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Hasoosamuvcs pesynomamu docniodicens Qizuko-mexanivux e1acmusocmeti NiacmuyHo 0epopmosanoi mpyoHnoi
cmani 17I'1C nicns mpusanoi ekcniayamayii, makux sK CXUIbHICMb 00 800HeM IHIYIIOBAHO20 PO3MPICKYBAHHS,
WBUOKICMb KOPO3il, 6NIUE CIPDKOBOOHEB020 CEPed08Ud HA MEeXAHIYHI XaPAKMepUCmuKu, po3nooiry Mikpomeepoo-
cmi no moswuni mpybu. 3’sicosano, wo HaseHicms oegpopmayii' y 5% euraukac nioguwyeHHs: MIKpOmeepoocmi cma-
i Ha 49-63 oounuyi meepoocmi. 3a nassnocmi depopmayii y 9% cnocmepicacmvcs menuie 30inbulensi Mikpomee-
poocmi. Ciprogoonese cepedosuwge NACE He3HauHo 6NIUHYIO HA XAPAKMEPUCTNUKY MIYHOCMI Gt md O, aje Cym-
MEBO 3HUZUNO Xapakmepucmuky naacmuunocmi 8, . 110 eniusom cipko8ooHe6020 cepedosuya 3HaAYHO CKOPOYY-
€MbCSL HAC 00 PYUHYBAHHSL 3DA3KIE, GUSOMOBICHUX 5K 3 0e(hopMO6anol, mak i 3 HeOeghopmosanoi mpyoHoi cmai.

Kirouosi cioBa: mumactuuHo aedopmoBaHa TpyOHa craib, (i3MKO-MEXaHIYHI XapaKTEPUCTHUKH, MiKpOTBEp-
JIiCTh, BOIHEM iHIIIIOBaHE PO3TPICKYBaHHS, KOPO3is, CIPKOBOJTHEBE CEPEIOBHIIIE.

IIpusooamces pesynomamovl UCCIEO0BAHUN DUIUKO-MEXAHULECKUX CBOUCME NAACUYECKU 0edhopMupyemor
mpy6rnou cmanu 1711 C nocie OnumenvHol SKCHIyamayuy, makux KaKk CKIOHHOCMb K UHUYUUPOBAHHOMY 8000pO-
00M pACMPECKUBAHUIO, CKOPOCHb KOPPO3UU, GIUSHUE CEPOBOOOPOOHOU CPedbl HA MEXAHUYECKUE XAPAKMEPUCMUKU,
pacnpeoenenue MUKpomeépoocmu no moawune mpyowl. Ycmanosneno, mo naiudue degpopmayuii 6 5% evizvieaem
yeenuueHue Mukpomeépoocmu cmanu Ha 49—63 eounuyvt meépoocmu. Ilpu naruuuu degpopmayuii 6 9% Habiooae-
mcsi meHbutee ygenudernue mukpomeépoocmu. Ceposodopoonas cpeda NACE nesnauumenvHo noGusia Ha nPOYHoO-
CMHble Xapakmepucmuky Gt U Og, HO CYUECMEEHHO CHU3UAA Xapakmepucmuku niacmuunocmu S, \J. [1o0 enusnuem
€epoB8OOOPOOHOU CPedbl 3HAYUMENLHO COKPAWAEmCsl 8peMst 00 paspyulenus 06pazyos, U320mosieHHbIX KaK ¢ 0e-
opmuposannoil, max u ¢ HedeopMupo8aHHol mpyoHOU CIMAU.

KiroueBrie croBa: miacTHYecku ae(OpMUpOBaHHAS TPYOHAs CTajb, (PU3MKO-MEXaHUUYECKHE XapaKTEPUCTHKH,
MHUKPOTBEPAOCTD, HHUITUUPOBAHHOE BOIOPOIOM PACTPECKUBAHIKE, KOPPO3HSI, CEPOBOIOPOIHAS Cpera.

The article presents the results of the study of plastically deformed 17GI1C pipe steel's physical and mechani-
cal properties after long-term exploitation such as hydrogen triggered cracking, corrosion rate, influence of hydro-
sulfuric environment on mechanical properties, distribution of microhardness through the length of the pipe. It was
found out that in 5% cases, presence of deformation causes the increase of steel microhardness by 49 to 63 units of
hardness. In case of 9% deformation lower increase of microhardness is observed. Hydrosulfuric environment
NACE influenced greatly the strength characteristics oy and op, but significantly reduced ductility properties 6, .
Under the influence of hydrosulfuric environment, the time before destruction of samples as produced of deformed
and of non-deformed pipe steel

Keywords: plastically deformed pipe steel, physical and mechanical properties, microhardness, hydrogen
triggered cracking, corrosion, hydrosulfuric environment.

