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YTBopeHHs nedeKTiB epo3iiiHO-Kopo3iiiHoTo 3HOMEeHHS B TpyOonpoBogax AEC € omniero 3 akTyanbHUAX MpoOIeM aTOMHOT
eHepreTuku. [Ipu peMoHTI TpyOOTpoOBOIY BHPI3aI0OTh Ne(EKTHY AUISTHKY i BCTAHOBIIOIOTH 32 JOIIOMOTOIO 3BapIOBAHHS HOBY
KOTYLIKY TPYOH, II0 € JOCUTb TPYJOMICTKUM MPOLECOM, HOTpedye 3IHMBY PiJAMHH, IO TPAHCTIOPTYEThCA. JIJIsl IPOIOBKEHHS
pecypey aedexTHy AUTTHKY TpyOOnpOBOLY MOXKHA I ICHITIOBAaTH BCTAaHOBICHHSIM PEMOHTHOT KOHCTPYKIIii, HAPUKIIA, OaHAAKY
a00 3BapHOT My(TH. 3 METOIO OOTPYHTYBAaHHS IOLIFHOCTI BUKOPUCTAHHS IIPU PEMOHTI TPyOOIPOBOY IMiICHITIOI0YMX KOHCTPYK-
Li{l TPOBEICHO CKIHYCHHO-CIIEMEHTHUH aHalli3 HapyXeHO-1e(OPMOBaHOTO CTaHy MPAMOJIHIHHOI TUISHKH TPyOOIIpOBOaY 3
neeKToM epo3iiHO-KOPO3iHHOTO 3HOUICHHS i/l €10 BHYTPIIIHBOTO THCKY, 8 TAKOXK OLIHKY €(pEeKTUBHOCTI PO3BaHTAKEHHS
neeKTHOI TUISHKY y BUITAJKy BUKOPUCTAHHS IIPH PEMOHTI MiICHIIIOI0Y0i KOHCTPYKLIT TUITY OaHgaka abo 3BapHOT My TH.
Pesynbrary aHanmizy mokaszaiad BUCOKY €(DEKTHBHICTh BUKOPUCTAHHS TaKUX KOHCTPYKLiH. OTpUMaHi pe3ylnbTaTH MOXKYTh OyTH
BHUKOPHCTAaHI IpH 00rpyHTyBaHH1 BpoBakeHHs Ha AEC Ykpainu anpTepHaTHBHUX TEXHOJOT1H pEMOHTY TpyOOIIpOBOIB, I1e-
PEBaXHO TEXHOJOTTYHUX, OCOOIMBO B THX BUITAAKAX, KOJIM PEMOHT TPAAUIIIHHUMU cIIocO0aMK HE € MOJKIUBUM a00 TOIITIBHUM
3a TEXHIYHUMH 200 €eKOHOMIYHUMHU NpuarHamH. bibmiorp. 18, Tadmn. 2, puc. 9.

Kniouogi crnosa: AEC, mpy6onpogio, epo3itino-kopo3silinuil 3H0C, 0epekm CImoHueHHs CMIHKY, NIOCUNIOI0Ya KOHCMPYKYis, Oan-
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oaoic, mygma, HanpysiceHo-0epopmosanuil cman, 8 sizke pyuHy8anHs, Memoo CKIHUeHHUX eleMenmie

Beryn. YTBOpeHHS AedeKTiB epo3iifHO-KOPO-
3iiroTo 3HOmEHHsA (EK3) B TpyOompoBomax arom-
Hux enekrpoctaniiit (AEC) € ofHiero 3 akTyanpbHIX
npoOiem atoMHOI eHepreTuku [1, 2]. Epo3iiiHO-Ko-
po3iiiHe 3HOIIEHHS SBIsE€ COOOI0 TIOETHAHHS JIBOX
MPOIECiB — MEXaHIYHOTO 3HOIIEHHS MeTally CTiH-
KM TPyOOIIpOBOly BHACIIIOK il epo3ii Ta XiMidHO-
ro pylHyBaHHS BHacHigoOK Aii koposii [3—5]. Uepes
KOMOIHAIIIFO IIUX JIBOX SIBUIIL BiJI0OYBA€THCS 3HUIKCHHS
CTIMKOCTI TPyOOIIPOBOAY 10 HABaHTaKEHb, 1IBUIILY-
€THCSI CXWIBHICTD /10 BUHUKHEHHSI KDUTUYHUX JIe(eK-
TiB Ta pyiHyBaHHs Matepiany [1, 6, 7].

Ha npaxruni y Bunanky BusiBinenns EK3 nedex-
THY HisHKY TpyOornposony AEC BupizatoTh 1 Bera-
HOBIIOIOTH 32 JIOMTOMOTOIO 3BapIOBaHHS HOBY KO-
TymKy Tpyou. Takuii peMOHT BimOyBa€eThCs i Yac
3YIIUHKA €HEPTOOJIOKY 1 MPH MOKIUBOCTI 3JIUBY Pi-
IUHU, IO TPAHCTIOPTYEThCA. [CHY€E ampTepHaTHBHA
TEXHOJIOTis, a came, IS TIPOIOBKEHHS PeCypCy Jie-
(heKkTHY IINSHKY TPYOOIPOBOY MOYKHA ITiJICHITIOBA-
TH BCTAaHOBIICHHSM PEMOHTHOI KOHCTPYKIIii, HallpH-
kiaa, Oangaxem abo 3BapHOrO MydToro [8, 9, 10,
15]. BangaxxyBaHHs TpyOOIPOBOLY — L€ MiACHICHHS
[0 TIEpUMETPy HOro CTIHKH METaJeBUMH KUIBISIMH,
CTPIUKOIO, IPOTOM a00 HEMEeTaleBUMH MaTepiana-
Mu. MOXITHBI BapiaHTH 332 CLIOCOOOM BCTaHOBJICHHS
0aHJla)Ky y BapiaHTI METaJICBUX KiJielb Ha 1e(heKTHY
IUITHKY TpyOonpoBoay 300paxkeHi Ha puc. 1. Bera-
HOBJICHHSI 3BapHOT My(TH (pHC. 2) BUKOPUCTOBYETHCSI

JUIsl 3MiHEHHS Je(PeKTHOI AIJSIHKH Ta yCYHEHHS BU-
TOKY IIJSIXOM FepMeTh3alii MiICHUIII0I0401 KOHCTPYK-
il 3BapHUMH IBaMH. PEMOHT i3 BCTAaHOBICHHAM MY-
¢bTH abo GaHgAKY MOXKE OyTH AOIITBHUM, OCKIIBKHU €
MEHIII TPYIOMICTKHM, HIK 3aMiHa IiJI01 JiJISTHKH, He
noTpedye 3JIMBY PiAMHM 13 TPyOOIIPOBOIY Ta MOXKE
BUKOHYBATHCh HABITH ITiJT 9aC pOOOTH CHEPTOOIIOKY.

bangax Bimpi3HAETHCA B MyQTH THM, 11O BCTa-
HOBJTIOETHCST Ha TPyOOIpoBoOi 0e3 mpuBaprOBaHHS
1o Hecydoi TpyOu. Bin 3abe3nedye moCHIIeHHS Jie-
(heKTHOI NINSHKH Ta 32 TOTPeON MOXKe OyTH TOCUTH
JIETKO AEMOHTOBAHUH 1JIs1 MPOBEACHHS KaliTalbHO-
ro peMoHTy TpyOomnpoBony. Takox OaHmax Moxe
BUKOPHCTOBYBAaTHCh Oararopa3oBo. Bukopucranus
0aHmaXy JOUIUIBHO JIUIIE IS THX JAe(EKTIB, K HE
BTPATATh FEPMETHYHICTH 1€ 3a TPUBAJIMIA TIEPiox eKc-
rIyaranii abo ik THMYacoOBUH 3aci0 10 HACTYITHOTO
IJIAHOBOTO PeMOHTY [9].

