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Ilpegcmasaeno uaenom pegkoaerii B. M. Illymanom

B pacuerax mapamMeTpoB KaTOAHOM 3aLIUTBI MAriCTPAABHBIX TPYOOIPOBOAOB UCIOAB3YETCSA
BEAMYMHA [I€ePEXOAHOI'0 COIPOTUBAEHUS IPOTUBOKOPPO3UOHHOIO IIOKPBITUS. YAEABHOE COIIPO-
THUBAEHUE IOKPLITUA O0e3 MOBPEKACHUN OL[EHUBAETCS 3HAUEHUSIMU OT COTEH KMAOOM AO AECSATKOB
MeraoM Ha MeTp B KBAApPaTe, B TO BPeMsI KaK BEAWYHHA IIePEXOAHOTO CONIPOTUBACHUS U3MEHAETCS
B UHTEPBaAe OT ACATKA KUAOOM (KOrAA IIOKPBITHME KAQ4eCTBEHHOE) A0 AECATKOB (@ TO U eAVHMUII)
OM Ha MeTp B KBajppaTe (KOrAa IIOKPBITHEe HeKaueCcTBeHHOe). [lepexopHOe CONIPOTUBAEHUE CKO-
pee CAY’KUT KpUTepHUeM KadeCTBa MOKPHITHS. B cTaThbe BMeCTO HETrO BBEACHO BEAWUYHUHY AOAU
MIOBPEKAEHUN, OIIPEAEAIEMYIO OTHOIIIEHUEM CyMMapHOU IAOIIAAY IOBPEKAEHUN HAa AQHHOM OT-
pe3Ke TPyOOIIPOBOAA K IIAOIIAAY BCeM ero moBepXHOCTU. Pa3zpaboTaHbl MaTeMaTUuecKast MOAEAD,
AATOPHUTM M IIpOrpaMMa pacyeTa lIapaMeTpPOB 3allUThL. Pe3yAbTaThl pacueTa 10 AQHHBIM U3Mepe-
HUY Ha AeMCTBYIOIIUX TPYyOOIIPOBOAAX IPUBEAEHEI Ha rpaduKax.

In calculations of cathode protection parameters for the main pipelines the value of transi-
tional resistance of anti-corrosion coating is used. Specific resistance of the loading without
defects is valuated by numbers from hundreds of kiloOhm/m? to tenths of megOhm/m? while
the value of transitional resistance changes within the interval from ten kiloOhm/m?2 (when the
coating is of qood quality) to tens (and even units) Ohm/m’ (when it is of poor quality). This
transitional quality rather serves as a criterion of the coating quality. In this work we introduce
instead of it the value of a share of defects, which is determined as a ratio of integrated area of
defects within the given section of the pipeline and the area of its whole surface. Mathematical
model has been designed, algorithm and a program of calculation of protection parameters.
Results of calculations according to the data of measurements on the pipelines in action have

been illustrated by the diagrams.

Y crarri [AykoBuu, 2008] 3amporoHoOBaHa
MaTeMaTU4YHAa MOAEAB IIOASI KQTOAHOT'O 3aXMUCTY
TPyOONIIPOBOAY 3 BUKOPUCTAHHSIM BEAWYUHU Ya-
CTKU MOIIKOAKEHB 3aMiCTh BEAUYNHU [IepeXipAHO-
ro OIOPY IPOTHUKOPO3iMHOrO HMOKPHUTTA. Y IIiH
MOAEAL BEAWUYMHY YaCTKU IIOLIKOAJKEHBb BBayKa-
AU BipOMOTO.

