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IpoGiema 3abe3nedeHHs HagIHHOCTI B poOOTI METAIEBHX AUMOBHX 1 BEHTHILILIHHUX TPYO Ta
X HECYYHX BeX B OCTaHHIH 4yac 3700yna 0coOJIMBY 3HAUMMICTb B 3B SI3KY 3 BEIMKOIO KiIBKICTIO
BUIIAJIKiB aBapiii Ha MPOMUCIOBUX IianpueMcTBax. Lle moB’s3aHO 3 THM, 110 0arato MeTaJeBHX
JIMMOBHX 1 BEHTHWJBILIIHHKX TPYO Ta IX HECydyMX BEX BHIIpalfoBajia CBili mpoektHuil pecypc (50
POKIB), IiJ Yac ekciulyaTalii yTBOpWIOCh 6arato nedekTiB Ta MOIIKOMKeHb. Bee e morpebye
IPOBEICHHS IIarHOCTHKM 1 BHM3HAYCHHS IiHCHOrO TEXHIYHOIO CTaHy KOHCTDPYKLiH, OLIHKH
JIOBIOBIYHOCTI 1 3aJIMIIKOBOrO PECYpPCY, BUKOHAHHS PEMOHTHHUX POOIT i 3a0e3reueHHs] HOpMaJIbHOT
eKcIuTyaranii a0 HaJiiHOCTI TaKKX CHOPY/I.

KuirouoBi cioBa: meraneBi AMMOBI 1 BEHTHILILIHHI TpyOHM, Hecydi Bexi, HaIilHIiCTb,
HABaHTAXKCHHSI, BIUIMBH, MMOIIKODKEHHS, HAIPYXKEHHs, nedopMallii, JOBroBI4HICT, 3aJUIIKOBHIA
pecypc.

Beryn. 3a0e3nedyeHHs HaAiHOCTI € OJAHWUM 13 OCHOBHHMX 3aBJaHb IPU
MIPOEKTyBaHHI, OYIIBHHUITBI i eKciuTyarali Oy/iBenb Ta criopyd. B ocraHHii
Yac rmpoOyieMH HaJiHHOCTI U METaJIeBUX JUMOBHUX 1 BEHTHISALIHHUX TPYO Ta
iX HecyuMx BeX 37400ysa OCOONMBY 3HAYMMICTH B 3B’SI3KY 3 BEIHKOIO
KIUJIBKICTIO BUITAJIKIB aBapiii Ha IPOMHCIOBHUX MiJNPHEMCTBAX B YKpaiHi Ta
3aKOPIAOHOM.

Kpim Toro, Benuka KiIBKICTh METAIEBUX JAUMOBHUX 1 BEHTHISALIHHUX TPYO
Ta 1X HeCYy4YHMX BEX BHIIPAIfOBaja CBill MpoekTHHUX pecypc (50 pokir), mia yac
eKCILTyaTallii 3MiHHBCS PEeXKHUM iX pOOOTH, MiJBUIIWINCH HaBaHTAXXEHHS Ta
YTBOPWIOCH 0araTo MedeKTiB Ta IMOIIKO/PKEeHb. Bce Iie moTpedye HeraHoro
NPOBEACHHS MiarHOCTHMKM 1 BH3HAYEHHS [IHCHOTO TEXHIYHOTO CTaHy
KOHCTPYKIIiH, TPOBEICHHS aHaNIi3y iX HaliHHOCTI.

1. ITocranoBka 3amavi. AHami3 myOmaikamiif. 3a0e3neunT HaIidHICT
MeTajJeBUX [UMOBHX 1 BEHTWLALIHHMX TpPyO Ta iX HECy4nx BeX, IO
eKCIUTYaTyloThCsl TPHBANMIA 4ac B CKIAJHHX yMOBaX. IX 3aGe3NedyeHHs, fK
MPaBUIIO, TPOBOJAWTHCS HA OCHOBI 3/J00yTHX JaHUX TMPU TEXHIYHOMY
00CTe)XeHHI, BU3HAUYEHH] NPUYUH BUHUKHEHHS TTOIIKO/PKEHD 1 IIPOrHO3YBaHHS
iX pPO3BUTKY, OLIHII JOBIOBIYHOCTI 1 3aJIMIIKOBOIO pECypcy, BHUKOHAaHHI
PEMOHTHHX po0IT 1 3a0e3nmeyeHHI HOpMaJbHOI ekciutyaranii. B ocHOBI
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METOAOJIOTIT YIPABIIHHS CTAPIHHIM METAJCBUX TUMOBUX 1 BEHTHIIALIHHUX
TpyO Ta TX HECy4YMx BeX NPUHHATI OCHOBHI IOJIOKEHHS TeOopil HamidHOCTI
CTPYKTYPHO-CKJIQIHUX MEXaHIYHHX CHCTEM, IO B3a€EMOIIIOTH i3 30BHILIHIM
CepeIOBUILIEM.

Bu3Havaroue 3HaUCHHS TP OIIHIN HaJIHHOCTI TUMOBHUX 1 BEHTHIIALIHHUX
TpyO Ta iX Hecyunx BeX Ma€ BHXiTHa iH(pOpMAIis PO TI'eOMETPUYHI
XapaKTePUCTUKN KOHCTPYKIIH, MiHCHI HaBaHTa)KEHHS Ta PO3IOIN 3YCHUIIb,
iH(opMaIlis PO TEXHIYHWA CTaH Ta BHUSBJICHHI NCPEKTH Ta MOIIKOIKCHHS,
YYTJMBICTh MeETaly KOHCTPYKIIA [0 [WHAMIYHHX, TEMIEpaTypHUX 1
KOpO3iiHKX BIUIMBIB 1 T.II.

Po3BuTKY Cy4acHHX METOMIB pO3paxyHKy 1 3a0e3ledeHHI0 HaiiHOCTI
OyIiBENTBHUX KOHCTPYKIiH, Oy/iBesb 1 CHOpPY/] MPUCBITUIIN CBOI Mpalli BioMi
BiTum3HsHI BYeHi, Taki sk: M.C. bapa6am [1], O.Il. BockoOoiiHix [2],
O.C. Tl'oponeupkuii, €.A. €ropos, A.L. Jlantyx-Jlsmenko, A.B. Ilepensmyrep,
C.®. Iiuyriu [3], B.A. INammncbkwii [11], M.B. CaBunbkuii [12],
T.B. Hixidoposa [10], B.O. Cemxo [14], O.B.Cemko i iHmIi.

Y BigoMux poOOTaXx HE HABOAATHCA JaHI IMOJO OIHOK HAaIiHHOCTI
MeTaJeBUX JUMOBHX 1 BEHTWILIHHUX TPYO Ta iX HECYUHX BeX, HE po3polIieHi
METO/IM OILIIHKH JTOBIOBIYHOCTI Ta 3aJIMIIKOBOT'O PECYPCY TAKHX KOHCTPYKIIIH.

2. 3arajJbHa MeTO0JI0Tisl OMiHKM HAXIMHOCTI i ynpaBJ/IiHHA CTapiHHAM
eJIeMEHTIiB MeTaJleBUX AUMOBHX i BeHTWISANIHHMX TPy0 Ta iX Hecydmx
BeK. B OCHOBI Merojonorii ynpaBiiHHS CTapiHHSAM METaIEBHX JIMMOBHUX 1
BEHTWILAILIHHUX TpyO Ta ix Hecyumx Bex (MJIBTiHB) mnpuitnari ocHOBHI
TIOJIOXKEHHSI TeOpii HaIIHOCTI CTPYKTYPHO-CKJIaTHUX MEXaHIYHUX CUCTEM, L0
B3a€EMOJIIOTh 13 30BHIMHIM  cepepoBuiieM. CKIagOBUMH  YaCTHHAMHU
po3pobiieHoi Metoaonorii € [19]:

- 3arajibHa METOJIOJIOTISl YIPABIIHHS CTApPiHHAM 1 MPOIOBXKEHHS TEPMIiHY
eKCILTyaTallii MeTajeBuxX JUMOBHX 1 BEHTHILIIHHUX TPYO Ta iX HECy4HX BEX
(MIBTiHB);

- knacudikariis BIUMBIB cepenoBuina ekcmuryatamii MJIBTiHB 1 metoau
OLIHKM iX BIUIMBY Ha PO3BHTOK IPOLECIB CTapiHHSA MaTepialliB €JIEMEHTIB
M/IBTiHB;

- MpOLEAYPHU MOHITOPHMHTY, JiarHOCTHKH, METOIM BHUSBJICHHS MPOLECIB
crapinnsg MatepianiB  einementie  MJIBTiHB, Bxmowarounm pyiHIBHHN 1
HepyHHIBHUI KOHTPOJIb MaTepiaiB;

- IpoIeIypa aHaji3y Ta OomiHku TexHiuHoro ctany MJIBTiHB;

- METO/IMKHU TIPOTHO3Y KIHETUKU PO3BHUTKY IPOIECIB Jerpajalii MaTepiaiiB
M/IBTiHB, ix BmmBy Ha 3MiHy OyIiBEIbHO-TEXHIYHUX BJIACTUBOCTEH
MaTtepiaiiB i ¢pyHkuioHaneHuX BractuBocreit MJIBTiHB;

- MAXOMU 10 pO3POOKH JOAATKOBUX 3aXOJiB IOAO BIUIMBY Ha MPOLECH
nerpanauii MIBTiHB B pe3ynbrati cTapinHs;

- TOPSIOK OpraHizalii, IUIaHYBaHHS Ta peaizallii JOAATKOBHX 3aXOJIiB
o0 ynpasiinas crapinasiyv MJIBTiHB.

OCHOBHI TepMiHM Ta BU3HAYECHHS IOHATH 1 TOKAa3HHKIB, NMPUHHATHX B
Teopii HaIIMHOCTI, a TAKOXK METOAH IX PO3PaxyHKY HPHHUHSATI BIAIIOBIIHO 10
HOPMaTHBHHUX JOKYMEHTIB [15], [16].
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HaniitHicTh - BIacTUBICTh KOHCTPYKIH 30epiraTi B 4aci y BCTaHOBJIEHHX
MeXaxX 3HA4YeHHs BCIX MapaMerpiB, MIO XapaKTepU3yloTh 3JaTHICTh
BUKOHYBaTH HeoOXximHI (QyHKLIT B 3aJaHMX yMOBaxX eKcCIUTyaTtalii mnpu
BCTAaHOBJICHIH CHCTEMI TEXHIYHOrO OOCIYroByBaHHs 1 peMoHTy. HaniliHicTh €
KOMIUIEKCHUM  TOHSTTSIM 1 BKJIIOYA€E  BJIACTHUBOCTI  0E3BiIMOBHOCTI,
JIOBI'OBIYHOCTI, PEMOHTONPHUAATHOCTI 1 30€epiraHHsl.

Be3BinmMOBHICT, - BIACTUBICT, KOHCTPYKIII Oe3ymuHHO 30epiratu
Mpale3aTHICTh TPOTITOM JISSIKOTO Tepioay Yacy.

KinbkicHUMH TIOKa3HUKaMU OE3BIIMOBHOCTI € WMOBIPHICTh 0O€3BiMOBHOI
po0OTH, IHTEHCUBHICTH BiJIMOB.

IMoBipHiCTh 0€3BiAMOBHOI pOOOTH - IMOBIPHICTH TOTO, IO B 33JaHOMY
iHTEepBaJIi Yacy He BUHUKAE BiMOBA KOHCTPYKIIIi:

P(t)=P{T > 1}, (1)
ne ¢ - mortoyHuid yac; T - TepMiH CIyKOH.

IMOBIipHICTH BiMOBHU:

F()=1-P(). 2)
HlinpHICTH pO3MIOALTY HIMOBIPHOCTI BiJIMOBH:
_4r@
ro=2 ®)

[HTeHCHBHICTH BIIMOB - YMOBHA IIUIBHICTh HMOBIPHOCTI BHWHHMKHEHHS
BiIMOB, BH3HAYa€THCS IUIS JAHOTO MOMEHTY 4acy 3a YMOBH, LIO JIO LbOTO
MOMEHTY BiJIMOBa HE BUHHKJIA:

=10, o)
P(1)

JIOBroBiUHICTh - BJIACTHBICTH KOHCTPYKIII 30epiratd mpare3maaTHICTh J0
HACTaHHS TPaHUYHOTO CTaHy (BiIMOBH), TOOTO NPOTITOM YChOTO MeEpiomy
eKCIUTyaTallii Ipyu BCTAaHOBJIEHIH CHCTEMI TEXHIYHOIO OOCIYrOBYBaHHS 1
PEMOHTY.

