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OINPEAEJEHUE JOIIYCTUMBbLIX CUJI
MPU OLIEHKE YCTOMYMUBOCTU I'PY30BbIX BAI'OHOB
OT BBI'KMMAHMUA B ITIOE3JAX

Hens. B aHamuTHYeCKOM HCCIIEIOBAaHUH PACCMATPHUBAIOTCS: 1) CBSI3b MEXIY MPOIOIBHON CHIION, NEHCTBYIO-
el Ha BaroH B COCTaBe IMOe37a; 2) OOKOBBIC M BEPTHUKANBHBIC CHIIBI B3aMMOAEHCTBHS B 30HE KOHTAaKTa Koleca
U penbca; 3) AWHAMHYECKHE IIOKA3aTeld BaroHOB C BENMYHHOW Kod((HUIlMeHTa 3amaca YCTOHYMBOCTH OT
BBEDKMMAaHHUS; 4) MOJy4deHrne 3aBUCIMOCTE! Mexay HUMH. MeTonuka. MccnenoBanne mpoBOAMIOCh aHATUTHYECKIM
METOJIOM OLIEHKM YCTOMYMBOCTU TIPY30BOIO BaroHa IIPH JABWXKEHUU C Pa3JIMYHBIMU CKOPOCTSAMH IO IHPSMBIM
U KpUBBIM ydacTkam IyTH. Pe3dyabTatbl. B mpolecce uccienoBaHus IBUKEHMs I[0€371a, NPU PACCIENOBAHUU
TPaHCIIOPTHBIX CO6bITMI>II, a TaK)K€ BO BPEMs BBITIOJITHCHU A yqe6H0r0 3aJaHus Ha TPCHAXKEPE MAIIMHUCTA IJIA OLICHKU
€ro ﬂeﬁCTBHﬁ HCIOJIB3YIOTCA BCIIMYUHBI IMTPOJOJBHBIX CHUJI B MEKBAroOHHbIX COCIUHCHUAX. Honyquo BBIpAXCHUE
JI7I BBIUMCIICHUS 3HAUEHHUs IMPOJOJIBHON CKUMAIOIIEH CUJIbl, NEMCTBYIOLIEH HAa BaroH, IMPU KOTOPOW BEIWYMHA
ko3(¢unreHTa 3anaca yCTOMYMBOCTH OT BBDKMMAaHHS paBHA JIOIYCTHMOMY 3HadeHHWIO (KpuTudeckas cwia). s
OLIEHKH BIMSHMS Ha BEJIMYMHY IIPOJONBHOMH CHIIBI CKOPOCTH JABIXKEHHS, KOI(P(UIMEHTOB BEPTUKAILHOMN
Y TOPU3OHTAIFHON JUHAMMKH, a TaKXKE BETPOBOW HAarpy3KH Ha OOKOBYIO NOBEPXHOCTh Ky30Ba BaroHa IPHUBE/IEHbI
pe3ynbTaThl PAacyeTOB MIBIKCHHS TOPOXKHEro monyBaroHa mogmenu Ne 12-532 mo kpuBoil pagmycom 250 M
¢ Bo3BBIIIeHHEM 150 MM U TIOTIEpEYHBIM pa30eroM paMbl Ky30Ba BaroHa OTHOCHUTEIHFHO OCH MTYyTH B HAIIPABIIAIONIEM
ceyenud B 50 mm. Hayunass HoBu3Ha. B 1aHHOM Hcce10BaHUM NPUBEIEHA METOIMKA ONPEACIICHUS POJ0IbHON
CKMMAIOMIEH CHJIBI, HECKOJIBKO OTIIMYAOMIAsICS OT 0OmenpuHiTOl. Takke oeHuBaeTcs BIUSHIE Ha HEE CKOPOCTH
JBIDKEHUS TIOJIBIKHOTO COCTaBa, KOA(M(HUIMEHTOB BEPTUKAIBHON W TOPHU3OHTANBHOW IWHAMHUKH W BETPOBOM
Harpy3kd Ha OOKOBYIO TOBEpXHOCTh Ky30Ba BaroHa. IlpakTmyeckasi 3HAYMMOCTb. ABTOpamMH pa3paboTaHbI
MPEIOKCHUA IO YTOUYHCHHIO CYIIECTBYIOIIUX METOAUK ONPEACICHUSA 3HAYCHUSA HpO}IOJ’leOﬁ C)KMMaIOUleﬁ CHIJIBI,
JIEMCTBYIOIIEH Ha BaroH, Npu KOTOPOM BelMuMHa KO3((UIMEHTa 3amaca YCTOHYMBOCTH OT BBDKMMaHHs OyIer
paBHa JONYCTUMOMY 3HAUEHHUIO. DTO MO3BOJMT OLEHMBATh YCTONUMBOCTh Ka)KJOIO BaroHa Moe3fa OT BhDKMMAaHUS
HETOCPEICTBEHHO BO BPEMsI MOJIEIIMPOBaHMs ero ABrkeHHs. Haunbonee 3¢ ¢eKTHBHO MCHONB30BaTh 3TY METOAUKY
MOXHO B TPEHaXXepax, NpeIHa3HAYEeHHBIX U1l 00y4YeHHs MalIMHUCTOB 0€30IacHBIM CII0CO0aM BOXKIEHHMS ITOE3/I0B,
Y IIPU pacciieJOBAHUU IPUYUH CXO/a BarOHOB.

Kniouegvie cnosa: 0€301acCHOCTb IBIIKECHUS; BETPOBas Harpys3ka; OOKOBas IOBEPXHOCTh Ky30Ba; HOPMBI
pacdéra; ycTOHYMBOCTH BaroOHOB OT BBEDKMMAaHHS; CKOPOCTh JBIDKEHUS; KO3(D(UIIMEHT YCTONYMBOCTH; MTPOIOIIbHAS
CcKUMAroLIas cuia
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BBenenue

CyliecTByIOIIMEe B HACTOSLIEE BpeMs MOIETH
MPOJOJBbHOM  AUHAMHUKUA  IOE3J0B  MO3BOJSIOT
C JI0CTATOYHOM TOYHOCTBIO ONPEEIATh BEIUYUHBI
MPOAOJBHBIX YCUJIUMN, NEWCTBYIOLUIMX Ha BaroHbI
IpU Pa3IUYHBIX PEXKUMAX YIPABICHUSA IMOE3IOM.
OTH MOJIeNN YCIENTHO UCIOMB3YIOTCS MPHU OIEHKE
BIIUSIHUS HOBBIX DJIEMEHTOB IOJBIDKHOTO COCTaBa
(TOTIOMIAOIIMX aNapaToB, BO3IyXOpacHpeelu-
TeNe’ ¥ T.J.) Ha MPOJOJBHYI0 HATrPYKEHHOCThH I0-
€31I0B, IPH paCCICIOBAHUU CIy4aeB CEPHE3HBIX
TPAHCIIOPTHBIX COOBITUH W MOJCTUPOBAHHWH JIBH-
JKEHHs TI0e3/1a TpY BBIMONHEHWH Y4YeOHBIX 3aia-
HUM Ha TpeHakepax MallluHHUCTa. J[Ba mocieaHux
Ciydasi OTJIMYAIOTCS OT OCTaIbHBIX TEM, YTO WC-
MOJIb3yEeMble MOJIETU T0E370B, HAPSAY C KOPPEKT-
HOM OIEHKOM CKOPOCTH JBUXEHUS, MPONUIEHHOTO
MyTH H TPONOJBHBIX CHJI, JOJDKHBI TIO3BOJIATH
OIICHUBATh YCTOMYMBOCTH BarOHOB OT BBDKUMAHUS
UX NPOAOJIbHBIMU CUJIAMHU.

