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TEMIEPATYPHBIE HAIIPAKEHUA U OIITUMAJIBHOE OTHOIIEHUE BHYTPEHHEI'O
M HAPYJKHOT' O PA/INYCOB NWJIMHJIAPUYECKOM YACTH COCY/I0B TABJIEHUSA
ITAPOT'EHEPUPYIOIIUX YCTAHOBOK

AHHOTAITHA Paccmompeno ycaogue npouHoCmu YurUHOPUHecKol yacmu cocy0o8 oaeienus (6apabanos, Koiniekmopos,
no6epxHOCMell Hazpesa u m.n.) RAPOSEHePUPYIOWUX YCMAHOBOK, 8 KONMOPOM YYMEHbl HANPANCEHUS OM 6HYMPEHHe20 Jasie-
HUA U memnepamyphvle Hanpsdicenus. IIpeonodcena eeomempuyecKkas UHMepnPemayus pacCMOMpPeRHO20 YCI08UsL NPOUHO-
cmu, KOmopas no36osem Onpeoeisms ONMUMAIbHOE C MOYKU 3PEHUs NPOYHOCMU COOMHOUEHUE MEICOY GHYMPEHHUM U
HAPYIACHBIM PAOUYCAMU YUTUHOPULECKOU YaCmU COCYO08 0d6eHUs NAPOLEHEPUPYIOUUX YCIMAHOBOK.

Knroueswie cnosa: napozenepamop, napogoii Komén, cocyo 0agieHus, YuluHOPUIecKds 4acmo, NPOYHOCMb.

A. YEFIMOV, Yu. ROMASHOV, V. KAVERTSEV

TEMPERATURE STRESSES AND OPTIMUM RATIO OF THE INNER AND OUTER
RADII OF THE CYLINDRICAL PARTS OF PRESSURE VESSELS OF STEAM
GENERATING SYSTEMS

ABSTRACT The strength condition of the cylindrical parts of pressure vessels (water drums, collectors, heating surfaces,
etc.) of steam-generating systems, which takes into account stresses due to the internal pressure and thermal stresses. Stress-
es due to internal pressure and temperature stresses are obtained using all-known results of the theory of elasticity for infi-
nite cylinders. It is assumed that the strength of the cylindrical parts of pressure vessels of steam-generating systems is lim-
ited due to the formation of the plastic deformation in one point at least. The theory of maximum shear stress is used to for-
mulate the strength condition. A geometric interpretation of the formulated strength condition is considered. The strength
conditions for cylindrical parts of pressure vessels is reduced to the inequality that under given structural material properties
restricts the possible values of the internal pressure and temperature drop across the wall thickness. The geometrical inter-
pretation of the strength condition proposed for the cylindrical parts of pressure vessels in the base of the graphical repre-
senting of the solution of the inequality, corresponded to the strength condition. Graphical solution of the pressure vessels
strength condition was presented on a coordinate plane the internal pressure — the temperature drop across the wall thick-
ness. It is shown that the allowable by the strength condition the values of the internal pressure and temperature drop across
the wall thickness in the coordinate plane occupies the limited area in the form of the right triangle. Proposed geometric
interpretation allows us to determine the optimum value of the relationship between the inner and outer radii for the strength
of cylindrical parts of pressure vessels of steam-generating systems.
Keywords: steam generator, steam boiler, pressure vessel, cylindrical part, strength

BBenenne MapOTCHEPUPYIOMIUX YCTAHOBOK YACISICTCA OONBIIOE
BHUMaHue [6-9].
Kopmycubie wactu cocynoB masneHus (6apa-

0aHOB, TIOBEPXHOCTEH HAarpeBa) MapOreHEPHPYIOLIIX
YCTaHOBOK BBINOJNHSIOT NPEUMYLISCTBEHHO B BHIE
JJIMHHBIX TOJICTOCTCHHBIX KPYT'OBBIX HUJIHMHAPOB. Xa-
paKTepHbIe Uil NapOreHepUPYIOINX YCTaHOBOK 3Ha-
YHUTEJIbHBIE TEIJIOBbIE IIOTOKH BBI3BIBAIOT BHICOKHE
TEMIIepaTypy MeTajula M €€ Iepemnaj] MO TOJIIUHE
CTEHKH, YTO 3aMETHO OTpPaHMYMBAET MPOYHOCTH IIH-
JMHIPUYECKOH YacTH COCYIOB NaBJCHHs KakK H3-3a
CHIDKCHUS JIOIYCKaeMBbIX HANpPsDKEHUH KOHCTPYKIH-
OHHBIX CTaJied C YBEJIMUCHHEM HMX TEMIIEpaTypbl, TaK
U BCJICJCTBHE TEMIIEPATYPHBIX HAIPSDKSHUM, BHI3BIBA-
€MBIX I'PaJJHEHTOM TeMIIEPaTYPHL.

