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MOJAEJIOBAHHA HAIIPY KEHO-JE®OPMOBAHOI'O CTAHY
KY30BA KOPCTKO-KYINEHHOI'O TACAKHPCHKOI'O BATOHA

B cmammi posznanymi RUMAHHA GHAI3Y HARPYICEHO-0eIOPMOBAHOZ0 CHIAHY
Ky306i6  JicOpCHKO-KyneiHux nacaxcupcokux eazonie AT  «Ykp3aniznuus».
Haoiiinicms ma MiyHicmb RACAICUPCHKUX 64ZOHIE 3anexcamy 6i0 pady ¢haxmopis,
ceped AKHX MOJMCHA 3Q3HAMUMU  0COOIUGOCHI  KOHCMPYKUIL, 61acmugocmi
SUKOPUCHAHUX MAMEPIANie, eQeKmUGHICHE MEXHON0ZIYHUX npoYecie sUpOOHUUmMEA,
PigeHb MEXHIUHO020 00CAY206Y6AHHA 6 EKCHIAYAMAYil, AKICHb PEMOHIY HOULO.

Ilapx nacasicupcekux 6azoHie € OCHOGHOMY CKI1AOAIOML MOOeni, wo Oyiu
pospobneni ma euzomoeneni y 70-90 poxku munynozo cmonimma. Pecypc uux eazonie
RPAKMUYHO 6UHEPRAHUI, 60HH 3ACHAPINLI AK MOPANbHO, MAK i (izuuHo.
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Hocnioncenna, aki nposodunuce axieyuamu pisHux RPoOMUCIOBUX RIONpUEMCME §
Haykogux opzanizayiil, Oyau cnpAMOGAHi HA PO3POOKY MA YOOCKOHANEHHA Memoois
GU3HAYEHHA  3AAUMKOB020 pecypcy MeHUIOKOHCHPYKYili 0na  3abe3neyenns
MOHCTINBOCHIE NOOOGICEHHA MEPMIHY CAYHCOU RACANCUPCHKUX BAZOHIE.

OcmanHim 4acom RUMAHHA W000 PO3PAXYHKY Ky308i6 M@ IHUAUX YACMUH 6a20HI6
eupiniyeanuca 3a 0ONOMo2010 RPOZPAMHUX WIEXHON02IH, 6 6ITbULOCHE AKUX OCHOB0I0 €
Memoo0 CKiHueHux enemenmie. B ocnosi ybozo memoody nexicumb OuUCKpemusauisn
npocmopy, hopmyeannsa pisnanv, 36ip ma 36i2 ii ouinka mounocmi,

Bpaxysanua Qizuunux enacmueocmeil Mamepianie, ZpAHUYHUX YMOG, a4 HAKONC
63a€MO0Ii MiNC PIBHUMU YACMUHAMU 6(20HA € KIOYOGUMU ACHEKMAMU HpU
3acmocyeanni  memooy cKinuenux enemenmie. Tomy auaniz  Hanpysceno-
Oepopmoeanozo cmamy Ky306a 3 ypaxyeaHHAM (AKMUYHUX 3HOCI6 6 eKCHayamauii
0acmb MOMCTUGICHIL CKOPOMUMU 6UMPAMU MAMEPIANY HA PEMOHM HECY4020 Ky306d y
CeHCi po3nooiny cunoeux ROMOKIE 3HOUICHHA.

Bpaxysanna @akmuunozo 3HOCY Ky306@ RACAICUPCHKOZ0 BAZOHA O00380/AE
GUBHAYMUMU PeANbHUIL CHIGH Ma RPOZHO3yeamu k020 nodanvuiy excnayamayiro. Ile
CRPUAE HE NUME 3HUJICEHHIO GUMPAm HA PEMOHM, ale [ HiOgUmieHHIo Oe3nexu
Hadifinocmi eazony. Moowcaugicmb payioHanbHO20 PO3ROOITY CUNOGUX RNOMIOKIE
3HOULEHHA 00360J1A€ 30IlICHI06AMI AKICHE MA CBOEHUACHE 00CIY208Y6AHHA MA PEMOHM,
H{0 6NHEAE HA 3020716HY RPOOYKIMUGHICHIb I MEXHIYHUI CHAH RAPKY 6AZOHIE.