B Hacrosimee Bpems INpU  paccieloBaHUU
TPAHCIIOPTHBIX COOBITHIA, CBS3aHHBIX CO CXOJAaMHU
BAaroHOB, OLICHKA MPaBWJIBHOCTU ACUCTBUM MaIlM-
HUCTOB NPOU3BOAUTCS B OCHOBHOM 110 KOCBEHHBIM
mokazarensaM. K TakuM mokazarensM, B TIEPBYIO
odepeab, OTHOCITCS MaKCUMAalbHOE CXKHMAIOIIee
ycuiive, JIEUCTBYIOIIEE Ha CONICAINIMA Baro,
U BpeMs ero AeicTtBusa. B TpeHaxepax, npeaHa-
3HAYCHHBIX I O0y4YeHHs MAIIMHUCTOB Oe3orac-
HBIM croco0aM BOXKIEHHS I10€370B, ObLIO OBI Iie-
JIeCO00pa3HO OICHUBATH MPABMIBHOCTH ACHCTBHI
MAaITTHUCTA «HA JIETY», TO €CTh HEMOCPEACTBEHHO
BO BpeMs yIpaBieHUs Moe3aoM. i 3Tux uenew,
B IIEPEUYMCICHHBIX BBILNIE CIy4yasX, MNPaBUIbHBIM
OBbUIO OBI OIICHMBATH YCTOWYHMBOCTH Ka)JIOTO Ba-
TOHA Moe3/1a OT BDKMMAHUS HEMOCPEICTBEHHO BO
BpeMs1 MOJICTIUPOBAHMUSI €TO IBHIKCHUA.

Ha puc. 1 nmpuBeneHsl TaHHBIE O CXOJax Baro-
HOB, CJIYYUBLIUXCS IpPU IPUMCHEHUH MAIIUHU-
cTaMu pexxuMa TopMokeHud [10] Ha npsMbIX yya-
CTKax M B KpuBBbIX paguycoM 350-650 m. U3 puc.
1, @ BuHO, YTO HAHOONBINEE KOJUYECTBO CXOJIOB
MPOU30IILIO MIPU MAJIBIX CKOPOCTSIX JBHXKEHUS, IPU
CpPEIHUX CKOPOCTSIX KOJIMYECTBO CXOAOB CHUKACT-
Cs, a MPU CKOPOCTAX, ONM3KUX K TPEICIBHO [0-
MyCTUMBIM 3HAYEHUSIM — B KPUBBIX BHOBB PacCTeT.
DTO0 MOXET OBITh OOBSICHEHO CIEAYIOUIMMH COO00-
PaXEHUSIMU: IPU MAaJbIX CKOPOCTAX JABMKCHUS
TOPMO3Hasl cuja, ACHCTBYIOIIAsl HA BaroH, BEJIUKA,
MIPH CKOPOCTAX, ONU3KHUX K TPEIeTbHBIM BeINYH-

HaM, TOPMO3Has CHJIa CYIICCTBEHHO YMEHBIIIAETCS,
HO BENMYMHA KOA((UIMCHTAa BEPTUKAILHOW -
HAMHKH TPUOJIMKACTCS K HAUOOBIIEMY JOMYCTH-
MoMy 3HaueHHIO (puc. 1, 6). M3-3a HECHHXPOHHOTO
cpabaThIBaHUSl BO3AYyXOpacIpeIeuTeIe Ccoce-
HUX BaroHOB TPHU MAJBIX CKOPOCTSX JBHYKCHHUSI
BO3HUKAIOT OOJIBIIKE IMPOAOJbHBIC KBa3HCTAI[HO-
HaprIe CHIJIBI, Z[eﬁCTBymnIHe Ha Barox, KOTOpI)Ie
IpH  MpPOYUX OJArOMPUATCTBYIOHMIMX (akTopax
CMOCOOHBI MPHUBECTH K €ro BbDKUMaHHIO. [IpH
60J'H)IIII/IX CKOpOCTSIX JOBHUXKCHUSA TOpMOSHBIe CHUJIbI
CHW)KAIOTCS MOYTH B 2 pa3a, O3TOMY PHCK BBIKH-
MaHHs BaroHOB OT JICWCTBHS MPOJOJNBHBIX CHII
camxkaeTcs. OTHOBPEMEHHO ¢ 3THM, OOJBIINE Be-
JIMYMHBI KO3 (QUIIMEHTa BEPTUKAIBHON JUHAMUKA
MOTYT TPUBECTH K 3HAYHUTEIBHOMY 00E3rpyKUBa-
HUIO HaOeramImero Kojieca M CXOAY AaXe INpH

HEOOJIBIIMX BEJIMYMHAX IMPOAOJIBHBIX CHUJI.
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Puc. 1. Beibopka nupopmanuu
0 CXO/IaX BaroHOB:

a — KOJIMYCCTBO CXOO0B IMOABUXKHOI'O COCTaBa
IIpyU TOPMOKEHUH I10€3/1a, 6 — 3aBHUCHUMOCTbH
TOPMO3HOH CHIIBI M KO3 PUIIMEHTa BEPTHKATBLHON
JMHAMHMKH OT CKOPOCTH JBHXKEHUS 10e3/1a

Fig. 1. Information retrieval about
cars derailment:

a — the number of rolling stock derailment
during braking of the train; b — dependence of the
brake force and the coefficient of vertical dynamics
of train speed
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U3 aroro ciemyer, 4TO MpH ONpeNeNIeHHH YC-
JIOBHI YCTOWYMBOCTH BAarOHOB OT BBDKHUMAHUS HMX
MPOJOJILHBIMY CHJIAMHU CJEIYCT YYUTHIBAThH JMHA-
MHKY Barosa, kak cuctemsl Macc [11, 12, 15].

ean

JJ1s OIeHKH YCTOWYHBOCTH BaroHOB OT BBDKH-
MaHUS TPOIOJIFHBIMHA CHJIAMH HCTIOIB3YIOTCS KO-
3G GUIMCHTBI YCTOMYUBOCTH. BeMMUUHBI 3THX KO-
3¢ (UIMCHTOB 3aBUCAT OT COOTHOIICHUS OOKOBBIX
W BEPTHKAIBHBIX CHJ, NEHCTBYIOIIUX Ha KOJIECO.
OmHAaKo BBIXOJ BBINICTICPEUUCICHHBIX IOKa3aTe-
Jiel 3a JOMYyCTUMBbIE 3HAYEHHUS HE O3HAYAeT, 4TO
00s13aTeIbHO MPOM3OUAET CXOA. DTO HEoOXoau-
MoOe€, HO He JIOCTaTOYHOE YCJIOBHE JUIA CX0Ja KoJe-
ca c pennca [7].

Ilenpl0 aHATUTUYECKOTO HCCICAOBAHUS CBSI3U
MEX]ly MPOJOJIbHOM CUJION, JeHCTBYIOIIEH Ha Ba-
TOH, OOKOBBIMH W BEPTHUKAJIHHBIMH CHJIAMHU B3au-
MOJICHCTBUS B 30HE KOHTaKTa TpeOHS KoJieca
U perbca, BeIWYMHaMH KO3((UIMEHTOB BEpTH-
KaJIbHON W TOPHW3OHTAIBHON TWHAMUKH HeoOpec-
COpPEHHBIX YacTei BaroHa ¢ BETUYMHOW Kod(Ddu-
[IMEHTAa 3amaca YCTOWYMBOCTH OT BBDKUMAHHS SIB-
JISIETCS MOTy9YeHUE 3aBUCUMOCTEH MEXTy HAMHU.

MeTtoanka

B [5, 6] moka3aHo, Kak MOKHO OLIEHUTH YCTOM-
YUBOCTh BaroHa OT BBDKAMAHHUSA ITPOIOIBHBIMH
CUJIaMH, ICHCTBYIOIIMMH B TMOE3/E. ITO JENACTCA
MyTeM pacyera 3HadeHus Kod((uIMeHTa 3araca
ycroitauBoctd (K ). IIpuBeeHHbIC TaM BBIpasKe-

HUS JIOCTaTOYHO TPOMO3IKH, a UX HCIIOJIb30BaHUE
MOJKET OKa3aThCs 3aTPYOHHUTEIBHBIM H3-32 0OIb-
IIOTO KOJIMYECTBA MapaMeTpoB. BmecTe ¢ Tem, ipu
OIICHKE  JeWCTBHH  MAIIMHUCTA,  CBSI3aHHBIX
C yIpaBlIeHHEM TI0e3/1a, MOYTH HUKOTJa HEBO3-
MOJKHO C aOCOJIOTHOH yBEpEHHOCTHIO CIeNaTh
BBIBOJI 00 WX MPaBWILHOCTA WJIH OIIMOOYHOCTH
[8, 9, 13]. 13-3a GompmIOro KOTMYECTBA MapaMeT-
pOB MyTH M BaroHa, HEOOXOAMMBIX IJISI pacdeTa
BEIMYMHBl K, HEBO3MOXKHOCTH TOYHOTO OIpee-

nieHns1 abCOJIOTHO BCEX MX 3HAYCHUI M HEKOTOPBIX
JOIYILICHNH, CIENaHHBIX B PacUeTHOH cXeMe INpH
nonyveHnn (opmyinsl pacyera K, Mbl BCeraa