3aMeTHOE MOBBILICHUE TEIIOBOH YKOHOMUYHO-
CTU NApOreHEPUPYIOIINX YCTAaHOBOK OCYILIECTBIACTCS
B IIEPBYIO OYepeAb 3a CUET YBEIMYEHHs NaBICHHA U
TeMIepaTypbl BbIpabaThIBAEMOro Iapa, 4TO Xapak-
TEPHO KakK JUIsl MApOBBIX KOTJIOB, TaK U JJIS TTApOTeHe-
patopoB ADC [1-5]. Bo3MOXHOCTH yBETUYEHHSI TEM-
neparypsl U JIaBlIeHHs] BbIpadaThIBAEMOro napa orpa-
HHUYEHBI, TJaBHBIM 00pa3oM, IPOYHOCTBIO COCYZIOB
JIaBJICHHUS, U3-32 YEro MPOYHOCTH COCYJOB JIaBJICHUS

Heab padoTsl

B Hacrosmiee Bpems NpeACTaBIsACTCS, YTO B
MEPCIIEKTUBHBIX MAapOBBIX KOTIaX OyIeT NpOu3BO-
JTUTBCA Tap CYNEPCBEPXKPUTUUECKUX IapaMeTpoB C
BBICOKHM JaBJIeHHEM, mpeBocxomsamum 24 Mlla, u
BBICOKOM Temmeparypoii, gocturaromeit 700-760 °C
[4]. B Takux KoTIax BIMSHHUE TEMIEPATYypHBIX
HaNpsXKEHUH Ha MPOYHOCTh IMIMHIPUYECKOH yacTu
COCYJIOB [JaBJICHUS HEOOXOAWMO YUYUTHIBATH NPHU
000CHOBAaHHMHM TOJIIMHBI CTCHOK. Llenpro maHHOM pa-
OOTHI SABISIETCS OIIPEAEIEHIE ONTHMAIBHOTO C TOUYKH
3peHHs] TNPOYHOCTH OTHOLIEHHS BHYTPEHHErO0 U
Hapy>XHOTO PaANyCOB LIMIMHIPHUYECKON YacTH COCY-
JIOB JIaBJICHHS MapOTeHEPUPYIOIINX YCTAaHOBOK C yde-
TOM TEMIIepaTypHbIX HampsokeHud. s peannzanmn
c(hOpMyITHPOBAaHHONW LEMU MPEIIIONIAracTCsl PelIeHue
3a7a4 0 GOPMYIHPOBKE YCIOBUS IPOYHOCTH C YIETOM
TEMIIEPAaTYPHBIX HANpPsDKCHUH W yCIOBUSl ONTHUMAIb-
HOCTH C TOYKH 3PEHHUS MPOUYHOCTH OTHOLICHUS BHYT-
PEHHEr0 M Hapy)KHOTO pPaTUyCOB LMJIMHAPUYECKOU
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YacTH COCYJOB JABJICHHS NaporeHEpHPYIOMINX ycTa-
HOBOK.

PacuérHas cxeMa WMJIMHAPUYECKOH YaCTH COCY/I0B
JABJIEHHS MAPOTeHePHPYIOUINX YCTAHOBOK

[[MIHHIPUYECKYIO YacTh COCYAOB aBICHUS
MapOreHEPUPYIONINX YCTAHOBOK BBITIONHAIOT B BHJIE
TOJICTOCTEHHOTO IIJIMHIPA C HAPYKHBIM DPaIHyCOM,
HAMHOTO MEHBIIIUM JJTHHBI 0Opa3syromieil. B kauectse
OCHOBHBIX BHEIIHHX BO3ACHCTBYMOMMX (DAKTOPOB
paccMaTpuBaeM BHYTpPEHHee aaBicHHEe p paboueit

Cpebl ¥ TEIUIOBBIE TIOTOKH OT BBICOKOTEMIIEPATYPHBIX
pabounx cpea. PaccmarpuBaeM NpPOYHOCTH TOJBKO
LEHTPAJIbHOX YacTH COCYIOB MAABJICHHSA, MOCKOJIBKY
UMEHHO B IIGHTPAJbHONH YacTH HMEIOT MeCTO
HauOONbIINE TEIJIOBBIC MOTOKH, a KOHIIEBBIE YacTH
PACION0XKEHBl B 30HE OTHOCUTENBHO HEBBICOKHX TEM-
reparyp.

OO0o3HauuM 7 U ¥, BHYTPEHHUH U HapyKHBIHA
panuyc IMINHIPUYECKONH YacTH COCYJOB JABICHHS.
ITockonbKy HapyXHBII paguyc 7, 3HAYUTEIBHO

MEHbIIE JUIMHBI OOpasylomel, paccMaTrpuBaeM LiH-
JMHIPUYECKYI0O YacThb COCYHOB IABIEHHS B pPaMKax
TUIOTE3 IUIOCKOH 3amadu Tepmoympyrocta [10, 11].
TemmepaTypHOoe W HalpsHKEHHOE COCTOSHME IMIINH-
JPUYECKON YacTH COCYAOB JAaBIEHHS PacCMaTpUBAEM
B TOJSPHBIX KoopaWHatax r, rn<r<r, u 0,

0<0<2mn. Ilpuanmaem, YTO BHYTpPEHHEE JaBJICHHE
paboueii cpelbl PpaBHOMEPHO paclpeliesieHO B TOYKaX
BHYTPEHHEH MOBEPXHOCTH LMMIMHAPHUUECKONH 4acTH, U
YTO TEIJIOBBIE NMOTOKM MOPOXKJIAIOT B IWJIHHIpHYE-
CKOMl 4YacTM OCECUMMETPHUYHOE MOJE€ TEeMIEepaTyphl
[10, I1]:

T(p)=1, + (7, -7,) 20)

ln(pl)’

rne 7', T, n T, — Temneparypa B IPOU3BONBHOMN TOY-

p<p<l, (D

K€, B TOYKax Ha BHYTPEHHEH M Hapy>XHOI OOKOBOM
IOBEPXHOCTH LMIMHAPHYECKOH 4vactw; p=r/r, —

OTHOCUTECIJIbHAS paaiualibHasg KOOpAUHATA; P, = 1"1/1”2 .

