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JOKTOPJIMK TUCCEPTAIIUACHU AHHOTAIIUACHU

JluccepTanus MAaB3yCHHHHI J013apGJIMIH Ba 3apypHSTH. Y30eKHCTOH
PecniyOnukacu Ipesunentu Menom KapumoB paxOapiauruia unuiad YMKWIrad MHKU-
po3ra KapIiiy dopajiap JaCTYPUHUHT KOMIUIEKC Taaoupiapuaad oupu Oy «...bupun-
YUJaH — KOPXOHAJapHH MOJEpPHU3AIMS KWIMIL, TEXHUK Ba TEXHOJOTMK KaiTa
KUXO3JIAIIHYU SIHA/IA JKalaJUIallTUPUI, 3aMOHABHIA, MOCIIATyBYaH TEXHOJIOTUSIIAPHH
KEHT xopuii »tuiml. by Basuda aBBanamO0Op MKTUCOAMETHUHT ACOCHM TapMOKJIAPH,
AKCHOpTra MWYHANTUPWITaH Ba MaxaUIMIIAIITUPUIAIWTAH HWOUIad 4YMKApPHUII
KyBBaTjapura Terunuuanp. by ypunaa ummad yukKapuIIHA MOACPHU3ALUS KU,
TEXHUK Ba TEXHOJOTHK KaWTa >KMXO3Jall, XaJlkapo cudar cTaHmapTiapura YTUII
Oyiinya KaOyn KWIMHIaH TapMOK JacTypJapuHU aMajra OLIMPUIIHM Te3JallTHPHIL
BasuQacy KyHmIMOKHa. Y3 Hap6aTHaa, Oy MaMIAKaTHMH3HMHT XaM TAlIKH, XaM
nuKK 6030paa Gapkapop MaBKera ra Oy IHIINHN TABMUHJIAI UMKOHHHY Gepam» .

B030p MKTHCOAMETHIA YTHIN MyHOCabaTH OMiIaH Y3GEKHCTOH MaxTa TO3alaml
KOpPXOHAJIapy OJIAMra IaxTa TOJACHHUHI pPakoOaTOapJOUUIUTUHN OIIMPHUIIJIEK
MyXHM Macajla KyHuWiIMoOKAa. by MacanmaHu Xainl KWIUII Y4yH [axTa To3ajall
CAaHOATHMHHUHI aCOCUM MAaxCyJOTH OYJiraH MaxTa TOJIACHHHUHI TOBAap KYpHUHHILWHU
Ty6maH sxmmnam yo3uMm. lIysunr yayH VY3GekuctoH Pecmy6nmkacu Basmpiap
Maxkamacuanar «2007-2011 #Hunnmapna maxrta To3ajall CaHOATH KOPXOHAJAPUHU
MOJEPHU3AIMS Ba PEKOHCTPYKLIMS KWIMII JaacTypu Tyrpucuaa» ru 2007 wwi
3 ampenmaru 70-cOHIM Kapopura acocaH TaxTa ToO3aJalll CAHOATUHHHI aCOCHUU
cTpaTeruk Basudacu — 0030p Tayabiapura xaBoO Oepa olaJUraH SIHCM TEXHUKA Ba
TEXHOJIOTUSJIAPHUA TE3KOP KOPUIM KUJIHUII OpKaIM pakoOaTOapaoil MaxCyiaoT UILIa0
YUKAPUIILIND.

MaBxy/J TEXHOJIOTMK OKUM JIMHUSACUAAru OMpop MallMHAHUHT TYXTalld OyTyH
KOMIIIEKCHUHI TYXTalllUra €Ky IMapauiesl OKUM YCKYHAJIAPUHUHT FOKOPH FOKJIAHUII
OunaH unulammra oau6 kenaau. bupuHuM Xonarna MallMHAJIAPHUHT CalT MIUIAIIN
(KkMucKa TyXTam Xojariapuaa) EKA  KeTMa-KeT JKOIUIalraH MalldHaJapHH
TabMHUpJAIl, TOo3ajJall Ba TU3MMHU KalTa MHINra TYIIHMPHUINra KYIIUMYa BakKT
QKpaTUIUIINTa TYFpu Kenaau. WKKWHYM XOJaTAa, IOKOPW OKJIAHUIIAA MIILIAII
Tydailin maxTa TOJACUHUHT cudaTu €KUM TEXHOJOTHMK MalllMHaiap pecypciiapu
Kamasaad. DbyHHHr XamMMacum MallMHANIAp JKOWIAIIYBUAA YiI4aMJIapWUHHU, HII
YHYMJOPJIMKJIApU Ba OMPHUKMO HIUTAIIMHU XHUCOOTa OJyBYM, PECYpC Ba SHEPIrUs
TEXAMKOPJIMIU Tanabjapura >kaBo0 OepyBUM MalllMHA arperatjapd TU3UMUHU
apatuil  OyiiMya wu3JaHuOuiap OJau0 OOpPUINHUHT Makcaara MYyBOQUKIUTUHU
KypcaTaau.

Nnna® yukapuna€TraH MaxCyJIOTHUHT pakoOaTOapIONUIMTd yHHUHT cudatu
Ba aBBaJaMOOp, WIUIA0 YMKApUIN XapaxkaTiapu OusiaH OOFIMK OYyiraH TaHHApPX
Ownan anukiaHagu. [laxTagan Toima axpaTu® oNMINAA [axTa  To3ajall
KOPXOHAJIAPUHUHT MILIA0 YMKAPHUII XapaKaTJIapuHU Ce3WIapiid TacauTHUpHUIITa
appaayd  KMHHUHI MII YHYMHMHM Ba TOojJa KOHAEHCOPMHUHI  TO3aJall

! Y1.Kapumos. YKaxoH MOTHSBHil-HKTHCOAMIT HHKHPO3H, Y3GEKHCTOH IIAPOUTHAA YHH Gaprapad
STHITHUHT WyIapu Ba yopanapu. —1.: Y36ekucron, 2009, 56 6.
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caMapaJIOpJIMTUHA ~ OLIUPHUII OPKaJXM DJPUIIUMII MYMKUH. Appaiud KUH Ba
KOHJIEHCOPHUHT OMp Mapomja MIUIAIIM KYN XOJulapja yJapHH MaxTa OuiaaH Oup
TEKHUC/Ja TabMUHJIAIIra OOFIMK Ba Oy jkapaéHa maxTa TabMUHJIATMYHUHT aXaMUITH
Karra. MaBxKyJl appalid *UH Ba KOHJICHCOPJApHU MabJIyM TEXHUK €UMMIIAp acOCUIA
TaKOMWUIAIITUPHIL OPKaJd WMl YHYMJIOPJMIHW Ba To3alall camMapaJopiIuruHu
OIIUPUII VY3 MMKOHUATIAPUHM OXHMpUTradya UNuiatud OYiau, UIyHUHT Y4yH
U3JIAHUIIUIAPHU SIHTM HOAHbAHABUM TEXHUK €YUMIIAP OPKAIH OO OOpHUII JIO3HM.
Uy Tydaiinu maxTagaH TOJAHW aXPATUIIIAH OJNH MaXTaHU To3aJall, WU Ba YHU
Oup Mapoma OCNTUIIAHTaH WIIl YHYMH/Ia WYX Kamepara eTka3yB4M Ba ToJjia cudaru
VpHaTwiTaH Tanabiapra jkaBoO OepyBYM IaxTa TabMUHJIATHYHU WINUTA0 YUKHII
3apypHATH BY)XKyIra Kenaaud. TabMHHJIAru4 Ba appaid *XUH HIIYM KaMEpPaCHHUHT
Yyinuamiapu Ba I YHYMAOPJIUTH Oyinda OMPUKUO WIUTAIIMHE TabMHUHJIAII YYyH
UIIYU KaMEPAHUHT SIHTM KOHCTPYKLUMSICMHU sApatuil Jjo3uM. by V3 HaBOatuna
naxTaHu OWp MapoMja TabMUHJAII, KUHJIAII Ba KOHJIEHCOpPJa TOJAHU TO3ajall
xKapaCHllapuga KaMm DJHeprus cap(ioBYM MalllMHa arperarjapu JUHAMUKACUHU
PUBOMUIIAHTUPHUII  3apypUsITH  J0NA3ap0d MyaMMoO DSKaHWHU Kypcaragu. Yoy
JUCCEPTAIIMS UIIIK [Ty Kabu MyaMMOHHU OapTapad TUIIra OaruiliaHTaH.

TagKUKOTHHHT V36eKncToH PecnyOsmmkacu ¢aH Ba TeXHOJOTHSUIAPHH
PUBOAJIAHTHPUIIHUHT YCTYBOP HMyHAJMILIAPUra MOCJUrH. Jlucceprauus WA
V36exucton Pecry6iukacu daH Ba TEXHONOTUANAPHH PHBOXIIAHTUPHUIIHIHT MyXHM
nynanunuapu: OT/-2 — «Dusuka, acTpOHOMHUS, DHEPreTUKA Ba MAIIMHACO3JIHK
xamna ATI-3 — «DHepreTuka, SHEPTUsi- PECYpPCTeKAMKOPIUK, TPAHCIIOPT, MaIIMHA
Ba ac000CO3IMK» IacTypiiapura Moc xoJijia Oakapuiras.

Jucceprauuss MaB3ycH OyiMYa XaJKapo WIMHH TaJKHKOT/JIAap LIapXH.
[laxTagan ToJIaHM aXXpaTUUI Ba TO3aj]alllJla appaly >KMH Ba KOHJEHCOpP MallMHA Ba
arperaTyiapfard JWHAMHK »apa€HJIApHU VpraHuil OwiaH OOFIMK TaAKUKOTIap
MaITMHACO3JIMKHUHT 3aMOHABHM YCTYBOp WYHAIHUIILIAPUIAH OUPHUIHP.

AKII, Ascrpanus, I'epmanus, bywok bputanus, fAnonus, Xwurtoi, Poccus,
XMHAUCTOH Ba OOIIKAa JaBJATIADHUHT WIMHH MapKasjapd, OJIMH TabJIHM
Myaccacajlapyujia TEXHOJOTMK MalllMHA arperariap IWMHAMUKAcu MacajlaJlapuHu
EUHIINTa JOUP TAAKUKOT UIIApU 0JU0 OOpPHIMOKIA.

[TaxTaHu >KUHIIAII Ba TOJAHU TO3ajall Kapa€HJIAPUHHA TYLIIYHUII Ba YpraHWUII
YUYyH MaxTa To3ajall MallliHa Ba arperatjiapuHy TUHAMUK TAJIKUK 3THILJIA Ha3apuil
Ba amMaJMii MexaHWKa, MallliHa Ba MEXaHW3MJap Ha3apuscd Ba HH(OpMaLUOH
TEXHOJIOTHsIIapuaaH (oiianaHuIl 3aMOHABUN €HJIAITYB XMCOOIaHA Y.

byryHru kyHia naxTaHd >KMHJIAIl Ba TOJIAaHM To3ajall Oyin4ya TagKUKOT
unutapy AKII (Lummus, Continental eagle), Ascrpamus (Lummus Australia Pty.,
Ltd.), Xurori (Shandong Swan Cotton Industrial Machinnery Stock Co.,Ltd),
Xunnucton (Nipha) Ba Oomika Mamiakatiap ojauMiIapd TOMOHUIAH OJIMO OOpMIHO,
MaxTaHW KUH HUIITYU KaMepacura TaAbMUHJIATHWIap OPKAJIU €TKa3u0 OepuIl, KUHIIAII
Ba TOJIAHM KOHJIEHCOpJa To3ajam kabu >xapa€Hmap Oyiinuya eTapiuda TaxpuoOa
TYILJIAHTaH.

3amMoHaBHil OOCKMYJa MAalllMHA arperamiapyd JAUHAMHUK TaJKAKOTIAPUHUHT
Ma3Kyp MYHaIUIUIapu PUBOKIIAHUIIN Ha(aKaT TEXHOJOTUK MaITMHAIAp acCOCIapUHU
TYIIYHUII, OaJKu SHEprus capPuHU KaMaTHpUIN Ba TaxTa Tojacu cudaTuHH
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CakJiall OpKaJIW HWKTHCOIUN CcaMapaJopiiMKKa SPUIIUIT WUMKOHUSTIAPUHH OYHO
oepaau.

MyaMMOHMHI YPraHWJIraHJIuK aapaxkacu. [laxra To3anam caHoaTu MalnHa
Ba arperamiap SPaTUIIHUHT Kyl WWUIMK TapUXW Ba YHJAa MaxTa TabMHUHJIarudiap,
appajy KUHJIap Ba KOHJEHCOPJApPHU MIUIA0 YMKUINTA JOUP TAAKUKOT HATHXKaJIapH
XOpWKHM oMM Ba MyTtaxaccucnapaad 2. Yurau, C.3. Xamn, T. Ommor, C.0. Xyrc,
P.H. Pakodd, A.B. Crerwu, P.I'. Xapaun 1V, II.LA. dank Ba OomIKaJapHUHT
nnuiapuaa kentupuwiarad. Yer smmmk JXK.K. Boiikun (AKII), K. Tomncon (byrok
bpuranus), I1. Kymap, M.K. [llapma (XuHINCTOH) KaOW OJMMIIAp ITaXTAHUHT
IacTIa0KM  KypcaTKU4YJIapW appajd O KUHHUHT TEXHOJOTHMK Ba OHEPTEeTHUK
napaMeTpjapura TabCUPUHM YpraHuil Oopacuaa WIMHA H3JTaHULLIAD OJU0
OopHuIIMOKA.

[TaxTa TO3amam ca”HoaTHAA KYJUIAHWIAJWTAH TEXHOJOTUK MAaIWHAIAPHU
JUHAMHUK TaJKUK OSTUIIHUHT Ha3apuid METOJOJIOTMK AacOCIIApU PHUBOKIIAHUILINTA
onmumiaapaan P.I'. Maxkamos, 11.T. Maxcynos, A.E. JIyraues, M. Tunnaes, M. Ar3a-
MoB, X.T. AxmenxomxkaeB, P.A. Maunryrtos, A. XKypaes, P.1. Kapumos, K.A. Kapu-
MmoB, III.I1. AnumyxamenoB Ba OoImiKagap CaIMOKIM XHcca KymummMokaa. by ummap
acocaH, IMaxTa XOM alECHHUHT XYCYCHSTJIIApUHU Ba YeT 3JIJIa MaxTaHW JacTiaOKu
unutamga AKII  TexHonorusicura acociaHu® WNUIA0 YUKWITaH MalldHaiap
KOHCTPYKIMSIAPUHH YPraHUII OWIaH GOFINK. Y30EKHCTOH ONMMIAPH TOMOHHMIAH
o0 OopwiraH apuM TaJKUKOTIApTUHA appaid >KUH TabMUHJIArM4uaa MaxTaHU
TO3aJIalll, XUHJIAIl YHYMJOPJIUTHUHU OIIMPUIN Ba SHEpPrusi capPuHu KamaWTHUPHUII
MyaMMoJiapura KapaTwirad. IlaxTtaHu oKuHJamjga UWIIYW KaMepajlaH YUTHUTHU
YUKApyBUU KypUJIMAHUHT XaMJla TOJIaHU MYJbCIOBUM XaBO E€pAaMujia To3ajlaliIural
KOHJICHCOP KOHCTPYKIMSUTApU Ba y3aTUII MEXaHU3MUHUHI JUHAMUK MapaMmeTpiiapu
Ba KYpCATKU4WIaApUHU MYKOOWUIAIITUPUIL MyaMMOJapu XO3Uprd TaiTraya
ypranwnmarad. by 5sca appanu XUH W YHYMJIOPJMIMHM OLIMPUII Ba SHEPIrUs
cappuHU KaMaTHpUIT XamJa TOJAaHW KOHJACHCOpAA To3ajall TEXHOJOTUSCUHU
TaKOMWIJIAIITUPHUII 3apyp IKaHUJIAH Jaonat Oepaim.

JAuccepranmss TAAKUKOTHUHUHT WJIMMA-TAIKHKOT HILIAPH pexKaIapu
Omy1aH OOFJIMKJIMIH KyHHUIary Jionnxanapaa y3 akCUHU TONTaH:

amanuid unmuid jgounxanap: Ne 19.12 «Ilaxta To3amam Ba KYyH MaxcyjioT
CaHOATH TEXHOJIOTMK MAallWHAJAPUHUHI aCOCHUW WINYM OPTraHJIAPUHHM TaKOMUJIJIAII-
THUPUII Ba TEXHOJOTHACUHU UNuia0d aukumm (2003-2005 iit.); Ne A-13-166 «Typau
XU XYXKQJIUK IOPUTHUII HIAPOUTHIA FOKOPU camMapajiu, dHEpPrus Ba pecypciapHU
TEKOBUM XaMJla HKCHOpTOOO MaxTaHW [OacT/Ia0Ku KailTa WIIJIOBYM MallllHAJIAp
TU3UMUHM T1aXTa TO3aJall KOPXOHACUHUHT MaxTa XOM allléCUHU Tal€piioB XaXXKMUHU,
KaliTa WIUIall JaBpH, CEJICKIIMOH Ba CaHOAT HaBJIapUHU XUCOOTa oOJraH XoJjaa
spatun» (2006-2008 1. );

MHHOBaIMOH Joitmxa: No DA-U4-O04 «Appanu XKUH UIIYM KaMEpacUuHU
unurad yukapuira TaTouk >tunn (2011-2012 i),

TagKUKOTHHUHI MaKCaAW MallliHA arperatjiapu JUHAMHUKACH TaJAKUKOTJIapu
acocujia Wil YHYMIOPJIWTH, ¥3apo KOMIAIIyBU Ba SHEPTUSHM TEXKalll OMJIaH MmaxTta
Tonacu cuaTUHU TabMUHJIANI Tanadiapura »xaBoO OepyBUM appajd >KUH Ba
KOHJICHCOPHUHT SIHTY KOHCTPYKITUSJIAPUHU SPATHIILL.
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Kyiunran wMakcaara MoC paBulla KyWuJarn TAAKUKOT BasudaJiapu
Oenrwiad OJIMHIN.

appaJii KUHJAIl TEXHOJOTWK JKapa€HJlapura acoCJlaHraH MalluHAJIapHU
TaxJIuJ KWWl Ba TabMUHJIATWY, appajiy KUH HIIYMA KamMepacu Ba KOHJECHCOPHUHT
SIHTU KOHCTPYKIMSJIAPUHU UIILIA0 YUKHIIL

MaTeMaTUK MOJICJUIAIITUPUI aCOCHIAa TMaXxTa TOJACUHUHT TabMUHJIAru4
O6apabanu, appaiy )KMH UITYM KaMepacu Ba KOHJEHCOp TYpiu OapabaHuga xapakar
KapaéHUHU YPraHuIL,

VTum Ba 6apkKapopJarad pekuMIIapiara TMHAMUK XapaKTepUCTUKAIapHU Ba
napaMeTpjapHd aHUKJalll MMKOHMHU O€pyBUM appajld >KUH Ba KOHJIEHCOP
WUIUTAIIAHAAT  (PYHKIIMOHAT KOHYHUSTIIADUHA KypHII Ba MallWHA  WITYH
OpraHJIAPUHUHT pallMOHa] MapaMeETPIIAPUHU TOIIHUIIL

Ty3WIraH MaTeMaTHK MojeiuiapHu DXMpaa TaTOMK KUJIUII Y4YyH JacTypHid
BOCHUTAJIAP UIILTA0 YUKHUIIL;

Hazapuh-TaXpuOaBUil TAJAKUKOTIAp acocuja ypTa TOJaldu TaxTaHW KaiTa
UIUIAIl TEXHOJOTHK OKMMHJA Kam JHeprus capdjoBUYM MalllMHA arperariiap
KOMJIAITYBUHUHT Y3JIYKCU3JIUTU Ba WII YHYMOPJIUKIAPH, Yadamiiapu Ba OUPUKUO
UIian Tajabiapura xaBoO OepyBUM SHTM UNUIA0 YMKWITAH appaid >KUHJIAILI
MaIllIMHACUHUHT CaMapaJiOpJIMTUHUA aHUKJIAI;

CaHOaT UILIA0 YMKAPUINM IIAPOMTH]A YUTUTHU UIIYM KaMmepaaaH KylluMmua
YUKApPYBUM KypUJIMAJId appaid >KUH KYpCaTKUWJIApUHU TaJIKUK STUII Ba yHAaH
caMapanu (organanuin Oyitnya takaudiap uiiad YuKUII.

TagkukoT 00beKkTH cudaTuia maxra To3ajall caHOATH TEXHOJIOTMK OKUMU
MallliHa Ba MEXaHU3MJIapH OJIMHTaH.

TaakuKoT npeaMeTn — UKKU OapabaHIN KO3UKIN TAbMUHJIATUY, appallid >KUH
Ba TOJIA KOHJICHCOPH.

Taakukor ycy/uiapu. Hazapuii TagkukoT/iapaa 3aMOHaBUM Ha3apull Ba
amMajuii MexaHWKa, MallliHA Ba MEXaHW3MJIap Ha3apusCH, XUcoOjall MaTeMaTHKacu
ycyJuiapuian (honaanmiu.

TaxpubaBuii TanKuKOTIapAa 23ca JabopaTopuss Ba WINIA0 YUKAPHII
IapouTIIapy/ia MaluHaaap paoausaTy Ba maxTa Tojacu cudariapuHu 0axoJalIHUHT
3aMOHaBMIl Ym4oB ac000 Ba yCKyHajapulaH, TaxXpuOa HaTWKaJIapuHU KalTa
UIUianjga TaAKUKOTIApHU  PEKAIAMITUPUINHUHT  CTAaTUCTUK Ba  MaTEMAaTHUK
yCyJUIapUIaH, JacTypiiap MaXMyacuHu uiuiad yukuiga Fortran, Qbasic nactypinar
Tuiapuaan Ba «[19Py» ukruconuit xucooOnam MaxmMyacuad (poiianaHnuiras.

Juccepranus TAAKUKOTHHUHT WIMHUI SHTWIMTY Kyiugaruiapaad uoopar:

UKKM OapabaHiM TabMHMHJIAru4y, YWTATHU WIIYM KaMepaJaH KylluMua
YUKAPYBUYM KypUJIMaIM appajiy *KHH Ba MyJIbCIOBYM XaBO OKUMIIM KoHaeHcop (675,
2354, 1AP 02992, IAP 04037, FAP 00589, FAP 00841) xamma appand >KHHJIAILI
MaliuHaIapyu KOHCTPYKIMSICUHUHT JTUHAMHK >Kapa€HJIapuHU XUCOOJall yciyou Ba
JTaCTypui TAbMUHOTH UIIA0 YUKUIITaH;

MaxTaHU To3ajall Ba >KUHJAIl MAaIllWHAJIAPUHUHT palMOHAll PEXUM Ba
napameTpJIapuHu TaHJIAlll UMKOHWHU OepyBYM TOJIa, YATUT cUdaT KYpCaTKUUIAPH,
appaJid KUH Ba TOJIa KOHJEHCOPHU I YHYMJIOPJIUKJIAPUHUHT YUTUTHU YUKAPYBUYH



KyBYyp Ba TyJIbCaTOp XapakTEpHUCTHKAIapura OOFIWK paBUIIA  Y3Tapuill
KOHYHUATIIApY aHUKJIAHTaH;

UIIYM OpraHjapiard TEXHOJOTHUK KApUIWIMKIApHU XucoOra oJiraH XoJijaa
appaJii )KUHHUHT JIHUHAMUK Ba KOHCTPYKTHB KYpPCATKUWIAPWHM TAaHJIAIl UMKOHUHH
OepyBun 156 appanu HWIMHJIpP BaJld, YUTUTHU YUKAPYBUM KYBYp Ba IIHEKIAPHUHT
IOKJIAHUIIM KOHYHUSTIApU XaMmJa Yyllap AaWJIaHUIIMHUHT KPUTHK YacToTajapu
AHUKJIaHTaH;

MaxTaHW KaWTa WIIIAaa SHeprus capuHU Ba TaxTa TOJACH TaHHAPXHHH
KaMaWTUPYBYM «TAabMUHJArM4 — appajud >XKUH — ToOJIa KOHJICHCOPWU» MallnuHa
arperaTJIapuHUHT MaTeMaTUK MOJCIUIApPH UIIIa0 YNKHIITaH.

TaagKMKOTHUHT aMaJIuii HATUKAJAPH Kyiuaaruiapaan noopar:

naxTaHuHT uduocnanrannan 31% raga kKaMaWTHUPYyBYM WKKH OapabaHim
TabMUHJIATWY Ba TOJMAHUHT uUprocianrannan 13% rada kaMalTUPYBUYU ITYJIbCIOBYU
XaBO OKMMJIM KOHJIEHCOP MIILIA0 YMKHUIITaH;

UKKU OapabaHid TabMMHJIArMY, YWTUTHU HWITYM KamepaJaH KylInuMua
YUKApPYBUM KypWIMald appajd >KUH Ba MYJbCIOBYM XAaBO OKHMIIM TOJIa
KOHJICHCOPJIAPMHUHT JMHAMHUK KYpcaTKHWIapuHU XucoOumamn gactypiapu (Ne DGU
00829, Ne DGU 00830 Ba Ne DGU 02400) niiad 4YMKHIraH;

156 appanu kxMH UIIIYA KAMEpPACUIa YATUTHU KyIIMMYa YNKAPYyBYU KypPUIIMaHU
VpHATHIIl OPKAJIM MaxTa TOJACHHUHT cU(]AT KYpCaTKUWIAPWHU CaKJaraH XoJija HII
YHYMIOpJHWTH coatura 2242,3 ke ra eTKa3wiraH Ba appaid WIMHAPHUHT
COJIMIIITUPMA DJICKTP dHEprus capPpu KamManTUpUITaH.

OJMHran  HATWKAJAPHUMHI  MIHIOHWIWJIMIH  MaTeéMaTUK  Mojesuiap
MEXaHUKAaHUHT 3aMOHaBUM (yHIaMeHTan KOHYHJIApU acoCuJa KypWiIraHu Ba
Hazapuil HaTWXKAJIAPHUHT JJa00opaTopHs Ba UIILJIA0 YUKAPHUIII IAPOUTHIA TAXKpUOABU
HaTWKaJap OWJIaH COJUIITUPUII OPKATU TACTUKJIAHTaHU OUJIaH acOCIIaHTaH.

TaagKUKOT HATHKAJIADMHUHI HA3apuil Ba aMaJuid axamMMATH. TagkKukKoT
HaTWXKAJTApPUHUHT Ha3apuid MOXMITH KyWuaaruiaapiad uoopar:

UKKH Oapa0aHiu KO3UKIM TabMUHJIATW4, YWUTUTHU WIIYHA KamepajaH
YUKAPYBUM KypUJIMaJU appajid KUH Ba MYJbCIOBUYM XaBO OKUMIIM TOJIa KOHJIEHCOPHU
y3aTMaJapUHUHT JIMHAMUK XapaKTEpUCTUKaIapy Ba MapaMeTpjapyuHU aHUKJIAITra
€pnaM OepyBYM JUHAMUK XHcoOiai yciayOu OuiiaH TacTypuil BOCUTANIap SApaTUIITaH;
MaxTaHUHT MKKU OapalaHiv TabMUHJIATAYJArd, >KHH WIIYM KaMepacujaru Ba
TOJIAHUHT TYpJiu OapabaH CUPTUJIATU XapaKaTjiapyu MaTeMaTUK MOJIEIIApU KypUJITaH;
TOJa KOHJIEHCOPH TOo3ajall caMapaJopJIUTHHUHT MyJIbCaToOp YiIdamjapura HucOaTaH
y3rapuiyd Xamjaa Toja, YWUrUT cudar KypcaTKUwiapu Ba appaid >KAH U
YHYMJIOPJIMTUHUHT YUTUTHU KYIIMMYa YUKAPYBYM KYBYp aWJaHUII YacTOTacura
OOFJIMK X0J1/1a Y3rapuill KOHYHUSITIapHU OJIMHTaH.

TagkUKOTIApHUHT  aMajiuid  axaMusiTM  —  [axTta Tojlacu  cudar
KYypCaTKUWIAPUHU CaKJIaraH XOJia KaWTa uiulall XapaXaTJapuHU KaMauTHPYBUYH
WKKU OapabaHiM TabMUHJIATAY, YUTUTHU WITYM KaMepalaH YHKAPYBUM KypPHIMAJH
appaJii >KMH Ba IyJbCIOBYM XaBO OKUMJIM TOJa KOHJICHCOPJAPUHUHT SIHTH
KOHCTPYKITUSIJIApU UIILTA0 YUKUIITaH.

TagKuKOT HATHKAJAPUHUHT KOpUH KuiauHumu. Wioald yukwiran
nynbcioBuM XaBo okumin KBBbB tona koHnencopu, ukku 0apabaHiyi TabMHUHJIArA4
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Ba YUTUTHHU WITYM KaMepaJaH YMKAPYBUM KypPWIMAIA TAaKOMUJUIAIITUPWITAH 156
appanmu skmH uuran kamepach «KPCBVY» mapkacn Ouiman  «Y3MmaxTacaHoaT»
YIOINIMAacH KOpXOHaJapuja UIUIad YMKAPUIITa KOpUW STUINO, WHIUIMK MKTUCOIMM
camapa 96,5 MIH CYMHHM TAUIKHJI 5TraH («Y3[aXTacaHoaT» yIOIIMACHHMHT
04.09.2014 ¥wnnary *opuil KWJIMHTAHIUK J1aIoJaTHOMAcCH ).

NmauHr anpoGamusicn. TaakukoT HaTwxkaitapu 14 Ta wiaMui-aManui
aHKyMaHiap, 1y xkymiazaan 10 Ta xaikapo aHxXymaniapjaa, Xxycycat: "MexaHuka Ba
MainHaco3auk Myammodiapu" (Tomkent, 1993 Ba 1998 iiit.); Hazapuit Ba amanuit
mexanuka Oyiinmua VIII Byrympoccust cwesmuma (Ilepmb, 2001 i1.); «3amonaBuii
[IAPOUT/Ia KAHOITHU KalTa UITAITHUHT Joi3ap0 myammonapu» (Koctpoma, 2002 i1.);
«MexaHNKaHUHT XO3UPTrH 3aMOH Myammodapu Ba uctukboapm» (Tomxent, 2004,
2006 Ba 2009 i1i1.) amxymaHJIapuaa anpodalusiiad YTKa3uiraH.

Jluccepranmysl WIIMHHMHT acocHii HaTkamapy Y3P DA Mexanuka Ba
UHILIOOTJIAp CEUCMUK MYyCTaxXKaMJIMTU HMHCTUTYTH X.X.YCMOHXYKaeB HOMUJIAru
«ITaxTa MaxxMyacu MallliHa Ba MEXaHU3MJIApHU Ha3apuscH» OUpJaliraH CEMUHApHUIA
(Tomkent, 2003-2014 iiit.); «Paxtasanoat ilmiy markazi» AX Wnmuit Kenram
nurmmmina (Tomkenr, 2006—-2010 iif.) Ba TOIMKEHT TYKAUMAYWIMK Ba CHTHI
caHoaT uHCTUTYTH Xy3ypunaaru 16.07.2013.T.06.01 pakamumu Wnmuii Kenram
komgaru 05.02.03 — «TexHnonoruk wmammnHanap. PoboTiap, MexaTpoHHKa Ba
pPOOOTOTEXHUK TH3UMJIAp» MyTaxacCUCIUru Oyinuya miamui cemunapuaa (TorkeHT,
2014 #.) mabpy3a KWJIMHIW Ba MyX0oKama dTHJIJIH.

HarmxkanapHuHT 3bJI0H KWIMHTAHJIMIrU. Jluccepranus maB3ycu Oyitnda 46
Ta WIMUW UM, NIy XKyMJIaJaH, XaJkapo XypHauiapja 8 Ta WIMHA Makojia 4om
STHATAaH XamMaa 6 Ta Y30eKHCTOH PecryOnukacH NaTeHTH Ba  JacTypiaml
MaxcyJIoTJIapura 3 Ta TyBOXHOMa OJIMHTaH.

JuccepTauMsIHUHT TY3WIHIIH Ba Xaxxmu. Jlucceprauus kupuii, 6emra 600,
xyJioca Ba takiauduap, 191 ta Qoiinananunran agabuérnap pyiWxatd Ba WIOBaJaH
noopar. [ducceprauussHunr ymymuii xaxkmu 211 caxuda, 89 ta pacm Ba 39 Ta
*KaJBaJlJapaaH noopar.

JTACCEPTAIIUSIHUHT ACOCUM MASMYHHA

Kupum kuemmaa nucceprauus TaAKUKOTUHUHT JOJI3apOJIMTH Ba 3apypUsTH
acocjaHraH, TaJKUKOTHUHI Makcaau Ba Basudaisapu IAKUIAaHTUPWITaH,
HATWOKAIAPHUHT HA3apui Ba aMalidiii aXaMUsITA aHWUKJIAHTaH, TAAKUKOTHUHI aCOCHM
ycIyOuATH, WIIHUHT anpoOanusicd, YOIl OSTWIraH UIUap Ba JAUCCEpTalMs
TY3WIHILINATA OUJ MabIyMOTJIap KEJITUPUJIITaH.

HucceprauustHuHr  OmpuH4yM  000u  «IlaxTta  TO3amam  caHoatu
MallMHATApUHUHT KOHCTPYKIUSIJIapUra JOUP UIUIAPHUHT apXu» 1e0 HOMJIaHTaH Ba
yHaa M/IX Ba 4er ainapaa ypra TOJIAIM MTaXTaHU KauTa UIIJIOBYM TEXHOJIOTUK OKUM
MallyHazap KOHCTPYKUUSJIApH IIapXy KeaTupuirad. PecyOnrkaMus Ba 4et asuiapaa
niuiad YMKapuilga Mapxys OYJraH maxTaHW KalTa MIUIall TEXHOJOTUK OKHUMIIApH
TaxXJIMIMIa Kypa »apa€H. IaxTaHu KypUTHII — TO3ajJall — TOJIA aKPATUILI — TOJAHU
TO3a1all OOCKUWIAPUHU §3 WUUTa OJIaIH.
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by taxmummappnan kenu® YMKKAH XOJ[a AWTHII MYMKHHKH, TEXHOJOTHK
Kapa8HHUHT OMp MapoMJa WIUIANIM appajid XUH Ba KOHACHcopiap (aonmusTuaas,
yIapHUHT (aoNuATIapy dca ¥3 HaBOaTHIa Ky JKUXATAaH WIIYA KaMepaHU IaxTa
OwnaH Oup TEKUCAA TAabMHUHJIAHUIINATA OOFIHK OYMaaWKu, TabMHUHJIATHYHUHT
axamuaTu Oy *KapaéH ydyH Kyna karra xucoOmanamu. [lly cababman TapMuHIarud,
appayi XMH Ba ToJla KOHJCHCOPJApPUHUA MaKMya KYpPUHHUINNIA YPraHWUII TaK030
STHIIAIH.

Anabuériap TaxJIMIM acocuia MaxTaHW KalTa UIIall OKUM TEXHOJOTHUsCHIA
TabMHUHJIATHYJIap MAaXTaHU TO3AJAall Ba ToJia aXpaTHIl kapaéHiapura Oup mapomjaa
Ba Y3JyKCH3 €TKa3u0 OepyBUM acocHii MalllMHalIap XUCOOJNAHUIIM Ba yiap Typid
KUXATIHAaH Maxkmya GaoNMSITHHUHT CcaMapaJopJIuTUHU W10 YHKWIIAA SXJTAT
€HIONIYB MAaBXyJl OHMAcClMIH AaHUKJIAHTaH Ba Iy acocAa WIMHH TaaKUKOT
BazuQanapu OeiruiIaHraH.

