHAMHYECKOTO
neMnpupoBaHus KPYTUIHHBIX KOJICOAHUI B YCTAHOBKE DKMHHBIX MAIITHH.

[Io pacnoyioKeHWIO0 KaXAbld NMWJIBHBIA JIUCK CO3JA€T Ha BaJly IEPEMEHHBIN KpYTALUN
MOMEHT, M,,, BEIMYWHA KOTOPOTO, MPHU JTOOOM yIiie MOBOPOTA Bajia 0, MOKET OBITH OMpeeicHa
OOBIYHBIMH CITOCOOAMHU, 10 HWHAUKATOPHON muarpamme. [lo mosydeHHBIM TOAOOHBIM 00pazoM
JTAaHHBIM BBICTpanUBaeTCs KpuBas M, B QYHKIIMH 0, UIMEIOIIAs, B 3aBUCUMOCTH OT TIOJIOKEHUS Baja,
nepuoj 21 wiu 4 7.

I'apmoHMYeckuii aHaIU3 3TOM KPUBOMW, KaK MPABUIIO, BCETA YAOBIECTBOPSAIOIIECH YCIOBUSIM
Hupuxiie, MO3BOJSIET NPEACTaBUTh KPYTAIIMHA MOMEHT OJHOTO MWIBHOIO JHCKa B BHJE
TPUTOHOMETPUYECKOTO psifa

My, = My + Y p_, Apsinh o+ Y.5°_; Bpcosha = My + Y57~ Mysin(ha + €,),
1) (h=1,2,3,...)
Mo — nocTostHHasI clararouas KpyTaiero MoMmenra My,
My — aMIIMTyJa TapMOHHYECKOrO MOMEHTa (MM KOpOYe- aMIUTUTy/Aa rapMoOHHKH) h —

MopsiIKa, onpeaensieMast GopMyIIoi:
M, = /A%l + B}

€p, - Ga30BBIN Yoy 3TOM rapMOHUKH, MOACUNUTHIBAEMbIN O (hopMyIie:

_ Ry
gn = arctg "/ A,
U XapaKTePU3YIOIIMK MOJ0KEHUE BEKTOpa M) OTHOCHTEIIBHO IOJIOKEHHE Bajla B MOMECHT,
cooTBeTcTBYOMHM 0 = 0.
B nanpHeimem, paam mpoCcTOTHI BCEX BBIKJIAZOK, Mbl OyJeM paccMaTpuBaTh JIMIIb 10
MTOJI0KEHUTO Baja.
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Yron IIOBOpPOTAa BaJjia 0 CBA3aHa CO BPCMCHCM { OUEeBHAHBIM COOTHOILIIEHUEM

t
a= [ ndt, (2)
IJIe 7] — MTHOBEHHAs YTJIOBasi CKOPOCTh BpamieHus Bana. Teneps u3 (1):

My = Mo+ 52y Ansin (R [y nde) + 557, Bucos (h [y nde) = My +
¥ Mysin ((h fot ndt) + €h>, (3)

B oOmenpuHATHIX MeTOJAax pacyeTa BHOpamMii BajoOB MPEANOJIOTaeTcs MpsMas

MIPOMTOPIIMOHAIEHOCTh MEXKAY o | t:
o= Tlota (4)

rZie 1) OYEBHIHO, IPEICTABISET COOOK0 HEKOTOPYIO CPEAHIOK YTIIOBYIO CKOPOCTh BPAIICHUS
Bajia BO BCEM paccMaTpHUBaeMOM IIPOMEKYTKH BPEMEHH, TO €CTh, 10 KpaiiHe Mepe, Ha MPOTsHKCHUE
OJTHOTO IIMKJIa paboyero mpolecca Baa.

[ToncraBka (4) B (1) maet oObIYHOE CHEKTPATBHOE MPEACTABICHUE KPYTAIIEr0O MOMEHTa M,
B BUJIE CYMMBI 3JIEMEHTapHBIX MOMEHTOB (TapMOHUK), KKl M3 KOTOPBIX paccMaTpUBaeTCs Ka
pocTasi TpPMOHUYECKast (PYHKITUS BPEMCHH

My, = My + Y5, Apsinhnot + Y. 7°-; Bpcoshnot = My + Y- Mysin(hnot + €), 5)

3necy Bce My, Ay, By, €, IPUHATO CUUTATh MOCTOSHHBIMH, HE 3aBHCSIIMMU OT BpeMeHH. Ho 310
JIOMYIIICHUE TEM MEHEE CIIPaBEIJIMBO, YEM MEHEe CTAOWIICH PEXXHUM PaOOThI JUKUHHBIX MAIIIUH U, KaK
OyZeT MoKa3aHo HUXKe, 4eM OOoJIblie HEPAaBHOMEPHOCTH BpAIIICHHUS Baja.

[Ipy mOCTOSIHHOM Harpy3ke Ha Baly JDKUHHBIX MAallMH TOYHOCTH psga (5), Kak
XapaKTePUCTHKU UCTUHHOTO (TO-€CTh TAPMOHHYECKOTO BPEMEHH ) CTIEKTpa KPyTSIIero MoMeHTa My,
L[ETMKOM OTIPEAETSETCS MOTPEIIHOCTSIME COOTHOIIEHUS (4), Ha 6a3e KOTOPOro B pe3ylibTaTe YHCTO
TeOMETPUUYECKOTO (TO-eCTh 0e3 ydeTa akTopa BpeMeHH) TapMOHHUYECKOTO aHain3a KpuBo My, =
fo(a) BBeneHo BpeM u mostyueH psf (5).

OueBUIHO, YTO BO BCEX PEaTbHBIX 33/1a4 MPAKTHKU

n # const
A, cnienoBarenbHo, psia (1) nepexoaut B (3), Tie KaAbli cliaraeMoe BUa:
(Myr) = Mp(h [ ndt + &) (6)

Oxka3bIBaeTCsl, 9aCTO OUYCHb CIOKHOU (DYHKITHEH BpemMeHH t.

Takum 00pa3oM, «reOMETPUYCCKHI» TapMOHHYECKHU aHanmu3 KpuBod My, = fy(a),
pe3yabTaThl KOTOPOT'O 3aMUCHIBAIOTCS B BHJIE 00BIYHOTO psiaa (1), naneko emie He JaeT OTBETa Ha
BOIIPOC O KOHKPETHBIX XapaKTEPUCTHKAX TIapMOHUYECKOIO CIIEKTpa KPYTSIIEro MomeHTa My,
KOMIIOHEHTBI KOTOPOT'O, B YCJIOBUSX MCCIIEIOBAaHHS BBIHYKJICHHbIC BUOpAIHii JINHEHHBIX CHCTEM C
MOCTOSIHHBIMU TTapaMeTpaMHy, JOJDKHBI ObITh YHMCTBIMH MHOTO TapMOHHYECKUMHU (QYHKIHMSIMHU
BpeMeHHU. 11 HEMOCPEACTBEHHOTO TIOJYYEHHS 3TUX MHOTO TAPMOHUYECKUX KOMIIOHEHT KPYTAILErO
MOMEHTa Heo0X0IuMo ObLIO0 ObI MPOBECTH TAPMOHUYECKUN aHAIN3 KPUBOH My,, MOCTPOCHHOH B
Bujie QyHKIMM BpeMeHH L.
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- 2

Synchronous monoharmonic
. . . ™
modulation with phase difference b

my, = Sin(n,t + §Cosnt)

Puc.1. Cuaxponnoit moxyssiuuu ¢ azoit a = ”/ o AMILIMTYJa MOMEHTa M}, BeIMYMHA BO3PacTaer ¢

YBCIMYCHHUEM aMIUIUTYyd MOAYJIALUA M p BCIIMYMHA BO3pACTACT C YBCIIMYCHUCM aMILIUTY/]
MOOyJIAun

OnHako MOCTPOEHUE TAaKOW KPUBOM, MO0 KpalHEH Mepe B Hayaje pacueToB BHOpaluil Baia,
MIPEACTABIISIET HEMIPEOIOJIMMbIE 3aTPYIHEHUSI, TAK KaK 3aBUCHUMOCTb 1] OT t 3apaHee HEAOCTATOUYHO
W3BECTHA.

K tomy xe, kpuBasst My, = f,(a) umeeT u BrOJIHE ONpeACIeHHbINH QU3HUSCKUI CMBICI, TaK
KaK OCHOBHbBIE TETJIOBBIE MTPOLIECCHI, TPOUCXOSIINE B PAO0OYUM MPOIIECCE CTOIKHOBEHUE PKUHHOTO
MUJIa C CHIPhEBBIM MaTepUasoM, SBISIOTCSA HE CTONBKO SBHOW (yHKIHMEH BpeMEHH, TO €CTh « yIna
oBOpoTa Basia. HakoHel, mpocTo HE MMEET CMBICIA OTKA3bIBAETCS OT UCIOJIb30BAHUS PE3YJIBTATOB
OOJIBIIMX BBIYUCIUTEIBHBIX paboT MO0 rapMOHUYECKOMY aHAJIU3y TUIHYHBIX JUArpamMM KpYTAIIMX
MOMEHTOB, MIPOBEJICHHBIX PSAIOM HccieaoBareseit [3] u mpencTaBieHHbIX WK B BUIE TPAQUKOB UITH

M
TaOJINII, JAIOUTUX KOHKPETHBIC 3HAUCHUS TapMOHUYECKUX KOA(P(UIIMEHTOB % (tme F' —mutomanp
T

JoKuHHOTO Tuia). [IpuMeHeHune mofoOHBIX rpadukoB obnerdaer paboTy KOHCTPYKTOpA, TaK Kak
OCBOOOXKIAE€T €ro OT HEOOXOAMMOCTH KaXKIbli pa3 MPOBOIUTH KPOMOTIMBHIE BBIYMCIEHUS I10
rapMOHNYECKOMY aHAIN3Y KpUBOU My,

Takum 00pa3om, Bce ke IeIecoo0pa3HO HavyaTh Halle uccienoBanue ¢ psga (1), Kakasiid
KOMIIOHEHT KOTOPOTO:

(M )=Mpsin(ha + €,)=Mysin (h fot ndt + sh),

MPEJCTaBIsIeT MPOCTyI0 TapMOHUYECKYI0 (YHKIHIO @ U, OJHOBPEMEHHO, CIOXHYIO
MOJICIMPOBaHHYI0 (Kak OOBIYHO TMOJ MOIYJSIUEl BHECEHWE B YHUCTO CHHYCOHJIAJIbHBIN
KoNeOaTeNbHBI TMPOIECC KAKUX-TMOO CHEeNHaNbHBIA, OCOOBIX MEPUOJUYECKUX OTKIOHEHHI)
(yHKIIUIO BPEMEHU f.
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2n

CunxponHo-cunpaznas mono-
HOPMOHUYECKAA MOOYIAYUA

my, = Sin(npt + §Sinn,t)

Puc.2. CunxpoHHO-CHH(A30BOI MOTYIISIINY, KOTJIA YACTOTa MOTYJIALIUU
paBHA HECYIIEH 4acTOTE €,

[Ipu n = const WHEPIMOHHBIC TAPMOHHUKH JIETKO TOJCYUTHIBAIOTCS aHATUTHYECKH, IO W3BECTHBIM
dbopmymam (5). DTO MO3BOJISET HAM WCIOIB30BATh ISl MPOBEACHHUS TapMOHUYECKOTO aHaIu3a
KPHUBYIO KPYTSIIUX MOMEHTOB, IOCTPOCHHYIO HA OCHOBAHWW WHAWKATOPHBIN TUarpaMMel 0e3 ydera
cun uHepuuu. Ho, KOHEYHO, B UTOTOBBIX pe3ylbTarax 3TOr0 aHaJIM3a, TO €CTh BO BceX My U g,
BXOASIIUX B psn (1), B nanpHeHieM He0OXOAMMO COOTBETCTBYIOIIUMH 00Pa30M yueCTh aMIUTUTYIbI
1 (a3bl HHEPIUOHHBIX TAPMOHHUK.
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YENGIL SANOATDA 3D SKANER YORDAMIDA O‘LCHAMLAR OLISH
ISTIQBOLLARI

Dilshodbek Yusupov Solijon O ‘g ‘i’
Nabijon Magsudov Bahodirovich’

L2Namangan to ‘gimachilik sanoati instituti

Annotasiya. Kiyim ishlab chiqarish jaroynlari to‘laligicha avtomatlashtirilsa
iqtisodiy samaradorlik va aniqlik ortib boradi. 3 D skaner yordamida inson
omilini chetlab o‘tgan holda o‘lcham olish istigbolli va qulay yo‘ldir. Inson
shaxsiyati uning aorasiga dahl gilmagan holda aniq o‘lcham olishning yagona
yo‘li masofadan turib o‘lchashdir.

Kalit so‘zlar. 3D skaner, o‘lcham, aniqlik, suniy intelekt, innovatsiya.

To‘qimachilik sanoatida 3D dizaynga kirish. 3D texnologiyasining paydo bo‘lishi turli
sohalarda inqilobiy o‘zgarishlarni ko‘rsatdi va to‘qimachilik sektori ham bundan mustasno emas. 3D
dizayn, xususan, 3D skanerlashdan foydalanish orqali to‘qimachilik sanoatida tobora ajralmas bo‘lib
bormoqda, bu nafagat o‘lchovlarning aniqligini oshirish, balki mato dizayni, ishlab chiqarish va
chakana savdoga transformativ yondashuvni ham va'da qilmoqda. Ushbu texnologiya dizaynerlar va
ishlab chigaruvchilarga an'anaviy chegaralardan oshib, ijodkorlik, moslashtirish va samaradorlikning
uyg‘unligini taklif qilish imkonini beradi.

