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Kupui (JIoKTOpJIMK JucCepTANUSACH AHHOTAUSACH)

Juccepranus MaB3YCHHHUHI 0J13apOJuru Ba 3apypatu. MyXaHIHCIIUK
KOHCTPYKUUSIJIApUHU IOKOpHU cU(aTIIA Ba UILIOHYIM JIOHUXajal Ouinad Oup BakTaa
MaTepuasuiap Ba OOIIKa MOJIMSIBUI XaMm/la MEXHAT pPEeCypCiIapyuHU UKTUCO/ KUJIMILI,
LIYHUHTJEK JIONUXaJIall MyAJaTIapyuHy KMCKapTUPUILHU 3aMOHABUN KOMIIBIOTED
TEXHUKACH acocuaaru aBTOMATJIAIITHPUIITaH JIOMMXasanml Ba
ONTUMAUIALITUPUIIIHUHT  3aMOHAaBUH  yCyJUIapUHU KaJI0 JTMacJaH amaira
OLIUPUITHUHT HMMKOHM MYK. 3aMOoHaBUN (aH pPHUBOXIAHUIIMHUHT MapKa3Hid
HyHanumapuad Oupyu y €ku 0y cuH(paru MacajiaJapHu €4uIIra MyJDKalJlaHTaH
SHTH MaTEMaTHK MOJEIUIAp, CaMapajld alrOpUTMIIAp, aMallud JacTypiap
nakeTiIapy Ba TU3UMIIAPUHU UILTA0 YHKHUII XUCOOIaHa IH.

KaMusIT pHUBOXKIAHUIIMHUHT pakKoOaTra acocjiaHraH 0030p CTpaTerusicu
Jounxanam MyjajnaTiapura OynraH Karbuil TamabnmapHu Kyimoxna. bynpait
miapouTiapia  aBToMarTiamrTupwiran — jouuxanam — Tmsumu  (AJIT)  nan
doiinanaHuil  3HT MyXuUM 3apypusaT Oynub konagu. Mamiakar  Xanik
XYKAIUTUHUHT TapakKUETU Ba ymiOy cektopAa (GaHHUHI POJUHHU OPTHO OOpHUIIM
WIMHMA-TEXHUK XOJIUMJIAap OJAMra Miuiad 4MKapuil caMmapaJopiUrMHU OIIMPHIL,
MaTepUauIapHU TEXalll, MaxCyJI0T CU(PATUHU OLIMPHULI, OOBEKTIAPHHU JIOMUXaTall
Ba UIITa TYIUPUIL MyAJATIApUHU KUCKAPTUPHUII KaOu MyaMMmonapHu Kysau. dan
onaua sca Oy MyaMMOJApHU MyTaxaccuciap TOMOHUJAH MyBa(QakuaTIn Xai
KWIMHUIIUTA KAapaTWiIraH WHTWIMLIUIAPHUHT Ha3apuid, yciayOuid Ba amanuil
acocllapyHi TabMMHJIAII Macajacu KyiwiraH. MyaMMOJapHUHT MypakKaOJIuru
0030p MmIapoWTIapuAa KYpPWUIUII JOoWMMXalallapu >XKapa€HUHU OOIIKAPUITHUHT
aMaluil MacanajJlapuHu €YMIIHUA TabMUHJIAIl UMKOHUHHU OepajauraH, acOCJIaHTaH
BA aMalIMM JKUXATAAH TAaCAUKJIAHTaH MAaTeMaTUK MOJEIUIap Ba YCYyJUIApHU,
xymiagan AJIT TexHonorusiiapy Ba  aBTOMATJIAIUTUPWITaH — OOIIKAPHIL
tusumiiapu (ABT) nan doimananumaun Tanad sTtagu. MyaMMOHUHT aMalidid
axaMHATH KyWWITaH MacajajJapHU €YUl YUYyH JIOMUXA-TEXHOJIOTUK XY KATJIapHU
unuiad 4YMKMIIAa JioMuxanam okapaéHIapuHU OOUIKapHIl camMapagopiIUTruHU
OLIMPUIIJIA TAAKUKOTIAPHUHT aMAJIMETAATH ACOCUI X0JIaTJIapy Ba TaBCUsUIApUAH,
Kymilagan Typau Basubanapau Oaxapuiira myspkamianran AJIT Ba AbTnan
dhoimanaHuITHN KY3/1a TyTaIH.

V36exucron Pecniy6nukacu Ilpesumentunuar 2012 fmn 21 mapraaru
[TK-1730-connu «3aMoHaBUil axO0OPOT-KOMMYHHKAIUSI TEXHOJIOTHsUIAPDUHY STHA/Ia
KOpUWM STUII Ba PUBONKIAHTUPUIL YOopa-TaAOUpiapyu TYFPUCUAANTU Kapopu
acocuZia AaBTOMATJIAIUTHPWIITAH JOWMXAJAIl THU3UMIIAPUHHA  PUBOKIIAHTHPHILL
6yitnua Y3Gexkucton PecryGmukach XyKyMaTH TOMOHHMAAH KaOyl KHJIMHIaH
MaXMyaBUH 4Yopa-TaaOupiap 3aMOHAaBHM axOOpOT TEXHOJOTHUSIIApU acocuja
UIUiad YUKWITaH JAacTypuil MaxCyJOTJIapHU KEHI TapKaJulld Ba KOpUU
srwimmmnra uWyHantupuwirad. lllynman kenmu® 4YukKaH XoJga, MYXaHIUCITHK
KOHCTPYKUMSJIAPUHU TAJKUK KWIMII Ba ONTHUMAJUIAIITHPUII Y4YyH JAAacTypUi
BOCHTAJIap MaXMYaCHHH SIpaTUIN yTa J0i3ap0 Ba Iy OwWJIaH OWpraivkia Xaiak
XYKaIUTU axaMHUSATHUra MOJMK OyryHTM KYHHMHI MyXMM Ha3apuil Ba amaiuid
MYyaMMOCH XUCOOJIaHaIH.



AJIT OyryHrn KyHAa TEXHUK MWIJIaHMajap sSpaTuil MyJAaTiiapHU
KUCKapTUPUII Ba CU(ATUHHU OIIMPHUINT XaMJla MYXaHIUCIHK MEXHATH Ba WIMUUN
baonusITH YHYMIOPJIUTHUHHU OIIUPUIIHUHT 3HI CaMapajid BOCUTANapuiaH Oupu
xucobysanaau. JloWuxanmamHd — aBTOMATJIAIITHpHUINTa  OViAraH  3aMOHaBUU
EHaanryBIap Kym MexXHaT Tanad KuiaguraH XUCOOJaNnuIapHU amMajra OIIHpHII,
ax00poT KUAUPYBH €KM TEXHUK XYXOKATIApHU Tal€piaml ydyH KOMIBIOTEpAaH
doipananuin OunaH 4ekJIaHuO KoiMaWau. ByryHku KyHAa cy3 HHTEIUIEKTyal
WHCOH-MalllUHA TU3UMJIapu J1€0 HOMJIAHAJMraH THU3UMJIAPHU SPATUII XaKuJa
OOpMOK/1a Ba YHMHT JOMpAcHAa WIMUAN TaJKUKOTIaH O0IUIad KOHCTPYKTOPIUK Ba
TEXHOJIOTHK XYXOKaTJIapHU MIUIa0 YMKHUIN, KAaTOp XOJulapJa MakeT Ba CHHOB
HAMyHaJIapuHU Taiépnamradya OYnAraH JoWMxXa WIUIAPUHUHT Oapya LHUKIHMHU
amaJira OIIMPHUII MyMKHH OY1au.

Huccepranust ummra OYnAraH 3apypustT, WIMANA TagKUKOTAaH Oo1muiad
KOHCTPYKTOPJIMK Ba TEXHOJOTHK XYXOKATIapHU Tauépnaiml OuiaH OOFIMK OYiraH
JolMXa MWIUIAQPUHUHT Oapya [MKIMHU  Oaxapuil, UWNUIA0 YUKApUIITa
ABTOMATJIAIITUPUWITAH JIOMMXAlall yCyJulapy Ba alrOPUTMIIAPUHHU KEHT KOpHUM
ATHUII, ONTUMAal MYXAHJUCIWK KOHCTPYKUMSUIAPUHM JIOMMXanall >Kapa€HJIapuHU
OOIIKAPUIITHU aBTOMATJIAIITUPUIN 3apypJIUTH Ba Makcaara MyBOMDUKIUTKA OuiaH
TaBcU(pIaHaIH.

TagKMKOTHUHI pecny0/MKa (paH Ba TEXHOJOTMSJIAPH PHUBOKIAHUIIM-
HUHI ACOCHIl YCTYBOP HyHAJMILIAPpUIra OOFIMKJIMUIrA. Maskyp aucceprauus
(daH Ba TEXHOJIOTHSIAP PUBOKIIAHUIIMHUHT KyHUJaru yCTyBOp MYHAJIUIINIa MOC
paBumga Oaxapunran: MWTHA-17 -  «AxOopor Ba  TEIEeKOMMYHHKaUUs
TEXHOJIOTHUSJIADUHA KEHI PHUBOKJIAHTHPHUILI Ba JKOPUH STUIIHU TabMUHJIAWIATAH
3aMOHaBHIl ax00pOT THU3UMIIApH, OOIIKAPUIN Ba YKUTHUIIHUHT MHTEIUICKTYyall
BOCUTAJNapH, UIMUN-TEXHUK MabIyMOTiap Oa3acu Ba JACTypUd MaxcCyJOTIApUHU
UIad YuKUI).

JIuccepranuss MaB3ycu OyHH4YA XOPWKUN MIMHH-TAAKHKOT/IAP IIAPXH.
MyxaHIUCAUK  KOHCTPYKUUSUJIADUHUHT  ABTOMATJIAIITHPWIITAH  JIOMMXAJIAIl
THU3UMJIAPUAA KOHCTPYKTOPJIMK Ba TEXHOJOTHK €UMMIIAPHU TaxJIuj KWIHII Ba
CHHTE3M YUYyH MYJDKAUIAHTAaH SHCM MaTeMaTUK MOJEulap Ba camMapaliu
AITOPUTMIIAPHU HIIIA0 YWKHUINra Oyinya Ha3apuil Ba aMaluil TaaKUKOTIIAp
Autodesk (AKI), Siemens PLM Software (I'epmanus), Toto (Anonwus), Acme
Infotech Company (Muams), "TIOJIMTEX-YUMII-XXI BEK" waceynusaru
yeknanrad >kamusTH (Poccust) kabu MamutakaTIapHUHT HUpHK  (dupMmaiapu,
KOMIAaHUsJIapy, WIMUWA  MapKasliapyu, YHUBEPCUTET Ba  WIMHUN-TAIKUKOT
MHCTUTYTIApUAa caMapaiv WIMUN U3JTaHUILIIap ou0d OOPUIMOKAA Ba HaTHOKalap
aMaJIMETTa KOPUN KUITMHMOK/IA.

Ma3zkyp WIMHM-TAIKAKOT MapKa3JIapuHUHT HWIMHAU-TAJIKAKOT HaTHWXKalapu
Kyhuaaruiaapiaad uOopaT: MYXaHJIUCIUK KOHCTPYKIUSJIAPU DJIEMEHTIApUHUHT
ONTUMAJUIAIITUPUII Macajiajiapu CUH(IAPUHU €YU YIYH aBTOMATJIAIITUPUIITAH
jgonuxanam Tusumiapu sipatuiaran (Autodesk); koHCTpykumsiap cuH(IapUHH
ONTUMAJT JIONUXAIANTHUHT aMajiuii Jactypiapu unuiad yukuirad (Siemens PLM
Software);  MyxaHIHMCIMK  KOHCTPYKIHMSUIADUHH  JIOMHMXanam  KapaéHUHU
aBTOMATJIAIITUPHUIN YYyH MaTE€MaTUK MOJeIap Ba XUCOOJall aaropuTMiiapu
uiad yukuiarad (Tot0); MyXaHAMCIMK KOHCTPYKIMSUIApW Ba HHIIOOTIAPUHH
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xucobOmam Ba MatemaTuk Moaemtamtupuin (Acme Infotech Company); SCAD,
AutoCAD, Tower, LIRA, Arhicad, Ansys, 3D MAX, SolidWorks «abu
JoMMXanaml TEXHOJOTHUsJIaph Ba JacTypuil TabMUHOTIApAaH QoiinanaHuo,
KYypWIHII JoHuxanamnapu Oyitnua xucobaanuiap, Joluxanail TeXHOJOTUsIIapy Ba
nactypuii TabMuHOT BocuTanapu unurad uwukwirad ("TIOJIMTEX-YUMII-XXI
BEK" MachbynusTH YEKJIAHTaH KaMUSATH).

byryaru  KyHza — MyXaHOUCIUMK  KOHCTpykuusiiapu — AJITnapuHuHr
PUBOKJIAHUIINA ABTOMATIAIITUPWITAH JIOMMXAJAITHUHT TEXHOJIOTHK >KapaCHiapu
Ba yJIapHUHT MaTEMAaTHUK, TEXHOJIOTMK Ba YCIyOWil TabMUHOTJIApPUHU SpaTUII Ba
TaKOMWUIAIITUPUIT ~ OViMYa yCTyBOp WJIMHUN TaJAKUKOT WIUIAPU amaira
OLIMPUIIMOK/IA.

MyaMMOHMHI YPraHWIraHJIuK Aapakacu. MyxaHauciamk
KOHCTPYKIMSIJITAPUHU aBTOMATJAIITUPUITAH JIOMMXAJIall Ba ONTHUMAJUIAIITHPHUIILL
MacaJlaJlapuHd €YUl YCYJUIAPUHM METOJOJIOTHK acociam Myammoliapu JI.B.
Kantopouu, H.H. Moucees, B.C. Muxanesuy, b.H. Ilmenununuii, FO.M.
Hanwnun, JI.A. Pactpurun, JI.U. [TonmoBunkun, P.I'. Ctponrun, FO.I'.Crosan, A.H.
Kynunos, B.A. Konaynos, B.Il. Mankos, A.I'.Vromuukos, B.JI. PBaues,
JI.LB.Kypna, B.K. Ka6ynos, T.®. bekmypatos, T. bypues, P. Canymnnaes, O.M.
HaOues, I11.A. Ha3zupoB Ba Oo1ikaiap TOMOHUAAH YpraHUJraH.

MyxaHAUCIUK KOHCTPYKIHUSUIADUHKM ONTHUMAJ JIOWHXaJall MyaMMOJIapH,
XK XYXKAJIUTMHUHT KypWIIHIL, PAKETACO3JIUK, CAMOJIETCO3JIMK Ba KEMAacO3JIUK
Kalu coxajapuaa KeHT KYJUIaHWIaIMraH KOHCTPYKIMUIApHA MUHUMAJ Ba3H OujiaH
noinxanam coxacuga .M. Padbunosuu, A.l1. Bunorpanos, X.M. Mymrapu, B.B.
Bacunbes, 10.H. Hemuposckuii, A.A. Yupac, B.H. [Taiimymun, U.H I'uuz0Oypr,
C.H. Kan, A.H.Kynunos, B.A. Konnynos, H.B. bannuyka K.M.Maxun, I0O.M
[Toutman, I'.B ®unaros, B.JI. I'amxue, M.T. Ypazoaes, B.K. Kabynos, T.P.
Pammmnos, SI.H. My6opakos, K.III. babamypatos, T.b. bypues, ®.b. AGyranues,
K.C. AOGmupammnoB, ®. banmanos, b. KypmaunGaeB, T. nnames, [I.A.
HasupoBnapauar  onmu®  OOpraH  TagKUKOTIApH  TEXHUK  THU3UMIIAP
KOHCTPYKIUSITTapUHU XUCOOJIAIIHU ABTOMATJIAIITUPHIIL, YIIApHUHT
XYCYCHUSTIApUHU TYJa TaJAKUK KWIHMII XamJa MYXaHJIUCIUK KOHCTPYKIUsJIApUHU
MyBadPaKkuATIN ONTUMAUTAIITAPHUIN YIYH MyXUM Ha3apuil Ba aMaliuii aXaMUsITra
sra Oyiau.

NnMuii-TeXHUK amaOuETIIApHUAT aHAJIWTUK IHapXW Ba TaHKUIUN TaXJIWAIU
HaTWXKajlapy ONTUMAJUIAIITHPUILIL MacajlalapuHd €YUl  Y4YyH MaTeMaTHUK
MOJIeJIap, XMUCOOaIl aITOPUTMIIApH Ba JACTYpPUN MaXMyalapyuHU UILUIA0 YUMKUIILI
Ownadn OOFJIMK WIMHH-TEXHUK MyaMMOJIaDHU Xajd KWIMIIIA  MYXaHIUCIIHK
KOHCTPYKIUSIJITADUHU ~ aBTOMATJAIITUPWIITAH  JIoMuXanam  sKapaéHJIapuHU
aBTOMATJIAIITUPHUII YUYYH XHMCOOJAIl ajiropuTMJIapd Ba JacTypuil BocUTalapu
Ma)XMyacHu camapaJiopJIMruHU OLIMPUII OuiiaH OOFJIMK Macajajgapra Kam bTuOop
Oepunrad. MyxaHAMCIUK KOHCTpYKIUsIapuHuHT AJIT 1na KOHCTPYKTOpJIMK Ba
TEXHOJIOTMK €UUMJIADUHM aJITOPUTMIIAIITUPHUILL Macajajapu Oyiinda erapiu
Jlapaxana TagkukoTinap yrkazuiamarad. Illy Oowucnman, MyXaHIUCIHK
KOHCTPYKIUSIJIAPUHU JIOMMXAJIAla ONTUMAJUIAIITUPUINT MacalalapUHUHT KEHT
CUHOUHUA  CYMIHMA  aBTOMATJIAIITUPHUIN  yCY/UIapd  Ba  BOCHUTAJAPUHHU
TaKOMWUTAIITUPHUII 3apypusity to3ara kemaau. llly Owman Oupramukna TU3UMIIA
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€HJallyB acocH/a MYXaHJIUCIMK KOHCTPYKUMSUIADUHU aBTOMATJIAIITUPHIITaH
JovMXajam TU3UMIIAPHUIA KOHCTPYKTOPJIMK Ba TEXHOJOTHMK €YMMIIAPHU TaXJIWII
KWJIMII Ba CUHTE3JIAll yCYJUIAPU Ba AJITOPUTMIIAPU y3rada XyCyCHSTIIapU Ba y3ura
XOCJIMKJIapy OUIaH akpaynb Typau.

MyXaHIUCIUK KOHCTPYKUUSJIAPUHHU JIOMMXAJIAIIl Ba ONTUMAaJUIAIITHPUILI
MYaMMOJIAPUHU XaJl KWJIMIIHUHT SHIW HyHanumm Oyinya Mas3Kyp TaAKUKOTHHHT
HaTwokasapu AJIT  1a  KOHCTPpYKTOPJIMK Ba  TEXHOJIOTMK  €YHMMIIAPUHU
HIaKJUTAHTHPUIL Ba ITOPUTMIIAIITUPHILIHN Ha3apia TyTa lu.

Jucceprauuss MaB3yCMHHMHI JAUCCEPTANMA 0aKAPWIAETIaH OJIMH TabJIUM
Ba MJIMHH-TAJKHKOT MYACCACACHHUHI WJIMHI-TAAKMKOT HILIAPH OMJIaH
OOFJIMKJIUIY KyWumarn Johuxama akc dtran: D4-016 — «R- dysxkumsuap
KOHCTPYKTUB YCyJIH 0a3zacujla YM3MKJIM Ba HOUM3UKIN KYHWIraH KyI Ya4amiid
ONTHUMAJUIAIITHPUII MacajlaJlapuHU €YMII YCyJUIapd Ba BOCHTAJIAPUHU HILIA0
qukuin (2012-2016 iit.).

TagKuKOTHHHI MakKcagu yHUQUKAUsUIaraH axO0opoT aJMalluHYyBH
TaMOMWJUIApU  acocuja  KOHCTPYKTOPJIMK  Ba  TEXHOJOTHMK  JIOMHMXajall
OOCKUWIApUHU KAMJIOBYM MYXAHAMCIMK KOHCTPYKUUSUIADUHU aBTOMATJIAIITH-
pWwiIraH JOMMXanaml TU3MMHHHA aMaiara OIIMPUII YYyH WIMHI-METOI0IOTHK
acoCllapuHd, MaTeMaTUK MoJeUiap, aaropuTMiap, ycyulap Ba aMajui
€H/alTyBIIapHU UIIUTA0 YUKUILIAH HOOparT.

Makcaara >puIiiI yayH KyWuaard TAAKMKOT Basuajapu KyHuiras:

ONTUMAaJl MYXaHJIHCIHUK KOHCTpyKuwsurapuauHr AJIT  Hm  Kypum
KOHLIEMIMSIIapU Ba TAMOMMIIJTAPUHY UILLIA0 YMKHILI;

MYXaHJIUCIUK KOHCTPYKLUMSUIAPUHU BAapUaHTIM Ba ONTHUMAJ JIOMHMXaJall
COXAacHJaru WIMHM Ba aMaJINKA UILTAHMAJIAPHA TaXJIUJ KAWL,

IONKA J€BOPJIM KOHCTPYKUMSJAPHU ONTHUMAIIAIITHPUII MacajlajJapuHU
€UUII YYYyH MaTeMaTHK MOJEJJIapHU HIUIa0d YUKWLI, JacTypuil BoOcuTaiap
Ma)kKMyacH Ba caMapaJld aJrOpUTMIIAPUHU SPATHLL;

MYXaHJIUCIIUK KOHCTPYKUUSJIApUHH JoMMXajan QIrOpPUTMJIapU
MYBO(DHMKIUTUHYU TaAKUK KWINII Ba YJIapHU apaMeTPUK ONTUMAIIAIITUPHIL,;

MyXaHJIUCIUK KOHCTpykKumsuiapu AJIT na KOHCTPYKTOPJIMK-TEXHOJOTHK
€YMMIIAPUHU TaXJIWJI KWINIL, CUHTE3 Al Ba ONTUMAJIAIITHPUIIHUHT UMUTALUSIN
MOJCIJIAITUPUIIMTA  ACOCJIAHTaH  ONTHUMAJUIAIITHPUIIHUHT  AITOPUTMHK
TU3UMIJIAPUHU MIUTA0 YMKULI,

MYXaHJIUCIUK KOHCTPYKLUMSUIAPUHU ONTUMAJUIAIITHPUII AIrOPUTMIIApH Ba
MOJCIIJIAPUHM TAJIKUK KHJIMII OYiinya XucooOuaml TaxxpubaaapuHy YTKa3uIl,

IJIACTUH AMHAMUKACH MacalaJlapuHU €YuIlIa HEHpOTapMOKIM EHAAIIYBHU
amaJra OmMpuI,

JUccepTalys UIIMHUHT WIJIaHMalapy Ba aHUK TaBCHSUIAPUHU MYXaHJIUCIUK
KOHCTPYKUMSJIADUHY aBTOMATJIALITUPUIITAaH BapHUAHTIM JIOWHXANall aMajJuéTura
YKOPHUU ATHIIL.

Tankukor o00bekTH cudaruga apkanap, IUIACTHH Ba KOOMK acocuia
MYXaHJIUCIUK  KOHCTPYKUMSJIAPUHM  BApUAHTIM  JoMMXajnaml  skapa€Hiapu
KapaJIraH.



Tagkukor mnpeaMerM —  MaTeMaTHK  MOJAEIUIAP,  MYXAHIMCIIHK
KOHCTPYKLMAJAPUHU ABTOMATIAIITUPWITAH JIOMMXAJIAIa ONTUMAJUIAIITHPHILL
MacaJlaJapuHU €YUITHUHT JacTypHUi TAabMUHOTH Ba XUCOOJIAII alrOpUTMIIapH.

Taagkukor ycyuapu. TaakukoT  skapa€HuUJa  TU3UMIIMA  TaxJIWJL,
ABTOMATJIAIUTUPWITAH JIOMMXANall yCyJUIapyd, MaTEMAaTHK MOJEIUIAIITHPHIL,
COHJIM yCyJulap, ONTUMAJUIAIITUPHII yCYJUIApH, MATEMaTHK JacTypJiall,
MaTeMaTUK (u3uka ycyulapu, JAepopMalUsUIaHaJUIaH KaTTHK JKUCMIIap
MEXaHMKAaCH Ba KYpWJIMII MEXaHUKACH, aJIrOPUTMHUK YCyJUIap, JacTypJIall
TEXHOJIOTHSICH Ba XUCOOIAI TaKpUOacu yCyiiapy KyJUIaHUITaH.

TaaKUKOTHMHI WJIMHH STHTWINITH KyliujaruiaapaaH noopar:

ONTUMAJl MYXAHIUCIMK KOHCTPYKUMSUIADMHU JIOMUXAnall >KapaCHUHU
aBTOMATJIAIITUPHUIIIA ONTUMAJUIAIITUPUILI MAaCAIAJAPUHYU €YHII Y9yH MaT€MaTHK
MoJieJuIap Ba XucoOall alropuTMIIapy Uiiad YMKUIraH;

MYXaHIUCIUK KOHCTPYKUMSUIAPH DJIEMEHTJIAPUHUHT  ONTUMAJUIAIITHPHILLL
Macajanapyd CUH(JIApUHU €4YUII YYyH AaBTOMATJIAIUTUPWIraH JOWHUXanall
TU3UMJIAPUHU KypHUII TaMOMWIUIApU MIAKJUIAHTHPUIITAH Ba Ha3apuil MyJioxasajiap
UNUIad YMKUITaH,

JIOKaJ XamJia riodan 3KCTpeMyM KaOu Tacoauduil KWAUPYBHUHI CaMapaiu
aJITOPUTMIIApU CUH(U MIIa0 YUKUIITaH;

KOHCTPYKUMSTIap  CUHGJIApUHM  ONTHUMAJ  JIOMMXAJAIIHUHT  aMaJui
JNACTypJIapyd MyaMMOJU-MYHANTUPWITaH NAKETIApUHU KypHII TaMOMWJUIAPH Ba
METOJI0JIOTUSACH UILIA0 YUKUJIITaH;

MYXAaHJUCIUK KOHCTPYKIUSUIapU Ba HHIIOOTIAPUHM  XUcoOjam  Ba
ONTUMAJUIAIITUPHUIIHUHT KaTOP MyXUM MacalaJlapy €UnJIraH;

ACCH IUIACTHHAJIAP AVMHAMUKACH MacajlaJlapUHU €YUIIIA HEUPOHIM TapMOK
SAPATUJITaH.

TaagKMKOTHUHT aMaIuii HATUKAJAPH Kyiluaaruiapiad noopar:

ONTHUMAJI MYXAHAMCIWK KOHCTPYKLMSUIADUHU JIOMMXajall >KapaéHUHU
aBTOMATJIAIITUPUIL UMKOHUHM OepajuraH AacTypuil BOCHTAJap MaXXMyH HILIA0
YUKWITaH;

KaJUHJIMTH Y3rapyBuaH KOOMK Ba IUIACTHHAJIApAaH TY3WITaH Mypakkal
KOHCTPYKUMSJIAPHU TAJIKUK KWIHII Ba ONTUMAJUIAIITHPUIIIA TACTypPU BOCUTAJIAP
MaXMyUHUHT CaMapaJopiurd xamaa Takiaug 3THIraH €HAAIIYBHUA KyJUlall KaTop
XOJUlapAa KOHCTPYKLUMSHUHI Ba3HUHU KaMaWTHpUII HMMKOHHMHU  Oepullu
KypCaTUITaH;

xucoOnam  TaXpuOalapUHUHI HATWXKalapu KOOWMKIApHU  KaJIWHIIUTU
y3rapyB4aH KWJIMO TaW€pnallHUHT Makcaara MYBOQUKIUTUHU, IIyHUHTIEK
MUHUMaJl Ba3HJIM KOOWKJIap CUHOUHU JoMuXajamjga ONTUMalIallTHPUIL
MacajajlapyuHy KyHHII Ba €YU camapaJopJINTU KypCaTUIITaH;

YEKKaJapu SPKUH TaKWITaH KM KATTUK KUCWITAH SICCU IUIACTHHATAPHUHT
MaxOypuii ~ TeOpaHMIUIAPUHU  MOJCIUIAIITUPHIL  MacajllalapuHU  €4HuIJIa
HEUPOTAPMOKJIN EHIAIIYBHU amajra OLIUPHULLI HyJulapy KypCcaTWIraH;

IOIKA JIEBOPIN KOHCTPYKIMUIAPHU ONTUMAIIAIITHPUIL OYiindya XucoOiain
TaXpuOaJlapMHUHT HaTHXKajJapu MyXoKama 3TUJITaH;

YTKa3WIraH TaAKUKOT HaTHKaJIapy Ba MIUIAHMAJAPUHU KYJIIall Ce3WIapiau

XaJIK XS,/)KaJH/IFI/I axaMuAaThuaaru caMapara SpHUIIAII OmIan MYXaHIUCIINK
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KOHCTPYKITUSTIAPWHN  XHCOOJAll Ba ONTUMAJUIAMITHPHUIIHUHT KATOP MYXUM
aMaJnii MacaJlapuHu €YHIIl UMKOHUHH OepraH.

TagkMKOT HATHKAJTAPHUHI HWIIOHWIMJMIM Ha3apuil Ba XucoOualin
TaXpUOaBUI TaIKUKOTIApJa OJMHTaH HATWXKAJap Ba YJIapHU Y3apo aJeKBATJIMIH,
yJlIapHU aMaJIMETTa >KOPUN KUIMHTAHIUTH, TAAKUKOT HATHKAIAPUHU TYPJIU UIMUN
KOH(epeHIHAIapIa MyXoKaMa KIJIHII Ba Y30ekucToH PecryGnmkacu Basupmap
Maxkamacu Xxy3ypuaaru OJMil aTtTecTauusi KOMUCCHSCH pyHxaTuard WIMHUN
KypHaJUIapa bJIOH KWIMHTaH WIMHUHN UIUIap OUjiaH acocaaHTaH.

TaagKUKOT HATHKAJIADUMHUHI HA3apUi Ba aMaJIMi aXaMUATH. TaIKUKOT
HATWKAJIADUHUHT HA3apuid  axaMHUsATH ONKAa JEBOPJIM KOHCTPYKIUSIApHU
ONTHUMAIIIAIITHPHUII XHCOOIAI yCITyOUSITH, XUCOOJIAIl alrOPUTMIIAPU Ba AaCTYpHUit
BOCUTAJIAp MaXMyacu OMpraivkia MyXaHIUCIUK KoHcTpykiusuiapuau AJIT na
KOHCTPYKTOPJIMK ~ Ba  TEXHOJOTMK  €YUMJIIAPHU HIAKJUITAHTUPUII ~ Ba
ANTOPUTMJIAII TUPHUIITHUHT SITOHA KOHIICTIIIMSICUHN XOCUJI KWJIHIINAIaH HOOparT.

TagKMKOTHUHT aMallni aXaMHATH MYyXaHAUCIUK KOHCTpyKuusapuau AJIT
Jla KOHCTPYKTOPJIUK Ba TEXHOJOTMK €YMMIIAPHU TaxXJIMJI KWIWII Ba CHUHTE3JIAIIA
unriad YMKWITaH yCcyljlap Ba aJIrOPUTMIIAPHUHT caMapaiu KYJUJIaHUIIWaH
nbopat. Xucoobnaul TaKpruOaTapuHUHT HaTWXKaJapu MyCTaXKaMIIMK 3axupacu Oup
XWJI KOHCTpYKIUsiiap Ba3Hu OVitnua 20 mMapTta Gapk KWIHIIUHU, SHHU KAJTUHIUTH
y3rapMac  KOHCTpYKUMSIap  YpHHra  KaJWHIWTK ~ y3rapyBuyaH  KOOMKJIU
KOHCTPYKIUSIJIApHU KYutamiga Ba3H 14 ¢gousra (MMJIMHAPCUMOH KOOUKJIAP YUYYH)
Ba 27 (ousra (KOHYCCUMOH KOOMKJIap y4yH) KaMalMIld KYpCcaTHIITaH.

TagKMKOT HATHXKAJAPUHMUHI SKOPUH KWIMHHIIM. VoMl TaakukoT
WIIMHUHT ~ HATWOKAJIApU  acoCHJia:  MYXAaHJMCIUK  KOHCTPYKIUSJIapu  Ba
KypUJIMajJapuHyd  JIOWMXAJAIITUPUIIHUHT  ABTOMATJIAIITHUPWIITAaH  TU3UMHJIA
KOHCTPYKTOPJUK-TEXHOJIOTUK €UUMJIADHU TaxXJIMJI KWJIUII, CHHTE3Jall Ba
ONTUMAJIIAIITUPUIITHUHT UMUTALUSITH MOJIEJUTAIITUPHUIIITA acoCJIaHTaH
ONTHMAJIAIITUPHIIHUHT AITOPHTMUK TH3MUMJIApH Y30eKkucToH Pecry6inmkacu
JaBJlaT apXUTEKTypa Ba KypWIUII KYyMUTAaCH KOpPXOHAJIapuaa, KyMJIaJaH,
«TabpMup-noinxa» MachbyausATH YEKJIAHTaH KaMUATUIA UIUTA0 YUKAPUIITA KOPHId
kunnaran  (Y36ekucTon PecryOmuKkacH JaBiIaT apXHTEKTypa Ba KypPHIIMII
kymutacuauHr 2015 viun 15 anpengaru Nel813/18-003-connu MabiyMOTHOMACH).
TagkuKOTAaH OJIMHTaH HaTWXajlap MaTEeMaTHK MoOJeulap Ba  XucoOJalll
AITOPUTMIIAPU aCOCHJA NACTYpHUil MaxcynoTiapiaaH doigananum Tydaitim um
VHYMJIOPJIUTH OPTHUIIM MYXAHAUCIUK OOBEKTIApHM JIOWMXajall Ba UINTa
TYIIUPUII MYAJATIAPUHA KUCKAPTUPUIL, NIYHUHTJEK, KOHCTPYKIUS Ba3HUHU
ONTUMAIJIAIITUPHUINl  HATIXKAcHIa  MYyCTaXKaMJIMK  3axupacd  Oup  Xuj
KOHCTPYKIUsiap Ba3Hu Oyinua 20 mapra (apk KWIMIIK, SHHU KAJTHHIUTH
y3rapmMac ~ KOHCTPYKIMsIap  YpHUTa  KaJIMHJIMIKM ~ y3rapyBu4aH  KOOWKIH
KOHCTPYKIUSIJIApHU KYyJjutamija Ba3HHUHT 14 ¢dousra (UIUHIPCUMOH KOOUKJIap
yuyH) Ba 27 (ousra (KOHYCCUMOH KOOHMKJIap Y4yH) Kamaiumu OuiaH
MaTtepuajijiap Ba MEXHAT PECYpPCIApUHUHT TEXATUIIUTa SPUIIUIT HATHXKACH]IA
ukTucoauit camapa 100 MitH. 55,4 MUHT CYMHU TallIKWJT STTaH.