Jna mona temnepatyps! (1) ¢ momomsio pe-
3yabpTaToB TepMmoymnpyroctu [10, 11] momyuaem oce-
CUMMETPUYHBIC HANPSKEHUS B LIWIMHAPUYECKOH 4Ya-
CTH COCYZIOB JIaBJICHHS, BKJIIOUAIOIINE HAPSDKCHUS OT
BHYTPEHHETO JaBJICHUS W TEMIEpaTypHbIC HaIpsKe-
HUSL:
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Ige ,, G, U G, — pajuaJbHOE, OKPY)KHOE U OCEBOE

)

HampspkeHus; o, £ u v — ko3 HUIMeHT Temmepa-
TYPHOTO PacIIMPEHUs], MOAYJIb YIPYTroCTH 1 KO3 du-
nueHt Ilyaccona Matepuana, KOTOpbIE NMPEICTaBIEHBI
CBOMMH 3HAYEHMSIMHM, YCPEOIHEHHBIMU B HHTEpBale
[T1 , Tz] TEMIIEPATYPBL.
IIpuHuMmaeM, 4TO NPOYHOCTH LMIMHIPUUYECKON
YacTH COCYIIOB JIaBJICHHsI OTpaHH4YeHa 00pa3oBaHHEM
TUIACTUYECKON eopMaluy XoTsi Obl B OHOW TOUKE;
HCIIOJIb3YEM TEOPUI0 MAaKCUMAJIbHBIX KacaTeJIbHbIX
HanpspkeHui [11], koTopast NpUBOAUT K HEPABEHCTBY:
2":max < Or> Thax = (01 - 63)/2 H (3)
rae T,, — MAaKCHMaJbHOE KacaTeJIbHOE HAIpSIKECHUE,;
o - npenen

TEKYUCCTU Mmarepualia,

G, = max(c,,,ce,cz) u o3 =min(s,,c,4,6, ) — Mak-
CHMaJIbHOE ¥ MUHMMAJIBHOE TJIaBHBIE HATIPSKEHUS.

YciioBHE IPOYHOCTH HUJIHHAPUYECKOH YacTH
COCY/I0B JIaBJIEHUS

AHamm3 HampspkeHHH (2) TOKa3bIBaer, dYTo
MaKCHMaJlbHOE€ 3HauY€HWE BETUYMHBI (3) MakCUMab-
HOTO KacaTeJbHOTO HANpPsDKEHHS HMEEeT MECTO Ha
BHYTPEHHEM pajiyce p=p, LWINHIPUIECKONH JacTH
cocyna mapneHus. C y4eTOM 3TOTO OOCTOSTEIhCTBA,
HanpsbkeHui (2) 1 HepaBeHcTBa (3) AT MUITUHAPUYE-
CKOl YacTH COCYIOB [HaBJICHHS IIOCIE HECIOKHBIX
npeoOpa3oBaHUil  MOJIyYUM  YCJIOBHEC TMPOYHOCTH,
OTpPaHWYMBAIOIICe BHYTPCHHEE NABICHUEC p W BEIH-

uynny AT =T, -7, nepenaza TemmnepaTypsl MO TOJN-
HIMHE CTEHKH:
AT
P + <1,
pmax (pl ) ATmax (pl )

2(1-
pmax(pl):%’ ATmax(pl):((xT\(/p)Gjrﬂ (4)

2 ()= 2
B T
B ycnosuu (4) p,.. (p]) — 3TO MaKCHUMaJIbHast

e k(py)=+

BEJIMYMHA BHYTPEHHEIO IaBJICHUS, BbIAEPKUBAEMOIO
MIIMHAPUYECKON YacThIO COCyNa JaBICHHUS B OJHO-
ponHom, otBevatomieM AT =0, moje TeMIeparypsl.
Bemmunna ATmaX(p,) B ycnoBuu (4) — 3TO MakKcu-
MaNBHBIA TIEepenajg TEeMIEpaTyphl IO TONIINHE, BBI-
JIep’)KUBAEMbIN LIMJIMHAPUYECKON YacThiO COCyla JaB-
JICHUA TPY TUMOTETHYECKOM YCJIOBUH, YTO BHYTpEH-
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Hee nasineHue p=0. [Inga ompeneneHus 3aBUCHMO-

cTel p u AT TpeOYIOTCS 3HAYEHHUS TIpe-
pmdx (pl ) (pl ) p y p

max
Jlella  TeKydecTH, Kod((UIMEeHTa TeMIIepaTypHOTro
pacmpeHusi, MOZIYJs yIpyrocTH, koddduiuenrta
[TyaccoHa KOHCTPYKIMOHHOH CTajld, KOTOPbIE HE00-
XOANMO BBIOpAaTh B COOTBETCTBHE C PAcUETHOH TeM-
NepaTypoi CTEHKHU.

I'eomerprueckast wHTEpIIpeTanyst ycioBus (4)
COCTOUT B CIEOYIOIIEM: MHOXXECTBO MJOIYCKaeMbIX
YCIIOBHEM IPOYHOCTH (4) BEMTUYHUH BHYTPEHHETO IaB-
JeHust p unepenaga A7 TeMieparypsl MO TOJIIIMHE

JUTSL WJIMHAPUYECKON Y4acTu COCYAOB JABJIEHMS C 3a-
JMAHHBIMA CBOWCTBAMH MaTepHaia M COOTHOIICHHUEM
P, BHYTPEHHEIO U HApPYKHOTO pajnyca, 3aHUMAIOT

3aIITPUXOBAHHYIO 00JIacTh, IOKA3aHHYIO Ha pHC. 1.