AMeeM JeNI0 C OICHOYHBIMH (BEPOSTHOCTHBIMH )
pesynbTaTamu. [1o3ToMy, JUIsl OLEHKH YCTOMYUBO-
CTH BaroHOB JOCTaTOYHO ONPEACIUTh BO3MOXK-

HOCTh MX BBDKHMAHHS B HaUXYIIINX BO3MOKHBIX
ycioBusiX. M, ecnu mpu 3TOM BO3MOXKHOCTH BBI-
JKUMaHHs HE TIOJTBEPXKIAETCSI, TO MOXXHO OTOpO-
CUTH THUIIOTE3y O TOM, YTO NIEHCTBHS MaIIMHHUCTA
CTaJli IPUYHNHON CePhEe3HBIX TPAHCIOPTHBIX COOBI-
Tii. Ecnu ke B HAMXYOIIUX YCIOBHSX BO3MOX-
HOCTh BBDKMMAaHHUS BaroHa MOJTBEPXKAAeTcs, TO,
NpexIe YeM JellaTh OKOHYATENBHBI BBIBOJA 00
omnOOYHOCTH JEHCTBUH MAIIWHKUCTA, CIIEAYeT
OIICHUTh yCTOMYMBOCTH TMOIYYCHHOTO pPe3yibTara
K BapHalllu I1apaMeTpoB, 3HAUEHUSI KOTOPHIX IpPHU-
HATBI C HEKOTOPBIMU JAONyLIeHMAMH. UM Toimbko
ecny B OOJBIIMHCTBE CIIy4YaeB BapHallui rmapaMer-
POB BO3MOXXHOCTH BBDKMMAaHHUS OyIeT MOITBEp-
JKICHA, CleAyeT CUUTaTh ACWCTBUS MAIIWHUCTOB
OIIMOOYHBIMHU.

B ocHoBe pacuera yCTOMYMBOCTH BaroHOB OT
BBDKUMAaHUS [5—7] IEXUT cTaTUUECKash pacueTHas
cxema. OTHaKO BaroH IpeacTaBisieT co0oi mocTa-
TOYHO CJIOXHYI0 MEXaHHYECKYI0 CHCTEMY CO MHO-
TUMH CTETIEHSMHU CBOOOIBI M BO BpeMs IBM)KECHUS
B3aMMOJEHCTBUE MEXKIY €ro OTACIbHBIMU YaCTAMU
U MEXIy BaroHOM W JKEJIE3HOAOPOXNKHBIM IyTEM
HOCUT JAWMHAMUYECKuN Xapaktep. JluHamMudeckuid
XapakTep BEPTUKAIbHBIX CHJI B3aWMOJCHCTBUS
NPUBOAUT K  TEPUOJUYECKOMY  YBEIMUYCHHIO
Y YMEHBIIEHUIO BEPTUKAIBHBIX HAIPY30K Ha KoJe-
€O, YTO HANpSMYIO BIHMAET Ha BO3MOKHOCTH BKa-
ThIBaHMA KoJieca Ha penbe. ClieayeT OTMETUTh JBa
TTIABHBIX WCTOYHHKA TEPHOAMYECKUX H3MEHEHUH
BEPTHKAIFHOW HArpy3KH Kojieca Ha pPelbc — 3TO
OoKkoBas Kauka Ky3oBa (TiepeBajika Ha MATE U KO-
nebaHusl Ha TPYXUHAX [IEHTPAIHLHOTO MOJBEIIH-
BaHUS) U BEPTHUKAIbHbIE HEPOBHOCTH PEIbCOBBIX
Hurtei. [leprnon 6OKOBOH Kauku Ky30Ba MOPOKHUX
TPy30BbIX BaroHOB KoyeONeTcs B mpenenax oT
200 mo 300 mc. To ecTb B TeueHHE MMOJIOBUHEI IIE-
prona konebanuit (100—150 mc) BepTUKanbHas
Harpyska Ha HaOeratomiee Kojieco OyIeT MeHbIIE
CTaTHYECKOW, a Ha HeHaleraromee — OOJbIIeE.
Bpems mpocnenoBaHusI KOJECOM IPOCATKU ITYTH
NpU cpeTHel CKOPOCTH JIBMYKEHUS BaroHa 50 kM/4
U AJUHE TIPOCaaKd 3 M COCTaBUT mpumepHo 220
Mc. Ilo omenke, mpuseaeHHou B [1], myTh, KOTO-
pBIi AOKHO MPONTH KOJECO BaroHa JJis TOTO,
4T0OBI TpeOEHb BKATHICS Ha TOJOBKY pPElbCca, CO-
craBisieT npumepHo 0,64 m. B [14] nns xonec pas-
JUYHOTO TPOPWIA O3TOT TMyTh  COCTABISAET
0,46—0,73 m. [Ipu 3TOM Bpemsi, HEOOXOUMOE JIIIs
BKaTBIBaHMs Kojeca Ha penbc npu ckopoctu 50
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KM/4, coctaBuT 33—53 mc. B [2] Bpems, B TeueHue
KOTOPOT'O HApYIICHHE YCIOBHUS YCTOWYUBOCTH OT
BKaTHIBaHMs KOJeca Ha PelbC CTaHOBHUTCS OIlac-
HBIM, coctaBisieT 50 mc. Takum 06pazoM, Bpems, B
TEUCHUE KOTOPOT0 JIMHAMHYECKHE CHJIBI B3aUMO-
NIEHCTBHS KOJleca U pellbca MEHbIIE CBOMX CTaTH-
YeCKHX 3HAUeHWHU, B 3—4 pa3a OoJbllle BpEMEHH,
HEOOXOAMMOTI0 JJIsl BKaThIBaHUS KOJieca Ha pelbC.
U3 3toro cnemyer, 4yTo BepTHUKAIbHAs JUHAMUKA
B3aMMO/ICICTBUS BaroHa M MyTH JIOJKHA OBITh yd-
TEHa MPH OIICHKE YCTONYMBOCTH BaroHa OT BBIKH-
MaHUs MPOJOIBHBIMU cuiaMu. To ke caMoe MOX-
HO CKa3aTh O JUHAMHYECKUX T00aBKax TOPH30H-
TaJbHBIX MOTEPEYHBIX CHJI B3aUMOJEHCTBHS KOJIe-
ca | peJibca.

BenuunHbl BEpTUKANIBHBIX JOTPY30K U Pa3rpy-
30K KOJIECHBIX TMap XapaKTepU3yroTcs Kodddum-
€HTOM BEPTUKaIbHOH auHAMUKM ( K, ), KOTOpbIH

MOXeET MPUHUMATh KaK OTpHUIATeNbHbIE (TIPH pa3-
Tpy3Ke), TaK W MOJOXKUTENbHbIe (TIpU JOTpy3Ke)
3HaueHus. JlmHamm4yeckne NOOAaBKM PAaMHBIX CHII
NPUHATO YYUTHIBATh KOI(DOUIIMEHTOM TOPHU30H-
TanbHOM auHamukK (K ), KOTOpBIA TpU yBEH-

YyeHHMH OOKOBOI'0 JaBJIEHHs HaOerarolero Koseca
Ha pebC NMPUHUMACT IOJOKUTEIHHBIC 3HAYCHHSI,
a HpI/I YMeHI)HIeHI/II/I 3TOI71 CUJIbI — OTpI/IHaTeJII)HI)Ie.
C yd4eroM BBIIIECKA3aHHOTO JIHHAMUYCCKUEC
CHJIBI, IEWCTBYIOIINE Ha TIEPBYIO KOJECHYIO IMapy
CO CTOPOHBI Haberaromero u HeHaberarmero Ko-
Jieca, B pacUYeTHOW CXEME MPEACTABICHBI CIICIYIO-
VMU BBIPaKCHHUSIMU:
P, :Pcﬂ,z '(1+K

al, JIBH,HH )

(1)
H,=H, -(1+1{m1),

rae P, — BEpTUKaJbHAs CTATHYECKAs HArpyska

Ha HaOeraroniee 1 n HenabOeraromee 2 koneco, kH;
K K — BEITUYHUHBI KOA(PPHUIIMECHTOB BEPTH-

JIBH JIBHH
KaJbHOW TMHAMUKU HEOOPECCOPCHHOM YacTH Baro-
Ha JJIs1 TEX K€ KOJEC; Hp — BEJIMYMHA PaMHOM CHU-

7l O€3 yuera monepeyHoi aunamuku, KH; K —

KOA(PGUITMEHT TOPU30HTAIHLHOW TUHAMHKH HEO0O-
PECCOPEHHOM YacTy BaroHa.

