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IIEHHE XapaKTePUCTUK MPOUYHOCTH, HAKOIIJICHHE MOBPEXKICHHUH, CBI3aHHBIE C U3HOCOM Y3JIa, a TaKXkKe CTa-
peHMe MaTepuaia U CIIOKHOCTU B MTPOI[ECCE BOCCTAHOBIIEHUS U PEMOHTA OTAENBHBIX 3JIEMEHTOB.

[Ipu mpoxokIeHUH KOJIECHOW Iapod HEPOBHOCTEH MyTH Ha OYKCOBBIM y3el ICHCTBYIOT BHEIIHHUE
Harpy3ku g. OHU MOTYT OBITH PA3HBIMH 110 MTPOUCXOXKJCHUIO M IPUHUMATH CITydyaifHbIe 3HAUSHUS U3 HEKO-
TOPOTO MPOCTPAHCTBA BO3MOKHBIX BHENTHUX Harpy3ok Q. M3MeHeHHne 3TUX Harpy30K BO BPEMEHH SBJISET-
cs CIydaiHBIM mporeccoM. CToXacTHYECKOe IMMOBEICHHE OYKCOBOI'O y3ja OyIeM XapaKTepH30BaTh dIIe-
MEHTaMH U, KOTOPBIE SBISAIOTCS YaCTHBIMH COOTBETCTBYIOIMIETO MpOocTpancTBa U BOSMOXKHBIX COCTOSTHHM,
KOTOpBIM H30upaeTcs TakuM oOpa3oM, YTOOBI C €ro IOMOLIbI0 B PaMKaX BBHIOPaHHON pacyeTHOH CXEMBI
MOJTHOCTBHIO OBUIO OMHMCAHO COCTOSIHHE OYKCOBOTO y3Ia.

Crny4aiiHbId XapakTep MOoBeAeHUsI OYKCOBOro y3iia o0ycioBieH pa30pocoM Kak COOCTBEHHBIX CBOMCTB,
TaK U IEHCTBYIOMUX HArpy30K. [Ipy HOpMalbHOH AKCIUTyaTaIliy MapaMeTphl, XapaKTepU3yIOIIie (PyHKITHO-
HAJIBHOE COCTOSTHHE 3JIEMEHTOB OYKCOBOro y3ia (mapaMeTpbl KauecTBa), JOJDKHBI HAXOIUTHCS B YCTAHOB-
JICHHBIX MpEAeNaX B TEUCHHE BCETO HOPMATUBHOTO CpPOKa CIYKOBL. MaTeMaTW4ecKH 3TO COOTBETCTBYET
HAXOXKJICHUIO SJIEMEHTOB & B JIOMyCTUMON obiacTtu ) mpocTpaHcTBa KadecTBa U. Brixon cirydaitHOro mpo-
necca v(t) pyakunonrpoBaHus OyKCOBOTO y3J1a 32 MpeJenbl TOMyCTUMOH 00macTr {2 IPUBOJUT K €r0 OTKa3y.

B ncxonHblii MOMEHT BpeMeHH (MOMEHT Hayaa JBHKCHUS BaroHa) CIyYaiHBIH Mporece (QYHKIHOHU-
poBaHUS OYKCOBOTO y3JIa ¢ BEPOSTHOCTHIO, paBHOW 1, OyJIer HaxOAUTHCs B JOIMYCTUMOH obiactu Q, TO
ectb P (0) = 1. BeIOpOCHI U3 3TO# 00J1acTH Ha oTpe3ke BpeMenu [0, f] — 04eHb penKHue COOBITHS.

