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Iix yac giarHoCTYBaHHSA TEXHIYHOI'0 CTaHY MAariCTpPaJbHUX TPYOONPOBOAIB (ra30NMpoBOIiB)
BHUSABJISIIOTH ie(DeKTH TUILY NOPYIIEHHA CYUiIbHOCTI, BCTAHOBJIIOIOTH (DAKTUYHY TOBIUMHY CTIHKH
TpyOonmpoBoay i BU3HAYAOTH NpPo(iib ioro moepxHi. Ha ocHoBi akycTtuunoro (yJbTpa3ByKo-
BOI0), MATHITHOTO i BUXPOCTPYMOBOI'0 MeTO/AIB KOHTPOJII0 PO3P00/IeHO iHTeaeKTyalbHi MOPIIHi,
sIKi BUKOPUCTOBYIOTH /ISl BHYTPIIHHOTPYOHOI TeXHiYHOI AiarHOcTMKU. BuxpocTpymoBuii Meton
KOHTPOJIIO A€ MOKJIMBICTHL BUSIBUTH NMOBEPXHEBI TPIIMHM i3 MATUM PO3KPHUTTAM Ta JdedeKTH
po3lIapyBaHHsI MeTajgy TpyOompoBoxy. 3a BHXPOCTPYMOBOIO MeTOAy KOHTPOJIIO NepBUHHMIA
NPOXiTHUI NMepeTBOPIOBAY MAPAMETPUYHOro a0 TPaHC(OPMATOPHOIO TUITY 3a3BHYaii Ma€ hopmy
HMJTIHAPUMYHOI KOTYIIKH i3 NMPAMOKYTHOI (hOPMOIO TONEpPeYHOro mepepidy i po3ramoBaHuii
CIiBBiCHO 3 KOHTPOJILOBAHOIO TPYOOIO.

3 MeT010 KOHTPOJIIO JepeKTiB, TOBUIMHYU CTIHKH i (PI3BUYHUX NMapaMeTpiB eJIeKTPONPOBITHUX
(pepoMarniTHUX TPYO /I JIOKAdi3alil MArHITHOro mMojsA 00OMOTKY 30yM:KeHHsI MEPBUHHOIO Iepe-
TBOPIOBAYA JIOLILHO BUKOHATH Yy (hopMi ABOX KilbIEBUX KOTYIIOK, CIIBBICHHX i3 KOHTPOJILO-
BAHOI0 TPY0OI0, Y AKMX MPOTIKATUMYTh NMPOTHIEKHO cnipsiMoBaHi cTpymMu. Tozi 1 J0KaaIbHOro
KOHTPOJII0 BUMIpHY (BTOPHUHHY) O0OMOTKY NEPBHHHOIO IepPeTBOPIOBaYa JOLLILHO PO3TALIYBATH
Ol1s BHYTPIIIHBOI MOBEPXHi TPYOM MK KOTYIIKaMH OOMOTKHM 30yI:KeHHs Tak, o0 ii Bich OyJja
CHpsIMOBaHA MO pajiycy TpyOM i Takuii MepBMHHMII MepeTBOPIOBAY 00epTATH MO KOy i mepemi-
LIYBaTH B 0CLOBOMY HanpsMi a00 neperoayuTH JeKiJIbKa TAKUX BUMIPHUX 00MOTOK IO KOJIy TPyOn
i mepeMilllyBaTH MepeTBOPIOBAY TLILKU MO oci Tpyon. ToMy akTyaJIbHUM € PO3PaXyHOK BHXITHOI
ingopmanii (Hanpyru Ha BUMIpHii 00MOTL) MPOXiTHOT0 €KPAHOBAHOT0 BUXPOCTPYMOBOI0 NEePBUH-
HOI'0 MepeTBOPIOBAYA TPAHC(OPMATOPHOIO THILY, PO3TALIOBAHOI0 BCePeIHi KOHTPOJILOBAHOL.

