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Ob0ocHOBaHME MCIIOJIB30BAHUS (PU3HYECKON MOIeJI MATEPUAIbHON TOYKH
MPHU UCCIEIOBAHNM KHHEMATHYECKHX XaPAKTEPUCTUK ABTOMOOUIBHOTO
TPAHCIIOPTHOI'O CPEJACTBA NP KOCOM Hae3/le Ha 0OKOBbIE TPOCOBbIE OrPasKIEHUS

I'. I1. KorecnukoBa
OI'KBOY BO «BoenHast akageMusi PakeTHBIX BOMCK cTpaTernueckoro HazHaueHus uM. [lerpa Benukoro» (r. bamammxa,
Poccuiickas deneparust)

Bsedenue. BpinonHeH 0030p NPUMEHEHUS METOJOB TEOPETUYECKOW MEXaHMKH JUIsi pa3paboTKHU aJropuTMOB
MPHOJIMYKEHHOTO aHAJIMTUYECKOTO MOJICIIMPOBAHMS IBIYKEHHUsI aBTOMOOMIBHOTO TpaHcnopTHoro cpeactsa (ATC) npu kocom
HaesJ/ie Ha OOKOBbIE TpocoBble orpaxaeHus. O6ocHoBaHO npeacTaBieHne ATC kak MaTepHalIbHON TOUKH IPU TAKOM THIIE
Haeszia. Llens paboThl — 000CHOBATH KCIOIBb30BaHUE (PH3UUECKON MOJIEN MAaTEpHAIIbHON TOUYKHU JUIsl ONMCAHMS TUHAMHUKH
ATC npu KOCOM Hae3/ie Ha OOKOBBIC TPOCOBBIC OTPANKICHUSL.

Mamepuanvt u memoosi. TlpennoxeHa HoOBast (I3HIECKAs MOJIEIb, OIMUCHIBAIONIAs MpoTHBOAeHcTBHe aBmkeHm0 ATC co
CTOPOHBI TPOCOBOTO OTPaXKACHHS IPH KOCOM Hae3Je; MPEICTABICHBI HOBBIC METOJbI NMPUOIIKEHHOTO aHAINTHIECKOTO
noctpoerus nepemenieHnii ATC npu kocoMm Hae3ge Ha OOKOBBIE TPOCOBBIE OTpakIeHHS. Pe3ysbTaThl aHATUTHYECKOTO
pacueTa MOATBEP KACHBI JaHHBIMU KOHEUHO-31eMeHTHOr0 (KD) MonenmpoBanus Hae3/1a M0 JaHHBIM HATypPHBIX UCIIBITAHUH.
KD-monenmpoBaHie mpoBOIUIOCH C IOMOIIBIO MHOTOIIETIEBOT0 KOHEUHO-3JIEMEHTHOTO KoMIntekca LS-Dyna.

Pezynomamur uccnedosanus. PazpaboTaHsl HOBbIE AITOPUTMBI I aHAJIMTHYECKOTO pacuera nepemeniennii ATC npu kocom
Hae3/lle Ha OOKOBBIC TPOCOBBIE OTPaKICHHS, a TaKKke HOBas (DU3MYEcKass MOJENb, ONMCHIBAIOIIAS IMPOTHBOACHCTBUE
npwkeHnio ATC co cTOpoHBI TpOCOBBIX oOrpaxaeHuit. HaydHo 00OCHOBaHO HCHOb30BaHHE (U3MUYECKOW MOJEIH
MarepuaJbHOM ToukH Ui uccienoBanust tuHaMukd ATC mpu KocoM Haesze Ha OOKOBBIE TPOCOBBIE OIPaXKICHHUS, B TOM
YyCJie Ha OCHOBE CPAaBHUTEIBHOTO aHAIN3a KMHEMAaTHYECKUX PEe3yJIbTaTOB BUPTYaJIbHOTO HUCIIBITAHUS C KHHEMATHYECKUMU
pacdeTamu, MOTyYeHHBIMU Ha OCHOBE aJlTOPUTMOB aHAJIMTHYECKOTO TTocTpoeHus nepemeriernii ATC.

Obcyocoenue u  3axmovenue. AHAIM3 PE3yNbTaTOB BHPTYAITbHOTO WCHBITAHHS B CPaBHCHHHM C AHATMTHICCKUMHA
KMHEMaTHYECKIMH pacdeTaMy Mokasal, uTo npeactasieHrne ATC B kadecTBe MaTepHAIbHON TOUKH IPU KOCOM Hae3ze Ha
OOKOBBIC TPOCOBBIE OIPAXKICHUS SIBIACTCI OOOCHOBAHHBIM, TaK KaK €ro IBIDKCHHE IPH TaKOM THUIC Hae3da ONM3KO K
nocrynatesnbHoMy. [lomydeHHble pe3ysbTaThl MOTYT OBITh MCIIOJIB30BaHBI IPH pa3paboTke M aHammM3e KoppektHoctH KO-
MozienupoBanust 6okoBoro Haeszia ATC Ha TPOCOBBIE OTPAKICHUSL.