«Appany KUH TabMUHJIATHYMHUHT JUHAMHKACH» 11€0 HOMJIAHTaH MKKHHYH
000 appasiv >KUHHUHT MKKH OapaOaHiu KO3UKJIW TabMUHJArud O0apabaHuHU UIiabd

YUKHUIITA, ITaXTAHUHIT TAbMUHJIAIMY UYUOATM XdpdKaThu Ba Ta@bMHHIIAIrM4 — MalllMHa

205

arperaTv y3aTMacCHHUHT JUHAMUKACUHU
OXM ¢épnamuaa TaAKUK  KWJIMIITa
OarvIUIaHTaH.

TabMuHIarny *KuH KypuUIMacu-
HUHT YMyYMHH MakKMyacura KUpaad Ba
KUH WITYM KaMepacura TaxTaHh Oup
TEKUC €TKa3uO Oepwuilll, FOMIIATHIIL,
G MaxTaJaH TOJAHW KPATHIIIAH OJINH
TR 55 P Xac-uymiapiaH  KUCMaH  To3asalll
e (&) 1 ~"" Bpasudanmapuan OGaxapamu. IOxopuna
S S — = caHa®0  YTWIraH  KypCaTKM4IAPHH
| TabMUHJAII YYyH WKKH OapabaHiu
KO3UKJIM TabMUHJIATAY UIUIA0 YUKWIIU
(1-pacm).

TabmuHmarndy  wyyga  maxra
XapakaTUHU YpPraHull y4yH TYy3WITraH XHMCOO cxemacuja XapakaT OJTH KHCMJIaH
ubopatr ne0d KapanraH. YiapaaH OWpPUHYH, YYUHYM Ba OCIHMIMHYM KUCMIApH
MaxXTaHUHT KO3WKJIW OapabaHjiap CHUPTUJArd XapakaTUHU (2-pacM), HUKKUHYH,
TYPTUHYN Ba OJTHHYHM KUCMJIApH dCa MaXTaHWHT OapabaHIapaaH aKpaJiraH XOJIarud
xapakatuau (3-pacMm) udoaanaiau.

Kentupuiiran cxemanap acocujia maxTaHUHT KO3HMKJIU OapabaH cupTu 0Yitnad
xapakatu (1) Ba Ko3ukju OapabaH CUPTHAAH aXpalraH XOJJard XapakaTHHUHT (2)
muddepeHuran TeHraaMmazapu Ty3uau:

d’s [K™ (0 -R)? I
#+2.a,.g+g~sin(wot+q)o)|— —g-cos(w-t+o¢,) (1)
R

AW N [~

288

112

1-pacm. Ukku 0apadanin TabMUHIA-
THYHMHT CXeMaCH Ba KOHCTPYKTHB Ma-
pamerpJapu

2 w |

dt | m
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dix (K -V])-sin (p,) d’y (K -V )-cos (¢,) |
=- : =- - g

2

dt m dt ? m ’ (2)
d’x _ (K™ -v}7)-sin (2.7 -9,) d’y _ K~ 'Vyz)'COS (2'”—€01)_g |
dt ° m ’ dt m J

Oy epna K,, — maxra Ba Ko3uKIM 0apabaH opacHIard MIIKalaHWI Ko3()(UIIHMEHTH;
K" — mpornoprioHammk ko3QOUIMEHTH; @, Ba @1 — MAXTAHN 6apabaH KO3UKIapura
TYLIUII Ba YHJAAH aXpaluil OypuyakiapH; @ — KO3UKJIW OapaOGaHHUHI aillaHUII ya-
CTOTacH, ¢ ; M — MaxTaHUHT MaccacH, Kr; R — Ko3ukyin 6apabaHHUHT paguycu, M; g —
SPKHH TYIINII Te3aHuum, M/c’; t — Bakr, ¢; V, Ba V, — nmaxTa XapakaTy T€3JIUTUHUHT
X Ba y YKIapuaard NpoeKuusIapm, M/c.

¥

i )?& x
*a
0

a — IOKOpHUJaH;

6 — nacTAaH y3WJINII XoJI1apruaa.
3-pacm. IIaxXTaHUHT KO3UKJIU
0apadaH cMPTHIAH Y3WITaH
X0J1/1a XapaKaTu Xucod cxemMacu

2-pacMm. [laxTaHUHT KO3UKJIU O0apadaH
cupTH 0yilj1ad xapakaTu Xxuco0 cxemacu

(1) Ba (2) TeHrnaMajJapHM €YHUINI YYyH § = F(t,s,$) KYpUHHUIIJArd UKKHHYA
tapTuOau auddepeHnran TeHriaMagapau eurimHuHT PyHre-KyTra connu ycynunan
dorimananuaau. XucooOmamra KUPUINWIIIAH OJIWH  BakT Kagamu At xampaa
oonwanrud to, S(t,)=S, Ba s(t,) = $, KuAMatiIap OCPUIIH.

Nkkn 6apabaniv TAabMUHIATMYHUHT MaTEMaTUK MoAeIuHN D XMa xucoomar
HaTIWKAcHJAa TIaxXTaHW TabMUHJIArd4 HWYUJArd XapaKaTMHUHT KO3WKJIM OapabaH
CUpTHUTA TYIIUIN Oypuyarura Ba Te3JuUrura (TabMHHJIArW4Y BaJUKIAPHUHT alIaHUII
4acTOTaCM Ba TabMHUHJIATMY YHYMJIOPJUTHTA, 4-pacMm), IIYHUHTACK KO3ZUKJIU
OapabGaHHUHT JUaMETpU Ba aWJIaHUII YacTOTacura OOFJIWK paBHINJA Y3TapHIIH
rpadukIapyu Kypuiam.

AMMO UWKKM OapalaHiM TabMHHJIATMYHUHT HITYM Kamepara IaxTaHu Oup
TEKUCJAa MyailsiH YHYMJIOPJMKIA €TKa3uO OCpUIIMHM TabMHUHJIAII Y4YYH KO3UKJIU
Oapabanyiap aillaHUIN TE3JIMTUHUHT Y3rapulUIapuHU Xamja OJJEKTp JABUTATETd
capduaétran KyBBaTHH KaMaWTHUPHI JIO3UM Ba Oy Makcajjaa TabMUHJIATHY MallliHa
arperaTUHUHT XapakaT TeHTJIaMacura MypokaaT KUJIaMus3.
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0,20

0,15 o

0,10 o

0,05 o

-0,05 o

Y yxu, m

-0,10 A

-0,20 o

-0,25 +1

-0,30 +—+—"F——+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—t+—++——1+——1

-0,5 -0,4 -0,3 -0,2 -0,1 0 0,1 0,2
X yxu, M

|—"—' M=1234.9 xr/gac ~~""""" M=1723.5 kr/uac [I=1475 xr/4ac

4-pacm. YHIruT/I4 IaXTA TPAEKTOPUSICUHUHT TAbMHHJIATHY
BAJIMKJIAPH AJIAHUIT YACTOTACH Ba YHYMJAOPJIUTUIa
0OFJIMK paBHIIIA Y3rapulllu

Jlarpamwxuaunr Il Typ Tenrnmamanapuaad Qoiigananud, TabMUHIArMY MallldHA
arperaTy xapakaT TeHIJIaMacy TY3UJIIU:

Sp ¢p =Mp ¢ - (9p —ipy-01)— 6, (9p —ipy - 91) ]‘
S1¢;=Cy-ipy(9p —ipy @) +6,-0p - (Pp —ipy-01) —Cy (@ — iy ~0,) -
oot | A | 3)

=6, (@1~ P3) = C3 (9 — gy -93) —65-(Py — i3 -P3) = My,
Sy @, =Cyipp (@ =l @)+ 6, dyy (P —Hp ~P,) =M,

\
\
Sayp 93 =C3-lg (@~ -03)+65-0153 (9 — i3 -03)-M,, }

0y epma Sp, 31, S, 33, — MOC paBHIIIa aiaHyBYM MacCalapHUHI HWHEPIHS
MOMEHTJIApH, K2 Mm% Mp, My, M, Mjp, — 2JIEKTp OBUraTeIMHUHI alilaHyBYM YKHU Ba
TabMUHJIATW4Y OapabaHiapra TabCUP ATYBUM IOKJIAHUIIIAD MOMEHTIApH, H-u, ¢, ¢3,
C3 — TaCMalli y3aTMaHUHT Oukupnuru, H-w/pad; 6; ,6, ,63 — TaCMaIM y3aTMaJapHUHT
nuccunanust koddduruentnapu, H-m-c/pad; ¢ ., ¢,, ¢,, ¢, — TH3UM alJaHyBUH
MAacCCAApUHUHT GypUaK TE3MUKIAPH, ¢} Ip, 12, I13 — TACMANH y3aTMAHHHT Y3aTHII
HUcOaTIapH.

Uusukcus quddepeninman tenriamanap (3) tuzumu IXM Epnamuaa eduiif.
Connm HaTwkajap acocuaa Ko3ukiau Oapabannap (5-pacm), MBP-1 Bapuaropu
€TaK4Yl YKUHUHT HOTEKHUC AaWJIAHWINM Ba AWJIAHUWII YAaCTOTACU Y3TapUILUIApU Xamza
DJIGKTP JBHUTATEIM HCTEHMOJI KWIAETraH KyBBaTHUHT rpaduKiIapu KyHugarua
o6epwiran napametrpiap yuyH (0,%): kapmmnuk momentu (M;=12,475, M,=12 475,
M;,,=1,287 mH-m); TacManu y3aTMaHMHT 3J1aCTUK Ba JUCCHIIATUB MapaMeTpiapu
(c1=61,948, c,=41,472, c3=24,048 n-m/pao Ba 6,=0,3636, 6,=0,2138, 63=0,1596
HM-c/pad), OSNeKTpopBuratens wuHepums MomeHtH (Jy=0,158kem?), GupuHUHM
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(51=4,469kem”) xaMIa WKKMHYM KO3HMKIH OapaGamnapauar (J,=4,469 xewm®) Ba
TabMUHJIATUY  BaJIMKIapUHUHT  (J3,,=0,2547 xem®?) VIBP-1 Bapumatopu Bajmra
HUCOATaH KEJTUPWITaH MOMEHTJIApH appaivl XUH TabMUHJIATMYUHUHT XaKAKHMA
napametpiaapuau Kamatupwiran (-100%) Ba oprrupmiran (100%) kuiimatinapuga
KypUILIH.

HaTtwmwkana MammHa arperaTi XapakaTHHUHT TeHIJIaMalapy Ty3WIHO, THHAMHK
XapaKTepUCTHKAIAPH YpPraHWIAM Ba TabMUHJIATUY Yy3aTMACHHHHT  paIlOHANT
napaMeTpiiapy TONMWIIWA. AHUKIAHAWKH, SJICKTP ABUTATEIH HCTEHMOJI KHIAETraH
kyBBaT 1,51 man [,366 xBm rada kaMaWTHUpuiIuO, KO3UKIM OapabaH alaaHUIIT
yactoTtacu 494,3 Mmun™ (51,76 c'l) ra TeHr OynraH xoJijia aijIaHWIl HOTEKUCIUTH
0,00008 nan 0,00243 raua xamasau Ba Oy y4yH TabMHUHJIATHYJard yYUHYM TaCMalld
y3aTMaHUHT 3JacTUK-nuccunaTuB napamerpnapu /0 %ra (24,048 nan 7,214 H-m/pao
raya) KaMau THPUITHIIH JIO3HM.

06/MuH

W xkuH4YHM KO3UKIKM Gapaban afinmanum
yacToTtacu, 06/MuH

2100 -80  -60  -40  -20 0 20 40 60 30 100 -100 -80 -60 -40  -20 0 20 40 60 80 100
TusuM napaMmerpiapuMHUHT y3rapumu, %

Truanm mapametpaapuumnr yarapuun, %

—8—or M —8—rCinuBl =—&—orC2uB2 =—orC3uB3
—— 1 M —®— 1 CluBl =& —o1C2uB2 =—t=—01C3uB3 or er-im ersem erton
—— o1 Jd —— o1 J1 —— 1 12 —— 01 J3up —%—ord —¥—or Il ——or 12 —0— o1 13np

S5-pacm. bupunuu (a) Ba MKKHHYH (0) KO3UKJ/IM 6apadaniap ailjiaHnuin
YacTOTAJTAPUHUHI y3rapuiu rpagukiaapu

Tozanam camapagopnurunu Vpranuim wmakcaauna «PaxtaGin KB» OAX
“MalmvHa  cUHall Mapkasu’aa KeHrauru 560 mm OynraH uKku OapabaHiIu
TABMUHIIATHYHUHT TOXKpUOa KypUIMAcH SpaTHIIM. YTKA3HITaH Taxpudanap
HaTWXKacura Kypa YHUHT UL YHYMIOPJUTH /587 ke/coam ra TeHT Oyiranjaa To3ajall
camapagopyurd 31 Y%HM TaIKwT STAM.

YMyMaH onrasaa, spatuiarad KeHrinuru J560 mm, nuamerpu 312 mm Ba
KOSHKIN OapaGaHIapuHUHr aiinanum  Te3mmrn 490 mun™, WKKH GapabGamin
TabMUHJIATUY YHYMIOpIUTH 1587 xe/coam Gynranuaa maxtanu 31%raya To3zanaiau
Ba (0,84 kBm/coam KyBBaT UCTE€bMOJ KUJITAH XOJ/Ia MMaxTa 3UWIMTHHU KaMaWTHPUIII
Ba TO3aJlalll XaMJia appajiu >KHH HUIIYU KaMepacura Oup mMapomjia €TKazud OepHuIIHH
TabMUHJIAWIM. OHM 560 mm Ba Ul yHymaopauru 1587 «ke/coam Oynran
TabMUHJIATHY YPHATWITAH appaiyl KUH yHyMaopauru 508 xe/coamun (Eku Oup appa
yuyn 508/30=16,9 ke/coam Hu) Tamkui 3tumm Jio3uMm. Cepusiga YMKHpaIauraH
appajii XKUH YHYMIOPJUTH OWTTa appa yuyH 15,3 ke/coam HU TalIKuAi dTaju.
HlyHuHr y49yH MalllMHA arperarjap >KOWIAITYBHHHHT Y3JIYKCHU3IUTH Ba WUII
VHYMJIOPJIMKIApY, Yyiayamiapu Ba OupukuO wunuiamu Oyiuya MOCIUKIApUHU
TabMUHJIAIT MAKCaAU/IA apPaJId KUH SIPATHUIII 3apypaTH TYFHIIH.
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HucceprauustHUHT y4uHYH 000U «HOKopu yHYMIOpJMKKa 3ra appajv >KHH
WYY KaMEpacHHU sSpaTHID» 1e0 HOMJIaHTaH. YHJAA appaliv KHH HITYH KaMepacura
KyImMYa YTKA3WITaH YUTUTHA ONMMO YMKYyBYM KypHJIMaHU Ha3apuil YpraHwil Ba
UIIad YUKUII XaKuaa cy3 0opaiu.

Appanu >KUHHU MOJEpHM3AIMS KWIHIT OPKaIH YHYMIOPIUTUHU OIITUPHII
y4yH XOM amé BaJWTHHUHT TE3JIMTH Ba MAcCACHHU OIIMPHII JIO3UM. XOM aIié
BAJIUTUHUHT TE3JIMTH Ba MACCACHHU OIIMPHIN YUyH HINYM KaMepa WYUTa YUTUTHHU
YUKapyBuH R paguycny KyByp YpHaTWIUIIH Tanad 3THiaau Ba Oy dca WITYU Kamepa
xakxmuad (V- 7-R?- 1) ra kamaiitupagyu. XoM amé BaTurHHHHT Maccacd G ra TEHT.
Wiun kamepa paguycu OVitnad KyByp AeBopumaH Opycrada macoda (0.16 m-R) Hu
TaIlIKWJI 3TaJIH, SbHU R opTuim 6unan 6y Macoda kamasiu.

A. MakcyIoB TOMOHHUAAH TakiauQ OSTWITaH TEHIVIMKHU IOKOpUAAruIapHU
XFcOoOTa oJITaH XoJIa KyHuaarnda KaiTa €3uin MyMKHH:

Qi=Qu+1.35 (v-0,)+7,1- [k Wp- (0.16:-R)- y]+0.5- [o- (V,5—R*- 1)-Gg], (4)
Oy epna Q, — >KuH-

) , .
/ / / / / )/é HUHT acropTaa

20 KypCaTWJIraH YHyM-
/Q/}//‘///A/A/ _f_k“ JIOpJIMTH; U, U, Ba
T T
y o2 Ja appajiv [HJIUHIP
}2///// P Ba XOM ameé
., o BAJIMTUHUHT TaKJIA]

k=34 STWIAETTaH Ba KYJ-
oA JJaHWIa€Traln amuia-
120 140 160 180 200 220 240 260 280 300 320 .
KyByp Avametpu, mm HHAIII TCBJ’II/IKJ’IapI/I, G,
G, — XxoM amé Baju-
TUHUHT Takiaug 3TH-
JIAETraH Ba MAaBXYy/l
maccacu, kK — xom

alé BaJIMTU ailia-

==

YyHYM Aopnuk, kr/coaTt

Bup appara Tyrpu kenapguraH

§
D
N

6-pacm. YuruT yuKapyB KypujiaMara 3ra appaJji ;KuH
KYBYP AMaMeTPHIAH Ba XOM alé BaJauru Oyp4ak Te3Jjiu-
ru ko3 PunuenTu K 1an 00FJINK paBUIIIA KYTHJIAAUTAH
YHYMAOPJIUTH

HUII YaCTOTACUHUHT OPTUIIIMHHA XUCOOTa 0JIyBYH KOA(DDUITHEHT.

Appaii KMHHHHT OWTTa appacd Y4YyH YHYMIOPJIWUKHH 20 ke/coamrava
€TKa3UIl YYyH YUTHT YUKAPYBYH KyBYp MHAMETPUHUHT MHUHUMaJ KUHMAaTHIA XOM
amé BanuTd almaHum dYactotTacuHu 2,4 wmapragan 3,4 wmaprarada (6-pacm),
muametpuan 3ca 160 mmman /80 mmrada oprtrmpum kepakiauru (4) udomaman
aHuKJaHau. byHna appa aucku Ba KyByp opacumaru macoda 40 mmman 30 mwurada,
WYy kamepaHuHr Xaxmu 16% nan 20%raua kamasgu. [y cababiu xom amé Banu-
TMHUHT MacCacCUHU OpPTTUPHIN yuyH appanap coHuHu 20%ra OpTTUPHIN JO3UM.
ByHuHr yuyH sca appanu auckiap opaiurunu 18 mwm nan 15 mmrada xkamMadTUpuid
JIO3UM.

Yurut yukapyBYH KypujiMara 3ra appajiv )KUH YHYMIOPIUTUHA OIIUPHUII YIYH
KyWuJaru Macajanap €4uiau.
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1. Te3nuk BEKTOPUHUHT pajyiall Ba TAHI€HIIMAJ TAIIKWI 3TYBYWIAPU aHUKJIaH-

IIH:
U (r.0)=F(r)- (@), U,(r,0)=F,(r) o) (5)

Oy epna F,(r)=

- n
2 r=r/R,, Q(Q)ZZ[""OJFanan]'
n=1
XoM anié BaTMTHHUHT MOC OypUaK TE3JIUTH TOTIHIIIH:

R, =R, /R

w(f,a)=1-[F2(f>-cb<e)—%o(e)-a(f)}l, 6)
2

Oy epna r, 6 — mumHApUK KoopauHaranap; Uy, Uy — Te3nuK BEKTOPUHUHT pajuycu
Ba TaHI€HIMaJ] TAIIKWI 3TyBUWJIapu; R; Ba @ — WYKM LWWIMHIPHUHT PaAUyCH Ba
alTaHuI Te3NMUrH; R, — TalllK¥ HUIMHIAPHUHT PaauycH; I' — Kapaa€TraH HyKTaHUHT
paaunycHu.

XoM am€ BaJIMTMHUHT KMHEMAaTUKAaCMHU YpraHUIl HATHXKAcWUJa appaju >KUH
IOKOpY YHYMJIOPJIMK/JA WIUIAraHja faxTta 3U4JIMTMHUHT KaMaluIiyd Ba YHUHT WITYH
Kamepara KApMal KOJIMIIM aHUKJIAHIWA. DyHIail XOJMHUHT r03ara KEJuIId XOM amé
BAJIMTM Ba MINYM Kamepara TYLIMIIM Kepak OyiraH maxta Xapakar HyHaauuuiapura
OOFNIMK 3KaH. by MyaMMOHHU XaJl 3THII Y4yH XOM alli€ BaJIUTM WYJHUra rjiacTuHa yp-
Hatwiau. Hatmxana xoM amé BaMTMHUHT alJIaHWII MYHAIWIIM WIIYM KaMmepara Ty-
IIUIIN KEpaK OYIraH naxra HyHaJIMIIU TOMOHTA Y3rapTUPHIIIN.

Onu6 Oopunrad TaxkpuOanap HATHKACHIa YUTHT UYMKAPYBYU KYpPUIMAHUHT
napamMeTpiiapu aHUKJIaHAW: Tamku auamerp — 159 wmm; Temmknap — Oyinama-
TUPKUII KYPUHUIINIA, KHUIIAUTUPUIITAH, KEHTJIUTH 6 MM; TEIIUKIIAp COHU — aijlaHa
oyiina6 16 ta; kymnu temmkiaap 0,5 KamaMra CHIDKUTHITAH; TENIUKIAPHUHT Y3YHIIH-
i1 — 250 mm. KyBypHUHT ajfinanuur yactotack 360 mun™" ra TeHr Ba y XOM alié Bam-
Iy OujaH OWp XWI MyHaANMIIIA ailaHaau; ITHEKHUHT alJIaHuII yactotacu 720 Mmun™
ra TeHI Ba y KyBYyp XapakaTura HucOaTaH KapaMa-Kaplly HyHaIUIIa aillaHa iu.

Takkocnam mMakcaauaa yTkaswiran taxpuodanap 30 appanu xuHaa Oup appara
MOC KeJIyBYM ToJIa Oyiinda yHyMAOPIUK coaTura /() ke SKaHJIUTW aHUKJIaHIu. AWiHaH
IIyHJal ymgamoiapra sra OyiraH sHru Takiau@ sTwirad 36 appajid 4YMTUT YUKapyB
KypWjMara sra >KHHHUHT OMp appara TYFpH KeJIyBUM YHYMIOpPJUTH coatura 15,/ ke
HU TalIKui 3TAu. 36 appanu >KuHHUHT yHymaopauru 81%ra oy, seau 30 appanu
KUHTa HUcOaTaH | TOHHA TONaHW axpaTuil ydyH 45% kam BakT capdaaHUIIH
AHUKJIAH/Y.

Cepusna ynKapwiIaural appaid KUH yHyMaopauru (Oup appara [0 xe/coam
Tona), KyByp paauycu (r=0,08 m), xom amé BamuHUHT Oypuak Te3nuru (J/ ¢! Ba
k;=3,3) kuiimaTiapunu (4) TeHriamara KyHuO, YUTHTHH YHUKAPYB Kypujmara sra
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appanu >KUHHUHT Xap Oup appara TYfpu KemyBud yHymaopiauru 15,15 xe/coam Hu
toramu3. byHmail yHymuopnuknaa Ttumiapaad doiganaHum Kod(phUIMeHTHHUHT
kuviMatd k=0,7 Hu Tamkuna stagu. Taxpuba #yau OujgaH TONMWIraH XOM alié
BAJIMHUHT OypYak TE3JIMTH (XOM ami€¢ BaJUHUHT Ba KyBYp Oypuyak TE3THUKIAPUHHHT
nuruaaucu 15,476+37,699=53,7/75 c'l) YHUHT Hazapusijaaru Kuimaruaan 2,175 ¢t
(4,3%)ra dapk Kriaiu.

«YUTUTHY YUKApYBUM KypuJMara sra appaid >KHHHUHT JUHaAMUKacu» Je0
HOMJIAHTaH TYPTHHYH 00072 appalid )KUHHUHT CTaTUK Ba JUHAMUK XapaKTePUCTHUKA-
Japy TaxJIWJI KAJMHTaH Ba YATUTHU YUKAPYBYM KypuimMara sra 156 appanu taxpuda-
CaHOAT XKUHUHUHT SKCIIEPUMEHTA TEKITUPUII HATHXKalapyu KEITUPUITaH.

UuruTHU 4UKapyBYM KypHJIMara sra appajiy >KUH UIIYU KaMepacH JeTajiapi,
XyCYyCaH, YHHHT aCOCHI KUCMJIapHU — appaiu UWIWH]IP, YUTUTHU YUKAPYBUU KYBYp Ba
IITHEK Ce3WJIAPJIH Jlapa)ka ard TallKy I0KIaHMallap TabCUPU OCTHIA OYiaau.

Ninad yukuiaran YuruTHY YMKapyBYX KypuiMara sra 36 appaiv )KMH acocHaa
TaKOMWJUTAIITHpWITAH 156 appayim KUH SpaTHUIll Ba TaXpuOajga TEKIIUPHUII yIYH
KyWuJaru Ha3apu Macajajiap e4mnijiu.

l. Jlarpawxuunr Il Typ Tenrnmamanapugan doigananud, 156 appanu
IIWJIMHJIP MallliHA arperaTv XapakaTHHUHT quddepeHIan TeHIIaMacy TY3WIIN:

1.

Sp2 Ppa=Mpy =€y (9py —ipy @s) =64 (Ppy —ipys Ps) | (7)

S @5 =C4lpgs (@py —ipys @5)+ 6, 0py (Ppy —ipy P5) Mg

Oy epaa Spy, 85 — 2JeKTp ABWratend Ba appaid HWIMHAPIAPHUHT HMHEPIUS
MOMeHTIapH, k2>, Mpy, Ms — dIIEKTp ABHTaTelqH Ba appaid IIHHAD Ballapura
TymaéTral [OKJIaHUIIIApHUHT MOMEHTIapu, H-u;, ¢, — MyQTaHUHT DIACTHKIMK
oukupnuru, H-w/pao; 6, — MyPpTaHuHr auccunanus kodppuuuentu, Hm-c/pad; ¢ py,
¢ 5 — DIIEKTP ABUIATENM BA appaiH LHIHHAPIAPHUHT OypUaK TEIMUKIAPH, € - | ipgs —
My(TaHUHT y3aTHII HUCOATH.

SAII-156 >xuaHMHT 156 appamyd IWUIWHAPU MAalldHA arperaTuHU  TaaKHK
KWINII YY9yH TE3NMAMTUPUIN YCyIu EpAamMuia appaid HWIMHIPHUHT WHEPIIHS
MOMeHTH 5o=1.244 ke’ appajiy LUIMHIP BaJIUIra TYLIAETraH TEXHOJIOTHUK
I0KJIAHUII MOMEHTH M,=M,,,+M,,-CoS(7-w;1/6) +¢,) anuxnanam (Oy epna M,,=843.72
Hwm; M,=78.78 Hm; w;=r-490/30 pao/c; t — BakT; @,— Oonutanruy ¢asza) Ba Xucoo
uymu Ounan wMydtaHuar Oukupiuru C,=23065,2 H-m/pao Ba nuccumarus
ko3 bunmenTn 6,=128,5346 H-m-c/pao KkuiimMatiapu TOTTUIIIH.

Uuszukcens auddepenuuman tenrnamanap (7) tuzumu OXMpa Pynre-Kyrra
yCyJinJa COHNM eunino, xapakatinantupyBuu asuratenHudr U.C. ITunuyk, A.E. Jle-
BuH Ba M.M. CoxkonoB Takinud STUIITaH Typiu XapaKTEPUCTHKAJIapUla appaiu
AJTUHAPHUHT TUHAMUKACH YPTaHUJIH.

Appaii MWIMHIP XapakaTd TEHIJIAMacHMHHU YPraHWI HaTWKacuja KyWujaaru-
Jap aHUKJIaHAW: My(QTaHUHT JIaCTUK-TUccUIaTuB mapamerpiapu -90 nan 100% raua
oprrupwmica, A.E. Jlepun Ba W.C. [lunuyk xapakTepuctukanapuaan ¢hoigariaHuiran-
Ja alaHUIIHKMAT HoTekucauru 7,44-10° nan 4,85-10 raua optaau, M.M. CokoJioB
XapakTepucTUKacuian (oiinananmirasaa sca 6,44 10° TaH 6,39-10'3 raya Kamasiau,
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SAI1-156 appanu umnuaapu uHepuus MomeHTd -90 man 100% rawa optTHpmica,
M.M. Coxkonos Ba A.E. JIeBUH xapakTepucTUKAIapHUaa appaid HWIMHADP alIaHUIIN-
HUHT HOTEKHUCJIMTU JAesIpiid Oup Xuiaa 6,58-10'3 TaH 6,32-10'3 raya Ba 1,08 107 JIaH
1,02-10%raua kamasgn, W.C. IMuauyk xapakrtepucrukacuma sca 7,23-10°  pam
9,38-10°% raua opramu (7-pacMm); ABHraTels HHEPLHS MOMEHTHHHHT V3TapHIIN
MM. CokonoB Ba A.E. JleBUH XapakTepHCTHKalapuaa appajd MHIHHJIP
AlTAaHUIIIMHUAT HOTCKUCIUTHTa TAhCUP ITMANN; AJICKTP JBUTATEIMHUHT YTHII Ba
Oapkapopiamumt pexxumiapuan ypraaum yayH A.E. Jleeun Ba M.M. Coxonos
XapakTepucTukanapuaas, 6apkapop pexxkumuaa sca M.C. [Munuyk xapakrepucTHuka-
cugad GoiTaTaHuII TABCUS ITHIIA]IH.

YMyMaH onrasnaa, appajiu
IVUTAHP AJTAHUTITHHUHT
HOTEKUCIIUTHHA KaMaWTUPHUII
yUyH DIIACTHK-TUCCUITATUB
napametpiapan 23065,2 nmax
29984,76  H-wm/pao raJa
(128,534 TaH 167,09

Hm-c/pao rava) oprrUpuUI
-90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90 JIOBUM.

anaHuwwm

Appanu ULUANHAPHUHT HOTEKMUC

OnacTuk-guccunaTue napameTpnapHUHT yarapuwu, %

Il. LlynuHraex, 4Yexkau

‘_‘_M.M.COKOHOB —8— A E.Nlesun —A—I/I.C.I'Imuqyx‘

AIIEMEHTIAp YCYIMHU KYYHII-
7-pacM. DJIACTHK-IMCCUNIATHB NapaMeTPJIAPHH  JIap IIAKIWAA KYyJUlall OpKald
appaJu HWIHHAP AJIAHUIIN HOTEeKHCJIUIUra  YTKa3Wira xucobanuiap
TabCHPH HaTwKacuaa OUpUHYH, UKKHH-
Yd Ba  YyYUHYHM  KPUTHK
TE3NUKJIApHUHT appanu mwmmHap yuyH 117,9; 450,2 Ba 774,3 pad/c, 9urutHU
ynkapyBun KyByp yuyH 203,65; 811,16; 1814,06 pao/c Ba muHek yuyH 74,85;
292,48; 636,/ pao/c xuiiMariapu aHUKIAHIW. YUTUT YHKApPYBYM KyBYPHHUHT
KYVH/IaJaHT Ba IMHEKHUHT OYiiaMa CHIDKHUIIUIAPH KOHYHHUSTIAPU OJMHIU: YJIapHUHT
makcnman kuitmaraaps 1=0,791 v yayn -2,91-10° m un Ba 1=0,293 m yuyn -6,33-10°
° M HHU TaIIKuI STIIN.
Appanap conn 130 taman 156 tara eTkazwiraHja appajid HWJIAHADP BATIMHUHT
AMAMETPUHU KaTTANAIITUPUII IHapT SMACIUTH aHUKIaHau. YyHKH appanmu
UWJIMHIPHUHT Oyp4ak Te3nurd OMPMHYM KPMTUK COoXara o , < 0,75 - @, , (KaTTuK

Bl — 76,969<88,451 pad/c) moc kenau Ba VKHUHT Y3YHJUK OVinuya KYHJalaHr
cripkui (), 1058 mm HY TalIKWI STAM.

UWrnTHA  YUKApyBYW KYBYp MaKCHUMal  KYWIAHWIIUHUHT  KHHUMaTH
Tnax=15,4-10° n/m* (KyByp MaTepuand MynaT-45HHHT PyXcaT STHITAH KyWIAHWIIH
[4]=1029,7-10° H/M ) Ba TEIIMK COXATapH Y4yH OYPHIMII GYpYarHHHHT KHIMATH
Omax— 0,0324 ° sxaHIUru aHUKJIAHIH.

Il. TakoMUUTAIITUPWIITAH YUTUT YMKAPYBUM Kypuiamara sra appanu 5/I1-156
KUHHUHT TaXpuba ydyH sSpaTWwiraH HaMyHacuJa YTKA3WiITaH OJKCIUTyaTalus
CUHOBJIAPY HATIIKACHJIAa YHUHT TOJIA QXXPATHUIN TEXHOJIOTHK >KapaéHUHU KOHHKAPJIU
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Oakaprannmry, Toja Oyiwda yHymaopiuru 2242,3 ke/coam, TOJNACH aXpaTUJITaH
quruTHUHT Tykiuaurd 11,4% nan yurut yukapyBuu KyBypaaH keiumH 10,36% ra
TYIITaHW, acoCHM appaiu XKuH capduaérran KyBBatr 77,2 kBm/coam, yurut
YUKAapyBUYM KYBYPHHUKU 3ca 4,5 kBm/coam ra Ba TollaHU oJull yuyH XaBo cappu 0,7
M>/c Ta TEHT SKAHIINIY AHUKIAHIHL.

TakoMmwIamTUpUITaH, YUTUT YUKApyBUM KyBypra sra appamu 5/I1-156
#*UHHUHT bextemup, Anumkent, KopacyB Ba IIckeHT maxTa To3anaml 3aBojJapura
AKOPUN KWJIMHUIIA YHYMIOPJMK OPTUILIUHU Ba JICKTP IHEPTUSICUHUHT COJMIITHPMA
capIaHUIIIMHUHAT KaMaWuIy OuiaaH Oupra MalirHa arperaTiapy >KOWJIANTyBUHUHT
Y3JIYKCU3JIUTU Ba UII YHYMJOPJUKIApH, yiauamiiapy Ba Oupuku® unuiam Oyiinya
MocUTH (1axTa yayH 7007 ke/coam) HA Kypcatmd. Mmmik ukTicoauii camapa 96,5
MUJUTMOH CYMJIaH OPTHK OYJIUIIN aHUKIaH/IH.