Buznaveni ocHoBHA, BHeceHa 00’€KTOM KOHTPOJIIO, i cymapHa mepeTBopeHi 3a Jlamiacom
HANpyru Ha BUMipHiii 00MOTII MePBUHHOr0 BHYTPIIIHHOI0 BHXPOCTPYMOBOIO NepeTBOPIOBaYa
NMPOXiTHOr0 TUIY i3 00MOTKOI0 30y/IKeHHSl, fIKa CKJIAJAETHCHA i3 JBOX 3YCTPiYHO YBiMKHEHHX
KUTbIeBUX HWIIHAPMYHUX KOTYIIOK MPAMOKYTHOrO IMOINEPEYHOro mepepisy 3i cTpyMoM 3axaHoi
(opmu, i BUMipHOI 00MOTKH, PO3TALIOBAHOI 0iJisi BHYTPIllIHBLOI MOBEPXHi TPYOM MK KOTYLIKAMHU
00MOTKM 30y/1KeHHS TaK, 00 ii Bich OyJ1a cipssMoBaHa Mo pajiycy Tpyou.

OTtpumani pe3y1bTaTu AOLILHO BUKOPUCTATH I/l Yac JiarHOCTYBAHHS TeXHIYHOI0 CTaHy
BHYTPIIIHBOI NOBepxHi TPyOOmMpoBOAiB M1 BHU3HAYeHHS! iHGOPMATMBHMX BeJIMYHMH Ta ix
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YyTJIMBOCTEH 10 MapaMeTpiB i 1eeKTiB 00’ €KTa KOHTPOJIIO PO3IJASHYTHM NPOXiTHUM NePBHHHUM
BHXPOCTPYMOBHM NEPETBOPIOBAYEM 3 METOK0 PO3B’S3KHU GaratonapaMeTpoBoi iHdopmamii.

Knrouosi cnosa: suxiona nanpyza; 6HympiuwiHiii npOXiOHUIL UXPOCMPYMOBUIL NEPEmEOPIOea;
0OMomKa 30y0riceHHA; BUMIDHA 00MOMKA; OIAZHOCHYBAHHA MPYOONPO8oIis.

IMocTanoBka npodJiemu

[Tin wac miarHOCTYBaHHSI TEXHIYHOTO CTaHY MAriCTpaJIbHUX TPyOOIPOBOAIB (Ta30IMPOBOJIB) BHUSIBISIOTH
JeeKTH TUITy MOPYIICHHS CYHUTHHOCTI, BCTAHOBIIOIOTH (DaKTHUYHY TOBIIMHY CTIHKH TPYOOIPOBOMY 1 BH3HA-
YaroTh Mpodisb ioro nopepxHi. Ha ocHOBI aKycTHYHOTO (YABTPa3ByKOBOI'0), MATHITHOTO 1 BEXPOCTPYMOBOT'O Me-
TOJIIB KOHTPOJTIO pO3pO0OJICHO IHTENIEKTYyaIIbHI MOPIIIHI, SIKi BAKOPUCTOBYFOTH TiJl 4aC BHYTPIIHBOTPYOHOT TEXHI4-
HOI JiarHOCTHKY [1—6]. BUXpOCTpyMOBHi METOI KOHTPOJIIO J3€ MOXIIMBICTh BHSIBHUTH TIOBEPXHEBI TPIIIUHHU 3
MaJIUM PO3KPUTTSIM Ta Jie)eKTH pO3IIapyBaHHs MeTaly TpyoonpoBomny. [lepBHHHMI POXIIHUIA MTepeTBOpIoBaY
napaMeTpuaHoro adbo TpaHchopMaTOPHOrO THITY IS BUXPOCTPYMOBOI'O METOY KOHTPOITIO 3a3BHYail Mae (popmy
IITHAPUYHOI KOTYIIKK 13 TIPSIMOKYTHOKO (POPMOIO TIONEPEYHOro Iepepidy 1 po3TalloBaHWi CIIBBICHO i3
KOHTPOJILOBAHOK TPy0or0. OOMOTKY 30yKEHHS TIEPBUHHOIO MEPETBOPIOBAYA ISl KOHTPOJIIO Je(EeKTIB, TOBIIH-
HU CTIHKH 1 ()I3MYHMX TTapaMeTpiB eJIEKTPONPOBITHIX (PepOMAarHiTHUX TPYO ISl JTIOKaJTi3allii MarHiTHOTO OIS JI0-
IITBHO BUKOHATH Y (GOpMi IBOX KITBIIEBUX KOTYIIOK, CITIBBICHMX 13 KOHTPOILOBAHOIO TPYOOIO, Y SKMX TPOTiKa-
TUMYTh TMPOTHJIGKHO CHpsAMOBaHI cTpyMu. Tomi Ajs JIOKQJIBHOTO KOHTPOJIIO BUMIPHY (BTOPHHHY) OOMOTKY
MIEPBUHHOTO TIEPETBOPIOBAYA JIOMUILHO PO3TAIIyBaTH OUIA BHYTPIIIHBOI MOBEPXHI TPYOM MDK KOTYIIKAMH
00MOTKH 30yIDKEHHsI TaK, 00 il Bick Oylia cipsiMOBaHa 110 pajiiycy TpyOu, 00epTaTH 1O KOy TaKUid IIEpBHHHUMA
MIEpPETBOPIOBAY 1 TIepeMilllyBaTH B OCLOBOMY HANpsMi a0 mepen0aunTy JEeKUIbKa TAKUX BUMIPHUX OOMOTOK I10
KOJTy TpYOH 1 MepeMilllyBaTi TIepETBOPIOBAY TUTLKH 110 OCi TpyOH. ToMy aKTyallbHUM € PO3paxyHOK BHXITHOL
iH(hopMaIii MPOXiHOTO EKPaHOBAHOTO BHXPOCTPYMOBOTO ITIEPBHHHOTO ITIEPETBOPIOBaYa TPaHC(POPMATOPHOTO
THITY, PO3TAIIIOBAHOTO BCEPEAMHI KOHTPOIILOBAHOI TpyOHU. Po3paxyHKOBY MOJIEI b TAKOTO IEPETBOPIOBAYA TTIOJJAHO