Beryn. Jlnst 3MCHIICHHST CHEPreTHYHOI 3aJIeK-
HOCTI YKpaiHu HeoOXifHO 3abe3nedyBaTH BHCOKY
HaIAHICTh MALIMH i CIOPY/ IANPHEMCTB HadTOra-
30BOTr'0 KOMIUIEKCY Ta PO3pOOJISITA pO3BiJiaHi ra3oBi
i HadroBi pozosuIa. OCOOMMBOI AKTYaIBHOCTI ITH-
TaHHs HaIHHOCTI i JOBrOBIYHOCTI Ta30IPOMHUCIIO-
BOro 00J1aIHaHHA HAOYBAKOTb TOMI, KOJIM TEXHONO-
Ti4HI NPOAYKTH POJOBHIL MICTATH TaKi KOPO3WBHI
KOMIIOHCHTH, SIK CIPKOBOJICHb, MEPKAITaHOBI CIIO-
JYKH, BYTJICKUCIIHH ra3.

TpernHa po3BiIaHMX Ta30BUX  POJOBHUII
VYkpaiHu MICTATh CIpKOBOACHB - HA/JI3BHYAIHO ar-
PECUBHMI KOMIIOHEHT, SIKUH ITPUCKOPIOE 3arajlbHy
KOpO3it0, BUKJIMKAE CIPKOBOJHEBE KOPO3ilHE pO3-
TpiCKyBaHHs[ nin HanpyxennsMm (CKPH), Bognem
iHiniioBane p03TpchyBaHH;1 (BIP) Ta moBepxHeBe
MyXUpiHHS cTaje i criaBiB. Hacammepen 1e cro-
CYETbCsl O0NIQJIHAHHS TAa30BHX POJOBUIN Ta Haii-
OUTBII MaTEepiaIOMICTKOT YaCTHHH KOMIUIEKCY —
TpyOONpPOBOIIB PI3HOIO MPHU3HAYECHHS, SIKI BUTOTO-
BIISIFOTH MEPEBAKHO 3 BYTJICLIEBUX Ta HU3BKOJIETO-
BaHUX cTanei [1-6].
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Okpemi BuM pyiiHyBaHb CTaIed BinOyBaroTh-
cs 3a BIJICYTHOCTI 30BHINIHIX HaBaHTaeHb. J[o
HUX HaJleXaTh: a) TIOBEpXHEBE MyXHPIHHA; 0) mMy-
XHUPIHHS 3 YTBOPEHHSM BOJHEBUX TPIIIMH Ta Kpa-
TEpiB; B) IHILIAOBAHE BOAHEM PO3TPICKYBaHHS,
TOOTO 3apOKEHHS TPILMH 3a BiICYTHOCTI HaBaH-
Ta)XEeHb MiJ] JI€I0 BUCOKOTO TUCKY MOJIEKYJISIPHOTO
BOJIHIO OLISI BHYTPIMIHIX Je(peKTiB (BKIIOYEHB).

[ToBepxHeBe MyXUpiHHS XapaKTepHe IS TUia-
CTHUYHHX TPYOHHX CTayieil HM3bKOI TBepaOcCTi. 3ri-
nHo 31 crangaptoMm NACE MRO0175-96 [16]
poOOTH y CIpKOBOAHEBUX CEpENOBHINAX JIOMYCKa-
totbes ctam 3 HRC < 22, 1g Benu4rHA BCTAHOB-
JIeHa Ha OCHOBI NMPAaKTHYHOTO JOCBimy. THUNOBWi
MPOSIB TIOBEPXHEBOT'O IMMyXUPIiHHS TUIACTHYHOI CTali
HaBeneHo Ha puc. 1 [6].

