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defects in the case of steel wires hydrogenation. Cracks in the prestressing material could
appear under cathodic charging due to facilitation of share processes in the surface layers by
hydrogen. Steel susceptibility to hydrogen embrittlement should be taken into account using
electrochemical protection of reinforced concrete structures.
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TPUBAJIA MILHICTh 3BAPHUX IIBIB TEIJIOCTIAKUX CTAJIENA
Y T'A30M0JIBHOMY BOJIHI

Peztome. Oyinerno mpueany MiyHicmv pPisHUX 30H 36APHO20 3 €OHAHHS 30 CIMAMUYHO20 MA NOGMOPHO-
cmamuyHnoeo nasanmadicenus cmani 15X2M®PA i xapakmepucmuku nog3yvocmi nicis eunpod Ha nosimpi ma 6
cepedosuwyi 2a30n00i0H020 BOOHIO MEMAILY PI3HUX 30H 36APHUX 3'€OHAHb HCAPOMIYHUX KOHCMPYKYIUHUX cmaetl
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15X2M®A i 2.25Cr-1Mo y éuxionomy cmai i niciis deepadayii 3a 1a00pamopHux ma eKCniyamayiiHux yMos.

Toxkazano, wo Hauciabuiow 30HOK € 30HA MEPMIYHO20 BNIUBY, Ale HAUIHMEHCUGHIue 0ecpadye Meman wed.

3anuwkosuil pecypc pisHux 301 36apHO20 3'€OHANHA OYIHULY, 8UKOpUcmasuiu napamemp Jlapcona-Minnepa.
Knrwowuosi cnosa: 36apne 3’ €Onants, 3a1UUKOBUL pecype, MPUSAna MiyHiCmb, WEUOKICMb HOB3YHOCTII.

LeontiyBabiy

LONG-TERM STRENGTH OF THE WELDS IN THE HEAT-
RESISTANT STEELS IN HYDROGEN

Summary. The features of service regime of the oil hydrocracking reactors is associated with the high
stress in its body due to fluctuations in temperature and pressure of the environment during the technological
process. To understand the influence of such fluctuations of stress on the degradation characteristics of the weld
joint of the steel 15Kh2MFA at static and re-static strength in gaseous hydrogen was investigated. It is
established that metal of heat-affected zone is the weakest area of the weld joint at static and re-static loading
under the basis of 250 hours of testing.

It was established the steady creep rate of 15Kh2MFA steel in hydrogen already in the initial state
was worse than steel 2,25Cr-1Mo. At the same initial stress level (o) = 330 MPa) the steady creep rate of the
15Kh2MFA steel was more than an order of magnitude higher than obtained for the 2,25Cr-1Mo steel (7,4*107
and 3*107%%/ h respectively). The same tendency of change of the steady creep rate was saved in degraded
steels at the same initial stress level (o) = 330 MPa).

The long-term strength data for the metals of different zones of the weld joint on the 15Kh2MFA steel
and for the base metal and weld metal on the 2.25Cr-I1Mo steel were analyzed using the Larson-Miller
parameter. The data obtained at higher loadings was extrapolated to its worker levels. Analysis of these results
showed that the time to failure of the weld metal specimens of the 2.25Cr-1Mo steel degraded in operating
conditions for 79*10° hours and tested at 290 MPa stress level and temperature of 450 °C, practically coincided
with the such time of the base metal, degraded during 60*10° hours in service.

It was revealed that the long-term strength of the metal from all weld joint zones under re-static
loading is lower than in a purely static one. The weld metal was the most sensitive to the effects of re-static
loading. Using of the Larson-Miller parameter it was shown that long-term strength of the metal of different
zones of the welded joint tested in hydrogen already in the initial state reached the lower limit of the regulated
range for guarantee safe operation of the heat resistant steels.

Key words: weld joint, long-term strength, steady creep rate, high temperature hydrogen degradation.

Ymoeni nosnauenns

33 — 36apne 3’cOnanms;

MII — meman wea,

OM — ocnosnuii memain,;

3TB — 30na mepMiuH020 BNAUBY,

T1] — mepmoyuxau,

LIIVIT — weuokicme ycmanenoi nogzywocmi (Ha Opyeiti OLIsIHYL KPUGOT Noe3yuocmi);
LMP — napamemp Jlapcona-Minnepa.

