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where T - is the kinetic energy, Il - is potential energy, ® - is the dissipative function, ¢; - is the
generalized coordinate, g; - is the generalized speed, Q; — is the generalized force corresponding to the
generalized coordinate ;. The dissipative function, kinetic and potential energy are defined below by the
relations
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In expressions (2 - 4): I, - the central moment of inertia of the body; ¢, ¢, ¢; - stiffness of one spring
set in kg/cm; oy, o, oz— resistance coefficients of one hydraulic damper in kg-sec/cm.

To derive a system of differential equations of motion of an articulated car, we substitute relations
(2-4) into equation (1), then after some transformations we obtain a system of differential equations in the
form [5]:
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Solving the system of differential equations (5) with respect to the highest derivatives, we obtain:
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where:
Fi =z, = (I + 13)61 — 1360, — 25]2¢; + [2, — (I + 13)0; — 136, — 2,]|2a;
Fy = (25 — 110, — 25)2¢, + (2, — 116, — 2z5) 2at5;
Fy = (23 + 116, — zg)2¢5 + (z‘z + 1,6, — 26)2a3.

Based on a comparison of the structural elements of the articulated and typical carriage, the
following geometric and mechanical characteristics were adopted: body length -19.540m, body height -
3.2m, width -3.0m, weight -42t and the total static deflection at full load is 45mm. The parameters
included in equations (5-6) take the following values: m = 39542 kg, I; = 521 m, 13 = 6.38 m,
Iy = 183- 10" kg'm®, ¢,=c;=394 Kg/cm, ¢,=380 Kg/em, o,=0,=26 Kg/cm, o;= 44 Kg/cm [6].

As criteria for assessing the running properties of cars, body accelerations and dynamic spring
deflections were selected. The former characterizes the smooth running of the car, and the latter the
stability of the wheel, i.c. wheel derailment [7]. It is known that the magnitude of the acceleration at
different points along the length of the car is not the same, since the vertical vibrations of galloping of the
body contribute to the value of the vertical acceleration of bouncing. Therefore, when solving the
differential equations of motion, the accelerations of the body were determined at two points: above the
Fridays of the trolleys and the Friday of the device for articulating freight wagons or above the wheelsets,
that is, in places where acceleration sensors are installed during field tests of wagons. The depth of the
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In an articulated car, the vertical dynamic deflection reaches a maximum value of 2.0 cm in spring
sets in the case of three irregularities, respectively, with a length of 6, 12.5 and 25 mm.

Conclusions. Based on the analysis of the results obtained, it was revealed that articulated wagons:
exclude the possibility of relative vertical movements of adjacent wagons, ceteris paribus dynamic
parameters; lead to a noticeable deterioration in driving properties, accompanied by an increase in the
magnitude of the vertical acceleration of the body. The values of accelerations and dynamic deflections of
an articulated wagon are 6% more than that of a four-axle freight wagon. It should be noted that the results
obtained by the authors of [1-3] are in good agreement with the results of this work.

The vertical acceleration of the front and rear of an articulated car is 30% greater than that of a typical
car. Outside the critical speed of an articulated car, the value of vertical dynamic deflections significantly
decreases in the case of an isolated roughness of 6 m or less in length.

The analysis of the obtained results shows that the use of the articulation device of the SAC-1 RUS
model worsens the dynamic characteristics of the articulated car, therefore, requires additional design
solutions. Hence, as a consequence, it is necessary to conduct experimental studies in order to clarify the
influence of dynamic loads on the track in accordance with the Technical Regulations for Traffic Safety in
Railway Transport.
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KYK BATOHBIHBIH JUHAMHUKAJIBIK KOPCETKIIITEPIHE MYIIEJIEY
KYPBLIFbICBIHBIH OCEPIH MOAEJAEY

Annortamust. Makanana mozeni SAC-1 RUS mymreney KypbUFbICH 0ap YK BATOHBIHBIH JHHAMHKAIBIK KOp-
CCTKITITEPi 3CPTTCITCH. JJMHAMHUKAIBIK KOPCCTKIIITSPAiH Oaramay KpHTCpHIi PETIHAC BATOH IMAHAINAFBIHBIH YACY
JKOHE «peccop-ap0ay KYHECiHIH THHAMHKAIIBIK Wiy CHIATHI AJTBIHFAH, OJIAP KOBFAIBICTHIH OipKATBIITHLIBIFBIH JKOHC
BaTOHHBIH, PEJILCTCH HIBIFBII KETICY MKAFJANBIH CHITATTAIIBI.

