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CTOXACTHYECKOE MOJEJIUPOBAHUE
®U3UKO-MEXAHUYECKHUX MOJIEHN

B crarTi NpOHOHYIOTECSI KOHCTPYKTUBHI METOIN Ta aITOPHTMHU CTOXAaCTHYHOTO MOJETIOBaHHS (Di3HKO-
MEXaHIYHUX IIOJIB Ha OCHOBI Teopii R-dyHkuiit Ta HewiTKOi JIOTiIKH, SKi JO3BOJIAIOTH BPaxOBYBaTH
TEXHIYHI Ta TEXHOJIOTIYHI JOMYCKM Ha TeOMeTpH4Hy Ta (i3uuHy iH(opMalito, MOrpilHOCTI BUMIpIB,
MOMMJIKM CKPYIJICHHS, Ta Ha OCHOBI aHaNi3y X KOMIUIEKCHOTO BIUIMBY Ha PO3B'SI30K  POOHTH
€KCIEePTHUH BUCHOBOK.

B craree mpennararorcs KOHCTPYKTHBHBIE METOIbI M aJITOPUTMBI CTOXACTHUECKOTO MOJIEIUPOBAHHS
(U3MKO-MEXaHUYECKUX MOJIEH Ha OCHOBE TEOpUUM R-(DyHKIMH M HEYETKOW JIOTMKHM, IMO3BOJISIOLIME
YUHUTHIBATh TEXHHYECKHE M TEXHOJIOTHYECKHEe JOMyCKM Ha TEeOMETPHUYECKYI0 H (H3HYECKYIO
HMH(OPMALHIO, HOTPEIIHOCTH N3MEPEHUH, OIMOKY OKPYTJICHHsI, U Ha OCHOBE aHAJIN3a UX KOMILUICKCHOTO
BJIMSHUS Ha PEIICHHUE JeTaTh SKCIePTHOE 3aKIIIOUCHHE.

The constructive methods and algorithms for simulation of physical-mechanical fields based on the R-
functions theory and fuzzy logics are elaborated which allow us take into account technical and
technological assumptions on geometrical and physical informations, meassuring errors, rounding
errors, and draw expert conclusions.

CyILecTBYIOT —TPOW3BOJCTBEHHbIE 33Ja4yd, IIPH PEIICHUH KOTOPBIX
HEOOXOJMMO  YYHTBIBATH W COBMECTHO  mepepabaThiBaTh  CIOXKHYIO
reOMETPUYECKYIO, JIOTHYECKYI0 M aHaluTHYecKylo uHpopmanmio. K Ttakum
3aJja4yaM OTHOCATCSL IPOOJIEeMBl MaTeMaTH4eCKOW (HM3MKH, CBSI3aHHBIE C
WH)KCHEPHBIMU ~ pacueTaMi  (PU3MKO-MEXaHMYECKHX TIOJICH,  OINpEeIessIFoNInX
OCHOBHBIC KaueCTBEHHbIC XapaKTEPUCTHKU W3zeiauid. Bospacrarommii mHTEpeC K
pacueTaM (HU3MYECKHX TIOJeH OOBACHACTCS TEM, YTO OHH HEOOXOIUMEI B
TEIUIO(QU3UKE, TEOPHH YIIPYTOCTH U TUIACTHYHOCTH, MArHUTHOM TUAPOJMHAMUKE
JIpYTrux o0NacTsIX HAyKH, JOCTIKEHHS KOTOPBIX HMEIOT IIEPBOCTEIICHHOE 3HAYCHHE
JUTSL HAyYHO-TeXHHYecKoro nporpecca [ 1, 2]. Jlanaas paboTa mocBsmeHa pa3BUTHIO
HHTEIUIEKTYalbHBIX CHCTEM HCCIeNoBaHMs (GH3HYeCcKHuX monier cepun «llome» ms
yue€Ta TEXHOJIOTHYCCKUX JOMMYCKOB U METOJUYCCKUX HOI’peH.IHOCTeﬁ.