Kniouosi cnosa: kyneinuii 6a2oH, pama, Ky308, UBOPHe8A OAIKA, HANPYICEHHS,
Oeghopmayii, crinueni enememu.

Betyn. Interpauis YkpaiHu 1o eBponeHchbKOi CHIIBHOTH CTAaBHTh Pi3HOMaHITHI 3a-
BJIaHHA Iepeji cycninbcTBoM. [leplioueproBum 3aBaaHHAM, BUPILLIEHHSs AKOTO T03BOJIMTD
CHPOCTUTH IHTErpauilo 3aii3HULE YKpaiHH 10 3a1i3Huub €Bporneicskoro Corosy, € OHO-
BJIEHHS NacaKUPCHKOT0 PYXOMOT0 CKJIANY 3ali3HULb Y KpaiHH.

OcHoBy napky nacaxupcbkux BaroHiB AT «YKp3amisHullS», CKIaJalOTh BaroHW,
ycniaaxoBaHi YkpaiHoro mie Big konumHsoro CPCP. KinbkicHui nediuuT nacakupchkux
BAaroHiB ITOCHJIIOETHCS HE3aJOBUIBHUM TEXHIYHHUM CTAHOM ICHYIOYOro mnapky. PiBeHsb
3HOUIEHOCTi y nepeBaxxHoi OinbmiocTi BaroHiB nepeBuuye 90%. CrapinHs Barosis
NpPOJOBXKY€ETbCS LIBUAKHMU TEMIIAMH Ta HE KOMIIEHCYETHCS HAAXOMKEHHAMH HOBHX
BaroHiB. Tum Oinbwe, wo BUpoOHHMK GakTiuHo omuH — ue [IAT «KprokiBcekuit
BaroHoOyniBHUH 3aBoA», sAKMH Mae oOMexkeHi BUpOOHMYI MOTY:KHOCTi. Hagith npu
HapocTaHHi o0csriB BUPOOHMITBA BaroHiB ILOPIYHHMA AediUWT MOKPUBATHCA MOXKE 3a
paxyHOK  MNpPOBEJEHHA  KamiTaJbHO-BIOHOBJIOBAJIBHOIO  PEMOHTY  BaroHis  Ta
OOTpyHTOBAHOIO NPOAOBXKEHHs 1X TepMiHy ciyxOu. [1py BUBedeHHI BaroHiB y PEMOHT iX
¢bisuyHe cripalloBaHHS HEOJHAKOBE, IO NPH3BOIUTEH 0 MOJa4i B PEMOHT BaroHiB, SK 3
HEJOBUKOPHCTAHMUM PECYpCOM, TaK 1 3 NiJABMIIEHHM CTYIEHEeM CrpaioBaHHs. | skuio B
nepuioMy BMNAAKY BHUTPAaTH Ha PEMOHT MOXYTh HEOOIPYHTOBAHO 3aBHLIYBATHCS, TO B
JApYroMy BUNaJKy HaBiTh NpH JOJATKOBMX BHTpaTaXx BaXKO rapaHTyBaTH Oe3nexky
eKCIUTyaTallii TAKMX BaroHiB.

Ananiz ocraHmix AocaiKeHb i mocTaHoBKa mpoGaemn. [lurands HoCHiKeHHs
MiLIHOCTI Ta HaAiHOCTI Ky30BiB MacaKMPCBKMX BaroHiB BUCBiTJIEHI y 6araTbox
nybnikaudax sAK B Hawif Kpaini, Tak i 3a koppoHOM. Baromuii BHecok 3poGieHuit
¢paxisuamu  [AI1  «YkpHAIB», nocnmimxenHs skux [1] mnpucBgueHi BU3HAYEHHIO
3aJIMIIKOBOrO  Pecypcy HeCcyuMX KOHCTPYKUili NacakKMpChKHUX BAaroHiB, MO BKeE

