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NHOOPMAIIMOHHOE OBECIIEYEHUE KOMIIBIOTEPHBIX CUCTEM
YHOPABJIEHUA ®U3NYECKUMU IMOJISAMU NIOJABOJHBIX OFBEKTOB

CraThsi TOCBAIICHA MEXIUCIHUIDIMHAPDHOMY HAIMPABICHUIO KOMIUIEKCHOTO OOCCIICUCHUS
CKPBITHOCTH MOPCKHUX IOJABOAHBIX 00BEKTOB. IIpeioxKeHHbIE pelIeHHs COCTOSIT B KOHTPOJIE
W yIpaBieHUH (U3MYECKHMH NOISIMH OOBEKTa C MOMOIIBI0 KOMIBIOTEPHOTO OOPTOBOTO
KoMIUIeKkca. /laHo omucaHue CO3JaHHOTO NMPOTOTHIA — 3IEKTPOHHOTO MAaKeTa, ero MaTeMa-
THYECKOe M MporpaMMHOe o0ecriedeHre. Pe3yapTaTel IMUTaIMOHHOTO MOAEIHPOBAHUS IPO-
JIEMOHCTPUPOBaIH 3PPEKTUBHOE CHUIKCHHE BEPOSTHOCTH OOHAPYKEHUS TTOABOIHBIX 00bEK-
TOB I'pYIIOI HaOJrOIaTeN e, OCYILECTBISIONINX TOUCK OOBEKTOB 110 pa3HOPOIHBIM (u3nye-
CKHM TIOJISIM.

KuaroueBbie cji0Ba: BHYTPCHHHUE BOJHBI, THIPOAMHAMHYCCKUE CIICIBI 1 aHOMAJNH, HH(POPMAIIMOHHBIE TEXHOJIO-
THH, MATEMaTHIECKOE MOACTHPOBAHNE, MOPCKOH MOIBOTHBIA 0OBEKT, (PU3MUCCKHUE IO,
yHOpaBJieHHC PU3MYCCKUMH MOJISIMH.

OpHOl U3 Ba)KHEHIIMX HAYYHO-TEXHHYECKUX IpoOJieM, CTOSIIUX Iepen uoTamMu Jep-
’aB C BBICOKUM YPOBHEM pa3BUTHs TEXHOJIOTHMH, ABISETCA 00eCleYeHUe CKPHITHOCTH U 3alllu-
TBI MOPCKHX NOABOAHBIX 00bekToB (MIIO) no ¢pusndeckum mosiM. AKTyanbHOCTB ITOH 3aj1a-
YH MOATBEPKAACTCA NPAKTUUYECKUM OIBITOM U KPaTKO MOXKET ObITh BhIpaXKEHA TaK: «OOHapy-
JKEH — YHUUYTOXKEH».

Jlis obecrieyeHUs] CKPBITHOCTH MCIIONB3YIOTCS JIBa B3aMMOJIONOJHSIOIIUX IOJXO0AA.
[lepBblil BO3HUK MPAKTUYECKU OJHOBPEMEHHO C MOSIBIICHUEM IOABOAHBIX OOBEKTOB U COCTOUT
B IIPUHATHH MTPOEKTHO-KOHCTPYKTOPCKHUX PEIICHM, HAPABICHHBIX HA CHW)KCHUE YPOBHS Te-
HEpUpPYyeMbIX (U3NYECKUX I0JIeH TEXHUYECKHMMHU CPEICTBAMHU MOPCKOTO MOJBOJHOTO 00BEKTa
(MITO). MHoroseTHie YCHIHMs YYCHBIX, B MEPBYIO o4yepelb AKaJIeMUU HAyK, WH)XCHEPOB W
IPOEKTAHTOB O0ECTIEUMIIN OIPEAeNICHHbIE PE3YJIbTaThl O CHUKEHUIO 3aMETHOCTH COBPEMEH-
HBIX MOABOAHBIX 00beKTOB [1]. [To OTHENBHBIM (HU3NYECKUM TOJISIM, HAPUMED THIPOAKYCTH-
4EeCKOMY, YAAJIOCh JOCTHYb YPOBHEH, OJIM3KUX K (JOHOBBIM 3HAUCHHSIM.

OpHako MOABOJHBIE OOBEKTHI CO3/1al0T HE TOJIBKO I'MJIPOAKYCTHYECKOE, HO U JECITKU
apyrux ¢usnueckux noneil (n3BectHo okono 40 ux pasHoBugHOCTEH). [Io HEKOTOPBHIM U3 HHX,
HanpuMmep TUuapoGU3NYECKUM, KOHCTPYKTUBHBIE pELIEHHs] HE 00eCleurBalOT 3aMETHOTO CHHU-
KEHUS BO3MYILEHHH, BBI3BAHHBIX CaMHM (PaKTOM JIBUXKEHUS OIPOMHOIO BOJOW3MEIIAIOLIETO
00BEKTa B MOPCKON HEOJHOPOIHOU Cpelie.