[NosiBa myxupiB HaWOUTBII IMOBIpHA B 30HAX
HAKOMWYEHHS KOAryJbOBaHWX BaKaHCIH, 32 HasB-
HOCTI IUIAKOBUX BKJIIOYEHBb, MIKPO- Ta MaKpOILyC-
TOT. AHaI3 CKJIay ra3y y NyXupsx 3acBiIUuB, 110
BiH MicTUTh 10 99,5% BomHto [7-9]. Tuck mporo
razy MOXe JOCSITTH KUIbKOX COTeHb aTMochep.
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[MyxupinHsg MiHIIIUX cTanel, 30kpema, Mapok /1 i
JI, cympoBOKYETHCS YTBOPEHHSM BHYTPIIIHIX
TPIIIMH Ta KpaTepiB riuOuHOI0 10 2...3 MM. Oue-
BHJIHO, 110 B CTAJISIX [IBOTO KJIACY Yepe3 BHIIYY TBe-
paictb (momyckaerbess HRC 21...26 [10]) po3Bu-
BalOTHCS TPHUITOBEPXHEBI CTYIMIHYACTI TPIIIMHU.
UYepes Benmuky HeOe3MeKy IbOTO BUIY KOPO3iifHO-
BOJIHEBOIO pYHHYBaHHS CTalled HENPHUITYCTUMO
BHUKOPUCTOBYBATH JIJIsI Ta30JJ00YBHOTO OOJIaJHAH-
HSl KOHCTPYKIIHHI MaTepiayu, sIKi HE € CTIHKUMH
70 HaBOJHIOBAHHS Y CIPKOBOJHEBUX CEPEIOBU-
Imax.

Pucynoxk 1 — IloBepxHeBe myxXupinHs
TpyOHoI cTani 20

B npani [11] HaBogATkCs pe3ynbTaTH JOCHTi-
JDKEHb BIUTMBY CTPYKTYpPH MaTepially Ha CXHIIb-
HICTb /10 HABOAHIOBaHHs. Beranosieno, mwo crpy-
KTypH 3i chepuynuMu KapOizamu, OTPHUMAaHUMH
MIiCIsl 3arapTyBaHHA Ta BIIIYCKY, MarOTh OUIBIIY
ndy3iiiHy MPOHUKHICTh BOJAHIO, aHDK CTPYKTYPH
3 KPYIHUMH TJI00YJIApHUMH 200 IJIaCTHHYACTUMU
kapOigamu. OcTaHHI OUTBIIOI0 MIPOIO TaIBMYIOTH
ndy3i0 BOJIHIO, BUKIMKAIOYM HOro Harpoma-
JDKEHHS B METalll 1 TIOJNETTYIOYH 3apOKEHHS TPi-
IMH. 3 MIJBMILICHHIM BMICTY CIpKHM B CTajii 3pocC-
Ta€ KUIBKICTh CYNbQIIHUX BKIIOYEHb Ta YYyTIIU-
BICTh JI0 KOpPO31MHO-BOJAHEBHX pyiHHYBaHb. PDoc-
¢dop, 10 3HAXOMUTHCS B CTajli, raJibMye CTaJilo
pexoMOIHaIliT aTOMIB BOAHIO, BHACIIOK 4Oro 30i-
JBIIYEThCS IHTCHCUBHICTh HABOJHIOBaHHS. ToMy
Uit pOOOTH B HABOJTHIOIOUMX CEPEOBHINAX JOIY-
CKaIOThCS MAJIOBYTJICIIEBI CTalli 3 HU3BKUM BMicC-
TOM Cipku Ta pocdopy.

B pesynprari HOBrOTpHBAIOl eKCIUTyaTawii
rasoBUX POJOBHIL, IO MICTATH CIPKOBOJEHDb, BH-
HUKA€E MOMKJIMBICTH TOTPATUISHHS CIPKOBOJHIO IO
MaricTpaibHuX TpybompoBofi. Lle Moxe Tpamu-
THUCh BHACIIIOK Hee(eKTUBHOTO (QYHKI[IOHYBaHHS
OYHMCHUX CIOPYHl, BUHUKHECHHS aBapiiiHUX CHUTYya-
it abo OioreHHoro Qaxropy (MiKpoOiONOTIYHUX
nporeciB). HaiiGinpury mkoay HaHOCSTH Cynbdart-
BigaoBmotodi (CBB) Ta Tionosi Oakrepii. CBb B
MPOIIECi CBOET IKUTTEMISUIBHOCTI IEPETBOPIOIOTH
cynbhatH i cyan)im Ha cipKOBoz[eHb OKHCITIOIO-
4K MOJIEKYJISIPHUI BOJEHb, NPUCYTHIH B IPUPO.-
HUX BOZaX, ab0 TOH, L0 BHAUISETHCS B IPOLECI
KOpO3ii cTaneBoro 06Ha)Z[HaHH$I Iporec GiorenHoi
cynbdat peaykilii Moxke OyTH OMHCaHUI peakIiero

12]:

CBb
t+850; +4H, > H,S +4H,0.