Aniqlik va moslashtirish. To‘qimachilik sanoatida 3D skanerlash kiyim-kechaklarni
tayyorlashda misli ko‘rilmagan aniqlikni ta'minlaydi. Ushbu texnologiya, aynigsa, aniglik muhim
bo‘lgan maxsus tikuvchilik va yuqori moda uchun foydalidir. Bundan tashqari, u shaxsiylashtirish
uchun yangi imkoniyatlarni ochib beradi, bunda mijozlar dizayn jarayoniga o‘z hissalarini
qo‘shishlari, kiyimlarni nafaqat o‘lchamiga, balki o‘zlarining uslublariga ko‘ra ham moslashtirishlari
mumkin.

Samaradorlik va chigindilarni kamaytirish. 3D dizayn texnologiyalarini joriy etish ishlab
chigarish jarayonini soddalashtiradi. Naqsh yaratish va o‘lchamlarni aniqlashning an'anaviy usullari
ko‘p vaqt talab qilishi va ko‘pincha moddiy chiqindilarga olib kelishi mumkin. 3D skanerlash va
modellashtirish yordamida to‘plangan ma'lumotlardan birinchi marta mos keladigan aniq nagshlarni
yaratish uchun foydalanish mumkin, bu moddiy chiqindilarni va sozlash uchun sarflangan vaqtni
sezilarli darajada kamaytiradi. Bu samaradorlik nafaqat ishlab chiqarish nuqtai nazaridan foydali,
balki sanoatning barqarorlikka o‘tishini ham qo‘llab-quvvatlaydi.

Innovatsion dizayn imkoniyatlari. 3D dizayn dasturi dizaynerlarga jismoniy namunani
yaratishdan oldin virtual muhitda o°z ijjodlarini vizuallashtirish imkonini beradi. Bu qobiliyat ko‘proq
ijjodiy erkinlik va tajriba o‘tkazish imkonini beradi, jismoniy prototiplash bilan bog‘liq xarajatlar va
vaqtni kamaytiradi. Dizaynerlar ragamli ravishda turli matolar, ranglar va kesimlar bilan tajriba
o‘tkazishlari mumkin, bu elementlarning real vaqtda o‘zaro ta'sirini ko‘rishlari va kerak bo‘lganda
tuzatishlar kiritishlari mumkin. 3D modellarning raqamli tabiati dizaynerlar, ishlab chigaruvchilar va
hatto iste'molchilar o‘rtasida yaxshi hamkorlikni osonlashtiradi. Ushbu raqamli aktivlarni turli
platformalarda osongina almashish va o‘zgartirish mumkin, bu esa real vaqtda fikr-mulohaza va
iteratsiyani ta'minlaydi. Ushbu hamkorlik jarayoni dizayn va ishlab chiqarish davrlarini keskin
tezlashtirishi, mahsulotlarni tezroq va samaraliroq bozorga chiqarishi mumkin.

Elektron tijorat bilan integratsiya. 3D skanerlash va virtual 3d modeling onlayn chakana
savdo tobora ommalashib bormoqda. Iste'molchilar o‘zlarining o‘lchovlaridan keyin
modellashtirilgan avatarlarda kiyimlar ganday ko‘rinishini ko‘rishlari mumkin, bu esa onlayn xarid
qilish tajribasini sezilarli darajada oshiradi. Bu nafaqat o‘lchamdagi muammolar tufayli daromad
darajasini pasaytirishga yordam beradi, balki shaxsiylashtirilgan xarid tajribasini ham ta'minlaydi.

-22- Scientific-technical journal (STJ NamITI, NamTSI ITJ, HT)K HamHTII, 2024, T.2, No 1)


http://www.ntsi.uz/

TO‘QIMACHILIK VA MODA SANOATIDA ILM-FAN VA INNOVATSIYALAR m)%

To‘qimachilik sanoatida 3D texnologiyasining integratsiyasi ta’lim va kadrlar tayyorlashga
ham ta’sir ko‘rsatadi. Ta'lim muassasalari o‘quvchilarni bu ko‘nikmalar hal giluvchi bo‘ladigan
kelajakka tayyorlash uchun o‘quv dasturlariga 3D dizayn va skanerlash usullarini kiritishni
boshlaydilar. Ushbu ta'lim yangi dizaynerlarni raqobatbardosh bozorda innovatsiyalar va ustunlik
qilishlari uchun zarur bo‘lgan vositalar bilan kuchaytirishi mumkin.

3D dizayn va skanerlashning integratsiyasi aniqlik, samaradorlik va ijodkorlik to‘qimachilik
ishlab chiqarishining o‘ziga xos belgilari bo‘lgan kelajakni anglatadi. Ushbu texnologiyalar
rivojlanishda davom etar ekan, ularning sanoatga ta'siri kengayadi va innovatsiyalar va moslashtirish
uchun qiziqarli yangi imkoniyatlarni va'da qiladi.

3D skanerlarning afzalliklari. To‘qimachilik sanoatida 3D skanerlarning joriy etilishi
jarayonlarni soddalashtiradigan, mahsulot sifatini oshiradigan va mijozlar ehtiyojini qondirishni
yaxshilaydigan ko‘plab afzalliklarni keltirib chigardi. Bu imtiyozlar ishlab chiqarishning dizayndan
tortib to tarqatishgacha bo‘lgan turli jabhalarini gamrab oladi va sanoatni modernizatsiya qilishga
katta hissa qo‘shadi. 3D skanerlardan foydalanishning eng muhim afzalliklaridan biri bu o‘lchovlarni
suratga olishda ta'minlovchi yuqori aniqlik va izchillikdir. Ko‘pincha qo‘lda usullarni oz ichiga olgan
an'anaviy o‘lchash texnikasi inson xatosi va nomuvofiqliklariga moyil. Bundan farqli o‘laroq, 3D
skanerlar bu o‘zgaruvchanlikning katta qismini yo‘q qiladi va har safar o‘lchovlarning aniqligini
ta'minlaydi. Bu aniqlik ommaviy ishlab chiqarish va buyurtma kiyim yaratishda sifat nazoratini
saqlab qolish uchun juda muhimdir. 3D skanerlash texnologiyasi kontseptsiyadan ishlab
chiqarishgacha bo‘lgan vaqtni sezilarli darajada qisqartiradi. O‘Ichovlar uchun jismoniy ob'ekt yoki
tanani skanerlash bir necha daqiqada yakunlanishi mumkin va bu o‘lchovlar bir zumda dizayn va
ishlab chiqarish tizimlariga kiritilishi mumkin. Ushbu tezkor ma'lumotlarni yig‘ish dizayn aylanishini
qisqartiradi, bu bozor tendentsiyalariga tezroq javob berish va iste'molchilar uchun tezroq
moslashtirish imkoniyatlarini beradi. 3D skanerlash texnologiyasiga dastlabki sarmoya katta bo‘lishi
mumkin bo‘lsa-da, vaqt o‘tishi bilan xarajatlarni tejash sezilarli bo‘ladi. 3D skanerlarning aniqligi
jismoniy prototiplarga, bir nechta o‘lcham yoki dizayndagi xatolar bilan bog‘liq chiqindilarga bo‘lgan
ehtiyojni kamaytiradi. Moddiy va mehnat xarajatlarining bunday qisqarishi sezilarli moliyaviy
tejashga olib kelishi mumkin.

3D skanerlar, aynigsa, onlayn chakana savdo sohasida yanada interaktiv va shaxsiylashtirilgan
xarid qilish tajribasini taklif etadi. Mijozlarga kiyim-kechaklarning o‘ziga xos tana shakllariga
ganday mos kelishi haqida aniq tasavvurlarni tagdim etish orqali korxonalar daromad stavkalarini
sezilarli darajada kamaytirishi va mijozlar qoniqishini oshirishi mumkin. Ushbu xizmat darajasi
tobora muhim ahamiyat kasb etmoqda, chunki iste'molchilar ko‘proq shaxsiylashtirilgan va jozibali
xarid qilish tajribasini talab qilmoqdalar.

Moda sanoati ko‘pincha atrof-mubhitga ta'siri, jumladan, sotilmagan mahsulotlar va ishlab
chigarishda ishlatiladigan ortiqcha materiallardan hosil bo‘lgan chiqindilar uchun tanqid qilinadi. 3D
skanerlash ishlab chiqarish jarayoni samaradorligini oshirish va chiqindilarni kamaytirish orqali
ushbu muammolarni hal qilishga yordam beradi. Birinchi marta to‘g‘ri mos keladigan kiyimlarni
ishlab chiqarish orqali brendlar ortiqcha ishlab chiqarish miqdorini kamaytirishi mumkin.

Ragamli arxiv va inventarizatsiya, 3D skanerlash yordamida dizayn va nagshlarni
raqamlashtirish va jismoniy joy egallamasdan cheksiz muddatga saqlash mumkin. Ushbu raqamli
arxiv dizaynlarni osongina qidirish va o‘zgartirish imkonini beradi, bu esa inventarizatsiyani
boshqgarish tizimini yanada faollashtirishga yordam beradi. Brendlar katta hajmdagi namunalarni
jismonan saqlashga hojat qoldirmasdan oldingi dizaynlarni qayta ishlab chiqarishi yoki o‘zgartirishi
mumkin, bu esa jismoniy saqlash ehtiyojlarini kamaytiradi va bozor talablariga yanada tezkor javob
beradi.

3D skanerlash texnologiyalari kengaytirilgan haqiqat (AR), virtual haqiqat (VR) va sun'iy
intellekt (AI) kabi boshqa rivojlanayotgan texnologiyalar bilan juda mos keladi. Misol uchun, AR va
VR bilan 3D skanerlash integratsiyalashuvi mijozlar xarid qilishdan oldin kiyimlarni deyarli sinab
ko‘rishlari mumkin bo‘lgan immersiv virtual jihozlash xonalarini yaratishi mumkin. Xuddi shunday,
sun'ly intellekt eng yaxshi mos kiyimlarni tavsiya qilish uchun tana skanerlarini tahlil qilishi va xarid
qilish tajribasini shaxsiylashtirishni yaxshilashi mumkin.
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To‘qimachilik sanoati rivojlanishda davom etar ekan, 3D skanerlarning roli kengayib, sektorni
raqamli o‘zgartirishda markaziy komponentga aylanib borishi mumkin. Ularning aniq o‘lchovlarni
ta'minlash, ishlab chiqarishni tezlashtirish, xarajatlarni kamaytirish va mijozlar tajribasini oshirish
gobiliyati ularni keng qo‘llash uchun jozibali holatdir. Innovatsiyalar va samaradorlik bilan ajralib
turadigan to‘qimachilik ishlab chiqarishining kelajagi zamonaviy iste'molchilar va bozorlar
talablarini qondirish uchun 3D skanerlash texnologiyasining imkoniyatlariga tobora ko‘proq
tayanadi.

3D skanerlash texnologiyasidan foydalangan holda masofadan o‘lchash to‘qimachilik
sanoatida ko‘plab transformatsion imkoniyatlarni taklif qiluvchi innovatsion chegarani taqdim etadi.
Ushbu yondashuv nafaqat raqamlashtirish va masofaviy xizmatlarga nisbatan joriy global
tendentsiyaga mos keladi, balki korxonalarning mijozlar bilan o‘zaro munosabatini va ishlab
chiqgarishni boshgarishni qayta belgilashi mumkin bo‘lgan o‘ziga xos imtiyozlarni ham beradi.

Masofaviy o‘lchash texnologiyalari geografik va jismoniy to‘siqlarni yo‘q qilish orqali
modani yanada qulay va inklyuziv giladi. Masofaviy yoki xizmat ko‘rsatilmagan joylardan kelgan
mijozlar ilgari fagat metropoliyalarda yoki gimmatbaho butiklar orqali mavjud bo‘lgan maxsus tikuv
va jihozlash xizmatlaridan foydalanishlari mumkin. Moda xizmatlarini demokratlashtirish kengroq
auditoriyaga joylashuvidan gat'i nazar, o‘z tana turiga mos keladigan shaxsiy kiyimlardan bahramand
bo‘lish imkoniyatini beradi.

Masofaviy oflchovlar uchun 3D skanerlashning integratsiyasi onlayn chakana savdo
tajribasini sezilarli darajada oshirishi mumkin. Onlayn xaridorlar ko‘pincha moslik va o‘lcham bilan
bog‘lig muammolarga duch kelishadi, bu esa biznes uchun gimmatga tushadigan va iste'molchilarni
xafa giladigan yuqori daromad stavkalariga olib keladi. Mijozlarga o‘z uylaridan oz tanasining aniq
3D modelini yaratishga ruxsat berish orqali chakana sotuvchilar yanada aniqroq mos bashorat taklif
qilishlari mumkin, daromadni kamaytiradi va mijozlar qoniqishini oshiradi.

Masofadan o‘Ichash, o‘Ichash va o‘rnatish jarayonlarida jismoniy o‘zaro ta'sirlarga bo‘lgan
ehtiyojni kamaytirish orqali ta'minot zanjirini soddalashtirishi mumkin. Bundan tashqari, masofaviy
o‘lchovlardan olingan aniq ma'lumotlar inventarizatsiyani boshqarishni yaxshilashi mumkin, bu
ishlab chigaruvchilarga o‘lchamlarni tagsimlashni yaxshiroq taxmin qilish va ortiqcha zaxiralarni
kamaytirish imkonini beradi.