Knrouesvie cnosa: TpoCoBOE Orpa)<IeHHE, aHAIUTHYECKOE MOJCIUPOBAaHNE, TPACKTOPHS JBIKECHHS, IEpPEMEIIeHUs,
MarepuasbHasi TOuKa, aBTOMOOHMIEHOE TPAHCIIOPTHOE CPEJICTBO, KOCOM HaesI.
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Material point physical model rationale while studying kinematic

characteristics of a motor vehicle in case of oblique collision with side cable barriers

G. P. Kolesnikova
Peter the Great Military Academy of the Strategic Missile Troops (Balashikha, Russian Federation)

Introduction. A review of the application of theoretical mechanics methods for the development of algorithms of
approximate analytical simulation of a motor vehicle (MV) movement in case of oblique collision with side cable
barriers is performed. The representation of the MV as a material point in this type of collision is validated. The study
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objective is to demonstrate the application of a physical model of a material point to describe the motor vehicle dynamics in
the event of its oblique collision with side cable barrier.

Materials and Methods. A new physical model that describes the opposition to the motor vehicle movement from the side of a
cable barrier in an oblique collision is proposed. New methods of approximate analytical construction of the MV movements
during an oblique collision with the side cable barriers are presented. The analytical calculation results are verified by the data
of the finite element (FE) simulation of the collision according to the data of field tests. The FE simulation was carried out
using a multi-purpose finite element complex LS-Dyna.

Results. New analytical algorithms have been developed for the MV movement in case of an oblique collision with side cable
barriers, as well as a new physical model describing the opposition to the MV movement from the side of cable barriers. The
application of a physical model of a material point to study the motor vehicle dynamics during an oblique collision with side
cable barriers is established scientifically, including the comparative analysis of the kinematic results of the virtual test with
kinematic calculations obtained on the basis of algorithms for analytical construction of the MV movements.

Discussion and Conclusions. The analysis of the kinematic results of the virtual test in comparison with the analytical kinematic
calculations has shown that the representation of a motor vehicle as a material point in case of an oblique collision with side cable
barriers is reasonable since the MV movement is close to translational motion. The results obtained can be used in the
development and analysis of the correctness of the FE modeling of a side collision of a motor vehicle with cable barriers.

Keywords: cable barrier, analytical modeling, motion trajectory, displacements, material point, motor vehicle, oblique
collision.
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Beenenne. CucreMbl 6€30MacHOCTH, NpeTHA3HAUYCHHBIC I OPTaHU3aMH TPAHCHIOPTHBIX MOTOKOB HA JOPOKHBIX
Tpaccax, CHOCOOCTBYIOT MUHUMH3AIMH HEONAroMPUSTHRIX TIOCIEACTBUI JOPOKHO-TPAHCTIOPTHHIX poucirectsuii (ATII). B
HACTOAIEE BpEMsl MPHOOPETAIOT MOIYJIIPHOCTh TPOCOBBIE JOPOXKHBIE OTPaKACHUS, KOTOpHIC YCTaHABIMBAIOTCS Ha
Pa3AeUTENFHON MOJIOCEe aBTOMOOMIBHBIX JOPOT VTS NPEIOTBPAIIEHNUS IIPeTHAMEPEHHBIX U HEMPEAHAMEPEHHBIX TIePEe3/I0B
TPAHCTIOPTHBIX CPEJICTB Yepe3 J0POTY, a TAKKE Ha 000UMHAX — JUISI IPEIOTBPAILICHHS BBIE3JOB TPAHCTIOPTHBIX CPEJICTB 3a
TIpeJIeITEl aBTOMOGHITBHO# JIOPOTH .

PazsnnuHbIe KOHCTPYKIMU TPOCOBBIX OTPAXKISHHUI COCTOST M3 OOIIMX AJIEMEHTOB: TPOCOB, CTOEK, aHKEPHBIX OJIOKOB,
CTSKHBIX YCTPOICTB, HO PasHSsITCS MO THITy MX MOHTaxa [1-4], B yacTHOCTH, MO crioco0y KperuieHus Tpocos (puc. 1), uto
CYIIECTBEHHO BMsCT HA ()OPMHUPOBAHUE MaTeMaTHUECKUX Mojesei. Tarke pa3inuHo moBeaeHue croek npu Haesne ATC.
CTOlKM MOTYT CMHHATBCS MO0, BBIXOMS U3 THJIB3, KOMIIOHOBATHCS OJHA C JPYroil W 00ecreYnBaTh TaKUM 00pa3oM
nononHUTeNbHOE TopMoskeHne ATC [5].