Takmud stunaérran ukku O0apabaHIM KO3UKJIW TAbMUHJIATWY, YUTUT YUKAPYB
KypHJIMAacHra sra appajiv KUH Ba TOJa KOHACHCOPUHUHT camapaiopJIMTUHu Oaxoail
yayn 2" Mapkasumil KOMIO3MIMOH PEKACHHM KyIuad, Taxkpuba TalKUKOTIApH
Vrrazwinu. Kupuin napamerpiapu cudatuia — appaHUHT YUKUAO TypHUIll OalaHIIUuTH
(x1=47, 52, 57 mm) Ba YUTUT YMKAPYBUM KyBYPHHUHI aiIaHuUII yacToTacH (x;=365,
389, 413 mun™) onuHmM, YyHKH Oy mapaMmeTpiap TabMHHJIATHY, appaid KHH Ba
KOHJICHCOp WII YHYMJIOPJIMKJIAPUHHU, DSHEPrusi cap@uHH, NaxTa Ba YUTUTHUHT
U(DIOCIaHTaHIUTUHY, YUTUTHU KaMepaJaH YHMKApHIll, YUTUTHUHT TYKJIWJIWTH Ba
IIMKACTIaHTaHJINTH, HOXKUHC apallalliMaJIapHUHT TOJaJard macca yiyllid, Toja
Y3YHJIUTU OMUJUTAPUHU O UIaiu.

Hatwxkana Kyiimaaru perpeccus TeHIIIaMallapy OJIMHIN:

11=6958,3682+272,3858 :x; x,-788,3332 ;% +292,2118 x,°;

1,=2242,1568+87,6096 :x; r,-256,3984 - x,°+98,126 -x,°;

3 =5,6267-0,8583 x;+0,2217 x,-0,37 x1 x;

ya =74,8216-3,3642 x1+2,3646 x,+2,4129 x; x5;

15=0,2107+0,1093 x;+0,0052 xx,+0,008 x; 2x; (8)
ys =1,7573-0,0643 x1-0,195 x,+0,06 x1 21,+0,1227 x,°-0,1889 x,%;
y7=1,1450+0,6477 x,-0,3029 x,-0,5087 -x3 x,+0,1699 x,°-0,2817 x,;

yg =11,4905+0,1322 x,-0,3356 x,-0,1426 :x; r,+0,3439 x,;

y9 =33,7083-0,5535 x;°.

MyxkoOu1 naxta Tojlacu cu(paTUHU aHMKJIAIIa ME30H KWIMO YHUHT Y3YHJIUTH
Kapajqayd Ba MacajaHu edMllja KyWuJaard 4ekiIaHuIulapaad QoianaHuiau:
TabMUHJIATMYHUHT TIaxTa OYinya yHympopiuru — y1=7000 ke/coam; Tona Oyiinya
KUH YHYMIOPIUTH — V,=2340 ke/coam; YATUTHUHT KYBYp OpPKaJu YMKAPWIHUILU —
y3=1%; XWH appaiu UUIUHAPU UCTEHMOJ KUIa€TraH KyBBaT — y4=7/5 kBm/coam,
qurUTHUHT uduocaanranmura  ys=0,33%; HOXXMHC apajaliMallapHUHT TOJIAJaru
Macca ynymu — 1s=4,9%; YUTUTHUHT MEXAaHUK IIUKACTIAHUIIUHUHT OPTHUINNA —
y7=1,9%; YUrUTHUHT TYKIWINru — y5=12,28%.
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Perpeccust TenrnamacugaH MyKOOWJI KypcaTKAWIapHU aHUKIAm «OntuMal-
JIOBYM MOJIETHUHT e4MMUHU HbIOTOH ycynuaa uznamnn nactypu €paamuaa oaxapuii-
au. Hatwkana appanuar 4ukuO Typuin oananmmrd (x;=51,5 mm) Ba KyBypHUHT aii-
JnaHuII gactorack (x;=387,6 mun™) Xamaa Oy KaTTaTHKIAPra MOC KEeITyBYH TAbMUH-
JArMYHUHT  YHYMJIOpPJIUTH 6956 «ke/coam, appalu KUHHUHT  YHYMJOPJUTH
2242 x2/coam, TONAHUHT y3yHJIUTHU 19=33,71 mm aHUKIaHIU. YATUT YUKAPYB KypuJl-
Macura 3ra 156 appaiiu KMH sIpaTHIll OKUM JIMHUSCUHUHT MaxTa Oyinya yHyMIOpJIH-
ruHu 7,4 m/coam (Tona 6yinya 2,385 m/coam) radya eTKa3zuIll UIMKOHUHU Oepau. 36
appanu Ba 156 appanu YWMTHT YMKapyB KypHiIMara 3ra >KUHJap YHYMIOPJIHUKIapH-
HUHT (apku 5,9% HU TalIKUI 3TAIH.

VTKasunran Hazapuil Ba aManuii TagKUKOTIAp acocHaa H(MIOCTAHNIIN TypPIIH-
ya OynraH maxTta OViuda YHyMAOPAHUTHA 7 m/coam OYIraH WUIUIA0 YMKAPUIIT OKUMH
SApaTUJIIN, SPATHIITAH KUH IOKOPU YHYMJOPJIMKHU Ba TOJIAaHU cHU(ATIN TO3aJaImHH,
MallHa arperatjapyuHy YpUHIAIITUPUINIA OMPUKUO MIUTAlI, YI4amiiap Ba Maxcyd-
JOpauK Oyiinua TanabiapHu KOHAUPHUO, Tona Oyitnua 2242 ke/coam yHYMIOPJIUKHH
Ba AJICKTP PHEPrusi capPuHU KaMalTUPUIIT UMKOHUHU Oep/Iu.

Hemak, Taknud ITHITaH UKKUTA YUTHT axpaTyBuu Kypuimara sra 5/I1-156
appaiyu >KHMHJIapu UIUIad yukapuil okumu 188 umrum kyHu pexumuaa 18206,3 m
raxTa TOJacu €TUIITUPUO OepUIll UMKOHUTA 3Ta.

JluccepTallMsiHUHT TYJBCIOBYM XaBO OKHMJIM TOJIa KOHICHCOPH sIpaTHIITa
Oarvnuianran  OemuHYyM 000u «Tona  KOHIEHCOPM  MalllMHA  arperaru
TUHAMUKACHHUHT TAaJAKUKOTH» 71e0 HOMIIAaHTaH. YHJAa MalliHa arperaTUHUHT
TUHAMUKACH YpraHWITaH, ITYHUHTJEK TaKPHUOa acoCHIa MyJIhCIOBYH XaBO OKHUMIIH
KOHJICHCOP T€OMETPHK Ba a’pOAMHAMUK MMapaMeTPIApUHU YPTraHUI OpKAId TaKInud
STHIITaH KOHJEHCOPHUHT caMapaIopIUry aHUKIaHTaH.
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9—pacm. CYpHuIll KyYHHH MYJIHCATOP

Xucodaauira 1oup cxema OypuaruiaH GOFIMKJINTH
XucoOmam cxemacu acocuaa (8—9 pacmiap) TomaHuHr TYpin OapabaH
YCTUAArd XapakaTUHUHT nuddepeHiuan TeHriaManapu Ty3WiIu:

d’s , A _
=K [ +—-‘cos(a-t+a)‘+g-sm(a)-t+¢)—
2 mp (o] (]
dt m m
§° K~ 9)
. 2 o\ 2
-2-w-$S-R-0" ——]+—(w-R-8)" +g-cos(w-t+¢, ),

R m
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Oy epna K,,,— Tona Ba Typiu 6apabaH opacu1ard HIIKaaaHU KodQOUIHeHTH;
K~ — mponopruoHamik KodoGQUIMEHTH; @, — TONAHH TYpiH OapabaH cHpTHra
TymHIm Gypyars; @ — TYpiIH 6apaGaHHUHT ailTaHMII 9aCTOTACH, ¢ M — TONAHHHT
maccacu, k2; R — Typnau GapaGaHHMHT paauycH, M; § — SPKUH TYIIUII TE3JaHUIIIH,
M/c%; t — Bakr, ¢, P, — CYpHIll KyYMHUHT JOUMHHI TalIKWI 3TyBUUCH, H; A — cypuIl
KYYMHUHT Y3rapyBUd KUCMHU aMIUIMUTyAacH, H, o — MynbcaTop 3acIOHKACMHUHT
afiJIaHIII YACTOTACH, C ] (f — IyJIbCATOP 3aCIOHKACHHUHT OOILTAHFUY (ha3acH.

(9) Tenrnamanu eunmiga Pynre-Kytra ycynuaan ¢oiiananuiim.

Iyascarop aitnanumm yactotacuuuar 0 Ba 700 yun™™ MHTEpBANHAA AMILIATY-
na GyHKIMICU Ba MMFUHIM HUCOUN TE3IMKIAPHUHT TAIIKWII 3TYBUMIApUTra TaAbCUPU-
HY YPraHuIll HATIXACH/A TApaMETPIAPHUHT palHoHal KuitMatiapu: =370-7/30 ¢™;
P,=0,3-P,nax H; A=0,7-Pnax H arukimangm (10-11 pacmiap). Nurua TE3UKIIap-
HUHT MOC Makcuman Kuitmatiapu S’=11,87032 m/c Ba Sa’=0,869451 m/c HA TalIKWT
stn. o=0 ¢ P,=P;max=0,245 H; A=0 H xonu yuyH 3ca 0y Te3nukiap S’'=5,527653
m/c Ba Sa’=0,18704 m/c Ta TeHT OYnau.

‘—‘—Sa',mlc —8—s' m/c ‘ ‘_._SE,M/C —@—S', mlc ‘
2,8 13 125 155
/\ 1,14 14,5
2,34 11,4 103 13,5
092 y 125
s 1 X
s 1688 88 o 0,81 15
" : g ) d 2
© P E 105 =
" 1,42 g2 @ < ) w
& 059 95
0,48 { 85
0,96 P66
0,37 75
0,26 65
0,5 ¥ T ; 7 5
0,15 55
0 200 400 600 0 02 04 06 08 )
MynbcaTop 3sacnoHkacu ainanuw Yacrotacw, ainn/MmuH BacrioHka Ba KyByp to3anapu Huc6atv

10-pacm. IlyabcaTop 3acjI0HKACH ailJIAHUIIU YACTOTACHAAH (2) XaM/1a 3aCJI0HKA
Ba KYBYP 103aj1apu HUcOaTUAaH (0) OOFJIMK paBMIIIA TOJAHUHI aMILUIMTYAACH
(Sa’) Ba WiuruHaM HUCOMH Te3MMKHUHT (S’) y3rapunuiapu
Il typmarm Jlarpanx TeHr/IamManapuaan ¢oinananud MyJIbCIOBYM XaBO
OKMMJIM KOHJIEHCOp Yy3aTMacH MallliHa arperaTMHUHr Xapakar auddepeHman
TEHIJIaMacH TY3WIIU:

Sp¢p =Mp —¢; - (pp —lipg-93) =6 (¢p —ip3-03), ]
- .. . . . ) ) . |
S3up P53 =C1ipg - (9p —ip3 - @3) +6;-ipy - (dp —ip3-P3) - |

_cz'((”a_iszl'¢4)_82’(¢3_i34'¢4)_M3np' I

Sy Py =Cyriy (93—l ~9y)+6, 0y (3 -l -¢,) - L (10)
—cg (9 —lys 05) — 63 (P, —lys ~G5) - M, , |
Sg g =Cglgs (0 —lys - 05) + 63 045 (P, — iy - P5) — I
—c¢y (95 —lss ~0g) — 64 (95 —lge ~Pg) — My, |
S @6 =Cylge (05 —l5s ~@g) + 64 i5s - (P5 — gg '¢6)_M6;J
Oy epna ¢p, 2 #3 P4 Ps5 P — IBATATEIb POTOPU, PEAYKTOPHUHT KUPHII
BajJM, TYpiau OapabaH, IUIIO3 3aTBOPH, OpPAIMK Baj Ba IYyJbCATOP 3aCIOHKACHHUHT
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1. - . . . . .
Oyp4ak Te3NUKIIApH, C '; Ipp, I23, l34, a5, Is¢ — THBUMHUHT y3aTHII HUCOATIAPH; Ip3 —
JIBUTATENb Ba TYpyn OapabaH Baiapy opacuaaru y3aTuil HUCOATH.

S.m S, mlc s' wic2 |

-
N
[,

90

55

/\v/\/\n A
/- VYV

4 20

TonaHuHr HUC6uI xapakarTm
(S, m) Ba Teanuru (S', m/c)

r

115

-50

80 115 150 185 220 255 290

Bypuak, rpag.

TonaHWHr HUCONK Te3naHuwmn

S", m/c2

11-pacm. Ilyascanusim cypyBYH XaBO OKUMJIH
TYPCMMOH 0apa0aHHUHT OypHIMII OypUaruiaH
OOFJIMK PaBMILIA TOJIA XaPAKATH Y3rapyMIIMHUHT

XapaKTEPUCTUKACH

YMmymnamran Koopau-
Hatajmap cudaruga MalluHa
arperatTjiapy aijaHyBuYd Mac-
CaJapuHUHT Oypyak Te3JIUK-
Japu @ p, @3, P4 @5 Do
MyJbCIOBYM  XaBO  OKUMIIH
konaeHcop KBBbuunr aina-
HYBYM BaJUlApUJIard Kapliu-
muk MoMmeHTIapu M,, Mz, My,
Ms, Mg; TYpau 6apaban Banmura

KEJITUPUJITAH KAPIIUIIUK
MOMeHTH ~ M3,,;  mynbcaTop
3aCJIOHKACUHHUHT TasiHuTa

HHcOaTaH KapIinJINK MOMCHTH
M5 Ba IIYJIbCATOpP 3aCJIOHKa-
chura TabCHUP 9TYBYHA

MYyJIbCJIOBYM XaBO OKUMH KapIIMJIMTHHUHT MOMEHTH Mg (H -m) KaOyJ KUITHHIH.
Kongencop capdnaétran KyBBaTHM KaMaWTUPHUII MAaKCaJuAa KOHIEHCOP
MallyHa arperatu cap(iaaéTrad 3Heprusi MUHUMYMHUHH ME30H J1€0 OJIMHHUO, TUHAMUK

CHHTC3 S'/TKEBI/IJIIII/I .

Kymmmya wMe3oH cudatuaa Typau OapabaH — ailaHUIIN

HOTEKUCTUTH KaOyJl KWJIMHIY Ba Oy TaHJIOB TOJAHM TAIIUII Ba TO3aJAlll PEeKUMIIAPH
OY3WJIMITMHHUHT OJITUHM OJIUIII 3apypaTy OWaH TymyHTUpuian (12-pacm).
0

N, Bt
%
1033.01\
i N
103057 %
1028.0- \ P
1025.5 . w2
EA\\H \ #‘__._‘_-_,_.42& 3
1023.0° N
§ ‘\‘\
1020.5° o,
L F
90 60 -30 0 30 60 90, %

a)

_4 -
L7510 e 50 0 30 60 90 I, %

2.15-10°*

2.55.1073
™~ ol
FOR Bl i
FO . =
23510 e, e g

vvvvvvv

6)

1 - Typmu GapabaH; 2 - UTIO3 3aTBOPH; 3 - OPAIIMK BaJl; 4 - MyJIHCATOP 3aCIOHKACH.
12-pacm. DuekTp aBuraresb capguaérran KyBBAaTHMHI (a) Ba TypJju OapaGan
allJIAHUII HOTEKUCJIMTMHUHT (0) MHepUMs MOMEHTJIAPUIra HUCOATAH y3rapuiuu

MykoOui1 mapaMeTpiiapHy aHuKiamga capdiaaHaéTraH KyBBaT ME30H KUIUO
onuHAM. bByHHMHT y4yH capdraHaétraH KyBBaTHHHT OpaJIHWK BaJ, IIyJIbCATOP
3aCJIOHKacH WHEPIUS MOMEHTH Ba JJIACTHK-IAMCCHUIIATUB IMapameTpiapura OOFIIHK
paBuIIa Y3rapUIIMHUHT MOJTMHOMHUAI MyHOCA0ATH Ty3WIIIH.
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WkxuHun TapTHOIM MapKa3uil KOMIO3WIMOH pexkafaH (QonganaHuld, 3JIeKTp
naBuratenu capdiaérraH KyBBaTHUHI OopayiuK Bail (Js) Ba MyJIbcaTop 3aciIOHKACH
(J6) mHEPIIMSA MOMEHTHIAH OOFJIMK PAaBHINA Y3TapHIl MyHOCA0ATH KypHIIIH:

y= y -Y, 'Xl_ y 'X2+ y 'Xl 'X2+ ’ 'Xl + y 'XZ )
1024,02-0,704 x,-6,488 1,047 0,626 X;°+0,651 X, 11
3. —0,00385 3. —0,0338
oy epaa x, = s , _ 6 TR
Y EPAd % 0,0028875 2 0,02535

(10) tenrmamamap Ba (11) myHocabatman Qoiimananu® mnapamMeTpIapHUHT
Kyhiugara MmykoOus kuiimatiapu aaukiaanan: Js—0,003056; 35=0,05915 ke M2
YTum xapa€HUHUHT MYXUM KYpPCAaTKUYM — IOKJIaHUII OOIIJIaHTaHIaH KeWHuH

My H o TVpiu OapabaH, IIIO3 3aTBOPH,
250~ OpaJiMK BaJl  Ba  IIyJbCATOP
20_03 3acJIOHKacu Oypyak Te3IuKIapu

i TeOPaHUILIAPUHUHT Y3 MaKCHMal
159° YETIAHUIUIAPUTa YUKUIIN YYyH
10'09‘ AT N s KeTaJuraH  BakT  ailJlaHyBYd

; o \ . A S Maccaiap MHepLus MOMEHTIapH-
5.0 T \__/ 2 ra, OJIACTUK KHCMJIAQp Xapak-
0.0 — _ B o . ’ TEepUCTUKAJIapura Ba TCXHOJIOTHK

0.0 0.4 0.8 1.2 16tc

KApUIWIMKIAPHUHT KaTTaJuK-
napura 6ormuk 0yimaau (13-pacwm).

Jactinabku TaxJuia HaTu-
JKajlapura Kypa, 3aciIOHKa amia-
HUII YaCTOTACHUHUHT Y3TapuIIH
(X1) Ba mynabcaTop 3aCIOHKAHUHT
KYBYp KYHJAJaHT KECUMU
r03acura HuUcOaTu (X;) KOHAEHCOPHHUHI TO3ajall camapaJopiiurura TabCHpP STYBYH
acocuid oMwIap 5KaH. by OMUWUIapHUHT TabCUpPJAPUHU YpPTaHUII YYYH HKKH
OMWJUIM  JKapa€Hra MOC MKKHHYM TapTUOJM  OPTOTOHA  peXKaJallTHPHII
Marpuiiacuaan ¢onganaHIukK.

Taxxpnba maxta TomacMHUHT OMp MapTuscH, HaBU Ba kypuHuim (C-6524, 11
HaB, MallliHa TEPUMH) YUyH MYJbCIOBUU XaBo okumuid 20 appanu xunga 3OBII-
KBBb nynbcatop aitmanuin yactotacuHunr 200, 430, 660 atin/mun KuiiMatiapuia,
MyJIbCATOP 3aCJIOHKAHMHT KyBYp KYHIaJlaHT KecuMmu to3ura HucOatununr 0,5; 0,7;
0,9 kuitmMaTnapuaa YTKa3UIIH.

Taxpuba HaTKaTapuHU MaTEMaTUK KaWTa MILIAm WIIOHWIMIMKHUHT 0,95
KuiimMaTuaa onubd Gopunau. Perpeccust TeHrimamacu toja TapkuOUIard HOKUHC apa-
JammManap X; Ba X, OMWUIAPHUHT TaOMHI KaTTAMKIIAPU YIyH PETpeccusi TCHriIama-
CU KyHuJaru KypuHuura sra Oyiau:

y=11,467-0,004 %;-17,535 X,+0,0047 X; X,+11,382 x,2 . (12)

By MyHocabar acocuja aHUKJIaHTaH IyJbCATOP 3aCJIIOHKACH Ba KyBYp KYHIa-
JIAHT KECUMH to3anapu HucOatuHuur 0,7 Ba mysbcatop aiyianuin yactoracuHuHr 370
au/Mun KMUMaTIapuia SHT SXIIA To3aJlalll caMapaJopiurura SpUIIWIIU: TO3ajall
camapanopyiuru 13%ra optau.

1 - ¢=1352; 2 - ¢=6.76; 3 - ¢=27.03 Hwm/pao; 4 -

5=0.029; 5 - 3=0.118 ke-m*; 6 - M=0.15; 7 - M=0.6 Hox.
13-pacm. KonjaeHncop mnapaMeTpJiapUHUHT
TYpJId KHIMAT/Japuaa acHUHXPOH BHUTra-
TeJb XAPAKATIAHTHPYBYH MOMEHTHHHMHI
BAKTra 0OFJIMK PaBUIIA Y3rapuilu
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XYIJOCA

Onu6 OopuiraHn Hazapuil Ba TaxpuOaBUW TaJAKUKOTIAP acOCHAA MaxXTaHU
AacTnabKu KalTa WIUIANl TEXHOJOTWK MAallMHAJTAPUHUHT SIHTU aBJIOJWHU HILIA0
YUKUII YYyH KyHHara XyJjaoca Ba TaBCUsUIap MAKIUTAaHTUPUIIIN .

1. AnaGuETNapHUHT aHATUTUK TaxJIMJIM Ba MaxTa ToO3ajall CaHOATH
MalIMHAJIAPUHUHT UILIANIMHU YPraHuill MaxTaHu TO3aJalll Ba YHU appajiu >KUHra Oup
TEKHUC/Ia TAaKCUMJIOBYM WMKKW OapabaHId TabMHUHJIATUYHU, UIIYM KaMepara YUTMTHU
YUKApUILl KyBYpU YpHATWITaH appajd KHMH Ba MYJBbCIOBYM XAaBO OKHUMIIM TOJa
KOHJICHCOPWHU UIIA0 YUKW 3aPYPHUSATH aHUKJIAHH.

2. VIkku keTMa-KeT >Koialral Ko3ukin O0apabaHiap Ba ylapHU Ypad TypyBUYU
TYpJM CcHpPTra 2dra JKMH TabMUHJATMYMHUHT KOHCTPYKUMUSACH  acOCIaHIH,
TabMHUHJIATMY MalllMHA arperaTd (aoJUSATHHUHI TEXHOJOTMK XHCOO CcXemacH,
JUHAMUK Ba MATEMAaTHK MOJIEJUIApYM MIUIA0 YMKWIIM XaMmJa XapaKaTHUHT
muddepennman TeHrtamanapu Ty3wian. [aycc-3eigens ycynuaaH (doiganaHu0
MaxTaHU Typiu Io3aaa 3Hr Kyn macoda OocuO yTuin Me30HM OyitMua Xamjaa
nabopatopus IIApOWTHJIA YTKa3WiIraH Taxpuba acocuaa TabMHUHJIATHYHUHT
panMoHall MapaMeTpiiapyu aHuKJIaHau. WMnuiad 4YuKuiaraH ajropuT™ Ba JacTypiap
TabMHUHJIArM4 y3aTMAaCUHUHI JUHAMHUK MapaMETpPJapUHU aHUKJIAl WUMKOHHSITUHU
ApaT/IN.

3. ITlaxta Ba YWTUTHUHT appajd >KUH WIIYU KaMepacHJard XapakaTUHU
MaTeMaTUK MOJCIUIAIITUPUIN €pAaMula YPUHMA TE3JIUKHU Y3rapuil KOHYHHUSTUHU
VpraHuin opKaJii KypWJIMaHUHT camMapajop HIUIAIIMHU 0Oaxosialml HMKOHUSTH
aHUKJIaHAW. Appalapu opacuaard KajgaM KaMalTUpWIraH Ba KylIMM4a YUTUT
YUKApUIll KyBYpU YpHATWUITAH >KUH HWIIYM KaMEPACUHUHI KOHCTPYKIMSICH HIIIa0
YUKAJIAW. YJApHUHT TE€OMETPUK Ba KUHEMATUK MapaMETPIIApUHUHT palrdoOHal
KHIIMaTJIapy aHUKJIaHIH.

4, Yurdtr 4MKapyBYM KypuJiMara sra appajiyd >KUH MallliHa arperaTuHUHT
JUHAMUK Ba MAaT€MaTHK MOJEJUIapU KypWIIW, “ABUTaTellb — OakapyBUu MallvHa’
TU3UMHUHUHT TYpJM XapaKTEPUCTUKAIAPU TaxXJWJ KWIMHIAM Ba IOpPUTMA JTWHAMHUK
rapaMeTpJIapUHUHT pallMOHal KUiMaTIapyu aHUKJIAHIH.

5. Ueknu sneMeHTNIap YCYJIMHU KYy4YMIIAp LIAKIWIA KyJlall OpKajdud MHaxra
TO3QJIAlll MallMHAJapu BaJUIApW KPUTUK TE3JIUKIAPWHM, YJApHA Kydra Ba
MyCTaxKaMJIMKKa XHUcoOJall ycyJiapy “iuiad YMKUIAN Ba MyXaHAUCIUK XUCOOaII
WIUIApU YUYH TaBCUSA ITWIAW. SIHTM YMTUT YMKapyBuUM Kypuimara sra 156 appanu
KUHHU XUCOOJIall MUCOJNMJA appajid UWIMHADP Bajld, YUTUT YUKAPYBUM KYBYp Ba
IIHEKJIap MyCTaXKaMJIMTMHU OaxoJiam Oyindya XucoOJall TaaJKUKOTH YTKa3UJIAU Ba
VJIAPHUHT MYCTaxKaMJIMKKa KyWuiraH Tajabiapra xaBo0 OepyBUM KOHCTPYKIMOH
rapaMeTpiapy TaBCHsl STHIIIN.

6. Taxmmd sTHmaérraHn WKk Oapa®aHiIW KO3UKIM TabMUHJIArW4, KylIiuMd4a
YUTUT YUKApPyBUM KypuiaMara »dra appajid >KMH Ba ToJla KOHJEHCOPHU
caMapaJopJAuTuHu Gaxonam yuyH 2" MapKasuii KOMIIO3MIMOH PEXACHHH KyIIao,
Taxpuba TaIKUKOTIApuW YTKa3wiau. Perpeccusi TeHTNIaMacwiaH  MYKOOWI
KypcaTKuwiapHu aHukiIam « ONTUMAJIOBYM MOJIETHUHT €4MMUHA HbIOTOH ycynuaa
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u3Nany gactypu épaamuna Oaxapwinu. Hartmwkana appaHuHT KOJOCHHKIAH YHUKHO
Typuin  Oamanmuru  x;=51,97252mm Ba KyBYpPHUHI aWJaHUII YacTOTacu
x,=388,42400 Mun™ Oymumm TomwiaM Ba Oy XoiJga TabMHUHJIATHYHUHT
yaymaopiaura 7000 xe/coam, appanud SKUHHUHT yHyMuopiuru 2242 «ke/coam,
TOJIAHUHT Y3yHIUTHU 33,71 MM SKAHJIUTU aHUKJIaHIH.

7. Hazapwuii Ba TaxxpubaBuii TagkukoTiaap xamaa 5S/I1-156 (SAI1-130) Ba AI13-
216 (AI13-180) appanu *KUHJIAPHU CaHOAT Ba KOPXOHAJIApapo CHMHAII HaTHXajaapu Oy
MamuHanapau «QO’zpaxtasanoat» yrolmMacura Kapauuld S5 Ta MaxTa To3ajalll
KOpXOHaJapura >OpUN KWIUII HMKOHUSATHHU Oepau. Ilaxtanu kadTa wunuiam
TEXHOJOTUK OKMMMJIATU MalllMHAJIApHU parnoHan doigananum Tydaiau 30000 m
MaxTaHW KalTa WIUIOBYA KOPXOHA YYyH »djekTtpodneprusi capdu 480,5 nman
407,7 kBm/coam raya xamasau Ba uml yaymuaopiuru 12%mnan 50% rauva omagu, Oy
sca unura 96,5 min. cym UKTUCOAUN camapa Oepasu.

8. [TaxTa TomacMHUHT TYpyiu OapabaH r03acuaaru XapakaTtu TEXHOJIIOTHK XHUCO0
CXeMacu Ba yHM XucoOjall JacTypu MIUIA0 4MKWIKO, ynap €paamMuaa KyWuaaru
pampoHan KAWMatiap AaHWKJIAHIU: [yJIbCATOp 3acIOHKACH aWaHWIl TE3JIUTH
370 mun™, Tomann cypuin Kyunm P,,.=0,245 H, 3acioHKa Ba KyBYp I03aIapHHHHT
Hucbatu 0,7. Bbynma Ttonmagaru wudIocIuKiIap Ba apajaliMajlapHUHT MHHHMAI
KuiiMatu HurmMa Hucoun S'=11,87 m/c Te3nukaa aHuKIaHau. [lynbcioBuM XaBo
okumin koHaeHcop KBBb mammba arperatnapu AMHAMUKACUHM YpraHUIl Y4YyH
ApaTWraH ajiropuTM Ba JAcTyp acocujia dHeprusi capuHUHT Ba TYpiu OapabaH
allTaHUIIA HOTEKUCJIIMTMHUHT MUHMMaJl KUWMAaTJIapyUHU TabMUHJIOBUM Y3aTMaHUHT
JUHAMUK TapaMeTpiiapu TaBcus OTwiau. Hatmxaga xymmmua 13% Ttozamam
camapacura SpHUILIUIIH.

Mysgait kuamb, auccepTalus MIIMAA WKKA Oapa®aHiu TabMUHIATWY,
YUTUTHA YUKAPYBYHM KypujMara sra appajid XUH Ba MYJIbCIOBYH XaBO OKHMIUIA
KOHJICHCOp MaIllMHA arperatiiapuHu SpaTHIl MYyaMMOCHHHHT HWJIMHH acocCjaHTaH
TEXHUK ednumiiapu 06aéH dTuinan. by MammHa arperaTiapuHA KOPUH STHIIUIIN ITaxTa
XOM amécHU KaiTa WIUTAIl COXaCHHUHT axaMUATIN KalTa KypWIHIINATA Ba TaxTa
MaxCyJIOTJIApUHUHT TalllKu 0030paru pako0aTOapaONUIUTHHU OMIMPHUIITA CAITMOKIIN
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AHHOTAILIUSI JOKTOPCKOI JUCCEPTALIUUA

AKTYaJIbHOCTh U BOCTPE0OOBAHHOCTb TeMbl Auccepranuu. OQHON U3 KIIO-
YEeBbIX MPOOJIEM KOMIUIEKCHBIX MEPOIPUSTUN aHTUKPU3UCHOM ITPOrpaMmbl, pa3pado-
TaHHOM 1oJ pykoBoacTBoM [Ipesunenrta PecniyOnuku Y30ekucrtan Mcnama Kapumo-
Ba, SIBJIAECTCS CIEAYIOLIEe «...B mepByro ouepenn, 3TO JaIbHENIIEE YCKOPEHHOE MPO-
BEJICHHE MOJECPHU3AIMU, TEXHHYECKOTO W TEXHOJOTHYECKOTO NEPEBOOPYHKEHHUS
MPEANPUSATUN, IIUPOKOE BHEIPEHNUE COBPEMEHHBIX THOKUX TEXHOJOTHUNA. DTO MPEKIEe
BCETO KacaeTcsi 0a30BBIX OTpaciieid IKOHOMHUKH, SKCIOPTO-OPUEHTUPOBAHHBIX U JIO-
KaJIM3yeMbIX MPOoUu3BOACTB. CTAaBUTCS 3a/laua YCKOPEHHMs peain3aliuyl NPUHSITHIX OT-
pacieBbIX MPOTPaMM MOJIEPHU3AIMU, TEXHUUYECKOTO M TEXHOJIOTHYECKOTO IMEepPEeBO-
OpYXEHHUSI MPOU3BOJICTBA, MEPEX0Ja Ha MEKIyHAPOIHbIC CTAaHAAPThl KauecTBa, YTO
MTO3BOJIUT 00ECIIEYUTh YCTOWYMBHIE TTO3UIIMK KaK Ha BHEITHEM, TaK U HA BHYTPCHHEM
PBIHKAX» .

[Tepexoa Kk pRIHOYHOM PKOHOMHUKE CTaBUT Mepe]] Y30eKUCTaHOM OJHY U3 BaX-
HEUIIUX 3aJ1ay — MOBBIIIEHUE KOHKYPEHTOCTIOCOOHOCTH XJIOMKOBOU mpoxyKiuu. He-
00XOIMMBIM YCIIOBUEM €€ pPEIICHUS SIBJISIETCS CYIIECTBEHHOE YJy4YIlIEHHUE TOBAPHOTO
BHJIa BOJIOKHA MIPY HAWJIYYIINX KAaU€CTBEHHBIX MOKA3aTeNIIX — OCHOBHOUW MPOAYKIIUU
XJIOTIKOOYHUCTUTENBHOM MPOMBIIUICHHOCTH. B cBA3u ¢ 3TuM, 1o Ilocranosnenuto Ka-
ounera MunuctpoB PecnyOnuku Y30ekuctan ot 3 anpens 2007 roga Ne70 «O npo-
rpaMMe MOJEPHU3ALMU M PEKOHCTPYKUUU TMPEINPUATHI XIONKOOYUCTUTEIbHOU
npombiniuieHHOCTH Ha 2007-2011 roxabn» BaKHEWINYIO CTPATETUYECKYIO 3a/1ady
XJIONIKOOYHUCTUTENBHON MPOMBIIUIEHHOCTH COCTABIISIET €€ TEXHHUYECKOE MEPEBOOPY-
KEHUE, OCHAIIIEHUE COBPEMEHHON TEXHUKON M TEXHOJOTHUSIMU, CO3/IaHHE MOOUIIBHO-
ro, ONEPATUBHO PEArHPYIOLIEro Ha 3alpOChl phIHKa KOHKYPEHTOCIIOCOOHOrO MpOu3-
BOJICTBA.

B cymiecTByromux MOTOYHBIX JMHUSX OCTAHOBKA JIFOOOM MAIIMHBI MOTOKA
MIPUBOAMT JIMOO K MPOCTOIO BCETO KOMILIEKCA, TMO0 K paboTe mapamieabHO yCTAHOB-
JIEHHOTO 000PYJI0BaHUs C MOBBILIEHHON Harpy3koil. IlepBrlii ciydail conpoBoX1aeT-
csi paboTOM COMPSKEHHOTO 00OPYAOBAaHMS HA XOJOCTOM XOAy (IpH KpaTKOBPEMEH-
HBIX MPOCTOSAX) WIH C JIONOJHUTEIHLHBIM BPEeMEHEM, HEOOXOIUMBIM JUIsl YUCTKH CO-
MPSKEHHBIX MAIIMH M MTyCKa KOMILIEKCA MOCJIE OCTaHOBKU. Bo BTOpoM citydae mpu
paboTe ¢ yBEIMUYECHHON HArpy>KEHHOCTHIO CHUKAIOTCS KauyeCTBO XJIOMKOBOM MPOIYK-
M1 U pecypcocOepexeHne TEXHOJIOTMYEeCKUX MamuH. Bce 3To CBUIIETEIBCTBYET O
11€JIECO00PA3HOCTH MTPOBEACHHS UCCIEIOBAHUI 110 CO3/IaHUI0 MAIIMHHBIX arperaTos,
YAOBIIETBOPSIONINX TPEOOBAHUSM MPOU3BOAUTEIILHOCTH KOMIIOHOBOK MAIIIUH TIO CO-
MpAraeMocTH, rabapuTaM U, B KOHEYHOM MTOT€, 10 PECYPCO- U IHEPTrOCOEPEKEHUIO.