My1eneHreH BarOHHBIH, SPTYPIIL TETiCCi3mik OOMBIMEH KOBFAJFAHAA OHBIH Y3bIHABIFBI OOHWBIHINA TYPJ HYKTC-
nepAc maiina 0omaTeIH YACY KaFdaubl Oipack 6oaManasL «Peccop - apda» skyiieciHiH nu Qe peHIHATABIK TCHACY ISP
JKYHCCIH KYpacTHIpyda MATCMATHKAJBIK ammapar PeTiHae CKiHmi perti Jlarpawk TCHACY! KOMMAHBUIABL BaroH
KOBFATBICBHIHBIH AU(PPCPCHINATIIBK TCHACYJICP KYHCCiHIH MICNTIMiHCH ap0a TAOAHBIHBIH YCTIHACTI JKOHEC MYIICIICY
KYPBUIFBIIAPBIHEIH, YACY CHIIATHL, SIFHU JANANBIK CHIHAK KYPri3y Ke3iHAC YACY JATUHKTEPI OPHATHUIATHIH HYKTEICpIe
AHBIKTAIIBL.

SAC-1 RUS wmapkanel Mymency KOHABIPFBICHIMCH KOCBUFAH JKYK BAaTOHIAPBIHBIH CEKIIAPBI OJAPIBIH
KOJIZICHEH YKOHE BEPTHKAIb MKA3BIKTHIKTA 63apa alHAIYbIHA MYMKIHAIK Oepeai. Kypsims! Oip skammsr apbana Tipeyimi
6ap eKi Ti30eKTeH OPHAIACKAH BATOH CEKIITIAPBIH KOCYFa aAPHAIFAH.

BaroH ceKuMATApHIHEIH, YII KOOPIMHATANBIK OCbKE KATBICTHI OYPBIIYBI KYpPBIIBIMIA OOJATHIH C(Eepanbik
mapHupre OainaHbICThL. TETICCI3AIKTIH €Ki TYPl KApacTHIPbUIABI, aTall aWTKAHAA TYPIL Y3BIHIBIKTAFBI IIEPHOITHI
JKOHE OKIIAYIIAHFAH KON TETiCCi3Airi. BaroH KypBUIBIMBIHBIH JKOHE SKYTY ANMAPATHIHBIH KATTHUIBIFBI MYIICIICY
KYPBUIFBICHIHBIH KATTHUIBIFBI APKIIBI €CKEPLICII, SIFHH OPTAIla KATTHIIBIK ATbIHA/IBL.

Jonramax >xymraps! e3iHiH Oy OCiHE KaThICTHI aifHANAIBI YKOHE apOanapAblH OYHIPIIK apKAIBIFBIHA KATHICTHI
IArepieMeni OpbIH aybICTRIPMAAbl. EKi O6TIKTEH TypaThlH NIAHAIMAKTHIH BEPTUKAIL OPBIH AyBICTHIPY >KAFAAUBI — 7
JKOHE Z,, 7 IMOKBIPAKTay Oyphrmrapsl — 0; sxone 0,. YKanmblianFaH KOOPAMHATTAP PETIHAE Z,, 8, skoHE 8, aNbIHABL.

BaroHHBIH JKYPTisrill KACHCTTCPIH Oaranay KPHTCPHHICPI PETIHAC IMAHAINAKTHIH YACYI MCH PECCOPIBIH
JUHAMHAKAITBIK HiTy1 aaeIHabel. BipiHIIICI BATOH KO3FAIBICHIHBIH OipKATBINTHIFBIH CHIIATTANIBI, AT CKIHIIICI JOHTCICK
TYPAKTHUIBIFbIH, SIFHU TOHTCIICKTIH PEIbCTCH IIBIFYbIH CHIIATTAWABI. BaroH y3bIHIBIFE OOMBIMEH TYPJI HYKTEICPACT]
Yaey mamacel Oipaeh eMec eKEHIri Oenrifi, eWTKEeHI MAHAMAKTHIH BEPTHKAID IMOKBIPAKTay TEpPOCIICi BEPTHKAIb
CCKIpy YACYiHIH caH MoHiHE ocep eremi. COHOBIKTAH KO3FAIbIC Tu(PepCHIHATIBK TCHACY1H IICIIKCH KS31¢ ICHCHIH
YZEY YaAepici €Ki HYKTEAE AaHBIKTAnabpl: ap0a TaOaHAAPBIHBIH YCTIHAC >KOHE XXYK BAarOHJAPBIHBIH MYIIEJICY
KYPBUIFBICHIHBIH TAaOAHBIHIA HEMECE JKYII TOHFANAKTAPBIHBIH YCTIH/C, SIFHM BAaTOHAAPBI AAJAIBIK CBIHAKTAH 6TKI3Y
GapbICHIHAAFHI YACY AATUHKTEPl OPHATHLUIFAH XKEpIep/e.
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AJBIHFAH HOTIDKEICPI TaNJAy HETi31HAC MYIICICHICH BATOHAAPABIH: OpAcH THHAMUKAIBIK apaMeTpIIi KepImi-
JeC BarOHJAPIBIH CAJBICTBIPMAJIBl BEPTHKAND OPBIH AYBICTBIPMANTHIHIBIFEI AHBIKTANIBL, MIAHAKTHIH BEPTHKAIb
YACYIHIH CaH MOHIHIH 6Cyl KYpPYy CHIIATBIH aWTapibIkrail Hamapiaraael. MYIIEJICHTEeH BArOHHBIH YACYI MCEH
JUHAMHKAIBIK HUTYIHIH CAaH MOHI TOPT OCBTI JKYK BaroHbIHA Kaparanaa 6% apTsk. MyIIeneHIeH BarOHHBIH AJIIbIH-
FBI )KOHE apPTKbI OOIIKTEPiHIH BEPTUKAID YACYIHIH CAaH MOHI THITIK BaroHra KaparaHga 30% yikeH. ¥3bIHABIFEL 6 M
HCMECE OJIaH A a3 OKIIAYIAHFAH TCTiCCI3AIKTE KPHTHKAJBIK SKbLTTAMIBIKTHIH IMICTIHCH ACKAHA, MYIICICHTCH BAaTOH-
HBIH BEPTHUKAIb JHHAMHKAIBIK HITY YAEPICI alTapIIbITall a3as1bl.