TaaKuKOT HATHKAJTAPUHUHT anpodaumsicu. TagkUKOT HaTWKaIapu 28 Ta
WIMuii-amanuii  koHdepeHuusuiapaa, skymianan 18 Ta xamkapo: «MaremaTuk
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MOJEUIAIITHPUII ~ Ba  XHcoOmam  Taxpubacw»  MaB3yCHAArd  XajkKapo
koHpepenuuacuaa (Tomkent, 1994); «Canoar aBTOMATIAIITHPUIIN YUyH
WHTEJUIEKTYyall TU3UMIIap» MaB3ycuaaru OyTyH:xaxoH koHpepenuusicuaa (WCIS —
2008, 2010, 2012, 2014) (Tomxkent, 2008, 2010, 2012, 2014); «MexaHUKaHUHT
3aMOHaBUI MyaMMOJIapU» MaB3yCHUJArd XalKapo UIMHUN —TE€XHHK KOH(pEpeHIHs
(Tomkent, 2009); «Mypakka® THU3UMIIAPHU ONTUMAIIAIITUPHUID) MaB3yCHUIATH
Errunun Ocué maktab-cemunapu (Tomkent, 2011); «International Conference on
Application of Fuzzy Systems and Soft Computing» (ICAFS — 2014) (Paris, 2014);
«TexHomoruss Ba TabiIMMIa WHHOBALMJIAp» MaB3yCHUJArd XallKapo WIMHUM-
amanuii koHpepenuusicuaa (bemoBo-Poccus, Benuko Tupnoo, bonrapus, 2013,
2014); «®aH, TexHUWKA Ba TEXHOJIOTMSUIAPHUHI HWCTUKOOJUIA MYHAIUMILIApW»
MaB3yCHJard Xajakapo uiamuii-amanuii koHpepenumsacunaa (Kypck, 2013, 2014);
«MamuHaco3mMKaa Ba  KypwIMIIa KOHCTPYKLUMSUIApHM — JOMMXajiaml  Ba
xaB(CU3IMK» MaB3yCHAAard Xajakapo wiMuii-amanuii koHpepenmusacuaa (Kypck,
2013); «3aMoHaBUI HMHCTPYMEHTal THU3UMIIAp, axOOpPOT TEXHOJOTrHUsIapu Ba
WHHOBAIMs» MaB3yCHAArd Xajakapo wiMmuii-amanuii koHdepenmmsicuaa (Kypck,
2014) Ba 10 Ta pecnyOnuka wWIMHUN aHXyMaHiapunaa: «MaTtemaTHk
MOJIEJUTAIITUPpUIIl Ba xucoOmam Taxpuodacu» (Tomkent, 2002; Kapmm, 2003,
2005, 2007, 2009); NHHOBaMoOH FosyIap, TEXHOJOTHSJIAp Ba JIOMUXaJap
Pecny6imka spMapkacuna (Tomkent, 2010); myruHraex Y3P ®A Maremaruka
Ba axOOpOT TEXHOJIOTHSIAPU WHCTUTYTUHUHT «AJTOpUTMIIAID» J1ab0paTopusicu
unmuii cemunapaapu (2000-2011) Ba Kapmu gaBiat yHuBepcuteTu mnpodeccop-
VKATYBUYMJIAPUHUHT WAJUTMK WIMUN-HA3apuid Ba aMaiauil amxymaninapuaa (Kapmm,
1991-2014) anpobarusgan YTKa3uITaH.

Huceprauuss  WIIMHUHT  acocuid  HaTwkamapu  Kapmm — nmaBnat
YHUBEPCUTETUHUHTI  «AManuii  MareMatuka Ba uH(popmaTuka», «Omnui
MaTeMatukay, «Pusnka», «MexHaT TabJIMMU Ba YM3MAYWIHK» Ba « DHEPreTHUKA»
kadeapanapuHuHr Oupnamran uwimuid cemunHapuna (Kapmm, 2014), TomkeHt
JIaBJIaT TEXHUWKA YHHUBEPCUTETH Ba OHEPreTMKa Ba aTOMaTHKa WHCTUTYTHU
xy3ypunara 16.07.2013.T.02.01 pakamum unmuii kenram xy3ypuaara 05.01.08 —
TexHonmoruk >kapa€Hyiap Ba WUIUIA0 YMKAPUILIAPHU aBTOMATIAIITHPUIL Ba
Oomkapuin (TexHuka ¢aHIapu) MXTUCOCIUTH Oyiinya WIMHA CceMUHapia
(Tomkent, 2015) Mabpy3a KUJIMHTaH Ba MyXOKama THJITaH.

TagKuKOT HATHKAJAPUMHHUHT IbJIOH KWIMHUIIM. J(MccepTaius MaB3ycu
Oyiinua 57 Ta wiMHid U, )KymiagaH 3 Ta MoHorpadus, ynapjaan 1 Tacu xopwkiaa
4yom 3TWiIrad, 19 ta unMmuil Makomnanap, yiaapAaaH 3 TaCu XOPWXKHUW KypHauiapaa,
19 ta wamuit Makoiamap XaJkapo WIMHA KOH(epeHUussiap Marepuaiapu
TYIJIaMU/a Halllp KWIKHIaH Ba 3 Ta OXM y4yH sipaTWITaH 1acTypuid BOCUTAIAPHU
KAl KWIKII TYBOXHOMAJIAPH OJIMHTaH.

JluccepTauMsiIHUHT Xa:KMM Ba Ty3wJammuM. Jluccepranus kupuii, Oemira
000, xymoca, (origamanwiran amabuérinap pyhxata, 4 Tta wioBa, 200 caxuda
MaTH, 36 Ta pacm Ba 31 Ta kajaBayijiaH uoopar.
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JucceprauMsaHUHT ACOCUI Ma3MYHH

Kupum kucmuaa nuccepranusi MaB3yCHHUHT JIOJI3apOJIUTH Ba 3apypUSTH
acoclaHraH, TaJAKUKOT Makcaaud Ba Basudanapu, OOBEKTH Ba NpeaMETIapH
AHUKJIAHI'aH, TAIKHKOTHUHT Y30eKHCTOH PecryGmukacy (haH Ba TEXHOJIOTHSIAP
TapaKKUETUHUHT YCTYBOp WYHAIMIILIAPUTa MOCIUTH KYpCaTUITaH, TaAKUKOTHHHT
WIMHIA STHTUJINTY Ba aMajiuil HaTwKainapu Oa¢H 3TWUJITaH, OJIMHTaH HATHKAJIapHUHT
UIIOHWIMJINTY acOCNaHTaH, yJapHUHT Ha3apwil Ba aMaluil axaMusaTiapud O4u0
Oepwirad, TaAKUKOT HATIKAJapUHU aMaluéTra >KOpUN KUJIHII PYHXaTH, UITHUHT
anpoOanuscd HaTWXalapy, OJBJIOH KWIMHTaH WIUIap Ba JUCCEPTAI[USHUHT
TY3WIUIIM OVinYa MabllyMOTIap KEATHUPUIITAH.

JuccepraiussHuar  OupuHYM 600 (MyxaHIWC KOHCTPYKIMsUIapU — Ba
KypWIMaJapuHU ONTUMAJUIAIITUPUII HA3apUsICH Ba yCYJUIApHW)UJa MYXaHIUCITHK
KOHCTPYKLUSITIAPUHU aBTOMATJIALITUPUIITAH JoMMXaant Ba yIIApHU
ONTUMAJUIAIITUPHUIIT WJIMHUA MyaMMOJIADUHUHI 3aMOHABHM XOJATH AaHAIUTHK
mapxXyd amaira OLIMPWIraH, [IYHUHIZIEK ONTUMAJUIAIITUPHUIN —Macajaiapu
CUH(OUHHM €YUl YYYH aJITOPUTMHUK THU3UMIAPHHU SPATUIIHUHT WIMUN-TEXHHUK
MyaMMOJIapU ~ TaxXJWI  KWJIWHTaH,  MYXaHIUCIUK  KOHCTPYKLUHMSUIAPUHU
ONTUMAJJIAIITUPUIL MAacaJlaJApUHUHT  KYWWIMIIMAAH TO COHJIM HaTHXKajlap
OJIMHUIIUTa4a OYJIraH aBTOMATJAIITHUPWITaH €YMMHUHHHI YMYyMHUH TaMOWWILIapH
TaJKUH KWiauHTrad. ONTUMaUIAIITHPUII MacalallapuHU €UUIIAa TU3UMIIA TaXJIW
Ba CHHTE3 KWIHII YCYJUIAPUHHUHT KYJJIAHWIMIIUHUHT METOAOJOTUK acociiapu
KEeJNTUpWIradH. MyXaHIUCIUMK KOHCTPYKUMSUIADMHU JIOMMXajall Ba aMmaira
OLUMPUIIHUHT 3aMOHAaBUH cCypbaTiiapy JoWuXa edumiiapu cudaThra Y3UMHUHT
KAaTTUK TajabJapuHu Kysau. ByryHru KkyHaa HagakaT MyCTaxKaMJIUK, YCTYBOPIIUK
Ba OWKpIMK Tajabnapura xaBo0 OepaguraH KOHCTPYKIMSUIAPHU JIOWWXAJIAII,
OaNKi TEXHOJIOTWK Ba MKTUCOJIWMN JKHUXATHaH sHa/la camapajid €4MMIIapHHU OJIMII
tanabd otunagu. by QakartruHa, TEXHUK-UKTUCOAMM KYpcaTKUWiIap MaXXMyH
OyliMya KOHCTPYKIMSUIAQDHUHT  MYKOOWJI  BapuaHTIap  TYIUIAMHA  TaXJIAJ
KWIMHAAUTaH BApUAHTIIN JIOWHUXAJIAII Kapa€Hu1a amaira omuiu MyMmkuH. Kypuo
YUKUAJIAETraH xKapaCHHU KYJJa amaira OLIMPUII KaTTa MEXHAT Ba KYN BaKT Tayiad
ATaau, OyHJIaH TallKapu Kynu OWjiaH yyTa BapHaHTHU OaTadcuil MILIA0 YMKHIL
MMKOHMHM Oepamu. HaTmxaga MyXaHIUCIMK KOHCTPYKLUMSUIADUHU BapUaHTIU
Joluxanam xapa€Hura xucoOsam TEXHUKACH BOCUTATAPUHU KaJI0 3THUILITA TYFpU
KEJAIH.

Nmina MyXaHOUCIMK —KOHCTPYKUMSUIADUHUHT  XyCyCUSTIapuaaH Oupu,
MYXAaHJIUCIUK KOHCTPYKIMSJIApH Ba WHIIOOTIAPUHUHT cH(AT, HILIATUII Ba
UKTHCOJUN KypcaTKu4ujapura OyiaraHn TajaOJapHUHT JIOUMUN Ycub Oopwuii
HIAPOUTHIA YyJIApPHU SPATHUIIHUHT XaéTUH MUKIMHU OOLUIaHFUY OOCHUKHYMIIA
UCTEebMOYMIAp Ba OYIOPTMAYWIAPHUHT JacTiabku axO0opoT MaHOanapura
TYFpUIAH-TYFPU yJIaHWIIW xucobnmaHagu. by »oca aHrmamaguran, Kaiita
WIUIaHAJAUraH Ba OoIIKapuiaaura axO0opoTiap XaXMUHUHI aH4ya OILMWIINTa,
IIYHUHTJEK KOHUENTYyall, KOHCTPYKTOPJIMK Ba TEXHOJOTUK JOWHUXAJAIIHUHT
MaTE€MaTUK MOJICJUIAPUHUHT YyKYyp axOOpOTJIM MHTErpALMSUIAHUILIN 3apypUSTHUra

onub kenaau. bapya makIaHTUPWITAH MOJE/UIap TEXHOJOTWK (hoiimanaHuiira
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aBTOMAaTUK  Tap3la TaxJMi  KWIMHUIIM ~ Kepak, Oy IOKOpH  CaTXJH
MOJEUIAITHpUIITra YTUIl Ba  (oWJaNaHWIaWraH MOJACIUIApHU  JIoMHXa
OOBEKTIAPUHUHT  XYCYCHUSITIIADUHU  aKC OJTTUPYBUYM  JKMXaTjiapra Kypa
KEHTalTUPUII 3apyPJIMTUHU OWIITUPAIHN.

Mynapnan kenmu® 4YWKKAH XOJJa MYXAHAUCIUK KOHCTPYKUHUSIAPUHUHT
BAPUAHTIIM KOHCTPYKTOPJIUK-TEXHOJOTHUK JIOMMXAJAlIHU AaBTOMATIAIITHPUIIra
OynraHn sHrY EHJANIYBJIAPUHU IIAKIJIAHTUPUII Ba Ha3apuil  acOCIAIIHUHT
Mypakkad WIMUU-TEXHHK MyaMMOCH allOXHMJa axamusarra sra Oymamu. YmOy
npeaMeT coxacuaaru Mapxkyad AJIT HU Taxaun KWIWIL yJIapHUHT KyWWJITaH
MacallaHl caMapajJii €YUl YYyH HUMKOHMATIApPH 4YerapajaHraH 3SKaHJIUTUHU
Ownmupamu, Oy ymapra Xoc OyiaraH KaTop derapajJlaHdMmuiap OwuiaH
TYIIYHTUPWIAAU. ABBajio — Oy JOHUXAJAIIHUHT TEOMETPUK Mapajgurmara
ACOCJIQHTAHJINTH, MYXAHJHWCIUK KOHCTPYKLUMSUIAPUHU TAWEpJIAlIHUHT  y3ura
XOCTUKJIApPUHU ~ XHMCOOTa  ONUIIHMHT  MaBXyJ  OMAclurd, sApaTHiIaéTran
MaxCyJoTJIap XaETUi UUKJIMHUHT OOCKMYIApUHHM MHTErpauusiall JapakaCHHUHT
NACTJINIH, KOHCTPYKTOPJIMK-TEXHOJIOTUK €YMMJIIAPHUHT BAapUAHTIIApU
TYFPWIATMHA  ANTOPUTMHMK  HA30paT  KWIMIIHWUHT  WYKJIWIHA,  KYy[TWHA
KOHCTPYKTOPJIMK-TEXHOJOTUK aMaJUIAPHUHT MXKPO KOOpAMWHATajapu (azocumaru
a0CTpaKIMUTAIIHUHT TAacT JAapa)xanapuaa OaskapuIHIIuIup.

Konctpyktopnuk Ba TexHosoruk AJIT acocuil ¢yHKIMOHAN TU3UM
XUcOOJaHaAUraH sroHa axO0opoT (Pa30CHMHM KypHII CTPATETUSACHHHM amajra
OLIMPUII YIYYH MYXAHAUCIUK KOHCTPYKUHUSUIAPY Ba WHIIOOTIIAPUHUHI T€OMETPUK
MoOJieJIIapHUIaH a0CTPAKUMSIAITHUHT FOKOPH CATXUIArH OOBEKTIN CTPYKTYpaBUM-
aTpuOyTUB MoJeJIapra YTUIIHK amajira OIIMPUII Makcaara MYBO(QUKIUTH
Kypcatwiaran Oynau0, axOOpOTJIapHM aKC STTUPHUILIHUHI 3CKU3JIM CAaTXH Y3uja
KOHCTPYKTOPJIMK Ba TEXHOJIOTHK >KMXATJIApPHHU MYyXaccaMJIallTHPaIH.

Ymby 060012 MyXaHIUCIUK  KOHCTPYKUMSUIAPUHUHT — IOMKA  JIEBOPJIHU
DJIEMEHTJIAPUHUA  ONTUMAJAIUTUPUIL  YMYMHH  MACaJIaCMHUHI  KYWWJIUILIA
KEeNTUpWITaH, AehopMalusulaHyBUd TU3UMJIAPHUHT XUCOOWN  MOJEIIapUHU
TaHJall amMainra omupuiarad. OnTuMan —JoWMXalall MacalaCHHU — €YMII
HAaTWKACHIA KOHCTPYKUMSIHUHT IIAKIUIApU, WYKH XOCCallapyd XamJa Kylnmmya
yerapajaHulIapHd XpcoOra oJraH XoJja YHHMHT TaHJaHTaH TaBcudiapu
IKCTPEMYMMUTA 2000 apouTiIapu AHUKJIAHTaH. KoHcTpykuusnapau
ONTUMAJIAIITUPUII  MacaJaJapUHUHT KYWWJUIIM KyHugaruiapaan ubopart:
acoCHil aHUKJIOBUM TEHIJIaMaJlapHU (MaTeMaTWK MoJiejutapHu) udoaanan,
ONTUMAJIAIITUPUIIAANIaH (YHKIMOHAIIHA TaHJall; XoJaTiap (QyHKOuUsCH Ba
Kuaupuiaétran  OolIKapuill — y3rapyBuwiapura OViran dyerapajaHUIUIAPHU
Oocenrunamt. JloMMXalallHUHT  SKyHHH ~ Makcaad  paldoHall  MaxCyJoTiap,
00BEeKTIIap, KOHCTPYKIMSIAp, TU3UMIIAP Ba Iy KaOWJIapHU MaBXyJl pecypc xamzaa
UMKOHUSTIApAAH QoianaHud sipaTuil XUucooIaHaIu.

MartemMaTtuk (U3MKAHUHT dYerapaBUil MacalallapuHU CUYUITHUHT COHJIN
yCyJUIapd PHUBOXJIAHUINMIA SKCTpEMal Macajajap Ha3apusCch COXacHAaru
myBadpakugTiap, aeGopMalussIaHyBYM TU3UMIIAP MEXaHUKACHA ONTHMAJLIalll-
TUPUII MacalaJlApUHHA €4UI YCYJUIapy Ba HA3apUACHHU KaJajl PUBOKIAHUIIUHU
oenrunad 6epau.
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JucceprassHUHT MKKHHYHA 000 (OnTUMaUIaIITHPUIIHUHT aJTOPUTMUK
TU3UMHU YUyH TacoAu(uil KUAUPYB AJTOPUTMIIAPUHM UILIA0 YMKHUIN)HIA TI100a
Ba TacoAU(PUIl KUIUPUILI AITOPUTMIIAPUHU HILIA0 YMKHUII Ba TAIKUK KUJIUII
Macajajiapu KypuO UMKWIraH Ba yhapra Oynran acocud  Tajabiap
maxsutantupuwirad. lapreus xampa Typnu derapaiaHuiuiap MaBxyn Oyiarania
ONTUMAJJIAIITUPUIIl MacajJaCUHU E€UHIIra KOoIup Oynran, Kym Yyryamiu
(GYHKUMSUTApHUHT [J100a) Ba JIOKAJI AKCTPEMYMIIAPUHU KUJTUPHILI YUYYH Myautud
TOMOHHUJIAH WIUIA0 YUKWITAH alropuTMiap KeaTHpwirad. Jlokan KuaupyBHUHT
keiinarn puBoku ['K-3 — rmobanm Kuaupuin aidropuTMH XUCOONMaHHO, KYTI
AKCTPEMAJUIM MacajalapHU €YMIlra MYyJDKaJUIaHTaH. YHAAa 3BPUCTHK YCYJUIApHHU,
MacajaH, KUIUpUII KapaCHUJAaru MOJelap XakKuaard axOOpOoTJapHU TYIUIAIl
VIYaMUHM OLIUPYBYM Ba OJAMH TOMWITAaH MUHUMyMJIapra camapacus BakT
capQIallHAHT OJIIMHUA OJYBYM “‘TAaKMKJIAHTAaH coxajap”’ HU KypHWII Ba OoImmKamap
KYJUIAaHUJIUIIM ~ QJTOPUTMHUHT  IOKOpM  caMapaJopiurura oiaud  Kelau.
MycTtaxkaMiauK, YCTYBOPJWK, OUKpPJIMK IMIAPTIAPUHU  KAHOATIAHTUPYBUHU
KOHCTPYKIUSJIAPHU ~ ONTUMAIUIAIITUPUIT  yUYyH MYJDKaJUIaHTaH, Te3JIaTyBYd
MYBOQUKJIM MaxCyCc ajropuT™M HIUIa0 YWKWIraH. YHHUHT HIUIaHMacHuaa
MYBOGUKJIUKHU TE3JaTHUII MaKCaJuJa, KOHCTPYKIMSHUHT ONTUMYMH Xap JOUM
yerapajapiad Oupuaa €kM yIapHUHT KeCUIIyBuUJa €ETaau JieraH acoclaH
doinananunrad. byHna ajdrOpUTMHUHT HWINYM  KajaMu y3yHIWUTH KUJIUPYB
TU3UMHUHUHT 4YerapajiaH y30KJIWTUTa Kypa OelruinaHagi Ba y KUAUPHUII BAKTHHH
aH4ya KUCKapTUpraH Xoj/1a KUIUMPYB KapaéHuaa y3rapTUpuiaau. Arap OOTUMYM
yerapaja >KOMJAITaHJIMTUA anpuop MabiayMm Oyica, ymi0y ajlropuTMIaH OoIKa
ONTUMAJUIAIITHPHUII MacajallapuHu euyuinga XaMm (oimananum MymMKuH. bapua
UINUad YUKWITaH alrOpUTMIIAD ONTUMAIUIAIITUPUITHUHAT ANTOPUTMUK THU3UMHU
(OAT) ra kupuTUITaH.

SHrHM TH3UMITAP, KOHCTPYKIMSUIAP, KypHiIMaliap, MaXxCyJI0TIapHHu JOUUXaall
Ba spaTHIJIa, TypJid TanaOIapHU XucoOra OJMII 3apypUSTHIIAaH KEeTuO YUKKaH
XoJija Wil topuTuiaau. bymap nedopmarnusiaHyBUM MEXaHUK TU3UMIIAPHUHT
(KOHCTpyKIMsUTapra) MYCTaXKaMJIMK, THU3UMHUHT Oapuya »dJIeMEHTIapu Ba
OYFUHJIAPUHUHT TYPFYHJIUTHUTA KYyJmaHwiaad. ONTUMaJUIMK ME30HJapu Oup Exku
Oup HeuTa caMapaJopiiMK ME30HJapu acocyaa makuanTupuiaad. Kabyn
KWIMHTAaH ONTUMAJUIMK ME30HM Ba 4YerapajaHunuiap Oyindya omntuMan
KOHCTPYKUHMSHA  KWAMPHUIIIA  ONTHMal  OynMarad, JIeKMH  palHroHal
KOHCTPYKILMSHA OJMII MyMKWH. MacanaH, arap TEXHOJIOTUK TalaOW MUKIOpUI
0axocuHU ToMMaca Ba YerapajaHMIIIap COHUIra KHpMaca, YHJIa MUHUMAJl Ba3HJIH
(Ba3HMra Kypa onTuMal) JOMUXaHHU OJUII MYMKHUH, JEKWH Oy HOpaluOHaI JIOHHXa
YHUHT TEXHOJOTHUKCU3NUTHra TeHTIup. OFUp KOHCTPYKIMS TEXHOJOTHK HYKTau
HazapJaH  Kymnail  Oynranu  ca®abnau  pauuoHan — OYJIMIIM  MYMKHH.
OntumaialiTupuinl - Macajainapu (Ba YJApHUHT Typiu KYWWIWIIA) yMyMaH
panMoHay JIOWMXaHW WNIIad YWMKUII SKapa€Huga Y3uja alloXuaa KUK
MacaJlalapHd HAMOEH JTaIu.

VYHUuBepcauMK, OAIUAINK, TE3KOp XO0THpara MUHUMaI Ttaiald, camapagopIiuk,
mapTiayd ONTUMAJUTAIITUPUII MacajlaJapyuHU €YMIl, 3BPUCTUKA SJIEMEHTIAPUHUHT
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aNrOpuTMIIapUra yJIaHUII, JUCKPET ONTUMAJUIAIITHUPUIIN Ba KYI 3KCTpEMallIn
MacajajapHd  €4YUIl KaOW  ONTHUMAUIAIITHPHUIN  MacajlaJlapuHU  EUHINTra
mympkamutanran  OAT  Ba Oomkanap amMainuid  JacTyplialll  MakeTJIapUHUHT
aNropuTMIIapura KYWHJITaH acocui Tanabnap HIaKJJTAHTUPUJITaH.
OnTuMaUTAIITUPUIITHUAT YMYMUW Ba3udagard amaauid AacTypiiaml TaKeTIapH
(AAIDHuHr MyBaddaKUATIM HIUIANIA YYyH alrOpUTMIIAp IaKeTura KYWHiIraH
TYIUIAaMJIaTd ajaropuUTMIIap caHa0 VYTWwiraH TajgabllapHd KOHUKTHUPUILU JIO3UM.
Ymly anropuTMIapHA COHJIM TAJKWK OJTHIN HATIKAJIApH YJIApHUHT FOKOPH
camapaiop dKaHJIMTMHU KYpcaTyBUM TECTIM Macajiajap euuiln OuiiaH KypcaTHIIraH.

byryarn KyHAa aBTOMATJAlUTUPWITAaH  BapUaHTIM JIOMHMXajalml  Ba
MYXaHJIUCIUK KOHCTPYKIUSJIADUHU XHCOOJAIMHUHAT JacTypuidl TabMUHOTIIAPU
acocan myxanmauciauk TaxauauHuHr SCADA, LIRA, ANSYS, NASTRAN Ba
OolIKa AacTypuil MakMmyasjaapu OWJIaH TaKJIUM ATHIITaH OViIMO, YeKJIM AJIeMEHTIIap
yeynu (UDY) 6yitnua Typnu MypakkabIuMKIard KOHCTPYKIMSJIAPHA XUCOOIall Ba
MaTeMaTUK MOJICIUIAPUHU KypUIIl UMKOHUHM Oepaau. BUPOK yJIapHUHT KYITUUIIUTH
V3UHUHT (QYHKIIMOHAJUIUTUTA KYpa ONTUMAJUIAIITUPUII XUCOOJIapu MOAYJUIAPUHU
¥y3ura KupuTMaraH €K KyJla YeKJIaHTaH MUKJIOpAa KUPUTraH. Yoy MoJysuiap
Macajanap €uMMIIapUHM KUAMpUIITra Oyiaran €ExpallyBiap acocuaa amalira
omupwiradn 0ynuO, yinap OJWHTaH KuiMmatiap Oyinda onTUMaIaliTUPUITHUHT
WIJIATWIAETTaH YCYyJIM acocuaa JOMUXaJall y3rapyBUMJIAPUHM Y3rapTUPHUIN Ba
KOHCTPYKUMSUIAPHUHT  Ky4wlaHTraHiuk-negopmanusananrad  xonatu  (KJX)
napaMeTpjapuHy aHUKJIAIl MAaKCaJWu/a KOHCTPYKIUSJIAPHU YEKIU-3JIEMEHTIIN
TaxJIMJI KWAJUII JKapa€HJIapura HWTEpalMoH aMalUIapHU KETMa-KeT KYJulalra
TasHaAu. byHpall €HpamyB TaHJIaHTaH KUAUPHIN YCyau OwiiaH XucoOsalira
KeTaJluraH BaKIra KATTUK OofiaHran Oynmamu: OyHIa XucoOniaml Te3JIUru
TYFPUIAH-TYFPU €YUMHU KUJUPUII YUyH 3apyp OVirad, onTUMaUTaIITUPUIIIHUHT
KaOyJ KWJIMHTaH yCyJM Ba KUAUPHUII (Ha30CUHUHT XaKMU OwiIaH OepuiaguraH
uTepanusuiap conura O0OrivK. BapuanTinu moitmxanamn TU3UMIIAPUHUA KypHIILIArH
YCTYHJIMK ONTUMAJUIAIITUPUIIHUHT TE3KOP Ba CaMapalupoOK aJlIropuTMIIapura
Oepwianu. byHaa kynuHYa alqrOpUTMIIAPHUHT YHUBEPCA/UIUTA Ba OMMAOOIUIUTH
(IPHU TYpJIM XWJI MacallaJJapHH €UYHUIIa YJIAPHUHT KYJUIAHUIUII COXACHHUHT
KCHTJIMTH) XaKuJard Macajajap WKKHHYM ypuHra yraad. Hatmkana
kadoyaTIaHTaH aHUKJIUK Ba UIIOHWIWINK OWJIaH KYWUWITaH MacajlaHu €4MIll Y9yH
COHJIM YCyJUIap COXacuaard KyJa 4ykKyp OyJMaraH TylIyHuUajgapra 3ra Oynran
TU3UM GoiTaTaHyBYMCH aHUK aJITOPUTMHHU MypaKKad TaHJIOBU OJIIUJA KOJIA IH.

byHnait BaszusiTiiapa ONTUMAJUIAIITUPUIIHUHT MyKaMMall Ba  TE3KOp
UIUIOBYM  QJITOPUTMIIADMHU  WNUIA0 YWKWUII Ba  yJIapHU  MYXaHIUCITHK
koHcTpykimsiiapuauar  AJIT nmapupma kynmnam smac, Oanku KeHr cuHdmaru
GYHKIUSTIAPHUHT SKCTPEMYMJIAPUHU TOMMII MacalaJlapuHUA €YUl YYYH MaBXKY]
KUJIUPUII JITOPUTMIIAPUHM FOMIIOK CO3Jalll Ba MOCJAUIyBYaH MeXaHU3MIIapJaH
doinarianyBYu TU3UMIIAPHU KyPHUIIl CaMapaIMPOK XUCOOTaHAIH.

Typnu o0bekTnap(kymiaaH MYXaHIUCIUK KOHCTPYKUMSUIAPUHU XaM )HH
JOMUXANAITUPUILIIA TYPJIM ONTHUMAUIAIITUPUILI  MacalaJlApUHA  CUUIITHUHT
aMaJuil 3apypHsITH ONTUMAJUIAIMITHPHUI JACTYPIAPUHUHT KyTyOXOHAJIapu, TYpiH
Jnapakaza Ba Bazudagari aMmanuidi JacTypiap MakeTIapuHU SpaTUIIra oiud Keau.
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JluccepTaussHUHT YYUHYH 000 (AJNTOPUTMIIAPHUHT SKWHJIANTYBYAHINTH Ba
HapaMeTpUK  ONTHUMAUIAIITUPHIN)UAA [MapaMEeTPUK  ONTHMAJUIAIITHPHUII  Ba
MyHTa3aM, CTaTUCTUK aQJITOPUTMIIAPHUHT MYBOQUKIUTHUHU TaAKUK  KAJIUII
Macajanapu TaBcudIaHraH. AJTOPUTMIIAPHUA ONTHUMAJUIAIITUPUIL MacajlalapuHu
MaTEeMaTUK JacTypJiall macaiacu cudaTuia Ma3MyHaH KYWHIUIIN KEITHUPUIITaH
Oynub, yHAa ONTUMAUIAHYBUM TapameTpiap cudaruaa aaropuTMIAPHUHT
MYBO(QUKJIMK TE3JIMIUTa TabCUP ITYBUM TYPJIM MapameTpiliapu Kapalaiu; MaKcal
bynkusacu cudaruaa KyWniaral Macajand OepiiiraH aHUKJIWK OWJIaH €uuIl Y4yH
3apyp OVynmaauran  xucoOnmammiap MHUKIOpPY  KaOylnl  KWJIWHAaad. Yoy
MacaJaJapHUHT MYMKWH OynraH Oomika KyHWIMIUIAapH XaMm TaBcu(IaHTaH,
YJIApHUHT XYCYCUSTIApH KYPHO YMKUITAH Ba €YU YCYJUTApU TaKIU(] STUITaH.

Masbnym cuHbaru macajajiapHU €YUIIIA aNTOPUTMIAPHUHT MYBO(QHUKINK
TE3JINTUTa TAbCUP ATYBUM MapaMeTpPIApHUHI ONTHMAJl KUMMATIApUHHU aHUKJIAII
ANrOPUTMIIAPHU MApaMETPUK ONTUMAJUIAIITHPHII IEHUIIA TN,

AJTOPUTMIIADHUHT  TallKKM  THapameTrpiapu  cudaruga  MacaJlaHUHT
KYHWIMIIUAArd  JacTiiadKu  MabiyMoTiapiap OwinaH OepwiraH OOLUTaHFUY
KUiiMaTiiapy KaOyJ KWIMHAIH.

By - anroputmiapHu UIIKIa UIITUPOK 3TYBYU MabIyM KOHCTaHTanap O0Yiuo,
YJIapHUHT aHUK KAWMaTH MacallaJlapHUu €UYUIIHUHT Ha3apusCh Ba aMaJuETU]IaH
XaM MabJIyM 3Mac.

bu3 mabnym cuH(pgarm macaiajapHd MakCcUMail TE3JHMKAA €4dIlra WUMKOH
Oepaaurad aJrOpUTMIIAPHUHT TAalIKH MMapaMETPWIAPHU aHUKJIAIl OWJIAH aHa Iy
cuH(pIaru macajajllapHd €YMII Y4YyH aJrOpUTMIIAPHU CO3Jalll MAacaJaCHHHM Xaj
KWIran 0ynamus.

bupok, 0apua  aNrOpUTMJIIAPHUMHI  MacajaHWd  €uMIl  KapaCHHUIa
MYBOQUKJIUTUHU SAXIIWIAN MAKCaAuaa NapaMeTpiIapHUHT Y3rapuiiu, Tacoauduii
KUJIMPYB aJrOPUTMIIAPUHHMHT 3Ca KUJIWUPYB 3XTUMOJUIMTH XOCCaJapH y3rapuiln
ka0 aJalITUBIINK XOC.

AHHK MacajapHU €UHIlJ]a AJITOPUTMIIAPHU aJalTHUBIUTUIA TabCUP KUIYBUH
napaMmeTpIiap 3ca alrTOPUTMIIAPHUHT WYKH IMapaMeTpiapy XUCcOoOIaHaIu.

AJTOpUTMIIApHU aHWK Macajajapra co3Jjall Xyaa Mypakkad 0ynuo, y éku Oy
MacajajaHd EYHIN TEINMUKIAPUHU  MYBOPUKIAMITHPUIL  aJTOPUTMIIAPHUHT
napameTpiiapura OOFIMKIUTH aHWKJIaHMAaraH, S’bHU alTOPUTMIIAPHUHT ONTHUMAJ
KUUMATIapUHUA TaHJIALl YCYJUIAPH, TaBCHsUIAPU MYK. AJITOPUTMIApPHU TYFpU
coznami  MmyBaddakusITH ~ TAAKUKOTYMHUHI  Majakacw, Taxpubacu  Ba
UHTYyHUIUsIcUTa OOFIIUK.

bupok, anroputmiapHu Macaja €uuilra Cco3JaliHu (OopMaLIAIITUPHUILL
MYMKHH, OyHU YyYyH YHU ONTUMAUIAIUTUPHUII Ba KHIUPYB alITrOPUTMIIAPU
cudatrua COHJIM SUMIIA]IN.

Tacomuduit KuaUpyBHUHT Oapua ajdrOpUTMIIAPU TYpPAU MacajajlapHU
MyBa(akKUATIA €UULI YUYH SIXIIM CO3JIaHUII KoOwinustura sra. by cozmanuin
KUJAUPYBHU aMajira OIIMPHINra TabCHUp KWIAAUTaH aJIrOpUTMIIAPHU TYypJiv
napameTpiiapHu aHWK Taniaad onumina akc stagu. K-1 — I'K-3 anroputmnapuna
0ab3u Oup mapaMmerpiap Maxyn OYnuO, ylapHU Y3rapTUpHIN OWIaH MacajaHu
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CUMINl YYyH KETaJAWraH MalllMHa BaKTH MHKIOPUHU JIOKal Ba ryo0anl
MHUHUMYMJIAPHU TOIHIL 3XTUMOJUIMTHHY Y3TapTUPUILTA SPUILIUIIT MyMKHH.

Tacoauduii anropuTMIapHU ONTHUMAILIAIITAPHUII Macalach KYTIKPUTEPUIIN
(XMcoOallUIapHUHT MMHUMYMHJIA JIOKQJI Ba TIJI00aJl MUHUMYMIJIAPHUA TOIHUII
DXTUMOJUIUTH MaKCUMyM OYJraH aHUKJIUKHM OJIMII 3apypiauru) Oynuo,
ONTUMAJUIAIITUPHIL Kapa€HuJa ONTUMAIUIAIITUPUIIAAUTaH IMapaMeTpJIapHUHT
KUIMaTiapu XakuhJa aHWK HaTwkalap oJiMiml y4yH, F>g KuliMatim Tect
GYHKIUSTHUHT MUHAMYMUHH KUAUPAIATaH TapaMeTpiiapHu Kepakiii KHiMaTiiapu
OJIMHUIIM XucoOyaHamu. [7obGan Ba Tacogubuil KUIUMPUIL aJropuTMIiIapra
KYWWJITaH acocudt Tanmabmap wmaktaHtupwiarad. Illaprcu3 xamaa Typiu
yerapajaHuIUiap MapxXya OYiranna ONTUMAJUIAIITUPUII MacajaCUHU E4HIlra
Koaup  Oynran, kynm  ymuamiad  QYHKUOUSJIApPHUHT  1100aid  Ba  JIOKal
HKCTPEMYMIIAPUHU KUIUPUII YUYH JoKaid KuaupyBHUHT ['K-3 — rmoban Kuaupwuii
ANTOPUTMHU KYT SKCTPEMAJIIN MacajlajJapHU €YHUIITra MyJKaJUIaHTaH.