N e N

N N e N

36ipHHK HayKOBHX mpals «PefikoBuil pyxomuii cxiany, 2023, Bum. 27

60



PEMKOBHI PYXOMHMM CKJIAJL

N NN N LN N N

NI N N e N N N

BiAnpawoBanM cBif pecypc. [l NpOrHO3yBaHHs 3ajMIIKOBOI 34AaTHOCTI Ky30BiB
NAaCaKUPChKHX BAaroHiB y crarri [2] 3ampomoHOBaHa METOAMKA MPOrHO3YBaHHS Ta
yIpaBIiHHA BiJHOBJIEHHAM iX pecypcy. B 11 ocHOBy nokiazeHa Mojesb UIBHAKICHHX
KOPO3iHHHMX TIOMKOMKEHb Ui pI3HMX [JUITHOK Ky30Ba, LIO JO3BOJISE BMKOHYBATH
imMiTaliro TEeXHiYHOro CTaHy BaroHa B OyIb-iKdil MOMEHT 4Yacy. 3 BHKOPHCTaHHAM
METONy CKiHYEeHHX €JIEMEHTiB Le Ja€ MOXJIMBICTh OLIHHTH 3aJMINKOBY HECy4y
3aaTHicTe. DaxiBuaMH [IHINPOBCHKOTO HALIOHAJBHOIO YHIBEPCUTETY 3aJli3HUYHOIO
tpancnopry (JHVY3T) BHkOHaAHO HayKOBO-TeXHiUHe OOTPYHTYBaHHA TPOAOBKEHHS
TepMiHy  ClIy>kOM  NacaKMpPCHKUX  BaroHIB  MICJAA  MPOBENEHHS  KalliTajabHO-
BiTHOBITIOBaJIbHOTO peMoHTy (mani — KBP) [3].

V pobotax [4, 5] po3risgaroThes NMUTaHHSA TEXHIYHOTO CTaHy BY3JIiB MACaXXKHMPCHKUX
BaroHiB 3a pi3HMMHU pOKaMH NOOYIOBH Ta HaBeeHI pe3yabTaTH aHaJi3y BEJIMUMHH 3HOCIB
Ta MOMKOMKEHb BarOHIB B €KCILTyaTarlii.

B crarti [6] 3ampornoHOBaHO METOIMKY 3HI)KEHHS BarM Ky30Ba MacaKHWPCHKOIO
BaroHa. ABTOpPaMHM 3 BHKODHCTaHHSM METOAY CKiHYEHHX eJIEMEHTIB po3pobiieHo
MaTeMaTH4YHy MOJesb, BAKOHAaHI pO3paxyHKH MIlIHOCTI Ky30Ba BaroHa 61-779.

Hocnimxenns [7] npucBs4eHO aHaI3y 3aJIMIIKOBOrO PeCypey MacaKMpChbKHX BaroHiB
BiZIKpUTOro Ta KyneiHoro Tumis. 3 ypaxyBaHHSIM (akTopiB, IO BIUTMBAIOTH HA Ge3MneKy
pyxy, aBTOpH OOTPYHTOBYIOTH HEOOXIAHICTH MPOJOBXKEHHS TEPMIHY iX MOAAIBLIOT
eKCIrTyaTanil.

PesynbTaty HaykoBO-€KCTIEPUMEHTABHHX AOCTIJDKEHb XapaKTepHCTHK Oesnexku Ta
KOM(OpPTy Naca’)kMpCLKOro BaroHa, nepeobiagHaHOro 3 KyneHHOro BaroHa mnoGymoBd
3aBogy AmeHpopd npu nposeneHHi KBP Buknaneni y crarri [8]. CrBepmkyerbes, o
TepMiH TpPOMOBXKEHHS eKcIuTyatauii BaroHa micis KBP, B 3anexnocti Big BHMOT
HOPMAaTHBHOI JIOKyMEHTalii, Mo SKMM BiH OyJe BHKOHYBAaTHCS, Ta BarOHOPEMOHTHOIO
nianpuemMcTBa-BukoHasls KBP, mose ckianaty Bia 14-ti pokis 10 23-Xx pokis.