Jlnst 60pbOBbI C BO3MYIIEHUSMH HE TOJBKO 3TUX, HO M APYruX (pusnueckux moisei, 3¢-
(deKTUBEH BTOPOW MyTh OOECHEUYEeHMs] CKPBITHOCTH, COCTOSAILIUN B KOHTPOJIE U YIPABJICHUU
9TUMHU IOJISIMM HENIOCPEACTBEHHO B Ipouecce akcmryarauun MIIO. Ilpu ero peanusanuu mno-
BBIIICHUE CKPBITHOCTH JIOCTUIAETCS YIPABICHUEM MapaMeTpaMy JBHKCHHS U PEKMMaMH pa-
00TBI TEXHUUYECKUX CPE/ICTB, HAIIPABJICHHBIM Ha CHIDKEHUE YPOBHS (PU3NYECKUX MOJIEH U, KaK
CJIEICTBUE, MUHUMM3ALEH BEPOSITHOCTH OOHAPYKEHHUS.

[IpakTHYeCKMM HWHCTPYMEHTOM pealM3allid HOBOTO IMOAXO0Ja JIOJKEH CTaTh OOPTOBOU
MH(OPMaLMOHHO-U3MEPUTENbHBIM KOMILJIEKC KOHTPOJISI U yIpaBieHUs GU3MYECKUMHU MOJISIMU
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(BUUKK ®IT) MIIO. [lenbio Takoro ynpapieHHUs SIBISETCS 3aMETHOE OCJaOJICHUE WM HC-
KJIIOYEHUE JeMACKUPYIOLUX MPU3HAKOB, 00YCIOBICHHBIX (U3HMUECKUMH nosimu. s noctu-
KEHUS 1IeJId KOMIUIEKC OCYLIECTBIIIET aBTOMATHUYECKYI0 BBIPAOOTKY B PEKUME peaibHOIro
BpPEMEHHU PEKOMEHIAlUi MO BBIOOPY MaplipyTa M MapaMeTpoB JBM)KEHUS, a TakKe padOTh
TEXHUUYECKUX CPEJICTB O0BEKTa B YCIOBUAX pealibHON M3MEHSIONIENCs BHEIIHEH, THIPOMETE0-
posoruyeckoi u ruipouznyeckon 00CTaHOBKH.

Cno’KHOCTbh HAYyYHBIX U TEXHOJOTMYECKHX 3a/lay, CTOSALINX Mepes pa3padoTynKaMu KOM-
IUIEKCa, IPEAONPENEISIET IOATANHBIN MOAXO0 K €r0 co31aHut0. [IepBbIM IPAKTUUECKUM LIArOM
B 3TOM HAalpaBJI€HUU SBUJIOCH CO3/IaHUE 3JEKTPOHHOIO MakeTa OOPTOBOIO KOMILIEKCA — €ro
BUPTYaJIbHOI'O NIPOTOTHIA, KOTOPBIM CTall KOMIIBIOTEPHBIM HHCTPYMEHTOM ITPAKTUYECKON IIPO-
BEPKU OCHOBHBIX MJIEH U HAyYHO-TEXHUUYECKUX IOJIOKEHHH, 3aJI0KEHHBIX B IPOEKT, OTpadoT-
KM MaTeMaTHYECKOro U MPOrpaMMHOro o0ecrieyeHust OyayIiero HaTypHOro KOMIUIEKCA.

PabGora mo co3gaHuIO 3JEKTPOHHOrO MakeTa KOMIUIekca Oblia Hauyata B BoeHHoO-
MOPCKOM MH)XeHepHOM HHCTHTyTE B 2008T. B TECHOM COTPYIHUYECTBE C BEAYLIMMHU yUPEXK-
neHusiMu Poccuiickoit akazieMuu HayK ¥ NpOQUIbHBIMU OTPAC/IEBBIMU MHCTUTYTaMU CTPAHBI,
cpeau Kotopbix MHcTUTYT npobneM ynpasienus uM. B.A. Tpane3nukosa, MHCTUTYT MalmHO-
BezeHust M. A.A.bnaronpasoBa, Mucturyt mamunoBenenus YpO PAH, Uuctutyt npobiem
mamuHoBenenus  (CI10), MWucturyr [eoxumuM W aQHAIMTHYECKOW  XHMHUH  HM.
B.M.Bepnaackoro, ®I'VII IITHUN «Onexrponpudop», ®I'VII HHUMU um. A.H.Kpsiiosa,
I'ocHUMAC u 1 [ITHUN MO P®.