I'K-3 KuaupyB alrOpUTMHUHH MMAPAMETPUK ONTUMAJUIAIITUPHIL HATHKAJIApU
KYIl SKCTpeMall MacajalapHd €YUl MUCOJIMJA aJloXuJa Ky3ra sxXum
TanutaHaad. OnTUMauIal THPUII MacaiaJapuHu eUMILIA MaTeMaTHK
JACTYPIAIITHPULIHUHT PETYJISp AJITOPUTMIIAPUHM KYJIIalll MyMKHH 3Maciuru, 0y
MacalajapHd €YHIIl y4yH Tio0an KuaupyB anroputmiapu (kymmanan, ['K-3
KHJIUPYB AJICOPUTMHU) AaH (oiIagaHuIl 3apypJIMTd aHUKJIAH]IH.

[lapameTpyk  onTUMaIAWITUpHUIN  Oab3u  XOJUlapAa  CTPYKTYypaBUU
onTUMaiamTupumra onu6 kenaau. Tect macananapunu eunmiga ['K-3 kunupys
ANTOPUTMUHMHT MMAPAMETPJIAPUHUHT ONTUMAJl KMIMATIapUHU OJIUII HAaTHKAJIapH,
['K-3 kuaupyB aqrOpUTMUHU TE3KOp IMACAWUINM, YM3UKJIA TaKTUKAIM Ba OOIIKa
anroputmiiap — cudatuga  MIUIAIMMHU ~ Kypcarad. byHpmaih  Basusitiapna
ONTUMAITAIITUPUITHUHT MyKaMMaJl Ba T€3KOP MIIIOBYHM aJTOPUTMIIAPUHU HIILIA0
YUKHII Ba YJIAPHU MYXAHAUCIUK KOHCTPYKUHUSJIAPUHUHT aBTOMATIAIITUPHITAH
JoMMxanan TU3UMHUAA KYJUlamiaa, Makcas (YHKIUSIApUHUHT SKCTPEMyMIIApUHU
TOMUII MacaJIaJIApUHUA €YMI YUYYH MaBXKYJ KUIUPHUII aITOPUTMIIAPUHU FOMIIOK
co3Jall Ba MOCJAlIyBUYaH MeXaHu3miapAaH (oiAallaHyBUd TU3MMIIAPHU KypHII
KYIIPOK camapaiiy XucooOsnanaau. Typiau Xuil TecT MacajalapyuHy €4MILIIa TE3KOP
nacaui, TyTam rpaaueHTiaap, HbIOTOH METOAM aJropUTMIIAPUHM, ITYHUHTICK
CTaTUCTUK QJITOPUTMJIAPUHU [MAapaMETPUK ONTHUMAUIAIITUPHUIL  HATHXKaJapH
KEJITUPWITaH Ba TaXJIWJI KWIUMHIaH. ONTUMAIIAIITHPUII Macajanapy CUH(IapuHu
€UUII KETMa-KeTJIMKJIAPUHU AaBTOMATHK KypHUIl YCyJUIapu Ba alropuTMIIapu
unuiad yukwirad. KerMa-kKeTnuKIapHu XOCWI KUJIAJUTaH UXTHUEPUNA arOpUTMIa
Kaparanjga MYBOQUKJIWKHUHT IOKOPU TE3JIUTUHU TabMUHJAWIUTaH KeTMa-
KETJIMKJIAPHU KypHUIl HATHUKaJapy KEITUPUITAH.

Ontuman aiaropuTMiap Ba YJIapHUHT KETMa-KETJIMKIAPUHU TaHJall Y4YyH
MaTEeMaTUK MOJEUIAPHU TAJKUK KWIWII Ba WACHTH(PUKAIMSUIAII JIO3UM, SHA Ty
0600ma  Tacommduii  KUAUPYB ~ QITOPUTMIIAPUHU  KYJIIad  CTOXAaCTHUK
CWUIMKJIAHTUPUIITa AacOCIaHTaH MOJIECJUIAPHUA aBTOMATJIAIITUPWITAH —TaIKUK
KWIKII Ba UACHTU(UKALMSUIIALI YCYJIJIapy KeJITUpWiIrad. MacanajnapHUHT TypJidya
KYWWJINIIN Ba yJIAPHU €UUITHUHT COHJIM HaTW KaJlapu KeJITUPUJITaH.
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JuccepramssHUHT TYPTUHYH 000 (ONTUMAUTAIITHPUIIHUHT AJITOPUTMUK
TU3UMHU CTPYKTypacH Ba YHHHT WIUIAIIMHA TAIIKWJI OSTUII)AAA ONTHMA
MYXaHJIUCIUK  KOHCTPYKIMSUIADUHU  aBTOMATJIAIITHPWITAH  JIOWUXAJIAIIHUHT
AITOPUTMHUK Ba JACTypU KOMIOHEHTIApH (AONMUSITUHUHT TAIIKWII STUIUIIN Ba
CTpyKTypacu TaBcudnanrad. OnrtuMaialmiTupuiaaéTran o0bekTiap cuHura
HUcOaTaH WHBApUAHT OYNraH ONTUMAIUIAIITUPUIITHUHT QJITOPUTMUK TU3UMHU
(OAT) Taknud >triran. Y €paaMuu Ba alrOpUTMHUK OaHKJIApJaH TAIIKWII TOITaH:
by — macamanapauHar Kyhuaum Oanku, bi- MabaymoTmap Oanku, by — Genrumap
0anku, by — mogemnap 6anku, bs — anroputmnap 6anku, b — xucobnam 6anku, b,
— Te3kop OaHK (MOHHUTOp). YJIapHUHT CTPYKTypamsapu TaBcudu, OaHKIAp Ba
acoCHii MOyJIapHUHT (PyHKIUsIIapu Oepriira, OaHKJIApHUHAT axO00pOT-MaHTHUKUAN
cxemanapu kentupwirad. OAT na MOHUTOP (PYHKUMSTIAPUHUA JEKOMIIO3HUIIHIIAII
KyJUlaHwIrad. TH3uM UIIMHUHT MacajlajJapHU KYyWHJIMIIMHYU IIAKUIAHTUPUIL, YHU
KYUWIMIIMHA ~ Ha3opaT  KWIWII, XOTHUPACMHU  TakKcHMiiall,  OOIUIaHFUY
MabIYMOTIApPHU KUPUTHUII, MOJEIUIAPHUA TaJAKUK KUIUII Ba UACHTU(UKAIIMLIIALL,
pyxcaT ATWITaH airOpUTMJIApHU  TaHJAIl, yJIapHU Macajara co3Jjalll,
ANITOPUTMIIAPHUHT KETMa-KETIUTUHUA KYPHIIl, UITYA JACTypIapHU MIaKJUTAHTHUPHUIIT
Ba XHUCOOHM IOPUTHUIN KaOWJIapHU Y3 HuUdra OJyBuUM Oapuya OOCKUWIAPUHU
TabMUHJIAII YYYH JKyJa Mypakka0 Ba Oaxaiibar MOHUTOp Kepak Oymap Ba Oy
TU3UMHU MypakkabnmamTupap »514. by QyHKUMSUIApHU —J1EKOMITO3UIIUSIIALI
KyWHIarnda amMajira OIMpHIIaJIH.

MacanaHuHr KyMWIMIIMIA TU3UMIa XU3MaT KypcaTyBuM (hoHAalaHyBUd Ba
JACTypUM XapakaTiapura OOFjuK OYiraH Typiid XWJl XaTOJMKIIAp r03ara KeJWIIu
MyMKHH. bolmanFuy ax00poT KOMIBIOTEPra KUPUTHWITAaHUAAH TO TU3UMHUHT MILN
OOLITaHTyHUYa BAKT PECypCIapyHM TEXall MaKcaauaa MacajJaHUHT KYHUIUIIHNHA
CUHTAaKCUK TOMOH/JIAH TYFPUJIMTH HA30PAaTUHM YTKA3MI JIO3UM. byHUHT yuyH bj 1a
MOC CEpBHC JlacTypJlapy Hazap/aa TyTHJITaH OYIuIM Kepak. by HUHT QyHKIIMOHA
cxemacu l-pacmaa KenTupuiras.

1-pacm. by KyininmIap 0aHKUHUHT (PYHKIIHOHAJ CXeMaCcH

18



b; — MabaymoTiap OaHKM MacanajgapHdA €YHIN y4yH 3apyp Oynran Oapua
COHJIM MabJIyMOTJIAPHM  CaKJall, IIyHUHTIEK CYpoB OyiiMya Kepakiu
MabJIyMOTJIApPHU OCpUIl YYyH XHM3MAT KWJIaad. BYHUHT ydyH OOIUIaHFUY
MabJIyMOTJIApPHA MOC paBHUIJa TaKCHMIIAII, YyJapHU KUJAUPHII Ba OCPHUIIHU
TAIIKWJI STHUII Kepak. 2-pacMaa b; Mabaymoriap OaHKMHUHT (DYHKIMOHAN
CXEMacH KEeJITHPHUIITaH.

Y,
Ey

Eg.

2-pacM. b; MmabaymoTtiiap 0aHKMHUHT (PYHKIHMOHAJ CXeMACH

b; — Genrunap Ganku Xap OMp aHMK MacajlaHW WIEHTU(UKAIUsIIA YIyH
MYJDKaJUTAaHTaH MaHTUKUN axOOpOTIapHH cakjall Ba KalTa WIIall Y4yH XU3MaT
kuwiaau. by — Monennap Oanku Ba bs — anroputmiap OaHKM Y3WHUHT HINKJA
Oenrmnap OaHKM TOMOHMJAH aHMKJIAHTaH OenruwnapjaaH (Qoigananaau. bs
oenrunap OaHKMHUHT (PYHKIIMOHAN CXeMacu 3-pacMmaa KeITUPUIITaH.

B

Fiaz

3-pacMm. b3 0earniap 6aHKMHUHT GQYHKIMOHAJ CXeMAaCH

b, — Mogennap OaHkM MacallaJJapHUHT MaTeMaTUK MOJAEJUIAPUHU TaIKUK
KWIMII Ba WACHTHU(PUKAUMAIAI y4yH XU3MaT Kujaau. b, monemnap OaHKMHHHT
(GyHKIHMOHAT cXeMacu 4-pacMia KeJIITUPUIITaH.

bs — anroputmiap GaHKM 3KCTpeMall MacalajlapHU €YMIll, IIYHUHTIEK Xap
Ovp aHUK MOJENb Y4YyH, ONTHUMal ajirOPUTMHU TaHJAl YYyH MAaBXYyJ[
QITOpUTMIIAD XaKuaaru Oapua 3apypuil MabIyMOTJIApHM CakjIalra Xu3MaT
Kuiagyd. MaremaTuK JacTypiall MacalalapuHU €YUl AJITOPUTMIIADUHUHT DHT
YyMyMHI ycyJjulapu Ba ylapra Moc kemyBud TaBcuduap bs ra skamumanrad. bs
aropuT™MIIap OAHKMHUHT (PYHKIIMOHAJ CXeMacH S-pacM/ia KeITUPHUIITaH.
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4-pacm. by moaeniap 0aHKMHMHT QYHKIMOHAJ CXeMacH

S-pacMm. bs anropurmiiap 0aHKMHUHT (PYHKIMOHAJ CXeMACH

Xucobnam 0anku bg anropurmiap OaHKHHUHT TYpJM ajJrOpUTMIIApUra MOC
KEJyBYM KUJIUPHUII MOJCIUIAPUHUHT OapyacMHU CakJjalll, aJiropuTMiiap OaHKUIaH
axO0pOT OJIMHTAaHJIaH CYHI MOC MOJYJIHU TaHjall, MabiymMoTiap OaHKUAaH
OJIMHTAHAAH CYHT KeTMa-KeT XHCOOJallId MacajlaJlapHd CUUIIHUHT WIITYH
JTacCTypJapuHHA IMAK/UTAHTHPHUINTAa MYJDKa/UTaHTaH. bg xucoOnam OaHKWHHWHT
(GyHKIIMOHAT cXeMacH 6-pacMia KeITHPHUIITaH.

6-pacM. bg xuco6aam 6aHKMHUHT GYHKIIMOHAJ CXeMaCH
20



b; — teskop Gank (MonuTOop) OAT ne6 artamaau Ba aBTOMATHK PEXUMIA
unuiad, KyHuJaruiapHd Hazapaa TyTaAu. ONTUMAJUIAIITHPHUII MacalalapuHU
yHU(PHUKAUSIAN, MabJIyM Macajaiap KYHWIMIIUHUHT TYFPUIUTHHA Ha30pat
KWINIL;, KOMIBIOTEP XOTHUPACHHM TAaKCUMJAII, MOJEIUIAPHU TAAKUK KWIMII Ba
uAeHTU(UKAMSIIANT, KYHHITaH MacajalapHH €4uIlra pyxcar OepuiraHjivk Ba
VJIApHUHT ONTUMAJUIMTH IIApTJIApUIAaH alIrOpUTMIIAPHU TAaHJIAII;, Macajajap
cuHbU y4yyH MYBOGUKIMK TE3JIMIMHUA OIIMPHUII MaKCaauja aJropuTMIIapHU
MapaMeTPUK ONTUMAUIAIITHPUIIHY YTKA3UI; AJITOPUTMIAPHUHT ONTHUMAaN KEeTMa-
KETJIMTUHU TY3WI; WIIYM JACTypJapHU IIAKIUIAHTUPHUII, XUCOOHU topuTuil. b;
(OAT) te3kop GaHKHUHT (DYHKIIMOHAJ CXeMacH 7-pacMjia KeJITHPHITaH.

.
.
.

7-pacM. b7 (OAT) Te3kop 6aHKHMHT (PYHKIIMOHAJ CXEMACH

b; Oomika OaHKJIApPHUHT TallKd ajoKaidap (QYHKIUSJIAPUHU aHUKJIA0,
yIapHUHT (aoHsAT KypcaTuill TapTuOuHU Oenrmnab Oepaau, 3apyp Xosuiapa dca
doiifalaHyBUMHUHT XOXHMILWra Kypa Y3rapTUpUIIM MYMKHH. Xap Oup OaHk
V3UHUHT ax0opoT 6azacu Ba (PyHKIUsIIapU KEHT OyiMmaraH M4KM MOHUTOpHUTa 3ra
oynran amoxuma Alllnap cudaruaa y3unm HaMo€H stamu. lynpai kumumo, b,
OOIITKa MOHUTOPJIAPHUHT HIIJIAPUHHA XaMJa OMpUHYM HaBOATHa, Y3MHUHT OaHKH
uimuHU Oomkapaau. bomkapumHuHr OyHAAl HEpapXHMsUIMTH WX4YaM Ba HINIA
ATWITyBYaH MOHUTOPJIAPHU UIIIA0 YMKHUIITa UMKOH OepajiH.

Nuccepraiussauar  OemHun 606 (Typiam makcamamapra MyIDKalTaHTaH
MYXaHIUC KOHCTPYKIMSUIAPHHH ONTHUMAUIAIITHPHIN XHCOOM HAaTHKaJIapH)uaa
TakIu( OSTUATAaH QITOPUTMUK THU3UMJIAD AacoCHJa KaTrop IONKAa JI€BOPIIU
KOHCTPYKIUSIJIAPDHU ~ ONTUMAUIAIITUPUIL  YyYyH  YTKa3wiraH  XucoOJiaill
TaXpUOATapUHUHT HaTWXajdapu KenTupwirad. Yerapa mapriapy Ba TallKu
Kywiap TH3UMU TypJiuda OyiraHaa KaJWHIUTH Y3rapyBuaH IUTACTHHAJIAPHU
ONTUMAJTAIITUPUII Macajllack edwirad. MyBo3aHaT TEHIJaMacu DJHEpPrus
MUHAMYMUHUHT BapUallMOH TaMOWWIUAAH KENTUPUO YMKApWiIraH. YMyMui
MYBO3aHAT TE€HIJIaMacu KyMuJaru KypyuHUIITa ora.

[24))

ijZLk,(u )oU, dv+zjj ZFk, (U) S, drdB +

k=ly i=1l I\lrﬁll

+23:” ZS:FK,(U) U drda+” Z

K=1Y g =l

g3

=1

5—drd,8+ (1)

Eaa—VZdrda > jxaUdadﬂ

i=l o4
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Oy epna Ly, [ — unsukimm auddepennuan oneparopiap.

by TenrmamamapHu Moc uyerapa ImapTiiapura Kypa €4ull HOKOpHaa
TaBcU(IaHraH ajaropuTmiiap EpaaMmuja amaira ommpunaau. bupok 06ab3u
Xycycui xoiapaa, 0ab3u napameTpiIapHUHT MabliyM KUiIMaTiIapuaa KOOUKJIapHU
XycoOjanl MacalajJapyuHu KypWIMII MEXaHUKacHu YCyJUIapUHHM KYyJulail OwWiaH
JEKOMITO3UIIMSIIAI MaKcaara MyBouk OViuO, Oy edyBUM aJlrOpUTMIIAPHU aHYa
coJlIaalTUPAIH.

MeTpononuTeH Typuaard MyXaHIUCIUK OOBEKTIApUHU ONTHMAJUIAIITHPHUII
oyiinya xucoOmant Taxpudanapu HaTIKaJlapH, IIYHUHIIEK
ONTUMAJUIAIITUPUIIIHUHT AITOPUTMHUK THU3UMIIAPU acocuAa KOOWKIW TypAaru
METPOMOJUTEH KOHCTPYKIMSUIADUHH ONTHUMaNl JIOWMXAJIAIIHUHT MYyaMMOJIH-
nynantupuwiaran A/lllnapunan Kypui yuyH OAT HUHT pHBOKJIAHWII Macajalapu
kenTupuiarad. ONTUMaUTAIITHPULITHUHT JITOPUTMHUK TH3UMUAArd KOHIICTIIMS Ba
TaMOMMJUIap acocuja Typiu Basubagard MyXaHIUCIUK OOBEKTIIApUHU ONTHMAI
novuxanam yuyyH AJIIl mapunu umna® 4dukuin Wyuiapu Kypcatuiaran OYimoO,
QITOPUTMHUK TypJarujap OuiaH COJMILNTUPUIraHjaa, Oy MakeTrna MOJeUIapHU
HIAKUTAHTUPUII OJIOKM Po3ara KejaJu Ba WHUIOOTJIADHUHI MabiIyM CHHQUra
MYJDKaJJIaHTaH JacTypuil MaKeTHU HUILIA0 YMKUII UMKOHMITH Ba 3apypUSITHUHU
oenrunad Oepanu. MeTpononMUTeHHUHT Oup rymOa3nu OekaTjiapuHU apajall
TeMUPOETOHIN KOIJIaMaJlapuHU, aHTUCEHCMHUK OYFUHIM JOUpPaBUM TeMUPOETOH
TYHHEJUIM KOOMKJIApHU XHUCOOJall Ba ONTHMAJUIAIITUPUIL Macajalapy €YWJITaH.
MatepuaiapHHHT aXaMUASTIN Tapakaaa TeKATHUIINTA SPUILIUITaH.

1-macana. Kamuunuk Vysrapumm h(f) Hu Oenrmwina®d GepyBud h, Ba h

k03 durrenTIap aHuKIaHCHH. ByHa:
F =[] - 0 yu| — min;
0lu<h, <0,2m; h =0,2-hy; (2)
[o]=2500m/ m*
By mMacamanu eaumu: ho=0,1221143x 1a F~ =0,00063m/ ",

MeTrpononuTeHHUHT  Oup Tym0a3nu  OeKaTMHU  ONTUMAJUIAILTHPHII
Macajacura y3rapMac KaIMHIMK Ba JOUMHUI R pajnyCciau YeKCU3 Y3YH LIMJIMHIPUK
KOOHWKJIapHU JIohuxanami cudaruaa Kapananu (8-pacm).

Macana xynaM MareMaTHK JacTypilall macajacu kabu Kyuwiaau: OeToH
cappu  MUHUMYMIUTMHA  TabMUHJIOBYM Ba  MYCTaXKamJIMK  IIAPTHHH
KaHOATJIaHTUPYBYM KOOMK KAIMHJIMTMHMHT Y3rapum KoHyHu h=h(4) Ba éhwmmin

OypYarvHUHT ONITUMAJI KWMMaTH [, HU aHHUKJIAIll Tajgad dTUIaIu.
bypuaknu koopauHara S Tra Kypa rym0a3 KaJMHJIMTMHUHT Y3rapuil
KOHYHUHU KyHUJaru KypuHuIiga Oepamus:
h=h0+hlsinﬁ. (3)
Bo
OnTuMayutanyBuM TapameTpiap: S, — Koowk Eimnmacu Oypuaru; hy,h, —

rym0a3 KaIMHJIUTUHY OCJITUI0BYM TTapaMeTpJaap.
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8-pacM. MeTponoJMTeHHUHT OMpP rymM0a3/im 0eKaTHUHU XUCOo0J1all cXxeMacH

[loe3nnap XapakaTWHM TabMHUHJIAIl YYYH TYMOAQ3HUHT STPWIMK pPaJUyCH
HIyHJal OYIuIIM  Kepak-Ku, KaWcuku OyHga X =8710 mm Ba Y =3400 mm
KOOpAMHATaIu HYKTa OeKaT XaXMUHMHT numia >xkounamicud. Illynra xypa ypra
103aJ1aru paanyc R Kyuaaru ¢popmysa OuiaH aHUKIaHAIM:

o Tsing, +4/49sin? B, +363c0s’ 3,
2cos’ B,

, (4)

72'_
Oy epna B, = Zﬂo.
['ym6a3 Gajnanmmrd H Ba SHUHUHT KSHIVIMTH L Kyiuaaru dopmyiaiapaaH

AHUKJIAaHAN:

L=2-R-cosf , (5)
H=R(l-sing,). (6)
MuHuManiIaHyBuud — Makcaja  QyHKOUsAcH — TyM0a3  y3yHJIUTHHUHT

1 meTpuaaru MmaTepuan XaKMHu.

Bo Bo
F.(x)=1- [Rn(B)da =L | R(hO +h, sin ﬁjdﬁ =Rp, [ho +ﬁj. (7)
0 0 ,B T

0
Kyiunaguran yerapamanuuiap:

% < B, <
0,5m <h, <15x; (8)
-0,5m<h, <0,5x;
Orax S [(T].
2-macana. MacajaHd edYuIl y49yH KyHumard OONUIAaHFUY MabIyMOTIAPHU
KaOyn Kwiamus. ['ym0a3 wmarepwann — M300 Oeronun. E=3510°m/n?;

1=015; [o]=1990m/ »°.

Kyunanuim h=h(f) OOFIMKIMKHHM 5BTUOOpra OJraH XoJja, OHEPIUs
MUHUMYMUHUHT BapyalMOH TaMOWWIMAAH KEATUPUO YUKAPWUITAH, KAJTUHIUTU
Y3rapyB4YaH MUIMHIPUK KOOUKHUHT KYPUO YMKUIAETraH KYHAAIAHT KECUM F03acu
MyBO3aHATUHUHT  Au(depeHnuan TEeHIVIAMaJIapuHU  JacTIa0Ku — TU3UMUHU
CUMILJAH KEeWMMH aHukiIaHagu. YerapaBuil mapriap: 4derigapu OyinMya KaTTUK
OoupukTupuil S, =0; B =f,.
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Huddepenuunan TeHrnamangap Yekid adupmanap ycyiau €EpJaMuja COHJIU
euryiany. byHAa WKKUHYM Japakalld aHUKJIMKHUHT Mapkasuid  QpapKuga
doinanmanunaan. byrma xocwn OYnmaguraH YW3WKIM TEHTJIaManiap TU3UMHHH
eUMINIa KaTTa YyirdaMJard anreOpank TeHrIamMajiap THU3UMHHH €UUIl Y4YyH
KOMITBIOTEPHUHT MHHUMYM TE€3KOp XOTHPACHWHU Tajlad ATYBUM Ba IOKOPU TE3KOP-
JUKKa dra Oynran ['ayCCHUHT TaKOMWJUIAIITUPWITaH YUKApUO Taluiaml yCyld
Kyuaruaan. Macanann [0, 5,] xecmana eunmzpa typauar 100 6ynarn onvHanu

Ba MyBO3aHAT TEHTJIAMAaCHUHH €TapJid aHUKJIUK OUJIaH €YUl TAbMUHIAHA Y.

bapua xucobmanurap KOMIbIOTEpJa amMalra ONMIMPHUINO, ONTUMAIUIAIITHPHII
MacalaJapuHd €YUl YYyH OKCTPEMYMHHM Tacoguduil KUAUPHUII YCYIUIaH
dorinananyBun riaodan kumupuin anroputmu ['K-3 Oyitnmya Ty3unraH mactypui
BOCHUTAJIAp MAXMyacH KYJUIaHUJITaH.

Hkkuta Oup-Oupura OOFauK OYJIMaraH rokjaamMajap TU3UMHUra 3ra rymMOa3Hu
ONTUMAJIAIITUPUINI  KyWuaarnya amainra owupwiagd. OnruMaliaHyBYH
napameTpiiap (pazoCMHUHT SHT MakOyJl HyKTacHu Xap OMp Kyd TU3UMIIAPU TAbCUPHU
ocThJa KOHCTPYKIMSUTADHU TYIWK XucoOjaml amanra omupmiagd. HMkkama
IOKJIaMajap THU3MMH Y4yH Oapya uerapajlaHuluiap KaHOATJIaHTHUpPWITaHIarvHa
WIIYM  KajaM TyrajUlaHaJId, akC XOJiJa SHTM HYyKTaHW KUAWPHUII amMaira
omupmwiaad. ONTUMAJIAIITUPUIT £=1% aHUKJIUK OWJIaH amalra OIIWPUIAJIH.
Ky#iunaru Hatvkanap oauHIN:

F=9,088.1°% S =3092; h =050; h' =-0309a; R*=99x; L' =198x; H =98

['ym6a3 KOHCTPYKIMSICHHUHT MaBXyJ BapuaHTH KyWuaaru TaBcudapra sra:
F,=1476 »°; R, =1236m; R, =574m; L=197x; H =815.x.

['ym0a3HUHT onTHMand KOHCTPYKIMSICHUTA FOKJIaMaJapHUHT MKKWUHYU TH3UMHU
TabCUp KWIraHga ONMHraH sSruiaumm W(S), OypyBun MomeHT M(B), Hopmai
KYWIaHHII o(f) JAPHUHT 3TPH YM3UKIapU 9-pacMia KeATUPHUIIraH, YyHKH aiHaH
WKKUHYM TH3UM TabCUPUIATMHA MYCTaXKaMJIMK 4erapacura spuimirad. bapua
OJIMHTAH HaTI>Kajlap 4eTiapyu KaTTUK CUKHITaH KOOMKJIapra TaauTyKiH.

bupok, OexarmapHUHT TYMOa3ld KOHCTPYKIUSJIApPUAA KATTHK CUKWIUIITA
DPUIITIMANIN, YYHKH TyMOa3 TpyHTra ETKU3UITaH TEMHUPOCTOHIIN JIOTOKKA, SHHU
ATWIJIyBYAH acocra TasHaau Ba TYMOA3HHMHI YeTJapHu MabiyM Oypuyakka OypHIIMIIN
MyMKHH (8-pacM). I'ym0a3 ydyH derapa WIapTIapuHU “IOMINATHUIL HUMajapra
OJIM0 KEIUIIMHU OWIMII YYyH YeTJapu [APHUPIU-OUPUKTUPWITaH KOOMKHU
ONTUMAJUIAIITUPUIIIHA aMalira ommpamMu3. by Xonnma dyerapaBuii mmapTiap
KyWHIAard KypUHUIITA Ora.

p=0,W=0;M=0; g=4,W=0,M=0.
OnTuMaNamTHPHII XYM OJAMHTH MacalafarueK aMmaira OmpuiIau.
Kyitngaru Hatmkanap oJuHTaH:
F =7185xm% R=10,3m; L=20,25m; H=85m; B,=2795;, h=05; h =-0,397 u;
10-pacMman kypuHUO TypuOIUKH, ONTHUMaN T'yMOAa3HUHT MapKa3uid KHUCMH
KOHCTPYKITUSSHUHT MOMEHTCH3 XOJaTUTa, SbHU MATCPUATHHHT OJHT  SIXIIU
UIuIamura Tyrpu kenaau. by Hatmka Ooika KaTop Myaud(IapHUHT XUCOOarn
Ba JIOWMXa HATIKAJTapura MocC Kenaaud. AWTHIN KOU3-KH, MaBXya rymOasnapiaa
aHYarmHa STYBYM MOMEHTJIAp CakJIaHuO KOIau.
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9-pacm. YeTjapn KaTTUK CHKHJITAH KOOMKIAPHH ONTHMAJUIAINTHPHIL/IA
osmHraH yruanm W(4), GypyBun MomeHT M (), HOpMaa Kywianuu o(f)
JAPHUHT 3TPH YU3UKJIAPH

F 3
Wi Ba >
0,001 B
3002
0,003
1,004
JhMm '3
i D | .
10 B
20 4
230
A T
i
o004 B*
1500
1000
000
’ B
500 B
-1000
-1500
3000

10-pacm. MeTponoiMTeHHMHT OUP rymM0a3/im OeKaTHHU XUCo0IamIa
oauuran W(g),M(3), o(3) arpu unsukiaap
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bup rym6a3nu 6ekaTnapHUHT MaKya KOHCTPYKUUsTIapU MaTepuaiap cappu
KUXaTUAAH palMOHAI XHcOoOJaHMaiau. XucoOnaml HaTWXalapd MaBxKy.
OekaTiapiard TrymOasyiapra Kaparasjaa, ys3rapmMac OSTpWIMKIN T'yMOa3napHU
JoWMXxaianl MaTepuaiiaH  pauuoHan (QoijganaHum  OwiaH —TaBcuIaHAIH.
['ym0a3nap KOHCTPYKUMSAJIAPUHU JIOMMXaNalla MaTeMaTUK JacTypJalllTHPHIL
YCYJUIAPUHM KYJUIAHUIIMHUHT MaKCaAra MyBO(QHUKIUIY aCOCIaHTaH.

IOnka nnacTuHamap auHamMuKacu Macajgacu. Yernapu SpkKUH €KUM  OUKp
MaxKaMJIaHTaH IJIACTUHAJAp JMHAMHUKACH Macalajlapy y3uJa IUIACTUHAJAPHHHT
APKHUH Ba MaXOypuil TeOpaHUIIIapU MacajlaJJapuHU €YHUIIHNA XaM OMPUKTHUPAAH Ba
MIaCTUHAJIAPHUHT SPKHUH TeOpaHUIIIapH  TEHTJaMaJapuHH bapxiu
CIUTUKJIAHTUPHUII YYYH XyCYCH KHUWMaTiap Ba BEKTOpJApHU aHUKJAIIra OJn0
KEeNMUIIM MyMKUH. BU3HHHT xonma Oy macana Xycycuid KHUMMAaTIapHUHT KHCMaH
MyaMMOJIApUHU eYHIra Kedatupwirad. Mmmad dYukuiaran anropurmiapHd
TaXpuOaBUi TaIKUK KWJIMII MakcaauJa pe30HaHCra SKUH 4YacToTalapia
IUTACTUHAHUHT MaxOypuil TeOpaHUIUIapy aMIUIUTYJACUHU TOMMII YYYH HEHpOH
TAPMOKJIAPUHUHT UIIH MOAEIIAIITUPUIIAN, TaxXprOa HaTHKaJapy ajJropUTMIIapHU
IOKOpH CaMapaJopJIMTUHU KYpCaTau.

XyJoca

Ninad yukapuin camapaiopiIuriHu sHajia OMIMPHIIL, MaTepruauIapHu TeXkalll,
JonuxanaHaéTran oOBeKTIap cudatuHu AXIIUTIANI, MYyXaHIUCIUK
KOHCTPYKUMSJIAPUHY JIOWMXANAll MYIAATIapUHU KHCKApTUPHUIL YUYH MaBXY[
aBTOMATJIAIITAPWITaH JIOMMXajall TU3UMJIAPUHU TAaKOMWUIAIITUPHUIL XaM[a
acoCaH ONTHUMAJIAIITHPHUIL, TU3UMIIMA TAaXJIWJI Ba MaT€MAaTHK MOJEJUIAIITUPHIL
ycyJuiapujiad QoigalaHuIra acociaHu® HIUIaIUrad airOpuTMiIap MaXMyUHU
ApaTULI JIO3UM.

OOBEKTIN CTPYKTYpPaBUM-aTpUOYTIM MoAeiiap WIuIad YuKwiran OYiuo,
axOopoTiaM aKC OTTHPUINHUHT OCKU3JIM  caTXyla Y3uja  MYyXaHIHCIIHUK
KOHCTPYKIUSIJIADUHUHT  KOHCTPYKTOPJIMK  Ba  TEXHOJOTHMK  KUXATJIAPHU
My)KaccamyamtTupaan, Oy dca H3CKU3IU KOOpPAMHATIAp CaTXWJa TEXHOJIOTHK
Jorxanap macanajapy TaBCU(DUHM MIAKIIAHTUPHII Ba MHKPO KOOpJWHATATIapUra
VTUmaa  aMajuUlapHUHT  OaXapWIMIIMHA ~ aBTOMATJIAIMITUPUIIHUHT  FOKOPHU
JapakacCMHU  TabMUHJAII ~ WMKOHMHM  Oepamu. Typaum  xunm  Joinxa
axOOpOTIapUHUHT y3apo OOFJIaHTaH TYIUIAMHUHU MOJEUIAIITUPYBUYM TEXHOJOTHK
OOFJIMKJIMKKA aCOCJIaHraH KOHIEMNIMs aBTOMATJAIITUPUIITaH JoWMXajall Ba
JOMMXa WUUTAPUHU OOILIKAPUILI THU3UMJIAPH HHTETPAlUSCUHUA aMajra OUIMpPHIL
MMKOHUHU Oepaju.

MyXaHIUCIUK KOHCTPYKUUSJIAPUHU ONTHMAJ JIOWMXANAIIHUHT MYXUM Ba
n0J13ap0 MyaMMoJiapuJlaH OUpPUHU euulira OarvMluIaHraH AUccepTalus WUIIMHUHT
aCOCHI HaTIKalapy Kyluaaruiaapiad noopar:

1. MyxaHaucimk KOHCTPYKUHUAJIAPUHU ONTUMAJ JIOMMXaJalll
XYCYCUSTIAPUHA YBTHOOPTa OJITAaH XOJJa TU3UMIIM EHJAAINIYB acocuja axoopor
QIMAaIIMHYBUHUHT ~ YMyMHM  yHUUKaUusAjgaliraH  TaMoWWwIapura  Kypa
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MyXaHAuCIuK KoHcTpykuusuiapu AJIT ga KOHCTPYKTOPJIMK Ba TEXHOJOTHUK
€UMMJIAPHU TaxXJIWJ KWIWII Ba CHUHTE3 YCYJUIApH, AJITOPUTMIIAPUHU amMalira
OLLIMPHUIITHUHT WIMHA MyamMMoJiapura OyJraH acocuil KOHIlenTyasl EHJanlyBiap Ba
Koujanap TabpuIianras.

2. OnTuMaIalITUPUII Macajaiapyd CMHOUHM camapaiu €4MIl y4yH Yy3uja
KUJUPYB AJITCOPUTMIAPH TYIUIAMHHU MY>KacCaMJIAIITUPTraH ONTHUMAaJUIAIITHPHUILL
TU3UMUAAH (oiiIaTaHuIl MaKcaara MyBOOUKINIYA aCOCIaHTaH.

