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COBEPHIEHCTBOBAHHUE 3KCHEPTHOI'O AHAJIU3A
JOPOKHO-TPAHCITIOPTHBIX TPOUCIHECTBUH
C NIOMOIIBIO KOMIIBIOTEPHBIX TPOTPAMM MOJEJIUPOBAHUSA

Kanouoamuvl mexu. nayk, ooyenmol A3EMll!A C. A., IT'AJIYIIIKO B. H.,
oou. CKHPKOBCKHH C. B.

Benopycckuii 2ocyoapcmeennulii ynusepcumem mpancnopma

E-mail: s-azemsha@yandex.by

CylIecTBYOIIIEe METOAUKA NMPOBEICHUS aBTOTEXHUYIECKOW SKCIIEPTH3HI MPEIIONIaraloT BEIOOP HEKOTOPBIX MapaMeTpoB
Ha OCHOBE MHTYWULIMU U OMbITa dKcHepra. Takxke NMpU ONpeNesieHUH 3aMeUIEHUs] HE YYUTHIBAIOTCS MapKa TPaHCIOPTHOIO
CPEJIICTBA U CTENEHb €r0 3arpy3Ku, JOPOXKHbIE yCIOBHs. B mporecce aHanu3a ycTaHOBIEHO, UTO NPUMEHEHHUE CIIELUAIbHOTO
[IPOrPaMMHOTO 00ECIIeUeHHUs MO3BOISIET 3HAYUTEIBHO HOBBICUTH 3 (PEKTHBHOCTD BBIIOIHIEMBIX paboT 110 PELICHHIO TOCTaB-
JICHHBIX 33124, YCKOPSIET MPOIECC PacueToOB, B KAYCCTBCHHOM ILJIAHE YMEHBIIACT BEPOSTHOCTH OMMHOOK apU(PMETHUECKOTO
XapakTepa U J1aeT BO3MOKHOCTb BH3YyaJIM3allMd PEe3yJIbTAaTOB IPOMU3BEIEHHOIO HCCIEIOBaHMS. Y CTAaHOBJIEHBI BO3MOKHOCTU
HCTIOJIE30BaHUS PA3IMYHBIX MOJICINICH Ul TUHAMIYECKOTO MOJICIHPOBAHMS JIBHIKCHHS U CTOJIKHOBCHUI aBTOMOOWIICH (B BH-
Jie TpexMepHoit Moaenu). [Ipu 3ToM yuuThIBatOTCS 0COOCHHOCTH TEXHUYECKOTO COCTOSIHUS aBTOMOOMIIEH U 3arpy3KH, COCTO-
SIHHE TIOBEPXHOCTH JJOPOIKHOTO TOKPBITHS, @ TAKXKE AUHAMHIECKOr0 0TOOpakeHUs1 peKoHCTpyupoBanHoro mexanusma J[TTI B
AKCOHOMETPUYECKOHN MPOEKIHHU, CO3JJaHHE BUICOPOJIUKOB C PACHOJIOKEHHEM KaMephbl B IIPOM3BOJILHOM TOUYKE MPOCTPAHCTBA!
Ha JIopore, 0004rHE, BO3BBIIICHHH, TBIDKYIIEMCS TPAHCIIOPTHOM CPENICTBE, BOAUTEIHLCKOM MECTE B TPAHCIIOPTHOM CPEJICTBE.

BeinosiHeHb! aHaaM3 BO3MOKHOCTEH MPOrpaMM MOJEIHMPOBAHUS TOPOKHO-TPAHCIOPTHBIX MPOMCIIECTBUNA, CTATUCTUYE-
CKMH aHaJIM3 3HAYMMOCTH OTIMYMN MEXAY pe3yJibTaTaMHU MOZEIMPOBAaHUS MIPU NOMOILHU pa3auuHbIX nporpamm. IlpuBeneHst
HMCXOJHBIE JJAaHHBIE U PE3yJIbTaThl pacyeTa CKOPOCTH JBMXKEHHUSI TPAHCIIOPTHOTO CPEJCTBA MO JJIUHE Ciiefja TOPMOKEHHUsI, MO-
JMy4eHHBIE ¢ MOMOIIbI0 mporpamM skcnpecc-ananmu3a JATII (kmaccuueckuii moaxox) u PC-Crash (yuuTeIBaroTcsi JOMOTHHU-
TeNbHBIE BIUAIONINE (HaKTOpPhI). B Xo/e uccnenoBanus pe3yabTaTOB MOJCITUPOBAHUS PUMEHSIEMOTO IIPOrPaMMHOT0 obectie-
YEHMsl BBISABJICH PsJ] HEJOCTATKOB, IOJUISKAIIMX J0pabOTKEe B aHAIM3UPYEMBIX HMPOrPaMMHBIX MpoaykTax. Ha ocHoBaHMK
NPOBEACHHOTO aHAJIM3a UCMONb30BaHus nporpamm MoaeiaupoBanus A TII npemyioxkeHo k mpakTuyeckoi paboTe MpUBIeKaTh
OTBETCTBEHHBIC M KOHTpoHpytomue opranbl (I"AN, skcriepTHBIE YUpeKACHUs, CTPaXxOBble KOMIIAHHUH) JUIS TIOBBIICHHUS 00b-
€KTUBHOCTHU PE3YJIbTAaTOB 3aKJIIOUEHHH.

KiioueBble cj10Ba: 10pOKHO-TPAHCIIOPTHBIE IPOUCIIECTBHUS, SKCIICPTHBINA aHAIN3, KOMIBIOTEPHAS IPOrpaMMa MOJIEIIH-
pOBaHHMSI.