CTONKHOBEHHE aBTOMOOMIIS C TPOCOBBIM OTPAXKACHUEM XapaKTEPU3YIOTCS CIOXKHON MEXaHHKOW B3anMOICHCTBHS,
T. K. TPOCHl OOJIANAOT BBICOKOW CTEIEHBIO TEOMETPUYCCKOW HEIMHEHHOCTH, a CTOHKH M TPYHT — BBICOKOH CTETICHBIO
(U3MYECKOil HETMHEWHOCTH, IPU 3TOM ITOYTH BCE IPOLECCHI ABIAIOTCS NEPEXOTHBIMU [5].

Puc. 1. HexoTopsle BHIBI CTOEK TPOCOBBIX OTPaXKICHUH [6]

! OrpacreBoit foposxHIit MeTomIUecKuit JokymenT OJIM 218.6.017-2015. MeTomudeckue peKOMEHIAIINH TI0 IPUMEHEHHIO TOPOIKHBIX OTPaKIeHHix
Pa3IMYHOTO TUIA HA aBTOMOOMIIBHBIX JIOpOrax (heiepaibHOro 3HaueHHs / PEKOMEHI0BaH pacropsikeHneM deiepalibHOTO JI0POKHOTO areHTCTBA OT
23.12.2015 Ne 2489-p. URL: https://files.stroyinf.ru/Data2/1/4293757/4293757596.pdf (nata obpamenus: 08.01.2021).

% Horne DA. Report 350 Acceptance of New York Three-Strand Cable Terminal. Office of Highway Safety Infrastructure, FHWA, U.S. Department
of Transportation — Washington, D.C.; February 14, 2000. Available from: https://highways.dot.gov/ (accessed: 21.01.2019).
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s onpenenenust Tpaekropun ATC MOXKHO HCIIOJIB30BaTh YPAaBHEHUS KOJICOAHUIN CTPYHBI, UCIIOJIE3YEMEIC B
AHATTUTHICCKHUX pacyeTax aapO(bI/IHI/IH.IepOBl’2 1 BaHTOBBIX KOHCTPYKHHﬁ3’4. Ho B cBs3H CO CIIOKHOCTHIO KOHCTPYKIINH
OTpaKACHUI BOZHUKAIOT CIOXHOCTH (POPMYITHUPOBKH KPaeBbIX YCIOBHHA. DHEPreTHUSCKUE METOABI TakXKe Aal0T Habop
ypaBHEHHH, KOTOpble HE pemaroTCs aHaauTHueckd ® [7]. Bce 3TO NPHBOAMT K HEOOXOZMMOCTH HCCIIEIOBAHHS
OTpaKACHUH ¢ TIOMOIIBI0 HHKCHEPHBIX MAKETOB MPUKJIATHBIX MIPOrpaMM KaK Ui MOJCIHUPOBAHUS CAMOTO TPOCOBOTO
OTpaKACHUS, TaK M CUCTEMBI Kpaii-tecTta. [Ipr 3TOM 9acTo MCHONB3yeTCs] YUCICHHBIM METO KOHEYHBIX JIEMEHTOB B
SIBHOM MOCTAHOBKE, peanu3yeMblil B mporpamMMHubix kommiekcax LS-DYNA, MARC, NASTRAN wu np. [5, 8, 9].

Henocrarkamu noctpoenus KD-Moneneli ABISIFOTCS: CI0KHOCTh pa3pabOTKHU; JUIMTEIFHOCTh EPUOia pacueTa
(120 4. u 6o7ee); HEOOXOIMMOCTD MPOBEPKH MPABUIIBHOCTH OCTPOCHUs. TakuM 00pa3oM, MEpPHO.I MOJATOTOBKU OCHOBEI
JUIS WCCJICOBAHUS SIBISICTCS JIOBOJIBHO JUTUTEIBHBIM. B CBS3M C 3TUM NPEJIOKEH METOA NPUOIMKSHHOTO
aHanuTuyeckoro pacyera asuxenuss ATC no JaHHBIM HaTYpHBIX UCIIBITAHUNA, OCHOBAaHHBIM Ha METOJIaX TEOPETUUECKOM
MEXaHWKH. AHAIUTHYECKUH pacdeT IO03BOJSET MPOBEPHUTh MNMPaBHUIBHOCTH pa3paboranHor KDO-momenn, a Takxke
COKpaTHTh BpeMs HCCIECIOBaHMS NACCHBHOW Oe30macHOCTH B 2-3 pa3a, IOCKONBKY Ui aHajlu3a ITacCCHBHOM
0e30IIaCHOCTH YK€ HET HEOOXOAMMOCTH CTpouTh KDO-Momens caMoro TpOCOBOTO OTpPaKICHHS, a HCIHOJIH30BATh
AHATUTHYECKH TTOTyYCHHBIE TTePEeMEIICHIS.