B pe3ynbrare coBMeCTHBIX yCUJIUM OBbLIO pa3pabOTaHO MaTEMAaTUYECKOE U IIPOrpaMMHOE
o0ecrieyeHne, UMUTUpYIOILee paboTy BCEX OCHOBHBIX 3JIEMEHTOB HATYPHOTO OOPTOBOrO KOM-
IIJIEKCA.

W3 Bcero MHOoroo6pasus ¢usnueckux mnosieu, co3naBaembix MIIO, B pabouyio Bepcuto
JJIEKTPOHHOTO MaKeTa ObUTH BKJIFOUCHBI KaHANBI yIIpaBiieHus 1o rugpoakycrudeckomy ([CAIT),
marautHOMY (MII), runpodusndeckomy (['®II) u HekoTOpHIM ApYrUM HOISIM. OCTaHOBHMCS
nosipoOHee Ha MOJIENSIX KaHAJIOB yNpaBieHUs (PU3HMUECKUMHU MOJISIMH M IpodiieMax MX Jajib-
HEHIIEero pa3BUTHA.

Kanan ynpasnenus I'All ucnosp3yer MareMaTH4ECKyr0 MOJEIb IIEPBUYHOIO THAPOAKY-
cruyeckoro nons ([1IAIT), mocTpoeHHYIO Ha OOBEAMHEHUH JIBYX PErPECCUBHBIX MOJIEINEH, 0/1-
Ha U3 KOTOPBIX OMMCBIBAET PACIPOCTPAHEHHUE BBICOKO-, a Ipyras HU3KOYaCTOTHBIX aKyCTH4e-
CKHX BO3MYILICHHMI. B OCHOBE caMuX perpecCHUBHBIX MOJEIIEH JIeXkKaT Pe3yJIbTaThl CTaTUCTHYE-
CKOW 00pa0OTKH SKCIEPUMEHTAIBHBIX AaHHBIX. [ ncnons3oBanust monenu [1I'AIl Heobxo-
muMo 3anaBaTth crekTp MIIO miig pasinuHbIX pEKMMOB JIBUJKEHUS, B IIEPBYIO OY€peEnb IIPU
Pa3IUYHBIX CKOPOCTSX Kopaluist. Takas MoJienb B 1EJIOM MO3BOJIMIIA ONHUCATh EPBUYHOE aKy-
CTHUYECKOE I10JIe C TOYHOCTBIO, JOCTaTOUYHOM ISl CO3/IaHUs JIEKTPOHHOIO MakeTra OOpPTOBOIO
KOMILJIEKCa YIpaBiIeHUs (PU3NIECKUMU TOJISIMH.

Baxneiimnm snemeHTOM KaHanma ymnpaiaeHus MII aBisiercss maremarudeckas MOJEb
JUIIOJBbHOTO MAarHUTHOIO MOMEHTa — OCHOBHOH XapaKTEpPUCTUKH MAarHUTHOIO COCTOSIHHUSA
MIIO. [lns ero pacdera u aHamn3a MOTYT OBITh UCIIOJIB30BAHBI TEOPETUUECKUE METO/IbI, OCHO-
BaHHbIC HA AHAIUTUYECKOM OIMCAHUM MOJHOM CBOOOTHON 3HEPrMH MOHOKpPUCTAILIA, SMIUPU-
KO-DKCIUTyaTallMOHHBIE METOABI KOHTPOJISI MATHUTHOTO COCTOSIHUS KOpITyca C MOMOUIBIO Mar-
HUTOU3MEPUTENBHON amnmnapaTypsl, TEOPETUKO-CTaATUCTUYECKHE METO/bl OLIEHKM MarHUTHOIO
COCTOSIHUS, OCHOBaHHbIE Ha MoJensix Bebepa—Makcesa u [Ipeifzaxa, a B mociieHee BpeMs 1
YK CJICHHBIE METO/IBI.

AHanu3 noKa3bIBaeT, YTO JUIsl JIEKTPOHHOTO MakeTa KoMIuieKca 3 (EKTUBHBIM SIBIISIETCS
ucnonb3oBanue mozeneit Bedbepa—MaxkcBena u [Ipeiizaxa, koTopele 00eCeYMBaOT HAJEKHOE
IPOrHO3MPOBAHUE U3MEHEHUSI MarHUTHOTO 1MoJjs o0bekTa. OqHaKO OHU UMEIOT IPUHLIUIINATb-
HBI HEJOCTAaTOK — ONMCBHIBAIOT JIMIIL HAayaJbHBIM yYacTOK IETIM MAarHUTHOTO TMCTEpe3Hca
dbeppomarnetuka. B pesynprare uccienoBanuii, mpoBeAeHHBIX B BOGHHO-MOPCKOM HHXKEHEP-
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HNudopmauuonHoe odbecnevyeHue ...

