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JOCHIIZKEHHA ITPUYHNH 3HUKEHHA MIHHOCTI
TPYBOIIPOBOJIB TEIL

B cmammi na 6a3i mexaniunux, memanocpagiunux i peHmeeHoCneKmpaibHuxX 00Ci-
00iCeHb BCMAHOGIEHA NPUYUHA A8apiliHuX pylHysanb mpybonposodie TEL]. [loxasa-
HO, W0 KOPO3IUHI ypadiceHHs memana mpybonposoodie cynpogooicylomuscs o2o ax-
MUBHUM HABOOHIOBAHHAM | OKPUXUEHHAM, 8 HACTIOOK 4020 3HUINCYIOMbCA NAACHUYHI
e1acmueocmi i CmIuKicms mMamepiany npomu KOpO3iUHO-MeXAHIYHO20 DYUHYEAHHS
mpy6onposodie, ocobauso nicas 3-5 pokie excnayamayii. Memanoepaghiunumu ooc-
JONCEHHAMYU BCMAHOBIECHO, WO NOGEPXHA MPYOONPOBOOI8 8pPAdlCEHA KOPO3IUHUMU
BUPA3KAMU, XAPAKMEPHUMU 0151 NPOOYKMI6 KOPOIIHO20 GNAUBY XIMIUHO-AKMUBHO20
MEXHON02IUHO20 cepedosuyd, sIKe NepeKasyemvpcs mpyoonposooamu.

Knrouosi cnosa: mpybonpogio, miyHicms, KOpO3is, 6UpasKu, HAB0OHIOBAHHA, Mpi-
WUHOCMIUKICb

Beryn i mocranoBka mpoOiaemu. Haniiinicts 1 ekoHoMiuHicTe pobotn TEL]
MIPOMHCIIOBUX MiANIPUEMCTB 3aJISKUTh BiJl PalliOHAIILHOIO BUOOPY MaTepialiB i sIKOCTI
MOHT@)XHUX pOOIT mpu OyIiBHUUTBI TpyOONPOBOIB, AKi SBISIOTHCI OCHOBHUM eJie-
MEHTOM TEIUIOCHEPreTuyHoi cucremu BUpoOHuuTBa [9-11]. [IpaBunbuuii Bubip Tpyo-
HUX crtajed i po3mipiB Tpyoonposoais (TII) Ta izomorounx MaTepiaiiB 3abe3meuye
CKOHOMIYHICTh TPAHCIIOPTYBAHHS Mapa i raps4oi BOAM 3 JTOMyCTUMHMHU BTpaTaMH TH-
CKYy 1 TeMIeparypu.

Binomo [2-4; 9-11], mo Bubip marepianiB 1t Tpydonposoznis TELL GypsikortykpoBoro
BUPOOHMIITBA TIPOBOAXTHCS BinosinHo IIpasui i HopMm kornonamzopa Ykpainu (ITHKY).
3rigHo Bumor I[THKY, tpybonposin, po3paxoBaHuii Ha yMOBHUM TUCK Py, = 64 atM, Mo-
KHa BHKOPHCTOBYBAaTH NpPH TEMIIEPaTypi MepeKauyyrouyoro cepeioBHILa (BOISHOIO
napa) 450-475°C 1 naitOunpioro podouoro tucky 50 atm [10-11].