MeTtow po6oTH € OOrpyHTYBaHHS BHKOpH-
CTaHHS aJIbTEPHATHBHUX PEMOHTHUX TEXHOJIOTIH
TpyOonpoBonuis 3 nedexramu EK3 s norped arom-
HO1 EHEPTeTUKH, PO3pPOOKa MaTEMaTHIYHUX MOJEIICH i
TIPOBEIEHHS CKIHYEHHO-EJIEMEHTHOTO aHaJIi3y HaIpy-
)keHo-nepopmoBanoro crany (HJIC) mpsamominifiHo1
IiIsSHKY TpyOomnpoBoay 3 nedexkrom EK3 minx giero
BHYTPIIIHHOTO THCKY, a TAaKOX OIIHKa €(EeKTHBHOC-
Ti po3BaHTaKEeHHS JIe()eKTHOI AUISTHKN Y BUTIAJIKY BH-
KOPUCTaHHSI TIPU PEMOHTI i ICHITFOI0U0] KOHCTPYKITiT
Ty 6anaaxa abo 3BapHOi MydTH.
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a

bannax

Puc. 1. Bunu 6annaxis 3a ciocoOOM BCTaHOBJICHHS: ¢ — 3BAPHUU; 6 — Ha OONTOBHX 3’ €THAHHAX

Kinbreswuii
3BApHUH 1I0B

Mydra

Kinpuenuit
3BApHUIA IOB

biunmnit 3BapHuMii OB

Puc. 2. [lincunenns neeKTHOT TUITHKA TPYOOIIPOBOIY 3BAPHOIO
My} TOIO

[Ipu omiHIll JOMYCTUMOCTI AUISTHKH TPYOOTIPO-
Boay 3 nedexrom EK3 no momanbmioi ekcruryarariii
IPaHUYHHNA CTaH TPyOONPOBOIY OLIHIOETHCS 3 TOY-
KM 30py B’SI3KOTO pYWHYBaHHS, HallpUKJakd, 3a pe-
3yJbBTaTaMy MMPOrHO3YBaHHS IHTEHCUBHOCTI IJ1aCTHY-
HUX Aedopmariii B 30H1 1eexTy. Y poOoTi METoaoM
CKIHUEHHHUX €JIEMEHTIB JOCJIKYBaBCs BILUIUB I'€0-
METPUYIHHUX MMapaMeTPiB ITiACHITIOI0Y0T KOHCTPYKITiT
(TOBIIMHA, TOBKHWHA Ta TTOYATKOBHH MPOMIXKOK MiX
30BHINIHBOIO TIOBEPXHEIO TPYOOIIPOBOAY Ta BHYTPIIII-
HBOIO TIOBEPXHEIO T CHITIOI0Y01 KOHCTPYKIIii) Ha PO-
00TO3/IaTHICTh MPAMOIIHIIHOI TUISTHKH TPpyOOTpOBO-
ny 3 nedexrom EK3.

IMocTanoBka 3a1a4i. Y SIKOCTI NPHUKIJIAAY PO3TIIs-
Janacsi mpsSIMOJNiHIMHA NiNsTHKa TPYyOONpPOBOY, KA
Ma€ CTaHJapTHI PO3MipH Ta MapaMeTpy HaBaHTaKCH-
Hs JUIsl TexHoJoriyHuX TpyoornposoniB AEC (mare-
pian — cranb 20): 30BHImHIK niametp D = 630 mwm,
TOBIIMHA CTIHKH § = 25 MM, NPOEKTHUH THUCK
P =11,8 MlIla, temneparypa 7'= 300 °C.

Kpurtnyni, To6TO HEAOMyCTUMI T€OMETPUYHI Ta-
pameTpu aAe(eKTy CTOHIICHHS CTIHKH TPyOOIpO-
Boxay (puc. 3), BU3HAYEHI 3T1MHO 3 METOMUKOIO MT-
T.0.03.224-18 [11, 18], mo permamMeHTye IpOLEeaypy
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PO3paxyHKOBOT OLIHKH JOIMYCTHMOI TOBIIMHU €lie-
MeHTiB TpyOomnpoBoiB AEC 3 ByrieneBux craineu,
0 IMiITAF0ThCA il epo3iiHO-KOPO3iHHOTO 3HOCY 1
sika BBeneHa B jairo J{I1 HAEK «Eneproarom» y 2019
p- [IpoBeneHo excrpec-o1iHKy AOMyCTUMOCTI 10 HO-
JaNbIIol eKcITyaramii AUISTHKY TPpyOOopoBoay 3 pi3-
HUMH TeOMeTpHuYHUMHU napamerpamu nedekry EK3,
3a pe3yJbTaraMy KO BU3HAYEHO PO3MipU KPUTHYHO-
ro AeQeKTy CTOHIICHHS CTIHKH, a caMe, iJieai3oBa-
nuit nedpexr EK3 namieninTunaHoi popmu 3aBIOBK-
ku 2L = 4s = 100 mm, 3apmmprinku 2/ = 25 = 50 MM,
3aBruoOmKy @ = 20 mm (puc. 3).

Po3Mmipu migcumrorodoi KOHCTPYKIIii Ty OaH-
nax ta Mmydrta Oy BUOpaHi HACTYTHUMU (puc. 4):
BHYTpimHiN niametp D = 630 MM, HamiBIOBXKUHA
L, =630 mm, ToBIMHA 5, = 5 = 25 MM. ['eomeTpuu-
Hi MozieTti 6aHmaxy Ta 3BapHOi My(TH BiIPI3HAIOTH-
Cs1 JTMIIIe HASBHICTIO KiTBIIEBHUX 3BAPHUX MIBIB MPHE-
HaHHSA MY(QTH 10 TPyOOIIPOBOTY.

Po3pobka ckiHueHHO-eJIeMeHTHOI Moaei. 3a
BKa3aHUMU IapaMeTpaMu MoOyJ0oBaHO T€OMeTpUY-
HY Ta CKiHYEHHO-EJIEMEHTHY MOJEIb MPSMOIIHIN-
HOI AiISHKH TPyOOTNpoBOaYy 3 Ie(EKTOM CTOHIIIEH-
Hs (puc. 3). BpaxoByioun HassBHICTb ABOX IUIOILHUH,
MOJeNb BKJIOYae 1/4 yacTuHy AaHOl AUISHKH
TpyOompoBoay 3 nedexrom. BukopucraHno HacTyIi-
Hi MeXaHi4Hi BIaCTUBOCTI Marepiany: Moxynb FOnra
E = 2,1-10° MIIa, koedimient ITyaccona pu = 0,3,
rpaHHI TeKydocTi 1y ctani 20 mpu Temmneparypi
=300 °C, c,= 177 Mlla [12]. Ananoriuno Oynn
CTBOpEHI CKIHYEHHO-EJIEMEHTHI MOZEII 3 BUKOPHC-
TaHHSIM TIICHITFOIOUMX KOHCTPYKIIIHA THITY OaHIaX Ta
3BapHa MydTa (puc. 4, 5).

