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OLLEHKA INMPEAEJIBHOIoO COCTOAHUA
NMOBPEXAEHHOIO NT'MBA
TPYBOINMPOBOJA AS3C

B.M. Mapxoues
HayuoHanwHbiil uccnedosamensvckuil adepHuiil yHugepcumem « MUPHU», 2. Mocksa

I[IpennoxeHa MeTOAMKA pacyeTa MpPEefeibHOTO COCTOAHUA MTOBPEXIEHHOTO

yuacTka ruba TpybompoBona, 6a3npyiomanca Ha pe3yabTaTax UCILITaHWUI
raagkoro 06pasia, U COOTBETCTBYIOWEr0 eMy obpasua ¢ HaapesoM. [eomer-
pvA Hazpe3aHHOTo 06pasla BCELeNo 3aBUCUT OT OTHOLIEHUA NPEZeNna TeKy-
YeCTU K TPefeny MPOuHOCTU. PacyeTHas cxeMa ABIAETCA YIIPOLEHHLIM Ba-
PUAHTOM METOfia PeajlbHLIX 3J1IEMEHTOB, KPUTEepUil paspyuieHus — fnebopma-
LIMOHHBbI.

KnioueBble cnoBa: nospexaeHHbiit rn6, Tpybonposon AIC, npefienbHOe COCTOSIHUE.
Key words: damaged bend, pipe nuclear power plant, limiting condition.

[M6bl, M3roToBNEHHbIE HA TPYOOrMOGOYHOM 060PYAOBAHUM U MPUMEHSEMbIE B KAayecTBe
petanei Tpy6onpoeofos A3C u T3C, MMEIOT CNOXKHYI0 FEOMETPUIO U TONWMHY, U3MEHS-
OWYIOCA NO a3uMyTaNibHOMY Yray @. 3TO 3aTPYyLAHAET aHaNU3 NpefeNbHOro COCTOAHUA
W cTeneHn 6e3onacHoCTM rnba npu Hanuuum aedekTa, oOHApPYKEHHOro BO BPEMS nna-
HOBOI AMArHOCTUKM Tpyb6onpoBofoB. Hue onucaHa 3KCNepUMeHTaNbHO-pacyeTHas
METOAMKA OLEHKU MpeaenbHOro cocTosHua ruba Tpybonposoaa A3C, NoBpexAEHHOTO
OKpYKHOII TpewmHoi. Mpeanonaraetcs, YTo rMb HArpyXeH BHYTPEHHUM AABNEHUEM (,
npoAonbHON cuno Py u n3rnbatowmm MmoMeHToM M,. MeToanKa pacyeTa BK/OYAET B
cebs

® ycnbiTaHMe KOHCTPYKLMOHHOTO MaTepuana ruba no FOCT 1497-84, onpepenexue
3HaueHnit npeaena TeKyyecTu Oy, Npejena NpoyHoCTU (BPeMEHHOro CONpOTUBIEHUSA)
Gp U UCTUHHOTO CONPOTUBNEHUS pa3pylueHuio G (OTHOLWeEHMe pa3pyllatolen Harpys-
KW K COOTBETCTBYIOWEN NAOLWAAM MUHUMANBHOTO ceyeHus obpasua);

® KOHCTPYMpPOBAHWE B MOSIHOM COOTBETCTBMM C pe3yibTaTaMyi UCMbITAHUNA MaTEpU-
ana rn6a no NOCT 14-97 BcnomoraTenbHOro HagpesaHHOro o6pasua, UMUTUPYIOLLErO
NoBpeX[eHne maTepuana peanbHoro ruba;

® ycnbiTaHMe BCMOMOraTesibHOro obpasua ¢ Hafpe3oMm U onpefeneHne 3HayeHus
npefenbHOro ynpyroniacTMyeckoro yaauHeHus Ay, 006YyCNOBAEHHOrO, B OCHOBHOM,
JIOKaNbHbIM YNpPYroniacTMyeckum TeyeHmem maTepuana B 06NacTu Haapesa;