OnrTuMaibHOe OTHOLIEHHE BHYTPEHHET 0
U HAPY’KHOI'0 PAANYCOB HUIMHAPHYECKOH YacTH
COCY/IOB TaBJICHHSI

B kadecTBe KpuTEepHs BHIOOpPAa COOTHOIICHHUS
P, BHYTPEHHEIO M Hapy>KHOTO paJuyCOB LMIHHAPH-

YEeCKOM YacTH COCYAOB JaBJICHUS HMCIIOJIB3YEM YCIIO-
BHE MaKCHMMyMa IUIOIA/IH 3alITPUXOBAaHHON Ha puc. 1
(urypsl, KOTOpoe ¢ y4eToM COOTHOIIEHUH (4) npuBe-
JeT K YCIOBMIO MaKCMMyMa (YHKIMH OJIHOH mepe-
MEHHOHI

1
K(pl): k(pl).K(pl). ©

Oyukuus (5) IeHCTBUTENFHO HMEET MAaKCUMYM
(puc. 2), KOTOpPBIH MOXXHO HAWTH W3 YCIOBHUSA
dK/dp, =0 ¢ nomowibto u3BeCTHBIX [12] YMCIEHHBIX

METOZOB peIIeHHUS anreOpandecKkux ypaBHEHHH. B
pe3ynbTaTte, HE3aBUCHMO OT CBOWCTB Marepuajia u
TEMIIEpaTypbl CTEHKH ONTHUMAaJIbHOEC OTHOIICHHE
BHYTPEHHETO U HAPY>KHOTO PaJUyCOB IMIMHApHUC-
CKOM 4acTH COCYJIOB AaBJICHHS

PP =0,28922 . ()

O6cy:kaeHne pe3yJbTaTOB

OtHomieHue (6) BHYTPEHHETO W HApPy>KHOTO
pazuycoB OTBEYACT 3HAYMTENHHON TOJIIMHE CTEHKH
IJTMHIPUYECKON YacTH COCYAOB JaBICHUS U HE 3a-
BHUCHT OT BHYTPCHHETO JIABJICHHUS U TEMIIEPATYPHOIO
peXKKMMa, TOT/Ia KaK BHEIIHHE BO3JCHCTBYIOIINE (ak-
TOPBI COCYJIOB [ABIICHUS MAPOTCHEPUPYIOLIMX yCTa-
HOBOK OTBEYAIOT OKUJIAEMbIM TEXHUYECKHM XapaKTe-
pyuCTHKaM, YCIOBHUAM MW PpEKUMaM JKCILUTyaTalluu.
VYcnosue (4) mo3BOISET peaan3oBaTh MHOW MOAXOM K
BBIOOPY ONTHMAJILHOM BEJWYMHBI OTHOIICHHS BHYT-
PCHHETO ¥ HApPYXHOTO PATUYCOB IWIMHIAPHUUCCKOM
YacTH COCYJIOB AaBJICHUs. DTOT MOIXOJ MOXKET COCTO-
ATh B OINPENICNICHUH BEIMYHMHBI P, , KOTOpas MaKCUMH-

3UpYET JOITyCKAEMBIl yCIIOBHEM IIPOYHOCTH IHEpPENas
AT Ttemneparypsl 110 TOJIIMHE CTCHKH, IIPU 3a4aH-

HOM BHYTPEHHEM JABJICHUU p U PACUETHOU TeMIlepa-

Type 7 MeTajla, 4TO IUIAHUPYETCS PacCMOTPETh B
JTaTbHEHIINX UCCIIeOBaHUSX.

pA

pmax (p])

v

AT

ATmax (pl )

Puc. 1 — I'eomempuueckasn unmepnpemayus
YCO8US NPOYHOCU

K(p,) 04

0,2

00 o 0.5 1 P

Puc. 2 — Onpedenenue onmumanvroco
OMHOWEHUSI GHYMPEHHE20 U HAPYICHO20 PAOUYCO8
€ocy008 0agneHus

BriBoabl

C mOMOIIBI0 M3BECTHOTO pPEIIeHHsS IUIOCKOU
3a/la4y TEPMOYIIPYTOCTH U KPUTEPUSA MaKCUMaJIbHOIO
KacaTeJIbHOTO HaIlPsKEHUS ¢ YYETOM TEMIIEpaTypPHBIX
Hal'[pﬂ)KeHHﬁ UcciaeaoBaHa HpO‘IHOCTB HI/IHI/IH[[pI/I‘Ie-
CKOM 4YacTH COCYJOB JaBJICHUS MapOreHEPUPYIOLINX
ycTaHoBOK. [TokazaHo, 4TO 3aBUCUMOCTb MEX]Ly MaK-
CUMaJbHBIM BHYTPEHHHUM JIaBJICHHEM U MaKCHUMalb-
HBIM TIEpEeNaioM TEMIIePAaTyphl IO TONIIMHE CTCHKH,
JIOIYCKa€MBbIMU YCJIOBUEM TPOYHOCTH, SIBISETCS JIU-
HEHHOM; ¢ yBEJIMYEHUEM BHYTPEHHETO JABJICHUS Be-
JUYMHA [OIyCKaeMOro Iiepermaga TeMIepaTypsl o
TONIIMHE CTEHKH yMeHbImaeTca. Hambomnpmas o00-
JIaCTb BO3MOKHBIX COCTOSIHUM LMJIUHIPUYECKON ya-
CTH COCYIOB [aBJCHHUS, KOTOpPBIE YIOBJICTBOPSIOT
YCIIOBHIO MPOYHOCTH, HE3aBUCHMO OT CBOWCTB KOH-
CTPYKIIMOHHOW CTaJld M TEMIIEPATyphl CTCHKH O0ec-
MEeYMBAECTCSl MPU OTHOLIEHUH (6) BHYTPEHHETO H
Hapy>XHOTO PaJInyCoOB.