HOM WHCTHUTYTE, TH MOJEIH MOJIydWIn AajbHelee passutue [2]. bouta npeaioxkeHa Gosee
HOJTHAs M aJIeKBaTHAs MOJEINb st (heppOMarHETHKOB C MAaKPOCTPYKTYPO#, T.e. Uil Marepra-
JIOB, MMEIOIINX (PU3MIECKYIO HEOTHOPOJHOCTH, XapakTepHyIO Uit kKopmycoB MITO (Maruut-
HYIO aHU30TPOITHIO 3€PEH, TUCIOKAIIUH Pa3IMYHOIO THIIA, HEPABHOBECHBIE TOUYCUHBIE Te(DEKTHI
N BKIIIOYCHHUA PA3JIMYHOIO XUMHUYCCKOI'0 COCTaBa, BHYTPCHHHUEC HAIIPSXKCHUA U T.I[.). B nosoi
MOJIETM TIOJTYYEHBI aHAMTHUYCCKUE BBIPAKEHHS 3aMKHYTON IMETIH MArHUTHOTO THCTEpE3Hca
IIpu CTAaTUIYCCKOM HaAMarHM4MBaHUHW U pasMariniMBaHUA

2 X ~ 2 X 12 L2 X2 |_2
I e N

1X 1 1D? +(D2-LZ)% IXE-12

Jy=mny| =422 2X? - 3XD + 2
¥03D 2 6X® 6X°D 6X “D [ )
2X __ L (2x?-D%+ Xcos,)|[X?+ D?+ 2DXcost, +
3D 6X’D
1 X +Dcosy,
J,, =mn,| += (cosn, —cosy, ) +
2 [X?+D?+2DXcosy,
_L_(2x*-D?+Dxcosy, )X ?+ D?+ 2DXcow,
"6X%D |

X =p,H, L=[mD],

cosu, :§(\/(D2 -1%)(x?*-1?) —Lz), cosu, :—D—lx(\/(Dz— 1) (x?-L%) + LZ),

371ech Jij —HAMarHU4eHHOCTb Ha PAa3JIUUHBIX MHTEPBAJIax METJIM TUCTEpe3nca, M —MoayJlb BeK-
TOpa MarHUTHOTO MOMEHTa MOJIEKYJ (DeppOMarHUTHOTO Tena, Ny — YUCIIO MOJICKYJ B €TUHUIIC
o0bema, H —Moaynb BeKTOpa HaNpsHKEHHOCTU MArHUTHOT'O 1OJIS, [, — IOCTOSIHHAsL BHEIIHETO

MarHuTHoro nons, D —ynpyras cuna.

JlaBGoparopHble UCIBITaHUS TOTBEPAUIIN JOCTOBEPHOCTD MOIYYa€MbIX C IIOMOIIBIO 3TOM
MOJIEJIN PE3YyJIbTaTOB, UYTO, B YACTHOCTH, JEMOHCTPUPYET CPABHEHUE KCIEPUMEHTAIBHO I10-
CTPOEHHOW NETJIM MarHUTHOTO THCTEpE3rca ¢ pe3ybTaTaMH PacueToB IO NMPUBEICHHBIM aHa-
JUTUYECKUM 3aBUCUMOCTSM JUIS IBYX MapOK CTallel, pecTaBIeHHoe Ha puc.].

J- 10—2, Alm J- 107 Ajm
1{10 g S

el

="Tool

Puc.1. Okcnepumentansheie (1) u pacueTHble (2) KpUBble HAMATHUYMBAHKS TS IBYX MapOK CTalH:
AK-29u AK-32 (neBblii u paBbiii rpa)uKe COOTBETCTBEHHO).

Hcnonb3oBanue 3TOH Mojenu B OOPTOBOM KOMILIEKCE OOECIeYrBaeT MPOrHO3 MarHWT-
HOTO COCTOSIHHSI O0BEKTa B MPOIECCE MJIaBaHMsI MPH BO3ACHCTBUU BHEUIHUX (hakTOpoB (Mar-
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HUTHOTO MMOJISI 3€MJTH, THIPOCTATHYECKOTO JIABJICHHS), TCOMETPHUUECKUX Pa3MEpOB, mapamer-
POB JIBIXKEHUS M PeKUMOB pabOThl TEXHUYECKUX cpencTB. [1o pacyeTHOMY 3HAUEHUIO AMIIOJIb-
HOT'O MarHUTHOTO MOMEHTA OIPENESAIOTCS JaIbHOCTh U BEPOSITHOCTh OOHAPYKEHUS C YUETOM
HaXO0XKJICHUS CHJI M CPEJICTB HAOJIIOICHHUS.