Wn. 3. Tabmn. 1. bubmmorp.: 11 nass.
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IMPROVEMENT OF EXPERT ANALYSIS FOR ROAD TRAFFIC
ACCIDENTS USING COMPUTER SIMULATION PROGRAMS

AZEMSHA S. A., GALUSHKO V. N., SKIRKOVSKI S. V.

Belarusian State Transport University

The existing methods for auto-technical expertise presuppose selection of some parameters on the basis of the expert’s
intuition and experience. Type of a vehicle and its loading rate, road conditions are not taken into account also in the case
when deceleration is to be determined. While carrying out the analysis it has been established that an application of special
software makes it possible to improve significantly efficiency of the executed works directed on solution of the assigned
tasks, to speed up calculation processes, to decrease qualitatively probability of arithmetic errors and provides the possibility
to visualize results of the conducted investigations. Possibility of using various models for dynamic motion simulation and
collision of vehicles (in the form of 3D-models) has been established in the paper. In such a case specific features of vehicle
technical conditions, its loading rate and condition of roadway surface have been taken account in the paper. The given paper
also permits to obtain a dynamic display of reconstructed accident mechanism in axonometric projection, to film video-clips
when a camera is positioned at any spatial point: road, roadside, raised position, moving vehicle, driver's seat in the vehicle.

The paper contains an analysis of possibilities of road traffic accident simulation programs, a statistical analysis that
shows significance in differences between simulation results when various programs have been used. The paper presents ini-
tial data and results of vehicle speed calculation on the basis of braking track length which have been obtained with the help
of road traffic accident express analysis (a classical approach) and PC-Crash when additional influencing factors are taken in-
to account. A number of shortcomings have been revealed while analyzing the simulation results of the applied software.

The shortcomings must be removed in the analyzed software products.

On the basis of the executed analysis in respect of application of road traffic accident simulation programs it has been
proposed to involve responsible and controlling authorities (State Automobile Inspectorate, expert institutions, insurance
companies) for practical activity with the purpose to increase the objectivity of the result conclusions.

Keywords: road traffic accident, expert analysis, computer simulation program.

Fig. 3. Tab. 1. Ref.: 11 titles.

BBenenue. OOmuUM MpH MPOBEACHUM MHOTHX
BUJIOB CYyJEOHBIX OKCHEPTHU3 SBISIETCS BBIMOJ-
HEHHE pAc4YeTOB MO TEeM WM WHBIM (popmynam,
B KOTOpBIC BXOJST 3HAUEHHUS COOTBETCTBYIOIIHMX
TaOJIMYHBIX CIPABOYHBIX MJAHHBIX, MapaMeTpoOB
1 kodpdunuenToB. Crenuaanuct B 00JacTH aBTO-
TEeXHUUYECKOH 3kcrepTussl B. A. MnapuoHoB yka-
3bIBACT HA HEIOCTATKH CYIIECTBYIOIIUX ITOAXO-
J0B [1]. B yacTHOCTH, OH OTMEYAET, YTO TMPOIIECC
TOPMO’KEHHUSI aBTOMOOWIISI TIPOTEKAET IO/ BO3/EH-
CTBHEM OOJBIIOTO YHCIA CIYYaWHBIX (HaKTOPOB,
Pa3IMYHBIX 10 XapakTepy, MHTEHCUBHOCTH U TIPO-
JIOJDKUTEIBHOCTH AeiicTBus. [loaTtomy paccunTan-
HBIC 3KCIICPTOM 3HAYCHHUS XapaKTEPUCTHK TOPMO-
JKEeHUs (HalpuMep, 3aMeJIeHHsA, TOPMO3HOTO ITy-
TH) TIPEACTABIIIOT COOOW CiTydalHbIC BEITUYMHBI,
obnagaromrue paccesareM [1, 2].

CylIecTByOIIUE METOJAUKH MPOBEIACHHUS aBTO-
TexHU4eckor skcneptussl (ATD) mpeamonararor
BBIOOP HEKOTOPHIX MMapaMeTpoOB HA OCHOBE WHTYH-
M W ombITa 3kcnepra [3, 4]. Takxke mpu ompe-
JISJICHNN 3aMeIUICHHs He YYUTHIBAIOTCS MapKa
TPAHCIIOPTHOTO CPEJICTBA U CTEIICHD €0 3arpy3KH,
nopoxknblie ycnosus. [losTomy nenpo uccienosa-
HUI aBTOPOB SIBIISJIOCH TMOBBIIIEHHE IOCTOBEPHO-
CTH BBIBOJIOB JKCIIEPTOB IIpH TpoBeacHHH AT,
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JKCIIEPUMEHTAIBHOM ampobanuy pacyeToB MOJe-
JUPOBAHUSI M PEKOHCTPYKIHMU JOPOXKHO-TpaHC-
noptHbIX npoucmecteuit (JTIT) ¢ momomrsio cy-
MIECTBYIOIIUX TMPOTPAMMHBIX KOMIUIEKCOB MOJIe-
muposanust JITII [5, 6].