110

Bicnux HTY «XI1l». 2016. Ne 9(1181)



ISSN 2078-774X (print)

Enepzemuuni ma mennomexuiuni npoyecu i yCmamxy8anus

10

11

12

Crnucox JuTepaTypsl

€dimor O. B. Konctpykuii, MaTepianu, npouecu i pos-
paxyHku peakTopiB i maporenepatopiB AEC [Tekcr] /
0. B. €dimoB, M. M. [Innunenxo. — Xapkis : Bunas-
annTBo «[limpyunuk HTY «XIIl», 2010. — 268 c. —
ISBN 978-966-2426-007.

IMTapoBble M Ta30Bble TYypOWHBI ISl AJIEKTPOCTAHIIUH
[Tekcr] / A. T'. KocTioK, B. B. ®poos, A. E. Byakun,
A. JI. Tpyxnuii ; oz pen. A. I'. Koctioka. — M. : Uzna-
Tenbekuit oM MBOU, 2008. — 556 c.

Yongping Yang. Comprehensive exergy-based evalua-
tion and parametric study of a coal-fired ultra-
supercritical power plant [Text] / Yongping Yang,
Ligang Wang, Changqing Dong, Gang Xu, Tatiana
Morosuk, George Tsatsaronis // Applied Energy. —
2013. - Vol. 112. — P. 1087-1099.

Klarstrom, D. L. Nickel-Base Alloy Solutions for Ul-
trasupercritical Steam Power Plants [Text] / D. L. Klar-
strom, L. M. Pike, V. R. Ishwar // Procedia Engineer-
ing. —2013. - Vol. 55. — P. 221-225.

Usman Tariq Murtaza. Optimization of the size and
shape of the set-in nozzle for a PWR reactor pressure
vessel [Text] / Usman Tariq Murtaza, M. Javed Hy-
der // Nuclear Engineering and Design. — 2015. — Vol.
284.—P.219-227.

Morachkovskii, O. K. Continual model of propagation
of corrosion cracks for the evaluation of the service life
of structures [Text] / O. K. Morachkovskii, Yu. V.
Romashov // Materials Science. — 2010. — Vol. 46,
No. 2. — P. 254-259.

Sinclair, G. B. A review of simple formulae for elastic
hoop stresses in cylindrical and spherical pressure ves-
sels: What can be used when [Text] / G. B. Sinclair,
J. E. Helms // International Journal of Pressure Vessels
and Piping. — 2015. — Vol. 128. —P. 1-7.

Kunio Hasegawa. Collapse loads for circumferentially
through-wall cracked pipes subjected to combined tor-
sion and bending moments [Text] / Kunio Hasegawa,
Yinsheng Li, Kazuya Osakabe // Engineering Fracture
Mechanics. —2014. — Vol. 123. — P. 77-85.

Bin Ma. Assessment on failure pressure of high strength
pipeline with corrosion defects [Text] / Bin Ma,
Jian Shuai, Dexu Liu, Kui Xu // Engineering Failure
Analysis. —2013. — Vol. 32. — P. 209-219.

Timoshenko, S. Theory of elasticity [Text] / S. Timo-
shenko and J. N. Goodier. — New York — Toronto —
London : MCGRAW-HILL BOOK COMPANY, Inc.,
1951. - 506 p.

Timoshenko, S. Strength of Materials. Part 1I: Ad-
vanced theory and problems [Text] / S. Timoshenko. —
Toronto — New York— London : D. VAN NOSTRAND
COMPANY, Inc., 1940. - 510 p.

Ostrowski, A. M. Solution of equations and systems of
equations [Text] / A. M. Ostrowski; 2nd ed. — New
York : Academic Press, 1966. — 338 p.

10

11

Bibliography (transliterated)

Yefimov, A. V. and Pilipenko, N.N. (2010), Kon-
strukcii, materiali, procesi i rozrahunki reaktoriv i
parogeneratoriv. AES [Structure, materials, processes
and calculations of reactors and steam-generators of
NPP], Pidruchnyk NTU "KhPI", Kharkiv, Ukraine.
Kostyuk, A. G., Frolov, V. V., Bulkin, A. E. and
Truhniy, A. D. (2008), Parovye i gazovye turbiny dlja
jelektrostancij [Steam and gas turbines for power
plants], in Kostyuk, A. G. (ed.), Izdatelskiy dom METI,
Moscow, Russia.

Yongping Yang, Ligang Wang, Changqing Dong,
Gang Xu, Tatiana Morosuk and George Tsatsaronis
(2013), “Comprehensive exergy-based evaluation and
parametric study of a coal-fired ultra-supercritical power
plant”, Applied Energy, no. 112, pp. 1087-1099.
Klarstrom, D. L., Pike, L. M. and Ishwar, V. R.
(2013), “Nickel-Base Alloy Solutions for Ultrasuper-
critical Steam Power Plants”, Procedia Engineering, no.
55, pp-221-225.

Usman Tariq Murtaza and M. Javed Hyder (2015),
“Optimization of the size and shape of the set-in nozzle
for a PWR reactor pressure vessel”, Nuclear Engineer-
ing and Design, no. 284, pp. 219-227.

Morachkovskii, O. K. and Romashov, Yu. V. (2010),
“Continual model of propagation of corrosion cracks for
the evaluation of the service life of structures”, Materi-
als Science, vol. 46, no. 2, pp. 254-259.

Sinclair, G. B. and Helms, J. E. (2015), “A review of
simple formulae for elastic hoop stresses in cylindrical
and spherical pressure vessels: What can be used when”,
International Journal of Pressure Vessels and Piping,
nol. 128, pp. 1-7.

Kunio Hasegawa, Yinsheng Li and Kazuya Osakabe
(2014), “Collapse loads for circumferentially through-
wall cracked pipes subjected to combined torsion and
bending moments”, Engineering Fracture Mechanics,
nol. 123. pp. 77-85.