Hapniiinicte TpyOompoBomis TELl, B 3HauHiii Mipi, 3aJ€XUTh BiA KOPO3iHHO-
MEXaHIYHUX BJIACTUBOCTEH TPYOHHX CTajieH, ane iCHyIoui 10 IUX Mip HAyKOBO-TEXHIUHi 1
TEXHOJOTIYHI pO3POOKH OO0 MiZBUIIICHHS eKCILTyaTaIliiHOI HATIIHOCTI 1 JIOBMOBIYHOCT1
TpyOONPOBOIB BHUABISIIOTE NPOTHPIYYSI 1 HEBU3HAYEHICTH SIK Y JOCTIJHUKIB, TaK 1 €Kc-
TUTyaTaIiHUKIB, BIICYTHICTb YiTKOI B PO NPUYMHY 1 YHHHUKH, BU3UBAIOYH BIIMOBH 1
pyiinyBauns T11, a Takok HAyKOBO OOIPYHTOBaHUX MPAKTHYHUX PEKOMEHIALI CTOCOBHO
ONTUMAIBHOTO BUOOPY TpYOHMX CTaleH, eKCIUTyaTYIOUHX B YMOBaX XiMi4HO-arpecHBHUX
CEPEIOBUIL TIPH 3MIHHUX TEMIIEPATYpPHO-0apUUHUX PeXHUMax OypsKOIYKPOBOI'O BHPOO-
uuurea [1-8; 12-14]. Le, B cBOIO 4epry, HE Ja€ MOXKIMBOCTI pO3pOOHTH eEeKTHBHI Opra-
Hi3aLiHO-TEXHIYH] 3aX0¢ MO0 MONEPEIKEHHS BIIMOB 1 aBapiliHUX pyHHYBaHb TPyOO-
MPOBOIB, SIKi MOXKYTh IPHBECTH 0 BAKKUX TEXHOJOTTYHUX 1 EKOHOMIKO-CKOJIOTTYHHX
HACIiAKIB. Y 3B’3Ky 3 UM BUHMKJIa HEOOXIIHICTh Y BUBUEHHI MPUYMH KOPO3IMHUX ypa-
xeHb CTiHOK TII, 0 cIy>KuTUME OCHOBOIO ISl PO3POOKU TEXHOJOITYHUX 1 eKCILTyaTa-
LIMHUX 3aXOMiB 3 MiABUILEHHS KOPO31HHO-MEXaHIYHOI CTIHKOCTI TpYOHHUX cTasield TpyOo-
nposoziB TEL[ OypsKkoIykpoBUX MiAPHEMCTB.

Mera pocjitzkeHb — BUBYCHHS! IPUUMH KOPO3iHHO-MEXaHIYHUX PYHHYBaHb TPY-
6onpooniB TEL] OypsAKoLYKpOBUX HiIIPUEMCTB.
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Metoauxka gociaigkernb. O0’€eKTOM IOCTIIKEHb CIYKUIH (parMeHTH TpyO, BH-
pi3aHi B mpoLeci BUMYILIEHOI'O UM IUIAHOBOT'O PEMOHTY i3 aBapiiHUX TPyOOIpOBOIIB 3
pisHMMH TepMiHamu ekcrutyartanii: Big O (aBapiiiamii 3amac) mo 20 pokis. B mocii-
JDKEHHAX BUKOPHCTOBYBAIM 3pa3Ku TPyOOIPOBOJIB, BUTOTOBJICHHX i3 CTallell MapoK
20, K15, 06X1 i 09I'2C. Hiamerp TpyO — 200mM, ToBIIMHA cTiHKH — 10MM. 3pasku
MOLIKOKEHOr0 MeTana TPYyOOHNpOBOAIB AOCITIIKYBAIN 3 BUKOPUCTAHHIM PacTpOBOIO
enekrponHoro mikpockona JSM-35CF (dipma «/lxeom», Smonis). Bmict BomHIO i1
XapakTep po3MOALLTy Horo B MeTali TpyO BHBYAIM METOIOM JIOKJIBHOI'O Mac-
CIIEKTPAJIbHOI O aHaNi3a 3 JTa3ePHUM MIKPO30HIOM.

3MiHy piBHS HAPY>KEHb cTased TpyO 3 pi3HUM TEPMIHOM eKCIlTyaTauii BU3HAYa-
JIM Ha CTaHAAPTHUX LMWIIHAPUYHUX 3pa3Kax AiaMeTpoM SMM, sKi Oyiau BUpi3aHi i3 3a-
TOTOBOK LIMX CTallel, 1 mijmaBaiucs OJHOOCHOMY po3TsaryBaHHi tumy MU-12 [6].
Mexaniuni BUNpoOyBaHHS BHKOHYBaJM Ha YHiBepcajbHIA po3puBHIA MammHi «lH-
cTpoH-1251» (BenukoOpuranist) i3 mBHAKICTIO AepopMyBaHHS SMM/XB MPH MOCTiH-
Hill Temnepartypi 22°C. 3a pe3ynpTaTaMu eKCIIEpUMEHTAIbHUX BUIPOOYBaHb IS KO-
YKHOTO 3pa3ka BU3HAYAIN MEXY TEKy4OCTi — mapamerp Go, [2; 3].