Tyiiin ce3jaep: MYIICICHICH BarOH, NIAHAKTHIH YACYl, JMHAMHKAJIBIK My, KO3FAJBICTHIH OipKAIBINTHLUIBIFDL,
MYIICJICY KYPBUFBICHI, KOJIBIH TCTiCCI3MITL
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MOJEJAPOBAHUE BJIUAHUA YCTPOMCTBA COYWIEHEHUS
HA JUHAMHUYECKHE NIOKA3ATEJIHN I'PY30BbIX BAI'OHOB

AnHoTamus. B crarbe mccieayroTcs AMHAMHYECKHE TTOKA3aTeIH TPY30BOTO BATOHA C YCTPOWCTBOM COMICHE-
Husg — Mogemd SAC-1 RUS. B xauecTse KpUTCPHS OLCHKH JHHAMHYCCKHX ITOKA3aTCIICH BRIOPAHBI yCKOPCHHS Ky30Ba
BAarOHA M AWHAMHYECKHE IPOTHOBI CHCTEMBI «PEccopa — TENEKKa», KOTOPHIC XapaKTEPH3YIOT IDIABHOCTH X0Ja H
VCTOIYMBOCTB BATOHA OT CX0JA C PEIbCOB IIPH PA3IHIHBIX HEPOBHOCTSX Iy TH.

[Ipu ABIKCHUH COMICHEHHOTO BarOHA MO PA3IMYHBIM HEPOBHOCTSM Iy TH YCKOPCHHE, BOZHHUKAIOIIECE B PA3IHM-
HBIX TOYKAaX MO [UIMHE BaroHa, He 0AWHAKOBO. [Ipu cocrapneHun cucremsl AuhepeHINATBHBIX YPABHCHUH JTBHKC-
HUSI CHCTEMBI «PECCOpa — TENCKKA» B KAYECTBE MATEMATHYCCKOTO amapara MUCIOIb30BaHO YpaBHEHHE Jlarpamxka
2-ro poma. M3 pemenms cucreMbl U PepeHIMATEHBIX YPABHCHUH TBHKCHHUS BATOHA OTPEICISUINCH YCKOPEHH HA
TITHAKAMH TEIICKKH U YCTPOHCTBOM COUJICHCHHUS, T.€. B TOUKAX I'IC, KAK IPABUIIO, YCTAHABINBAIOTCS JATYHKH yCKO-
PCHUS IIPH HATY PHBIX MCITBITAHHSX.

Cexnuu BaroHa, COGTUHCHHBIC YCTPOHCTBOM IS COWJICHEHMS TPy30BBIX BaroHos Mapku SAC-1 RUS, ngomyc-
KAOT MX B3aUMHBII MOBOPOT B TOPH30HTANBHOM M BEPTHKAIBHON IUIOCKOCTH. YCTPOMCTBO MPEAHA3HAYCHO T
COCAMHEHUS JBYX MOCJICA0BATEIFHO PACTIONOXKEHHBIX CEKIMI BATOHA C OMUPAHUEM HA OJHY OOIMYIO TEIIEKKY.

