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AHAJII3 KOHCTPYKTUBHUX CKIIAJOBUX BAHTAKHUX
BATI'OHIB J1JIA CTBOPEHHA CITPAMOBAHOI'O
HAIIPY KEHO-JE®OPMOBAHOI'O CTAHY

Y cmammi npeocmaeneni ocodrueocmi ma pesynbmamu npo6eOeHUX OOCIIOIHCEHb 3
GU3HAYEHHA KOHCMPYKMUBHUX CK1AO00BUX 6AHMANCHUX 8A20HI8 0151 CBOPEHHS CHPAMO-
6AHO20 HANPYIHCCHO-0eOPMOCAHO20 CMAHY (HA OCHOBI NPUHUUNY HONEPEOHIX Hanpy-
Jicens). Ha ocrogi ananizy eKcnayamauititHux nouwtKoo0dicenb, KOHCHPYKMUGHOI 00Uiib-
HOCMI Ma MexHOJI02IYHUX MONCTIUBOCHEIl NOMEHUITIHO 00TPYHIOBAHO MICUSL CHLBOPEHHSA
nonepeoHix Hanpy)IceHb ma CUCMEMAMU308AHO Y 6UTIAOL CIPYKIMYPHO-0CKOMNOZUUIHHOT
cxemu. Hayxoeo oorpyrnmosaro ooyinbHicms ma cnocoou peanizauii cChpamoeanozo Hanpy-
HCCHO-0ehOPMOBAHO20 CIAHY 014 6A2OHHUX KOHCcmpykyin. Cxemamu306ano 6i0noeioHi
pe3ynvmamu meopemuiHo Ha NPUKIAdi 6a20HA-UUCHEPHU, RIOMEEPOHCEHO OOUITLHICHD
peanizauii 3anponoHo8an020 HAYK06020 NiOX00Y 01 NPOEKMYBAHHI CHPAMOBAHO20 HANDY-
JHCEHO-0eqhOPMOBAHO20 CHAHY AHMANCHUX BAZOHIG.

Knrouoei cnoea: mpancnopmua mexauika, 6aHMAN}CHULL 8A20H, CNPAMOBAHUL HANPY-
JHCEHO-0eOPMOBAHULI CIAH, HECYUl CUCMeEMU, NONEPEOHbO HANPYIHCEHT CKAAO06I.

INocranoBka npodseMu. KOMIIIEKCHOIO TPOrPaMOI0 OHOBJICHHSI 3aJ1i3HUYHOTO PyXOMOTO
cknany Ykpainu va 2008 —2020 pp., sIKy 3aTBepKeHO posnopspkeHHsM Kabinety MiHicTpiB
VYkpainu Bix 14 xostHst 2008 poky Ne 1259 nependaueHo OHOBIEHHS BAHTAKHOTO BATOHHOT'O
NapKy HOBHMHM Ta MOJEPHI30BAHUMHM MOJIEISIMH BAaHTXKHUX BAaroHiB BITYM3HSIHOTO BHPOO-
HHUIITBA 3 CYYaCHUM PIBHEM TEXHIKO-CKOHOMIYHHX Ta EKCIUTyaTalliiHUX oKa3HuUKiB [ 1-5]. Jlst
pillIeHHsT BUIIE3a3HAYEHOTO aKTyaJIbHOTO HaAyKOBO-TEXHIYHOTO 3aBJIAHHS PO3rOPTAIOThCS Ha-
YKOBO-JIOCHIJIHI Ta JTOCHiJJHO-KOHCTPYKTOPCHKI POOOTH, sIKi CIIPSMOBaHI Ha 3HIDKSHHS Ma-
TEpIlalOEMHOCTI, COOIBAPTOCTI BUTOTOBIICHHS, PEMOHTY Ta EKCIDTyaTallii BiTYM3HSIHHUX
CITEIliaTi30BaHNX BAHTAXKHUX BArOHIB, I IBUIIIEHHS 1X BAHTAXOITiTHOMHOCTI, 0CHOBOI'O HAaBaH-
Ta)KEHHS, eKCIUTyaTalliiiHOI HaiHOCTI, TIOJOBKEHHS TEPMiHY CIIy>KOM Ta MIKPEMOHTHHX
mpoOiriB Torro. Pa3oM 3 MM KOHCTPYKITisi BAHTaXKHOTO BaroHa € CKJIATHOO TEXHITHOIO CHCTe-
MOIO0, TIPH TIPOEKTYBaHHI SIKOT HEOOXiTHO BpaxoByBaTH crieludiky ii poOOTH (eKcIuTyaTalliiHi
Ta PEMOHTHI HAaBAHTA)KECHHSI, [TOTO/IHI YMHHHUKH i T. 11.). TOMY Ha Cy4acHOMY piBHI BUPIIITyBaTH
BUINIE3a3HAYCHI 3a/1a4i AOIJIFHO 3 BUKOPUCTAHHAM METO/IIB TeOpii ONTHUMI3allil, peaii3yroun
CUCTEMHHUM ITiIXII.
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AHaJji3 ocTaHHIX T0CJHiTKeHb i myOaikaniii. /[y BUpIICHHS BUIE3a3HAYCHOTO aK-
TYaJIPHOTO HAYKOBO-TEXHIYHOTO 3aBIAHHS pPO3TOPTAIOTHCS HAYKOBO-TOCIHITHI Ta I0-
CIAHO-KOHCTPYKTOPCHKI poOoTH [1-5]. BoHM crpsMoBaHI Ha 3HIKCHHS MaTepiaJoeM-
HOCTi, COOIBapTOCTI BUTOTOBJICHHS, PEMOHTY Ta €KCIUTyaTallii BITYN3HSIHUX BAHTAKHUX Ba-
TOHIB Ha CTaJisX XUTTEBOTO LUKIY, TOJOBKEHHS TEPMIHY CIYy>KOM Ta MIKPEMOHTHHX
mpoOiriB Tomo. Ha cydacHOMy piBHI BHpINTYBaTH BHINE3a3HAUCHI 3a/1adi JOIIIHHO 3 BU-
KOPUCTaHHSAM HOBHX METO/IIB KOHCTPYKTOPCHKOI €001, peami3yrour CUCTEMHHH I AXiT
[5, 6]. IIpu 11boMy 0COONHBa POJIb BiIBOAMTHCS PO3POOII Ta BUKOPHUCTAHHIO (POpMaIi3o-
BaHHX OINMCAHb 3aIIPOITOHOBAHMX HOBITHIX HIAXOMIB i CIOCOOIB MPOEKTYBAHHS BAaHTAKHIX
BaroHis [7, 8], siki 6 BpaxoByBaJIM B3a€MO3B’ 130K OKPEMHUX iX €JIEMEHTIB i OyJIH amonToBaHi
JI0 Cy4aCHHX IMPOrPaMHUX KOMIUIEKCIB. Pe3ybTaTy aHaii3y yCIiITHOTO BUPILICHHS aHa-
JIOTIYHUX MPOOJIEM B iHIIMX rajay3sX CTBOPEHHS HECYyYHX KOHCTpyKIii [9, 10] (aepoTex-
HIKH, pakeToOyayBaHHS, HadTOTa30Ba, MAJIMBHA, OyiBeIbHA Ta 1H.), 00YMOBUIIH ITEPCIIEK-
TUBHICTh BIIPOBAPKCHHS TIONIEPEIHBO HAMIPYKEHHUX BY3JIiB, KOHCTPYKIii [11] Ta BaHTaX-
Hux BaroHiB [1-5]. [IpoTe He Oyi0 OMKMCAaHO B SKUX CaMe CKJIaJ0BUX BaHTOKHUX BaroHiB
Ta SKUM CHOCOOOM MOXKHA CTBOPHUTH CHPSMOBAHHHA HANpPYXeHO-AePpOpMOBaHUI CTaH.
AHai3 9rceapHOi HayKOBOI Ta CHEIiaIbHO-TEXHIYHO] JIiTepaTypH 3 IpodiIfo MUTaHb, M0
PO3IIIAIal0ThCS, 3aCBIAUMB PO BiACYTHICTH 3MiCTOBHOI iH(OpMALIii 3 pO3pOOIECHHS Ta BH-
KOPHCTaHHSI HayKOBOTO MiAXOMY 31 CTBOPEHHS CHPSAMOBAHOTO HAmpyKeHO-IAedopMOoBa-
HOTO CTaHY KOHCTPYKIIif BAHTQ)KHHUX BaroHiB Ta iX CKIIAJOBUX.

