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The questions of informative power of the magnetic-static diagnosing of tense-deformed
state of pipe constructions are considered on size of a- coefficient of magnetic heterogeneity in
relation to grounds of main tensions

MarictpajibHi ~ TPyOONPOBOJIM €  CHEPrOHANPYXEHUMU OO0 ’€KTaMH,  BIIMOBAa  SIKHX
CYTIPOBOIIKYETHCS 3HAYHUMH MAaTepiaIbHUMH Ta €KOJIOTITYHUMHU BTpaTaMd. TakuM YWHOM, HAJIHHICTBH
OesrieyHol  eKcruryaTtallii TpyOOIpOBIJIHOIO TPAaHCHOPTY, SKWH TpAIfoe IiJ THCKOM, ITOBHHHA
rapaHTyBaTUCS 3al1aCOM MIITHOCTI MTPH 33J]aHUX YMOBaX POOOTH.

PospaxyHOoKk Ha MIIHICTh Takoi KOHCTPYKII TPHHIMIIOBO HE MOXE BpaxyBaTH BCiX
eKCIUTyaTaliiHUX YUHHUKIB, [0 MOXYTh BUHHKHYTH B 4aci ioro po6otu. HempoekTHi HaBaHTaXeHHS
TeONIOTIYHOr0, MEXaHIYHOT0, eNEeKTPO - XIMIYHOro 1iH. THUIIB B TIOEMHAHHI 3 YTBOPCHUMH
eKCIUTyaTaliiHUMH  JleQeKTaMu, 0 MOXYTh JONOBHIOBATHCS HE BHSBICHUMH ITiJ] Yac KOHTPOIIO
MOHTQ)XHO — OyHiBEeTbHUX pOOIT HEHOPMOBAHWMH BiIXWUJICHHSIMH, CTAlOTh MPHUYMHOIO PyWHYBaHHS
Tpybonposoxmis [1..,3].

Busnaerbcs, 1m0 HAHOUIBII BIUIMBOBUMM YHHHHKAMH PI3KOrO 3MEHIIEHHS pEeCcypcy TaKHX
00’€eKTIB € CTpec — Kopo3is Ta 3MiHa HanpykeHo — aedopMiBHoro crany (HAC) mMaTepiay KOHCTPYKIIIl,
0 YTBOPIOIOTH JIOKAJIbHI 30HU KpUTHIHUX Hampyxenb (3KH). HaliBakmuBimIo0 CKIaI0BOO, 3 PEIITOIO
piBHEX yMOB, BBakaeTbcs HJIC Ta #oro 3miHa ImiJ BIUIMBOM €KCIUTyaTallifHMX Ta TMPUPOJHO —
KIIiMaTnaHux ¢akropis [1..,3].

OcTanHE BEMarae IMOCTIHHOTO MOHITOPHHTY POOO0YOro CTaHy TPyOOIPOBOIB, IO BUKOHYETHCS
3a TAKUMHU OCHOBHUMH HampsiMaMu: 1. MOHITOPHHT TeXHIYHOTO cTaHy; 2. MOHITOPHHT HaIllpYXeHO — e
¢hopmiBHOTO crany; 3. ['eoge3nunuit MOHITOPUHT. J[JIs IIHOTO 3aCTOCOBYIOTHCS HA3KA TEXHIYHHUX 3aCO0IB,
cepen SKWX YHHHE MiCIle 3aliMalOTh HENpsSMi MAarHiTHI METOAW KOHTPONI0, KOTpi 0a3yroTbcs Ha
BCTaHOBIIEHIM KOPENAIiHII 3a1eXHOCTI MK MAarHITHUMH Ta MEXaHIYHIMHA TapaMeTpaMu marepiamy [3].
Taki Meroan Ta iX TexHiUHEe 3a0e3MeYeHHs] MalOTh HU3KY IIepeBar, OCOONHMBO Ha PaHHIX CTAJisX OLIHKH
HAC: 1. MoxnuBicTh KOHTpONIO 0O€3 BHBEISHHS TPYOONpPOBOMY 3 eKcIuTyaTamii (poOodmii piBeHb
HaBaHTa)XXEHHS CTiHKA TpyOM); 2. JlocTaTHS MPOAYKTHUBHICTHP KOHTPOIIO B IMOJBOBHX YMOBax; 3.
[IpuHIMIIOBa MOXKITUBICT 0€3MEepPepBHOrO JUCTAHIIIHHOTO CIIOCTEPEKEHHSI.

Jusa onintoBanHs Oixydoro crany HJIC BukopucTOBYIOThCS Taki MarHiTHI edektn: 1. MarHiTHi
mymu; 2. MarHiTHa am’ate; 3. MarHiTHa ani3otporis; 4. 3anuIKoBa HaMarHi4eHicTh; 5. MarHiTHa
MIPOHUKHICTB; 6. KoepuntuBHa cuna. PoboTu mpoBeneHi B 00JacTi MarHITOCTPYKTYpHOI e eKTOCKOITii
[2] mO3BONMIM BCTAHOBUTH 3aKOHOMIPHOCTI MK MarHiTHUMH Ta (Di3MKO —MEXaHIYHUMHU BJIACTUBOCTSIMU
OCHOBHMX KOHCTPYKIIHHUX MaTepiamiB. TakuM YMHOM 3a 3MIiHOK MarHiTHHX IapaMeTpiB MaTepiany
MOXHa BIICTE&XYBAaTH AMHAMIKY 3pOCTal040] YIIKOIKEHOCTI TpyOOIPOBOAY B YMOBAaX EKCILTyaTaIlii.

OnHuM 3 edeKkTHBHMX MAarHiTHUX napamerpiB 3a Biarykom Ha 3Mminy HJIC Bu3HaeThcs
KoepiuTuBHA cuia He (A/cM), OCKITBKH € HaiOLIBII YyTIMBOKO 10 3MIHU PiBHSI iHTEHCHBHOCTI Ta
JIOKaITi3aii JUCIOKAI[IHIX TOMIB B METajl 1 IOCTaTHRO IMPOMOPIIIIHOIO BiJi MEXaHIYHUX BIIACTUBOCTEH
matepianie (I'OCT 30415 - 96). BenuunHa KOEPUMTHUBHOI CHJIM € IHTErPaJIbHOIO Bil BCIX THUIIIB
HaNpyXeHb, 110 AII0Th y HaBaHTakeHoMY 00’ekTi: 1. HanpykxeHHs TpeThoro poay - 00yMOBIIEHI TOHKOO
CTPYKTYPOIO MaTepially — CKJIaJ Ta THIl KPUCTANIYHOI IPaTKH, PO3MOALT Ta IHTEHCHBHICTh 3MiHH TOJiB
JMCIIOKalii 1 gomilmkiB; 2. Hanpyxkenns apyroro poay - o0yMoBIIeHI TepMO — JeOpMaLliiHUM LUKIOM
3BapioBaHHA a00 iHMMX TepMiyHMX mnpoueciB; 3. HampyxeHHs mnepumioro poAy TOB’si3aHi 3
EKCIUTyaTalliiiHUM THCKOM POOOYOro Tijia B TPyOOIPOBO/I.



