Tpancnopm

VcrounnkoM maHHBIX Uil pabOTBI CHCTEMBI
SIBIISIIOTCSL  IOPOKHBIE METEOCTaHLIMH, O00LIe0-
CTyNHBIE METeOJaHHbIe, HH(OPMAIHI MeTeopaa-
pa, a TaKke JaHHBIE TEPMOKApPTUPOBAHHS IOPOT.
Jns mpoBeneHUsT TEPMOKapTHPOBAaHUS CO3/aHa
MoOMITbHAS TabopaTopust U pa3paboTaHa METOIMKA
NpOBEICHHUSI H3MEPEHUH 1 HCIIOJIB30BaHUS PE3yib-
TaToB.

C nenpro aBTOMaTH3alUU UCIOIb30BAHUS 000-
pyIOOBaHUs Ui 3UMHETO COJIEPXKaHUSI BEILyTCS
paboThl TO TPHMEHEHHWIO B O3TOM TMpolecce
GPS-o6opynoBanns u reorpaduyaeckux nHpOpMa-
[IUOHHBIX CHCTEM.
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AHAJIN3 CYIIECTBYIOIIUX MMOJIXOJ10B
K MIPOTHO3UPOBAHMIO ABAPUITHOCTH
B IOPOKHOM JIBUKEHUU

Kano. mexn. nayx, ooy. KAIICKHH J1. B.

FBenopycckuii nayuonanbHulll mexnuieckuti yHugepcumem

ABapuiHOCTb — OJIHA M3 CaMbIX HACYIIHBIX U
0OJIE3HCHHBIX MPOOJIEM B JOPOKHOM IBUKCHHUH.
Exerogno B PecnyOnuke benmapych mpomcxoaut
okozo 150000 aBapuii, B KOTOpBIX mOrudaet Ooinee
1500 ven. n nonyvaroT paneHus oxoiuo 9000 uern.,
a CyMMapHbI€ COLIMAJIbHO-3KOHOMHYECKUE IOTe-
pu ot aBapuiiHOCTH B 2007 T. COCTaBHJIM OKOJIO
250 muH nom. [1, 2]. C poctoM ypoBHS aBTOMOOH-
JU3alyy MOTEPU OT aBapUIHOCTU OyIyT HEYKIIOH-
HO Bo3pacTtath. [loaTOMy 00ph0Oa ¢ aBapUITHOCTHIO
SIBJISIETCA 3aJladeid TOCyIapCTBEHHOM Ba)KHOCTH,
3agaueil oOLIeHAMOHAIbHOTO MaciuTata.
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ABapHifHOCTh B OCHOBHOM 3aBHCHT OT YETBIPEX
rpymm GakTopoB — YENIOBEK, aBTOMOOMIIb, J0POTa,
opraHm3alysi JOPOXKHOTO JBWXKEHHA. boprba ¢
ABAPUIHOCTBIO JIOJKHA BECTUCh 10 BCEM 3TUM
HaIpPaBJIECHUSAM C HCIIOJIIb30BAHUEM CaMBIX Pa3HO-
00pa3HBIX METONOB U cpeactB. M 3aech ocolyro
3HaYUMOCTh MPHOOpETaeT MPOTHO3MPOBAHHE aBa-
PUIHOCTH, TO3BOJIAIONIEE NMPUHUMATH ONTUMANb-
HBIC PEIICHUS.

K coxanenuto, cymecTByromue cerogHsi MeTo-
bl TIPOTHO3MPOBAHUS aBapUHHOCTH OTINYAIOTCA
KpaliHE HEBBICOKOW TOYHOCTBHIO IPOTHO3a, YTO
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CACpKMBACT MX MPUMCHCHHUE M CHIDKaeT d(dek-
TUBHOCTH OOpBOBI ¢ aBapwitHOCTBIO. [loaTomy
HEOOXOIMMBI Cephe3HbIe YCHIIUS IO COBEpIICH-
CTBOBAHMIO CYIIECTBYIOIIMX M PAa3BUTHIO HOBBIX
METOJIOB MMPOTHO3UPOBaHUs aBapuiiHocTH [1, 3].