ITporoHyeMO MaTeMaTHYHy MOAEAB PO3PAaxXyH-
Ky YaCTKU IIOIIKOAJKEHBb Ta IHINMWX IIapaMeTpiB
3aXMCTY BIAPi3Ka TPyOHU 3 KiABKOMAa KaTOAHUMU
IIepeTBOPIOBAYaMM 3a AQHUMU eAeKTPOMEeTPUY-
HUX BUMIpIOBaHb. BBepeMO cucTeMy KOODAWHAT
Oxyz Tak, mo6 maommuHa xOy 36iraracek i3 3eM-
HOIO IIOBEPXHEIO, Ky IIPUUMEMO 3a IIAOCKY, IIAO-
muHa xOz IPOXOAMAA Yepes BiCh TPYOOIPOBOAY,
a mrommHa yOz — 4Yepes OAHO 13 3a3eMAEHb (3a-
MIHMMO 3a3e€MAEHHS TOYKOBUMHU AJKEpPEAaMH).
[MTorennian U y AOBIABHIN TOUIIl I'PYHTY BH3HA-
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YUMO 3a AOIIOMOTOI0 BUpasy [OcTaneHKo Ta iH.,
1988]
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Ae 0 — IUTOMHMU OIIp I'PYyHTY; I, — BeAWYMHA

CTPYMY j-TO 3a3€MACHHS; Xy Vo Zg=0 — HMOTO KO-
OpAMHATH, [X, X,] — BHUOpaHUM HaMM BiAPi3ZOK
TpyOOIpoBOAy; J — TyCTHHA CTPyMy, KA Ha-
TiKae Ha TPyOOIIpOBiA; I — rAmMOMHA PO3MIllleHHS
TpyOM (BIACTaHB Bip IIOBEPXHI I'PYHTY AO OCL TPY-
601poBOAY). Bearunny /1 BBakaeMo 3MiHHOIO (TAH-
OMHa pO3MillleHHs TPYyOU MOJKe 3MIiHIOBATHUCH).
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Y piBHgaHHI (1) BeAuunHa J(x) T'yCTUHU CTPY-
My BipAHeceHa AO Bciel moBepxHi TpyOu. Y pe-
AABHUX YMOBaxX CTPYM IIOTPAIIASE Ha TPyOy NIpak-
TUYHO AUIlle Yepe3 MOIIKOAKEeHHS IIPOTUKOPO-
3ifHOTO MOKPUTTSA. BBepAeMO BEAMUYUHY YaCTKU
TTOIIKOAKEHD d(x) 3@ AOIOMOT'OIO BiAHOIIIEHHS
3araabHOI CYMU TIAOII, yCiX IOUIKOAKEHB Ha AO-
BIABHOMY BIiAPiI3Ky TpPyOU AO IAOIII ITOBePXHI
1IBOTO BiApi3Ka. B pe3yabTaTi BeanunHa J(x)=2ma
d(x)J,(x). Ha moBepxHi I'pyHTy Hap TpyOOIpo-
BOAOM BUpa3 (1) 3 ypaxyBaHHAM 4aCTKHU IIOIIKO-
AJKeHb MaTuMe BUTASA
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a — papiyc TpyOOIIPOBOAY.

Pizauig notenniaais F TpyOOnpoBip — Io-
BEpPXHA I'PYHTY AOPIBHIOE PI3HUIIL IOTEHIiaAy
TpybonpoBoay U, i moTeHIliaay Ha TTOBepXHI
rpyuty U,(F=U,—-U,). Po3s'sa30K Beanunnu U, mo-
OyAyeEMO y TaKulM cnocib. Arimo po3piauTu
BiAPi3OK TPyOH [X, X,] Ha n BiApi3KiB, KiHIII IKUX
30iraloTbCsl 3 TOUKAMU BUMIipPIOBAHHS BEAVWUYNH
F;, (A@HUX eAeKTPOMEeTPUYHUX BUMIpIOBaHb), i
3aAaTH Ha IMX KiHIgx noTeHiiaau U, i U, (Ko-
opaMHaTH BeAmuuH U, 30iraloThCd 3 KOOpPAUHA-
TaMU TOYOK BUMIipIOBAaHHS BEAWYUH F;), pO3B'd-
30K PIBHAHHSA
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1 au,