KoHKkypeHTOCTIOCOOHOCTh BBINTYCKA€MOUM TMPOAYKIIMA B PHIHOYHBIX YCIOBHUSAX
onpenensieTcss e€ Ka4eCTBOM MU CTOMMOCTBIO, OOYCIIOBIIEHHOM, MpeXAe BCEro, 3aTpa-
TaMH Ha €€ Mpou3BOACTBO. [Ipu BBIpaOOTKE BOJIOKHA 3aMETHOTO CHWXKEHHUS MPOU3-
BOJICTBEHHBIX 3aTpaT Ha XJIOMKO3aBOJaX MOXHO JOCTHYb 32 CUET IMOBBIIICHUS TPO-
M3BOAUTEILHOCTH, Oecriepe0oitHoil paboThl MUIBHBIX JHKUHOB U OYHUCTUTEIIBHOTO

' N.KapumoB. MupoBO#i (pHHAHCOBO-DKOHOMHUYECKHUI KPU3KC, ITyTH W MEPHI IO €r0 MPEOI0IEHUIO B
ycioBusx Y3o0ekucrana. —T.: Y36ekucran, 2009, 48 c.
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s dekra koHaeHcopa. CTabuabHOCTh PabOThl MUIBHBIX JHKUHOB U KOHJEHCOPOB BO
MHOI'OM 33aBUCUT OT PAaBHOMEPHOCTH NMHUTAHUS UX XJIONKOM, I'JI€ OYEHb BBICOKA POJIb
nutaresnsi. COBEpIIEHCTBOBAHUE CYIIECTBYIOIIMX MUJIBHBIX JKUHOB U KOHAEHCOPOB C
MO3UIMU TOBBIIMICHUS] MX MPOU3BOJUTEIBHOCTA U OYUCTUTENIBHOTO 3(dekra mnpu
HAaUMEHBIIEM MOTPEOJICHUU JIJIEKTPOIHEPTUM HAa OCHOBE HM3BECTHBIX TEXHHUYECKHX
pELIEHN MTPAKTUYECKA MCUYEPNAIo BCE CBOM BO3MOXHOCTH, MO3TOMY IOMCK ITyTEH
JOJKEH BECTUCh HA OCHOBE NMPUHIIMIUAIBHO HOBBIX HETPAAUIMOHHBIX TEXHUYECKUX
penieHuil. B cBs3M ¢ 3TUM BO3HHKAeT HEOOXOAUMOCTh Pa3pabOTKHU MUTATels, ooec-
IIEYMBAIOIIETO  PAa3pBIXJICHUE, OYNUCTKY XJONKA TIepex JHKUHUPOBAHUEM W
PAaBHOMEPHYIO €ro nojady B padodyr0 Kamepy C 3aJaHHOU MPOU3BOAUTEIBHOCTHIO
npu obecriedeHNH TpeOyeMoro KauecTBa BOJOKHA. [lJis OCyIIecTBIEHHUs compsrae-
MOCTH MAaIllMHHBIX arperaTtoB MUTAaTess U padodeld Kamepbl MWIBHOIO JHUKUHA IO Ta-
O6apuTaM W MPOU3BOAUTEIHLHOCTH HEOOXOIMMO pPa3padoTaTh HOBYIO KOHCTPYKIUIO
paboueit kamepbl. CienoBaTenbHO, pa3BUTHE TMHAMUKYA MAlIUHHBIX arperaToB Mpo-
LIECCOB PAaBHOMEPHOI'O IIUTAHM, JOKUHUPOBAHKS U OYHUCTKU BOJIOKHA HA KOHJEHCOPE
IpU MUHUMYME SHEPromnoTpeOieHUs SBISIETCS aKTyaJbHOW MpOOJIEMOMN, PEIIEHUI0
KOTOPOM MOCBSILEHA HACTOSIIAs AUCCEPTALUS.

CooTBercTBHE HCCJIEI0BAHMSA NPHOPHUTETHBIM HANPABJICHUAM Pa3BUTHS
HAYKH U TexHoJiornil PecnyOauku Y30ekucran. /{uccepraius BhIIOJIHEHA B COOT-
BETCTBUU C NPUOPUTETHBIMU HANPABICHUSMU PA3BUTHs HAYKU U TexHojoruu Pec-
nyonuku Y30ekuctan: [IOU-2 - «Dusuka, acTpOHOMHUSI, YHEPreTUKa U MAIIUHO-
ctpoenue» u IIIIU-3 - «DHepreTuka, 3HEpro- U pecypcocoepekeHre, TpaHCIopT,
MallMHO- U IPUOOPOCTPOEHUEY.

0030p MeKAYHAPOAHBIX HAYYHBIX MCCJIEIOBAHUN 10 TeMe JUCCEPTALMH.
HccnenoBanus, CBsI3aHHBIE C U3YYECHHEM JUHAMHUYECKUX ITPOIECCOB MAIIMHHBIX ar-
peraToB NMWJIBHOTO JUKUHA U KOHJIEHCOPA MPH JUKUHUPOBAHUN M OYUCTKE XJIOIKA, SIB-
JISAFOTCS OAHUM W3 IPUOPUTETHBIX HAIIPABICHUM COBPEMEHHOTO MAIlIMHOCTPOCHHS.

B 3apy0OexHbIX Hay4yHBIX LIEHTpax M BbICIIMX Yy4yeOHBIX 3aBeaeHusix CIIIA,
Ascrpanus, ['epmanuun, Aurnuu, SAnonuun, Kuras, Poccun, Uaanum u apyrux crpas
BEIYyTCS HAyYHO-MCCIIEIOBATEIbCKUE pPAa0OThl MO PELICHHIO 3343y JIUHAMUKU
MAIIIMHHBIX arperaToB TEXHOJOTMYECKUX MAILIVH.

CoBpeMEHHBIM NOJIX0/I0M K MCCIIEIOBAHUIO THHAMUKHN XJIONKOOYHCTUTEIbHBIX
MAalllMH U arperaroB JUisl U3y4EeHUS U MPEICTABICHUS IIPOLECCOB J)KUHUPOBAHUSA U
OUYMCTKH XJIOIKA SIBIIICTCS UCIIOJIb30BAHUE TEOPETUYECKON U MPUKIIAJHON MEXAHUKH,
TEOPUU MEXAHMW3MOB U MAIlIMH U HHPOPMAIIMOHHBIX TEXHOJIOTHUH.

Ha cerogusiHuii 1eHbp HAKOIJIEH JOCTATOYHBIN OIBIT UCCIIEIOBATEIBCKUX pa-
00T 1O mpoleccaM JHKHHUPOBAHUSI U OYMCTKU BoJiokHa ydenbimu CIIA (Lummus,
Continental eagle), Asctpamuu (Lummus Australia Pty., Ltd.), Kuras (Shandong
Swan Cotton Industrial Machinnery Stock Co.,Ltd), Uamuu (Nipha) u npyrux crpan
M0 TpolieccaM NUTaHUs XJONKOM paldodeil KaMmepbl HKUHA, KUHUPOBAHUIO U
OYHCTKE BOJIOKHA Ha KOHJEHCOPaX.

Ha coBpeMeHHOM 3Tarie pa3BUTHE UCCIEN0BAHUN JUHAMUKN MAIIUHHBIX arpe-
raToB B JAHHOM HAIIPaBJICHUM BaXKHO HE TOJIBKO JUIsl IOHUMAHUS OCHOB TE€XHOJIOTH-
YEeCKUX MAILWH, HO U MO3BOJISIET JOCTUYb CYIIECTBEHHOI'O SKOHOMHUYECKOT0 3¢ deKTa
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MyTEM CHUXEHUS HSHEPro3arpaT U COXPAHEHHS] KAYECTBEHHBIX CBOMCTB XJIOIKOBOTO
BOJIOKHA.

CreneHb M3YYEHHOCTH NPOOJeMbl. MHOTOJETHSSI HUCTOPUS Pa3BUTHS
NPOMBIIJICHHOTO TPOU3BOJACTBA MAIIMH W arperaTtoB  XJIOMKOOYUCTUTEIbHON
IIPOMBIIICHHOCTH, B YAaCTHOCTH MNHTATeNled, MWIbHBIX JKUHOB M KOHJIEHCOPOB,
paccMOTpeHbl B paboTax TakuX 3apyOekKHBIX YYEHBIX M CHEIHAINCTOB, Kak
O. Yuramn, C.J3. Xamn, T. Dmmor, C.3. Xyrc, P.H. Pakodpd, A.B. Crennnu,
P.I'. Xapaun IV, I1.A. ®ank u np.

Binsinue ucX0oHBIX CBOMCTB XJIOMKA-ChIPIIa HA TEXHOJIOTUYECKUE U SHEPTeTH-
YeCKHUe TapaMmeTphl MIIBHOTO JHKMHA HM3yYeHbl B HAYYHBIX paboTax 3apyOe’KHBIX
yuenbix JK.K. Borikuna (CIIIA), K. Tomricona (Aunrmms), I1. Kymapa, M.K. [Ilapma
(Uuaus).

3HAYUTENBHBIN BKJIAJ B Pa3BUTHUE TEOPETUKO-METOA0JIOTMYECKUX OCHOB JIUHA-
MUKH T€XHOJIOTMYECKUX MAIINH, UCIIOIb3YEMBIX B XJIOMKOOYUCTUTEIHHOM MPOMBIIII-
JIEHHOCTH, BHECJIW HAay4YHbIE UCCIEIOBAHUS, BBIIIOJHEHHBIE MO/l PYKOBOJICTBOM y4e-
Hbix P.I'. MaxkamoBa, . T. MaxcynoBa, A.E. JIyraueBa, M. TunnaeBa, M. ArzamoBa,
X.T. AxmenxomxaeBa, P.A. ManryroBa, A. [IxypaeBa, P.M. Kapumosa,
K.A. Kapumosna, IIII1. AnumyxamenoBa u aAp. DT pabOThl B OCHOBHOM CBS3aHBI C
M3Yy4ECHUEM CBOMCTB XJIONKA-ChIpIla M KOHCTPYKIIMM MAIllMH 3apyO0exHOro
MIPOU3BOJICTBA, OCHOBAHHBIX HA aMEPUKAHCKOW TEXHOJOTHUHU MEPBUYHONU 0OpabOTKU
xjionka. OTaenbHble HEMHOTOYHUCIICHHBIE MCCICAOBAHUS YUYEHBIX Y30€KHCTaHa MOo-
CBSIIIICHBI TTPOOJIEMaM OYMCTKU XJIOMKA B MUTATENSAX, YBEJIWUYECHUIO MPOU3BOIUTEb-
HOCTH M CHIDKEHMIO DHEProsarpar B Mpoliecce HKUHUPOBaHUS XJonka. Bmecte ¢
TEM, JI0 HACTOSIIETO BPEMEHU HET HAYYHBIX MCCIEAOBAHUN, CBI3aHHBIX C UCIIOIB30-
BaHMEM KOHCTPYKIIMN MaIllMH JJIsI BEIBOAA CEMSIH U3 paboyell KaMephbl CEMSIOTBO/IS-
UM YCTPOMCTBOM MPH JPKUHUPOBAHUHU U MYJILCUPYIOIIETO MOTOKA ISl OYUCTKHU BO-
JIOKHA B KOHJICHCOpAax, ONTUMHU3ALUH JUHAMUYECKUX MapamMeTpPOB U XapaKTEPUCTHK
MIPUBOJIHBIX MEXaHU3MOB. B CBs3M ¢ 3TUM Ha3pesna HEOOXOJUMOCTh MOJICPHUBAINH
MUAJIBHOTO JI)KWHA C LIEJIbIO MOBBIIIEHUSI MPOU3BOJUTEIIBHOCTH W CHUKEHHUSI DHEp-
ro3arpaTr B IpOLECCE JKUHUPOBAHUS U TEXHOJIOTUM OYUCTKH BOJIOKHA B KOHIEHCO-
pax.

CBsi3b  IMCCEPTALIMOHHOTO  HCCJIEIOBAHUAA € IUIAHAMH  HAYYHO-
HCCJIeA0BATEJIbCKUX PA00T OTpaKeHa B CIAEAYIOIIUX POCKTaX:

npukiagHbie npoekTbl: Nel19.12 «Pa3paboTka TeXHOJOTHA U COBEPILIEHCTBOBA-
HUE OCHOBHBIX Pa0OUYMX OPTraHOB TEXHOJOTUUECKUX MAIIUH XJIOMKOOUYUCTUTEILHON U
KoxeBeHHOU mpombitieHHoCcTH» (20032005 11.); Ne A-13.166 «Co31aHre BBICOKO-
3 PEKTUBHBIX, PHEPro-, PECypcocOEPEramx U SKCIOPTOOPUEHTUPOBAHHBIX CHU-
CTEM MalllMH MEePBUYHON MepepaboTKU XJIONKA ISl Pa3IMYHBIX YCIOBUH XO3SMCTBO-
BaHUSl C YYETOM KIMMAaTHYECKUX OCOOCHHOCTEH, MPOM3BOJCTBEHHBIX MOIIHOCTEH
XJIOITIKO3aBOJIOB, 00beMa 3aroTOBOK, Ieprojaa oO0pabOTKH, Pa3sHOBHUIHOCTEH COPTOB
xJonka» (2006-2008 rr.);

WHHOBAIMOHHBIN TIPoeKT: Ne DA-14-D04 «Bueapenue B mpou3BoACTBO pado-
Yei kaMepbl muabHOro kuHa» (2011-2012 rT.).

Ieap ucciaenoBaHMsA: CO3/1aHHE HOBBIX KOHCTPYKIHMM MWUJIBHOTO JKHHA W
KOHJICHCOpa Ha OCHOBE HCCIEIOBaHMS JUHAMUKHA MAaIIMHHBIX arperaros,
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YIOBIIETBOPSIONMINX TPEOOBAHUSM IO MPOU3BOIUTEIHLHOCTH, COMPATAEMOCTH B dHEP-
rocOepeXeHHI0 ¢ 00eCIeYeHUEM KauecTBa XJIOMKOBOT'O BOJIOKHA.

JIist peanu3anvy MOCTABJICHHOM IEH OIpPEACNICHbI CIEeAYIOIe 3aJa4u Hc-
cJIe[JOBAHUS:

IPOAHATU3UPOBATH TEXHOJOTHUYECKUH MPOIlecC, OCHOBAHHBIN Ha HCMOJIb30Ba-
HUU MalIMH NWIBHOTO JHKUHUPOBAHUS U pa3paboTaTh HOBbIE KOHCTPYKIIMM MHUTATE-
7151, paboyeil kamepbl MUJILHOTO JXKWHA U KOHJEHCOPa;

M3YUYUTh JBUKEHUE XJIOMKOBOTO BOJIOKHA B MAalllMHAX Ha OCHOBE MaTeMaTH4e-
CKOT'O MOJICTTUPOBAHMS MPOIIECCOB: HAa KOJIKOBOM Oapabane muTaTens, B pabodeil Ka-
Mepe MIIHHOTO JDKWHA U Ha TIOBEPXHOCTH ceTYaToro 6apadaHa;

COCTaBUTh YpaBHEHHWS ABWKCHHUS MAIIMHHBIX arperaToB MHTATENsl, pabouei
KaMephl NWIHHOTO JHKUHA U KOHAEHCOPA C YY€TOM MEPEXOJHOTO U YCTAHOBUBILIETOCS
PEKUMOB PAOOTHI JJIsi BBIABJICHHUS 3aKOHOMEPHOCTEH HX (QYHKIIMOHUPOBAHHS U
HAXOXKJECHUS PAIllMOHATILHBIX MapaMeTPOB pabOUrX OPraHOB MAIIIWH;

pa3paboTarh MPOrpaMMHBIE CPENICTBA JJI peaiu3allii MOJTYyYEHHBIX MaTeMa-
THYECKHX Mojiener Ha OBM;

BBISIBUTH 3((EKTUBHOCTh BHOBb Pa3pabOTaHHBIX KOHCTPYKIUNA MAIllUH MHIb-
HOTO JPKHUHUPOBAHUS, YIOBJIECTBOPSAIOMINX TPEOOBAHUSAM MPU MUHUMYME SHEPIoIo-
TpeOJIeHHs, KOMITOHOBKH MAIIMHHBIX arperaToB MO MPOU3BOJUTEIHLHOCTH, COTIpsTae-
MOCTH Y rabaputaM Ha OCHOBE TEOPETUKO-IKCTIEPUMEHTAIIbHBIX UCCIIEIOBAHUIN B CO-
CTaBe MOTOYHOU JIMHUU IO MEpepadOTKe CPETHEBOJIOKHUCTOTO XJIOMKA;

HCCIIeIOBATh MOKa3aTeNu padOThl JKMHA C CEMSIOTBOMSIIMM YCTPOMCTBOM B
MIPOMBIIUICHHBIX YCJIOBUSX U BbIJIATh peKOMEHAIUU 110 3PGHEKTUBHOMY €r0 UCIIONb-
30BaHUIO.

O0beKkTOM MCC/IeIOBAHUSA SBIISAIOTCS MAIIUHBI U arperaTbl MOTOYHON JTMHUU
XJIOMKOOYHUCTUTEIHHON MPOMBIIIIIICHHOCTH.

IIpeamer ucciaenoBanusi — JIByxOapaOaHHBINH KOJIKOBBIM MUTATENb, MHJIbHBIMA
JKUH Y KOHJIEHCOP BOJIOKHA.

Metoabl ucciaenoBanmuii. TeopeTnueckre ucciien0BaHUs MPOBOAMINCH HA OC-
HOBE MCIIOJb30BAHUSI METOAOB COBPEMEHHOW TEOPETUUYECKOM W TMPHUKIATHOM MeXa-
HUKH, TCOPHH MEXaHU3MOB M MAIlIMH ¥ BBIYUCIUTECIIBHON MaTeMaTHKH.

DKCIepUMEHTaIbHbIE MCCIIEI0BAHUS TPOBOAMINCH B J1a0OPATOPHBIX U MIPOU3-
BOJICTBEHHBIX YCJIOBHUSIX C HCIIOJIb30BaHUEM COBPEMEHHOM HM3MEpPUTEIBLHOM ammapa-
TYpbl 1 IPUOOPOB IO OLIEHKE KauecTBa pabOoThl MallMH U XJIONKOBOI'O BOJIOKHA. O0-
paboTKa SKCIEPUMEHTAIBHBIX JaHHBIX MPOU3BOAUIACH METOJIaMU CTATUCTUKU U Ma-
TEMaTUYECKOro IUIAHUPOBAHUS JKcrepuMeHTa. llpu paszpaboTke HPOrpaMMHOTrO
obecrieueHHs MCIONBb30BaHbl S3bIKK MporpammupoBanus Fortran, Qbasic u maker
AKOHOMHYECKHUX pacueToB «IIDP».

Hay4yHasi HOBM3HA JIMCCEPTALMOHHOIO MCCJIEIOBAHUS 3aKJIOYAETCs B Cle-
IYIOILEM:

pa3paboTaHbl JAByxOapaOaHHBIN KOJKOBBIM MUTATEIh, paboyas Kamepa MUilb-
HOT'O JDKWHA C CEMSOTBOJSAIIUM YCTPOMCTBOM, KOHACHCOP C MYJIbCHUPYIOUIUM MOTO-
KOM, METOJMKAa W MPOTpaMMHBIE CpEACTBa pacuera JAUHAMUYECKUX IPOIIECCOB B
KOHCTPYKIHMSAX MaIlliH MHJIBHOTO JuKuHUpoBanus (675, 2354, |AP 02992, IAP 04037,
FAP 00589, FAP 00841);
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BBISIBJIICHBI 3AKOHOMEPHOCTH U3MEHEHUS KaUYECTBEHHBIX MOKA3aTENeN BOJIOKHA,
CEMSIH U MPOU3BOAUTEIBHOCTH MUJIBHOTO J)KMHA U KOHAEHCOPA BOJIOKHA OT XapakTe-
PUCTUK CEMSIOTBOJSILETO YCTPOMCTBA U MYJIhCATOPA, MO3BOJIAIONINE BHIOPATH paIfo-
HaJIbHBIE PEXKUMBI U TapaMETPhl MAIIVH JJI1 OYUCTKHU U JP)KUHUPOBAHUS XJIOMKA;

ONpENEIICHbl 3aKOHOMEPHOCTH HW3MEHEHHMSI HArpyKeHWs Bajia 156-TMiIbHOrO
UINHIPA, CEMIOTBOISIICH TPYOBl U IITHEKA, & TAK)KE YCTAHOBIICHBI X KPUTUYECKUE
YacTOThI BpAIEHUS! C YYETOM TEXHOJOTUYECKHUX COMPOTHUBIICHUM B pabounX OpraHax
JUKMHA, TI03BOJIMBILME BBIOPATh €r0 TMHAMUYECKHE U KOHCTPYKTUBHBIE TapaMETPBhIL;

pa3paboTaHa MaTeMaTH4ecKas MOJI€Jb MAIIMHHBIX arperaToB «IUTaTelb —
MUJIBHBIA KUH — KOHJIEHCOP BOJIOKHA», 00€CIIeUNBAIOIIasi CHUKEHUE SHEPro3aTpar
1 ce0eCTOMMOCTH XJIOTIKOBOTO BOJIOKHA IIPU MEPepadbOTKE XJIOMKA.

IIpakTnyeckue pe3yabTaTbl HCCIACA0BAHUS 3aKIIOYAKOTCS

B pa3zpaboTke AByxO0apabaHHOTO MUTATENS MIJIBHOTO JPKUHA, CHUYKAIOIIETO 3a-
COPEHHOCTh XJOmKa-cbipa Ha 31% W KOHAEHcOpa C MyJNbCUPYIOUIUM IOTOKOM,
CHWKAIOLIMM MacCOBYIO JOJIFO IIOPOKOB M COPHBIX IIPUMECE B BOJIOKHE Ha 13%;

B CO3JaHUM MPOrPaMMHON TPOAYKIMU [JIsI PACYETOB JUHAMHYECKHUX
MapaMeTpOB MHUTATENs, MWIBHOTO JHKMHA C CEMSOTBOJSAIIMM YCTPOWCTBOM U
KOHJICHCOpa BOJIOKHA C MYJbCHPYIOIUM MOTOKOM (mporpammsel s 9BM NeDGU
00829, NeDGU 00830 u NeDGU 02400);

B MOJICpPHU3ALMU paboyell KaMephbl MUIBHOTO JUKUHA C YCTAaHOBKOW CEMSIOTBO-
JAIIETO yCTPOMCTBA, MO3BOJIMBIICH JIOBECTH IMPOU3BOAUTEIBHOCTh |S56-MUIBHOTO
JOKMHA TI0 BOJIOKHY A0 2242,3 Kr/dac npu COXpaHEHUU KaueCTBEHHBIX MOKa3aTesiel U
CHU3UBILEH YAEIbHBIN PACXOJ AIEKTPOIHEPTHH.

JlocTOBEpHOCTH MOJIYYeHHBIX Pe3y/bTAaTOB OCHOBBIBAJACHh HA MAaTeMaTHYe-
CKUX MOJIEJISAX, MOCTPOCHHBIX C HCHOJb30BAHHEM (PYHIAMEHTAIBHBIX IOJI0KEHUN
COBPEMEHHOW MEXaHUKU M CPAaBHEHUS PE3YyJbTaTOB C TEOPETUUECKUMH U OINBITHBIMU
JAHHBIMH, TTOJTYYEHHBIMH B J1a00OPATOPHBIX U IPOU3BOICTBEHHBIX YCIOBHUSX.

Teopernyeckass U NPAKTH4YeCKas 3HAYMMOCTb Pe3yJIbTATOB HCCJIeI0Ba-
HuA. TeopeTnueckas 3HAUUMOCTb PE3yJIbTaTOB PabOTHI:

CO3/IaHbl METOJIMKHU C MPOrPAMMHBIMU CPEICTBAMHU pacueTa JUHAMUKH MTPUBO-
na n1Byx0apabaHHOTO KOJKOBOTO MUTATENsI, pabodeil kamepbl MIUJIBHOTO JKUHA C Ce-
MSOTBOJSIIMM YCTPOMCTBOM M KOHIEHCOpPA BOJIOKHA C IYJbCHPYIOLUIUM ITIOTOKOM,
MO3BOJISIIOIIME YCTAHOBUTDH UX JTUHAMUYECKHE XapaKTEPUCTUKU U MTapaMeTphl; pa3pa-
00TaHbl MaTEeMATUYECKUE MOJEIIHN JBUKCHUS XJIONIKA BHYTPHU JBYyX0apaOaHHOTO KOJI-
KOBOI'O TMTaTeNsl W paboueld KaMepbl MUJIBHOTO JDKMHA C CEMSOTBOISIINM
YCTPOMCTBOM, a Tak)K€ BOJIOKHA Ha MOBEPXHOCTH ceT4YaToro OapabaHa KOHAEHCOpa
BOJIOKHA C MYJIbCUPYIOIIHNM ITOTOKOM, JAIOIIAE BO3MOKHOCTh YIIPABJIECHUSI OCHOBHBI-
MU TE€XHOJOTMYECKUMH MapaMeTpamMu MallliH ¢ 0OOCHOBAaHUEM MX KOHCTPYKTHUBHBIX
Y IMHAMHYECKUX MapaMeTpOB; YCTAHOBIIEH 3aKOH M3MEHEHMS] OYHCTHTEIIBHOTO 3(¢-
(dekTa KOHIEHCOpa BOJIOKHA B 3aBUCHMOCTH OT YACTOTHI BPAIICHUS 3aCJIOHKU MYJb-
caTopa U COOTHOIIEHHS IJIONIAJeH 3aCIOHKH IyJIbcaTopa U TpyOOmpoBOa, a TaKkKe
M3MEHEHUS! KaueCTBEHHBIX I10KA3aTeNe BOJIOKHA, CEMSH WU MPOU3BOJIUTEIBLHOCTH
MUJIBHOTO JKWHA C CEMSIOTBOJSLIMM yCTPOMCTBOM B 3aBUCUMOCTH OT 4acTOTHI Bpa-
IICHUSI CEMSAOTBOAIIEH TPYOBI.
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[IpakTHueckast 3HaYMMOCTh PE3YJIBTATOB — pa3pabOTaHHBIE HOBBIE KOHCTPYK-
1 3(PPEKTUBHBIX TEXHOJIOTMYECKUX MAIIUH MUJIBHOTO JUKUHUPOBAHMUSI, YIOBIETBO-
psitole TpeOOBaHUSIM KOMIOHOBKHM MAallTMHHBIX arperaToB MPH HaUMEHBIIEM 3Hep-
rONnoOTpeOIEHUU 0 MPOU3BOJUTEIILHOCTH, COMPSATAaeMOCTH M rabapurtam JByxOapa-
0aHHOTO KOJIKOBOTO MHUTATENs, padouas Kamepa MUJIBHOTO JHKUHA ¢ CEMSIOTBOASIINM
YCTPOMCTBOM M KOHJEHCOP BOJIOKHA C MYJbCHUPYIOIIMM NOTOKOM CHHKAIOT 3aTPAThI
Ha nepepadOoTKy NMPU COXPAHEHUHU KAaYECTBEHHBIX MOKA3aTENE XJIOMKOBOI0 BOJIOKHA.

Bueapenne pe3yabTaToB uccjaenoBanusa. Ha ocHOBE IpOBEIEHHBIX UCCIIENO0-
BaHUU pa3paboTaHHbIE KOHACHCOpP BOJIOKHA KBBbH C MylbCUPYIOIIUM IOTOKOM,
nByxOapabaHHBIA MUTATENb U MOJIEPHU3MPOBaHHAs padoyas kamepa 156-muiabHOTO
JKWHA C CeMSIOTBOISIIUM ycTpoiicTBoM noa mapkoid «KPCBY)» BHeIpeHbI B NTPOU3-
BOJCTBO HA MPEANPUATHUAX ACCOLMAINU «Y 3MIaXTACAHOAT», TOJIOBOM 3KOHOMUYECKUI
s dekT coctarisger 96,5 MiTH cyM. (aKT accolManuu «Y3MMaxTacaHoar» O BHEIPECHUH
B ipou3BocTBO ot 04.09.2014).

Anpobauus padoTbl. Pe3ynpTaThl UcciaeAOBaHUA JOJIOKEHBI Ha 14 Hay4dHO-
MPaKTUYECKUX KOH(PepeHUusX, B ToM uucie 10 mexaynapoansix: «IIpodieMubie Bo-
MIPOChl MEXaHUKHU W MamuHocTpoeHus» (Tamkent, 1993 u 1998 rr.); Ha VIII Bcee-
POCCUHCKOM Che3/le Mo TeopeTnueckor u nmpukiagHoi Mmexanuke (Ilepmsb, 2001 1.);
«AKTyallbHbIE TPOOJIEMBI IEPEPAOOTKH JIbHA B COBpEMEHHBIX ycnoBusax» (Koctpoma,
2002 r.); «CoBpemMeHHbIe TIPOOIEMBbI U IepCHeKTUBbI Mexanukm» (Tamkent, 2004,
2006 u 2009 rr.) U Ap.

OcHOBHBIE Pe3yJbTaThl TUCCEPTALMOHHON PabOThl TOKIAABIBAINCH U OOCYXK-
JATKCh HAa HAy4YHBIX CEMHMHApax: Ha OOBEAMHEHHOM HaydyHOM cemuHape «Teopus
MEXAaHU3MOB Y MAlllMH MMPOMBILLICHHOTO KoMIulekcay um. X.X.Ycmanxomxaesa UM
u CC AH PVY3 (TamkenTt, 2003—2014 1T.); Ha Yuenom cosere mpu AO «Paxtasanoat
ilmiy markazi» (Tamkentr, 2006-2010 rr.) w Ha HAy4YHOM CEMHUHape IIO
cnermainbHocTn 05.02.03 — «TexHonorndyeckue mamuHbl. POOOTHI, MeXaTpOHUKA U
poboToTexHuyeckue cucremb» npu Hayunom cosete 16.07.2013.T.06.01 nipu Tar-
KEHTCKOM WHCTHTYTE TeKCTHIBLHON U JIETKOH npomebinuieHHocTH (Tamkent, 2014 r.).

Ony0/uK0BaHHOCTDH pe3yJbTaToB. [lo TeMe nuccepranuu omyOaukoBaHoO 46
HAYYHBIX TPYAOB, B TOM YHCIie 8 HAYYHBIX CTaTel B MEXAYHAPOIHBIX JKypHaJax, Mo-
nay4deHo 6 mateHTOB Pecrybnuku Y30ekucTaH u 3 CBUIETENHCTBA HA MPOTPAMMHEIC
MPOIYKTHI.

Crpykrypa n 00bem auccepraumu. Jlucceprannsi COCTOUT U3 BBEACHUS, -
THU TJIaB, 3aKJIIOUYCHHUS, CIIUCKA JIUTEpaTyphl U3 191 HauMeHOBaHUs, NPUIIOKEHUH, CO-
nepxxut 211 ctpanuil Tekcta, 89 pucynkos u 39 Tabnuil.

OCHOBHOE COAEP KXAHUE JUCCEPTALINNU

Bo BBeneHMH JaeTcs OOOCHOBAaHHE aKTYaJIbHOCTH TE€MbI JUCCEPTAIlMOHHON
paboThl, chopMyJIUPOBAHBI 1IEIb U 3aJ1a4ud MCCJIEAOBAHUS, ONPEICICHbl TeOpeTHY e-
CKasi 3HAUMMOCTb M TIPAKTUYECKast IIEHHOCTb, JaHbI O0I[asi METOUKA MUCCIIeIOBaHMS,
OCHOBHBIC TIOJIO)KCHHS, BRIHOCUMBIC Ha 3aIlUTy, anmpoOarus padoThl, CBEACHHUS O
myOJUKAIUSAX U CTPYKTYpE AUCCEPTAIIAH.

B nepBoii_riaase guccepraumu — «O030p paboT MO KOHCTPYKIHMSIM MAIIHH
XJIOMKOOYUCTUTEILHON MPOMBIIIIEHHOCTH» — TPOBEIEH 0030p MO KOHCTPYKIIUSM
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TEXHOJOTUYECKUX MAIlUH MOTOYHOW JIMHUU MO MNEPEepadOTKE CPeTHEBOJOKHUCTHIX
coptoB xJjionka B CHI' u 3a py0Gexom. AHalM3 CYHIECTBYIOUIUX TEXHOJIOTHMYECKHUX
JIMHUN OTEUYECTBEHHBIX U 3apyOEKHBIX IIPOU3BOJICTB MOKA3bIBAET, YTO MPOIIECC Nepe-
pabOTKM XJIOMKa MPOTEKAET MO CXEMe CYIIKa — OYMCTKA — JPKMHUPOBAHUE XJIOMKA —
OYHCTKA BOJIOKHA.

W3 pe3ynbpTaToB aHaiu3a CIEIYET, YTO CTAOWUIIBLHOCTh PabOThl TEXHOJIOTHYE-
CKOM JIMHUM 3aBUCUT OT PabOThl MUIbHBIX JHKMHOB U KOHJIEHCOPA, a MUJIbHBIX JIKH-
HOB ¥ KOHJIEHCOPOB BO MHOTOM OT PaBHOMEPHOCTH MUTAHUS XJIOMKOM pabouei Ka-
MephI JDKWHA, TJI€ POJIb MHUTATeNs O4YeHb BbICOKA. [loATOMY BO3HHMKaeT HEOOXOMH-
MOCTb U3yUEHUS NTUTATENICH, MUJIbHBIX JP)KUHOB M KOHJEHCOPOB BOJIOKHA.

Ha ocHoBe ananu3a pe3yiabTaToOB MCCIEIOBAHUM OMPEAETICHO HAMPABICHUE 110
CO3/IaHUI0 HOBBIX KOHCTPYKTHBHBIX PEUICHUW MUIBHOTO JKUHUPOBAHUS U
KOHJICHCOpa Ha OCHOBE TEOPUM MAIIMHHBIX arperatoB, YAOBJIETBOPSIOIIUX
TpeOOBAHUSM HENPEPHIBHOCTM U CHUCTEMHOCTH TEXHOJIOTMUYECKOW JIMHHUHM TI0
MPOU3BOJAUTEIILHOCTH, COMPATAEMOCTH TPU YHU(PHUKAIMKA HUX OTACIBHBIX Y3JIOB U
HAaWMEHBIIIEM JHEPronoTpedseHny ¢ oOecreyeHrueM TpeOoBaHUsI MO KadyeCTBY
XJIOIIKOBOT'O BOJIOKHA.

Bropas riaaBa — «J/luHamuka
MUTATEN NUIBHOTO JI)KUHA» — MOCBA-
meHa paspaboTke AByxOapabaHHOTO
KOJIKOBOTO Oapabana nutatesns (puc.l)
MUJBHOTO JKMHA W HCCIIEIOBAHUIO
JBU>KEHUS XJIOMKOBOTO MOTOKA BHYTPU
nuTarels WU JUHAMUKA MAalluHHOTO
arperara npuBoja nurarens Ha OBM.

