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BU3HAYEHHS CTIMKOCTI PIBHOBAT Y BAI'OHA-ILIAT®OPMU
3 YPAXYBAHHSAM HUKJIIYHOCTI HOCTPIJIIB 3 3EHITHUX
YCTAHOBOK, POSMIIIEHUX HA HBOMY

JloBebka A.O., @omin O.B.

DETERMINATION OF THE STABILITY OF THE EQUILIBRIUM
WAGON-PLATFORM TAKING INTO ACCOUNT THE CYCLICITY
OF SHOOTERS FROM ANTI-AGENCY PLACES PLACED ON IT

Lovska A.O., Fomin O.V.

Hocniooiceny ounamiuny nasanmasicenicms Hecy4oi KOHCmpy-
Kyii' sazona-niamegopmu npu 8edenti eocuaHoi Oii. [ns yvoco
CKNIA0eHo MamemMamuyny mooeib, AKd 8paxosye YUKIIYHICIb
nocmpinie 3 3eHIMHUX YCMAHOBOK, DOSMIWEHUX HA BA2OHI-
nnam@opmi. Po3s’azox mamemamuunoi mooeni npogedenuii 8
npoepamuomy komnaexci MathCad. Ilpuckopenns, sxe die na
Hecyyy KOHCMPYKYil0 8a20HA-NAAM@POPMU Y BEPMUKATLHIN
NIOWUHI CKAAN0 OIU3LKO 5 ey nonepeuiu nIOWUHI npuc-
Kopenns ckiano Gnusvko 4 m/c’. Ompumani eenuuunu npucko-
PeHb 8DPAX08AHO NPU BUSHAYEHHT Koeiyienmy cmilikocmi pig-
Hogazu eazoHa-niameopmu. Bemarnoesneno, wo cmitikicme pi-
8HOBa2U B8acoHa npu nocmpini 3abesneuyemouca. IIpogedeni
00CTIONCEHHST  CNPUAMUMYMb CMEOPEHHIO THHOBAYINIHO20 PY-
XOMO20 CKIady, a 5K HACHIOOK, NIOGUUEHHIO epeKmueHoCmi
excnayamayii 3ani3HUYHO20 MPAHCNOPMY Ma 000POHO30am-
HOCmI Kpainu.

Knwwuoei cnosa: sazou-nnamgopma, necyua KOHCMPYKYis,
OUHAMIYHA HABAHMAdCEHICMb, CMIUKICMb pieHosazu, KOMOI-
HOBAHI nepege3enHsl.

Beryn. Ha croromnimHii eHb niepen YKpaiHoro,
SIK MalIMHOOY/IIBHOIO KPATHOIO 3 CYTTEBUM TPaH3UTHUM
MOTEHIIAJIOM Ta BHYTPIIIHHOI0 PO3BUHEHOIO TPAHCIIOP-
THOIO 1H(QPACTPYKTYpOIO, TOCTPO CTOSITh BUKIMKH €KO-
HOMIYHOTO, COILIaJTbHOT0, TEXHIYHOTO XapakTepy, a Ta-
KOXX HallloHaIbHOI Oe3neku Ta oboponu. st 3amizHud-
HOI CKJIaZIOBOI, sIKa Bifirpae BHpIMIANBEHY pOIb B BHPI-
IICHHI TpoOJeM TPaHCIOPTHOI Taxy3i KIFOYOBHM 3a-
BIAaHHSAM € CTBOPEHHS IHHOBAIlIHUX pecypco3bepiraro-
YUX KOHCTPYKTHBIB BaroHiB, siKi MOTJIM O BUKOPHUCTOBY-
BaTHCS 1 y BIHICBKOBO-CTpATETIuHUX LUIAX KpaiHu. s
CTBOPEHHSI TaKUX KOHCTPYKIIIHi BaroHiB HEOOXIITHUM €
BU3HAUYECHHS JTMHAMIYHOI HABaHTa)KEHOCTI MpH TIepeBe-
3¢HHI BIHCHKOBOI TEXHIKH, a TAKOX MOYKIHBOCTI BEJCH-
Hsl 3 HUX BOTHSHOT [ii.