Ha PUCYHKY.

AHAaJI3 0CTAHHIX TOCTiIKeHD

MarsiTHe nosie 30y/IKyI040i KOTYIIKH PEECTPYETHCS CCHCOPHUMH KOTYIIKAMHU Ha BIJICTaHI JBOX Ta
Outbme niamerpiB TpyOw. EnexkTpoMarHiTHi KOJMMBAaHHS, SIKIi MPOHHUKAIOTH y CTIHKY TpPyOOIPOBOLY,
3anexarb Bijl OyJb-kuX JedekTiB Oins ceHCOpHOI KOTymKU. TodHicTh BimomMoro merony [4, 5] Ha piBHI
METOJIy BUMIPIOBaHHS MarHiTHOTO MOTOKY. /10 HEIOMIKIB IBOIO METOAY HAJSKUTh 3HAUHE CHEPTOCIIOKH-
BaHHS Ta HeBelauKa mBuakomis. [Tomanbini KocmipkeHHs BukiaaeHo y [7-11]. ¥V [8] Bu3HayeHO HEepeTBO-
penuit 3a JlammacoM BEKTOpHUI MOTEHIIAN MarHiTHOTO TOJS, pajiajdbHy H OChOBY CKJIaJIOBI MarHiTHOI
THIYKII] TEpPBUHHOTO BHYTPIIIHROI'0 BHXPOCTPYMOBOTO IEPETBOPIOBAYA MPOXIJHOTO THITY i3 0OMOTKOIO
30y/DKEHHSI, sIKa CKJIAaJIA€ThCsl i3 JIBOX 3YCTPIYHO YBIMKHEHHMX EKPaHOBAHWX KUTBLEBHX MHIIHIPUIHUX
KOTYILIOK MPSIMOKYTHOTO MOIEPEYHOro mnepepisy 3i CTpyMoM JTOBUTEHOI )OPMH, SIKi OXOILTIOIOTH BUMIPHY
00MOTKY, BCl 0OMOTKH pO3TaIlloOBaHi BCEPEIMHI CITIBBICHO i3 BiCCIO TPYOH.