3agaua HIAC ginsgakm TpyOOmpoBOay po3risiaa-
€THCS B IPYKHO-TJIACTUYHIA TOCTAHOBII, OCKIIBKU
i Ji€0 BHYTPIIIHBOTO THCKY B 30HI J€(EKTy CTOH-
LICHHS CTIHKH MOXKJIMBO YTBOPEHHSI 1 pO3BUTOK ILIac-
THYHUX gedopmanii. ledopmaniiine 3MiliHEHHS Ma-
Tepianxy B po3po0iIeHiil MoJeli MPyKHO-TIAaCTUYHOTO
nedhopMyBaHHS HE BPaXOBY€EThCS, 1[0 POOUTH MOJICITh
3 TOYKHM 30py BHU3HAUCHHS IUIACTHYHHX Jedopma-
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Jedext cronenns

a

Al

(7]

Puc. 3. 'eomerpruna Mozens 1/4 npsMOMiHIHHOT NeeKTHOT AIISTHKH TPYyOOIPOBOY (@) Ta BHYTPIIIHHOTO HAIIBEIINTUYHOTO e(eK-

Ty CTOHILCHHS CTiHKH (0)

Jeert cToHmenHA

a

3azop

Jedext cToHmenHa 3papHuii wos

-
[#]

Puc. 4. T'eomeTpuuHi MO MPSIMOIHIMHOT AIISTHKH TPYOONPOBOY, MiCHICHOT OaHaxeM (a) abo 3BapHOIO My(PTOIO (0)

Uil KOHCEPBATHBHIIIOK. Ha BHYTPILIHIO TOBEPXHIO
TpyOONpoBOAY Ta 30HY NePEKTy NMPUKIATAECHO MPOEK-
THuii THCK P = 11,8 MIla. Ha ToprieBy moBepxHio Mo-
JIeITi JIOlaHO TPAHUYHI YMOBH Y BUIVISIII OCHOBUX PO3-
TATYIOYUX HATPYKEHb G, BENMYUHOIO [14]:

p.D

2 56, =72,6 MIla (1)
2s

MiHiMaapHUH pO3Mip CKIHYEHHOTO elleMeHTa (TeK-
caroHaJIbHUI 00’ €MHUI eneMeHT) — 3 MM (puc. 5). Mo-
JIeITb AUISTHKU TPYOOITPOBOAY 3 Ie(hEeKTOM CTOHIIICHHS
CTIHKH cKiagaeTbes 3 149556 enemenTiB, a MOIEND 3
BHUKOPHCTAaHHIM PEMOHTHOI KOHCTpYKLii — 3 213316

o_. =

zz

Fohp,
Q”Jf@ | = 1
e, [nommna cumeTpii (1:2) |

%"e

a

eneMeHTiB. MiHIMalTbHUI PO3MIp €JIEMEHTY CiTKHU OyI1o
00paHo 3 YMOBH, 1110 3HAYCHHSI MAKCUMaJIbHOI €KBiBa-
JICHTHOT TUTacTHYHOI AedopMaliii 3MiHIOETHCSI MEHII
HiK Ha 5 % IIpu 3MEHIIIEHH] PO3MIPY CITKHU B 2 pa3H.
I'pannyHMiA cTaH TUMOBUX KOHCTPYKIIH 3a3BU-
Yail BUBHAYAETHCS CKIaJHUMH (Di3UKO-MEeXaHIYHU-
MU SBUIIAMH, TAKHMH SIK HEOOOPOTHA TJIACTUYHA
nedopmMmarisi, TPUBICHICTh HANPy>KeHB, TOKPUTHIHE
MTOIITKO/IKeHHS, B3aEMOisA CyOKPUTHIHHX Jaedex-
TiB, 3aPOUKEHHSI Ta MOLIMPEHHS MaKpPOIOIIKOAKEHb.
Ockinbku TpybonpoBonu 3 BusisneHuMu EK3 He xa-
PaKTepU3YIOTHCS PI3KUMHU F€OMETPUYHUMHU KOHILIEH-
TpaTropaMu HalpyKeHb, pyHHYBaHHs 3yMOBJICHE B’513-

0

Puc. 5. CxiHueHHO-eIeMEHTHA MOJIEITb TIPSIMOJIIHIMHOT TUTSHKU TPYOOIIPOBOAY 3 Ie(EeKTOM CTOHIIECHHS CTIHKH Ta IMiICHITIOI0U0I0 KOH-
CTPYKIII€I0: @ — CXeMa MOJIETIi; 6 — CiTKa CKiHYEeHHUX €JIEMEHTIB B 30H1 Ie(DeKTy
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KHM MeXaHi3MoM. [yl YUCEeTbHOTO MPOTHO3YBaHHS

KPUTHYHOTO CTaHy 32 MEXaHi3MOM B’SI3KOT0O pyHHYBaH-

HsI B Marepiasii TpyOOIpoOBOIY ITijl BHYTPILIHIM THCKOM

3 epOo3iiHOI0-KOPO3iHOIO0 BTPATOI0 METAy MOXKe OyTH

BUKOpUCTaHUH Aedopmartiitanit kpurepiii [13]:
de!

sy,
SC

2

ne def — npupicT IHTEHCHUBHOCTI IUIACTHYHUX Je-
(hopmarrii,

del = %J(dai‘ —deh))? +(deh, —del) + (del. - de?, )’ +%(dafv2 +del’ +del’)

abo B TeH3opHii dopmi de’ =g,/d85 def ,def —
KOMIIOHEHTHU TEH30pa IIPUPOCTY IHTEHCUBHOCTI IJIACTHY-
HUX 1eopMallid; € — KPUTHYHE 3HAYEHHS IUIACTUHOL
nedopmariii, 0 3aJIeKNUTh Bill TPUBICHOCTI HaIpy>KeHb,
TeMIIepaTypy, HEOIHOPITHOCTI MaTepialty TOIIIO.

Pe3yabTaTn CKiHYEHHO-€J1€MEHTHOI0 aHAaJi-
3y HAC. Pesynsratu uncensHoro ananizy HJIC na-
HOT JUISTHKU TpyOOINpoBoay O€3 MiJCHITIOIY0i KOH-
CTPYKIIi1 MOKa3aiu, 1Mo MiJ Ji€l0 BHYTPIIIHHOTO
tucky P = 11,8 Mlla B 30H1 nedexTy CTOHIICHHS
BHHHUKAIOTh MakCHUMallbHI OKPYKH1 Halpy>KeHHS 110
227 Mlla (puc. 6), siKi IEPEBUILYIOTh TPAHUIIIO Te-
Kydocti Matepiany (177 MlIla) npu 3amaniii Temre-
parypi 7 = 300 °C, a Takox, 3BiCHO, IEPEBUIIYIOThH
HOMIHaJIbHO JIOIyCTUME HAINPYKECHHSI CTaTHYHOT MiLl-
HOCTI, 1[0 Bu3HavaeThes 3rigno 3 [THAE I' 7-002-86
[12] 3a HacTymHOI yMOBH:

[6]=min{c, /2,6;0, /1,5) 3)

I'paHuIsg TEKydOCTi Ta TPaHUIL MIITHOCTI JJIs
crani 20 3a temneparypu 7 = 300 °C cknana-
I0Th G, = 177 MIla Ta o, = 363 MIla BiAIIOBIIHO.
3rinao 3 (3) momycTUMe HANpy>XeHHs JTOPiBHIOE
[c] =118 MlI]a.

AJne Takuil MiIXiJ HA OCHOBI MOPIBHSHHS JIIFOYMX
Hanpy>kKeHb Y CTiHIII TPyOOTIPOBOAY Bifl BHYTPIIIHBO-
IO THCKY 3 AOIYCTUMHUMH HaIllpy>KEHHSIMUA CTaTUYHOI
MIIIHOCTI AJIs1 MaTepiany TpyOONpoBOLy Ha MPaKTHUII
BUKOPHCTOBYIOTH JUIsi BUOOPY HOMIHAJILHUX PO3MIpiB
TIPH TIPOEKTYBAHHI, a IS OIIHKH TPAHUIHOTO CTaHYy,
110 BU3HAYAETHCS PO3BUTKOM B’SI3KOTO PYHHYBaHHS

Puc. 6. Po3nozin okpyKHHX HampyXeHb G

14

Bp

Merany Tpyoomposony 3 aedekrom EK3, € 3ananTo
KOHCEpBaTUBHUM. TOMY JOUIIBHINIMM € MpUBE/e-
HUH BuILe (2) miaXix HA OCHOBI aHaJi3y pe3ysbTaTiB
MIPUPOCTY IHTEHCUBHOCTI MJIACTUYHUX AepopMalliii B
30Hi1 nedekry.