Beryn. Henporno3oBaHi pyiiHyBaHHSI BeJIMKOTraOapUTHMX KOHCTPYKIIN, TakuX, SK
KOPITYCH PEAKTOPIB TIIPOKPEKIHTY HadTH, MPHU3BOAATH /10 3HAYHUX E€KOHOMIYHUX BTpaT 1
TSOKKMX ~CKOJIOTTYHUX HACHiAKIB. Y 3B’A3Ky 3 IMM OIHIOBaHHSA poOOTO3/1aTHOCTI
HaTONEepepoOHOro yCTaTKyBaHHS B YKpaiHi BUMarae Je€TalbHOIO BUBYEHHS Jerpajalii He
TUIbKM OCHOBHOTO Metany (OM), ane HaMOUIbLI Ypa3JMBHX 30H TaKUX KOHCTPYKLIH —
3BapHUX 3’€aHaHb (33). 3a CyMICHOTO TPUBAJIOTO BILJIMBY HaBOJHIOBAJIBHOI'O CEPEOBMIIA Ta
KOPCTKUX TEMIIEPATypHO-CUIIOBUX YMOB €KCIuTyaTallii 33 CTaloTh 0COOJIMBO BPa3JIMBUMHU J10
KpUXKOro pyHHyBaHHs. CrHpusie 1IbOMYy MaKpOHEOJHOPIAHICTh iX CTPYKTYpH, XIMIYHOTO
CKJaly Ta MeXaHIYHMX BiactuBocTedl. CTpykTypH1 MikpoaedekTH 33 CTaroTh €HEepPreTUYHO
BUTIHUMHU MACTKaMHU JJIsl BOAHIO, 1110 OTpAIUIS€e A0 METajy 1 il 4yac 3BaplOBajIbHUX POOIT, 1
3 pobouoro cepenoBuila. A BHCOKOIPATIEHTHI MOJSI 3JIMIIKOBUX HANpPYKEHb Y HHX
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CHPUSIOTHh NIEPEPO3NOILUTY BOJHIO 1 pOOIATH X 0COOIMBO YYTIMBUMH JIO0 HOTO BIUIMBY. TOMYy
nerpagamis Merany mBa (MII) y HaBOIHIOBAIBPHOMY CEpEIOBHINI MOXKE BigOyBaTHUCS
iHTeHCHBHIIIE MOpiBHAHO 3 OM abo 30H010 TepmiuHoro BrumBy (3TB).

Marepiaim Ta MeroaM4Hi acnekTH podotu. JlochiKyBanu TUIOBY IS
MOCTPASTHCHKOTO MPOCTOPY TEIUIOCTIAKY KOHCTPYKLIHHY ctanb 15X2M®A ¥ crans Ty
2.25Cr-1Mo y BuUXIIHOMY Ta JerpaJoBaHOMYy CTaHaX, L0 BHKOPUCTOBYIOThCS ISt
BUTOTOBJICHHS KOPIYCIB PEAKTOPIB FAPOKPEKIHTY HADTH.

Herpanauito pizaux 30H 33 ctani 15X2M®A npoBoauau B 1abOpaTOPHUX yMOBaX 13
BUKOPUCTAHHSIM BIJOMOi METOJMKU TEPMOLMKIYBAaHHS 3pa3KiB y ra3onoAioHOMY BOJIHI IiJT
tuckoM 0,3 MIla Bix kiMHaTHOI 10 po0OOUYOi [UIs pPeakTOpiB TIPOKPEKIHTY HadTu
temmneparypu (450 °C) no 200 tepmorukdiis [ 1]. ExcrimyaraniitHa gerpanaitist 3pa3kiB-CBIIKIB
31 cram 2.25Cr-1Mo Ta ii 33 BigOyBamacs miJ BIUIMBOM TEXHOJIOTTYHOTO CEpEOBHUINA B
peakTopi TAPOKPEKIHTY HAPTH BIIPOJOBK 6 10* ta 79-10° rox BinmosixHo.