Buxan ocHOBHOTo MaTepiany
Ha pucyHKy mpwifHATO Taki MO3Ha4yeHHS: @, 1 by — po3Mipu (WIMPUHA 1 BHCOTA) IMOMEPEIHOTO
nepepizy KoxkHOT 13 00MOTOK 30ymkeHHs (1); ay 1 by — po3mipu (IIMPUHA 1 BUCOTA) MTOMEPEUHOTO TIepepizy
BUMIpHOi 00MOTKH (2) y dopmi KBagpaTHOI (IPSIMOKYTHOT) AYroBOi paMKH MPSIMOKYTHOTO TOMEPEUHOI0

nepepisy; ¢; 1 ¢4 — BHYTPIIIHIK 1 30BHIMHIA po3MipH BUMIpHOI OOMOTKH; h]| i |h2| — OpAMHATH OOMOTOK

30y/DKeHHS; /3 — BiICTaHb BHYTPINIHBOI MOBEPXHI BUMIpHOI OOMOTKHM Bij oci Tpyou; rs , ¢ 1 d —
BHYTpPIIHIA 1 30BHINIHIA pagiycH 1 TOBIIMHA KOHTPOJHOBAHOI TPyOM; u 1 y — aOCONIOTHa MarHiTHa
MPOHMKHICTH 1 MUTOMA EIEKTPHYHA MPOBIIHICTh TPYOH; R 1 H — pajiyc 1 BUCOTa ekpaHa (JOCIiPKyBaHOTO
MPOCTOPY), SKHWA OXOIUTIOE O00’€KT KOHTPONO (OO CIpPOCTUTH PO3B’SI3aHHSA, CKpaH BHOHPAEMO
HaanpoBigHuUM); 1, 2 1 3 — obnacti BcepenuHi ekpana. BBakaemo, o obnacti BcepeaunHi i 30BHI TpyOu (1
i 3) medepomarHitHi (¢ = t, I o — MarHiTHa cTaja) 1 MalOTh ITUTOMY EIEKTPHYHY NPOBiAHICTH ¥ = 0.
Hanpsimut ctpyMy i TYCTHHU CcTpyMy B 0OMOTKaX 30y KEHHS MIPOTHIICHKHI.
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KOHMPOAb08anoi mpyou R ]
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I3 [8] my1st BeKTOPHOIO MOTEHITialy MarHiTHOIO 1moJis B 00iacTi 1 (BcepemuHi TpyOH) MaeMo:

A=4,+4,= ﬂoéolzz al‘f"’:; J(nr)s1nmkz+5O]ZC”I pr)sinm, z,
i=1 k=1 k

Jie Tiepliia CKJIaI0Ba BUPaKa€ BEKTOPHUI TIOTEHITIAN 3a BiZICYTHOCTI 00’ €KTa KOHTPOITIO, a IPyra — BHECEHA
00’€KTOM KOHTPOIIO.

Tomi st pamgianbHOT CKIag0BOT (110 OC1 77) MATHITHOI 1IHIYKIIIT OTPUMAEMO:

JUTSI OCHOBHOI (3a BiZICYTHOCTI 00’€KTa KOHTPOJIIO)

- 64: N~ 71, A D
B, =——2=—us, E E KL (myr) cosm, z;
Oz , n-+m
-1 k=1 1 k

JUTSL BHECEHOI 00’ €KTOM KOHTPOJIIO

~ 04, s
Brle == le = _50] zka]][] (p]l”)cosmkz
0z =1

1 cymapHoi

B = 5 mkazlkaIJ N o

rl ~Ho Olzz (mr)cosm,z - 12”’% uli (pyr)cosmy z,
i=1 k=1 +mk =1

ze

3 :501220‘1 beoJi (nr)sin(m,z), — rycruna crpymy B 0OMOTUI 30yIKCHHs, PO3KIajieHa y
i=1 k=1

noxsiiinuii pan: pag Pyp’e—beccens no koopauHarti i cunycHuit psag @yp’e mo KoopaMHATI z ; 8y —
300pakeHHs 3a JlarmmacoMm IyCTHHH CTpyMy B KOTYIIKAax OOMOTKM 30y UKEHHS JaBada, KO [ ST<r, I
h; < |z| <h,, a B iHIIii YacTuHi MepmIOi 0OIACTI SO =0; m, =2kn/H; n,=X/R; A,A,...A,...— KOpeHi

piBHSIHHSA J; (7») =0; aj) — xoedinient psany Pyp’e—beccens dynkuii fi(r) =1, saxmo r <r=<r, i fi(r)=0,
R

akmo 0 < r <r;ir, <r <R, posknazgenoi y npomixkky (0, R); a, = If] (r)J] (nl.r)rdr/J]2 = #Y‘(;{) b1
0 o (4
Ji — oynxkuis Beccenst Hepmoro POy HYJILOBOTO 1 MEPIIOro MOPSIIKIB;
R r
}’]ij( )i nrrdr—jf nrrdr—jJ (mryrdr =
0 i "