3TiHO 3 pe3yibTaTaMyi CKiIHYEHHO-eJIEMEHTHOTO
MOJICTIOBAHHSI MaKCUMallbHa 1HTEHCHBHICTH TJIac-
THYHUX JedopMariiii B 30H1 nedexry EK3 cranoButh
0,0112 (1,12 %) (puc. 7, a), 110 NEPEBUILYE «YMOB-
Hy» rpanuuny jgepopmaito €, = 0,01 (1 %) [13]. Lle
O3HA4ae, 10 PEai3yI0ThCSl YMOBHU 3apPOIXKECHHS B’ s3-
KOTO pyHHYBaHHS Marepiaiy. 3 METOI 3anmo0iraHHs
MOAATBIIUM JleopMaLlisiM 1 pyiHyBaHHIO TpyOOIpo-
BOIY MOKe OyTH BCTaHOBJICHA PEMOHTHA ITiJICHITIOIO-
Ya KOHCTPYKLisl TUITy OaHgaxka 3BapHoi MmydTH. [Ipu
IBOMY MaKcUMallbHi HamnpyxeHHs (227 Mlla) Bce
OJTHO TIEPEBUIIYIOTH JIOIMYCTUMI HAIPY>KEHHS CTaTHY-
HOI MIIIHOCTI, aJie 3a paXyHOK BCTAHOBJICHHSI MiJICH-
JIFOT0901 KOHCTPYKITIi MaKCUMaJibHa iIHTCHCHBHICTh
MJIacTUYHOI aedopmaltii He IepeBUILY€E TPaHUUHY
nedopmatiro B 1 % (puc. 7, 6).

Busnadyennss MiHiMaJLHOI TOBIMMHH CTiHKH
AeeKTHUX AiJAHOK TpyOonmposoais. /(s nepe-
BipKH KOPEKTHOCTI BUKOPHUCTAHHS Je(POopMaIliiHOTO
nigxony (2) oniHKKA TPAaHUYHOTO CTaHy 3a KpHUTepi-
€M B’SI3KOr0 pyiHyBaHHs TpyOONIpoBoay 3 Ie(eKTOM
EK3 Ha ocHOBI aHami3y MPUPOCTY IHTEHCHUBHOCTI
IacTUYHUX JedopManiii B 30H1 AeeKTy mposee-
HO TIOPIBHSAHHS Ul PI3HUX TPYOOIIPOBOJIIB 3HAUYEHb
MiHIMaJIbHOT TOBIIMHU CTIHKH AC(PEKTHUX JIISHOK,
BU3HaueHux 3a Meroaukoro MT-T.0.03.224-18 [11]
1 3a mMaxomoM (2) METOIOM CKiHYEHHO-EJIEMEHTHO-
ro MoJieJtoBaHHs. Pe3ynbraTu, HaBejeHi B Tabu. 1,
[oKasaju, 110 MiHIMajbHI TOBIIMHM CTIHOK 3a Me-
TOJUKOIO B OiJBIIOCTI BapiaHTIB MPUOIU3HO AOPiB-
HIOIOTh pe3yjIbTaTaM PO3paxyHKY 3a BUKOPUCTaHUM
nedopmaniiHuM miaxogaoM. TiTbky B OJIHOMY BapiaH-
Ti TpyOompoBoay 720%24 MM MiHIMaThbHA TOBIIMHA
CTIHKH 3rigHo Metoauku Ha 30 % HibKYe, HIK po3pa-
XOBaHa 3a Kpurepiem (2). ToOTo pe3yiasTaTi BUKOPH-
CTaHHSA migxoay (2) OUiHKKW KPUTHYHOTO CTaHy B’sI3-
KOTO pyHHYBaHHS TpybOomposony 3 aedpextom EK3
Y3rOKYI0ThCS 3 MeToaukoro MT-T.0.03.224-18 [11,
18]. Ane mmp1iri MOKIMBOCTI CKiHYEHHO-€JIEMEHTHO-
T'O MOJICTIOBAHHS 3 TOYKH 30PY TOUHOCTI OTIMCAHHS

c[m_.ll\‘_:l?l'la

B 30HI Ie()eKTy CTOHIIECHHS CTIHKH TPYOOTPOBOLY 03 MiICHITIOI0U0i KOHCTPYKILT
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7]

Puc. 7. Po3nonin mpupocTy iHTEHCUBHOCTI ITACTUYHUX Jedop-
maiii de ninsuxu tpyGonposony 3 nedexrom: a — 6e3 miacu-
JIFOI0YO0T KOHCTPYKIIIT dgf = 1,12 %; 6 — 3 NiJACHIIOIOYO0I0 KOH-
crpykuiero de’ = 0,12 % (Ha mopsKOK HHKIE)
(hi3uKO-MeXaHIYHUX MPOIIECIB, [0 BU3HAYAIOTh Ha-
TMIHHICTh 3BAPHUX KOHCTPYKIIiH, poOUTH foro parrio-
HaJIBHIIINM JJIs1 BUKOPUCTaHHS, 30KpeMa IIPU IUIaHy-
BaHHI PEMOHTHO-BITHOBTIOBATFHUX POOIT.

Bnuine noyarkosoro 3azopy. Ha po3BanTaxeHHs
ne(eKTHOI AIISTHKY TPYOOIIPOBOAY CYTTEBO BIUIMBAE
MMOYaTKOBUH 3a30p MiK TPyOOIIPOBOIOM 1 PEMOHTHOIO
KOHCTpyKHi€etw [15]. Hagro Benuka BelMunHA TIPO-
MDXKKY MOXKE TIPU3BECTH JI0 TOTO, 10 PO3BAHTAXKEHHS
PEMOHTHOIO KOHCTPYKII€IO HE BigOyBaTumeThes, a ii
BCTaHOBJICHHs Oyne He eekTnBHUM. Tomy Ha mpak-
THIII BUKOPUCTOBYIOTH CIIElliali30BaHe 00JIaHAHHSI,
JUISL TOTO 100 MpU BCTAHOBICHHI MPUTHUCHYTH ITiJI-
CHJIIOIOYY KOHCTPYKIIIIO 10 TPYOOIpoBOIy 1 3a0e3re-
YUTH MiHIMaJbHUH MPOMIXKOK. Pesynbraru cTocos-
HO 3aJIEKHOCTI BEJIMYMHU NMPUPOCTY IHTEHCUBHOCTI
IUTACTUIHUX JedopMaIliil Bil BETHYUHN TPOMIKKY
300pakeHO0 Ha puc. 8.

