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MOJAJIBHUM AHAJII3 HECYYOI KOHCTPYKIIII BATOHA-
IVIAT®OPMHU 3YJIEHOBAHOI'O THUITY ITPU IEPEBE3EHHI

HA 3AJIIBHUYHOMY ITOPOMI

Y cmammi nageoeno pesynbmamu u3HaAUeHHA 4ACMoOm i hopm KOAUBAHL HeCYHOi KOHCMPYK-
yii' sacona-naamehopmu 34LeHOBAHO20 MUNY NPU Nepege3eHti Ha 3anizHuunomy nopomi. Ilpogedeni
00CHIONHCEHH CNPUAMUMYMb NIOBUWEHHIO eheKMUBHOCMI eKCnyamayii KoMOIHO8AH020 MpPaH-
Cnopmy 8 CneKmpi MidCHAPOOHUX MPAHCNOPHIHUX Nepese3eHb.

Kntouoei cnosa: sacon-nnamgopma, KonusauwHs, dacmomu, Hopmu KOMUBAHL, 3ANISHUUHO-

HNOPOMHI nepese3eHHs.

ITocranoBka mpoOsaeMu. Po3BUTOK KOHKYpPEHT-
HOTO CEepeJOBHINA Ha PUHKY 3alli3HHYHUX TOCIYT,
a TaKOX IMJBULICHHS €(PEKTUBHOCTI HOro (pyHKIio-
HyBaHHS BUMAara€ BBEICHHS B CKCIUIyaTaIlil0 PyXo-
MOTO CKJIaJly HOBOTO TIOKOJIIHHS, a TaKOX KOMOiHO-
BaHUX TPAHCHOPTHUX cucTeM. OIHUMHU 3 HAHOLIbII
MIEPCIEKTUBHUX CEPE/l TAKUX CHUCTEM € 3ai3HUYHO-
IOpOMHI rtepeBe3eHHsl. Llell Bu nepeBe3eHpb xapakTe-
PHU3Y€ETHCA MOXIIMBICTIO CITiZTyBaHHSI BaroHiB MOpPEM
Ha cIielliajdbHO O0JIaHAaHUX IS IIbOTO CyAax — 3aJi3-
HUYHHX TIOpOMaXx.

Harenep 3ami3HUYHO-TIOPOMHI MapIIpyTH CIIONTY-
4yaroTh YKpainy 3 bomrapieto, ['py3ieto ta Typeuun-
HOTO. A 3 2016 p. mie TakoX croiy4aroTh i3 Kutaem
yepe3 TPAaHCHOPTHHM Kopuaop HoBuil «llloBkoBuii
LIISIX», CKIIAJ0BOI0 YaCTHHOIO SIKOTO € 3ali3HUYHO-
MTOPOMHHMI MapIIpyT yepe3 akBaTropiro YopHOTO MOpAI.

Y MailOyTHROMY TIPOTHO3YETHCSI PO3IMHPEHHS
reorpadii 3aIi3HHYHO-IIOPOMHHUX CIIOIYYCHb Yepe3
akBaTopiro YopHOTO MOps, IO TOSCHIOETHCS TPUCKO-
PEHHMH TeMIIaMH iHTerpamii KpaiH YOpHOMOPCHKOTO
OacciiHy B cHCTEMy MIKHAPOIHHUX TPAHCIIOPTHHX
KOpPHJIOPIB.

[lepeBezeHHsT PyXOMOTO CKIaay, 30KpemMa Baro-
HiB-miaropM, Ha 3aNi3HUYHOMY [OPOMi CYIPOBO-
JDKYETBCSI JIEF0 Ha X HeCydl KOHCTPYKINI 3HAUHHX
BEJIMYMH HABAaHTA)KEHb, YHCEIbHI 3HAUCHHS SKHX
MEePEBUIIYIOTh Ti, IO AIFOTh IIPH €KCIUTyaTamii pei-
KOBHX Koumid. Lle MOke CHPHUYMHUTH MOIIKOIKCHHS
KOHCTPYKLIHHUX €JeMEHTIB BaroHis, 3a SKUX BiaOy-
Ba€ThCS 1X 3aKPIIUICHHS 111010 1any0 (puc. 1).