Merta cTaTi — BUCBITJICHHS Pe3yJIbTaTiB JOCIKEHb 3 BU3HAUCHHS CKJIAJ0BUX BAHTAXK-
HUX BaroHiB JijIsl CTBOPEHHS CIPSIMOBAHOTO HANpyKEHO-Ae(POPMOBAHOTO CTaHy Ta Haiie-
(EeKTUBHIIIX CIIOCO0IB HOro 3a0e3MeUeHHs, a TAKOK CXeMaTH3aIlii BIIMOBIIHIX PE3yilb-
taTiB. CkazaHe NPOBOJWIOCH Ha OCHOBI aHaIi3y KOHCTPYKTHBHMX OCOOJIMBOCTEH Ta
eKCIUTyaTal[liHUX MOIIKOKCHh BaHTAXKHHUX BaroHiB. Ha mpukiazi BaroHa-mucTepHU
TIPEJICTABICHO OCOOIMBOCTI MPAKTUYHOI peaizallii 3aIrporoHOBaHOTO HAYKOBOTO T AXOIy
JUTSI IPOEKTYBaHHS HECYYUX CHCTEM BAaHTA)XHHX BaroHiB.

Bukian ocHOBHOro mMarepiajy AociimkeHHsl. B pamkax NmpoBeIeHHX IOCIIIKEHb
aHai3yBaJICh OCHOBHI €KCIUTyaTaIliiiHi MOIMIKOKEHHS BAaHTA)KHUX BaroHIB, IX KOHCTPYK-
THBHI 3B’SI3KH Ta 0COOJMBOCTI BUKOHAHHSI CKJIQJIOBUX.

CyuacHH# TapK BaHT2)KHUX BaroHiB XapaKTepU3YEThCS PI3HOMAHITTSIM iX THUIB 1 KOH-
CTPYKIIiH, 1110 BUKJIMKAHO HEOOXIJHICTIO 33JIOBOJICHHS PI3HUX BUMOT YYaCHHKIB IX KHT-
TEBOTO IMKITY. B OCHOBHOMY MapK BaHTa)KHHUX BaroHIB CKJIAJIAETHCA 3. HAIIBBArOHIB, Ba-
TOHIB-TUTAT(OPM, BAarOHIB-IIUCTEPH, BarOHIB-XOMEPiB, KPUTHX, i30TEPMIYHUX Ta BaroHiB
CIEMialbHOTO NMPU3HAYCHHS, & TAKOXK KOHTEWHEPIB 3arajbHOTO Ta CIIEIiabHOTO MPU3Ha-
yeHHsI. [Ipy 11bOMy OCHOBHUM MOJTyJIEM BaHTa)KHHX BaroHiB, BiJl KOHCTPYKIIii IKOTO 3aJie-
JKHUTB HOTO THII, € MOJIYJIb Ky30Ba [3-5], sikuit MokHa Kitacu(biKyBaTH 32 TAKUMU O3HAKAMH:

3aJI€)KHO Bij poy MepeBe3CHUX BAHTAXKIB — BIJAKPHUTI Ta 3aKPHUTI;

3aJISKHO BijJl KOHCTPYKIII paMH — 3 CYILIJIbHOI XpeOTOBOI OaIKOI, HECYIUILHO
XpeOTOBOIO OANTKOIO Ta Oe3 XpeOTOBOI OAITKH;

3aJISKHO BiJl KOHCTPYKIIii €JIEMEHTIB JIJIsl 3aBaHTA)XXCHHS 1 BUBAHTAXKEHHS BAaHTAXKIB — 3
JIBeprMa Ha OIYHMX CTiHaX a0o 3 JIIOKaMHU Jaxy 1 MiJIory.