Kpome 3Toro B TpaauIMOHHBIX PACUETHBIX CXE-
Max HE yYUTHIBACTCS BIHMSIHHE BETPOBOM Harpy3Kd
Ha OOKOBYIO TOBEPXHOCTHh Ky30Ba. JTa CHIA IpHU-
KJIQJILIBACTCS K TEOMETPUYECKOMY IIEHTPY OOKOBOM
TTOBEPXHOCTH U ONPEIEISIETCS BEIPAKCHUEM:

2
FB=S-p-V;, 5

rae S — 1wiomanas OOKOBOW MOBEPXHOCTH Ky30Ba,
M’ p — IUIOTHOCTH BO3ayXa, Ila; ¥/ — CKOpOCTB

BeTpa, M/C.

2
3nece BbIpaxkenue 0,50-V — 310 naBieHue

BeTpa Ha OOKOBYIO MOBEPXHOCTH Ky3oBa. B [7]
MPUHATO PACUETHOE JaBJICHHWE BETpa paBHOE
500 ITa, urommamk GOKOBOW MOBEPXHOCTH KPBITOTO
BaroHa KoseGuercs B mpeaenax ot 38 m> (Mozeib
11-217) 1o 49 m* (Mozens 11-260), IIpY 3TOM CHJIa
OT BETpOBOI Harpy3ku coctasiseT 19-25 xH. Ec-
JIM TIpU 3TOM BETEp HANpaBJeH BHYTPb KPUBOIL, TO
CHJIa BETPOBOW HAarpy3ku OyAeT crnocoOCTBOBAaTbH
JTOTIOJTHUTENBHOM pasrpy3ke HaOeraromiero Kojeca,
YTO CYIIECTBEHHO TMOBIUSET HA YCIOBUS BBDKHMA-
HUS BaroHa.

C y4eToM Bcero CKa3aHHOTO BHIIIE, COCTaBIIe-
HBl pacueTHBIE CXEMBI B3aMMOJEWCTBHS BarOHOB
MexXIy coboil u ¢ myTteMm [5, 6]. DT cxeMsl mpe-
CTaBJICHBI Ha pHC. 2 U 3.

Ha puc. 2 Bce cuibl, AeMCTBYIOIIME HA BaroH,
CIIPOEKTHUPOBAHBl Ha IUIOCKOCTh IYTH, a TaKkKe
IUIOCKOCTH €l MepNeHIUKYIApHbIE — IPOJOJIbHYIO
OTHOCHUTEJIFHO OCH IIYTH U MOTIEPEYHYIO.

I'me G, — Bec ky3oBa BaroHa, kH; G, — Bec He-
obOpeccopeHHOi yacTh Tenmexku, kH; o — yrom
HAaKJIOHA IIyTH K TOpU30HTanW, pag; N, u N, —
MPOAOJbHBIE YCUINA, AEHCTBYIOIINE B aBTOCLEI-
Kax BaroHa, kH; Z, u Z, — BepTHKaJIBHBIE CO-
CTaBJISIIOIIME TIPO0JIbHOrO yeunust, KH; 2a — pac-
CTOSIHUE MEXIy IEHTPaMHU KIMHOBBIX OTBEPCTHH
CLETIJIEHHBIX aBTOCLENOK, M; A, — pa3HOCTb YpOB-
HEW ocell aBTOCLENOK BIIEPEIM BaroHa, M; A, —
pa3HOCTh YPOBHEH OCEH aBTOCIIETIOK C3a]i BaroHa,
M; ¥, m Y, — rOpH30HTaJIbHBIE IONEPEYHBIE CO-
CTaBIAIOINME IponoabHoro ycmnus, kH; X, u X,
— TOPH3OHTANBHBIE TPOJOIBHBIE COCTABIISIONINE
npononbHoro ycunus, kH; 7, — Bbicora ot YI'P

JI0 BEpXHEH TIIOCKOCTH [EHTPAIBLHOTO PECCOPHOTO
KOMIUIEKTa, M; /i, — BBICOTa LEHTPA TSXKECTH Ba-

rOHa HaJl YPOBHEM TOJIOBOK PENbCOB, M; /i, — BbI-
cota ot YI'P no mentpa Tsbkectn OOKOBOH IIO-
BEPXHOCTH Ky30Ba BaroHa Haj IUIOCKOCTBIO OIH-
paHus HaJpecCOpHBIX 0anok, M; G, — Bec Konec-
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HOit mapel, kKH; H | — pamHast cuita, AeHCTBYOMAs

Ha KOJIECHYI0 napy, kH.

' L
' [
) L L L |
T
Gi A
N Z2 10 Z1t lGG
z
sedNg xi | oonthy
Xz ztmm |
R S S S —

Puc. 2. PacueTHas cxema cocraBa Io€31a U NMEPEKOCHI €€ DJIEMEHTOB
B IUTaHE IIPpHU JIEUCTBUH TMPOAOJIBHBIX C)KUMAKONINX CUJI C YUYETOM CHUJIBI BETpA

Fig. 2. The analytical model of train set and distortions of its elements
in plan view under action of longitudinal compressive forces, taking into account wind strength

4 2 |

— H1 [\
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|
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| !
& Yo M

P&
B Pe.

2s

Puc. 3. PacuetHas cxema cuil, ISHCTBYIOIINX HA TEIECKKY
B pe3yJIbTaTe IPOJONBHOTIO CKATHS

Fig. 3. The analytical model of forces acting
on the bogie as a result of longitudinal compression
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3aBUCUMOCTD 151 ONpeAeeHus] Ko PHuIreHTa
3araca YCTOHYMBOCTH OT BBDKMMAHHUS MPOAOJIB-
HBIMH CUJIAMHU € YYE€TOM CHJI UHEPLIMU B KPUBOH |5,

6] u cocraBufIOIIeH OT JecTBHUS BETPOBOM Ha-
Tpy3Kd Ha OOKOBYIO TOBEPXHOCTh Ky30Ba BaroHa
UMEeT CJICTYIOUINI BHI:

K)I,Bz ng_u %
I+p-1gf
2 [ y2eh L h h h -
Pt et Mo 2l @ B |y oy, ey, g, P T
C. |28, at (S ¢S P S S S
* > o p )
L h
P 42| Y w | Vo h— @ T + B, | 2-p o |+
C. |25, S a-l S v S
h h
+N-|2 2—p-—2L vy, - 2+ E [ 2—pn-—=2

B mporiecce MoAenUpoOBaHUS IBHIKSHHS MOE3-
Jla, TO JM TPU PaccieIOBaHUH TPAHCIIOPTHBIX CO-
ObITHIH, TO JIM BO BPEMs BBIOJHEHUS Y4eOHOTO
3aJaHusl Ha TPEHaXepe MAIUHHUCTA, JUIS OILCHKU
NEHCTBHUI MAIIMHUCTA WUCHOJIB3YOTCS BEIHYUHBI
MPOJOJBHBIX CHJI B MEKBArOHHBIX COCAUHCHHUSX.
[ToaToMy ymoOHee OymeT B KadecTBE KPUTEPHS
OLICHKU YCTOI\/II‘H/IBOCTI/I BaroHa OT BbDKHWMAHUA
BMECTO BCIIMYUHBI Ky HCIIOJIB30BaTh BEIMYUHY

IPOJIOJILHON CUIIBI, MPU KOTOPOH K MEHbIIe J10-

MyCTUMOTO 3Ha4deHHsl (i1 TPY30BBIX BaroHOB
[K,,]=1,2 [7]). Ota xputnyeckas BeauvMHa MpoO-

JOJBHOM CHJIBI MOXKET OBITh IOJIyYeHA U3 BBIpaXKe-
Ut ot K (2), myTeM BBIDOKCHHS BEIMYHMHBI
NpOJONbHOM cuitbl (N =S, ) 4vepe3 mapamerpsl