P, dx
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3a npasuaoMm Kipxroda, aarrebpuuHa cyMa
BEAWYMH CTPYMIB Y 3aAQHIN TOUIIl AOPIBHIOE HY-
Afo. BipHsABINIM Bip piBHSHHS (6) (3aMiHUBIIU B
HbBOMY i Ha i+ 1) piBHAHHA (7), OTPUMAEMO
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SIKIIIO 3 TOYKH X; II0 ADEHaKHOMY KaOeAro 4 TeX-
HOAOTIUHIN ITepeMuulli BUTIKaE CTPYM BEAMUYUHOIO
Iy;. Ha KiHIIAX BippisKa [x, x,] (Y TOUKax x, i x,, AKi
IIPUMMAEMO 3a KiHIIi 30H 3aXUCTY) BEeAUUHHA CTPY-
My B3AOBXK OCi TpyOOIPOBOAY AOPIBHIOE HYARO.
PiBusguHs (6) mpu x=x, MaTUMe BUTASIA,

i UTI - UTO _
Pr X=X
2ma '}

= f(xl - &)d(&)fd (&)d& ,
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a piBHAHHA (7) OpH X=X, —

L Un=Up _
Ps X = X1 -
2 *n
R (S YOS I
Xn = Xn-1

*n-1

IMipcraBuBmn y Bupas (2) U,—F,, 3amicts U,
OTPUMAEMO PIBHSAHHS, SIKE€ PAa30M 31 CIiBBIAHO-
meHHAMH (8) — (11) yTBOpIOE 3 IIEPEXOAOM A0
AUCKPETHOI'O @HAAOTY MOBHY CHCTEMY PiBHIHB
BipHOCHO HeBipoMux Uy, Ta J(x). OpHAK po3B's-
30K TAKOl CUCTEMM IPAKTUYHO HEMOXKAUBUU.
Cucrema pisuasb (8) — (11) BipHOCHO U,; mora-
HO 3YMOBAEHQ, KOe(illi€eHTHU 3a HEBIAOMOI BEAU-
yuHU J(X) y cuiBBipHOIIeHHI (2) 3apaHi HaOAU-
KEeHO, BEAUYUHHU F;, 110 OTPUMaHIi B Pe3yAbTaTI
BUMIpIOBaHb, AHIIe HAOAMJKEHI AO CepepHix IX
3Ha4YeHb Ha BiApi3KY [X. i, X;]. ToMy po3B'si30K 3a-
Aadi TOOyAyeMO 3a iTepallisiMu, AOIIOBHUBIIU CHU-
CTEMY AOAQTKOBUMM PiBHSIHHSIMU.

INorenniaau U, Ta U, BIATIOBIAHO Ha BHYT-
PIIIHIM Ta 30BHINIHIA IOBEPXHAX IIPOTUKOPO-
3iMHOTO ITOKPHUTTS MOB'si3aHi MiK co00I0 3a AO-
TIOMOTOIO CHiBBIAHOIIIEHHS

UT_Ua_(pCT:RJ (12)

(Ha MeXXi MiK HOBepxHeI0 TPyOu M eAeKTPOAi-
TOM TyCTHHa CTPyMy, IIOMHOJKeHa Ha OIip Ha
1Iii MeXKi, AOPiBHIOE Pi3HUIII MOTEHITiaAIB Ha Hilt
MiHyC CTallioOHapHUW NOTeHIliaaA MeTaAay). Y
piBHAHHI (12) BeamumHa J(X) TYCTUHH CTPyMy
BipAHeceHa AO Bciel moBepxHi TpyOu. B peaan-
HUX yMOBaxX CTPyM IOTpAIAde Ha TPyOy IIpak-
TUYHO AWIIle Yepe3 MOIUIKOAKEeHHS IIPOTUKOPO-
3ifiHOrO MOKPUTTA. ToMy B piBHAHHI (12) BeAu-
yyHU R iJ 3aminumMo Ha R,iJ, a U,—U, — Ha F,,.