Artopu nyOnmixauii [9] npomoHyrOTE  MPOTHO3YBaHHA  TEeXHiKM  Ge3lexku
Naca)kKUPChKOro 3alli3HUYHOTO pPYyXOMOro ckiagy. MeToauka 3acHOBaHa Ha MeETOJi
MaTeMaTHYHOIO MOJEIIOBAHHS 3 BUKOPUCTaHHAM BINOMHX MPOMMCIOBHX MPOrPaMHUX
CHCTEM.

Y poborax [10,11] BukoHaHa oLiHKa aBapiifiHOCTI Ta HajaHi npomo3uuii 00
Moaudikauii 3ali3HHYHOrO MacaXUPCHKOrO BaroHa. ABTOPH, BHKOPHUCTOBYIOYH METOJ
CKiHYEHHHX €JIEMEHTIB, BUKOHAJM MOJEJIOBaHHS 3iTKHEHHS NAcCa)XKUPCHKOIO BAroHy 3
JKOPCTKOIO CTiHKo0. Ha nepiioMy erani ananizy Oyno BU3HAY€HO CTPYKTYpHI C1aGKoCTi
BHXigHO! koHCTpyKuii. Ha HacTymHOMy erami aBTOpHM 3ampOnOHYBajiu MOIAHQIKOBaHY
KOHCTPYKLIFO NaCaKUPCHKOTO BaroHa. B pesynbrari 6yna oTpMMana KOHCTPYKILS BaroHa
3 KpallMMH aBapiliHUMH BIACTUBOCTAMM, 3a SKi HAaBKOJO 3iTKHEHHS BMHMKAKOTH
acTU4HiI Jedopmariii.

PesynpTaTd BHKOPHUCTaHHS METOLY CKIHYEHHMX ENEMEHTIB JUid MOJAEIOBAHHA
TeTI00OMIHHHUX TPOLIECIB Y Barouis HaseaeHi y cratti [12].

[lincymoBytouM pe3ysibTaTd HaBEJCHOTO BHILE AaHANI3Y MOXKHA BiJIZHAYUTH, IO
JOCHI/KeHHS BIUIMBY BEJIMYMHM 3HOCY (KOpO3iHHOTO Y (i3WYHOro) Ha MILHICTB
HECY4MX KOHCTPYKILiH Ky30BY NacCaKUPChKOTO BaroHy AOCIIDKEHO HE B IOBHOMY 00cs3i.
Benuuuny rpaHMYHO JOMYCTUMUX CIIPALFOBaHb aHANITHYHO He BU3HAYEHI.

Meta pocaimkenns. MeToro po6OTH € MOJENIOBaHHS Hampy>KeHo-aeGopMOBaHOro
CTaHy >KOPCTKO-KynelHoro saroHa BupobHuuTsa Himeuunnu 6es xpeGTosol Gaiku y ce-
peHil YacTHHI.
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Marepiain Ta MeToaH AocaiA:keHHd. ABTOpamMu Oyna mobynoBana 3D Monens sxop-
CTKO-KyTeiHoro BaroHa moaeni 47-/1 Bupobuunrtea HiMmeuuntmu.

Po3paxyHku Ky3oBa Ha MILHICTP BHKOHYBAJIHMCh 3a JOMOMOIOK METOLY CKiHYEHHX
€JIEMEHTIB 3 BHUKOPHCTaHHAM IporpaMHoro kommiekcy ANSYS BianoBimHo no BUMOr
JACTYVY 7774 [13]. Ky30B posrasaaBcs sK CHCTEMa CTPHYKHEBUX Ta TUIACTHHYACTHX CKiH-
4YeHUX eJeMeHTiB. Po3paxyHkoBa cxema HaBeJeHa Ha puc. 1.

Puc. 1. PospaxyHkoBa cxeMa Ky30Ba HacaKHPCHLKOro Barona moaeJi 47-

SIK CTpHXKHI pO3INIAAAIMCs CTOSKH Ta BepXHs OOB'A3ka OIYHMX CTiH, IyrHW Jaxy Ta iH.
Pama ky30Ba, HWKHS 0OB'SI3Ka, oOmMBKA OGIYHMX CTiH, TOPLEBI CTiHH, OOIIKMBA Jaxy Ta
HACTHJI MiAJIOTH MOJENIOBAINCS 3a IOTIOMOTOIO TJIACTUHYACTHX CKiHUSHHX eJIEMEHTIB.