Martepuaiabl U MeToabl. B pesymprate HaOmonenns 3a ATC B mporecce HaTypHBIX Kpaml-TECTOB ObIIa
BBIJIBUHYTA THUIIOTE3a: MPU Hae3le Ha OOKOBBIC TpocoBbie orpaxacHuss ATC MOXHO HpEACTaBUTH KaK TBEPAOE TEJO,

COBeplIlarollee NOCTynaTeabHOe ABUKEHue (puc. 2).

Tpaekropuu Touek ATC

TPOCOBOEC OIrpaXACHUEC

ATC

Puc. 2. Monens ATC kak TBEpAOTO TeJa, COBEPIIAIOLIETO IOCTyNAaTeNbHOE IBIKEHNE

Kpome Toro, memaercs psin QyHaaMeHTanbHbIX mnpennonoxkeHnit o amHamuke ATC Bo Bpemst ATII,
000CHOBBIBAIOIINX MCIOJIB30BAHNE MPEATI0KEHHBIX TEOPETUKO-MEXaHHUECKIX MOJETICH SBICHUS

e OOKOBBIE U MPOJOIBHBIE 3aMEIJICHNS TPAHCIIOPTHOTO CPECTBA IOCTOSHHBI B TeUEHHE MHTEpBajla BPEMEHH,
Heobxoxumoro ais opueHTannn ATC mapannensHo HepehopMUpoOBaHHOMY Oapbepy;

® BEepTUKAIbHBIC U BpaIlaTeJIbHBIE YCKOPEHHS aBTOMOOWIISI HTHOPUPYIOTCS;

! Hypamuesa A. B. O nuHamuke Tpoca KocMideckoro mudra : aBroped. auc. ... k-ta Gus.-mat. Hayk. M., 2012. 20 c.

2 Muxaiimoxk JI. C. KoHeyHO-3TeMEHTHOE MOJIENMPOBAHNE M HCCIIEIOBAHNE JMHAMHKH TaTyGHOTO aspoQMHUIIepa : aBToped. JHC. ...
Hayk. CII6., 2009. 19 c.

3 Oamexun C. H. OGOCHOBaHIE, TEXHOIOTHS HABECHOH COOPKHM H MOHUTOPHHT OaifTOBBIX MPOIETHBIX CTPOCHHH MOCTOB C Y4ETOM KIMMATHUECKHX
(axTopoB (Ha mpuMepe MocTa depe3 peky O6b y r. Cypryra) : aBToped. Iuc. ... K-Ta TeXH. HayK. Bonrorpaz, 2005. 20 c.

4 Jle Txy XbloHr ONTHMH3AIHA aPAMETPOB TIPOJIETHBIX CTPOCHUH BUCAYMX MOCTOB, YCHICHHBIX M HE YCHJIGHHBIX HAKIOHHBIMHM BAHTAMH, IIPH HX
npoexTupoBanuu ¢ npumenenueM I1K : aBToped. auc. ... k-Ta TexH. Hayk. M., 1999. 25 c.

3 Jock M. B. YncrieHHOE MOJIETHPOBAHUE TIOBEICHUS CHCTEMBI «TEJIO-TPOCH C YHETOM U3TUGHOM KECTKOCTH TPOCA K MEXAHU3M TeTIeo0pazoBaHus :

aBToped. aucc. ... K-Ta ¢pus.-mMat. Hayk. M., 2000. 19 c.

K-Ta TCXH.
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e OOKOBasi COCTABIISIONIAasi CKOPOCTH paBHA HYJIO MOCIE TOrO, KaK TPAHCIIOPTHOE CPEACTBO IEPEHANpaBiIeHO
TapajuIeNIbHO IepUIIaM OTPaKICHHUS;

® TIOCKOJIBKY TpPaHCIIOPTHOE CPEICTBO TIEPEHAIPABIETCA, OHO HE BXOAWUT B 3allCIUICHHE C IEePHIIaMH
OTpaXXICHIS;

e nehopMaryisi TPAHCHOPTHOTO CPEICTBA MPOMCXOAWT B 30HE yapa, HO IIOJIOKEHHE €ro IEeHTpa Macc
CYIIIECTBEHHO HE U3MECHICTCS;

® IICHTP Macc aBTOMOOWIISA JBMXKETCS TaK, Kak OyITO BCS €ro Macca COCpeIoTOUYeHa B 3TOH TOUKE;

® 0apbep MOXKET OBITh )KECTKUM HITH THOKUM;

® CHJIBI TPEHHMS IIUH aBTOMOOWIISL O IOBEPXHOCTh MPOE3)Kel YaCTH UTHOPHPYIOTCS;

e cUCTeMa OTpaKAEHUH HE COJNEPXUT pa3phbIBOB, KOTOPbIE MOTYT HPUBECTH K PE3KUM BEPTHKAIbHBIM
JIBHOKEHHUSIM aBTOMOOUIIA.