Masofaviy 3D skanerlash yordamida korxonalar kengroq mijozlar bazasiga misli ko‘rilmagan
darajada moslashtirishni taklif qgilishlari mumkin. Bu qobiliyat hatto yirik chakana sotuvchilarga
an'anaviy ravishda hashamatli moda uylarining domeniga aylangan buyurtma xizmatlarini taqdim
etish imkonini beradi. Masofaviy o‘lchovlar kuchidan foydalangan holda, kompaniyalar ommaviy
miqyosda individual mijozlarning afzalliklarini qondirishlari mumkin va shu bilan brendga sodiqlikni
sezilarli darajada oshiradigan shaxsiy xarid tajribasini taklif qilishlari mumkin. Masofadan o‘lchash
chegaralar bo‘ylab hamkorlik qilish imkonini beradi, bu esa dunyoning turli burchaklaridagi
dizaynerlar, tikuvchilar va ishlab chiqaruvchilarning birgalikda muammosiz ishlashini osonlashtiradi.
Ushbu global tarmoq yanada xilma-xil moda takliflari va innovatsion dizaynlarga olib kelishi
mumkin, chunki manfaatdor tomonlar jismoniy namunalarga ehtiyoj sezmasdan ma'lumotlar va
tushunchalarni osongina almashishlari mumkin.

Foyda sezilarli bo‘lsa-da, masofaviy o‘lchashga o°‘tish ham qiyinchiliklarga olib keladi.
Maxfiylik bilan bog‘liq muammolar, iste'molchilarning zarur texnologiyalardan foydalanishiga
bo‘lgan ehtiyoj va uyda skanerlash qurilmalarining aniqligi kabi masalalarni hal qilish kerak.
Ma'lumotlar xavfsizligi va foydalanuvchi maxfiyligini ta'minlash muhim ahamiyatga ega, chunki
mijozlar 0z tana o‘lchovlarini onlayn ravishda baham ko‘rishadi. Bundan tashqari, sanoat masofaviy
o‘lchovlarda izchillik va ishonchlilikni ta'minlash uchun texnologiyalar va metodologiyalarni
standartlashtirishi kerak.

Texnologiyaning rivojlanishi bilan masofaviy 3D skanerlashning aniqligi va foydalanish
imkoniyati yaxshilanishi kutilmoqda, bu esa uni to‘qimachilik sanoati uchun yanada ajralmas holga
keltiradi. Yaxshiroq sensorlar, qulayroq interfeyslar va ma'lumotlarni qayta ishlashning yaxshilangan
algoritmlari kabi innovatsiyalar masofaviy o‘lchashning aniqligi va qulayligini yanada oshiradi.
Bundan tashqari, iste'molchilar raqamli xizmatlarga ko‘proq o‘rganib qolgani sayin, ularning
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masofadan o‘rnatish texnologiyalarini qabul qilish darajasi oshib boradi, bu esa to‘qimachilik
sanoatida qulaylik, moslashtirish va samaradorlik bilan ajralib turadigan yangi davrga yo‘l ochib
beradi.
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ITAXTA TO3AJIALI KYPUJIMACHUHHU MAMJIA BA UMPUK
HUPJIOCIUKIIAPIIAH TO3AJIAII JKAPAEHUHUHT HA3APUN

TAIKAKHA

Onumacon Capumcaros’, Illax6oz Hcaes?, Xacanboii Hynoawes’ Tuxtayev Sherzod?

12349 Hamanzan mykumasuiux canoam uncmumymu

AHHoOTanusl. Makojaja YMTWTIM TaxTaHW Maina Ba Hupuk wudioc
apajalIMagapJad  To3ajall  yCKyHaJapuJa MallMHAHUHT  TO3aj]all
caMapaJopJINry, To3ajJaruyiap TEXHAJOTUK MapaMeTpiJapUHH TaHJaIlla
acocHii Ha3opar UIIUTaHMaJIap Ba XUcoOall xkapaéHiIapuHu KYpUO YNKUIITaH.
To3alarn4HUHr acOCUl MOXHMATU YHIra JUHAMHMK Kyd TabCHUPHAa YUKUHIU
3appadacu OUJIaH ToJa Opacuaard OMPUKHILI KYUYMHH KaMaUTHPII, Ba YHU XOM
am€ MaccacuaH aXpaTUILIHUHT Ha3apuil )KUXaTIapy aHUKJIaHTaH.

Kaaur cy3nap: naxra, TeXHOIOTUs, UPIOCIUK, Ha3apus, TEHIJIaMa, KydJjap,
MOJI€eJI, ToJIA.

Kirish. Ilact HaBnum mnaxra XOMamECHHM FapamialllJjaH OJIIMH Makjga Ba HHUPUK
U(IIOCIUKIApHU aXKpaTHIL aCOCUM JaBp Tanadu XUCOOIaHMO, MaxTa XOMAIIECHHU MYIIATIH Y30K
BakT cH(aTIv CaKIaHUIIUHA TaAbMHUHIaWIU. By apa€H KOpXOHaHUHT MIILTA0 YMKAPHIN pekagapura
MYBO(UK KEJIAIH.

[TaxTa xomamécWHW Fapamyaml >Kapa€HUAAH OJIUH Xap-Xwil HQIOCIUKIApIAH TO3aJIall
TEXHOJIOTUSACUHU aMaJira OIIUPHUII YUYH MMaxTa TO3a]all CAHOATUAA TypJIH TUIUIApJard KypriManap
KyJUIaHWiIaau. by Tozamam KypuiMamapy acocaH IOKOPH HaMIIMKIATW TaXTaJlapHU KypUTHII
OapabannapuiaH YTKa3uIl TaBCUsl OSTWiIagu. PecnyOnukana MalwHa TEpUMH aMaija TaTOWK
STHIIUIIN MyHOCA0aTH OWJIaH TaxTa XOMAIIECHHM FapamilallaH OJIMH KMCMaH WHUPHK Ba Maiina
udrocnukIapAaH To3ajam Makcaara MyBoQuUKAWp. byHmalh Xxonmga maxrta Maiiga Ba WHPHUK
UQIIOCIMKIApAaH TO3aJIalll MalluHAJIApU KOHCTPYKIMSUIApUTa Y3rapTHPHUII KHUPUTHIN 3apyPHSITH
KeIuo YMKaIu.

Nuprk udroctukiap xoMamé TapKHOMZAH KYPUIMAHHHT TO3Qiall GapaGaHH THILTAPUra
xKoWnamran Ba OapabaH OwiraH Oupraavkia XapakariaHaétraH xoMamé OyiaKdaaapuHUHT
KOJIOCHUKIIM TaHXapa OajlaH y3apo MUHAMHK TabCUPJIAHUIIYBU HATWXKacuaa axpaiaaud. Maiina
udrocoukIap dca maxra OymakdaTapUHHHT TYpIU to3a OVitna® kKo3ukdamap 3apOacu TabCcUpHUAA
XapakamiaHa/Ji Ba NIYHUHIZEK 3ap0a MaxTta OKMMH Maccacura FO3aHHMHT Xap-XWiI HyKTajapuaa
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Oepunaérrannuru cababmnu, Oynakuyanap opacujgaru macodanap y3rapud, Xomame 3UWINTH 1032
0Yiiy1ad HOTEKHC TaKCUMJIAHAH.

Hlynnail TEXHONOTHUSHU amalira OUIMPHUIN YYyH KYJUIaHWJIQJWTaH KypPHUJIMaHUHT yMyMHR
kypunumu (1-pacmaa) KenTUpWIraH. XoM amé TapKuOumaru UQIOCTUKIAPHUHT aXpaTWIUIIUAA
WIIYM OpTaHJIapHUHI Oyiakdanmapra KypcarraH 3apOaid TabCHPH OCTHIA XOMAIIEHHHT
TUTUKJIAHUILIY 3UWIMTH Ba UIIOCIUKIAPIAPUHUHT KaMaiuIl skapaéHiiapy Ky3aTuiau.

Xom amé TapkuOumard HMQIOCAMKIAPHUHT  QXPATWIMIIMAA WIMYM  OpraHJapHUHT
Oynakdanmapra Kypcarrad 3apOajyd TabCHUPU OCTHJA XOMAIIEHWHI TUTKWIAHUIIA 3UYWIMIH Ba
UQIOCIUKIAPIAPUHUHT KaMaluIl >kapaéHiapu Ky3aTwiaaad. Macodanap omraH HyKTanzapiaa
XOMalI€ 3MWINTM KaMasAu Ba YHUHI TapKuOugaru uguociaukiap 3apda Kyyd TabCUpUAA TYpiu
F03aHUHT OYMK KUCMHJIAH aXXPaTUINO, TalIKapura YMKapuiIam.

9 10 11

13
14

15

1-pacwm. ITaxTa TO3anam KypuJaIMaCHHUHT TEXHOJIOTUK Ba
KOHCTPYKIMOH TY3WJIHUIIH CXeMacu

1-2undupax, 2-Kypuima acocu, 3-tiueyeyu ienma, 4-ponux, S-mypiau r103a,
6-Ko3uKIU Obapaban, 7-nappakiu mavmuniazuy, 8-naxma Kaoyn xunyeuu Oyukep, 9-appanu 6apaban,
10-5obypeanu namoicapa, 11-uymranu 6apaban, 12-moszanranean naxma xKysypu, 13-upmkanu 6apaban, 14-
appanu bapabawn, 15-kobupzanu nansicapa.

[TacT HaBnM MaxrTa XOMaIECHHU Maiijja Ba MUPUK UGPIOCTUKIApAAH KPAINO KeTUITHHUHT
Hazapuid Taxyma Kwiamu3. MOkopuaa KypcaTwiraHujek, Maijga Ba WHpUK HQIOCTUKIApHHA
aXpaTrulljga acocuil Tanad, maxra OynakdyagapuHHUHT TO3ajaml KO3UKIHM Ba appayiu OapabaHu OuiiaH
OMp XWJI YM3UKJIN TE3TUK OMJIaH KOJIOCHUKIIM TIaHXapa Ba TYpiH 103a Ein 0yinad XapakaTIaHUIIINA
Ounan Oenrunananu. @apa3 KMIAMIUK MaXTa XOMAMIECH TUTKIIIUII Ba TO3aJIall Kamepacura caphu
Q ra TeHr OynraH XoJ/a Y3JIyKCH3 PaBHIN/A y3aTHICHH.

(2-pacM) Xomam€éHuHT Kamepaga OYIMII BaKTU KOJOCHHUKIM IAaHKapaHWHI KaMepaJaru
srajuiarad € y3ywnuru S, = R ra 6ofrnuk OYynub xapakar ctanpoHap Oynaranjga yHM KUAMaru
T =al/w ra tenr 6ynaau, Oy epaa R (M) Oapaban pamuycu, @ (paauaH) KOJIOCHUKIH IaHXapa
EMMHUHT MapKasuil Oypuaru, @ (cex™') To3anam GapaGaHUHT aiiaHuII Oypyak TE3JIUTH.
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T

2-pacMm. Appanu GapabaH Ba KOJIOCHUK MaHXkapacu 0Vitrad camapanopiivk KodpUITUEHTHHIHHT
KOJIOCHUKJIAP COHUTA OOFIIHMK X0J1/1a TO3aJaHUIIIMHUHT Ha3apUil TaJKUKH.

Xomai€ xapakatu cTaloHap Oyirannuru cababnu T BaKT opasiuFua Kamepara Maccacu
m, = QT ra Tenr Oynran OMp-Xua MUKIOpJAry maxra xomameécu ysarunanu. 1lly BakT opamuruna

Kamepara TYIITaH XOMAII€ MacCaCHHUHT U(IIOCIUKIAPHUHT aXPaIHUIIN HaTHXKAcUa amkapa Ein
Oyitnab ysrapummau kypuO umkamu3. Papa3 xunaitnmuk, uxtuépuit Smacogpana (0<S<S,)

KaMmepajiard XOMallIléHUHT Maccacd M, 3UWiurd p Ba Xakmu V =m/p ra Tenr Oyicun, dS
Maco(hasa HPIOCTHKIAPHUHT aKPATHIIN HATHKACKHA YHHHT Maccack M —dm ra, suwmru p —dp

ra Ba xaxxmu V + dV ra tenr 6yiacun. Y xonma Oy KaTTaluKIap opacuaa KyWnaard TEHIIHK YPUHITA
oynanu.

m —dm

=V +dV
p—dp

by teHrmukHuHT Xaxwm V' ra 6yicak
p—dm/V _1-dm/m

p—dp ~1-d ol p
Nuina kabyn KumHTaH (hapasra kypa uxtuépuit s Macodaga MacCaHMH KaMalUIIN Xa)KMHUHT
Y3rapuimra npornopuruonan aed Kadyin KuiamMus.

B =0.02 B =0.025

=1+dV /V (1)

B =0.03 B =0.035
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15
10

5

o (¥ 04 N 06 08 1

3-pacm. Uxtuépuii s macodana MaccaHUH KaMalHUIIN XQ)KMHUHT Y3TapHIIIra IMporopIuOHaT
KHIMaTH KypUHUILIN

Camapanopnuk kodhduruentu & (%) MHUHT KOJOCHUK MaHXapacu OYiIad KOJIOCHHUKIIAP
conr K Ba mponmopuuoHaIMK KOSGOHUIHEHTH £ HUHT Xap XWI KHiMaTiapuaa TaKCUMITaHHIITH

1-k=4,2-k=6,3-k=8,4-k=10
lynra xypa ymoy TEHIJIMKHU €311 MyMKUH
dm _ 1dV

el @)

m aV

o o am
by epna a nponopunonamnuk kodddunrentu 6ynud, yHuHT Ycuiiu Ounad HucOar — XaKM
y3rapmaras xonjaa kaMaitnub GopuIM Ky3aTHiaau.