[Ipu cBoeM nBUKeHUU B HAaTYpHBIX ycioBusax MIIO co3naeT nenyro cucteMy paziIudHbIX
BO3MYIICHUN TUAPO(PU3NUECKON HPUPOABI, KOTOpble OOBENAUHSIOT OOLIUM TEPMUHOM <«BbI-
3BaHHbIE ruApopu3ndeckue nois». [Ipu 3ToM OCHOBHBIE 1€MAaCKUPYIOIINE MPU3HAKU CO3AAI0T
Takue ruipodusnyeckre nporecchl, Kak BHYTPEHHUE BOJIHbI, BO3HUKAIOIIUE NPH B3aMMO/IEH-
CTBUU 00BEKTa C MPUPOIHBIM BEPTUKAIBHBIM CKAYKOM INIOTHOCTH — MUKHOKJIMHOM, U3MEHe-
HUE ECTECTBEHHBIX 3HAYEHWUH IapaMeTpoB TYpPOYJIEHTHOCTH MOPCKOH Cpelbl U BHUXPEBbIC
CTPYKTYpBbI, 00pa3yrouirecs 3a KOpIycoM U OpraHaMu yIpaBJieHUs! IBUKEHUEM.

TpyaHOCTh MX MOJIENHMPOBAHUS CBsi3aHa C HEOOXOAMMOCTBIO aJE€KBATHOIO y4eTa Ipo-
CTPaHCTBEHHO-BpeMEHHOW HEOTHOPOIHOCTH PA3IMIHBIX MOJIEH MOPCKO# cpefibl. B mpoTuBHOM
cllyyae MHOTHE Ba)XHbIE JIeMacKUpyoliue (pakTopbl, HAIpUMep BHYTPEHHUE BOJIHBI, HE OyIyT
yuuThiBaThcsl. C y4eTOM CKa3aHHOTO JJIsi MOJEIUPOBAHMS BbI3BAaHHBIX TUAPOPUINYECKUX I10-
Jeil BO3MOXKHO HCIOJb30BaHUE JIMOO MOITYIMIUPHUECKUX MOJENel, OCHOBAaHHBIX HA CTaTHU-
CTHYECKON 00paboTKe NaHHBIX HATYpHBIX HAOMIOACHUH, IHO0 Mojenel, Oazupyrolmuxcs Ha
TuddepeHIMaIbHbIX YPaBHEHUAX TYpOYIEHTHBIX TeUEHUH.

B yxe cozmaHHOM 3J€KTPOHHOM MakeTe OOpTOBOr0 KOMIUIEKCA HCIOJIb30BaH MEPBbI MOJ-
xon. i MopenmpoBaHus BO3MYLIEHHH (aHOMAaWii) UCHIONB3YIOTCS CTaTUCTUYECKUE MOJCIH B
BUJIE PETPECCUBHBIX COOTHOLIEHUH, ITO3BOJISIOIIUE ONPEACIUTh ITapaMeTpbl aHOMAJIMK B 3aBUCH-
MOCTH OT THAPO(PH3NYECKUX YCIOBHH (CTpaTM(HKAIuMsS MOJs IJIOTHOCTH), CKOPOCTH, TTyOHHBI
HOTPYXEHUSI U pa3MepoB 00beKTa. [ JTaBHBIM X MPAKTUYECKUM MPEUMYLIECTBOM SIBIISETCS IPO-
cToTa Ipu olecreueHn (PU3NUECKU HEeMPOTUBOPEUMBBIX pPe3yabTaToB. OHAKO MOCTPOCHHBIC HA
SKCHEPUMEHTAIbHBIX JIaHHBIX, OHU HE UMEIOT CEPhE3HOI0 TEOPETUUECKOro OOOCHOBAaHMS U HE
OIUCBIBAIOT BCETO MHOTO00pa3Hsl MPAKTHUECKU BaXKHBIX THAPOPU3UIECKUX YCIOBHA.

Jlsisi COBEpIIEHCTBOBAHMSI ATUX MOJIENe HEOOXOUMO MOIY4YNUTh HayuHBIE JaHHBIE O TU-
podu3NUEcKHUX Mpoleccax, NPOUCXOAAIIMX B HATYPHBIX YCIOBUAX. IS MOTyyeHus: Takod HH-
¢dopmannu B BMUU ncnons3yroTcst METO/IbI KOMITBIOTEPHOTO MOJEIMPOBAHUS TYpOYJIEHTHBIX
TEUeHUH CTpaTu(UIMPOBAHHOM XKHUIKOCTH. [ perenus ypaBHeHui PeiiHomnbaca 1 ypaBHEHUH
METOJIa KPYIHBIX BUXPEH, ONUCBHIBAOIINX TaKWE TEYEHUs, NPUMEHSIOTCS KaK JIMLIEH3HOHHbBIC
nporpammbl Fluent, Tak u nmporpammel, pa3paboTaHHbIE COTPYAHUKAMHU HHCTHTYTA [3]. Pacuers
BBITIOJIHAIOTCS HA BBICOKOIIPOU3BOAUTEIBEHOM BBIYUCIATEIBHOM Kitactepe BMUN.