KinbkicHUMM TMOKa3HHMKaMH TOBFOBIYHOCTI € CEpelHId TepMiH CITyXOH,
raMMa-IpoLeHTHHI TEPMiH CIIy:k0u (pecypc).

Cepenniii TepMmiH ciy6u | - MaTeMaTHYHE OYiKyBaHHSA TPHUBAJIOCTI Bin
MOYATKY eKCILTyaTalii KOHCTPYKIIIi JI0 TOCSITHEHHS TPAaHUYHOTO CTaHy.

lamma-npouenthuii  TepMin  cuyx0Ou  (pecype) T, - TpuBailicth
eKCILTyaTallii, MpOTSAroM sKOi KOHCTPYKIISl IOcsra€ TPaHUYHOTO CTaHy i3

3a/1aHOK0 HMOBIPHICTIO ¥/ , BUPAKEHOIO Y Bi/ICOTKAX.

Jlani po Ge3BiAMOBHICTD, IO MICTATHCS B TOYKOBUX IOKa3HUKAX 7T , T,
MeHII iHpopMaTHBHI, HiX iH(opMalis npo Oyne-aky 3 dyukuiit P(¢), F(f),
f(1), h(t) . 3a3HaueHi GYyHKIIT € GYHKIIAMHU Yacy, KOKHA 3 SKHX OJHO3HAYHO

XapakTepu3ye pO3MOALT BUMNAAKOBOI BEIWYHMHH (TepMiHY CilyxOu). 3Harouu
OIHY 3 (PYHKIIIH, MOXJIUBO OOYMCIUTH BCI 1HIIII.
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Oyukuii P(¢) 1 F(f) sBIAI0TH COOOIO IHTErpajbHI XapakTepuCTHKU. Tak

SIK BOHM MOHOTOHHI JJIs1 OY/b-IKMX 3aKOHIB PO3MOALTY, TO YaCTO HEMOXKIUBO
BHUSIBUTH OCOOJIMBICTD PI3HUX THITIB 3aKOHIB PO3IOILITY.

OyukIis f(¢) € 6inbIn iHGOPMATHBHOO 1 XapaKTEPHU3YE Pi3HI BIACTHBOCTI
po3noniny (po3TanryBaHHs 00JacTi MOXKIJIMBUX 3HAUCHD HA OCI Yacy, HasSABHICTb
1 po3noaia HaWOLIBII WMOBIPHMX 3HA4€Hb, CTYIEHS PO3CIIOBaHHI,
CUMETPUYHOCTI 1 iH.).

Oyukuist A(t) sBisie cOOOI0 y3aralbHEHY XapaKTepPUCTHKY PO3MOALTY, sIKa
Hece iHpopManito Biapasy npo nBi ¢pyskuii f(¢) i P(¢), abo F(¢)). Tomy
(GYHKINS IHTEHCUBHOCTI BIiIMOB € I OUIBII BHPA3HOI XapaKTCPUCTHKOIO
3aKOHY po3mnoxity B mopiBHAHHI 3 f(f). DyHkuis A(f) € omgHuMm 3
HAMBaXIIUBIIIMX KPUTEPIIB TPU BHOOpPI TEOPETHYHOI MOJIENI PO3MOALTY
TEpMiHY CIYKOH.

[Toka3HUKKM HAIIHHOCTI €KCIUTyaTOBaHMX OYMiBEIbHHX KOHCTPYKIIH, 110
eKCIUTYaTyIOThCS, MOXIIMBO OTPUMATH YOTHPMa OCHOBHHMH MeToiaMu: 1)
CTaTUCTUYHUM; 2) (I3HKO-CTATHCTHYHHMM; 3) EKCIEePTHHX OIIHOK; 4)
BUNIPOOYBaHHS HABAaHTaKEHHSM.

CTaTUCTUYHUN METON TMOJIrae B HAKONMUYEHHI Ta 0OpoOIll JaHUX IPO
BIIMOBH MAaCOBUX OIHOTHITHUX KOHCTPYKIIiH. Tak sk BiAMOB OyIiBENbHHX
KOHCTPYKLIIH 3a TEpLIOI TpPYIOK TIpaHMYHUX CTaHIB 3a3BHYail  He
JIONYCKalOTh, TO OTPUMATH CTATUCTUKY BIIIMOB OyIiBENIbHMX KOHCTPYKIIH 3a
MEpIIOI0 TPYNOK TPaHUYHHUX CTaHIB HE TPEINCTABISIETHCS MOMKIUBUM.
MoxJMBe OTpUMAaHHS 3aKOHOMIPHOCTEH BIJJMOB KOHCTPYKIIH TUJIbKH 3a
JIPYrol0 TPYIOI TPaHUYHHUX CTaHiB (HANpHKiIang, MporuHd 1 iH.). Tomy B
MOAAJBIIOMY Ui YOPABIiHHS CTapiHHSAM OYIIBENBHHX KOHCTPYKIIH
MJIBTiHB 1ie#t MeToa He BUKOPHUCTOBYETHCS.

®Di3UKO-CTATUCTHYHUIA METOJI OI[IHKH 1 MPOrHO3Y HAIMHOCTI OYIiBEIbHUX
KOHCTPYKIIH 3aCHOBAaHMA Ha BHBYCHHI ()i3MKO-XIMIYHAX 1 MeEXaHIYHHX
MpoIleCiB  Jerpajaiii MaTtepiajiiB, M0 BiJOyBalOThCSI M BIUIUBOM
30BHIIIHBOIO HECIPHUATIMBOIO CEPEAOBHINA eKCIUTyaTalil KOHCTPYKIIH
(«(pizuku BimMOB») 1 (OpMyBaHHI MOIENI BiIMOB Ha OCHOBI OTPUMaHHX
3aKOHOMIPHOCTEH.

MerTo/ eKCIEepPTHUX OIIHOK TEXHIYHOTO CTaHy KOHCTPYKIIH IPYHTYETHCS
Ha peecTpaulii CYKYHOCTI O3HaK 3HOCY OYAiBEeNbHUX KOHCTPYKIIH 1
BIJIMIOBITHO IIMMHU O3HAKAMH JESIKOI iHTErpaIbHOI OIiHKH.

Meron BunpoOyBaHHS Ta OLIHKA TEXHIYHOTO CTaHy OyaiBeIbHUX
KOHCTPYKIIIil HABAaHTA)KEHHSIM TI0JISITa€ B OTpUMaHHI iHpopMallii, 1o J03BOJISIE
BUKOHATH OLIHKY BUIPOOYBaHb KOHCTPYKIIIT IIUITXOM MOPIBHSHHS (paKTHIHIX
pPe3yabTATIB 3 KOHTPOJHHUMHU. [ 'OJIOBHUM 3MiCTOM iH(OpMAIii € 3aJICKHICTh
MDXK BEJIMYMHOIO JedopMallil i HaBaHTa)KEHHSIM Ha BCIX €Tanax HaBaHTa)KCHHS
1 eKCTpanoIsALil pe3ylbTaTiB A0 CTail pyHHYBaHHS.

B ocHOBy Meromonorii OIIHKM HagiifHOCTI 1 YIpaBIiHHS CTapiHHAM
MeTajJeBuX AMMOBHUX 1 BEHTHWIALIHHHUX TpyO Ta iX Hecyunx Bexx (MIBTiHB)
NPUAHATHNA (I3UKO-CTATUCTUYHUI METOI.



180 ISSN 2410-2547
Omip matepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2021. Ne 106

2.1. Di3uKo-cTATHCTHYHUI MeTOA OWIHKH HaJiiiHOCTI eJieMeHTIB
MeTaJIeBUX AMMOBHX i BeHTWIALITHUX TPYO Ta iX Hecy4yux Be:k. B ocHOBY
(i3MKO-CTATHCTUYHOTO METOAY OILIHKA HamidHOCTI 1  JOBTOBIYHOCTI
koHcTpykuin MJ/IBTiHB nokmaneHo Taki nepeaxymonu [20]:

1). V BiAmoBigHOCTI 3 AIMCHICTIO BPAaXOBYETHCS PO3BUTOK JErpaialiiiHix
NpOLECiB B MaTepiaiax KOHCTPYKIIA TpU HECHPUSTIUBOMY BIUIUBI
cepeoBUIa, TOOTO pO3PaXyHOK KOHCTPYKIH, IO B3a€EMOJIIOTH 3
CepeoBUILEM, BHKOHYETHCS 3 ypaxyBaHHSIM KIiHETUKH PO3BHUTKY MPOILECIB
Jierpaaanii MaTepiais.

2). BruiuB cepeoBHIa OIIHIOETHCSA 32 KPUTEPIEM BIUIMBY Ha (DyHKIIIOHA-
JIbHI BJIACTMBOCTI HECYUHX KOHCTPYKIIIH.

3). ®akTOp Yacy BBOAUTHCS B PO3PAXyHOK B SIBHOMY BHUIJISIZI: pErIaMeHTy-
€TbCS TEpMiH CIY)KOM KOHCTpPYKIiH abo Tpu 3aJaHuX Hapamerpax
BHU3HAYAETHCS JIOBrOBIUHICTh KOHCTPYKITIH.

4). Posrnsgaerbcs HaAIWHICTD KOHCTPYKIII TUTBKM 3a BHYTPILIHIMH
BJIACTH-BOCTAMHU Y TIPHUITYLICHHI, IO TPaHUYHE pO3paxyHKOBE 3HAYCHHS
HaBaHTa)XEHHS a00 I'paHWYHI 3HAYEHHS IOKA3HHUKIB, IO PETJIAMEHTYIOTHCS
HOpPMaMHU MTPOEKTyBaHHS, 3a0e3MeYyIoTh ()yHKIIOHAJIbHY HadiHHICTB.

5). 3axymafaeThCcs MPUHIUI PIBHOHAIIMHOCTI KOHCTPYKIIH, IO TPOEKTY-
I0ThCSL JUISl PI3HMX YMOB eKCIUTyaTalii: J0 KIHIS TEepMiHy CIyx0u abo
MDKPEMOHTHOTO TMeEpiofy, KOHCTPYKIII, sIKi TpPOEKTYIOThCS Ui YMOB
eKCILTyaTallii Mpy HECTIPHUATIUBOMY BIUIMBI CEpPEOBUILA TTOBHHHI MaTH TaKy
K HaJIHHICTIO, 110 1 KOHCTPYKIIi, SIKi MPOEKTYIOTHCS JJIsi HOPMAJIBHUX YMOB
eKCIUTyaTalrii.

6). Tlpouec nerpanmaiiii KOHCTPYKINH, THepexXil 3 OIHOr0 IMCKPETHOTO
TEXHIYHOTO CTaHy B iHIINI OMUCYETHCS MaPKOBCKUM MPOLIecOM abo IpolecoM
[Tyaccona 3 IMCKPETHUMHU CTaHAMU 1 OE3TIEpPEpPBHUM YacoM.

OCHOBOIO  (hI3UKO-CTATUCTUYHOTO METOAY BH3HAYEHHS, MPOTHO3Y 1
3a0e3IeueHHs HAAIMHOCTI KOHCTPYKILii €:

a) pe3yJbTaTH JOCIIKEHD (Pi3UKO-XIMIYHHUX MPOIECIB 3MIHHM BIACTHBOCTCH
MarepiajliB KOHCTPYKIiH B Yaci Mpy BIUIMBI HECHPHATIUBHUX CEPEIOBUILL;

0) neTepMiHOBaHI 3aJEXKHOCTi, IO 3B'SA3YIOTh ITOKa3HUKU BIIACTHUBOCTEH
KOHCTPYKIIH 3 IX MmapamMeTpamH i 30BHIIIHIMH (paKTOpaMu - HaBaHTAXKEHHSIM 1
CepeIoBUILEM;

B) CTaTHCTHYHI JaHi INPO MIHJIMBICTh MNapamerTpiB, L0 BH3HAYAIOTh
BJIACTHBOCTI KOHCTPYKIIii;

I) MareMaTU4HI MEeTOIW Teopii HaIilfHOCTI, IO JO3BOJSIOTH OTPUMATH
PO3IIOALT BUITQJAKOBUX (DYHKIIIH ITpY BIIOMUX PO3IOAIIAX apryMEHTIB;

) TEXHIKO-€KOHOMiYHa Ta iHINa iH(opmalis, 1o OOIPYHTOBYE TOH 4H
IHIIIMH PiBEHb HAMIWHOCTI BIACTHBOCTI KOHCTPYKITIH.