Ak 6aunMo, MIKpOOIOIOriyHI MPOLECH MiICH-
JIOIOTHh KOPO3il0 IPOMHUCIIOBOTO 00JIa JTHAHHS.

Mera HammMXx A0CIIHKEHD MOJISTa€ Y BUBUCHHI
BIUIMBY CIDKOBOJIHIO Ha KOPO3iliHi Ta KOpO3ifHO-
MexaH14Hi BIacTuBOCTI TpyOHOT cram 17T 1C.

1. JocaigkeHHs1 CXHJIBHOCTI TPyOHOI cTami
17T'1C po BoaHeM iHiHiliOBaHOT0 PpO3TpPicKYy-
Banns (BIP). [Tix yac excruryaranii obnagHaHHs y
CEpEeIOBUIIAX 3 BHCOKUM BMICTOM CIpPKOBOJIHIO
(manpukian, y HadTi a00 rasi) TPIKUHU B CTaJSIX
MOXKYTh YTBOPIOBATHCS BHACIIOK BOIHEM IHIIi-
HoBaHoro posrpickyBanHs (BIP). AnrimomoBHMit
ananor — hydrogen induced cracking (HIC). Tlix
OCTaHHIM PO3YMIIOTb 3aPOUKCHHS TPILMH 32 Bill-
CYTHOCT1 HaBaHTa)XEHb MiJl JIIEF0 BUCOKOT'O THUCKY
MOJIEKYJISIPHOTO BOJHIO O1Isl BHYTPIIIHIX JedeKTiB
(BKJIFOYCHB), PO3LIAPYBAHHS, IOBEPXHEBE IyXH-
pinns (Omicrepinr). 3rinno 3i crangaprom NACE
TM-02-84 crani Jjisi BUTOTOBJICHHS TPYyO IOCIIi-
JDKYIOTh Ha CXWiIbHICTH 10 BIP, ockinbku Takuit
TecT € 00O0B’SI3KOBHUM JIJIsl T0OOpY MaTepialiB Tpy-
00MpoBO/IiB, MPU3HAYCHUX JJISI TPAHCIIOPTYBAHHS
IPOJYKTIB 3 JIOMilIKaMu CipkoBOHI0. BIP mposis-
JSIETBCA B YTBOPEHHI BHYTPILIHBOCTPYKTYPHHUX
TPIlMH, OPIEHTOBAHHX IIEPEBAXKHO y HAIpsIMi Ba-
JBIFOBaHHS TPYO Ta IHIIKX JeTajeH.

Hnst nocnimkennast BIP ta moBepxHeBoro my-
XHPIHHS BUKOPHCTOBYBAIlM NPSIMOKYTHI 3pa3KH
3apnoBxkku 100 MM (y HampsiMi BasibLIOBaHHS),
3apmupiikun 20 MM (yromepek BaibLIOBAaHHS) 1
3aBTOBIIKH ¢ — 1...2 MM, J€ ¢ — TOBIIMHA CTIHKH
TpyOu abo BUPOOY.

3riIHO TOTO K CTAaHAAPTY 3pa3KH BUTPUMYBa-
M IPOTAroM 96 rofuH (WISl YNCTOTH SKCIIepruMe-
HTY Yac BUTPUMKH 30UTBIIYBAIIH 1, HABITh, MJIKUC-

moBanu cepeaosuine 10 pH ~ 2) B cipkoBoHEBO-
my pozunHi NACE (5% NaCl + 0,5% CH;COOH,
OesnepepBHe HacuueHHs H,S 31 mBuakicTio 10
mir/xB, pH 3,0...4,0). Minimaneauii 00'eM po3unHy
- 4,5 mi/cM”™ TIOBEpXHI 3pa3KiB; TemIepaTypa BU-
npodysanb - 2012 °C (puc.2).

Bceranopneno, mo 3pasku 3i crami 17T'1C
He 3as”Haau BIP IPU BUTPHMKAX 96 rox, 200 rof,
720 ron, 1440 rogx, i, HaBITh, P MiTKUCIICHHI Cip-
KOBOJIHEBOTO cepeoBuina 1o pH ~ 2.