BaroHa, nyTHn n A0IyCTUMYTIO BCJIIMUUHY

K, = [Kyﬂ] . Beluncnenus 3HaueHMs TMPOAOJIBHOM

CXKMMarolen Cuibl, ACHCTBYIONIEH Ha BaroH, Mpu

K=K, 2-|p,+
K}=2-K th
1 =2-K, - S.
K;ZM.(K Kﬂgz)
1gB—
1+ p,2gP
Kil :—1‘(K£[Bl +K£[B2)
1gB—w

KOTOpO# BemuunHa KO3 HUIMEHTa 3amaca yCTou-
YHUBOCTH OT BDKUMaHUsI OYJET paBHA JIOMYCTHUMO-
My 3HaYeHHIO (KPUTHYECKas CHja) OCYIIECTBIISCT-
C4 10 TTPOCTOM M IIMPOKO U3BECTHOM 3aBUCHMOCTHU
KaK JUCKPUMHUHAHT KBAJPATHOI'O YPaBHECHUSI:

s —ZPEP Z4kg 3)

® 2k

IlepBriit KOPEHB ATOTO PENICHUS MPEJACTABIAET
€000 UCKOMYIO CIKUMAIONIYIO TPOJIOJIEHYIO CHITY,
(U3UUECKUIA CMBICTT BTOPOTO — pacTATHBAIONIAS
MPOJIONIbHAS CHJIA, CIIOCOOHAsI MPUBECTH K BKATHI-
BaHHIO KOJIeca Ha PelibC.

BBenenue aMHAMUYECKHX
K- K
HETOCPEICTBEHHO BO BPEMs BBITIOIHEHUS YUeOHOI
MOE3JIKA Ha TpPEHaXepe, CYUIECTBEHHO YIPOCTHUT
BBIpQXCHUS IS ONpeeieHus KO3 PUIMSHTOB
KkBazpatHOro ypaBHeHus (9)—(11):

KO3 QUITMESHTOB
(4)—(8), xoTOpBIe OYIYT BBIYHCISATHCS

1 + “’llgB . hﬂ (4)
18— 1, S
18—
5 + 1+ Mlth . blK):[Bl + bZK;[BZ , (6)
B u, 28
_ 1+ Mlth . bZKleZ - blK[LBI (7)
gB-1, 28
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bK ,—bK
K?:_M.(KHBI_’_KHBZ)_'_ “2+1+H1th ) 1 xual’ (8)
igB—uy, tgf—u, 28
2
k:L.K{I_,_L. (1_’_3}.](;_5](3” , 9)
2-9,-C. C-a-l 14 b
c
p=\va-KF+2\va-[Kf‘—ZK§‘}—<p9KB-K§U (10

q=(G, +2G,)-K{ +4G, | n, —

rae 2¢ — 6a3a BaroHa, M; 28, — CyMMapHbIH HO-
MepPEYHbI pa3der pampl Ky30Ba BaroHa OTHOCH-
TCJIBHO OCH IIYTU B HAIIPABJIAOIIECM CCUCHUU, M, L
— paccTosHHe 0 TOPHU30HTAIX OT OCH BaroHa o
IEHTPa KIMHOBOTO OTBEPCTHUS aBTOCICIIKH, M; ¢ —
JUTHHA KOPITyca aBTOCIENKH (OT OCH CUEIUICHUS 10
KOHIIa XBOCTOBUKA), M; C. — rOpU30HTaJbHAS JKe-
CTKOCTh PECCOPHOTO TIOJBEIIMBAHUS OJHOH Te-
nexkd, KH/M; 2b — paccTrossHue MEXITy TOYKaMHU
MPWIOKEHUS! BEPTUKAIBHBIX CHJI, JEHCTBYIOIIUX
Ha OyKCBI KOJICCHOM Tapbl COOTBETCTBEHHO Ha Ha-
OerarolieM M HeHaOeraromeM Kojece, kKH; th -

BBICOTA BEPXa PECCOPHBIX KOMILJIEKTOB Hal YPOB-
HEM TOJIOBOK PENIbCOB, M; ¢ — BEPTHKAIBHOE pac-
CTOSHHE OT BEpPXHEH IIIOCKOCTH LEHTPAIBHOIO
PECCOPHOT0 KOMILIEKTA O YPOBHS OCH aBTOCLEII-
KU, M; h, — BBICOTA OCU aBTOCLENKH HAJl yPOBHEM
TOJIOBOK PEIIbCOB, M; /i, — BBICOTA LIEHTPA TXKECTH
OOKOBOI MOBEPXHOCTH Ky30Ba BaroHa Haj IIIOC-
KOCTBIO OIUPAHUS HAIPECCOPHBIX Oanok, M; 25 —
paccTosiHME MEXAy Kpyramu KataHus Kojec, M; [
— yroi, oOpa3oBaHHBIA NPSMOIMHEHHON YacThIO
KOHTypa mpo¢uiasi rpedHS Kojeca K IUIOCKOCTH
IyTH; Y, — yroja MIOBOPOTa, pas;

O,-L L
= J1+—=1, 12
Vo==j ( aj (12)
V,, — YTOJI IOBOPOTA OT KPHBOH, pajy;
LC
Yip = R’ (13)

@, — YIOJI IIOBOPOTA B BepTHKaJ'II:HOﬁ IIJIOCKOCTH,
pan;

(11)

L L
=@ | —+1|+¢,-| ——1], 14
(pakB (pl ( f j (p2 ( ( j ( )

2L, — nInHa BaroHa 1o OcsAM CLEIUIEHHs, M; R —

w

T+migB |, -[KIH—E-K;‘},
18— b

paguyc KpuUBOH, M; L, — KO3(D(GHULIUEHT TpeHHs
rpeOHsI 0 BBIKPYXKY TOJIOBKM peibca Ha HaOe-
rapmeM Kkomece; W, — KOIGGULUUEHT TpeHUs

rpeOHS O BBIKPYXKKY TOJIOBKH pejhbca Ha HeHale-
raromieM Kolece.

W3yuynM BIusHUE MapaMeTpoOB 3TOTO BBIpaXKe-
HUSI Ha BEIHUYUHY KPUTHYECKO# cuibl. OCHOBHBIC
rmapaMmeTphl 3TO — paauyc KpuBoi ( R ), BEIIMIUHBI
K03(pPUIIMEHTOB BEpTUKAIBHON AMHAMHUKH CO CTO-
ponbl HabOeratoniero (K, ) W HeHaOeraroIero

JIBH
(K

JIBHH

) Koiyieca, BENMYMHA KOA(PPHUIMEHTa TOpPH-
30HTAILHOM quHaMuKK ( K | ) U BETpOBas Harpys-

Ka Ha OOKOBYI0 HOBEpXHOCTb Ky3oBa (F,). IIpo-

BEpKa BIMSIHHS 3TUX TapaMETPOB Ha BEIMYUHBI
KPUTHUYECKUX CHJI BBHITIOJIHEHA JIJIS TIOPOYKHETO TI0-
JyBaroHa IMMPOKO pacIpoCTpaHeHHON mMonemn 12-
532.

s Toro 4To0BI MOKHO OBIJIO OJJHOBPEMEHHO
OIICHWTH BIMSHUE BCEX MEPEUNCICHHBIX BEIIIE TMa-
paMeTpoB, AMaNa3oH U3MEHEHHUS BCEX MapaMeTpOB
MpHUBENIeHbl K jauana3oHy 1. PaccMoTpum m3me-
HEHHE [TapaMeTPOB B CICAYIOMINX JUara3oHax:

— K03 (QUIIMEHTHl BEPTHKAILHOW JTUHAMHKHU
(K o » K g ) — 0,8 = +0,8;

— paamyc kpuBo# (R ) 300 + 900m;
— K03(PGUIIUECHT TOPU3OHTAIBHONH IWHAMHUKA
(K )—04++04;

— ckopocts Betpa V, —20 + +20 m/c.

JIBHH
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Pe3yabTaTthl

ITocne BBIMONHEHUS 3JIEMEHTAPHBIX IMPeodpa-
30BaHWH ISl TIPUBEJCHUS TUANIA30HOB BCEX Iapa-
METPOB K WHTepBalNy 1 IModydeHBI rpaduka w3-
MEHEHUS BETHINHBI KPUTUIECKOM CHITBI (puc. 4).