(1) TEHIVIMKHUHT YHT TOMOHMHH KUuuK Mukgopiaap dm/m  Ba dp/ p Gyiinua karopra éino
WKKUHYY TAPTUOIU YeKCH3 KUYMK MUKIOPJIAPHHU XUCOOra oIMacak

dv
1—-dm/m+dp/p+...) = 1+7

TEHIVIMKHM o1amMu3. (2) TeHruKaaH (hoiaanaHuo
dm 1 dp

m =1+ap

KYPUHUINAArd XOMamé Maccacd Ba YHHHT SHWIMIMTHHWH Y3Tapuiulapd Opacuaard
muddepennman 6ornaHumHU Xocwi Kuinamu3. by 6ormanuman M(0) =m, p(0) = p, maprtiapaa

HMHTET panﬂa6, XOMalIll€ MaccacH Ba 3UYJINTU opacujaru OOFJIaHMIIIHU aHUKJIaMMH3

m o\

n (2] N
My Po

By epma A =1/(1+a) (3) TeHmMKIAH XOMAMIE MAaCCACHHHHI Y3rapUIMHU AHUKJAI YIyH

3UYIMKHUHT KOJIOCHUKJIM Tamwkapa €in Oyiimua TUTHKJIAHWUII KOHYHH MabJIyM OYJIMIIN JIO3UM
oynanu. Xomammé appanu O6apaban OwiaH OMPXWIT TE3MUKIA XapaKaTlaHAETTaHIUTUHU THOOpra
OJITaH XOJ/a 3UWIMKHUHT TUTHKIAHWINKA wmjgard Qapasra kypa 0Smacodara Ba KOJOCHHKIAp
COHMTa MPONOPIMOHAN OYanu

% = —bkds (4)

By epna b MKKHHYM MPOMOPIMOHAIITHK KOI(DPHUIIUEHTH, K KOJOCHUKIIAp COHMU.

(3) Tenmmumkaan oiinamanu® To3anaml KypUIMACHMHHUHT TO3alalll CcaMapajopiurvHu
xucoomamr MmyMkuH. (4) tenramann p(0) = p, mapTuaa wHTErpaiuiad, € Oyiinua 3UYITMKHUHT

KaMaluIll KOHYHUSITUHU aHUKJIAMU3
|
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£ _ exp(—bks) (5)

Po

VY xonna (3.6) TeHNIMK Kyiuaaru KYpuHUILHYT OJIaH

M _ exp(-bks) 6)
m

0
3-pacmaa camapanopnuk kodhduuueHtn & (%) HHUHI KOJIIOCHUK IaHkapacu Oyiinad
KOJIOCHUKJIAp COHM K Ba MPOMOPIMOHAUIMK KO(P(UIMEHTH [ HUHT Xap XWI KHAMaTiapuaa
TaKCHMJIAHUIIH I'padUKIApU KEATHPUITaH.

(6)Tenrmuknan ¢oiinamaHud To3anan caMapaJopIUTHHN aHUKIAMu3

£(5) =¥=1—exp(—ﬁk§) (7)

0
by epna S=s/s,, f=Dbs,A
Xomaménan axxpaiaras uduaociaukiap MUKIopuaH (7) udonanu nHTErpauiad aHuKIaiMus3

1—exp(—=pk)
M =m,[1-——~ 27 8
m, [ K 1 ®)

Tozanam »xapa€Hu cTanMoHap OYyiranga To3ajall KaMepacuIaH aXpanud yuKaéTraH
ndaocnukIap MacCaCMHUHI Kamepara y3aThiaaéTraH xomami€ maccacura HucOaTuHuHT (dousna)
KOJIOCHMK/IAp CoHM K Ba mapamerp f HHMHI Xap-XWwi KUMMamiapuaa y3rapuml KuiAMatiapu

KEJITUPUIITaH.
Xomamé Maccacura HUCOAaTHHUHT ((hom3/1a) KOJIOCHUKIIAP COHU K pa rnapamerp B HUHT Xap-XWI

KUMMaTiapyuaa y3rapyil Kuiimariapy KeJITHPUITaH.
1-xanBaj

kKipg |2 3 4 5 6 7 8 9 10

0.02 197 |294 |389 (484 |577 |6.68 |759 |848 |9.36

0.025 246 |3.65 |484 |6.00 [7.14 |826 |936 |10.45|11.52
0.03 294 (437 577 |7.14 |848 |9.80 |11.10|12.36 | 13.60
0.035 |3.42 |5.07 |6.68 [826 |9.80 |11.31 |12.78 | 14.22 | 15.62

Tozamam kapaéHumaH axpaan0d 4YuKaéTraH uUQIOCIUKIAPD MAaCCaCHHMHT —Kamepara
y3aTuiaaéTran XoMamé Maccacura HICOATMHUHT KOJIOCHUKIIAP COHU K Ba MapaMeTp 5 HUHT Xap-XWi
KUMMaTiIapuaa y3rapuiim.

Xomamé TapkHOWAaH axparwiral UQIOCIUKIApHUHT HUcCOuM Muknopu M /mg(%)HuHT
KOJIOCHUKJIAP COHU k Ba KOX(PQPUIMEHT [§ HUHT Xap XWJ KHHMamIapuaa Y3rapuiy rpaduiiap Ba
KaJBanja KeITUPUITaH KHiMaTiap TaXJIWINAAaH TO3aJIall caMapalopJIury KOJIOCHHUKIAp COHU k ra
Ba MPONOPUUOHAUIMK KodddunuentTn [ ra HucOaraH MNPONMOPLHOHAT YCHIIM Ky3aTHIISITH.
[Mapamerp £ ¥3 HaBOaTHuIa ponopiroHanuK kodddunuentiapu A = 1/(1 + a), b, xamaa mamkapa
€M y3yHIIUTH S KymalTMaiapura TeHr OYIraniauru cababiu To3anaml camapaJopiiuKHU OIIMPHII
yayH KodpduiueHT bHHMHT KUHMaTHHH, €KM €H Y3yHITHM SoHH OLIMPHII Ba 4 TapaMETPHHUHT
KUHMaTHHU KaMaTUPUII JIOSUMIIUTH KEJINO YHKAIH.
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HEORETICAL STUDIES OF THE MOVEMENT OF SEEDS ON A
VIBRATING SURFACE

Khayrullo Sharipov, Oybek Tojiboyev

Department of Textile Fibers Engineering, Namangan Institute of Textile Indsutry,
Namangan, Uzbekistan.

Abstract: The purpose of this research is to improve the qualitative and
quantitative indicators of fiber, lint and seeds by improving the technology of
preparing cotton seeds for processing. The state of the seeds after the gin was
studied and their division into fractions according to the degree of pubescence
was recommended, the probabilities of the seeds emerging from the gin with
varying degrees of pubescence were investigated, the geometric sizes and
shapes of cotton seeds were studied. It has been established that when seeds
come out of gin, they have different pubescence. The conditional movement
of seeds without separation from the surface has been determined; Found a
formula describing the movement of seeds without detaching from the
surface; The movement of seeds in a micro-flight is determined; The sizes of
the cells of the mesh surface were determined as a function of d ¢, a and on
the speed of seed movement. The aim of the research work is to increase the
yield of cotton fiber by improving the processing technology of germinated
seeds, to improve the quality indicators of seeds and lint. In order to achieve
this goal, a mesh surface device was created to sort the seeds into fractions.

Keywords: Fiber, lint, Raw cotton, ginning, saw gin, roll box, raw grate,
linting, cotton seeds

Introduction. Comprehensive measures are being taken in our Republic to develop the cotton
industry, improve equipment and technology, re-equip cotton ginning enterprises, increase the
profitability of production and processing of raw cotton, and ensure the competitiveness of
manufactured products.

The development action strategy of the Republic of Uzbekistan for 2017-2021 defines tasks,
in particular, to ... increase the competitiveness of the national economy, reduce energy and resource
costs, and widely introduce energy-saving technologies [1].

The solution of this problem can be achieved mainly through the widespread use of innovative
development factors, the introduction of the latest achievements of science and technology, advanced
technology, and the efficient use of production potential.
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With the transition of enterprises of the republic to market principles of relations with their
partners, with the advent of competition among manufacturers, consumer requirements for the quality
of products have increased, which sets the workers of the cotton ginning industry, scientists and
designers to identify and eliminate the most "narrow" sections of the technological process, where
there is a deterioration in the quality of raw cotton, loss of manufactured products.

It has been established that one of such sections in the technological process of processing
raw cotton is the section from gin to linter, where the quality and quantity of products are mainly
formed. The linter, along with normally ginned seeds, receives underpinned seeds, raw cotton bats,
as well as free fiber. The study of the results of studies on the residual fibrous content of ginned seeds
showed that almost complete elimination of the fallout of under-ginned raw cotton volatiles from the
gin working chamber is possible with the introduction of new processes.

In recent years, the world market has been in demand by consumers for a certain range of
cotton products and quality indicators. In this regard, the tasks for scientists and researchers in the
field of primary processing of cotton are set for creation “smart” technologies which can control the
quality and quantity of cotton products. In addition, current issues of the present period, there are
several issues about separation of cotton fiber from seeds and increase of efficiency of processing of
ginned seeds [3], [4], [5]

Scientists in the ginning industry face important tasks such as quality production without
destroying cotton fiber, which is a valuable raw material for the textile and light industry. Loss of
cotton fiber occurs mainly in the gin-linter section of the gin. In this area, fiber loss occurs due to the
addition of fiber-containing seeds to other fibrous wastes.

The newly developed device is used when it is necessary to sort the seeds of raw cotton from
the ginning process according to their fiber content. The use of this device prevents the addition of
fiber, which is the main raw material of the textile industry, to the waste, lint. The amount of fiber
output in the enterprise is increased due to the re-ginning of fibrous seeds or letuchka separated in the
device and the separation of free fibers [6], [7].

Research methods. The main products of cotton processing at ginneries are cotton fiber, lint
and seeds [2] Of these, the most valuable for the cotton ginning industry is cotton fiber, which is
formed in the process of cotton ginning. Cotton linters and seeds, which are products of secondary
processing of raw materials - lintering, with their low purchase price, are increasingly being used in
many sectors of the national economy, primarily in the chemical and food industries.

Consumer requirements for lint quality are constantly growing. In particular, for the
production of cellulose acetate and especially nitrocellulose, a lint is required that is relatively even
in length, without the content of short fibers. Not allowed in the lint, going to the production of
nitrocellulose, the content of whole seeds. This lint should be clean and uniform in length [8], [9].

The growth in demand for lint, in addition to its quality indicators, necessitates further
improvement of the linting process, as well as the technology used for this purpose [10]. Cotton lint,
depending on the staple length, is divided into two types [11], [12] . Type A - from 7-8 mm and more;
Type B - from 6-7 mm and less. Depending on the appearance, color and maturity, cotton lint is
divided into two grades I and II. The appearance of the lint must comply with the approved appearance
sample [13].

Results. Consider the movement of cotton seeds having a mass m and located on the ABCD
plane, located at an angle a to the horizontals, oscillating at an angle 3 to the ABCD plane. The motion
of the plane is harmonic (Fig. 1).

The following types of particle motions are possible.

1. Joint movement with a plane.

2. Slide down.

3. Slide up.

4. Separation of a particle from a plane and its independent motion (microflight).

Now consider the motion of a material point without ejection in all time intervals. We accept
the following conditions:

0<a<m/2 0<p<m/2
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Figure 1. Shows a diagram of a plate with a material point. There is no movement along the
z axis. Let us direct the Y axis perpendicular to the plane of the plate OX along the midline AB. The
power displacement vector forms an angle § and changes according to the harmonic law
77 =A7sin wt
where: A-oscillation amplitude;
w - is the oscillation frequency.
Projecting onto the OX and OY axes, we get
X_nn = Acos B -sin wt
Y_nn = A sinf sin wt
(A=/A)) (1)

Figure. 1. Scheme of the action of forces on a material particle located on an inclined vibrating
surface.

Let the material points located along the line parallel to the OZ axis make a plane motion in
planes parallel to the XOU plane. Then, it is enough to consider its movements in the XOU planes
(Fig. 1). The total displacement of a material point on this plane is represented as a sum [14].

Xeyy = Xnn +X Y’=Mmnn) " +4

Yo =¥nn+Y U7 = {x(t);y(®) ()
Here q)(t) — relative displacement vector.