HopwmaruBHa 6a3a y BiAIOBITHOCTI 3 SIKOO 31iiic-
HIOETHCSI TIPOEKTYBAaHHS PyXOMOTO CKJIaay He BimoOpa-
JKa€ THUTaHb TUHAMIYHOI HABAaHTAKEHOCTI PYyXOMOTO

CKJIa[ly TIPH 371ICHEHHI 3 HROTO BOTHSHOI [ii, IO 3yMO-
BIIFO€ HEOOXIMHICTH 1I JOMMOBHEHHS. BupimeHHs Takoro
3aBJaHHS CIIPUSTHME CTBOPEHHIO 1HHOBAIIIHOTO PyXO-
MOTO CKJIaJy, & SK HAacJiJIOK, MiJIBUIICHHIO e(eKTHBHO-
CTi eKcIUTyartalii 3ali3HUYHOrO TPAHCIOPTY Ta 00opo-
HO3/IaTHOCTI KpaiHH.

AHami3 ocTraHHIX JocHimKeHb i myOsikamii.
KoHcTpykuiiiHi  0cOOIMBOCTI BaroHa-riaTopMu  JIs
mepeBe3eHHs BIHChKOBOI TexHik Monem 13-192-01 Bu-
CBITIIIOIOTECS y [1]. Baron ocHammenuii amapemo s
3aBaHTaKCHHsI/BUBAHTA)KCHHS BIIICHEKOBOT TEXHIKH.

Baron-miatopMa 3 OCHOBHM HAaBaHTaXKEHHSIM
27 1/Bich Ta Bi3KaMH 3 MIMPUHOIO KOJTii 676 MM A Tie-
pPEBE3eHHS KOJICHOI Ta TYCEHWYHOI TEXHIKH po3po0die-
Huii YpansaronzaBonoM (Pocist). Baron 0yB mpencras-
JIeHUH Ha BHCTaBLi OOOPOHHOI'O CEKTOpa B paMKax BH-
craBku DefExpo 2020 B Jlakxnay [2].

[Tpyn 1bOMy HE OTOBOPIOETHCS UM € MOXKIIHMBICTH
3MIHCHIOBATH BOTHSHY [i0 3 BaroHa-1uiaTGopMu Npu
pyci.

Bubip mapamerpiB Barona-matdopMu U Iepe-
BE3CHHS KOJICHOI TeXHIKH MpoBoauThes y [3]. HaBene-
HUHA OIJIS ICHYIOUMX KOHCTPYKIIH BaroHiB-tuiathopm
JUTS TIepeBe3eHHs KOJICHOI TeXHIkW. BucBiTieHi 0c00-
JUBOCTI  PO3pPOOKM  HOBOI  KOHCTPYKII  BaroHa-
wiaThOpMH ATt KOHTPEHICpHUX TTepPeBe3EHb.

ABTOpPOM HE BHUCBITJIIOIOTHCS] IIMTaHHS MOXJIMBOC-
Ti BUKOPHCTAHHS BaroHa-ruiaTGopMu IUis MepeBe3eHHs
BIHCBHKOBOI TE€XHIKH, 10 Ha JaHUH Yac € JJOCUTh aKTya-
JIBHUM MTUTaHHSIM.

[TigBuiieHHs piBHS HAMIMHOCTI KPIIUICHHS BIHCh-
KOBOI KOJIICHOI TEXHIKM Ha 3ali3HWYHIN Iatdopmi
IIJISIXOM BUKOPHCTAaHHS YJOCKOHAJICHUX TEXHIYHHUX 3a-
co0iB mpoBoauthcs y [4]. OmmcaHo KOHCTPYKITiHHI
0COOIMBOCTI TPOCOBOI TabeNbHOI PO3TSHKKK Oararopa-
30BOr0 BHMKOpHCTaHHA. OIHAK HE OTOBOPIOETHCS UM
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MOXKE JaHa PO3THKKA BUTPUMYBATH 3YCHIUIS, SKI AIIOTH
Ha Hel pU BEeJIeHH] BOTHSHOT JIiT 3 BIHCHKOBOT TEXHIKH.