BinMoBH MeXaHIYHUX CHUCTEM [0 SIKHMX BIIHOCATHCA METajeBl JAUMOBI 1
BEHTWIIALIHHI TpyOM Ta iX Hecydi Bexi (KOHCTPYKIIi) IiAThCS Ha TOCTYIIOBI
(3HOCHI) i panToBi. OCHOBHOIO O03HaKOIO MOCTYIIOBOi BiJIMOBH € Te, IO
HWMOBIpHICTh Or0 BUHUKHEHHS MPOTATOM 33JaHOTO IMepiofy Yacy Bif #; 10 f
3aJICKUTh BIJl TPHUBAIOCTI MOMEPEAHBOI poOOTH cucreMu f. OCHOBHOIO
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03HaKOI0 PanToBOI BiMOBH € HE3aJIEKHICTh HMOBIPHOCTI HOr0 BHHHUKHEHHS
MIPOTATOM 3aJaHOTO TEPIOMy Yacy Bif ¢ 1O ¢, BiJ TPUBAJIOCTI MOMEPETHBOI
pOOOTH CUCTEMH f1.

Jami posrispaeTbcs HAAIWHICTD KOHCTPYKIUM TUIBKM 32 BHYTPIIIHIMHU
BJIACTUBOCTAMHM B TIPHUITYIEHHI, 0 TpPaHWYHE pO3PaXyHKOBE 3HAYECHHS
HaBaHTAXEHHs a00 TpaHWYHI 3HAa4YeHHA MapaMeTpiB  3a0e3meuyroTh
¢yHKIioHABEHY — Oe3BimMOBHICTB. OTKe, BIAMOBH  KOHCTPYKIIH, IO
eKCIUTyaTYIOTCS B YMOBax BIUIMBY HECIPHSTIMBUX CEPENOBUI, MOXKHA
BiJIHECTH JI0 KaTeropii MOCTYNOBUX. Y 3arajbHOMY BUIAJKY, 3 YpaxyBaHHSIM
XapakTepy Aii HaBaHTA)KEHHS, BIIMOBU OY/iBEIbHUX KOHCTPYKLIHN BiHOCSATHCS
JI0 CKJIaJIHUX BiJJMOB, IKi BKITFOUAIOTh B c€0€ OCOOJIMBOCTI JIBOX IMOTIEPETHIX.

3anexxHicTh Jieskoi  BiacTuBOCTI  KoHCTpykmin MJIBTiHB  Big ix
MapaMeTpiB OMHUCYETHCS IESIKOI0 CHCTEMOIO PIBHSHB 200 alrOpUTMOM:

Vi = Y00 5X0 s X Xy ) 5)
ae y; - BracTuBicTh  KoHCTpykmin  MJIBTiHB, X; - PO3paxyHKOBI

rapameTpy KOHCTPYKIIIH.

BruimB HeCHpUSITIMBOrO CepeoBUINa eKCILTyaTallii MPpU3BOAUTh A0 3MIiHH
BJIACTHBOCTEH MaTepiajiB, 11O MPU3BOIUTH A0 3MIHH JESKUX PO3PaXYHKOBHX
napameTpiB KOHCTPYKIiH. BHacmizok nporo BoHH € (DYHKIIEIO LIIOTO PsAyY
XapaKTepPUCTUK MaTepiay, 30BHIIIHIX BIUIMBIB CepeOBUIIA 1 Yacy ¢:

Xy =X (211525 joees Zpol)- (6)

B cuiny croxacTMYHOI TNPHPOAM XapaKTEpUCTHUK MaTepialliB, BIUIMBIB
CepeloBUINa, BIUIMBY TEXHOJIOTIYHMX (DakTOpiB B Ipolieci BUPOOHMIITBA,
TPAHCIIOPTYBAaHHS 1 MOHTaXy KOHCTPYKIIH IX HapamMeTpu € BUIAJKOBUMH

BelMYMHAMU X; a0o BHNaAKkoBUMH QyHKLisMK dacy (6). B pesynbrati 1poro i

Jiesika BJIACTHBICTh KOHCTPYKIIT TaKOX OyjIe BUIAJAKOBOKO (DYHKIIIERO Yacy:

Y ()= VX o X poees X X i (2132 s Zyj e X . (7)

YMoBa ¢yHKIiOHANEHOI NpuaaTHocTi kKoHeTpykuin MABTiHB 3anaerbes
y BUIIISAI OOMEXXEHHSI:

2j000s

Y,(t)2 (1), @®)
Ae S;(f) - TpaHWYHE 3HAYCHHS BJIACTUBOCTI, PETVIAMEHTOBAHHA HOpMaMHU

MIPOCKTYBAHHS a00 BEJIMIMHOKO 30BHIIIHIX BIUTUBIB. 11i 00MeKeHHS BUIUISIOTH
o0acth 0e3B1IMOBHOI pOOOTH.

Haniitaicte xonctpykuiiit M/IBTiHB mono mapamerpudaux BiaMoB (TyT
MalOThCsl Ha yBasi BUXiAHI, (YHKIIOHAJbHI mapamerpu abo BIACTHBOCTI)
BUPaXa€ThCSI KIMOBIPHICTIO 33JI0BOJICHHS YMOBH:

P/(t)=PY,()2 5,(0)] = P[Y,(t)= S,(1) 2 0] - ©)

3amaua BU3HAYEHHS IMApaMETPUYHOI HaAIWHOCTI KOHCTPYKLIH 3 TOI 4M

IHIIOi BJIACTHBOCTI 3BOAWTHCS IO OTPUMAHHS m-MIipHOI (DYHKIIT HIIJIBHOCTI

pO3TONITY BHIIAJAKOBOTO MpPOIECy. IMOBIpHICTE O€3BIAMOBHOI poOOTH

BU3HAYAETHCS SIK mM-MIpHUH IHTErpayl BiJg 3rajaHoi (QyHKLil IIJIBHOCTI
po3noniny:
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Pj(t)zﬂ... j f(x]j,xzj,...,xl-j,...,Z]j,zzj,...,z,j,...,xmj,t)dx]jdxzj...
Y,(6)=S,(1)20

dzy dzy ;. dzy..dx,,. (10)

OyHKLis HafiliHOCTI P;(f) XapakTepusye He TUIbKU O€3BiAMOBHICTb, ane i
JIOBIOBIYHICTh KOHCTPYKIH. TepMiH CIyXOM BH3HA4Ya€ThCS TPUBAIICTIO
eKCILTyaTallii KOHCTPYKIIH 10 BUXOY TX BIIACTUBOCTEH 3a JOIYCTUMI MEXi.

Otpumaty Qyskuito (10) B SBHOMY BUIIISAAI HalyacTille HE TPENCTaBIIs-
€TBCS MOXKJIUBHM, TOMY IO HEMOXXJIMBO BHKOHATH 3BOPOTHE NEPETBOPEHHS
3aJIeKHOCTEH BIIACTUBOCTEH KOHCTPYKLIM mogo yacy. Tomy OocuTh
BU3HAYUTH MapaMeTPU4Hy HAAIAHICTh KOHCTPYKLIM TiCisl 3aKiHUEHHS
NEBHOTO 4acy ii ekcruryarauii, To0To Bu3HauuTH P;(f) s (ikcoBaHMX

MOMEHTIB 4acy, abo, IHaKIIe, JaTH TOYKOBY OIHKY HATiHHOCTI. Y IbOMY
BHITIAJKY 3aBJaHHS 3BOIUTHCS JO OTPHUMAHHSA m-MIpHOI (QYHKIT pO3MOALTY
BHITAJIKOBUX BEJTHYUH
f(x,j,xzj,...,xl-j,...,z]j,zzj,...,z,j,...,zmj (11)
B TEPETUHI BUIAIKOBOIO IMPOIECY B 3aJaHUM MOMEHT 4acy i OOYHCIICHHIO
BUpA3y:
Pj(tztk)zﬂ,,, j SO0 520 joeees Xijoaes 21 5 20 forees Zyenes Xy )Xy 6 ..
Y, (t=1,)-S, (t=,)20
wdzy jdzy oz A, (12)

SIKII0 BiIOMI IIUIBHOCTI PO3MOALTY BIACTHBOCTCH KOHCTPYKIIHA [ (Yj)t:tk

1 BENMYMH 30BHINIHIX BIUIMBIB f(S )=, » TO BHpA3 JUIs BH3HAYCHHS

HMOBipHOCTI 0€3BiZIMOBHOI pOoOOTH (32 YMOBH, 110 BIACTHBOCTI KOHCTPYKIIH 1
30BHIIIHI BIUIMBH HE3AJICKHI) Ma€ BUTIISI

Pit=t)= | fSH| [ £(¥)dy; |dsS;. (13)
—oo S

[Ipu BiAcyTHOCTI CTATHCTHYHHUX JaHWUX NPO 30BHIIIHI CHJIOBI BILIMBU 200
JIeTepMiHOBaHI BEIMYWHU TPAHUYHHUX 3HAYEHb BJIACTHBOCTEH:

Pj(t:tk):P{YjZSj,u}: j:cf(YJ)dyjs (14)
N

Jju

Ae S;, - 3ycWuIs Bil MAaKCHMAalbHO MOMXIMBHX (PO3DaxyHKOBUX 3Ha4CHb)

HaBaHTa)XK€Hb Ha KOHCTPYKIii, 10 3aJal0ThCS Ha CTalii NPOEKTYBaHHS NpPU
PO3IIIsiIl HAIIHOCTI 3a HECYYOIO0 3[IaTHICTIO; 3yCHIUIS BiJl XapaKTepPUCTUIHUX
HaBaHTa)KEHb NPU PO3IJISIl HAJIMHOCTI 32 eKCIUTyaTaliiHO TPUIATHICTIO.

VY pasi HopManpHOro posnofiny (yHkuii BmacTHBOCTI Y; MMOBipHICTH
0€3BiIMOBHOI pOOOTH BU3HAYAETHCS IHTErPajIOM BiJ| IIIBHOCTI PO3IOALITY
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7y
1 F—0.5(Y,)
P,-(yy)=E~je Vdy;; (15)
abo
Pi(y,)=Fly,], (16)
ne F - TaOynpoBaHe 3Ha4yeHHS (YHKIIiI HOPMOBAaHOTO HOPMAaJILHOTO

(I'ayccose) posmoainy; ¥, - XapakTepucThka Oeslekd, iHAEKC HaliHHOCT

[16], nanbHicTb BinmoBH [15]:
Vy=—"F1r > (17)

ne Y - maremartuuHe odikyBaHHS (yHKuii BiactuBocTi; [Y] - rpaHM4HO

JOIMYCTUMEC 3HAYCHHA BJ'IaCTI/IBOCTi; O'y

- cepemHe KBaJpaTUYHE BiIXHJICHHS
(YHKIIIT BIaCTHBOCTI.

KoHCTpyKIlis 3aJ0BOJNIBHAE BHMOraM HaJiHHOCTI IO j- # BJIACTUBOCTI

SKIIO
P()2R,,, (18)

Ze R;, - HOpMOBaHHUii PiBeHb HA/IHOCTI /-1 BIACTHBOCTI.

Ha puc. 1 HaBeneHa 3aranpHa cxema (hOpMyBaHHS BiIMOBU OYyiBEIbHHX
KOHCTPYKIIM B yMOBax BIUIMBY 30BHiHIX cepenosuin [10, 12]. Biamosa
BUHMKA€ [PH JOCSATHCHHI Y, -i BIACTUBOCTI KOHCTPYKUii IPaHUYHOrO

3HA4YCHHA Sj’ MO0 CTAHCTHCA 4YE€pE3 I[CHKI/Iﬁ BI/IHaZ[KOBI/Iﬁ HpOMi)KOK qacy

eKCIUTyaTaIlrii.