314 Tom 29 (68) N2 22018

VY 3B’s13Ky 3 IIUM HEOOXITHHUM € YIOCKOHAJICHHS
HECYyYMX KOHCTPYKIIIH BaroHiB Jjs 3a0e3MedeHHS
HQIIMHOCTI X 3aKpIIUICHHS 11010 Iaiy0d, a TaKoK
ypaxyBaHHS Ha CTajii TPOCKTYBaHHSI YTOYHEHUX
BEJMYMH TUHAMIYHUX HaBaHTaXeHb, IO JIFOTh Ha
HUX IPU [IEPEBE3CHHI HA 3a1I3HUYHOMY I1OPOMI.

AHAaJi3 ocTaHHIX AocjimkeHb i myOmikaiiii.
[MutanHg yjnockoHaleHHS KOMOIHOBaHMX TIIEepeBe-
3eHb, 30KpeMa KOHTEeHHepHWX, PO3mIsIHyTI y [1],
Ji¢ TIPOBCICHHUH aHajli3 OCOOMMBOCTCH KpITUICHHS
KOHTEHHepiB Ha BaroHax-ruiargopmax. I3 metoro
MABUIIEHHS TEXHIKO-€KOHOMIYHMX IMOKA3HUKIB
BAroOHIB TIPU IICPCBE3CHHI KOHTCHHEPIB Pi3HOTO
TUTIOPO3MIpPY TPOBENEHO OOTPYHTYBaHHS YIOCKO-
HaJIeHHS KOHCTPYKITiH AOBroOa3HUX BaroHiB-TIIAT-
¢dbopM Ta BaroHiB-mIaTQOPM 3UICHOBAHOTO THUITY
JUISL IUX [IePEeBE3EHb.

KoHcTpykuiliHi 0COONMMBOCTI BaroHa AJisi iHTEp-
MOJAJIbHUX IIEPEBE3CHb PO3IVIAHYTI y [2]. Baron mae
MOHIKEHY CEPEJHI0 YacTHHY, a HasBHICTH 00OPOT-
HOI YaCTUHHM JJa€ MOJIMBICTH 3/1HCHIOBATH 3aBaHTa-
JKCHHS1/BUBAHTAXKCHHSI ABTOTEXHIKH Ha/3 HBOTO CaMO-
KaToM.

AHaJti3 KOHCTPYKLii BaroHa-miarGopmMu HOBOTO
noKoiHHsA HaBeaeHui y [3]. OcoOmuBICTIO BaroHa-
WIaTPOPMU € MOXIIMBICTH PETYIIOBAHHS KOPUCHOT
JOBKWHHU 3QJICKHO BiJ rabapuTiB BAaHTAXKY.

[luTanHs MO0 CTBOPEHHS if€aIbHUX HECY4YHX
KOHCTPYKIIH 3ai3HUYHUX TPAHCIIOPTHHX 3ac00iB Ta
BUMOTH, SIKMM BOHU TOBWHHI BiJIIIOBI1IaTH HA CydYac-
HOMY €Talli PO3BUTKY BUCBITIIEH] y [4; 5].
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Oco0aUBOCTI JOCHIIKEHHS JUHAMIYHUX SIKOCTEH
34JICHOBAHOTO BaroHa-IuiaT)opMu Ha MaTCMaTHUIHUX
MOJIETISIX PO3MISAAIOTECA y [6]. Y cTaTTi HaBemaeHO
OIIiHKY BJIACHHUX ()OPM KOJIMBAaHb Ta CTIUHKOCTI HE30Y-
PEHOTO PyXy, IOCTIKCHHS JUHAMIYHHUX SIKOCTCH
Ha HENIHINHIA MOIell 3WIEHOBAHOTO BaroHa-INIaT-
dhopmu.