Hcxonnapie BeMMYUHBI TP BBIYUCICHIH CKOPO-
CTH ABW)KEHHUS aBTOMOOWIII B MOMEHT aBapuu —
JUTMHA TOPMO3HOTO IMyTH U KO3 UIMEHT ciernie-
HUS mMH ¢ poporoi [7, 8]. JloOGast HETOUHOCTD
B OMpEAENICHUH ITHX MapaMeTpPOB cpa3y XKe IpH-
BOAWT K HETOYHOCTH BBIYUCIEHUS CKOPOCTH.
OpHako ecnu JUIMHY TOPMO3HOTO ITYTH €Ie MOX-
HO W3MEpPUTh PYICTKOW C MPHEMIIEMOU TOYHO-
CTBbIO, TO JIOCTOBEPHO OLICHHTH 3HAUYECHHUE KO-
(uImeHTa CrHerieHus, MOJb3YsCh CIPABOYHBIMHU
TAHHBIMH, TPUHIMITHAIEHO HEBO3MOXKHO (TIpHOO0-
pOB IS W3MepeHus KodPHUIIMEeHTa CIEIICHUS
HE CYIIECTBYeT). PexoMeHI0BaHHBIE CHpPaBOYHBIE
TaOJIUIBI COMEPIKAT JUCKPETHBIC 3HAYCHUS KO3(]-
(uIMeHTa CerIeHus U TOIBKO B 3aBUCUMOCTH OT
BHJA JOPOXKHOTO TIOKPHITHS M KadecTBa €ro Io-
BEPXHOCTH, TMOJPAa3Aeysisi MOKPHITUS HA CYXHE U
MOKpBIE, YUCTBIC W Tp3HBIC, TJIAJIKUC U IIEPOXO-
Barbie W T. m. [Ipu 3TOM TaOMW4YHBIC 3HAYCHUS
kod(umenTa CHEIUICHUSI I Pa3IMYHBIX I10-
BEPXHOCTEH @K€ OJHOTO U TOTO K€ BUAA TOKPHI-
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THSl CYIIECTBEHHO oTimyaiorcsi. Kpome Toro, mc-
ciaenoBanmsi [1] TOKa3BIBAIOT CHIIBHYIO 3aBUCH-
MOCTb KO3 (HUIIMEHTa CLUEIUICHUS OT Takux (ak-
TOPOB, KaK CKOPOCTh aBTOMOOWIIS, JaBJICHHUC B
IIMHAX, U3HOIIEHHOCTh MPOTEKTOPOB, TEMIIEPATY-
pa IOPOKHOTO TTOKPBITHS H AP.

OTmeTHM, 9TO BCE CIIpaBOYHBIC TapaMeTphl U
KO3 GHUIIUCHTHI:

a) M3HAYAIBHO OTPEACISIOTCS OIBITHBIM ITy-
TEM, MOCPEACTBOM M3MEPEHHUI Ha pernpe3eHTaTHB-
HOW BEIOODKE;

0) HeM30€)KHO OIICHUBAIOTCSI C HEKOTOPHIMU
MOTPEIIHOCTIMHI. AOCOJIOTHO TOYHBIX TEOpETHYe-
CKHX pAacyeToB WJIH TPAKTHUYECKUX HW3MEPEeHUH
MPOCTO HE MOXKET OBITh. TakuM 00pa3zoM, KaXKIIbIit
CTIPaBOYHBIN TapaMeTp WiIH KO3(PQUIUEHT IMpe[-
CTaBIsI€T COOON CTAaTUCTHYECKOE CpeHee 3Hade-
HUE TOTO WJIM WHOTO IOKA3aTeNs TeHePAILHOM CO-
BOKYITHOCTH OJIHOTHUITHBIX OOBEKTOB B 3aJIaHHBIX
YCIIOBHSIX.

Mertonuku, npuMeHsiemble B IpakTuke ATO,
OCHOBaHbI Ha 3aKOHaX (HU3MKH, TEOPETUICCKOU
MEXaHUKH, TEOPUU U KOHCTPYKIIMH aBTOMOOWIIEH,
TEOpUU coyaapeHus u T. A. llpu aTom, Kak mpaBu-
JI0, TIPOUCXOUT YNPOIIEHHE MPUMEHAEMbIX MaTe-
MAaTUYECKUX 3aBUCUMOCTEH. DTO CBS3aHO C TEM,
YTO MPH MPOU3BOJCTBE IKCIEPTH3BI MOKET OBITH
OTPaHMYCHO YHCIIO 3a/1aBaeMbIX WCXOJHBIX Mapa-
METpPOB JJIs YIPOIIEHHUS TPOIeCcCca BBIYUCICHUS,
YTO TPHUBOAHUT K CHIDKEHHIO TOCTOBEPHOCTH pe-
3ynbrara. [losToMy akTyampHBIMH 3ala4aMH SB-
JISIOTCSI TIOBBIIIIEHHE JOCTOBEPHOCTH JKCIIEPTHBIX
WCCIIEIOBAHNHA W COKpAaIllEHHE CPOKOB HX IPO-
u3BOJCTBa. [IpuMeHeHne mporpaMMHOro ooecrie-
YEHWUsI TIO3BOJISIET 3HAYUTEIBHO YIIyUIUTh d(hdek-
TUBHOCTH BHITMIOJTHSIEMBIX Pa0OT MO PEUICHHUIO IT0-
CTaBJICHHBIX 33/1a4 110 HECKOJIbKUM aCIIeKTaM:

¢ YCKOPSIETCS MPOIECC PACUETOB;

e B KAYCCTBEHHOM IUIaHE NPUMCHCHHE KOM-
MBIOTEPHBIX TPOTPaMM yMEHBIIAeT BEPOSTHOCTH
OIIMOOK apuPMETUICCKOTO XapaKTepa;

e TIOSIBIISIETCS] BO3MOYKHOCTh BU3YaJIU3alllU Pe-
3yJIFTAaTOB MPOU3BEACHHOIO UCCICIOBAHUS.