Takum umHOM, (PI3MKO-CTATHCTHYHMH METO/ OLIHKK 1 TIPOTHO3Y
HajiHocTi KoHCTpykuii MJIBTiHB B ymoBax BIUIMBY 30BHIIIHBOTO
HECITPUSATIMBOrO CEPEIOBUINA BKITIOYAE HACTYITHI eJIEeMEHTH:

a) pPO3paxyHKOBI MOJENi: TPOIECIB HAKONMWYCHHS IOIIKO[UKCHb B
MaTepianax KOHCTPYKIIiH; JeTepMIHOBAaHI MOJENI 3aJ€KHOCTI BJIACTHBOCTEH
KOHCTPYKILIIH  BiJ  BH3HAYalbHUX IApaMeTpiB;  IMOBIpHICHI  Momei
(GYHKIIIOHYBAaHHS KOHCTPYKIIA TPU BIJOMHUX PO3MOJLIAX BU3HAYAIBHUX
rapameTpiBs;

0) aHAMITHYHI, YHCENIbHI, YUCEIbHO-aHATITUYHI U IHXKCHEPHI METOIH
BUPILIIEHHS MOJENEH;

B) CTaTUCTUYHI XapaKTePUCTHKM MIHJIMBOCTI IapaMeTpiB MarepialiB
KOHCTPYKIIif, TEOMETPUYHUX TTapaMeTpiB KOHCTPYKIIiH, CepeJOBUILA, YMOB 1X
B3aEMO/IIT;

I) HOpDMYBaHHS: TEpMIHIB CIyXOM ab0 MDKPEMOHTHHX TEPMIiHIB
eKCIUTyaTallii ~ KOHCTPYKIIiff;  mapaMeTpiB  CEpelOoBHINA  EKCILTyaTalli
KOHCTPYKIIH (KOPO3IMHOrO BIUIMBY 1 T.I.); CHJIOBOTO HAaBaHTa)KCHHS,
TpPaHUYHUX 3Ha4YeHb (YHKUIOHAIFHUX BJIACTHBOCTEH KOHCTPYKIH; piBHS
HaJiHHOCTI (PYHKIIOHAIBHUX BJIACTUBOCTEH KOHCTPYKIIIH.



184 ISSN 2410-2547
Omip matepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2021. Ne 106

Ha puc. 1 noka3aHi ocHOBHI eTanmu (opMyBaHHS 3aKOHY po3mominy p(f) .

Ha nouatky mMae miclie po3citoBaHHS BIACTHBOCTI II[OJI0 CBOI'O MaTEMaTHYHOT'O
OYiKyBaHHsI, 110 MTOB'S3aHO 3 MIHJIUBICTIO (hi3UKO-MEXaHIYHUX XapaKTEPUCTHK
MaTepiajiiB, FEOMETPHUYHHX 1 CHIIOBUX HapaMeTpiB KOHCTPYKIIiH, 1110 3aJIexaTh
BiJl TEXHOJNOTIYHOI KYIbTYpU BUpOOHHMITBA. [laHWii po3momin Moxe
XapakTepu3yBaTH "MOYaTKOBY" HaIHICTh KOHCTPYKIIIH.

Y1)

prE;,1=0)

pLr=m)

pY=Ty)

0.5

1

ﬁ(f)

Fy)
h(t)

Puc. 1. 3araibHa cxema (opMyBaHHS BIIMOBH KOHCTPYKLiH B yMOBax BIJIMBY 30BHIIIHIX
HeCHpUATIMBUX cepenoBull [12]: P(¢) — dyHkuis HaaiiinocTi; F(f) — GyHKuis HMOBIpHOCTI
BiIMOBH; /i(f) — iHTEHCHBHICTB BiMOB; Yi(?) - byHKUIs j-i BAacTUBOCTI; S), — TPAaHUYHE 3HAYCHHS
¢ynkuii BnactuBocti; p( Y, ) — minbHICTs PO3MOJiTy BIACTHBOCTI KOHCTPYKIIii; p(f) — IiIBHICTH
po3Moiay HMOBIpHOCTI 6€3BiIMOBHOT poboTH; T, — raMMa-NPOLECHTHUH TepMiH ciryx0u (pecypc);

T - cepenniii TepMin ciryx0Ou

BB 30BHINIHBOTO  HECHPHUSATIMBOIO  CEPEJOBHUINA  CKCIUTyaTarlii
MPU3BOJNTL 10 3MIHM JEIKUX IapaMeTpiB KOHCTPYKIIH, IO BH3HAYAIOThH
BJIACTUBICTh. [Ipollec 3MiHM BIACTUBOCTI B CHJIY MIHJIHBOCTI BHU3HAYAIbHHX
mapaMeTpiB TaKOK € BHIAJAKOBUM 1 3aJCKUTh BiJ IIBHIKOCTI 3MIiHH
BH3HAYAJILHUX MapaMeTpiB. B pesynbraTi BimOyBaeThcst (OPMYBAaHHS 3aKOHY
posnoniny p(¢), sKWii BU3HAYAa€ HMOBIPHICTH BHXOAY MapameTpa Y, 3a

rpanuiio S, , TOOTO HMOBIpHICTh BiiMoBU F'(f) =1— P(¢f) abo 6e3BimMOBHOI

Ju

pobotu P(¢).

Cepenmuiii TepMiH CIY)XOM KOHCTPYKIiH 7  BH3HAYAETHCI YacOM
JIOCSITHEHHSI MaTEMaTHYHOTO OYiKYBaHHS BJIIACTHBOCTI TPaHUYHOTO 3HAYEHHSI.
SIkmo perjaMeHTOBaHa WMOBIPHICTH OE3BIIMOBHOI POOOTH, TO BiIIOBITHE
3HA4YEHHs TEPMiHY CITy’kOU € TaMMa-BiJICOTKOBUM pecypcoM - 7).
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Jnst moOynoBu po3mofiTiB  (PyHKINH BIACTUBOCTEH KOHCTPYKINH, SKi
3alUCYIOTBCSI B SIBHOMY BHIUISAI, MOXKJIMBO BHKOPUCTaHHS METOIY
mineapusanii [8]. 3rimHo MeTtomy JiHeapu3auii mo4yaTkoBa (YHKIIS, sKa
OITUCYE Ty YM 1HIIY BIACTHUBICTB:

Y =y, Xo ey X) (19)
3aMiHIOETBCS JIHIHHOIO B MPUITYLIEHHI, M0 (YHKINS Majo BiIPi3HAETHCS Bij
JIHIHHOT B 00J1aCT] MPAaKTHYHO MOXIIUBHX 3HAYEHb apTyMEHTIB!

- (0 -
y = y(x],xz,...,xn)+2(a—));) (= %), (20)
i=1 m

1

ne  y(x, xp,..., X,) — 3HaueHHd (QYHKUI] @pH CepeAHIX 3HAYEHHAX

apryMEHTIB,; (_y) — YaCTKOBI TOXigHI B 00JacTi CepemHbOro 3HAYCHHS
m

ox

i
apTyMEHTIB.

3a yMOBM HE3QIEKHOCTI apryMEHTIB CTaTUCTUYHI XapaKTEPUCTUKU
po3moAiTy QYHKIT MOXKYTh OYTH BHUpasKeHi y BUTIISII:

Py Fpoees Foveoen o @)
N 2
o) = 3] +otm. 22)
i=1 \ T
o[ dy
p(y) = Z(a Jﬂs(x) (23)
i=1

5 (y) = Z( ju4(x)+22( ) ( )G ()0 (x;), i > j. (24)

i=1

V Bupazax (21)...(24): y, o(»), 5(»), 4(¥) — BinnOBigHO, MaTeMaTHYHE
OYiKyBaHHs, CEpEJHbOKBAJpAaTUYHE BIIXWICHHS, TPETiH 1 4YeTBepTUH
LEHTpaNbHUI MOMeHT GYHKUIT y; X, 0(x;), ts(x;), ty(x;) — MaTemaTHuHe
OYiKyBaHHS, CEpeJHbOKBAJpAaTUYHE BIIXWICHHS, TPETIH 1 4YeTBepTUH
L[EHTPaIbHUI MOMEHT BUIMAIKOBOI BETMUUHH X; .

@OyHkOii, oo OmMUCYIOTh (YHKIIOHANBHI BJIACTHBOCTI KOHCTPYKIiH, B
3araJbHOMY BUIAJKy HE BUPaXKalOThCS B SBHOMY BUIJIA[I, TOMY OTPHMAaTH B
aHATITHYHOMY BHUIUIAI po3kiananHs QyHkuii B psg  Teidnopa He
MPEACTABIAETECA MOXJIMBUM. Tomy B pobOoTi [12] Oyio 3ampormoHOBaHO
3aMiHUTH YacTKOBI MOXiJHI (YHKIIi BIACTHBOCTI ii KiHIEBO-Pi3HHUIIEBOIO
¢opMOI0, IO EKBIBaJIGHTHO BHMKOPHCTaHHIO amnpokcumanii — QyHKIii
IHTEPHNOJUIMHUMU  TIONiHOMaMH.  LIeHTpalbHO-pi3HMIIEBI  anpOKCUMAIlii
YaCTKOBUX ITOXIJHUX TEPIIOro i APYroro NOpsAKY 3alHUCYIOThCS Y BUTIISII:

Wy Y@ Xy Xy GH0G), Xy X))
ox; 2h(x;)
y(fla )?2"' o X, X "h(x) le, 2 )_C)
- s (25)
2h(x;)
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32_y= y(;]a f2:"'! )71'—]’ )?i+h(xi)s )?H]v"s )?n)_zy()_c]s )?2:---, )_Cl-, sy )?")+
ox} 1 (x) 1 (x)
y(f]aEZ:"'a fj-]s f1'_h(x1')a f1'Jr]s"'s fn) (26)
R (x;) ’

ne h(x;) — KpOK BapiloBaHHS apryMEHTY X;.

Tak sk BenmuuMHA TTOXMOKM HAONMKEHHS 3aJIeKUTHh BiJl BETUYUHU KPOKY
(uuM Oinbllle KPOK, TUM Oijibllle TOXWOKA), TO MPENCTABISETHCS NOUIIBHAM
BUOUpATH JIOBXHHY BiJpi3Ka [fl = h(x;),X; +h(xi)] , 0OMexeHy HMOBIPHICTIO
3HaueHb aprymeHTiB 0,9987. VYV pasi HOPMaJBHOrO 3aKOHY PO3MOALTY
h(x;)=3 o(x;).

Sxmo BigoMi mepmii 4OTHpPH MOMEHTH pPO3NOANYy (YHKIIT B mepepisi
BHITAJKOBOTO TPOLIECY, TOII MOXKIJIMBO MiAiOpaTH anpOKCUMYIOUHI PO3TIOALT 3
cimeiicTBa po3mozinis [I>koHCOHa, a00 3 Kiacy po3noautis [lipcoHa.

PernamenroBaHuii piBeHb HaMIHHOCTI KOHCTPYKIIHN 3TiJHO €BpPONEUCHKIX
HOpM [16] 3ayiexuTh BiJ KIacy HachifkiB. MeTajaeBi AMMOBI 1 BEeHTHJIALIHHI
TpyOH Ta IX Hecydi BexXi BIIHOCATHCS 10 Kiacy Haciiakie CC2 (tabm. 1).

Bci matepianu n. 2.1 Oyim po3risiHyTI 1 omyOJlikoBaHi B poboTax aBTOpIB
[12, 19, 20].