KonmdecTtBo BEIOPOCOB caydaiiHOro mpoiiecca V() Ha oTpeske Bpemenu [0, 7] ecTh ciiydaitHas BeTHYH-
Ha, KOTOpyto 0003Ha4YuM N(f). MaTeMaTH4eckoe OKHIAaHHE KOJIUYECTBA BEIOPOCOB CIIYJalfHOTO IMpoiiecca
v (f) cBSI3aHO C HHTEHCUBHOCTHIO OTKA30B:

F0) = 80 = ().
0

rae A (f) — THTEHCUBHOCTH OTKa30B.
[Tockonpky OyKCOBBIE TTOMIIMITHAKN OTHOCATCS K BHICOKOTEXHOJIOTHYHBIM H3/ICIHUSIM U SBISIFOTCS BEI-
COKOHAJI&KHBIMH, BO3MOXKHO HCITOIE30BaHNE ITyaCCOHOBCKOTO TIOTOKa OTKa30B. Toraa BepOSITHOCTH 0e3-

OTKa3HOH paboTHI nMeeT Bua P(t) = e,
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be3onacHOCT EPEBO30K SBIISETCS TPUOPUTETHBIM HallpaBJICHUEM AESTENBHOCTH >KEJIE3HBIX JJOPOr CTpaH
CHI'. Ee obecrieuenue 3aBUCHT OT CIaXKEHHOW PabOTHI BCEX CTPYKTYPHBIX TO/Ipa3/ieNleHHid, HO OJHUM W3
Ba)XHEHIINX (DaKTOPOB SIBJISIETCSl HaJexkHas padoTa BaroHoB. OTKa3bl 3JIEMEHTOB KOHCTPYKIIMU BaroHOB He
TOJBKO BBI3BIBAIOT 33JEPXKKY JOCTaBKU I'PY30B ITOTPEOUTENSIM UYepe3 OTLENKH BaroHOB B ITYTH CIIEOBAHUS,
HO M TIPUBOJIST K CYILIECTBEHHBIM JIOMOIHUTENBHBIM TIOTEPSM U1 BOCCTAHOBJICHHS Pa0OTOCIIOCOOHOCTH.

OpmHUMH U3 caMBIX BaKHBIX 3JIEMEHTOB KOHCTPYKIHH TPY30BOTI'O BaroHa SIBJISIOTCS OYKCOBBIE Y3IIbI €
PONMKOBBIMU MONMMIMHUKaMH. Kak Mmoka3bIlBaeT MHOTOJIETHHUM OMBIT 3KCIIyaTallH MapKa IPy30BBIX Ba-
TOHOB, UMEHHO OyKCOBBI€ y3i1bl 3a mepuog 2005—-2016 rr. mosnexnu 2339 ciydast OTIETIOK BarOHOB B IMyTH
cJIeOBaHMS yepe3 upe3MepHbIid HarpeB. [Ipn 3ToM exxerofHo JOMOTHUTENFHO MPUOOpaMy ANCTAHIIMOHHO-
To KOHTPOJS KOJECHBIX Map M OCMOTPIIMKAMH BaroHOB IO BHEIIHUM NpH3HaKaM BeIsBiIeHO 10 1000 ciy-
YyaeB 0TKa30B OYKCOBBIX Y3JIOB, KOTOPbIE CO3/1aBajM yIpo3y 0€30MacHOCTH JBHKEHMSL.

ObecrieueHre JONTOBEYHOCTH MOAIINAITHUKA, PA0OTAIOMIET0 B YCIOBUAX TUHAMUYECKOT0 paanaIbHOrO
M OCEBOW Harpy3KH, SIBISIETCS JOCTATOYHO CIOXKHOI 3amaueil. [Ipu pacuere Ha MPOYHOCTh M HAZEKHOCTh
3JIEMEHTOB KOHCTPYKIMHN BB Mcronb3yloTcst ynpoleHHbIe CXeMBI, KOTOPbIE HE YUUTHIBAIOT Pl JEHCTBY-
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fomux (akropos. Tak, SKBUBaJICHTHAs Harpy3ka Ha MOALIMITHUKA COCTOUT M3 CTaTHYECKOM M IMHAMHYe-
CKOM Harpys3ok. BennuuHa u xapakTep NpUIOKeHUs CTaTUYECKON Harpy3KH M3Y4eHBl JOCTATOYHO IIOJNHO.
BennumnHza muHaMu4ecKod Harpy3KH olpenensiercs Kak JONOJHEHHUE K CTATHYECKOM Harpy3KH C IIOMOILbIO
OTIPEIEIICHHOT0 YMITUPUIECKOTO KO3 PHUIIHEHTA.