IIporHozupoBanue aBapUHOCTU — COCTaBHAsI
4acTh paboOT TO OIIGHKE KadecTBa JOPOXKHOTO
JIBWKEHUA. [l CHM)KEHUSI aBapUHHBIX TMOTEPh
HEOOXOOMMO KaXXJO€ pelIeHHe I10 OpraHHu3alud
JIOPOKHOTO JBUXKEHUSI OLICHUTh U ONTHUMH3UPO-
BaTb IO BEPOATHHIM TMOCJIEACTBUSIM, B TIEPBYIO
odepenb — Mo aBapuitHocT. Ho AJist 3TOTO HYKHBI
Takue METOIWKH TPOTHO3MPOBAHHSA, KOTOPHIE
Moriau OBl aJeKBATHO pearupoBaTh Ha JHO0OC
U3MCHECHHE XapPaKTEPUCTHUK JABMXKCHUS, IPUYEM HE
TOJIBKO Ha pPEajJhbHOM, HO W HAa MPOEKTUPYEMOM
o0OnexTe.

be3 Hame)XHOTO MPOTHO3UPOBAHHSI HEBO3MOXK-
HO ONTUMHU3HUPOBATH YIPaBICHUE, HEBO3MOXKHO
CHWXeHue aBapuitHoctu. K coxkanenuto, cerof-
HSAIIHAE METOJBI TPOTHO3UPOBAHHS HE TTO3BOJISIOT

B MOJHON Mepe peliarth MPakTHUYCCKUE 3aJa4d IO
ONTUMHM3AIMH PEIICHUH Ha CTaauHu pa3pabOTKH
WK TIPOEKTHpOBaHus [2].

PaccMoTpuM mopo0HEe CIIOKUBIICECS I0JI0-
’KEHHE B 3TOM 001acTH.

CyIleCTBYIOT YETHIPe OCHOBHBIC TPYIIIBI Me-
TOJIOB TMPOTHO3UPOBAHUS ABAPUHHOCTU. CTATHUCTH-
Yyeckast, KOH()IUKTHBIX CUTYalui, MOTEHI[MATbHOM
OTIAaCHOCTH U dKcIepTHas (puc. 1).

Kak yxe oTMe4anoch, CylmiecTBYIOT pa3InvHbIC
JIOPOYKHO-TPAHCIIOPTHBIEC CHUTYAIMH, MOJ KOTOPHI-
MU TIOHUMAIOT XapaKTepHOE COCTOSIHHE Tpoliecca
JBUOKCHUS, OTPAHUYCHHOTO (HEOOJBIIMMHU) TIPO-
CTPaHCTBECHHBIMU ¥ BpEMEHHBIMH npeaeaamMu. OHu
MOTYT CHJIBHO OTJHYATLCS APYT OT Apyra Kak I10
BEPOSTHOCTA BO3HHUKHOBCHUS U peaM3allMUd KOH-
(GnuKTa, TaK U MO CTEMEHH TKECTH KOJUTU3HH.
PasnuuaroT U 0071aCTH MPUMEHEHUSI METOIOB MPO-
THO3MPOBAHUS B 3aBUCHMOCTH OT JIOPOXKHO-TPaHC-
MOPTHBIX CHUTyallMid, Ha 0a3e KOTOPBIX JeIaeTCs
MTPOTHO3.
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Puc. 1. Knaccuduxanusi METOI0B IPOTHO3UPOBAHUS aBApPUHHOCTH
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CratucTtrueckas TpyIa METOJO0B HCIONb3yeT
HAKOIUICHHBIA ONBIT BIUSHHS Pa3TUYHBIX MEpO-
MPUATUA HA aBapUIHOCTH, JElaeT MPOTrHO3 Ha Oc-
HOBAHHWH CTATHCTUKH aBAPUUHOCTHU 32 TIPOIIC I
nepuoj 1 00s3aTeNnbHO TpeOyeT HaIHYHsl peabHO-
ro oobekTa (puc. 2). OTH METOABI TIPUMECHUMEI B
OCHOBHOM TSI TIPEABAPUTEILHOMN OIeHKH 3 dek-
TUBHOCTH T€X WJIH WHBIX MEPONPUSATHH, BHEIpsC-
MBIX Ha peallbHbIX OOBEKTaX YIHYHO-AOPONKHOU
CeTH.