® pacyeT npefenbHbIX 3HaYEHMIt cunoBbix (P — npogonbHas cuna, M, — narubato-
WKUA MOMEHT) n fecdopMaunoHHbIX (A9 — 0ceBOe yanuHeHue, O — yrnosas gedopma-
UMs) napameTpoB HArpyXeHus, COOTBETCTBYIOWMUX NPUHATOMY LedopMaLUOHHOMY
KpuTeputo NpoyHocTM A < Ay B YCIIOBUAX IKCNAyaTaLuuuM paccMaTpuBaemoro ruba.

[ns n3rotoBneHus ruba ucnonb3yercs npsmas Tpyba ¢ BHEWHUM anameTpom D, npu
HOMUHANbHOW TonwmHe t. EcM Mcnonb3oBaTh KOHLENLMIO «PABHOMNPOYHOTO r1bay, T0
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MOXHO AONYCTUTb, YTO NPW U3rOTOBNEHUM rnba cpefHUI papuyc R, ocTaeTcs Heus-

MEHHbIM, @ U3MEHAETCA TONIWMHA CTEHKU S, KOTOpPas CTaHOBUTCA (yHKUMen yrna ¢@. Yto-

Obl 3HAYEHUS OKPYXKHBIX HANPSXKEHWIA HE 3aBUCENU OT a3UMyTaNbHOro yrna @, ToNWu-
Ha rnba nomxHa ObITb cnefyiollei hyHKLMUEN yrna @:

t 2R +R, cos(@)

$(9)=5 % T cos(e) @

roe Rs — papuyc ocu rnéa, Ry = (D, — t)/2. MNpu BbinoNHeHUM ycnosus (1) 3aBucumo-

CTW OT yria () BHYTPEHHero paguyca r(@) u BHewWwHero paguyca R(¢p) Tpybbl rnba npu-
obpetaioT cnepyowmii Bug (puc. 1):
5(9)

(@)=8, " k(g)=r,+ T2, @)

CmeweHne { LeHTpa TAXKECTW NOMNEPEYHOro CeYeHUs BHWU3 oT ocu ruba (puc. 1)
paBHO

[ R(9)
J[ J p? cos((p)dp]d(p

0] r(e)

n| R(p) !
J| | pdp |do
ol r(o)

rAe p — pajuyc-BeKTOp TOYKW nonepeyHoro ceyexus ruba. Ocesas cuna Py, 06ycnos-
NeHHas BHYTPEHHUM [aBNEHMEM @, paBHa

n( r(e)
P =2q] ( | pddecp. (4)

0

= (3)

C yueTom ypaBHeHuit (3) u (4) nonyyaem 3HayeHMe [ONONHUTENbLHOIO U3rubaroLe-

ro MomeHra:
qu = quC- (5)
[ns rn6a, N3roToBNEHHOro M3 TpyObl C BHEWHUM AuameTpoM D, = 325 MM C HOMU-
HanbHOW TONWMHON CTeHKM t = 19 MM U Ry = 153 MM, HarpyXeHHOro BHYTPEHHUM

Puc. 1. TeomeTpus paBHONPOYHOTo ruba M pacyeTHas cxema
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nasnenvem g = 10 MMa, { = -16,7 mm 1 Py, = 643 kH. MNpu paguyce ocu rnba Rs = 2,5R,=
= 383 MM, Ymax = 161 MM, Ypin = =166 MM, s(0) = 16,3 MM u s(m) = 25,3 Mm.