KonuenTpauiifiHuii po3noAia el1eMeHTiB Ha OKpEMHX IUISTHKaX KOpO3idHHX Bpa-
XKEeHb CTIHOK Tpy0 BHBYaJIM 3 JONOMOIOI0 BTOPHMHHOI 10HHOI Mac-CHEKTpOMeTpii
(ycranoBka «LLAS-2000» 3 mpuramom MS-156) [5,6].

Mikporsepaicts BuzHavanu Binnosimao 'OCT 9450-80 3 BUKopucTaHHSIM aama-
3HOI mipamigy pa3oM 3 MeTajorpadiqvHUM MIiKpPOCKOIOM. 3pa3Kd Uil BHMIpIOBaHb
TBEPJOCTI FOTYBaJIH MOAIOHUM YHHOM, SIK Makpouutipu [6].

Pe3yabTaTu aociaigrxedb. PesynpraTn BHMIpIOBaHb BMICTY BOAHIO 1 XapakTep
fioro posmoainy B craysix 20, K15 1 06X1 npencrasneni va puc. 1-3. Ha puc. 4 noka-
3aHUI XapakTep po3MOALTY MIKpOTBEpAOCTI Meraia TpyO i3 crami 20 3 pi3HUM TepMi-
HOM eKkciutyarauii. Ha puc. 5 mokasanuii TakoxX po3noIisl BOAHIO 1 MIKPOTBEPAOCTI O
nepepi3y TpyoO i3 crami 100" 3 pi3sHIM TEpMiHOM eKCILTyaTailii.
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Puc. 1. [diarpamu po3noxiny BogHio o Puc. 2. [liarpamMu po3noAisTy BOIHIO TIO TIepe-

niepepizy criaku Tpyoonposoxis TEL] (cTams
20) 3 pi3HAM TEpPMIHOM eKCIuTyaTarii (B po-
Kax): A—5; e —10; o—15; 0 —20.

pisy criaku TpyoomnposoxaiB TEI] (crans K15)
3 pI3HUM TEPMiHOM eKCIUTyaTaii (B poKax):
A-5;0—10;0-15; o—20.
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Puc. 3. [Jiarpamu po3noaisy BomHio 1o mepe-  Puc. 4. [liarpamMu po3noaisry MiKpOTBEpIOCTi
pisy crinku TpyoomnposoxaiB TEL] (cranb 1o mepepizy criaku Tpybdomposona TEL]
06X1) 3 pi3HIM TEepMIHOM EeKCIDTyaTamii (cranp 20) 3 pi3HUMH TepMiHAMH €KCILTyaTa-
(B pokax): A—35; @ —10; o0 — 15; o — 20. il (B pokax): A—5; e —10; o —15; o —20.
Hu'107, Ila [H], ppm
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Puc. 5. [iarpamMu po3noaisry MiKpOTBEPIOCTI i BOAHIO IO TIEpepi3y CTIHKA TPYOOIIPOBOIiB
TEIL (crans 10T ) 3 pisHNM TepMiHOM eKcIuTyaratii (B pokax): A —5; @ —10; o — 15; o — 20.

I3 manux puc.1-5 BuAHO, 110 B IpOILIECi JOBrOTPHUBAJIOl eKCILTyaTalii Tpybomnpo-
BoniB TELl BinOyBaeThcsi cHiIbHE HABOJHIOBAHHS MeTaja, L0 NPUBOJUTH OO HOTro
OKpUXYEHHS (IiABUIIEHHS TBEPAOCTi) 1 3HMKCHHS IMJIACTUYHUX BIIACTHBOCTEH, IO
MiATBEPIKYETHCS Pe3yIbTaTaMH, IPUBEACHUMH Ha PUC.0.