3. MyXaHIUCIUK KOHCTPYKUMSJIADMHU ONTHUMAJUIAIITUPUIIHUHT Ha3apui
acocjlapy MaTeMaTHK MOJEJUIAPHA TaJAKUKOT OOBEKTH Ba3H KYpHUHHUILUJATH
camMapaJiopJIiK ME30HJIAPUHUHT KYpCcaTKU4iIapy OyilMya oNTUMaUTalITUPHILTa
acocnmaHagu. byHmali MojaemapHM KypUII XaM Ha3apuid XaM XucoOJjand
TaxpubamapuHu  YTKa3ummHU  Tamad odtau.  Jlolmxa  wnuiapuaa  KEHT
KYJUIAaHWJIQUTIaH MOJEJJIap Ba YJIAPHUHT aJITOPUTMIIApH Oyiinya KarTa XakKMIaru
JaMWIMA Marepuas, XucooOnam aManuéTuaa OUpUHYM MapTa MYXaHIUCITHK
KOHCTPYKIUSJIAPUHU ONTUMAJUIAIITHPUII AITOPUTMIIAPUHUHT SHAJ1a UIIIOHYIIMPOK
(MOHaH]1) TH3UMHUHU UIIUTA0 YUKUIII UMKOHUHU OCp/IH.

4. Kyn skcTpeMan macajajlapHd €4YMIll Ba XHcoOiaml »Xapa€Hu BaKTUHU
KUCKapTUPUIIHU TabMUHJIAII UMKOHUHU OepajvraH JOKaJl Ba TJI00al KUIUPHUIIT
anroputmiiapu (I'K-3) taknud stunran. I'K-3 anroputmu acocuyma OyTyH COHJIH
y3rapyBuuiap OViraH IIapouTa MacajaHW e4uIlra KoJIup OyiraH yHHHT
MOAU(PUKALMSICH SIPATUIITAH.

5. MyBOQUKIMKHUHT MAaKCHMMajl Te3JUIrura ira OYiraH aiaropuTMIIapHU
KYJUIAIIHUHT ONTHMAaJI KETMAa-KETJIUTMHU aHUKJIAIl YCITyOUsITH TakiAUu( STUITaH.
Monennapau napamMeTpuK HACHTHU(PUKAUMAIAN YCyJId UIUIad YUKUITaH, XyCycaH
UAeHTUUKAMIIAT Macajlacl AKCTpeMall Macaiara Kentupwirad, cyarpa ['K-3
QITOPUTMHUHHM KYJIIallra oJin0 KeJITUHTaH.

6. Xap Oupu Karbuil aHUKJIAHTaH (QYHKIUsATa dSra OYJIraH aJropuTMUK
Oanknap (b) wummra acociaHraH ONTUMAIIIAIITHPUIN MacajlaJJApUHUHT KEHT
CUH(GVHU EYUITHUHT AITOPUTMHUK THU3UMH TaKIU( STHITaH. AJTOPUTMUK TU3UM
aBTOMATHK peXUMAAa HIUIAWIA Ba KyWHJarwjiapHd  Haszapaa  TyTaau:
ONTUMAIIAIITUPUIIT ~ Macajajapyd KYyWWJIHIUIApUHU — YHUDHUKAIMATIANI;, aHUK
MacajajJapHUHI KyWWIMIIM TYFPUIIUTUHU HA30paT KWIMII; MOACIUIAPHU TaIKUK
KWIMIT Ba UWACHTUUKAIMSIIANL, KYWWIraH wMacajajap €4uMU Ba YJIapHHUHT
ONTUMAJIJIUTH IapTIapHIaH aJITOPUTMIIAPHU TaHJIAllL;, YOy IpeIMeT COXacuIaru
Macajanap CMH(GU Y4yyH MYBO(DHUKIMKHHUHI Tana® 3TUITaH TE3JIMIUra SPUILULI
Makcaaujia TMapaMeTpuK HWACHTU(QUKAIUSHU  YTKa3Wll; WIuiad YUKWIraH
ANITOPUTMJIAPHU KYJUTAITHUHT ONTUMAJ KETMa-KEeTJIUTH YCYJIH TaKJIU(Q 3TUIITaH.

7. MertpononuTeH TypuJard WHIIOOTIIAPHUM ONTUMAJUIAIITUPHUIN OViinya
xucoOnam HaTWXKajlapu Keatupwirad. bup rymOasznu Oekarnap TyMOa3MHHMHT
MaBXyJ  KOHCTPYKIUsIapu  maTepuan  capbu  SKAXaTHUAAH  parroHal
xucobnmanManau. Mapxyn OekaTiapigarura Kypa MarepuajjiaH —palrdoHall
doiinanannO, ¥y3rapMac STPWIMKIA TymMOa3jJapHHU JOMUXAJall WMKOHHUATIAPH
kypcatwirad. ['ym0a3mapHUHT KOHCTPYKIMSUIADUHU JIOMUXanamiga OepuiiraH
ME30HTa Kypa TyMOa3HUHT ONTUMAaJl KOHCTPYKIIMSICUHU TOTIa OJIaJIUTaH MaTEeMaTHK
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JacTypiaml Ba KOMIBIOTEPIM  yCcyiuiapaad  (QoWJaJaHUIIHUHT — Makcazira
MYBO(UKJIUTH aCOCTIaHTaH.

8. Ontuman MyXaHAMCIWK KOHCTPYKIHMSUIAPUHU Ba3HIU ONTHUMATAIITHPHUII
Ba yJIapHU aJITOPUTMIIAIITUPHIN OYyiindya joluxanam Y4YyH Takiud >STUIra
TaBcHsuIap Oyinya MyauIM(IIMK TYBOXHOMACH OWJIaH XUMOSUIAHTaH Ba XHCOOIaIl
aMaMETUTa KOPUN STUIITAH aJITOPUTMHUK TU3UM SIPATUJITaH.

9. Yernapu 3pkuH €KUM KATTUK TasHYra KyWWJITaH IUJIaCTUHANIAp JUHAMUKACH
TEHrJaMajlapy THU3MMHHU HEUPOH TapMoOKIap/a CHUIMKIAHTUPUII YCyJId Ba
MOJEJUIAIITUPUIIT ~ aNTOPUTMHU  WINUIA0  YUKWITaH  XaMja  xucoOJarl
TaXpUOATAPUHUHT COHJIM HATIXKAJIApU OPKalW Yy3rapMac KAJIMHIMKIArd Oup
KUHCTM TIIACTHHANAP TEOPAaHWUITMHUHT OWUTApMOHUK TEHTJIaMajlap THU3UMUHH,
pean KOHCTPYKIMSUIAp THUTPAIIMHUHT OONUIAHFAY TEHTJIaMajap TH3UMUHU
TpaHChOPMAIUSUTH €UUINTa COJUINTHPTaHaa, ['ayCCHUHT sSpuM TpaHchopMmarms
TaMmonmInaan Goigananu0, OENTIIM aHUKJIAHTaH MaTpUliaiap OpKaiu €YUIITHUHT
UTEPAIMOH KapaH! MYBO(DUKIUTH HT SIXIIW SKAHIUTH TaCIUKJIAHTaH.

10. TagkuKOT HaTHXKAIApU MYXAHAUCIUK KOHCTPYKIMSUIAPUHU JIOMHMXaJalll
Ba KypWIUIIMAA TypJd ONTUMAUIAIITAPUIN MacalajlapuHu e4uIll  OujiaH
HIYFyJITIaHYBYH WIMUN-TaAKUKOT UHCTUTYTIAPH, Taxpuoa CHUHOB-
KOHCTPYKTOPJIMK Oropojiapy Ba JoWMXajall TallKujioTiapuaa myBaddakusariu
KYJUTAHWJIHAIITA MyMKHH.

TagKUKOT HATWKAIAPWUHU KOPUM KWIUIIJAH OJMHAJAUTAH HWKTUCOINAN
caMapaJIopJIMK KyhuaaruiapaaH TallKui TONTaH:

XUCOOJIaIl TAXKPUOATAPUHUHT HATHKAIAPU MYCTaXKaMJIUK 3aXUpacu OUp Xuil
KOHCTpYKIUsijap BasHH Oyinuya 20 mapra QapkK KWIMIIWHU, SHbHU KAJTUHIUTH
y3rapMac  KOHCTpYKUMsUIap  YpHHra  KaJWHIWTK  Y3rapyBuyaH  KOOMKJIU
KOHCTPYKIUSTIApHU Kyiutanaa Ba3H 14 ¢owusra (MWIMHIPCUMOH KOOUKJIAp YUYyH)
Ba 27 (ousra (KOHYCCUMOH KOOMKJIAp y4yH) KaMalHIlI aHWKJIAHTaH.

KOHCTPYKIMS Ba3HUHH ONTUMAJUIAINITUPUIL HATHXKACHIA MYCTaXKaMIIHK
3axypacu Oup XuJ KOHCTpYKIUsiIap Ba3HH Oyitnda 20 maprta GapK KUIUIIH, SHHU
KAJIMHIUTH Y3rapMac KOHCTPYKIUSIAp YpPHUTA KAIWHIWTH Y3rapyBYaH KOOWKIIU
KOHCTPYKIUSIJIApHU KyJutamijga Ba3HHUHT 14 Qowusra (IMIMHIPCUMOH KOOHUKJIAp
yuyH) Ba 27 Qomsra (KOHYCCUMOH KOOWKJAp YYyH) KaMmalumu OuiaH
MaTepuaijiap Ba MEXHAT PECYPCIApUHUHT TEKAJUIINTA SPUIIHUITaH.

Mynaail kuinb, Wmaa KEATUPWIraH SIHTM WIMUM XOJIaTJIapHU Ha3zapui
YMYMJIAIITUPUIIT Ba aMainuérra >KOPUM KWIMII acocuia MYXaHJUCIUK
KOHCTPYKITUSITIapU Ba KypHIMaJIapuHU JTOUHMXATAIITUPUTITHUHT
aBTOMATJIAMITUPUITAH THU3MMHIA KOHCTPYKTOPJIUK Ba TEXHOJOTHUK CUUMIIAPUHH
CHUHTE3 Ba TaXJWJ KWIMII YCyJJIapd Ba aJTOPUTMIIAPU HILIA0 YMKWIAM Xamga
MYXaHIUCIUK  KOHCTPYKIMSJIapM  Ba  KypwiIMajJapuHu  Ba3H  OYyiinua
ONTUMAJIIAIITHPHUIIA KYJUIAlll HATWKACHIa MaTepUaUIapHU TEeXalll, MaxXCyJoT
cudaTUHU OLIUPHUII, OOBEKTIAPHH JOWHXANIAI Ba UINTA TYIIUPHUIIT MYAIATIAPHUHH
KUCKapTUPHUII KaOU XaJIK XY KAJIUTH aXaMHSITHUTa MOJHUK OYyJIraH WHPUK MyaMMO
CUHJITaH.
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HAYYHBINA COBET IIO NPUCYKJIAEHUIO YYEHOUN CTENIEHUA
JOKTOPA HAYK 16.07.2013.7.02.01 ITPU TAIIKEHTCKOM
I'OCYJAPCTBEHHOM TEXHUYECKOM YHUBEPCUTETE U
NHCTUTYTE DOHEPIT'ETUKHN U ABTOMATHUKH

KAPIIMHCKHUN T'OCYJAPCTBEHHBIN YHUBEPCUTET

AKYBOB CABUP XAJIMYPAZIOBHUY

METO/bI U AJITOPUTMbBI CHUHTE3A U AHAJIN3A

KOHCTPYKTOPCKHUX U TEXHOJOTMYECKUX PELLIEHUM B

CUCTEME ABTOMATU3UPOBAHHOI'O IPOEKTUPOBAHUS
WHXEHEPHBIX KOHCTPYKIIMI U COOPY KEHUM

05.01.08 — ApTomaTu3auus M ynpasJjieHHe TeXHOJIOTHYeCKHMH
npoueccaM M MPOU3BOJACTBAMH
(TexHHYeCKHEe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIIUN

Tamkent — 2015



Tema TOKTOpPCKOii quccepTanuu 3apeructpupoBana 3a 30.09.2014/B2014.5.T310 B Buicueii
aTTecTaMOHHOM KoMuccnu npu Kadnnere Munucrpos Pecnny0Oiiukn Y30ekucraH.

JlokTopckas quccepralys BeIoJHEHA B KapImnHCKOM rocy1apcTBEHHOM YHHUBEPCUTETE.

ABTopedepar auccepTalMd Ha Tpex 3bIKax (y30€KCKHM, pycCKHMH, aHTIMIICKUN) pa3MmelleH Ha
BeO-cTpanumiie 1mo aapecy WWw.tdtu.uz u Mudopmarmonno-oopasosarensaom nopraine "ZIYONET" o
azpecy Www.ziyonet.uz.

HayuHpblii KOHCYJIBTAHT: Ha3zupos lllonmonkya A6aypo3ukoBuY
JOKTOp (PM3HKO-MaTeMaTHIECKUX HayK, mpogeccop

Oduunanbubie onnonedTol: bexkmypartos Tyakun ®DaiizueBny
akagemuk AH PY3, 1okTop TeXHUYeCKUX Hayk, Ipodeccop

IOapames Tagxkumar
TOKTOP TEXHUYECKUX HAYK, BEAYIINI HAyIHBIA COTPYIHHIK

Ha3zapos Yayroek CyJaranoBu4
JOKTOP TCXHUYCCKUX HAYK

Benymas opranusanus: TalmkeHTCKUIl YHMBEPCUTET MH(POPMANMOHHBIX TEXHOJIOT Uil

3amuTa TUCCepTaIU COCTOUTCS « 8 »  HroIns 2015 r. 8 9% yacoB Ha 3aceaHUN HAYIHOTO
coeta 16.07.2013.T.02.01 npu TamKEHTCKOM TIOCYAAPCTBEHHOM TEXHHUYECKOM YHHUBEPCHUTETE U
WucTtutyTe sHEepreTvku M aBToMatuku mo azapecy: 100095, r.Tamkent, yn.YHuepcuterckas, 2. Ten.:
(99871) 246-46-00; dakc: (99871) 227-10-32; e-mail: tstu_info@tdtu.uz.

C IOKTOpCKOM namccepTanmieil MOXXHO O3HAKOMHUTBhCA B HHQpOpMaImoHHO-pECypCHOM IIEHTpE
TallIKeHTCKOr0 TOCYyIapCTBEHHOTO TEXHHUYECKOT0 YHHMBEPCHUTETa (PErMCTPallMOHHBIH HOMep 6). Axapec:
100095, Tamxkent, yn. YauBepcurerckas, 2. Ten.: (99871) 246-03-41.

ABTopedepar auccepTanny pa3ociaH « 6 » HIOHA 2015 rona.
(npotokon pacceuiku Ne 2 oT« 6 »  WioHS 20151.).

H.P.IOcynoexon

[Ipeacenarens HAYYHOTO COBETA MO NPUCYKICHUIO
y4€HOM CTENeHH JOKTOpa HayK, J.T.H., mpodeccop,
akagemuk AH PY3

0.0. 3apunos
VYueHslil cekpeTapb HAy4YHOrO COBETA [0 NPUCYKICHUIO
Y4YEHOH CTENEHU TOKTOpa HAyK, J.T.H., TIOUEHT

HI.M.I'ynsamoB

IIpencenarens HayuHoro cemuHapa npu Haydnom cosete
10 IIPUCYKICHUIO YYEHOU CTENIEHU JOKTOpa HAYK,

I.T.H., Ipoeccop


http://www.tdtu.uz/
http://www.ziyonet.uz/
mailto:tstu_info@tdtu.uz

BBenenue (AHHOTALUSA JOKTOPCKOM IMCCEPTALIMHN)

AKTYaJILHOCTh ]| BOCTPEeOOBAHHOCTD TeMbI AUCCEePTAIMH.
[IpoexkTrpoBaHNE WHKEHEPHBIX KOHCTPYKUUK BBICOKOTO KAa4eCTBA M HAJICKHOCTU
IpU OJHOBPEMEHHOW SKOHOMHUU MaTEPHAIOB U APYrUX (PUHAHCOBBIX U TPYIIOBBIX
pPECypcoB, a TaK)Ke COKpAIllEHHE CPOKOB MPOCKTUPOBAHUS HEBO3MOXKHBI 0€3
MPUBJICYCHHUSI COBPEMEHHBIX METOJOB ONTHMM3allMM W  aBTOMAaTHU3AlUU
MPOCKTUPOBAHMS HAa 0a3e MPUMEHEHUS COBPEMEHHOW KOMITBPIOTEPHOW TEXHHKH.
Pa3paboTka HOBBIX MaTE€MaTUYECKUX Mojened, 3PQPEeKTUBHBIX aJITrOPUTMOB,
NAKETOB MPUKIAIHBIX MMPOTPAMM U CHCTEM, MPEAHA3HAYEHHBIX JJI PEIICHUS TEX
WIM MHBIX KJIacCOB  3a/lad, SIBJISIETCS OJHUM U3 ILEHTPAJIbHBIX HaIpPaBICHUI
Pa3BUTHUSI COBPEMEHHON HAYKH.

PoiHOuHas cTparerust pa3BUTUSL OOIIECTBA B YCJIOBUSAX KOHKYPEHIIUU
HaJlaraeT >KeCTKUE OTPaHUYCHHUS, MPEIbABISIEMbIE K CpOKaM MPOEKTUpoBaHus. B
TaKUX YCJIOBHUSX MCIOJIb30BAHUE CUCTEM ABTOMATU3UPOBAHHOIO NMPOEKTUPOBAHUS
(CAIIP) craHOBWTCSA HACYIIHOW HEOOXOAMMOCTHIO. Pa3BUTHE HApPOIHOTO
X0341CTBa CTPaHbl M BO3PACTAIOIIAsl POJb HAYKHM B 3TOM CEKTOPE BCE OCTpee
CTaBST TMepell HAy4YHO-TEXHUYECKUMU PAOOTHUKAMHM MPOOJIeMbl TOBBIIICHUS
3 PEeKTUBHOCTH MPOU3BOJICTBA, DKOHOMHUU MATEpPUANIOB, MOBBLIIICHUS KadyecTBa
KOHEUHOU MPOIYKIIMH, COKpPAIIIEHUSI CPOKOB MPOCKTUPOBAHUS U BBOJA OOBEKTOB B
ctpoir. Ilepem  Haykod  CcTOMT 3amada  oOECHCUYCHHS  TEOPETHYECKOM,
METOOJIOTUYECKON U MPUKIAJHON 0a3aMu yCWJIMM, HAlPaBIEHHBIX HA YCHEIIHOE
pelieHre crhernuanucraMu  3Tux npobiem. CroXHOCTH MpobiieM Tpedyer
MPUMEHEHUSI 0OOCHOBAHHBIX U MPAKTUUECKHU MOJTBEPKICHHBIX MAaTEMAaTHUYECKUX
MOJIeJIe U METOJIOB, MO3BOJIAIONIMX OOECHEUYUTh pEIICHUE MPUKIAJAHBIX 3a7ad
yIpaBJIEHUs IPOIECCOM CTPOUTEIIBHOTO MPOEKTUPOBAHUS B PHIHOYHBIX YCIOBHSIX,
B TOM 4HCI€ C TOMOIIbIO  Hcnojib3oBaHus  TexHosioruil CAIIP u
aBTOMaTH3UpOBaHHBIX cucTeM yrpasiieHus (ACY). IlpakTtuueckass 3HaYUMOCTb
mpoOJeMbl  3aKJII0YaeTCs B HUCIOJIb30BAHUM  OCHOBHBIX  TOJIOKEHUU U
PEKOMEHIAIMKA UCCIICIOBAaHUSI HA TMPAKTUKE, B MPOU3BOJACTBE IMPOEKTHO-
TEXHOJOTUYECKOW JOKYMEHTalluM IS pEIIeHMs] 3a/lad, HalpaBJICHHBIX Ha
3 PEKTUBHOCTh yIpaBJCHUS] MPOLECCOM MPOCKTUPOBAHUS, B TOM UHCIE C
ucnons3oBanueMm CAIIP u ACY pa3nuyHOro Ha3HAYEHUS.

Kowmrmnekcabie Mepwl, mnpeanpuHuMaembie [IpaButensctBom PecnyOmuku
V36ekucran 1o passuturo CAIIP, Ha ocHoBe IlocranoBnenus IlpesumeHra
Pecnyonuku VY36ekuctan 3a IIII-1730 ot 21mapra 2012 roma «O Mepax mo
JajdbHEWIlIeMY BHEJIPEHUIO W Pa3BUTUI0 COBPEMEHHBIX HMH(OPMAIIMOHHO-
KOMMYHUKAIIMOHHBIX TE€XHOJOTHI», HAMPABJICHBI HA ITUPOKOE PACIPOCTPAHCHUE U
BHEJIPEHUE TMPOTPAMMHBIX MPOJYKTOB, Pa3pabOTaHHBIX HA OCHOBE COBPEMEHHBIX
WHDOPMAIIMOHHBIX  TeXHOJOTWA. B  3Tol cBs3M  co3mMaHMEe  KOMIUIEKCA
MPOTPAMMHBIX CPEACTB i MCCIEAOBAaHUA W ONTHUMHU3ALUU HHXEHEPHBIX
KOHCTPYKIIUH TPEACTaBIseT OCOOYI0 aKTyaJlbHOCTh M, BMECTE C TEM, SIBJISICTCS
3JI000/THEBHOM TEOPETHUYECKOM W TPHUKIAIHON MpoOJieMON, MMEIOIIEH BakKHOE
HAPOJIHO-XO3SIICTBEHHOE 3HAYCHHUE.

CAIIP B Hacrosimiee BpeMsl SBIISIFOTCS OJHUM W3 Hambosee d(PPeKTUBHBIX
CPEACTB TMOBBILICHUS] TMPOU3BOAUTEIBHOCTH HMHXXEHEPHOTO TpyAa U HAy4YHOU
NEATEeIbHOCTH, COKpAILEHUS] CPOKOB M YJIYUILIEHHS KauyecTBa TEXHUYECKUX
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pa3paboTtok. COBpEMEHHBIH TMOAXOJ K AaBTOMATU3AIMHA TPOCKTUPOBAHUS HE
OTpaHUYMBAECTCS MCIOJb30BAaHUEM KOMIIBIOTEpA MPHU MPOBEACHUU TPYAOEMKHUX
pacyeToB, HMHMOPMALIMOHHOM TIOMCKE WJIM  HM3TOTOBJIEHUU  TEXHUYECKOU
nokymeHtanuu. CeromHss peyb HUJIET O CO3JaHUM TaK  Ha3bIBaEMBIX
WHTEJUICKTYaJIbHBIX YEJIOBEKO-MAIIMHHBIX CUCTEM, B paMKaX KOTOPBHIX BO3MOXKHO
BBITIOJTHEHHE BCETO IIUKJIA TPOEKTHBIX pabOT, HAUMHAS OT HayYHBIX UCCIIEA0BaHUN
Y KOHYasl U3TOTOBJIEHUEM KOHCTPYKTOPCKOM M TE€XHOJIOTMYECKOW TOKYMEHTAIUH,
a B psiJie CITy4aeB — MAKETOB UJTU OTBITHBIX 00pa3IloB.

BocTpeOboBaHHOCTh AMCCEpPTAlMM XapaKTEPU3YETCs TeM, YTO BBIMOJHEHUE
BCEro IMKJIA MPOEKTHBIX pabOT, HaYMHAs OT HAYYHBIX HUCCIEAOBAHUN M KOHYAS
U3TOTOBJICHUEM KOHCTPYKTOPCKOM UM  TEXHOJIOTMYECKOM JOKYMEHTAlluW, U
HEO0OXOIMMOCTh IIUPOKOTO BHEIPECHUS METOJI0B u ATOPUTMOB
ABTOMATU3UPOBAHHOTO TIPOSKTHPOBAHUS B IPOU3BOJCTBO, OOYCIOBIUBAIOT
HEOOXOJIMMOCTh U IIEJIECO00Pa3HOCTh AaBTOMATH3AIMHU YIIPABJICHUS IPOILIECCOM
MPOECKTUPOBAHUS ONITUMATIBHBIX WHKEHEPHBIX KOHCTPYKITUH.

CooTBeTCTBHE UCCJIEI0BAHNS NPUOPUTETHLIM HANPABJIEHUSIM Pa3BUTHS
HAYKM M TexXHoJorui pecnyOoauku. JlaHHas pauccepranus BBIIOJIHEHA B
COOTBETCTBHH C IPHOPUTETHBIMH HANIPABJICHUSIMU PA3BUTHS HAYKH U TEXHOJIOTHH:
['HTII-17 -  «Pa3paboTka  COBPEMEHHBIX  HMH(POPMALMOHHBIX  CHUCTEM,
WHTEJUICKTYaJIbHBIX CPEJICTB YIpaBJICHUS M O0y4YeHHs, HAyYHO-TEXHHUYECKUX 0a3
JAHHBIX W TMPOTPaAMMHBIX MPOAYKTOB, OOECIEUMUBAIONIUX IIUPOKOE pPa3BUTHUE U
BHEJIpeHUE NHHOPMAIIMOHHBIX U TEIEKOMMYHUKAIIMOHHBIX TEXHOJIOT U,

O030p 3apy0eKHbIX HAYYHBIX HCCJICJI0BAHUN 10 TeMe IMCCEPTALUM.
TeopeTndyeckue W NPAKTHUUYECKUE HUCCIACIOBAHMUS IO CO3JaHUI0  HOBBIX
MaTeMaTHYeCKuX Mojeieit u 3(HEKTUBHBIX aITOPUTMOB, IIPEIHA3HAYCHHBIX JIJIS
aHaJIM3a U CHUHTE3a KOHCTPYKTOPCKUX U TEXHOJIOTMUECKUX PEUICHUN B CHCTEME
aBTOMATU3UPOBAHHOTO  MPOEKTUPOBAHUS ~ MHXKCHEPHBIX  KOHCTPYKIUUA U
COOPY’KEHUM, BEIHCHh KPYMHBIMH (hUpMaMu, KOMIAHUSMU, HAYYHBIMH IIEHTPAMH,
YHUBEPCUTETAMH M HAyYHO-HCCJICIOBATEIIbCKUMU HWHCTUTYTaMH 3apyOeKHBIX
crpaH, Takumu kak Autodesk, Inc. (CIIA), Siemens PLM Software (I'epmanusi),
Toto(SAnmonus), Acme Infotech Company (Mumus), "TIOJIMTEX-YUMII-XXI
BEK" OOO "TIOJIMTEX-YUMII-XXI BEK" (Poccust) u ap.

Pe3ynpTaThl  HAy4HO-UCCIIENOBATEIBCKUX  pabOT  JaHHBIX  HAy4YHO-
UCCJIEIOBATENLCKUX IIEHTPOB COCTOMT W3 CIEAYIIMX. pa3padOTaHbl CHUCTEM
aBTOMATH3UPOBAHHOTO MPOCKTUPOBAHUS TUTSt pelieHus KJIACCOB
ONTHMHU3AIMOHHBIX  3aJa4  WHKEGHEPHBIX  KOHCTpykimi  (Autodesk,Inc.);
pa3paboTanbl  makeThl mHpukiagHbix  nporpamm  (IIIIII)  onTumambHOrO
NPOCKTHPOBAHUsS KiaccoB KoHcTpykuui (Siemens PLM Software); paspabotanbr
MaTeMaTUYeCKUEe  MOJEJM U BBIYHCIUTEIBHBIE  AJTOPUTMBI  pEIICHUS
ONTUMH3AIMOHHBIX  3a7a4  aBTOMATH3allMM  TIpollecca  MPOCKTUPOBAHUS
WH)KCHEpHBIX KoHCTpykimii (TOt0); pacueT M MaTeMaTHYeCKHE MOCIMPOBAHMUS
umkeHepHbIx  KoHCTpykiui  (Acme  Infotech Company); mnporpammuoro
oOecrieYeHUs] U TEXHOJIOTUH TPOCKTUPOBAHUSI U PACUETOB IO CTPOUTEIHLHOMY
MIPOCKTUPOBAHUIO C UCTIOIH30BAHUEM TEPEIOBBIX TEXHOJIOTHI MPOSKTUPOBAHUS U
JUIEH3MOHHOM TPOrpaMMHOM  obOecrnieuennn Immpokoro crnektpa: SCAD,
AutoCAD, Tower, LIRA, Arhicad, Ansys, 3D MAX, SolidWorks u ap. (OOO
"TIOJIMTEX-YUMII-XXI BEK").
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Ha cerogusamuuii A€Hb  OCYIIECTBISIIOTCS  MPUOPUTETHBIE  HAYYHO-
UCCleloBaTeNbCcKUe paboThl MO  pa3paboTke B cdepe CO3JaHU U
COBEPUICHCTBOBAHUSI ~ TEXHOJIOTUYECKUX  IPOLECCOB  ABTOMATU3MPOBAHHOTO
NPOCKTUPOBAHUS, UX MATEMaTUYECKOT0, TEXHUYECKOIO U METOJ0JIOTUYECKOTO
oOecrieyeHu.

Crenenb u3y4eHHOCTH NPodJiemMbl. [Ipo6GiaeMbl 000CHOBaHUST METOHO0JIOTMU
WCCIICIOBAHNM, HAIPABJICHHBIX HAa COBEPIICHCTBOBAHWE METOJOB PEIICHUA
ONTUMHU3ALMOHHBIX  3aJad W  aBTOMAaTU3HPOBAHHOTO  IPOEKTHUPOBAHUS
WHXXEHEPHBIX KOHCTpYKUMH, npoBeaeHbl JI.B. Kantoposuusim, H.H. MouceeBbiMm,
B.C. MuxanesuubiM, b.H. ITmennunbiM, FO.M. Jlanununaeim, JI.A. PacTpuruasim,
JLU. ITonoBunkuubiM, P.I'. Ctponrunsim, F0.I'.Crosinom, A.H. Kyaunoseim, B.A.
Konaynoseim, B.I1. MankoBsiM, A.I'.Yronuukoseim, B.JI. PBaueBsiM, JI.B.Kypma,
B.K. Kaoynoseim, T.®D. bekmyparoBeiv, T. Bypuesbim, P. CagymnaeBbiv, O.M.
Habueswim, 111.A. HazupoBbeiM 1 ap.

[IpoOneMbl MNPOEKTUPOBAHUS ONTUMAIbHBIX HWH)XXCHEPHBIX KOHCTPYKIIHUMA,
3a/1a4M TPOEKTUPOBAHUS KOHCTPYKIIMI C MUHUMAJIbHBIM BECOM, KOTOPbIE HAXOIAT
IIMPOKOE TMPUMEHEHHWE B TaKUX OTPaACisiX HAPOJHOTO XO3SHCTBa, Kak
CTPOUTENIBCTBO, PAKETO-, CAMOJIETO- U KOPAaOJEeCTPOEHUE U JIp., UCCIIEIOBAIIUCH B
padorax ~ W.M. PabunoBunua, A.M. BunorpagoBa, X.M. Mymrapu, B.B.
BacunseBa, IO.H. Hemwuporckoro, A.A. UYwupaca, B.H. Ilaiimymmna, WN.H
I'maz6ypra, C.H. Kana, A.H.KymunoBa, B.A. Konmynosa, H.B. banuuyka,
K.M.Maxwuna, FO.M Ilourmana, I'.B ®unarosa, B./[. 'amxuesa, M.T. Ypa36aena,
B.K. KaGynosa, T.P. Pamugora, 1.H. My6opakosa, K.III. babamyparosa, T.b.
bypuesa, ®.b. AGyranueBa, K.C. AOaupammnosa, ®@. bananosa, b. KypmanoOaesa,
T. IOnpamesa, II.A. HasupoBa u 1p., pe3yapTaTbl MX HCCIECIOBAHMUS 10
aBTOMATH3allMM pacyéTa KOHCTPYKUUM TEXHUYECKHX CUCTEM U HMX CBOWCTB, a
TaKK€ MMEIU BaXXHOE TEOPETHUYECKOE M MPHUKIATHOE 3HAYEHUE JJIsl YCHEHIHOU
ONTUMHU3AIMY NHKEHEPHBIX KOHCTPYKIIHM.

N3 pe3ynbTaToB aHATUTUUYECKOTO 0030pa U KPUTUUECKOTO aHaIN3a Hay4yHO-
TEXHUUYECKON JUTEepaTypbl, MOXHO 3aKJIIOUYUTh, 4YTO, HECMOTPS Ha BIOJIHE
OTPENICNICHHBIC  JOCTUTHYTHIE  YCHEXHM, HAayYHO-TEXHUYECKHE  MPOOJIEMBI
pa3pabOTKH MaTEMaTUYECKUX MOJIeNieH, BBIUUCIUTEIBHBIX aQJITOPUTMOB U
MPOTPAMMHBIX KOMIUIEKCOB ISl PEUIEHUS ONTUMM3ALUUOHHBIX 337a4 HEIb3s
CUMTaTh 3aBepIICHHbIMU. HemocTtaTouHoe BHHMaHUE YIEISAETCS BOIPOCaM,
CBSI3aHHBIM C TOBBIIICHHEM A(H(PEKTUBHOCTH BBIYUCIUTEIBHBIX AJITOPUTMOB,
KOMIUJIEKCY  OPOTrpaMMHBIX  CPEACTB  JJIsi  aBTOMATHU3alMU  IPOIIECCOB
aBTOMATU3UPOBAHHOTO MPOCKTUPOBAHUS ONTUMAJIbHBIX WHXKEHEPHBIX
KOHCTPYKIIMM. B HENOJIIHON Mepe U3ydeHbl U PEUICHbI BOIIPOCHI aITOPUTMHU3ALNN
KOHCTPYKTOPCKHUX U TexHojorndeckux pemeHuii B CAIIP  uHXEHEpHBIX
KOHCTpYKIMH. Hapsimy ¢ 3TUM, BBIIETSIOTCS aKTyalbHOCTh M BOCTPEOOBAHHOCTH
paboT, HampaBJICHHBIX HAa  COBEPIICHCTBOBAHHME METOJIOB M  CPEJICTB
aBTOMATH3allMM PEIICHUS IIUPOKOro Kjacca ONTUMM3ALMOHHBIX 3ajad MpHU
MPOCKTUPOBAHUU ONTUMAIBHBIX HWHKEHEPHBIX KOHCTpYKIMH. CyllecTBEeHHON
0COOEHHOCTHIO ONTUMU3AIUU WHKEHEPHBIX KOHCTPYKIIUI SABJISIETCS
ANrOpUTMHU3ALUS KOHCTPYKTOPCKUX M TexHosorndeckux pemenuit B CAIIP,
KOTOpasi MO3BOJISIET aBTOMATHU3UPOBATh pacueT KOHCTPYKLIHMM CO3/1aBa€MbIX
TEXHUUYECKUX CHCTEM, HauboJiee MOJIHO MCCIEA0BaTh OCOOCHHOCTH TMOCIEAHUX U
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o0ecrieunBaTh  HAJEXKHBIE MPEANOCHUIKA  JUIsl  YCHEUIHOW  ONTHUMH3AIUH
VWHKEHEPHBIX KOHCTPYKLIH.

Pe3ynbraThl JAHHOW WCCIECOOBAHUM 10 HOBOMY HANpPaBJICHUIO PELICHHS
npoOieMbl ONTUMM3AIMU MU TPOCKTUPOBAHUSI ONTHUMAIBHBIX HWHKEHEPHBIX
KOHCTPYKLUI MPEANOIararoT dbopManu3anuio U AITOPUTMU3ALUIO
KOHCTPYKTOPCKHX M TexHoJornyeckux pemenui B CAIIP.