IIpy TakoM TPEACTABICHUU JBW)KCHUS aBTOMOOWIBHOE TPAHCIOPTHOE CPeAcTBO (pHUC. 3) BO3MOXKHO
paccMaTpuBaTh KaKk MaTepHANBHYIO TOUKY HEKOTOpoit Maccsl m [10]. Hagamo otcuera mekapToBOH CHCTEMBI KOOPIUHAT
COOTBETCTBYET TOYKE Hayana KOHTAKTa TPAaHCIOPTHOTO CPEICTBA M OTPAKICHUA. J[BIKCHHE MaTepPHAIBHON TOUKH
HAYMHAETCS CO CKOPOCTBIO ¥, HANPABJIEHHOM IO/ yIIIOM 0 K IIIOCKOCTH orpaxiaeHus (ocu x) [6].

Va

v

Puc. 3. Pacuernas cxema ATC [6]

[IpoTHBOAEUCTBHE  JBM)KCHHIO TPAHCIIOPTHOTO  CPEICTBA CO  CTOPOHBI  TPOCOBOTO  OTPAXKICHUS
MOJIETUPOBAJIOCh CUIaMH [6]:

e mpu OOKOBOM OTKIOHEHHE BIONb OCH )y — CHIOH ympyroctu P =-ky u [guccumatuBHBIM
) . )
conporunenueM P =-by, To ects F,, =—ky —by;
® CONpPOTHBJICHWE IBIKCHHIO BIONb OCH X — CHIIONH TpeHus F. =—fN,, roe N, — cuia HHEPLHOHHOTO

JaBleHus, To ectb N, = my [6].
B pesynprare nemxenue ATC onmceiBaeTcs cucTeMoi nuddepeHnnansHeIX ypaBHeHH [6, 11]:
X ==
y+2ep+p’y=0.
PerieHnem cucteMbl SBISIOTCS TEPEMELICHUS B (DYHKIIMN BPEMEHH £:
x(t)=—fy(t)+v,(cosa+ fsina)t;
v, sina _, .
y(t)=="——¢"sin pt.

B [6] nokazano, uro cuna TpeHus KynoHa co cTOpOHBI JJOPOIKHOTO OTPaxJICHUS HE OKA3bIBAET CYIIIECTBEHHOTO
BIHMSTHAA Ha Monenupyemoe apmxenne ATC. @mnueckoe monenupoBaane ATC kak MaTepruarbHONW TOUKH HE SIBISETCS
HOBBIM IIpU HCCIICIOBAaHWM Hae3ga Ha OOKOBble orpaxkaeHus. Takoil moxxon Obul mpumeneH P. M. Onconowm,
3. P.Iloctom n @. ®. MakdapnannoM npu ONMCaHUM Hae3/la aBTOMOOMIIS Ha >KECTKHE OrpaxIeHust MocToB [12].
31ech pacyeT CONPOTHBIECHHS OOKOBOTO OrpakACHWs 0a3MpoBajicsi TOJBKO Ha KIACCHYECKOH MOZIEIHM TPEHUS
AmonToHa-KynoHa.

B ommume ot aToi#t 3amaum xapaktep B3aumozeicTBus ATC wm orpaxaeHHs B HacTosmeld padoTe ommcaH
NPUHLIUIHANEHO HOBOHW Mogenbto. [lpu BHEIIHeW TOXOXKECTH T[OCTAHOBKH 3ajadyu  (U3MYecKas CYI[HOCTh
B3aumozpeiictBust ATC u orpakaeHus KadeCTBEHHO OTJIMYACTCS OT CYIIHOCTH B3aUMOAEHCTBHUS ¢ Ooiiee KECTKHMMU
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orpaxJaeHusIMU. B HacTosei pabore 3T0 OBUIO YYTEHO MTOCPEACTBOM CHIIOBBIX MoJienieii AMoHTOHa-KyroHa ¢ yueTom
CHJIBI HHEPIIHOHHOTO HOPMAJIFHOTO JaBJICHUS U Mozenu conpoTusieHus Kenppnna-DoiixTa.

Taxoke, B KOHTEKCTE MCCIECJOBAaHMS XapaKTepa Hae3Za Ha TPOCOBBIE OTPAKICHUS CIETyeT OTMETHTH PaboTy
M. B.Bateman wu gap. [9]. [daHHBle HAaTypHBIX WCHBITAHWH, TPEACTaBICHHBIX B OTOH paboTe, SBCTBEHHO
JEMOHCTPHPYIOT, YTO MPU KOCOM Hae3/1¢ Ha TPOCOBbIE orpaxkaeHus apmxeHne ATC O01M3K0 K TOCTymaTenbHOMY, KOTaa
yroJ1 peickaHus He mpeBbimaeT 10°. 3mecs mporece Haes3na OMMUCaH ABYMS MOACTISIMHU:

1. TIpocras nuHamuyeckass MOAENIb TPAHCIOPTHOTO CPEACTBA, IAe HcHoib3oBaics Meron Pynre-Kyrra
YEeTBEPTOro TOpsAKA Ul YHCIEHHOro pemeHus audpdepeHnmansoro ypasHenus jaswkenus ATC. Ilpu stom
YUUTHIBAIOTCSI CHJIBI BO3ACHCTBUS CO CTOPOHBI OTpakJIeHWs (HAaTsDKEHHWE Tpoca) W JOporu (Cuja TPEeHUs o
Kiaccudeckoii Monenm AmonrtoHa-Kymona). Bo Bpemst ymapa mnomaraercs, 4ro Kojeca He TpeOYIOT pPYJIEBOTO
YIpaBJIeHUs.