Tabnms 1
Kitac HacnizkiB, Kiac HaJiHHOCTI, 1HAEKC HAIIHHOCTI Ta HMOBIPHICTh
6e3BigMoBHOi podot M/IBTiHB
IHnnexc HaMIHHOCTI/IMOBIPHICTH

Knac Knac 0e3B1IMOBHOI poOOTH

HacIi Ommc HaIii- p —

KB HOCTI Hecyda eKCILTyaTalliiHa
3JATHICTE MIPUIATHICTh

CC2 |Cepenni HacmiaKy -
BTPATH JIFOJICBKOI'O JKHTTS,
€KOHOMIuHi, ColliaabHi

HACTIIKH 260 HACILAKY RC2 3,8/0,9998 1,5/0,9332
U1 HaBKOJIMIIIHBOT O
CepeIOBHUINA € 3HAUHUMHU

2.2. YnpaBiiHHSI CcTapiHHSIM KOHCTPYKHIii MeTajieBUX JMMOBHX i
BEHTWISALIHHUX TPyd Ta iX HecyuMX BeK. YTPABIiHHA CTapiHHIM 3
ypaxyBaHHAM nerpanaiii marepiainize MJIBTiHB nonsrae B peamizariii 3axo/iB
(TexHIYHOTO OOCIYrOBYBaHHS 1 PEMOHTY) IO X MiATPUMII B CIIpaBHOMY a0o0
Mpane3laTHOMy CTaHi Ha OCHOBI OI[HKM 1 MPOTHO3y TEXHIYHOTO CTaHy, SKe
OLIIHIOETHCSI IEBHUM PiBHEM HaJ[iHHOCTI.

TexHiuHe 00CITYrOBYBaHHS Ta PEMOHT KOHCTPYKIIIH TOBUHEH POBOIUTHCS
Ha OCHOBI CHCTEMH IUTaHOBO-TonepemkyBanbHux peMoHTiB (ITI1P). Cucrema
TEXHIYHOTO OOCIyrOBYBaHHS 1 PEMOHTY - Lie KOMIUIEKC MOJIOKEHb 1 HOPM, IO
BH3HAYAIOTh OpPTraHi3allil0 1 IOPSJOK TNPOBEAEHHS pPOOIT 3 TEXHIYHOTrO
00CIIyrOByBaHHS 1 PEMOHTY OYMiBEIbHMX KOHCTPYKINHM IS 3aJlaHUX YMOB
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eKCILTyaTallii 3 MeToro 3a0e3neueHHs MOKa3HUKIB HaiHHOCTI, iepe0adyeHnx y
HOPMaTHBHIHN IOKyMEHTAIli].

Konctpykuii MABTiHB nozinstoTbcsi Ha HEPEMOHTONPUAATHI 1 IPUIATHI
no  pemoHry. [l HEPEMOHTONPHIATHUX  KOHCTPYKIIH  IOBUHEH
BCTaHOBJIIOBATUCS PECYPC, SIKMI BHYEPIIYEThCS 1O KIHIS PO3PaXyHKOBOI'O
TepMiHy CIyKOW. VYIpaBiiHHS CTapiHHSAM JUIi  HEPEMOHTONPHIATHUX
KOHCTPYKLII MOXXe Toisratd B ociaOieHHi abo He#rpamizaiii BIUIUBY
cepeoBUINaA, SIKa BUKIIMKAE AETpaiallifo MaTepiaiiB KOHCTPYKIIIH.

VY 3aranbHOMY BHIIQJIKY, SIKIIO KOHCTPYKII MPOEKTYIOTHCS Ha 3aJaHHi
TEpMiH CITy)KOH 1 BiloMa 3aKOHOMIpHICTb 3MIHM BJIACTUBOCTEH KOHCTPYKIIH 3
MIEBHOIO 320€3MEYCHICTIO, TO ISl PalliOHAIBHO 3aIIPOSKTOBAHOT KOHCTPYKIIT i
pecypc MOBUHEH BUYEPATUCS 0 KiHIIA PErJIAaMEHTOBAHOTO TEPMIHY CITYXOH
(puc. 2(a)).

SIKmio B pe3ynbTaTi MOHITOPHHTY TEXHIYHOTO CTaHy KOHCTPYKLIHM B 4aci i
BUKOHAHHI IIPOTHO3Y 3MiHM BJIACTMBOCTEH KOHCTPYKLIH 3 IEBHOIO
3a0e3neueHicTio Oy/ie BCTAHOBJICHO, 1[0 TEPMiH CIyO0H (TaMMa-NpOLEeHTHUH
pecypc) KOHCTPYKIIH MEHIIE pPErIaMeHTOBAHOI'O TEPMIHY CIYXKOH, TO
HEOOXiHO BUKOHATH 3axXOAW, IO BIUIMBAIOTh HA IIBUJAKICTH 3MIiHH
(G YHKIIIOHATPHUX BJIACTHBOCTEH KOHCTPYKIIi# (puc. 2 (0) — (1)).

Ha puc. 2(0) HaBeqeHO BUMIAIOK, KOJMH Ui 3a0e3ledeHHs Oe3BiIMOBHOI
pobOTH B MEBHUH MOMEHT Yacy IOBHICTIO YCYBA€THCS BILTUB HEraTHBHOTO
CepeloBUINA eKCIuTyaTamii KOHCTPYKINH. Ilefi BUmamok, HANPHUKIAL, MOXKE
Oyrn  peali3oBaHMil  NUITXOM  BIAIITYBaHHS  BTOPUHHOI'O  3aXHCTY
(papOyBanHs, oOMa3ka 1 iH.) NPHU BIUIMBI arpeCHMBHOTO CEPEJOBHUINA abo
TEXHOJIOTIYHUMH 3aXO0JIaMH, 110 YCYBAIOTh BIUIMB CEPEOBHUIIIA.

Ha puc. 2(B) HaBeqeHO BHIAIOK, KOJNH UIS 3a0e3MmedeHHs Oe3BiIMOBHOI
pobOTH B TEBHUH MOMEHT 4Yacy BUKOHYIOTHCS 3aXOIH, IO YIOBLIBHIOIOTH
mpolec Jerpajanii MaTepiatiB i CTapiHHS KOHCTPYKIIH B Pe3yJbTaTi BIUIUBY
HETraTUBHOT'O CEPEeIOBHINA eKCIUTyaTallii KOHCTPYKIIiH.

Ha pwuc. 2(r), (1)) HaBemeHi BHUIAAKW, KOJIKW IS 3a0e3MEUCHHS
0e3BiIMOBHOI pOOOTHM B TIEBHI MOMEHTH Yacy BHUKOHYIOTHCS 3aXOIH IO
BiJTHOBJICHHIO ()YHKILIOHAJIFHUX BJIACTHBOCTEW KOHCTPYKIIH B pe3yJabTaTi
PEMOHTY, ITiJICUJICHHS, 3aMiHHU €IIEMEHTIB KOHCTPYKIIiH.

Jlist peasizaliii CHCTEMH YIIPaBITIHHSA CTAPiHHAM HEOOXiTHA periiaMeHTalIlis
PiBHSI Ha/IIHHOCTI, KU MOBUHEH 3a0€31eYyBaTHCS IS CIIPABHOI'O TEXHIYHOTO
CTaHy KOHCTPYKIiH, TepMiHIB ciyxOu cropya a0o KOHCTPYKIIH,
MIXXPEMOHTHUX TEPMiHIB eKCILTyaTallii KOHCTPYKIIH.

3. OcHOBHe KiHeTHYHe PiBHSHHS 0BrOBiYHOCTI eJIeMEHTIB MeTaJleBUX
AUMOBHX TpPYyO® i Hecyuyux Bek. EneMeHTH MeraneBHX IUMOBHX TpPYyO 1
HECy4YMX BEX IpAIfOI0Th B YMOBaX OJHOYACHOI Jii MeXaHIYHHX HAIpyXKeHb,
KOpO31HHUX, TUHAMIYHHUX 1 BUCOKOTEMIIEPATypHUX BILIUBIB.

VY OGinbiiocTi OmyOJiKOBaHHX POOIT, NMPHUCBSIYEHHUX IIBUAKOCTI PO3BHUTKY
MOIIKO/DKEHb y IMMOBUX Tpy0ax, Misi KOPO3iHHOTO 1 TEMIIEPAaTYPHOro BILIMBY
po3risimaeTbes okpemo [4, 17]. Ha mpakTtuii HaivacTiine Taki BIUIMBU JIiFOTh
OJTHOYACHO.
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[IporsiroM yChOro JKUTTEBOrO IMKIY B KOHCTPYKTHBHUX €JIEMEHTax
JIMMOBHX TPYO 1 HECY4HX BEXK BiIOYBa€ThCs 3HIKEHHS X poOOYOro mepepizy
BHACJIIOK PO3BUTKY IUIACTUYHUX Jle(OpMalliif, 3yMOBJICHHUX Ji€I0 MEXaHIYHUX
HaNpyXeHb &, BHCOKMX TemrepaTyp (MmoB3y4ocTi) &, 1 KOpoO3iifHOro
CEPENOBHUINA &;.

Yi(® Yi)
™~
2/ N 2
8 \ 8 Tef
A~ Ay
T: Tz Tu Ty=Te t Ty Tet t
a) (6)
Yi® Yi(ty
™
2N :
2 Te 3
o9 \ A
\ I~ \
T
TiT:Ta Ty Tet t 4 = £
(8) (r)
i)
o Puc. 2. YpapiiHHSI CTapiHHSIM KOHCTPYKLIN
& MJIBTiHB
& NN NN Q) T,=Ty;
\ \ \ \ 6) yCYHEHHS BIUIMBY CEPEIOBMILA;
B) YIIOBLIbHEHHS IIPOLIECY CTaPIHHS;
I') OHOPa30BUil PEMOHT 200 BiJHOBJICHHS
KOHCTPYKLIH;
1) HepioAMYHI PEMOHTH;

Tof— pernaMeHTOBaHHMIT TEPMiH CiyKOH;
Ty Tet t T, — raMMa-BiZICOTKOBHI pecypc;
(m) Ty, T», ... T, — nepioAnuHICTh JiarHOCTHKH

CryniHp TOIIKOKEHHS po0O0Y0oro rmepepizy elneMeHTIB KOHCTPYKIIH
ouiHroeMo TimuOuHOI0 H. Ha OCHOBI mpuHIMNY JHIHHOTO ITiACYMYBaHHS
LIBHIKICTH POCTY ITOLIKOPKEHb MOYKHA 3aIUCATH SIK:

dH _(dH)\ ,(dH)\ _ (dH
7_(dt )c+( dt )n+(dt )k’ 27)
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ne (dH/df). — WWBHAKICT, 3MIHM TONEPEYHOTO Mepepidy B pe3ynbTari
MHUTTEBOTO TPHKIIAICHHS 30BHINIHHOTO HaBaHTaxxeHHs; (dH/dt), — MIBUIKICTD
3MiHH IOTIEPEYHOTr0 Iepepi3y, 3yMOBIIEHOI AedopMaliiero moB3yuocTi; (dH/dt)y
— IIBUJIKICTH POCTY MOMIKO/PKEHb Yepe3 MeXaHOXIMIUHY KOpO3ito.

[IBHAKICTE 3pOCTaHHS MOLIKOKEHb Y TpyOax 1 Beax 3yMOBIIEHA Ji€l0
30BHIIIHIX HaBaHTAXXEHb 1 TIOB3y4OCTi, i MOXe OyTH BCTaHOBJIEHA Ha OCHOBI
PiBHSIHB Teopil IUIACTUYHOCTI 1 TOB3Y4OCTI 3a Takol aHaJiTUYHOIO
3aJIeKHICTIO:
(‘2—7):0,560 .exp(0,5-,)- A-€”", (28)

Jie dp — M0YaTKOBa TOBIIMHA CTIHOK TPYO; 4 1 m — KOHCTAHTH, 110 BU3HAYAIOTh
nporecu aehopMaIiifHOro 3MIIHEHHS 1 PO3MIIIHEHHS METaTy BiJl Mii BUCOKHX
TEMIIEPaTYp; &; — IHTEHCUBHICTH Jeopmariiii.

IBHAKICTE 3pOCTaHHS TOIIKO[KEHb Yy pe3yibTaTi XiMI4HOI KOpo3il
NIpE/ICTaBlieHa B JIHIMHINA 3aJIe)KHOCTI BiJl IHTEHCHBHOCTI HAalpyXeHb o; 1
nedopmartii g;

[44) [0k -0)04 5,6 )

Iie: vy — MIBUAKICTh KOPO3il HEHAIIPpY)KeHOro Merainy; k. i k, — MExaHOXiMiuHi
HapaMeTpu.