[MoninmeHHsT TEXHIYHUX XapaKTEPUCTHK CEKITiH-
HOTO BaroHa-TIATQOPMH MUISIXOM yIOCKOHAJCHHS
Horo xoHCTpyKUii HaBeneHi y [7]. Y pobori HaBo-
ISITHCS MaTeMaTHYHI MOJENI, sIKl JO3BOJIAIOTh BU3HA-
YUTH JTUHAMIYHI XapaKTepUCTHKH BaroHa-TuiaThopmMu
3wieHoBaHOTO THUIy. OTpHMaHi TEOpPETHYHI po3pa-
XYHKH TiATBEPXKCHI MUIIXOM CKCIePUMEHTATBHIX
JIOCITI/PKEHB MIITHOCTI BaroHa-TUIaThOPMH.

Merto/10510Tisl BU3HAUYEHHsI XapaKTepUCTUK BIlac-
HUX TOHIB KOJIMBaHb KOHCTPYKIIIH, IO € CYKYITHICTIO
OKpPEMHUX CKJIQJIOBUX YACTHH, 38 Pe3yJIbTaTaMH JHHA-
MIYHUX BUTIPOOYBaHb IUX CKJIAJIOBUX YACTHH HaBe-
neHi y [8].

VY po3mIsSHYTHUX Tpalsix He MPOBOIATHCS HOCi-
JUKEHHS 1[0JI0 MOJKJTUBOCTI €KCILTyaTallil 3arponoHo-
BaHUX KOHCTPYKIIiil BAarOHIB y MI>KHAPOJIHOMY 3alli3-
HUYHO-BOJIHOMY CIIOJyYEeHHI, @ TAKOXK TX MOJAIbHUN
aHai3.

MocTtanoBka 3aBaanHs. MojanbHuil —aHami3
HECy40i KOHCTPYKIIi BaroHa-ruiaTGopMu 34JIeHO-
BAaHOTO THUIYy TIPHU TIEPEBE3€HHI Ha 3aJli3HUYHOMY
nopoMi 32 JONOMOror 3aco0iB  KOMIT IOTEPHOTO
MOJICTFOBaHHSI.

Bukian ocHOBHOro marepiajy a0CITiIKeHHS.
HenocrarHiil piBeHb MOMOBHEHHS BarOHHOTO IapKy

VYKp3ani3HuIli 3yMOBJIIOE HEOOXiJHICTH BIPOBa-
JOKCHHSI B CKCILTyaTallll0 HOBUX TEXHIYHHMX PIIICHb
IIO/I0  YIOCKOHAJICHHSI ICHYIOYMX HECYyYHX KOH-
CTPYKIIii BaroHiB A MiABUIICHHS €()EKTUBHOCTI
(byHKIIIOHYBaHHS KOMOIHOBAHOTO TpaHCIOPTY. Tomy
3alPOIIOHOBAHO CTBOPEHHS BaroHa-IIaT(GOpMH 34i1e-
HOBAHOro TUIy Ha 0a3i moxeni 13-401 [9; 10].

I3 MeTOI0 MOKITMBOCTI IEPEBE3CHHSI BarOHA-TIIIAT-
(hopMH 34IEHOBAHOTO TUITY Ha 3aJ1i3HHYHOMY TIOPOMi
IIPOIIOHYEThCSI BCTAHOBIIEHHS HA MOr0 HECY4ill KOH-
CTPYKIIii BY3JIiB JiJIsl 3aKPITUICHHS JIAHIFOTOBUX CTSI-
xok [11] (puc. 2).

PosMimieHHst By3JiB 3aKpillJICHHS ITPOIIOHYETHCS
3MIICHIOBATH Ha IIBOPHEBUX OanKax BaroHa-TUiaT-
dbopMH, IO J03BOJUTH 3a0E3MEUUTH MPOCTOPOBE
PO3MIILICHHS JIAHIIOIOBOI CTSDKKM Ta BIJIIOBIIHICTH
KyTiB 11 HAXHITY Y TIPOCTOPI HOPMATHBHUM JIOKYMCH-
Tam [12]. I3 60Ky 30H 0OTIMpaHHs CEKIIiif Ha CepeaHii
Bi30K PO3MIIIIEHHS BY3JiB 3/[IHCHIOETHCS Ha HAOY/IO0-
Bax KopoOuacToro nepetuny [9].