Pe3ynprarn 4yncenbHOrO IPOrHO3YBAaHHS CTYyIIE-
HS pO3BAaHTAKCHHI 30HU JePEKTy TPyOOIIPOBOAY IPH
BCTaHOBJICHHI OaHa)Xy Ta 3BapHOI My(TH ITOKa3aIH,
110 JIaHi PEMOHTHI KOHCTPYKIIii TIPAIFOOTh Ha PO3BaH-
Ta)KeHHSI 30HU JIe()eKTy CTOHILIECHHS CTIHKM Maiixe ofi-
HakoBO. Pi3HHUIII B OChOBUX TIEPEMIIICHHAX OaHIAXKY
Ta My(QTH BiTHOCHO TPyOONPOBOAY HE BH3HAYEHO. Alle
3BapHa My(Ta BHACIIZOK HAasIBHOCTi 3BApHOTO 3’ €]I-

HaHHJ 111€ JI0JIATKOBO 3a0e31euy€e repMETHYHICTD Y BH-
NaJIKy PO3BUTKY Je(eKTy 10 HaCKpi3zHOTO. [IpH 301516-
IIeHHI MTOYaTKOBOTO MPOMIXKKY MiXK TpyOOIIPOBOIOM 1
PEMOHTHOIO KOHCTPYKITIE€IO BEJIMYMHA MAKCUMAITbHHX
IIACTUIHUX JedopMartiid 301eITyeThes. [Ipu Bemman-
Hi MPOMIDXKKY B 0,2 MM 1 OiJTbITIC peMOHTHA KOHCTPYK-
LISl IepecTae MpaloBaTH Ha PO3BAHTAXKEHHS IaHOI
JJSHKY, OCKUIBKHU IMiJI Ii€F0 BHYTPIIITHBOTO THUCKY
(11,8 MIIa) B TpyoomnpoBomi (D = 630 MM, s = 25 Mm)
BHHHKAIOTh pajiasibHi nedopmariii, ki CTAHOBISATH
0,22 MM, 1 TpyOOIIpOBif JMIIEe BUOHPAE TOUYATKOBUH
MIPOMIXKOK, a OaHnax abo My(Ta HE MiACHUITIOITH Je-
(dexTHy AinsHKy. ToMy Taki TEXHOJOT1YHI TapaMeTpH,
SIK TIOYaTKOBUH MPOMIKOK, CKHJIAaHHSI BHYTPIIIHBOTO
TUCKY Tepell i MIHATTA Micas BCTAHOBJICHHS MiJCH-
JIFOF0Y0T KOHCTPYKIIIi, € BayKJIMBUMH.

BniauB TOBIIMHM Ta JOBKUHU MiJICHIIOI0Y01
KOHCTPYKUii. byso po3misHyTO BIJIMB TakuX re-
OMETPHYHUX TapaMeTpiB, K TOBIIHHA Ta JOBXKH-
Ha PEMOHTHOT KOHCTPYKIIii, Ha pO3BAaHTAXXCHHS I10-
LIKOKEHOI TINSTHKU TpyOonpoBony. Takox BapTo
3a3HAYUTH, 10 JIJIS TIOJICTIICHHSI aHaJli3y JaHi MOJIe-
ni Oy oOyoBaHi 0e3 ypaxyBaHHS MPOMIKKY MiK
PEMOHTHOI KOHCTPYKIIIEH 1 TPYOOIIPOBOIOM, TOO-
TO PEMOHTHA KOHCTPYKIlis TOYMHAE MPALIOBATH Ha
po3BaHTaKEHHS Binpa3y. Pe3ynprartu aHamily BIUIU-
BY 3MiHU TOBIIWHH ITPH CTAITIH JOBKUHI KOHCTPYKIIIT
Ta 3MiHI JOBKWUHU 31 CTAJIOI0 TOBIIMHOK BiJIOBIIHO
Oy 300paxeHi Ha rpadikax (puc. 9).

Sk BugHO 3 puc. 9, a, npu 3MEHIIEHH] TOBIIH-
HHU PEMOHTHOI KOHCTPYKI[Ii MaKCHMaJbHE 3HAYCH-

del, %

1 » .
12 /
/ —_——
VA oI Wi
P
0.8 - F 2
o
£
0.4 4
|
0 0,1 0.2 0,3 0.4 0,5

3azop, MM
Puc. 8. 3ae:kHOCTI MAaKCHMATEHHUX 3HAYCHB IIPAPOCTY IHTEHCHB-
HOCTI TUTacTHYHIX Aeopmariit d 8{7 BiJI TIOYaTKOBOTO ITPOMIKKY

MDK TpyOOIIPOBOJIOM 1 ITiJICHITIOIOYOI0 KOHCTPYKIIi€to: / — My(dra;
2 — Oangax

Ta0nuus 1. IlopiBHAHHA MiHiMAJILHUX TOBIIMH CTiHKY Je(eKTHUX ALIAHOK TPpyOonpoBodiB 3a Meroaqukow MT-T.0.03.224-18

i 3a migxomom (2)

[Tapametpu TpyOompoBomy MT-T.0.03.224-18 Hinxizx (2)
D, MM S, MM L/h, mm T, °C P, MIla s ., MM del, % S ., MM del, %
89 2,8 5,6/2,8 295 7,85 0,5 0,43 0,3 1,00
325 16 32/16 150 9,8 4,5 0,07 4,05 1,01
630 25 50/25 300 11,78 5 1,12 5,5 1,00
720 24 48/24 150 10,8 3 1,94 4,6 0,95
Ilpumimka. s_. — MiHIMaJIbHO IOIyCTHMA TOBIIMHA B 30Hi fedekry; def — IHTeHCHBHICTh IUNIACTHYHUX Ae(OpMaIiil.
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HS €KBIBAJICHTHOI ITACTHYHOI Jedopmariii 3pocTae.
HartomicTe npu 3MeHIIeHH] HaliBAOBXUHU PEMOHT-
HOT KOHCTPYKIIii, sIK TOKa3aHo Ha puc. 9, 6, 3 630 Mm
10 ~300 MM IHTEHCUBHICTh IUIACTHYHUX Je(opMartiit
Maiibke He 3pocTae, a Ipu 3MeHIIeHH 10 150 MM ix
3HAUCHHS HAWHIKYI. 3 IbOTO MOXKHA 3pOOHUTH BUCHO-
BOK, 1110 BUKOPHCTAHHS 3aHAJATO JAOBIOi PeMOHTHOI
KOHCTPYKIIT HE € JIOLIJIbHUM, a 3MEHIIICHHS 11 JIOBXKH-
Hu 110 300 MM J103BOJIUTH 3MCHIIIUTHA BUTPATU HA pe-
MOHT IOIIKOPKEHOT JIUISHKH TPYOOIIPOBO/LY.

EdexTuBHicTh po3BaHTa’KeHHS 32 PAXYHOK
miIcuIdYoi kKoHcTpykuii. s nepeBipku edex-
THBHOCTI PEMOHTY PO3Pax0OBaHO HABAaHTAXKEHICTD Jie-
(hexTHOI MUSTHKA TPyOOIPOBOMY IO PEMOHTY Ta ITiCIII
BCTaHOBJICHHS TTiICHITIOIOUO01 KOHCTpPYKIIii. KoedirieHT
PO3BaHTaXEHHsI 32 paXyHOK BCTAHOBIICHHS TTiICHITFOFO-
Y0i KOHCTPYKIIi1 BU3HAYA€THCS 32 (OPMYJIOLO:
il

b
ne P, — rpaHuYHUN THCK B nedexTHIN UIIHI TPY-
0onpoBo Iy 0€3 MiICHITFOI0Y0i KOHCTPYKIIi; P, — TUCK,
MIPU IKOMY JIOCSITAETHCS TPAaHUYHA ITacTHYHA aedop-
matis € = 0,01 B neexTHIN AinsHLI TPYOOIPOBOY 3
i JICHITIOF0Y00 KOHCTPYKIII€TO.

Po3paxoBaHi KoedilieHTH PO3BaHTAXKEHHS PO3-
DISIHYTUX THIOBHUX BapiaHTiB TPyOONPOBOIIB 3aHece-
Hi B Ta0J. 2. Bu3HaueHi 3HaYeHHS KOCQIIIEHTIB PO3-
BantaxeHHs (0,43...0,51) nepexTHUX AUISTHOK MpH
BUKOPHUCTAHHI MiJCUITIOI0U0T KOHCTPYKIIiT THITY OaH-
@K 3 TOBIIWHOIO, IO JOPIBHIOE TOBIIWHI CTIHKH,
JUTSE TPYOOIIPOBOAIB PI3HUX THUIIOPO3MIPiB MOKA3aIH
TOCUTH BHCOKY €(eKTHBHICTh BUKOPHUCTAHHS TAKUX
KOHCTPYKITiH.