BianoBigHO Cymepno3uilis TaKUX HampyKeHb, B 3aJISKHOCTI BiJl 3HAKY IMOJIB 3aJUIIKOBHX
MeXaHIYHUX HalpyXeHb CHOPUYMHEHHX MONEpPeNHIMH MpolecaMd TEXHOJOTIYHOro 0OpOoOIeHHS
KOHCTPYKIIil, MOX€e MO Pi3HOMY BIUIMBATH Ha BUMIpSHE 3HAUYEHHS KOCPUUTUBHOI CUJIHM HaBiTh B 00JacTi
MPYKHUX AedopMariil.

[Ipore npuxnagni Mmetoauku oninroBanHs H/IC 3a MarHiTHUMH TapaMeTpaMH MaTepiany TaKox
BOJIOMIIOTh 3HAYHMMHM Hemojikamu [2,3]: 1. JlocTaTHRO OIHO3HAYHA KOPENAIlis 3a PIBHEM MEXaHIUYHUX
HaNpy>XeHb Ta MATHITHUMU BiATYKaMH B 00JIacTi IPY)KHUX HANPYKEHb BTPAYAETHCS 1 pE3yIbTaTH CTalOTh
He MIEBHUMH IIPH NIEPEX0/li HAaBAHTAXKEHHSI B 00J1aCTh MPY)KHO — IJTACTUYHKUX Ta IUIACTHYHHX JIedopMartiii
Matepiany; 2. HeoqHO3HAYHICTh BHSBICHUX 3aKOHOMIPHOCTEH 3MIHM BENUYMHH HANPYKEHOCTI TOJIS
3aJIMIIKOBOTO HaMarHiuyBaHHs TIpH 3pOCTaHHI MeXaHIYHUX JAedopmaliidi B TpyxHid obmacti; 3.
BignoBigHo 3HauHa moxuOka BuMiproBanb (30%) Ta BU3HaueHHs IiMICHUX HampyXeHb B MaTepiaii 3a
BHUMIPIOBaHHSIM KOEPLUUTHUBHOI cwin; 3. BiiCyTHICTH TEXHOJOTIYHMX pErJIAMEHTIB KOHTPOJIO 32
MarHiTHUMHU mapamerpamu; 4. BiacyTHicTh cTporoi po3paxyHKOBOi OI[IHKM HaJiHHOCTI MOTEHIIHHO
Hebe3neunux 3KH koHcTpyKii.

Bueza3naueHe yTpyAHIOE BUKOPHCTAaHHS TPOrPAMHUX KOMIUIGKCIB JJISI TPOTHO3yBaHHS
eKCIUTyaTamiiHoi HaAiHHOCTI TpyOOonpoBoAiB. TUM He MeHIIe, B MPAKTHIl JIarHOCTYBaHHS O1KY4Oro
crany HJIC Ta BunukHenHs jokaibHuX 3KH Takux 00’€KTiB BUKOPUCTOBYIOTBCS METOJIH, 10 0a3yIOThCS
Ha BU3HAuUeHHI KoepuuTHBHOI cuinn Hce (A/cm) HopmanbsHO Hi Ta B37oBxk oci HaBaHTakeHHs H| TpyOw,
CITIBBITHOIIICHHS SIKMX OI[IHFOETHCSI PO3PaXyHKOBHMH KOe(illieHTaMu a;, az [4]

ay=AH.=H, —Hy QIZZL;ZH (1)
1 il

VY pobori [4,5] 3anpornoHoBaHMiA miaxia, skuid 103Bojsie cuporuo3ysatu HJC ta poseutok 3KH,
a TakoX OMIHUTH iH(OpMaIiHy CIPOMOXKHICTH METOJIY HENPSIMHX MATHITHUX CIIOCTEPEKEHb 32
po3paxyHkoBuM koedirmieHToM a;. Ilpore He HaBemeHi: 1. KopekTHe OOTpyHTYBaHHS CTaTHCTUIHOTO
MIAXOAY 0 MOJICIBHOTO OMKCY 3B’SI3KY MK KOE(IIEHTHUMM IMOKa3HUKAMH KOEPUUTHBHOI CHIIM Ta
Halpy>KCHUM CTaHOM Martepiany; 2. He po3kpuTi yMOBH TIEpEHOPMYBAaHHS BHXIOHUX MJaHUX IS
CTBOpEHHS (Di3MYHO — IMOBIPHICHOI MoOZeNi 3aranbHOroO BUIY d, = f (Hj’k;an) , ne ai, i = 1,2 —

BimnoBimHI KoedimienTn; Hj; — BIANOBigHE 3HAYEHHS KOEPIIUTHBHOI CHJIM HOPMAajbHO Ta B3MIOBXK OCi

TpyOU BUMIpSHI IpH Oy HAIPY>KEHH] y CTIiHIN cTeHaoBoi TpyOw; 3. He BkazaHi cTaTUCTHYHO HAIHHI OIS
JOCTOBIPHOCTI MOJIETBHOT'O OITUCY.

Merta po0oTu momnsirae B OOIPYHTYBaHHI MOXKJIMBOCTI BHUKOPHCTaHHS (i3UYHO - IMOBIPHICHUX
MoJienel, CTBOpEeHUX Ha 0a3i po3paxyHKOBOro KoedilieHTy a, Amsi mporHodyBauHs Benmunan HJIC
TpyOHOI OOONOHKH, IO 3HAXOAWTHCS IIiJ PI3HUM BHYTPIMIHIM THCKOM, BH3HA4Y€HHi iH(opMaIlitHoi
CIIPOMOXKHOCTI TAKHX MOJICIICH.