When compiling the equations of motion of a material point, we take into account the force
of gravity and friction between the material point and the vibrating plane, then we have:

My = F

Mmreun
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0 00000000000000000000000________________________________________________________________________|
MXgy = Mmgsina — anctlon
or in projections
MYy = —mgcosa + N 3)

Taking into account (1) and (3), we obtain the equations describing the motion of a material
point relative to the vibrating plane.

mi = mAw? cos B sin wt — Frpiceion + Mg sina
my = mAw? sin B sinwt + N — mg cos a “4)

Let us consider the case when there is no relative motion along the OS axis, in this case (4)
follows from the second equation of the system. (4)

mAw?sinf - sinwt + N —mg - cosa = 0

from here we find:

N(t) = mgcosa — Amv -sin 8 - sinwt (5)
The condition for the absence of movement along the Y axis (ejection) is N(t)>0 from we
have:
_ _ AW?sinBy .
N(t) = mgcosa (1 ~Jcosa ) sinwt (6)

from (6) it is possible to obtain conditions for the absence of ejection in all time intervals, for
which it is necessary to assume

AW?sin B <1
gcosa
denote K = Agﬁ, then in the plane (a, B) we obtain a curve that defines the zone of motion of
a material point without ejection, from other cases
cosa =K -sinf (7)
or
a = arccos(K - sin8)
The values of B are limited by the inequality:

. : 1
Ksinff < lumusinf < - oTCIona

If K < 1, then the latter is always satisfied and the ejection zone is determined by the value
of the angles satisfying the inequality.

a < arccos (K sinf3)

If K>1, then the angles B will also be determined by the inequality
< = in—
B < B, = arcsin -

In the limiting case when K—o0, in this case f_0—0 the zone without ejection corresponds to
this angle value, equal to:
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Let the angles o, and values of K be such that there is a zone without ejection, then for these
values of a,3 and K we obtain y=0, from the first equation of system (7) assuming Ftr=f*N we obtain:

mxX = Amw? - sinwt (cos f + f - sin ) + mg(sina — f cos a)
Here we consider only the cases tga < f
In this case, when X,—o = —mg(f cos a — sina)

As can be seen from the condition of motion, x>0 does not fulfill, which means that until
sometime (tn) the material point does not move. Start time t=tn under vibration forcemAw?(cos 8 +
f +sinB) sinwt

along the surface down is determined from the equation
mAw? sinwt (cos B + f - sin ) — mg(f cosa —sina) =0 (8)
from where we find:

. __ fcosa-sina
SInw t, = K(cosa+f sinf) (9)

insofar as
sinwt, <1 0<sinwt<1

it is necessary that

fcosa-sina

K(cosB+fsinfB) — 1 (10)

Inequality (11) determines the conditions for the motion of a material point along the plane
downward: if this condition is violated, the point will be at rest [15]. It is impossible to move upwards,
since in this case the vibrational force, in addition to the friction force, must overcome the gravity
forces of the material point, and so let conditions (10) be satisfied, then the time to start the movement
is determined by the expression:

fcosa—-sina

t, = %arc sinm (11)
Integrating equations (11) with initial conditions
x=0x=0att=t,
we obtain expressions for speed and displacement at
X = Aw(cos 8 + fsin ) (coswt,, — coswt) — g(t — t,,)(f cos a@ — sin a).
x = Aw (cos,b’ + fsinB) [(t — t,) coswt, — % (sinwt — sin wtn)]-
—g@(fcosa—sina) (12)

Relative downward movement continues until X=0 at t=ocm further downward movement is
possible if

5.((tocm) =D (13)

If conditions are not satisfied, then it is necessary to find the rest duration again, after which
the law of motion of a material point is established [16],[17]. The inclined plane performs a harmonic
oscillation. Therefore, the periodic cycle 2m = wt
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tZH =;+tn or tKH =T+tn (14)
from here
__ 2nK+@
t=—- (15)
taking into account (14) and (15), equations (12) and (13) have the form:
%X = Aw?sinwt (cosf + f sinB) — g(f cos a — sin a) (16)

X = Aw?(cosf + fsin) - <cos wt, — coswt) — g[(zmjvw - (% + tH)) *

(f cosa —sina) (17)
X = Aw(cosf + fsinf) - [(m% — (% + t) coswt, — %sin(ZnK + @) —
sin WtH)]—% [(Zm{% — (% + tH)] *(f cosa —sina) (18)

Equations (16), (17) and (18) give a complete representation of the motion of a material point
along a vibrating surface. Velocity and acceleration of a material point along a vibrating surface in
the following values:

a=20°=2%; B =30°=%;K=1;
9 6

A=0.006 m; w=40c !

Above, the movement of seeds without separation from the surface was considered.

Conclusions. Study of the physical and mechanical properties of cotton seeds, especially
promising breeding varieties of medium fiber cotton;

-analysis of the fractional composition of ginned seeds and determination of their percentage
depending on various factors;

- theoretical studies on the issues of vibration sorting of seeds;

- development of a device for sorting cotton seeds according to the degree of pubescence and
preparing them for further processing.
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GLAD TO*‘QIMASINI KAPILYARLIK HOSSASINI ROTATABELLI
MARKAZIY KOMPOZITSION TAJRIBA ORQALI TADQIQ QILISH

Karimov Nuriddin,! Xusanboeva Mexriniso’

L2Namangan to ‘gimachilik sanoati instituti

Annotasiya. Ushbu ilmiy tadqiqot ishida rotatatabelli markaziy
kompozitsion usuldan foydalanib glad to‘qimasini kapilyarlik ko‘rsatkichi
tadqiq etilgan bunda kiruvchi omillar sifatida xalga qadami (mm) va
to‘gimaning  yuza zichligi (sm?) va chiquvchi omil sifatida glad
to‘qimasining xavo o‘tkazuvchanligi tanlab olingan va tadqiq qilingan.

Kallit so‘zlar. Glad, to‘qima, trikotaj, kapilyarlik, kiruvchi omil, chiquvchi
omil, koeffisent, regressiya, mezon, to‘plam, dispkrsiya, student mezoni,
fisher mezoni.

Kirish. Paxtani qayta ishlash korxonalarida texnologik jarayonlar fizikaviy va mexanikaviy
hodisalarning majmuasidan iborat bo‘lib, ularni fagatgina ilm va texnikaning zamonaviy yutuqlaridan
foydalanibgina muvaffaqiyatli tadqiq etish mumkin. Shuning uchun matematik modellashtirish
asosida ilmiy tadqiqot qilish maqgsadga muvofiqdir.

O‘zbekiston milliy iqtisodiyoti barcha tarmogqlarini rivojlantirishda ilmiy-tadqiqot ishlarining
ahamiyati yanada ortib bormoqda va ishlab chiqarish korxonalari jahon fan yutuqglari bazasida
takomillashmoqda. Bu takomillashuv uni avtomatlashtirish va mexanizatsiyalashtirish, yangi texnika
va texnologiyani qo‘llash orqali amalga oshirilmoqda [U.H.Meliboev, “To‘qimachilik sanoati
texnologik jarayonlarini modellashtirish asoslari” Namangan. “Adabiyot uchqunlari”, 2020.-224].

Ilmiy tadqiqot ishlari amalga oshirish usullariga qarab quyidagi turlarga bo‘linadi: Nazariy,
tajribaviy va nazariy-tajribaviy.

Nazariy tadqiqotlar avvaldan ma’lum bo‘lgan biror qonuniyat asosida taxlil qilinib,
texnologik jarayon yoki ob’ekt parametrlarini o‘zaro bog‘liqligi nazariy jihatdan o‘rganiladi,
tajribaviy tadqiqotlarda esa tajribalar o‘tkazish orqali amalga oshiriladi.

Hozirgi kunda ishlab chiqarish jarayoniga yangi texnika va zamonaviy kompyuter
texnologiyalarining kirib kelishi ilmiy tadqiqot ishlarini mukammal va sifatli o‘tkazishni talab
etmoqda.

Nazariy-tajribaviy ITIda ham nazariy, ham tajribaviy natijalar e’tiborga olinib, hozirgi vaqtda
ko‘proq nazariy-tajribaviy tadqiqotlar turidan ko‘proq foydalanilmoqda.

Ta’sir etuvchi omillar sifatida kiruvchi omillar x; — To‘qimani yuza zichligi, x>— Xalqa qadami
olingan chifuvchi omil sifatida Y;-kapilyarlik xossasi tanlab olingan. Tadqiq etilayotgan omillar
o‘zgarish sathlari va oraliglarini tanlash 1-jadvalda keltirilgan.

Tadqiq etilayotgan omillar o‘zgarish sathlari va oraliglarini tanlash 1-jadval
|
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Omillar nomi va O*zgartirish sathlari O‘zgartirish
belgilanishi 1414 | -1 0 1 1.414 oralig‘i
To'qimani yuza | 130 | 140 | 150 | 160 | 170 10
zichligi (cm”)
Xalga qadami X ) 4 6 ] 10 )
(mm)

Formuladagi g; doimiy koeffitsientlarning qiymatlari quyidagi jadvalda keltirilgan;

RMKTda gi doimiy koeffitsientlar qiymatlari jadvali 2-jadval
M g g2 g3 g4 g5 g6 g7 N Yadro
2 0,2000 | 0,1000 |0,1250 |0,2500 |0,1251 |0,0187 |0,1438 |13 | TOT 22
3 0,1663 | 0,0568 |0,0732 |0,1250 | 0,0625 | 0,0069 | 0,0695 |30 | TOT 23
4 0,1428 | 0,0357 |0,0417 |0,0625 |0,0312 |0,0037 |0,0350 |31 | TOT 2*
5 0,0591 |0,0341 |0,0417 |0,0625 |0,0312 |0,0028 |0,0341 |32 | TOT 23

Modeldagi regressiya koeffitsientlarining ahamiyatliligini Styudent mezonidan foydalangan
holda TOT dagi kabi tekshirib ko‘riladi.

RMKT (Rotatabelli markaziy kompozitsion tajriba) matritsadagi x;/ ustunlarning ortogonal
emasligi tufayli, kvadratli ahamiyatsiz koeffitsientlar modeldan chiqarib tashlangandan so‘ng boshqa
barcha koeffitsientlar qayta hisoblanishi zarur.

Statsionar sathni ifodalovchi regressiya model olish uchun quyidagi matritsa bo‘yicha RMKT
o‘tkaziladi;

3-jadval

No X1 X2 xi? | x| X2 Y, Yrn (Ya- Yro)
1 - - + + + 16,70 | 32,77 258.21
2 + - + - + 15,00 | 32,36 301,44
3 - n | - | + | 1820 | 1441 | 1434
4 + + + + + 16,00 | 13,51 6,22

5 -1,414 0 2 0 0 15,60 9,61 35,38
6 +1,414 0 2 0 0 16,50 8,72 60,48
7 0 -1,414 0 0 2 71,40 | 50,49 437,16
8 0 +1,414 0 0 2 17,00 | 24,18 51,61
9 0 0 0 0 0 1420 | 14,40 0,04
10 0 0 0 0 0 14,60 | 14,40 0,04
11 0 0 0 0 0 1440 | 14,40 0,00
12 0 0 0 0 0 14,10 | 14,40 0,09
13 0 0 0 0 0 14,70 | 14,40 0,09

Shu matritsa bo‘yicha har bir tajribani 3 martadan takrorlab chigitning mexanik
shikastlanishini aniqlab yuqoridagi jadvalning 7-ustuniga kiritamiz.

Ikkinchi darajali regression ko‘p omilli modelni adekvatligi to‘g‘risidagi gipotezani Fisher
mezoni yordamida tekshiriladi. Agar takroriy tajribalar faqatgina tajribalar markazida amalga
oshirilgan bo‘lsa, u holda Fisher mezonining hisobiy qiymati noadekvtlik dispersiyasiga nisbati kabi
aniqlanadi;

— S%wd{y}
R="goiy (7.10)
_____________________________________________________________________________________________________________________________|]

Scientific-technical journal (STJ NamITI, NamTSI ITJ, HT’K HamHTII, 2024, T.2, Vo 1) -37 -


http://www.ntsi.uz/

TO‘QIMACHILIK VA MODA SANOATIDA ILM-FAN VA INNOVATSIYALAR m}%

bu yerda;

1

N S SSo{Y}-SSm{Y}
Ny—-1 Zule(YuM - YM)Z; Srzlad{Y} = %; SSO{Y} = ﬁ:l(YuM - Yu)z;

N_Nk.ii_(Nm_l)
SSuiY} = 551(YuM - YM)2

SulY} =

Agar matritsaning uchala guruhida ham bir xil takroriylikdagi sinovlar o‘tkazilgan bo‘lsa,
Fisher mezonining hisobiy qiymati TOT (to‘la omilli tajriba) dagi kabi aniqlanadi.

So‘ngra mezonning topilgan hisobiy va jadval qiymatlari o‘zaro taqqoslanadi. Agar Fr<F;
bo‘lsa, olingan ikkinchi darajali model adekvat hisoblanadi.