B EBpomne MOXHO BBIICIUTh TPU KOMIIA-
HHUH, TOCTaBJISIOIINE AaHHOE MMporpaMMHoe obec-
neyeHHe:

« IbB Informatik GmbH, poussoaut Kommbio-
tepusie Moxmynmu CARAT (Computer Assisted
Rekonstraction of Accidents in Traffic);
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« Dr. Steffan Datentechnik, mocrasasier Ha psI-
Hok mporpammy PC-Crash u eii comyTcTBymomue
moxaynu (PC-Rect);

o Dr. Werner Gratzer - ANALYSER PRO.

Haxomut mnpumeHeHune mpocTas IporpamMma
pacueToB «Okcnupecc-aHamm3 J[TII», mo3Bomsi0-
mas ONpenensiTh: CKOPOCTH JIETKOBBIX aBTOMOOU-
Jiell M0 AAHHBIM O ClIeZIe TOPMOYKEHUS, JTOMYCTH-
MYIO CKOPOCTh IO yCIIOBHSIM BHIMMOCTH, yJaje-
HUE aBTOMOOWIISI IpU Hae3zie 6e3 TOPMOKEHHSI.

AHATU3 BO3MOKHOCTEHl NpeACTaBIeHHbIX
nporpamMM. MaTtemaTtndeckas MOAENb JUHAMHUYE-
CKOTO TIepeMEIlEeHUs] OCHOBBIBAETCS Ha NMpPUMEHE-
HUM H3BECTHBIX AuddepeHnranbHbIX ypaBHEHUH
IBIDKCHHA. AHAITU3 ¥ MOJICIMPOBAHHE CTOJIKHOBE-
HUI SBISIOTCS OCHOBHBIM MOJIYJIEM IPOTPaMMEI
CARAT-3, 4. B Heil u3BecTHBIC U3 TEOPETUICCKON
MEXaHHWKH 3aKOHBI COXPAaHCHHS WMITYyIhCa H €ro
MOMEHTa JJAI0T B HEKOTOPBIX CIIy4asix MOTPEelIHo-
ctu. [losToMy MaTemaTnyeckas MOJENb CTOJKHO-
BEHMsI UMeeT OCcHOBOMU rumnote3y Kyanuxa — Cnu-
6apa (Kudlich — Slibar), gonomnHss ee ypaBHEHH-
MU TaKk Ha3bIBaEMOTO METOAa JKBUBAJICHTHBIX
nedopmanusiMm sHepruii mo bypry — Lladanepy
(Burg — Zeidler). IlpumMeHsiemMble B mporpamme
CARAT wmomynmu TpemHa3HA4YeHBI IJISI TOITBEp-
KJICHUS U BU3YyaIN3allil HEKOTOPOW JIOTHYECKON U
0o0ocHOBaHHOHW Bepcuu. JlaHHAs mporpaMma mpe/-
roJlaraeT HaJIM4IHe CIEeINaTbHBIX 3HAHUH U OIIBITA.

BBuay mocTosHHO BO3pacTalmUX OO0BEMOB
pabot mo ATD, HEOOXOIUMOCTH YBEIUICHHS TIPO-
W3BOJUTEIBHOCTH TPYAa SKCIEPTOB-aBTOTEXHHUKOB,
MOBBIIIEHHSI JIOCTOBEPHOCTH IKCHEPTHBIX HCCIENO-
BaHMA W COKpAIleHHWsS CPOKOB WX MPOM3BOACTBA
'y C3PLCDO coznano mporpammy AUTO-GRAF.
Omna mpencraBisieT co00l rpad@UyecKuil penakTop,
MTO3BOIISIONNI CTPOUTh MaciTabHbie cxembl JTII
C ydeToM TpeOOBaHUI OKCHEPTHOH MPAKTHUKH.
[Iporpamma pacnonaraer Oonblioi 6a3oif TpaHc-
MOPTHBIX cpeacTB — Oonee 170 aBromoOwmei, co-
JEp)KUT TOJHYI0 0a3y JAOPOKHBIX 3HAKOB M pas-
METKH, a TaKXe SJIEMEHTOB BEIIHOH OOCTaHOBKH
Ha mecte JTII (moma, cBeTodopbl, mepeBhs, Te-
mexoapl U T. 1.). Kpome storo, B AUTO-GRAF
BBEJICH TaKoW yIOOHBIN MHCTPYMEHT, KaK I1a0JI0HbBI
MIEPEKPECTKOB C HEOOXOMUMOH KOH(HTyparen
U IIHAPUHON mpoe3zxux vactel. [Iporpamma mpocta
B HCTIOJIb30BaHUU U JIETKAa B OCBOEHHH, TEM HE Me-
HEe B OIPOMHOW CTENEHH MOBBIIACT HATJISITHOCTH
1 IOCTOBEPHOCTH SKCIIEPTHBIX HCCIIEIOBAHMUM.