KoMIploTepHOMY MOJENMPOBAaHUIO TAaKUX TEUEHWM MPEALIECTBOBAIIO TECTHUPOBAHME
IIPEJIOKEHHBIX MOJENEN U KOMIIBIOTEPHBIX MPOrpaMM. AJIEKBATHOCTb MOJEIUPOBAHUS IOA-
TBEP>KJIA€TCs YIOBIETBOPUTENIbHBIM COTJIACOBAHUEM YHCIIEHHBIX PE3yJIbTaTOB C JaHHBIMU (PU-
3UYECKUX DKCIEPUMEHTOB 10 U3MEPEHUIO THIPOJAMHAMUYECKUX CUJI U CTPYKTYpPBI TEUCHUN 3a
TelaMu mpocTeiinei Gopmbl B cTpatudunmpoBannoii cpene [4, 5]. Tak pacders! ruapodusu-
YECKUX II0JIEH 3a 1IapOoM, ABUXKYIIUMCS BHYTPU IMUKHOKIIMHA, ITIOKA3aJI4, YTO HEIOCPEICTBEH-
HO 3a TenoM (OopMUpPYETCSl CTallMOHApHas BOJIHA, BbI3BaHHAsl BBHITECHSIOLIUM BO3JEHCTBHEM
CaMoro Tena U BIUSHUEM €r0 YCTOMYMBBIX BUXPEBBIX CTPYKTYp. [lanee BHU3 110 OTOKY pa3Bu-
BAIOTCSl HECTALIMOHAPHBIE IPOLIECCH] B3aUMOACUCTBUS BUXPEH, a €Ille HUKE MPOUCXOINUT BbI-
pOXJIeHUE KPYIHBIX BUXpel U GopMupoBaHue OJMHOOOpa3HbIX TypOyleHTHBIX msaTeH. Ilomy-
YEHHbIE PE3Y/IbTAaThl COOTBETCTBYIOT CTPYKType IITyOMHHOIO KHJIbBATEPHOIO CJIENA 3a IIapoM
B CTpaTU(UIIMPOBAHHOM Cpefie, SKCIIEPUMEHTAIbHO YCTAaHOBJICHHOM coTpyiHUKaMu MHCTHUTY-
Ta npukiiagHon ¢puszuku PAH.

OTHU U Opyrue TeCTOBBIE PE3YJIBTATHI, IOATBEPAUBIINE aJ€KBATHOCTh UCIIOIb3YEMBIX MO-
Jesiel, TO3BOJIMIIM MEPEHTH K MCCIEAOBAHUIO TUAPOPU3UYECKUX IPOLIECCOB, BOSHUKAIOLIUX
IpU JIBUKEHUU 00BEKTOB Ooiiee CI0kKHOM reomeTpun. YUCIeHHOE MOJICIMPOBAHUE ABHIKEHUS
JJUIMIICOU/Ia BHYTPU BEPTUKAIBLHOTO CJIOSI CTPAaTU(UIUPOBAHHOM KUJIKOCTH II0Ka3ajo, YTO U B
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3TOM cllydyae BHYTPEHHHUE BOJIHBI OBICTPO 3aTyXarOT U OCHOBHYIO POJIb UIPAIOT BUXPEBBIE MPO-
LIECChI, TPOSIBIIAIOLIMECS, B TOM YUCIE, U B TypOYJIEHTHOM NEepEeMEIINBAHUU. DTO NPUBOIUT K
OTKJIOHCHHIO MMapaMeTpoB TYpOYJIEHTHOCTH OT MX (DOHOBBIX 3Ha4ueHHWH. OgHAKO CUIIBI ApXH-
Mena, JEHCTBYIOIIME Ha JKUAKUE YacTULBl B CTPAaTU(GHUIMPOBAHHOW MO IUIOTHOCTH CpeEne,
neMnpupyroT TypOyIeHTHbIE MYIbCALUH.