Kak crnenyer u3 puc. 4, HauMeHbIIIee BIUSHUE
Ha BEJMYNHY KPUTUIECKON CHIIBI OKa3bIBAET BEIH-
yiHa paguyca KpuBoi (R ), a HamOosbllee — Be-
mmyuHa K, . OcCTanbHblE paCCMOTPEHHBIE Mapa-

METPBI UMEIOT HE OMpPEJENAIoIIee, HO CYIIECTBEH-
HOE BJMSHUE Ha BEIHYUHY KPUTHYECKOW CHIIBI.
Takum 00pa3oM, MOKHO HCKJIIOUUThH 3aBUCUMOCTh
BEJIMYUHBI KPUTHUECKOM CHJIBI OT pauyca KPHUBOH,
YTO TO3BOJUT YNMPOCTHTH BhIpakeHus (9) m (10).
Htak, HEOOXOAMMO YHCIECHHO OIEHUTH «IIEHY»
Takoro ympomienus. Jlns cpaBHeHust B Ta0m. 1

TOJIBKO JJISi TeX MOJIeNeld BaroHOB, JUISI KOTOPBIX
BEIMYMHA KPUTUYECKOW CHJIBI HE TMPEBHILIAET
800 xH, T.k. Takue CUIJIBI BIOJHE MOTYT BO3HHUK-
HYTh B YCJIOBHSX 3KcIutyataruu [3, 4]. Pesynbra-
THI PACYETOB CBE/ICHBI B Ta0. 1.

W3 conmepxuMoro TaOMUIBI CIEAYyeT, YTO 3Ha-
YeHWs] KPUTHYECKHX CHJ HM3MEHHUJINCH MPUMEPHO
Ha 5—8,4 %, 4TO B YCJIOBHSIX HEIOJIHON oOmpee-
JICHHOCTH BEJIMYHMH napameTpoB BaroHa
W TYTH HE TPUBEAET K CYIIECTBEHHOMY HCKaxKe-
HUIO pe3yJIbTaToB. V13 BCcero 3Toro cienyer BhIBOA:
NpU ONpeNeIeHUH BEIMYUHBI KPUTUYECKOW CHIIBI,
CIOCOOHOM TpHWBECTH K BBDKUMAHHWIO BaroHa,
MOJKHO TIpeHeOpedb BIHMSHHEM pajiyca KpPUBBIX.
OKOHYATENbHO BBIPAKEHUS JJIS pacdyeTra BeIHdu-
HBI KPUTHYECKOW CHJIBI HIMEIOT BH!

2

NPUBECHBI BEIMYMHBI KPUTHYECKUX CHJI, PACCUH- k= Ya K2 (15)
o -5 <« ~ 1o
TAHHBIC C Y4ETOM pajuyca KpuBoit (S, ) u Ge3 ero 2-9,-C.
(S° ). B T1ab
yuera . B Tabnuie momerieHbl pe3ysbTaThl o L EA pa
Kp r=v, K'-o,. K. (16)
1000
900
— - —R*
800
- - - - \Ir‘
Kae1
700 p——t — — Kge2
L T T
600
500
400
-1
300 400 500 600 700 800 g 900
20 15 10 5 0 5 10 15 e, mfc 20
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Puc. 4. I'padvkn n3MEHEHHSI BETUIHHBI KPUTHUECKOHN CHUTBI

Fig. 4. The chart of change of the critical force value
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Tabnuna 1

BeanunHbl KPUTHYECKOH CHIIBI
NPHU BBIKHMAHUHM BAarOHOB

Table 1
The critical force value when
car lift resistance
Mozenb Barosa S,p [KH] S, [xH] %
12-532 639 684 6,6
12-2123 710 761 6,7
12-1-153 624 670 6,9
12-1303 668 719 7,1
12-1505 606 652 7,1
11-K255 585 637 8,2
11-066 707 772 8,4
13-4012-09 578 629 8,1
13-198 686 730 6,0
13-H004 677 733 7,6
13-192 602 649 7,2
13-3103-01 642 699 8,2
15-1727 596 631 5,5
15-1404 663 711 6,8
19-758 616 660 6,7
19-1217 651 699 6,9
20-4078 663 698 5,0
20-480 623 656 5,0
55-320 634 676 6,2
20-793 642 683 6,0

3aBucumocth (11) ocraercs B 3TOM citydae 0e3
U3MeHEeHUi. Pacyer BO3MOXXHOCTH BBDKMMAaHHUS
BaroHa, BBIMOJIHSEMBI MPH PACCIIEIOBAHUHU CEPhb-
€3HBIX TPAHCIOPTHBIX COOBITHH, CJIEIyeT MpPOBO-
IIUTH IS HAUXYJIIero codeTaHus BennmunH K

JIBH ?
K K

JIBHH ° ar
eM IapaMeTpoB OyJaeT pasrpy3ka HaOerarmero
KoJieca, orpy3Ka HeHaOeraromero, JONOTHUTEINb-
Has JUHAMHWYECKas IOTEpEeYHas CHJia, YBEIUYU-
BalOliass CHIy TPWKATHS Kojleca K PelbCy
W BETpOBas Harpy3ka, HalpaBjCHHAas B CTOPOHY
HeHaleraroIero koieca (BHyTpb KpuBoi). B aTom

. 1V, . TakuM HauXyalMM COYETaHH-

ClIydac BCIIMYHHBI K 1BH JOJIKHBI OBITh OoTpuLa-
K

TCIBbHBIMH, 4 BCIIMYHHBI K arl

JBHH ° H V; — II0-
JIOKUTCIIbHBIMU. BOHpOC O TOM, KaKH€ YHCJICHHBIC
3HA4YCHUA [OOJDKHBI IMPUHUMATh O3TU MMAPaMCTPhI
OCTaeTcs OTKPBITHIM. Hanpumep, BEIMYUHBI TUHA-

Mu4ecKkux rokazatenen (K., K K, ) moryt

JIBH ® © “ IBHH
OBITH CBSI3aHBI C TEXHUYECKUM COCTOSIHHEM ITyTH
Ha MOMEHT BO3HUKHOBEHHSI TPAHCIIOPTHOTO COOBI-
THSI, @ CKOPOCTh M HaIIPaBJICHUE BETPa MOTYT OBITh
B3ATHl M3 METeocBOAOK. M ecnu mosydyeHue HH-
(dopMaIi 0 HampaBJIEHWH M CKOPOCTH BETpa He
JIOJDKHO BBI3BIBATH OCOOBIX 3aTpyIHEHHH, TO Ha-
XOXJIEHHE CBSI3U MEXIY COCTOSHHEM INyTH U Be-
JTUYMHAMHE  KO3(QUIIMEHTOB IWHAMHUKH TpedyeT
JIOTIOJIHUTENBHBIX HccaeaoBaHuil. Iloka MoxHO
MOPEKOMEH/IOBATh BBIYHCIICHUE BEIMYHH K03(Ddu-
LMEHTOB JUHAMHMKH B 3aBHUCUMOCTH OT CKOPOCTH
JIBUKEHUS, KaK YKa3aHo B [7].

BennunHa KpUTHYECKOM CWIIBL JUIsI OLIEHKU
JEHCTBUIM MAaLIMHUCTA MIPH BBIIOJIHEHHH YY€OHOTO
3aJaHusl Ha TPEHAKEpe MAIIUHICTAa MOXKET OBITh
moytydeHa 6e3 TIIaTeTLHOTO BEIOOpa BHIMICYIIOMS-
HYTBIX TapameTpoB. B 3amaum oOyuaromied mpo-
rpaMMBbl, KaKoW SBISIETCS TPEHAKEP MAIIMHUCTA,
B OTOM CITydae BXOJUT JEMOHCTpAIHs TOTO, YTO
MOTJIO OBl MPOM3OUTH MPH «TAKHX-TO» JEHCTBUAX
MAaIIMHUCTa MO YIpaBiieHHto noe3noM. Iloatomy
B OTOM CJIy4ae MOXKHO 337aTh CpPEIIHUE BEIUINHBI
MapaMeTpoB NPH HANXYAIIEM WX COYECTaHHH.