PesyabraTnn pocaimkenb. [lis MIATBEp/UKEHHSI MPaBOMIPHOCTI BUKOPUCTaHHS
METOJUMKHA TEPMOIMKIYBAaHHS 3pa3KiB y BOJHI JJIs MOJEIIOBAHHS JAerpajarlii cTajied B
1a00paTOPHUX YMOBAX OLIHUIM 3MIHY KOPOTKOYACHOI CTaTUYHOI TPIUIMHOCTIHKOCTI METamly,
NETpajoBaHOTO B JIAOOPATOPHUX 1  eKCIUTyaTallliHUX  yMOBax. BusBwim, 110
TepMonukiyBanHs ctani 15X2M®A y BoaH1 BIUIMBa€E Ha ii 3HaYeHHA Ji.. 3MiHA piBHA Ji BiX
85 kH/Mm y BuxigHomy crani 1o 18 kH/m micis 600 TL{ y BogH1 103BOJIsI€ peKOMEHIyBaTH Lei
croci0 nerpajaiii TEIIOCTIMKUX CTajled A MIHMpOKoro BukopucraHHs. Lli pesynbTatu
MIATBEPIWIIN JaH1, OTpUMaHIi paHimnie Ha TersocTiikii crani 12X1M® naporonis TEC [2], Ta
CBIUaTh MPO JOLUIBHICTh BUKOPUCTAHHS mapamerpa Ji, SIK YyTJIMBOTO JI0 Jerpajauii, ajs
OIliHIOBaHHS cTaHy Mmetany [3]. OTpumani JaHi CBiq4aTh TaKOX PO 3arpo3u, MOB’s3aHi 3
MPUCYTHICTIO B METaJll BOJAHIO. AJPKE HABITh 3a IHTETPAJIbHO HEBUCOKOT KOHIIEHTpAIll B
MeTall, HOoro JOKaJbHAa KOHILIEHTpALlisl MOXE BHSIBUTHCS JIOCTaTHBOI JUIsl ICTOTHOIO
MOTIpIIEHHS POOOTO3/1aTHOCTI €KCIUTYaTOBAaHOTO METaIy.

Panime Oyno BCTaHOBJIEHO, LIO0 BOJEHb (IOPIBHAHO 3 MOBITPSIM) IHTEHCU(IKYE
mporiec nerpanaiii. 30kpema, 1e MpOosBISETHCA Yy TOMY, IO HE3AJICKHO BiJl MPUKIIAIEHOTO
MIOYAaTKOBOTO PIBHS HAaIPYXE€Hb Go MBUAKICTH ycTaneHoi noB3ydocti (ILIYII) y Boani Buia,
HDK Ha noBiTpi [4, 5]. Lle Moxxe OyTH 3yMOBJIEHO THUM, IO 3a BUIPOO Yy BOJHI MOBEPXHS
3pa3KiB IPAKTUYHO HE OKHCHIOETHCS, a HA MOBITP1 — BKPUTA LIUIBHOIO OKMCHOIO IUIIBKOIO, SIKa
MEPELIKO/DKAE BUXOAY JUCIOKALld Ha IOBEPXHIO, TalbMyK4H Ipolec edhopMyBaHHS.
PyxnuBicTh AucIOKAaliil Y IPUCYTHOCTI BOAHIO M1/IBUILYETHCS 3TIAHO 3 €KCIEPUMEHTAIbHUMHU
naHuMu [6] i1 TeopernuHuMH po3paxyHkamu [7]. Ha miii ocHOBI BBa)kaiau, 110 BOJEHb,
MOJIETIIYIOUH PYX AUCIOKAI[IM, MOXKe IHTeHCU(IKYBaTH JepopMallito HOB3y4OCT.

3 iHIOro OOKy, OCOOJIMBOCTI pPEXKHUMY pPOOOTH PEAKTOpIB TiIPOKPEKIHIY HadTh
nepe10ayaroTh BUHUKHEHHS 3HAYHUX HAIPY>KEHb y KOPILyCl BHACIIIOK KOJIMBaHb TEMIIEPATypH
i TUCKY poO0OYOro cepefoBMINA Ml Yac TEXHOJOIIYHOro mnpouecy. g 3’scyBaHHs BIUIUBY
TaKMX KOJIMBaHb HAIIPY)KEHOT'O CTaHy Ha JErpajallilo BJIAaCTUBOCTEW BUMpoOyBaiu meTan 33
ctani 15X2M®A Ha cTaTuyHy Ta IOBTOPHO-CTAaTUYHY MIHICTh y Ta3onoi0HomMy BoaH1. [1ig
yac 3BaproBaJIbHUX pOOIT Ha BIANOBIIAIBHUX 00’€KTax, K IPaBUIO, 3aCTOCOBYIOTh
aBTOMAaTU4YHE 3BapIOBaHHA 3 JOTPUMaHHSAM BuUMoT persiameHty. Tomy MII y BuxigHomy
CTaH1 BUSIBUB HAMBUIIMI TMOKA3HUK TPUBajoi MIHOCTI (puc. 1 a). BctanoBneHo Takox, 1o 3a
6a3u Bunpo6 250 rox 3TB € nalicmabmioro muisHKor0 33 SK 3a CTAaTUYHOTO, Tak 1 3a
MTOBTOPHO-CTaTUYHOTO HAaBAaHTAKEHHS.