CBsi3p TeMbl JHMCCEPTALMHM C IUIAHAMH HAaYYHO-MCCJIEeA0BaTeIbCKUX
pador BbICHIEr0 Y4YeOHOIr0 3aBeleHHS W Hay4YHO-HCCJIeI0BATEIbCKOI0
YUpeKIAeHUsl, I1e BbIMOJHEHA INUCCePTANUS, OTPAKEHA B CIEAYIOIIEM ITPOCKTE:
®4-016 — «Pa3paboTka METOJIOB M CPEJACTB PEIICHHS 3ajlad MHOTOMEPHOM
ONTUMH3AIMN B JTUHEHHOW M HETMHEWHON MOCTAaHOBKE Ha 0a3e KOHCTPYKTHBHOTO
metona R- ¢pynkmwmit» (2012-2016 rr.).

Henb ucciaegoBaHusi COCTOMT B pa3pabOTKEe HAYyYHO-METOJOJIOIMYECKUX
OCHOB, MATEMaTUYECKUX MOJENEN, alrOpuTMOB, METOAOB M IPAKTHUYECKUX
MOAXOJOB [JIsl peaju3alid CHCTEM aBTOMATHU3MPOBAHHOIO MPOEKTHPOBAHUS
VWHXCHEPHBIX KOHCTPYKLMWH, WHTETPUPYIOIINUX JTallbl KOHCTPYKTOPCKOTO U
TEXHOJIOTHYECKOTO0 MPOEKTHPOBAHUA Ha OCHOBE YHHU(DUUIMPOBAHHBIX MPUHIHUIIOB
MH(OPMAIMOHHOTO OOMEHA.

JInst AOoCTHKEHUsT HAMEYEHHOU LEeNu c(hopMyIMpOBaHbl CIEAYIONINE 3ada4H
HCCJICIOBAHMA:

pa3zpaboTka KoHUenuuu U npuHIUNoB noctpoeHus CAIIP ontumanbHBIX
WHKEHEPHBIX KOHCTPYKIIHIA;

aHaJIM3 HAy4YHBIX M MPUKIAIHBIX Pa3pabOTOK B 00JacCTH BAPUAHTHOIO M
ONTUMAJIBHOTO MTPOEKTUPOBAHMS MH)KEHEPHBIX KOHCTPYKIUN;

pa3paboTKa MaTeMaTUYECKUX MOJENEH, co3aanne 3P(HEKTUBHBIX AITOPUTMOB
U KOMIUIEKCA MPOTPAMMHBIX CpPEICTB Ui PEHICHMS 3a1ad  ONTHUMH3ALUU
TOHKOCTEHHBIX KOHCTPYKIUH;

UCCJIEIOBAHUE CXOAUMOCTH aJITOPUTMOB IPOCKTUPOBAHMSI HWHKEHEPHBIX
KOHCTPYKIMH U UX NapaMeTpruuecKas ONTUMHU3aLus;

pa3paboTKa aJrOPUTMUYECKONM CHUCTEMbl ONTUMHU3ALMH HMHUTALHMOHHOTO
MOJEJIMPOBAaHUSl ~ aHall3a, CHUHTE3a M  ONTUMHU3ALMH  KOHCTPYKTOPCKO-
TexHonornyeckux pemennii B CAITP nHxeHepHbIX KOHCTPYKIIHU;

IIPOBEJICHUE BBIUMCIUTENIBHBIX IKCIIEPUMEHTOB 110 UCCIIEI0BAHUIO MOJIENEH 1
JITOPUTMOB ONTUMH3ALINKI UHKEHEPHBIX KOHCTPYKIIUH;

peanu3anus HEMPOCETEBOTO MOAXOAAa K PEUIEHUI0 33Jaud JIUHAMHUKU
IJIaCTHH;

BHEJIpEHUE pa3pabOTOK M KOHKPETHBIX PEKOMEHJALUUWA JIUCCEePTALMOHHON
paboThl B TMPAKTHKy aBTOMATHU3MPOBAHHOTO BAPUAHTHOTO MPOEKTUPOBAHUS
VH)XEHEPHBIX KOHCTPYKIIHM.

Oo0bexkTOM UCCJIeI0BAHUS SIBJISTFOTCS IIPOLECCHI BAPUAHTHOIO
IMPOCKTUPOBAHUSI HMHXKEHEPHBIX KOHCTPYKLMM Ha OCHOBE apoK, IUIACTHH H
000JI0YEK.

IIpeamer wucciieoBaHUA — MaTEMAaTUYECKUE MOJENH, BBIUHUCIUTEIbHBIC
JITOPUTMBl M TPOrpaMMHOE OOECHeUYeHHE pEeHIeHHs ONTHMHU3ALMOHHBIX 3a]ad
aBTOMAaTU3UPOBAHHOIO NPOEKTUPOBAHNS NHKEHEPHBIX KOHCTPYKIUH.

Metoasbl ucciaenoBanumii. B nuccepranmonHoii paboTe UCMOIb30BaHa 00Ias
METO/IOJIOTUSl CUCTEMHOTO aHaju3a, METOJbl TEOpUU AaBTOMATHU3UPOBAHHOTO
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IIPOCKTUPOBAHMUSA, METOABl MAaTEMAaTHYECKOTO MOJEIMPOBAHMS, YHCIICHHbIC
METOJbI, METOAbl ONTUMHU3ALNUHA, MAaTEMaTUYECKOE MPOrPaMMHUPOBAHUE, METOJBI
MaTeMaTUYeCKOll (U3MKH, MEXaHUKH AePOpMUPYEMOro TBEPIOTO Tela M
CTPOUTEIILHOU MEXaHUKH, QITOPUTMHUYECKHE METOJIbI, TEXHOJIOTUHU
IIPOTPAMMHUPOBAHUS U BBIYMCIIUTEIBHBINA SKCIIEPUMEHT.

Hay4yHasi HOBHM3HAa [JHCCEPTALlMOHHOI0 MCCJEIOBAHUA 3AKIIOYACTCS B
CIEAYIOIIEM:

pa3zpaboTaHbl MaT€MaTHYECKHE MOJENIM U BBIUMCIUTEIbHBIE AJITOPUTMBI
pelIeHUs ONTHMH3AMOHHBIX 337a4 aBTOMAaTH3allMu MPOLECCa MPOEKTHUPOBAHUS
ONTHUMAJIBHBIX UH)KCHEPHBIX KOHCTPYKIIN;

pa3paboTaHbl TEOPETHUUECKUE MPEANOCHUIKM U CPOPMYIUPOBAHBI TPUHIIUIIBI
IIOCTPOECHUSI CHUCTEM AaBTOMATH3UPOBAHHOIO MPOEKTUPOBAHUS Ul PELICHUS
KJIACCOB ONTUMU3AIMOHHBIX 337a4 3JIEMEHTOB MHKEHEPHBIX KOHCTPYKLINN;

pa3zpaboTan kinacc 3(PPEKTUBHBIX AITOPUTMOB CIIY4alHOIO ITOMCKa Kak
JIOKQJIBHOTO, TaK U INI00AJIBHOTO 3KCTPEMYMA;

pazpaboTaHbl NOPUHLUUIBI W METOJOJIOTUA IOCTPOCHHSI MPOOIEMHO-
OpUEHTHUPOBAHHBIX MakeToB NpukiaaHbix mnporpamm (IIIIII) onTumansHOrO
ITPOEKTUPOBAHUS KJIACCOB KOHCTPYKIINN;

pelmeH psAx BaXHBIX 3aJad  pacyeTa M ONTUMHU3ALUMU HHKECHEPHBIX
KOHCTPYKLIUM U COOPYKECHUN;

IpU pPEUICHUM 33Ja4d  JUHAMMKMA IUIOCKMX IUIACTUH CHHTE3UpPOBAaHA
HEUPOHHAs CETh.

IIpakTryeckue pe3yabTaTbl HCCIACA0BAHMUS 3AKIIOYAOTCSA B CIEIYIOLIEM:

pa3zpaboTaH KOMIUIEKC MPOrpaMMHBIX CPEACTB, MTO3BOJISTFOIIU I
ABTOMATHU3UPOBATh MPOIECC MPOCKTUPOBAHUS ONTHUMAIbHBIX HWHXXCHEPHBIX
KOHCTPYKLIUH;

IIPOJICMOHCTpUPOBaHA 3(PGHEKTUBHOCTh KOMILIEKCA IMPOTPAMMHBIX CPEJICTB
MPU HWCCJICIOBAaHUM W ONTUMHU3ALMU CJIOXHBIX KOHCTPYKIIMKA W3 IUIACTUH U
000JI04€K ¢ MEPEMEHHOM TOJIIIMHON U MOKa3aHO, YTO IPUMEHEHHE TIPEJIaraeMoro
MoAXoJa JUIsl peaiu3allid KOHCTPYKIUWA W3 000JI0YEK MEPEeMEHHOM TOJIIUHbI
MO3BOJISIET B PSA€ CIy4a€B CHHU3UTh BEC KOHCTPYKIMA 1O CPAaBHEHUIO C
COOPYKEHUSIMH U3 000JI0YEK MOCTOSHHOM TOJIIUHBI;

pe3yabTaThl  BBIYHUCIMUTEIIBHBIX  3KCIEPUMEHTOB  CBUICTEILCTBYIOT O
11eJ1IeCO00Pa3HOCTH BBIMOJHECHHUS O00O0JI0YEK TIEPEMEHHOW TOJIIMHBI, a TaKke
3(QPEeKTUBHOCTH  TMOCTAHOBKM W  PEIICHUS  3aJady  ONTUMM3ALUU  TpHU
MPOEKTUPOBAHUM KJ1acca 000JI0YEK MUHUMAJILHOTO BECa;

pe3yJIbTaThl peAM3alMd  HEUPOCETEBOTO MOAXOJa K PEHICHUIO 3a]a4u
MOJICTTUPOBAHUS BBIHY)KJICHHBIX KOJICOAHMI IIJIOCKOW TUIACTHHBI, CBOOOJIHO
OIEPTOM WJIW KECTKO 3AIEMIICHHOM TI0 KpasiM;

00CYXKITAlOTCS ~ PEe3yJbTaThl  BBIYUCIUTEIBHBIX  DKCIIEPUMEHTOB  IIO
ONTUMU3AIMA TOHKOCTEHHBIX KOHCTPYKIIUA;

pe3yJIbTAaThl BBIYMCIUTEIBHBIX JKCIEPUMEHTOB CBHUJIETEIBCTBYIOT, KaK BO
BCEX HAWJECHHBIX MHUHHUMYMax pAacCMaTPUBAEMbl€ KOHCTPYKIHUH HAXOJWJIUCh Ha
rPaHULIE NPOYHOCTHM WM YCTOMYMBOCTH, 3HAYEHHUS HUX BECOB 3HAYUTEIBHO
oTnuyanuch. MHade roBops, 00€ KOHCTPYKIIMHU, 00JIaasi OJUHAKOBBIM 3aIacoM
MIPOYHOCTH, OTIAMYAIOTCS MO Becy noutu B 20 pa3, i peain3alud KOHCTPYKIUN
13 000JI0YEK TMEePEMEHHOM TONIIMHBI TMO3BOJSIET B Psijie CIydaeB CHU3UTH BEC
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KOHCTpyKIiuu Ha 14% (mis mwnuHApudeckux obOosouek) m Ha 27% (s
KOHUYECKUX O000JI0OYEK) 1O CPaBHEHHUIO C COOPYKEHMSIMH U3 000JI0YEK
MTOCTOSTHHOM TOJIILIAHBI.

NpPUMEHEHUE pEe3yJbTaTOB IPOBEACHHBIX HCCIECIOBAaHUN U Ppa3pabOTOK
IIO3BOJIMJIO PELINTh PAJX NMPAKTUYECKH BAXKHBIX 3a/1a4 pacyeTa M ONTUMHU3ALUU
WH)KCHEPHBIX  KOHCTPYKUMHA C  JIOCTMIKEHMEM  3HAYUTEIBHOIO  HApOJHO-
X035 CTBEHHOTO (P dekTa.

JloCTOBEpPHOCTH MOJIyYeHHBbIX pe3yJabTaTOB MOATBEPKAACTCS
MOJTyYE€HHBIMH pe3yabTatamu TEOPETUUECKUX U BBIYUCIIUTEIBHBIX
DKCHEPUMEHTAJIBHBIX  HMCCIEJOBAaHMM M WX B3aUMHOW COTJIACOBAHHOCTHIO,
IPaKTUKOW HMX BHEAPEHUS M OOCYXIEHHEM pE3yJNbTaTOB HCCIEIOBAHUM Ha
pa3IMUYHBIX HAayYHBIX KOH(EPEHILHUAX, a TakkKe MyOJUKalUUsIMUA pe3ylbTaTOB
WCCIICIOBAHUN B PELICH3UPYEMBIX HAYUYHBIX XypHaJax BbICIIel aTTeCTallMOHHOM
komuccuu ripu Kabunera Munuctpos PecniyOnuku Y30ekucran.

Teopernueckass H  NpaKkTH4ecKassi  3HAYUMOCTHL  Pe3yJIbTATOB
uccjaenoBanmusa. Teopernueckas  3HAUMMOCTh — IOJIYYEHHBIX  pPE3yJIbTaTOB
WCCIICOBAHMS 3aKJIOYAEeTC B TOM, YTO METOJMKA pacyera ONTUMHU3ALUU
TOHKOCTEHHBIX KOHCTPYKLHI, BBIYMCIUTEIbHBIE aJITOPUTMblI M KOMILUIEKCHI
IIPOTrPAMMHBIX CPEJCTB B COBOKYITHOCTH CBOEH OOpa3yloT €IWHYI0 KOHUEIIHUIO
dopManu3aM U AITOPUTMHU3ALMU KOHCTPYKTOPCKMX M  TEXHOJIOTMYECKUX
pewennii B CAIIP nHXeHEpHBIX KOHCTPYKIIHIA.

[TpakTHueckast 3HAYMMOCTh pabOThl  3aKioyaeTcss B 3(PPEeKTUBHOM
IPUMEHEHUU pa3padOTaHHBIX METOJOB M QJITOPUTMOB aHaJIW3a W CHHTE3a
KOHCTPYKTOPCKMX M TexHonorndeckux pemeHud B CAIIP  uHXXeHepHBIX

KOHCTPYKIIHH.
Bueapenune pesyabratoB ucciaenoBaHuss. Ha ocHoBe pesynbTaroB
JUCCEPTAallMOHHOM  pabOThL:  aNropuTMHUYECKass  CHUCTEMa  ONTUMHU3ALMU

pa3pabOTaHHOTO Ha OCHOBE OINTUMM3AIMU HMHUTAIMOHHOTO MOJICIIMPOBAHUS,
aHalM3a W CHHTE3a KOHCTPYKTOPCKO-TEXHOJIOTMUECKHX pEUIEHUH B CHCTEME
aBTOMATU3UPOBAHHOTO MPOCKTHUPOBAHUS MH)KCHEPHBIX KOHCTPYKIIMI BHEIPCHBI B
NpeanpuaATuax ['oCy1TapCTBEHHOTO KOMHUTETa MO aPXUTEKTYpe M CTPOUTEIHCTBY
Pecniyonuku Y30ekuctan, B yactHOCcTH, BHeApeHbl B OO0 «TabMmup-nonnxa»
(cmpaBka ['OCymapCTBEHHOTO KOMHUTETa IO AapXUTEKType U CTPOUTEITHCTBY
PecniyOonuku Y36exkuctan 3a Nel813/18 ot 15 ampenst 2015 roga). Pesynbrarsl
UCCJIENOBAHUM € TMPUMEHEHHS TMPOTPAMMHBIX MPOIYKTOB Ha OCHOBE
MaTEMaTUYECKUX MOJIETIEH U BBIYUCIUTEIbHBIX AJITOPUTMOB, 3a CUET YBEJIUYEHUS
MPOU3BOJAMTEIILHOCTU TPYJAa, COKpAIEHHs CpPOKa  IMPOEKTUPOBAHHMS M BBOJA
WHKCHEPHBIX OOBEKTOB B CTPOM, a Takke B pe3yJbTare ONTUMU3AIUU
KOHCTPYKIIMH 1O BECy, T.€. KOHCTPYKIIMU 00Jiajiags OJIMHAKOBBIM 3aracoM
MPOYHOCTH, OTINYAIOTCA TI0 Becy moyTH B 20 pas, /it peain3alii KOHCTPYKIIHMA
u3 000JI0YEK NMEPEeMEHHOW TOJIIMHBI TO3BOJIAET B psJie CIy4aeB CHHU3UTH BEC
KOHCTpyKIMu Ha 14 % (mis muauHapudeckux obojouek) 1 Ha 27% (s
KOHUYECKHUX 000JI0UEK) MO0 CPABHEHUIO C COOPYKEHUAMH U3 000JI0YEK MOCTOSH-
HOW TOJINUHBI, ¥ B pe3yibTaTe C JOCTIKCHHEM SKOHOMHUU MaTEpHAJIOB U JP.
TPYIOBBIX pecypcoB aKkoHOMHUeckuit ap ekt coctaBun 100 muH. 55,4 ThIC. CyMM.

AnpobGauust padoTbl. PesynbpTaThl ucCienoBaHus anmpoOWpoBaHbl Ha 28
HAyYHO-TIPAKTHYCCKUX KOH(MEpEHIUAX, B TOM 4YHucie Ha 18 MeXTyHapOIHBIX
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KOH(EepeHIUIX, TIKOJIaX W CeMUHapax: MeXIyHapoaHoW KOH(pepeHIun
«MaremaTuueckoe MOJAEIHUPOBAHUE M BBIYMCIHUTEIbHBIN HKCIIEPUMEHT
(Tamkent, 1994); BecemupHoit koHpepenumu «HTemIeKTyanbHble CUCTEMBI IS
uHaycTpuansHoi aBroMaru3anun» (WCIS — 2008, 2010, 2012, 2014) (TamxkeHT,
2008, 2010, 2012, 2014); MexayHapoaHOW HAYYHO-TEXHUYECKOU KOH(EPEHINH
«CoBpemenHble  npoOsiembl  MexaHukw»  (Tamxent, 2009); CenpMoint
MexyHapoaHoi A3uaTckoil mKoiae-ceMuHape « OnTUMu3aius CI0KHBIX CUCTEM
(Tamkent, 2011); Eleventh International Conference on Application of Fuzzy
Systems and Soft Computing, (ICAFS — 2014) (Paris, France, September 2-3,
2014); MexayHapoaIHON HaydHO-NPAaKTHYeCKOW KoHbpepeHuun «VHHOBaluu B
TexHojorusx u oOpazoBanum» (bemoBo-Poccus, Benunko TsipHoBo, bonrapus,

2013, 2014); MexyHapoIHON  HayYHO-TIPAKTUYECKOW  KOH(EpeHIINU
«be30nacHOCTh W MPOEKTUPOBAHME KOHCTPYKUMH B MAalIMHOCTPOEHUU H
ctpoutenbctBe» (Kypck, 2013); MexayHapoaHOM HAayYHO-TEXHUYECKOM

koH(pepeHuun «llepcnekTBHOE pa3BUTHE HAyKH, TEXHUKH U TEXHOJOTUI
(Kypek, 2013); MexayHapoHOH  HAy4HO-TIPAKTUYECKOM  KOH(DEpeHIuu
«CoBpeMEHHbIE UHCTPYMEHTAIbHBIE CUCTEMbI, HHPOPMALIMOHHBIE TEXHOJOTHHU H
naHoBauum»  (Kypck, 2014); MexayHapoJHOl ~ Hay4HO-TIPAKTUYECKOU
koH(pepeHmu «CoBpeMeHHbIC HHHOBAaMM B Hayke W TexHuke» (Kypck, 2014);
MexayHapoIHON HayYHO-TPAKTUYECKON KOH(pepeHIN « TeXHIKa U TeXHOJIOTHU:
nyTd WHHOBaIMoHHOro pasputus» (Kypck, 2014) u 10 pecnyOinMKaHCKUX
Hay4HbIX KOH(pepeHusax: «MaTemMaTudeckoe MOICIMPOBAHUE U BHIYUCITUTEIIbHBIN
skcriepuMenT» Tamkent, 2002; Kapmm, 2003; Kapmm, 2005; Kapmm, 2007;
Bbyxapa, 2009; PecnybnukaHcKoi sipMapke WHHOBALIMOHHBIX UJEH, TEXHOJOTUN U
npoekToB (Tamkent, 2010); a Takke Ha Hay4yHBIX CEMHHapax JabopaTopuu
«Anroput™muzanus» HMHCTUTyTa MaTeMaTUKU U HH(POPMAIMOHHBIX TEXHOJIOTHMA
AH PV3 (2000-2011); exeroiHbIXx HAYyYHO-TECOPETUUYECKUX U MPAKTUUYECKUX
KOH(pepeHIUsIX NpoPeccopcKo- MpenojaBaTesIbcKoro cocraBa  KapiimHCKoro
rocynapctBeHHoro yausepeutera (Kapmm, 1991-2014).

OcCHOBHBIE pe3yJbTaThl JUCCEPTALIMOHHONW pPaOOThl JOKJIAABIBAIUCH U
oOcyXnanuch Ha OOBEAMHEHHBIM Hay4yHOM cemuHape Kadenp «IIpukiagHoit
MaTeMaTUKu W HUHOOPMATHKNY, «Bpiciielr MmaremMaTukuy, «DOU3HKWY,
«TpynoBoro oOydenuss W depueHHs’» U «DHepreTukn» KapmmHckoro
rocynapctBeHHoro yHuBepcuteta (Kapmm, 2014), Ha HaydyHOM ceMuHape IO
cennasibHOCTH 05.01.08 — «ABTOMaTH3anMs M yNPABIECHUE TEXHOJIOTMYECKUMU
MpoLeCCaMU U MPOU3BOJICTBAMMY (TEXHUYECKUE HAYKW) MPU HAYYHOM COBETE
16.07.2013.T.02.01 npm  TamKEHTCKOM TOCYJAapCTBEHHOM  TEXHUYECKOM
yHuBepcuteTe u MHcTUTyTE SHEpreTuku U aBTroMatuku (Tamkent, 2015).

Ony0auKoBaHHOCTH pe3ybTaToB. [lo Teme auccepranuu oOmyOIMKOBAHO
57 Hay4yHbIX paboT, B TOM uucie — 3 MoHorpadwus, oAHa U3 HUX H3JaHBI B
3apy0exoM, 19 KypHaJIbHBIX cTaTei, 3 B MHOCTPAHHBIX KypHalax u 19 crathu B
COOpHUKAX MaTEepUaIOB MEXKIYHAPOAHBIX HAYYHBIX KOHPEPEHIHUH, U MOITy4eHo 3
CBHJIETEJILCTB O PETUCTPAlNK nporpamm st IBM.

O0beM M cTpykTypa auccepraumum. J(uccepranus COCTOMT U3 BBEICHUA,
MATU TJaB, 3aKJIIOYCHHS, CIUCKA JUTeparypsl, 4 mpuioxkenuid u coxepxkut 200
CTpaHMII TEKCTa, BKItoYaeT 36 pucyHkoB u 31 Tabmuiry.
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OcHOBHOe coepxaHHue TUCCePTALMU

Bo BBegeHuMu O0O0OCHOBaHa aKTyaJbHOCTh M BOCTPEOOBAHHOCTH TEMBI
JUccepTany, cPOpMYIUPOBaHbI IIETU U 3a7a4M, BBISIBICHBI OOBEKT U MPEAMET
UCCIICOBAHUS, OIPENECIEHO COOTBETCTBUE HCCIEAOBAaHUS  MPUOPUTETHBIM
HaIpaBJCHUSIM pa3BUTUS HayKd © TexHojorud PecnyOnuku VY30ekucraH,
U3JI0O)KEHBbl Hay4yHas HOBU3HA W NPAKTUYECKHUE PE3YyJbTaTbl HCCIECIO0BAHUS,
000CHOBaHa JIOCTOBEPHOCTH MOIYYEHHBIX PE3YyJIbTaTOB, PACKPBITHI TEOPETHUECKAS
U TPAKTUYECKAas 3HAYMMOCTh IIOJYYECHHBIX pE3yJbTaTOB, NPUBEICH CIUCOK
BHEJIPEHUI, CBEJICHUS 110 OMyOJIMKOBAaHHBIM pad0TaM U CTPYKTYpPE AUCCEPTAIUU.

B nepBoii raaBe (Teopus m MeETOABl ONTUMH3AIMH WHKCHEPHBIX
KOHCTPYKIIUH U COOPY>KEHUIT) OCYIICCTBIICH aHATMTUICCKHI 0030p COBPEMEHHOTO
COCTOSIHUS HAy4YHOUM MpOoOJIEMbl aBTOMAaTH3alMU MPOCKTUPOBAHUS WH)KEHEPHBIX
KOHCTPYKIMH W HMX ONTHMH3ALUH, a TaKXKe [pOaHaJIU3UpPOBaHA HAy4HO-
TEXHUYECKas MpoljemMa CO3JaHMs AITOPUTMUYECKOM CHUCTEMBI ISl PELIEHUs
KJACCOB  ONTUMHU3ALMOHHBIX  337ady, TPAKTYIOTCA  OOIIME  MPUHIIMIIBI
aBTOMATU3UPOBAHHOI'O PEIIEHUS 3a/1a4 ONTHUMHU3alUUN WHKEHEPHBIX KOHCTPYKIIHMA
OT TOCTAHOBKHA [0 TMOJYYEHUS YHUCIECHHBIX pe3yiabTaToB. OOOCHOBBIBAIOTCA
METO/I0JIOTUYECKNE OCHOBBI IPUMEHEHHSI METOJIOB CHCTEMHOI'O aHAJIM3a U CUHTE3a
K PELIECHUIO ONTHUMM3AUMOHHBIX 3a1ad. COBpEMEHHBIE TEMIIbI ITPOCKTUPOBAHUS U
peanu3alnuy WHKEHEPHBIX KOHCTPYKUUN HAKIAJAbIBAIOT CBOU KECTKHE TPEOOBaHUS
K Ka4ecTBY NPOEKTHBIX pelleHuid. B HacTosiee Bpems TpeOyeTcsi HE TOJIBKO
3allpOEKTHPOBATh ~KOHCTPYKLMIO, OTBEYAIOIIYI0 TpPEeOOBaHMUSIM IPOYHOCTH,
YCTOMYMBOCTU U KECTKOCTH, HO U MOJYYUTh TEXHOJOTMYECKA U SKOHOMHUYECKU
oosiee 3dpexTuBHOE perieHre. ITO BO3MOXKHO TOJBKO B IMPOIECCE BAPUAHTHOTO
IIPOCKTUPOBAHMSI, KOTZA BBIINOJIHACTCS AaHAJIM3 MHOXKECTBA aAJIbTEPHATHUBHBIX
BApUAHTOB KOHCTPYKLHUHU II0 KOMIUIEKCY TEXHHUKO-3KOHOMHYECKHX ITOKa3aTEJICH.
Pyunas peanuzauus paccMaTpHUBaeMOTo MpoOLEcca BECbMa TPYAOEMKa M TpedyeT
3HAUUTEIBHBIX 3aTpaT BPEMEHHU, YTO B UTOre MO3BOJSET pa3padborarh Oosee WM
MEHEe JAETAIbHO OJWH-TPH BapuaHTa. B pesyinprare B IpoLecc BapUaHTHOTO
MPOEKTUPOBAHUSI WHXKEHEPHBIX KOHCTPYKUMWA MPUXOIUTCS MPUBJIEKATH CPEACTBA
BBIYMCIIUTEIbHON TEXHUKHU.

B pabote moka3aHo, 4TO 0JIHOM U3 0COOCHHOCTEN MHKEHEPHBIX KOHCTPYKITUH
SBIIAIOTCS MPSMOE BKJIIOYEHHE B KAayeCTBE MCTOYHMKA MEPBUYHOW HMH(MOpManuu
noTpeduTeNnel U 3aKa3yMKOB Ha HAayalbHOM ATale >KU3HEHHOTO LMKIJIA CO3AaHUs
WHXEHEPHBIX KOHCTPYKLMI U COOPYKEHUH B YCIOBUSX MOCTOSIHHO BO3PACTAIOIINX
TpeOOBaHMII K MX KAayeCTBEHHBIM, OHKCIUTyaTallAOHHBIM M 3KOHOMHMYECKUM
nokasareisiM. OTO TNPUBOAUT K CYLUIECTBEHHOMY YBEIMYEHHIO 00beMa
uHpopMalK, TOMJIekKAIEH OCMBICICHUIO, TepepaboTke W yIpaBlEHHUIO, a,
CJIEIOBATEIbHO, U K HEOOXOAMMOCTH TIIYOOKOW HMH(OPMAIMOHHOW HHTETPAINH
MaTeMaTUYeCKUX  MOJENEeH  KOHUENTYaJbHOIO, KOHCTPYKTOPCKOIO  H
TEXHOJIOTUYECKOr0 MpPOeKTHUpOoBaHusA. Bce QopmupyeMble Moaenu IOKHbBI
aBTOMATHUYECKM aHAIM3UPOBATHCS HA TEXHOJOTHYECKYIO JOIMYCTUMOCTh, UTO
(dakTUYecKu O3HAYaeT HEOOXOAMMOCTh TIepexofa K BBICOKOYPOBHEBOMY
MOJCJIMPOBAHUI0O M  PACHIMPEHUIO  HCIIOJIB3YEMBIX MOJEJIEH  aCIEKTaMH,
OTpaXaroluMU Crielu(PUKy 00bEKTOB TPOESKTUPOBAHMUS.
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B cBs3u ¢ 3TUM 0c00yI0 371000HEBHOCTh NMPUOOPETAET CIOKHAS HAy4HO-
TeXHUYecKas mnpobieMa (HOPMHUPOBAHHSI M TEOPETUUECKOTO OOOCHOBAHUS HOBBIX
NOJXON0B K aBTOMAaTH3allMM BapHAHTHOIO KOHCTPYKTOPCKO-TEXHOJIOTMYECKOTO
IPOEKTUPOBAHNS WH)KECHEPHBIX KOHCTpPYKUMH. AHanmu3 cymectByromux CAIIP
JAaHHOW TMpeIMETHOM O00JacTh CBUJETENBCTBYET OO0 OTrPaHUYEHHOCTH HX
BO3MOXXHOCTEH 1si 3((EKTUBHOrO pEIICHUS TOCTAaBICHHOM 3aJadd, 4YTO
OOBSICHSIETCSl PAJIOM CBOMCTBEHHBIX MM CYIIECTBEHHBIX OrpaHumdeHuid. IIpexne
BCEro - 3TO Oa3upoBaHME Ha TIEOMETPUYECKON MapagurMe MNpPOEKTUPOBAHUS,
OTCYTCTBHE yueTa Creru(pUKA U3rOTOBJICHUS HHKEHEPHBIX KOHCTPYKIIUH, HU3KHIM
YPOBEHb MHTErPAallMM JTAalOB JKU3HEHHOIO IMKJIA CO3[aBAEMBIX H3JEIIUH,
OTCYTCTBHE  QITOPUTMHMYECKOTO  KOHTPOJII  KOPPEKTHOCTH  BapUaHTOB
KOHCTPYKTOPCKO-TEXHOJIOTUYECKUX  IPOEKTHBIX  PEIIEHUH,  BBINOJHEHUE
OOJIBIIMHCTBA KOHCTPYKTOPCKO-TEXHOJIOTHUECKUX ONepaluii Ha HU3KOM YpPOBHE
abCcTpakluyu B IPOCTPAHCTBE UCIIOJHUTENIBHBIX KOOPANHAT.

[loka3aHo, 4YTO Ui peanu3allMd CTPAaTErMu IIOCTPOCHHS  EIUHOTO
MH()OPMAIIMOHHOTO  MPOCTPAHCTBA, B  KOTOPOM  KOHCTPYKTOPCKHE U
texHosjoruueckue CAIIP sBnsitorcs 0a30BbIMU (DYHKIMOHAJIBHBIMUA CHUCTEMAMH,
1eJ1eco000pa3HO OCYIIECTBUTH MEPEX0] OT TEOMETPUUECKUX MOJIENIEH HHKEHEPHBIX
KOHCTPYKIUH U COOPYKEHHUI K OOBEKTHBIM CTPYKTYPHO-aTPUOYTUBHBIM MOJIEISM
BBICOKOT'O YPOBHSI a0CTpAaKIMHU, KOTOPbIE HA 3CKU3HOM YPOBHE MH(POPMALIMOHHOTO
MPEJICTAaBICHUSI BKIIOYAIOT B C€0s1 KOHCTPYKTOPCKUE U TEXHOJOTUUECKUE ACTIEKTHI.

B rmaBe npuBoauTcs 00mas MOCTaHOBKA  3aJaud  ONTHUMM3ALUU
TOHKOCTEHHBIX 3JIEMEHTOB HWH)KEHEPHBIX KOHCTPYKIMI, OCYLIECTBJIEH BBIOOP
pacueTHbIX Mojesel AepopMupyemMsbIx cucteM. Ilpu npoekTHpoBaHUM U CO3AAHUN
HOBBIX CHUCTEM, KOHCTPYKLMI, YCTPOWCTB, W3JAEJINN, KaK MPaBWIO, HUCXOAAT W3
HEO0OXOJAMMOCTH YUUTHIBaTh pa3ivudHble TpeOOBaHUs. TaKOBBIMH HMPUMEHHUTEIHHO
K JepOpMHPYEMBIM MEXAHUYECKUM CHUCTEMaM (KOHCTPYKLHUSM) SIBIISIOTCS:
IIPOYHOCTh, KECTKOCTh, YCTOMYMBOCTh BCEX DJIEMEHTOB U Y3JIOB CUCTEMBI U T.[.
Kputepuii ontumanbHOCTH (QOPMHUPYETCS HAa OCHOBE OJHOTO WM HECKOJbKHX
KkputepueB 3(P¢deKTUBHOCTH. B pesynbrare pemieHus 3a7ad ONTUMAJIbHOTO
MIPOCKTUPOBAHMS OMNpPEAENSIOTC (OPMBbI, BHYTPEHHHE CBOWMCTBA M YCJIOBHS
paboThl KOHCTPYKIMM, TOCTABIAIOMIMX IKCTPEMYM BBIOPAHHOW XapaKTEpUCTUKU
KOHCTPYKIIMM C YYETOM JIONOJHUTENBHBIX orpannyeHuid. [locraHoBka 3amaun
ONTHUMM3ALMNA KOHCTPYKLIMH COCTOUT B CIEAyHOIIEeM: (HOPMYJIMPOBKA OCHOBHBIX
OTIpE/ICTISAIOIIUX YPaBHEHUN (MaTeMaTUYECKUE MOJIENH ); BBIOOP ONTUMHU3UPYEMOTO
(GyHKIIMOHAJIA; OrpaHUYEHUs Ha (DYHKLUMU COCTOSIHUSI U MCKOMBIE YIPAaBIISIOLIUE
MIEpEMEHHBIE.

KoHeuyHOI 11eNbl0 NMPOEKTUPOBAHUS SIBJISETCS CO3JIaHUE PaIlMOHAIBHBIX
u3JleNuid, OOBEKTOB, KOHCTPYKIUM, CHCTEM U T.N., UCXOAS W3 HMEIOIIUXCS
PECYPCOB U BO3MOKHOCTEM.

VYcnexu B 00JaCTH TEOPUM SKCTPEMANIbHBIX 3a7a4, B Pa3BUTHHM YUCICHHBIX
METOJIOB PpELICHUs] KpaeBbIX 3aJauy MaTeMaTH4ecKod (U3UKH OO0YCIOBHUIU
MHTEHCUBHOE pa3BUTHE TEOPUM M METOJOB pELICHUs 33a4 ONTHMH3ALUU B
MeXaHUKe 1e(HOPMUPYEMBIX CUCTEM.