2. KBasucratuyeckas MOAENb OrPaXICHHUs, KOTOpas TpeJHAa3HAauYeHa U1  pacueTa W3MEHEHHMs
HaNpsDKEHHOCTH TPOCOB MPU U3MEHEHUH UX T€OMETPHU B PE3YJIbTATE JBIKCHUS aBTOMOOHIISL.

B pesympraTte pacueTHas MoOAENb MONYYWIACH JOCTATOYHO TPOMO3AKOH M TpeOyeT YHCICHHOTO peIIeHHS,
TOT/Ia KaK MOJIEJb, MIPEAJIOKEHHAs B HACTOSIIEH paboTe, mpeaycMaTpuBaeT alrOPUTMBI pacdera, JErKo MPOBOJNMBIE
aHAJTUTUYECKH 0€3 TPUMEHEHU I YHCIEHHBIX METO/IOB.

IIpu6amxkeHHblil aHANNTHYeCKHl pacueT KuHemaTtHyeckux xapakrepuctuk ATC. B pesynbrate
CAETaHHBIX MPEANOIOXKEHUH MOIy4YeH alroputMm nocrtpoeHus: nepememienus ATC, Ha3BaHHBIM rapMoHHueckuMm [6].
Janee npeuioKeHbl KBapaTHYHBIA M KyOUUECKHH alropUTMbI, OCHOBaHHBIE Ha MOCTPOSHUH MOJIMHOMHBIX (YHKIMH
nepememiennit [13]. 3aece nporuBoneiictBue nBmxeHuto ATC co CTOpPOHBI TPOCOBOTO OTpa)KAECHUS BIOIb OCH Y
OTpENENseTcss HeKOTopok (ymkuuer P, (t), B pesyabTaTte MHTErpMpOBaHHs KOTOpod QyHkums mepememenus ATC
BJIOJb OCH y HMEeT XapakTep MOJMHOMa BTOPOro, JUOO TpeThero mnopsaka. MoJenupoBaHHE CONPOTUBICHUS
JBIDKCHHUIO BJIOJIb OCH X OCTAJIOCh MPEKHHM.

ITpoBeneM cpaBHUTENBHBIN aHAIU3 PE3YNIBTATOB MPUOIMKEHHOTO aHAJIMTHYECKOTO pacdyeTa KHHEMAaTHIeCKUX
xapaktepuctuk ATC. Ha puc. 4-6 mpencraBieHpl pacdeTHBIE AaHHBIE s aBToOyca Mepcenec-benmn-0345. Ilpu
noctpoeHun nepememieHud ATC HCIONB30BAMCh JAHHBIE HATYpPHBIX HCHbITaHUN [OCynapcTBEHHOrO HaydyHOTO
ueHtpa PO OI'VII «<HAMW».
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Puc. 4. B3anMo03aBHCHMOCTb OTKIIOHEHHH X, M 1 J, M, PaCCUUTAaHHBIX METOIaMH1: KyOUIECKOTO IIPHOIKEHHS — YepHast CIUIONIHASL
JIMHUS; KBaPATHYHOTO MPUONVIKEHUS] — MyHKTHPHAs! JIMHUS; TApMOHUYECKOTO IPHOIKeHHs: — cepast uHus [ 13]
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Puc. 5. 3aBUCHMOCTH OTKJIOHEHHUH X.

l'IpI/I6.]'II/I)KeHI/I$I BJI0JIb OCH X — CIUIONIHAA Y€pHas JIUHUA, BAOJIb OCHU y: IIYHKTUPHAA JIMHUA — METOJOM KBaJIpaTUIHOI'O

MIPUOIMKEHHS, Cepast INHUS — METOZOM FapMOHHYECKOTO npuOmmkeHns [13]

t,c

BIMHEXIN

C, paCCHUTAHHBIC METOJaMH1 Ky6I/I‘IeCKOFO 1 rapMOHHUYIECKOT0
BIOJIb OCH y: ITYHKTUPHAA JIMHUA — METOJI0M 1<y6nl{e01<oro l'lpI/I6_]'lI/l)KeHI/I$[,

s

, M My, M OT BpEMEHH 7,

M X
cepast JIMHUSI — METOJIOM FAPMOHHYECKOro npubsmkenus [13]

Kaxk BUIHO U3 NPUBCACHHBIX PACYETHBIX JAHHBIX, PACXOAUMOCTb AHATUTHYCCKHUX METOJ0B MECKIY co0oii He

Puc. 6. 3aBHCHMOCTH OTKJIOHEHHU
MPHUOTMIKEHHS BJIOJIb OCH X — CIUIOIIHAS YepHast JIMHHUS,

npesbimaet 20 %. Takue ke BRIYHUCICHUS OBLIH MPOBEACHBI U s aBTomoomist ['A3-3102 [12].