2. BuzHayeHHs IIBHAKOCTI Kopo3ii MeTany
(MacoMeTpUYHUM METOJOM). 3pa3KH JUIsl JIOCIHi-
JUKEHb BUTOTOBIIUIM SIK 3 JeopMoBaHHX TPYyO
(5% 1a 9%), Tak 1 3 HenmehopMOBaHUX TPYO Pi3HOT
toBmuHU (10,3 MM Ta 15 MM), BUTOTOBJICHUX 31
crani 17T'1C. dochimkeHHsT POBOIMIN Y PO3YHHI
NACE (5%-uii Bomuuii pozunH NaCl + 0,5%
CH;COOH, nacuuenns H,S, pH 3...4, temme-
paTypa BunpoOyBaup — 22+3°C [13].

3pa3ku Il KOPO3IHHKUX MOCTIIKEHb Maco-
METPUYHHM METOJOM BUpi3alld 13 3aroTOBOK 3
MOAAJIBIIUM MITiYBaHHSIM YCiX TOBEPXOHB (110
mopcTtkocTi R,=0,6...0,8 MKM), 3HEKUPIOBAIH B
alleTOH1 Ta BUCYIIYBaJIH.

BukopucTtoByBanu TpH 3pa3Kd Ha OJIUH JIO-
cin. Jlo BUKOPUCTAHHS 3pasku 30epiranu B €K-
cukaropi. [licisg KOpo3iHHHUX NOCHTIIKEHb 3pa3-
KM TIPOMHUBAJIHA BOJIOIO, BUCYIIYBAJIA, MEXAHIYHO
(TymMKa) BHAAISIIN MPOJYKTH KOPO3ii, mpoMuBa-
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1— anapam Kinna; 2 — ckasnxa Tumowenxa, 3 — 600auUll 3ameop;
4 — poboua emHicmb 3 CIPKOBOOHEBUM POZUUHOM, 5 — 3DA3KU.

Pucynok 2 — Cxema i1 BUNIPOOYBaHb Y HACHYEHOMY CipKOBOJAHEM pPo00YOMY PO34MHI:

Tadaunsa 1 — HIBuakicTe kopo3sii TpyoHoi cTaai 171'1C

MapkyBaHHS | T, TOII. mo, m, Am S, M K,, /M’ Tox 11, mM/pik
13, ne.9% 192,0 175,1 174,3 0,8 6,65-10” 0,6266 0,7000
18, ne.9% 192,0 171,9 171,2 0,7 6,57-10" 0,5549 0,6182
2, He ned. 192,0 2293 228,7 0,6 7,48-10” 0,4178 0,4654
15, ue ned. 192,0 175,0 174,3 0,7 6,74:10” 0,5409 0,6026
5, ned.5% 192,0 232,6 231,7 0,9 7,48-10° 0,6267 0,6981
8, ned.5% 192,0 235,7 234,5 1,2 7,62:10° 0,8202 0,9137

nM B aneToni Ta sucymysanu. [licns neoroann-
HOT BUTPUMKH B E€KCHKATOP1 3pa3Ku 3BaXKyBallld
[14,15].

IBuakicte kopo3ii (K,,) po3paxoByBalu
3a hopmyInoio:
mo —m

= ——
St

ne my, m — Maca 3paska JIo i Micisi eKcIepH-
MEHTY, BIIMOBITHO, T;

S — moma 3pas3ka, M’

T — 4ac BUTPUMKH 3pa3KiB Yy KOPO3UBHOMY
CepeIOBHII, TOI.

[MepepaxyHoK KOpPO3iMHMX BTpaT Macu 3pa-
3Ka Ha TTMOWHHUN Moka3HUK (/1, MM/piKk) Tpo-
BOJIUJIN 33 (POPMYJIOIO:

K

9

1 Kn

9
2
Ie p — ycTHHA MeTajy, I/cM”.
Jus crami

7,86

Pesynbratn mocmipkens 3Beeni 1o tadn. 1.

Sk GaurMo 3 pe3ynbTaTIB JOCTIIKEHb, HaBe-
JIeHUX y TabuuiL, 1ehOpMoBaHi 3pasku KOPOIYIOTh
3 OUIBIIOIO MIBMAKICTIO, HDK HexepopmoBani. 3
HaHOUIBIION IIBUAKICTIO KOpoaye 3pa3ok Noe 8,
BHUTOTOBJICHUH 3 nedopmoBanoi (5%) TpyOu, Haii-
MOBUIBHIIIE — 3pa30k Ne2, BUTOTOBJICHUH 3 Hele-
(opmosanoi Tpy6H. 3a3Han/1Mo wo st gedop-
MoBaHHUX 3pa3kiB Nel3 Ta NeS5 pisHuil CTymiHb Je-
hopmauii (9% Ta 5%) He BIUIMHYB Ha IIBHIKICTH
Kopo3ii. Bci 3pa3ku kopoayBanu piBHOMIpHO, 6e3
YTBOPEHHS ITITHHTIB Ta BUPA3OK.