HecoBepIlleHCTBO CYILIECTBYIOIMX METOMOB pacdera MpHUBeia K 3HAUUTEIbHBIM MOIPEIIHOCTSIM IpU
OIlpeNeNIeHNH TT0Ka3aTelned HaJAeKHOCTU OYKCOBBIX IOAIIMITHUKOBBIX Y3JI0B M pa3Horjacus ¢ (akTuie-
CKUMH Pe3yJIbTaTaMHU 3KCILTyaTalliH.

OueBUIHO, YTO BONPOC MOBBIIIEHHUS HAIEKHOCTU OYKCOBBIX Y3JIOB SIBJISIETCSI CIIOXKHBIM U TpeOyer
KOMILJIEKCHOTO TIOAX0/a sl cBoero pemeHud. [1o3Tomy Heo0X0nuMo uccienoBaTh pa3iddHbIe HallpaBie-
HUSl COBEPLICHCTBOBAHUS CYIIECTBYIOIIMX U CO3JaHHUA HOBBIX KOHCTPYKUHUH OykcoBoro yzna. OmHOH u3
3a/1a4 Ul MOBBIIICHHS MTOKa3aTenel HaJeKHOCTH SIBJIAETCS ONpeENeTeHIE BEpOATHOCTHRIX HArPy30K, JAeH-
CTBYIOIIMX Ha AJIEMEHTHI XOIOBBIX 4aCTEH IPy30BBIX BarOHOB.

i MopenupoBaHusl THHAMUYIECKOT'0 IIpoIiecca Harpy3Ku OYKCOBOTO y371a Ipy30BOr0 BaroHa BO BpeMs
JBUKEHHS C PA3IMIHBIMHI CKOPOCTAMH HCHOIb30Banca KoMiuieke «UM YHUBepCcaNbHBI MEXaHU3MY, pa3-
paGoTaHHBII BpSHCKUM TOCYIapCTBEHHBIM TEXHHUYECKHM YHHBEpCHUTETOM. Pa3paboTaHHas ¢ MOMOIIBIO
«UM>» UMUTaIMOHHAS MOJETh «BAaroH — XKeJIe3HOJOPOKHBIA IMMyTh» BKIIOUAET B ce0sl Ky30B IMOIyBaroHa ¢
BO3MOKHOCTBI0 UMHUTHPOBATh PA3INYHYIO CTEIIEHb 3aIPYKEHHOCTH, TeNeKKU Monenu 18-100 ¢ Bo3mox-
HOCTBIO U3MEHATh X XapaKTEPUCTUKH, a TAKXKe MOJENb yIPYroro myTH, MO3BOJIAIOIAS MEHATh NPOpHIIb
U MaKpOr€OMETPHUIO IIyTH.

[TocTpoeHue Mozeny BHIIOIHSIACH IIyTeM OObEUHEHUS B MOJIENb IIOAMOAYJIEH, KOTOpPbIE HECYT B Ce-
0e cocTaBHbIC YaCTH MOJEIHU: Ky30B, TEJIEKKH, KOJECHbIE IIaphl U yIpyrue nyTu. Bee ayeMeHTsl Monenu
CBSI3aHBbI CIIELUAIbHBIMU CBSI35IMU U CUCTEMOM KoopAnHaT. MoaenpoBaHue OCYIIECTBIISIIOCH C UCIIONb30-
BaHUEM «s-00pa3HOro» OTpe3Ka IYTH U CTPEIOYHBIM IepeBoJoM. I MMUTALlUd MaKpOI€OMETpUH U He-
POBHOCTEH ITyTH UCIIONIB30BaJICs (ailyl n3 6UOINOTEKH IPOrpaMMHOro Komiuiekca. [Ipu aTom Mozens 1mo3-
BOJISIET TOJIYYUTh: KO3(QPUIUEHTHl JUHAMUYECKUX COCTABISIOMINX BEPTHKAIBHBIX CHJI, JEHCTBYIOIINX Ha
OYKCOBBII MOMIIMITHUKOBBIA y3€l1 U Ha HaJlpecCOpHbIe OaJKH TEIEXKKH; FOPU30HTAJIbHBIE (TIOIepeyHbIe
paMHbI€) CUIIbI, JEHCTBYIOIIKE OT KOJIECHO! Haphl Ha OOKOBBIE PaMbl TEJIEKKH.