KoHcTpykIrist Ky30Ba TOro 4d iHIIOTO THITY BaroHa BU3HAYAETHCS HOTO MPU3HAYECHHSIM
[12], oMy Ky30BH pi3HUX THITIB BATOHIB 32 CBOEIO KOHCTPYKITIEIO IOCHTH Pi3Hi, ajie y BCiX
0araTto CIiJIBHOIO.

Pama ciryrye 0CHOBOIO Ky30Ba, Ha Hill KPIMUTHCS aBTO3YEIHE 1 raIbMOBE 00JIaTHAHHS Ba-
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roHa. BoHa yepe3 I’ STHUKM OMMPAETHCS HA XOJIOBI YAaCTHHU 1 CIIPUHMAE BCi BUJIM HABaHTa-
JK€Hb, 1110 Jif0Th Ha Ky30B. Pama MOBHHHA BOJOITH JOCTATHHOIO MIITHICTIO 1 YKOPCTKICTIO,
OyTH IIPOCTOIO 3a KOHCTPYKIII€IO, HAMIMHOIO B €KCIUTyaTarlii, JOCTYITHOIO I TEXHIYHOTO
orisity. Y BCIX THITIB BarOHIB pamMa CKJIAIAETHCS 3 TPhOX OCHOBHHUX HECYUHX OAJIOK: XpeOTOBOT,
OIUHMX MO3J0BXKHIX, HAOOPY MoMnepedHnX (KiHIIEBUX, IIBOPHEBHX Ta MPOMIKHUX ).

Hauti rpadivgHo 300pa)keHo Ky30Ba Ta paMH OCHOBHHX THITIB BAHTKHUX BaroHis (puc. 1).

Puc. 1. T'padiune 3006pa:keHHs Ky30BiB Ta paM iCHYIOUHX Ta MepPCHeKTHBHUX
BaHTaKHUX BaroHiB:
@ — KOTeJl BarOHa-1IMCTEPHHU; § — Ky30B BarOHa-XOIepa; 6 — paMa HalliBBaroHa,
2 — BaroH-TIaT¢opMa NepcreKTUBHA 3 PaMOI0 BUKOHAHOIO 3 TPYyO

XpebToBa 0anmka — CIIyTye JJIs KpIIJICHHS Ha Hilf aBTO3YEITHOTO Ta TaJJbMOBOTO 00J1aI-
HaHHA. Yepes aBTo34eTHU MPHUCTPiil BOHA IIepe/iae MO3I0BKHI CHIIM Ha 1HII BaroHd. AJe
OCKIJIbKY BOHA JKOPCTKO ITOB’si3aHa 1 3 IHIIMMHU €JIEMEHTaMHU Ky30Ba, TO TOPS 3 MO310B-
JKHIMH CIIpUIMa€e TaKOXK i BepTUKANbHI CUIM. [i BUTOTOBIAIOTH 3 MIllHUX TPOKATHHX Z-
NoJiOHUX, IIBEJIEPHUX 1 IBOTABPOBUX NPORiIiB.

3aNi3HUYHUI TPAHCIIOPT OIEpYy€e BEJMKOI0 KIIBKICTIO KOHTEHHEpiB. Y 3araibHOMY
BHIIAJIKy KOHTeWHEpH (pHucC. 2) MOXKHA KIIacH(DIKyBaTH, K 3HIMHUI (yHIBEpCAIbHUIA pHC. 2, a)
4y crieniaabHui (puc. 2, 6) MOy b Ky30Ba BAHTQ)KHOTO BaroHa.

v-r-'P"

a 0

Puc. 2. 3aranbHuii BUTJISI] KOHTeliHepa:
a — yHIBEepCaJIbHUHN; 6 — KOHTEHHEp-I[ICTepHA
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Ha mincraBi komruiekcHoro anaiizy [1, 3, 7, 8] excrutyaTaiiifHUX 0COOIUBOCTEH BaH-
Ta)XHUX BarOHIB MOKHA 3pOOUTH TaKi BHCHOBKH. SIK OCHOBHI BUIH €KCILTyaTalliHHAX TTOTII-
KOPKEHb BaHTOKHUX BaroHiB [13] Mo)kHa BUAUTMTH TaKi HECIIPABHOCTI Ky30Ba Ta paMu
(puc. 3), sKi MOKJIMBO TOAOJATH 32 JOMOMOTOI0 BIPOBAPKEHHsI TIEBHUX CIIOCO0IB MOTIe-
PEAHBOTO HAMPYKESHHSI.

Puc. 3. HecmpaBHoOCTi Ky30Ba Ta paMH BaHTaKHUX BaroHiB, 0 BUHHKAIOTh
nmijJ yac ekcmiyaraiii:
a — BUTHH TOPIICBOI CTiHM HAa30BHI; § — IepeKic Ky30Ba OinbIne 75 MM; ¢ —371aM 1 TPIlTMHA
Y BepXHili 00B’S311i; 2 — PO3MIMPEHHAS Ky30Ba OinbIe 75 MM Ha onH OiK; 0 — IIO3I0BXKHI
TpIiIUHA B 6aiKax paMu TOoBXHUHOM Oinmbire 300 MM; e — Tpil[iHA IIIBa KOTIa

BrpoBamkeHHS HOBUX KOHIIETITIB MPOPUBHUX 17€1 KOHCTPYKTOPCHKOI 11€0II0Tii Hecy-
YUX MOJYJIiB BaHTQXHHMX BaroHiB JIO3BOJIUTh CUCTEMHO ITIJBUIIMTH €(DEKTHBHICTH BaH-
Ta)KOTIEPEBE3CHb 3aNI3HUYHAM TPAHCIIOPTOM, IO OXapPaKTEPU3YEThCsS HHU3KOK IepeBar
i 1HQPAacTPyKTYpH, BUPOOHUKIB, iHBECTHULINHOT NMpUBAOIMBOCTI, OMEPaTopiB PyXy,
eKCILTyaTallii, eKOJIOTii.