91



BICHHK TEPHOIILTbCbKOI'O HAIIIOHAJIBHOI' O TEXHIYHOI'O YHIBEPCHTETY. Ne4 (80) 2015

375 0
HaBanTazKeHHN 2
B crarnane er
350+ [ Juosropno-cratuume
~ 4}
= R
; 325f 5 6}
=
<) 8l
300F
10t
275 12
oM M 3TB OM MI 3TB
a o

Pucynoxk 1. [TopiBHSHHS TPUBAJIOl MIITHOCTI 32 CTATUYHOTO i HOBTOPHO-CTATUYHOI'O HABAaHTaXXEHHS (a) Ta
BiJTHOCHA 3MiHa TPHBAJIOI MII[HOCTi, CIPHYMHEHA BIULIMBOM ITOBTOPHO-CTATHYHOTO HABAHTAKEHHS,
(0) pizaux 30H 33 ctani 15X2M®A y BoaHi 3a Temneparypu 450 °C ta 6a3u unpod 250 ro.

Figure 1. Comparison of long-term strength at static and re-static loading (a) and its relative change under the
influence of re-static loading (b) of the metal from the different zones of weld joint on the 15Kh2MFA steel
tested in hydrogen at the temperature of 450°C

Binomo, mo y 33 Temoctiiikux ctaneir nmaporoHiB TEC min BmimBoM poOouoro
HABOJHIOBAJIBHOIO CEPENOBUIIA HANUCXWIBHIIIMM JI0 JAerpajnauii  (pi3sMKo-MeXaHIYHHUX
BnactuBoctel € MIII [8]. Hami pesynbratu Tex nigrsepauiu (puc.l 6), mo MII nerpanye
HalcuibHILIE. 32 MOBTOPHO-CTATUYHOIO HaBaHTaKE€HHS TpuBasa MiHICT OM 3HMKYEThCS
Ha 5,3%, 3TB — na 4,9% a MII — na 11,1%. lle moxe OyTH CHPUYMHEHO SK BILJTUBOM
MEXaHIYHOI'O YNHHHKA, TaK 1 aKTUBHOI'O HABOJIHIOBAJIIBHOTO CEPEJOBHIIA.

OueBuano, mo LIVYII crani i y BUXiIHOMY CTaHi, ¥ micis eKcIulyaTalii 0JJHO3HAYHO
3HMKYETBCS 31 3HMKEHHSM M0YaTKOBOI'O PIBHSI HAIllpYXE€Hb Go, MPUUYOMY 1 Ha MOBITPL, U Y
BonHi (pwuc. 2). IlopiBHsHHa crami 2,25Cr-1Mo micns  gerpajamii B peakTtopi i
HeekciutyaToBaHoi 3a HIVII mpu piBHi o =330 MIla cBiguurh, mo y Boaui IIIVII
€KCIUTyaTOBaHOIo MeTaldy Outbil HK y 110 pa3iB nepeBuilye ii As cTajll y BUXITHOMY CTaHI.

3a HIVII y Boani cranb 15X2M®A Bke y BUXIAHOMY CTaH1 BUSBHJIACS TIPLIOK0 HIK
ctanpb 2,25Cr-1Mo. SIkimo nopiBHATH X 3a OJAHAKOBOI'O IOYATKOBOTO PIBHS HABAHTAXKEHHS
(oo = 330 MIIa), To LIVII cram 15X2M®A Oinbiie HDK Ha MOPSAIOK BUINA, HDK CTail
2,25Cr-1Mo (7,4-107 i 3-10"* %/rox Binmosimmo).
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Pucynoxk 2. Iopisusuas ctaneit 15X2M®A i 2,25Cr-1Mo y BUXiTHOMY CTaHi Ta MiCis Aerpaarlii B
J1a0OpaTOPHHUX 1 eKCIUTyaTaIliiiHuX ymoBax 3a IITYII