Ecnu HeT BO3MOXHOCTM NpOBECTU UCMbITaHUA MaTepuana ruba no FOCT 1497-84,
TO Ana pacyeta guarpamm aedopMMpoBaHUA MO CTAaHAAPTHbLIM MeXaHUYeCKUM CBOW-
CTBaM WCMoNb3yeM 3HayYeHUs Mopyna ynpyroctu £, npefena TekyyecTu Gop, npegena
MPOYHOCTU (BPEMEHHOTO COMPOTUBIEHUA) Gy U OTHOCUTENBHOTO YONWHEHWUSA Ha npe-
fiene NMPOYHOCTU O KaK NpU PacTAXKEHWUM, TaK U npu cxatuu. [nsa matepuana ruba npu-
MeM clieflylolie 3HaYeHUA MexaHUYeCcKUx CBOMCTB NPU pacTAXKEHWU: MOAYAb YNpyro-
CTW Npu pacTsxeHun E = 2-10° MMa; koadduuymneHT MNMyaccoHa w = 0,3; npeaen Tekyye-
CTU Gop = 400 Mlla, npegen npoyHocTn G, = 700 MIla, paBHOMEpHOE OTHOCUTENbHOE
yAnuHeHue 8 = 5 %. MexaHu4yeckue CBOMCTBA NPU CKATUM YMCNIEHHO PaBHbI CBOWCTBAM
Npy pacTaXeHuu.

[ins obecneyeHus KOHCEpPBATUBHOCTU pacyeToB OYAEM MCMONb30BATb OUAMHENHYIO
AUarpamMMmy pacTAXeHUA-CKATUA KHANPAXKEHWEe-0THOCUTENbHAA fedopmaLuay, cooT-
BETCTBYIOLLYIO NPUHATBIM MEXaHUYECKUM CBOWCTBAM MaTepuana ruba (puc. 2).
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Puc. 2. PacuetHas Avarpamma pacTaXeHNA-CcxXaTua KOHCTPYKLUMOHHOIo matepuana ruba

ConpoTuBNEHMEe pa3pylieHUI0 NOBPEXAEHHOrO MaTepuana ruba 3aBuCHUT OT CNoCo6-
HOCTM MaTepuana K NIOKajbHOM NnacTuyeckon aedopmanuu B 06nacTu, npuMbiKaioLlen
K obHapyxeHHOMy fecdekTy. [Insa 3KCnepUMeHTaNbHOWM OLUEHKW 3TON CMOCOOHOCTM
npeanaraeTcs NpoBeCTU UCMbITaHWE Hagpe3aHHOro obpasla, M3roTOBJEHHOIO TakKxke
“3 matepuana rmba, HoO CKOHCTPYMPOBAHHOTO C MUCMO/Ib30BAHUEM U3BECTHbIX MEXaHM-
YeCKMX CBOWCTB M TaK, 4ToObl nnacTuyeckas pgedopmauus obpasya BNNOTb JO pas3py-
WeHWUs MMena MecTo TONbKO B 0611acTu, NpuMblKatoweit K Hagpe3y. Mo3ToMy HappesaH-
HbIl 06pa3seL, Hanpumep, LMANHAPUYECKMIA 0Opasel, C MAKCMMaNbHO OCTPLIM KOMblie-
BbIM Hafpe3oMm (puc. 3) JOMKEH YAOBNETBOPATbL CEAYIOWeEMyY YCI0BUIO.

Mnowapb Hafpe3aHHOro ceyeHus Fy [OMKHA COOTHOCUTHLCA C NAOLALbI0 CeYeHUA
OpyTTO F5 B COOTBETCTBUM C YCIIOBMUEM, KOTOPOE rapaHTUpYeT paspyleHne obpasua
6e3 nnactuyeckoi gedopmaLmn B HeHaZPE3aHHbIX CEYEHUAX:

F5002 = FHGb. (6)
ToNbKO MpW 3TOM YCNOBUM YANIMHEHWE HAApPe3aHHOro obpasua Ay MOXKET CNYXUTb
KpUTepUanbHOWM pacyeTHON XapaKTepuUCTUKON.

nD’ T . .
PRI 4 - Noatomy rny6u-

Ha Hajape3a a B COOTBETCTBUN C YyCNOBUEM (6) [OJ1XKHa ObiTb He MeHblle YeMm

d> (D —2a)2

[ns umannapuyeckoro obpasua fs =
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Puc. 3. Uunungpuyeckunit obpasel C KONbLEBbIM HAfPE30M