Marematnueckue Mopaenu (U3IMKO-MEXaHMYECKHX TMOJieH MOTryT OBITh
MPEACTABJICHBI B BUAC KPACBbIX 3a1a4 1A ypaBHeHHﬁ C YaCTHBIMH ITPOU3BOAHBIMU
IIPY OTIPEJENICHHBIX KpaeBbIX ycioBusaxX. Cnenmduyeckas 0cOOCHHOCTh MO Kak
00bEeKTa MOJICITUPOBAHHS — €r0 3aBUCHMOCTh HE TOJIBKO OT Xapakrepa (pU3MYecKuX
3aKOHOB, YYHMTBIBAEMbIX COOTBETCTBYIOUIMMH YpPaBHEHHSIMH, HO M OT (opMmbl,
B3aUMHOTO  PACIONIOKEHHS TeN, B KOTOPBIX BO30OYXKHAIOTCA TONSA, OT
KOH(QUTYpallMy IUIOIIAQJ0K WX B3aUMOJCHCTBUS W IPYIHX T'€OMETPUYCCKUX H
¢m3mueckux GakTopos. [Ipyu HCCISIOBAHIN U PEILICHUH MIEPEYHCICHHBIX MPOOIeM
BECbMa B@KHO C037aTh J(P(EKTHBHbIE BBHIYHCIUTENBHBIE METOABI, KOTOPHIE
MI03BOJIMIIN OBl PEIIMTH OCTABJICHHBIE 33/1a4 M Y4eCThb IIPH 3TOM F€OMETPHIECKYIO,

JIOTHYECKYIO M aHAIMTHYeCKylo nHpopmarmio. Takyio nHpopmarmo HE0OX0IMMO
MIPUBOJMTE K E€IMHOMY aHAJIUTHYECKOMY BHUIY, MO3BOJIIIONIEMY BKIIOYATh €€ B
paspemaomuii anroputM. OcoOEHHO akTyalbHa pa3pa0d0TKa METOJIOB PEIICHHS
3aja4, KOTOpble UMM Obl YHHBEPCAIbHBIH XapakTep M He TpeOOBald  OT
uccienoBaTeiss TIyOOKOro 3HaHMS ~ TEOPHH.  YHHBEPCAIBHOCTH IO3BOJISET
HCIOIb30BATh METOJABl CHUCTEMHOTO MpPOTPaMMHUPOBaHMs A aBTOMAaTH3alUU
HayY4HBIX UCCJICJOBAaHUI B MaTeMaTH4YecKol pusnke.

K mmpoxo n3BeCTHBIM yHUBEPCAIBHBIM METOaM OTHOCSITCS BapUAI[IOHHBIE U
MIPOCKIMOHHBIE METOMBI, KOTOpblE NPWHATO Has3bBaTh mnpsmbiMH [1]. Ux
XapakTepHas: 0COOEHHOCTh — CBEACHHE KPaeBBIX 3a/ad K CHCTEMaM JHMHEHHBIX
anreOpandecknx ypaBHeHud. [IpnOmmkeHHOe perleHwWe 3aadu OTHICKHBACTCS B
BUAE JMHEWHBIX KOMOWHAIMM, TaK Ha3bIBaEMbIX KOOPAWHATHBIX (DYHKIHUH,
KOTOpBIE  yJOOBJICTBOPSIIOT, €CIM 3TO HEOOXOAUMO, KpaeBbIM  YCIOBHSIM
paccmaTpuBaeMoOil 3ajadyd, a Takke TpPeOOBAaHMSAM TIOMHOTHI M YCIOBHAM
annpoKCUMAIMOHHOW yHHBepcasibHOCTU. [locTpoeHrne KoOpAWHATHBIX (QYHKIHWH,
YIIOBJICTBOPSIIONIMX MEPEUUCICHHBIM YCIOBHSAM Uil  00JlacTeil MpakTH4ecKu
MPOU3BOJILHOW  (OPMBI,  JIOJTOC  BpPeMs  OCTaBajOCh  MPOOJIEMATHYHBIM.
PaccmoTpers naHHBI Bompoc ¢ OOMMX TMO3UIMH yNAIOCh IIOCIE CO3IaHUs
KOHCTPYKTHBHOTO MaTeMaTHYecKoro ammapata Teopun R-dyskmmit [1, 2],
MIO3BOJIUBILETO TONYYUTh PEIICHUE COOTBETCTBYIOIIEH MAaTeMaTHYECKON 3aJayl B
Buae (opMyJibl, Ha3bIBAEMOW CTPYKTYPOH pELICHUS M coJepiKalieil sBHYFO
3aBUCHMOCTh OT T€OMETPHUYECKMX M (DU3MUECKHX IapaMeTpoB. llomydeHHbIE
TEOPETHUYECKHE PE3yNbTaThl HCIIOJIB30BAMCh IIPH  CO3JaHUM COBPEMEHHOU
TEXHOJOTUH MPOTPaMMHPOBAHUSI B MaTeMaTHYeCKod (usmke, peanu3anuu
MPOOIEMHO-OPHEHTHPOBAHHBIX S3bIKOB M CIELHUAIM3UPOBAHHBIX CHCTEM CEpUH
«[Tonex. [Tonp3oBaTenn MOCIEAHUX YKA3bIBAIOT (POPMYIHPOBKY 3a/auH, UCXOJHbIC
JlaHHBIe, TpeOyemMylo (OpMYy BBLIAUM PE3yJIbTATOB Ha SI3bIKE BHICOKOTO YDPOBHS,
KOTOpBIH MaKCHMaJIbHO TPHOJNMKEH K OOILENPHHATOMY SI3bIKY OIMCAHUS
IIOCTAHOBKHM 33Jjauyl U alNropurMa ee peuenus. [1o 3a1aHuto nonp30BaTens CUCTEMa
«ITone» co3maeT BBIUUCIUTEIBHYIO CXEMY, a 3aT€M aBTOMATUYECKH CHUHTE3UPYET
pabouyio mporpammy pemeHust 3agadd. OIBIT TNpUMEHEHHS NPOOJIEeMHO-
OpUEHTHUPOBAHHBIX S3BIKOB M  CHEIHMAIM3UPOBAHHBIX cucTeM cepun «Ilomey
ITOKA3bIBAET, YTO OHU CYIIECTBEHHO YIIPOIIAIOT M YCKOPSIOT HanboJee Tpy10eMKHe
STamnbl BBIYUCIUTENBHBIX OSKCIEPUMEHTOB: MNPOrpaMMHPOBAHHE M OTIAAKY
MOJyJIEH, PELICHNE 3a/1a4 U aHAJIM3 PE3YJIbTATOB.