3. JocainskeHHs BIUIMBY CipKOBOJAHEBOIO
cepeOBHMIIA HA BJIACTHBOCTI  TPYyOHOI craui
17T'1C. [locnimKyBand BIUIMB  CIPKOBOJHEBOIO
CepeloBHIa HAa 3MiHY XapaKTEPUCTHK MIIIHOCTI
(or, op) Ta TacTHYHOCTI (O, ). s 11bOT0 3pasku
nornepeanbo BuTpumMyBanu y pozurHi NACE mpo-
TaroM 200 roauH, a MOTIM MPOBOAUIN BHUIIPOOY-
BaHHA Ha ycraHoBii YBII-6 (puc. 3) 3 manoro
mBuaKicTIo nedopMyBanHs 3paska 107, ¢, Bes-
nepepBHe JAeopMyBaHHs 3pa3ka PO3TATYBAHHSM 3
MaJIO0 MIBHJIKICTIO 3JIHCHIOBAIM 32 OJHOYACHOL
Jii KOPO3UBHOrO cepenoBuila. Kpurepismu cxu-
JBHOCTI 10 KOPO3IMHOTO pO3TPICKYBaHHS BBaXKAIIU
4ac pyHHyBaHHA METaJly, & TAKOXK 3HIKECHHS TL1ac-
TUYHOCTI T4 MIIIHOCTi Marepiany B KOPO3UBHOMY
CEpENOBHII Y MOPIBHSHHI 3 BiNOBIIHUMH MOKAa3-
HUKAaMH B IHEPTHOMY CEPEIOBHILLI.

Ha puc. 4 306paxeno KpI/IBl | POTATY 3 MAJIOK0
MBHUAKICTIO Aedopmartii (10 ") 3paskiB 3 Heze-
(dhopMOBaHOI TpyOHOT cTai 17T1C (TOBIIIMHA CTIiH-
Kd TpyOu 15 mm). B Tabnuii 2 HaBeneHO pe3yiib-
TaTH BU3HAUCHHS MEXaHIYHUX XapaKTEPUCTUK ITHX
3pa3KiB.

Sk BumHO 3 puc. 4, 9ac 10 pyHHyBaHHS 3pas-
KiB, BUTPUMaHHX y CIPKOBOJHEBOMY CEPEJIOBHIILI,
CKOpOTHBCS y 3,2 pasu (121/38) y mopiBusHHI 3
4acoM JI0 PyiiHYBaHHs 3pasKiB, BUIIPOOYBaHHX Ha
MOBITPi. XapaKTEPUCTHKH MIITHOCTI Ot 1 Op Mpak-
TUYHO HE 3MIHWINCS. XapaKTePUCTHKH IJIaCTHY-
HOCTI 3MEHIIMIHCh CYTTEBO: & — y 5,15 pasis
(20,6/4.0); v —y 7,7 pasis (65,5/8,5), 1m0 CBiTUUTH
npo okpuxieHHs TpyOHoi ctani 17T'1C mix niero
CIPKOBOJIHEBOT'O CEPEIOBUIIA.

Jlo Tabnuili 3 3BeIEHO pe3ysibTaTH BUIIPOOY-
BaHb 3pa3KiB, BUTOTOBICHHUX 3  jaehopmMoBaHOL
TpyoHoi cram 17T'1C (ToBHIMHA CTIHKH TPyOW —
15 MM, MakcHMajIbHA BiHOCHA AedopMarltis - 5%).