CTprokHeBi CKiHYEHI €JIEMEHTH NPALOIOTh Ha PO3TAT (CTUCHEHHSI), BATHH, KPYYEHHS i
3cyB. ITnocki ckiHY€Hi eIeMEeHTH MpaLoI0Th Ha BUTHH (SK TUIACTHHHM) i Ha po3Tsr (CTHC-
HEHHS) MiJ Ai€r0 CUJl, JiHiT i SIKUX JIeXKaTh Y cepeIuHHIN TUTOLTHHI.

Bceboro pospaxyHkoBa cxema MicTUTh 1659958 By3iB 1 722470 ckiHUEHHX €JIEMEHTa.

HopmaTuBHumii nokymeHT [13] nepenbauae HeoOXinHICTE pO3paxyHKiB 3a TPhOMa PO3-
PaxyHKOBHUMH PEKUMAMHU:

— | po3paxyHKOBHH pe>XHMM BiINOBiIa€e pyLIaHHIO 3 Miclisi, €KCTPEHOMY rajbMyBaHHi
NPY MaJIuX WBUAKOCTAX PYXY, 3ITKHEHHIO MiJ Yac MaHeBPOBOT po6OTH TOLIO;

— II po3paxyHKOBUH peKUM — pyX MOi3Aa Ha PO3paxyHKOBOMY TMimidoMi (i maca-
JKUPCBKMX BaroHiB MPH BKJIFOUEHHI 1X 0 CKJIaJy BaHTAXKHUX TOI3/iB);

— III po3paxyHKOBUH peXHM — PyX 3 KOHCTPYKLIHHOIO IIBUAKICTIO Ta PEryIIOBajIb-
HHUM TaJIbMYBaHHSM.

KoxxHOMy 3 IIMX pO3paxyHKOBHX PEXHMiB BiAMOBizae KoMOiHallisl HABaHTaXKEeHb, SKi
J0Jal0ThCs 10 Ky30Ba BaroHa. Mo)xHa BUIUTHTH TPH TPYNHU: MOAOBXKHI, BEPTUKAIbHI Ta
6iuHi HaBaHTaXeHH:. Hikue HaBeieHO OMHMC KOXKHOT IPYIIH.

ITo3noBKHI HaBaHT@XKEHHS — i€ TO3J0OBXHS PO3TArytoya abo CTHCKaioya CHia, LIo
NPUKJIANAETHC 0 NepeaHix abo 3afHiX KOCHHLIB BianoinHo. [Ipu po3paxyHky 3a I pe-
JKMMOM IIPUKJIaJA€ThCs CTHCKaroya cuia 2,5 MH, Il peskum aBTOpaMu He po3risiaeThes,
npu po3paxyHKy 3a III pe;xkMMOM OKpeMO OLIHIOETHCS MILHICTB Ky30Ba SIK MPH il CHIIH,
mo postarye 1 MH, Tak 1 mpu aii cTUckarouoi CHIM Takoi K BeJTHYMHH (PO3rJisaacThCs
BHIAJIOK [Iii CHJIH, IO PO3TATYE).

I'pyny BepTHKaJIbHHUX HaBaHTa)K€Hb YTBOPIOE CHJIa TSHKKOCTI Ky30Ba BaroHa, CHja Tsi-
KIHHs BHYTPILIHBOTO 00JIaqHaHHs, eKillipyBaHHs Ta MacaXupiB 3 6araxem. Y 1o rpyimy,
KpiM NepepaxoBaHUX BHILE CTATHYHHUX HAaBaHTaKeHb, BXOIATh TAKOX I0JAaTKOBI JHHAMi-
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YHi CKJIaZOBi, BHKJIMKaHI NPUCKOPEHHSIM Ky30Ba y BEPTHKAIBHOMY HANpPAMKY IIiJ 4ac
pyXy Barosa.