ITpu KOHCTPYHMPOBAHMN Ha aHAJTUTUYECKOM YPOBHE PELICHHUI KPaeBBIX 3a]a4
JUISL CIIOKHBIX 00acTel CO CIO0XKHBIM XapaKTEpOM YCIOBUH NPHMEHSETCS METOI
R-pyHKIMH B coueTaHMM C BapHAllMOHHBIMH M IIPOEKIIMOHHBIMH METOJaMH.
Bbnarogapst Tomy, uro meron R-(yHKuuii mo3BoyisieT aBTOMaTH3HPOBATh MPOIECC
npeoOpa3oBaHKs TIeOMETPUYECKONH HMH(pOpPMAIlMM B aHAIUTUYECKYIO, pe3yJbTaT
pelIeHus. KpaeBol 3aadll MOXKHO PacCMaTpHUBATh KaK HEKOTOPOE COOTHOUICHUE,
BKJIIOUaloliee BCIO HWH(OpManuio o KpaeBod 3amade. OmHAaKO NPHMEHEHHUE
omeparii  quddepeHIMpoOBaHUS  AENAaeT  TAKME  COOTHONICHHS  BechbMa
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TPOMO3IKUMH, TPYOHOOOO3PHUMBIMH ¥ HEyHOOHBIMH B oOpamennn. Hx
HCIIOJIb30BaHUE TIPH PEIICHUHM KPaeBOH 3aJayd HEBO3SMOXHO 0e3 CIeLHaIbHOTOo
anmapata (opMajHM3aliM, TI03BOJISIONIETO CBECTH allrOPUTM  pEIIeHHs K
MIOCJIE/IOBATENILHOCTU MPOCTHIX omnepanuid. CloXHble MaTeMaTHYeCKue OOBEKTHI
O00BEAMHSIOTCS CPEeICTBaMK lIreOphl An(GepeHaIbHBIX KopTexel [2], a 3aTem
MIPUMEHSIOTCS  OOBIYHBIE — aireOpanuecKkue MeTOoJbl IMpeoOpa3oBaHUsl  ATHX
COOTHOILIEHHH.

[lpn pemieHNM KpaeBBIX 3a/a4 MaTEMaTHUECKOH (H3MKK HCIOJIB3YeTCs
TPaJWIMOHHAS CXeMa pealu3allid NPSAMBIX METOAOB, KOTOpas CBOAUTCA K
MIOCJICIOBATEIbHOMY BBINOJHCHUIO CICAYIOIMX 3TaloB: y4YeT TIeOMETPUYECKOM
nHbopMauy; GOPMHUPOBAHUE Pa3PELIAIOIINX CHCTEM JIMHEWHBIX anre0pandecKux
YpaBHEHUI{; pelIeHHe CUCTEM YpaBHEHUH WM MPOOJIeMBbl COOCTBEHHBIX YHCET H
BEKTOPOB; 00paboTKa pe3yIbTaTOB BEIUMCIICHHIHA.