Bu3HaueHHs IOKa3HUKIB MIIHOCTI JOBro0asHoi
KOHCTPYKIIi BaroHa-raTpopMu MPOBOAUTECS y [5].
PospaxyHok  3mificCHeHWH i1 JBOX  BapiaHTIB
3aBaHTAXEHHsI, IPH SKUX OyJIO OTPUMAaHO HaHOLIBII
3rMHAJbHI MOMEHTH. BH3HaueHHs MaKCUMaIbHHX
eKBIBAICHTHUX HANpyXeHb y OCHOBHUX HECY4HX
€JIEMEHTaxX paMM 3[IMCHEHO 3a METOJOM CKiHYEHHX
€JIEMEHTIB.

AHami3 KOHCTPYKIIii iHHOBALIHHOTO BaroHy IS
IHTEepMOJAIIEHUX TIEPEeBE3eHBb MPOBOAUTECA y [6]. Baron
NPU3HAYCHUH UL IIepPEeBE3CHHS BaHTAXKHUX
aBTOMOOLITIB 3aJII3HULIEIO. [MepeBanTaXKeHHS
aBTOMOOLIIB MOXe 3IIMCHIOBATHUCS 34 JOIOMOTO0
crneniaibHol 00epTOBOi TIATGOPMH 3 BUKOPHCTAHHIM
CiJIeNBHOTO TATayYa.

Opnak B pobOoTax HE OrOBOPIOETBCS YU €
MOXIIUBICTh 3/1IHCHIOBaTH NEPEBE3EHHsS BiHCHKOBOL
TEXHIKA Ha BaroHax-mwiarGopMax Ta MPOBOIUTH
BOTHSIHY IO 3 HUX.

Oco0a1MBOCTI IPOSKTYBaHHS 3aJi3HUYHOTO BaroHa
UL IHTepMOJANBHHX MEepPEeBe3eHb 3  aJalNTOBAHOIO
3aBaHT)XYBaJbHOI MAT(GOpPMOI0 po3risiHyTi y [7].
[MpuitHATI  KOHCTPYKIINWHI ~ pilIeHHS  OOIpyHTOBaHI
CTaTMYHUMH Ta JAWHAMIYHUMH JOCHI[UKEHHSMH B
nporpamanx komrurekcax ANSY'S ta ADAMS/Rail.

B crarTi He BUCBITNIIOIOTHCS TUTAHHS MOKJIMBOCTI
NepeBe3eHHs] BIHCHKOBOI TEXHIKM Ha po3poOIeHii
KOHCTpYKIii BaroHa-1uaTGopmu.

Metra crarri. MeTor crarTi € MOAEIIOBAHHS M-
HaMiYHOI HaBaHTa)KEHOCTI HeCy40i KOHCTPYKIIii BaroHa-
1aT¢opMH TIPU BEJCHHI BOTHAHOI Aii 3 HBOTO 3 ypaxy-
BaHHSIM OUKJIIYHOCTI TIOCTPLTIB 3 3€HITHIUX YCTAHOBOK.

JI1st MOCSTHEHHS 3a3HAYEeHOT METH BH3HAYCHI TakKi
3aBJIaHHS:

- CTBOPUTH MaTeMaTHYHY MOJENb ISl BU3HAYCHHS
JIMHAMIYHUX HaBaHTaXXEeHb, SIKI JIIIOTh HA HECydy KOHC-
TPYKI[iF0O BaroHa-1miaat)opMy NpH BeAEHHI BOTHSIHOT il
3 HBOT'O 3 ypaxyBaHHSM LUKIIYHOCTI TIOCTPLJIIB,;

- BU3HAUUTH KOeQili€HT CTIHKOCTI piBHOBaru He-
Cy40i KOHCTPYKIii BaroHa-1mat¢opMHy IIpy BEeAECHHI BO-
THSHOI JTiT 3 HBOTO 3 YpaxyBaHHSIM IHKIIYHOCTI MOCTpi-
TiB.