B pesyabTaTti oTpuMaEMo
Fn_ (pC’r:Rn']d' (13)
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AomnosruMO cucremy (13) — (16) piBHAHHAM
OanraHCy CTPyMy, IKMU HaTikae Ha TpyOy depes
MONTKOAKEHHS B IIPOTUKOPO3iMHOMY IOKPUTTI,
Ta CTPyMy, SIKUM depe3 ApeHakHi Kabeai mo-
BePTAETHCS AO KATOAHUX IIePeTBOPIOBAYiB

2ma f d(€)7,(€)de = il,-. (14)

X0

IMoaiausiiu [x,, x,] Ha n BiAPi3KiB [x.;, X;]
(i=1,..., n) TaKUM YUHOM, 11100 TOUKHU X; 30iTAUCH 3
TOYKaAMU BUMIipIOBaHHS BeAUYUHU F (3aMiHUMO
npu nsoMy Bupas F=U,-U, Ha F;=U,~U,) i 3am-
iHMBIIU Ha [x_,, x;] BeAmuuHu d(x) i J,(x) ix ce-
pPeAHIMU 3HaUYeHHAMU d; i J,;, B pe3yAbTaTi Iie-
periaeMo Bip HemepepBHOI Mopeai (2) — (14) po
il ALCKPEeTHOTO aHaAOTYy, TOOTO CUCTEMHU AIHIMHUX
aATeOpPUUYHMX PIiBHSAHB BiAHOCHO HeBipOMUX d,
Jin Ui U,y U, PO3B'sI3yBaTH 1710 CUCTEMY OYAEMO
3a iTepanigamu. Pe3dyabTaTéi po3B'93yBaHHS IIPO-
iAIOCTpyeMO Ha rpadikax.

Ha puc. 1 300pa>keHO 3MiHy pi3HUIl TOTEH-
1iaaniB TpyOOIIPOBiA — HOBepXHA I'PyHTY F Ta
noTeHIliaAy Tpyou U, (BIAHOCHO AQAeKOI 3eMAi)
razonpoBopy «Coro3» Ha pAlagHIN 1478—1522 kM.
KaropHi mmepeTBoproBadi po3MillleHi Ha BipCTa-
Hax 1480; 1491,5; 1501; 1510,5; 1516 kM. Ha rpa-
¢iKy BHAHO, IO BeAnM4YnHa U, 3MiHIOETBCS MO-
HOTOHHO. AiHid BeAMUYMHHU F, IKa 3HaXOAUTHLCS
nepeBa’kKHO Hap, AiHieo U,, 3aAe’XHO Bip BeAU-
YUHU IDOIIKOAKEHDL TO BIiAAAASIETHCS Bip AiHIL U,
(sIKIITO YacTKa MOIKOAKEHb BEeAMKa), TO ITpak-
TUYHO 3AMBAETHCA 3 HEIO (SIKIIO YaCTKa IMOIITKOA-

1480 1490 1500 1510

X, KM

1520

Puc. 1.

>KeHb MaAa). 3a3HauuMO, 110 YaCTKa IOIIKOA-
>KeHb IILOT'O Bippizka Tpybu He3HauHa. Ha puc. 2
300pa>keH0 3MiHEHHSI YaCTKU IIOUIKOAKEeHb
B3AOBX Bippiska Tpyou 1478—1522&m. 3 rpad-
iKa BUAHO, IIO Ha OIABIIOCTI IIOBEpPXHI TPyOUu
YacTKa IIOMIKOAKeHb 3HauHo MeHmIa 3a 0,001 i
Aullle Ha Bippisky 1489—1504KM B OoKpeMHX
MicCIIsIX MaM>kKe BABiui OiabmIa. BiamoBipHO Bean-
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yyHa F y Touri 1995kMm OAusbKa A0 —1B. Bean-
YYHA CTPyMY KQTOAHUMX IIepeTBOPIOBAYIB y TOU-
Kax 1491,5 i 1501 kM Tako)X OiAbIlla, HiXXK Ha
CyCipHIX.