rl

Haquaﬂ HOBHU3HA U MPaKTHYECCKasA
3HAYUMOCTDH

B nanHOM HcceoBaHnyM MpUBEIeHA METOANKA
onpezaencHus ko3 (UIMEHTa 3amaca yCTOWYHBO-
CTH OT BBDKMMAaHUS TPOJAOJBHBIMH CHJIAMH, HE-
CKOJIBKO OTJIMYAIoLasics OT MpuBeAeHHOU B [1, 8],
a TaKkXKe OICHUBAETCS BIUSHHE Ha 3TOT K0d(Ddu-
IUEHT CKOPOCTH JIBMDKEHUS TOJBUKHOTO COCTaBa,
KOX(PUIIMEHTOB BEPTHKAILHOW ¥ TOPH30HTAIIb-
HOM JMHAMUKH, a TaKXe€ BETPOBON Harpy3Kkd Ha
OOKOBYIO TIOBEPXHOCTh Ky30Ba BaroHa. Pa3spabo-
TaHHBIE TIPEIJIOKEHUS IO YTOYHEHHIO CYIIECT-
BYIOIIMX METOAWK OTpEeAeNeHHs 3HAYEHHs Ipo-
JIOJIBHOM C)KMMAIOLLEW CHUJIbl, JEHCTBYIOUIEH Ha
BaroH, NpU KOTOPOH BeIWYHMHA KOI(PQHUIMECHTA
3armaca yCTOMYMBOCTH OT BBDKUMAaHHA OyJIeT paBHA
JIOIyCTIMOMY 3HA4eHHIO, TIO3BOJIST OIICHWBATH
YCTOWYHMBOCTh KKIOTO BaroHa IMmoe3/ia OT BBIKH-
MaHUS HETOCPEJICTBEHHO BO BpeMsl MOJIEIMPOBa-
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Husl ero ABrxeHus. HawOosee 3(pexkTUBHO wHC-
MOJIB30BaTh ATy METOAMKY B TpEeHa)xkepax, MpeaHa-
3HaYeHHBIX Ui O0ydYeHUs MAIIMHHCTOB Oe3omac-
HBIM CIIOCO0aM BOXKICHHUS IT0E3/10B.

Pe3ynbpTaThl HMcceqoBaHU HalIM CBOE Hay4-
HOE€ WCIIOJIb30BaHUE B Psijie MyOIMKaIluii aBTOPOB
B CIEIHAJIbHBIX U HAYYHBIX W3JIaHUSX, BBICTYILIE-
HUSX HA HAYYHBIX KOH(PEPEHIIUIX.

BoiBoabI

B pesynprare aHaMUTHYECKUX WCCIEAOBaHUI
MOJIYYCHBI 3aBUCUMOCTH TIPOJOJIBHOM CIKUMAIO-
11 (7 CUJIBI, JEUCTBYIOLIEH Ha Baro”
C y4eTOM CKOPOCTH €ro IBMXEHUS, KOdPPHUIIHEH-
TOB BEPTUKAJIHLHONW M TOPU3OHTAIBLHON JUHAMUKH,
BETPOBOI HArpy3ku Ha OOKOBYIO IMOBEPXHOCTh KY-
30Ba.

Takum 00pa3oM, TOJIYYEHHBIE PE3yJIBTATHI
pacyeToB MO3BOJISIOT OOBEKTUBHO OIICHUTH BIHUS-
HUE MEPEUYUCIICHHBIX BBIIIE MapaMeTPOB Ha BEJU-
YHHY TPOIOJIEHON CKUMAFOIIEH CHUTBL.
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BU3HAYEHHS 1OIIY CTUMHUX CHI
TP OHIHIOBAHHI CTIMKOCTI BAHTA’KHUX BAI'OHIB
BII BUMABJIIOBAHHA B ITOI3TAX

Meta. B aHanmiTHYHOMY JOCIIDKEHHI PO3MISAIAIOTHCS: 1) 3B’S130K MiXk MO3IOBXHBOIO CHIIOO, IIIO JIi€ HA BaroH
y ckiani moi3nma; 2) OiYHI Ta BepTHKaJbHI CHIM B3a€EMOJIl y 30HI KOHTakTy Kojeca W peiiku; 3) nuHamiuHi
MOKa3HUKH BaroHiB i3 BEJIMYMHOIO0 Koe(illieHTa 3amacy CTIHKOCTI BiJ| BUYaBIIOBaHHS; 4) OTPUMaHHS 3aJIS)KHOCTEH
Mixk HuMH. MeToauka. J[oCTiKeHHS TIPOBOIIIOCS aHAJITHYHUM METOJOM OIIIHKH CTIHKOCTI BaHTa)XXHOTO BaroHa
IIpU pyci 3 Pi3HUMH IIBUAKOCTSMHM IO MPSIMHUX Ta KPUBHX IUITHKax Kojii. PesyabraTm. Y mporeci nociimkeHH]
pyXy moi3na, mpH po3cCiligyBaHHI TPaHCIIOPTHUX IOAIH, a TAKOX il 4aC BUKOHAHHS HAaBYAJIHHOI'O 3aBJIaHHS Ha
TpeHaXepi MaIIuHICTa IS OIiHKKA HOTOo Aii BUKOPHUCTOBYIOTHCS BEIHYMHMA MO3IOBXKHIX CHJI Yy MiKBarOHHHX
3’emHaHHsIX. OTpUMaHO BHpa3 Ui OOYHCIICHHS 3HAYEHHS IMO3IO0BXXKHBOI CTUCKAIOYOI CHUIH, MiF0Y0i HA BaroH, IpH
SKif BemMuMHA KoeQillieHTa 3amacy CTIHKOCTI Bill BHUYABIIOBaHHA JOPIBHIOBATHME JOIYCTHMOMY 3HAYCHHIO
(kputryna cwia). s OIHKM BIUIMBY Ha BEJIMYMHY IO30BXXHBOI CHIIM IMIBHIKOCTI pyXy, KoedillieHTiB
BEPTHUKAJIBHOI Ta TOPU3OHTANBHOI TMHAMIKH, a TAKOK BITPOBOTO HaBaHTAXKCHHA Ha O14HY IMOBEPXHIO Ky30Ba BaroHa
HaBE/IEHO PE3yJIbTaTH PO3pPaxyHKIB pyXy MOPOXKHBOTO miBBaroHa mozaemni Ne 12-532 mo kpuBiit paxiycom 250 M i3
nigHeceHHaM 150 MM i monepeyHrM po30iroM pamu Ky30Ba BaroHa IIOAO0 OCI HIISIXY B CHPSMOBYIOUOMY IE€PETHHI
B 50 MM. HaykoBa HOBU3HA. Y JaHOMY JOCIIKCHHI HaBEJCHO METOJUKY BU3HAYCHHS MMO3J0BXKHBOI CTHCKAOUOT
CHWJIH, sIKa JICIIO PI3HUTHCS BiJl 3arajbHONPUIHATOI. TaKoXK OIIHIOETHCS BIUIMB Ha HEi MIBHIKOCTI PyXy PyXOMOTO
CKJIafly, KoedilieHTiB BEPTUKAIBHOI Ta TOPU30HTAIBHOI AMHAMIKY i BITPOBOTO HaBAaHTa)KEHHS Ha OIYHY ITOBEPXHIO
Ky3oBa BaroHa. IIpakTM4Ha 3Ha4YMMicTb. ABTOpPaMH pO3pOOJICHO NPOMO3MIII MO0 YTOYHEHHS i1CHYIOUHMX
METOJIMK BU3HAYEHHs 3HAYEHHS [T03/I0BXKHBOI CTHCKAI04O01 CHIIH, /1i0401 Ha BaroH, NpH AKil BeJm4nHa KoedilieHTa
3amacy CTIiHKOCTiI BiJf BHYaBIIOBAaHHS IOPIBHIOBATHME [OIyCTUMOMY 3HaueHHIO. lle 03BOJMTH OLIHIOBATH
CTIMKICTh KOXXHOTO BaroHa Iioi3fia Bil BHYaBIIOBaHHS Oe3I0ocepeIHbO IIiJ] 9ac MOJICIIOBaHHS Horo pyxy. HaiOimem
e(peKTUBHO BUKOPHCTOBYBaTH I[I0 METOJMKY MOXXHAa B TpEHa)Kepax, MPU3HAUCHUX Uil HAaBYAHHsS MAIIUHICTIB
6e3neyHnM crioco0aM BOIIHHSA MOi3/IiB, Ta IPU PO3CIIiAyBaHHI IPHYUH CXOAY BaroHiB.