Cucremsl cepun «lIlome» SBIAIOTCS CIIOKHBIMH KOMIUIEKCAMH IIPOTPaMM,
npe€aHasHa4YCHHbIMU  JI1  [PpOTpaMMHUPOBaHHd W PEHOICHHUA KpaceBbIX 3aaady,
cOpMYyIHPOBAaHHBIX JUII ypPaBHEHMH C YaCTHBIMH IIPOU3BOJHBIMU  IIPH
NPOU3BOJIBHBIX ~ KPaeBbIX  YCIOBHSX W  CIOXHOW TEOMETpUH  00JIacTH.
OpraHu3amoHHO JaHHBIE CHCTEMBI COCTOSIT M3 IBYX 4YacTed — (DyHKIMOHAJIBHOTO
W CHUCTEMHOro HamnonHeHus. MHcTpymeHTanbHast cuctema «Ilome» MoXeT OBITH
UCIIONIb30BaHa JUIsl MCCIIEIOBaHMSI W PEIICHUS KpaeBhIX 3a7ad MaTeMaTHYeCKOH
¢umsuku. IlpobneMHON oOpHeHTamMel CIYy)XKUT peIIeHUEe KpaeBbIX 3amad Juisi
mudepeHIMaIbHBIX ypaBHEHW ¢ TepeMeHHBIMH Kodddummentamu  6e3
OrpaHMYCHUH Ha XapakTep KpaeBBIX W Ha4albHBIX YCIOBHH, (Gopmy obOmactu u
y4acTKOB TpaHHIBl. BxoaHble s3bikn cucTeMbl «Ilosie» MO3BONAIOT BBOIHUTH BCIO
HE00X0ANMYT0 HH(POPMAIIHIO O KPAeBBIX 3aJaduaX MaTeMaTHIECKOW (PU3UKH.

B HacTosiiee Bpemsi aBTOMATH3allUs IPOTPAMMHUPOBAHHS B 00JacTu
MAaTeMaTHYeCKOM (U3MKKM JOCTHIVIA 3HAYUTEIBHOTO Tporpecca. Dddekr ot
HCIIOJIb30BaHUA HpO6HeMHO-OpI/IeHTHpOBaHHI)IX SA3BIKOB M CHCHUATIU3UPOBAHHBIX
CHCTEM COCTOHUT B COKPAICHWH BPEMEHH PEUICHUS] MHOTMX HayYHO-TEXHHYECKUX
3a7a4, a TakXKe B CO3JaHWU 0a3bl JUIsSl Mepexoia K MHIYCTPHAIBHBIM METOonaM U
HOBOHM TEXHOJIOTMHM MpPOTrpaMMHpPOBaHUs. Takue SI3bIKM W CHCTEMBI SIBIISIOTCS
WHCTPYMEHTAIBHOH 0a30if Ui NpPOBENCHUsS BBIYMCIUTENBHBIX 3KCICPHMEHTOB,
OCBOOOJKIArONICH  MaTeMaTHKOB W HMH)XXCHEPOB OT PYTHHHOH W  He
COOTBETCTBYIOILIEH HX CIICLHAIBHOCTH PAOOTBHl MO COCTaBICHUIO M OTIAJIKE
rpOMO3AKUX mporpaMM. [l NpoBeNeHHs BBIYUCIUTENIBHBIX SKCIIEPUMEHTOB B
obact MateMaTHYecKoW (M3WKKM BO MHOTHX CIy4asx HEOO0XOAWMO TiIyOoKoe
H3y4eHHe MOZIEIUPYEMOro INpoLecca WM SBICHUS, MO3HAHUE 3aKOHOB HMPHPOABI
MIPOLIECCOB M HX MPOSBICHHUH B CIOXHOM B3aumozewcTBuu. Kpome Toro, mpu
pelIeHnH 3ajad MaTeMaTHYeCKOi (U3UKH TNPHUXOAUTCS YYUTHIBATH BOIPOCHI
CXOJHUMOCTH, yCTOﬁ’{HBOCTH BBIYUCIIUTECIBHOI'O Mpo1ecca, TOUHOCTU BbI‘IHCHeHPIfI,
3G PEKTUBHOCTH NPUMEHSEMBIX METOJOB MU T.I. DTH OOCTOSTEIHCTBA CO3/AIOT
JIOTIOJTHUTENBHBIE TPYHOCTH TP pa3paboTKe MaTeMaTH4ecKoro ooecreueHus s
penreHus 3a1a4 MaTeMaTHyeckoi Gpu3nku. C moMopio cucteMsl «Ilomne» perieHo