2l Vo, | (7)

Llenbto ucnbiTaHuit Ha pacTaxeHue obpasua c HaApe3oM ABAAETCA 3anuUCb Auarpam-
Mbl PACTAXEHWUA W Ha Tol e 6a3e L 1 onpepeneHne 3HayeHUs NpefenbHOro ynpyron-
NacTM4eckoro yaauHeHus obpasua Ay, KOTOpoe B fafbHelileM MCNoNb3yeTca B pacye-
Tax B KayecTBe KPUTEpPUaNbHOro, COOTBETCTBYIOLEE NPeAeNbHOMY COCTOAHUIO NOBPEX-
[eHHOro yyacTka TpybonpoBoaa. [ina ycuneHus cTeCHeHUs nnacTuyeckoi fedopma-
unmn B opmynax (6) u (7) 3HayeHue npefena NPOYHOCTU Gy ClefyeT 3aMeHUTb Ha 3Ha-
YeHMe UCTUHHOrO CONPOTUBNEHUA Pa3pbiBY Gk > Cp.

[lna pacyeToB NpefenbHOro COCTOAHUA PAacCMOTPUM MOBPEXAEHHBIN 0Tpe30oK ruba
ANMHOM Ly no ero ocu (puc. 1). Mpennonoxum, 4to noBpexaeHHoe «BonokHO» CA Ha-
XO[MUTCA Ha BHelWwHeM obofe rnuba, u 3HayeHne Ax HaM U3BECTHO. Toraa npu Harpyxe-
HUW rnba NPOAONLHON CUNON U U3rMOAIOLWMUM MOMEHTOM B NPUCYTCTBUU BHYTPEHHErO
pasneHus (ceyeHne AB) B COOTBETCTBUM C MPUHATON FMNOTE30M MNOCKUX CEYEHMUIH
nepemecTuTca B nonoxeHue A;B;.

Kak cnepyet u3 puc. 1, yannHeHne BONOKHA A C KOOPAMHATOM Y, HAXOAALLEroca Ha
paccTosiHUM P OT OCK TPYObI MOA YrIIOM (), PaBHO

A=A - (_Vmax - _!/)6, (8)
rae © — yrnosoe nepemelieHne npaBoro Topua Tpyobl; ¥y = p cos(¢). OceBoe yanuHe-
Hue Ao OTpe3Kka Tpybbl paBHO

Ao = Ay — OYmax- (9)
[lnMHa npofonbHOro «BONOKHa» L(y) oTpe3ka ruba 3aBUCUT OT KOOPAMHATHI V-

L(y)=L]1+2L | (10)
RS
OceBas oTHOCUTENbHaAsA AedopMaLna, 06YCNOBAEHHAS OKPYXHbIMU HANPAXKEHUAMN
OT BHYTPEHHEr0 AaBNeHus,

U gR,
e(q)=—=1om, 11
(@)=-¢77 (11)
CnepoBatensbHo, yunTbiBas ypasHeHus (8), (10) u (11), nonyyaem cnepyiouiee Bbl-

paXeHue Ans OTHOCUTENbHOU AedopMaLun «BONOKHAY:

Ak_(ymax_.y)e_l_g%

E t
1+
R

S

e(.8,A,.9)= (12)

