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be3onacHocTh, HaAEKHOCTh, SKOHOMHUYHOCTH 3KcIuryatauuu ADC B 3HAYUTENHHOU
CTENEHM 3aBHUCAT OT HAJEXKHOIO (PYHKIMOHUPOBAHUSA TEMJIOOOMEHHOIO 00OpYNOBaHUS U
TpyOONpPOBOJOB  KOHJEHCATHO-IMHUTATEIBHOIO  TpakTa.  TEeXHOJIOTHYECKHE  CHCTEMBbI
KOHJIEHCATHO-NUTaTeNbHOr0 TpakTa ADC MMEIOT 3HAUYUTEIBHYIO MPOTHKEHHOCTbD, CI0XKHYIO
KOH(UTypanuio u paboTaroT B yCIOBUSX, P KOTOPBIX OCHOBHBIM BUAOM Je(EKTOB METalIa
TpyOONPOBOIOB U TEINIOOOMEHHOTO 000PY0BAHHUS, U3TOTOBICHHBIX U3 YTIEPOIUCTON CTAIIH,
SBJIIETCS 3PO3UOHHO-KOPPO3UOHHBIN H3HOC (DKU).

AHanu3 pe3yiabTaTOB KOHTPOJS COCTOSIHMS METalla IOKAa3bIBA€T CYLIECTBEHHYIO
HEPaBHOMEPHOCTh 3PO3HOHHO-KOPPO3HOHHOTO H3HOCAa TpyOONpOBOJOB M OOOpPYIOBaHHUS,
KOTOPBIA 3aBUCUT OT OONBIIOr0 4Hcia (aKkTOpoB. 3HAHHE MEXaHM3Ma DJPO3UOHHO-
KOPPO3UOHHOTO H3HOCA, €ro 3aBHCHUMOCTH OT (PU3HKO-XUMUYECKUX CBOWCTB MeTaia,
FeOMETPUUECKUX XapPAKTEPUCTUK, HSKCILTyaTAlMOHHBIX PpEXKUMOB II03BOJUT HA CTAaJAUU
skcrryarauun ADC onTUMHU3UPOBATh 00BEMBI 3KCILTYaTAlIMOHHOTO KOHTPOJIS, YMEHBIIUTh
KOJIMYECTBO OTKa30B 000PYIOBAHMSI U BHEIUIAHOBBIX OCTAHOBOB 3HEPT0OJIOKOB.

B nacrosimee Bpems Ha ADC Poccum mns koHtpons passutusi DKW peanusyercs
TUnoBas nporpamMma «KOHTposib COCTOSIHMSI OCHOBHOTO METajlla, CBapHBIX COEIMHEHUN U
HAIUIaBICHHBIX TIOBEPXHOCTEH 0O0OpyaoBaHus, TpPyOONpPOBOJOB M JPYIMX 3JIEMEHTOB
aTOMHBIX CTaHIMH C peakropHoi ycrtaHoBkoil BBDP-1000 B mnpoekTHOM cpoke
skcmuryatauun» [l1]. OcHOBHOe copaepx)aHUEe MEpPONPUATHI YKa3aHHOM HporpaMMbl —
NEPUOJUYECKHI KOHTPOJIb TOJIIMHBI MPEIBAPUTENILHO ONPEICNICHHbIX YYacTKOB (THUOBL,
TPOWHUKH U T.I.) TpyOonpoBo1oB [2]. Ho BbIOMHEHNE TaHHBIX MEPONIPUATHI COMPSHKEHO C
JBYMS aCTIEKTaMHU:

HanmonaneHbliit nccnenoBaTenbekuit siaepabiil yausepceurer «MUADN», 2021
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1. U3Mepenue ToJLIMHBI TpeOyeT BBINOJHEHUS TPYAOEMKHX IOATOTOBUTENIBHBIX
MEpONPUATHI HA KOHTPOJIUPYEMBIX YUaCTKaX.