—
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a — 3a2anvHull u2isnod, 6 — cxema yemanosku, 1 — ounamomemp; 2 — msea eepxmsi; 3 — 3pazox;
4 — msiea HUMCHSA, 5 — eeKMmpOoOsUSYH, 6 — 207106HULL peOyKmop, 7 — peOyKmopu RPOMINCKOBI

Pucynok 3 — Ycranoska YBII-6 119 Bunpo0yBanb 3pa3kKiB 3i cTa/1010 IIBUAKICTIO Ae)OPMYBaHHS
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Pucynok 4 - KpnBl po3Tary 3pa3kiB 3 HeieopMOBaHOI TPYOHOI cTadi 3 MaJIOK0 IBUAKICTIO Tedop-
manii (107, ¢') na nosirpi (¢) Ta micis BuTpuMyBanus B po3unni NACE nporsarom 200 roz. (6)

Ta6auus 2 — BniuiuB cipkoBogHEBOT0
cepe0BHILA HA MeXaHiYHI XapaKTepHCTHKH
HeedopMOBaHOI TPYOHOI cTati
(ToBIIMHA CTIHKHU TPYOoH — 15 Mm)

OT, OB, [ 0
Cepenopuiie MIla | Mla 5,% | v, %
[oBiTps 410 550 20,6 | 65,5
NACE 400 530 4,0 8,5

Ta6auus 3 — BniuiuB cipkoBogHEBOT0
cepe0BHINA HA MeXaHiYHI XapaKTepHUCTHKH
aeopMoBaHOi TPYOHOI cTami
(ToBIIMHA CTIHKHU TPYOH — 15 MM,
MaKCHMMaJibHA BinHoCHA nedopmanis — 5%)

OT, OB, [ 0
Cepenopuiiie MIla | MITa 5,% | v, %
IToBiTpst 420 530 12,6 | 64,9
NACE 380 480 4,6 19,3

J
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[licnst BUTpUMYBaHHS 3pa3KiB y pO3UYMHI
NACE w4ac no pyiiHyBaHHS CKOpPOTHBCS Yy 3,3 pasu
MOPIBHSIHO 3 TUM CaMUM TOKa3HUKOM Ha IOBITPI.
XapaKTepUCTUKU MIIHOCTI 3MeHImInch B 1,1 pa-
3U. XapaKTepUCTUKU TUIACTUYHOCTI 3MEHIIHMIUCH
cyrresime: 0 —y 2,7 pasu (12,6 /4.6); y —y 3,4
pasu (64,9/19,3).

Jlo Tabnuili 4 3BeIEHO pe3yJIbTaTH BUIIPOOY-
BaHb 3pa3KiB, BUTOTOBJIICHUX 13 HexedopmMoBaHOT
TpyoHoi crami 17T'1C TpyOM TOBIIMHOIO CTiHKH

10,3 mm. [yt ibOro Matepiaiy ImijJ BIUIMBOM Cip-
KOBOJIHEBOTO CEpEIOBHINA 4Yac J0 pPYHHYBaHHS
ckoporusest y 2,75 pasu (110/40). Xapakrepucru-
KM MILIHOCTI Ot 1 Gp HE 3a3HaNU 3MiH. Xapakrepuc-
THKW TUTACTHYHOCTI, K 1 ciix Oyrno owikyBatw,
3MEHIIMJIUCS: O — Y 2,5 pasu (19,7 /7,9); w —y 3,5
pasu (71,9/20,8).

Jo Tabmuui 5 3BeNeHO pe3ynbTaTdH JOCIi-
JDKEHb 3pa3KiB, BUTOTOBJIEHHX 3 jaehopMoBaHOL
TpyoHoi cranmi 17T'1C TpyOu 3 TOBIIMHOIO CTiHKH
10,3 mm. Yac o pyiiHyBaHHS MaTepiairy ITijl BILTH-
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BOM CIpPKOBOIHEBOTO CEPEIOBHUINA CKOPOTHBCS Y
3,5 pasie (94/27). XapaKTepuCTUKH MILHOCTI Ot 1
Op TPAaKTHYHO HE 3MIHMIIMCA, a XapaKTEPUCTHKH
IJIACTHUYHOCTI 3MEHILIWIMCS BiAMOBiAHO: & — y 3,86
pasiB (14,3/3,7); y —y 5,8 pa3ie (56,9/9,8).