Buxsian ocHOBHOro MaTtepiajdy IOCTiZKEHHS.
JI1st MO>KITBOCTI BeI€HHS BOTHSHOI Aii 3 HeCy4oi KOHC-
TPYyKIii BaroHa-miatpopMu MpHu pyci MPOBEJEHO MaTe-
MaTHyHe MopemoBaHHA. CKIaIeHO MaTeMaTH4Hy MO-
nenb (1), ska BpaXxOBYE KOJIMBAaHHS IiJCKaKyBaHHs Ta
OiuHy xuTaBuIfo. Po3paxyHkoBa cxema HaBelleHa Ha
puc. 1.

BpaxoBaHo, 110 BOTHSIHA JIisl BEIETHCS 3 JIBOX 3€-
HITHUX YCTaHOBOK 3 JyJIbHOIO eHeprieio 89 kJx.
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Puc. 1. Po3paxyHkoBa cxema BaroHa-miathopmu,
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wiaTopMu NpHu MOTpinti; M, — MOMEHT CHIIH, SIKMH Jii€
Ha Hecydyy KOHCTPYKIIIO BaroHa-1oiatpopMu MpHU IOT-
pii.

Po3B’s130k MareMaTH4YHOI Mozeni 3AifiCHEHui B

nporpamuomy cepenosuini MathCad 3a meronom PyH-
re — Kyrra [8 — 10]. Ins nporo BBeIcHO TO3HAYEHHS
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Matpuns iHepuiiHUX KOe]Iimi€HTIB Ma€e BUTIISIT
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Marpuris npy>XHUX KoedilieHTiB
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Ha mingcraBi mpoBeneHHX pO3paxyHKIB OTPHUMaHO
MIPUCKOPEHHS, AKi JII0Th HAa HECYdy KOHCTPYKIIIO Baro-
Ha-TuIaTGOpMH NpH BEAECHHI BOTHSHOI Aii y BEpTHUKANb-
Hilf ronuHI (puc. 2) Ta nonepeuHii (puc. 3).

BcTaHoBIIeHO, 10 BEMYMHA IIPUCKOPEHHS, SIKE JIi€
Ha Hecydy KOHCTPYKII0 BaroHa-raThopMu y BepTH-
KJIBHIN IWIOIMHI CKIanae OIu3bKo 5 M/c’. V norepey-
Hiil IUIOIIMHI IPHCKOPEHHS CKIANo OM3bKO 4 M/c’.

OTpuMaHi BEMUYUHN NMPHUCKOPEHb BPAaXOBaHO HPH
BU3HAYCHHI KOEe(ILi€HTY CTIMKOCTI PIBHOBAarW BaroHa-
wiardopmu. Po3paxyHkoBa cxema HaBeieHa Ha pHC. 4.

YMoBa piBHOBard BaroHa-miatoOpMu TpH 31ikic-
HEHHI OCTPLTy 3 3¢HITHUX YCTaHOBOK Ma€ BHUIVISII:

M,
kc > sion , (7)
Mnep
ne M, — BemuuMHA BiAHOBIIOBAIHHOTO MOMEHTY,
M, — BenMUMHA IEPEKUIATHOTO MOMEHTY.
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Puc. 3. [IpuckopeHHs, sKi Ail0Th Ha HECY4y KOHCTPYKIIiIO BaroHa-1uiaTopMu y MonepedHiil miomumHi



58 BICHWMK CXIOHOYKPATHCBKOIO HALIOHAIIBHOIO YHIBEPCUTETY imeni Bonogumupa Oanst Ne 1 (265) 2021

VA
1
|
Y [
0] I
‘ P“ I
[
h
P,
1 ]
- s s
Puc. 4. Po3paxyHkoBa cxema BaroHa-1iat(opMu
JUTS BA3HAYCHHS CTIHKOCTI piBHOBaru
Benuunna nepekuaanibHOr0O MOMEHTY BH3HAUAE€Th-
Csl

M, =P h,

)

ne P, — Bara-GpyTTo HeCy40i KOHCTPYKIIii Baroua; b —

HaIiBIIMPHHA BaroHa, P, — HaBaHTaXXEHHs, sKe Hepe-
IOAEThCSl HA HECYdy KOHCTPYKIIIO Mpu mocTpimi; h, —

BHCOTa rpebeHs Kojeca; /I — BiACTaHb Bijl ICHTPY Baru
3€HITHOT YCTAHOBKH JIO PiBHS BEpXa FOJIOBKU PEHKH.