Hayka
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YdecTh OONBIIOE YHCO BIMSIOUIMX HA TPaHC-
noptHEIe cpeactBa (TC) mapamMeTpoB TO3BOJISIOT
nporpaMMa JAMHAMHYECKOTO MOJETUPOBAHUS aB-
cTpuiickoro paspaborurka PC-Crash u ee momoi-
HEHHUe s mpeoOpa3oBaHus ABYXMEPHBIX M300pa-
xenul (¢pororpaguit) PC-Rect. OcHoBHBIE BO3-
MokHOCTH Tiporpammsbl PC-Crash:

o TUHAMHIYECKOE MOJEIMPOBAHUE ABIKEHUS U
cronkHoBeHnid TC (B Buje TpeXMEpHOH Mopein),
OpU 3TOM YYHTHIBAIOTCS OCOOEHHOCTH TEXHHUYe-
ckoro coctosaus TC u 3arpy3kd, COCTOSIHHE TIO-
BEPXHOCTH JOPOKHOTO TTOKPBITHUS;

e JIMHAMHYECKOE M300paskeHHEe PEKOHCTPYHPO-
BaHHoro mexanusma JITII B akcoHOMeTpuyecKoi
OPOCKIHH, CO3/IaHHE BHICOPOJIIMKOB C PAacIoio-
JKEHHEM KaMepbl B IPOU3BOJBHOH TOYKE MpO-
CTpaHCTBA: Ha JOpore, 0OOYHMHE, BO3BBIIICHHUH,
JBIDKYIEMCS TPAHCIIOPTHOM CPEICTBE, BOAMUTEIb-
CKOM MecTe B TPAHCIIOPTHOM CPEJICTBE;

e pacueT ckopoctu Bcex TunoB TC mo cremy
TOPMOYKEHUS, IOITyCTUMON CKOPOCTH MO yCIIOBUSIM
BUJAMMOCTH M OCTaHOBOYHOTO IYTH TPH pPa3iiuy-
veIx J(TTI.

3a BpeMsl HCIONB30BAaHUS JAaHHON MPOrpaMMbl
ckopocTh oopmiieHus Bbipocia Ha 28 %, mo3Bo-
JUB COKPATUTh YHCIIEHHOCTH mepcoHana Ha 15 %.
KosmuecTBo onmmboOK yMeHBIIHIOCH B JBa pasa [9].
JuHamMuueckoe MOJAEIHPOBAaHHE CTOJIKHOBEHUH
TC ¢ ydyeroM ero TEXHHYECKOTO COCTOSIHHS,
3arpy3kH, OCOOCHHOCTEH penbeda M MOBEpPXHO-
CTH JIOPOKHOTO TIOKPBITHS MOXET OBITh HC-
MOJTE30BAHO:

a
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CreneHs BEPOATHOCTH BOSHHKHOBEHHA OMACHOCTH AAA AEHXEHHA
TNkl Aopas. TREHEM. CHTYALHE
b OMACHaA CHTYALMA OnMcaHHe
THMOEGER

SUMA GNMSKS K ONaACHON = ) ar .
CHTYaLLMIA

" He BLicoKas BEPOATHOCTE ONACHOCTM

" 0NacHan cUTYaUMA MaN0EEpaATHS MpkMEpE!

€ MuH. BpEMA PEAKIMM BOaWTEA

OnpeaeneHye CKOPOCTH TPaHCM. CPeacTEa [Keal)

' pacueTom " camocToATEnbHO — ¥Wa = I E2.88 I 0,00

— Parusr

o AU nns peructpauuu u opopmnenust JTTI,
npenocrapiieHus: cxeM U gaHHbIx JITTI sxcniepram ¢
LENBI0 YCKOPEHUSI U YIPOIIEHUS BEACHUS JOKYMEH-
Talli, CHYYKCHUS BIIUSIHUS YEJIOBEUECKOTO (haKTopa;

e CTPAXOBBIMH KOMIIAHUSIMU JJII BOCCTAHOBJIE-
Hust coowrtuii JITI1 u onpeneneHrss BUHOBHBIX, YTO
MO3BOJISICT TTOBBICUTH TOYHOCTH PACUETOB;

e aBTO3KCIIEpTaMu 1Jia paccinenoBanust JTTI
Y TIpeIocTaBIeHuUs JaHHBIX B ¢y [10].

BaxxHbpIM OCTOMHCTBOM MPOrPaMMBl SBIACTCA
BO3MOKHOCTb OIPEIEIEHUS] CKOPOCTEH ABMKCHUS
TC mepen cTonkHOBeHHEM (Ha OCHOBaHWUU MOJIC-
JIUPOBAHUS MEXaHW3Ma CTOJKHOBCHHS) TI0 M3BECT-
HBIM HCXOJIHBIM JI@HHBIM: MECTY CTOJIKHOBEHHS,
B3auMHOMY nojoxxkeHutio TC B MOMEHT CTOJKHO-
BEHHUSI, KOHEYHBIM TOJIOKEHUSAM TOCIIe CTOJIKHOBE-
Hug u T. 1. Ilpn monemupoBanun nemwkenus TC
YUYUTBIBAIOTCS, B YACTHOCTH, CIEAYIOIIHME UX Ta-
paMeTphl: XapaKTePUCTHKH paOOThI JIBUTATEINS,
TPAHCMUCCUH, IOABECKH, MOJENb IIMH KaKIOTO
KoJieca, pacmpenencHue Harpy3ku B TC, Bpems
cpabaThIBaHUS TOPMO3HON CHUCTEMBI M PYJICBOTO
MIPUBOJIA, CKOPOCTh BpAaLICHUS PYyJIEBOIO KOJIEca,
YIrojl MOBOPOTa YIPABISIEMBIX KOJEC, XapaKTepu-
CTUKHU pa0OThI TOPMO3HON CHCTEMBI.