Bin Ma, Jian Shuai, Dexu Liu and Kui Xu (2013),
“Assessment on failure pressure of high strength pipe-
line with corrosion defects”, Engineering Failure Analy-
sis, no. 32, pp. 209-219.

Timoshenko, S. and Goodier, J. N. (1951), Theory of
elasticity, Mcgraw-Hill Book Company Inc., New York,
Toronto, London.

Timoshenko, S. (1940), Strength of Materials. Part II:
Advanced theory and problems, D. VAN NOSTRAND
COMPANY, Toronto, New York, London.

Ostrowski, A. M. (1966), Solution of equations and
systems of equations, 2nd ed., Academic Press, New
York, USA.

CaeneHnus 06 aBropax (About authors)

EdumoB Anexcanap BsiuecaBoBHY — JOKTOp TEXHHYECKHX HAYK, IMpodeccop, 3aBeAyOmuid Kageapbl maporexHe-
patopoctpoenus, HannoHanbHbli TEXHUYECKUI YHUBEPCUTET «XapbKOBCKUN TOJIUTEXHUYECKHH HHCTUTYT», T. XapbKOB,
VYxpanna, e-mail: AVEfimov@Kpi.Kharkov.ua, ORCID 0000-0003-3300-7447.

Yefimov Alexander — Doctor of Technical Science, Professor, Head of the Steam Generator Building Department,
National of Technical University “Kharkov Polytechnic Institute”, Kharkov, Ukraine.

Bicnux HTY «XIII». 2016. Ne 9(1181)

111


http://www.sciencedirect.com/science/article/pii/S1877705813006000
http://www.sciencedirect.com/science/article/pii/S1877705813006000
http://www.sciencedirect.com/science/article/pii/S0029549315000291
http://www.sciencedirect.com/science/article/pii/S0029549315000291
http://www.sciencedirect.com/science/article/pii/S0029549315000291
http://www.sciencedirect.com/science/article/pii/S0013794413004074
http://www.sciencedirect.com/science/article/pii/S0013794413004074
http://www.sciencedirect.com/science/article/pii/S0013794413004074
http://www.sciencedirect.com/science/article/pii/S1350630713001222
http://www.sciencedirect.com/science/article/pii/S1350630713001222
http://www.sciencedirect.com/science/article/pii/S1877705813006000
http://www.sciencedirect.com/science/article/pii/S1877705813006000
http://www.sciencedirect.com/science/article/pii/S0029549315000291
http://www.sciencedirect.com/science/article/pii/S0029549315000291
http://www.sciencedirect.com/science/article/pii/S0013794413004074
http://www.sciencedirect.com/science/article/pii/S0013794413004074
http://www.sciencedirect.com/science/article/pii/S0013794413004074
http://www.sciencedirect.com/science/article/pii/S1350630713001222
http://www.sciencedirect.com/science/article/pii/S1350630713001222

Enepeemuuni ma mennomexuiuni npoyecu i ycmamiy8aHHs ISSN 2078-774X (print)

Pomamos IOpuii BraguMupoBuy — NOKTOp TEXHHYECKHX HAyK, JIOLEHT, npodeccop kadeapbl naporeHepaTopo-
cTpoeHust, HannoHanbHbIN TEXHUYECKUH YHUBEPCUTET «XapbKOBCKUI MOIUTEXHUUECKUI UHCTUTYT», T. XapbKOB, YKpauHa,
e-mail: yu.v.romashov@gmail.com, ORCID 0000-0001-8376-3510.

Romashov Yurii — Doctor of Engineering Science, Docent, Professor of the Steam Generator Building Department,
National Technical University “Kharkov Polytechnic Institute”, Kharkov, Ukraine.

Kagepues Banepnii JleonnIoBHY — KaHANAAT TEXHUIECKUX HAYK, JIOLEHT, JOLEHT Kadeapsl MaporeHepaTopocTpo-
enus, HanmoHanpHbIi TeXHUYECKUH yHUBEPCUTET «XapbKOBCKUM MOIMTEXHUYECKUH MHCTUTYT», I. XapbKoB, YKpauHa, €-
mail: kavercev@rambler.ru.

Kavertsev Valerii — Candidate of Technical Sciences (Ph. D.), Docent, Docent of the Steam Generator Building De-
partment, National Technical University “Kharkov Polytechnic Institute”, Kharkov, Ukraine.

Hooscanyiicma, ccolnatimecs Ha 9My CIMamsio CLe0VIOWUM 00pazom:

Edumos, A. B. TemnepaTypHble HanpspDKeHUS M ONTHUMAIbHOE OTHOIIEHUE BHYTPEHHETO M HapyXHOTO PaauyCoB
IIMHAPUIECKON YacTH COCYJ0B JABJICHUS IaporeHepHpyIomux ycraHoBok [Tekcr] / A. B. Edpumos, 10. B. Pomamos,
B. JI. KaBepues // Bicauk HTY «XIIl». Cepis: EnepreTudni Ta TemIoTexHIUHI Iporecy i ycratkyBaHasa. — XapkiB : HTY
«XTIII», 2016. — Ne 9(1181). — C. 108-112. — BiGuiorp.: 12 na3s. — ISSN 2078-774X. — doi: 10.20998/2078-774X.2016.09.16.

Please cite this article as:

Yefimov, A., Romashov, Yu. and Kavertsev, V. (2016), “Temperature Stresses and Optimum Ratio of the Inner
and Outer Radii of the Cylindrical Parts of Pressure Vessels of Steam Generating Systems”, Bulletin of NTU "KhPI". Series:
Power and heat engineering processes and equipment, no. 9(1181), pp. 108-112, ISSN 2078-774X, doi: 10.20998/2078-
774X.2016.09.16.