Figure 2. Comparison of steady creep rate of the 15Kh2MFA and 2,25Cr-1Mo steels in the initial state and
after degradation in laboratory and operation conditions

Taka cama tennenuis moao mBuakocti IIIYII 3a Takoro caMoro mo4aTkoBOro piBHS
HaBaHTaxeHHs (6= 330 MIla) 36epiraerpcs 1 micas aerpanamii cranei. LITYII ctam 15X2M®DA
3aJIMIIAEThCA BUIIO, HDK crani 2,25Cr-1Mo (BiAMOBIAHO 75-107° i 38107 %/rom). 3a
HIKYOTO PiBHA Go = 290 MIla 151 TenaeHis 3anuimaeTbes He3MiHHOW. [le o3Hauae, mo me
nepes excruryartariero craib 15X2M®A Bim3Ha4Yae€ThCsl BUMIOK0 CXMIBHICTIO JI0 MOB3Y4YOCTI
MOPIBHSHO 3 BXKUBAHOIO B CBITOBIM mpakTuill crammo 2,25Cr-1Mo, a BHacHimok aerpaaarii
cranedt pisHuLs MK HuMU 3a LHVYIT nento 3meHmyersbes.

BeranoBunu, mo 3navenns HIVYII gns 33 crani 2,25Cr-1Mo 3a Bunpo® y BoJH1 Ipu
0JIHAaKOBOMY I10YaTKOBOMY piBHI HampyxeHb (6o = 290 Mlla) npakTuyHO Ha 0JHOMY piBH1
qutst MIII micost 79-10° rog excrunyaraii B peakropi rizpokpekinry uadru (4,37-107 %) i wis
OM micmst 60-10° rox (4,97-107° %/roxm). lle Moxe OyTM HACIHIAKOM BHILIOTO OIOPY
noB3yuocTi MIII Ha nmoyatky excrutryaTariii nopiBHsHO 3 OM.

3meniienHs BiaMmiHHOcTed 3a LIIYII 06ox craneit micns ix aerpanauii Moxxke OyTH
HACJIKOM TOTO, 110 cTaib 15X2M®A nocnigmmm Ha moB3ydicTs juiie micist 200 TL y Bogni
i BOHA, 32 TaKOl KUIBKOCTI TEPMOILIMKIIIB, 1€ HE OCATIIAa KPUTUYHOTO PIBHS Aerpajaaiii. 3
OT0 MOXHa MPHUIYCTUTH, 110 a00 cTtaib 2,25Cr-1Mo B ekciuTyaTtamiitHuX yMOBax J0CsTiia
BHINOTO piBHA nerpanamnii i Tomy ii HIVYII 3pocna cumipHINIe, HDK A7 MEHII JErpagoBaHOL
crami 15X2M®A, abo iHTeHCcHBHICTh Aerpasnaiii ctami 2,25Cr-1Mo € BUIIO HDK CTati
I5X2M®A 1 tomy ii LLIVII 3pocTae iHTeHCHBHIIIE. BHACIIIOK BOTO PI3HUIISI MK CTAJISIMU
3a LIIVYII, BusiBieHa A HUX Y BUXIJHOMY CTaH1, HIBEIIOETHCS.

OTpumaHni 3a1eXXHOCT] TpUBaIoi MIHOCTI pi3HuX 30H 33 cTtami 15X2M®A ta OM i
MIII mst crami 2.25Cr-1Mo nipoanaitizyBaiii 3 BAKOPUCTaHHAM napametpa Jlapcona-Mumiepa
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(LMP), sxwuii BuzHauanu sk LMP = T<(20 + 1gty), ne T — remneparypa Bunpo0, K; 1,— uac 1o
pyHHYyBaHHS 3pa3KiB, roa (puc. 3).
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Pucynoxk 3. Kpusi TpuBaiioi MirtHoCTI MeTaimy pi3Hux 30H 33 crami 15X2M®A Ta crani 2.25Cr-1Mo B
KOOpJIMHATaX HAIPY)KEHHS G, BiJl TEeMIepaTypHo-4acoBoro napamerpa Jlapcona-Mimnepa LMP 3a Temneparypu
Bunpo6 450 °C

Figure 3. Long-term strength curves obtained at the test temperature of 450 © C for the metal of the different
zones of weld joint for the 15 Kh2MFA and 2.25Cr-1Mo steels as the dependences of temperature-time Larson-
Miller parameter (LMP) versus the initial stress level o,