1 2
;{’1‘]0 (m1i) =1, (ni’”z)+n_[J1 (s )=y (nri) +J5 (s ) = T (mi ) + 5 (mry ) = J (ni’”l)+"']}_

i

P, SKHH IBUAKO 30IraeThes;
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h
;. 8 . b . +h .. . )
by =— jsm m, zdz = sinm, —-sinm, h+h — xoedimient psagy Dyp’e po3KIALEHOT y TPOMIKKY

Hh m, H 2 2

—H/2<z<H/2 dyukuii H(z) = 1, sxkmo h <z<h, ify(z) =1, akmo —h, <z <—h, a B iHIINX YaCTUHAX
obmacri 1 (puc. 1) f5(z) =0;

2 2
g = R?[J] (’L)T _ R?J(? (%)~ xBampat HopMH;

_ N R (pyrs) + uN,PK, (pyr5) = BD; |
! BRI (pirs)
N, =y p,M K (pyrg )+ 1p; MoK, (ot )
N, = uyp,M 1, (porg) — ups M1, (pory);
P =D,I, (p]r5) -p D, (p]r5 );
P, = uypo ! (pyrs )[Nllo (Par5) = N, Ko (po15 )] = upilo (P75 )[N]II (p215) + NLK, (pars )]’

I, 1 K, — momudikoBani nwitiHapuuHi ¢yHKIii beccenst mepiroro mopsaKy MepIioro i Jpyroro pojis;
Iy 1 Ky — MmomudikoBaHi numiHApUYHI QyHKIIT beccenss HyIbOBOro MOPSAKY MEPIIOro 1 JAPYroro pojis;

’

Py =my + prily; py =mi + pyu.

Toni 3a ymMoBH, IO B MOYaTKOBHI MOMEHT yacy U, (0)=0, meperBopeHa 3a Jlaruiacom Hampyra Ha
BHMIpHiii 0OMOTIII:
OCHOBHa (32 BIJICYTHOCTI 00’€KTa KOHTPOJIIO)

U,, =2w, (2¢5 +a,) j j z-— c3)1§r0dz ,
0 [
BHECEHA
~ L3 ~ C4 ~
U,, =2w, (2(:5 + az) J'Br]gdz + j(z - c3)Br]6dz
0 [
1 cymapHa

)
U, =2w, (2(:5 + az) jBr]dz + j(z —c3)Br1dz
0 c
e ¢s — BHYTPIIIHIM po3Mip BUMIPHOT OOMOTKH I10 JTyTOBilf KOOPJMHATI Y BUMAJKY MPSIMOKYTHOT'O KOHTYPY
00MOTKH 30y/DKEHHS , @ Y BUIIAJKY KBAJAPATHOTO KOHTYPY OOMOTKH 30y/DKEHHS €5 = C3.

SAxkmo H > i |z|£h]:

~ PO h(n. —n(h +hy)/2
A0=2u05012a1.]J](n1.r)s (le)shnl.(b]/Z)e l(] 2) ;

n:

i=1 i

P h(n (bl +h,)/2
B :_aaﬁ:_zﬂoéolzail‘ll(nir)ms}mi(bl/2)e l(hl 2)
z

r0
i1 n;

[epexin Bin dpynakuii-300paxkenns U,(p) 10 GyHKIIi-OpUTiHATY uy(¢) (MATTEBOTO 3HAYEHHS HAIIPYTH
y BUMIpHIl 0OMOTIIi) MOXXHAa BUKOHATH 3a METOJIOM, po3podieHuM y [10, 11], skio 3aqano 300paskeHHs

TYCTHHH CTPYMY 501 B OOMOTIIi 30Y/I’KEHHS.
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BucHoBkH