Jadval asosida rotatabelli markaziy kompozitsion tajribada regressiya koeffitsientlari va
ularning dispersiyalarini quyidagi formulalar yordamida qiymatlarni aniqlanadi;

Z X1, Y, = —16,7 + 15 — 18,2 + 16 — 22,0584 + 23,331 = —2,6274
Z Xy, Y, = —16,7 — 15 + 18,2 + 16 — 100,96 + 24,038 = —74,4216
Z Xy %oy Yy = 16,7 — 15— 18,2 + 16 = —0,5

z xt, Y, =16,7+ 15+ 18,2+ 16 + 31,2 + 33 = 130,1

yYx2, Y, = 16,7 + 15 + 18.2 + 16 + 142,8 + 34 = 242,7

%Y, =167+15+182+16+156+165+71,4+ 17+ 142+ 146 + 144 + 14,1 +
14,7 = 2584

Nm
Z(Ym _¥,)2 =0336
u=1

Nm
Z(Yu —Fy)? = 0.268
u=1

¥y=14,40
by=0.2- 258,4 — 0.1 - (130,1 + 242,7) = 14,40,
b, = 0.125 - (—2,63) = —0,33
b, = 0.125 - (—74,426) = —9,30
by, = 0.25 - (—0.5) = —0,03
by, = 0.125-130,1 4+ 0.0187 - 372,8 — 0.1 - 258,4 = —2,61
b,, = 0.125 - 242,7 + 0.0187 - 372,8 — 0.1 - 77 = 11.47
Yy = 14.40—0.33x; — 9.30x, — 0.03x,x, — 2,61x% + 11,472

Chiquvchi parametr dispersiyasini quyidagi formula yordamida hisoblaymiz:

0,336
SHy}=Si{r} = T 1= 0,084
7.9 formula yordamida regressiya koeffitsientlarining dispersiyalari aniqlanadi:
S%{by} = 0.2-0,084 = 0.0168 {by} = 0.11
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S2{b;} = 0.125- 0,084 = 0.0105 {b;} = 0.09
S%{b;;} = 0.25-0,084 = 0.021 {b;;} = 0,05
$2{b;;} = 0.1438- 0,084 = 0.0121 {b;;} = 0.02
Styudent mezonining hisobiy qiymatini topamiz:
|b; |
talb;} = ——
R{ l} S{bl}
tp{bo} = 14.40] _ 128,30
RY0I 70,0168 7 T
10,33] 12,61]
t b = = = ! =
r{b1} 000 — 364  tafbi} = gomr = 15249
9,30 .. 111,47|
trib,} = = 103,201 = =
r{b2} 0.09 tr{baz} 00121 671,06

tgMezonning jadval qiymatini 3-ilovadan olamiz:
t;[Rp = 0,95; f{SH} =3 —1=2] =430
Yr = 14.40—0.33x; — 9.30x, — 2,61x% + 11,47x%

0,336-0,268

2 =
S moa{ Y} 13-5—(3—-1)

= 0,068

_ Shoa{Y} 0,068
R™ s2¢yy ~ 0336

Fisher mezonining jadval qiymatini [1]4-ilovadan quyidagi shartlarda olamiz;
F, [RD = 0,95;f{5,2,wd{Y}} =13-5-(3-1)=6f{S3}=3-1= 2] =19.35
So‘ngra mezonning hisobiy va jadval qiymatlarini o‘zaro taqqoslaymiz;
Fr=0,2<19.35
Demak, olinga regression model adekvat hisoblanadi va undan kelgusi tadgiqotlarda foydalanish
mumkin.
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PO‘LAT SIMLAR ISHLAB CHIQARISH JARAYONI VA ISHLAB
CHIQARISH TURLARI

Hamrayev Adhamxon
Namangan to ‘gimachilik sanoat inistituti

Annotatsiya. Rivojlanib borayotgan yangi O‘zbekistonda metallurgiya
jarayoning bir qismi bo‘lgan po‘lat sim ishlab chiqarish jarayonini o‘rganish
orqali po‘lat simlar ishlab chiqarish sanoatida simlarni tayyorlashda diametri
kattaroq bo‘lgan po‘lat simni cho‘zish yo‘li bilan diametri kichikroq bo‘lgan
po‘lat simlar tayyorlanishi. Jarayon diametri katta simni diametri kichikroq
teshikdan yani fileradan o‘tkazishga asoslanganligi haqida ma’'lumotlarini
ushbu maqola orqali yoritib beriladi.

Kalit so‘zlar. Sim cho‘zish, po‘lat, fleyralar, qaynoq, issiq, sovuq, vibratsiya
tezlashish.

Bugungi kunda elektr o‘tkazgichlar, armaturalar, uzun po‘lat ustunlarlar, elektrotehnika va
mashinasozlikda qo‘llaniladigan po‘lat yoki rangli metallardan simlar ishlab chigarish katta amaliy
ahamiyat kasb etmoqda. [1]

Simlarni cho‘zish jarayoni bu — metallarga bosim ta'sirida ishlov berish jaroyoni yani ularni
bosim ostida qayta ishlanadi. Simlarni cho‘zish jarayonini prinspini quyidagi rasmda tushuntirish
mimkin.

1-rasm. Sim jo‘zilish sxemasi

Ushbu rasmda: 1- sim o‘tadigan teshikcha uni filera deb ataladi.
2- cho‘zilgan sim, FO — Cho‘ziladigan simning yuzasi, Fk — cho‘zilgan simning yuzasi.

Simlarni cho‘zish — juda tehnologik jihatdan qulay va iqtisodiy tomondan esa optimal yani
ekonomik usuldir. Bunga sabab metaldan hech ganday yo‘qotish bo‘lmaydi. Yani metaldan hech
qanday qirindilar va boshqa chiqindilar chigmaydi.

Simlarni cho‘zish jarayonida simning faqat geometrik shakli, ko‘ndalang kesim yuzasi,
uzunligi va boshqa o‘lchamlari o‘zgaradi. Fizik va mehanik hossalari va metal strukturasi o‘zgarishga
uchramaydi. Simlarni cho‘zish jarayoni issiqlik deformatsiyasi shartlariga asosan quyidagi turlarga
bo‘linadi: [2]

Qaynoq cho‘zish — bunda metalga toblanishi uchun yetadigan issiqlik (900 °C gacha ) issiqlik
beriladi. Bunda metal erish temperaturasiga yaqinlashmaslik kerak. Bunda metal oson ishlov berish
mumkin bo‘lgan plastik holatga o‘tadi. Ushbu usulda volfram, molibden, xrom va titan kabi ishlov
berish noqulay yani qattiq metallarning simlari aynan ushbu usulda cho‘ziladi.

Issiq cho‘zish - O‘rtacha issiqlik ta'sirida olib boriladi. Bunda ham metal toblanib, ishlov
berish oson bo‘lgan plastik xolatga keltiriladi. Ushbu usulda asosan po‘lat similar cho‘zladi.
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Past temperaturada olib boriladigan cho‘zish — bunda metal odatdagi temperaturada yoki 60
— 80 °C gagcha qizdirgan holda olib boriladi. Bunda yumshoq metallardan tayyorlangan simlar
cho‘ziladi. Bularga misol qilib mis, zargarlik ishlarida ahamiyatga ega bo‘lgan oltin similar ham
ushbu usulda cho‘ziladi.

Jarayonni olib borish shartlariga ko‘ra cho‘zish jarayoni quyidagi turlarga bo‘linadi: [3]

Tortish bilan olib boriladigan cho‘zish — yuqoridagi rasmda ko* rsatilgan P kuch bilan, yuzasi
katta simni fileradan o‘tkazgan xolda tortib olish. Bunda fileradan o‘tgan yuzasi kichiklashgan sim,
elektrodvigatel yordamida galtakka o‘rab turiladi.

Vibratsiya (titrash) ta'sirida cho‘zish — bunda cho‘ziladigan po‘lat sim, ma'lum bir tebranish
ta'sirida fileraga yo‘naltiriladi. Bunda optimal tebranish
200-500 Hz ekanligi aniqlangan. Ushbu tebranish ta'sirida cho‘zilish zonalarining 35-45% i
deformatsiyaga uchraydi.

Aylanuvchi val orqali o‘tkazib cho‘zish — bunda aylanayotgan ikkita valning o‘rtasidagi
chuqurcha orqali o‘tkaziladi va kuch tasirida sim cho‘zilib, diametri kichrayadi.

Cho‘zilgan polat simlar ishlab chiqarish, sanoat, qishloq xo‘jaligi va insonning xayotiy
faoliyatida keng ko‘lamda ishlatiladi. Tayyor maxsulot holida elektr o‘tkazgichlar, profil uchun
ishlatiladigan turli similar, armaturalar, telefon va boshqa aloga magsadida qo‘llaniladigan simlar,
temirbeton uchun qo‘llaniladigan armaturalar ishlab choqariladi.

60 - yillarning oxiriga borib, sobiq SSSR hududida barcha turdagi metallarni qayta ishlash shiddat
bilan rivojlanib ketdi. Bunga sababni elektr o‘tkazgichlar, yuqorida keltirilgan armatura yo‘ki boshqa
elektr o‘tkazgichlarga talab oshishi bilan tushuntirish mumkin. Ushbu materiallar mashinasozlik,
qurilish va halq ho‘jligining barcha tarmog’I uchun ko‘p ishlatila boshlandi.

Bularga misol qilib yuqorida keltirilgan maqgsadlarda ishlatiladigan qora, rangli va qimmatbaxo
metallarni qayta ishlash, ularga ishlov berish bilan birga ulardan o‘tkazgich similar, armatura sifatida
ishlatiladigan armaturalar, elektr va turli elektr o‘tkazgich simlarni tayyorlash. Bu maxsulotlarni
ishlab chigarish uchun simlarni cho‘zishni barcha turi tengdaniga rivojlana boshladi. [4]

Po‘lat simlarning cho‘zishning ananaviy usuli bu yuqorida keltirilganidek po‘lat simni
maxsusu teshikcha yani filleradan o‘tkazishdir.

Quyidagi rasmda po‘lat simlarni cho‘zishni ananaviy usulini sxemasi keltirilgan. Barcha cho‘zish
usullarida bo‘lganidek ananaviy cho‘zish usulida xam surkov kompozitlari qo‘llaniladi. Bunda po‘lat
yoki boshqa sim yuzasida surkov kompozitidan iborat yupqga qatlam hosil bo‘ladi.

Surkovchi komponentlar bir necha tiplarda tayyorlanadi. Bo‘lingan ushbu tiplar bir biridan
sezilarli farq qilmaydi. Lekin uni granulalash va ishlab chiqarishni har hil texnologiyalari farqlanadi.
Barcha tipdagi surkov kompozitlarida oksidlovchilar, to‘ldiruvchilar, sovun ishlatilishi mumkin.

Belarusiya Respublikasi tehnik shartlari asosida ishlab chiqarilayotgan va q ollanilayotgan
surkov kompozitlariga qo‘yiladigan talab, maxsulot tayyorlanib quritilgandan so‘ng namlik miqdori
1,5% dan oshmasligi zarur. Ishlab chigaruvchi ushbu surkov kompozitlariga tayinlangan va
ko‘rsatilgan sharoitda, qadog'l buzilmagan bo‘lsa 1lyil saqlash muddatini belgilashyapti. Bu
muddadan so‘ng surkov kompozitlari tarkibida namlik miqdori o°zgarishi mumkin. [5]

Belarusiya Respublikasidagi ishlab chigaruvchilar tomonidan taqdim etiladigan quruq surkov
kompozitlari asosan 4 xil tipda ishlab chiqariladi. Bu tiplar yuqorida aytilganidek bir-biridan keskin
farq qilmasada cho‘ziladigan po‘lat turi, cho‘zish shartlari va sharoitlariga qarab tanlanadi.

Surkov kompozitlari bir marta yokji ko‘p marta qo‘llaniladi. Bunda simning o‘tib turish tezligi
12-15m/sek tezlik bilan o‘tib turadi. Bunda surkov kompoziti metal sirti bilan yahshi adgezilalanadi.
Bunda metal sirtida surkov kompozitidan iborat yupqga qatlam hosil bo‘ladi. Surkov komponetlarini
ma’lum hossalarini tarkibiga kiruvchi komponentlar nisbatini o‘zgartirgan holda sozlash mumkin.
Istemolchi talabi va hohishiga qarab, surkov kompozitlarining ma’lum hossalarini yani asosiy
parametrlarini o‘zgartirish mumkin. Masalan: yog'liligini oshirish yoki kamaytirish, erish
temperaturasini o‘zgartirish.

Surkov kompozitlari solinadigan idishni sovundon deyiladi. Surkov kompozitlari ushbu
idishga bir hilda sepib turiladi. Shunga etiborni qaratish lozimki bu jarayonda surkov kompozitlarini
bir hilda sochib turish katta ahamiyatga ega. [6]
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TO‘QIMA TUZILISHIGA TA’SIR ETUVCHI OMILLAR

Abdulaziz Dolimov, Muzaffarxon Izatillayev

Namangan to ‘gimachilik sanoati instituti
“To ‘qimachili sanoati mahsulotlari texnologiyasi” kafedrasi

Annotasiya: Ushbu maqolada to‘qima materilallarining fizik va mexanik
xususiyatlari va ularning turli kuchlar ta’siriga munosabatini o‘rganildi. Bu
kuchlar esa kata yoki kichik bo‘lishi hamda bir marta yoki ketma-ket
takrorlanib ta’sir etishi mumkin.

Yarim davrli mexanik xususiyatlar jumlasiga uzish kuchi, cho‘zilishdagi
uzayishi, uzilishda bajarilgan ish, nisbiy uzish kuchi va boshgqalar kiradi. Bu
xususiyatlar sochiqlarning mutloq mexanik imkoniyatini hamda sifatliligini
ko‘rsatish uchun ishlatiladi. Ularni aniqlash uchun sochiqlardan eni 50 mm,
uzunligi 90 mm, ya’ni 50x90 mm li hamda, eni 30 mm, uzunligi 50 mm,
ya’ni 30x50 mm to‘rtburchak shaklda na’munalar tayyorlandi. To‘qimachilik
sochiglari uchun ko‘ndalang va bo‘ylama yo‘nalishlari bo‘yicha alohida
aniqlangan.

Kalit so‘zlar: To‘qima, xossalar, fizik va mexanik, kuchlar ta’siri, uzish
kuchi, cho‘zilishdagi uzayishi, uzilishda bajarilgan ish, nisbiy uzish kuchi.

To‘qima tuzilish-to‘qimalarning tashqi ko‘rinishi, jilolanishi, ekspluatatsiya qilish jarayonida
mustahkamligi, uning ichki va tashqi tuzilishiga bog‘liqdir. Chunki bir xil og‘irlikka ega bo‘lgan
xom ashyodan turli xil tuzilishdagi, jozibaga ega bo‘lgan rangba-rang gazlamalarni, o‘rilishlarni
o‘zgartish va aralashtirish xisobiga ularni ishlab chigarish mumkin.