IToBopoT cexumii BATOHA OTHOCUTEIBHO TPEX OCEH KOOPAMHAT MPOMCXOTUT 33 CUET HANMYHI B KOHCTPYKIUH
c(hepryecKOTO MMApHHUpPA. PaccMaTpuBammch ABa THIIA HEPOBHOCTH, 4 MMCHHO NEPHOIAMYECKAs! M H30IMPOBAHHAS
HEPOBHOCTb MYTH NPH Pa3IMUIHBIX JauHAX. JKECTKOCTh KOHCTPYKIMHM BAaroHA W ITOTJIOMAFOINCTO aIapara
VUATBIBAOTCS Yepe3 KECTKOCTh YCTPOICTBA COWICHCHMS, T.€. OEPETCS OCPETHEHHAS KECTKOCTb.

KouecHbie maps! BpamaroTcsi OTHOCHTEIBHO COOCTBEHHBIX 0celi Oy M OTCYTCTBYET HOCTYIIATEIBHOE IIEpeMeIe-
HHC OTHOCHTEIHHO OOKOBBIX OAJIOK TEICKEK. BepTHKaNbHBIC NMEPEMENICHHUS Ky30Ba, COCTOSIIECTO W3 ABYX YacTEH,
COOTBETCTBECHHO, Z H Zp ayIJIbl raJlONUpoBaHus - 8, u 0,. B xauecTBe 0000MICHHBIX KOOPAHHAT MPHHATHL: 75, 8, U 8,.

B kxauecTBe KpHTEpHCB OIICHKH XOJOBBIX CBOICTB BAarOHOB BBIOPAHBI YCKOPEHHS Ky30Ba M JMHAMHYCCKHUC
mporuOsI peccop. IlepBrie XapakTepHU3yIOT IUIABHOCTh XOAA BArOHA, 4 BTOPBIC — YCTOWYHBOCTH KOJIECA, T.€. CXOJ C
penbcoB Kojeca. M3BECTHO, WTO BEIMYMHA YCKOPEHHA B PA3IMUYHBIX TOYKAX [0 [JIMHC BAarOHA HCOJWHAKOBA,
TOCKOJIbKY HA 3HAUYCHHE BEPTHKAIBHOTO YCKOPCHHUS MOAPHITHBAHIS BHOCHT BKIIA BEPTHKAJIBHBIC KOJICOAHNUS Tano-
MUpOBaHKA Ky30Ba. [losromy mpu penreHnu auhepeHInaNTbHbIX YPABHEHUH TBIKCHHUS YCKOPEHHS Ky30Ba OIpEc-
JSLITACH B BYX TOYKAX: HAX IITHHKAMH TEIC)KEK M ILITHHKOM YCTPOHCTBA U1 COMJICHCHHUS TPY30BBIX BATOHOB WA
HAJ KOJICCHBIMH ITAPaMH, TO €CTh B MECTAX, I/I€ YCTAHABIMBAIOTCS JATYUKH YCKOPCHUS IIPH HATY PHBIX MCIBITAHIAX
BaTOHOB.

Ha ocHOBe aHanm3a MOJyYEHHBIX PE3yIbTATOB BBIABICHO, YTO COYJICHCHHBIC BATOH: MCKIFOUAIOT BO3MOXKHOCTH
OTHOCHTEJBFHBIX MIEPEMEIICHIH 10 BEPTHKAIN COCETHUX BarOHOB, MPH MPOYMX PABHBIX JTHHAMHYCCKHX ITAPAMETPAX;
TIPUBOIT K 3aMETHOMY YXVAIICHHIO XOJOBBIX CBOWCTB, CONPOBOKAAIONIMXCS POCTOM BEJMYUHBI BEPTHKAIBHBIX
YCKOPCHHI Ky30Ba. BeAMUMHBI YCKOPCHUH M JUHAMHYCCKHX MPOTHOOB COYWJICHCHHOTO BArOHA OOJBINC HA 6%, YeM
YETHIPEXOCHOTO TPY30BOTO BAaroHa. BepTukanbHBIC YCKOPECHUS TEPEAHEH W 3aJHCH YaCTH COWJICHCHHOTO BaroHa
60xpmre Ha 30%, yeM y THIOBOTO BAaroHa. 3a MPEAcIaMu KPUTHICCKOW CKOPOCTH Y CO'JICHEHHOTO BArOHA BEIMYHHA
BCPTUKAIBHBIX JWHAMHYCCKHX IPOTMOOB CYIIECTBEHHO YMCHBINACTCS B CIyYac H30JIHPOBAHHONH HEPOBHOCTH
JUTHHOHM 6M H MCHEE.

KiroueBnie ¢j10Ba; COWICHCHHBIH BATOH, YCKOPCHUC KY30Ba, AMHAMHYCCKAH MPOTHO, TUIABHOCTD X014, YCTPOTC-
TBO COYJICHCHHS, HEPOBHOCTH Iy TH.
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