Bo Btopoii riaaBe (PaspaboTka anropuTMOB CIy4allHOTO TIOMCKA JIS
AITOPUTMHUYECKON ~ CUCTEMBbl ~ ONTHMHU3AIMK)  PACCMATPUBAKOTCS  BOIPOCHI
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pa3pabOTKU M HCCIEIOBAaHUS AITOPUTMOB TIJI00AJBHOTO M CIy4yalHOro ITOMCKAa,
dbopMynupyrloTca OCHOBHbIE TpeOoBaHue kK HHUM. [IpuBonsarcs pa3paOoTaHHbIE
aBTOPOM QJITOPUTMBI U1 IOHUCKA JIOKAJIBHOTO U TJI00AIBHOTO HKCTPEMYMOB
MHOTOMEpHBIX (PyHKUMH, CHOCOOHBIE pelmlaTh 3aJaud ONTUMHU3ALUU KAk
Oe3yCIIOBHbIE, TaK M MpPU HAJUYUM PaA3JIMYHBIX OrpaHuyeHuil. JlanpHenmmm
pa3BUTHEM alTOPUTMOB JIOKaJbHOTO ToMcKa sBisercs amroputm [TI-3 —
rJ100aJbHOTO TOMCKA, NPEJHA3HAYEHHBIM JJI PEIICHUS MHOTO’KCTPEMAJIbHBIX
3ama4y. [IppMeHEHHBIE B HEM JBPUCTHYECKHE IPHUEMBI, TaKUE€ KakK, HaIpHUMep,
IIOCTPOCHUE  «3ANPETHBIX 30H», YBEIMYMBAIOIMIMX 1O MEpe HAKOIUICHUS
uHbpOpMalluu O MOJEIM B IpoLEcce IOUCKAa M  MPEJOTBPAIIAOIINX
HEIIPOU3BOAMTEIIBHBIE 3aTPAaThl BPEMEHM HA OTBICKAHHWE paHEe HaUJCHHBIX
MUHUMYMOB, H Jp., IPUBEIH K BbICOKOH 3 exTuBHOCTH anropuTma. Pazpaboran
CIEUHUAIBHBIA AJNTOPUTM C YCKOPEHHOW CXOAMMOCTBIO, IPEAHA3HAYEHHBIN IS
ONTHMM3ALMN  KOHCTPYKLUHH,  YZOBJICTBOPSIOIIMX  YCJIOBHMSM  IIPOYHOCTH,
YCTOMYMBOCTH, JKECTKOCTH. B ero paspaboTke ¢ 1enbl0 YCKOPEHHsI CXOIUMOCTH
ObLI MCHOJIb30BaH TOT (PAKT, YTO ONTHUMYM KOHCTPYKLHMH BCEr/a HaxOIWUTCA Ha
OJHOM W3 TpaHul WIM Ha uX nepeceueHuu. [lpm stom jumHa pabouero iara
AJITOPUTMA OIIPEAEIAETCA B 3aBUCUMOCTH OT YIAAJICHHOCTH ITIOMCKOBOM CUCTEMBI OT
TpaHull U U3MEHSETCA B IIPOLIECCE IOWCKA, 3HAYMTENBHO COKpalias BpeMs Ha
MOUCK. DTOT aJITOPUTM MOKET OBITh TAKXKE C YCIEXOM IMPUMEHEH U JIJISl PELICHUS
APYTUX ONTUMM3ALMOHHBIX 3a/ad, €CIU alpUuOPHO W3BECTHO, YTO ONTUMYM
HaxoAWTCd Ha TrpaHuue. Bce pa3paboTaHHbIE aNrOpUTMbl BKJIIOUEHBI B
AITOPUTMHUYECKYIO cucTeMy ontumuzanuu (ACO).

[Ipy IpOEKTUPOBAHUU U CO3JAHUU HOBBIX CUCTEM, KOHCTPYKIIMM, YCTPOUCTB,
U3JIEIUNA, KaK MpPaBUJIO, HCXOIAT M3 HEOOXOIMMOCTH YUYHUTHIBATH Pa3JIMYHbIC
TpeOoBaHus. TakOBBIMU HPUMEHUTENBHO K Je()OPMHUPYEMBIM MEXaHUYECKUM
cucteMaM (KOHCTPYKLIMSM) SIBISIFOTCS: MPOYHOCTb, KECTKOCTh, YCTOMYMBOCTH BCEX
3JIEMEHTOB U Y3JI0B cucTeMbl U T.A. Kpurepuil ontumanbHOCTH (GopMUpYETCs Ha
OCHOBE OJIHOTO WJIM HECKOJbKUX KputepueB sddextuBHocTU. [Ipm mnowucke
ONTUMAJIbHOM KOHCTPYKUMH TIO TMPUHATOMY KPUTEPUIO ONTUMAJIBHOCTH H
OTPAHWYEHUSIM MOXXHO TMOJYYUTh HE ONTUMAIBHYIO, HO PalHOHAIBHYIO
KOHCTpyKuuto. Hampumep, eciu TpeboBaHHWE TEXHOJOTMYHOCTH HE HAILIO
KOJIMYECTBEHHON OLIEHKHU M HE BOLUIO B YUCJIO OTPAHUYEHHM, TO MOKHO MOJYYUTh
IPOEKT MHHHMMAJIBHOIO Beca (ONTUMANBHBIM MO BECY), HO HEPALMOHAJIbHBIMI
IIPOEKT B CWJIY €r0 HETEXHOJIOrMYHOCTH. bosee Tskenas KOHCTPYKLUSA, HO
ynoOHass C TEXHOJOTMYECKOM TOYKM 3pEHUus, MOXET oOKa3aTbCcsi Ooree
panuoHalibHOM. ONTUMU3ALMOHHBIE 337aud (M MX pa3IUYHbIe IOCTAHOBKH)
MPEACTABIAIOT COOOM OTAENbHBIE MOJ33Jaul B IpOIeccCe pa3padOTKU B LIEJIOM
pPaLOHAIIBHOIO MPOEKTa.

CdopmynupoBanbl OCHOBHbIE TpeboBaHus k amroputMam ACO u Jp.
nakeram npukiagaeix nporpamm (IIIII), npenHa3HaueHHBIM ISl peLICHUS
ONTHUMM3ALMOHHBIX 33J1a4, KaK YHHBEPCAJbHOCTb, IPOCTOTA, MHUHHUMAJIbHAS
TpebyeMas orepaTHUBHAs MaMsTh, dPHEKTHBHOCTH, CIIOCOOHOCTh periaTh 3a1ady
YCIOBHOM ONTUMH3ALMH, BKIIOYEHUE B QAJITOPUTMBI JJIEMEHTOB DSBPHUCTHUKH,
CIIOCOOHOCTH peIlaTh 3a/1a4u JUCKPETHOW ONTHMU3AIUMU U MHOTO3KCTpEMAJbHbIE
3agaun. Jlng ycnemHoro ¢yukuuonupoBanust I ontumuzanmm oOuiero
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Ha3HAYEHUS HEOOXOJMMO  BBINOJHEHUE TEPEUUCICHHBIX TpeOOBaHUM, B
COBOKYIMHOCTH 3aJI0O)KEHHBIX B NAKeT aJroputMmoB. llpuBonsarca pe3yibrarbl
YUCJIEHHBIX MCCJIENOBAaHUM JTUX aJIrOPUTMOB HA pAI€ TECTOBBIX 3a/4ad,
MOKA3bIBAIOIINE UX BHICOKYIO 3P(HEKTUBHOCTD.

B Hacrosmee BpeMs NporpaMMHOE OOECIEYEHUE aBTOMATU3MPOBAHHOTO
BAPUAHTHOTO MMPOEKTUPOBAHUS U pacyeTa MHXEHEPHBIX KOHCTPYKIIHII B OCHOBHOM
NPEACTABICHO TAKUMH ITPOTPAMMHBIMU KOMILJIEKCAMU UHKEHEPHOTO aHAIU3a, KaK
SCADA, LIRA, ANSYS, NASTRAN wu 1p., TMO3BOJSIONIUMH CTPOUTH
MaTE€MaTUYECKHE MOJEIN M PACCUUTHIBATH KOHCTPYKLHMH PA3JIMYHOU CIIOKHOCTH
no MetroAy KoHeuyHbIX 3yieMeHTOB (MKD). Opnako OONBIIMHCTBO W3 HUX HE
COJIEPKUT, INOO COJAEPKUT BEChbMa OTPAaHWUYECHHBIC MO CBOEH (DYHKIIMOHAILHOCTH
MOAYJM ONTHUMHU3ALMOHHBIX pacyeToB. J[aHHBIE MOy peaTu30BaHbl HA OCHOBE
MOAX0/AAa K TMOWCKY peleHus 3aJadyd, MPEIoJaralomero MnpoBeICHUE
UTEPAllMOHHOM  MPOUEAYypbl  MOCIEIOBATEIIBHOTO IMPUMEHEHUS  IPOLIECCOB
KOHEYHO-3JIEMEHTHOTO aHAJIN3a C LEJIbI0 ONPEAEICHUS IapaMeTPOB HAIPSHKEHHO-
nedopmupoBanHoro cocrossHuss (HAC) koHcTpykumm ©  mpeoOpa3oBaHUs
MIEPEMEHHBIX MPOEKTUPOBAHMS HAa OCHOBE HCHOJIb3YEMOTO METOJAa ONTHUMHU3AIUU
10 TIOJTyYEHHBIM 3HAUCHUSIM.

Takoll moaxoxd »KECTKO CBS3bIBAET BpPEMs, OTBOJUMOE Ha BBIYUCIECHHS, C
BBIODAHHBIM METOJIOM IIOMCKA: CKOPOCTh BBIYMCIEHUI IPU 3TOM HANpPSIMYIO
3aBUCUT OT KOJIMYECTBAa HUTepanued, HEoOXOJUMBIX I IOUCKA pelIeHUs,
3a/1aBaeMOr0 MPUMEHSEMbIM METOJIOM OINTUMH3AIMU U 00BEMOM MPOCTPAHCTBA
noucka. Kak crnencrtBue 3TOro NPEUMYIIECTBO TMPU TOCTPOCHUH CHUCTEM
BAPUAHTHOTO TMPOEKTUPOBAHMS OTIaeTcs Oosiee ObICTphIM U 3 (HEKTUBHBIM
aJIrOpUTMaM ONTHUMU3ALINH.

[Ipu 3TOM 3a4acTyro BOonpoc 00 YHUBEPCATLHOCTH U MAaCCOBOCTH aJITOPUTMOB
(T.e. mMpUHA 00JIACTM MX TMPUMEHEHHUS K 3a7adyaM pa3HOTO Pojia) OTXOJIUT Ha
BTOpO# I1aH. B pe3ynbraTe IMOJIB30BaTeIh CHCTEMBI, O0OJIATAIOIIMI BeChMa
HEMTyOOKMMHU TO3HAHUSMH B OOJIACTH YHUCJICHHBIX METOJIOB, CTAaBUTCS TeEpe]
CJIIOHBIM BBIOOPOM KOHKPETHOTO aJIFOPUTMA, KOTOPBIM TrapaHTHpOBaji Obl
TOYHOCTb U JOCTOBEPHOCTH PEUICHUS TOCTABICHHOW 3a/1a4u.

B nmannoil cutyanuu mpencraBnsercs Ooisiee 3(pGEeKTUBHON He pa3paboTka
COBEPIIECHHBIX U OBICTPOAEHCTBYIOMINX AJTOPUTMOB ONTUMU3AIMNKU U TPUMECHEHUE
ux B CAIIP uHXEHEpHBIX KOHCTPYKIUM, a IMTOCTPOEHUE CUCTEM, MCIOJIb3YIOIINX
MEXaHU3Mbl aJanTalid ¥ THUOKOW MOACTPONKHU CYIICCTBYIOIIMX aJTOPUTMOB
MOMCKa ISl pEIICHHsS 3aJlad HaxO0XXIECHUS HSKCTPEMYMOB IHMPOKOTO Kjacca
GyHKLIMA.

[IpakTuueckas HEO0OXOIUMOCTh pelieHus Pa3IMYHbBIX TUIIOB
ONTUMH3AIMOHHBIX 3a7a4 TpPHU TPOSKTHPOBAHWU PA3IUYHBIX OOBEKTOB (B TOM
YuCJe, U MHXEHEPHBIX KOHCTPYKIIUI) MIPUBEIIa K CO3JJaHUI0 OMOIMOTEK porpaMm
ONTUMHU3AIMU, TIAKETOB TMPHUKIAIHBIX MPOrpaMM pa3IMYHBIX ypPOBHEH U
HazHaueHus. CoOpaHHbIE B OJTHOM TMAKETE Pa3INYHbIE aJTOPUTMbI YBEIIMYUBAIOT U
PaCIIMPSIOT KJIACC PEIIAEMbIX ONTUMHU3AIMOHHBIX 33/1a4.

B Ttperbeii raaBe (Ilapamerpuueckass ONTUMHU3AIMS M HCCICIOBAHHE
CXOJIMMOCTH  aJTOPUTMOB)  OIUCHIBAIOTCS ~ BONPOCHI  MMAapaMeTPHUECKON
ONTUMHU3ALMA U HCCIENOBAHUS CXOAUMOCTH PETYJSPHBIX M CTaTUCTHUUYECKUX
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anroputMmoB. [Ipou3BoauTcs conepkaresibHasi IMOCTAaHOBKA 3aJa4d ONTHUMU3ALMH
QITOPUTMOB KaK 3aJa4yd MaTeMaTHYECKOrO0 NPOrPaMMHUPOBAHMS, TI€ B KA4ECTBE
ONTHUMM3UPYEMBIX IIAPAMETPOB  PACCMATPUBAIOTCS  Pa3JIMYHBIE IapaMETPBI
AJITCOPUTMOB, BIUSIOLUIME HA CKOPOCTh UX CXOJUMOCTH; 32 LEJIEBYIO (DYHKIIMIO
OPUHUMAETCS  KOJMYECTBO  BBIUMCICHUM, HEOOXOAMMOE  JUIsl  pELICHUS
MOCTABJICHHOW 33/1a4M C 33JaHHOW TOYHOCTHIO. OMUCHIBAIOTCSA IPYTUE BO3MOKHBIE
IOCTaHOBKHU 3a/ay. PaccmarpuBaroTcs 0COOEHHOCTH ATHX 3a/ad M MpeJiararTcs
METO/IBI UX PEUICHUS.

[lapameTprueckoii  ONTUMHU3AIMEN  AJITOPUTMOB  OyleM  Ha3bIBaTh
ONIPEEIICHUE OINTHMAJIBHBIX 3HAYCHUN BapbUPYEMBIX IapaMETPOB aJIrOpUTMa,
COOOLIAIONIMX €MY MAKCUMAJIbHYI0 CKOpPOCTh CXOAMMOCTH IIpH PELIECHUU
OIIPEJENICHHOrO KJIacca 3a4au.

[lon BHEMIHMMHM NapaMeTpaMH alropuTMa OyJeM IOHUMAaTh NapaMeTpsl,
Ha4yaJIbHbIC 3HAYECHMsI KOTOPBIX 3aJAarOTCA IPU ITOCTAHOBKE 3aJadd BMECTE C
VCXOJHBIMH JIAHHBIMU.

OT0 — omnpenereHHble KOHCTaHThI, YYacTBYIOIIME B padOTe aiaropurma u
TOYHBIC 3HAYECHMSI KOTOPBIX HEU3BECTHBI HH U3 TEOPHUH, HU U3 MPAKTUKU PELICHUS
3amad. Ecmu MBI ompenenyMM 3HAYEHHsl BHEIIHMX ApaMETPOB, IMO3BOJISIOLIUE
pelaTh 3a1a4y ONpPEAeIeHHOTO KIacca KaKOMY-JIM00 aJrOpUTMy C MaKCHMaJIbHOU
JUIS HETO CKOPOCTBIO, TO TEM CaMbIM MBI PEIIMM 33J1a4y HACTPOWKHU AJITOPUTMA HA
3TOT KJ1acc 3a1ad. Ilo-cymecTBy BceM aiaropurMaMm IpUCYINA afanTanus —
U3MEHEHHUE I1apaMETPOB B IIPOLECCE PELICHUA 3aJayd C LEJbI YIy4IIeHUA
CXOJUMOCTH, & aJITOPUTMAM CIy4alHOTO MOKMCKAa M CaMOOOYYEHUS — U3MEHEHUE
BEPOSITHBIX CBOMCTB IIOMCKAa B IIPOLIECCE PELICHUA 3a4aud C TOW K€ LENIbIO
YIIYYIIEHHS CXOAUMOCTH.

[lox BHYTpEHHUMH MapamMeTpamMu aJIropuTMa OyJIeM CUUTATh HapameTphbl,
BIIUSIOIINE HA XOJ1 aJJallTallii U caMOOOYy4YEeHUs TP PEIIEHNH KOHKPETHOM 3a/1a4u
(knmacca 3amay). OnpezneneHue ONTUMAaJIbHBIX 3HAYCHUM BHYTPEHHHUX MapamMeTpOB
TaK)K€ BEJIET K YIYUYLIECHUIO TOMCKA.

[IpoGnema HacTpOWKM aJIrOPUTMOB HA KOHKPETHBIE KJIAcChl  3ajay
Ype3BbIYAHO CJIOKHA, TaK KakK HET BbBISBICHHBIX 3aBUCUMOCTEH BIUSHUSA
3HAYEHUH I1apaMeTpPOB Ha CKOPOCTh CXOAMMOCTH AJTOPUTMA IPHU PELICHUH TON
WIM MHOM 3aJlayd, a 3HAYMUT, HET PEKOMEHJALNI, METOJ0B BHIOOpa ONTUMAIbHBIX
3HAQYEHUN NapaMeTpOB aITOPUTMA. Y CIIEX B MPABWJIBHOW HACTPOMKE AJITOPUTMOB,
B OCHOBHOM, 3aBUCHUT OT KBaJU(PUKALMH, ONIbITa U UHTYUL[MH HCCIIEI0BATENS.

OpHako penieHue 3aJayd HACTPOMKU aJrOpUTMOB MOXKHO (hOpMaju30BaTh,
NPEACTABUB €€ KaK ONTHMHU3ALMOHHYK) W pElIaTh YUCIEHHO IPU IOMOIIU
ITOMCKOBBIX aJITOPUTMOB.

Jlnst mpoBeAeHUS MApaMETPUYECKOM ONTUMHU3ALMM aJrOPUTMOB CIENYET,
MPEXAE BCEro, MPOU3BECTH HUX MApAMETPU3ALMIO, T.€. BBIIBUTh BHEIIHHUE U
BHYTPEHHHE IMapaMeTpbl M 00JIacTb MX BO3MOXHBIX 3HaueHui. [lig 3Toro
PacCMOTPUM KaXKJIbIil JITOPUTM B OTAEIIBHOCTH.

Bce anroputMbel  ciydailHOro  moucka  00aalOT  CIOCOOHOCTBIO
HACTpauBaThCA JJIs1 00Jiee YCIEIIHOTO PEeUICHUs Pa3IuYHbIX 33/lay. JTa HacCTpoiKa
BBIPAKAETCS B OINPEACICHHOM IMOAOOpPE pa3IMYHBIX [apaMEeTPOB aJrOPUTMA,
BIIUAIONIMX Ha MOpoxoxaeHue mnoucka. B amroputmax II-1 — ITI-3 Ttakke
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CYLIECTBYIOT HEKOTOpbIE MapaMeTpbl, HM3MEHSs KOTOpble, MOXXHO JOOUTHCS
M3MEHEHHUS BEPOSITHOCTU HAXOXACHUS JIOKAIbHBIX M TTI00AIbHBIX MUHUMYMOB, a
TaK)K€ KOJIMYECTBA MALLIMHHOTO BPEMEHH, TPEOYEMOT0 JIsl pEIIeHUs 3a/1a4H.

BBuay Toro, 4ro 3ajada ONTHUMHU3ALMHA AJITOPUTMOB CIy4alHOIO ITOMCKA
ABJISIETCSI MHOTOKPUTEPUAIBHONW (HEOOXOAMMO TMOJYYUTh 3aJlaHHYI0 TOYHOCTb,
MAaKCUMYM BEPOSITHOCTH HAXOKICHHS JJIOKAJIBHBIX U TNI00AJIBHBIX MUHUMYMOB NPU
MUHUMYME BBIYMCIIEHUH), TO JUIsl TOJYYEHHUs JOCTOBEPHBIX pE3yJIbTaTOB O
3HAYECHHUAX  ONTHMM3UPYEMBIX  IIapaMETpPOB B  IPOLECCEe  ONTHUMH3ALUU
YUYHUTBIBAIMCH JIMIIb T€ 3HAYEHUS MAapaMETPOB, KOTOPBIE MPUBOJAT K OTHICKAHUIO
MUHUMYMa TECTOBBIX (PyHKLUH cO 3HaUeHueM F>¢.

PesynbpraTel mapamerpuyeckoil ontumuzauuu aiaropurma ITI-3 ocobeHHO
XOpOIIO TPOCIEKHUBAIOTCSA HA MPUMEPE PELICHUS MHOTOKCTPEMAJBHBIX 3a/Jau.
BrisiBieHHBIE OCOOEHHOCTH MPEAOINPENETWIN  HEBO3MOXXHOCTh IPUMEHEHUS
PETYISPHBIX AJTOPUTMOB MAaTEMATHYECKOTO INPOTPAMMHUPOBAHUS IS PELICHHUS
MOCTaBJICHHOW 33aJa4ydl MU  HEOOXOJWMOCTb  HCIOJB30BaHHUS  aITOPUTMOB
r7100aTBHOTO MOKCKa (B YacTHOCTH, anroputMa ['T1-3).

[TapameTpuueckass ONTUMHU3ALMSA B HEKOTOPBIX CiIydasX HIPUBOJHUT K
CTPYKTYpHOM ontuMuzanuu. Tak, Hpu pelieHud pAaa 3aAad  I[OJTyYEHHBIE
ONTUMAJIbHBIE 3HAUYCHUA napamerpoB anropurtma ['TI-3 mpusenn k ToMy, 4TO OH
paboTaJ Kak aJlfOPUTM CIIy4allHOTO CITycKa, C JMHEWHON TaKTUKOM U T.1. B Takux
cllydasix, B pa3paboTKe COBEPILIEHHOTO U ONEPaTUBHOIO aJITOPUTMA ONTUMHU3ALUH
M HUX NPUMEHEHUs Ui PEIIeHMs 3aJad HaXOXACHUS SKCTpeMyMa IIeJIeBOU
(GyHKIMM B CHUCTEMax aBTOMATHU3HPOBAHHOTIO MPOEKTHPOBAHUSA WHKEHEPHBIX
KOHCTPYKUUH siBIsieTcs Oosiee 3 (HEeKTUBHOE MOCTPOECHUE CUCTEM, HCIOIb3YIOIINX
rMOKUI MEXaHU3M CYIIECTBYIOIINX MOMCKOBBIX aJrOPUTMOB.

[IpuBoasTCs  pe3yabTaTbl MOCTPOEHUS TaKUX  IOCIEI0BAaTEIbHOCTEM,
o0ecnieunBaromUX 00Jsiee BHICOKYIO CKOPOCTh CXOAMMOCTH, YeM JII000H alrOpUTM
13 00pa30BBIBAIOIIMX 3TH MOCIEA0BATEIHLHOCTH.

[lockonbky  nmnst  BbIOOpa  ONTUMAJIBHBIX — ANTOPUTMOB M HX
MOCJIEIOBATEIbHOCTH ~ HEOOXOIMMBl  HCCIEAOBaHME W UJCHTU(DUKAIUSA
MaTeMaTHYeCKUX  MOJENe, B 3TOM KE€ IJIaB€ MPUBOAMUTCI  METOJ
aBTOMATHU3UPOBAHHOIO UCCIIEOBaHMS U UACHTU(UKALMM MOJENEH, OCHOBAHHBIM
Ha CTOXaCTUYECKOM anmpoKCHUMAalMu C NPUMEHEHHEM aJTOPUTMOB CIIy4ailHOro
noucka. [Ipennoxena Meronuka, pa3paboTaH alfOPUTM U COCTaBJI€HA IporpaMmma
aBTOMAaTUYECKOTO IIOCTPOEHUS IIOCJIEI0BATEIbHOCTEN AJITOPUTMOB.
[TocnenoBaTenbHOCTh AITOPUTMOB, MOJYyYEHHAs AJs1 OAHOU U3 3a/1a4, 3((HEeKTUBHA
UL IPyTHX 3a4ad M3 PacCMAaTpUBAaEMOIro0 MW psaa JOpPYrux KJIacCcoB 3aaad.
IToka3aHbl pa3IMyHbIEC TIOCTAHOBKHU 3a/1a4 U YHCIICHHBIE PE3YJIbTaThl UX PEILICHHUS.

B uyerBeproii ri1aBe (CtpykTypa W opraHuzainus (yHKIHOHHUPOBAHUS
AITOPUTMUYECKON  CHCTEMBbI  ONTHMH3AIMU)  OIMUCHIBAIOTCS  CTPYKTypa W
opranuzanus GyHKIHOHUPOBAHUS AITOPUTMUYECKHUX U MPOTPAMMHBIX KOMIIOHEHT
aBTOMAaTU3HPOBAHHOTO IIPOEKTUPOBAHHUS ONTHUMAJIbHBIX WHKEHEPHBIX
KoHCTpykuui. Ilpeaynaraercs  anropuTMuUYecKkas CcHCTEMa  ONTHUMU3ALINH,
MHBAapUaHTHAsA 110 OTHOUIEHUIO K KJjlaccaM ONTU3UPYEMbIX 00BbEKTOB. OHa COCTOUT
U3 BCIIOMOTATENbHBIX U aIrOpUTMUYECKUX OaHKOB: by - OaHK MOCTaHOBKM 3ajady,
b;- G6ank nanneix, b — Oank mnpusHakoB, b, — Oank Mopmeneld, bs — OaHk
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anroputMoB, bs — BbluMciHTENnbHOrO OaHka. b; — omnepatuBHOro OaHka
(MonuTOpa). [laeTcst omucaHue MX CTPYKTYpbI, (YHKIMI OaHKOB W OCHOBHBIX
MOJyJIel, U3 KOTOPBIX OHHM COCTOSIT, NMPHUBEACHBI MHPOPMALMOHHO-IOTMYECKHE
CXEeMbl OaHKOB.

B amroputmuueckoit  cucteme ontummzauuu (ACO) npumeHeHa
JeKOMMO3uIMsS (QYHKIMM MoHuTopa. Jlnms obOecriedeHus BceX H3TaroB padOTHI
CUCTEMBI, BKJIOYAIOMMX (POPMATN30BaHHYIO IIOCTAHOBKY 3aJaud, KOHTPOJb
IIOCTAHOBKH, PAcHpe/esICHUe MMaMATH, BBOJ MCXOJHBIX TAHHBIX, UCCIECIOBAHUE U
UACHTU(DUKAIIMIO MOJENH, BHIOOP JOMYCTUMBIX aJTOPUTMOB, HACTPOWKY UX Ha
3aja4y, [MOCTPOCHHUE MOCIIEI0BATEIBHOCTH AIrOPUTMOB, (POpMUPOBAHUE paboueil
OporpaMMbl U TIPOBEJIECHUE cueTa, NOTpeOOBajCs Obl OYEHb CIOXKHBIA U
TPOMO3JIKMII MOHHUTOp, YTO YCIOXHWIO Obl cucrteMmy. lIpu mocraHoBke 3amad
BO3MOYKHO BO3HHKHOBEHHUE OIIMOOK Pa3IMYHOTO POJa, CBA3aHHBIX C JIEUCTBHUIMU
I0JIb30BATENs U IPOrpaMMUCTa, 00cIyKuBarolero cucreMmy. C 1eapl0 3JKOHOMUU
pecypca BpeMeHH, 10cie BBOAA UCXOJHOW MH(POpMAMU B KOMIIBIOTEP /10 Hayaia
paboThl Bcel CHCTEMBI HEOOXOAUMO NPOBECTH KOHTPOJIb HAJ MPaBUIbHOCTHIO
IIOCTAaHOBKHU 33Jaud C CUHTAKCHUYECKOH cTOpoHbI. Jjig 3T0r0 B By MOMIKHBI OBITH
IPEIyCMOTPEHBI COOTBETCTBYIOIIME CEPBUCHBIE MporpamMmbl. DyHKIHMOHATBHAS
cxema by mpeacrasnena Ha puc. 1.

Puc. 1. ®yHkunonajabHasi cxema 0aHKa MOCTAHOBOK b

b; - 0OaHK [OaHHBIX CIYXHUT [JIs1 XpaHEHWs BCEX UHWCJICHHBIX aHHBIX,
HEOOXOJMMBIX ISl PEIIeHUs 3a7aud, a TakXe JUIsl BBIAAYM HY)KHBIX JaHHBIX 10
3arpocy. Jlyis 3TOro MCXOAHBIE JaHHBIE HAJ0 COOTBETCTBYIOUIMM 00pazom
pacmnpenenuTh, OpraHu30BaTh WX MOWUCK M BhIgady. Ha puc. 2 mpencTaBiieHBI
dbyHKIIMOHaTBHAs cxeMa OaHKa JaHHBIX b, .

b; — 0GaHK MPU3HAKOB CIYKHUT JJISI XPAaHCHUS U TEpepabOTKH JIOTUYECKOM
uHopMaIuu, TPEeIHA3HAYCHHOW I HUIACHTU(QUKAIMK KaKI0M KOHKPETHOU
3anauu. b, — 0aHk Mozenel u bs — 0aHK anropuTMOB UCHOJIB3YIOT B CBOEH padoTe
NpU3HAKK 3aJ]a4d, BBISIBJICHHbIE OaHKOM Tpu3HAKOB. (DYHKIIMOHAIBHAS CXeMa
0anka mpu3HakoB bz npeacrasiena Ha puc. 3.
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E

Puc. 3. DyHKuMoHAJbHAA cxeMa 0aHKa NpU3HAKOB b3

b, — Oank wMoxened CIyXUT Uil MCCIEIOBAaHUS € HUICHTU(DUKAIUU
MaTeMaTUYECKUX MOjeiel 3ajad Mo mpu3HakaM, cOpMUpPOBaHHBIM B 0aze bg;
nepenaaya JaHHBIX 00 ONTHUMM3alMKM Mojelied B 0aze bs; pyHKIMOHAIBHAS cxeMa
Oanka moxeneit b, mpencrasiena Ha puc. 4.
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b5 - 6aHK anropuTMOB CIYKUT AJI1 XpPaHEHUS! BCEX HEOOXOIMMBIX CBEICHUI
00 MMEIOMIMXCS aJTOPUTMAax AJisi PELICHHUs] 3KCTPEMalbHbBIX 3a/ad, a Takxke IS
BbIOOpA ONTHMAJIBHOIO AITOpUTMa JUIsl KaKIOW KOHKpeTHOM mozenu. Hanbosnee
o0II1e METOJbl U COOTBETCTBYIOIIME UM XapaKTEPUCTHKU AJITOPUTMOB PELICHMS
3aJlad  MaTeMaTH4eCKOoro  MpOrpaMMHUpPOBaHMs,  3aJIOKEHHBIX B b,
¢dyHKIIMOHaIBHAs cxeMa OaHKa anropuTMoB bs peicTaBieHbl Ha pHC. 5.

E

3

Puc. 5. ®yHknuoHaIbHas cxeMa 0aHKa aJropurmMoB bs

Boruncnurensnbiii 6ank bg mpenHasHaueH A XpaHEHUs BCEX MOMCKOBBIX
MO/IeJIel, COOTBETCTBYIOIINX PA3IMYHbIM aIrOpUTMaM OaHKa alrOpuTMOB, BBIOOpa
COOTBETCTBYIOLLIETO MOJYJS IOCie MNOodydeHuss uHpopMauuu U3 OaHKa
aIrOpuTMOB, (GOPMHUPOBaHUA pabouel MporpaMmbl pEHICHHS 3aJaud  C
MOCJIEAYIONIMM CUETOM IOCJE MOJy4eHHUs W3 OaHKa JaHHbIX. DyHKIMOHAIbHAs
cxeMa BBIUMCINTEIBLHOTO 0aHka bg nmpeacrasiieHa Ha puc. 6.

Puc. 6. DyHKIMOHAJbHASA CXeMa BHIYUCIUTENbHOr0 0anka bg

b;- omepatuBHBI Oank (MoHHMTOp); Tak Ha3eiBaemMas ACO paboraer B
aBTOMATHYECKOM pEXKHMME U TpeaycMaTpuBaeT: YHU(GUKAIMIO IMOCTAHOBOK
ONTHUMM3AIMOHHBIX 3a7a4; KOHTPOJIb 3a MPaBHIBHOCTHIO TOCTAHOBKHA KOHKPETHOM
3a/lauy; pachpenesieHne MmaMsITH KOMITbIOTepa; MUCCIEeIOBAaHNE U HACHTU(PUKAIIUIO
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MOJIeJIei; BBIOOP aIrOPUTMOB M3 YCIOBUM JOIMYCTUMOCTH PEIICHUS MOCTaBICHHOMN
3341 U KX ONTUMAJIBHOCTH; IPOBEICHUE NAPaMETPUUYECKOW ONTUMU3ALNN
QJITOPUTMOB C IE€JIBI0O MOBBIIICHUS CKOPOCTH CXOAMMOCTHM ISl KJjlacca 3ajaad;
MOCTPOCHHE ONTUMAJIBLHON IOCIE0BATEILHOCTH aJITOPUTMOB; (opMHUpOBaHHUE
paboueii mporpaMMmebl, MpoBeaeHNe cueTa. DYHKITMOHAIBHAS CXeMa OTEePaTHBHOTO
6anka b; (ACO) mokaszana Ha puc 7.

Hexomnosunus ¢yukiuid b; npoBeaeHa ciexyromieM obpazoM. b; Bemaer
(YHKIIMAMM ~ BHEIIHMX CBs3ed OaHKOB W ONpeAeiseT TMOpSI0K  UX
(GYHKIIMOHUPOBAHUS, KOTOPBHIA MOXKET M3MEHSTHCS MO JKEJIIAHUIO IOJIh30BaTEIIS.
Kaxnpiit 6ank npencrapiseT coboit otaenbHbii [T co cBoei nabopManmoHHON
0a30ii 1 BHYTPEHHUM MOHUTOPOM, (PYHKIIUH KOTOPOTO HE CIUIIKOM OOUITHUPHBI.

.
.
.

Puc. 7. ®ynkunoHajabHas cxema onepatusHoro 6anka b; (ACO)

Takum oOpazom, b; ympaBnser paboToil Ipyrux MOHHUTOPOB, KOTOpHIE, B
CBOIO Ouepe/b, YIpaBisiloT paboTod cBoero Oanka. [lomoOHas MepapXUYHOCTh
YIPABJICHUS MO3BOJISIET pa3padoTaTh KOMIIAKTHBIE, THOKKE B paO0TE MOHUTOPBI.

B mnsroii rnase (Pe3ynabTarhl pacueta MO ONTUMH3AMH HWHXCHEPHBIX
KOHCTPYKIIMH DPA3JIMYHOTO HA3HAYCHUS) TPUBOMATCS PE3YJIbTAThl MPOBEICHHBIX
BBIYMCIIUTENbHBIX SKCIEPUMEHTOB JUIsl ONTHMHU3ALUU Ppsila TOHKOCTEHHBIX
KOHCTPYKIIMH Ha 0asze mpemyiaraeMoil ajiropuTMHUYECKON CHUCTeMbl. PerieHsl
3a1a4d ONTUMH3ALNH TJIACTUH MEPEMEHHOM TONIIMHBI MPU PA3IUYHBIX KPaeBBIX
YCIOBHUSIX M CHCTEMaxX BHEIIHUX CHJI. YPaBHEHUE PABHOBECHS BBIBOJUTCS U3
BApUALIMOHHOIO MPUHIIMIIA MHUHMMyMa SHeprud. B oOmem Buzae ypaBHEHUE
PaBHOBECHS UIMEET BUI:

A

J Lki(Ui)&Jde+23:II iFkil(Ui) oJ, drdg+

k=1 r ﬂ i=1 0

K=. i=

3 3 Bo
DNIDUHTH S0 eS drap (1)
o] erj, 5‘2_‘2’drd zj ixiwidadﬁ,

rae Ly, I’ — nuneiinsle I(chq)epeHuHanLHme OmepaTopHI.
Pemenne 3TuX ypaBHEHHH C COOTBETCTBYIOIIMMH TPAaHUYHBIMU YCIOBHSIMH
MPOU3BOAMTCS TIPM TIOMOIIM aJTOPUTMOB, ONHUCAHHBIX BbIme. (OIHAKO B
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HEKOTOPBIX YACTHBIX CIIy4yasix I[pU OIPEHECIEHHBIX 3HAYCHHUSIX HEKOTOPBIX
nmapaMeTpoB IierecooOpa3Ha JEKOMIO3MIMS 3aJaddl pacueTa OO0OJOYKU C
MOCHEAYIOIMIMM  NPUMEHEHHUEM  METOJAOB  CTPOMTEIBHOM  MEXaHUKH, YTO
CYIIECTBEHHO YIIPOILIAET Pa3pelIatoIue aJrOPUTMBI.