2. AHaiM3a  J1aHHBIX = 3KCIUTYaTallMOHHOTO  KOHTPOJsA  IOKa3blBaeT, YTO  JUIsS
OTIpeNIENIEHHOT0 KonnyecTBe 31eMeHTOB (10 30 % mo o0beMy) MUHUMAIbHBIC TOJIIHUHBI
CTEHOK paBHbI WIM IPEBBIIAIOT 3HAUYE€HHUS HOMHMHAJIBHBIX TONIIMH. PaccuuTath cKOpoCTh
OKU u 1uTenpHOCTh 3KCIUTyaTalMu TpyOOpoOBOAOB ¢ MUHUMAJIbHBIMU TONIIMHAMYU CTEHOK
PaBHBIMH WJIM MEHBIIMMH HOMHUHAJIBHBIX TOJIIMH C UCIIOJIb30BAaHUEM HOMUHAJIBHBIX TOJIILUH
HE TMpEJCTaBIAECTCS BO3MOXHBIM M JJISI 3THX LeJed NPUHUMAIOTCS CpEeJHUE 3HAYCHHS
TonmuH [3].

JIns OlleHKM BO3MOKHOCTH OIPEJCNICHUS] YPOBHS SKCIUIYyaTallMOHHOM HaJeXHOCTH
TpyOOmpoBoioB B uHactu mojaBepkeHHOcTH DKW anbTepHAaTHBHBIM METOJOM MAarHUTHOMN
aHU30Tponuu [4-6] ObUI BBHINOJHEH HATYpPHBIM SKCIIEPUMEHT, UMUTHPYIOIIUNA MOCTEIIEHHOE
JIOKaJbHOE YTOHEHHE CTEHKU TpyOorpoBoaa mo mexanusMy paszsutus DKW, Ha crenne mis
NHEBMATHYECKUX U THAPABIWYECKUX HUCIBITAHUNM U HACTPOMKU MPEIOXPAHUTENbHBIX
KJIallaHOB C MCIOJIb30BaHUWEM cKaHepa MexaHudeckux HanpspkeHuil «STRESSVISION»
Expert [7] u Y3 Tonmmnaomepa.

B xauectBe HaTypHOrO 00pasua ObLT UCIOIB30BaH AJIEMEHT TPYyOOIPOBOAa, COCTOSIINN
U3 TpeX JeTajeil: KOpIyc, 3ariaymka u ¢uiaHel, KOTopble ObUIM COEIMHEHBI MEXay cOo00H C
UCII0JIb30BaHUEM cBapku. CBapKy MPOM3BOAMWIN CILIOIIHBIM IIBOM IO KOHTYPY MpHJIETaHUS
netaneil. CBapKy BBINOJHSIIM B CpeJie YIJIEKUCIOro ra3a cBapoyHoil nmposonokoir Ce—08I2C
no 'OCT 2246-70. ITapameTpsl HaTypHOTr0 00pa3ua npuBeAeHbI B Tabume 1.

Tabnunua 1 — Xapakrepucruka aerancii pyoHoro obpasma [Characteristics of pipe sample parts]

Pasmeps!
HaumenoBanue Mapkuposka Macca,
neranu Huamerp, JlnvHa, TonmuHa, KT
MM MM MM

Kopmyc 159x6 TOCT 8732-78 159 502 6 11,3
b20TOCT 8731-87

3armymka 6 TOCT 19903-2012 152 — 6 3,7
C13nc I'OCT 14637-89

Konbio 8 T'OCT 199032015 160x219 - 6 0,8
C13mc 'OCT 14637-89

[lepen wucnbiTaHusMU Ha oOpaser] Obula HaHECEHA KOOPIMHATHAS CETKAa, C IIaroM
20x20 MM (puc. 1).

Pucynok 1 — q)OTOFpa(i)HH OTIBITHOTO 00pa3na ¢ KOOPAMHATHOW CETKON Ha CTEH/Ie
[Photo of a prototype with a grid on the stand]
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DKCIepUMEHT MPOBOUIICS 1O CIEIYIOIIEMY aJITOPUTMY:

1 mar — ¢ MOMOIIBIO0 CKaHepa MEXaHNYECKUX HaMpsHKEHUH «Stressvisiony BBIMOJIHSIIACH
OIICHKA HANpPsKEHHOTO COCTOSIHHS o0pasia Mo yriiaM KOOpAWHATHOW ceTkd. C MOoMOIIbIo
yJIBTPAa3BYKOBOI'O TOJIIMHOMEpa Transport mo 3TUM ke yriaM CeTKH IPOU3BOAWIOCH
U3MEpEHUE TONIUHBI CTEHKH 3JIeMEeHTa TpyOonpoBoa.