Po3paxyHok Ha MIIHICTh HECy4Y0i KOHCTPYKIIT
BaroHa-matrGopMu TPU TEepeBe3CHHI Ha 3ali3HUY-
HOMY MOPOMI JTI03BOJIMB 3pOOUTH BUCHOBOK, 1110 MaK-
CUMaJIbHI €KBIBAJICHTHI HANPYXCHHS HE IMEPEBHIILY-
FOTh JIOMYCTUMI,

st BU3HAYCHHS 4acToT Ta (hopM KOJIHMBaHb HECy-
Y0i KOHCTPYKIIii BAaroHa-I1aThOPMH MPH ePeBE3eHH1
Ha 3aJi3HUYHOMY IOPOMi MPOBEACHUH MOMaTBHHMA
aHaJli3 Yy CEpCIOBUILI MPOrPaMHOrO 3a0e3MeUCHHs
CosmosWorks [13].

PospaxyHok mpoBeneHUi 32 METOIOM CKiHUCHUX
CJICMCHTIB.

a)

0)

Puc. 1. 3akpinjeHHs BaroHa-njaT(@opmMu mogo najayou 3a1i3HI4HOI0 IOPOMYy
a) 3aKpiMJIeHHs 1BOX JAHIIOTOBUX CTSKOK 32 MPOMIiXKHY CK0Oy JIicoBoi cTiiiKu;
0) 3aKpinieHHsI OHi€T JTAHIIOTOBOI CTSKKH 32 KPaifHIO Bil KOHCOJIi cKk00y JicoBoi cTilikn
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3akpinyieHHsT MoAedl 3AiMCHIOBANOCS y 30Hax
oOnMpaHHs HECY40i KOHCTPYKIIIi Ha Bi3KH Ta poOoui
TIOBEPXHI MEXaHIYHUX yMHOp-IOoMKpariB. [lng 1poro
Ha paMi BaroHa-rIaTpOpMH BCTAHOBJIIOBAIHUCS
HaKJIaJIK¥ KPYrIoi GOpMH, JTiaMeTp SIKUX JOPiBHIOE
JiaMeTpy po0odoi YaCTHHH yIIOp-IOMKpara.

Marepianom KOHCTpYKLii € ctanb mapku 091°2C 3i
3HAYEHHIM Mexl iMHHOoCTI 345 MIla ta Mexi Mir-
HocTi 490 MIla [14].

BpaxoBaHo, 110 Ha KOXKHIM CEKIIii BaroHa-Iuiar-
(bopMu PO3MIIIYETHCS MO JIBA KOHTCHHEPH THIIOPO3-
mipy 1CC (puc. 3).

A (30i1b11IeH0)

B (36inb11eHO0)

Puc. 2. YiockonajieHa Hecy4ya KOHCTPYKLisl BATOHA-IJIAT(OPMH 34JIEHOBAHOIO THILY
3 By3J1aMH /ISl 3aKpiNJIeHHs BiAHOCHO NaXy0H 3aJi3HUYHOI0 MOPOMY

Puc. 3. Po3mimenns konreiinepis Tunoposmipy 1CC Ha ynockoHaJieHil Hecy4iii
KOHCTPYKUil BaroHa-mjargopmu
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Puc. 4. Mogeab MiHOCTi yI0CKOHAI€HOI HECY40i KOHCTPYKIUII BaroHa-nmiaT¢gopMu 34J1¢HOBAHOT0
THILY 3 BY3JIaMH JUISI 3aKPilluIeHHs] BITHOCHO NAaJy0H 3a/1i3HHYHOTO IIOPOMY