[IpuBeneHsl pe3yabTaThl BBIYMCIUTEIBHBIX 3KCIIEPUMEHTOB IO pacuery u
ONTHUMM3ALUN HHKEHEPHBIX OOBEKTOB THIA METPOIOJIUTEHA, a TAK)KE BOIPOCHI
pPa3BUTHS AITOPUTMUYECKOW CHCTEMBbI ONTHUMH3ALMHU I TMOCTPOEHUS Ha €€
OCHOBe TmpoOsieMHo-opueHTHpoBaHHOTO [IIIII onTUMaIbHOrO MPOEKTUPOBAHMS
KOHCTPYKIIMH METPOMNOJIMTeHa o0osioueyHOro Ttuma. Ha ocHoOBe KoHIenuuid u
MPUHLINIOB, 3JI0KEHHBIX B AJITOPUTMUYECKYIO CUCTEMY ONTHMM3ALINH, TOKA3aHbI
nytd paspabotku [l i onTHUMaNbHOrO MPOEKTUPOBAHUS WHKEHEPHBIX
OOBEKTOB PA3IMYHOTO Ha3HAUYEHUs, MPUYEM, N0 CPABHEHHIO C AITOPUTMUYECKUM,
B JAaHHOM TIaKeTe TOSABIACTCS OJIOK (HOPMHUPOBAHMS MOJCIEH, YTO Jalio
BO3MOXKHOCTh M 00YCJIOBMIJIO HEOOXOIUMOCTh pa3pabOTKU MPOTrpaMMHOTO MaKeTa,
OPUEHTHUPOBAaHHOIO HA ONPENEIICHHBIM KIAcC COOpYyKeHUH. PemeHsl 3anauu
pacyera M ONTHUMHU3ALMH KPYTOBBIX >KEIE€300€TOHHBIX TOHHEJBHBIX OOJIETOK C
AHTHUCEWCMUYECKUMHU y3JlaMU, KOMOWHHUPOBAHHBIX >KEJI€300€TOHHBIX O0/EI0K
OJIHOCBOJIYATHIX CTaHLMI MeTporonuTeHa. [lomydyeHa 3HauuTENbHAsT SKOHOMHS
MaTepHaoB.

3agada 1. Onpenenutb ko3 PuieHTs! h, U h,, onpeaendronie U3MEHEHUE

TommuuHbl h(A3), coobuaronie
F =|[0]- G| — min;
0lm<h <02m; h =02-hy; (2)
[o]=2500m 1 »?
Pemenue 3toii 3a1aun:
F" =0,00063m/m*, ipu h, = 01221143 .

3agaya  ONTMMM3alUMM  OJHOCBOAYATBHIX  CTAHUUA  METPOINOJIMTEHA
paccMaTpHUBAETCsl KaK MPOCKTHUPOBAHHE OCCKOHEYHO JJTMHHON HUIWHIPUYECKON
000JI0YKHU TTOCTOSTHHOTO pajuyca R M MEPEeMEHHON TONIIUHBI (puC. 8).

= oo o

W\

=8.71m -E \ —
- o
L.
l}fiw/f‘fr’ s

Puc. 8. PacueTHasi cxeMa OAHOCBOAYATHIX CTAHLIMHA METPOIOJIUTECHA
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3ajaya CTaBUTCS Kak 3ajJadya MaTeMaTU4YeCKOro IpOrpaMMHUPOBAHUS:
TpeOyeTcss OmpenenuTh ONTHMAIbHOE 3HAaY€HWEe yrjia pacTBopa S, U 3aKOH
W3MEHEHUS TOJIIMHLEI 000J0YeK h=h(,B), YIOBJIETBOPSIOIINX  YCIOBUSIM
MIPOYHOCTH W O00ECTeUMBAIONINX MHUHHMYM pacxoja OeToHa. 3aKOH W3MEHCHHS
TOJIIIMHBI CBOJIA B 3aBUCUMOCTH OT YIJIOBOW KOOPJAWHATHI £ 3a4a€M B BUJIC

h:h0+hlsinﬁ. (3)
0

OntuMusupyemMble mnapameTpbl: B, — yroid pacTBopa 000y0uku; h,,h, —
IapaMeTphl, ONPEACIIIONINE TOJIIIUHY CBOA.

Jliist oGecriedeHust IBMIKEHUS TTOE3/I0B PaJANyC KPUBU3HBI CBOJA JIOJDKEH OBITh
TaKUM, YTOOBI TOYKH C KoopauHataMu X =8710 mm U Y =3400 mm HAXOJUIUCH
BHYTpU 00BEMa CTAHIIMU. B CBsI3U ¢ 3THM paguyc R CpPEIWHHON MOBEPXHOCTHU
ompenenseTcs mo Gopmyiie

o Tsing, +4/49sin? B, +363c0s’ 3,

: 4
2cos’ B, @
rae B, = ad _2/3 2.
JlnvHa mpornieta L M BBICOTA CBOJIa H OmNpenenstorcs mo Gpopmyram:
L=2-R-cosf3 , (5)
H=R(l-sing,). (6)

MunumusupyeMcs QyHKIMS 1eau — 00beM MaTepuana | MOroHHOro MeTpa
cBOJA:

Bo Bo
F(x)=1 [Rn(g)dB =L | R[ho +h, sin @Jdﬂ - R,Bo(ho +ﬁ]. (7)
0 0 ﬂ T

0
HaKJ'IaI[BIBaeM]'::Ie OIrpaHUYCHMUA:

2 <, <m
10
0,5m < hy <15x; (8)
—-0,5m<h <£05x;
O S [0].
3agauda 2. /Ins pemieHus 3a1a4d MPUHUMAEM CIIEIYIOIINE UCXOIHbIEC JaHHBIE:
MaTepual cBoja — 6eton M300. E =35-10°m/m?; u=015; [c]=1990m/ x>,
Hampsoxkenust  onpenensioTcss MOCJIE  pElIeHUusT HUCXOJHOW  CHCTEMBbI
muddepeHInanbHbIX YpaBHEHUH paBHOBECUS PACCMATPUBAEMOIO IOMEPEYHOTO
CEUEHHUs] LMIMHAPUYECKOW OOOJIOUKM MEPEMEHHOW TOJILIMHBI, BBIBEICHHBIX U3
BAPHMALIMOHHOIO MPUHIMIA MUHMUMYMa DHEPIUM C y4ETOM 3aBHCUMOCTU h=h(p)

I'pannuHBIE YCIIOBUA: )KECTKOE 3allEMIIEHUE 10 KpasiM 3, =0; S = f,.

Juddepennmanbapie ypaBHEHUS PEHIAIOTCS YUCICHHO MPHU MOMOIIM METOJa
KOHEYHBIX pa3HocTel. [Ipu 3TOM MCHOJIB3YIOTCS LIEHTPAJIbHBIE PA3HOCTH BTOPOTO
MOpsAJIKa TOYHOCTH. JJIsl pelIeHus MOJyYUBIIENCS TTPU 3TOM CUCTEMBI JIMHEUHBIX
anreOpandeckux  ypaBHEHUW  TPUMEHSETCSs  MOAU(DUIIMPOBAHHBIA  METOJ
uckmoueHust [Maycca, oOiamaronuii BEICOKUM OBICTPOJEHCTBHEM M TPEOYIONTUN
MHHUMYMa OIIEPAaTUBHOW MaMATH KOMIIbIOTEpAa I  PEIICHUS CUCTEM
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anrebpandeckux ypaBHEHWH OONbIIOH pasMepHocTh. [Ipu pelieHMu 3a1a4u Ha
orpeske [0,5,] Oepyrcs 100 y3510B CETKH, YTO OOECIEYMBAET OCTATOYHYIO

TOYHOCTb PEIICHHs YPaBHEHUI PaBHOBECHSI.

Bce pacyerel mpoM3BOIATCS HA KOMIBIOTEPE, JUISL DPEIICHUS 3a0a4yu
ONTHUMM3ALUN MPUMEHEH KOMIUIEKC IPOIPAMMHBIX CPEACTB, COCTABJICHHBIN IIO
anroput™My TioOanbHOro mnoucka I'TI-3, KCIONB3YIOLMIETO METOABI CIIy4ailHOTO
IIOMCKA DKCTpEMyMa.

OnTuMmusanuss cBoJa C JBYMs HE3aBUCUMBIMM CHCTEMAMM Harpy3okK
IPOU3BOAUTCS CleAyromuM o0pa3oM. B Touke mpocTpaHCTBa ONTUMHM3UPYEMBIX
[IapaMeTPOB, XAPaKTEPU3YIOIIEH HAWIY4YUIyI0 IpOoO0y, NEIacTcs IOJHBIM pacueT
KOHCTPYKUMHU TPU JACUCTBUU KaXAOW cucTeMbl cui. PaGouwmii mar coBeprmaercs
JUILIb TPU yIOBJIETBOPEHUM BCEX OrPAHUYECHUN UIsI O0EUX CHCTEM Harpys3ok,
WHA4Ye — IPOU3BOJAUTCS MIOUCK HOBOM TOYKHU.

a
AT § 058 40 1
hé 0 Bu .
1 B 0
By
2] 0 »
v ~J 3
3 204
ol
M
20001
1000+

B

| ——
-1000 ﬁ

Puc. 9. Kpusbie nporu6os W(4), u3ruéaromux MoMeHToB M(5),
HOPMAJILHBIX HANPSKEHUH (), MOJyYaI0MMXCS NPH ONTHMH3AIMH
000JI0YKH € JKECTKHM 3alIeMJIeHHEM KpPaeB

Ontumusanusi NpOU3BOJUTCS C TOUYHOCTBIO ¢ =1%. [lomydeHsl cinemyromme
pEe3yJIbTATHI:
F" =9,088x° B =3092; h; =050x; h' =-0,309.; R"=9,9m; L' =198xm; H =98x.

CyliecTBylOIMiA  BapuaHT KOHCTPYKIMH CBOJA HMEET  CJIEIYIOIINE
XapaKTepUCTHKU: F, =14,76 »°; R, =1236 m; R, =574m; L=197m; H =815m.

Ha puc. 9 npencrasnens! kpuBble mporu0oB W (S), U3ruOaIMX MOMEHTOB
M (), HOpPMaJbHBIX HAMpPSKEHUN o(f), MOJyHarolUXCAd HPU BO3JCHCTBUM Ha
ONTUMAJIbHYIO KOHCTPYKIMIO CBOJIa BTOPOM CHUCTEMBI HAarpy3oK, ITOCKOJIBKY
rpaHuIa TPOYHOCTU JIOCTUTHYTAa UMEHHO IPU €€ BO3JACUCTBUM. Bce momydyeHHbIe
PE3YNBTAThl OTHOCATCS K 0O00JIOUKE C )KECTKUM 3aIleMJICHUEM KpPaeB.

OnHako, B KOHCTPYKIMM CBOAYATOM CTaHIMU >KECTKOE 3allEMJIEHHUE HE

JIOCTUTaeTCs, MOCKOJIbKY CBOJ OIMUPAETCS Ha >KeJIe300€TOHHBIA JIOTOK, KOTOPBIN
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JEXKUT Ha TpyHTE, T.€. HA YIPYrOM OCHOBAaHMM, M Kpas CBOJAa MOTYT
IIOBOPAYMBATHCSI HA HEKOTOPBIN yrou (puc. 1). Kak Buaum, B ciiydyae MIApHUPHOTO
onupaHus KpaeB OOOJIOUKM MOJy4deHa elle OoJbllas 3KOHOMHS Marepuana. B
OCHOBHOM I10 000JI0YKE UMEEM O€3MOMEHTHOE HAINPSKEHHOE COCTOSIHUE, U JIUIIb
Ha TpaHWIAax CcKaszbiBaeTcs kpaeBoil 3ddekt. CormacHo puc. 10, B 1ieHTpaTbHOMN
YacTU ONTHMAJIFHOTO CBOJA MOJYYEHO OE3MOMEHTHOE COCTOSIHHME KOHCTPYKIIWH,
YTO COOTBETCTBYET HaWIydllell paboTe MaTepuaa.

Ty
Ba -
0,001 B
1,002 -
0,003 -
1004
AMn Ba
; »
10 B
220 4
30
A& T
J_
anon] BT
15001
1000
5000 ;
0 0
500 - B
1000
1500 ]
2000

Puc. 10. Kpussie W(3), M(8), o(3) nojyuyeHnble npu pacuyere
OJHOCBOAYATHLIX CTAHIKI METPONOIUTEHA

OTOT pe3ynbTaT COOTBETCTBYET UTOTAM PACUETOB U MPOEKTUPOBAHUS IPYTUX
aBTOpOB. CleayeT OTMETUTh, YTO B 3aMKE CYIIECTBYIOLIETO CBOAA COXPAHSIOTCS
3HAUMTENbHbIE  W3rubaromme  MoOMeHTbl.  CylllecTBYIOIIHME  KOHCTPYKIUU
OJHOCBONYATHIX CTAHIMN HE SBIIOTCA pPAlMOHAJIBHBIMA B CMBICIE pacxoia
MaTepuasioB. Pe3ynbTaThel pacueToB CBUAETEIBCTBYIOT O TOM, YTO POEKTUPOBAHUE
CBOJOB TOCTOSIHHOM KPUBHU3HBI  XapakTepU3lyeTcss 0Oojiee  palMoHaIbHBIM
WCIIOJB30BAaHMEM  MaTepuana, 4YeM y CcylmecTtByromux craHuui. [lpm
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IPOEKTUPOBAHUN KOHCTPYKLMH CBOJOB B paboTe 00OCHOBAaHA LIE€IECO00PA3HOCTD
PUMEHEHUS METO/I0B MAaTEMATHYECKOTO MPOTPaMMHUPOBAHUSL.

3ajlaya IMHAMMKY IUIOCKMX IUIACTHH. PemieHne 3amad TMHAMUKHU IUTACTUH
CBOOO/IHO OIEPTOM WM KECTKO 3aIEMJIEHHOHM IO KpasiM, BKJIIOYAET pPEILICHUE
3aJ1a4 CBOOOJIHBIX M BBIHYKJIEHHBIX KOJICOAHUH MJIACTUH U MOXKET OBITh CBEAECHO K
ONpENEeJICHUI0 COOCTBEHHBIX 3HAYEHHM W  BEKTOPOB JJII  Pa3sHOCTHOM
anmnpoKCUMallMd ypaBHEHUH CBOOOJHBIX KosieOaHUH IulacTUH. B Hamem ciyudae
3aJjaya CBEJCHA K PEIICHHI0 YaCTUYHOM MpoOJeMbl COOCTBEHHBIX 3HaueHUu. C
LEIbI0  3KCIEPUMEHTAIBHOTO  HCCIAEAOBAHUS  pa3padOTAHHBIX  aJTOPUTMOB
MOJIeJIMpoBaiach padboTa HEHUPOHHOW CeTHM M1 HAXOXACHHUS aMIUTUTY]
BBIHY/ICHHBIX KOJICOAHWH IJIACTMH Ha 4acTOTaX HM)KE NMEPBOW PE30HAHCHOWU U
BbIllle. B mocnenHeM ciydae MpUMEHsUIach Kak Kiaccudeckas TpaHchopMaius
MCXOJTHOM CHCTEeMBI, Tak U "monyTpanchopmarus ["aycca".

Pe3ynbrarel  3KCHEPUMEHTOB TOBOPSAT O  BBICOKOM  3(PQPEKTUBHOCTH
pa3paboTaHHbIX anropuTMOB. [Ipy yacToTax BHEIIHUX BO3JEHCTBHM, CYILIECTBEHHO
OTJIMYAIOUIUXCSI OT PE30HAHCHBIX, CKOPOCTh CXOAUMOCTH C€JIa0O0 3aBUCHUT OT
4yacToThl Bo3zeiicTBus. Ha wvactoTax BO3AeHCTBHM, ONM3KUX K PE30HAHCHBIM,
CKOPOCTb CXOAMMOCTH PE3KO YMEHBIIAETCS, MPHU 3TOM aMIUINTyAa KoJjeOaHui
pacter. Pe3ynbraThl 3KCIEPUMEHTOB MOATBEPAMIM JY4YIIYI0 CXOIWMOCTb
WUTEPALMOHHOIO MpoLecca.

3akJIoueHue

Jlia nanbHENIero noBbILIEHUS 3(PQPEKTUBHOCTH IMPOU3BOJCTBA, SKOHOMHHU
MaTepUasoB, YIy4YIIEHHs KauecTBa IPOEKTUPYEMBIX OOBEKTOB, COKpAILlEHUS
CPOKOB IPOEKTHUPOBAHUS WHXEHEPHBIX KOHCTPYKIUI HE00X0IUMO
COBEPILIEHCTBOBAHHE CYILIECTBYIOIINX CUCTEM ABTOMAaTU3HPOBAHHOTO
OPOEKTUPOBAHUA M CO3JaHUSl KOMIUJIEKCAa alrOpUTMOB, (PYHKIIMOHUPOBAHUE
KOTOPBIX, B OCHOBHOM, 0a3upyeTcsi Ha HCIIOJIb30BAHUM METOAOB OINTHUMH3ALIUH,
CUCTEMHOT0O aHaJIM3a U MaTEMaTHYECKOTO MOJIETMPOBAHMUS.

Pa3paboTanbl 00OBEKTHBIE CTPYKTYPHO-aTpUOYTHBHBIE MOJENU, KOTOpbIE Ha
ACKM3HOM YPOBHE HMH(POPMAIIMOHHOIO TMPEACTABICHUS BKJIIOYAOT B ce0s
KOHCTPYKTOPCKHE M TEXHOJIOTMYECKUE ACTIEKThl MHKEHEPHBIX KOHCTPYKUHUMU, UTO
NO3BOJISIET (pOpMaANM30BaTh OMUCAHUE 337a4 TEXHOJIOTHYECKOTO MPOEKTUPOBAHUS
Ha YpPOBHE OJCKHU3HBIX KOOPJIMHAT, M OOECIEeYMBAET BBICOKYIO CTEIEHb
aBTOMAaTU3allMM BBINIOJIHEHHS OIEpaluii NpH IEepexofe K HCHOJHUTEIbHBIM
koopauHataM. (OOoOCHOBaHa  KOHUENIUS  TEXHOJOTHYECKOIO0  COMYTCTBHS,
MOJICJIMPYIONIAsl ~ B3aUMOCBSI3aHHOE€  MHOXKECTBO  Pa3HOPOJHOM  MPOEKTHOM
uHboOpMallMy,  YTO  MO3BOJISIET  peajlin30BaTh  HMHTETpalMi0  CHUCTEM
aBTOMATU3UPOBAHHOTO MPOECKTUPOBAHMS W CHUCTEM YIPAaBJICHUS MPOEKTHBIMU
paboTamu.

OCHOBHBIE Pe3yIbTAThl AUCCEPTAIIMOHHON pabOThI, MOCBAIICHHON PELIEHUIO
OJHOM M3 BAXHBIX U AaKTyaJbHBIX MPOOJIEM ONTHUMAIBHOIO MPOECKTHUPOBAHMUS
WHXEHEPHBIX KOHCTPYKIIMI, COCTOST B CIEIYIOLIEM:

1. Ha ocHOBE CHCTEMHOro MOAXO0Ja C YYETOM CHenu(UKH ONTHUMAaIbHOIO
IPOEKTUPOBAHUSA WH)XEHEPHBIX KOHCTPYKLUHUHA CHOPMYIUPOBAHBI OCHOBHBIE
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KOHIENTyaJIbHbIE TMOAXOAbl U TOJOXKEHUS K PEIICHUI0 HAy4YHbIX MpodsieM
peanu3aluMyd METOJOB M AJTOPUTMOB aHAJIW3a M CHUHTE3a KOHCTPYKTOPCKUX U
texHonornyeckux pemeHud B CAIIP WHXEHEpHBIX KOHCTPYKUMH Ha OCHOBE
€ANHBIX YHUPUIIUPOBAHHBIX MPUHIIMIIOB UHPOPMAIIMOHHOTO OOMEHa.

2. O6ocHOBaHO, 4TO M 3(G(EKTUBHOIO pEIIeHUs IIMPOKOTO Kiacca
ONTHMHU3AIMOHHBIX 3a/lay 1eJIECO00pPa3HO HCIOJIb30BAHUE ONTHUMU3UPYIOIINX
CUCTEM, BKIIIOUAIOIIUX B C€0s1 COBOKYITHOCTD IMOMCKOBBIX aJITOPUTMOB.

3. Teopernyeckne OCHOBBI ONTUMHU3ALUWUA HWHKEHEPHBIX KOHCTPYKLIHIA
0a3upylOTCS Ha ONTUMHU3ALMKA MAaTEMaTHYECKHMX MOJENeld IO MOKa3aTemio-
kputepusi 3PGEeKTUBHOCTH B BHUIE Beca oObekTa wuccienoBanus. [loctpoenue
TaKMX MOJeJe MOTpeOOBaI0 MPOBEAEHUS KaK TEOPETUYECKHX, TaK U
BBIYHUCIUTENBHBIX SKCIIEPUMEHTOB. boubIoi (pakTHueckuii MaTepral o MOAEIsAM
U UX aJrOpuTMaM, HIMPOKO MPUMEHSAEMBIM B TPOEKTHOM J€Jie, T03BOJIUI BIIEPBbIE
B pacueTHOM MpaKkTUKe pa3paboTaTh HamOoJiee HaJeKHbIC (aJ€KBATHBIE) CUCTEMBbI
aJITOPUTMOB ONTUMU3ALINN UHKEHEPHBIX KOHCTPYKIUH.

4. TIpemtoKeHbl aJlrOPUTMBI JIOKAIBHOTO W TIoOampHOro mowcka (I'TI-3),
KOTOpBIE MO3BOJIAIOT pEIIaTh MHOTO3KCTpEMalbHblE 3a7aud, MU 00ECIeYyUBaAIOT
COKpaIlleHHEe BPEMEHHU BBIYMCIHUTENBHOTO mpoiecca. Ha 0aze amropurma I'TI- 3
co3gaHa ero Mojaudukanus, CcHoocoOHas pemarh 3aJadyd  OpU  HaJU4HH
LEJIOYMCIIEHHBIX TEPEMEHHBIX.

3. IIpennioxxena METOJUKa ONpEIEIICHUS ONTUMAJIbHBIX
MOCJIEIOBATEILHOCTEH NPUMEHEHHUSI aJTOPUTMOB ONTHUMU3AIMH, OO0IaJar0IIMX
MaKCUMAJIbHOM CKOPOCTBIO CXOAMMOCTH. Pa3zpaboTaH MeTon mapamMeTpuyecKon
uaeHTUUKAIIMT MoOJeNield, a COOCTBEHHO 3ajavya HACHTHU(PUKAUKU CBEACHA K
AKCTPEMAJILHOM € MOCIenyomuM npumenenuemM anropurma ['T1-3.

6. Ilpemnoxkena  anropuTMHUYECKass  CHUCTEMA  PEIICHUS  KJIACCOB
ONTHMH3ALMOHHBIX 3a/1a4, OCHOBaHHAs Ha paboTe anroputmuieckux 06aHkoB (b),
KQXKJIbI U3 KOTOPBIX MMEET CTPOTO OIpeAesieHHbIE (PYHKIIMU. ANropuTMHYECKas
cucTeMa paboTaeT B aBTOMATUYECKOM PEKUME M MPeayCMaTpUBaET: YHUPUKAIIUIO
MOCTAaHOBOK ONTHMMHU3AIMOHHBIX 337a4; KOHTPOJIb 33 MPaBUILHOCTHIO TOCTAHOBKHU
KOHKPETHOM 3aJauM; HCCIEAOBaHHE W WACHTHU(PHUKALUIO MOJENE; BbIOOP
aITOPUTMOB U3 YCIIOBHM JOMYCTUMOCTH PELICHUSI MOCTABJICHHOM 3a/laud U HUX
ONTHUMAJIBHOCTH; TMPOBEACHUE NapaMEeTPUYECKOW HJIECHTU(DHUKAIUU C LEJbI0
JOCTUKEHUS TpeOyeMOol CKOpPOCTH CXOJUMMOCTH JUIsi Kjlacca 3ajad JaHHOU
NpeIMETHOW O00JacTu: MPEeASIOKEH METOJ ONTUMAIbHON MOCIEA0BATEILHOCTH
MIpUMEHEHUs pa3pabOTaHHbBIX aJTOPUTMOB.

7. IlpencraBneHbl pe3ysbTaThl pacyeTa Mo ONTUMHU3ALUU COOPYKEHUW THUMa
MeTrponoauTeHa. CymecTBYIOIUe KOHCTPYKIIMM CBOJIOB OJJHOCBOAYATHIX CTAHIUI
HE SBJISIOTCS palMOHAJIBHBIMU B CMBICIIE pacxoja MaTepuajoB. YKa3aHa
BO3MOKHOCTh INPOEKTUPOBAHUS CBOJIOB TIOCTOSIHHOM KpHMBHU3HBI C 0OoJjiee
palMOHAIIBHBIM HKCIIOJIb30BAHUEM MaTepuasa, YeM Y CYIIECTBYIOIIMX CTaHILUM.
O60ocHOBaHbI 11€J1€C000PA3HOCTh MPUMEHEHUS MTPHU MPOSKTUPOBAHUN KOHCTPYKIIHIA
CBOJJOB METOJOB MAaTeMaTH4YECKOro MPOrpaMMHUPOBAHHSI UM  KOMIIBIOTEPA,
CHOCOOHBIX HAaWTH ONTUMAJbHYIO, N0 BBIOPAHHOMY KpPHUTEPHUIO, KOHCTPYKILHUIO
CBOJA.
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8. Ilo mpenno’keHHbIM PEKOMEHJALUIM K MPOEKTHUPOBAHUIO ONTHUMAIbHBIX
WHXEHEPHBIX KOHCTPYKIMUA MO BECOBOM ONTHUMHU3ALMU U UX AITOPUTMU3AILUU
CO3/IJaHa AITOPUTMHUYECKAsT CHCTEMA, 3allMILECHHAs aBTOPCKUM CBUIETEIBCTBOM U
BHE/IPEHHAS B PACUETHYIO MIPAKTHUKY.

9. PazpaboTan MeTOJ anmpoOKCHUMAallUd W aJFOPUTM MOJAETUPOBAHUS Ha
HEUPOHHBIX CETSIX CHUCTEM YPAaBHEHUM AMHAMUKHU IIJIACTUH, CBOOOJHO OMEPTHIX
WM JKECTKO 3aKpEIUIEHHBIX II0 KpasM, W pe3ylbTaTaMH YHCIEHHBIX
BBIYMCIIUTEIBHBIX  JKCIEPHUMEHTOB  IOJATBEPXKICHA  JIy4yllas  CXOAUMOCTH
UTEPALIMOHHOIO MPOLECCa PEIICHHUS CUCTEM OUTapMOHUYECKHUX YpaBHEHUI
KoJIeOaHus OJTHOPOJHBIX IJIaCTUH MIOCTOSTHHOM TOJINHBI co
3HAKOHEOIPEAEIEHHON MaTpuLen pu MCIIOJIb30BaHUU IPUHIMIIA
nosryTpancopmanuu ['aycca mo CpaBHEHUIO C TpaHChOpMAIHEed HCXOIHON
CUCTEMBI YPaBHEHU BUOpAITUH peaTbHBIX KOHCTPYKITUH.

10. Pe3ynbTaThl HCCIENOBAHMNA MOTYT YCIEIIHO MPUMEHSATHCA HAy4YHO-
UCCJIEIOBATEIbCKUMU ~ WHCTUTYTaMH,  OIBITHO-KOHCTPYKTOPCKUMH  OIOpO U
MPOCKTHBIMU  OpPraHU3alUsIMM,  CBS3aHHBIMU C  PEHICHUEM  Pa3IUYHBIX
ONTUMHU3AIMOHHBIX 33/lady MPU MPOCKTUPOBAHUHM U CTPOUTEIBCTBE MHKEHEPHBIX
KOHCTPYKLIUH.

OkoHoMuYeckuid 3(Q(EKT OT BHEAPEHHUS pe3yJIbTAaTOB HCCIEIOBAHUMN
CKJIJbIBAETCS U3 CIEAYIOIIUX COCTABIISIOMINX:

U3  PE3yJbTaTOB  BBIYUCIHUTEIBHOTO  JKCIIEPUMEHTA  ONPEACIICHBI,
KOHCTPYKIIMH, 00aiasi OJUHAKOBBIM 3alacoM IMPOYHOCTH, OTJIMYAIOTCS MO BECY
noutu B 20 pa3, KOHCTPYKIUKA U3 000J0UEK MEPEMEHHON TOJIIUHBI TO3BOJISIET B
psne ciy4aeB CHU3HTh BeC KOHCTpPYKIMM Ha 14 % (Wi UMIUHAPUYECKHX
obonoyexk) u Ha 27 % (I KOHMYECKUX OOOJOUEK) IO CPaBHEHHUIO C
COOPYKEHUAMH U3 000JI0YEK TOCTOSHHON TOJIIIUHBI.

B pe3yJbTare ONTUMH3AIMK KOHCTPYKLIMM MO BeCy, paccMaTpUBaeMble
KOHCTPYKIIMU OJMHAKOBBIM 3al1aCOM IMPOYHOCTH, 3HAUEHUSI NX BECOB 3HAYUTEIILHO
ornuyanuch moytd B 20 pa3, A peanu3alid KOHCTPYKUUNA U3 000JI0UEK
IIEPEMEHHON  TOJILUHBI CHU3UTh BEC KOHCTpykiuu Ha 14 % (and
HUIUHIApUYeCKX o0ojouek) U Ha 27 % (mas KOHUYECKHX OO0O0JOYeK) II0
CPABHEHUIO C COOPYXEHUSMU U3 000J0UYEK MOCTOSHHOMN TOJIIUHBI, TAKUM ITyTEM
JIOCTUTHYTHI B 9)KOHOMUU MAaTE€PUATIOB U TPYJIOBBIX PECYPCOB.

TakuMm o0Opa3oM, Ha OCHOBE TEOPETHUYECKOrO0 OOOOIIECHUS] U TPAKTUUECKOM
peanu3anuy, H3J0KEHHBIX B paboTe HOBBIX HAYYHBIX TOJIOKEHUN pelieHa
KpynHasi mpoOjieMa pa3padOTKM METOJOB M aJITOPUTMOB aHalIW3a U CHHTE3a
KOHCTPYKTOPCKMX M TexHonornueckux pemenuii B CAIIP  uHXeHepHbIX
KOHCTPYKIIMH M COOPYXKEHHI, a TakKKe B pe3yjbTare NMPUMEHEHHUS ONMTHUMHU3AIUU
WHXEHEPHBIX KOHCTPYKIIMI W COOPYKEHH MO BeCy, SKOHOMHH MaTepHUajoB,
MOBBIIIIEHNS ~ KayecTBa  KOHEYHOW  TMPOAYKIIMH,  COKPAILCHHS  CPOKOB
MPOCKTUPOBAHMUS M BBOJA OOBEKTOB B CTPOMl HMEIONIIEH Ba)XXHOE HapOJIHO-
XO3SIMCTBEHHOE 3HAUYCHUE.
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Introduction (Abstract of doctoral dissertation)

Topicality and demand of the subject of dissertation. Design engineering
of high quality structures and reliability while saving materials and other financial
and human resources, as well as shortening the design terms are impossible
without the use of modern methods of optimization and design automation based
on the use of modern computer technology. Development of new mathematical
models of efficient algorithms, software packages and systems for solving various
classes of problems, is one of the central areas in modern science.

The market strategy of social development in a competitive environment
Imposes severe restrictions demanded of the design period. In such circumstances,
the use of CAD is becoming a necessity.Development of the national economy and
the increasing role of science in this sector more acutely pose scientific and
technical personnel problems to improve production efficiency, saving materials,
improve the quality of the final product, reducing design time and putting it into
operation. The task of providing theoretical, methodological and applied bases
efforts to the successful solution of these problems by experts faces in front of the
Science. The complexity of the problem requires the use of sound and practically
proven mathematical models and methods to provide a solution to control
applications process of building design in market conditions, including through the
use of CAD technology and automated control systems (ACS). The practical
significance of the problem lies in the use of guidelines and recommendations of
the study in practice in the production of design and technological documentation
for tasks aimed at the efficiency of the design process, including the use of CAD
and ACS for different purposes.

Comprehensive measures taken by the Government of the Republic of
Uzbekistan for the development of CAD, on the basis of the Decree of the
President of the Republic of Uzbekistan PP-1730 "On measures to further the
implementation and development of modern information and communication
technologies™ on 21 March 2012, aimed at wide dissemination and implementation
of software products developed based on modern information technology. In this
regard, the creation of complex software tools for analysis and optimization of
engineering structures is of particular relevance and, at the same time is a topical
theoretical and applied problem of great national economic significance.

CAD are now one of the most effective means of improving the performance
of engineering work and scientific activity, reduce the time and improve the quality
of technical developments. The modern approach to design automation is not
limited to the use of the computer during the time-consuming calculations,
information retrieval and production of technical documentation. Today we are
talking about the creation of so-called intelligent human-machine systems, in
which is possible to perform the entire cycle of design work, ranging from
scientific research to manufacturing design and technological documentation, and

in some cases - models or prototypes.
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Demand is characterized by the thesis that the entire cycle of design work,
ranging from scientific research to manufacturing design and technological
documentation, and the need for the widespread introduction of methods and
algorithms for computer-aided design into production, determine necessary and
appropriate for automation of process of designing the optimum engineering
designs.

Relevant research priority areas of Science and Technology of the
Republic. This dissertation is made in accordance with the priority areas of science
and technology: GTIN-17 - "Development of modern information systems,
intelligent controls and training of scientific and technical databases and software
products that provide wide development and implementation of information and
communication technologies."

International review of scientific researches on the theme of dissertation.
Theoretical and practical research to develop new mathematical models and
efficient algorithms for the analysis and synthesis of design and technological
solutions in computer-aided design of engineering structures and buildings, were
large firms, companies, research centers, universities and research institutes in
foreign countries, such like Autodesk, Inc. (USA), Siemens PLM Software
(Germany), Toto (Japan), Acme Infotech Company (India), Ltd. "Polytech-UIMP-
XXI Century" (Russia) and others.

As a result of research work carried out in recent years, are the following:
developed and implemented computer-aided design for solving classes of
optimization problems of engineering structures (Autodesk, Inc.); software
packages (PPP) of optimal design classes designs (Siemens PLM Software);
mathematical models and computational algorithms for solving optimization
problems of automation of process of designing engineering structures (Toto);
calculation and simulation of engineering designs matematicheskme (Acme
Infotech Company); software and technology design and calculations for structural
design using advanced design technologies and licensed software a wide spectrum:
SCAD, AutoCAD, Tower, LIRA, Arhicad, Ansys, 3D MAX, SolidWorks and
others. (Ltd. "Polytech-UIMP-XXI CENTURY ").