Ha cnenyromem 3tame paboTsl MPOBOAMIACE MaTeMaThdeckas o0padoTKa MOMyIeHHBIX JaHHBIX METO-
JTaMH MaTEMaTU4eCKOM CTaTHCTUKH. [Ipu 3TOM ompenensaanch cleayrolue napamMeTpsl: BEIUUYNHA MaTe-
MaTHYECKOTO O’KUAAHNUS, TUCIIEPCHS], 8 TAK)KE€ MUHIMAaIbHBIE 1 MAKCUMAJIbHBIE 3HAYCHUS YCHITHH.

Pe3ynbraTel nccnegoBaHnid CBUAETENBCTBYIOT, YTO CIy4alHBIE IPOIECCHI, KOTOPBIE XapaKTEpU3YIOT
n3MeHeHne K03()(UIMEHTOB BEPTHKAILHONW W TOPU30HTAIBHONW NTWHAMUKH, paclpeAeieHbl 0 HOpMallb-
HOMY 3aKOHY.

B nanpHeiinmeM, HCHONB3ys TOMyYeHHBIE JaHHBIE, BRIYUCICHBI KOPPENSIIMOHHBIE QYHKIIUU ISl CITy-
YaifHBIX MPOIECCOB, XaPaKTEPU3YIOIINX COBMECTHOE JIEHCTBIE N3MEHEHNS KO (OUIIMEHTOB BEPTHKATHEHON
Y TOPU3OHTANILHON IMHAMHUKH BaroHa. [locTpoeHHbIe KOppensIInOHHbBIe QYHKIIMHU TO3BOJISIIOT IaTh OIIEHKY
HaJeXHOCTH OYKCOBOT'O y37a.

MOI[CHI/IpOBaHI/Ie JUHAMUYCCKUX HArpy3ok, I[eﬁCTBy}OHIHX Ha XOIOBBIC YaCTH T'PY30BbIX BaroHoB, IMOKa-
3aJ10 JOCTATOYHYIO CXOMMOCTH C pe3yJIbTaTaMH XOJIOBBIX MCTIBITaHUN. [loaToMy mpeioskeHHas MoJienh MO-
’KeT OBITh MCIONb30BaHa JUTsl OLIEHKH BO3MYIIIAIOIINX HArpy30K MPH pacueTax HaJleKHOCTH OYKCOBBIX y3JIOB
TPY30BBIX BaroHOB. Jl0Ka3aHO, YTO 3TOT MPOILECC UMEET CTAIlMOHAPHBIM Aprojudeckuil xapakrep. [Tomyqen-
HBIE Pe3yNbTaThl MOJISTUPOBAHUS TTOAYMHSIOTCS HOPMATLHOMY 3aKOHY pacrnpeneneHust. OnpeneneHsl OCHOB-
HBIC MMapaMeETPBhI, XapaKTEPU3IYIOUINE 3TU IIPOIECCHI B 3aBUCUMOCTH OT CKOPOCTHU U PEKHUMa TBUXECHUA.

VJIK 629.46

CO3JAHUE KOMIBIOTEPHOM MOJIEJI ITOJTYBATOHA
B NTH’KEHEPHOM IMTAKETE MSC.ADAMS

A M. MAPYEHKO

Hogoszvibrosckuii mawunocmpoumenvhulii 3800, Poccuiickas @edepayus

Nunxenepnsrit maker MSC.ADAMS — 310 coBpemennas CAE-cucrema, koTopasi MO3BOJIIET BBIMOJ-
HATh TUHAMHYECKOE MOJEITUPOBAHHE Pa0OTHl 00BEKTOB MaKCHMAIBHO MPHONMKEHHO K peajbHBIM YCIo-
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