Bukiax ocHoBHOro martepiaidy. 3a OCHOBY NPHHHSTI pe3ylbTaTd BHUMIpPIOBaHb IMOKA3HUKIB
KOEpIMTUBHOI CHIIM Ta PO3PaxXyHKOBOTro KoedimieHTa a» (puc. 1.2) mms TpyOHMX MaTepiamiB Ha
BHITPOOOBYBAIFHOMY CTEH/II 32 METOAMKOI0 BHKJIAJICHOIO TIoNIepeTHiil podoti [4].
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Puc.1. 3anexxHiCTh KOEPIUTHUBHOI CUIM H, TIpU BUMIPIOBaHHI BiTHOCHO TOJIOBHUX ILIOIIHH HATIPY>KEHb.
(TO3HaYeHHS y TEKCTI).



Po3paxoBani kopensIiiiHi MOMEHTH i1 JAHUX MaTepialiB
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HaBaHTAXCHHA, ) - yCepeJHEHe 3a MAacHBOM /- JAaHUX 3HAUCHHs Lboro KoedimieHty; §°- mucmepcis
JOCIIAHUX JAHUX CTaHOBIATH: cTanb 13I'CY: L= 0,44, ny|= 0,40; ctans 17T'1C: npt= 0,194, nu|= 0,78
1 IGMOHCTPYIOTh HENIHIHHUI XapakTep 3MiHH MarHITHAX XapaKTepUCTUK MaTepiany npu 3poctanai HIC,
a HDK BKazaHo y [2].
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Puc.2. 3anexHicTh po3paxyHKOBOr0 Koe(illieHTa a> BiJI BHYTPIIIIHHOTO THCKY.

[Moganemmii po3paxyHok MojiedbHUX aHanoriB oniHoBanHs HJIC 3a koeditieHToM a, 6a3yeTbes
Ha HACTYMHUX NoiokeHHsx: 1. HaxifiHicTh Oyab — SKOT CHCTEMHU € BEIMYMHOIO IMOBIPHICHOIO, a TOMY
Oy/b —sika MOJIeNb 11 KOPEKTHOTO Onucy, 6a30BaHa Ha BUOIPII PaHOMI30BaHUX BUMIPIOBAHb 3 MEBHOIO
CTATUCTUYHOIO HAMIHHICTIO, € CTOXaCTHUYHOI 1 MOXKe OyTH CTpOro BHKJIAaJeHA 3a BIJOMUMH |
TNPUAHATHAMA I JTOCIHIHKYBaHOI CHCTEMH IMOBIPHICHUMH 3aKOHAMH, 30KpeMa MIUIBHICTIO
posnomineHHs. 2. st eKCIuTyaTOBaHUX TEXHIYHUX CHCTEM 3 HE3BOPOTHOIO 3MIHOIO HAIHOCTI IpOIecH
ii BTpaTH ONMHMCYIOTHCSA KIACOM EKCIIOHCHINAJBHHUX po3moniieHs; 3. BimmosimHo Teopii Jlammaca s
TOHKHX OOOJIOHOK HANpPY>KEHHS B HUX € IHBapiaHTHUMU JO BEKTOpa MPUKIAJAHHS HABAHTAKECHHS, a
€KBIBAJICHTHI HANpY>XEHHS B TaKWX OOOJOHKAaX, OCKITBLKHM pajialbHa Ta MepHIioHalbHA iX CKJIAIO0Bi
3HAYHO TEPEBUIIYIOTh MPHUKIaJEHEe 3yCHIUI BU3HA4YarOThcs 1Y Teopieto MimHOCTI. 4. Pesympratn
BHMIPIOBaHb KOEPIIUTHBHOI CHJIM TPY HAaBaHTAXXEHHI TaKOi OOOJOHKH 30BHIIIHIM THCKOM € JYIUIETOM 3
TakKUM CaMHM CTaTHCTUYHHM PO3KHIOM pe3ynbTaTiB. 5. TakuMm duHOM, CTOXacTWYHA (PYHKIIOHAIhHA
3QIEKHICT g, = f(0) € CUMETpHYHa BIIHOCHO OCI @> 1 MOXe OyTM NpHBEIEHA, NUIIXOM

MIEpEeHOPMYBAaHHS, [0 CTaHAAPTHOTO IIEHTPAIbHO — CHMETPOBAHOTO PpO3MOAIIEHHS IIUIHHOCTI
iiMmoBipHOCTI  p(X) 3MIHM HAIpPYKEHOTO CTaHy Marepialy OOONOHKHM, IO XapaKTEPU3YEThCS HOro

MarHiTHAIMH BJIaCTUBOCTSIMH 1 OITUCYETHCS KIIACOM E€KCITOHEHITIaTbHUX Mojiesiel Bumy [ *]
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KOOp/IMHATA EHTPY PO3IOIIICHHS 3MIHHOI X; 0 — XapaKTepHa IS TaHOTO PO3IOALICHHS MOCTilHA.

Mopnens (3) cnupaeTbcss HA OCHOBHE PO3MOJIUICHHS MaTEeMaTWYHOI CTATUCTUKU — rama, 1o 3a
GI3MYHOI0 MO0, B JaHOMY BHUIAJKy, BH3HAa4yae iHTEPBAJ 3MIHM HaBaHTaXXEHHS Ha OOOJIOHKY,
HEOOXiTHUH JUIA MOSIBU HACTYITHOI o — MOMil (3MiHA KOEPIMTHUBHOI CHUJIM) 3 YMOBH iX HE3aJEXHOCTI Ta
mocTiiHii X iHTeHcuBHOCTI A. Ilpn o#1 BUKOHYETBhCS yMoBa po3mojiuieHHs Epnanra, ¢izudyna mopensb
SIKOTO — PO3Monia (MIMPHHA iHTEpBaNly 3MIHM 3yCHJUII HAaBaHTOKEHHS Ha OOOJOHKY) MDK MEpIIO)
OLIIHKOIO CTaHy 00OJOHKH 32 KOEPIUTHBHOIO CHJIOI0 Ta HACTYITHOI HOT0 OLIHKOIO.