I'pynma MeTom0B KOHGIMKTHBIX CUTyaIlli MC-
MOJIB3yeT TEepPeBOJ, HM3MEPEHHOro 4YHcia KOH-
(GIUKTHBIX (T. €. OYCHb OMACHBIX, BUAUMBIX) CUTY-
aluil B BEPOATHOE YKMCIIO aBapuil ¥ OOBIYHO TPEOy-
€T HalM4usl pealbHOro OOBEKTa, HAa KOTOPOM

npowu3BoAATCS m3MepeHus (puc. 3). MeToasl 1mo3-
BOJISIIOT OBICTPO, B TEUEHHE HECKOJBKUX 4YacoB
HaAOJIOEHUI BBISBUTH CYIIECTBYIOLIME HEJOCTAT-
KM, IPUBOZSIIIE K aBapusiM, U pa3padboTaTh COOT-
BETCTBYIOIIME MEPOIPHUATHSA 10 WX yCTPAHEHUIO.
[IpumensroTcs, Kak MpaBUio, HA BHOBB IIOCTPOEH-
HBIX WJIM PEKOHCTPYUPOBAHHBIX O0BEKTaX C 1IETIbIO
CBOEBPEMEHHOM KOPPEKTHPOBKH PELICHUN M0 IUIa-
HUPOBKE M OpPTraHM3aIMU JOPOJKHOTO JBHKECHUSL.

BusyanpHblii MeTOJ] KOH(MIMKTHBIX CHTYAIMH
ucnonp3yer uHpopMaiuo HabmoneHus (Heno-
CPEICTBEHHO CIEIHATMCTOM WJIH C UCTIOIH30BAHU-
€M BUJICOANIapaTypbl) 3a KOH(MIUKTHBIM B3aUMO-
NEeHCTBHEM TPAHCIOPTHBIX W MEMIEXOJHBIX IMOTO-
KOB ¥ BBISIBICHHEM KOH(QIMKTHBIX CUTYaIIHH.

TSHKECTb NOCNeacTBuiA

P(g) Denaet nporHo3
no CTaTUCTUKE aBapuNHOCTMU
hY ~
OT MeponpusTUi
AN Ha fJaHHOM ob6bekTe
N
N
.
.
. Cratuctuyeckun
HPC noc KoC —
Konnvlaww/-,/, Aapiin 7
&, onacHoCTb
pyick aBapuu,
Puc. 2. O6nacts UCHOIB30BAHUS CTATHCTUUECKON IPYIIIBI METOIOB
P(g) [enaeT nporHo3

no KOHCbJ'IMKTHbIM CUTyaunam
Ha JaHHOM OObekTe

KoHnUKTHBIX
cuTyauuin

HPC noc

N
KoC

y

Konnuauni/ Aeapmm

&, onacHoCTb
pvCcK aBapumn,
TSXKECTb NOCNEeACTBUN

Puc. 3. O6nacTb UCTIONB30BaHMS TPYIIIBI METOJOB KOH(IMKTHBIX CUTYyalUit

60

BectHuk BHTY, Ne 5, 2008



Tpancnopm

[TapameTpudeckuii METOJ OCHOBaH Ha OTHECE-
HUU K OIPEACIICHHON CTENEHU TSHKECTU TOW WU
WHOW KOH(JIMKTHON CHUTyalludl B 3aBUCUMOCTU OT
KPUTHYECKHUX 3aMeUICHHH (YCKOpPEHUH) aBTOMO-
Owtelt mpy KOH(INKTHOM B3aMMOICHCTBUY.

MMuTanmoHHBI MeTO KOH(DJIUKTHBIX CHTYya-
Ui OCHOBaH Ha MaTeMaTHYeCKOM MOJIEIHpOBa-
HUU KOH()IMKTHOTO B3aUMOJCHCTBHUS TPAHCIIOPT-
HO-TICIIEXO/IHBIX MIOTOKOB Ha OOBEKTE.