Byow nacka nocunaiimecs na yio cmammio HACMynHuM YUHOM.

€dimos, O. B. TemnepaTypHi Hanpy>XeHHs i ONTHMaJIbHE BiTHOLICHHS BHYTPILIHBOTO i 30BHINIHBOTO PajiyciB IH-
JMHAPUYHOI YaCTHHM TOCYJHH THCKY maporeHepyrounx ycraHoBok [Tekcr] / O.B. €dimon, 0. B. Pomamos,
B. JI. KaBepue // Bicuuk HTY «XIII». Cepist: EHepreTnuHi Ta TermioTexHiuHi mporuecH i ycratkyBaHHs. — XapkiB : HTY
«XIII», 2016. — Ne 9(1181). — C. 108-112. — Bi6miorp.: 12 Hazs. — ISSN 2078-774X. — doi: 10.20998/2078-774X.2016.09.16.

AHOTALIA Posensinymo ymogy miyHocmi yuniHOpuyHoi wacmuuu nocyoun mucky (bapabanis, Konekmopis, noepxomb
Hazpigy i m.n.) napoeenepylouux YCmMaHo8oK, 8 SAKOMY 8PAX08AHI HANPYICEHHS 8I0 GHYMPIUHLO20 MUCKY | meMnepamypi
Hanpycenns. 3anponoHo8aHo ceomempuyHy iHmepnpemayiio po3enaHymoi ymoeu Miynocmi, AKa 00360154€ BUIHAYAMU ON-
MUMATbHE 3 MOYKU 30PY MIYHOCIIE CRIGGIOHOULEHHS MINC BHYMPIWHIM | 308HIUHIM Padiycamu YuriHOPUUHOL Yacmunu nocy-
OUH MUCKY NApO2eHepyIoyUx YCmanogoK.

Knrwwuoei cnosa: napozenepamop, naposuii komei, ROCYOUHU MUCKY, YUTTHOPUUHA YACMUHA, MIYHICMb.