Tax, i3 maHux, mpuBeAeHUX Ha puc.1-3, 5, BUAHO, M0 OCOOIMBO HABOAHIOBAHHIO
MiAJAI0ThCSl 30BHILIHI 1 BHYTPILIHI MOBEPXHEB1 Iapy MeTaly TpyO, MpUOIM3HO Ha
rmuouny 2-3MM, IPUUOMY Oifbllie IO 3HAUYEHHIO 1 IMTMOIIe HABOTHIOETHCS MOBEPXHS
TpyOONpOBOiB i3 30BHIMIHBOI CTOPOHH, HE OUBIAYHCH HA TiAPO- 1 TEIUIOI30MALIIO.
Crin 3BepHYTH yBary Ha Te, 110 HaBOIHIOBAaHHS 30UIbIIYETHCA Ha TPyOONpOBOAAX 3
POCTOM TEpPMiHY EKCIUTyaTalii, IpUYOMY TaKa TEHACHLIsI XapaKTepHa Ui BCiX J0CHTi-
JOKYIOUHX CTallel TpyoO.

Ha npuknani craneit 20 (puc. 4) i 10I" (puc. 5) Mo)kHa 3aCBiTUNTH, 110 HABOAHIO-
BaHHS [TOBEPXHEBUX LIapiB CTIHOK TpyO mpuBoauTh 1o pizkoro (1,3-1,5 pasa) minsu-
LICHHS TBEPAOCTI i, SIK HACTIIOK, OKPUXYECHHS MaTepiaja, 10 3HAYHO 3HIKYE OMIp
MaTepiaja MPOTH 3apOXKEHHS 1 PO3MOBCIOKEHHSI MIKPOTPIIIMH, TaK K 3Ha4HO (B
1,5-2,2 pa3a) 3HIKYIOTBCS IIACTUYHI BIIACTHBOCTI TPYOOIPOBOAIB.
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Puc. 6. 3anexHOCTI MOKa3HUKIB INTACTHYHOCTI 1 TBEPAOCTI Bl TEPMiHY €KCIUTyaTamii Tpyoorn-
poBoxiB TELI. Mapxku craneii: o — 20; o — K15; m— 06X1

MeranorpadiyHUMU TOCTIIPKEHHSIMA BCTaHOBJICHO HAcTyIHE (pUC. 7): TOBEPXHS
TpyOONnpoBOiB Bpa)keHa KOPO3IHHMMH BHpa3KkaMH (KaBepHAMH), XapaKTEPHUMH IS
MPOAYKTIB KOPO3iHHOr0 BIUIUBY XIMIYHO-aKTMBHOI'O TEXHOJOTIYHOTO CEpEIOBHILA,
MEPEeKavyruoro TpyOOoIpoOBOJaAMH.

Puc. 7. IlouaTkoBa minsiHKa MiKpOTpimmH B TpyOi maporpoBoxy (¢ —x2000) i BimoOpaxeHHS Yy
BTOPHHHHUX €JEKTPOHAX (PparMeHTa ypa>keHOl MITHHTOM 30BHIIIHBOI IOBEPXHI TPyOH 0e31mo-
cepennbo Oist MikpoTpimuH (6 — X3000).