OTpuMaHi BUpa3u JUIsi OCHOBHOI, BHECEHOI 00’€KTOM KOHTPOJIIO 1 CyMapHOi IepeTBOPEHOT 3a
Jlamutacom Hampyr# Ha BUMIpHIH OOMOTII TNEPBHHHOTO BHYTPIIIHBOTO BHUXPOCTPYMOBOI'O
MepeTBOPIOBaYa MPOXIJHOIO THIY 3 OOMOTKOK 30Y/DKCHHS, SKa CKIAIAEThCS i3 JABOX 3YCTPIYHO
YBIMKHEHHMX KUTBIIEBUX HHJIIHIAPUIHUX KOTYIIOK MPSIMOKYTHOTO IHOMEPEYHOro Iepepizy 31 CTpyMoM
3ajanoi GopMHu, 1 BHMIpHOI OOMOTKH, PO3TalIOBaHOi Oijsi BHYTPINIHLOI TOBEPXHI TPyOH Mik
KOTYIIIKAMM OOMOTKM 30y/DKeHHs Tak, mo0 ii Bick Oyna chpsMoBaHa mo pajiycy Tpyou. Take
BUKOHAHHSI 0OMOTKH 30Y/DKEHHS 1 BUMIPHOI OOMOTKH MEPBHHHOI0 BUXPOCTPYMOBOI'O IIEPETBOPIOBaya
TpaHC(OPMATOPHOTO THIY, pO3TAIIOBAHOTO BCEPEIMHI KOHTPOJIBOBAaHOI TPyOHW, JOIIBHO
BUKOPUCTOBYBATHU JJIs JIOKaJi3allii Ta Kpamoi OJHOPIHOCTI MAarHiTHOTO IOJIS i Yac JiarHOCTYyBaHHS
TEXHIYHOI'O CTaHy BHYTPIIIHBOI MOBEPXHI TPYOOIIPOBOIIB.
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INITIAL TENSION OF LOCAL PRIMARY INTERNAL EDDY CURRENT TRANSFORMER
OF TRANSFORMER TYPE IS IN A ELECTRIC CONDUCTION FERROMAGNETIC PIPE

© Yatsun M. A., 2019

At diagnosticating of the technical state of main pipelines (gas pipelines) violations of wholeness
find out defects as, set the actual thickness of wall of pipeline, and determine to the profile of his surface.
On the basis of acoustic (ultrasonic), magnetic and eddy current methods of control intellectual pistons
that is used for inwardly pipe technical diagnostics are worked out. Eddy current a control method gives
an opportunity to educe superficial cracks with the small opening and defects of stratification of metal of
pipeline. At the eddy current method of control the primary communicating transformer of self-
reactance or transformer type usually has a form of cylindrical spool with the rectangular form of
transversal cut and align is located with the controlled pipe.

At control of defects, thickness of wall and physical parameters of electric conduction
ferromagnetic pipes for localization of magnetic field the puttee of excitation of primary transformer it
is expedient to execute in form two circular spools, align with the controlled pipe at flowing of the
oppositely directed currents in them. Then for local control the measurable (secondary) puttee of
primary transformer it is expedient to dispose near the internal surface of pipe between the spools of
puttee of excitation so that her axis was directed on the radius of pipe to revolve such primary
transformer on a circle and transfer to axial direction, or to provide for a few such measurable windings
on the circle of pipe and to move a transformer only for the axes of pipe. Therefore actual is a task of
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calculation of initial information (tension on a measurable puttee) of communicating screened eddy
current of primary transformer of the transformer type located into controlled.

Certain basic, brought in object of control and total regenerate after Laplace tension on the
measurable puttee of primary internal eddy current transformer of re-entrant with the puttee of
excitation, that consists of two meeting included circular cylindrical spools of rectangular transversal cut
with the current of true-to-shape, and measurement winding, pipe located near an internal surface
between the spools of puttee of excitation so that her axis was directed on the radius of pipe.

The got results it is expedient to draw on at diagnosticating of the technical state of internal
surface of pipelines for determination of informing sizes and them sensitivitis to the parameters and
defects of object of control to the considered clock-houses by a primary eddy current transformer with
the aim of upshot of multi-parameters information.

Key words: initial tension; internal communicating eddy current transformer; puttee of excitation;
measurable puttee; diagnosticating.
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