ITpu cknmamanHHi Mozmesi MIITHOCTI Hecydoi KOH-
CTpyKuii BaroHa-maarGopMu 10 yBaru HOPUHHSTO
BCPTUKAIbHE HABAHTAXXCHHS y 30HAX OOMUpaHHS
KOHTelHepiB Ha (ITMHIOBI yrnopu P, 10 po3mis-
HYTO y BHUIISAI JUCTAHIIIHHOTO, PIBHOAIIOYA SIKOTO
3HAXOIUTHCS Y LICHTPI BarW KOHTEHHepa Ta po3moi-
JIeHe Ha YOTHPH (iITHHTOBI yIIOPH; TOPU30HTAIBHOTO,
sike Jiie Ha (DITUHIOBUI YIIOp BaroHa-riargopMu Bij
¢iTrHTa KOHTEHHEpa MpH HOTO KYTOBHUX IEPEMIlCH-
HSIX LOZI0 TIOB30BXHBOI OCi P ; 3yCHIUIS BiJ JIAHLIO-
IrOBHX CTSDKOK HA By3IH JUISl 3aKpiILICHHs BiHOCHO
naxyou P,. OCKIIbKY JAHIIOTOBA CTSDKKA Mae€ Ipo-
CTOpOBE PO3MIIIEHHS, TO 3yCUJUIS, IO JAi€ Ha B30I
3aKpiIUICHHS Big HEl pO3KIafaiocs HAa TPU CKIIa-
ToBi (puc. 4).

Tabmums 1
YncenbHi 3HaYeHHA KPUTHYHUX YACTOT
KOJIMBaHb Hecy4yoi KOHCTPYKIIT
BaroHa-miargpopmu

J1st BU3HAYeHHS ONTUMAITBHOT KIJTbKOCTI €JIEMEH-
TiB CITKM 3acTOCOBaHMH rpadoaHasiTUYHUN METOA.
KinbkicTs By3miB citku cknana 148 723, eneMeHTiB —
462 131. MakcumanbHUR poO3Mip efleMeHTy AOpiB-
Hroe 200 MM, miHiManpHui — 40 MMm. MiHiManbHa
KIIBKICTh €JIEMEHTIB B KOJl CKjajga 9, CIiBBIIHO-
LIeHHS 301IbLIEHHS PO3MipiB eJIeMeHTiB y citii — 1,7.
MaxkcuMainbHe criBBigHOmEHH 00KIB — 6 182,6, Bif-
COTOK €JIEMEHTIB 31 CIIIBBIIHOIICHHIM OOKIB MEHIIIE
3 — 13,4, ouemie 10 — 33,7. MiniMajbHa KIJIBKICTh
€JIEMEHTIB y KoJIi Ckiajia 9, CIiBBiIHOIICHHS 301J1b-
LICHHS pO3MIpiB eJIEMEHTIB y citii — 1,7.

Cxemu HemapHUX (OpM KOJMBaHb HECydOi KOH-
CTPYKIIii BaroHa-Iu1aT(OpMH 34ICHOBAHOTO THITY ITPU
TIepeBe3eHHI Ha 3aJII3HUYHOMY ITOpOMi 300pakeHi Ha

Tabmums 2
YucenbHi 3HAYEHHS NepeMillleHb HeCy4 o0l
KOHCTPYKIIil BATOHA-TIJIAT(OPMH 1010 OCHOBHUX
oceil KOOpAMHAT (MacoBa y4acTh)

®opma kouBanb | Yacrora, pag/c | Yacrora, I'n
1 93,22 14,83
2 93,27 14,84
3 125,45 19,97
4 126,1 20,07
5 147,96 23,55
6 149,42 23,78
7 2214 35,24
8 223,77 35,61

®opma Hanpsimok nepemimiessb Ha oci
KOJIMBaHb X Y 4

1 4,55-10" 0,24 5,79-10°
2 4,93-10"° 0,24 2,16-10°
3 1,96-10* 2,84-10 0,21
4 1,94-10+ 1,31-10° 0,21
5 5,73-10°% 1,98-103 7,88-10°
6 6,89-107 1,84-10°3 6,08-10*
7 2,24-10* 2,38-10¢ 1,81-10"
8 2,32-10* 4,4-107 1,38-10"
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B)

r)

Puc. 5. Cxemn ¢opm KoJHBaHb Hecy40l KOHCTPYKIIi BaroHa-njaargopmMu
a) 1Sl mepuIol 4acToTu; 0) AJs TPeThOoI YacTOTH; B) IJIS II’SITOI YACTOTH; T) JJIs1 CbOMOI 4aCTOTH

puc. 5. UncenbHi 3HAYCHHS! KPUTHYHUX YACTOT KOJIH-
BaHb HaBeJICH] y TaOII. 1, a YnuCenbHI 3HAYCHHSI Tepe-
MIIeHh y HeCydill KOHCTPYKIlii BaroHa-TuiaTQopMu
B TaOmI. 2.