To‘qima xossalariga to‘qimachilik materilallarining geometrik, fizik va mexanik xususiyatlari
ularning turli kuchlar ta’siriga munosabatini ko‘rsatadi. Bu kuchlar esa kata yoki kichik bo‘lishi
hamda bir marta yoki ketma-ket takrorlanib ta’sir etishi mumkin. Kuchlar to‘qimachilik
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gazlamalarining bo‘yi eni yo‘nalishida yoki ularga nisbatan ma’lum miqdordagi burchak ostida ta’sir
etishi mumkin. Natijada gazlama egilishi, cho‘zilish, buralish va boshqa deformatsiyalar paydo
bo‘ladi. Professor G.K.Kukin tasnifiga binoan, gazlamalarining mexanik xususiyatlari uchta sinf-
yarim davrli, bir davrli va ko‘p davrli xususiyatlarga bo‘limnadi. “bir davr” deganda gazlamalarning
kuch ta’sir ostida bo‘lishi (yuklash), kuch ta’sir ostida bo‘shashi (bo‘shatish) va dam olishi (dam)
tushiniladi.

Yarim davrli mexanik xususiyatlar jumlasiga uzish kuchi, cho‘zilishdagi uzayishi, uzilishda
bajarilgan ish, nisbiy uzish kuchi va boshqalar kiradi. Bu xususiyatlar sochiglarning mutloq mexanik
imkoniyatini hamda sifatliligini ko‘rsatish uchun ishlatiladi. Ularni aniqlash uchun sochiqlardan eni
50 mm, uzunligi 90 mm, ya’ni 50x90 mm li hamda, eni 30 mm, uzunligi 50 mm, ya’ni 30x50 mm
to‘rtburchak shaklda na’munalar tayyorlandi. Sochiglar uchun ko‘ndalang va bo‘ylama yo‘nalishlari
bo‘yicha alohida aniglandi. Sinovlar PT-250M marakli uzish mashinasida o‘tkazildi. Mashinaning
qisqichlar orasidagi masofa 100 mm ga teng bo‘ldi.

Namuna sifatida “NamTowel” MCHJ korxonasida ishlab chiqarilgan halga tukli to‘qima
namunalarining xossa ko‘rsatkichlari aniqlandi. Buning uchun 2 xil to‘qima namunalari olindi.
To‘qima namunalari R9500 markali Itema firmasi to‘quv dastgohida ishlab chiqarilgan. R9500
markali to‘quv dastgohi texnik tasnifi 1-jadvalda keltirilgan.

RF50S-T- To‘quv dastgohini texnik tasnifi 1-jadval
Ne R9500
1 Turi Jakard
2 Toquv g‘altagining diametri (Mm) 1500
3 Arqoq tashlash 4,8,12
4 Mashina ishchi eni (mm): 2600

To‘qilgan to‘qima na’munalarida quyidagi nomerdagi iplar ishlatilgan va qaysi yigiruv
usulida olinganligi keltirilgan:

I-namuna, zamin tanda ipi -34/2 Nm , tuk tanda ipi-54/2 Np, arqoq ipi-27/1 N,
pnevmomexanik yigirish mashinalarida yigirilgan ipdan to‘qilgan.

2-namuna zamin tanda ipi 34/2 Nm, tuk tanda ipi 27/1 Nu, apkoxk umm 27/1 Nm,
pnevmomexanik yigirish mashinalarida yigirilgan ipdan to‘qilgan.

To‘qilgan hamma namunalarni barcha geometrik, fizik va mexanik xossalari TOCT-11027-
2014 asosida o‘tkazildi. Barcha tajribalar Namangan to‘qimachilik institute qoshida tashkil etilgan
labaratoriyada o‘tkazildi.

Olingan qiymatlar qayta ishlanib ularni o‘rtacha qiymatlari, dispersiyasi va variatsiya
koiffitsientlari xisob qilinib 2-jadvalda keltirilgan.

Dispersiyasi va variatsiya koiffitsientlari xisobi 2-jadval
I-namunada 7 -namuna
Iiamln tanda 34/2 Zamin tanda 34/2 N,
Ne | Matoni xossalari Tuk tanda 54/2 Ny, Tuk tanda 27/1 N
O‘rtacha . . )
qiymatlari O‘rtacha qiymatlari
1 Matoni yuza zichligi (gr/m?) | 369,46 310,02
Matoni qgalinligi (mm) 0,10542 0,07864
Xavo o‘tkazuvchanligi
3 sm?/sm?/sek) 257,976 278,89
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Matoni arqoq  bo‘yicha
uzishdagi cho‘zilishi;

mm- 38,7 46,7
(%)- 19,35 23,35
Matoni  tanda  bo‘yicha
uzilishdagi cho‘zilishi:

mm- 27,1 32,4
(%)- 13,55 16,20
Matoni yuza gismidan nam
o‘tkazuvchanligi

Foizi (%) 5,0548 71,4282
Yoyilish tezligi (mm/s) 0,0817 0,218

4
3,5
3
2,5
2
1,5
1
0,5

O T T T
1-namuna 2-namuna

1-rasm. Olingan to‘qima namunalarini mato yuza zichligi (geometrik) xossa ko‘rsatkichlari qayta

ishlanib diagramma ko‘rinishida keltirilgan.

Diagrammada ko‘rinib turibtiki matolarni yuza zichligi 1-namunada eng yuqori 3,6946
(gr.mm?), 2-namuna esa pastroq ko‘rsatkich 3.1002 (gr./mm?) ega. Chunki birinchi namunada tuk
tanda ipi Nm = 54/2 ikki qavatli, 2-namunada esa Nn= 27/1 bir qavatli ip. 1 va 2-zamin tanda iplari
bir xil Nm= 34/2.

0,15
0,1
0,05 .
0 w w w |
1-namuna 2-namuna

2-rasm. Olingan to‘qima namunalarini mato qalinligi (geometrik) xossa ko‘rsatkichlari qayta
ishlanib diagramma ko‘rinishiga keltirildi.

Olingan to‘qima namunalarining qalinligi 1-namunada baland ya’ni namunadagi zamin tanda
va tuk tanda iplari ikki qavatli yuza zichligi xam yuqori bo‘lib shuni xisobiga namunani galinligi xam
oshgan 2-namunada esa nisbatan pastroq chiqdi.
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300
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1-namuna 2-namuna

3-rasm. Olingan to‘qima namunalarini xavo o‘tkazuvchanlik (fizik) xossa ko‘rsatkichlari qayta
ishlanib diagramma ko‘rinishiga keltirildi.

Olingan namunalarning xavo o‘tkazuvchanligi 2-namunada yuqori 278.89 ya’ni namunani
yuza zichligi past va sochiqni qalinligi me’yorda bo‘lganligig sabab bo‘lganligi uchun xavo
o‘tkazuvchanligi yuqori chiqdi, 1-namuna esa past bo‘lib 257.976 buning sababi matoni yuza zichligi
va qalinligi yuqori bo‘lganligi uchun namunani xavo o‘tkazuvchanligi past.

50

40

30 A

M cho'zilishi (mm)
20

m foiz %
10

O 1 T T T 1
1-namuna 2-namuna

4-rasm. Olingan namuna arqoq bo‘yicha cho‘zilish.

Olingan namunalarni uzilishdagi cho‘zilishi arqoq bo‘yicha ikkala namunada ham deyarli
natijalar bir xil ya’ni olingan natijalar bir-biriga yaqin bo‘lib natijalar arqoq bo‘yicha uzilishdagi
kuchi yaxshi natija chigqan.

40
30
20 - M cho'zilishi (mm)
10 - = foizi (%)
0 - T T T \
1-namuna 2-namuna

5-rasm. Olingan namunani tanda bo‘yicha cho‘zilishi.

Olingan namunalarni uzilishdagi cho‘zilishi tanda bo‘yicha ikkala namunada ham deyarli
natijalar bir xil ya’ni olingan natijalar bir-biriga yaqin bo‘lib natijalar arqoq bo‘yicha uzilishdagi
kuchi yaxshi natija chiqqan.

Olingan to‘qima namunalarini yuza qismidan nam o‘tkazuvchanligini ko‘rsatkichlari qayta
ishlanib diagramma ko‘rinishiga keldi.
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To‘qima namunalarini yuza qismidan nam o‘tkazuvchanligini ko‘rsatkichlari

80
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40 -
m foizi %
20
O ’4- T T
1-namuna 2-namuna

Diagrammada ko‘rinib turibtiki 1-namunada nam o‘tkazuvchanlik2-namunanikiga nisbatan
past, sababi 1-namuna yuza zichligi 2-namunanikiga nisbatan yuqori.

Hulosa qilib shuni aytish mumkinki, To‘qima xossalariga to‘qimachilik materilallarining
geometrik, fizik va mexanik xususiyatlari ularning turli kuchlar ta’siriga munosabatini ko‘rsatadi. Bu
kuchlar esa kata yoki kichik bo‘lishi hamda bir marta yoki ketma-ket takrorlanib ta’sir etishi mumbkin.

To‘qimachilik mahsulotlari sifatini to‘g‘ri baholash uning tuzilishi to‘g‘risida yetarli bilim va
ko‘nikmani talab etadi. Xossa va tarkibiy tuzilish orasidagi bog‘lanishni to‘la aks ettiruvchi bilim
materialshunoslikni rivojlantiruvchi omil xissoblanadi.

Demak, xossa tushunchasi va uni ifodalash aynan biror xususiy hol uchun o‘ziga xos ibora va
o‘Ichov birliklari bilan cheklanadi.

Mahsulot xossalarini baholashni ikki usuli mavjud:

1. Maxsus vositalardan foydalanib aniqlash usuli- labaratoriya usuli
2. Malakali mutaxasislarni tashqi kuzatishga asoslangan-organoleptik usuli.

Tanda tukli to‘qimalar o‘rilishi-Tanda tukli to‘qimalar bir polotnoli yoki ikki polotnoli bo‘lishi
mumkin.

To‘qilgan hamma namunalarni barcha geometrik, fizik va mexanik xossalari 'OCT-11027-
2014 asosida o°tkazildi. Namuna tajribalari Namangan muhandislik-texnologiya institu
“To‘qimachilik sanoati mahsulotlari texnologiyasi” kafedrasi labaratoriyasida o‘tkazildi.

Olingan 2 xil to‘qima namunalarni yuza zichligi (gr/m?), galinligi (mm), Xavo
o‘tkazuvchanligi (sm?/sm?/sek), uzishdagi cho‘zilishi (mm), nam o‘tkazuvchanligi (%), Yoyilish

tezligi (mm/s) kabi xossalari o‘rganilgan.
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AHAJIN3 MAJIBIX KOJJEBAHUI BUBPUPYIOIIIEN CETUATOM
MOBEPXHOCTH MOJ JEMCTBUEM TEXHOJIOTMYECKUI U
MEXAHUYECKHUX HAT'PY30K

Hbpoxum Myxcunoe!, Ecamos Coxubocon’
Hamanaanckuii uncmuntym meKkcmuibHotl RPOMbIULEHHOCHIU

AHHOTanusi: B maHHOW cTaThe WCCIIENOBAaH aHAIW3 MaJIbIX BUOpaIMii Ha
KOJICOMIONIelicS TOBEPXHOCTH CETKM TMOJA BO3IACHCTBHEM MEXaHWYeCKOU
Harpy3kd Ha CETOYHYIO MOBEPXHOCTh XJIONMKOOYHUCTUTEIBHBIX MAIlWH OT
MEJKUX MpUMECed Ha MPEeNNpHsITHIX MEePBUYHON MepepabdOoTKU XJIOMKa U
MPEACTABIICHBI BHIBOJIBI.

KiioueBble ciioBa: XIIOMOK, OYMCTKA XJIOMKA, KOJIKOBBIN OapabaH, ymap,
MEJIKUE CCOpPbI, CCOpa, KWHEMaTHYECKUM SHEprus, MpYyKHWHA, MOMEHT
HHEPIUH.