[Iutatenr BXOOZUT B OOIMH
) KOMIUIEKC J)KUHHOW YCTaHOBKH U

i — o0OecreurnBaeT PaBHOMEPHYIO MOJady

XJIONKa-ChIpIia B pabouyro Kamepy
Puc. 1. KoHcTpyKTHBHBIE MapaMeTpbI JUKWHA, TIIATEIbHOE PA3PBIXJICHUE U

U cXeMa IByX0apadaHHOI0 MUTATEJIS JOTIONHUTENBHYIO OYHCTKY €ro  OT
COpHBIX IpHUMECEH Iepen MpoleccoM JHKUHUpoBaHUs. [ oOecrieueHusl BbIlIEyKa-
3aHHBIX TIOKa3aTeiell HaMu pa3padoTaH AByx0apaOaHHBIN KOJKOBBIM MUTATEb.

PacueTnast cxema i u3ydeHUs ABMKCHUS XJIOMKA BHYTPH MUTATENsI COCTOUT
U3 ImecTy yacteil. M3 HUX mepBasi, TPEThsl U MATas COBEPIIAIOTCS HA MOBEPXHOCTU
KOJIKOBBIX OapabaHoB (puc. 2), a BTOpasi, YeTBEepTasi U MIeCTasi — ¢ OTPHIBOM OT KOJI-
KOBBIX OapabaHoB (puc. 3).

Ha ocHoBe pacueTHOW cxembl cocTaBieHbl auddepeHnnanbHble ypaBHEHUS
JBIDKEHUS XJIOTIKA IO MOBEPXHOCTHU KOJIKOBOTO OapabaHa (1) W JBMXKEHHS XJIOTKA C
OTPBIBOM OT KOJIKOBBIX OapabaHoB (2):

£ O LNUR | ST S

d’s (K™ (0-R)® 1 ?
=K -#+2-a)-s+g-sin(a}ot+¢;o)|———g~cos(a)-t+(po) (1)
R

2 mp

T m
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d%x K -VXZ)-sin (¢,) dy (K -V )-cos (o)

= - ; = - —g;
2 2

|
|

dt m dt m L (2)
|

d?x (K -V7Z)sin (2.7 -9,) dly K™ -V})cos(2-7~9,)
= - , = - _g’
dt 2 m dt 2 m J

rae K,, — kooQduuueHT TpeHus MeXIy XJIOIKOM M KoJkamu OapaOaHa; K - x030-
(UIUEHT TIPOTIOPIIMOHATIEHOCTH; (), U (9 — YTOJ 3aXBaTa M cOpoca XJIOMKa KOJKaMH
GapabaHa; » — 9aCTOTA BPAIICHIS KOJIKOBOTO bapabana, ¢ M — Macca XJIOMKa, Kr; R
— pajMyc KOJIKOBOTO 0apabaHa, M; § — YCKOPEHHE CBOOOXHOTO mameHms, m/c’ t —
Bpems, ¢; V, u V, — mpoeKiusi CKOPOCTH JBUKEHHSI XJIOMKA MO OCSAM X U ), M/C.

i ¥
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g _
e Fr.::anp {;01
_ | .
mg @, X Vo
R, P .
@& -t o,
a - JUI1 BEPXHEro OTPhIBA;
P T 0 - UIsl HIOKHETO OTPhIBA
Puc.2. PacueTHasi cxemMa IBHKEHUS Puc. 3. PacueTHasi cxema aBHKe-
XJIONIKA HA MOBEPXHOCTH KOJKOBOI0 0a-  HHUSA XJIONKA C OTPHIBOM OT KOJI-
pabdana KOBBIX 0apa0aHoB

[Ipu pemienun ypaBHenuit (1) u (2) ucnonab30Bajics YUCIECHHbIA MeTo PyHre-
Kytra ans nuddepennumanbHoro ypaBHEHUsI BTOPOro Mopsiika Bujga § = F(t,s,s).
[Tepen HayaOM BBIYMCIICHUH 3aaBayiCh mar At u HadaabHbIC 3HAYCHUS to, S(t)=S,
u os(t,)=s,.

B pesynbraTe peanvzanuu MaTeMaTUYeCKOM MOJeNU AByXxOapaOaHHOTO MUTa-
Tenss Ha OBM moctpoeHsl rpadMku M3MEHEHUsS JBHXKEHUS XJIONMKAa-ChIpla BHYTPHU
MUTATENs] B 3aBUCUMOCTH OT yrja U CKOPOCTH MaJIeHHUs HAa MOBEPXHOCTh KOJKOBOTO
Oapabana (4acTOThI BpallleHUsI MUTAIOIINX BAJIMKOB U MPOU3BOJUTEIBLHOCTH MMUTATE-
ns1) (puc.4); oT AuaMeTpa U 4aCTOThI BpallleHUsI KOJIKOBBIX OapabaHOB.

Onnako 15t 3¢ dexTuBHON paboThl [ByxOapabaHHOTO mUTaTeNsl, odecreunBa-
IOILET0 PABHOMEPHYIO MOJlayy XJIOMKa B pabouyro Kamepy C 3aJlaHHON MPOU3BOIU-
TEJTHLHOCTHIO, HEOOXOJAMMO YCTAHOBUTH MYTH CHIKCHHUS HEPABHOMEPHOCTH Bparile-
HUS KOJIKOBBIX OapabaHOB M MOTPEOISIEMO MOIIIHOCTH AJICKTPOIBUTATENS TTUTATE,
WCIIOJNIb3Ysl YPAaBHEHUS JIBIKCHUSI MAIIMHHOTO arperara mUTaTels.

Ucnions3ys ypaBaenue Jlarpamxka |l ponga, 6puti momyuens! auddepeHimaib-
HbIE YpaBHEHHUS JBIKEHUS MAIIMHHOTO arperaTa muTaresis B 00IIeM BUIE:

35



Sp #p =Mp —¢; - (9p —ip;-91) -6, (¢p —ip; - ¥1) ]‘
S1-¢y=Cy-ipy(@p —ipy @)+ 6y -ip - (@p —ip @)= Cy (9 — i, ~0,) -
=6, (Py — iy Py) = C3 (9 — gy -93) —65-(Py — i3 -P3) = My,

S @y =Chrip (@l @)+ 6, iy (P~ @) - My, }

Sgup 93 =Cg-ig (@l -@3)+65-0153 (9 — i3 -03)-M,, . J
rae Sp, S1, 32, S35 — COOTBETCTBEHHO MOMEHTHI HMHEPLUH BpAIIAIOIIMXCS Macc,
K2 -MZ; Mp, M1, My, M3, — COOTBETCTBEHHO MOMEHTHI Harpy3oK, AECHCTBYIOIIUX Ha
BpaIaIOIIMICS BaJl 3JIEKTPOABUTaTeNsI U OapabaHoB nuTarens, H-u, Cy, ¢, c3— KecT-
KOCTh PEMEHHOU Tiepenauu, H-m/pao; 61 ,6; ,63 — KOIPOUIIMEHTHI TUCCUTNIAIMU Pe-
MeHHOI nepenauu, H-wm-c/pad; ¢ ., ¢,, ¢,, ¢, — YIIOBbIE CKOPOCTU BpAIIAOIINXCS
MacC CUCTEMBL, €} ipy, i1, 13 — MepeIaTOYHbIC OTHOIICHUS PEMEHHOM TIepeadH.

Cucrema HEJIWHEHHBIX
muddepeHInanbHbIX  ypaBHE-
Huit (3) pemena na DBM. Ha
OCHOBE YHCJICHHBIX Pe3yJIbTaTOB
OBLITM TIOCTPOCHBI TpauKu u3-
MEHCHUS HEPaBHOMEPHOCTH
BpallleHUs ¥ YaCTOThI BPAIlICHUS
KOJIKOBBIX OapabanHoB (puc. 5),
BEIyIIEr0 BajJla  Bapuaropa
NBP-1 u norpebdigemoir MoIl-
HOCTH DJICKTPOJBHUTATENS B 3a-
BHCUMOCTH OT CJHEAYIOIINX JEH-

CTBUTEJIBHBIX I1apAMETPOB CH-
Puc.4. U3Menenne TpaeKTOPHH XJI0NKA B 3aBH-  crenvp (0,%): MoMeHTa compo-

CHMOCTH OT YaCTOThI BPAIEHUSI MUTAIMMX  ypyenns (M,=12,475;
BAJIMKOB U NPOM3BOAMTENLHOCTH MTATeNS 77— 70 475 A, =] 287 Howm);
’ ) np ) 1

0,20

0,15 A

Ocb Y, m

-0,30 et
-0,5 -0,4 -0,3 -0,2 -0,1 0 0,1 X,MO’2

= = = —I=1234.9 kr/uac = = = = = M=1723.5 kr/uac 1=1475 xr/uac

YIOPYTo-IUCCUTIATUBHBIX MapameTpoB (c1=61,948, c,=41,472, c3=24,048 H-m/pao n
61=0,3636, 6,=0,2138, 63=0,1596 H-m-c/pad) peMEHHBIX Tlepead, MOMEHTa HHEPLINH
snextpomsurarens  (Jp=0,/58kxem?), mepBoro (J5,=4,469kem®) u  BTOPOTrO
(3,=4,469K2 %) KONKOBBIX OapaGaHOB M MUTAMOIINX BAINKOB (“Tgnp=0,25471<emz),
npuBefeHHas Kk Baiy Bapuaropa UBP-1, npu ymenpmienun (-100%) u yBenmuenun
(100%) neiicTBUTENBLHBIX TAPAMETPOB MUTATEIIS MUJILHOTO PKUHA.

B memoM, coctaBieHbl ypaBHCHHS ABMKCHHUS MAIIMHHOTO arperara, N3y4eHBI
TUHAMUYECKAC XapaKTePUCTUKA W HAWICHBI pallMOHAJBHBIC TapaMeTphl MPUBOJIA
MATATENS, IPU KOTOPBIX 00€CTICUNBACTCS YIIYUIICHHE Pa3PBIXJICHHS, OYUCTKH U PaB-
HOMEPHOW TOJIaud XJIOTKa B pabodyro Kamepy. YCTaHOBJICHO, YTO TPH CHIKCHHH
notpedisieMoil MoutHOCTH 3ekTpoasurarens ¢ 1,510 no 1,366 kBt nepaBHOMEp-
HOCTb BpallleHUsI KOJIKOBBIX OapabanoB yBenuuuBaetcsa ¢ 0,00008 o 0,00243 mpu
YaCTOTAaxX BPAIICHMUS KOJIKOBBIX Oapabanos 490,2 mun™ (51,33 ¢™). B cBsi3u ¢ 7tuM
JUISL  CHIDKEHHSI TOTPEOJIIeMONM MOIIHOCTH HEOOXOJAMMO YMEHBIIUTh YIPYyTro-
JTVMCCUTIATUBHBIE TIapaMeTphl TpPeThel peMeHHoW mepenauu nutatens Ha (0% (c
24,048 no 7,214 H-m/pao).
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YacToTa BpauleHusi nepsBoro
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a 0
Puc. 5. I'pa¢yk n3MeHeHUs YacTOTHI BpallleHusi mepBoro (a) u BToporo (0)
KOJIKOBBIX 0apa0aHoB

Jlnst uccnenoBanus ourctutenbHoro 3 dexkra B MULL AO «PaxtaGin KB» co-
3/1aHa SKCIIEPUMEHTAaIbHas yCTaHOBKA MHUTATENs ¢ AByMs Oapabanamu mupuHoi 560
MM. DKCIEpUMEHTAIbHbIE HCCIIeIOBaHUs ABYX0apaOaHHOTO KOJIKOBOTO MHUTATENS
MOKa3aJId, YTO MPU MPOU3BOAUTEILHOCTH 1587 Ke/u ouncTUTENbHBIA 3 (PEKT 10CTH-
raercs 10 31%.

B nenom, co3nannsiii AByx0apabaHHbI MUTATENb IIUPUHON 560 MM, TUaMET-
poM 312 mm 1 dactoToii BpauieHus 490 mun" KOIKOBBIX 6apaGaHOB PH HPOU3BOIH-
TEILHOCTH 10 XJIONIKY /587 ke/4 1o 31% c ounctutenbHbIM 3G HEKTOM U OTpedIIsie-
MO# MolHOCThIO TuTatens (.84 kBm Oyaer obecrneduBaTh yIydlIeHUE pa3pbIxiie-
HUS, OYUCTKY U PAaBHOMEPHYIO 0J1auy XJIONKa B pabovyr0 Kamepy MUJILHOTO JHKUHA.
C y4yeToMm IPOU3BOJUTEIBHOCTH muTaTenss /587 ke/u nis mmpuHbl 560 mm HE0O0XO0-
JIUM TIWJIBHBIN JKUH IMPOU3BOAUTEILHOCTEIO S8 k2 BojokHA B yac (wiu 16,9 ke Bo-
JIOKHA Ha Ty B 4yac). Ho cepuiiHbIi NWIBHBIA KUH UMEET MPOU3BOJIUTEIHHOCTh
15,3 k2 BOJIOKHA Ha MWy B Yac, YTO HE OOECMEUMBAECT COMPATAEMOCTU MUTATENS U
JOKUHA 10 MPOU3BOAUTENIBHOCTH. J[JIsi 3TOro HEoO0XOoauMo pa3padoTaTh MHJIbHBIN
JOKUH, yIOBJICTBOPSIIONIUNA TPEOOBAHUSIM KOMIIOHOBKM MAIIIMHHBIX arperaToB MO CO-
MPSAraeMoCTU, TabapuTaM U MPOU3BOIUTEILHOCTH.

B tpertbeii r1aBe — «Pa3paborka paboyelt kamepbl MUIBLHOTO JH)KMHA TOBBI-
IIEHHOW MPOU3BOAUTEIHLHOCTHY» — MPOBEJAEHBI TEOPETUUECKUE UCCICAOBAHUS U Pa3-
paboTaHO OMOJHUTEIHHOE CEMIOTBOASAIIECE YCTPOUCTBO B paboyeil kamepe MUIbHO-
ro JIKWHA.

J171s1 IOBBIIIEHUSI TPOU3BOAUTEIIBHOCTA C TOUYKU 3PEHHS] MOJICPHU3ALNUN MTHIIb-
HOTO JDKWHA HEOOXOIUMO YBEIMYHUTHh CKOPOCTh U MACCY CBHIPIIOBOTO BaJlMKa, IS 4ye-
ro CJIeyeT YCTAaHOBUThH BHYTPHU pabouell KaMephbl CEMSOTBOASAIIYIO TPYOy. Y CTaHOB-
Ka CEeMSOTBOAIICH TPyObl paauycoM R ymeHbinmaeT o0bem padoueit kamepbl (Vs -
7R?- 1), pu 9TOM Macca ChIpLOBOTO Bamka paBHa G. PaccrosiHue mo paguycy pabo-
4ell Kamepbl OT CTEHKH TPyObI J10 JIoOoBoro Opyca cocrasiser (0.16m-R), ¢ yBenu-
4eHUEM R OHO yMeEHbIIIaeTcs.

VYuuteiBas npenyioxkeHHbie A. Makcy10BbIM PaBEHCTBA, MOYKHO 3aMHUCaTh:
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Q=Qu+1.35 (0-0)+7.1- [KWp- (0.161-R)- 0] +0.5- [0 (V,s—zR2-1)-Go] ,  (4)

rae Q, — macnopTHas MPOU3BOJIUTEIBHOCTD JKUHA;, U, U, — IpeajaraemMasi u cyuie-
CTBYIOIIIAsl OKPY>KHasi CKOPOCTh MUJIBHOTO LMWIUHJIPA; Uy, Uy — Mpeiaraemasi u cy-
HIECTBYIOINIAs] OKPYKHasi CKOPOCTh ChIpiioBoro Banuka; G, G, — npejuaraemas u cy-
IIIECTBYIOMIAs Macca ChIPIIOBOTO BalMKa; K — KOA(Q(PHUIIMEHT, YUUTHIBAOIIUN YBEIH-
YEHUE YaCTOThI BPAILICHUS ChIPIIOBOTO BaJlMKa.

YcTaHOBIIEHO, YTO

25 f
/ Q/ }Z/ / /X/ -t JUIST YBEIIMYEHHUS NPOU3-
20 k=1
/M/ P/// / /A/A/ ¢ BOJUTEIBHOCTH  MHUJIb-
—A—k=1,4
15 Horo mkuHa g0 20
e g R v
" w22 Ke/yac ISl OTHOM TIHJIIBI
}//‘[ / /A/ / o 2 Ipy MUHUMAJbHBIX 3Ha-
° W A/j/ o3 YEeHUSIX JUaMeTpa Cce-
0 S S S k=3,4 MSOTBOJSAIIEH  TPYObI
120 140 160 180 200 220 240 260 280 300 320 H€O6XOI[I/IMO yBCJ’II/I‘II/ITB
OuvameTp TpyGbl, MM
4acTOTy BpallleHus
CBIPIIOBOTO BajiiKa OT
2,4 no 3,4 pa3 (puc. 6), a
arameTp — ¢ 160 no
180 mm. Ilpu sToM 3a-
30p MEXAY MUJIBHBIM JUCKOM U TpyOo# ymensbinaetcs ¢ 40 go 30 mm, a 06bem pado-
yeil kamepsl — ¢ 16 1o 20%. I[loaTomy Ay CHMKEHHS MacChl CHIPIIOBOTO BallMKa
HEOOXOUMO yBEJIWYUTHh KoiaudecTBO mui Ha 20% Ha MUIBHOM Baily, a JJig ATOTO
YMEHBIIUTH IIaTr PACIONI0KEHNUS MUIBHBIX TUCKOB ¢ 18 1o 15 mm.
st obecrieuenust 3pPeKTUBHOrO PyHKIMOHUPOBAHMS JKHHA C CEMSOTBOIS-

el CUCTEMOM pellleHbl CIASAYIOIINE 3a/1auu.
Onpenenensl paauaibHas U TaHTEHIMAJIbHAS COCTABJISIIOIIME BEKTOpa CKOPO-

>

MponsBoaUTENbHOCTL, KI
BOJIOKHa Ha NUny B Yyac

Q

Puc. 6. U3mMeHeHne 05KMAaeMO NIPOU3BOAUTEIbHOCTH
NHJIBHOIO JKHHA ¢ CEeMAOTBOAALIUM YCTPOMCTBOM B
3aBHCMMOCTH OT AMaMeTpa TPyObl M Kod(pPpuuueHrta
yYBeJHYECHHS YIJI0BOM CKOPOCTH CHIPLOBOIro Bajauka kK

CTH :

U, (F.0)= F(F)-0(0), U,(7.0)=F,(F)-o(0) 5)

(g ]

i 1 ;o . .

rae F (r)= 2'|UH0' —-r|-Uye | — =Ry |l
]

1 R 2 >~
F,(r)= JU, =21+, -R | =-R, -1 [];
2 ~5 60 1™ 1 ’

1-R, | r r |
R N
- n
Ry =Ry /Ry, r=r/Ry, ®(0)= Z[a0+an9n].
n=1
Omnpenenena yrioBas CKOPOCTh CBIPIIOBOIO BaJHKa
17 1 1

2 r

w(F,0)=—-LF2(F)~cD(9)— @(9)~F1(F)J>, (6)

J
3nech I, 0 — mmHapuyeckue koopauHathl; Uy, Uy— KOMIIOHEHTHI BEKTOpa CKOPOCTH
[0 paguaJibHOMYy U TAaHTE€HIMAJIBHOMY HampaBleHUusIM; Ry 1 ) — paguyc u cKopocTh
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BpalleHUs] BHYTPEHHEr0 LWIMHAPA; R, — paanyc BHEHIHEro LWIMHIpA; [ — paauyc
paccMaTpuBa€MOM TOYKHU.

B pe3ynbprare nzydeHus KUHEMATHUKU CHIPIIOBOTO BaJMKa yCTAHOBJIEHA MPUYH-
Ha, HE TI03BOJISIONIAS] BXOJUTh Pa3phIXJICHHOMY XJIONIKY B pabouylo KaMmepy MpHU BbI-
COKOM IMPOU3BOJUTENLHOCTU. [IpUUMHA 3TOr0 COCTOMT B HAIIPABICHUSX CKOPOCTEU
CBHIPLIOBOTO BaJIMKa U MOCTYIAIOIIETO B pabouyto Kamepy XJjomnka-ceipua. s perie-
HUSL TOW MpOOJEMBbl Mbl Ha MYTH CBHIPLOBOTO BajWKa yCTaHaBIMBAaEeM Iperpaiy,
BCJICZICTBUE YEr0 MPOUCXOAUT XOPOILIMH 3aXBaT XJIOMKAa-ChIpLA, MOCTYIAOIIETO B pa-
00uyr0 KaMepy.

B pe3ynbrare npoBEIEHHBIX IKCIEPUMEHTAIBHBIX HCCIECIOBAHUN yCTaHOBIIE-
Hbl IapaMeTpbl MEXaHW3Ma BbIBOJA CEMSH: HApYKHbIA nuamerp — 159 mm; mas3sl
MIPOJIOJIPHO-TIIENIEBBIC, CKOIICHHBIC, IMUPUHON 6 MMm; YHCIO Ma3oB — 16 mrTyk 1o
OKpPY>KHOCTH; COCETHUE Ma3bl pacnoioskeHsl co casurom 0,5; mmHa nazoB — 250 mm.
YacToTa BpalleHus Tpyosl — 360 mun" B CTOPOHY BpAIEHHUs CHIPIIOBOTO BAINKA; Ya-
CTOTa BpAICHHS IHeKa — 720 mun™", HAIpaBICHHe IBU/KCHHUS LIHEKA — IIPOTHB JBH-
KEHUS TPYOBI.

B pe3ynbTaTe cpaBHUTENbHBIX UCIBITAHUNA YCTAHOBJIEHO, YTO YacoBasl MPOU3-
BOJUTENBHOCTh 30-TIMIBHOM YCTAaHOBKM cocTaBuia /() k2 BOJOKHA HA MWIYy B 4Yac.
[Ipensiaraemplil 36-NMUIBHBIA JHKUH ¢ CEMSIOTBOISIINM YCTPOMCTBOM TeX ke radapu-
TOB UMEET MPOU3BOJUTEIBHOCTh 10 15,/ ke BoiokHa Ha nuiay B yac. [IpousBonu-
TEIBHOCTH 36-TIMIIBHOTO JKMHA ToBbIIaeTcs Ha 81%, To ecTh 1715 OTy4YeHUS OTHOM
TOHHBI BOJIOKHA pacxoayercs Ha 45% meHblle BpeMeHH, yeM Ha 30-TTUIbHOM JIKUHE.

[ToacTaBmisist 3HAYEHUS] MPOU3BOJUTEIBHOCTA THUIIOBOTO MUJIbHOTO xkuHa (10
K2 BOJIOKHA Ha MUJTY B 4ac), paauyca Tpyosl (R=0,08M), yrioBoit CKOpOCTH CHIPIIOBO-
ro Bamuka (5 ¢ u ky=3,3) B ypaBHenue (4), HONYYHUM HPOU3BOJUTEIBHOCTD [IHTh-
HOTO JDKMHA C CeMSIOTBOJSIIUM YCTPOHUCTBOM paBHOM 15,/5 ke BOJIOKHA Ha MUY B
yac. [Ipu nanHo# POU3BOAUTENHFHOCTH KOA(MMUIIMEHT UCTIOIL30BaHUS 3yObEeB T
cocrasisier k=0,7. PasHuia Mexay TeopetndeckuMu (5] ¢) H dKCIIepPHMEHTAIbHbI-
MU 3HAYEHUSIMU YTJIOBOM CKOPOCTH CHIPLIOBOTO BaJIMKa (CyMMapHOW YIJIOBOM CKOPO-
CTH CBIPIIOBOTO Bayiika u TpyOwl 15,476+37,699=53,7175 c'l) cocrasnser 2,175 ¢
(4,3%).

B _uerBeproii rjaBe — «J/luHamMuKa MWIBHOTO [KMHA C CEMSOTBOISAIIAM
YCTPOMCTBOM» — JaH aHaJIW3 CTaTUYECKUX U JUHAMUYECKUX XapaKTEPUCTHUK MUIIb-
HOTO J)KMHA U TIPUBEICHBI PE3YJIbTAThI HKCIIEPUMEHTAIBHBIX UCCIEA0OBAHUI OMBITHO-
IIPOMBIIUIEHHOTO 1 56-NTMIBHOTO IPKUHA C CEMSOTBOISIIAM YCTPOWCTBOM.

B nuibHOM JKMHE ¢ CEMSIOTBOJSIIUM YCTPOMCTBOM IO/ 3HAYUTENBHBIM CHIIO-
BbIM BO3JIEHCTBHEM OT BHEIIHMX HArpy30K HaXOATCs JeTaiu pabouel Kamepbl U,
IJIaBHBIM 00pa3oM, €e OCHOBHBIE Y3JIbl — MUJIBHBIM IWIMHIP, CEMSIOTBOAAIIAs TpyoOa
Y IITHEK.

JUtst co3gaHusl U SKCIEPUMEHTAIBHOTO HCCIEAOBAHUS MOACPHU3UPOBAHHOIO
156-nunpHOTO JPKMHA Ha OCHOBE Pa3pabOTaHHOTO 36-MIIBHOTO JKMHA C CEMSIOTBO-
JSUIMM YCTPOMCTBOM OBUTH pElIEHBI CAEAYIONINE 3a1a4u:

|. Ha ocHoBe ucnonbs3oBanust ypaBHenus Jlarpanxa |l pona BeiBeneHbl aud-
(depeHIIMaNbHbIE ypaBHEHUsI JBWKCHHS MAIIMHHOTO arperara 156-muiibHOTO
nunusapa mxuHa SJII-156 B ciegyromniem ob61iem Bue:
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Sp2Pp2=Mp,=C4(9py —ipss Ps) =64 (Ppy —Ipos ~Ps); ] (7)

S @5 =Cyipys (Ppy —ipss Ps)+ 6, Ipys (Ppy —ipy Ps) Mg |

rae 3py, S5 — COOTBETCTBEHHO MOMEHTBI MHEPIMH DJIEKTPOIABHIATENIA M ITHILHOTO
HITHHAPA, k2:M°, Mpy, Ms — COOTBETCTBEHHO MOMEHTHI HATPY30K, ACHCTBYIOMIAE HA
BpalIalOIUXCsl BajaX 3JIEKTPOABUIATENI M MWIBHOIO LWIMHApa, H-m,; C4 — *KecT-
KocTh My(p11, H-M/pad; 6, — xkoapduumentsl nuccunanuu Mmydtol, H-m-c/pad; ¢ py,
¢ 5 — YIIIOBBIE CKOPOCTH 3JICKTPOBHIATENS M MAIBHOTO IIWIHHAPA, ¢ ; ipys — Tepe-
JATOYHOE OTHOUIEHUE CUCTEMBI.

JIns uccnenoBaHusd MAIIMHHOTO arperara MUJIbHOrO uiauHApa mxuHa 5/I1-
156 ObuIM SKCIIEPUMEHTANBLHO OIpEAeIeHbl MOMEHT MHEPIMHU MUJIBHOTO IMIMHIpA
METOJIOM pa3roHa J,=1,244 KkeM®, TeXHOIOTHYECKas Harpys3ka, JEWCTBYIOIIAs Ha
Bpamamomuiics Ban nuiabHoro wwimHapa My=M,,+M,cos(r-w;t/6)+p,) (Tne
M;.,=843,72 Hm; Ms5,=78,78 Hm; w;=n-490/30 pao/c; t — Bpems; ¢, — HadalbHas
¢daza) u mamee pacYETHBIM IyTEM ONPEIeIIeHbI )KeCTKOCTh C4=23065,2 H-m/pao n xo-
s unmenT nuccunanuu MyQTol 6,=128,5346 H-m-c/pao.

Hcnons3ys cucteMy HEIUMHEHHBIX AU(PQepeHInanbHbIX ypaBHEHHUN (7), MBI
uccrenopaim Ha OBM nrHaMUKYy NMHJIBHOTO HWJIMHIPA MPU PA3JIMYHBIX XapaKTEpH-
CTHUKax MPUBOAHOTO ABurarens, npeainoxeHnoro WU.C. Iluauykom, A.E. JIeBUHBIM 1
M.M. CoxonoBsiM. [ pemieHrss CUCTEMbl YPaBHEHUW HMCHOJBb30BAJIA YWCICHHBIN
Metoq Pynre-Kyrra.

Ha ocHOBe pe3ynbpTaToB HCCIIEIOBAHUS YPAaBHEHUS JBHXKCHUS MUJIBHOTIO ILIH-
JUHJpa YCTAHOBJIEHO CIIEAYIOLIEE: C YBEIWYEHHEM 3HAYCHUUM YIPYro-IucCUIia-
TUBHBIX mapaMeTpoB MyPTsl oT -90 1o 100% npu xapaxrepuctuxkax A.E. JleBuna u
M.C. [TuHYyKa YBETHIMBACTCS HEPABHOMEPHOCTD BpamieHus ¢ 7,44-10° no 4,85-107%
a ipu xapaxrepuctuke M.M. Cokonoa — ¢ 6,44-10° 10 6,39-10°%; ¢ yBenuucHueMm
3HAYEHUN MOMEHTA MHEpUUH AekTpoasBuratens ot -60 go 100% npu xapakrepuctu-
kax M.M. CokonoBa u A.E. JleBuHa HEpaBHOMEPHOCTb BpPalI€HUsI MAJIBHOTO LAJIMH-
Zipa MOCTOSIHHA U COOTBETCTBEHHO PaBHA 6,35-10° 1 1,06-10% a IIPU XapaKTEPUCTUKE
N.C. ITunuyka ot -90 no 0% HepaBHOMEpPHOCTh BpalllEHHs MUIBHOTO LWJIMHJpA
SHAIT-156 ymensbiiaercs ¢ 1,11-10'2 bi o) 7,9-10'3; Jlajiee yBEIMYUBAETCS J10 1,3-10°
(puc. 7); ¢ yBenrueHUEM 3HAYCHHI MOMEHTA MHEPIIUU MIIbHOTO IumHapa 5/I1-156
oT -90 no 100% npu xapakrepuctukax M.M. CokonoBa u A.E. JleBuHa HepaBHO-
MEPHOCTb BPAIICHHS MIIBHOTO IAIMHIPA OXMHAKOBO yMeHbmaeTcs ¢ 6,58-10° mo
6,32-10° u ¢ 1,08-10° mo 1,02-10%; a npu xapaxtepuctuxe U.C. [IuHuyKa yBenHan-
Baercst ¢ 7,23-10° 110 9,38-10%; u3smeHeHHe MOMEHTA MHEPLMH IBHUTATENS TIPH Xa-
paktepuctukax M.M. CoxkonoBa u A.E. JleBuUHa He BIMSET Ha HEPAaBHOMEPHOCTH
BpareHus: nuiabHoro nuinuuapa S/I1-156; nns m3ydeHus mepexoHOTO U YCTaHO-
BHUBIIETOCSI PEKHUMOB DJIEKTPOJBUTATENSl pPEKOMEHJyeTcs xapakrepucthka A.E.
Jleesuna 1 M.M. CoxkosoBa, a i1 YCTaHOBUBIIETOCS PEXKUMA — XapaKTEPUCTHUKA
N.C. ITunuyxka.
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B nenom ycraHOBIIEHO,
YTO JJIsi CHIXKEHUSI HEPaBHO-
MEpPHOCTH BpallleHUs] MUIbHO-
ro [WIMHApa HE0O0X0IUMO
YBEIUYUTh  YIPYro-Auccura-
TUBHBIE TTapameTphl ¢ 23065,2
no 29984,76 H-wm/pao (c
128,534 no 167,09 H-m-c/pao).

Il. VYcranoBnensl pac-
YeTHbIE 3HAYEHUsI TEPBOM,
BTOPOM W TPETbEW KpUTHYE-
CKMX CKOPOCTEM NHUJIBHOIO
mumuHapa  117,9; 450,2 u
774,3 pao/c, cemsotBozsamieit Tpyosr 203,65; 811,16, 1814,06 pao/c n maeka 74,85;
292,48; 636,/ pao/c, Ha OCHOBE HWCIIOJIH30BaHMSI METOAA KOHEUHBIX DJICMCHTOB B
dbopme nepemenieHnid. [lorydera 3aKOHOMEPHOCTh MOMIEPEYHOTO TIEPEMEIICHUS Ce-
MSOTBOJSAIICH TPpyObl U IITHEKA M0 JJIMHE, MaKCUMaJIbHbIE 3HAYEHUSI KOTOPBIX COOT-
BE€TCTBEHHO COCTaBJIAIOT -2,91°10'6M npu 1=0,/191 m u -6,33-1 0° m upu 1=0,293 m.

VY cTaHOBJIEHO, YTO HET HEOOXOJAMMOCTH B YBEJIMUCHUM JHAMETpPaA Bajia MUIb-
HOT'O LUWJIMHJpa MPU yBEeIWYeHUH KojmuyectBa i co 130 qo 156 mTyk, Tak Kak yr-
JIOBasi CKOPOCTh MUJIBHOTO IIWJIMHJIpA HAXOAUTCS B TEPBOM JOKPUTUYECKON 30HE
w , < 0,75 - w,,, — KecTKui Ban — 76,969<88,45/ pad/c n nonepeyHoe mnepemerie-

-NMUNbHOTO

uMnuHapa

-90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90

HepaBHOMEpPHOCTb

BpaweHns

M3MeHeHNe 3HavyeHuUn ynpyro-guccmnaTtuBHbIX napamMeTpoB, %

‘_‘_M.M.COKOHOB —8— A .E.NesuH —A—M.C.[‘IMquK

Puc. 7. Biusinue ynpyro-auccCunaTUBHbIX Na-
pPaMeTpPOB HA HEPABHOMEPHOCTH BPAalllCeHUS
NWJIBHOI0 HMJIMHAPA

Hue Baja 1o mimHe cocrtasisieT 0,/058 vm.

OmpefeleHbl MaKCHManbHBIE HANPSDKCHHS  Tma=15,410° Hm*  ([al=
=1029,7-10° H/M* — momyckaeMoe HampsKeHHe MaTepuana TpyObl cTatb 45) u yron
MOBOPOTA @Pnax— 0,0324 ° cemsioTBOAsIIIIEH TPYyOBI B 30HAaX C Ma3aMU MPU KPYUCHHUH.

[11. B pe3ynbrare mpoBeAeHHs dKCIUTYyaTAllMOHHBIX MCIIBITAHUI OIMBITHOTO 00-
paslia MOJEpPHU3UPOBAaHHOTO mnwiIbHOTO mkuHa SHII-156 ¢ cemsoTBOAsSIIUM
YCTPOWCTBOM YCTAHOBJIEHO, YTO SKCIEPUMEHTAIBHBIN JKUH YIOBICTBOPUTEIHHO
BBITIOJIHSIET TEXHOJOTUYECKUM TPOIIeCcC HKUHUPOBAHUS, TIPU 3TOM MPOU3BOIUTEb-
HOCTh TIO BOJIOKHY COCTaBJsieT 2242,3 xe/4, ONMYIIEHHOCTh CEMsSH TOCNIC JKWHA —
11,4% u nmocne cemsiorBoasimeit Tpyost — 10,36%, 3HEProeMKOCTh OCHOBHOTO THIJIb-
HOTO JKUHA — 71,2 kBm/uac, cemsiotBosIeH TpyOb! — 4,5 kBm/uac, pacxoJ Bo3ayxa
U1 chema BostokHa — 0,7 a/c.