I'pynma MeTomoB MOTEHIHATHHONW OMACHOCTH
He TpeOyeT HU pealbHOTO 00BhEKTa, HU CTAaTHCTUKU
aBapUIfHOCTH, a JaeT MPOTHO3 10 COBOKYITHOCTH
(hakTOpOB, BIMSAIOIIMX HA aBAPUUHOCTH, KOTOPHIC
MOJKHO JTHOO U3MEPUTH HA pPEaTbHOM OOBEKTE, JIH-
00 3amaTh B OO0 KOMOWHAIIMH TIPH MPOEKTHPO-
BaHuUU (puc. 4).

IToaTromy oHa mpuMeHWMa IJIs ONTHMH3AIHH
pelieHni Kak Ha peajbHOM OOBEKTE, TaK U Ha CTa-
JTUU pa3pabOTKH WITH MPOSKTHPOBAHUSI.

[loTeHInanbHas ONMACHOCTh — 3TO HEBUIAMMAS,
CKpBITasl OMACHOCTh, KOTOpas SIBIACTCS HEKOU
CIIO’KHOW, 3aKOJMPOBaHHOW (YHKIMEH MHOTHX
(hakTOpOB M MHOXECTBA UX KOMOMHAIUI — HHTCH-
CHUBHOCTh, CKOPOCTb, PETYJIHpPOBAaHHE, YCIIOBUS
JIBW)KEHUA U T. . [I0CKOJIbKY MOJHOCTHIO pacKo-
UPOBaTh 3Ty (YHKIMIO TIOKa HE yAaeTcs, 3aaada
CBOJIUTCSL K TOMY, YTOOBI ITOJI00paTh TaKUE YIPO-
IIICHHbIE 3aBHCHMOCTH, KOTOpPHIE JaBalld ObI MpH-
eMIIEMBI 0 TOYHOCTH MporHo3. CylecTBYIOT
YeThIpe METO/a B TPYIIIE MOTSHIINAIHHON OMTacHO-

P(3)

MoTeHunansHom

CTH — METOJ[ JIMHEHHBIX TpaduKOB, METOA KOH-
(IUKTHBIX TOYEK, METOJ KOH(IMKTHBIX 30H U Me-
TOJI 30H TUJIEMMBI.

Meron nuHelHbix rpadukoB (B. ®. babkos)
MIPUTOMIEH Ui MTPOTHO3WPOBAHUS aBapUHHOCTH Ha
3arOpPOAHBIX JIOPOrax M pealn30BaH B BUIAC ABYX
Monudukamuii [4-6]. Moaudukanus JIUHEHHBIX
rpaduKoB KOdI(DPHUITMECHTOB aBApPHHHOCTH 3aKIIO-
yaercsi B cineaymoomeM. Mcciaenyemas gopora pas-
OmBaeTcs Ha OIHOPOJHBIE YYACTKH, IJISI KOTOPBIX
W3 CHEIUATBHBIX TaOJNHIl BBIOUPAIOTCS YaCTHBIC
KOd(DPUITMEHTHI aBapUHHOCTH, XapaKTEePU3YIOITHE
BIIUSHUE HA aBapUIHOCTH OTACIBHBIX (haKTOPOB —
IIUPUHBI TIOJIOCHI, pagnyca MOBOPOTA, CKOJB3KO-
CTH ¥ T. . [lepeMHOXHUB 3TH KOA(DDUIIUCHTDI, a UX
okoso 18, momy4aroT UTOTOBBIN KO3(QQHULKEHT, 110
KOTOPOMY H CYJISIT O BEPOSITHOM 4YHCIIC aBapuil Ha
HCCIIeTyeMOM y4dacTke. B Momudukanuu TuHen-
HBIX TpaduKoB KOAPPUIMEHTOB OE30MaCHOCTH
OTIPENEIISIOT MeCTa Mepenana CKopocTe ot 0oib-
el K MeHbIIeH — 4YeM OoJjibllie Tepenaja, TeM
oracHee y4acToK.