Ha puc. 8 npuBeneni BinoOpaskeHHS y MOBTOPHUX EIEKTPOHAX IUISHOK BHYTpIII-
HBOI ITOBEPXHi TPYO 3 KOPO3IMHUMH BHUpPa3KaMH 1 MIKPOTPIILiHOIO, 3aIIOBHEHOIO OKCH-
JaM¥ 3aii3a, MapraHil i kapOoHaTaMu 3aji3a 1 Kajbllis, a TaKOX KOHueHTpauiI‘{IHi
KpHBi pO3NOAITY Ha IMX AUITHKaX pi3HUX eneMeHTiB (BimmoBimHo b - dib —d ).
CkaHyBaHHS POBOJMIIOCS 10 TOPU3OHTANBHIN JiHi{, B cepenHiil YacTUHI KOXKHOT Ai-
nsHkH. [1o0ynoBy KpHBHX PO3MOALTY NPUCYTHIX B CTali JETYIOUHX €IEMEHTIB, 30K-
peMa XpoMmy, BUKOHYBAJIH JAJs1 yTOUYHEHHS TPaHULb BKa3aHuX AedexTiB. B mopoxHu-
HaX BUPA30K (KaBepH) 3a(hiKCOBaHI MAKCMMyMHU KOHIIEHTPALIA BYTJIENIO i MOMIOHMH 3
HUM pO3MOJiN KucHIO (puc.§, b, b, ¢), M0 CBiTYUTH MPO BYTIIENEBO-KHCIOTHY KOPO-
3110 MeTajy B MPUCYTHOCTI XIMIYHO-arpECUBHUX TEXHOJIOTIYHUX CEPEIOBHIIL.
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Puc. 8. BimoOpaxeHHs y BTOPHHHUX €IeKTPOHAX AUISTHOK 30BHIIIHBOI IIOBEPXHI TPYOOIIPOBO-
niB TEIL 3 kopo3iiftHOrO BEpa3Koro (a) i MikpoTpimiHoo (0), i KOHIIEHTpAIIiifHI KPUBi pO3TOALTY
€IIEMEHTIB Ha WX MUITHKaX (BignmoBimaHob—d i b —d).

BucnoBku. Ha ocHOBI MexaHIYHMX, MeTajorpagiyHux i peHTreHOCIeKTPaTIbHIX
JOCITiIKEeHb BCTAHOBJICHA IPUYKHA aBapiiiHuX pyiHyBaHb TpyOonposoai TELL Oyps-
KOLLYKPOBOI'0 BHUPOOHHIITBA, sIKa IOJSITA€ B TOMY, IO KOPO3iifHI Bpa)KeHHs MeTasa
TpyOONPOBOIB CYNPOBOMKYIOTHCSI HOr0 aKTUBHUM HABOAHIOBAHHSM 1 OKPUXUECHHSM,
B HACJIIJOK YOI'0 3HMXKYIOTHCS IUIACTHYHI BJIACTHBOCTI 1 CTIHKICTh Marepiaixy MpOTH
KOpO3iifHO-MeXaHIYHOTr0 pyHHYBaHHs TPYOONpOBOAiB, 0COOIMBO Micis 3-5 POKIB eKc-
TTyaTarfii.
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Y. L. VINNIKOV, V. D. MAKARENKO, I. A. KRAVETS, I. S. MINENKO
STUDY OF THE CAUSATION OF THE VALUE OF PIPELINE TECHNIQUES

In the article on the basis of mechanical, metallographic and X-ray spectral studies, the cause
of accidental destruction of CHP pipelines is established. Metallurgical investigations have
established that the surface of the pipelines is affected by corrosive ulcers, characteristic of
products of corrosive influence of the chemically active process medium, pumped by pipelines.
It is shown that corrosion of metal pipes of pipelines is accompanied by its active flooding and
venting, which results in decrease of plastic properties and stability of the material against cor-
rosion- mechanical destruction of pipelines, especially after 3-5 years of operation. Concentric
distribution of elements on separate sections of corrosive impressions of pipe walls was studied
using secondary ion mass spectrometry. Metallographic studies found that the surface of the
pipelines was affected by corrosive ulcers, characteristic of products of corrosive influence of
the chemically active process medium, which is pumped by pipelines. The scan was done hori-
zontally, in the middle part of each plot. The construction of the distribution curves of the al-
loying elements present in the steel, in particular chromium, was performed to clarify the
boundaries of these defects. In the cavities of the ulcers, the maxima of carbon concentrations
and the oxygen distribution similar to it are recorded, indicating carbon-carbon corrosion of the
metal in the presence of chemically aggressive technological environments. Microhardness was
determined according to GOST 9450-80 using a diamond pyramid together with a metallo-
graphic microscope. Samples for hardness measurements were prepared in the same way as
macrosplights. The change in the level of stresses of steel steels with different operating life
was determined on standard cylindrical specimens with a diameter of 5 mm, which were cut
from the blanks of these steels, and subjected to uniaxial stretching type MI-12 [6].

Key words: pipeline; strength; corrosion; ulcers; flooding; crack resistance; stability; concen-
tration; vibrations; steel; properties; curves.
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