2 mar — oOpasen; ycraHaBIMBaJICsS Ha cTeHA (puc. 1) moaBepraics Harpy>KeHHUIO
nasnenneM 2 MIla. [Tocne BbIepKKH (JBOE-TPOE CYTOK) OCYIIECTBIISUICS COPOC aBIICHUS.

3 mar — NOBTOPSUIUCH IeUCTBUS mara 1.

4 miar — ¢ MOMOIIb PYYHOU NUTH(OBATFHON MAIIMHBI BHITOJIHSAIACH BEIOOPKA TOJIIIUHBI
BHYTPEHHETO CJIOS IOKAJTBbHOI'0 y4acTKa TPyObl B 30HE Pa3METKHU.

S miar — BBINOJHSJINCH IEUCTBHUS mIara 2.

6 mar — BEIOOPKA TOJILIMHBL, KaK yKa3aHo B miare 4.

JlefictBusi anroputMa IMOBTOPSUIMUCH JO TeX IMOp, IOKa BHU3yaJlbHO HE ObUIO
3apEerucTpUPOBAHO M3MEHEHUE T'€OMETPUU HAPYKHOM MOBEPXHOCTH y4yacTKa TpyObl B 30HE
BBIOOPKH TOJIIIUHBI CTEHKH (BBINYKJIOCTh). Bcero ObUIO BbIMOAHEHO 29 ITMKIOB
HArpyKEeHHsI/pa3TrpyKeHHs C BEIOOPKOW TONIIMHBL. Bce pe3ynbTaTel H3MEPEHHUH COXPAHSITUCH
B MIaMATH NPUOOPOB A ocaeayoeil 00paboTKH.

B X0J1e BBITIOJTHCHUS HKCIEPUMEHTA 3aperucTpUpPOBaHbI clenyolye
OCHOBHBIE MapaMeTpbl, (pparMeHT KOTOPBIX MpeAcTaBieHHble B Tabnuue 2. B Tabmune
HCNOJIB30BaHbl ciuenyroume cokpameHus: PI'MH — pa3HOCTH TIIaBHBIX MEXaHUYECKHX
HanpsokeHnid, dX — mepBas uyactHas npousBoaHas PI'MH mo kousbneBoit obOpasyrormeit
obpasua, GRAD — monyns rpaguenta PITMH [8], TOJIL — TonmuHa CTEHKH y9acTKa TpyObl
B MECTE BBIOOPKH.

Tabnuua 2 — OcHoBHBIC apaMeTpbl [Main settings]

Ne ombiTa 1 2 3 27 28 29
PI'MH -9,8 -4,49 -5,13 -55,78 -34,68 -27,6
dX 0,2 0,03 -0,08 0,83 0,17 0,2
GRAD 2,9 1,62 2,17 4,9 4,12 3,7
TOJIILL 7,37 6,421 6,421 1,99 1,85 1,65

[To pesynbrataM 3KCHEepUMEHTOB (CM. Tabi. 1) MOCTPOEHBI KPUBBIE, OTPAXKAIOIINE
U3MEHEHHs T[apaMeTpoB, YacTb W3 KOTOPBIX MpEJACTaBI€Ha Ha pUCYHKe 2, Tae
TOpU30HTANIbHAS OCh — HOMEP OIbITa, a BEpPTUKANbHAS — U3MEHEHHE TOJIINHBI (2), H3MEHEHUE
3HaueHuss PMH (0).

a) 6)
Pucynox 2 — V3MeHeHHs apaMeTpoB HATYpHOr0 00pasiia B X0/1e KCIIEPUMEHTA: a) N3MEHEHHE TONIUHBI
crenky; 0) uamenenue 3naueHuss PPMH [Changes in the parameters of a full-scale sample during the
experiment: a) change in the wall thickness; b) change in the value of the main mechanical stresses]
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[IpenBapurtensHblid rpaduyeckuil aHaIW3 H3MEHEHHS HOPMAJIM30BAHHBIX JTaHHBIX
yKa3bIBaeT Ha HaJlW4He, IO Mepe YTOHEHHS JIOKaJIbHOM o0jacTu HaTypHOro oOpasua, Tpex
30H, XapakTepU3YIOIIUX paszIuvyHOe HampsKeHHO-AepopmupoBanHoe coctosiHue (HC)
[9-11] uccnemyemoit obmacT HaTypHOro oOpasma TpyOOmpoBOJa B TEYCHHE IPOBEICHHUS
HKCIIEPUMEHTA 110 MEPE YMEHBIICHHS TOIIIUHBI CTEHKH (puc. 3).
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Pucynok 3 — I'paduik u3MeHeHHss HOPMAIM30BaHHBIX 3HAYCHUH MapaMeTPOB, XapaKTePU3YIOLIUX HAIPSIKEHHOH
COCTOSIHHE HCCIIeTyeMOH 30HBI, B X0/I¢ TPOBEICHNUS SKCIIEpUMEHTa: 1, 2, 3 — 30HBI pa3IMYHOr0 XapakTepa
n3menennii nmapamerpoB [The graph of the change in the normalized values of the parameters characterizing
the stressed state of the investigated zone during the experiment: 1, 2, 3 - zones of different character of
parameter changes]