Buegpenne  MoaepHM3MpoOBaHHOrO  nwiabHOro  JukumHa — S/II-156 ¢
CEMSIOTBOJAIINM YCTPOMCTBOM B TEXHOJIOTMYECKHN mporecc Ha bekrteMupckom,
KapacyiickoM, ATuMKeHTCKOM U [ICKEHTCKOM XJIONKO03aBO/1aX MOKA3aju MOBBIIIECHUE
MIPOU3BOAUTEIILHOCTH U CHIKEHUE YACIBHOTO Pacxo/ia dJIEKTPOIHEPTHH, a TAK¥Ke TO,
YTO MAIIIMHHBIE arperaThl YIOBJICTBOPSIOT MO COMPATAEMOCTH, TadapuTaM U MPOU3-
BOJUTEIBHOCTH (110 XJI0NKY — 7007 Kke/4). '010BO# 3KOHOMHYECKHH 3P PEKT cocTas-
nsiet 6omee 96,5 MITH.CyM.

st onleHku 3(h(EKTUBHOCTH TpeajiaraeMoro JByx0apabaHHOTO KOJKOBOTO
MUTATENs, TWIHHOTO JKWHA C CEMSIOTBOIAIIMM YCTPOUCTBOM M KOHJICHCOPa BOJIOKHA
MIPOBE/ICHBI AKCIIEPUMEHTAIILHBIC MCCIICIOBAHUS ¢ MMPUMEHEHUEM MHOTO()aKTOPHOTO

41



skcnepuMenTa thna 2" (LEHTPaIbHOro KOMIIO3UIMOHHOIO IUIAHA). 34 BXOJHBIE I1a-
paMeTphl MPUHSTHL: BBICTYN MU (X1=47, 52, 57 mMm) 1 4acTOTa BpalleHUs CEMSIOTBO-
mstmeit TpyosI (x,=365, 389, 413 mun™), TaK KaK 3TH HapaMeTPbI ONPEACISIOT IIPOH3-
BOJOUTEIBHOCTh MUTATENS, MUJIBHOTO JHKUHA M KOHJAEHCOpA, DHEPro3aTpaThl, 3aco-
PEHHOCTH XJIOIKA, CEMSIH, BBIBOJ| CEMsSIH U3 pabouell Kamephl, OMYIIEHHOCTh U I0-
BPEXKIECHHOCTh CEMSIH, MaccoBas J0JisI MOPOKOB M COPHBIX MPUMECEN B BOJIOKHE,
JUTMHBI BOJIOKHA.
1o pe3ynpTaTaM MCCIEI0BAHUM MMOTYYEHBI PErPECCUOHHBIE YPAaBHEHHUS:

1,=6958,3682+272,3858 x; x,-788,3332 x> +292,2118 x,%;
1,=2242,1568+87,6096 x; -x,-256,3984 - x;,°+98,126 x,°;

y3 =5,6267-0,8583 x;+0,2217 x,-0,37 2x1 x>;

V4 =74,8216-3,3642 x,+2,3646 x,+2,4129 1 x5

5=0,2107+0,1093 x;+0,0052 xx,+0,008 2x; 2x; (8)
yg =1,7573-0,0643 x1-0,195 x,+0,06 1 2,+0,1227 x,°-0,1889 x,%;
y7=1,1450+0,6477 x,-0,3029 x,-0,5087 -x x,+0,1699 x;%-0,2817 -x,°;

yg =11,4905+0,1322 x1-0,3356 x,-0,1426 2x; r,+0,3439 x,;

o =33,7083-0,5535 x;°.

O06001IeHHBIM MTOKa3aTeneM 3(PPEeKTUBHOCTU (GYHKIMOHUPOBAHUS paccMaTpu-
BaeMOM MAaIIMHEI SBIISICTCS KauyeCTBO BOJIOKHA, TO €CTh OOecIieucHHe HanOOIbIICH
€ro JJIMHBI MNpPU OrPAHUYCHUSX: MPOU3BOJUTEIIBHOCTH MHUTATENsl MO XJOMKY —
y1=7000 xr/9ac; TPOW3BOAWUTEIHLHOCTH MHJIBHOTO JDKHHA 10 BOJIOKHY — )=
2340 kr/gac, BbIXOJA CeMsH 4depe3 TPyOy — y3=7%; MOTPEOIICMON MOIIHOCTH
MUAJBHOTO MWIMHAPA MUJIBHOTO JDKUHA — )4=/5 KBT; 3aCOPEHHOCTH CEMSH —
v5=0,33%; MaccoBO#l J0JM MOPOKOB W COPHBIX NMpuMeced B BoJokHE — ye=2,0%;
IIPUPOCTa MEXAHUYECKUX MTOBPEKICHHOCTEN ceMSH — )7=1,0%; OnmymeHHoCTH ceMsH
— yg=11,5%.

OnTUMHU3AIUIO0 PErPECCUOHHBIX YPaBHEHUN MPOBEIH MO OOMICTPUHATON TPO-
rpamme «lloucka pemrenuss onTuMU3MpyeMon Moaenu no merony Herorona». B pe-
3yJbTaTe peaau3alui ONTUMU3ALMUA HaMH OINPEIETIEHbI BBICTYMN MBI X1=51,5 MM u
YaCcTOTa BPAICHHS TPYOBI X,=387,6 MUH ", TP KOTOPBIX IIPOU3BOAUTEILHOCTD TTHTA-
Tenss — y1=6956 Kr/d v MUWIBHOTO JDKUHA — ),=2242 Kr/d, a JjiiHa BOJIOKHA —
19=33,71 mMm. Coznanue 156-uaIbHOTO JPKUHA C CEMSIOTBOISIINM YCTPOMCTBOM J1acT
BO3MOXHOCTh JOBECTH MPOU3BOAUTEIHHOCTh TOTOYHON JIMHUM MO XJIOTIKY 10 7.4 m/u
(10 BOJIOKHY — 2,385 m/4). Pa3HOCTh MKy pe3yibTaTaMu MPOU3BOIUTEIIBHOCTH 36-
1 156- NUIBHBIX JHKUHOB C CEMSIOTBOAIIMMU YCTPOUCTBAMU COCTaBISET 5,9%.

Ha ocHOBe NnpoBeIeHHBIX TEOPETUKO-IKCIIEPUMEHTAIIBHBIX UCCIICIOBAHUM pa3-
paboTaHa MOTOYHAS JUHUS MTPOU3BOJIUTEIBHOCTHIO 10 7 T/4 MO XJIONKY NP pa3jiny-
HOM 3aCOPEHHOCTH MCXOJHOTO CHIPIA; pa3pabOTaHHBIN JHKUH 00€CIIeUYnBAET BHICO-
KYIO MPOU3BOJUTEILHOCTh U KAYECTBEHHYIO OUYHMCTKY XJIOMKOBOTO BOJIOKHA, YJIOBJIE-
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TBOPSIIOIIYIO TPEOOBAHUAM KOMIIOHOBKHM MAIIMHHBIX arperaToB MO COMPSTaeMOCTH,
rabapuTaM M MPOU3BOJAUTEIILHOCTH IO BOJOKHY 2242 Kr/4, U CHUKEHHUE YAENbHbIX
PacXoJI0B AJIEKTPOIHEPTUHU.

CrnenoBaTenbHO, peKOMEHIyeMas MOTOYHAs JIUHUS C JBYMSI MUIbHBIM JHKUHA-
mu S5/I1-156 ¢ ceMsSOTBOASIIMM YCTPOMCTBOM M MEPHOJOM paboThl B 188 pabounx
nHel nepepadateiBaeT 18206,3 TOHHBI XJIOMKOBOTO BOJIOKHA.

B nsToii riaaBe aucceprauum — «VccnenoBanve TuHaMUKY MallIMHHOTO arpe-
rara KOHJEHCOpa BOJIOKHA» — pa3pab0TaH HOBBII KOHJAEHCOP BOJIOKHA C ITyJIbCHPY-
IOLIUM BO3IYIITHBIM MOTOKOM. [IpoBeieHbI uccnenoBanusi AMHAMUKH MAIIMHHOTO ar-
perara, a TakKe SKCIIEPUMEHTAIbHBIC HCCIEAOBAaHUS T€OMETPUUECKUX U a3pOoIuHa-
MUYECKUX MapaMeTpOB KOHJIEHCOpa C MyJIbCUPYIOUIMM MOTOKOM, Ha OCHOBAaHUHU KO-
TOPBIX omnpezeneHa 3PPEeKTUBHOCTD MPEATOKEHUS.

Ha ocHoBe pacueTHON cxembl cocTaBieHO Iu(depeHInaTbHOe ypaBHEHUE
JBHYKEHHSI BOJIOKHA ITO IIOBEPXHOCTH ceTdaTroro 0apadana (puc. 8—9):

d®s P, A )
~ =K, [+ —-|cos(o t+a)|tg-sin(o-tte,)-
dt m m
P ©)
—2-a)-S'—R-a)2——]+—-(a)-R—S')2+g-COS(a)-t+goo),
R m

rae K,, — KooapUIUEHT TpeHUsI MEKAY BOJOKHOM M CETYaThIM OapabaHOM; K — xo-
3¢ GUIUEHT TPOMOPIIMOHATIEHOCTH; (), — YTOJ TaJICHUS BOJIOKHA Ha IOBEPXHOCTH
ceTyatoro GapabaHa; ® — 4acTOTA BPAIICHHS CETYaTOro Gapabama, ¢ M — Macca
BOJIOKHA, k2; R — paguyc cetuaroro 6apabana, m; § — YCKOpPEHHE CBOOOJIHOTO Majie-
HUS, M/CZ; t — Bpewms, c; P, — HOCTOSIHHAsI COCTaBJISIONIAasl CHIIbI BcacbiBaHus, H; A —
aMILUTUTY/Ia TIEPEMEHHONW COCTaBJISIONIEH CHIIBI BcackiBaHus, H; o — wacTora Bparie-
HESL 3aCTOHKH MyJIbCATOPA, € (f — HadabHas (asa 3aCIOHKH mmylbcatopa. s pe-

eHus: ypaBHeHus (9) ucnoiib3oBalica YuciaeHHbld Meto Pynre-Kyrra.
Pl

) /!
\ F A5 N4

xap

|
™ — —
# A
&
ol P _ £ o
E Fmp
04 £ L
@, 0, \ i * T T T -
B ot g cony 0 T 2.z 3.r ot,pad
T Puc. 9. 3aBUCHMMOCTB CHJIBI BCACHIBA-
Puc. 8. PacyerHasi cxemMa KOHJAEHCOPA  HMsl BOJIOKHA OT YIJIa OBOPOTA 3a-
BOJIOKHA CJIOHKH IIyJIbCaTOpa

B pesynbrare nccnemoBaHuil BIUSHUS 9acTOTHI BpPAIICHUS MyJbcaTopa B WH-

-1 o

tepBane oT 0 no 700 mun ™ Ha cocTaBisomne PYHKIUU aMIUTATYAbBl U CYyMMapHON
OTHOCHUTEIFHOM CKOPOCTH BBISICHWIIM, YTO DPAIIMOHAIBHBIMH SIBIISIOTCS TapaMeTphl

0=370-7/30 ¢*; P,=0,3P ey H: A=0,7-P 0y H (puc. 10-11), npu KOTOPHIX MaKCH-
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MasbHast cymmapHas ckopoctb S’=11,87032 m/c u Sa’=0,869451 m/c, B TO Bpemsl Kak
g o=0 ¢ P,=P12x=0,245 H; A=0 H, S’=5,527653 m/c u Sa’=0,18704 m/c.

‘—Q—SQgM/C ——s' m/c ‘ ‘—‘—Sa,M/c —8—s' uic ‘
13
s 1,25 15,5
= 5 = 5
i L S 114 14,5 =
. 11,4 o = s )
z - = - g 1,03 13,5 T 2
© S o p ° g =
5 i S e 092 12,5 S o
o 5o [ y 4 i
S = 98 ¢ z 2 o8t 115 8¢
2 = z Z S l H
52 5 = te 07 10,5 £ e
3 S 3w ! °s
S g 82 o © oz 0,59 9.5 s °
L. 2 s S ! z e
[ a 5 o5 0,48 8.5 s 9
z 3 s 2 T s
c s © >—9 66 = o z 0,37 1 7.5 ze
e >3 B 0,26 6.5 °
S c
H
5 < 0,15 T T T T 5.5
[ 0,2 0.4 0.6 0.8 1
-100 100 300 500 700
CooTHoweHns nnowanei sacnoHku u TpyGonposoaa
YacTtoTa Bpal eHUs 3acnoHkn, o6/MuH

Puc. 10. U3MeHeHHe aMIUIUTY/IbI M CyMMAPHOIi OTHOCUTEJIbHOMH CKOPOCTH BOJIOK-
HA B 3aBUCHMOCTH OT YaCTOTHI BPalleHNs 3aCJIOHKH MyJibcaTopa (a) u co-
OTHOILCHHUA IJIONIA/Iell 3aCJIOHKH 1 TPyOonpoBoaa (0)
Ucnions3ys ypaBHenust Jlarpamwxka |l poma, momyunm muddepeHnmanbHbie
ypaBHEHUS IBUKEHUS MAIIMHHOTO arperara mpuBojia KOHJEHCOpa C MyJIbCUPYIOITUM
MMOTOKOM B OOIIIEM BHUJIE:
Sp Pp =Mp —c - (9p —ips3-93) =6, (9p —ip3-93),
Say 93 = Ciipy (@p —ipg-@3)+ 6y ipy - (9p —ipg-P3)—

=y @y =iy 0y) =6, (P3 -y 94) - My,

|
|
(03 = 60 I
S0, =Cy gy (@3 —lg -0 )+6, 0y (93 —l3 -0,) - L (10)
—c3 @y —iys - ps) 653 (P, —lyg Ps) - M, , |
S5 @5 =Cg-igg (@ —lys @s)+ 65045 (P4 —lys - 0s5)— I
—cy (g —ligg ) =6, (5 —ligg ")~ Mg, |

Se g =Cq g (95 —lgg ~0g) + 6455 - (P5 — igg '¢6)_M6;J

[m—.. ez | Tne ¢ p, P2, 93 Pa P5 96—

1 - YIIIOBBIE CKOPOCTH POTOpA JIBUTa-
R /\V/\VAV" "V o § o TeJsl, BXOJHOTO Bajia PeAyKTopa,
262 | / \/ L 53 ceryatoro 6apabaHa, LUIFO30BOTO
£: 7 | // ,» 3@ 3aTBOpA, POMEKYTOYHOTO Bajia U
¢ 3 g v . 5 g 3aCITOHKH IyJIbCATOPA, €} iy, Iz,
o2 \ walll S = i34, lg5, Isg — TIEpemaTOYHBIE OT-
) 5 HOILICHUSI CHCTEMBI; Ip3 — Iepea-

TOYHOE COOTHOIIICHUE MEXKTY Ba-
JJaMHU JBUTATENIsI U CETYATOro Oa-
pabaHa.

3a 0000IIeHHBIE KOOP/IH-
HAThl TIPUHUMAIOTCS YTJIOBBIC TIe-
pEMEIICHUST BPAIAIOIINXC Macc

Puc. 11. XapakTepucTuka usMeHeHUs IBU-
’KeHHs BOJIOKHA B 3aBMCHUMOCTH OT YIJIa MO-
BOPOTA CeTYATOr0 0apadaHa ¢ MyJIbLCUPYIO-

MM BCACHIBAHUEM BO3YLIHOI'0 IOTOKA
MAaIlIMHHOTO arperara ¢ p, ¢ s,
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P4 Ps5 ?e My M3, My, Ms, Mg — MOMEHTBI COMPOTUBIICHUS BPAIIAIOIINXCS BAJIIOB
koHgeHcopa KBBbB ¢ mynscupyromum norokom, Hv; M;,, — NpuBeIEeHHBI MOMEHT

COMPOTHBICHUS K Baiy cerdaroro GapaGana, H-v; Ms, Mg — MOMEHT COIpPOTHBIIC-
HUSI COOTBETCTBEHHO B OMOpax 3acCJIOHKU IyJIbCaTOpa W OT MyJbCHPYIOIIETO BO3-
TAYITHOTO MOTOKA, JCHCTBYIOMIETO Ha 3aCIOHKY ITyJbcaTtopa, H-u.

JItst cHYKEHUST TOTPeOIIEeMON MOIITHOCTH KOHJIGHCOpa MPOBEACH AMHAMUYE-
CKH{ CHHTE3 MAIIMHHOTO arperaTta KOHACHCOpa 10 KPUTEPUI0 MUHUMYyMa MOTpeOIs-
emoii sHepruu. [Ipu 3TOM B KauecTBe JOMOJHUTEIHHOTO KPUTEPHS MPUHATA HEPAB-
HOMEPHOCTh BpAIleHHUs ceT4aToro 0apabdaHa, 4To HEOOXOAUMO JJIS IPEIOTBPAIICHUS
HapyIICHUs HOPMAJILHOTO TpOoIlecca TPAHCTIOPTHUPOBKU U OYMCTKH BOJIOKHA OT TMTOPO-
KOB M COPHBIX IpuMecei (puc. 12).

N, Br )
\ 255107
1033.0 § \ £ ol
A\ 47 ‘\b‘n-. s ':2"""{{%
1030.5 \\ 23510 S e
1028.0 % I3
4 /
1025.5 S
1 &
1023.0 i
: 1.95-10*3 /
1020.5 i/
3
1018-0:”””-“!'“‘ T T —T - - _wn---|'.1q TTITTTYT T _‘i\vbl’l -
90 -60 -30 0 30 60 905, % LY TR0 T30 0 30760 903, %
a) 0)
1 - ceruarsrii 6apaban; 2 - UTI030BOM 3aTBOP; 3 - MPOMEKYTOUHBIN Ball; 4 - 3aCJIOHKA

MyJibCaTopa
Puc. 12. U3meHeHnne norpedisieMoii MOITHOCTH 3JIEKTPOJABUIaTesisi (a) U
HEPAaBHOMEPHOCTH BpallleHus ceryaTtoro Oapabdana (0) B
3aBHCHUMOCTH OT MOMEHTOB HHEPLHH

OnTtuMu3anust MmapaMeTpoB IPOM3BOJMUIIACH TI0 KPUTEPUIO IMOTPEOIIsieMOit
MOITHOCTH. JIJIsl 3TOr0 MOCTPOCHA MOJMHOMHUHAIBHAS CBSI3h M3MEHEHUN MOTpedsie-
MOW MOIITHOCTH DJICKTPOJABUTATEIISI B 3aBUCMMOCTH OT MOMEHTA MHEPIIUU MTPOMEXKY-
TOYHOTO BaJia, 3aCJIOHKH IyJIbCATOpa U YIIPYTO-IUCCUTIATUBHBIX TTapaMeTPOB.

Hcnonb3ys neHTpanbHbld KOMIO3UIIMOHHBIM TJIaH BTOPOTO MOPSIAKA, MBI MO-
CTPOWJIM 3aBUCUMOCTh M3MEHEHUSI MOTPEOIsieMO MOITHOCTH AJEKTPOJBUTATEINS OT
MOMEHTa MHEPIIUU MPOMEKYTOUHOTrO Baja (Js) U 3aCIOHKH myJibcatopa (Jg), KOTO-
pasi UMEET CIEAYIOLIUNA BUL:

y=1024,02-0,704 X;-6,488 X,+1,047 X; %,+0,626 X +0,651%,2, (1)
e o S = 0,00385 3, -0,0338
' 00028875  °  0,02535

B pesynbrate peanuzaunn mateMatnueckoi moaenu (11) mosydeHsl cienyto-
[Me ONTHUMAalbHbIe mapamerpsl: Js=0,003056; J5=0,05915 rem°.

Baxknple mokazarenu mepexogHOro Mpolecca — BpeMsl MPOAOTKEHHUS MOCIe
BKJIIOUCHHMSI HATPY3KU U MaKCHUMAaJIbHBIN pa3dMax KoJieOaHHWIl yrjoBON CKOPOCTH CeT-

45



gaToro OapabaHa, IUTFO30BOTO 3aTBOPA, MPOMEKYTOYHOTO Baja U 3aCIOHKH ITyJIbCa-
TOpa 3aBUCUT OT 3HAYCHUS MOMEHTOB MHEPIIMH BPAILIAIOIIAXCS MAcC, XapaKTEPUCTHK
YIIPYTHX 3BEHBEB M TEXHOJIOTUYECKOTO COMPOTHRIICHUS (puc. 13).

Kak mokazan mnpeaBapu-

an’g)'f'j TEJbHBI  aHaIW3, OCHOBHBIMU

; A dakTopaMu, BIUSIONUMHU HA OYH-

200 CTUTENBHBIN 3P EeKT KOHIeHCopa,

5 0; SBJISIFOTCS. M3MCHEHHE YacCTOTHI

i o _ BPAILLEHNs 3aCJIOHKU (X;) U OTHO-

1005, 4 WS- e 167 IMICHWEC  IUIOIIAJCH  3aCJIOHKU

5o NG - nyJbcaTtopa u TpyoorpoBoaa (Xy).

T S C uenbo ONpenesiCHUs] BIUSHUS

00 Tod 1 Tese OCHOBHBIX (DAKTOPOB X; U Xy HC-

1-¢=13.52;2-¢=6.76; 3-c=27.03 Hm/pao; 4 - 3=0.029; 5 IMOJB3YyCM MaTpuly OPTOroHaJib-

- 5=0.118 kem?; 6 - M=0.15; 7 - M=0.6 H.u HOTO TUTAHUPOBAHHS BTOPOTO TIO-

Puc. 13. U3MeHeHUe IBHKYIIIET0 MOMEHTA psaaka Ui 1BYX(aKTOPHOTO Ipo-
ACMHXPOHHOTIO0 IBUTaTeJIsl MPU MyCKe B necca.

(GYHKIHM BpeMeHHU NP Pa3JIMIHBIX Mapa- OKCHepUMEHT  TMPOBEACH

MeTpax KOHJAeHCcopa npu  mepepadoTKe  OJUHAKOBOM

MapTUH, COPTa U PA3HOBUIHOCTH XJIOMKOBOro BoyiokHa (C-6524, Il copt, mammn-
Horo cOopa) no cxeme: 20-munbHbIN JxuH — 30BII, KBBb ¢ nynbcupyromum noro-
KOM M C 4acToTaMu BpailleHus nyibcatopa 200, 430, 660 06/mun, Ipu OTHOIIEHUAX
IJIOMIAEH 3aCTIOHKH MyJibcaTtopa u Tpydomnpososa 0,5; 0,7; 0,9.

MartemaTtnueckyro o0pabOTKy pe3ylbTaToOB IKCIEPUMEHTOB MPOU3BOAMIN C
ypoBHeM HaaexxHocTH 0,95. YpaBHEHHS perpeccuy CTaTUYECKH OIMMCHIBAIOT Xapak-
Tep M3MEHEHUS COJICP)KaHUS MOPOKOB B BOJOKHE W COPHBIX MPUMECEH KOHACHCOpa
BOJIOKHA C MYJIbCUPYIOIUM BO3AYITHBIM TOTOKOM U UMEIOT CIEAYIOIIUA BU] C HATY-
PaJIBHBIMU 3HAYCHUSMHA (DAKTOPOB X1 H Xp:

y=11,467-0,004 %,-17,535 %,+0,0047 %, X,+11,382 X,* . (12)

[Toctpoennsiit o (12) HaUTYUIIHE OYUCTUTEIBHBINA d3PPEKT JTOCTUrACTCS MPH
COOTHOIICHHUH TUIONIA/IeH 3aciOHKH U TpyOompoBoaa 0,7 u dacTtoTe BpalleHUs 3a-
CJIIOHKH 370 06/MuH, IPU 3TOM OTHOCUTEIBHBIN OUMCTUTEIBHBIN 3((DEKT yBeTMUnBa-
etcst 1o 13%.
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3AKJIIOYEHUE

Ha ocHOBe BBINOJHEHHBIX TEOPETUUECKUX U IKCIIEPUMEHTAIBHBIX UCCIEN0BA-
HUM 10 pa3paboTKe HOBOTO MOKOJICHHS] MAIIMH 10 NEPBUYHON MepepadoTKe XJIOMKa
c(hOpMHUPOBaHBI HIXKECIIECTYIOIINE BBIBOJIBI M PEKOMEHIAlIUU.

1. Ananutuyeckuii 0030p JUTEPATYPHBIX UCTOUHUKOB U HU3ydeHUE (PYHKIHO-
HUPOBAHMS MAaIUH XJIOMKOIEepepadaThIBAIOIMIEH MPOMBIIIIIEHHOCTH O3BOIMIIN
ONpENEIUTh HaIpaBICHUS HCCIEIOBAaHUN IO pa3pabOTKe HOBOIO MUTATENs-
OYUCTHUTENSI C PABHOMEPHOM Mojaueit XJIOonKa B MUIBHBIN JKUH, pabodeil kamepsl ¢
JOTOJTHUTENBHBIM BBIBOJIOM CEMSH M KOHAEHCOpPA BOJOKHA C BKIKOYEHUEM IYJIbCHU-
PYIOIIEro NOTOKA BO3/4yXa B TEXHOJIOTUYECKUN LIUKIL.

2. OGocHOBaHa KOHCTPYKIIUS MUTATENs PKUHA C JIBYMS TIOCIIEA0BATEIbHBIMU
KOJIKOBBIMU OapaOaHaMU M CETYATHIMU MOBEPXHOCTSMHU, OXBATHIBAIOIIUMH UX, pas-
paboTaHbl pacYETHO-TEXHOJIOTHYECKas cXxeMa (DYHKIIMOHUPOBAHUS, TUHAMUYECKAs U
MaTeMaTHYeCcKasi MOJAEIN U COCTaBJICHbI AU PepeHnanbHble YPaBHEHUS ABMKCHUS
MalMHHOTrO arperara nurareis. Ilome3ysace MmeTonoMm ['aycca-3aiiiens o KpuTepuro
HauOOJBILIEro MyTH MPOXOXKACHUS XJIONKA MO CETYATON MOBEPXHOCTH, a TaKXKe JKC-
NEePUMEHTaMH, BBIIIOJIHEHHBIMH Ha J1a00paTOPHO-CTEHJOBOW YCTaHOBKE, ONpPEACICHbI
paloHaIbHbIEe TapaMeTpbl nuTarens. PazpaboTaHHble airOpUTM U Iporpamma pac-
4eTa MO3BOJIMIM PEKOMEHI0BATh TUHAMUYECKHE ITApaMETPhI IPUBOJA.

3. Maremarnueckoe MOJIETUPOBAHHUE ABMKEHUS JIETyYEK U CEMsSH B padouei
KaMepe MUIBHOTO JKUHA MO3BOJIJIO YCTAaHOBUTH, YTO OLIEHKY 3(P(EKTUBHOCTH €€
pabOThl MOKHO OCYILIECTBUTh Ha OCHOBE M3YUYEHHUS 3aKOHOMEPHOCTU M3MEHEHUS UX
KacaTeJIbHbIX CKOpocTel. Pa3paboTaHa KOHCTPYKLHMS I)KUHA C YMEHBIIEHHBIM 111arOM
pPacHoJIOKEHUs] MUJIBHBIX JAUCKOB Ha Bally W pabodeil Kamepbl ¢ CEMSOTBOASIIUM
YCTPOMCTBOM, COCTOSIIIIMM M3 MOJION Bpallaromencs MWIMHAPUIECKON TpyObl ¢ Mpo-
JOJBHBIMU MPOPE3SIMU U IIHEKA, PACHOJI0XKEHHOTO BHYTPH TPYObl. Y CTaHOBJIEHHI pa-
LMOHAJIbHBIE TEOMETPUUYECKAE U KHHEMATHYECKUE NTaPaMETPHI.

4. CocTaBneHsl THHAMHYECKass U MaTeMaTH4ecKass MOJAENIA MAIWHHOIO arpe-
rata MUJIBHOTO JDKUHA C CEMSOTBOJSIIMM YCTPOMCTBOM, NPOAHAJIM3UPOBAHBI pa3-
JMYHBIE XAPAKTEPUCTUKU «JBHUTaTElb — HUCIIOJIHUTENIbHAS MAIIWHA» U ONPEACIICHbI
palMoOHaJIbHbIE 3HAYECHUS TUHAMUYECKUX NTapaMeTPOB MPUBOAA.

5. Ha 6a3ze meTona koHeuHbIx 35eMeHTOB (MKD) B hopme nepemenienuii pas-
paboTaHa U peKOMEHIOBAHA JJI1 MH)KEHEPHBIX pacuye€TOB METOAMKA ONPEACIICHUS CU-
JIOBBIX, MPOYHOCTHBIX (PAKTOPOB M KPUTHUECKUX CKOPOCTE pabouux BajlOB XJIOIKO-
nepepadateiBatomux mammH. Ha mpumepe pacuera HoBoro mxuna S/II-156 ¢ ce-
MSOTBOJSIIMM YCTPOWCTBOM BBINIOJHEHBl PACUYETHBIE MCCIECJOBAHUSA IO OLIEHKE
MPOYHOCTH BaJla MUJIBHOTO LMJIMHJIPA, CEMSOTBOIICH TPyObl U IITHEKA, U YCTaHOB-
JICHO, YTO PEKOMEH]IyeMbI€ UX MapaMeTPbl YIOBIECTBOPSIIOT TPEOOBAHUAM NMPOYHOCTU
MOI0OHBIX KOHCTPYKLUH.

6. [losb3ysich METOIOM IIIIAHMPOBAHUS TTOTHO(PAKTOPHOTO SKCIIEPUMEHTA THUIIA
2" 1IKII BBHINONHEHBI KCIIEPUMEHTAIBHBIE UCCIEIOBAHUA OLEHKU 3(PPEKTHBHOCTH
pa3paboTaHHOrO JABYyXO0apaOaHHOTO KOJIKOBOTO IUTATENII COBMECTHO C MHUJIbHBIM
JDKMHOM M COCTaBJIEHBI JIEBSITh YPAaBHEHUN PErpecCcUr JJis ONpEAesIeHUs TPOU3BOIU-
TEJIBLHOCTH paOOThl MUTATENS U JIPKWHA, JUIMHBI BOJIOKHA, 3aCOPEHHOCTH ChIpIla, BbI-
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X0/1a BOJIOKHA U Ap. [Ipu Tpex ypoBHSAX BbICTyIAa MW JKUHA U YaCTOThl BPAILICHUS
CEMSIOTBOJISIIIIEH TPYObl pacCUMTaHbl ONTUMAJIbHBIE MTapaMETPhl MTOCIEAHUX, COOTBET-
CTBEHHO Xx1=51,97~52MM u x,=388.4 MuH '~ 400 mun’, [Ipu 3TOM TPOU3BOIUTEIH-
HOCTh MUTaTeNs mo XJonky mpocturaer 7000 Kr/4, MAIBHOTO JDKWHA TIO0 BOJIOKHY
2242 xr/4, a JjUHA BOJIOKHA COCTaBUT 33,71 MM.

7. TeopeTndyeCckre U 3KCIEPUMEHTAIbHBIE UCCIIEIOBAHUS, a4 TAKXKE MPOMBIIII-
JCHHBIC M MEXBEJIOMCTBEHHBIC HWCIBITAHUS HOBBIX JOKUHOB THHa SJII1-156
(SAIT-130) m JAI13-216 (AI13-180) mo3Bosauiau co3aaTh U BHEAPUTH UX B TEXHOJIOTU-
YeCKHE IUKIIBI MATH XJIOMKOOUYUCTUTENBHBIX 3aBOJIOB accomuaiuu «O’zpaxtasanoaty.
IIpu panMoHaTIbHOM COCTaBJIEHUU TEXHOJOTHUYECKOM IMOCIIEI0BATEILHOCTH OT Iepe-
BaJIOYHOTO KOHBEMepa XJIOMKa J0 JEHTOYHOTO KOHBEHMepa JjIsl KUIT BOJIOKHA Ha TIPO-
rpammy niepepadotku B 30 000 T xj10mKa-ceIpiia B roj pacxo/1 AIEKTPOIHEPTUH CHHU-
xkaercs ot 480,5 no 407,7 kBt/gac 3a c4eT MOBBIIIECHUS MPOU3BOIUTEILHOCTH OT
12% no 50%, a axoHOMHUeckuil 3 ekt cocTaBusieT 96,5 MitH. cyMm.

8. Pa3paboTaHbl pacueTHO-TEXHOJIOTHYECKAas CXeMa W IporpaMMa pacuera
JBIDKEHUSI KOMKA BOJIOKHA T10 MOBEPXHOCTU CETYATOro OapabaHa, onpeesieHbl palu-
OHAJIbHBIC 3HAYEHWs YaCTOTHI BPAIICHHs 3aCJIOHKH myihcaTtopa — 370 MHH ", cHIIa
BCAaChIBaHUS BOJIOKHA — P,na—=0,245 H u cooTHomIeHus muiomaaei 3acioHKd U TPY-
oomposona — 0,7 KOHAEHCOpPa BOJIOKHA € MYJIbCUPYIOIIUM MMOTOKOM. [Ipr 3TOM BBISIB-
JieHa MHHUMAaJIbHas MaccoBasl JIOJIs MOPOKOB M COPHBIX IIPUMECEH B BOJIOKHE IPHU
CyMMapHOW OTHOCHUTENBbHOM ckopocTu paBHOM S’=11,87 M/c. Pazpaboranuslii anro-
PUTM M MpOoTrpaMma pacueTa JUHAMHUKH MAIIMHHOTO arperara KOHJICHCOpa BOJIOKHA
KBBb ¢ nyabcupyronM NOTOKOM MO3BOJIMIIM PEKOMEHJ0BATh JUHAMUYECKHUE Ia-
paMeTphbl PHUBOAA, MPU KOTOPHIX MHUHUMAJbHBI MOTPEOJICHUE dHEPTUM U HEPaBHO-
MEpPHOCTb BpallleHUs ceTdaToro OapadbaHa, B pe3yJIbTaTe Yero JOCTUTaeTCs JOTOJIHU-
TEJTbHBIN OUUCTUTENbHBIN 3D PekT — 13%.

Takum 00pa3oMm, B AMCCEpPTaIllMU U3JI0KEHBI HAyYHbIE OOOCHOBAHMUS PEIICHUS
poOJIeMbl CO37aHHs MAIIMHHBIX arperaToB JIByxOapaOaHHOTO MUTATENs, MUJIBHOTO
JKWHA C CeMSIOTBOJIAIIMM YCTPOMCTBOM M KOHJICHCOPa BOJIOKHA C MYJIbCUPYIOIIUM
MMOTOKOM, BHEJIPEHHE KOTOPBHIX BHOCHUT 3HAYMTEJbHBIM BKJIAJ B MOJCPHHU3AIMIO OT-
paciau nepepaboTKH XJIOMKA-ChIPIa M IMOBBIIIAET KOHKYPEHTOCIIOCOOHOCTh TPOIYK-
MM XJIOTIKOOYMCTUTEIBHOTO MPOU3BO/ICTBA.

48



SCIENTIFIC COUNCIL on AWARD of SCIENTIFIC DEGREE of
DOCTOR of SCIENCES 16.07.2013.T.06.01 at TASHKENT INSTITUTE OF
TEXTILE AND LIGNT INDUSTRY

MINISTRY OF HIGHER AND SECONDARY SPECIAL EDUCATION OF
THE REPUBLIC OF UZBEKISTAN

TASHKENT INSTITUTE OF TEXTILE AND LIGHT INDUSTRY

MUKHAMMADIEV DAVLAT

DYNAMICS OF MACHINE UNITS OF SAW GIN
WITH SEED RETRACTOR DEVICE AND
CONDENSER WITH PULSE AIR STREAM

05.02.03 — Technological machines. Robots, mechatronics and robot-technical systems
(technical sciences)

ABSTRACT

OF DOCTORAL DISSERTATION

Tashkent — 2014



The subject of doctoral dissertation is registered by the Supreme Attestation
Commission at the Cabinet of Ministers of the Republic of Uzbekistan in number

30.09.2014/B2014.5.T319.