HcxonHbple aHHBIE pacdyeTa CKOPOCTU ABUXKE-
Hua TC mo nnuHe ciega TOPMOXKEHUS, BBITIOJ-
HEHHbIE TporpamMmmamu «kcnpecc-aHanu3 JTII»
(kmaccuueckue ¢opmysbl pacyera) u PC-Crash
(YYHUTBIBAIOTCS JOMOJNHUTEILHBIC BIUSIONUE (haK-
TOPHI), IpHUBENeHBI Ha puc. | 1 B Ta0m. 1.

Puc. 1. Ilpumep pacuera apmwxenus TC no [mHe cnefa TOPMOKEHUS
B mporpammax: a — «Jkcnpecc-ananmus JTII»; 6 — PC-Crash
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Tabauya 1
Pacuert ckopoctu nBuzkenust TC
IO AJIMHE CJIeIa TOPMOKEHHS
IIporpamma
f:g;j;gsiz «QKcnpecc-aHanu3 PC-Crash
JATII»
10 43,87 40,41
15 52,97 49,47
20 60,64 57,19
25 67,39 63,88
30 73,50 70,00
35 79,12 75,56
40 84,35 80,78

B PC-Crash pa3paboTaH MHCTPYMEHT «OMTH-
MHU3aTOp CTOJKHOBEHHS» ISl MHHUMH3AllUU Bpe-
MEHH PEKOHCTPYKIHH W BO3MOXHBIX OIIUOOK.
OH aBTOMaTHYEeCKH HM3MEHSET BBIOPaHHOE YHMCIIO
NapaMeTpoB CTOJKHOBEHHUS, CPABHHMBAsI IOIYYCH-
HBI€ pe3yNbTaThl MOJAETUPOBAHUA AN KaXIAou
KoMOuHanuu mapameTpoB ¢ ¢axtuueckum JTII.
Jnsg  Kax#oro MOAEIUPOBAaHUS  ONTHMHU3ATOP
CTOJIKHOBEHHS BBIYMCISIET MOJHYIO OMIMOKY, OC-
HOBaHHYIO Ha OTKJIOHEHHSIX MKy (DaKTUUECKUMH
MTOJIOKEHUSIMH W yTJaMH TPAHCIOPTHBIX CPENCTB
U TEOPEeTHYECKHMHM, IOIY4YeHHBIMH B IIpoIiecce
MOJEINpOBaHus. B kaxI0il mocienyromei cumy-
JALUYA ONTUMU3aTOP U3MEHSIET BEIMYHHEI C LIETBIO
MUHHAMH3AIUH MOJHOM ormmOKu [11].

Ha ocHoBaHuM pe3ynbTaToB OAHO(PAKTOPHOTO
JUCTIEPCUOHHOIO aHAJIN3a MpoLeypa CTaTUCTHYE-
CKOH 3HAYMMOCTH OTJIMYMH MEXIY pe3ylbTaTaMHU
nporpamm «Jkcnpecc-ananu3 JTII» u PC-Crash
HE BBIABHJIA CYLIECTBEHHBIX OTiaMuui. Iloatomy
000CHOBaHHBIM BHUAMUTCSA PAacUeT CKOPOCTH IBHKE-
uus TC no anvHE ciiefa TOPMOXKEHUS TI0 popmyJie

v, =1,8t,a, +./26a,s,,

roe t, — BpeMs 3aMeIJIeHUs; 8, — 3aMeJJICHHE;
S; — AJIMHA CJe1a TOPMOKCHHUSL.

B xozxe nccnemoBaHus pe3yabTaToOB MOJIEITHPO-
BaHUs TMPUMEHIEMOI'0 MPOTPAMMHOT0 obecrieye-
HUS BBIABIICH PsAJl HEJOCTATKOB, MOJUICKAIIUX J10-
paboTke, HampuMmep BIMSHUE pPA3IUYHBIX I1apa-
METPOB TOPMO3HOW CHUCTEMBI aBTOMOOWIS Ha
BEIIMYMHY TOPMO3HOTO MyTH. J[aHHBIE HATYpPHBIX
WCTBITAHMUI TOPMO3HOTO TYTH U PE3yIbTaThl MO-
JICTIUPOBAHUS PA3IMYHBIX aBTOMOOWIICH C Havaslb-

22

HOW ckopocThio TopMokeHns 100 km/4, moio-
XKeHueM nenanu Ttopmo3a Ha 100 % mpuBeneHb!

Ha puc. 2
44

42 -

40

38 +

36 -

34

32 +

AudiQ7 BMW  Dacia MB Opel Peugeot VW
550i Logan Sprinter Astra 207 Caddy

Puc. 2. IIpumep pe3yabTaTOB UCIIBITAHUN U MOJECIUPOBAHUS
topmosHoro ytd B PC-Crash:
1 — monenupoBaunue; 2 — Tect

Haubonpime pacxoxkJeHuss pe3yIbTaToB HC-
MBITAHUH U MOJICITMPOBAHUS TOPMO3HOTO ITyTH II0
aOCOMIOTHON BENMYMHE COOTBETCTBYIOT aBTOMO-
ouwmro VW Caddy (2,06 M, orHocuTenpHas IIO-
rpemrocts 5,00 %), 3atem Mersedes-Benz Sprin-
ter (1,96 M, otHOCHTENBHAs TorperrHocTh 5,30 %),
nanMensime — Dacia Logan (0,10 M, oTHOCHTETE-
Hast morpermHocTh 0,24 %). Ilpuuem mporpamma
moaenupoBanus PC-Crash me yuurteiBaeT Temrre-
patypy IIMH, KOTOpast BIHUSET HA TOPMO3HOH My Th.