IIpornozyBanHs pecypcy AedeKTHOI QiJAHKH
nicjas peMoHTy. TepMiH 3aIHIIKOBOTO pecypey Je-

n=1 “4)

¢dexTHOT AinsHKU TpyOompoBony 3 nedexrom EK3
MOKHA OIIIHUTH [16]:

S, =S
_"r min
l, =———, AKIIO §,. >S5 .

, O]
WeK3

JIe S, — 3aJIMIIKOBA TOBLIMHA CTIHKU B 30HI Jaedek-

Ty, MM; §_. — PO3paxyHKOBa MiHIMAJILHO JOIMyCTHMA

TOBILMHA CTiHKH, MM; W, ,— HIBUJIKICTb PO3BUTKY JI€-

dexry EK3, mm/pik.

Tepmin 6e3meunol excruTyaraitii Je)eKTHOT iJIsTH-
kU TpyoompoBoxay 3 Aedexrom EK3 micis BcTaHOB-
JICHHSI T ICHITIO0Y0T KOHCTPYKITIT MOYKHA TIPOTHO3Y-
BaTH 13 YMOBH PO3BUTKY Je(heKTy CTOHIIICHHS CTIHKA
HAacKpi3b. SIKIO0 BCTAHOBIIOIOTHCS OaHAaX ab0 My-
(Ta 0THAKOBOT TOBIIMHHU 3 TPYOOIPOBOIOM, TOAI Y
BUIIAJKy PO3BUTKY Ae(EKTY CTOHIICHHS CTiHKM Ha-
CKpi3b Oyne 3a0e3nedyBaTuch MiLHICTb, a Uil My(QTH
— 1I€ 1 TePMETUYHICTh AUISHKHA. TaKUM YUHOM, SIKIIO
3pOOHTH MPUITYLIEHHS PO MOCTIHHY MIBUIKICTH PO3-
BuTKy Aedekry EK3, repmin Oe3neuHoi ekciuryararii
t nedexTHOl ninsHKKM TPyOOIpOBOY i3 BCTAHOBIIE-
HAM OaHmakeM a00 My(pTOIO CKIIaIac:

PR

r b
WeKk3

[IIBUAKICTE PO3BUTKY z[e(beKTy.EK3 Wiy; MOKHA
BU3HAYUTHU B MEPLIOMY HAOIMKEHHI HA OCHOBI JaHUX
CTOCOBHO TEpPMiHYy eKCIUTyaTamuii JUISTHKH TPyOOnpo-
BOJlY 710 PEMOHTY /,, PiK, Ta Pi3HHIII II0YaTKOBOI § 1
3QJIMIIKOBOI § TOBLIMHM CTiHKH B 30H1 nedexty EK3
HA MOMEHT PEMOHTY, MM:

(6)

5=,

Wgk3 =

s (7

Hanpuxnan, mis TpydbomnpoBoxy D = 630 mw,
s =25 MM, KW TIPAITIOE TIiJT Ti€F0 BHYTPIIIIHHOTO THC-
ky 11,8 MIIa Bxe 30 pokiB, IpH MJIAHOBOMY KOHTPOJTI

del, % del’, %

04+
0,16

03+ -
0,12 - *

021 0,08

0,1 + 0,04

] I | | | I I | I | |
5 10 15 20 25 sy, MM 0 100 200 300 400 500 600 Ly, Mm

a

o

Puc. 9. 3anexHicTh MAKCHMaTbHNX 3HAYEHb MPUPOCTY IHTEHCHBHOCTI ITacTHYHUX Aedopmaiit de! B 30ni nedexry EK3 Tpybompo-
Boy (D = 630 MM, s = 25 MM) BiJl FEOMETPHYHUX TIAPAMETPIB MiACHIIIOI0Y0T KOHCTPYKILii: @ — TOBUIMHH §,; O — HANIBAOBKUHY L,

Taouuus 2. BusHaueHHs1 koeilieHTIB po3BaHTAKeHHS 1] 1LIHOK TPYOONPOBOAIB NPH BCTAHOBJIEHHI MiACH/II0I0401 KOHCTPYKLIT

Kputnunnii tuck P, MIla
D, mm S, MM P, MIla T, °C L/h/a, mm S ., MM n
min P[d P[
89 2,8 7,85 295 5,6/2,8/2,3 0,5 7,85 16 0,51
325 16 9,8 150 32/16/13,5 2,5 9,8 18 0,46
630 25 11,78 300 50/25/20 5 11,78 21 0,44
720 24 10,8 150 48/24/19,5 4,5 10,8 19 0,43
820 18 1,57 188 36/18/16 2,0 6 11 0,45

16
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BusaBIeHO nedekt EK3 posmipom 50%25 MM 3 MiHI-

MaJIbHOIO TOBIIMHOIO 5 MM. Toai BcTraHoBNeHHs OaH-

Xy 3aBTOBILIKH S, = 25 MM MOK€ MOJOBKHUTH TEPMiH
ekcruTyaraiii neeKTHOT TiTHKY PUOJIN3HO Ha:

s, oty N :

. =——=— = 5-30/(25-5) = 7,5 poxis.

(s—s,)

VY BUMaaKy BCTAHOBJIECHHS 3BapHOi My(TH TepMiH
eKCIuTyaTarii qeeKTHOT TUTSTHKH MOYKe OyTH 1€ J0B-
LIMM, SIKMI MOJKHA [TOPiBHIOBATH 3 TEPMIHOM EKCILTY-
arauii JUISTHKY TICIs PEMOHTY 3a TPaIuIiiHOIO TeX-
HOJIOT'I€I0 BCTAaBKH HOBOI KOTYIIIKH, aJie Iie ToTpedye
JIOJIATKOBOTO OOTPYHTYBaHHS MIITHOCTI KiJIBI[EBHX
3BapHUX 3’€IHAHb MiJ] Ji€I0 BHYTPIIIHBOTO THCKY B
MOPOXKHUHI MiX TPYyOOIO 1 My(pTOIO.

YuMm Oidpmra 3aJWIIKOBA TOBIIMHA CTIHKU
TpybonpoBoay B 30Hi EK3 Ta HMk4a mIBHAKICTH Po3-
BUTKY Je(peKTy, TUM JIOIJIbHIIIE BCTAHOBIIOBATH Pe-
MOHTHY TiACHITIOI0Yy KOHCTPYKITiFO, OCKLTBKU TEPMiH
i BUKOpPUCTaHHA 0 HACTYITHOTO PEMOHTY OyJe Tpu-
BamimuM. Tak, BignosigHo mo Bumor I'BH [17] Bcra-
HOBJICHHs 0aHITa)Xy Ha MaricTpalbHUA TPYOOIPOBiT
BUKOHYIOTb Y TOMY BUIIAJKY, KOJJM MakcCUMalbHa TIIU-
OMHa MOOIMHOKKX Je(]eKTiB abo rpyrnoBUX KOpO3iii-
HUX YIIKO/DKEHb He niepeButnye 50 % Bix HOMiHAIb-
HOI TOBIIMHU CTiHKH TPYOOIIPOBOLY.