ITocTpoeHue KOHEYHO-3JIEMEHTHOH MOJeH KOHTAKTAa TPOCOBOIO OrpaskaeHusi U aBTo0yca Mepcenec-

benn-0345. [lns anamusza sddexTuBHOCTH NPHOIMKEHHOTO METOJa IOCTPOCHUsl Tpaekropuu nBrwkeHus ATC
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paspaborana KD-monen» B3anMoAeHCTBUS TPOCOBOTO OrpakaeHus 1 aBTodyca Mepcenec-benn-0345 B coorBeTcTBHM
co cranmaprom opranuzamuu CTO 521000-005—10690827-20151, cormnacoBaHHBIM ¢ PocaBromopom B 2017 1. CormacHO
3TOMY CTaHAAPTY HPOBOIMIICS MOHTaX TPOCOBBIX OTPAXICHMH U1 MCTIBITAHUH, PE3YNbTaThl KOTOPHIX Takke ObLIN
WCTIONB30BaHbl MPH AHATUTHYECKOM MOJCIUPOBAaHWN TpaekTopuil W oTkioHeHHH ATC. OO0BeKTOM BHPTYaTbHBIX
WCTBITAaHAH OBUTH TpOcoBEIe orpaxkaeHus mapku 14J11/Y4(300)-I1-1, 1-3, 0-I'b [11, 13] c mapamerpamu:

e TIIB3BI BOCbMUTpanHbie Mapku '3 500/Y;

e croitku CT/I-2 cocTosAT W3 ABYX DJIEMEHTOB B BHJIEC KBaIpaTHOW TpyObl mmmHOW 1500 M c pasmepamu
nonepevyHoro ceueHus 50x50x3 mm;

® II1ar CTOEK C 3a0eTOHMPOBAHHBIMU THJIb3aMH Ha paboueM ydacTke — 3 M;

e [I1ar Ha Ha4YaJbHOM M KOHEYHOM Y4acTKax — 2 M;

® BBICOTA CTOEK HaJl IIOBEPXHOCTHIO JOPOIKHOTO NosoTHa — 1,1 M.

ITapameTtps! Tpoca:

® TPEXIPSIHBIN, CEMUKUIBHBIM;

o muametp — 19 mm;

e pac4eTHOe pa3pbiBHOe ycunue =~ 173 xH;

® KOJMIECTBO BETBEH — 4.

[Tapametprr aBToOyca Mepcenec-benn-0345 [12, 13]:

e noHas macca — 14050 xr;

e rabaputHas auuHa — 12000 MM;

e rabaputHas muprHa — 2500 MM.

Ckopoctb BxoxaeHHss ATC B KOHTaKkT ¢ orpaxaeHrueM — 69 kM/4. YToJ MEXAY IUIOCKOCTBIO OTPaXICHUS U
HanpasienueM JBmwkeHuss ATC — 20° B cootBetctBHM ¢ Metoaukoid ['OCT P 52721—2007 (mm. 6.1-6.6) [11, 13].
Tokaapossie u306paxenns ATC Mo JaHHBIM HATYPHOTO” K BUPTYaIbHOTO HCIBITAHHI IPeCTaBICHb! B TabIHIe 1.

Tab6muma 1
CpaBHHTENBHBIE TTOKapOBHIe M300paxkenus ATC

MomeHT By ncnsitannii

BPEMEHH £, C HaTypHBIE BHUPTYyalIbHBIE

0,00

0,16

LCTO 521000-005-10690827—2015. OrpaaeHus yaep KUBaolIke GOKOBbIE GaphePHOro THIIA U1 ABTOMOBHIIET C IPHMEHEHHEM CEKITMH GAlKH 13
«c-00pa3HOro» npoduis / Ipeanpusitue «[TUK» 1/ rosavtodor.gov.ru URL:
https://rosavtodor.gov.ru/storage/app/media/rosavtodor/b/2016/02/09/sto_521000_005_10690827_2015.pdf (nata o6pamenus: 10.01.2021).