MHOTO HAy4YHO-TEXHHYECKHX M HMHXEHEpHbIX 3a1ad. Hampumep, npou3BencHBI
pacdyeT M ONTUMH3ALUS PA3IMYHBIX KOHCTPYKIMH, AJSI KOTOPBIX ONPENEIsIoTCs
OCHOBHBIC ~ KAQuUeCTBEHHbIE  XapaKTepUCTHUKH  (IPOYHOCTb,  JOOPOTHOCTH,
JOJITOBEYHOCTh, HANEKHOCTh M T.A.). lIpuM pemeHHH TakuX CJIOXHBIX 3a/1ad
BO3HMKAeT HEOOXOJUMOCTh B TPOBEICHMM Bce Ooyiee TOHKUX pacdyeroB
TEeMITEpaTypHBIX, Ne()OPMALMOHHBIX, CHJIOBBIX M JPYTUX (PU3UKO-MEXaHHUECKUX
MoJIed C y4eTOM CaMbIX pa3lIMuHBIX (AKTOPOB (PU3NYECKOTO M T'€OMETPHUYECKOTO
Xapakrepa.

Jns  pemieHust HEepedYMCICHHBIX — 3a]ad  HCIOJB3YIOTCS  METONBl  H
KOHCTPYKTHBHBIE CpeIcTBA Teopuy R-(pyHKInii, MO3BONSIOMNE C €IUHBIX TTO3UINI
pemarb BOIPOCH! y4eTa U COBMECTHOH NepepabOTKH CIOXHOW T€OMETPHYECKOM,
JIOTHYECKOW W aHAIMTHYECKOW WH(pOpMAIWHU, a Takke cucteMbl cepun «lloiey,
XapaKTEepPHOH 0COOEHHOCTHIO KOTOPBIX SIBIISIETCSI BO3MOKHOCTD SIBHOTO 3aJaHUS Ha
MpOOJIEMHO-OPUEHTHPOBAHHOM  SI3BIKE HEOOXOUMBIX ¢u3ngeckux u
TCOMETPUUCCKUX TMapaMETpPOB. DTO TMO3BOJSIET MMpOBOAUTH MHOTOBAaPUAHTHLIC
BBIYHCIIUTCIBHBIC JKCHOCPUMCHTBI, MNEPEXOAUTH OT PCHICHUA O[[HOI‘/II 3aJaun K
JIPyroii, u3MeHsisi mpu 3ToM (OPMY pPacCMAaTPUBAEMBIX OOBEKTOB M Pa3JIMUHBIC
¢u3nyeckne M MaTreMaTHYeCKHe NapaMeTpbl. AHaIM3UpPys METOIbl Teopuu R-
¢GbyHKIMA W ee MporpaMMHOE OOecIieueHHe, CJleqyeT OTMETHTb, YTO OHH
MIPEACTABISAIOT CO0OH J0CTaTOYHO A(PQPEKTUBHYIO COBOKYIHOCTH CPEICTB IS
MIPOBEJICHUS] BBIYMCIUTENBHBIX IKCIIEPUMEHTOB IO PAcueTy pasinyHbIX (H3HKO-
MEXaHWYECKUX IoJieH B OOBEKTaX CIOXHOW (hopmbl. Pasnmuunble TecTOBBIC
NIPUMEPBI, CPABHEHHE pE3yIbTaTOB C TOYHBIMHU DEIICHUAMH, COIJIACOBAHHUE
pemieHuil  peanbHBIX 3agad € JAHHBIMH  (DU3WYECKUX  3KCICPUMEHTOB
MOATBEPKAAIOT  JOCTOBEPHOCTh  PE3YJIBTaTOB M CBUACTEIBCTBYIOT O
HeHeCOO6pa3HOCTI/I MPUMEHCHUA OINMNCAHHBIX MPOrpaMMHBIX U A3BIKOBBIX CPEACTB
JUId MHXCEHEepHbIX pacdyeroB. OCHOBHOE HampaBieHHWE pa3BUTHS Teopuu R-
(GYHKUMHA CBS3aHO C CO3JaHUEM HOBBIX, Oojee MNpocThHIX U APPEKTUBHBIX
KOHCTPYKTHUBHBIX CPEJICTB U C paclIMpeHHEM IpeIMETHOH 00JacTH CHUCTEMBI
«IToney.