I

L

0

rae v = p cos(o).
[lnarpamma ynpyronnactuyecKoro pacTaXeHUs-CKaTUA U ee aHaNUTUYecKoe Bblpa-
XeHue G(€) u3BecTHbl (puc. 2), oTHocuUTeNbHas Aedopmauus onpeaenserTcsa ypaBHe-
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Huem (12), npepenbHo fonyctumas gedopMmauus BepxHero BONOKHA Ax M3BECTHA U3
UCnbITaHUA Hapgpe3aHHoro obpasua. [lonycTUM, YTO TakKe W3BECTHA NpoJoNbHaA cuna
Py, yBennuMBamWas unn ymeHbluaowas npoaonbHyio cuny Py no ypasHeHuio (4). Cne-
[0BaTeNbHO, NpefieNbHOe COCTOSHWE NMOBPeXAEHHON TpyObl ByaeT onpeaenaTbca npe-
AeNbHbIM U3rMbaWmUmM MOMEHTOM M, 1 COOTBETCTBYIOWEN eMy yrnoBoit gedopmam-
el O.. [ns ux BbluMCNeHUA ¢ y4eToM ypaBHeHui (2), (4) u (5) coctaBum u pewnm cu-
CTeMy ABYX YpaBHEHWW paBHOBECUSA:

ANS NPOAONbHbIX CUN

n( R(9)
PX+PqX(q)=ZJ I c(s(pcos((p),e,Ak,q))pdp do; (13)
o\ r(e)
U ans u3rnbaloWmx MOMEeHToB
n( R(9)
MZ+(PX+F§7X(q))C:2J‘ I cs(a(pcos((p),e,Ak,q)p2 cos((p))dp do. (14)
o\ r(e)

YucneHnHoe pelerune cucrtemsl ypasHeHnuin npu Py = 1500 kH, g = 10 MIMa n A = 0,5 mm
[aeT cieayiolMe 3HayeHMs npeaenbHoro 13rnbaiollero MOMeHTa U NpefenbHoi yrio-
Boi fedopmaunu: M, =604 kH.m; 6, = 0,12 rpaa. YanuHeHue ocu otpeska ruba B co-
OTBETCTBMU C ypaBHeHueM (9) paBHO Ag = 0,17 mm.

YucneHHoe pelleHne CUCTEMbI YpaBHEHUI OTHOCUTENbHO M, u O B HacTosAlee Bpe-

M OCYLWeCTBASETCA NMPOCTO, Hanpumep, ¢ npumeHeHnem Mathcad. Iniopy oceBbIx Ha-
NPAXEHUNA Oy B CeYEHUM GANKM NOCTPOUM, UCMOMb3YyA NS 3TOro hopmyny

600 )
400 ) et
s 200,
=
=
o
H 0
[}
ES
3
= -200
[}
I
-400 |
-600
-200 -100 0 100 200

KoopauHaTa TOYKM ceyeHus, MM
- Ry = 25Ry; ***** — Ry = 10R,

Puc. 4. Iniopbl HaNpsoKkeHUin Ans ABYX 3HAaYeHuWil paguyca ruba:

A, +0,y

o, (y)=0 L 1+Rl ) (15)

Ha pucyHke 4 npuBegeHbl 3ntopbl NPeAeNbHbIX HaNPAXKEHUA, NOCTPOEHHbIE N0 YpaB-
HeHuto (15) ans ABYX 3HauyeHWit papuyca Rs rnGOB, U3rOTOBAEHHBIX U3 OAHOM TPyObI.

67



BE3ONACHOCTb, HALEXXHOCTb 1 AINMATHOCTUKA A3Y

Kak cnepyet u3 puc. 4, yBenuyeHue paguyca ruba npuBoguT K CNpsMAEHMIO 3MIOpbI
HanpsXXeHWit B ynpyroit obnactu. B cBA3M ¢ 3TMM 3aMeTUM, YTO PaCcCMOTPEHHbIN anro-
PUTM pacyeTa NpeAenbHOro COCTOAHUA rmba NpUMEHUM U ANs NPAMOro oTpeska Tpy-
6onpoBofa. [ina 3Toro 3HayeHue papuyca ruba [OCTaTOYHO NPUHATH OYEHb BOMbLWIKM,
Hanpumep, NoNnoxutb Ry = 100 Ry,

B 3akntoyeHne oTMETUM, YTO pacCMOTPEHHAA METOAMKA MOXET NPUMEHATLCA, ecu
rny6nHa o6HapyXeHHOro AedekTa He NpeBbIlWAET NONOBUHbI TONWMUHbLI TPYObl, @ OK-
PYXHOI pa3mep AetdekTa MeHee [BYX TONWMH TpyObl. [Ons aedekToB (TpewuH) 6onb-
lero pasmepa xenaTeneH nepexoj K pacyetam C UCMOAb30BaHWEM METOLA peanbHblX
anemeHToB [1].