BucHoBkn

3a pesynbratamu nposeaenoro anamrizy H/C mps-
MOJTiHIHHOIT TUIsTHKY TpyOorpoBony 3 nedexrom EK3
] €10 BHYTPIIIHBOTO TUCKY MOYKHA 3pOOUTH BU-
CHOBOK, III0 NPOBOJUTH OIIIHKY TPAaHUYHOTO CTa-
HY B’S3KOTO pyHHYBaHHS TpyOOmpoBOay 3 nedex-
toM EK3 Ha 0CHOBI MOpiBHSHHS AiI0YHX HAIIPY>KEHb
B CTiHII TpyOONPOBOAY BiJl BHYTPIIIHEOTO THUCKY 3
JOIYCTUMUMH HAIPYXEHHSIMH CTaTUYHOI MiI[HOC-
Ti 7151 MaTepiany TpyOOIpoOBOIY € 3aHAATO KOHCEP-
BaTUBHUM. J[OIUIBHINIMM € BUKOPUCTAHHS ITiIXO1Y
Ha OCHOBI aHaJi3y YTBOPEHHS IUTACTHYHHX Aedop-
Marliii B 30H1 JeeKTy i JOMYIUIeHHs, [0 MPUPICT iH-
TEHCHUBHOCTI TUIACTHYHUX JedopMalili He mepeBu-
Iye yMOBHY TpaHUYHY Jedopmallito, Halpukia,
g, = 1 %. PesynpraTn BUKOpUCTaHHS TaKOIO MiIX0-
Iy OLIIHKM TPAaHUYHOTO CTaHy B’ A3KOTO PyHHYBaHHS
TpyOomposoay 3 nedexrom EK3 no6pe y3romkyoTh-
cs 3 BBeaeHoro B miro JIIT «HAEK «Eneproarom» B
2019 p. metogukoro MT-T.0.03.224-18, sxa perna-
MEHTY€ BU3HAYCHHS IOIMyCTUMHX TOBILUH €JIEMEHTIB
TpyOonpoBoaiB AEC 3 BymiieneBux crajiei mija niero
€pO3iHHO-KOPO3iHHOTO 3HOCY.

3 METOI0 OOTpYHTYBaHHS BUKOPUCTAHHS allbTep-
HAaTUBHUX PEMOHTHHX TEXHOJIOTiH TPyOONIpOBOIIB
JUISL TIOTPEO aTOMHOI €HEPTeTHKH PO3pOOIECHO MaTe-
MaTHU4YHI MOJEN] Ta 3aC00H TX CKIHYEHHO-EJIEMEHTHOT
peamizaii jyis Bu3HaueHHs: HJIC i rpannyHOro crany
ne(eKTHOI TUISTHKA TPYOOIIPOBOTY TIPH BCTAaHOBIICH-
Hi pEMOHTHO{ TiACHIIIOI0U01 KOHCTPYKIIIi THITY OaH-
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nax a0bo 3BapHOi My(dTH. Pe3ynprati cKiHueHHO-ee-
MEHTHOTO aHaJIi3y TTOKa3ajIu:

1. Ha po3BaHTaxeHHs Ae(eKTHOI IITSIHKHU
TPYOOTIPOBOJLYy CYTTEBO BILTMBAE MOYATKOBUI MPOMi-
KOK MK TpyOOTIPOBOJOM 1 PEMOHTHOIO KOHCTPYK-
LI€10, OCKIUIBKY MPH HOT0 HasiBHOCTI PEMOHTHA KOH-
CTPYKLIisl TOYMHAE PO3BAHTAKEHHS IePEKTHOI AUISTHKH
TpyOOIIPOBOY, JIMIIE KOJIU JaHUN POMIXKOK Oye Bu-
OpaHuii TpyOOIIPOBOIOM BHACIIIOK padianbHOI Je-
(hopmariii iz Ai€ro BHyTPIIIHBOTO TUCKY TIPH €KCILTY-
atartii. JlomiTbHO BUKOPHUCTOBYBATH CIICIliali30BaHE
o0NMaTHAHHS JUISI TPUTUCKAHHS IT1ACUITIOI0Y0] KOH-
CTPYKIIi 10 TpyOOIpOBOY ITiJT Yac ii BCTAHOBJICHHS.

2. PeMOHTHI KOHCTPYKIIii TUIy OaHax 1 3BapHa
My(dTa Ipaiol0Th Ha PO3BaHTAKEHHS 30HU Ae(]eKTy
CTOHILICHHS CTIHKM OJ1HaKoBO. [lepeBaroro 6anmaxy €
HU3bKa TPYAOMICTKICTh HOTO BCTAHOBJICHHS 1 MOMKIIU-
BiCTh IOT0 6araTopa3oBOro BUKOPUCTAHHS, a IepeBa-
TOI0 3BapHOi My(TH € 3a0e3MmedeHHs] TePMETHIHOCTI
Y BUIIAIKY PO3BUTKY Ie(HEKTy HACKPi3h.

3.V OUIBIIIOCTI BUMAJKIB TOIITFHO BUKOPUCTOBYBA-
TH TIJICHIIIOI0YI KOHCTPYKIIT, TOBIIMHA SKUX JOPIBHIOE
TOBILUHI TpyOompoBoy. [Ipy 3MeHIIIeHH]I TOBIIMHY pe-
MOHTHOI KOHCTPYKIii e(peKTUBHICTh pO3BaHTAKEHHSI
30HU Ae(EKTY CTOHILECHHS CTIHKH CYTTEBO 3HUKYETHCS.

4. BukopucTaHHs PEMOHTHOI KOHCTPYKUii BeJu-
KOT JOBXHHHM HE € AOLITbHUM, OCKIIBKH MIPH 3MEH-
LICHH] IOBXHHH J10 IEBHOT'O 3HAUYCHHS €()EKTUBHICTD
PO3BaHTa)KCHHS HE 3MiHIOEThCS. JlJIs1 JIOKaJIbHOTO Je-
(heKTy CTOHIIICHHSI CTIHKH ONTUMAaJIbHA TOBKHUHA TTif-
CIUTIOIOYO01 KOHCTPYKIIIi MOYKE TOPIBHIOBATH MTOJIOBUHI
niamerpa TpyOonpoBony. BukopructaHHs peMOHTHOT
KOHCTPYKLIi 3 ONITUMAJIHOIO JTOBKUHOIO J103BOJTUTh
3MEHIIMTH BUTPATH Ha Marepiall peMOHTHOI KOH-
CTPYKIIii Ta CIIPOCTUTH 11 BCTAHOBIICHHS.

5. JlaHi pe3ynbrati MOXKyTh OyTH BUKOPHCTaHI T1e-
PEBaXXHO TPU PEMOHTI TEXHOJOTIYHUX TPYOOIPOBO-
niB AEC, 0coOIHMBO B THX BHITQAKaX, KOJW PEMOHT
3a TPATUIIHHAMU CITOCO0aMu BUPI3KH Me(eKTHOT -
JISHKH 1 BBAPIOBAHHS HOBOI KOTYIIKH TPYOOTIPOBOIY
HE € MOXKJIMBUM a00 JOIUILHUM 3 PI3HUX MIPHYHH.

6. Po3paxoBanuii Koe}ilmi€HT PO3BAHTAKECHHS
(0,43...0,51) nedekTHOT NUISHKY PU BCTAHOBJICHHI
MiJCHIIIOI0Y0T KOHCTPYKUII TUIly OaHJaxX 3 TOBIIU-
HOIO, 1110 JOPIBHIOE TOBIIUHI CTIHKH, AJIs TPYOOIpO-
BoiB AEC pi3HUX THUIIOPO3MIipiB MOKa3aB BUCOKY
e(heKTUBHICTh BUKOPUCTAHHS TAKMX KOHCTPYKITIH.