Kniouosi cnosa: 6e3mneka pyxy; BITpOBe HaBaHTKEHHS, OiYHA TIOBEPXHs Ky30Ba; HOPMH PO3PaxXyHKY; CTIHKICTh
BaroHiB Bijl BAYABJIIOBAHHS; IIBUKICT PYXY; KOC(DILIEHT CTIMKOCTI; MO3I0BXHS CTHCKAI4a CHja
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DETERMINATION THE PERMISSIBLE FORCES IN ASSESSING
THE LIFT RESISTANT FACTOR OF FREIGHT CARS IN TRAINS

Purpose. In the analytical research are considered: 1) relationships between the longitudinal force acting on the
car in the train; 2) lateral and vertical forces of interaction in the contact zone «wheel — rail»; 3) dynamic indicators
of cars with the magnitude of the car lift resistance factor; 4) obtaining of the dependencies between them. Method-
ology. The study was conducted by an analytical method assessing the sustainability of the freight car when driving
at different speeds on the straight and curved track sections. Findings. In the process of studying the motion of the
train, in the investigation of transport events, as well as during the training on the simulator operator, to assess the
actions of the driver, the values of the longitudinal forces in the inter car connections are used. To calculate the lon-
gitudinal compressive forces, acting on the car, in which car lift resistance factor will be equal to the allowable value
(critical force). To assess the impact on the value of the longitudinal force speed, coefficients of the vertical and
horizontal dynamics, as well as the wind load on the side surface of the car body are the results of calculations of
motion of the empty gondola car, model Ne 12-532 curve radius of 250 m with a rise of 150 mm and a transverse run
of body of car frame relative to the track axis of the guide section 50 mm. Originality. In this study, the technique
of determining the longitudinal compressive force was shown, that is somewhat different from the standard. So, as
well as assessing the impact on it the speed of rolling coefficients of vertical and horizontal dynamics and wind load
on the side surface of the car body. Practical value. The authors developed proposals on the enhancement of exist-
ing methods for determining the value of the longitudinal compressive forces acting on the car in which the safety
value of the car lift resistance factor will be equal to the allowable value. It will evaluate the stability of each train
car lift resistance factor directly during the simulation of its movement. The most effective use of this technique in
the simulator designed to teach the drivers a safe way of driving trains and in the investigation of the causes of cars
derailment.

Keywords: safety; wind loading; lateral surface of the body; rules for calculation; car lift resistance factor;
speed; stability factor; longitudinal compressive force

REFERENCES

1. Vershinskiy S.V., Danilov V.I., Chelnokov LI. Dinamika vagonov [Dynamics of cars]. Moscow, Transport
Publ. 360 p.

2.  Garg VK. Dukkipati R.V., Bomshteyn K.G., Pankin N.A. Dinamika podvizhnogo sostava [Dynamics of
rolling stock]. Moscow, Transport Publ., 1988. 392 p.

3. Gruzovyye vagony kolei 1520 mm zheleznykh dorog SSSR [Freight cars of 1520 mm gauge railways of the
USSR]. Moscow, Transport Publ., 1982. 111 p.

4. Gruzovyye vagony kolei 1520 mm zheleznykh dorog SSSR [Freight cars of 1520 mm gauge railways of the
USSR]. Moscow, Transport Publ., 1989. 175 p.

5. Shvyets A.A., Zhyelyeznov K.I., Akulov A.S., Zabolotnyy A.N., Chabanyuk Ye.V. K voprosu opredeleniya
koeffitsienta zapasa ustoychivosti ot vyzhimaniya legkovesnykh vagonov [Determination of the issue
concerning the lift resistance factor of lightweight car]. Nauka ta prohres transportu — Science and Transport
Progress, 2015, no. 6 (60), pp. 134—148. doi: 10.15802/stp2015/57098.

6. Shvyets A.A., Zhyelyeznov K.I., Akulov A.S., Zabolotnyy A.N., Chabanyuk Ye.V. Nekotoryye aspekty
opredeleniya ustoychivosti porozhnikh vagonov ot vyzhimaniya ikh prodolnymi silami v gruzovykh
poyezdakh [Some aspects of the definition of empty cars stability from squeezing their longitudinal forces in
the freight train]. Nauka ta prohres transportu — Science and Transport Progress, 2015, no. 4 (58), pp. 175-
189. doi: 10.15802/stp2015/49281.

7. Normy dlya rascheta i proektirovaniya novykh i moderniziruemykh vagonov zheleznykh dorog MPS kolei 1520
mm (nesamokhodnykh) [Norms for calculation and design of new and modernized cars of Ministry of
Railways of 1520 mm (not self-propelled)]. Moscow, VNIIV-VNIIZhT Publ., 1983. 260 p.

doi 10.15802/stp2016/61045 © A. A. IlIBer, K. 1. Xene3Hos, A. C Akynos, A. H. 3a6onotssiii, E. B. Yabantok, 2016

191



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk [{HinponeTpoBchKoro
HaIliOHAJIIBHOTO YHIBepPCHTETY 3ali3HHYHOTO TpaHcHopty, 2016, Ne 1 (61)

PYXOMUIL CKJIAJ] I TATA IIOI3/IIB

8.

10.

11.

12.

13.

14.

15.

Zheleznov K. 1., Akulov A.S., Yevdomakha H.V., Zabolotnyi O.M., Chabaniuk Ye.V., Shvets A.O. Trenazher
dlia navchannia mashynista mahistralnoho lokomotyva [Simulator for training the operator of the main
locomotive]. Patent UA, no. u 2013 09075. 2013.

Zheleznov K.I., Akulov A.S., Yevdomakha H.V., Zabolotnyi O.M., Chabaniuk Ye.V., Shvets A.O. Svidotstvo
pro reiestratsiiu avtorskoho prava na tvir No. 54184 Ukraina. Kompiuterna prohrama «Obucheniye
vozhdeniyu poyezdov mashinistov magistralnykh lokomotivov» [Computer program «Learning to drive trains
of drivers in mainline locomotivesy]. Certificate UA, no. 54184, 2014.

Taturevich A.A. Teoreticheskiye issledovaniya ustoychivosti podvizhnogo sostava protiv skhoda ot
vkatyvaniya grebnya kolesa na rels [Theoretical studies of stability of rolling stock against derailment from the
racking of the wheel flange on the rail]. Visnyk Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho
transportu imeni akademika V. Lazariana [Bulletin of Dnipropetrovsk National University of Railway
Transport named after Academician V. Lazaryan], 2003, issue 2, pp. 133-137.

Anyakwo A., Pislaru C., Ball A. A New Method for Modelling and Simulation of the Dynamic Behaviour of
the Wheel-rail Contact. Intern. Journal of Automation and Computing, 2012, vol. 9, issue 3, pp. 237-247. doi:
10.1007/s11633-012-0640-6.

Marquis B., Greif R. Application of Nadal limit in the prediction of wheel climb derailment (JRC2011-56064).
Proc. of the ASME/ASCE/IEEE. 2011 Joint Rail Conf. (16.03.—18.03.2011). Pueblo, Colorado, USA, 2011,
pp- 1-8. doi: 10.1115/jrc2011-56064.

Transit cooperative research program. Annual Report of Progress. Washington, Transportation Research Board
Publ., 2014. 112 p.

Track-Related Research Volume 5. Flange Climb Derailment Criteria and Wheel/Rail Profile Management and
Maintenance Guidelines for Transit Operations. Transit cooperative research program Report 71, 2005, 147 p.
Trzaska Z. Modeling of Energy Processes in Wheel-Rail Contacts Operating under Influence of Periodic
Discontinuous Forces. Journal of Transportation Technologies, 2012, vol. 2, pp. 129-143. doi:
10.4236/jtts.2012.22014.

Cmambus pexomenoosana k nyonuxayuu o0.m.H., npogh. C. B. Mammunoim (Yrpauna);, 0.m.n., cm.

Hayun. comp. H. A. Paduenxo (Vkpauna); k.m.u. nayk., cm. nayut. comp. H. M. Xauanypuosze (Yxkpauna)

[Toctynuna B penkomneruto: 05.12.2015
IIpunsra x neyatu: 15.02.2016

doi 10.15802/stp2016/61045 © A. A. IlIBer, K. 1. Xene3Hos, A. C Akynos, A. H. 3a6onotssiii, E. B. Yabantok, 2016

192