Ha mincraBi mpoBeneHnx po3paxyHKiB BCTAaHOBJIE-
HO, TI0 KOe(IiIlieHT CTIMKOCTI piBHOBAarWm HECy4oi KOHC-
TpyKuii BaroHa-marGopMu mpu 3MiHCHEHHI BOTHSIHOI
T OJIHIEIO 3€HITHOIO YCTAHOBKOIO MA€ 3HAYEHHS OJIM3b-
ko 4, nBoMa — O1m3bko 2. OTXKe CTIMKICTh pIBHOBAark Ba-
TOHa MPH MOCTPLNI 320€3MeuyeThCS.

BucHoBkmu:

1. CTBOpEeHO MaTeMaTH4Hy MOJEINb Ul BU3HAUCH-
HS JUHAMIYHAX HaBaHTa)XEHb, SKi TIIOTh HAa HECydy
KOHCTPYKIIiIO BaroHa-miaTGopMu MpH BEICHHI BOTHS-
HOI Z1ii 3 HBOTO 3 ypaxyBaHHSIM IIMKJIIYHOCTI HOCTPIiJIiB.
BpaxoBaHo, o BOTHsSIHA i BEAETHCS 3 JBOX 3E€HITHHX
YCTaHOBOK. BcTaHOBJIEHO, 110 BEMMYMHA TPHCKOPEHHS,
sIKe JIi€ Ha HECydy KOHCTPYKIII0 BaroHa-IuIaTGOpMH Y
BEPTUKAJIbHIN IJIOMIMHI CKJIaAa€e OIU3BKO 5 m/c2. V mo-
MepeyHiil IUIONMHI BeJWYMHA TPUCKOPEHHs CKJaja
6mm3bKo 4,0 m/c.

2. BuzHaueHO Koe]iLi€eHT CTIHKOCTI piBHOBAru He-
Cy40i KOHCTPYKIii BaroHa-miatopMu Ipy BeACHHI BO-
THSHOI JTiT 3 HBOTO 3 YpaxyBaHHIM IUKJIIYHOCTI MOCTpi-
niB. IIpn 1iboMy KoedimieHT cTiiKOCTiI piBHOBaru Hecy-
4Oi KOHCTPYKIii BaroHa-miat¢opMu TpH 3AiHCHEHHI
BOTHSIHOI [l OJHIEI0 3€HITHOK YCTAHOBKOIO Ma€ 3Ha-
yeHHs 0JIu3bKO0 4, IBOMa — OJIU3BKO 2.

[IpoBeneHi AOCHIHKEHHS CIPHITAMYTH CTBOPEH-
HIO HHOBAIIIITHOTO PYXOMOTO CKJany, a sIK HaclifoK,
MI/IBUIIEHHIO e()EKTUBHOCTI EKCILTyaTallil 3a1i3HUYHOTO
TPaHCIOPTY Ta 0OOPOHO3IATHOCTI KpaiHu.

Ionsika

JlaHi qOCHiIKeHHS MPOBEACHI B paMKaxX HayKOBOT
TEMHU MOJIOAMX BUCHUX “THHOBAIliiTHI 3acaau CTBOPECHHS
pecypco30epiraroynx KOHCTPYKTHBIB BaroHIiB MUITXOM
ypaxyBaHHs YTOYHEHHX JWHAMIYHUX HABAHTAXKECHb Ta
(hYHKIIOHAILHO-TANITUBHUX ~ (DICII-KOHIIENTIB”, sKa
BUKOHYEThCS 32 PAXyHOK KOIITIB IeP)KaBHOTO OIOKETY
Vkpainu 3 2020 p.
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JloBckas A.A., ®omuH A.B. Onpenenenue ycroifun-
BOCTH PaBHOBECHSI BaroHa-mjIaTgopmMbl ¢ y4eTOoM UHK-
JIMYHOCTH BBICTPEJIOB U3 3€HHTHBIX YCTaHOBOK, pa3Me-
IIeHHBIX HA HEM