[*] — criucok pKepen A CTATUCTUYHOTO aHAi3y JaHUX HalaHo y [4].
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Puc.3. PyiiHiBHI BUIPOOOBYBaHHSI BHYTPILIHIM THCKOM TpyOu (niamerp 300MM, TOBIMHA CTIHKA
8mm, maTepian cranpb 17T 1C): a — npunanHa 6a3a koepuurumerpu KPM-1I-K2M; 6 — neopmyBanHs
TpyOHM TpH BUXOJI1 32 30HY MPONOPLIHHIX HANPYKEHb; B — pyWHYBaHHS [IPH JOCATHEHHI MEX1 MIITHOCTI

Ta BUUEPIAHHS 3amacy IUIACTHYHOCTI MaTepiaiy.

[Ipu nmepeHopMyBaHHI MacuBy - BUOIp MaciiTaly CUCTEMH KOOPAWHAT JUIS MOJEIBHOTO OIHCY
MOJITOHY PO3IOJUIEHHS IOCHITHUX JaHUX MPHIHATE 10 yBaru HactymHe: 1. [Ipu gocarHenHi MaTtepianiom
000JIOHKM TPYOH HaNpy>KeHb BIAMOBIAHMX 00JIACTI IIACTHYHOTO TEUIHHS 3HAYCHHS KOCPLIMTHBHHUX CHII
BiJl pajiajibHOI Ta TBIPHOI CKJIAJ0BUX HANPY)XEHb 1HBapiaHTHI JO 3pOCTaHHS BUIIPOOOBYBaJILHOTO THUCKY
0 TIOBHOTO pyiHHYyBaHHs o00OonoHku (puc.1,3). 2. BiamoBigHO, HE3MIHHUMH JIMIIAIOTHCS OIKCOBI
KOC(IIIEHTH «; CIIBBIAHOIICHHS BEIMYMH KOCPLUUTHUBHUX CHJI 3. MiHIMI3alliss MOXJIMBOCTI YTBOPEHHS
MOJIrOHY PO3MOAUIEHHS JIOCHIIHUX JaHMX, [0 OMHCY€EThCS MOJEIUIIO 3 «BaKKUMHU XBocTaMm». OCTaHHE
O3HAYa€ BUHMKHEHHS OUIBIIMX BIAXWIECHb BIJ CEPEAHBOrO PO3MOIUICHHS MOCIITHUX JaHUX, sSKE, 3a
CYTTIO, € IOYaTKOBMM 0Oa30BHMM BHMIPIOBAHHSM 3HAY€Hb CKJIAQJOBUX KOSPLUUTHBHOI CHJIM 332 BEKTOpaMH
HaNpyXeHb B CTIHII TPYOW TPW HEHABAaHTAKEHOMY BHYTPIIIHIM TUCKOM CTaHi (JIMCHI HAPYXKEHHS JTUIIE
BiJI BJIACHOI Bark Ta Taki, 10 3a0e3MmedeHi monepeHiM TEXHOJIOTIYHUM BIUIMBOM Ha Matepial i Taki, 1o
npuiIaHO (PIKCYIOThCS SIK MarHiTHA TepeaicTopis MaTepiany). 4. Po3moniieHHs 3 «BaXKKUMU XBOCTaMID»
HE BHUKIIOYAE, MO CTBOPEHA Ha ii mijcTaBi (i3UYHO - WMOBIpHICHA MOJENb OIMHCY 3MIHM MAarHITHHX
XapaKTePUCTUK MaTepiary OOONOHKH ITifl JIIE0 HAaBaHTaXEHHS OyJie MPaKTHYHO MOJICIUTIO 3a0pyIHCHHS
(Mozmens TpyOMX TOMHUJIOK) — PO3MOUT TaHUX SABJSIE COOOI0 CYMIII OCHOBHOTO (AIMCHOTO) pO3MOILICHHS
¢(0) 3 inmEM 3a06pYTHIOIOYNM POSNOAINEHHAM /() T06TO p, (0)=(1—&)@(0) + gh(0), ne &- moxubKa

moneni. HeBukoHaHHsS 11i€l yMOBM BHMara€ 3acTOCyBaHHS pOOAacTHHX METOAIB OOpoOKHM maHuX abo
3aITydeHHs MPOLEAYPH aHATI3y PE3yNbTATIB 3a 3pi3aHUM CEepenHIM.

Amnamiz Habopy MOCHIAHMX [aHUX Ta MPAKTHKa 3aCTOCYBAaHHS 3allpONOHOBAHOTO MAXOMY 31
CTBOpeHHS (HI3MYHO — HMOBIPHICHHX MOJENed JEMOHCTPYIOTh, IO JJs BHOOPY CHCTEMH KOOPIMHAT
JOCTaTHHO BHKOPHCTOBYBATH Taki ymoBHU: 1. JIns KomyBaHHS pO3PaxyHKOBOTO KOeQIIli€HTY as*
HYJIbOBE HOro 3HAa4YeHHS NOBHHHO OYyTH MaKCHMAallbHO HaONIDKeHe 0 HaiiMeHmol ioro mocmimHoi
BEJIMYMHU B 00JaCTi €KCIIEPUMEHTY, IPOTE HE MEHIIE MaKCUMAJIbHOTO BIAXHMJICHHS BiJl MaKCUMaJIbHOTO
BUMIPSIHOTO 3HAYEHHS 3 YypaxyBaHHS CHCTEMAaTW4HOi MOXMOKM mpumiaamHoi Oaszu. s KomyBaHHS
HamnpyXeHb ¢/ mupuHa 4 CTOBIIIIB TiCTOrpaMH PO3IMOIUIEHHS 3MIiHU HAIIPYXEHOTO CTaHy CTiHKH TpyoOu

O0MpaeTbCs 3 YMOBH m .. :(0.55,1.15)710'4, € n — YHUCIO MOCIIJHUX JaHUX, M — KUIBKICTb

CTOBIILIB.

3 ypaxyBaHHSM BHILEBHKJIQZECHOI'O IPOBEAECHA CTAaHAApPTHA MpOLeaypa CTaTHUCTHYHOIO
00poOJIEHHS JaHUX Pe3yJIbTaTiB BUMIPIOBAaHHS KOSPLUTUBHOI CHIIM JUIS BEKTOPIB HaNpyXeHb Tijla TpyOu
Ta OTPUMaHI MOAENIBHI aHAJIOTH 3aJISKHOCTI PO3PAaXyHKOBOrO KoedillieHTY @, Bii 3MiHM HampyKeHOIro
CTaHy o/

2
A) ctams 13TCY (puc.d)  as =3.6exp [— (0.250,.") J &)
ne o/ =0ocio/ A, A= 32MIIA 1 BignoBiga€ WMIMPHHI CTOBMIIB TiCTOIPAaMH PO3IMOIICHHS

nocinigHux AaHuxX. CTaTHCTHYHI NMOKa3HWKWA Mopeni: eHTpomiiiHe BimHomeHHs y= 0,05; xoediuieHT
kopersii 6 = 0.996; kputepiit @imepa Fp,= 0.0085< Fr= 3.7, 0=0.05; mupuHa cMyru HEBU3HAYEHOCTI



A= 10,231.