Ta6auus 4 — Bniuiue cipkoBogHEBOT0
cepe0BHILA HA MeXaHiYHI XapaKTepHCTHKH
HeedopMOBaHOI TPYOHOI cTami
(ToBmIMHA cTiHKHU TPYOoH — 10,3 Mm)

OT, OB, 0 0
Cepenopuiie MIla | MIla 5,% | v, %
IToBiTpst 370 550 19,7 | 71,9
NACE 370 550 7,9 20,8

Ta6auus 5 — BiuiuB cipkoBogHEeBOr0
cepegOBMILA HA MeXaHiYHI XapaKTepPUCTUKHU
aeopMoBaHOi TPYOHOI cTami
(ToBMHA cTiHkM TPpYOou — 10,3 MMm;
MaKcHMMaJibHA BiqHocHa Aedopmanis — 10%)

OT, OB, 0 0
Cepenopuiiie MIla | Mla 5,% | v, %
IToBiTpst 400 550 14,3 | 56,9
NACE 400 540 3,7 9,8

4. BusHavenHst MikporBepaocTi TpyOHOI
craai 17I'1C. Posnonin MikpoTBepAoCTi 3a mepe-
pi3oM 3pasKiB BHU3HAYAIH BUMIPIOBAHHAM MiKpO-
TBEPJIOCTI 3 MOBEPXHI Mepepizy 3pa3ka MeTaay Ha
npunani [IMT-3M 3a TOCT 9450-76 [16-18]. Ilin
Yac JIOCTiKEHHsT poOIIM HEe MEHIIe, HDK TPH T10-
BTOPHHX BHUMIPH TBEPIOCTI HA KOXHOMY piBHI
nutipa. TBepaicTh BU3HAYAM 3a HaBaHTAKCHHS
0,49 H (50 1), BCTAaHOBIIOIOYH 1HJEHTOP TEpIICH-
JWMKYJISIPHO JI0 TOBEpXHi. [ goTupurpaHHoi mi-
pamiKu 3 KBaJpaTHOI OCHOBOKO BEIHYUHY MiK-
POTBEPIOCTI OOYUCITIOBAIN 3a (POPMYIIOIO:

HV:P—0189><£[MHa] (1)
S d’

ne P — uaBaHTaxkeHHs, H;

S — mIola BiHOBJIGHOT'O BiAOWTKY Mipami-
KH, MKM";

d — niaroHajb BiTOUTKY YOTHPUTPAHHOI anMa-
3HOI MipaMiIKk 3 KyTOM IpH BepiiuHi 136°, MKM.

PesynbTatn  BHMIipIOBaHb ~ MIKPOTBEpIOCTI
oceplis 3pa3KiB HaBeACHO y Tabuuui 6. Jlocmimky-
BaBCsI TAKOX PO3IOJILT MIKPOTBEPIOCTI Y TTOBEPX-
HEBHX Iapax 3pa3KiB 3cepe/InHU 1 330BHI TPYOH.

TlopiBHSHHS pe3y/IbTATIB BUMIPIOBAHHS MiK-
POTBEPAOCTI OCEP/b 3pasKiB 3 CEPENHBOI0 MIKpO-
TBEPJICTIO CBIMYHTH, IO TBEPIICTH OCepIs Hele-
(dhopMoOBaHMX 3pa3KiB € HWKYOIO BiJ| CEpENHBOI, a
nedopMoBaHUX - MOKe OyTH PiBHOIO abo mepeBu-
LIyBaTH 1.

BucHoBku. Sk IOKa3yroOTb pPE3yJbTaTH J0-
CIT/KEHb (PI3UKO-MEeXaHIYHUX BIIACTUBOCTEH Iia-
cTH4HO jAedopmoBaHoi TpyOHOI ctami 1711 C micns
TpUBaJIOl eKCIUIyaTallil, HasBHICTh JaedopmMariii y
5% 3pasKiB BUKJIMKAE MiABUINCHHSI MIKpOTBEPAOC-
Ti cTam Ha 49-63 OnMHUII TBEPIOCTI, a 32 HAsSBHO-
cri gedopmarii y 9% crnocrepiraerbesi Iemo MeH-
e 30UTbIIeHHS MIKpoTBepaocTi. OYeBHAHO IIe
OB ‘SI3aHO 3 OUIBIIMM CTYIICHEM IUIACTHYHOI Jie-
¢dopmarii Ta penakcanicro HarnpyxeHb. CipkoBOJI-
HeBe cepenopuiie NACE He3sHAayHO BIUTHBAE Ha
XapaKTePUCTUKU MILHOCTI Gr Ta Gp, aje CYTTEBO
3HMXKYE XapaKTEepUCTUKU TacTu4HocTi O, Y. Ilix
BIUIMBOM  CIDKOBOJIHEBOTO CEPE/IOBHUILA CYTTEBO
CKOPOYYETBCSL 4ac 10 PyHHYBaHHs 3pasKis, BUIO-
TOBJICHUX SIK 3 1e()OPMOBAHOI, TaK i 3 Hezepopmo-
BaHOI TPyOHOT cTaeH.
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