Ha ocHoBanum pe3ynbTaToB OAHO(PAKTOPHOTO
JMCIIEPCHOHHOTO aHAJIN3a MO Pe3yJIbTaTaM HCIIbI-
TaHUH W MOJCIHUPOBAHHUS TOPMO3HOTO MYTH JJIs
XOJIOJAHBIX U MEPETPETHIX IWH HEJIB3s OAHO3HAYHO
M0 UMEIOIIEHcS BBIOOPKE YTBEPKAATh O 3HAYMMO-
CTH OTJIMYMH B pe3ybTaTax.

[Ipu 3TOM CnemyeT OTMETUTh BepU(pHUIIUPOBAH-
HOCTb 3aBHCHUMOCTH TPCHIa MOACIHNPOBAHUA TOP-
MO3HOTO TYTH OT TEMIIEpPaTyphl IIMH C Pe3yibTa-
TaMK McnbITaHui. OTcioa O4YeBHIEH BBLIBOJ, YTO
IIpy MPAaBUJIIBHBIX HAaYaJIbHBIX HAHHBIX W BO3MOXK-
HOCTH MX BHECCHHS B MPOrpaMMy MOXHO MOJY-
YUTh OYCHb OJM3KHE pPe3yIbTaThl B MOIETH (IS
HEKOTOPBIX SKCIIEPTOB TOJIYYCHHBIC PE3yJIbTaThl
MEPerpeThiX MHH B HEKOTOPBIX CIIydYasX MPHEM-
JIEMBI, TaK KaK BHIOOPOYHBIE JUISI HUX OTKIOHCHUS
PABHBI: CPEITHEE neperp. mmmm — —0,304 M U cpeqHEe
KBAJIPATUUECKOE Opeperp. mums — 0,840 M).

Ha npumepe ATII, npousomenmero B r. I'ome-
ne 29 ampens 2014 r. Ha mepeceyennn yimi Co-
BETCKOW ¥ ['0JIOBAaTCKOTO C y9JacTHEM aBTOMOOH-
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neit Mitsubishi Lancer u KIA Rio (puc. 3), uccre-
JIOBAJIM BO3MOXKHOCTH OOHApYKEHHS BOJUTEIICM
KIA mnpubmmxkarormerocss TC ¢ yderoM orpaHu-
YEHHOCTH 0030pa 3aHUSAMU U IepeBbsIMU. B kade-
CTBE MCXOJHBIX JaHHBIX HCIOJB30BaIH (hoTOMATe-
pHaibl ¢ MECTa aBapuH, peanbHble KapThl Google
Earth, nokxasanusa BomuTenei u cBuperenei, xa-
PaKTEepUCTUKU PAa0OTHI JBUTATENCH, MapamMeTpsl
TPAHCMHUCCUH ¥ IIUH KaXKJIOTO KOJIECa, MOJIBECOK
1 pabOTHI TOPMO3HBIX CUCTEM.

Puc. 3. Ilpumep Busyanuzanuu JITII

BBIB O bl

1. C moMomIs0 THHAMHYECKOTO MOICIHPOBA-
HUs peanu3oBaH 3D-mpocMoTp ¢ mepemernicHueM
BUJICOKAMEPBl, YUMTHIBAIOIIEH aHTPOIMOJIOTHYe-
CKHE MapaMeTpbl BOJUTENS, U3 TOUKH CTOJKHOBE-
HUSI, MECT BOJIMTEJNIEH, MECT CBUJETENEH, KOTOPBIN
MO3BOJIMJ C TMPUMEHEHHEM <«JIMHUM BHIUMOCTH
B 2D-MoJienupoBaHuy MPOBEPUTH THIIOTE3Y Orpa-
HUYECHHOCTH 0030pa BOAHUTEIICH.

2. Ha ocHOBaHMU TPOBEJCHHOIO aHallM3a HC-
MOJIb30BaHUs Mporpamm MozenupoBanus JTII
MOJKHO CKa3aTh, 4YTO pa3padOTaHHBIE IMPOTpaM-
MHBIE HHCTPYMEHTBI MOTYT IPHUMEHSTHCS B Mpak-
THYECKOW paboTe OTBETCTBEHHBIX W KOHTPOJIH-
pyromux opranoB (I'AW, skcmepTHBIX ydpexie-
HUH, CTPAXOBBIX KOMITAHHUI1) JIJIsl TIOBBIIICHUS 00b-
E€KTHUBHOCTH PE3YyJIbTaTOB 3akioueHui. Kpome
TOTO, MPOTrPaMMbl MOKHO HCIOJNB30BaTh B y4eO-
HOM IIporiecce 00pa30BaTEIbHBIX YUPEHKICHHUH
Mo HampasieHuro «OpraHu3anus I0poKHOTO JIBU-
JKEHUS», YTO TO3BOJIAT MOBBICUTH KAa4E€CTBO MOJ-
TOTOBKH CIEIMAINCTOB.
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MNPELU3UOHHAS CUCTEMA NEPEMENIEHUA
JJIS1 OITUKO-MEXAHUYECKOI'O OBOPYAOBAHUSA
MUKPOI3JIEKTPOHUKHA

Kano. mexn. nayx, oouy. IAHHAK H. B., 0okm. mexn. nayx, npogp. KAPITOBHY C. E.,
acnupanmur KEKHIII H. H., I'OJI/IbIH JI.