3BepTae yBary BHUXIJ XapakTepuCTHUHOI To4yku o/=4 (128MIIA), sixka HajaeKUTh 00JacTi
MEPEBUIIICHHSI HAITPYKCHb B METaJli YMOBI MPOMOPIIIHHOCTI Ta TOYATKY PO3BUTKY MPYNKHO — ITACTHYHOTO
nedopmysanus [4].

B) crams 17T1C (puc.5)  ah :2,0expl— (0.21401." )“J, (5)

ne o =0pociio/ A, A= 49MIIA 1 BiAnoBiga€ MMMPHHI CTOBMIIB TiCTOrpaMH PO3MOALICHHS
nociimaux ganux. CTaTUCTUYHI MOKAa3HUKH MOAENi: eHTpomiiHe BimHomieHHs y= 0,0645; koedimieHT
kopessuii 6 = 0.994; kpurepiit @iepa F,= 0.015< Fr= 3.7, 0=0.05; mmpuHa CMyrs HEBU3HAYEHOCTI
A= 10,163.

3BepTae yBary, II0 XapakTepuUCTHyHa Touka o7=4 (236MIIA), sika HaueKUTh 00MaCTI
MEPEBHUILEHHS HANpy)XeHb B MeETali yMOBU TNPOIOPHIHHOCTI Ta IOYaTKy pO3BHUTKY MPYKHO —
IJIACTUYHOrO J1e) OpPMyBaHHS 3HAXOIUTHLCS HA IPaHUIN 00J1aCcTi HEeBU3HAYCHOCTI.
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Puc. 4. I'padiune ysBiaeHHS Mojelel peakiii a; - koedirienty Ha 3miny H/IC matepiany

KOHCTpYKii- crans 13I'CY; . - KpUTHUYHA TOYKA BiAIMOBIIHA BUXOMY 3a MEXKY IPOIOPITIHHOCTI.
arx
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Puc. 5. I'padiune ysBiaeHHS Mojenelt peakiii a; - koedimienty na 3miny H/IC matepiamy

KOHCTpyKIii- ctans 171'1C; ’ - KpUTUYHA TOYKA BIATIOBIHA BUXO/Y 32 MEXY IPOITOPIIIHOCTI.

Ha npuknagi MomensHOTo OmuCy AJs AaHOI CTami mpoBeneHa TonorpadivyHa xinacuikaimis BUILY
PO3TOiNIEHHS OCHTITHUX TaHUX 33 XapaKTePUCTUIHUMU MapaMeTpaMu — KOHTpeKcIec ¢ Ta eHTPOMiHHIHA
xoedimient « . Ix pospaxyHok, 3 ypaxysanns nonpasok Lllemapaa, nemonctpye &= 0,606* 0,311; 1,126<
k < 1,99, 1o 3a BepxHEI TPaHUIICIO Ul SHTPOMiHOr0 KoedilieHTa MePEBUIIYE YMOBY Kipur= 1,87, sfiKa
KOPEKTHO OIKCYE BEpXHIO Mexy TtomnorpadiuHoi oOmacTi icHyBaHHS TMPaBAWBUX EKCIOHEHIIAIbHUX
posnozineHb. TakuM YWHOM, MOXKHA 3pOOUTH BUCHOBOK, OOJIACTh JAHWUX €KCIIEPHMEHTY MIiCTUThH B CO0i
PIBHOMIPHO PO3MOJUIEHY CKIAJ0BY, TOOTO SIBIISI€ KOMIIO3WIIIHHE PO3MOJUICHHS, MO0 CKIAAEThCA 3
€KCIIOHEHI[IITHOro Ta piBHOMIpHOTrO. J[JIs1 OWiHKM BHECKY PIBHOMIPHOTO PO3MOUICHHS BUKOPUCTAHUN
KOe(IIliEHT CHIBBIAHONIIEHHS C.K.B. S, pIBHOMIPHOi CKJIaJI0BOi KOMITO3UIII Ta C.K.B.S, ii €KCITOHEHIIIHHOT

" S : . -
CK/IazioBoL, a came C), :?P: 1,1< Cpur. = 5 1 IEMOHCTPY€E HE3HAUHHMM BIUIMB MOCTIMHUX CKJIAJIOBHX
e

MAarHiTHOI epeaicTopii MaTepiany Ha BETMUYMHY OTPUMAaHHUX IMOKa3HUKIB KOSPLIUTHBHOI CHIIH.
[ndopmaniiina 3paTHICTE Qi3MYHO - HMOBIPHICHHX MOJEINEl po3paxoBaHa 3a BUBENEHOIO B [4,5]

dhopmyioro (puc. 6)



I=—(1/C“0'1.‘Z’1)—P(ak)—lnP(akmax), (6)
ne C — mapaMeTp Macirady Mozaedi.
st crani 171'1C Bin cranoButh 4,673 Ta ctam 13I°CY BigmosigHo 4,0.
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Puc.6. . 3anexwnicts inpopmarrii mpo HAC maTepiay Bix HanpyXeHb y CTIHI TPYOH.

SIKIO BU3HAYMTU TPAJi€cHTH 3MiHM iHpopMaliiiHoi 3matHOCTI grad I/oF nns BcTaHOBIEHOT
KPUTHYHOI TOYKH /= 4 Tepexo1y MaTepiany CTIHKH Y MPYXKHO - INIACTHYHY 001acTh 1eOpMYyBaHHS TO
s cram 17T1C - 0,345 1/MITA i gnsa crami 13TCY — 0,330 1/MIla Ta € cniBMipHUMH 3 OLIIHHUM
KOE(IIIEHTOM ¢; PO3TJISHYTUM Yy podorTi [4,5].