Jinteparypa

1. Maproues B.M., Illampaes 0. B. PacueT mpOYHOCTU TOBPEXAEHHLIX TPYOOIIPOBOZI0B aTOMHLIX 3J1€K-
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VYIK 621.039.519

Results of Calculated Experimental Justification of Support and Conditions of Mass Tests of SM Experimental
Fuel Assemblies with Increased Uranium Load\V.A.Tsikanov, V.A. Starkov, A.P.Malkov, M.N. Svyatkin,
A.V. Klinov, A.L. Petelin, Yu.A. Krasnov, Yu.B. Chertkov; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2011. — 102 pages, 6 tables, 1 illustration. — References, 15 titles.

The technical feasibility and safety of SM core conversion for operation with increased uranium
content rods using the standard fuel reloading were justified on the basis of the results of calculated
experimental investigations. The experimental investigations of core physical characteristics and
the mass tests of the experimental fuel assemblies on the basis of the rods loaded with 6g 235U were
carried out. Technical-economical characteristics of the reactor with experimental FA were analyzed.
The data required foramendments of the reactor design documentation and conversion of the new FA
from the experimental assembly category to the standard one are obtained.

VAK 621.039.534

Experimental Sample of IVA-M Device for Monitoring of Hydrogen in Sodium Coolant\V.V. Alekseev,
G.P. Sergeev, P.S. Kozub, V.V. Matyukhin, A.P. Sorokin; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power
Engineering) — Obninsk, 2011. - 9 pages, 2 tables, 5 illustrations. — References, 5 titles.

Experimental sample of IVA-M device for Monitoring of hydrogen in sodium is developed which
includes the primary converter from the indicator IVA- 1Y (high vacuum block with nickel membrane
and magnet pump NMD-0,0063, in addition equipped by thermostat), structurally advanced sodium
block with recuperator and graduation block.

The chosen design of technological (sodium) block of IVA-M has the nominal sodium flow rate 0,1
m3/h (WILLOW — AT), much smaller dimensions and reduced approximately in 3 time transport time in
sodium path of device in comparison with IVA- 1Y.

The experimental sample of IVA-M device is manufactured and tested on sodium loop ZU-3M.

The tests of the experimental sample of IVA-M device e have shown conformity of its characteristics
to parameters stipulated by technical project on development of the device.

VIK 621.039.58

Risk Assessment for NPPs with RBMK Reactors \R.T. Islamov, A.A. Derevyankin, LV. Zhukov, M.A. Berberova,
S.S. Dyadyura, Ju.A. Mardashova, R.Sh. Kalmetiev; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) -
Obninsk, 2011. - 7 pages, 2 tables, 2 illustrations. — References, 7 titles.

We have made the comparative risk assessment for NPPs with RBMK reactors and describe the
results of risk index calculations required for Kursk NPP safety passports, which are compulsory for
each hazardous industrial facility in accordance with the legislation of the Russia Federation. The
output of this research is the assessment of risk index systems in physical and economical terms,
social risk (F-N curves) and material damage (F-G curves) charts for Kursk NPP.

VAK 621.039.566
Limiting State Estimation of Damaged Pipe Bend Nuclear Power Plant\V.M. Markochev; Editorial board
of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher
Schools. Nuclear Power Engineering) — Obninsk, 2011. — 6 pages, 4 illustrations. — References, 1 title.
The method of calculating the limit state of the damaged section bend of pipeline, based on test
results of smooth specimen, and the corresponding notched. Geometry of notched specimen is entirely
dependent on the ratio of yield strength to ultimate strength. Design scheme is a simplified version
of the method of real elements, the criterion of destruction - the strain criterion.
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