Doctoral dissertation is carried out at the Institute of mechanics and seismic stability of
structures of the Academy of sciences of the Republic Uzbekistan.

The full text of doctoral dissertation is placed on web-page of the Scientific council
16.07.2013.T.06.01 at the TITLI at the address www.titli.uz.

Abstract of dissertation in three languages (Uzbek, Russian, English) is placed on web- page to ad-
dress www.titli.uz and Information-educational portal “ZiyoNet” to the address www.ziyonet.uz.

Scientific
consultant: Rakhmatkariev Shavkat Ubaydullaevich,

doctor of technical sciences, professor

Official
opponents: Juraev Anvar,
doctor of technical sciences, professor
Alimukhamedov Shavkat,
doctor of technical sciences, professor
Rakhmonov Khayriddin,
doctor of technical sciences

Leading
organization: Namangan technological-engineering institute

Defense of the dissertation will take place on "25" december 2014 at 10® o’clock at a meeting of the
scientific council 16.07.2013.T.06.01 at Tashkent institute of textile and light industry (Adress: 100100,
Tashkent, str. Shohjahon, 5, tel. (99871)-253-06-06, 253-08-08, fax:253-36-17; e-mail: titlp_info@edu.uz).

Doctoral dissertation could be reviewed at the Information-resource center of Tashkent institute of
textile and light industry (registration number 02). Adress: 100100, Tashkent, str. Shohjahon, 5, tel. (998
71)- 253-06-06, 253-08-08.

Abstract of the dissertation sent out on "22" of november 2014 year
(mailing report Ne 02, on ""22" of november 2014 year )

K. Jumaniyazov,

chairman of scientific council on award of
scientific degree of doctor of sciences, doctor
of technical sciences, professor

A. Mamatov,

scientific secretary of scientific council on award
of scientific degree of doctor of sciences, doctor of
technical sciences, professor

A.Juraev,

chairman of scientific seminar under scientific
council on award of scientific degree of doctor of
sciences, doctor of technical sciences, professor


http://www.titli.uz/

ANNOTATION OF DOCTORAL DISSERTATION

Topicality and demand of the subject of dissertation. One of the key prob-
lems of complex measures of anti-crisis program, worked out under the guidance of
the President of the Republic of Uzbekistan Islam Karimov, is — «...In the first turn,
further acceleration of modernization, technical and technological re-equipment of
enterprises, wide-range implementation of modern flexible technologies. This, first of
all, concerns basic fields of economy branches, export-oriented and localized produc-
tions. The problem is set — to accelerate the programs of modernization, technical and
technological re-equipment of production, conversion to international quality stand-
agds; this will allow to provide for solid position in both foreign and domestic market
» .

Conversion to market economy arises in Uzbekistan one of the most important
problems — to increasing a competitiveness of cotton product. Necessary condition of
its solution is considerably improving the condition of salable product of fiber with
optimal quality characteristics; fiber being the basic product of cotton-cleaning indus-
try. So, technical re-equipment, provision of modern engineering and technology,
development of mobile, operating and meeting market requirements competitive
production — are the most important strategic problems of cotton-cleaning industry by
resolution of the Cabinet of Ministers of third of april 2007 year Ne70 «On the pro-
gram of modernization and reconstruction of ginneries in the period 2007-2011».

In existing production lines the halt of any machine of the line leads to down-
time of the whole complex or to operating the parallelly installed equipment with in-
creased load. The first case is accompanied with free-running operation of coupled
equipment (at short-term downtime) or with additional time necessary to clean cou-
pled machines and startup of the complex after the halt. In the second case while op-
erating with increased (above-standard) workload, the quality of cotton product be-
comes poor and resource-saving of technological machines is lower. All of these tes-
tify to reasonability of carrying out investigations on the development of machine
units which meet requirements in productivity of machine configuration in terms of
compatibility, dimensions and, finally, resource and energy saving.

Competitiveness of output product in market conditions is determined by its
quality and cost, specified first of all by expenditures on its manufacturing. In manu-
facturing of a fiber lowering the production expenses in cotton plants may be
achieved due to increase in efficiency, regular work of saw gins and cleaning effect
of a condenser. Stability of operation of saw gins and condensers mainly depends on
uniform feeding of cotton; here the importance of a feeder is very high. Improvement
of existing saw gins and condensers, from the point of view of productivity increase
and cleaning effect together with the least energy-consumption on the basis of known
technical solutions, has practically exhausted all its possibilities; so the search of the
means should be done on the basis of principally new unconventional technical solu-
tions. Here arises a necessity to work out a feeder which will provide loosening, cot-

! |.Karimov. World financial-economic crisis, ways and measures to overcome them in conditions
of Uzbekistan. - T.: Uzbekistan, 2009, 56 p.
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ton cleaning before ginning and its uniform feeding into working chamber with speci-
fied production capacity and provision of required quality of fiber. To fulfill compat-
ibility of machine units of a feeder and working chamber of saw gin in dimensions
and production capacity it is necessary to work out a new structure of working cham-
ber. So, development of dynamics of machine units of the processes of uniform feed-
ing, ginning and cleaning of fiber in condenser with minimal energy-consumption
presents an urgent problem; this thesis is devoted to the solution of this problem.

Conformity of research to priority directions of development of sci-
ence and technologies of the Republic of Uzbekistan. Present work is execut-
ed in accordance with priority direction of development of science and technology of
the Republic of Uzbekistan by FRP-2 — «Physics, astronomy, power and mechanical
engineering» and ARP-3 — «Power, energy-power-save, transport, machine- and in-
strument building.

International review of scientific researches on the theme of dissertation.
Studies connected with the investigation of dynamic processes of machime unit of
saw gin and condenser at ginning and cotton refining present priority directions in
modern machine-building.

In foreign research centres and higher educational institutes of USA, Australia,
Germany, England, Japan, China, Russia, India and others, scientific research studies
on solution of the problems of the dynamics of mechanical aggregates of technologi-
cal machines have been carried out.

The use of theoretical and applied mechanics, theory of mechanisms and ma-
chines and information technologies presents a modern approach to the study of the
dynamics of cotton-refining machines and units for investigation and presentation of
the processes of ginning and cotton refining.

At present a significant experience in research studies of the processes of gin-
ning and cotton fibre refining is accumulated by the researchers in USA (Lummus,
Continental eagle), Australia (Lummus Australia Pty., Ltd.), China (Shandong Swan
Cotton Industrial Machinnery Stock Co.,Ltd), India (Nipha) and other countries, as
well as on processes of cotton feeding of the working chamber of gin, ginning and
fibre refining in condensers.

On modern stage the development of the studies of the dynamics of mechanical
aggregates in this direction is important not only for the understanding of the bases of
technological machines, but it also may lead to the achievement of essential econom-
ic profit due to economy of energy consumption and maintenance of quality proper-
ties of cotton fiber.

Degree of study of problem. The history of development of industrial produc-
tion of machines and aggregates of ginning industry, in particular, feeders, saw gins
and condensers, in last decades were considered in the works of such foreign re-
searchers and specialists as E. Whitney, S.Z. Hall, T. Elliot, S.E. Hughs, R.N. Rakoff,
A.V. Stanley, R.G. Hardin IV, P.A. Funk and others.

The effect of initial properties of raw cotton on technological and energy pa-
rameters of saw gin is realized in scientific works by foreign scientists J.C. Boykin
(USA), K. Tompson (Great Britain), P. Kumar, M.K. Sharma (India).
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A considerable contribution to the development of theoretical-methodological
basis of the dynamics of technological machines, used in ginning industry, was done
by scientific studies, carried out under the guidance of such scientists as R.G. Makh-
kamov, I.T. Makhsudov, A.E. Lugachev, M. Tillaev, M. Agzamov, H.T. Ahmed-
khodjaev, R.A. Mangutov, A. Djuraev, R.l. Karimov, K.A. Karimov, Sh.P. Alimuha-
medov and others. These works in general are connected with the study of raw cotton
properties and structure of machines of foreign production, based on American tech-
nology at primary processing of cotton. Certain few studies of the researchers of the
Uzbekistan were devoted to the problems of cotton refining in the feeders, to an in-
crease of efficiency and decrease of energy-consumption in the process of cotton gin-
ning. Along with this, scientific investigations connected with the use of structures of
machines for seed retraction from working chamber with seed retractor device at gin-
ning and pulse flow for fibre ginning in condensers and optimization of dynamic pa-
rameters and characteristics of drive mechanisms have not been completely studied
yet. So, there appears a necessity to modernize the structure of saw gin and to in-
crease its efficiency and decrease of energy-consumption in the process of ginning
and technology of fibre refining in condensers.

Connection of dissertational research with the plans of scientific-research
work (SRW) is reflected in following projects:

State scientific-technical programs: tocic No 19.12 «Development of technolo-
gies and improvement of principal working elements of technological machines of
cotton-cleaning and tanning industry» (2003-2005); No A-13.166 «Development of
high-performance, energy- and resource-saving and export-oriented systems of ma-
chines of primary processing of cotton for different conditions of management with
account of climate features, production capacity of cotton plants, amount of stock, pe-
riod of processing, different growths of cotton» (2006-2008).

Innovation project: No FA-14-F04 «Introduction in manufacture of the working
chamber saw gin» (2011-2012).

Purpose of reseach is a development on the basis of studies of the dynamics
of machine units of new structures of saw gin and condenser, which satisfy
requirements of productivity, compatibility and energy-consumption and
conservation, meeting the requirements in cotton fiber quality.

To achieve this goal the following tasks of reseach are solved:

to analyze technological process, based on the use of machines of saw ginning
and to work out new structures of a feeder, working chamber of saw gin and conden-
ser;

to study the movement of cotton fiber in machines on the basis of mathemati-
cal simulation of the process: on pin drum of a feeder, in working chamber of saw gin
and on the surface of gauze drum;

to derive the equations of motion of machine units of a feeder, working cham-
ber of saw gin and condenser with account of transition and steady-state modes of
operation in order to reveal the regularities of their operation and to find rational pa-
rameters for working elements of machines;

to develop program software to realize obtained mathematical models with the
aid of PC;
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to reveal productivity of newly developed structures of machines of saw gin-
ning, which meets the requirements (at least energy-consumption) of configuration of
machine units in coupling and dimensions on the basis of theoretical-experimental
studies in the structure of production line of processing of medium-staple cotton;

to study the parameters of operation of a gin with seed retractor in industrial
conditions and to give recommendation for its effective usage.

Object of research is the object of study is machines and units of production
line of cotton-cleaning industry.

Subject of research — two-drum pin feeder, saw gin and fiber condenser.

Methods of research. Theoretical studies have been conducted on the basis of
the use of the methods of modern theoretical and applied mechanics, theory of mech-
anisms and machines and computational mathematics.

Experimental studies were conducted in laboratory and industrial conditions
with the use of modern measuring equipment and devices on evaluation of quality of
machine operation and cotton fiber. Processing of experimental data was done by the
methods of statistics and mathematical planning of experiments. Fortran, Qbasic and
a packet of economic calculations “PER” were used in elaboration of software.

Scientific novelty of dissertational reasearch consists in the following:

two-drum pin feeder, working chamber of saw gin with seed retractor device
and consenser with pulse air stream; methods and program software of calculation of
dynamic processes, occuring in structures of machines of saw ginning have been
worked out (675, 2354, IAP 02992, IAP 04037, FAP 00536, FAP 00589);

the regularities of changes of quality characteristics of fiber, seed and produc-
tivity of saw gin and fiber condenser in relation to characteristics of seed retractor
pipe and pulsator have been revealed, allowing to rationally choose the modes and
parameters of machines for cotton cleaning and ginning;

the regularities of changes in roller loading of 156-saw cylinder, seed retractor
pipe and screw have been determined, as well as their cutoff rotation frequencies with
account of technological resistance in working organs of gin, which allow to choose
its dynamic and structural parameters;

mathematical model of machine units “feeder — saw gin — fiber condenser” has
been worked out; it provides less energy-consumption and cost price of cotton fiber
in processing of cotton.

Practical results of reseach consists in the following:

in development of two-drum feeder of saw gin, which reduces down to 31%
dirt content of raw cotton and condenser with pulse air stream, which reduces down
to 13% mass part of defects and dirt admixture in fiber;

in development of program software for PC-aided calculations to determine
dynamic parameters of a feeder, saw gin with seed retractor device and fiber
condenser with pulse air stream (PC programs No DGU 00829, No DGU 00830 and
No DGU 02400);

in modernization of working chamber of saw gin with installation of seed re-
tractor device, which allows to increase productivity of 156 saw gin in fiber up to
2242,3 kg/hour while maintaining quality characteristics and reducing specific energy
consumption.
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Reliability of results obtained is based on mathematical models, built with
the use of fundamental concepts of modern mechanics and comparison of results with
theoretical and tests data, obtained in laboratory and industrial conditions.

Theoretical and practical value of results of research. The scientific
significance of the results of work:

developed methods with program means of calculation of the dynamics of a
drive of two-drum pin feeder, working chamber of saw gin with seed retractor device
and condenser of fiber with pulse air stream, which allow to establish their dynamic
characteristics and parameters; worked out mathematical models of cotton movement
inside two-drum pin feeder and working chamber of saw gin with seed retractor de-
vice, and fibers on the surface of gauze drum of fiber condenser with pulse air stream,
which give a possibility to guide principal technological parameters of machines with
substantiation of their constructive and dynamic parameters; theoretical-experimental
studies of technological process of changes of cleaning effect of fiber condenser in
relation to frequency of rotation of pulsator shutters and ratio of areas of pulsator
shutters and pipeline, as well as the change in quality characteristics of fiber, seed
and productivity of saw gin with seed retractor device, depending on rotation fre-
quency of seed retractor pipe.

The practical significance of this study — worked out new structures of effecive
technological machines of saw ginning, which meet requirements of configuration of
machine unit with least energy-consumption in productivity, compatibility and
dimensions of two-drum pin feeder, working chamber of saw gin with seed retractor
device and condenser of fiber with pulse air stream, which lowers the expenses on
processing while maintaining quality characteristics of cotton fiber;

effective energy-saving configuration of machines on the basis of newly
worked out structures of machine units on processing of medium-staple cotton.

Realization of results of researches. On the basis of carried out studies fiber
condenser KVVB with pulse air stream, double-drum feeder and modernized working
chamber of 156-saw gin with seed retractor device under the brand name «KRSVU»
introduced into production at the enterprises of the association «O'zpaxtasanoaty, an-
nual economic impact of 96,5 million sum (the act of association «QO'zpaxtasanoat»
the introduction into production of 4.09.2014).

Approbation of work. Results of the research were reported at 14 scienstific
conferences, including 10 international conferences:

«Problem issues of mechanics and machine-building» (Tashkent, 1993 and
1998); VIII All-Russian Congress on theoretical and applied mechanics (Perm,
2001); «Actual problems of lint processing in modern conditions» (Kostroma, 2002);
«Modern problems and perspectives in mechanics» (Tashkent, 2004, 2006 and 2009)
and other.

The main results of the thesis discussed at scientific seminars:united seminar of
the division «Theory of mechanisms and machines of cotton industry» of the Institute
of Mechanics and Seismic Stability of Structures AS RUz; at Scientific counsil OAO
«Paxtasanoat ilmiy markazi» and at a scientific seminar on the specialty 05.02.03 —
«Technological Machines. Robots, Mechatronics and Robot-technical Systemsy at
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Scientific council 16.07.2013.T.06.01 in Tashkent institute of textile and light indus-
try (Tashkent, 2014).

Publication of results. 46 scientific works were published on the topic of the
dissertation, including 8 scientific articles, published in international journals, 6 pa-
tents of the Republic of Uzbekistan and 3 certificates on program product.

Structure and volume of dissertation. The thesis consists of the introduction,
five chapters, conclusion, reference and appendixes. The thesis is presented on 211
pages, including 89 figures and 39 tables.

MAIN CONTENTS OF DISSERTATION

Introduction presents a substantiation of the urgency of the theme of the the-
sis, formulates aims and problems of investigation, determines theoretical im-
portance and practical value, gives general methods of studies, basic statements,
submitted for defense, approbation of the thesis, information on publication and the
structure of the thesis.

In_the first chapter of the thesis — «Review of works on structures of ma-
chines in cotton-cleaning industry» a review of structures of technological machines
of production line in processing of medium-staple growth of cotton in CIS countries
and abroad is done. An analysis of existing technological lines of domestic and for-
eign productions shows that the process of cotton processing progresses along the fol-
lowing scheme: drying — cleaning — cotton ginning — fiber cleaning.

Hence the stability of operation of technological line depends on the work of
saw gins and condenser; and the stability of the latter two — depends mainly on uni-
formity of cotton feeding into working chamber of a gin, where the importance of a
feeder is very high. That is why there appears a necessity to study the feeders, saw
gins and fiber condensers.

A direction on development of new constructive solutions of saw ginning and
condenser on the basis of the theory of machine units, meeting requirements in
continuity and system character of technologic lines in productivity, compatibility
with unification of certain links and the least energy-consumption, with provision of
quality requirements of cotton fiber, was determined on the basis of results of
analysis.

The second chapter — «Dynamics of a feeder of saw gin» is devoted to
development of two-drum pin drum of a feeder of saw gin and to PC study of motion
of cotton inside feeder and dynamics of machine unit of the drive of a feeder.

The feeder enters general complex of gin utility and provides uniform feeding
of raw cotton into working chamber of a gin, thorough loosening and additional
cleaning from dirt admixtures before the process of ginning.

To ensure above-mentioned characteristics we have worked out two-drum pin
feeder (Fig.1): to increase the level of loosening and uniform feeding of cotton we
have reduced the diameter of pin drum from 400 down to 312 mm, and the frequency
of its rotation from 512 down to 490 revolutions/minute and have installed an addi-
tional pin drum.
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Design
scheme to study
cotton motion in-
side the feeder con-
sists of six parts.
The first, third and
fifth of them occur
on the surface of
the first, third and
fifth pin drums, re-
spectively (Fig. 2),
and the second,
fourth and sixth —
with separation

| from pin drums
Fig. 1. Constructive parameters and scheme of two-drum (Fig. 3).
feeder
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Fig.2. Design scheme of cotton motion on  Fig. 3. Design scheme of cotton
the surface of pin drum motion with separation from pin
drums

On the basis of design scheme differential equations of cotton motion on the
surface of pin drum (1) and cotton motion with separation from pin drums (2) were
derived:

d’s (K™ (0 R)? 1 g2
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dt L m | R
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where K,, — is a friction coefficient between cotton and pins of a drum; K -
coefficient of proportionality; ¢, and ¢, — angle of gripping and discharge of cotton
by drum pins; o — frequency of rotation of pin drum, ¢™*; m — cotton mass, kg; R — ra-
dius of pin drum, m; g — acceleration due to gravity, m/s% t — time, s; V, and vV, -
projection of cotton velocity in x and y directions, m/s.

Solving equations (1) and (2), Runge-Kutt’s method for differential equation of

the second order of the form § = F (t,s,s) was used. Step 4t and initial values t,,
s(t,)=S, and s(t,) = s, were given before computations.

As a result of PC realization of mathematical model of two-drum feeder, the
graphs of the change of raw cotton motion inside feeder were built, depending on an
angle and velocity of drop on the surface of pin drum (frequency of rotation of feed
roller and productivity of a feeder) (Fig.4); on diameter and frequency of rotation of
pin drums.

oy e Estimation of rational

‘ parameters of two-drum
7 feeder was carried out by
Gauss-Zeydel’s method ac-
cording to criterion of cotton
path along gauze surface. As
a result of study of raw cot-
ton motion inside two-drum
feeder, diameter (312 mm)
and frequency of rotation of
pin drums (51,31 sV,
productivity of a feeder
(1587 kg/hour) and incidence

_ ) angle of cotton on the surface
Fig.4. Change of the trajectory of cotton depend- 5 pin drum (g,=909), were

ing on frequency of rotation of feed rollers and determined: these character-
productivity of a feeder istics ensure the best loosen-

ing, cleaning and uniform feeding of cotton into working chamber.

However for effective operation of two-drum feeder, which provides uniform
feeding of cotton into working chamber with given productivity, it is necessary to de-
termine the ways to reduce non-uniform character of rotation of pin drums and ener-
gy-consumption of electric motor of a feeder, using the equation of motion of ma-
chine unit of a feeder.

Using Lagrange equation of the second kind we have introduced differential
equations of the motion of machine unit of a feeder in general form:

Sp¢p =Mp —c,-(pp —ipy - 91) =6, (Pp —ip; -91) 5 ]|
Sy-¢y =¢yipy(9p —ipy @) + 670y (Pp —ipy ~91) = Cp - (9 — iy -95) - 3

=6, (Py —ipp "9,) = C3 (@) — 3 ~@3) — 65 (Py — i3 -¢3) — My ( )
o ¢y =Coipp (9~ @)+ 6,0y (@~ Pp) =M,

|
|
Sa,p Py =Cyig (@ —lig -03)+65-03 (9 — i3 ¢3)- My, ; J
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where 3p, 31, 35, 33, — are moments of inertia of rotating mass, respectively kg m:
Mpb, My, M,, M3, — moments of loads, respectively, acting on rotating roll of electric
motor and feeder drums, H-m; Cy, ¢, c3 — rigidity of belt drive, H-m/rad; 6, ,65 ,63 —
coefficients of dissipation of belt drive, Hm=s/rad; ¢ ., ¢,, ¢,, ¢, — angular veloci-
ties of rotating mass of the system, ¢ iy, itp, i13 — transmission ratio of belt drive.

The system of non-linear differential equations (3) was PC solved. On the basis
of numeric results the graphs of changes of non-uniformity and frequency of rotation
of pin drums (Fig. 5), leading roll of variator IVR-1 and power-consumption of elec-
tric motor were built depending on the following actual parameters of the system
(0,%): resistance moment (M,=12,475; M,=12,475; M,,,=1,287 H-m); elastic-
dissipative parameters (c;=61,948, ¢,=41,472, ¢3=24,048 H-m/rad and ¢,=0,3636,
6,=0,2138, 63=0,1596 H-m-s/rad) of belt drives, moments of inertia of electric motor
(35=0,158kg-m?), first (J;=4,469kg-m?) and second (J,=4,469kg-m?) pin drums and
feed rollers (33,,=0,2547kg m?), reduced to the roll of variator IVR-1, at decreasing
(-100%) and increasing (100%) of real parameters of a feeder of saw gin.
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Fig. 5. Graph of changes of rotation frequencies of the first (a) and second (b)

pin drums

Equations of motion of machine unit were drawn, dynamic characteristics were
studied and rational parameters of feeder drive were found, which ensure the best
loosening, cleaning and uniform cotton feeding into working chamber. It was stated,
that in reduction of power consumption of electric motor from 1,510 down to 1,366
kWt non-uniformity of rotation of pin drums increases from 0,00008 up to 0,00243 at
frequency of rotation of pin drums 490,2 min™ (51,33 s™). So to lower power con-
sumption it is necessary to decrease elastic-dissipative parameters of the third belt
drive to 70% (from 24,048 to 7,214 H-m/rad).

To study cleaning effect in MTC AO «PaxtaGin KB» an experimental utility of
a feeder with two drums 560 mm wide, was worked out. Experimental studies of two-
drum pin feeder show, that at productivity 1587 kg/hour cleaning effect reaches 31%.

On the whole, developed two-drum feeder with width of 560 mm, diameter 312
mm and frequency of rotation 490 min™ of pin drums at productivity in cotton 1587
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kg/hour with cleaning effect up to 31% and power consumption of a feeder 0,84
kWt/hour will ensure the best loosening, cleaning and uniform cotton feeding into
working chamber of saw gin. With productivity of a feeder 1587 kg/hour for the
width 560 mm , productivity of saw gin should be 508 kg of fiber per hour (or
508/30=16,9 kg of fiber per saw per hour). But serial saw gin has a productivity of
15,3 kg of fiber per saw per hour; this does not ensure compatibility of a feeder and
gin in productivity. Thus it is necessary to work out a saw gin, satisfying require-
ments of configuration of machine units in compatibility, dimensions and productivi-
ty.

In the third chapter — «Development of working chamber of saw gin of high-
er productivity» theoretical studies and elaboration of additional seed retractor device
in working chamber of saw gin are given.

To increase productivity from the point of view of modernization of saw gin it
IS necessary to increase velocity and mass of raw material roller. An increase in ve-
locity and mass of raw material roller may be achieved by installation of seed retrac-
tor pipe inside working chamber. An installation of seed retractor pipe of R radius re-
duces the volume of working chamber (V,; - 7-R?- 1); mass of raw material roller
equals to G. The distance of a radius of working chamber from the wall of pipe to
buffer beam is (0,16m -R). With increase of R it becomes less.

Taking into consideration equalities, offered by A. Maksudov, we may write
down:

Qi=Qu+1,35- (0-0p)+7.1- [KWy- (0,164-R)- 1] +0,5- [o- (Vos—R%-D-Go] ,  (4)

here Q,— is passport productivity of a gin; v, v,— offered and existing circumferential
velocities of saw cylinder; w,, vy, — Offered and existing circumferential velocities of
raw material roller; G, G, — offered and existing mass of raw material roller; k — coef-
ficient, accounting an increase in frequency of rotation of raw material roller.

It was stated that to increase productivity of saw gin up to 20 kg/hour per one
saw at minimum values of diameter of seed retractor pipe, it is necessary to increase
frequencies of rotation of raw material roller up to 2,4 — 3,4 times (Fig. 6), and diam-
eter — from 160 to 180 mm. Here clearance between saw disk and pipe becomes less,
from 40 to 30 mm, and the volume of working chamber - from 16 to 20%. So, to less-
en the mass of raw material roller, it is necessary to increase the number of saws to
20% on saw shaft, and to shorten the step of location of saw disks from 18 to 15 mm.

To ensure effective operation of gin with seed retractor device the following
problems were solved.

Where determined vector of radial and tangential velocity components:

Ur(f,é?):Fl(f)~(D(9), UQ(F,H):FZ(I:)-(I)(H) ’ (5)
where Fi(r)= 1A2 IrUHO.[Fi_lz_r]_UHc (RT—Fgl FN;
1-R; L r r J
Fz(F): 1~ I—Uao [A‘ FETlZ]J’ - Ry {;— lil Fj—}?
1-R/ | r r ]



- N
R, =R, /R,, r=r/R,, (D(H):Z[a0+an9:].

n=1
Was determined angular velocity of raw material roller
R 1 _ 1 1
0(F.0)= 2 7 (0)- 0 (0)- L0 (0)- R (0)) (6)
2 r J

here r, &— are cylinder coordinates; U,, U,— components of vector of velocity in ra-
dial and tangential directions; R; and @ — radius and velocity of rotation of internal
cylinder; R, — radius of external cylinder; r — radius of discussed point.
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into working chamber. To
overcome this problem we
install an obstruction on the
path of raw material roller.
Due to it there occurs a
good gripping of raw cotton, entering into working chamber.

As a result of carried out experimental studies the following parameters of the
mechanism of seed retractor were determined: external diameter — 159 mm; longitu-
dinal-slot, bevel grooves 6 mm wide; the number of grooves — 16 along the circum-
ference; next grooves are located with 0,5 shift, the length of grooves — 250 mm, fre-
quency of pipe rotation — 360 min™ to the direction of rotation of raw material roller;
frequency of rotation of a screw 720 min™, direction of screw motion-opposite to pipe
motion.

On the basis of comparative tests it was stated that productivity per hour of 30-
saw device is 10 kg of fiber per saw per hour. Offered 36-saw gin with seed retractor
device of similar dimensions has productivity up to 15,1 kg of fiber per saw per hour.
Productivity of 36-saw gin is increased to 81%, that is, to obtain one ton of fiber,
45% less time is spent, comparing with 30-saw gin.

Substituting the values of productivity of typical saw gin (10 kg of fiber per
saw per hour), pipe radius (R=0.08m), angular velocity of raw material roller (51 s™
and k;=3,3) into equation (4) we will have productivity of saw gin with seed retractor
device as equal to 15,15 kg of fiber per saw per hour. With this productivity coeffi-
cient of the use of saw teeth is k=0,7. The difference between theoretical (51 s™*) and
experimental values of angular velocity of raw material roller (total angular velocity
of raw material roller and pipe 15,476+37,699=53,175s™) is 2,175 s™* (4,3%).

Fig. 6. The change of expected productivity of saw
gin with seed retractor device relative to diameter
of pipe and coefficient of angular velocity of raw
material roller k

61



In the fourth chapter — «Dynamics of saw gin with seed retractor device» an
analysis is done of static and dynamic characteristics of saw gin, and results of exper-
Imental studies of test-industrial 156-saw gin with seed retractor device are given.

In saw gin with seed retractor device under considerable force effect from ex-
ternal loads there are the elements of working chamber and, mainly, its principal
structures — saw cylinder, seed retractor pipe and screw.

To create and experimentally study a modernized 156-saw gin on the basis of
worked out 36-saw gin with seed retractor device, the following problems were
solved:

I. by Lagrange equation of the Il kind differential equations of motion of ma-
chine unit of 156 saw cylinder were derived in the following general form:

3

D2 Pp2=Mpy,—Cp-(@p, —ipy 0s) =6, (Pp, —ipys 05) ] (7)

S @5 =Cyipys (Ppy —ipss Ps)+ 6, ipys (Ppy —ipy Ps) Mg |

where 3p,, S5 — are moments of inertia of saw cylinder and engine, kg Mm% Mpy, Ms —
moments of of saw cylinder and engine, H-m; ¢, — further rigidity of clutch, /-m/rad;
64 — coefficients of dissipation of clutch, H-ms/rad; 4 py, » 5 — angular velocities of
saw cylinder and engine, ¢! ipss — transmission ratio of the system.

To study machine unit of saw cylinder of gin 5DP-156 moment of inertia of
saw cylinder was experimentally determined by the method of acceleration
3,=1,244 kg-m?, technologic load acting on rotating shaft of saw cylinder
M,=M_,+M,-cos(rw-w;1/6)+¢,) (where M;,=843,72 Hm; M;,=78,78 Hm;
w;—=7-490/30 rad/s; t — time; ¢, — initial phase) and further rigidity c,=23065.2
H-m/rad and coefficient of dissipation of clutch ¢,=128,5346 H-m-s/rad were deter-
mined by design.

Using the system of non-linear differential equations (7), we have studied with
PC the dynamics of saw cylinder under different characteristics of drive engine, of-
fered by I.S. Pinchuk, A.E. Levin, and M.M. Sokolov. Runge-Kutt’s numeric method
was used for the solution of the system of equations.

On the basis of results of study of motion equation of saw cylinder the follow-
ing was stated: With an increase of values of elastic-dissipative parameters of a clutch
from -90 to 100% with A.E. Levin and I.S. Pinchuk characteristics non-uniformity of
rotation is increased from 7,44-10° to 4,85-10% and with M.M. Sokolov’s character-
istics — from 6,44-10° to 6,39-10"% With an increase of the values of the moment of
inertia of electric motor from -60 to 100% with characteristics by M.M. Sokolov and
A.E. Levin, non-uniformity of rotation of saw gin is constant and equals to 6,35-10°
and 1,06-107 respectively, and with characteristic given by 1.S. Pinchuk - from -90 to
0% , non-uniformity of rotation of saw cylinder 5DP-156 drops from 1,11-10% to
7,9-10°%; and later grows till 1,3-10% (Fig. 7); With an increase of the values of the
moment of inertia of saw cylinder 5DP-156 from -90 to 100% with M.M.Sokolov and
A.E.Levin’s characteristics, non-uniformity of rotation of saw cylinder equally de-
creases from 6,58-10" to 6,32-10°° and from 1,08-10 to 1,02-10°%; and with I.S. Pin-
chuk’s characteristics increases from 7,23-10'3 to 9,38-10 The change of the mo-
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ment of inertia of an engine with M.M. Sokolov and A.E. Levin’s characteristics does
not effect non-uniformity of rotation of saw cylinder 5DP-156; To study transition
and steady-state modes of electric motor A.E. Levin and M.M. Sokolov’s characteris-
tics are recommended, and for steady-state mode — the ones by I.S. Pinchuk.

On the whole, it
was stated that for the re-
duction of non-unifor-
mity of rotation of saw
cylinder it is necessary to
increase elastic dissipa-
tive parameters from
23065,2 to 29984,76
Hm/rad (from 128,534

Non-uniformity of rotation of cylinder

90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90 to 167,09 H.m.s/rad)_
Change in values of elastic-dissipative parameters, % ” Design Values
‘_‘_M.M.COKOJ'IOB —8—A E.Nesun _A_M.C.HMHHyK‘ Of the flrst, Second and

third critical velocities of
saw cylinder were stated:
117,9; 450,2 and 774,3
rad/s, seed retractor pipe 203,65; 811,16; 1814,06 rad/s and screw 74,85; 292,48;
636,1 rad/s, on the basis of the method of finite elements in the form of displacement.
Regularity of transversal displacement of seed retractor pipe and screw along the
length, with maximal values of -2,97/-70° m at 1=0,191 m and -6,33-10" m at 1=0,293
m was obtained.

It was stated that there does not arise a necessity in increase of diameter of a
shaft of saw cylinder with an increase in number of saws from 130 to 156, since an-
gular velocity of saw cylinder is in the first subcritical zone » , < 0,75 - »,,, — rigid

shaft — 76,969<88,451 rad/s and transversal displacement of the shaft along the
length is 0,1058 mm.

Maximal stresses were determined zma=15,4-10° H/m* ([ 5]=1029,7-10° H/m*—
allowable stress of the material of pipe steel-45) and an angle of rotation @m.=
0,0324 °of seed retractor pipe in the zone with grooves at torsion.

[11. As a result of carried out operation tests of an example of modernized saw
gin 5DP-156 with seed retractor device it was stated that experimental gin successful-
ly conducts technologic process of ginning; productivity in fiber is 2242,3 kg/hour,
downiness of seed after gin — 11,4% and after seed retractor pipe — 10,36%, power-
consumption of principal saw gin — 77,2 kWt/hour, seed retractor pipe — 4,5
kWt/hour, air flow consumption to remove fiber — 0,7 m*/s.

Implementation of modernized saw gin 5DP-156 with seed retractor device in-
to technological process in Baktemir cotton cleaning plant has shown an increase in
productivity and a decrease in specific power consumption, as well as the fact that
machine units satisfy the requirements in compatibility, dimensions and productivity
(in cotton — 7007 kg/hour). Economic benefit is more than 96,5 min.soum.

Fig. 7.The effect of elastic-dissipative parameters on
non-uniformity of rotation of saw cylinder
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To estimate productivity of offered two-drum pin feeder, saw gin with seed re-
tractor device and fiber condenser, experimental investigations were carried out with
the use of multi-factor experiment of the 2" type (central composition plan). Entering
parameters are: extension of saws (x;=47, 52, 57 mm) and frequency of rotation of
seed retractor pipe (x,=365, 389, 413 min™), as these parameters estimate productivi-
ty of a feeder, saw gin and condenser; power-consumption, dirt content in cotton and
seed, seed outlet from working chamber, downiness and damage degree of seed, mass
part of defects and dirt admixtures in fiber, the length of fiber.