JlocmipkeHHST KPUTHYHOI TOYKK o/= 4, BHpa3HOi I OyAb — SKOrO MOJCIBHOTO OIUCY

a=f (Hj’k;an), a TakoXX 3 ypaxyBaHHSIM CMYTI HEBHU3HA4YEHOCTI Ta iHQOpMamiiHOI 37aTHOCTI

CBiAuuTh, M0 id BiAmoBizae 80% KBaHTWIH BCIX BHMIPIOBaHb IEHTPAJIbHO — CHMETPOBAHOIO
PO3MOIIEHHS, JIe TPUCYTHS HAHOUIBINA YyTIMBICTE METOXY BUMIPIOBAHHS KOCPITUTUBHOI CHJIH, OITMCaHA
MOJCTHFHUMH aHAJIOTAMH IS BIATIOBITHUX PO3PaXyHKOBUX KOS(IIiEHTIB.

BucnoBku. 1. UnciioBi 3HaYEHHS PO3PaxXyHKOBOT'O KOC(IIIEHTY a», SKHH BiIOWMBa€E peaxilito
MarHiTHUX XapaKTePUCTUK MaTepially Ha 3MIHy HalpYXXEHOro CTaHy, MOXYTh OYyTH, IIIJITXOM
TIEPECHOPMYBAHHS BHUXITHUX JaHHUX, IPEACTaBICHI TOJITOHOM IIUIBHOCTI posnoxineHHs 3miam HJIC,
MIPEICTABIIEHOTO Yepe3 pEeaKIlio MarHiTHUX BJIACTUBOCTEH Matepiamy. 2. CTaTUCTHYHO KOPEKTHA
aHamiTH9Ha (I3BMYHO — HWMOBIPHICHA MOJIENTb PO3MOMIICHHS SBJISE€ KOMIIO3MITIMHE EKCITOHEHITiaabHe
pO3MOiNieHHs, pPIBHOMIpHA CKIaJoBa KOTPOro, 3 pEMITOI0 pPIBHUX YMOB, TPEICTABISIE MAarHITHY
nepenicTopiro Martepiany. 3. Mozenb J03BOsiE, Yepe3 CBOI CTATUCTUYHO HaiiHI (piBEHb MTOCTOBIPHOCTI
O = 0,95) cmyru HeBM3HauYeHOCTI, mependayatu obdiacte HJAC marepiany mpu mepexomi y MpyXHO —
miacTuyHe AeopMyBaHHS (TIEPEBUINEHHS TIOPOTY HAPYXEHb MPOoIopIliitHocTi) 3 popmyBanHaM 3KH. 4.
[adopmariiitna 3maTHICTE MOJENI 3HAXOANUTHCS, 32 MOPSIKOM BEIHYMH, CIIBMIPHOIO 3 PO3PaXyHKOBUM
KoeiIlieHToM @;. 5 .3amporoHOBaHI MOAETHHI YSBIEHHS MOXYTh OYTH BHKOPHCTaHI y po3poOieHHi
CTaH[APTIB Ta METOIWK Ha TOBIPKY MpHiIagHoi 06a3u Ta as miarHoctyBanHS HIIC TpyOHHX KOHCTPYKITIH.
1. http://www.digaz.ru/doklad; 2. Oyenxa nanpsiiceHHo-0ehOpMUPOBAHHO20 COCMOAHUSA TUHEUHOU
yacmu Ma2ucCmpanbHuix mpyoonpoeodoe Poouonos H.B., Cyxosepxos FO.H. (340 «/ueasz»); 3. Hayka u
mexnonoeuu // Tpancnopmupogxa u xpareuue. BrusHue ycmanocmuoi nogpexcoaemocmu Ha MazHumubie
Xapaxmepucmuxy pasHopoOHbIX CEAPHBIX COeOUHeHUl Hedmezazo8vbix mpyoonpoeodos. Kyzwo HU. P.,
Haymxun €. A., Hospxosa E. B.4. Binobopoouenxo B.1. Ingopmayiiina 30amuicmes MacHimocmamuyHux
Memodie diacnocmyeanusi nanpyoiceno-oegpopmosanozo cmany (HLAC) mpybonpoeodis. Yacmuna 1. //
36ipuux nayxosux npayv “Bicnux” HY ,,JIvgiecora nonimexuixka” « Onmumizayia eupoouuuux npoyecie i
MEeXHIYHULU KOHMPOIb Y MAWUHOOYOY8anHi ma npunadobyoyeanniy. - Jlveie, 2010. - Ne 679 (2010) C. 7-
12.5. binobopooduenxo B.I. @izuuno-imo8ipHicHi MoOeni Hanpyiceno-0eqhOpmMo8aH020 CMany mazicmpa-
JIbHUX MPYOONPo600die 3a OYiHKOW MazHimocmamuyHumy memodamu. / binobopoouenxo B.1. // 30ipnux
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The questions of informative power of the magnetic-static diagnosing of tense-deformed
state of pipe constructions are considered on size of a- coefficient of magnetic heterogeneity in
relation to grounds of main tensions

Main pipelines are power tense objects the malfunction of which is accompanied by considerable
material and ecological losses. Thus, reliability of safe exploitation of pipeline transport that works under
pressure must be guaranteed by the margin of safety at the set terms of work.

A calculation on durability of such construction fundamentally can not take into account all
operating factors that can arise up in time of its work. Non-project loadings by geological, mechanical,
electro- - chemical and other types in combination with formed operating defects which may be
supplemented by not identified during control montage - construction-works by the irregular rejections ,
become reason of destruction of pipelines [1.,3].

Confesses that the most influential factors of sharp decline of the resource of such objects is stress
- corrosion and change tensely - deformed state (TDS) of construction material that form the local
zones of critical tensions (ZCT). A major constituent, with other equal terms, TDS and his changes is
considered under act of operating and naturally - climatic factors [1.,3].

The last requires the permanent monitoring the working state of pipelines, that is executed on
such basic directions, : 1. Monitoring of the technical state; 2. Monitoring tensely - deformed state; 3.
Geodesic monitoring. For this purpose are used row of technical means, among which prominent place
occupied methods of the indirect magnetic control, which based on the set cross-correlation dependence
between the magnetic and mechanical parameters of material [3]. Such methods and their technical
support have a row of advantages, especially on the early stages of estimation of TDS : 1. Ability to
control pipelines without the leadingout of pipeline from exploitation(working level of loading on wall of
pipe); 2. The sufficient control of productivity  in the field terms; 3. Fundamental possibility of the
continuous controlled from distance supervision.