7. Tepmin Oesmeunoi ekcruryaramii AedekTHoT mTi-
TSHKH TpyOonpoBony 3 nedexrom EK3 micus Bera-
HOBJICHHSI ITIICHITFOF0Y0i KOHCTPYKII1 MOJKHA BHU3HAa-
YaTH 3 YMOBH PO3BUTKY AC(PEKTy CTOHIICHHS CTIHKH
HacKpi3b. YuM OliIbIa 3aJIMIIKOBA TOBIIMHA CTIHKU
TpybonpoBoay B 30Hi EK3 Ta HMk4a mBHAKICTH Po3-
BUTKY Ae(eKTy, TUM IOUiIbHIlIe BCTAHOBIIIOBATH Pe-
MOHTHY KOHCTPYKIIiO, OCKITBKH T€PMiH i BUKOpH-
CTaHHS J10 HACTYITHOTO PEMOHTY Oy/e TPHUBAILIHM.
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TakuM 9UHOM, PEMOHTHI TEXHOJIOT11 BCTAHOBJICH-
HS MACUIIOIOYAX KOHCTPYKIiH Tumy Oanmax abo
3BapHOi My(TH JO3BOJIAIOTH €()EKTUBHO ITOCHITIOBA-
TH JinsHKE TpyOonpoBoaiB AEC 3 nedexramu cto-
HIICHHS CTIHKH, BIJIHOBIIOBAaTH iX HECY4y 3IaTHICTb,
1 MOXKYTb OyTH PEKOMEH/IOBaHi JJO BIIPOBAKCHHS Ha
AEC VYkpainu, nepeBaskHO U PEMOHTI TEXHOJIOI14-
HUX TPyOOIPOBOIIB.
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EFFECTIVENESS OF UNLOADING A SECTION OF NPS PIPELINE WITH A PIPE
WALL THINNING DEFECT BY MOUNTING A BAND OR WELDED SLEEVE

G.V. Vorona, O.V. Makhnenko, O.S. Milenin
E.O. Paton Electric Welding Institute of NASU. 11 Kazymyr Malevych str., 03150, Kyiv. E-mail: makhnenko@paton.kiev.ua

Formation of erosion-corrosion wear defects in NPS pipelines is one of the urgent problems of nuclear power engineering. At
pipeline repair the defective section is cut out and a new pipe spool is mounted using welding, which is a rather labour-con-
suming process, and requires draining of the transported liquid. To prolong the service life, the defective pipeline section can
be reinforced by mounting a repair structure, for instance a band or welded sleeve. In order to substantiate the rationality of
application of reinforcing structures in pipeline repair, finite element analysis of the stress-strain state of the rectilinear pipeline
section with a defect of erosion-corrosion wear under the impact of internal pressure was performed, as well as evaluation of
the effectiveness of unloading the defective section in the case of application of a reinforcing structure of the type of a band or
welded sleeve in repair. Analysis results showed the high effectiveness of application of such structures. Obtained results can
be used in substantiation of introduction in the Ukrainian NPS of alternative technologies of repair of pipelines, predominantly
technological ones, particularly in those cases when repair by traditional methods is not possible or rational for technical or
economic reasons. 18 Ref., 2 Tabl., 9 Fig.

Keywords: NPS, pipeline, erosion-corrosion wear, wall thinning defect, reinforcing structure, band, sleeve, stress-strain state,
ductile fracture, finite element method
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MixxHapoaHi apmapku npoBoais, kabenis i Tpy6 B Jioccenbgopdi
15 — 19 kBiTHA 2024 p., Messe Dusseldorf

YUepes n’'AaTb MicsLIB NpeacTaBHYKM MPOMUCIIOBOCTI 3yCTPIHYTLCS Y BUCTABKOBOMY LieHTpi M. [ioccenbaopd, Himey-
yuHa. Byge npoBeaeHo TpeHAOoBI hopymu, 3yCTpidi eKcnepTiB. Y TeMaTUYHNX NaBinbAoHax byae NpeacTaBneHo BUpobu
Ta TEXHOMOTii 3 HEPXKaBito4oi CTani, BOAHIO Ta iHLWMX pereHepaTMBHUX HOCIIB eHeprii, cenapadii Ta pidaHHSA, NNacTuKo-
BUX TPYO i roTOBOI NpoAyKLUii ANsi TEXHOMOTIN BUPOOHMLTBA KPINWMbHUX BUPOBIB i MPYXXUH.

Apmapky Wire byae poamiweHo y 3anax NeNe9—17 i BoHa 6yae 3anmaty 6nusbko 66900 mM? BMCTaBKOBOI nioLyj, 3 1026
eKcnoHeHTamu 3 60 kpaiH, Lo NepeBULLMTEL piBEHb A0 naHaeMii. Ha apmapky 6yayTb npeacTaBneHi MalvHy Ta obrnagHaHHS
Ans BUpoOHMLTBa Ta 06pobKM ApOTyY, roToBa NPOAyKLisi, IHCTPYMEHTU Ta LOMOMiKHI 3acO6M AN TEXHOMOTYHMX NMPOLIECIB,
Marepianu, TEXHOMNOTI CKIOBOMOKHA, cneLjanbHi ApoTh Ta kabeni, a TakoX iHHOBALLiHI TEXHOMOTT AaT4YnKiB, KOHTPOM Ta
aiarHocTukn. Pasom i3 BUpoOHMKamy ApoTSaHO-KabenbHOro obnagHaHHs Ta NPOoAyKLii | TEXHOMOri CKIOBOMOKHa, y 3ani Ne17
OyayTb NPEACTaBIEHi CyvacHi MalUvHW Ans 3BaptoBaHHs APOTAHOI CiTkv. Y 3ani Ne16 Oyae npencraBneHo NOBHUIMA TEXHOSO-
MYHUIA LMK CTBOPEHHSI KPiMmeHb i NPY>XWH: Big CMPOBWHMW, MalWH i obnagHaHHS A0 KpinneHb, 3'€AHyBadiB i MPOMMUCIIOBUX
MPY>XUH, FBUHTIB, KPOHLUTENHIB, OyaiBernbHMX KOMMOHEHTIB | yPHITYpY, YCiX TUMIB NPYXXWH | AeTanen Ansa 3rMHaHHA ApoTY.

Apmapka Tube npeacTaBnse BECb TEXHOMOTYHNIA NaHLOr BUPOOHMLTBA y TPYOHi NPOMMUCIOBOCTI: MallMHU Ta 06-
nafHaHHSA Ans BUpobHULTBA i 06pobku TpyO, a Takox CMPOBUHY, NNACTMKOBI TPyOu, TpyOHY NpoayKLilo Ta akcecyapu,
BXVBaHe 0brnafHaHHs, IHCTPYMEHTU ANA TEXHOMOTYHMX NPOLECiB, AOMOMDKHI 3aC00UM, CEHCOPHY TEXHIiKY, TEXHIKY A1is
KOHTPOI0, BUMIpIOBaHHS Ta KOHTporto. Lito niHiky fonoBHIoe Topriens Tpyb6amu, TpybonpoBogamu, npodinem.

3a manxe 40 p. Wire i Tube Disseldorf nepetBopununcs Ha NpoBigHiI TOProBenbHi sApMapku ANs CBOIX ranysen — tenep
TaKOX «HAPOMKYHOTLCSA» Y Pi3HUX PErioHax, Ae BOHW € NigepaMu pUHKY Ta PyLUiInHAMMK CUilamMn MiCLLEBOT MPOMMUCIIOBOCTI
Ta MakoTb BUCOKMI NOTEHLian 3pocTaHHs. AHanoriyHi 3axoau B TypeuuuHi, €runti, Mekcuui, Kutai, Tainangi Ta IHaii Bxe

ke HEBIA’EMHOI0 YacTMHO 3pocTatoydoro noptdonio Metal and Flow Technologies Big Messe Dusseldorf.
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