Cuna TspKKOCTI Q, IO Ji€ HA Ky30B BaroHa, IOPIiBHIOE pi3HHMLI Bark GPYTTO Barowa i
Bary Bi3kiB. IIpu po3paxyHkax Ky30B BaroHa Cro4aTKy OyB HaBaHTaKEHHM CHIIOIO Ts-
JKIHHA, IO Jli€ Ha METAJOKOHCTPYKIIIO Ky30Ba, Ta CHJIaMH TSXKKOCTI BEJMKHX OJMHMIIb
obnannanHs. Cuia, IO TOPIiBHIOE pi3HHMLI MK Q i BaroK METAIOKOHCTPYKIIi Ta 06naj-
HaHHA, OyJa NpUKIaJeHa PiIBHOMIPHO PO3MNOAiNICHEe HaBaHTaXKEHHs, sKE Ji€ Ha IMiaIory
BaroHa (puc. 2).

V sxocTi onop npuiManick n’ITHUKOBI B3 (pHC. 3).

Farce Value(Total) (Ni: | 600000 |

Puc. 2. Cxema npHK/JafaHHA BePTHKAJIBHOIO HABAHTAXKEHHN HA KY30B
NacCa)KHPCHKOI0 BaroHa

Puc. 3. Cxema oOnHpaHHA Ky30Ba NACAKHPCHKOI0 BATOHA
Ilpu pospaxyHky 3a I pesxumMoM BpaxoBYeTbCs JIMIIE BEPTHKAJIbHE CTATHYHE HaBaH-
TaxkeHHs. IIpu pospaxyHnky 3a III pexxumMoM BpaxoByeThCS TakoX AMHAMIYHA CKJIaZoBa

N N NN 8
N ~—= N N NN

36ipHUK HayKOBUX Mpalb «PelikoBuil pyxomuii ckiaany, 2023. Bum. 27

63



PEVIKOBUM PYXOMMIT CKJIAJ

o N N N =

WJIAXOM MHOXKEHHS CTATHYHOTO HABAHT@KEHHS HA MHOXHUK 1 + K5, e k,, — pospaxy-
HKOBE 3Ha4eHHs Koe(illieHTa BEpTHKaIbHOI JMHAMIKHM [T Ky30Ba BaroHy.
Benuuuna K, po3paxoByeTses 3a pOpMyIIor0

- |4 1

kpe = kpp ;lnl—__'P—(k;B—j; 1)

nek g, — cepenne 3HaueHHs Koe(illieHTY BapTHKaIbHOI IMHAMIKH (MaTeMaTH4He OYi-
KyBaHHs BUIAKOBOTO MPOLIECY 3MiHK KO€(iLlieHTy BapTUKanbHOT AMHaMiKU k5 (t));
P(kAB) — JoBipya iMOBipHicTE. BoHa nopiBHIOE P(km)=0,97.
Cepente 3HaUeHHs Koe]illieHTa BAPTUKATBHOT IUHAMIKM Kn; BU3HAYAETHCA 33 HACTY-
THOIO HOPMYNOIO
- s V15
kpe=0a+36-10"%-b——, (2)
cT
Je a — eMnipuyHui koedillieHT, SKUi 171 Ky30BiB Barouis gopieutoe a = 0,05;
b — xoediuieHT, KU 3aNeXKUTh BiJl KUIBKOCTI OCe Y Bi3Ky (1% IBOBICHMX Bi3KiB b 10-
BiBHIOE 1);
fer — CTATUYHUI NPOrUH pecopHoro miasiwysauus (f.. = 0,15 v);
V — mBuaxicTs pyxy B mM/c.
Taxum uMHOM 11 pyXy 31 WBHAKicTIO 44,4 M/c cepeliHe 3HaueHHsT KoedilieHTy Bap-
THMKaJIbHOI IMHAMIKH k ;5 CKIano