PesynbraTtu, oTpuMmaHi 3a BUIIMX HAaBAaHTaKE€Hb, EKCTPAIIOIIOBAIM Ha poOoul. J{is
MOPIBHSIHHS MYHKTUPHUMH JIHISIMH Ha PUCYHOK HAHECIH CMYTY, L0 3TJHO 3 HOPMATUBHUM
nokymeHToM ASTM AS542 Tta Binnosigae Oe3neyHOMy Jiana3oHy ekcrutyaraiii cram 2,25Cr-
1Mo, sixka € 3aKkopIOHHUM aHajorom ctai [5X2M®DA.

AHani3 pe3ynpTariB mokaszaB, 1o it crtam 2.25Cr-1Mo 3a moYaTKoBOTO
HanpyxkeHHs 6o =290 MIla uac 1o pyiinyBanHs 1, MILl, nperpagoBaHOro BHACHIIOK
noB3ydocti mpu 450 °C B ekcruTyaTamifiux ymoBax ympogosx 79-10° rox, maiixe criBmnagae
3 17 U1 OM, erpajloBaHOroO BIIPOAOBXK 60-10° roxr. Ha miarpami Touku 060x marepianis (OM
1 MII) posramyBamucs Ha TpojoBkeHHI JiHIi, mo Bigmosimae MII cram 15X2M®DA Ta
ycepenHeHoi 3anexxHocti Juis  ctanmi  2.25Cr-1Mo, perinamMeHTOBaHOI — CTaHAapTOM
ASTM A542 [9].

BucnoBku. BusiBieno, o TpuBajia MILHICTh yCiX 30H 33 32 MOBTOPHO-CTaTUYHOTO
HaBaHTAXXEHHSI HIKYA, HDK 32 YUCTO cTaTnYHOT0. M1 BUSBUBCS HAUyTIIMBIIINM /10 BIUIUBY
MMOBTOPHO-CTaTUYHUX HaBaHTaXeHb. Bukopucranns mnapamerpa Jlapcona-Mimiepa naso
3MOry IOKa3aTu, 110 TpHBajla MILHICTh METaly pi3HHUX 30H 33 3a BUNPOO y BOJHI BXKE Yy
BUXIJJTHOMY CTaH1 JOCSira€ HIKHbOI MEXI1 PpErjJaMeHTOBAHOrO Jiana3oHy Oe3ne4yHoi
eKCIUTyaTallii TeTIOTPUBKUX CTAJICH.

Conclusions. It was revealed that the long-term strength of the metal from all weld
joint zones under re-static loading is lower than in a purely static one. The weld metal was the
most sensitive to the effects of re-static loading. Using Larson-Miller parameter it was shown
that long-term strength of the metal of different zones of the welded joint tested in hydrogen

94



MEXAHIKA 1 MATEPIA/IO3HABCTBO

already in the initial state reached the lower limit of the regulated range for guarantee safe
operation of the heat resistant steels.
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VIIK 539.3
Cepriii TUHYYK, KaH/JI. TEXH. HAYK

Hayionanvnuil ynieepcumem 6001020 2ocnodapcmea ma
NPUPOOOKOPUCINY BAHHSL

YUCEJBHUU AHAJII3 HATIPYKEHOI'O CTAHY
BATATOIIAPOBUX IMOKPUTTIB 3 JE®PEKTAMHU
HA )KOPCTKIN OCHOBI

Pesrome. [{ns oocnioocennss nanpyceno-oepopmosanozo cmany (HAC) bacamowaposux nium ua
HCOPCMKILL  OCHOBI  3aNPONOHOBAHO  CMPYKMYPHO-KOHMUHYAIbHY — YMOUYHEHY MOO0elb — OE3MOMEHMHO20
cumempuunoeo HIC. Pospaxynkosea cxema NONepeyHO HABAHMAIICEHOI NAUMU YMEOPIOEMbC CUMEMPUUHOIO
000Y006010 nAUMU GIOHOCHO NOBEPXHI KOHMAKMY 3 OCHOB0I0, 4 HABAHMANCEHHS HA MAKy NAUMY NOOGIUHOL
MOBWUHU NPUKTIAOAEMbCSL 3 080X CMOPIH, NPUYOMY, CUMEMPUUHO w000 il cepedunnoi nosepxni. HIC naumu
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