PaccMoTpuM HOAXOMBI K YCOBEPIIEHCTBOBAHHUIO CUCTEM aHAIIN3a (PU3HIECKUX
none. [Ipn mocTpoeHnn cucTeM HCCIeNOBaHUS 3a7ad pacyueTa MoJjied BaXKeH ydeT
CTOXaCTHYECKOTO  XapakTepa IIOTPEIIHOCTeH  HW3MEpEeHHWH, IOIMyCKOB  Ha
T€OMETPUYECKYIO U (PU3MYECKYI0 HHPOPMALHNIO U OIIMOOK OKpYTJeHus. B cBs3u ¢
9THM BO3HHKAaeT HEOOXOJMMOCTh B PAa3BUTHM CYIIECTBYIOIIMX CHUCTEM pacdera
MoJIeH 11 MHOTOBAapUAHTHBIX 33Ja4 C LENbIO MOIYYUTh JIOMYCKU Ha PEIICHUE U
MOCNEAYyIOIee SKCIEPTHOE 3aKII0UCHNE. Bruucienus B cucremMax pacdera mosei,
Kak TpaBHJIO, HOCAT JETEPMHUHUPOBAHHBIN XapakTep, B TO BPEMs KaK pealibHbIC
MPOLIECCHl B OMNPE/EICHHON CTENEeHU SBISIOTCS CTOXACTHYECKUMH, COJEpXAaT B
cebe HEeKOTOPYIO HEYeTKOCTh. [l ydera mociiefHel Hy>KHO Tak IpeoOpa3oBaTh
CYIIECTBYIOIIYIO CXEMy HWCCJIEJOBaHMS (PU3NYECKUX II0JICH, YTOObI B pe3yjbTaTe
MHOTOBapHaHTHOTO CUETa IOJyYUTh O0Jiee TOUHOE «HEYETKOE» PEelIeHHE, KOTOPOoe
Oynmer Ommxke K peanbHOCTH. llenmecooOpa3sHO BBECTH B CXEMy PpEIICHHS y4eT



JOMYCKOB, T. €. HCTOYHMKOB HEYETKOCTH, HAuOojee CWIPHO BIUSIONMX Ha
pesyibTUpyolee penieHue. [IpakTuka MOKa3pIBaeT, YTO TAKMX MCTOYHHMKOB, Kak
NpaBWIO, TPHU: JONMYCKHM Mojenu (Ha TeoMeTpuyeckue H  (usuueckue
XapaKTEePUCTUKH), OLIMOKK MeTo/a («yCeUeHUe» psija, OMIMOKM WHTErpUPOBaHUS,
pelIeHus] CHUCTeM JIMHEHWHBIX YpaBHEHHH) M TOTPELIHOCTH OKpyrieHus[3].
Heo0xoauMo yCTaHOBUTH KOMILIEKCHOE BIIMSHHE BapbUPOBAaHUS BEJIMYMH B
Ipejenax JOMyCKOB M HCCIEOBaTh BO3MOXHOCTH IOCTPOEHMS JOIyCKOB Ha
pemenne. B cBs3M ¢ 3TUM OONBIION MHTEpeC MpEACTaBIsIeT pa3paboTKa CHCTEM
HCCIIe/IOBAHMS TI0JIEH, ODHEHTHPOBAHHBIX Ha MHOTOBAPHAHTHOE PELICHUE KPAEBBIX
3ajjad C LENbI0 y4YecTh BapbHUPOBAHHE OIPENICICHHBIX BEJWYMH B IIpeAenax
3aJJaHHBIX JOITyCKOB.

JUii  WUTIoCTpanMM  HEYETKOCTH  PEaIbHOM  3aJaudl  MOJICIUPOBaHUA
paccMotpuMm 3axaqy dupuxie s quddepeHnnanbHoro ypaBHeHUs 00IIero BUA.
[TycTs 3amans! 061acTs D M KpaeBbIe YCIOBUS C yUETOM JIOITYCKOB!

Au=f;
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W3MeHsis JOMMyCKU Ha TEOMETPHUIO M KPaeBbIe YCIOBHS B 3aJaHHBIX TIpeerax,
noJy4aeM Aommyckd Ha U, KOTOPBIM JJOJDKHO YJIOBJIETBOPSTH pELICHUE peasbHOM
KpaeBoil 3amaun. [lpemnaraemas MeTOIMKAa MOAEIUPOBAHUS IS 3a/laull aHAIM3a
BKJIIOYaeT B cels cleayronme 3Tanbl: (GOPMUpPOBaHUE IOIYCKOB Ha DEILCHUE;
pelIeHHe peanbHOi KpaeBoi 3a1aun; (OPMHUPOBAHHE IKCIEPTHOTO 3AKIIFOUCHHUS O
HPUEMIIEMOCTH HallIEeHHOTO PeIeHHS.