BpaxoBytoun, mo g;=C gl (C i n — xoHCcTaHTH jAedopMaIiiHOrO
3MIIHEHHS CTai), piBHSIHHS (29) MOXKHA 3aIiCcaTH:
dH
(W)k =vo|(1+ko-C 8! 1k, &) . (30)

Y pe3ynpraTi OTPUMAEMO, IO MIBUAKICTH ITONIKOKCHHS €JIEMEHTIB
JMMOBHX TPYO 1 HECYUnX BeX Bif [l 30BHIIIHFOI'O HABAHTAXKEHHS, IOB3y4OCTI
1 KOPO31HHOT0 3HOCY 3a Yac eKCIUTyaTallil Ma€ TaKUi BUTIISI:

dH m n
o =0.5:8,-exp(0,5-&)- 4- €' + v, (1+k,-Coel ) +ke8) | (BD)

[arerpyroun piBasHHA (31), OTpUMaEMO OCHOBHE PiBHSHHS JIOBI'OBIYHOCTI

€JIEMEHTIB MEeTaJeBUX AUMOBHUX TPYO 1 HECYUNX BEX TOBIIUHOIO f:

np

dH

T=
i, 0,5-50-exp(0,5~el.)~A-eﬁ+v0[(1+kg-c-(c:;’)(1+kg.c.g.")(1+kg.q)

.(32)
]

I'eomeTpuyHi i MexaHIUHI XapaKTEPUCTHUKHU Ul piBHAHHA (32) BU3HAYaEMO
32 ()aKTUYHMM CTaHOM JIMMOBHX TpyO0 1 HECY4HX BEX 3 YypaxyBaHHIM
HACKPI3HUX 1 HE HACKPI3HMX MOLIKO/IXKEHb, JIeopMalliifHOro CTapiHHS MeTaiy.

4. 3aaMIIKOBUI pecypc MeTaJeBUX JMMOBHUX i BEeHTWIALIAHUX TPYO Ta
iX Hecyyux BeX. HuHi npoBomuThcs 0OaraTo IOCTIIKCHb B 00JIACTI
BU3HAUEHHS 3aJIMIIKOBOIO PECYpCy METalleBHX IMMOBHX TPYO 1 €JEMEHTIB
Hecyyux BexX. ICHye NeKilbka METOAWK BU3HAYECHHS 3aJMIIKOBOIO PECYPCY,
SIKI ICTOTHO BIJIPI3HSIIOTBCS K 32 KPUTEPISIMU NMPU BU3HAYECHHI 3QJIUIIKOBOTO
pecypcey, Tak i 3a hopMyslaMy BU3HAYCHHS 3aJIUIIKOBOTO pecypey [5, 6, 7, 9,
13,17, 18, 19].
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Tak, CatbsnoB B.I'., ITummunenko I1.b. 1 in. [13] y sikocTi KpuTepito
Oe3reyHOl  eKCIUTyaTallii IpM BU3HAUEHHI 3aJMIIKOBOTO pecypcy 3a
KOPO3ifHUM 3HOCOM TIPONOHYIOTH BHUKOPHCTOBYBAaTH pecype (Rpec), IO
BH3HAYa€ JIOMYCTUMUN TepMiH Oe3redHoi ekciuryartaiii o0OJOHOK BLIBHO
BCTaHOBJICHUX TPYO, KU pO3paxoBYeThCs 332 (POPMYIIOKO:

t t
Ryee =m l—ti tﬂ—l , (33)
ed e
JIle m — 4ac eKCIUTyartallii TMMOBOi TpyOW Bil YBEACHHS B EKCIUTYaTaIlil0 10
MOMEHTY OOCTEXEHHS; fy, — IPOEKTHAa TOBIIMHA OOONOHKH TpyOW; f; —
JOIyCTHMA TOBIIMHA OOOJIOHKH; fe — ©(EKTHBHA TOBIIMHA OOOIOHKH.
Po3paxyHOK MPOBOAUTHCSA 3 BUKOPUCTAHHAM HACTYITHUX (hOPMYIL:

ey =\ minep - (34)
min = lep — 2Dy (35)
1 n
e = ;Z}ti, (36)
6 =105K, -2 (1-Z) (0, K,) . (37)
ge z — KoedillieHT, mo BpaxoBye 00’eM BHOipku n > 20; D,

CepeIHbOKBAPATHYHE BiIXWICHHS 3aMipiB f; 1 f; ®, - Koe(ilieHT CTIHKOCTI;
K, — xoedilieHT, 10 BPaXoBye BIUIMB IOYATKOBHX HEJOCKOHAIOCTCH

obononku Tpyou. IIpu BuYepmaHHi pecypcy TpyOW 3a paxyHOK KOpPO3iHHOTO
3HOCY 3/IHCHIOETHCS TiICHICHHS 000JOHKHU TPYOH 1 MOBTOPHHIA PO3PaXyHOK.

Mu nporoHy€eEMO po3paxyHOK 3aJIMIIKOBOI'O pECypCy MPOBOIUTH Ha OCHOBI
JAHUX TIpO TEXHIYHMH CTaH KOHCTPYKILIH, OTPUMaHMUX IpU TPOBEIEHHI
00CTe)XeHHsI 1 BUKOHAHHI NEPEBIPHUX PO3PaxyHKiB, 3 ypaxyBaHHSM HasBHUX
nedekTiB 1 MOIKOKEeHb, (aKTUUYHUX XapakTepucTuk marepiamiB [8]. Ha
OCHOBI iH(opMalii po 3MiHy MapaMeTpiB TEXHIYHOIO CTaHy AUMOBHUX TPYO i
HECYYHX BEX 3a Tepiof eKCIUTyaTallii 3IiHCHIOEThCS BH3HAYCHHS
3aJIMIIKOBOIO PECypCy 1 eKCTpamoislisi 3HaueHb LUX [apaMeTpiB o
JOCSITHEHHSI  TPAaHMYHOTO  CTaHy. J3allMIIKOBUIM  pecypc  BU3HAYAEMO
PO3paxyHKOM 3a MEPUIUM 1 JPYyruM IPaHUYHUM CTAHOM i 32 KOHCTPYKTHBHUMH
BUMOraMH. Y SKOCTI MapaMeTpiB IMPH PO3PaxXyHKY 3aJIUIIKOBOTO Pecypcy,
10 BU3HAYAIOTh TEXHIYHUH CTaH AUMOBHUX TPYO i HECYUHX BEX, IPONOHYETHCS
BU3HAYATH Pi3HI Koe(illieHTH 3amacy: Mo MeprioMy IPaHHYHOMY CTaHy k',
110 IPYyrOMy TpaHHYHOMY K i Koe(illieHT 3amacy 3a KOHCTPYKTHBHHMH
BUMOTaMU k', TIOPYIIEHHS SIKUX € MOUIKO/KEHHSIM Kateropii «A» (TpiluHH,
Mporapy, BTpaTa CTIMKOCTI TOM[O). PO3paxyHOK 3ajUIIKOBOIO pPecypcy
nependavae BiJICTEKEHHS 3MiHM CYKYITHOCTI IIMX KOe(illieHTIB 3amacy 3a 4ac
eKCIUTyaTaIii AMMOBOI TpyOM 1 €JIEMEHTIB BeXi, KON X04ya O OIWH i3 HHX
JIOCSITa€ 3HaYeHHs OJMHHUII (TPAHUYHOTO CTaHy).
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[Ipu po3paxyHKy 3a MepHIUM T'PaHUYHUM CTAaHOM 3Ha4YeHHsS (YHKIIi, 1m0
XapaKTepu3yloTh  3aBaHTAXEHICTh  KOHCTPYKIIH ﬁ] , He TIOBUHHE

TIEPEBUILYBATH PO3PAXyHKOBUI OIip MeTany R; Ha PI3HUX PO3PAXyHKOBHX
JIUISTHKaX (TepeTuHax) KOHCTPYKIT:

1
fi(x,) <R, (38)
Iie i — IHJeKc, 10 IT03HaYa€e BUJl PO3PAXyHKY 3a MEPIIUM I'PAaHUYHUM CTaHOM

(MinHICTB, CTiMKiCTh, BTOMHE YHM KpUXKE pyWHYBaHHsA Ta 1H.); X, — pI3HI
napameTpy (BHYTPIIIHI CHIIH, T€OMETPUYHI XapaKTePUCTHKU Mepepi3iB TOLIO),

SIKi BU3HAYAIOTh 3HaueHHs QyHKIIT ﬁ] 3a MepUIMM I'paHUYHUM CTaHOM.
Ilpu po3paxyHKy 3a JOpyruM TpaHUYHMM CTaHOM 3Ha4yeHHs (QyHKii,
AV 2 .
IO XapakTepusylTs  aedopmauiinuii  cran  f7(y,), HE  TOBHHHI

NEPEBUITYBATH T'PaHUYHC HOPMATHUBHE 3HAUYCHHA Sj .

2

Ji ) <S;, (39)
Jie j — iH/IeKC, 10 MO3HAYA€E BU PO3PaxyHKy NepeMillieHb ab0 MpOoruHy (Ta iH.)
3a APYTUM TPaHUYHUM CTaHOM; V, — IIapaMeTpH, sIKi BH3HAYAIOTh 3HAYEHHS
¢GyHKIIT sz . [Ipy KOHCTPYKTUBHHUX BUMOTax Ha Pi3HUX AUISIHKAX:

kyp k \p

(G)" <(Gj)" (40)
ne: G' — koHCTpyKTHBHHIT mapamerp (T€OMETPHUHI DO3MIpH EIEMEHTIB,
MIIHICHI 1 )KOPCTKiCHI XapaKTEePUCTHKH TOIO0) Ha AUISHII 71; G{fm — I'paHUYHE
3HAYEHHsI KOHCTPYKTHBHOTO ITApaMeTpa; p — MOKA3HUK CTYIEHS, IO CIYKHUTh
Jutst yHiikanii HepiBHOCTI (40), MPUYIOMY MTOKAa3HUK p = 1, SIKIIO 32 HOpMaMH
noTpiGHO, o6 G* He mepeBHuIyBaB G{lfm i pu p = -1, K10 NOTPiOHO, MO0

k . k

G" 6yB Oinbie Gj,

BigHomenHs npaBux i JIiBUX YacTUH IUX HepiBHocTel (38, 39, 40) sBise
co0oro KoebillieHTH 3anacy k; », k;,, ki, IpH PO3paxyHKy 3a MEPIIUM i IPYTUM
TpPaHUYHUMH CT@HaMHM, 32 KOHCTPYKTHMBHHUMHU BUMoramu. CrnpaBHHH CTaH
nepeabavae, Mo BCi Koe(illieHTH 3amacy He MEHIII 3a OMUHHIN0. MIIHICTD 1
CTIMKICTh KOHCTPYKIii, BiJICYTHICTH BTOMHOIO YH KpPUXKOTrO pyHHYBaHHS

. 1 ..
OynyThb 3a0e3neucHi npu k > 1. KoedimieHToM 3amacy 3a nmepiiM rpaHuYHAM

CTaHOM k f] € MiHiMasTbHe 3HaueHHs k' B OyIb-siKiil AiTsHIi 00 MepeTHHi:
1 _ gl
k; = mink. 40
Jl71st Ge3meyHOl eKCIuTyaTallii KOHCTPYKIIii He0OXiaHO, 00 k}l >1.

KoedimienToM 3amacy 3a ApyruM TPaHUYHHM CTAHOM ké € MiHIMaJbHe
3HAYCHHS k”
2 _ .2
ki = min k" (42)
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Ilpu 3HaYeHHsIX kG2 <1 HOpMaJbHa EKCIUTyaTalis yTPYIHIOEThCA 1
3HW)KYETHCS IOBFOBIYHICTh KOHCTPYKIiK. T0oOTO, MOpYyIIEHHSI BUMOT JIPYroro
TPaHUYHOI'O CTaHY HE O3Haua€ BHUEPIIAHHSI pecypcy CIOPYAH, alle YTPYIHIOE
HOPMaJIbHY €KCILTYaTallil0 KOHCTPYKIIiH.