[Tpu nBM>keHUM BOJIM3M NMUKHOKIMHA Ha MaJbIX CKOPOCTAX B HEM BO3HHUKAIOT YCTOHYH-
Bble€ BHYTPEHHHE BOJIHBI, KOTOpPbIE MPHU HEOOJBIION TIIyOMHE €ro 3ajeraHus MOTYT BbI3BaTh
BO3MYIICHHUS HA CBOOOIHOM MOBEPXHOCTU MOPsI, HANIpuMep B GOpMe CIIUKOB.

CymectBeHHoe BiusgHUE Ha 3ameTHOcTh MIIO moryr okazaTh oOpasyroliuecs 3a HUM
BUXPEBBIE CTPYKTYPbI, KOTOpPBIE MIPU OMPEAETICHHBIX YCIOBUAX BCIUIBIBAIOT K CBOOOIHOM IO-
BEPXHOCTH U BBI3bIBAIOT HA HEM BO3MYILEHUS, [TOAJIAIOLIMECS PETUCTPaLUU. bblan mpoBeaeHsbl
YHCJICHHbIE UCCIIEIOBAHUS BIMSHUS PACIIONOKEHHSI 0ObEKTa U €ro OPraHoB yIpaBiIeHUs] OTHO-
CUTEJIbHO MUKHOKJIMHA. B pe3ysnbTare ObUIO YCTAaHOBJIEHO, YTO MOBEACHHUE BUXPEBOTO ciena
CYILIECTBEHHO 3aBUCHUT OT PACIOJIOKEHUS T€JIa OTHOCUTEIBHO NMKHOKIIMHA.

Ha pwuc.2 npencraBnena BU3yanu3alys pa3BUTHI BUXPEBOTO clie/ia 32 KPhIJIOM, MOJIEIH-
pytoumM pyibs MIIO. BugHo, 4To mpu pacosioskeHUH Kpblila HaJl MMKHOKJIMHOM HaOI0aaeTcst
BCIUIBITHE cJiela K CBOOOJHOM MOBEPXHOCTH, @ MPHU HAXOXKIACHUM KpbLIa MOJ MUKHOKIMHOM
NOCJIEAHUM, BBITIIOIHSASA POJIb SKpaHa, NPEMATCTBYET OABbEMY ClIEa BBEPX.

AHaJOru4Hoe MOBEJEHUE OTMEYaeTcs M JJIs BUXPEBOro cliefa 3a 3jumncouaoM. Ha
puc.3 IPOCMaTPHUBAETCS IBM)KEHUE TOTO ciesia K CBOOOIHONM MOBEPXHOCTH MPU HAXOXKACHUHU
Tea HaJ NUKHOKIMHOM. BMmecTe ¢ TeM mpu ero IBHKEHUU 0] MUKHOKIMHOM MOTYT BO3HHK-
HYTh BHYTPEHHUE BOJIHBI, IEMAaCKUPYIOIINE IPU ONPEICIICHHBIX YCIOBUAX O0BEKT.

Puc.2. BzaumopeiicTBie BUXpEBOTO clie/ia KpbUla ¢ TUKHOKINHOM.
a — BCILIBITUE BUXPEBOTO Clleaa
IIPY ABWKCHHUHU KpbUIA HAJl MUKHOKIMHOM; 6 —3KpaHUPOBAaHUE MHUKHOKINHOM BUXPEBOTO CIIE/A.

Puc.3. BenumbiTre ciienia 3a KOPIycoM NpH JBMKEHUH HaJl TMKHOKIMHOM nipu yucie Opyna Fr :\%T =0.075
g
(Vo — ckopocTh mBrmxeHus, L — xapakTepHBIil pasMep Kopiryca).

P€3YJ'II)T3TI)I TECTUPOBAHUA U BBIYUCIUTCIIBHBIX 3KCIICPUMCHTOB 10 UCCIICAOBAHUIO TU-
pO(I)I/I3I/I‘-ICCKI/IX MOJIEH MO3BOJISIOT CIeJaTh CJICAYIOIIME BEIBOBI.
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— pa3paboTaHHblE MAaTEMaTUYECKUE MOJIEIH U KOMIIbIOTEPHbIE MPOrpaMMbl oOecreyn-
BalOT aJekBaTHoe nporrozuposanue I'®II, co3naBaembix neuxenuem MIIO B HaTypHBIX yc-
JIOBUSIX;

— MapaMmeTpbl TUAPOPHU3UYECKUX MPOLIECCOB, HEMOCPEACTBEHHO BIUSIOIINE HA CKPBIT-
HocTh MIIO, sBAstOTCS CIOKHBIMU (QYHKIUSMU XapaKTEPUCTUK MOPCKOM Cpellbl U YCIOBUM
JIBIDKEHUS 00BEKTA,

— wucnoas3zyembie B 1eKTpoHHOM Makete BUKK ®IT MIIO npubnuxeHHble MaTeMaTH-
YeCKHUe MO ruApopU3NUECcKUX Moje TpeOyroT CyIeCTBEHHOI'O YCOBEPIICHCTBOBAHUS HA
OCHOBE 00pa0OTKHM M aHaiHu3a Pe3yJbTaTOB CEPUUHBIX BBIYUCIUTEIBHBIX IKCIIEPUMEHTOB C
[IPUBJICYCHUEM PE3YJIbTaTOB HATYPHBIX U MOJEIBHBIX IKCIIEPUMEHTOB.