Ha ocHOBi HasiBHOTO y aBTOPIB JOCBily YCHIIIHOI'O CTBOPEHHS TEOPETUYHUX TIOJIO-
JK€Hb, METOJOJIOTIYHMX OCHOB 1 NPaKTHYHHMX 3aco0iB Uil PO3poOKHM iHHOBAIIMHUX
00’€KTiB TPAHCIIOPTHOTO MAIIMHOOYAYBaHHS HPOMOHYETHCS Taki poOodi TilnoTe3u yaoc-
KOHAJICHHSI KOHCTPYKIIili BAHTaXKHUX BaroHis [5]:

— TIepeXij BiJl CTATHYHO BU3HAYEHUX JI0 CTATHYHO HEBU3HAYCHUX KOHCTPYKIIH pecyp-
COBM3HAYAJbHUX 30H 1 30H MOXXJIMBHUX PYHHYBaHb 3 METOIO 3HW)KEHHS Pe3YyJbTYIOUMX
HaIPYXEHb 1 IEPEPO3IOILITY HAPYKEHb;

— CTBOpPEHHsI KOHCTPYKIIi 3 HABaHTa)XCHUMH By3J1aMu 0e3 Ha UITMIIKOBUX 3B’sI3KiB, 3a-
naciB MilHOCTI 1 )KOPCTKOCTI, HAPUKIIAJ 38 PaXyHOK BIIPOBAKCHHS THYUKHX 3B’ SI3KiB;

— CTBOPEHHSI KOHCTPYKTHBHHX CX€M, JI€ HEeCydi €JIeMEHTH MaKCHUMajbHO MOXKIHBO
MPAIIOIOTh HA CTUCK — PO3TAT 3aMiCTh BUTHHY 1 KPYYEHHS;

— CTBOPEHHSI HECYUMX €JIEMEHTIB SIK 3WICHOBAHUX HECYYMX OOOJIOHOK 3 MOJKJIMBICTIO
(hopMyBaHHS «CEHABIU»-TIaHENEH 3 CIPSIMOBAHUMH BJIACTUBOCTSIMH;

— CTBOPEHHSI PIBHOHAIPY)KEHOCTI 1 TIOMEPETHBO HAMPYKEHUX KOHCTPYKIIH HECYdHX ere-
MEHTIB 3 METOIO 3HWKCHHSI PIBHSI HAIIPY)KEHb 1, SIK HACIIOK, 3HIKSHHSI MACH KOHCTPYKIIIT,
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— BOPOBAKEHHS CTPAXYIOUHX €JIEMEHTIB 3 METOI0 3a0e3MeueHHS TUMYACOBOI Mpare3-
JTATHOCTI €JIEMEHTIB KOHCTPYKITii IPH aBapiifHUX CUTYaIlisIX;

— BIPOBA/UKEHHS MYJIbTH(QYHKIIOHAIFHUX €JIEMEHTIB, 30KpeMa IpY>KHO-TUCHIIATHB-
HUX HECYYHUX CJIEMEHTIB, 1110 MOEAHYIOTh B 001 PYHKIIT )KOPCTKHUX 3’ €JHAHB CIIEMEHTIB 3
NPY>KHUMH 1 AeMiidepaMu 3 METOI0 3HAYHOT'O 3HIKEHHS MaCH, KIJIBKOCTI €l1eMEeHTIB KOH-
CTPYKIIii, 3’ €THAHB;

— CTBOPEHHS KOHCTPYKIIN 3 IHAUKATOPaAMH KPUTHYHIX CTAaHIB 1 MOKIIMBICTIO aBTOHOM-
HOi CaMO/1iarHOCTHKH.

IIpn mpOMy 3acTOCOBaHI 3arajlbHONPHUHATI METOOW (OPMYBaHHS 1 aHami3y KOH-
CTPYKIIii Ta CHpPSIMOBAaHHX HAMPYKEHO-Ie(POPMOBAHUX CTaHIB eneMmeHTiB. s dop-
MYBaHHsI CX€MH MOTEHIIHNX CKIaJOBHUX Ta CIIOCOOIB CIIPSIMOBAHOTO HAIPYKEHO-Ie(op-
MOBAHOTO CTaHY 3aCTOCOBYBAJIMCH MIPUHIUIHN OJOYHOCTI, BApiaHTHOCTI Ta 1€papXidyHOCTI
JOCHIDKEHb TEXHIYHUX CUCTEM.

[Mpunnmn 610uHocmi — 3a0e3nedye po3aieHHs BiANOBIIHUX CXeMaTHYHUX OMHUCaHb Ha
KO)KHOMY i€papXiyHOMY piBHI Ha psJ OJOKIB 3 MOKJIMBOCTSIMH IXHBOTO PO3JIIBHOTO JI0-
CIIiDKEHHS.

[puaun eapianmuocmi — 00yMOBITIOE PO3pOOIeHHS (HPOHAY BapiaHTIB CXEMATHIHUX
BHKOHAHb, BIAMOBIIHO 3 MPUAHATUMH IO yBard HarpsMaMH AOCTIIKEHHS 3 BHILICHHIM
ICHYIOUHX Ta MEPCIIEKTUBHUX TEXHIYHUX PIIICHh BUKOHAHHSA 1X CKJIAIOBUX.

[puHIMn iepapxivnocmi — nependadae CTpyKTYpyBaHHS CXEMaTHYHOTO OTHMCAHHS 32
CTYIICHEM JIETalbHOCTI 3 BU/IIJICHHSIM OKPEMUX 1€papXiuyHUX PiBHIB.