Hccnedosano Ounamuieckylo HazpyiceHHoCy Hecyuyell
KOHCMPYKYUU  8A2OHA-NAAMPOPMbL  NPU  6€0eHUU OZHEBbIX
Oeticmeuti. J{na 3moz2o cocmagieHda Mamemamuieckas Mo-
0eltb, YHUmvl8aowas YUKIUYHOCMYb GbICHIPENO8 U3 3eHUMHbIX
YVCMAHOBOK, pa3MeujeHHbIX Ha eazoHe-niamgopme. Pewenue

MAMEMAMUYECKOU MOOeNU NPOBEOEHO 6 NPOSPAMMHOM KOM-
nnexce MathCad. Yckopenue, komopoe Oeilicmeyem Ha Hecy-
WY KOHCMPYKYUIO  8A2OHA-NAAMPOPMbL 8 BEePMUKANLHO
RIOCKOCMU COCMABUI0 0KoRo 5 M/c’. B nonepeunoii niocko-
cmu yckopenue cocmasuno oxono 4 m/c’. Ionyuennvie eenu-
YUHBI YCKOPEHUll yumeHvl npu onpedeneHuu Kodgguyuenma
YCMOTUYUBOCU PABHOBECUS BAOHA-NAAMPOPMbL. Y Cmanos-
JIEHO, YMO YCMOUYUBOCMb PABHOBECUS 8A20HA NPU BbiCHpEie
obecneuusaemcs. Ilposedennvie ucciedosanus 6yoym cno-
€obCcmeosams  CO30aHUI0 UHHOBAYUOHHO20 NOOBUNCHO2O CO-
cmasa, a Kak cieocmeue, NOSbIUEHUI PHeKMUeHOCmU IKC-
NAYAMayuy  Hcene3HOOOPOICHO20 MPAHCNOPMA U 0OOPOHO-
CNOCOBHOCMU CIMPAHDL.

Knroueswvie cnosa: sazon-niram@opma, Hecywjas KoH-
CMPYKYUst, OUHAMUHECKAS HASPYHCEHHOCMb, YCMOUYUBOCHTL
PasHo8ecUsi, KOMOUHUPOBAHHbIE NEPEBO3KU

Lovska A.O., Fomin O.V. Determination of the sta-
bility of the equilibrium wagon-platform taking into ac-
count the cyclicity of shooters from anti-agency places
placed on it

Today, one of the main tasks of railway transport is to
create innovative resource-saving constructions of cars that
could be used not only for the carriage of goods by rail, but
also for military and strategic purposes of the country. To
create such structures of wagons, it is necessary to take into
account the specified values of loads that can act on them in
the transportation of military equipment, as well as the study
of the possibility of conducting fire action on them. The nor-
mative base according to which the rolling stock is designed
does not reflect the issues of dynamic loading of the rolling
stock during its firing action, which makes it necessary to sup-
plement it. Solving this problem will help to create innovative
rolling stock. Mathematical modeling was carried out to allow
firing action from the supporting structure of the wagon plat-
form when moving. A mathematical model has been drawn up
that takes into account the oscillation of the bounce and the
lateral swing. It is taken into account that the fire action is
conducted from two anti-aircraft installations. It is assumed
that the shots are fired simultaneously from two anti-aircraft
installations. The mathematical model is solved in the
MathCad software environment using the Runge-Kutta meth-
od. It is established that the value of acceleration acting on
the supporting structure of the wagon platform in the vertical
plane when conducting fire action from it is about 5 m/s’. In
the transverse plane, the acceleration was about 4 m/s’. The
obtained values of accelerations are taken into account in de-
termining the coefficient of equilibrium of the balance of the
wagon-platform. Based on the calculations, it is established
that the coefficient of equilibrium stability of the load-bearing
structure of the wagon-platform during the firing action with
one anti-aircraft unit has a value of about 4, two — about 2.
Therefore, the stability of the balance of the car when fired is
ensured. The conducted researches will contribute to creation
of innovative rolling stock, increase of efficiency of operation
of railway transport and defense capability of the country.

Keywords: wagon platform, load-bearing structure, dy-
namic loading, stability of balance, combined transportation.
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