[TapHi yacTOTM KOJIMBaHbL BIAMOBINAIOTH TMEpe-
MIIIEHHSIM JIpYyToi CeKIlii BaroHa-rat¢opmMu, T00To
BiII3epKaAIIOIOTE (POPMHU KOJTMBAHB MEPIIOT CEKITii.

Ha miicraBi mpoBeneHux TOCIiKeHb MOXKHA 3pO-
OWTH BHCHOBOK, II[0 3HAYCHHSI YaCTOT KOJIMBAaHb 3Ha-
XOISITHCS B MEKaxX JOmycTumMux [14].

BucHoBku. Ha mizfctaBi mpoBeIeHUX JIOCITIIKCHD
MO’KHA 3pOOUTH TaKHI BUCHOBKH:

1) nansa migBuiieHHs e)EeKTUBHOCTI KOMOiHOBa-
HUX I[IePEBE3CHb 3alpPOTIOHOBAHO BHUTOTOBJICHHS
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34JICHOBAHOTO BaroHa-maThopmu Ha 06a3i icHy4o1
KOHCTpYKIIii. OcoOMMBICTIO HECy4oi KOHCTPYKIIil
BaroHa-miarGpopMu € pO3MillleHHsS Ha Hiid BY3IiB
JUI 3aKpilVICHHS JIAHLIOTOBUX CTSKOK 13 METOIO
MOJKJIMBOCTI IIEPEBE3CHHS HA 3alI3HUYHHUX ITOPOMax
MOpeM;

2) pe3yabTaT JOCHTIIHKEHDb 9acTOT Ta POpM KOJIH-
BaHb HECyuoi KOHCTPYKLII BaroHa-1maTgopMu Hpu
MepeBe3eH I Ha 3aJ1i3HHYHOMY MTOPOMI ITOKa3aiH, 110
3HAUEHHS KPUTHYHHUX YaCTOT KOJIMBaHb 3HAXOAATHCS
B MEXKaX JONYCTHMUX;

3) mpoBeneHi TOCTIHKEHHS CIIPUATUMYThH ITiIBH-
IEHHIO e(PEeKTUBHOCTI KOMOIHOBAHOIO TPAHCIIOPTY
B HANpsiMi MDKHAPOIHUX TPAHCIIOPTHUX KOPHUIOPIB.
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MOJIAJIbHBIA AHAJIN3 HECYIIEA KOHCTPYKIIAU BATOHA-TLJTAT®OPMbI
COYJIEHEHHOI'O THUIIA ITPU TIEPEBO3KE HA KEJIE3HOJOPOKHOM ITAPOME

B cmamve npedcmasiensi pe3yivmanmsl onpedeneHus Yacmom u popm Koiebanuii Hecyujel KOHCmpyKyuu
8a20HA-NIAMGPOPMBL COUNEHEHHO20 MUNA NPU NEPEBO3KE HA HCENE3HOOOPOICHOM napome. TIposedens uccie-
dosanus 6yOym cnocobcmeosams NOBLIUEHUIO IPHEKMUBHOCTNY IKCIYAMAUUU KOMOUHUPOBAHHO20 MPAHC-
nopma 6 cnekmpe MexcoyHapOOHbIX MPAHCHOPMHBIX KOPUOOPOB.

Knrouesvle cnosa: sacon-niamgpopma, xorebanue, uacmomslt, Gopmvl KONeOAHULL, HCENEIHOOOPOHICHO-
napomMHble Nepeo3Kil.

THE MODAL ANALYSIS OF THE CARRYING STRUCTURE
OF AN ARTICULATED FLAT WAGON IN RAIL FERRY TRANSPORTATION

The article presents results of the research into the frequencies and modes of articulated flat wagons when
transferring by train ferries. The research conducted enhances the higher efficiency of combined transporta-
tion along international transport corridors.

Key words: wagon-platform, oscillation, frequencies, vibration modes, railway-ferry transportations.
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