BBenenue. B notouHoil mruHNN IepepaOOTKH XJIOMKA B OYMCTUTEIHHBIX MAIlIMHAX OT MEIKOTO
CcOpa OCHOBHBIMH pabOUYUMH OpraHaMU SIBJISIFOTCS KOJIKOBBIA OapabaH W ceTdaTtasi OBEPXHOCTh IO/
HUM. PAaKTHUUECKH BO BCEX OYUCTHUTENSIX HMMEIOTCS 3TH 3JeMEHThl. KOHCTpYKTHBHBIE pEllIEHUs B
OCHOBHOM HAIIpaBJIEHbl HA KOJMYECTBO STHUX pPabOYUX OPraHOB U TEXHOJOTHUYECKUX 3a30POB.
O PexTHBHOCTh OYMCTKHU XJIOMKA-ChIPIIa OT MEIKOTO COpa 3aBHCHUT HE TOJBKO OT palMOHATbHON
KOHCTPYKIIMK OapabaHa, HO ¥ OT MPABHJIBHOTO BHIOOPA OYMCTUTENBHBIX CETYATHIX MOBEPXHOCTEH,
BBIBOJISIIIIME COPHBIE MIPUMECH U3 pabodeil 30HbI OUUCTKU. OCHOBHBIMU TPEOOBAHMUS MTPEIbSIBIsIEMbIS
K KOHCTPYKIIUSIM OYMCTUTEIBHBIX MAIIUH UCXOIAT U3 OOIEN CTpaTeruu MCCIEAOBAHUM, IPYTUMU
CJIOBaMH [TPU MUHUMAaJIbHOM CHUJIOBOM BO3EHCTBUU Ha XJIOMOK-ChIPEI-10CTUKEHNE MAKCUMAIbHOTO
ouncTuTenbHOro 3ddexra. [Ipm 3TOM HMHTEHCUUKALUMs OYMCTKH XJIONKa-ChIpla, pa3padoTKa
YCOBEPIICHCTBOBAHHBIX KOHCTPYKIUH, OIpeneieHre HOBBIX A(PGEKTUBHBIX CIMOCOOOB OYHUCTKH
XJIOTIKA-ChIpPIIa OT MEJKHUX COPHBIX NpPHUMEcCel, a TakKe aKTUBHU3alMsS HEMOJBIDKHBIX Pa0dO0UYMX
OpraHOB MalllUH, SIBJISIETCS aKTyaJIbHOM 3aJayeidl XJIOMKOOYMCTUTENbHOW MPOMBIIIJIEHHOCTH. DTH
MPEANPUATHS IPUHUMAIOT XJIOTIOK-CBIPEIL, BBIPAIIEHHBIN ()EPMEPCKIUMU XO3IUCTBAMH, XPAHST €T0 U
OTIIPABISAIOT TEpPepadOTaHHBIA XIJIOMOK M MPOAYKIMIO, IMONYYEHHYI0 U3 HEro, TEKCTHJIbHBIM
npeanpusaTusiMm. B Hacrosimiee BpeMs OOJBIIMHCTBO MPEANPHIATHI KiIacTepa KOHTPOJIUPYIOT
MpOLIECCHl OT ToceBa N0 YOOPKH CHIPhs, BBIPAIICHHOTO HA XJIOMKOBBIX TMONSX HECKOIbKHX
MMOJKOHTPOJBHBIX UM paiioHOB. Llenpio ATOro sIBIsSETCA BBIpAIIMBAHHE XJIOMKA B Kau€CTBEHHOM
COCTOSTHHH, TIepepab0TKa BBIPAIIICHHOTO MM MPOAYKTa U MPEBPAIICHHE €T0 B IKCTIOPTHBII MPOTYKT

Marepuajbl U Metoabl. [Ipu ounMCTKE XJIOMKA OT MEJIKHX MPUMECEH OYMCTKA XJIOMKa
MIPOMCXOTUT 3a CUET BO3JCHCTBHUS BOPCOB BOPCOBBIX 0Oapa0aHOB MAalllMH HAa KYyCOYKH XJIOTKAa U
BBITAJIKUBAHUSI WX TIO TOBEPXHOCTH CETKU. B cymiecTByromux ¢opMax XJIOMKOOYHCTHTEIbHBIX
YCTPOWCTB Ha MOBEPXHOCTU CETKU OTKPBIBAIOTCS OTBEPCTUS OIPEACNIEHHOIO paauyca, uepes
KOTOpBbIE MONAAal0T CMECH MeNKHUX npumeceil. Ha camom Jiese moBEpXHOCTh CETKH HEIOCTAaTOYHO
Y4acTBYeT B IPOLIECCE OTAEICHUS MEJKUX 3arps3HEHHM OT XJIONKbl. OH OCHAlleH yNpyrMMHU
MpYy>KHHAMH, KOTOpbIE€ BUOPUPYIOT OIOPHBIE YAaCTU CETYATOW MOBEPXHOCTU OYHCTUTENS JUIS
VIyUIIEeHUs yAaJd€HUs MEJKUX 3arps3HeHuid ¢ XJomnkel.[4] [Ipm 3TOM XJIONOK JOMOJHHUTEIBHO
BCTPSIXMBAETCA 32 CUET BHOpAIMH MOBEPXHOCTH AIIACTUYHON MPYKMHHON CETKH, YTO MPHUBOAMUT K
JIOTIOJIHUTENIBHOMY YIAJICHUIO MEJIKUX 3arps3HEHUN U3 XJIOMKA U MOBBIIIACT OUMIIArOIMi 3d ekt
YCTpPOMCTBA.

OcoOeHHOCTh 3TOI TEXHOJIOTUU B TOM, YTO KOJEOIIOMIAsICSl TOBEPXHOCTh CETKU COCTOUT M3
HEOOBIINX BUOPALINIA 32 CYET YCTAHOBKH CETKH Ha YIIpyTHe (TpyKUHHBIC) Onopkl. PacueTHas cxema
oTpesieNieHUs] MallblX KojeOaHuN MOBEPXHOCTH BUOPHUpYIOLIEH CeTKH MpelcTaBieHa Ha puc. 1.
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CornacHO cxeme pacueTa CeTKa-OYHCTUTENb paccMaTpuBajach Kak Oajika, OHa CTOPOHA KOTOPOH
LIApPHUPHO IPUKPEIJIEHa K KOPITYCY, a Ipyrasi 3aKperieHa ¢ MOMOIIBIO YIPYToi OMOpBHI.

PesyabTarhl nccsaenoBanus. B 3ToMm citydae yrosi OTKJIOHEHUS IOBEPXHOCTU CETKU IPUMEM
3a 000OILIECHHYI0 KOOPAMHATY KojeOaTeIbHON CUCTEMBl. B 3TOM cilydae KMHETHUYEecKas SHEeprus
KOJIEOIIOIeCs CETKHU XJIOMKOOYUCTUTEILHON MAIIMHbI OyJIeT paBHa:

]cd)cz 1 m112 12
T =2£2¢ = 22 ) h? 1
&=~ (T=) ¢ ()
311€Ch, |/, — MOMEHT MHEpPIUU CETYaTOM MOBEPXHOCTH, M, — KosieOmomascsa MOBEpXHOCTHAs Macca

CEeTKH, | — IJTMHA TOBEPXHOCTHU CETKH, (). —yTIIOBast CKOPOCTh MOBEPXHOCTH CETKU.

A Py C

Puc.1. PacueTrnasi cxema BUOpPHUPYIOLIEH CeTYATOH MOBEPXHOCTH OYUCTHTEIIS.

[ToTeHumanbpHast SHEPTUs CUCTEMBI OyIeT:
1 4242
11 = ECZ lops 2)
30ech , € — KOA((UIMEHT >KECTKOCTH YNPYrod OCHOBBL, (). — YIVIOBOE CMEIIEHUE CeT4YaTou
MOBEPXHOCTH.[8]

c o
OHpC]IGJ'II/IB 9TO Pc = ’ﬁ’ MBI ITOJIYYHUM 3aKOH MaJIbIX YTJTIOBBIX KoJieOaHuit IMOBEPXHOCTHU
1

KOJIEOITIOIIEHCSl CETKH B CIIEAYIONIEM BUJIE:
¢ = Ag sin(pct + ) 3)

3neck , t —Bpems , [ — HavanbHas yrioBas (asa ycTaHOBKM KoneOmomelics ceTku, A, —amMmiuTyaa

MaJbIX KojIeOaHuH IOBCPXHOCTH KOJI66HIOHICI>'IC$I CCTKH.

B3sB mpou3BoHy0 OT BbIpaxkeHus (3), MOIyduM

. =4, pcos(p t+ ﬂ) 4)
VY4uThIBas NpenBapUTEIbHbIE YCIOBUS:
o=A4,sinfB; ¢.=w, C0spS (5)
[Tpu 5TOM MBI ITOJTy4aeM 3aKOH MaJjibIX KoJieOaHUI MOBEPXHOCTH KOJIEOMIOLIEHCS CEeTKU:
¢ = fSin(ps:::st +B) (6)

1
3acce, 4 = JeJ2(1=cos pt)’ p = arctg 1—cos pt’
=1238 H ;J, = (1,042 +

B pacuerax monyuaeM cleIyolue 3HaUeHus napameTpon F
1,5) kemc?;c = 1,4-10* HM/pa()'

Ha ocHOBe uMcieHHOro pemeHus 3ajayd Mody4deH TrpauK 3aBUCUMOCTH IapaMeTpoB
MOBEPXHOCTH KOJIEOMIOMIEICS CETKM Ha YNPYTHX OMOpax, B KOTOPOM Ba)KHO ONPEIEITUTH YITIOBOE
CMEIlIEHHE TOBEPXHOCTH KojeOmromielics ceTku. [Ipu Oonblinx 3HaUYeHUAX pblyara (paszmax)
BEJIMYMHA PACCTOSHUS MEXAY BOPCOM M MOBEPXHOCTBIO CETKH YBEIWYMBAETCSA, YTO NMPUBOIUT K

6
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TOPMOXKEHHMIO JIBUJKEHUS BOpCA, CHIDKEHHIO 3(P(QEKTUBHOCTH OUYUCTKH arperatHod CeKIHH,
CHUKEHUIO TTPOU3BOAUTEIBHOCTH. [ 5]

Ha pucynke 2 mnoka3aH rpaduk 3aBUCUMOCTHM HM3MEHEHHsS KojeOaTeIbHOro phlyara
MIOBEPXHOCTH KOJe0aTeabHON CETKM OT YBEJIUYEHHUS KPUBMU3HBI BpAIIECHUS YIPYroro OCHOBaHMS.
AHan3 TOCTPOEHHBIX TPaPHUKOB MMOKAa3bIBACT, IPU MACCE MOBEPXHOCTH CeTKH 14,5 Kr yBennueHue
KPUBHU3HBl BpAILEHUA YNPYrod oOmopbl BHOpHUpPYIOLIEH IIOBEPXHOCTH CETKM B JAMaNa3oHe
(0,25+1,45)-10°Nm/rad npuBOIMT K yMEHBIICHHUIO BETMYNHBI KOJIEOATEIBHOTO PhlYara IOBEPXHOCTH
cetku ¢ 3,68-107 rad no 3,68-107 rad no nenunelinomy 3akony. CeTdarast IOBEPXHOCTH IIPU MACCE

10,0 ke npuBoauT K cHmkenuio A@, ¢ 5,81-107 rad no 1,93-107 rad ¢ yBenudeHreM KPMBU3HBI

BpalieHus ocHoBaHus.[6] g obecnieueHus: TOMYCTUMBIX 3HAYCHHM TEXHOIOTUYECKOTO UHTEpBalia
MEXIy CBasMH M IOBEPXHOCTBIO CETKM, He mpesbinamomux (18,0+20,0)-10°m, 3HayeHns

(3,8+5,6)-107 rad cnenyet BoIOMpaTh B AnanazoHe A, | pekomeHyeMoe 3HaueHHe Kod(QPUIMEHTa

000pauMBAEMOCTH YIIPYTOii ONOPHI MOBEPXHOCTH BUOpHpyrouiei cetku (0,42+1,05)-10*Nm/rad.

Ag, 107 pao
6,0

404
) 2
2,0
1
T T T T T T —

0 05 10 15 ¢ 10°Hw/pao

Puc. 2. I'paduk 3aBucuMOCTH BUOpAMK KOJEOTIOMICHCS CETYaTON MOBEPXHOCTH OT YBEIHUCHUS
BpalareIbHOM JKECTKOCTH yIIPYTOi ONOPHI IIPU H3MEHEHUH Oeapa

3nech , | —m;=14,5 kg; 2 —m;=10 kg da.

Agy, 10 pao A
6,0

404

2,0

I

0 05 10

l,IS T, kem?
Puc. 3. I'paduk 3aBuCUMOCTH KoJeOaHUN TOBEPXHOCTH KOJICOMIOMICHCS CETKH OT YBEIHMUCHUS
MOMEHTA UHEPLIMU U3MEHEHHUS yIIopa.
3nech, 1 —s=0,55-10°Nm/rad; 2 — s=1,05-10°Nm/rad; 3 — s=1,45-10°Nm/rad.

BuiBOaBI. I/ISBCCTHO, YTO YeM OOJIbIIIE MOMEHT HHCPIUHU TOBCPXHOCTHU KOH@6Hm1HCﬁCH CCTKHU,
TEM CJIOXKHee 00eCIeUnTh Tpe6yeMLIe AMIUIMTYOAHBIE W YaCTOTHBLIC KOJIeOaHus IMOBEPXHOCTHU
KOHCGHIOHleﬁCH CCTKHU. HpI/I 9TOM BAKHO YMCHBIIWUTHL MACCY IMOBCPXHOCTHU CCTKH. Ha PUCYHKE 3
IIOKa3aH Fpa(l)I/IK 3aBHCHMOCTH KoJIeOaTeIbHOMI MMOBEPXHOCTU CETKHU OT YBCIHWYCHUA MOMCHTA
HUHCPpIUHN K0JIEOATEeIIbHOTO pbruara. Anammu3 T pa(bI/IKOB IMMOKAa3bIBACT, YBCIIMUYCHUC KPYTALIECTO MOMCHTA
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UHEPIIMK TOBEPXHOCTH KojeOmolelics cetku ¢ 0,25 kgm? no 1,35 kgm? npu xosdduimente
BpalieHusi yrnpyroi ocHoBbl 0,55-10*Nm/rad npuBOANT K yMEHBIIEHHIO KOJNEOATEILHOIO phluara
HOBEPXHOCTH CETKU C 4, 72-10? rad dan 2,94 -107? rad. Ilpu yBenuuenuu 3nauenus 10 1,45-10‘Nm/rad
YIOJI KOJIE0aHH s MOBEPXHOCTH KOJIEOIoIIEHcs ceTku ymenbinaercs ¢ 2,47-10° rad no 1,78-107 rad.

Pexomenmyembie 3HadeHus A@, = (3,8+5,6)-1072 pao  MOMEHTa HHEPIUH TIOBEPXHOCTU

KoJIeOmIoIeiics CeTKH Juist obecredeHns TpedyeMbix 3HadeHuii cocrapistor (0,21+0,65) kgm?. Tlpu
3TOM CJIeZlyeT BbIOMpPaTh NOBEPXHOCTh BUOpUpYtolel ceTku He 6omnee (7,5+9,5) k.
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