Merton 308 nunemmsl (FO. A. Bpybens, BHTY)
npeJHa3Ha4YeH JIsl MPOrHO3MPOBAHUS CTOJIKHOBE-
HUH C yJIapoM C3aJid ¥ OCHOBAaH Ha OIpPENeICHUN
napamMeTpoB, TaK HA3bIBAEMOW 30HBI JTUIEMMBI,
B KOTOpPOW BOAMTEIN MOTYT C PaBHOW BEPOSATHO-
CThIO TNPHUHAMATh JIBA B3aWMOMWCKIIOYAIOIINX
pemieHnss — MO0 TPOJODKUTH IBMKEHHUE, MO0
OCTAHOBUTbHCH.

[enaeT nporHo3 no cpakropam
M X KOMOMHaLUMAM Ha Niobom obbekTe,
BKIMHOYasA MPOeKTUpyeMble

OonacHoCTH

HPC noc

KoC

ABapwv ~

&, onacHoCTb
pyviCK aBapuu,
TSKECTb NOCreacTBui

Puc. 4. O6nacThb UCIOJIb30BaHUS T'pynnbl METOAOB MTOTEHIIUAIIBHON OTTAaCHOCTH
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BeposiTHOCT aBapun 3aBUCHUT OT pa3MepOB 30-
HBI JTUJIEMMBI, PACCTOSIHUS OT HEE JI0 BO3HHUKIIETO
MIPETATCTBUS, OXHAa€MOCTH ATOTO MPEMATCTBUS,
CKOPOCTH JIBUKCHUS, TNIOTHOCTH TIOTOKA U T. JI.

Metoa KOH(JIMKTHBIX TOYEK, KOTOPHIA BIIEp-
Beie mpemnoxkmwn [. Pammomopr (®PIY), 3axmro-
YaeTcs B IMOJCYETE MOTEHIHNATHHON OMAacHOCTH B
KOKIOW KOH(PIUKTHOM TOYKE C TOCIEIYHOIIUM
CyMMHpPOBAaHHEM B Tpejenax Tmepekpectka [7].
MeTo npUMEHUM 71 IPOTHO3UPOBAHUS aBapHii-
HOCTH Ha KOH(MJIMKTHBIX OOBEKTaX — IepeKpecT-
Kax, MEeMeXOJHbIX Tepexomax u T. 1. llepBona-
YaJIbHO TOJICYET MOTSHIIMATBHONH OMacHOCTH TPO-
BOJIMJICS TOJIBKO TIO YHCITY KOH()JIMKTHBIX TOYEK U
YIIy MEXAY TPaeKTOPUSMHU JBMXKCHUS KOH(QIIHK-
TYIONTUX YYACTHUKOB. 3aT€M B PaCUETHYIO MOJIETh
OBLIM BBEICHBI MHTCHCHUBHOCTH JIBHIJKECHHUS KOH-
(DIUKTYIOMUX TOTOKOB W €€ HEPaBHOMEPHOCTH
UT. I

Meron xormukTHbIX 30H B BHTY (0. A. Bpy-
Oenb) B MOJENb OMNpPEAeiICHHUS IMOTEHIIMATbHON
OMACHOCTH 10 KOH()IMKTHBIM TOYKaM BBEJI JAPYyrye
(daktopel (ux okosio 100), nam TNOHATHE KOH-
(IIMKTHBIX 30H, OOBEIUHSIONIMX TPYIIBI B3aUMO-

P(£)

CBA3aHHBIX KOH(i)J'II/IKTHLIX TOYCK, YTO HNPUHIMUIIN-
QIBHO M3MEHWIO CYIIHOCTh HPOTHO3MPOBAHUS
U TO3BOJIWIO THONYYUTh KOJIMYECTBEHHYIO M Kade-
CTBEHHYIO OLIEHKY IPOTHO3UPYEMBIX aBapuil. bbI-
M pa3paboraHbl MOAWGMUKAIMH METOJa MPOTHO-
3UPOBaHUs AaBapUMHOCTU HA HEPETYJIUPYEMBIX
U PEryaupyeMbIX HEPeKpecTKax W IEIIEeXOIHBIX
nepexonax.