Marematudeckoe W IPOrpaMMHOE OOECHEeUeHHE INOAKOMIUIEKCA aHan3a OOCTaHOBKU U
BBIPAOOTKM PEKOMEHJAIMI 110 MOBBIIIEHUIO CKPBITHOCTH CO3aBaloCh COBMECTHO MHCTHTYTOM
npobaem ynpasienus uM. B.A. TpaneznukoBa PAH n BoeHHO-MOpPCKUM MHKEHEPHBIM HHCTUTY-
TOM IIPH BEAYIIEH POJIM aKaAEMUYECKOIO MHCTUTYTA. DTOT IOJIKOMILIEKC II03BOJIET BBIIIOJHUTD
pacueT nmapameTpoB TPAEKTOPUHU U PEKUMOB paboThl TexHuueckux cpeacts MIIO, ontumuzupo-
BaHHBIX 110 KOMIIEKCHOMY KPUTEPUIO OOHAPYKEHUS 10 HECKOJIBKUM (PU3UYECKUM TOJISIM.

B pesynbrare 31€KTpOHHBIM MakeT OOPTOBOTO KOMIUIEKCa BIEpBbIE obecreumsl HHQop-
MalMOHHYIO MOAJAEPKKY NPUHATHA peuleHus no ynpasieHutro MIIO B pexume peanbHOro
BPEMEHHM, ONEPATUBHO pearupys Ha W3MEHEHHE THIpO(U3MYECKOM, TUAPOIIOTUYECKON U Me-
TEOPOJOTMYECKONH OOCTAHOBKHU.

DNEeKTPOHHBIM MAKET MO3BOJISET PellaTh HECKOJIBKO 3a/a4, IJIABHOM M3 KOTOPBIX SIBIISIET-
Csl pacyeT ONTUMAIBHON (10 KOMIUIEKCHOMY KpPUTEpHI0) TpackTopuu asrxeHust MIIO mpu Ha-
JMYUU B pallOHE pa3BepThIBAaHUS HECKOJIbKUX HaOmroAareneil. Fimeercs BO3MOKHOCTD MOJTyde-
HU PA3JIMYHBIX TPACKTOPUM, ONTUMU3UPOBAHHBIX I10 ONPEAEICHHBIM KPUTEPUSAM WIM UX 3HA-
YEHUSIM, HallpuMep Ul PA3HbIX 3HAYEHHUM JUIMHBI TPACKTOPUH. BBINOIHEHHBIE HCCIEN0BaHUS
IIOKA3aJIM, 4TO B PAIC CIIy4acB JaXkKe HE3HAUUTEIBbHOE YBEIIMUECHUE OTPAHUYCHUN HA 3TY JJIMHY
MOJKET PUBECTU K 3aMETHOMY CHUKEHHIO BEPOSTHOCTU OOHAPYKEHHUS.

MaremaTHueckoe U mporpaMMHoe o0ecrieueHre MakeTa O0PTOBOro KOMILJIEKCa MO3BOJIS-
€T paccuuTarh BeposTHOCTh 0OHapyskeHus MIIO oTaenbHO 1O rHAPOaKyCTHUECKOMY, MarHUT-
HOMY U TUAPO(PU3MUECKOMY IOJII0 M €€ KOMIUIEKCHOE 3Ha4eHUE C MPEJCTABICHUEM I0JIyYeH-
HBIX JJAHHBIX HA OTACJIBHBIX YYaCTKaxX U BCEU TPACKTOPHH B LIEJIOM.

IIpoBencHHBIE HCCIENOBaHUS MOATBEPAMUIN IPUHIUIUAIBHYIO BO3MOXKHOCTb CO3JIaHUS
HaTypHOro OOpPTOBOIO KOMIUIEKCA KOHTPOJIS M ynpasiieHus ¢puznueckumu noisimu MIIO, pe-
MIAIOLIETO0 337134y (OpMUPOBAHUS HAYYHO OOOCHOBAHHBIX PEKOMEHJAlMil MO BHIOOPY Tpaek-
TOPUHU IO KOMILJIEKCHOMY KPUTEPHUIO OOHAPYKEHUS 10 HECKOJIBKUM (PU3UUYECKUM IOJISIM.
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