For evaluation of the running state of TDS such magnetic effects are used: 1. Magnetic noises;
2. Magnetic memory; 3. Magnetic anisotropy; 4. Retentivity magnetization; 5 Permeability; 6. coercive
force . Works made in area of magnetic structural fault detection [2] allowed to set conformities to law
between magnetic and physical and mechanical properties of basic construction materials. Thus with the
change of magnetic parameters of material it is possible to track the dynamics of growing damages of
pipeline in the conditions of exploitation.

One of effective magnetic parameters for response to changing TDS recognized a coercive force
Hc (A/cm) , which is most sensible to changes of level of intensity and localization of the dislocation
fields in a metal and enough proportional from mechanical properties of materials ('OCT 30415 - 96).
A value of coercive force is integral from all types of tensions that operates in the loaded object :
1.Tension of the third kind - conditioned by the thin structure of material - composition and type of
crystalline grate, distribution and intensity of change of the fields of distributions and admixtures; 2.
Tension of the second kind - conditioned by a thermal - deformation cycle of welding or other thermal
processes; 3. Tensions of the first kind are related to operating pressure of working body in a pipeline.

Accordingly combination of such tensions, in depend of a sign of fields of residual mechanical
tensions caused by a previous processes of technological treatment of construction, may differently affect



on the measured value of coercive force even in area of resilient deformations.

However the applied methodologies of evaluation of TDS by magnetic parameters of material
also own considerable disadvantages [2,3]: 1. Enough one correlation after the level of mechanical
tensions and magnetic reviews in area of resilient tensions is lost and results become not certain in
transition loading in the area of resilient and plastic ~deformations of material; 2. ambiguity of detected
patterns of change in the value of the field intensity. residual magnetization with increasing mechanical
strain in the elastic area; 3. Accordingly a considerable error of measuring (30%) and determination of
actual tensions in material after measuring of coercive force; 3. Absence of technological regulations of
control a magnetic parameters; 4. Absence of strict calculation estimation of reliability potentially
dangerous ZCT of construction.

The above-mentioned complicates using a programming complexes for prognostication a
reliability of pipelines. Nevertheless in practice of diagnosing of a running status TDS and appearance of
the local ZCT such objects methods which are based on determination of coercetive force He (A/cm)
normal H-L along tension axis of H || pipes which correlation is calculated by coefficients of al, a2 [4]

Ry = A D
Ay M
In-process [4,5] offered approach, that allows to give the prognosis of change of TDS and
development of ZCT, and also estimate informative possibility of method of the indirect magnetic
observations of calculation coefficient a;. However resulted: 1. A correct ground of the statistical going
is near model description of connection between the coefficient indexes of coercitive force and tense state

of material; 2. Not exposed terms of renormalization the initial data for creation physically - probabilistic

model of general view qﬁ@, where a;, i = 1,2 are corresponding coefficients; Hj « is a
corresponding value of coercive_force normally and along the axis of pipe measured at o, tension in the
wall of stand pipe; 3. The reliable fields of authenticity of model description are not indicated statistically.

The aim of work consists in the ground of possibility of the use physically - the probabilistic
models created on the base of calculation coefficient a», for prognostication of size of TDS of pipe shell
that is under different intrinsic pressure, determination of informative possibility of such models.

Exposition of basic material. For basis the accepted results of measuring of indexes of coercitive
force and calculation coefficient a, (fig. 1.2) are for pipe materials on aprobationary stand on
methodology expounded to previous work [4].
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Fig..1. Dependence of coercive force Hc at measuring in relation to the main planes of tensions.
(denotation is in text).

The expected cross-correlation moments are for these materials

SOy o
(are=a |

where Yint - is a value to the coefficient of a, for this interval of effort of loading; V -



averaged after the array of n - data of this coefficient value; S s dispersion of experience data present:
steel 13I'CVY: nut= 0,44, nu|= 0,40; steel 17T'1C : npr= 0,194, ny)= 0,78 and demonstrate nonlinear
character in change of magnetic descriptions of material at the increase of TDS, and than it is indicated in

[2].

a, Alem k\. | ‘ ‘ |

-‘\ ® crtaas 13TCY
1,0

m ctaqas 17T'1C

1,0

0
o 098 1,96 2,94 3,92 491 5,89 6,37 P e Mila

Fig..2. Dependence of calculation coefficient of a, is on intrinsic pressure.

The further calculation of model analogues of evaluation of TDS after the coefficient of a2 is
based on next positions: 1. Reliability of any system is a probabilistic size, and that is why any model of
its correct description, based on the selection of casual at the loading measuring with certain statistical
reliability, is stochastic and can be strictly contained after the probabilistic laws known and acceptable to
the prospected system, in particular by the closeness of distribution. 2. For the technical systems with the
irreversible changes of reliability the processes of her loss are described by the class of exponential
distributions; 3. According to the theory of Laplace for the thin shells of tension in them is invariant to the
vector of application of loading, and equivalent tensions are in such shells, as radial and meridional to
their composition considerably exceed made effort IV is determined by the theory of durability. 4.
Results of measuring of coercive force at loading of such shell external pressure is by a doublet with the
same statistical variation of results. 5. Thus, stochastic functional dependence is symmetric in relation
to the axis of a2 and can be resulted, by renormalization, to standard central symmetric distribution of
closeness of probability of change of the tense state of material of shell that is characterized it and
described magnetic properties by the class of exponential models of kind [*]

= 3
D >
2@3% % G)

[TV >
where = V(2 is a gamma - function; o it is standard deviation(s.d.); xc is a coordinate of

center of distribution of variable x; a - characteristic for this distribution permanent.

A model (3) leans against basic distribution of mathematical statistics -gamma, that after a
physical model, in this case, determines the interval of change of loading on a shell, which is necessary
for appearance following o - event (change of coercitive force) from the condition of their independence
and their permanent intensity A.;.At a1 the condition of distribution of Erlang, a physical model of that is
distribution (a width of interval of change of effort of loading is on a shell) between the first estimation of
the state of a shell after coercive force and his next estimation.