OKcrepTHast TpyIIa METOI0B OCHOBAHA Ha HC-
I10JIb30BaHUH OIIbITa BI)ICOKOKBaJ'II/I(bI/IHI/IpOBaHHI)IX
CTHELUAINUCTOB (IKCIEPTOB) MO MPOTHO3UPOBAHHIO
(puc. 5). OTo moaM, KOTOpPBIE B CHUITY HAKOIUIEHHO-
IO OMNBITA WJIN HPUPOIHBIX JAHHBIX MOTYT Ipen-
CKa3aTh aBapUIlHOCTb HAa 0OBEKTE, C KOTOPHIM OHH
3HAKOMSITCS JTNOO BOOYHIO, JTHOO TI0 "epTeskaM [8, 2].
B 0coOpIx ciyyasix TPHUBIEKAIOT HECKOIBKHUX
9KCHEPTOB, KOTOPHIE COBMECTHO MPECKa3bIBAIOT
aBapuitHocTh. Cleyer OTMETHTh, YTO NPOTHO3H-
poBaHHE aBapUHHOCTH 3KCIEPTaMU — JEJI0 upe3-
BbIUaIHO CJIOKHOE, «TOHKOE» U BechbMa MPHOIM3HU-
TenbHOE. YTO KacaeTcsl HACTOSIIMX 3KCIEPTOB, KO-
TOpbIE «yTaJbIBalOT» aBapHUHHOCTh, TO HX, K COXKa-
JICHHUIO, OYEHb MAJIO, a OOJBIIMHCTBO U3 IEHCTBYIO-
LIMX «3KCIIEPTOBY MaJIO MMPUTOJHO K 3TOM padoTe.

[enaet NporHo3 no yMo3aktyeHmo
Ha no6oM obbekTe,
BKItoYast MpoeKTupyemMble

OKCNepTHbIN

HPC

A

)

Al

&, ornacHoCTb
pyviCK aBapuu,
TSPKECTb NOCNeAcTBUiA

Puc. 5. O6nacth UCMOIB30BAHHS IKCIIEPTHON TPYIIITBI METOIOB

BbIB O ]I
Takum oOpa3om, OHUM M3 HanOoJIee ImepcreK-

TUBHBIX JUISi TIPOTHO3UPOBAHMS aBapUWHOCTU Ha
KOH(JIMKTHBIX OOBEKTAaX MPEICTABIACTCS METO

62

KOH(JIMKTHBIX 30H, BXOJSIIUI B TPYHILy METOJIOB
MOTEHIHAIBHON OMACHOCTH WM TO3BOJISAIOIMIMN Jie-
JaTh MPOTHO3 Kak Ha CYIIECTBYIOLIMX, TaK M Ha
MPOEKTHPYEMBIX 00BEKTaxX. ITOT METOl, pa3pado-
tanHbld B BHTY, npu noctpoeHuu nporuosa yuu-
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ThIBaeT OoJiee CTa Pa3InYHBIX (aKTOPOB M MO3BO-
JSIET MIPOTHO3UPOBATH HE TOJIBKO KOJIMYECTBO aBa-
PHii, HO U TSDKECTh MX TOCIEACTBUH. YTIyOneHHas
npopaboTKa MeToJa M ajanTauust €ro K Iepe-
KPECTKaM C JIOKaJIbHBIM CBETO(OPHBIM PETYIHPO-
BaHMEM IIOKa3aJd BBICOKYIO A(QQEKTHBHOCTh H
NPUTOAHOCTh K MPAKTHUYECKOMY HCIOJIB30BaHUIO.
Heobxommumo mpomomkuTh pabOTHl TIO Pa3BHTHIO
9TOr0 METOJla W aJanTallld €ro K THUIOBBIM KOH-
(GIUKTHBIM 00BEKTaM, B MEPBYIO OYepeNb CBS3aH-
HBIM C KOOPAMHHPOBAHHBIM PETYJIUPOBAHHEM U
MEIIEeXO0IHBIMU TIEPEXOAaMHU.
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