_ L, 444-15
Fign = 0,05 +3,6- 107 - 1——=— = 0,121
4
ke = 0,121 [z lng—pes = 025,

Hist 6GoKoBOro HaBaHTa)KEHHS TIOBUHHA BPaXOBYBATUCA JIHIIE NpU po3paxyHkax no 11
pexxumy. Cuia, gKa JOPIBHIOE PI3HHLI BiUEHTPOBOT CHIIM Ta TOPH30HTANIBHOT CKIIAI0BOT
CHJIM TSDKKOCTI, 110 BUHUKA€E BHACIINOK ITiHECEHHS 30BHILIHBOT peiiku, [Jisl acaskupCh-
KUX BaroHiB cTaHoBUTE 10 % Bin cuny TsbkiHHA OpyTTo, ToO6TO 61 KH. Takok BpaxoBy-
€TBCS CUJIAa THCKY BIiTpPY, AKa NOPiBHIOE MHOJKHHI U101 OOKOBOT MpoeKuii Ky30Ba Ha IH-
ToMui THCK BiTpy (500 H/M?), sika 11 JanHOro BaroHa jopisHioe 38,6 kH. Takum uu-
HOM, cymapHe OokoBe HaBaHTakeHHsS ckiagatume 99,6 xH. BoHo mpukiamaetscs 10
BEPXHBOI T4 HIKHBOT O0B’ I3KH GIYHMX CTIH.

Ilpn pospaxyHkax BBaKajocs, IO BaroH PyXa€Tbcs 3 MaKCUMANIbHOK IIBHAKICTIO
160 xM/roj i 3aCTOCOBYETHCS TPETIH PO3PAXYHKOBHH PEIKUM.

byna npoeeneHa Bepudikauis pozpobieHoi mozesni. Ha nepwomy etani BUKOHYBaBCs
pO3paxyHOK Ky30Ba 3i CTAaHAApPTHUMH TOBLIMHaMU oOwmMBH. OTpUMaHi pe3yabTaT 1opi-
BHIOBAIM 3 pe3y/bTaTaMM €KCNEPHUMEHTATBHUX JOCHimKeHb (BUNPoOYBaHHAMH Ha Mill-
HicTh). CXOXKICTh pe3ysbTaTiB MiATBEPAMIIA IPABMILHICT CTBOPEHOT MOEIIL.

AHani3 Hanpy»eHo-1e(OpPMOBaHOTO CTaHY TPH Pi3HHMX BapiaHTaX MOJEPHi3aLil noka-
3aB, 10 KY30B MAaCa’kKUPCHKOr0 BaroHa Mae JOCTaTHil 3anac miuunocti. HanpyskeHns, ski
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BUHMKAIOTh Y HaiOiIbI HaBaHTXKEHUX MICLSX, HE TIEPEBUILYIOTh AOIYCTHMHUX 3HAYCHb
JUIsl KOHCTPYKLIMHUX cTajeH, o 3aCTOCOBYIOThCS (puc. 4).

0,0010171 Min

Puc. 4. Pe3yabTaTH po3paxyHKiB 3 BAKOPHCTAHHAM NPOrPaMHOI0
komiutekcy ANSYS

BucHoBku:

1 TloGynoBaHa CKiHYE€HO-€JIEMEHTHa MOJENb Ky30Ba >KOPCTKO-KYNEHHOTO BaroHa
moneni 47-J1. Jlns MonentoBaHHS BUKOPUCTOBYBAIUCS CTPUXKHEBI Ta TJIACTMHYACTI CKiH-
YeHi eJIeMEeHTH.

2 IlpoBeneHo mocHimKEeHHS Hanpy>KeHO-Ie(OPMOBAHOTO CTaHYy Ky30Ba NMPH HOMiHa-
JBHUX po3Mipax 31 CTaHAApPTHUMH TOBLIMHAMM OOIIMBH. BCTaHOBIEHO, 1110 HANPY KEHHS,
SIKi BUHUKAIOTh Y HaHO1MbI HABAHTAXKEHHUX MICIIIX, HE MEPEBUIILYIOTh HOIMYCTHMHX 3Ha-
YeHb JJI51 BAKOPUCTOBYBAHUX KOHCTPYKLIHHHUX cTaneu.