30cepeKeHO yBary Haj aBTOPCHKOKO TIMOTE30K0 MPO JOLUIBHICTh BIPOBAPKCHHS B
KOHCTPYKIIil BAHTQ)KHUX BaroHiB MOMNEPEIHHO HAMPYKEHUX HEeCydnx enemeHTiB. [lix mo-
NepeHIM HATPYKEHHSM KOHCTPYKIIH pO3yMilOTh PI3HOMaHITHI MPUHAOMH MITYYHOTO pe-
T'YJIIOBaHHS HANPYKeHb (KepyBaHHS HANPy>KeHO-1e()OPMOBAHUM CTAHOM) B KOHCTPYKITiSIX
JUTSL T IBUTIICHHS iX €(peKTUBHOCTI. BTpy4aHHS B IprpoaHy poOOTY 00’ €KTa ISl CTIPSIMO-
BaHOI 3MiHH HOT0 OTEHIIITHOI eHeprii nedopmarrii Moxke BifOyBaTHCA Ha PI3HUX CTAIAX:
B MPOIIECi BUTOTOBJICHHSI, IPU MOHTaXi, IPU eKCIuTyaralii abo MojepHi3ailii i Ha pi3HUX
PIBHSX: KOHCTPYKTUBHUX €JIEMEHTIB a00 BY3IIiB, MOIYJIiB i CHCTEMH B IIIJIOMY.

Kpurepisimu edexkTHBHOCTI 3aCTOCYBaHHS IONEPEAHBOI0 HANPYKEHHS B METAIOKOH-
CTPYKIIISIX MOXKYTh OyTH SIK €KOHOMIYHI BUMOTH 31 3HHKCHHSI MacH i BapTOCTI 00’ €KTIB,
TaK 1 TEXHOJOTi4HiI (ITiABHUIIEHHS )OPCTKOCTi, 30epekeHHs] (OPMH €TIEMEHTIB HECY4HX
KOHCTPYKIIif, 3MiHA IWHAMIYHUX XapaKTEPUCTHK, MiABUIICHHS TPIIIMHOCTIHKOCTI Ta
3MEHIIIEHHSI BTOMHOI MIITHOCTI 1 T.11.). B IIbOMy CEHCi MEeTalOKOHCTPYKIIii MarOTh OiIBII
HIMPOKI MOXKITUBOCTI 3aCTOCYBaHHsI MONIEPEHBOTO HAMPYKEHHS, HiXK 3a11300€TOHHI 1 cTa-
Ne3a1i300€TOHHI, e el MPUIoM PO3BUHYBCS, TIEPII 3a Bce, sIK 3aci0 OOPOTHOM 3 MO0
MIIHICTIO OETOHY MPH PO3TATYBAHHI.

st kinacudikaiii o0 BUKOPUCTaHHS B BaHTQXKHOMY BaroHoOyIyBaHHI CIIPSAMOBa-
HOT0 HaNpPyKEeHO-Ae(pOPMOBAHOTO CTaHY MOXHA BHOKPEMHUTH TaKi CIIOCOOU CTBOPEHHS
HONEPETHHOrO HAIIPYKSHHS:

1) oOTHCHEHHS OKPEMHUX PO3TATHYTUX, CTHCHEHUX 1 3ITHYTHX MOPOXHUCTHX/CYIUTLHUX
3aMKHYTUX/HE3aMKHYTHX MPOo(diiiB 1 HiKMX eneMeHTiB (0anok, pam) 3aTsDKKaMH Pi3HOTO
BUJIy 3 BUCOKOMIIIHAX MaTepialis;

2) mornepeHii NPYKHUI BUTMH OKPEMHX €JIEMEHTIB 3 HACTYITHUM 3BapIOBAHHSIM iX B
3ITHYTOMY CTaHi B IIUTHI KOHCTPYKTHBHUHN elleMeHT (0alKy);
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3) momepeaHs BUTSDKKA LUIMX KOHCTPYKLIHA ab0 OKpeMHuX iX 4acTHH 3 METOH0 301JIb-
meHHs 00JacTi mpyXKHO1 poOOTH MaTepiamy;

4) momepenHi HATAT OKPEMHX BKJIFOUYEHUX THYYKHX CTPIIKHIB (TPOCH, ITYYKH IPOTY,
apMaTypa) 3 METOI0 CIIPUIHATTS HUMH CTUCKAIOTh 3yCHIIb;

5) TuMuacoBe 3aBaHTaKEHHS B TIPOIIECi MOHTaKy a00 BUTOTOBIICHHSI OKPEMHX €JIEMEHTIB
KOHCTPYKIIiii 00 BCi€l KOHCTPYKIIIi 3 TOAAIBIINM 3aKPIIIEHHsIM KOHCTPYKILi il HaBaHTa-
JKEHHSIM TSI PaIlioHaIbHOTO PO3IIOJUTY 3yCHIIb 1 MIABHIIIEHHS 11 dKOPCTKOCTI Ta CTIHKOCTI;

6) CTBOpEHHs TOMEPEIHHOTO HAIMpPYKEHHS B MPOKATHUX NPO(IIIX HIIIXOM 3a-
BaJIbLIbOBYBAHHS B HUX [IONIEPEIHBO HATATHYTOI'O BUCOKOMILIHOTO IPOTY (HANpHUKIaK, IPH
CTBOpPEHHI THYYKHUX BarOHHUX 3’ €JJHAHD);

7) nmonepeHe HarpiBaHHS/0XOJIOKEHHS OKPEMUX JIETAJICH 3 METOIO 301IbIIICHHS/3MCH-
IICHHS iX TCOMETPHYHUX PO3MIpIB.