PaccmorpuM Mozens ¢usmueckoro mounsd, HampuMmep 3amady Hupuxie [1].
Yerkyro Moieib MoJist OyieM 0003HAYATh uepes m:

Au=f;
Ur, =Q;/
D.

Ee pemienue cTpyKTypHBIM METOJOM CTPOUTCS B BULE

n
U,=>.C.oP+V¥,
i=1
rae o — aHaJMTHYECcKoe omucanue obnactu D ; V¥ — (byHKuI/Iﬂ, MIPOJOJDKArOIIast
KpaceBLIC YCIIOBUA BHYTPb 06J‘IaCTI/I; C,. — HCOIIPCACIICHHbIC KOZ—)(i)(i)I/IIII/ICHTLI.

B cooTBeTcTBHY C ONMUCAHHBIMH BHIIIE UCTOYHUKAME HEYETKOCTH MOCTPOUM
HEYeTKYI0 MOIETb 1Mo [2]:

Au=f;
Ul =0 & (98,1, (0 );
D& (DA, (D)),

KoTOpyto Oynem ob6o3Hauath yepe3 M. Jlnst BIOOpKH {m ! C M HyXHO NOJYYUTh
HEYETKOE PEeIleHUe

U,=2.Co B+¥(@).u,U,)

UYepe3 M, 0003HAUUM MOJENb, YYUTHIBAIOIIYIO BapbUpOBaHHE (U3NYECKHX
BEIMYUH B MpeAenax 3aJaHHbIX JOMyCKOB, a udepe3 M, — YUHUTHIBAIOLIYIO

BapbUPOBAHHUE T€OMETPUUECKUX XaPAKTEPUCTHUK.
Mopgens M, Oyner uMeTh BUL:

Au=f;
Ul =0, S (02 A1 (0 ) M(x),D(x),f(x));
D.

Mopens M, OyneT BBITTSIETD CIEYIONIMM 00pa3oM:

Au=f;
U|E =@,
D< (DA, n,-(D)M(x),D(x),f(x))

3necy M(x) — MaTtemMaTHdyeckoe oxunanue, D(x) — nucnepcus, f(x) — 3aKoH
pacupeneseHus BEJIMYUHEL B ITPEIesiax JOMYCKOB.

Omubka B BEIMYMHE [apaMETPOB HMEET CIy4YailHyl0 TpHPOAYy U
o0ycioBlieHa OOJNBIINM KOJIMYECTBOM CIy4YailHBIX (akTopoB. Benencrteue atoro
MOXKHO CYHTaTh, YTO H3ydacMble BEJIMYMHBI HOPMAaNbHO pacupeneneHsl. s
pelieHHss 3aJadd HY)XKHO IIOCTPOHUTH CTOXaCTHYECKYIO CTPYKTYpy, HpOIece
NONYy4YeHUs 3aJaHHOTO JOIycKa B KOTOPOHl OyZeT HeNpephIBHBIM |
CTOXacTH4ecKkMM. HeoO0X0IUMO IMOCTPOMTh  CTOXAaCTHYECKYIO JTUCKPETHYIO
annpoKCUMaIuo, Kotopas OyleT B Ipeaene NpuOImKaThCsl K HEMPEephIBHOM
CTOXAaCTUYECKOM.

[Toxydnm HeueTKoe peneHue

U, =2.Co P +%(0,).D(x) (U, ),

i=1

rae D(x) — nucnepcus caydaiiHOW BEIHIMHEI.



D(x)= i(x,- —m, P p,

rae  m, — MaTeMaTHYeCKOe OKUJAHUE, p; — BEPOSTHOCTb COOBITUS X, .
ITpu pemennn 3amadm, HMPEICTABIEHHON Mozaenbo M|, MONyYynM Kk CHCTEM

YpaBHEHHH, OTIAMYAIOIINXCA CTOJIOOM CBOOOAHBIX WieHOB. [loaTOMy HEoOXoarMO
HCIOJIb30BaTh MeToA ["aycca [uis pelieHus ypaBHEHHI ¢ k ipaBbiMu YacTsamu. [Ipu
peUIeHNN 3a/a4u, NPEACTAaBICHHON Mopenbio M,, MOIydnM k pasIHMIHBIX

KpaeBbIX 3amad. /[l mOBBIMIEHWS OBICTPONCHCTBHUS TIpoliecca WX PELICHUS
1es1eco00pa3Ho UCIIO0NIb30BATh paclapauIeInBaHue 110 33aYaM.