Tlocmynuna (received) 20.01.2016

112 Bicnux HTY «XII». 2016. Ne 9(1181)


mailto:kavercev@rambler.ru

	Вестник 2016-9
	ЗМІСТ
	Ю. Н. ГОВОРУЩЕНКО  АРХИТЕКТУРА ИНТЕРАКТИВНОЙ СРЕДЫ ДЛЯ МОДЕЛИРОВАНИЯ ТЕРМОГИДРАВЛИЧЕСКИХ СИСТЕМ
	А. В. СМИРНОВ, В. П. ПАРАФЕЙНИК, О. Н. ЩЕРБАКОВ, С. В. ЕПИФАНОВ, В. Е. КОСТЮК, В. Н. ЧОБЕНКО, В. В. ШЕВЧУК  ИНТЕГРАЦИЯ ЭНЕРГОТЕХНОЛОГИЧЕСКИХ СИСТЕМ В СОСТАВЕ ГАЗОТУРБИННЫХ КОМПРЕССОРНЫХ АГРЕГАТОВ ГАЗОВОЙ И НЕФТЯНОЙ ПРОМЫШЛЕННОСТИ
	А. А. ХАЛАТОВ, Н. А. ПАНЧЕНКО  ВЛИЯНИЕ ПОПЕРЕЧНОГО РАССТОЯНИЯ МЕЖДУ ОТВЕРСТИЯМИ Δ НА ЭФФЕКТИВНОСТЬ ПЛЁНОЧНОГО ОХЛАЖДЕНИЯ ЗА ПАРНЫМИ ОТВЕРСТИЯМИ
	А. В. БОЙКО, А. П. УСАТЫЙ, В. С. БАРАННИК  ПРОЕКТИРОВАНИЕ ОПТИМАЛЬНЫХ ТУРБИННЫХ ПРОФИЛЕЙ С ПОМОЩЬЮ КУБИЧЕСКИХ ИНТЕРПОЛЯЦИОННЫХ СПЛАЙНОВ
	И. Н. ЗИНЧЕНКО, А. В. СКОРИК, В. П. ПАРАФЕЙНИК  О ВЛИЯНИИ СФЕРИЧЕСКИХ ЛУНОК НА ПОВЕРХНОСТИ ЛОПАТОК ДИФФУЗОРА НА РАБОЧИЙ ПРОЦЕСС СТУПЕНИ
	Ю. С. ВОРОБЬЕВ, О. В. МАХНЕНКО, Н. Ю. ОВЧАРОВА, Т. Ю. БЕРЛИЗОВА, П. Н. КУЛАКОВ  ПРОБЛЕМЫ ИСПОЛЬЗОВАНИЯ НОВЫХ МАТЕРИАЛОВ ДЛЯ ЛОПАТОЧНОГО АППАРАТА ТУРБОМАШИН
	В. Ю. ПЕТЕЛЬЧИЦ, Д. Н. ПИСЬМЕННЫЙ, Ю. Я. ДАШЕВСКИЙ  ОЦЕНКА ВЛИЯНИЯ КРИВИЗНЫ ПОВЕРХНОСТИ НА ЭФФЕКТИВНОСТЬ ПЛЁНОЧНОГО ОХЛАЖДЕНИЯ
	И. Ф. КРАВЧЕНКО, С. А. СМИРНОВ, В. В. КУБАТИН  СОЗДАНИЕ ГАЗОТУРБИННОГО ДВИГАТЕЛЯ АИ-312 ДЛЯ МОДЕРНИЗАЦИИ ГТС УКРАИНЫ ИМПОРТОЗАМЕЩАЮЩИМ ОБОРУДОВАНИЕМ
	С. И. СЕРБИН, А. В. КОЗЛОВСКИЙ  ПОВЫШЕНИЕ УСТОЙЧИВОСТИ ПРОЦЕССОВ ГОРЕНИЯ В КАМЕРЕ СГОРАНИЯ ГТД ГАЗОДИНАМИЧЕСКИМ СОВЕРШЕНСТВОВАНИЕМ ПРОТОЧНОЙ ЧАСТИ
	Г. А. БОНДАРЕНКО  УПРУГОГИДРОДИНАМИЧЕСКИЙ АНАЛИЗ ВЫСОКОНАГРУЖЕННЫХ КОНСТРУКЦИЙ ЦЕНТРОБЕЖНЫХ КОМПРЕССОРОВ
	Б. А. ТРОШЕНЬКИН, В. Б. ТРОШЕНЬКИН  ПОВЫШЕНИЕ ЭФФЕКТИВНОСТИ ГАЗОТУРБИННЫХ УСТАНОВОК, РАБОТАЮЩИХ ПО ЗАМКНУТОМУ ЦИКЛУ
	О. Ю. ЧЕРНОУСЕНКО, Т. В. НІКУЛЕНКОВА, А. Г. НІКУЛЕНКОВ  ЕТАПИ РЕАЛІЗАЦІЇ УПРАВЛІННЯ СТАРІННЯМ ЕЛЕМЕНТІВ ЕНЕРГОБЛОКІВ АЕС
	А. В. ЛАПУЗИН, В. П. СУББОТОВИЧ  ГИДРАВЛИЧЕСКИЙ РАСЧЕТ КАМЕРЫ ОТБОРА ПАРОВОЙ ТУРБИНЫ
	О. А. СІРИЙ, М. З. АБДУЛІН, О. В. БАРАНЮК  ДОСЛІДЖЕННЯ ГІДРОДИНАМІКИ ПОТОКУ ПОВІТРЯ В СТРУМЕНЕВО-НІШЕВІЙ СИСТЕМІ СПАЛЮВАННЯ ПАЛИВА
	М. М. НЕЧУЙВІТЕР  ПІДВИЩЕННЯ ТЕХНІКО-ЕКОНОМІЧНОЇ ЕФЕКТИВНОСТІ ЕКСПЛУАТАЦІЇ ПАРОТУРБІННОЇ УСТАНОВКИ К-120-6,4 БЛОКА ПГУ-345
	А. В. ЕФИМОВ, Ю. В. РОМАШОВ, В. Л. КАВЕРЦЕВ  ТЕМПЕРАТУРНЫЕ НАПРЯЖЕНИЯ И ОПТИМАЛЬНОЕ ОТНОШЕНИЕ ВНУТРЕННЕГО И НАРУЖНОГО РАДИУСОВ ЦИЛИНДРИЧЕСКОЙ ЧАСТИ СОСУДОВ ДАВЛЕНИЯ ПАРОГЕНЕРИРУЮЩИХ УСТАНОВОК
	О. Ю. ЧЕРНОУСЕНКО, В. А. ПЕШКО  ВЛИЯНИЕ ФЛАНЦЕВОГО СОЕДИНЕНИЯ И ВОЗНИКАЮЩИХ В НЕМ УСИЛИЙ НА РЕСУРСНЫЕ ПОКАЗАТЕЛИ ЦСД ТУРБИНЫ К-200-130
	А. Л. ШУБЕНКО, А. В. CЕНЕЦКИЙ, В. П. САРАПИН  ВЛИЯНИЕ НАЧАЛЬНЫХ ПАРАМЕТРОВ НА ХАРАКТЕРИСТИКИ ПРОТОЧНЫХ ЧАСТЕЙ ТУРБИН, РАБОТАЮЩИХ НА НИЗКОКИПЯЩИХ РАБОЧИХ ТЕЛАХ
	М. К. БЕЗРОДНЫЙ, А. Ю. РАЧИНСКИЙ, Н. Н. ГОЛИЯД  МЕТОДИКА ТЕПЛОВОГО РАСЧЁТА КОНТАКТНОГО ГАЗОКАПЕЛЬНОГО УТИЛИЗАТОРА ТЕПЛОТЫ НИЗКОТЕМПЕРАТУРНЫХ ОТХОДЯЩИХ ГАЗОВ
	А. И. БЕДА, И. Н. БЕДА, А. С. КОСТОРНОЙ  ЭКСПЕРИМЕНТАЛЬНЫЕ ИССЛЕДОВАНИЯ ГИДРОСТАТИЧЕСКОЙ СИЛЫ В ЩЕЛЕВОМ УПЛОТНЕНИИ КОНЕЧНОЙ ДЛИНЫ
	Т. Н. ПУГАЧЕВА  РЕКОНСТРУКЦИЯ УПЛОТНЕНИЙ ВОЗДУХОПОДОГРЕВАТЕЛЕЙ С ЦЕЛЬЮ УМЕНЬШЕНИЯ ПРИСОСОВ ВОЗДУХА
	И. А. БАБЕНКО, И. В. СУК, А. В. СЕРДЮК, М. Л. КОЗЛОВА  ПРИНЦИПЫ ЭНЕРГОСБЕРЕГАЮЩЕГО УПРАВЛЕНИЯ ТЭЦ
	С. М. САФЬЯНЦ, А. Б. БИРЮКОВ, А. С. САФЬЯНЦ  СОЗДАНИЕ МЕТОДИКИ ОПРЕДЕЛЕНИЯ ЛИНИЙ ЭНЕРГОПОТРЕБЛЕНИЯ ПРЕДПРИЯТИЯ