Benopycckuii 2ocyoapcmeennulii yHugepcumem uH@opmamuky u paouod1eKmpoHuKu

E-mail: dainiak@bsuir.by

Ipemnoskena cTpykTypa IPEIU3NOHHON CHCTEMBI ITepeMeIeHnT Ha 6a3e KOIbIEBOr0 MHOTOKOOPANHATHOTO CETMEHTHO-
TO CHHXPOHHOTO JIBHTATeNsI M PEKOH(QHUIYPHPYEeMOTO MEXaHW3Ma IapajuleNbHOM KHHEMaTHKH. MHOTOKOOPIMHATHBIN CHH-
XPOHHBIN IBUTaTeNb B 3aBUCHUMOCTH OT KOHCTPYKTHBHOTO HCIOJIHEHHS MOXKET UMETh OT JIBYX JO LIECTH MOJBIKHBIX CETMEH-
TOB, YHCJIO KOTOPBIX B I[EJIOM OMNpeJeNseT BHYTPEHHIO MOABHKHOCTD ABUrarens. OcoGeHHOCTh MEXaHH3Ma MapasuieabHON
KHHEMaTHKH COCTOMT B BO3MOXKHOCTH €TI0 PEKOH(MIypHUPOBaHHS 3a CHET MOCIEA0BATENbHOTO COSIMHEHUS JBYX COCEIHUX
MIaTYHOB CBOOOJHBIMU 3I€MEHTaMH UX C(hepUUeCKUX MApHUPOB B TPEYTOIbHBIE KOHTYPHI C OTHUM C(HEPUUIECKUM LIAPHUPOM
B o0mIel BepmmHe. B pe3ynbpTaTe ynpasisieMoe IBIDKEHHE HOABIKHBIX CETMEHTOB JIBUTATellsl TPAaHC(HOPMUPYETCS B CIIOKHOE
MIPOCTPAHCTBEHHOE JIBIDKEHHE KOJIBIIEBON ITATOPMBI MEXaHU3Ma C YHUCIIOM CTEHeHeH CBOOOIBI O MIECTH BKIFOYHTEIIHHO.

[Ipennoxena MaTeMaTH4ecKast MOZENb PEIICHUS 3a1a4l KMHEMATUKYU U1 pacCMaTpUBaeMOro MapajuieIbHOr0 MEXaHU3-
Ma, [I03BOJISIOLIAsl BHIUUCIIAT [IOJIOKECHUS MOABHKHBIX CETMEHTOB CUHXPOHHOI'O MHOIOKOOPJUHATHOI'O JBUTATENs B 3aBUCU-
MOCTHU OT 33JaHHOTO IIOJIOKEHHSI ¥ OPHEHTAlUH WCIIOJIHUTEIBFHOH KOJNbLeBOH urardopmsel. [lapamerpuyeckue npencrasie-
HHS TIOJIOXKEHHsI 0a30BBIX TOUEK CETMEHTOB JBUTATENs BO BPEMEHHM ITO3BOJISAIOT, B KOHEYHOM HUTOTE, (HOPMHUPOBATH ANTOPUTMBI
MpPOTPaMMHPYEMBIX IBIKEHHUH.

ObocHOBaHa BO3MOXKHOCTh BCTPAMBAaHUS pa3paO0OTaHHON CHCTEMBI MEPEMEIIEHNI B MPOEKIMOHHBIE CUCTEMBI ONTHKO-
MEXaHHMYECKOTO 0OOpYIOBaHUS C COXPAHEHHMEM TPAAUIMOHHON CXeMBbI KOMIOHOBKHU. IIpm 3TOM oOecreunmBaeTcsi BO3MOXK-
HOCTb aJalITUBHOM IOCTUPOBKU ONTHUYECKHUX JIEMEHTOB B IIPOLECCE IKCILUTyaTalluH, IO3BOJIIONAs I0ACTPauBaTh ONTUYECKUE
JJIEMEHTHl NIPH U3MEHEHMU TeOMETPHU INPOEKIMOHHOM CHCTEMBl BCIEICTBHE cTapeHHs. B pesyibTrare HOANEp:KHBAIOTCS
Ha TpeOyeMOM ypOBHE MOKa3aTesl Ha3HaYeHWs NMPOSKIMOHHON CHCTEMBI: pa3peliaronias coCOOHOCTh, TTyOHHa PE3KOCTH 1
KOHTPACTHOCTH M300paxkeHus1, IucTopcusi. PaspaboTanHas cucreMa nepeMenieHHH MOXKeT OBITh MCIIOJIb30BaHA KaK KOOPIH-
HaTHas CHCTeMa MO3HUI[HOHUPOBAHMS, COBMEIIECHHS M CKAHIPOBAHUS B COOPOYHOM H APYTOM MPEIM3NOHHOM 000pYIOBAHHN.

KuroueBrbie ciioBa: npeiu3ruoOHHasA CUCTEMaA HepeMeHleHHfI, CErMEHTHBIN JABUTraTejib, MCXaHU3M Hapanneanoﬁ KHHEMa-
THUKH, OIITUKO-MCXaHHUYECKOC 060pyZLOBaHI/Ie.

Wn. 5. bu6muorp.: 11 nass.

PRECISION MOTION SYSTEM FOR OPTO-MECHANICAL EQUIPMENT
OF MICROELECTRONICS

DAINIAK I. V., KARPOVICH S. E., KEKISH N. I., GOLDYN L.

Belarusian State University of Informatics and Radioelectronics

The paper proposes a structure of precision motion system built on the basis of a circular multi-coordinate synchronous
segment motor and reconfigurable parallel kinematic mechanism. The multi-coordinate synchronous segment motor may have
from two to six movable segments depending on the design, and number of the segments generally defines an internal mobi-
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