PaccMoTtpum Bonpocs! (popMHUpOBaHHS BHIOOPKH U MHTEPBAIBHOTO PEIICHMS.
Kak mpaBuio, pa3sMbITOCTh ONMCHIBAETCS HOPMAJIBHBIM 3aKOHOM DPAacIIpelesIeHus,
rge A — HEKOTOpbId JOBEpUTENIbHBbIM UHTepBaj. [‘eHepupys B mpexaenax
JIOBEPUTEIPHOTO MHTEpBala Clly4dallHble IIOCIIeIOBAaTEIbHOCTH, (opMupyeM
BbIOOpKY. Jlnst Momenn M| TeHepupyeM CilydaifHble IOCIIEIOBATEILHOCTH Ha

KpaeBble yCIoBHUS, JUI1 M, — Ha reoMeTpHIo. B pe3ynbrare peann3anuu BEIOOPKU

NOJy4aeM MCKOMBIE peleHus. HTepBaabHOE pelleHHe B AMCKPETHOM BHUAE
Mojly4aeM cieayromuM obpa3zoM. CkaHUpys HedeTKyro obiacte D u TalOynupys

U, B KaxaoM y3jle HEKOTOPOH IHMCKPETHOW CETKH, HAXOIUM MaTeMAaTHYECKOE
OXHUJaHUEC, NUCHECPCUI0O U ﬂOBepHTeﬂbeIﬁ HUHTCpBAJI. HeueTtkocTh OIPCACIIACTCA
MaTeMaTUYEeCKUM OXKHUJIaHUEM U IOBEPUTEIbLHBIM HHTEPBAJIOM.

OnumeM  QopMupoBaHre BBIOOPKH IS 3aJaydl CHHTE3a MW HapabOTKy
JIOIYCKOB Ha FreoMeTpHI0. B 3TOM ciyyae XapakTepUCTUKH PELICHUS U UX TOMYCKH
yKe 3afaHbl. 3aJjacM HIDKHUC TPAaHWUIBl 3HAYCHUN (YHKIUU TPHHAIIIC)KHOCTH U
JIOBEPHUTEINBHON BEPOSATHOCTH, a TakKXKe IOCIEIOBATENEHOCTh JOMYCKOB JUIS
TEOMETPUH, CPEAd KOTOPBIX JIOIDKCH COJCPXKAThCS  MCKOMBIA  JTOITYCK.
[TocnenoBarenpbHO HAXOAS PEIICHUE I KaXKIOTO 3JIEMEHTa BEIOOPKH, IIPOBEPSIEM
3HaYeHWe (YHKIUM TPUHAUIKHOCTH. 3aTeM 10 3HAYCHHAM  (DYHKIHH
MPUHAJICKHOCTH JUII  BBIOOPKHM W 3aJaHHOMY 3HAUEHHWIO JIOBEPUTEIBHON
BCPOATHOCTU OLCHUBAEM MNPUCMIICMOCTL JOITyCKa. HOCJ’IC}IHI/Iﬁ HUHTEpBAJI, A
KOTOPOIro YCJIOBHA MTPUCMIIEMOCTH OOITyCKa 6y)1yT BBITNIOJIHATHCA, SABJISICTCA
HUCKOMBIM JIOBEPUTEIHHBIM HHTEPBAJIOM.

OYHKIUIO MPUHAUICHKHOCTH TEKYIIeH 00JIACTH 10 OTHOIICHUIO K TAJIOHHOW
HaxO0JIUM TP MOMOILU BBIYUCIICHUSI TOBEPXHOCTHOIO MHTErpalia 1Mo hcciaeayeMoit
obnactu. Ilpu penteHun 3afauy, NOCTAaBICHHON MOJENbl0 M, , IOy4nuM k cucteM
ypaBHEHHI, OTJINYAIOIIUXCS CTOI0IOM CBOOOIHBIX WieHOB. [loaToMy HE0OX0IMMO
HCIOJIb30BaTh MeToa ["aycca [uis pelieHus ypaBHEHU ¢ k paBbiMu YacTsamu. [Ipu
pELIeHNH 33/1a4H, IPEICTABICHHON MOAETBI0 M, , TIOydlM K pa3IndHBIX CHCTEM

ypaBHeHWH. [[ng TOBBImIeHHWS OBICTPOACHCTBHSI Tpolecca UX  peIIeHHUs
L[eJIeco00pa3Ho UCII0NIBb30BATh paclapauIeInBaHue 110 3aadaM.

Pa3paboranHasi METOANKA [IPUMEHSIETCS TSl PA3BUTHS CHCTEM HCCIICAOBAHUS
(bu3MUecKuX moJjeu.
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