3MiHM KOe(]ili€HTIB 3amacy HpPOTATOM JKUTTEBOTO IMKIY EKCILTyaTaril
JIMMOBOI TpyOHM 1 Hecydoi BeKi MOXIIMBO ANpPOKCUMYBATH KBaJPaTHYHOIO

. . 1 2 .
BAIOKHICTIO (iHAeKen &, , kg ik omyckarorses):

2 ’

ky—k=at” + kgt, (43)

ne

’
_ U~k —ket,)
o .
te
IMapameTpu, sIKi BUKOPHUCTOBYIOTHCS, O3HAYAIOTh: k — IOTOYHE 3HAYCHHS
KoedillieHTa 3amnacy, 1o BiamoBigae yacy f; ko i k, — KoedilieHTH 3amacy, 1o
PO3PaXOBYIOTHCS TSI MOMEHTIB Yacy &y 1 f,; fy — 9ac, 110 BiJMOBIAa€e MOYATKY
PO3TJLIIYBAHOTO MEpiofy eKCILTyaTtalii; f, — dYac, IO BiIIOBITa€ KiHIMO
PO3TJLIIYBAHOTO MEpioAy eKcIuTyartarii  (4ac MPOBEACHHS OCTaHHBOTO
oOcTexxeHHs1); &k’ — 3afaHuil Mapamerp, KU YUCENbHO JIOPiBHIOE TaHI'CHCY
KyTa HaAXWIy TOTHYHOI IO 3aJISKHOCTI ky = k(f) y IOYaTKOBHII MOMEHT Yacy,
J— j— : ’

T00TO k"= -dk/dt, mpm t = ¢. Ilpn 3agaBaHHi mapamerpa k; Mae

(44)

BUKOHYBATUCH YMOBa:

0<k, s(kotﬂ. (45)

e
3a ymoBu piBHOCTI k' =(ky — k,J/t. 3anexnicts (43) crae miHINHOIO
¢yHkuieto, mpu k; =0 BOHa IEPETBOPIOETHCSA HA KBAJpaTHUHYy mapabony 3

BEPIKMHOIO, PO3TAIIOBAHOW Ha oci opawHaT. Ha puc. 3 3amexHicth (43)
npecTaBiicHa rpagdiaHo.

ExcTpanonsuis 3anexHocTi ky = k() mae 4ac t,, mpu sikomy KoedilieHT
3aracy J0csra€ TPaHUYHOT O 3HaYeHHS, 1110 JOPIBHIOE OAMHUII:

ks k =at? + Kyt ; k= tgB

k=Kk(t)
tgB = ky+ 2at
k I}
e | Bo
k i
Ke /B
1 777777777777 A S -

=0 t t, t, t

Puc. 3. 3mina koediLieHTIB 3a1acy IPOTArOM KUTTEBOTO LIUKILY
JIMMOBOI TPYOH
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t,=—b+\b*+(ky—1)/a, (46)
ne b=0,5k/a.

Ipu ko = 0 3a1eXHICTB (46) CIIPOILYETHCS:
t, =1, (kg =1)/ (ko = k,). 47)
Ilicns oOuucieHHs 3HAYEHHS f, MO BCIX PO3PaXyHKOBHX Iepepizax

IUMOBOI TpyOuM abo eJeMeHTIB BeXi 3a BciMa KoedilieHTaMH 3amacis
3aJIMIIKOBUH pecypc 7 BU3HAYAETHCA K MiHIMAIBHHH 3 YCIX PO3PaXxOBaHUX:

T=min[(z, —te)n B.1, (48)

ne [3, — monpaBHUN KOEQIIiEHT, 110 BPaxOBYE BIUIUB JOJATKOBHX UYMHHHUKIB
Ha JIUTSHIN (B Tiepepisi), 1o npuiiMaeThest 3a Tabnuiero 2.

Tabnu 2
3HaveHHs1 HonpaBHOro koedimienTa S,
Ne daxTop, 1110 BIIUBAE B,
Jlo MOMeHTy 4uacy f. NEpPEeBUIIEHO HOPMATHBHHM
1 TepMiH eKcruTyaranii:  Menme 1,5 pasis 0,85
oinbie 1,5 pasiB 0,70
[Ipu po3paxyHKy Ha BUTPHUBAJICTH i €KCIUTyaTOBaHI B
2 YMOBax: CepelHbO-arpeCUBHOIO CEPEOBUIIA 0,90
CUJIbHO-arpeCUBHOTO CEPEIOBUIIA 0,85

BusHaunMo 3aMIIKOBUI pecypc pealbHUX IUMOBHX 1 BEHTHJISIIHHHX
TpyO, HECYUHX BEXK Ha OCHOBI pe3yNlbTaTiB OOCTEKEHHS X TEXHIYHOI'O CTaHY
TTiCIISt TPUBAJIOTO TEPMiHY eKCILTyaTallii.

Po3paxyHOK 3aJMIIKOBOTO pecypcy BH3HAUaBCS 3a IEPIIMM TPAaHUYHUM
CTaHOM 1 KOHCTPYKTHBHMMH BHMOTaMH, 3 YpaxyBaHHSIM pPOKY BBEICHHS B
eKCILTyaTallilo, TepMiHIB NlepeOyBaHHs B eKCIUTyaTallii i JaHi npeacrasieHi B [19].

3a3BU4ail MPOEKTHHH TEpMiH eKCIUTyaTallii AMMOBUX 1 BEHTHJISALIHHUX
Tpy0 — 50 pokiB. AHami3ylouu OTpUMaHi JlaHi, MOXXHa KOHCTAaTyBaTH, IO
HaBITh IiCHA TpHBalIMX TepMiHiB ekcruryatanii (30-50 pokiB i Oinblie)
MeTajeBi TUMOBI 1 BEHTWISLIMHI TpyOH MaloTh 3HAUYHHH 3aJMIIKOBUN pecypc.
3anumKoBUi pecypc OOCTEeKEHHX IMMOBUX 1 BEHTWIANIHHUX TpyO, IO
eKcIuTyaTyroThes moHan 50 pokiB — e meHme 20 pokis [19, 20].

I[lpy 1©pOMYy HEOOXIHO MIAKPECHUTH, IO TakKi TpPUBAII TEpPMiHH
eKCIUTyaTallii MOXJIHBI JIMIIE TpPUA TOCTIMHIA TIarHOCTUIN 1 MIATPUMIIL
TEXHIYHOTO CTaHy METaJeBUX JUMOBHX 1 BEHTWIIIHHUX TpyO Ta TpH
HEraifHOMY yCyBaHHI BUSIBJIIEHHX IOIIKO/DKEHb KaTeropii «A».

5. 3a0e3neuyeHHa HATIMHOCTI MeTaJeBUX JUMOBHX Ta BEeHTHJISIMIHHHUX
Tpy0 Ta iX Hecyunx Bek. Ha ocHOBI 3100yTHX NaHUX NPO TEXHIYHUH CTaH
npu  OOCTEeXEHHI, BU3HAYCHHI NPUYMH BUHHUKHEHHS IIOIIKO/DKEHb 1
MIPOTHO3YBaHHS iX PO3BUTKY, OILIHII JOBTOBIYHOCTI 1 3aJMIIIKOBOTO pecypcy,
BUKOHAHHI PEMOHTHHX pOOIT MOXIIMBO 3a0e3MeUnTH HAIIHHICTE poOOTH
MeTajJeBuX JUMOBUX 1 BEHTWHILIHHMX TpyO Ta ix Hecyumx Bex. [lis
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MIPOMUCIIOBUX IMIANPUEMCTB BAXKJIMBO 3a0€3NEYUTH HAMIHHY EKCIUTyaTaliio
MeTaJeBUuX JTUMOBHX 1 BEHTWILIHHUX TpyO Ta iX HECy4nX BEX, 3HATH 4ac 10
BIIMOBH B pO0OTI, 3aBYaCHO MiATOTYBATHCh 10 PEKOHCTPYKIIi{, 3MCHIIIUTH J[0
MIiHIMyMY IepepuBH B poOOTi. B 3a1€:KHOCTI BiJl TEXHIYHOTO CTaHy, KaTeropii
HeOe3MeKn BHSBICHUX Je(EKTiB, JIOBrOBIYHOCTI, 3aJIUIIKOBOIO pPeCypcy,
HEOOXiTHOCTI BUKOHAHHS PEMOHTHHX pOOIT /sl MeTaleBUX JAUMOBHUX 1
BEHTWILILIMHUX TpyO Ta iX HECy4MX BEX 3alpONOHOBAaHO BBECTH TPHU KJach
Ha/iHHOCTI — rapaHTOBaHWH, TPaHWYHUI 1 HezaOe3meueHuid. [lokazHukM Ta
BHUMOTY JUISI KOXKHOTO KJIacy HaJiifHOCTI HaBeieHi B Tabmuii 3.

Tabmuu 3
Kareropii naaiitnocti poootu M/IBTiHB

Meranesi JUMOBI 1 BEHTWIALIHHI U Ta iX H i
Ne | TToxa3HHMKH cTanes1 IuMO CHTHILALL Tpybu Ta ey
BEXI1
. . | HOpM Bl HENPUAATHUN o .
Texniununit OpMair | 3a/10Bl cripuja o aBapiiHui
1 BHUMN JILHUM HOPMAJTbHOT v
CTaH I I ii (111 ( )
@ dn excrutyarariii (I11)
Kareropis
2 | Hebe3nexu (B) (b) (A)
ne(eKTiB
BH3HAYAETHCS
JloBroBiun PO3PaXyHKOM IO
3 iCTb T, < 50 pokiB pe3yapTaTaM BHUYEpIaHa
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Jlo rapaHTOBaHOrO KJIacy HAIIMHOCTI BiJHECCHI MeTajeBl TUMOBI 1
BEHTHWIALIFHI TpyOHU Ta TX Hecydl Bexi, sKi 3HaX0IAThCS B HopMabHOMY (I) Ta
3anoBinbHOMY (II) TexHiuHOMY cTaHi, B SIKMX BUSIBJICHI ITiJ] 4aC OOCTEXEHHS
nedextu kateropii (B), sxi excruryatyroThes Ha npotsizi g0 S0 pokiB i siKi He
MOTPEOYIOTH ITiJICUIICHHSI.

Jlo rpaHMuYHOro Kjacy HaAIWHOCTI  BIJHECEHI MeETaJieBi JIMMOBI 1
BEHTWILALIHHI TPyOHU Ta iX HECydl BeXi, sSIKi 3HAXOAATHCS B HETIPUAATHOMY IS
HopManbHOiI excrutyatanii (III) TexHidHOMY cTaHi, B SKUX BUSIBJICHI IIiJ| 4ac
obcrexxeHHs aedextn kateropii (B), skl ekcruTyaTyroTbest Ha poTsi3i moHaxa S0
POKiB, TX JOBrOBIYHICTh 1 3aJHMIIKOBHI peCypc BU3HAUEHI PO3PAXyHKOM, SIKi
MOTPEOYIOTH ITiICUIICHHSI.
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Jlo He3abe3meyeHOro Kiacy HaMIMHOCTI BIJHECEHI MeTajeBi MUMOBI 1
BEHTWIALIMHI TpyOH Ta iX Hecydi BEXi, sSKi 3HAXOmAThCS B aBapiHoMy (IV)
TEXHIYHOMY CTaHi, B SIKMX BHSBJICHI MiJ 4ac 0OCTEeXEHHs Je(eKTH KaTeropii
(A), TOBTrOBIUHICTH 1 3aJMIIKOBHIA pecypc BUUEpIaHi, IiJCHICHHS KOTPUX HE
JIOLITBHE.

BucHoBkn

1. Ha ocHOBi ()i3MKO-CTaTUCTUYHOTO IiJXOMy 3allpPOIIOHOBAaHA 3arajbHa
METOJI0JIOTiS  OLIHKK HaIiHOCTI 1 YIpaBIiHHS CTapiHHSAM €JIEMEHTIB
METaJIeBUX AMMOBHX 1 BEHTWISLIHHUX TPYO Ta IX HECYYHX BEX.