SIK mpuKiTag 3aCTOCYBaHHS JUI BAHTAXKHUX BarOHIB PO3IVIIHEMO IIOIIEPEHE HArpiBaHHS,
SIKE MO’KE BUKOPUCTOBYBATHCS IS TOTO, 00 3armo0iraTé YTBOPSHHIO TPILIUH 1/a00 3a0e3-
MEYUTH TMOTPiOHI MEXaHiYHI BJIACTUBOCTI, HANpPUKIAA, YAapHy B s3KicTh. [lomepenne
HarpiBaHHS MOXXHA BUKOHYBATH B Tedi a00 3a JOMOMOTO0 HarpiBaJIbHUX MaJbHUKIB, EJIEK-
TPUYHHX TUTACTHHYACTUX PafiaTopiB a00 iHAYKIIIMHNX 91 IPOMEHICTUX HarpiBadiB.

VY 3B’513Ky 3 PI3HOMAaHITHICTIO KOHCTPYKTHBHHX CXEM BaroHiB BapTO pO3pOOUTH Kiia-
cudikarliro, ska 3B’sDKe Ta CHCTEMATU3y€E XapaKTep BIPOBA/DKEHHS MOMEPEIHBOTO HAIpy-
JKEHHS 3 0COOIMBOCTSIMHU (THTIA’KEM ) BAHT)KHUX BarOHIB iX YHIBEpCAIbHUX Ta CHENU(DIIHAX
ckJ1a10BUX. biiouHo-iepapxivyHa cxema MOTCHIIIMHUX CKJIAJ0BUX BIIPOBAIXKCHHS MOTICPEIHb-
Or0 HamnpyKeHHsI B HECY4i CHCTEMH BaHT)KHHUX BaroHiB MojiaHa Ha puc. 4.

Sk BuzHO 3 cxemu (hopMasizoBaHe ONMCAHHS MOTEHIIMHUX CKIaJOBUX BIPOBAKEHHS
nepeadayvae BUAUICHHS YOTUPHhOX i€papXiuHUX PiBHIB!

I piBenb mictuth «Tum BaroHay», skuii nepeadavae BIPOBAKEHHS OCHOBHHUX THIIIB
BaroHiB. PiBeHb B CBOIO Uepry MOIUISAETHCS Ha BarOHU 3 CTAI[lOHAPHIMH HECYYHMU CHCTE-
Mamu (B:1 — tun «HanisBarony», B, — tun «Kputnii Baron», Bz — tun «Baros-miuctepHay,
B4 — tun «Baron-mmardopmar ta Bs — Tun «Baron-xomnep») Ta 3 3°éMHIMU HECYYUMH CH-
cremamu (B — tun «Konteiinepy). Ipu nbomy Tum «HamiBBaroH» BKIrOYa€e yHiBepcaibHi
Ta CIelliai3oBaHi HariBBaroHu; Tun «KpUTHii BaroH» — KpWUTi BaroHW 3BHYAWHOI KOH-
CTPYKIIii Ta 130TepMidHi BaroHu; Tuil «BaroH-iucrepHay» — 4-x Ta §-Mu BICHI IIUCTEPHU;
tun «BaroH-mardopmay — BaroHu-miaaTGopmMu 3BUHaiiHOi KOHCTPYKIIi 3 6opTamu Ta 6e3-
OOpPTOBI, CKEJIETHOTO TUILY JIsl IEPEBE3EHHsI KOHTEHHEPIB Ta BarOHU-TPAHCIIOPTEPH; THII
«Baron-xomep» — BaroHH-XOIEepH BiAKPUTOTO Ta 3akpuToro tumy; Thn «KoHTeiHep» —
VHIBEpCaJbHi Ta CIeliani30BaHi KOHTCHHEPH.

II piBennb micTuTh «MOIYIH Ky30Bay.

Hns Ty By — «HamiBBaron» AominpHO B enmeMeHTax: Bix — «OOB’s3ka BepxHs Ta
HWKHS O1YHUX CTiH» BHKOPHCTATH criocodu 1-7 (mmig cmocobom 1-7 po3yMmitOTh 3aCTOCY-
BaHHsI CIIOCO0IB pa3oM abo OKpEeMO OJIWH BiJl 0AHOTO); B122 — «Criliku O1YHUX CTiH» — CIIO-
cobu 1-7; Bioz — «'opr30HTaNBHI TTOSICH Ta 00B’3yBaHHS BEPXHE CTIH TOPIEBUX» — CIIO-
cobu 1-7; Bi2a — «Jlyru naxy Jijisi BAroHiB 31 3HIMHUM J1axoM» — criocoou 1-7. Jlns tuny Bo
— «Kputuii Baron» A0IIIBHO B elieMeHTax: Booy — «O0B’s13ka BepXHsI OIYHUX CTiH» MOX-
JIMBO BUKOpHCTaTH criocodu 1-7; Baz, — «Criliku 61YHMX Ta TOPLEBUX CTiH» — crocodu 1-
7; B22z — «lyru nmaxy» — criocoowu 1-7. s Tumy Bz — «BaroH-nimcrepHa» TOMUTHEHO B el1e-
MeHTi Bs1 — «Koten» Bukopucraru crocio 4. /s tuny Bs — «Baron-miardopma» He 10-
LiIBHO BUKOpUCTOBYBaTH. [ Tuny Bs — «Baron-xomnep» AonineHO B eneMeHTax: Bsyi —
«OO0B’a3Ka BepXxHs OiYHUX CTiH» BUKOpUCTATH criocodu 1-7; Bsy — «Criliku O1YHHX CTiH»
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— cniocobu 1-7; Bsas — «/lyru maxy aiist 3akpuToro THmy» — croco6u 1-7. ns tumy Be —
«KoHTeitHepy», a came A TUITY KOHTEHHEP-IIUCTEPHA, AOIIBHO B eneMeHTi Beor — «Ko-
Te» BUKOpUCTATH crocil 4.

piBHi

3i cTanioHapHUMH
HECYYHMH CUCTEMAMH

13 3’emuuMH

HECYYHMH CHCTEMaMH

B, B: [ Bs l By l

Bs
—
E Mouyns ky3osa

Bia B2 Bizi Bsay Bax
| | |

Bz Bax Bs»
1 1 |

Bz B2 Bsas

|
B

I B I I Basi I I Bss I [ Baz | I Bsi I I Bei |
=

I Biai ] I Bag | I Ba | I Baa) I I Bsa I
1 | | 1 |
I Bia I I B> I I Baaz I I Baaz I I Bsa I

Puc. 4. CxeMa NoTeHUiHHNX CKJIATOBUX BIPOBA/’KEeHHS MOINEPeIHbOro
HANPY:KeHHS B Hecy4i cCHCTeMM BAHTAKHUX BaroHiB

III piBenb mMicTuTh «MOIYTH paMu Ta KapKacay.