[*] - the list of sources for the statistical analysis of data is given in [4].
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Fig.3. Destructive tests by intrinsic pressure of pipe (a diameter of 300mm, thickness of wall of 8mm,
material, is steel of 17T'1C) : and is a - device base coercimeters of KPM-1[-K2M; b- is deformation of

pipe on leaving for the zone of proportional tensions; ¢ - a destruction at the achievement of border of
durability and exhausting of supply of plasticity of material.
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At renormalization of array - a choice of scale of the system of coordinates for model
description of ground of distributionof search data it is taken into account following: 1. At the
achievement of shell of pipe of tensions corresponding of area of plastic flow value of coercive forces
material from radial and formative component tensions invariant to the increase of probationary pressure
to complete destruction of shell (fig.1,3). 2. Accordingly, unchanging is remained by descriptive
coefficients and correlations of sizes of coercive forces. 3. Minimization of possibility of formation of
ground of distribution of experience data, that is described by a model with "heavy tails". The last means
the origin of greater deviations from middle distribution of experience data, that, after essence, is the
initial base measuring of values component of coercive force after the vectors of tensions in the wall of
pipe at unloaded with intrinsic pressure the state (actual tensions only from own weight and such that is
provided with previous technological influence on material and such, that device fixed as magnetic
prehistory of material). 4. Distribution does not eliminate with "heavy tails", that created on it founding
physically - a probabilistic model of description of change of magnetic descriptions of material of shell
under the action of loading will be practically the model of contamination (model of flagrant errors) -
distribution of data shows a soba mixture of basic (actual) distribution ¢(g) with other contaminating

distribution of /(o) id est M, where ¢ is a model error. Non-fulfillment of
this condition requires application of Robust methods of processing of data or bringing in a procedure of
analysis of results after cut away middle.

Analysis of set of experience data and practical worker of application offered approach from
creation physically - probabilistic models demonstrate, that for the choice of the system of coordinates it
is enough to use such terms: 1. For a code a calculation to the coefficient of a,* - zero its value must be
maximally close to the least it an experience size in area of experiment, however not less maximal
deviation from the maximal measured value from taking into account of systematic error of device base.
For the code of tensions ¢/ width 4 columns of histogram of distribution of change of the tense state of

wall of pipe elected from a condition W, where n is a number of experience

data, m is an amount of columns.

Taking into account foregoing standard procedure of statistical processing of these results of
measuring of coercitive force for vectors of tensions of body of pipe and got model analogues of
dependence are conducted calculation to the coefficient of a,* from the change of the tense state ¢/*.

A) steel of 13TCY (fig.4) &E@g : 4)

where 6/ =6s0ciio/ 4, A= 32MPa and answers the width of columns of histogram of distribution of
experience data. Statistical indexes of model : entropy relation y= 0,05; coefficient of correlation =
0.996; criterion of Fisher F,= 0.0085< Fr= 3.7, 0=0.05; B. of vagueness 4= + 0,231.

The exit of characteristic point ¢/=4 (128MIIA) pays attention, that belongs to the area of
exceeding of tensions in a metal to the condition of proportion and beginning of development resiliently -



flowage [4].

B) steel of 17T'1C  (fig.5) @E@zﬁ (%)

where 6/ =00crio/ 4, 4= 49MPa and answers the width of columns of histogram of distribution of
experience data. Statistical indexes of model : entropy relation y= 0,0645; coefficient of correlation 8 =
0.994; criterion of Fisher F,= 0.015< Fr= 3.7, a=0.05; B. of vagueness 4= £ 0,163.

Pays attention, that characteristic point o/=4 (236MPa), that belongs to the area of exceeding of
tensions in the metal of condition of proportion and beginning of development resiliently - flowage is on

the border of area of vagueness.
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Fig.. 4. Graphic presentation of models of reaction of a - to the coefficient on the change of TDS of

material of construction - steel of 13I'CY; ’ - a critical point corresponding to going beyond the limit

of proportion.
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Fig. 5. Graphic presentation of models of reaction of a»- to the coefficient on the change of TDS of

material of korcTpykuii- steel of 171'1C; ’ - a critical point corresponding to going beyond the limit
of proportion.

On the example of model description for this steel topographical classification of type of
distribution of experience data is conducted on characteristic parameters is a contrekcis ¢ and entropy
coefficient of x . Their calculation, from taking into account of amendments of Shephard, demonstrates &
= 0,606 + 0,311; 1,126< k < 1,99, that after a top border for a entropy coefficient exceeds the condition of
Kopur = 1,87, that describes the top limit of topographical area of existence of truthful exponential
distributions correctly. Thus, it is possible to draw conclusion, the area of data of experiment contains an
equipartition constituent, it presents composition distribution that consists of exponential and uniform. To
assess the contribution of the uniform distribution coefficient value is used of s.d. Sp of even component

Sp
composition and s.d. Se it exp - distribution of constituent, namely @:§e= 1,1< Cpgur. = 5 and
demonstrates insignificant influence of permanent constituents of magnetic prehistory of material on the
size of the got indexes of coercive force.

Informative ability physically - probabilistic models expected after shown out in [4,5] by a

formula (fig. 6)
B e =2 =4 (©6)



where C is a parameter of model scale.
For steel of 17T'1C it presents 4,673 and to steel of 13I'CVY according to 4,0.
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Fig.6. Dependence of information about TDS of material from tensions in the wall of pipe.

If to define the gradients of change of informative ability of grad I// for the set critical point o/
= 4 transitions of material of wall in resiliently - plastic area of deformation then for steel of 17T'1C -
0,345 1/MPa and for steel of 13I'CY - 0,330 1/MPa and is commensurable with the evaluation
coefficient of a; considered in-process [4,5].

Research of critical point ¢/= 4, expressive for be - what model description Clﬁ@,
and also taking into account the stripes of vagueness and informative ability testifies that it is answered by
a 80% quantile of all measuring centrally is symmetric distribution, where the most test-sensitivity of
measuring of coercive force, described by model analogues for corresponding calculation coefficients, is
present.

Conclusions. 1. Numerical values calculation to the coefficient of a,, that removes the reaction of
magnetic descriptions of material on the change of the tense state, can be, by renormalization of output
data, presented by the ground of closeness of distribution of change NDS, presented through the reaction
of magnetic properties of material. 2. Statistically correct analytical physically - the probabilistic model of
distribution presents composition exponential distribution, the even constituent of that, with other equal
terms, presents magnetic prehistory of material. 3. A model allows, through the statistically reliable (level
of authenticity of O = 0,95) stripes of vagueness, to envisage the area of TDS of material in transition in
resiliently is a flowage (exceeding of threshold of tensions of proportion) with forming of ZCT. 4.
Informative ability of model is, after the order of sizes, commensurable with the calculation coefficient of
a;. 5. The offered world-modeling can be used in development of standards and methodologies on the
check of device base and for diagnosticating of TDS of pipe constructions.
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