2. Ha ocHOBI (hakTHYHMX JaHWX HATYPHUX OOCTEKEHb PO3POOIEHO TUTIONOTIIO
Je(eKTIB 1 MOIIKO/HKEHb EIEMEHTIB KOHCTPYKIIIH METaleBUX TUMOBHX TPYO 1 1X
HECYYHMX BEX; BIEpIIE NMPOBEICHO CTATHCTUYHY OLIHKY BEJIWYMH Ta XapakTepy
TIOIIKO/DKEHB; YIOCKOHAJICHO BU3HAYCHHsI KaTeropii HeOe3rmeKd OCHOBHHX THITIB
nedekTiB 1 momkomKeHb (Kareropii A, b, B); BcTaHOBIEHO TpaHUYHO JOIMYCTHMI
crany KoHCTpykiit ( kareropii I, IL, 11T, IV).

3. Brepiire po3po0iieHO METOIUKY BH3HAUCHHS JTOBIOBIYHOCTI 7 METAICBHX
JIMMOBHX TPYO 1 HECYYMX BEX 3 ypaxyBaHHSM JOMIHYIOUOi CYMICHOI Jii pi3HHX
BIUTUBIB — cuiIoBOTO (dH/df)., KOpo3iiiHoro (dH/dt),, Temneparypuoro (dH/dL); i
JIMHaMIYHOT0; METOAVKHM BH3HAYEHHS JIOBIOBIYHOCTI METAJICBUX JMMOBUX TPYO
TIpH 3arajibHiil BTpaTi CTIMKOCTI TPYOMW 1 3 mporapamu y CTiHII, JOBrOBIYHOCTI
JIMMOBHX TPYO 3a KpUTEPISIMH MEXaHIKU PYHHYBaHHsI, L0 JIO3BOJISIE OIMCYBATH
KIHETUKY 3MIHIOBaHHS HAIPY)XEHOTO CTaHy 1 BH3HA4YaTH 4Yac 10 HaCTaHHS
TPaHUYHOTO CTAHY €JIEMEHTIB.

4. Brepmie po3po0JieHO METOAWKY BHU3HAUEHHS 3aJIUIIKOBOro pecypey T
MeTaJeBuX AMMOBHUX 1 BEHTHWIALIHHUX TPYO 3 ypaxyBaHHSM MOIIKO/DKEHb Ta
TepMiHy eKkcIuTyaTaiii. Po3paxyHKH 3a po3poOJIEHOIO METOJUKOIO CBiq4aTh
PO ICTOTHUH 3QJIMIIKOBUI peCypC KOHCTPYKIH CHOpYX IOHaI HMPOEKTHHH
HaBITH MICIISl TPUBAJIMX TEepMiHIB ekcrutyaTauii (50 i Ginbie pokiB). Tpusaii
TEpMiHM EKCIUTyaTalil MOXKJIMBI JIMILE MTPYU HAJEKHOMY KOHTPOJI TEXHIYHOTO
CTaHy 1 HeraiHOMY VCYHCHHI BHABJCHHX OCOOJMBO  HEOE3MEUHUX
TMOIIKO/DKEHB (TPIIMH, IPOrapiB, yTpaTH CTIHKOCTI €IEMEHTIB).

5. Bmeprie 3ampomoHOBaHO Ui METaJCBHX MUMOBUX 1 BEHTHJIAIIHHUX
TpyO Ta iX HECy4HMX B BU3HAYMTH TPH KJACH HAJIHHOCTI — rapaHTOBaHUM,
TpaHUYHUI 1 He3a0e3eUeHHi, B 3aJIE)KHOCTI BiJl TEXHIYHOI'O CTaHy, KaTeropii
HeOe3leKd BHSBICHHX Je(EKTiB, JTOBrOBIYHOCTI, 3aJIUIIKOBOIO pPECypcy,
HEOOXITHOCTI BUKOHAHHS PEMOHTHHUX POOIT.
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Cmamms naoitwna 11.03.2021

Aposuii C.M., Casuybkuii M.B., Cro600smiox C.O.
3ABE3NEYEHHSA HAAIMHOCTI METAJIEBUX JMMOBUX I BEH TUJIALIMHAX
TPYB TA iX HECYUUX BEXK

IIpoGiema 3abe3nedeHHs HagiHHOCTI B poOOTI METaICBUX AUMOBHX 1 BEHTHILILIHHUX TPYO Ta
X HECYYHX BeX B OCTaHHIH 4ac 3400yna 0coONMBY 3HAYMMICTD B 3B SI3KY 3 BEIMKOIO KUIBKIiCTIO
BUIIAJIKiB aBapiii Ha MPOMUCIOBUX IMignpueMcTBax. Lle moB’si3aHO 3 THM, 110 0arato MeTajieBUX
JIMMOBHX 1 BEHTHWJBILIIHHKX TPYO Ta IX HECy4yMX BEX BHIIpalfoBajia CBili mpoexktHuil pecypc (50
POKIB), a MiJ 4ac eKCIuTyaTauii yTBOpuIoch Oarato nedeKTiB Ta MOLKOMKeHb. Bee e morpedye
IPOBEICHHs IIarHOCTHKM 1 BHM3HAYCHHS IiMCHOrO TEXHIYHOIO CTaHy KOHCTPYKIH, OLIHKH
JIOBIOBIYHOCTI 1 3aJIMILIKOBOrO PECYpPCY, BUKOHAHHS PEMOHTHHUX POOIT i 3a0e31eueHHs] HOpMaJIbHOT
excrutyatanii abo HaxifiHocTi Takux cmopyn. Ha ocHOBI  ()i3HMKO-CTATHCTHYHOIO IMiAXOXY
3aIpPOIIOHOBAHA 3arajbHa METOIOJIOTIS OLIHKM HAAIMHOCTI 1 yNpaBIiHHSA CTApiHHSAM CIEMEHTIB
METaJIeBHX IMMOBHX 1 BEHTHLIHHMX TpyO Ta iX Hecydnx Bexx. Ha OCHOBI (h)akTHYHHX AaHHX
HAaTYpPHUX 0OCTEXKEHb PO3POOJICHO THIOJOTiK0 Ae(EKTIB i MOMIKOIKEHb €JIEMEHTIB KOHCTPYKILiH
METaJIeBHX AMMOBHX TpyO 1 iX HECYYHX BEX; MPOBENCHO CTATHCTHYHY OLIHKY BEIHYMH Ta
XapakTepy MOIIKOMKEHb; YIOCKOHAJICHO BHM3HAYCHHS KaTeropii HeOe3neKkH OCHOBHHX THUIIIB
nedekTiB 1 MOIIKO/KEHb, BCTAHOBJICGHO TIPAHHYHO JOMYCTHUMI 3HAUYCHHs IIOLIKOMKEHb B
BH3HAUYCHHS JOBrOBIYHOCTI METAIEBHX AMMOBHUX TPYO I HECYUHX BEX 3 ypaxyBaHHSIM JOMIHYIOUOT
CyMicHOI il pi3HMX BIUIMBIB — CHJIOBOrO, KOPO3iHHOIr0, TEMIIEPaTYpPHOrO 1 JAMHAMIYHOIO;
PO3pOGIICHO METOANKY BU3HAYCHHS 3aJIUIIKOBOTO PECYpCy METaleBUX JUMOBHX 1 BEHTHIIALIHHUX
TpyO 3 ypaxyBaHHSM IIOLIKO/PKEHb Ta TepMiHy eKcIutyaTauii. Po3paxyHKH 3a po3po0JIEeHO0
METO/MKOIO CBIAYATh PO ICTOTHHH 3aJIMIIKOBHI PeCypc KOHCTPYKLIi CHOPY/ MOHA IPOCKTHHH,
HAaBITh MiCIsl TPHBAIMX TEPMIHIB excruryaramii. TpuBami TepMIHM eKCIUTyaTalii MOXIIMBI JIMIIE
IpH HEraHOMY YCYHEHHI BHSBJIIEHHX OCOOJIMBO HEOE3MEYHMX IMOIIKOKEHb(TPIlKH, Iporapis,
yTpaTH CTIHKOCTI €JIEMEHTIB).

KirouoBi ciioBa: MmeraneBi AMMOBI 1 BEeHTHILALIMHI TpyOHM, Hecydi Bexi, HaIilHicTb,
HABaHTAXKCHHSI, BIUIMBH, MOIIKODKEHHS, HAIPYXKEHHs, AedopMallii, JOBroBi4HICT, 3aJUIIKOBHIA
pecypc.
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Yaroviy S.M., Savytskyi M. V., Slobodianiuk S.O.
ENSURING THE RELIABILITY OF METAL SMOKE AND VEINTILATION PIPES
AND THEIR CARRYING TOWERS

The problem of ensuring the reliability of the work of metal smoke and ventilation pipes and
their bearing towers has recently gained special significance in connection with the large number
of'accidents at industrial enterprises.

Methods of estimation of residual resource of bearing elements of high-rise buildings with
various damage detected during diagnostics are developed. The formulas for determining the
residual life of metal chimneys are given, the actual reserves of the residual resource are
determined after long periods of operation for specific structures.

In this work, variants of reinforcement of the elements of chimneys and towers with the most
dangerous injuries (category A) — gaps, with cracks in the main metal and welds, with loss of the
overall stability of the trunk of the pipe, have been developed and substantiated. On the basis of
the analysis of the summation of internal and external stresses, we obtain formulas for calculating
the elastic-deformation state of metal chimneys in the zone of through cracks and holes when
performing construction reinforcement works by means of welds for overlays.

The variants of amplification of smoke pipes after the destruction of stops of towers, which
perceive wind loads, and as consequences of the loss of overall stability of the pipe are given.

The research results make it possible to assess the reliability of metal smoke and ventilation
pipes and their bearing towers after long operating periods, as well as used in the development of
regulatory documents when assessing the technical condition and residual life of high-rise
buildings.

Key words: metal smoke and ventilation pipes, bearing towers, reliability, load, impact,
damage, stress, deformation, durability, residual life.

Aposoii C.H., Casuyxuii H.B., Cnoboosniox C.A.
OBECIHEYEHUE HAJEXKHOCTU METAJUVIMYECKUX IBIMOBBIX U
BEHTUWISIHUOHHBIX TPYB U UX HECYUIUX BAUIEH

IlpoGiema oOecrieyeHHsT HAAGKHOCTH B paboTe  METAUIMYECKMX  IBIMOBBIX U
BEHTWILMOHHBIX TPYO M HMX HECylMX OallleH B IIOCIeNHee BpeMsi mpuobpena ocoOeHHOE
3HAYCHHE B CBSIM C OOJIBIIMM KOJIMYECTBOM CIIydacB aBaphil Ha MPOMBILIICHHBIX MPSANPUITHIX.
3T0 CBA3aHO C TEM, YTO MHOTI'O METAJUIMYCCKHUX JBIMOBBIX U BEH THIIALIMOHHBIX pr6 U UX HECYLIUX
GamieH oTpaboTano CBOM MPOEKTHBINA pecype (50 seT), BO BpeMsl dKCIUTyaTallid BOSHUKIIO MHOTO
nedexkToB W moBpexieHWi. Bce 310 TpeOyer NpOBEACHHS JAWATHOCTHKH M OINPEACIICHUS
ﬂeﬁCTBMTCHbHOFO TEXHUYECKOI'o COCTOSIHU A KOHCprKLlMﬁ, OLICHKH JOJITOBEYHOCTHU Hu
OCTaTOYHOTO PECYpCy, BBIIOJHEHHS PEMOHTHBIX paboT M oOecreyeHus] HOpPMaJIbHON
9KCIUTyaTalluy WIM HAJEKHOCTH TAKUX COOPY>KEHHUH.

Kﬂm‘leBLle CJI0BA: MCTAJNIMYECCKUEC JIBIMOBBIC U BCHTUJIIALIMOHHBIC pr6bl, HECylme GaU_IHM,
HaJIOKHOCTh, HArpy3KH, BO3CHCTBYSI, TOBPEKACHNUS, HANIPSDKEHUS, Ae(opMaliu, J0JIrOBEYHOCTb,
OCTaTOYHBIN pecypc.
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IIpobnema 3a6esneuenns HadiliHoCmi 8 pOGOMI MEMANCEUX OUMOBUX | EHMUNAYILIHUX MPYO
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