Hns tuny B1 — «HamniBBaron» gominbHo B eneMeHTi Bis — «banku pamu» BUKopucro-
ByBaTH criocobu 1-7. lns tuny B, — «Kputuii Baron» IomiapHO B eneMenTi B2z — «bankn
pamm» BUKOpHCTOBYBaTH criocodu 1-7. [l tuny B3 — «Baron-1mipicrepHay JOIIBHO B eJie-
MeHTI Bs3i — «banka xpedroBa 4-BiCHOT HUCTEPHM» BUKOPHCTOBYBATU criocodu 1-7. [lns
tuny Bs — «Baron-nardopmay 10LinbHO B eneMeHTi Bz — «banku pamm» BUKOpUCTO-
ByBaTH criocobu 1-7. [lns Tuny Bs — «Baron-xomep» ominpHO B eneMeHTi Bssi — «bankn
paMm» BUKOpHCTOBYBaTH criocobu 1-7. st tumy Be — «KoHTeliHep» 1oLiabHO B €7IEMEHTI
Bes1 — «Kapkac koHTeiiHepa» BUKOPHUCTOBYBATH criocodu 1-7.

1V piBens MicTUTh «MOAYIB XOJIOBUX YACTUHY.

Hns tunie B; — «HamieBaron», B, — «Kputuii Baron», Bs — «Baron-1iucrepua», Bs —
«Baron-mnardopmar» ta Bs — «Baron-xomep» IOIIBHO B enneMeHTax: Bia1, Boa1, Baa, Baas,
Bsa1 — «banka HazmpecopHa Ta 01uHay BUKOpUCTaTH criocodu 1-7; Biaz, Boaz, Baaz, Basz, Bsaz
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— «3arspKka mig Oykcoro (siK Bi3kiB THITy bapOep)» — crioci6 4 i/abo 7. Ans tumy Be — «Kon-
TeifHep» He JIOIIFHO BUKOPHCTOBYBATH.

IIpoBiBmIM aHami3 CXEMH IOTEHIIIMHUX CKJIAJOBHX BIIPOBAIDKEHHS IOIEPEIHBOTO
HANpPY)XCHHS B HECY4Yi CUCTEMH BaHTa)XHUX BaroHiB (puc. 4) CTOCOBHO JI0 BaroHa-IiH-
CTEpHU, BUJIHO, 10 piBeHb [l «Moayns Ky30Ba» BriIto4ae eneMeHT Bz — «Korem» mis
CTBOPCHHS CIPSIMOBAHHS HANpPYXEHO-Ie(POPMOBAHOTO CTaHy SIKOTO JOIIILHO BUKOPH-
ctatu crnoci6 4 (HaBUBaHHA APOTY IO HOTO TOBEpXHI), piBeHb Il «Momyns pamu Ta Kap-
Kaca» MICTHUTb el1eMeHT Baa1 — «baika xpe0ToBa 4-BiCHOT IIUCTEPHI IS IKOTO iICHY€E MOXK-
JUBICTH 3aCTOCOBYBaTH criocobu 1-7 pazom abo okpemMo ouH BiJl ogHOTO, piBeHb 11 «Mo-
Iy7Th paMU Ta KapKaca» Mae eneMeHTH: Bz — «banka HagpecopHa Ta 6iuHa» — criocoown 1-
7 ta Bas1 — «3atsbkka mig Oykcoro (sik Bi3kiB Ty bap6ep)» — croci6 4 i/abo 7.

[IpoBeneni pobotu ans psay Barosis (puc. 5). JocmimkeHHs (puc. 5, a) MpoOBOAUIHCS
Ha CyJacHOMY IpOTpaMHOMY 3a0e3redueHHi, Ie B BaroHi-IIUCTEPHI JJIS TepeBe3eHb 0C00-
JUBO HEOC3MEYHUX BaHTAXIB HA KOTET HABUTA MPOBOJIOKA, OaJIkh XpeOTOBa Ta MIBOPHEBI
KPYTJIOrO Tiepepi3y 3 TaKOK HaBUTOIO Ha HUX HMPOBOJIOKOIO.

1T

7] 6

Puc. 5. locaigxyBaHi BATOHU:
@ — KOMIT FOT€pHA MOJIEIb IEPCIIEKTUBHOTO BarOHa-LUCTEPHH;
0 — 3aIIaTeHTOBaHMH BaroH-LIUCTEPHA; 8 — KOHTEITHEeP-IIUCTepHA

Jns pocnimkeHHs eeKTHBHOCTI 3allPOTIOHOBAHOTO TEXHIYHOTO PillIeHHS MPOBEICHO
KOMIUTIEKCHUH KOHCTPYKTOPCHKO-PO3paxyHKOBHH aHAIII3.