> CTO 10690827-001—2015 OrpaxxieHuss TOPOXKHBIC yICpXKUBAIOIIKE OOKOBBIE Ae(pOpMUpPYEMBbIC, TPOCOBOrO THHA. TEXHHYECKHE YCIOBUS /
[pennpusitue «IIMK» // rosavtodor.ruwwwrosavtodor.ru URL: http://rosavtodor.ruwww.rosavtodor.ru/storage/app/media/uploaded-files/sto-
10690827-001-2015.pdf (mata obpamenns: 08.01.2021).
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MowmeHT
BPCMCHH £, C

By ucneitanuii

HaTypHbIE BUPTYaJIbHbIC

0,32

0,48

0,64

0,80

0,96

1,12

Mexanuka

39



Advanced Engineering Research 2021. T. 21, N 1. C. 32—42. ISSN 2687-1653

PesynbraThl HATYpHBIX UCIIBITAHUI NMPAKTHYECKH COBHAJIM C pe3yJIbTaTaMH BUPTYaJIbHBIX MCHBITAHUM, T. K. B
obomx crydasx IUHAMHYECKHH Mporud orpaxkiaeHus coctaBwin 1,5 M; ammHa mytd B3ammogeiictBus ATC ¢
OoTrpaKACHUEM IO pacdery — 23,5 M, 1Mo pe3yibTaTaM HaTYPHBIX UCOBITaHUH — 25 M. OTHOCUTENBbHAS NOTPEIIHOCTH
o JuthHe myTH B3aumozeicTBus ATC ¢ orpakaeHneM He TpeBeicrna 6 %.

Pe3yabTaThl HMccienoBanusi. B pe3ynpTaTe BUPTYalbHOTO HCHBITAHHS C HCIOJIB30BAaHUEM pa3pabOTaHHOW
KD-Monenu TpocoBOTo orpaXkaeHus ONpeesieHbl TPACKTOPHH XapaKTepHBIX TodeK aBTobyca Mepcenec-benn-0345. Ha
puc. 7 ormeueHs! Toukd ATC, 171 KOTOPBIX CHUMAJINCh IT0Ka3aHusl, Touka C COOTBETCTBYET EHTPY TSDKECTH.

————————  ——

TPOCOBOE OTPAXKACHUE

m
o)

I
D | & ATC

Puc. 7. Beibpannsie ans ananusza Toukd ATC: 4, B — Ha n1060Bo# moBepxHocTH; D, E — Ha 3aJHEl MOBEPXHOCTH
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= Puc. 8. 3aBucumocts nepemeniennii xapakrepHslx Touek ATC ot Bpemenu. IlyHKTHpHAS TUHUSA — U1 TOYEK A U B BIOJIb OCH V;

CIUIONIHBIC JIMHUU — BJOJIb OCH X: YEpHAasd — IS TOUKHN A, cepas — AJId TOYKHU B
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Puc. 9. 3aBucumocts nepemeniennii xapakTepHbix Touek ATC ot Bpemenu. [lyHkTrpHas muHIS — A7 Todek D U E BIOTB OCH ),
CIUIOLIHBIE JINHUM — BJOJIb OCU X: YepHasi — Ui TOuku D, cepas — I TOUKU E

Kak BumHO U3 IpeCTaBICHHBIX JaHHBIX, IepeMeleHus To9eK A, B u D, E BOOJb OCH y TOMAPHO COBIAJAOT.
Toxxe MoOXHO HabOmomaTe W Ui ckopocted. Takum oOpazom, mpu kocoM Hae3ne ATC Ha OOKOBBIE TPOCOBBIE
orpaxxaenus nmxeHne ATC nelcTBUTEIBHO ONH3KO K MOCTYMATSIEHOMY.

Oocy:xaenne W 3akiaiodenusi. [IpoBeleHHbI aHANW3 KUHEMAaTHYECKHX pE3yJbTaTOB BHUPTYalbHOI'O
UCIIBITAaHHSI B CPABHEHHHU C aHAJMTUYECKHMMHU KMHEMAaTHUECKHMMHU pacyeTaMM IMOKasbiBaeT, uTo npencrasienue ATC B
Ka4yecTBe MaTepUaJbHOW TOUKHU MPH €ro KOCOM Hae3Zie Ha OOKOBBIE TPOCOBBIC OTPAXICHHUS SIBISETCS 000CHOBaHHBIM,
Tak kak nBmxkeHne ATC Onmsko k mocrymarenbHOMy. OJHAKO, TpPU HEOOXOAMMOCTH JUIsi 0oJiee TOYHOTO
aHAJUTUYECKOTO pacueTa KMHEMAaTHUECKHX XapaKTEPUCTUK JBIDKEHUS TOYEK, HAXOISIIMXCS B 00JACTAX, OJNM3KHX K
toukaM C, D, E HE0OXOINM [IOTIOJHUTEIHHBIN aHAJUTUYCCKHU pacyeT, HalpuMep, C HCIOIb30BAHHEM ypaBHCHUH
IUTOCKOTIAPAJUICIIEHOTO JBMKEHUS TBEPIOTO Tela.
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