Today, implement priority research projects to develop in the creation and
improvement of technological processes, computer-aided design, their
mathematical, technical and methodological support.

Degree of study of problem. The problem of justifying the methodology of
research aimed at improving the methods for solving optimization problems of
computer-aided design and engineering designs, L.V. Kantorovich, N.N.
Moiseyev, V.S. Mikhalevich, B.N.Pshenchniy, Y.M. Danilin, L.A. Rastrigin, L.I.
Polovinkin, R.G. Strongin, Yu.G.Stoyan, A.N. Kudinov, V.A. Koldunov, V.P.
Malkov, A.G.Ugodchikov, V.L. Rvachev, L.V. Kurpa, V.K. Kabulov, T.F.
Bekmuratov, T. Buriev, R. Sadullaev, O.M. Nabiyev, Sh.A.Nazirov et al.
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Problems of optimal design of engineering structures, structural design tasks
with minimum weight, which are widely used in such sectors of the economy such
as construction, raketo-, aircraft and shipbuilding, etc., Were investigated in
I.M.Rabinovich, A.l.Vinogradov, H.M.Mushtari, V.V.Vasiliev, Y.N.Nemirovsky,
A.A.Chiras,  V.N.Paimushin,  I.N.Ginzburg, = S.N.Kahn,  A.N.Kudinov,
V.A.Koldunov, N.V.Banichuk, K.I.Mazhid, Y.M.Pochtman, G.V.Filatov,
V.D.Hajiyev, M.T.Urazbayev, V.K.Kabulov, T.R.Rashidov, Y.N.Muborakov,
K.Sh.Babamuratov, T.B.Buriev, F.B.Abutaliev, K.S.Abdirashidov, F.Badalov,
B.Kurmanbaev, T.Yuldashev, Sh.A.Nazirov et al., the results of their research on
automation of calculation of structures of technical systems and their properties,
and also have important theoretical and practical value for the successful
optimization of engineering structures.

From the results of the analytical review and critical analysis of scientific
literature, we can conclude that, despite definite progress, scientific and technical
problems of development of mathematical models, computational algorithms and
software systems for solving optimization problems can not be regarded as
complete. Insufficient attention is paid to issues related to improving the efficiency
of computational algorithms, complex software for automated computer-aided
design optimum engineering designs. In imperfectly understood and resolved
issues algorithmization design and technological solutions in CAD engineering
designs. At the same time, highlighted the urgency and relevance of activities
aimed at improving methods and automation tools solve a wide range of
optimization problems in the design of optimal engineering designs. The essential
feature is the optimization of engineering structures algorithmization design and
technological solutions in CAD, which allows you to automate the calculation of
structures created technical systems that best explore the features of the past and to
ensure reliable prerequisites for successful optimization of engineering structures.

The results of this research in a new direction to solve the problem of
optimization and optimal design of engineering structures require formalization
and algorithmization design and technological solutions in CAD.

Communication dissertation topic with the plans of scientific research
institution of higher education and research institution, which made the thesis,
is reflected in the following projects: F4-016 - "Development of methods and
means of solving the multidimensional optimization of linear and nonlinear
formulation on the basis of a constructive method of R - functions"
(2012-2016 gg.).

The purpose of the study is to develop a scientific and methodological
foundations, mathematical models, algorithms, methods and practices for the
implementation of computer-aided design engineering structures, integrating the
stages of design and technological design based on unified principles of
information exchange.
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In order to achieve the intended objectives formulated the following research
objectives:

development of the concepts and principles of CAD optimum engineering
designs;

analysis of scientific and applied research in the field of the variant and
optimal design of engineering structures;

development of the mathematical models, the creation of efficient algorithms
and a set of software tools for solving optimization problems of thin-walled
structures;

research of convergence algorithms design of engineering structures and their
parametric optimization;

development of algorithmic optimization system simulation analysis,
synthesis and optimization of design and technological solutions in the CAD
engineering designs;

carrying out of computational experiments to study the models and algorithms
for optimization of engineering structures;

realization of a neural network approach to solve the problems of the
dynamics of plates;

application of the development specific recommendations of the thesis to the
practice aided variant design of engineering structures.

Object of research the processes of the variant design of engineering
structures based on arches, plates and shells.

Subject of research - mathematical models, numerical algorithms and
software for solving optimization problems aided design of engineering structures.

Methods of research. The study has applied the methodological basis of the
study is a systematic approach and methods of the theory of computer-aided
design, the methods of mathematical modeling, numerical methods, optimization
methods, mathematical programming, methods of mathematical physics, solid
mechanics and structural mechanics, algorithmic methods, software engineering
and computer experiment.

Scientific novelty of dissertational research consists in the following:

mathematical models and computational algorithms for solving optimization
problems automate the process of designing the optimum engineering designs are
developed,;

developed a theoretical framework and formulated principles of computer-
aided design for solving optimization problems of classes of elements of
engineering structures;

developed efficient algorithms for a class of random search of both local and
global extremum;

developed the principles and methodology of construction of problem-
oriented software packages (PPP) of optimal design class structures;
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solved al ot of important problems of calculation and optimization of
engineering structures and buildings;

in solving the problem of the dynamics of flat plates synthesized neural
network.

Practical results of research consist in the following:

developed a set of software tools to automate the process of designing the
optimum engineering designs;

demonstrated the effectiveness of complex software tools in the study and
optimization of complex structures made of plates and shells with variable
thickness and it is shown that the application of the proposed approach for the
implementation of the structural shell of variable thickness, in some cases, can
reduce the weight of the structure in comparison with the structures of the shells of
constant thickness;

results of numerical experiments show the appropriateness of the shells of
variable thickness, as well as the effectiveness of formulating and solving
optimization problems in the design of shells minimum weight class;

results of the neural network approach to solve the problem of modeling the
forced vibrations of a plate, simply supported or clamped firmly around the edges;

discuss the results of computational experiments on optimization of thin-
walled structures;

results of numerical experiments show how all found minima considered
design is on the border of strength or resistance values of their weights were
significantly different. In other words, the two structures having the same margin
of safety, differ in weight by almost 20 times, to implement variable designs of
shell thickness can, in some cases, reduce the weight by 14% (for cylindrical
shells) and 27% (for the conical shells) compared with structures of uniform
thickness shells.

use of the results of research and development has allowed to solve a number
of important practical problems of calculation and optimization of engineering
structures with the achievement of significant people's economic effect.

Reliability of results is confirmed by the results of theoretical and
experimental research and computing their mutual consistency, practice their
introduction and discussion of the results of research in various scientific
conferences and publication of research results in peer-reviewed scientific journal
of the Supreme Attestation Commission under the Cabinet of Ministers of the
Republic of Uzbekistan.

Theoretical and practical value of the research results. The theoretical
significance of the results of the study is that the method of calculating the
optimization of thin-walled structures, computational algorithms and software
tools in their totality form a single concept and formalization of algorithmic design
and technological solutions in the CAD engineering designs.
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The practical significance of the work lies in the effective application of the
developed methods and algorithms for analysis and synthesis of design and
technological solutions in the CAD engineering designs.

Realization of the results. Based on the results of the thesis: Algorithmic
optimization system developed based on the optimization of simulation, analysis
and synthesis of design and technological solutions in computer-aided design of
engineering structures in place in the enterprises of the State Committee for
Architecture and Construction Uzbekistan, in particular, implemented in the
company "Tamir-Loyiha" (certificate of the State Committee for Architecture and
Construction of the Republic of Uzbekistan for Ne1813 / 18 of 15 April 2015).
Research results from the use of software based on mathematical models and
numerical algorithms, by increasing productivity, reducing the period of designing
and putting into operation of engineering facilities, as well as by optimizing the
designs by weight, ie, structures having the same margin of safety, differ in weight
by almost 20 times, to realize structures of membranes of varying thickness can, in
some cases, reduce the weight by 14% (for cylindrical shells) and 27% (for the
conical shells) compared with the structures of shells of constant thickness,
resulting in the achievement of savings and other materials manpower economic
effect amounted to 100 million. 55.4 thousand. amounts.

Approbation of the work. The study tested 28 scientific conferences,
including 18 international conferences, schools and seminars: International
conference "Mathematical modeling and computational experiment” (Tashkent,
1994); World Conference "Intelligent Systems for industrial automation» (WCIS -
2008, 2010, 2012, 2014) (Tashkent, 2008, 2010, 2012, 2014); International
scientific conference "Modern problems of mechanics" (Tashkent, 2009); Seventh
Asian International School-Seminar "Optimization of Complex Systems"
(Tashkent, 2011); Eleventh International Conference on Application of Fuzzy
Systems and Soft Computing, (ICAFS - 2014) (Paris, France, September 2-3,
2014); International scientific-practical conference "Innovations in technology and
education” (Belovo, Russia, Veliko Tarnovo, Bulgaria, 2013, 2014); International
scientific-practical conference "Security and structural design in engineering and
construction” (Kursk, 2013); International scientific-technical conference
"Perspective development of science, engineering and technology" (Kursk, 2013);
International scientific-practical conference "Modern tools of information
technology and innovation" (Kursk, 2014); International scientific-practical
conference "Modern innovations in science and technology" (Kursk, 2014);
International scientific-practical conference "Technology: the path of innovative
development™ (Kursk, 2014) and 10 national scientific conferences: "Mathematical
modeling and computational experiment” Tashkent, 2002; Karshi, 2003; Karshi,
2005; Karshi, 2007; Bukhara, 2009; Republican fair of innovative ideas,
technologies and projects (Tashkent, 2010); as well as scientific seminars
laboratory “algorithmic” the Institute of Mathematics and Information
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Technologies of Uzbekistan Academy of Sciences (2000-2011); annual scientific-
theoretical and practical conferences, teaching staff Karsh State University
(Karshi, 1991-2014).

The main results of the thesis were reported and discussed at a joint scientific
seminar of "Applied Mathematics and Computer Science", "Higher Mathematics",
"Physics"”, "labor training and plotting" and "Energy" Karshi State University
(Karshi, 2014), at a scientific seminar by specialty 05.01.08 - «Automation and
management of technological processes and manufactures” (engineering) at the
scientific council 16.07.2013.T7.02.01 at the Tashkent State Technical University
and the Institute of Energy and Automation (Tashkent, 2015).

Publication of the results. On the subject of the dissertation was published
57 scientific papers, including - 3 monographs, one of them published in foreign
countries, 19 journal articles, 3 in foreign journals and 19 articles in collections of
materials of international scientific conferences, and received 3 certificates of
registration of computer programs.

The structure and scope of the thesis. The thesis consists of an introduction,
five chapters, conclusion, bibliography, 4 applications and contains 200 pages of
text, including 36 figures and 31 tables.

Main contents of dissertation

In the introduction the urgency and relevance of the dissertation topic are
substantiated, goals and objectives are formulated. The a subject of the study is
identified, the appropriate research priority areas of Science and Technology of the
Republic of Uzbekistan are determined formulated scientific novelty and practical
results of the study proved the reliability of the results obtained are presented,
disclosed theoretical and practical importance results, a list of implementations,
data from published works and the structure of the thesis are listed.

In the first chapter (Theory and methods of optimization of engineering
structures and buildings) an analytical overview of the current state of scientific
problems of design automation engineering design and optimization has been
done, as well as reviewed the scientific and technical problem of creating a system
for algorithmic solutions classes of optimization problems; the general principles
of computer-aided solving optimization problems of engineering structures from
staging to obtain numerical results are treated. Methodological basis of application
of methods of system analysis and synthesis to solve optimization problems is
substantiated. The current pace of design and implementation of engineering
structures impose their strict requirements for quality design solutions. At the
present time not only to project design that meets the requirements of strength,
stability and rigidity is required, but also getling a technologically and
economically more efficient solution. This is possible on by in the process of
designing a variant when performing analysis of multiple design alternatives on a
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range of technical and economic parameters. Manual implementation of the
process is very laborious and time-consuming, which ultimately allows the
development of a more or less detailed one to three options. As a result for, the
process variant design of engineering structures it is necessary to involve computer
equipment.

It is shown that one of the characteristics of engineering structures is the
direct incorporation as a source of primary information consumers and customers
at an early stage of the life cycle of creation of engineering structures and buildings
in an ever-increasing demand for their quality, performance and economic
indicators. This leads to a significant increase in the volume of information to be
understanding, processing and management, and, consequently, to the need for
deep information integration of mathematical models of conceptual, design and
technological design. All models should be automatically analyzed for the
technological admissibility, which actually means a shift to high-level modeling
and expansion of the models used respects, the specifics of design objects.

In this regard, a special topicality gets complicated scientific and technical
problem of formation and theoretical basis for new approaches to automation of
variant design and technological design of engineering structures. Analysis of
existing CAD on this domain testifies to their limited capacity to effectively solve
the problem that due to a number of significant limitations inherent in them. First
of all - it's basing on the geometric design paradigm, the lack of consideration of
the specific manufacturing engineering structures, low level of integration lifecycle
produced products, the lack of control of the correctness of algorithmic choices of
design and technological design solutions, the implementation of most of the
design and manufacturing operations at a low level of abstraction in the area of
executive coordinates.

It is shown that the implementation of the strategy of building a common
information space in which the CAD and engineering are the basic functional
systems, it is advisable to make the transition from geometric models of
engineering structures and buildings to the structural-attributive object model high-
level abstractions.

This chapter provides a general problem of optimization of thin-walled
elements of engineering structures, making selection of computational models of
deformable systems. In the design and development of new systems, structures,
devices, products, usually based on the need taking into account different
requirements. Those applied to the deformable mechanical systems (structures)
are: strength, stiffness, and stability of all elements of the system and nodes, etc.
The optimality criterion is based on one or more performance criteria. As a result
of solving optimal design there have been defined shapes, the intrinsic properties
of structures and working conditions, delivering an extremum selected
characteristic structures subject to additional restrictions. Statement of the problem
to optimize the design is as follows: the basic formulation of constitutive equations
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(mathematical models); selection of optimized functional; restrictions on the
functions of the state and the desired control variables.

The ultimate goal of the design is to create a rational products, facilities,
structures, systems, etc., based on the available resources and capabilities.

Advances in the theory of extremal problems in the development of numerical
methods for solving boundary value problems of mathematical physics led to
intensive development of the theory and methods for solving optimization
problems in the mechanics of deformable systems.

In the second chapter (Development of algorithms of random search for
algorithmic optimization system) deals with the research and development of
algorithms and global random search, with the main requirement for them. The
algorithms developed by the author, for finding local and global extrema of
multivariate functions, able to solve the optimization problem as absolute, and in
the presence of various restrictions are considered. Further development of the
local search algorithm is the algorithm of GP-3 - a global search for the solution of
multi-oriented tasks. Applied it heuristics, such as, for example, the construction of
"exclusion zones", which increases, according to the accumulation of information
about the model in the search process and prevent unproductive time spent on
finding previously found minima, et al., have led to the high efficiency of the
algorithm. A special algorithm with rapid convergence, designed to optimize the
designs that satisfy the conditions of strength, stability, stiffness. In its
development in order to accelerate the convergence was used the fact that the
optimum structures is always on one of the boundaries or at their intersection. The
length of the working step of the algorithm is determined depending on the
distance from the boundaries of search engine, and changes in the search process,
significantly reducing the time for search. This algorithm can also be
advantageously applied to other solutions of optimization problems if a priori
known that the optimum lies on the boundary. All developed algorithms included
in the algorithmic system optimization (ASO).

In the design and development of new systems, structures, devices, products,
usually based on the need to take into account different requirements. Those
applied to the deformable mechanical systems (structures) are: strength, stiffness,
and stability of all elements of the system and nodes, etc. The optimality criterion
is based on one or more performance criteria. When searching for the optimal
design of a received optimality criterion and restrictions can be obtained not
optimal, but the rational design. For example, if the claim has not found the
technological quantiafy active estimation and is not included in the number of
constraints, it is possible to get a project of minimum weight (weight-optimized),
but irrational project because of its non-technological. Heavier construction, but
comfortable with a technological point of view, may be more rational.
Optimization problems (and their various productions) are separate sub-tasks in the
development process in general management of the project.
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The basic requirements to the algorithms ASO et al. of the application
package (PPP), designed for solving optimization problems as universality,
simplicity, minimum required RAM, efficiency, ability to solve constrained
optimization problems, including elements in algorithms heuristics, the ability to
solve problems in discrete optimization and multiextremal problems. For the
successful operation of a general-purpose optimization RFP must be fulfilled these
requirements, in the aggregate embedded in a package of algorithms. The results of
numerical studies of these algorithms on a set of test problems, showing their high
efficiency are listed.

At present, software-aided design and analysis of variance engineering
structures mainly represented by such software systems engineering analysis as
SCADA, LIRA, ANSYS, NASTRAN et al., which allow to build mathematical
models and designs of varying complexity rely on the finite element method
(FEM). However, most of them does not contain or contains very limited in its
functionality modules optimization calculations. These modules are implemented
based approach to finding a solution to the problem was to carry out an iterative
procedure consistent application of processes of finite element analysis to
determine the parameters of the stress-strain state (SSS) construction and
transformation of design variables on the basis of the method used to optimize the
obtained values.

This approach is strongly binds the time allowed for calculation, the selected
search method: computational speed while depends on the number of iterations
required to find a solution given by the optimization method used and the amount
of the search space. As a consequence of this advantage in building systems design
variant is given to faster and more efficient optimization algorithms.

In this case, often the question of universality and mass algorithms (i.e. the
width of their application to problems of all sorts) fades into the background. The
result is a system that has a very shallow knowledge of numerical methods, is
placed before the difficult choice of a particular algorithm that guarantees the
accuracy and reliability of the task.

In this situation, it is better not to develop advanced and high-performance
optimization algorithms and their application in CAD engineering structures but
building systems using flexible mechanisms of adaptation and adjustment of the
existing search algorithms for solving problems of finding extreme of a wide class
of functions.

The practical need to address the different types of optimization problems in
the design of various objects (including engineering and construction) has led to
the creation of program libraries optimization software packages at various levels
and purposes. Collected in one package different algorithms increase and expand
the class of optimization problems solved.

In the third chapter (Parameter optimization algorithms and convergence)
describes issues of parametric optimization and convergence of regular and
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statistical algorithms. There has been made meaningful statement of the problem of
optimization algorithms as mathematical programming problem, where the
parameters to be optimized algorithms considered various options that affect the
speed of convergence; for the objective function as the amount of computation
required to solve the problem with a given accuracy. Other possible tasking. The
features of these problems and propose methods to solve them are also considered.
Statements of tasks are described.

Parametric optimization algorithms will be called to determine the optimal
values of the variable parameters of the algorithm, tells him the maximum speed of
convergence in solving certain classes of problems.

Under the external parameters of the algorithm we understand the parameters
whose initial values are given in the problem statement, together with the original
data.

These - certain constants involved in the work of the algorithm and the exact
values are not known no either from theory nor practice of solving problems.

If we define the values of the external parameters that allow to solve the
problem of a certain class to any algorithm with a maximum speed for it, by the
same aim, we will solve the problem of tuning algorithm for this class of problems.

However, in essence, all algorithms inherent adaptation - changing parameters
in the process of solving the problem in order to improve the convergence and
random search algorithms and self - change in the probability of search properties
in the process of solving the problem with the same goal of improving the
convergence.

Under the internal parameters of the algorithm, we consider the parameters
that affect the course of adaptation and self in solving a specific problem (class of
problems). Determination of optimum values of the internal parameters can also
lead to the improved search.

The problem of setting algorithms for specific classes of problems is
extremely difficult, as there is no identified dependency influence parameters on
the rate of convergence of the algorithm for solving a particular problem, and
therefore no recommendations, methods for selecting the optimal values of the
parameters of the algorithm. Success in the proper setting algorithms mainly
depends on the skills, experience and intuition of the researcher.

However, the solution of the problem can be formalized setting algorithms,
presenting it as an optimization and solved numerically using the search engine
algorithms.

To conduct parametric optimization algorithms it should be, above all, made
their parameterization, ie identify internal and external parameters and their range
of possible values. For this, we consider each algorithm separately.

All random search algorithms have the ability to be configured for a
successful solution of various problems. This setting is reflected in the selection of
various specific algorithm parameters influencing the passage of the search. In
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algorithms P-1 - SE-3, there are also some options are which being changed, can
be achieved changes in the probability of finding local and global minima and the
number of machine time required to solve the problem.

Since the optimization problem of random search algorithms is multicriteria
(necessary to obtain a given accuracy, the maximum probability of finding local
and global minima with a minimum of computation), to obtain reliable results on
the values of parameters in the optimization process have been taken into account
only those values that lead to finding the minimum test functions with a value of
F>e.

The results of parametric optimization algorithm GP-3 is especially well
traced by the example of the solution of multi-tasks. Revealed features
predetermined inability to use regular mathematical programming algorithms to
solve the problem and the need for a global search algorithm (in particular, the
algorithm GP-3).

Parametric optimization in some cases leads to structural optimization. So, to
solve a number of problems resulting optimal parameters of the algorithm GP-3 led
to that it worked as an algorithm for random shutter with linear tactics, etc. In such
cases, the development of improved and operational optimization algorithm and its
application to solve the problems of finding the extremum of the objective function
in the computer-aided design of engineering structures are more efficient in
building systems using a flexible mechanism existing search algorithms.

The results of the construction of such sequences, providing a higher rate of
convergence than any algorithm of forming of these sequences are listed.

As for the choice of optimal algorithms and sequences are necessary for
research and identification of mathematical models, in the same chapter an
automated method for the study and identification of models based on stochastic
approximation algorithms using random search is provided. The technique is
offered, developed an provided algorithm and a program of automatic sequencing
algorithms is made up. The sequence of algorithms obtained for one of the tasks is
effective for other tasks of reporting and several other classes of problems. The
different formulations of problems and numerical results of their decisions are
shown.

In the fourth chapter (The structure and organization of the functioning of
algorithmic optimization system) describes the structure and organization of the
functioning of algorithmic and software components of computer-aided design of
optimal engineering designs. There is proposed algorithmic optimization system
that is invariant with respect to the classes optiziruemyh objects. It consists of the
subsidiary banks and algorithmic: B, - Bank tasking, B;- database, B - Bank signs,
B, - Bank models, Bs - Bank algorithms, B - Computing bank, B; - operative
Bank (monitor). A description of their structure, function, banks and the main
modules of which they are composed are given information and logic banks
Schemes are adduced.
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In algorithmic system optimization (ASO) there is used decomposition
monitor functions. To ensure all stages of the system, including a formal statement
of the problem, the control setting, memory allocation, input source data, research
and identification of the model, the choice of admissible algorithms, setting them
on task sequencing algorithms, the formation of a working program and holding
accounts would be required a very complex and bulky monitor that would
complicate the system. When setting goals various errors associated with the
actions of the user and the programmer, system maintenance may occur. In order to
conserve time, after entering the initial information into the computer before the
whole system is necessary to monitor the correct formulation of the problem with
the syntactic side. To do this, B, should be appropriate service programs.
Functional diagram By is shown in Fig.1.

B, — database is used to store all the numerical data required to solve the
problem, as well as for the issuance of the necessary data on request. To do this,
the original data must be appropriately distributed and organized their search and
extradition. Fig. 2 shows a functional block diagram of a data bank B;.

Fig. 1. Functional diagram of the bank statements of B,

Bs - Bank signs are used for storing and processing the logical information to
identify each specific task. B, - Bank models and Bs - Bank algorithms are utilized
by the signs of the problem identified by the bank signs. Functional diagram of the
bank signs of B3 shown in Fig. 3.
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Fig. 2. Functional diagram of a data bank B;

B, - Bank of models used for the study and identification of mathematical
models on the basis of tasks, formed in the base of Bs; data transmission on the
basis of optimization models in Bs; functional diagram of the bank B4 models
shown in Fig. 4.

Bs - Bank of algorithms is used to store all the necessary information about
the available algorithms for solving extremal problems, as well as to select an
optimal algorithm for each specific model. The most common methods and their
respective characteristics of algorithms for solving mathematical programming
problems inherent in Bs, a functional block diagram of the bank Bs algorithms are
shown in Fig. 5.

Fig.3. Functional diagram of the bank signs of B;
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Fig. 5. Functional diagram of the bank algorithms Bs

Computing Bank Bg is designed to store all search models corresponding to
different algorithms bank algorithms, selecting the appropriate module after
receiving information from the bank algorithms, forming a work program for
solving the problem, followed by the score after the receipt of the data bank.
Functional diagram of the computing Bank Bg is shown in Fig. 6.
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Fig. 6. Functional diagram of the computing Bank Bg

B, - operative Bank (monitor); the so-called ASO operates automatically and
provides: unification productions optimization problems; control of the correct
formulation of a specific task; distribution of computer memory; research and
identification of models; selection algorithms of the conditions of admissibility to
solve this problem and optimality; conduct parametric optimization algorithms in
order to improve the convergence rate for the class of problems; construction of an
optimal sequence of algorithms; formation of a working program holding account.
Functional diagram of the operative Bank B; (ASO) is shown in Fig. 7.

AiO W

Fig.7. Functional diagram of the operational bank B; (ASO)

Decomposition of functions of B7 is performed as follows. B is responsible
for external relations functions of banks and determines the order of their
operation, which can be changed by the user. Each bank is a separate RFP for its
information base and internal monitor function which is not too extensive. Thus,
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B, controls the other monitors, which in turn control the operation of the bank.
Such a hierarchy of control allows the development of compact, flexible monitors.

In the fifth chapter (The results of the calculation for optimizing engineering
designs for various purposes) presents the results of computational experiments for
the optimization of a number of thin-walled structures on the basis of the proposed
algorithmic system. The problems of optimization of plates of variable thickness at
various boundary conditions and the system of external forces are resolved. The
equilibrium equation is derived from the variational principle of minimum energy.
In general, the equilibrium equation has the form:

iIZLk.(U )&, dv+Z” ZFk, (U) éU drdg+
3 3 Po "’ 3 Y
+KZ‘I” Z}F (U) 8, drda+!£ ;ri | :‘°§£drdﬂ+ (1)
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where Ly, I - linear differential operators.

Solving these equations with the appropriate boundary conditions is
performed using the algorithms described above. However, in some special cases
for certain values of certain parameters there is suitable decomposition of the
problem of calculating the shell followed by the application of methods of
structural mechanics, which greatly simplifies the decision algorithm.

The results of computational experiments on the calculation and optimization
of engineering objects such as subway, as well as the development of algorithmic
optimization system to build on its basis a problem-oriented PPP optimal design of
structures underground shell type are listed as well. Based on the concepts and
principles of the algorithmic optimization system, the ways of developing the PPP
for the optimal design of engineering objects of different purposes are shown, and,
in comparison with the algorithmic, in this package appears block formation
models, which made it possible, and has necessitated the development of a
software package based for a certain class of structures. The problems of
calculation and optimization of circular reinforced concrete tunnel lining with anti-
seismic nodes, combined reinforced concrete lining vault subway stations are
solved. Significant material savings have been received.

Task 1. To determine the factors determining changes in the thickness h, and

h,,informing h(g),

F = lo]- o] — min;
0im<h, <02m; h, =0,2—hy; (2)
[0]=2500t/m?
The solution to this problem: F* =0,00063t/m?, Of h, =01221143 m.
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The problem of optimizing vault subway stations is considered as the design
of an infinitely long cylindrical shell of constant radius and variable thickness

(Fig.8).
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Fig. 8. The settlement scheme vault subway stations

The problem is formulated as a mathematical programming problem: it is
required to determine the optimal value of the angle of the solution g, and the
variation of the thickness h=h(g),of the shells satisfying strength and ensure a
minimum consumption of concrete. Law changes in the thickness depending on the
set of angular coordinates g are given in the form

h:h0+hlsinﬁ. (3)
B

Optimized parameters: g, —angle of the shell; h,,h, —parameters determining
the thickness of the arch.

To ensure that the radius of curvature of trains should be set such that the
points with the coordinates X =8710mm and Y =3400mm are within the scope
station. In this regard, the median radius of the surface is determined by the
formula

_7-sinp, +/49sin? B, +363c0s® f3,

2c0s® f, ’ %
where g, = ”_250 .
Span length and height of the arch defined by the formulas:
L=2-R-cosf, , (5)
H=R(l-sing,) (6)
Minimized objective function - the amount of material 1 meter vault:
Bo Bo
F(x)=1- [R(B)B =L [ R(ho +h, sin ﬁ}dﬁ - Rﬁo(ho +ﬁj. (7)
0 0 Bo 4

Imposed restrictions:

75



T
—< <,
10 Bo

05m<hy <15m; (8)
-05m<h <05m;
Omax < [a].

Task 2. To solve the problem accept the following inputs: a set of material -
concrete M300, E=35-10°t/m?; u=015; [5]=1990t/m?.

Stresses are determined after the solution of the original system of differential
equations of equilibrium considered cross-section of a cylindrical shell of variable
thickness derived from the variation principle of minimum energy taking into
account the dependence of the boundary conditions h=h(g). rigid clamping at the

edges By =0; B=p,.

Differential equations are solved numerically using the finite difference
method. It uses the central differences of second order accuracy. To give the
solutions of systems of linear equations, a modified Gaussian elimination with a
high speed is applied and requires a minimum of memory the computer for solving
systems of algebraic equations of high dimensionality. In solving the problem on
the interval [0,,] taken 100 mesh nodes that provides sufficient accuracy for

solving equations of equilibrium.

All calculations are performed on a computer to solve the optimization
problem applied software package, compiled by a global search algorithm GP-3,
using the method of random search optimization.

Optimization is reduced to two independent systems loads as follows. In point
of space optimized parameters characterizing the best sample is a complete
structural analysis of the action of each system forces. Work step is performed only
in satisfying all the constraints for both systems loads, otherwise - searches for a
new point. Optimization has made with accurate results & =1%. Following results

are received:

F, =9,088m?; B, =3,092; hy =050m; h, =-0,309m;
R"=99m; L =198m;H” =9,8m.
The present embodiment of the set has the following characteristics:
F,=14,76 m*; R, =12,36m; R, =574m; L=19,7m; H =815m.
Fig. 9 shows the deflection curve W(5), bending moments M(5), of the
normal stresses o(f) obtained when exposed to the optimal design of the second

set of system loads, since the boundary strength is achieved with its impact.

All results refer to the shell with clamped edges. However, in the construction
of vaulted station rigid clamping is not achieved, as a set based on concrete tray,
which lies on the ground, i.e., Based on the elastic and the edges are set to rotate at
an angle (Fig. 8).

As you can see, in the case of hinged support shell edges can be got more
material savings. Basically, we have to shell membrane state of stress, and only at
the boundaries affect the edge effect.
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According to Fig.10, in the central part of the optimal set of obtained

membrane state structure, this corresponds to the best performance of the material.
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vaulted underground stations

This result is consistent with the results of calculations and design of other
authors. It should be noted that in the castle of the existing body significant
bending moments has been reminded. Existing designs vaulted stations are not
rational in the sense of the flow of materials. The calculation results indicate that
the design of constant curvature arches characterized by a more rational use of the
material, than existing plants. When designing structures vaults in the expediency
of applying the methods of mathematical programming.

Problem of dynamics of flat plates. The solution of problems of the dynamics
of plates simply supported or clamped firmly around the edges, includes the tasks
of free and forced vibrations of plates and can be reduced to the determination of
on values and vectors for the difference approximation of the equations of free
vibrations of plates. In our case, the problem is reduced to solving the partial
propervalue problem.

The experimental results indicate the high efficiency of the developed
algorithms. The experimental results confirmed the best convergence of the
iterative process.

Conclusion

For the further improving the efficiency of production, material savings,
improving the quality of designed objects, shortening design of engineering
structures it is necessary to improve the existing computer-aided design and
creation of complex algorithms, the operation of which is mainly based on the use
of optimization techniques, systems analysis and mathematical modeling.

The object structure-attribute models are developed which at the level of
information thumbnail representations include design and technological aspects of
engineering design that allows formalizing the description of the tasks at the level
of technological design sketch coordinates, and provides a high degree of
automation of operations during the transition to executive coordinates.
Conception of concomitance has been substantiated modeling of interconnected set
of heterogeneous design information that allows for the integration of computer-
aided design and control systems design work.

The main results of the thesis dedicated to solving one of the most important
and urgent problems of optimal design of engineering structures are as follows:

1. On the basis of a systematic approach, taking into account the specificity of
the optimal design of engineering structures has been formulated the basic
conceptual approaches and positions to address scientific problems implementing
methods and algorithms for analysis and synthesis of design and technological
solutions in the CAD engineering structures based on common principles of
unified information exchange.
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2. It is proved that for effective solution of a broad class of optimization
problems it is advisable to use optimizing systems, including a set of search
algorithms.

3. Theoretical bases of optimization of engineering structures based on
mathematical models for optimization in terms of the efficiency criterion as the
weight of the object of the study. The construction of such models required of both
theoretical and computational experiments. Great amount of material on models
and algorithms widely used in the project business, allowed for the first time in the
design practice to develop the most reliable (adequate) systems of optimization
algorithms engineering designs.

4. The algorithms of local and global search (GP-3) are proposed, which
allow solving multiextremal problems, and providing time reduction of the
computational process. On the basis of the algorithm GP-3 there is created its
modification, problem-solving abilities in the presence of integer variables.

5. The method of determining the optimal sequence of application of
optimization algorithms, that have a top speed of convergence are offered. A
method for parametric identification of models and the actual identification
problem is reduced to an extreme and then applying the algorithm GP-3.

6. A system for solving algorithmic classes of optimization problems, based
on the work of algorithmic banks (B), is proposed and each of which has a well-
defined function. Algorithmic system works automatically and statements of:
unification productions optimization problems; control of the correct formulation
of a specific task; research and identification of models; selection algorithms of the
conditions of admissibility to solve this problem and optimality; conduct
parametric identification in order to achieve the desired convergence rate for the
class of problems in this subject area: A method of optimal sequence of application
of the developed algorithms is offered.

7. The results of the calculation to optimize the type of underground facilities.
Existing design vaults vault stations are not rational in the sense of the materials
flow. The possibility of designing sets of constant curvature with a more rational
use of material than existing plants are also shown. The feasibility of the design of
arch design methods of mathematical programming and computer capable to find
the optimal, the chosen criterion, arch design has been proved.

8. On the proposal of recommendations for the design of optimal engineering
designs for weight optimization and algorithmic algorithmization there is created a
system protected by the copyright certificate and implemented in the design
practice.

9. The method of approximation and the simulation algorithm for neural
networks systems of equations of the dynamics of a plate freely supported or
rigidly fixed on the edges is developed, and the results of numerical computational

experiments confirmed a better convergence of the iterative process for solving
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systems of equations of biharmonic vibrations homogeneous plates of constant
thickness with an indefinite matrix using the principle polutransformatsii Gaussian
transformation compared with the original system of equations actual vibration
structures.

10. The results of the research can be successfully applied by research
Institutes, research and design centers and institutions associated with the solution
of various optimization problems in the design and construction of engineering
structures.

The economic effect from the implementation of the results of research
consists of the following components:

computing from the results of the experiment are defined structure, having a
similar safety margin differ in weight by almost 20 times, structures of membranes
of varying thickness can, in some cases, reduce the weight by 14% (for cylindrical
shells) and 27% (for the conical shells) compared with the structures of the shells
of constant thickness.

as a result of structural optimization by weight considered identical design
margin of safety, the values were significantly different weights blocked almost 20
times, to realize structures of variable thickness shells reduce weight by 14% (for
cylindrical shells) and 27% (for the conical shells) in comparison with the
structures of the shells of constant thickness, made in such a way to save material
and labor resources.

Thus, on the basis of theoretical generalization and implementation set out in
the provisions of the new scientific resolved a major problem of development of
methods and algorithms for analysis and synthesis of design and technological
solutions in CAD engineering structures and facilities, as well as a result of
optimization of engineering structures and constructions by weight , saving
materials, improve the quality of the final product, shortening the design and
putting into operation has an important national economic significance.
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