VY pamMkax Takux poOIT JOCIHiIKYBaJIHCh 0COOIMBOCTI POOOTH KOHCTPYKTUBHHX e€lie-
MEHTIB 1 TEXHOJIOTTUHICTh IX BUTOTOBJICHHS Ta PeMOHTIB. [lonepeHiii po3paxyHOK MmoKa-
3aB Taki MO3UTHBHI pe3yJbTaTH: Tapa BaroHa 3HIKeHa Ha 20 %; BaHTaXOIiIHOMHICTb
migsuieHa Ha 20 %; TpimuHoCTiiKicTs mokpamnieHa Ha 30 %; BapTiCTh BUTOTOBIICHHS 3HU-
JKeHa Ha 5 %; 3aTpaTh Ha PeMOHT 3HWKeHi Ha 25 %.
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BucHoBkH Ta npono3uii. BuzHaueHO HAWTIOIHMPEHIIT eKCILTyaTalliifHi TOIIKOKESHHS

HECYyYHMX CHUCTEM BaHTa)XKHUX BAaroHIB: BUTMH TOPLIEBOI CTiHM HA30BHi, IEpeKic Ta PO3ILU-
PCHHS Ky30Ba, 3J1aMH, TPIIIMHM Ta IHIII HECIIpaBHOCTI. BeTaHOBIEHO MOTEHIIAIBHI MiCLIs
IS BIIPOBA/KEHHS CIIPSMOBAHOT'O HAIPYKeHO-e(hOPMOBAHOTO CTaHy B BAHTAKHHX Baro-
Hax: eJIEMEHTH Ky30Ba (00B’s3Ka BEpXHsI Ta HIDKHS OIYHHX CTiH, TOPH30HTAIbHI MOSCH Ta
00B’sI3yBaHHsI BEPXHE CTiH TOPLEBUX, AyT'H J1axy, CTIHKH OIYHHX Ta TOPLIEBUX CTIiH Ta iHIII),
Oanku pamu Ta X010BI yacTuHU. OOIPYHTOBAHO JOILIBHICTh BIIPOBAKCHHS Ta BUOKPEM-
JICHO CIM CITOCO01B peatialiii ClpsMOBaHOI'0 HAMPYKEHO-Ae()OPMOBAHOTO CTaHy 151 BarOH-
HHUX KOHCTpyKuUid. Po3pobnena 0nouHO-iepapxidHa cxeMa MOTEHLIHHNX CKIAJ0BHX BIIPO-
Ba/DKCHHSI TTOIIEPETHROTO HATIPYKEHHSI B HECYUl CHCTEMHU BaHT)KHHX BaroHis. [IpoBeneHo
HOTIepeIHIA PO3PaXyHOK, SIKMI MOKa3aB MO3UTHUBHI PE3YJIbTaTH 3aIPOIIOHOBAHOTO HAYKO-
BOTO MiAXOAY LI0A0 HOTO 3aCTOCYBAaHHS JIsl KOHCTPYKIIi BATOHIB-IIUCTEPH.
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AHAJIN3 KOHCTPYKTUBHBIX COCTABJIAIOLIUX
I'PY30BbBIX BAI'OHOB JJI51 CO3JAHUS HAITPABJIEHHOI'O
HAIIPA)KEHHO-AE®OPMUPOBAHHOI'O COCTOAHUA

B cmampue npedcmagnenst ocobennocmu u pe3ynbmamsl BPOGeOEeHHBIX UCCIE008AH UL
no onpeodenenur0 KOHCIMPYKMUBHBIX COCAGNAIOUWUX ZPY306bIX 8A20H06 0N CO30aHUA
HANPAaeIeHHO20 HANPANCEHHO-0ePOPMUPOBAHHOZ0 COCMOARUA (HA OCHO8E NPUHWUNA
npedsapumenvhbvix nanpaxcenuii). Ha ocnose ananuza sxcniyamayuonHyix nospesicoe-
HUIl, KOHCMPYKMUGHOU UeN1eco0dPa3HOCU U MEXHOJI0ZUYEeCKUX 603MOICHOCHEll No-
MEHUUAIBHO 000CHOBAHHO MeCA CO30AHUS NPEOGAPUMEIbHBIX HANPANCEHUIL U CUCH e-
MAmu3upPOGaAHsl 6 6UOE CHPYKMYPHO-0eKoOmno3uyuonnou cxemsl. Hayuno obocnosana
Uenecoo0pasHoCmy U CnOCoObl peanu3auyuu HanpaeieHHo20 HANPANCEHHO-0edopmupo-
6AHHO20 COCMOAHUA 013 8AZ0HHBIX KOHCMPYKyuil. CXeMamu3upoeano coomeencmaeyio-
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ujue pe3ynbmamosl 6 meopuu U Ha npUMepe 6a2OHA-UUCHIEPHbL, NOOMEEPIHCOCHA Yeeco-
00paznocms peanuzauyuu NPedIoOHCEHHO20 HAYYHO20 N0OX00a 011 NPOEKMUPOBAHUA
HANPABIeHHO020 HANPANHCEHHO-0eOPMUPOBANHHO20 COCMOARUA ZDY308bIX 8A20H08.

Knrouegwvle cnosa: mpancnopmuas mMexanuxa, epy3060il 6a20H, HANPAGIEeHHOe HANPsl-
HCEHHO-0ehopMUPOBAHHOE COCMOsAHUE, HeCyWue CUCTNeMbl, NPed8apUMEeNbHO HANPSNCEH-
Hble cocmasasaouue.
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ANALYSIS OF CONSTRUCTIVE LOAD CARGO CARDS FOR
THE ESTABLISHMENT OF DIRECT STRESS-DEFORMED STATE

In the article presents the features and results of conducted researches on the defini-
tion of constructive components of freight wagons for creating a directional stress-strain
state (based on the principle of previous stresses). On the basis of the analysis of opera-
tional damage, constructive feasibility and technological capabilities, the place of the
previous stresses is potentially grounded and systematized in the form of a structural-
decomposition scheme. The feasibility and methods of realization of the directed stress-
deformed state for car designs are scientifically substantiated. The corresponding results
are theoretically illustrated on the example of a tank-wagon, the feasibility of the pro-
posed scientific approach for designing the directional stress-strain state of freight cars
has been confirmed.

Keywords: mechanical transport, cargo carriage, aiming mode of deformation, load-
bearing systems, prestressed components.
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