3 OrpumMaHa MoJeNb Ky30Ba y MOAATBIIOMY AaCTh MOXKIIMBICTh BU3HAYaTH IPAHUYHI
BEJIMYMHHU 3HOCIB HECIBHHUX KOHCTPYKLIH paMH i Ky30Ba Ta OOUMCIIIOBATH PO3PAaXyHKOBO-
IMOBIpPHICHUM METOIOM 3 ypaXyBaHHSAM IMOBIPHICHOTO XapaKTepy BCiX IiFOUMX HaBaH-
Ta)kKeHb TIOKA3HUKHM HaJIHOCTI BaroHa Ta Horo 3ajMUIKOBUM pecypc.
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THE STUDY OF THE STRESS-STRAIN STATE OF THE RIGID-
COMPARMENT PASSENGER CAR BODY

The article deals with the analysis of the stress-strain state of rigid-compartment
passenger cars body of JSC Ukrzaliznytsia. Reliability and strength of passenger cars
depend on a number of factors, among which one can note the features of the design,
the properties of the materials used, the efficiency of the manufacturing processes, the
level of technical maintenance in operation, the quality of repairs, etc.

The fleet of passenger cars mainly consists of models that were designed and manu-
Sfactured in the 70s and 90s of the last century. The resource of these cars is almost ex-
hausted; they are obsolete both morally and physically.

Research conducted by specialists of various industrial enterprises and scientific or-
ganizations was aimed at developing and improving methods for determining the ulti-
mate resource of metal structures to ensure the possibility of extending the service life
of passenger cars.

Recently, questions regarding the calculation of bodies and other parts of cars have
been solved with the help of software technologies, most of which are based on the fi-
nite element method. The basis of this method is the discretization of space, the for-
mation of equations, the collection and matching, and the assessment of accuracy.

Consideration of the physical properties of materials, boundary conditions, and in-
teractions between different parts of the car are key aspects when applying the finite el-
ement method. Therefore, taking into account the actual wear and tear in operation,
the analysis of the stress-strain state of the body will make it possible to reduce the ma-
terial costs for the repair of the load-bearing body in the sense of the distribution of
wear and tear force flows.

Taking into account the actual wear and tear of the body of the passenger car al-
lows you to determine the real condition and forecast its further operation. It helps not
only to reduce repair costs, but also to increase the safety and reliability of the wagon.
The ability to rationally distribute wear and tear power flows allows for high-quality
and timely maintenance and repair, which affects the overall productivity and technical
condition of the railcar fleet. The article deals with the analysis of the stress-strain state
of rigid-compartment passenger cars body of JSC Ukrzaliznytsia. Reliability and
strength of passenger cars depend on a number of factors, among which one can note
the features of the design, the properties of the materials used, the efficiency of the
manufacturing processes, the level of technical maintenance in operation, the quality
of repairs, efc.

The fleet of passenger cars mainly consists of models that were designed and manu-
Jactured in the 70s and 90s of the last century. The resource of these cars is almost ex-
hausted; they are obsolete both morally and physically.
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Research conducted by specialists of various industrial enterprises and scientific or-
ganizations was aimed at developing and improving methods for determining the ulti-
mate resource of metal structures to ensure the possibility of extending the service life
of passenger cars.

Recently, questions regarding the calculation of bodies and other parts of cars have
been solved with the help of software technologies, most of which are based on the fi-
nite element method. The basis of this method is the discretization of space, the for-
mation of equations, the collection and matching, and the assessment of accuracy.

Consideration of the physical properties of materials, boundary conditions, and in-
teractions between different parts of the car are key aspects when applying the finite el-
ement method. Therefore, taking into account the actual wear and tear in operation,
the analysis of the stress-strain state of the body will make it possible to reduce the ma-
terial costs for the repair of the load-bearing body in the sense of the distribution of
wear and tear force flows.

Taking into account the actual wear and tear of the body of the passenger car al-
lows you to determine the real condition and forecast its further operation. It helps not
only to reduce repair costs, but also to increase the safety and reliability of the wagon.
The ability to rationally distribute wear and tear power flows allows for high-quality
and timely maintenance and repair, which affects the overall productivity and technical
condition of the railcar fleet.

Key words: passenger car, frame, body, pivot beam, stress, strain, finite elements.
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