e

AN
4

-4

3ona 1. O6macTb, B KOTOPOI MO0 MEepe yMEHbIIEHUsI TOMIIMHBI (10 45% B aOCOMOTHOM
3HaueHun), usmenenust H/C marepuana npaktuuecku He GUKCUPYETCH.

3oHa 2. [Ipu yMeHbIIEHUN TOJIIMHBI CTEHKU B 001acTH BbIOOpKH (6onee ueM Ha 50%),
IPOUCXOIUT MEepepacnpesieliCHUe HaIMpsHKEHUH, XapaKTepu3ylollee Hadajlo IJIaCTUYECKOU
nedopmanuu yvactka [12].

3ona 3. O6nacte, ompeAensomas BHU3YalbHO  (UKCUPYEMYIO  IUIACTUYECKYIO
nedopmaiuio ydactka oOpasma tpybompoBoaa. Ilpum ymenpmenun tommuubl (1o 7% ot
Ha4YaJIbHOW), SKCTIEPUMEHT ObUT TIPEKPAIIEH B CBSI3U C BEPOSITHBIM aBAPUHHBIM pa3pylICHUEM
obpasra.

BeiBOABI:

B xoz1e BbIONTHEHHS SKCIIEPUMEHTA MPOJEMOHCTPUPOBAHA BO3MOKHOCTh MOHUTOPUHTA
pasButus DKW TpyOOompoBOIOB C MOMOIIBIO PETyIIpHOro (IEpUOAMYECKOro) 00cIe10BaHus
WX MOTCHIIMAIBHO OTIACHBIX YUYAaCTKOB METOJIOM MarHUTHOW aHU30TPOTIHH.

IIpu 5TOM HHKakoW mpeaABapUTEIbHOW MOATOTOBKM OOCIEAyeMOro yd4acTka He
tpebyercsa. Onenka PITMH u apyrux mapameTpoB ¢ MOMOIIBIO CKaHEpa MEXaHHMYECKHX
HANPSDKEHUH BO3MOYKHA HE TOJIBKO B TIEPHO]] IPOBEICHUSI PEMOHTHBIX paboT, HO M B PEXKHUME
«3HEProOJIOK Ha MOITHOCTHY.

JanpHeiimas o0paboTKa TMONYYEHHBIX B XOJ€ HCHBITAHUN JaHHBIX, IO3BOJUT
OTIPENENIUTh KPUTEPHUH, XapaKTEPHU3YIOIIHE IKCIIITYyaTallHOHHYIO HA/IeKHOCTh TPYOOIPOBOIOB
[13], B vacTtu noasepxkennoct OKU, B cootBeTcTBUU ¢ neiictBytomet HT/ [1, 2].
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Abstract — As part of the experimental assessment of the stress-strain state of the NPP pipeline
elements using devices based on the magnetic anisotropic method, changes in the wall thickness of
the local section of the pipeline sample and the difference in the main mechanical stresses are
obtained and evaluated. The analysis of changes in the data characterizing the stress-strain state,
such as: the main mechanical stresses, the first partial derivative of the main mechanical stresses
with respect to the annular generator of the sample, the modulus of the gradient of the main
mechanical stresses, indicates the presence of three zones characterizing different of the studied
area of the full-scale sample of the pipeline during the experiment as the local zone is thinned.

Keywords: magnetic anisotropic method, difference of the main mechanical stresses, local areas,
modulus of main mechanical stresses gradient, the cyclicity of loading, the test bench.