Based on results of the study regression equations were obtained:

11=6958,3682+272,3858 -x; x,-788,3332 x;> +292,2118 x,°;
1,=2242,1568+87,6096 x; xx,-256,3984 - x,°+98,126 x,%;

3 =5,6267-0,8583 x;+0,2217 x,-0,37 x1 x5

4 =74,8216-3,3642 x1+2,3646 x,+2,4129 x; x5

15=0,2107+0,1093 x;+0,0052 x,+0,008 :x; -x; (8)
y6 =1,7573-0,0643 x;-0,195 2,+0,06 x1 2,+0,1227 x;°-0,1889 x,*;
y7=1,1450+0,6477 x,-0,3029 x,-0,5087 -x; x,+0,1699 x;°-0,2817 -x,°;

g =11,4905+0,1322 x1-0,3356 x,-0,1426 2x; r,+0,3439 x,;

y9 =33,7083-0,5535 x;°.

Generalized characteristic of productivity of operation of discussed machine is
fiber quality, that is, insurance of its greatest length under limitations: feeder produc-
tivity in cotton — y;=7000 kg/hour; saw gin productivity in fiber — y,=2340 kg/hour;
seed retraction through a pipe — y;,=7%; power-consumption of saw cylinder of saw
gin — y,=75 kWt/hour; dirt content in fiber — ys=0,33%; mass part of defects and dirt
admixture in fiber — ys=2,0%; increase in mechanical damage of seed — y;=1,0%;
downiness of seed — yg=11,5%.

Optimization of regression equations was conducted according to conventional
program «search of solution of optimized model by Newton’s method». As a result of
realization of optimization we have obtained the values of saw extension x;=51,5 mm
and frequency of pipe rotation x,=387,6 min™, with these values feeder productivity
IS — y»1=6956 kg/hour and saw gin — y,=2242 kg/hour, and the length of fiber —
v9=33,71mm. Creation of 156-saw gin with seed retractor device will give a possibil-
ity to increase productivity in cotton of production line up to 7,4 ton/hour (in fiber —
2,385 ton/hour).

As a result of conducted tests of 156-saw gin with seed retractor device, it was
stated that productivity in cotton of production line may be increased up to 7,0
ton/hour (in fiber — 2,242 ton/hour). Difference between productivity results of 36-
and 156-saw gins with seed retractor devices is 5,9%.

On the basis of conducted theoretical-experimental studies on production line
with productivity up to 7 ton/hour in cotton at different dirt content of raw material,
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worked out gin ensures high efficiency and cleaning quality of cotton fiber, meeting
the requirements of configuration of machine units in compatibility, dimensions and
productivity in fiber 2242 kg/hour and reduction in specific consumption of energy.

So, recommended production line with two saw gins 5DP-156 with seed retrac-
tor device processes 18206,3 ton of cotton fiber during operation period of 188 work-
ing days.

In the fifth chapter of the thesis — «Study of dynamics of machine unit of fi-
ber condenser» — new fiber condenser with pulse air stream was worked out. The
studies were carried out of the dynamics of machine unit and experimental investiga-
tion of geometric and air-dynamic parameters of condenser with pulse air stream;
these studies determine productivity of offered device.

On the basis of design scheme differential equation of fiber motion along the
surface of gauze drum was drawn (Fig. 8-9):

d’s . A _
=K -[—+—-‘cos(a~t+a )‘+g-sm(a)-t+¢))—
2 mp [¢] 0
dt m m
. 2 Sz K* <\ 2 (9)
-20-S-R-0o -—]+— (w-R-8) +g-cos(w-t+¢ ),
R m

where K,,, — is friction coefficient between fiber and gauze drum; K~ — coefficient of
proportionality; ¢, — fiber incidence angle on the surface of gauze drum; o — fre-
quency of rotation of gauze drum, s™; m — fiber mass, kg; R — radius of gauze drum,
m; g — acceleration due to gravity, m/s% t — time, s; P, — constant component of suc-
tion force, H; A — amplitude of variable component of suction force, H; o — frequen-
cy of rotation of shutters of pulse air stream. To solve equation (9) Runge-Kutt nu-
meric method was used.

it

y /

Fig. 9. Dependence of the absorption
of the fiber angle for damp-
ers pulsator

As a result of studies of the effect of rotation frequency of pulse air stream
within the interval from 0 to 700 min™ on component functions of amplitude and total
relative velocity, it was revealed that the most rational are the parameters c=370-7/30
st P,=0,3P,max H; A=0,7Pmax H (Fig. 10-11), where maximal total velocity
$°=11,87032 m/s and Sa’=0,869451 m/s, when for 6=0 s*; P,=P,2x=0,245 H; A=0

H, $’=5,527653 m/s and Sa’=0,18704 m/s.
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Fig. 8. Design scheme condenser fiber

65



BonokHa (Sa', m/c)

AmMnnutyna oTHOCMTenbHOM

ckopocTy

YacToTa Bpauw eHus 3acnoHku, o6/mMmuH

—e—sa,m

jc —®—s" mic |

1,25
1,14

15,5

14,5

1,03

13,5

=

(' mic)

0,92
0,81

12,5

11,5

onokHa (Sa’,

0,7
0,59

10,5

TyAa OTHOCUTENbHOM

9,5

0,48

8,5

0,37

CymmapHas oTHOCUTenNbHas
cKopocTb BONOKHA (S', m/c)

0,26

= —

7.5

Cymma

6.5

0,15
0

CooTHO

a

0,2

WeHWUs Nnowanei 3acNoHKN 1

5,5

Tpy6onposoaa

b

Fig. 10. The change in amplitudes and total relative velocity of fiber against fre-
guency of rotation of pulse air stream shutters (a) and of shutters and pipeline (b)

Using Lagrange equation of the 1l kind, we obtain differential equations of the mo-
tion of machine unit of a drive of condenser with pulse air stream in the general form:

- . . o o
Sp@p =Mp —c¢;-(9p —ip3-@3) -6, (¢p —ip3-03),
S3,p Py =Ciipy-(@p —ipg-93)+6;-ipy - (9p —ipg-93)

—Cy '(§03 =gy '(/’4)_32 '((/’3 — gy '¢4)_M3np ,
Sy Py =Cyriy (p3—lg 0y)+6, 0y (93 —ly -¢,) -

—cy (@, —lys 05)—653- (9, — iy '¢5)_M4 ,
< ) = -- . —_— . -- . A — —
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where ¢ p, ¢, ¢ 3
@4 @5 @ g—ale angu-
lar velocities of the rotor
of engine, inlet shaft of
reduction gear, gauze
drum, lock-gate, inter-
mediate shaft and pulse
air stream shutter, s
iD2; i23; i341 i451 i56 -
transmission ratio of the
system; ipz — transmis-
sion ratio between the
shafts of engine and
gauze drum.

Angular displacements of rotating mass of machine units ¢ p, ¢ 3, ¢ 4, ¢ 5, ¢ ¢
were taken as generalized coordinates; M,, M3, M4, Ms, Mg — moments of resistance
of rotating shafts of condenser KVVVB with pulse air stream, H-m; Ms,, — reduced
moment of resistance to the shaft of gauze drum, H-m; Ms, Mg — moments of re-
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sistance in shutter bearings of pulse air stream and from pulsating air stream acting
on shutters of pulse air stream, respectively, H-m.

To decrease power-consumption of condenser, dynamic synthesis of machine
unit of condenser was carried out based on the criterion of the minimum of power-
consumption. Here as an additional criterion a non-uniformity of rotation of gauze
drum was taken; this was done to prevent the damage of normal process of transpor-
tation and cleaning of cotton fiber from dirt and admixtures (Fig. 12).
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a) b)
1-gauze drum; 2- lock-gate; 3- intermediate shaft; 4- pulse air stream shutter
Fig. 12. The change in consumed power of electric motor (a) and non-
uniformity of rotation of gauze drum (b) depending on inertia moments

Parameter optimization was carried out according to criterion of power con-
sumed. So a polynomial connection of changes of consumed power of electric motor
was built in dependence on the moment of inertia of intermediate shaft, pulse air
stream shutters and elastic-dissipative parameters.

Using central composition plan of the second order we have built the depend-
ence of changes of consumed power of electric motor on the moment of inertia of in-
termediate shaft (Js) and pulse air stream (Js), which has the following form:

y=1024,02-0,704 X,-6,488 X,+1,047 %, %,+0,626 X.+0,651%,2,  (11)
where . _ s = 0,00385 3, -0,0338
Y 00028875  °  0,02535

After realization of mathematical model (10) and (11) the following optimal
parameters were obtained: J3=0,003056; J;=0,05915 kg-m’.

Important characteristics of transition process, such as: time of continuation af-
ter activation of load and maximal peak-to-peak value of angular velocity of gauze
drum, lock-gate, intermediate shaft and pulse air stream shutters depend on the value
of moments of inertia of rotating mass, characteristics of elastic links and technologic
resistance (fig 13).

Preliminary analysis shows that principal factors, influencing on cleaning ef-
fect of condenser, are the change of the frequency of rotation of shutters (x;) and ratio
of areas of shutters of pulse air stream and pipeline (x;). To determine the effect of
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principal factor x; and x, we will use the matrix of orthogonal planning of the second
order for two-factor process.

Mz;%ﬂf An experiment was car-

o A ried out in processing of similar

20.0- groups, growth and variety of

150 / cotton fiber (C-6524, Il growth,

' 3 / machine harvesting) according

1003 4 WAPON- e e to scheme: 20-saw gin — 30VP-

sol V \_, o KVVB Wlth pulse air stream and

_ e T S frequencies of rotation — 200,

L A A S 430, 660 revolution/minute, at

1-¢=13.52:2-¢=6.76: 3 - c=27.03 Hmlrad: 4 - the ratio of areas of shutters of

3=0.029; 5 - 5=0.118 kg-m?; 6 - M=0.15; 7 - M=0.6 Hm  pulse air stream and pipeline -
Fig. 13. The change of driving moment of 0,5;0,7; 0,9.

asynchronous engine at startup in time func- Mathematical treatment

tion at different parameters of condenser. of results of experiments was

carried out with the level of reliability 0,95. Regression equations statically describe

the character of changes of dirt and admixture content of fiber condenser with pulse

air stream and acquire the following form with natural values of factors x; and x,:
y=11,467-0,004 x;-17,535 X,+ 0,0047 X, X,+11,382 X," . (12)

The best cleaning effect is reached (12) at the ratio of areas of shutters and
pipeline 0,7 and frequency of rotation of shutters 370 revolutions/minute, relative
cleaning effect shows 13% rise.

CONCLUSION

On the basis of carried out theoretical and experimental study on elaboration of
new generation of machines of primary processing of cotton the following conclu-
sions and recommendations were formed:

1. Analytical review of literature and study of machine operation in cotton-
processing industry allow to reveal that according to existing technologic regulations
scientific grounds and structures of working machines were developed. But the prob-
lem of efficiency increase of the system «cotton cleaning — saw ginning and fiber
cleaning in condenser» as machine units insuring significant increase in productivity
under least power consumption per the unit of product remains an actual one. Direc-
tions of investigations on development of new feeder —cleaner with uniform feeding
of cotton into saw gin of working chamber with additional retraction of seed and fiber
condenser with inclusion of pulse air stream into technologic cycle were determined.

2. Structure of gin feeder with two successive pin drums and gauze surfaces,
covering them, was substantiated; design-technological scheme of operation, dynam-
ic and mathematical models were worked out; differential equations of motion of ma-
chine unit of a feeder were drawn. With Gauss-Zaydel method on criterion of the
longest pass of cotton along gauze surface and experiments conducted on laboratory-
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stand device some rational parameters of a feeder. Worked out algorithm and design
program allow to recommend the drive.

3. By mathematical simulation of the motion of cotton segments and seeds in
working chamber of saw gin it was stated that an assessment of operation productivi-
ty may be conducted on the basis of study of regularities of changes of their tangen-
tial velocities. Gin structure with reduced step of location of saw disks on the shaft
and working chamber with seed retractor device, which consists of hollow rotating
cylinder pipe with longitudinal slits and screw, located inside the pipe, was worked
out. Rational geometric and kinematic parameters were established.

4. Dynamic and mathematical models of machine unit of saw gin with seed re-
tractor device were built, different characteristics of the system «engine — executive
machine» were analyzed. Calculations show that to provide uniform rotation of saw
gin, elastic dissipative parameters of a drive.

5. On the basis of the Method of finite elements in the form of displacements,
the methods of determination of force, strength factors and critical velocities of work-
ing shaft of cotton-processing machines were developed and recommended for engi-
neering calculations. On the example of calculations of new gin 5DP-156 with seed
retractor device, design studies in assessment of strength of the shaft of saw cylinder,
seed retractor pipe and screw were carried out and it was stated that recommended
parameters meet requirements of strength of similar structures.

6. On the basis of the method of linear programming some production re-
sources of machines were calculated; they allow to decrease power consumption and
hence to provide resource-saving due to optimal number of machines of different
technologic purpose under the best quality characteristics of fiber in length 33,71mm,
and output 33,92%. Using the method of planning of full-factor experiment of 2" type
CKP experimental studies of assessment of productivity of worked out two-drum pin
feeder together with saw gin were conducted and nine equations of regression to de-
termine productivity of operation of a feeder and gin, fiber length, dirt in raw cotton,
fiber output and so on were drawn at three levels of saw gin extensions and frequency
of rotation of seed retractor pipe; optimal parameters of the latter were calculated as
respectively x;=51,97~52mm and x,=388,4 min™’~ 400 min™. Here productivity of
feeder in cotton reaches 7000 kg/hour, and saw gin in fiber — 2242 kg/hour, fiber
length is 33,71mm.

7. Calculations on estimation of efficiency of application of a gin with seed re-
tractor device in production line of processing of poorly cleaned growth of medium-
staple cotton, show 1,1 kWt or 2,9% decrease in specific energy-content per unit of
product (fiber) in comparison with industrial gin — 5DP-130, with experimental in-
dustrial gin — DPZ-180 - 0,9 kWt or 2,7% decrease and with the best foreign sample -
«Continental eagle» 10,92 kWt or 28,7% decrease. At rational composition of tech-
nological succession from transfer conveyor of cotton to bend transporter for fiber
bales on one program of processing of 30000 ton of raw cotton per year, power con-
sumption decreases from 480,5 down to 407,7 kWt due to increase in productivity
from 12% to 50%, and economic benefit is 96,5 miIn.soum.

8. Design-technological scheme and design program of motion of fiber ball on
the surface of gauze drum were worked out, rational values of frequency of rotation
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of shutters of pulsator — 370 min™, suction force of fiber — P,,=0,245 H and ratio of
areas of shutters and pipeline — 0,7 of fiber condenser with pulse air stream were de-
termined. Here minimal mass part of defects and dirt admixture in fiber were re-
vealed at total relative velocity S’=11,87 m/s. Worked out algorithm and design pro-
gram of the dynamics of machine unit of fiber condenser KVVB with pulse air
stream allow to recommend the moments of inertia — 3=0,003056; J;=0,05915
kg-mz; drive stiffness — ¢;=66,0275; ¢,=147,63; ¢3=113,204; ¢,=13,518 H-m/rad,
which ensure minimal power consumption and non-uniformity of rotation of gauze
drum. As a result an additional cleaning effect (13%) is reached.

So, scientific grounds of the solution of the problem of development of
machine units of two-drum feeder, saw gin with seed retractor device and fiber
condenser with pulse air stream are considered in the thesis; their implementation
would contribute greatly into modernization of the branch of processing of raw cotton
and would increase the competitiveness of the product of cotton-cleaning production.

70



3bJJOH KWJINHT AH UIIJIAP PYUXATH-
CIIMCOK ONIYBJIMKOBAHHBIX PABOT-
LIST OF PUBLISHED WORKS

| 6yamm (I yacre; | part)

1. MyxammanueB JI.M. OmnpeneneHne KpUTUYECKOW YIIOBOM CKOPOCTH
CEMSIOTBOSAIICH TPyObl MUIBHOTO JUKUHA. «Y30eKcKHil xypHan [Ipobnembl MexaHu-
km». — Tamkent. 2013. - Ne2. — C. 18-22.

2. Myxammaaues J[.M. Onpenenenre mpon3BOIUTEIILHOCTH CEMSIOTBOIAIIE-
ro yCTPOMCTBA MHUJBHOTO JDKHHA. «Y30eKcKkui x)ypHan IIpoOnembl MEXaHUKH». —
Tamkent. 2012. - Nel. — C. 73-75.

3. Mukhammadiev D.M., Sh.U.Rakhmatkariev, F.Z.Arifdzhanov. Analysis of
static and dynamic characteristics of a saw cylinder of a gin. Print version - ISSN
1052-6188, Journal of Machinery Manufacture and Reliability, 2009, Vol. 38, No. 2,
pp. 120-123. © Allerton Press, Inc., 2009.

4. MyxammamaueB .M., Paxmarkapues LY., Apudmxano A.3. Ananus
CTaTUYECKUX M JUHAMHYECKUX  XApaKTEPUCTUK  MUIBHOIO  LWIMHApPA
BoslokHOOTAEUTENsA. «IIpobeMbl MaIMHOCTPOEHUSI U HAJICKHOCTU MaluH». — Poc-
cust, Mockaa. 2009. -Ne2. — C.13-17.

5. Mukhammadiev D.M. Algorithm Development for the Pulsator VBFC
Machine Unit Simulation. Print version - ISSN 1052-6188, Journal of Machinery
Manufacture and Reliability, 2009, Vol. 38, No. 1, pp. 82-86. © Allerton Press, Inc.,
2009.

6. Myxammanues JI.M. Pa3paboTka anroputma A YHCICHHBIX UCCIIEIOBA-
Hui mammHHoro arperara KBBbB ¢ mynbcatopom. «IIpoOiemMbl MallmHOCTpOEHUS U
HaJeXHOCTU Mauny». — Poccust, MockBa. 2009. -Nel. — C.94-99.

7. MyxammaaueB [[.M. [1yTu noBbIIIEHUsI TEXHOJIOTHYECKUX M IKCILTyaTallu-
OHHBIX CBOMCTB MAIllMH MWJILHOTO JukuHUpOoBanus // KypHan «[IpoOaeMbl TEKCTHIID.
— Tamkent, 2008. -Ne3.- C. 20-24.

8. Myxammazaues /.M. MccnenoBanne MaTeMaTHYECKOW MOJICIIM MAIlTMHHOTO
arperata aByxOapabanHoro mwuratens // Haydno-rexHumdeckuii sxypHan «l3Bectus
BY30B. TeXHOJIOrUsl TEKCTWJIBHOW MPOMBINUIEHHOCTHY», - Poccusi, NBanoso, 2008. -
Ne4C. —C. 115-118.

9. PaxmatkapueB III.Y., KopabGenpaukoB P.B., Myxammaguer J[.M.
HccnepoBanve ABMKEHUS XJIOMKAa-Chlpla  BHYTPU JIBYXO0apaOaHHOTO MHUTATES.
«M3Bectua BY30B. TexHOIOTHS TEKCTUIIBHOM MPOMBIIUIEHHOCTH. — Poccenst, MiBaHo-
BO. 2008. -Ne2C. — C.37-40.

10.MyxammanueB JI.M. M3ydyenue nu3mMeHeHus: MPOU3BOIUTEIBLHOCTH MTUIIHHO-
ro JDKWHA C CEMSOTBOJISIIEH CUCTEMON. «Y30eKkckuit sxypHan [Ipo0iaemMbl MEXaHUKNY.
— TamxkenT. 2008. - No2-3. — C. 69-72.

11.Myxammanue JI.M. Pa3paboTka anropuTMa ajisi YUCIEHHBIX HCCIIEIOBA-
HUW JIBIDKEHUS BOJIOKHA MO TMOBEPXHOCTH CETUATOTO OapabaHa MpU BCACHIBAIOIIEM

nyJibcupytomeM Bo3aymHoMm mnotoke. Kypnan «BectHuk Kpacl’AVY». - Poccus,
Kpacuosipck. 2008. - Nel. — C.232-2306.

71



12. MyxammanueB JI.M. HccnenoBanue HEpaBHOMEPHOCTH BpAIICHUS MUJIb-
HOro nmiuHzapa JxuHa S5/I1-156 npu pa3nuuHbIX XapaKTEpUCTHKAX ACHUHXPOHHOTO
anexktpoasurarens. Kypnan «Bectauk Kpac'AVY». - Poccusi, Kpacnosipck. 2008. -
Nel. - C.236-241.

13.MyxammanueB J[.M. Pa3zpaboTka paboueli kamepsl MUIBHOTO JIKWHA C Ce-
msioTBoser cuctemoit // XKypnan «Bectauk Taml TY» (Crient. BbITyck MaTepraioB
PecnyOnukanckoi Hay4dHO-TIpakTHuecKoi koHbepeHuu «uTerpanus Hayku, oopa-
30BaHUs U MPOU3BOACTBa»). — Tamkent, 2005. - C. 183-186.

14 MyxammanueB J.M., Paxmatkapues LY., baxagupos K.I'. Ucnertanus
paboueil kamepbl MIJIBHOTO JJKWHA C JOTMOJIHUTEIBHON CEMSOTBOSIICH cucTeMon //
Kypuan «I[Ipobnemsr Tekctuiisn». — Tamkent, 2004. -Nel.- C. 33-38.

15.Myxammanues J[.M., Paxmarkapues L.Y., Xamuno A.A. MoaenupoBa-
HUE€ JABWKEHHUS CBHIPIIOBOTO BaliiKa paboyveil kKaMephl MUJIBHOTO JHKUHA C CEMEHOOTBO-
nsuieit Tpyooit // Y30ekckuit sxxypHan «IIpo6nembl mexanukuy. — Tamkent, 2003. -
No5.- C. 35-39.

16.MyxammanueB J.M. McciaenoBanue ABMYKEHHS XJIOMKA-ChIpIa BHYTPU TTH-
tarens // Kypuan «BectHuk arpapHod Hayku Y30ekuctana». — Tamkent, 2004. -
Ne2.- C. 78-83.

17.MyxammanueB /.M. VccinenoBanne OTHOCUTEIIBHOTO JBHXKCHHS BOJIOKHA
M0 TMOBEPXHOCTU KOHJIEHCOpHOro Oapabana // KypnHan «BecTHuk arpapHoil HaykKu
V30ekucranay. — TamkeHT, 2003. - Ne4.- C. 101-105.

18.Myxammanues .M., Paxmatkapues 111.V., baxamupos K.I'. CoctaBnenue
JTUHAMHYECKUX U MaTeMaTHYECKUX MOJIEIe MAlIMHHOIO arperata mujibHOTO IUJIMH-
napa BoJokHootaenutensa // XKypHan «BecTHHK arpapHOil Hayku Y30€KUCTaHay. —
Tamkent, 2003. - Nel.- C. 86-90.

19.MyxammanueB [[.M., Paxmatkapues I1.Y. UccrnenoBanue reomerpude-
CKUX M TEXHOJIOTHYECKUX MapaMmeTpoB KoHaeHcopa // XKypuan «BectHuk arpaphoii
Hayku ¥Y30ekucrtanay. — Tamkent, 2002. - Ne3.- C. 72-76.

20.MyxammaaueB J[.M., Paxmatkapues II1.Y., Apudrxkano A.3. Ananu3 au-
HAMUYECKUX XapaKTepUCTUK TwibHOro muiuHapa // XKypuan «BecTHuk arpaphoit
Hayku ¥Y30ekucrtanay. — Tamkent, 2002. - Nel.- C. 83-89.

21 MyxammaaueB J[.M., Paxmatkapue I1.Y., ApudxxanoB A.3. Craruue-
CKHE€ XapaKTEePUCTUKU MUJIBHOTO MUIUHAPA BoJoKkHOOTAeuTe s // KypHan «BecTHuk
arpapHoil Hayku Y30ekucranay. — TamkeHt, 2001. - Ne4.- C. 62-67,

22 Myxammazaues J[.M., Paxmatkapues I11.Y. O noBbimenuu 3¢pGeKTHBHOCTH
KOHJICHCOpHOTro Oapabana // Y30ekckuit xxypHan «lIpoGnembl Mexanuku». — Tari-
KeHT, 1999. - Ne6. - C. 24-27.

23.MyxammaaueB /.M., Paxmatkapues 111.Y. Jlunamuka MalimHHOTO arpera-
Ta KOHJEHCOpa BOJIOKHA ¢ myJibcaTtopoM // Jloknaawsl Akanemun Hayk PecryOnuku
V30ekncrtad. — TamkeHt, 1997. - Nell.- C. 21-24.

24 MyxammanaueB J[.M., Paxmatkapues 111.Y. DkcniepuMeHTanbsHOE UCCIE0-
BaHHE BJIMSIHUS MyJIbCaTOpa HAa OYMUCTUTEIBHBIN 3P dEeKT KOHIASHCOpa BOJIOKHA // Y 3-
oexckwuit xxypHan «lIpobnemsr Mexanukm». — TamkeHT, 1996. - Ne5.- C. 58-61.

72



IMaTtenTnap (mateHTsl; patents)

25. ITateur PY3 FAP 00841 “PabGouas kamepa MHIBHOIO KuHA”/
MyxammanueB JI.M. // JlaBnat mareHt upopacu. Pacmuii axGopotHoMma.- TalkeHr,
2013. - Ne10. — C. 64-65.

26.ITatear PY3 FAP 00589 “Pabouas kamepa MNHIbHOrO JKHHA”/
MyxammanueB .M., Kymakynos I'.Y. // Jlanatr nateHT unopacu. Pacmuii axoopot-
HoMma.- Tamkent, 2010. - Ne12. — C. 48-49.

27.ITatenr PY3 IAP 04037. “Ilutarens mwibHOTO JkHHA/.PaxMaTkapues
[1.Y., MyxammaaueB .M., A6aypaxmanoB C.C. // Jlanat nateHT nugopacu. Pacmuit
axboporHoma.- Tamkent, 2009. - Ne4.

28.ITarear PY3 IAP 02992. Pabouas xamepa NWUIBLHOTO JDKUHA /
Paxmatkapues 111V ., 3uxkpusies 2.3., Trotun I1.H., Myxammanues J[.M., XKXymakyios
I'\V., Anak6apos I1I.H., A6aypaxmonoB C.C. // laBnar nateHt ugopacu. Pacmuii ax-
6opotHomMa.- Tamkent, 2006. - Nel. — C. 89-90.

29.IIpensaputenbubiii nateHT PY3 Ne 675. OuncTtutens BOJIOKHUCTOTO Mate-
puana / Myxammaaues JI.M., Paxmarkapues 111.Y. // Pacmuii ax6oporHoma [latent-
Horo BegoMcTBa ' KHT PV3.- Tamkent, 1994. - Nel. — C. 43-44,

30.[TpenBaputenbubiii mareHT PY3 Ne 2354, Ouucturens BOJOKHUCTOTO Ma-
tepuana / MyxammaaueB J[.M., Paxmarkapues 111.Y. // Pacmuii ax6opotHoma Ila-
tentHOro BegoMmctBa ' KHT PV3. — Tamkent, 1995. - Nel. — C. 59-60.

31.Myxammaaue JI.M. Pacuer cratmdyeckux M AMHAMHUYECKUX XapaKTepH-
CTUK NWIbHBIX HWIMHAPOB. Ha oduumaneHyto perucrpamnuio nporpamMmsl aias OBM
NeDGU 02400 ot 28.11.2011 .

32.Myxammazaues JI.M. MccnenoBanne IBHKEHUS XJIOMKA CHIpIIa BHYTPH MH-
tatens ouncturens (IDXSVPO). Ha odunmanbHyo perucTpanuio mporpaMMbl s
OBM NeDGU 00829 ot 10.09.2004 1.

33.Myxammaaue J[.M. HcciegoBanus MaIIMHHOTO arperara KOHJEHCOpa
BosiokHa ¢ mynbcatropoMm (IMAKVP). Ha odunuansuyro peructpaiuio mporpaMMbl
st O9BM NeDGU 00830 ot 10.09.2004 r.

1l 6§aum (11 wacts; 11 part)

34. MyxammaaueB .M. OnpenencHue KpUTHYECKON YTIIOBOM CKOPOCTH Ce-
MSIOTBOJISIIIIEN TPyObl MUIBLHOTO JKUHA// MexayHapoHast HayqYHO-TEXHUYECKask KOH-
depennus «CoBpemMeHHbIe MpoOaeMbl MexaHuku». — Tamkent, 2009. Kuura 1. - C.
199-201.

35.Myxammaaues JI.M., Paxmatkapues 1I1.Y. UccnenoBanue nuibHOTO JIKH-
Ha C CeMsIOTBOJAIIEH cucTeMoi // MexayHapoaHasi Hay4YHO-TeXHUYecKas KOH(pepeH-
s «CoBpeMeHHbBIC MPOOJIEMBbI U MEePCIEKTHBB MeXaHuKW». — TamkeHt, 2006. - C.
641-644.

36.MyxammanaueB J[.M. CocraBiieHne TMHAMHUYECKUX U MAaTEMAaTHUYECKUX MO-
JIeJie MAIlMHHOTO arperara MuTaTess MWIHBHOTO BOJIOKHOOTHenuTens // MexmyHa-
poJiHasE Hay4HO-TeXHH4Yeckass KoHbepeHiuss «CoBpeMEHHbIC MPOOIEMbl MEXAHHKHU
Mammay. — Tamxkent, 2004. - C. 143-145.

73



37.Myxammaaues JI.M. UccraenoBanue ABMKEHUS XJIOMKA-ChIpIa BHYTPH MH-
tarens // MexayHapoaHas HauHO-TexHU4Yeckass KoHpepeHuus «CoBpeMEHHbIE MPO-
OneMbl MeXaHuKH MamuHy. — TamkeHnT, 2004. - C. 140-142.

38.Myxammaaue J[.M. Pa3zpaborka sddextuBHOM, 3HEprocOeperaromeit
TEXHOJIOTMM HAa OCHOBE pa3pabOTaHHBIX TEXHOJIOTMUYECKMX MAIKH IO NepepadoTKu
xJjionka // Matepuaibsl MexxyHapoaHou KoHpepenunn «IIpobiemMbl MEXaHUKU U CEi-
CMOJIMHAMUKH coopyskeHuit». — Tamkent, 2004. - C. 543-545.

39.Myxammaaues /.M. HccrnenoBanre BIUSHUS 1Iara U yriia yCTaHOBKU KO-
JIOCHUKOB Ha OYUCTUTEIbHBIN 3 ekt mutarens / Marepuaibl MeXIyHApOIHON KOH-
depenmuu «I[IpoOaeMbl MEXaHUKH U CEHCMOJIMHAMHUKHU COOPYKCHHI». — TaIlIkeHT,
2004. - C. 541-543.

40.MyxammagueB JI.M. O KpUTHYECKHUX CKOPOCTSX BAaJOB XJIOMKOOYHCTH-
TenbHBIX MammuH // Te3ucsl PecmyOnrkaHCKOW HAyYHO-TEXHUYECKOW KOH(pEPEHLUHU
«CoBpEeMEHHBIE HAYKOEMKHE TEXHOJIOTUM M TEPCIEKTUBHBIE MATEPHUANIBI TEKCTHUIIb-
HOM, JIETKOM 1 moJaurpaduueckoi MpoMbITUIEHHOCTHY. — Tamkent, 2004. - C. 11.

41 MyxammaaueB .M. VccrnenoBanue HepaBHOMEPHOCTH BpAILICHUS BaJIOB
XJIOTIKOOYHUCTHUTENBHBIX MAILMH MPU PA3IUYHBIX XAPAKTEPUCTUKAX DIIEKTPOIBUTATEIS
// Te3ucsl PecnyOnukaHCKON HaydyHO-TeXHUYECKOW KOoH(epeHuun «CoBpeMEHHbIE
HayKOEMKHE TEXHOJIOTMU U MEPCHEKTUBHBIE MaTepUalbl TEKCTUIBHOM, JIETKOM U I10-
nmurpaduueckoii mpomsinuieHHOCTH». — Tamkent, 2004. - C. 10.

42 MyxammagueB J[.M., Paxmatkapues LY., AxmeroB K.A., Apudrxanos
A.3. AHanmu3 CTaTUYECKUX U JUHAMUYECKHX XAPAKTEPUCTUK MUJIBHOTO IWJIMHIPA BO-
nokHootaenutens // Tpancnoptaele cpeactBa Cubupu: MexXBy30BCKHM COOpPHHK
Hay4YHBIX TPYAOB C MEXAYHAPOAHBIM ydactheM. Boin.8. - Kpacnospek: UIIL KI'TY,
2002. C. 355-367.

43.MyxammagueB J[.M., Paxmatkapues 111.Y., AxmeroB K.A. UccnenoBanue
HEPAaBHOMEPHOCTH BpaIllCHUS MUJIBHOTO NWINHAPA BojdokHooTaenutens SAII-130 mpu
pa3IMyYHBIX XapaKTEePUCTUKAX AaCHHXPOHHOIO 3JeKTpoaBurarens // TpaHCOpTHBIE
cpeactBa Cubupu: MexBY30BCKUI COOPHMK Hay4HBIX TPYAOB C MEKIYHAapOIHBIM
yuactueM. Boin.8. - Kpacunospcek: NI KI'TY, 2002. - C. 345-355.

44 XamunoB A., Trotun I1.H., Paxmatkapues II1.Y., Myxammanues JI.M. O
JABWKEHUHU JIETY4YEK U CeMSIH BHYTpPHU paboueil kamepbl BOJOKHOOTAEIUTENS C JIOMOJI-
HUTEJIBHBIM CEMSBBIBOSIINM yCTPOWCTBOM // AHHOTAalMM JOKJIagoB MexayHapo-
HOI HAyYHO-TEeXHUYECKON KOH(epeHInn «AKTyaabHble MPOOJIeMbl EPepabOTKHU JbHA
B COBpEMEHHBIX ycnoBusax». — Koctpoma, 2002. - C. 162.

45 Myxammagues J[.M., Paxmarkapues I1.Y. MoaenupoBanue MalllWHHBIX
arperaToB MUJIBHOTO BOJIOKHOOTIEIUTENS ¢ AUHAMUYECKUMHU XapaKTepUCTHUKaMU //
Annortamuu gokiaaoB VI Beepocceuiickoro cbe3na 1mo TeOpeTHYECKOM U MPUKIA-
Hou MexaHuke. — [lepms, 2001. - C. 444,

46.Myxammaaues JI.M., Paxmatkapues 111.Y. Biausaue reomerpudeckux ma-
pameTpoB ceTyaToro 6apabaHa Ha TEXHOJOTMYECKHE MOKa3aTeian KoHjeHcopa // Pec-
myONMKaHCKas HayyHO-TexHu4Yeckas kKoHpepenus «CoBpeMEHHBIE TPOOIEMBI TE€O-
pUU MEXaHU3MOB, MAIINH W MalMHOBeeHUs» — Tamkent, 1999. - C. 87-89.

74



IToxmucano B medars 18.11.2014 r. dopmar 60x84.1/°
[apautypa “Taiimc”. [leu.iuct 4,75. Tupax 100 sk3. 3akaz Ne 501
Otneuatano B Tunorpadpun TUTJIIIL.
r.Tamkenr, yi. [lax:xaxoH 5.