(R
7
3
"' 001
]

Lk A M)
1480 1490 1500 1510 1520
X, KM
Puc. 2.

3MiHeHHS BEAMUYHHU CTPYMYy B3AOBJX TPyOu
ImokaszaHo Ha puc.3. Ha Bippi3Ky Bip 1478 a0
1480kM cTpyMm 30iablTyeTcs, a B Touni 1480 KM
3MEeHIIYEThCA Ha 2,2A (Ha BEAWUYHUHY CTPYMY
KaTOAHOI'O IIepeTBOPIOBaya), IMiCASI YOTO BiA
BiA'€MHOrO 3HaUeHHS BEAMYUHU 3POCTAE AO HYAT
(Ha MesXi 30HM 3axXMCTy). Bip Me’Xi HAaCTyIIHOI
30HU 3aXUCTy CTPYM 3POCTAE AO HACTYIIHOI TOY-
KU APEHaXxy i T.A,.
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Puc. 3.

3alpoOHOBaHI MaTeMaTHUUHI MOAEAL AQIOTh
MOJKAUBICTE OITHUMI3yBaTU PEXUM POOOTH Ka-
TOAHUX IIEPETBOPIOBAYIB. 3HAUAEHY 38 MOAEA-
AIO BEAWUMHY YaCTKH IIOIIKOAKEHb MOJKHA BU-
KOPHUCTOBYBATH AASL PO3PAXYHKY CTPYMY KaTOA-
HUX IIepeTBOPIOBAUIB, sKi 3a0e3neuyBaru O Ol-
TUMAABHIINNU peXuM 3axucTty. Ha puc.4 300-
paxeHo rpadikm BeamuwH U, 1 F pAAd pPI3HHUX
peXUMIB KAaTOAHOIO 3axXHUCTy. IIyHKTUpHUMH
AIHIIMU BIATBOPEHO pe>XUM pPUC. 1, a CYyLiABHUM
AIHISIM BIAITOBiAQ€ 3MIHEHUU PE’XUM POOOTH Ka-
TOAHUX IIepeTBOPIOBauiB. Ilpu 1bOMy 3MiHEHO
BUTPATHU eAeKTpoeHepril y Toukax 1480km 3 2,2
20 1,5A, y Touni 1501 kM — 3 8 po 6 A, y Tou1i
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1510kM — 3 5 p0 2A iy Touni 1516xkM — 3 2,5
A0 2A.
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I[IpoBepeH] pO3paxXyHKHM Ha AIAFHIN Tpacu
razonpoBopy «Co103» 3 AOCUTH IKICHUM IIPOTHU-
KOpO3iHuM nokputtam. [TobypoBaHO rpadiku
3a pe3yAbTaTaMM PO3PaxyHKIB 3a I[i€I0 MOAEA-
AIO 1 AQHUME 00CTeXeHb TpybOonpoBopy B Ce-
peaHiN Asii. BubpaHo AIASIHKY Tpacu 3aBAOBIK-
K1 113KM (IIO3HAUYUMO YMOBHO il KOOpAWHATH
Bip 0 Ao 113kM). Ha puc. 5 mokazaHo 3MiHeHHS
BeAnuuH F'i U, TpyOOIIpOBOAY, IPOTUKOPO3iliHe
NOKPUTTS IKOTO HesdgKicHe. Ha pingHII po3Mitie-
HO 24 Ai10Ui KaTOAHI ITepeTBOPIOBavi, BEeAUYHUHA
CTPyMY IKUX BeAMKa. Y Toukax 19 i1 20kM cTpyM
KATOAHMX IIEPETBOPIOBAYiB AOPIBHIOBAB BIiAIIOB-
ipaHO 20 i 50 A, opHaK He 3abe3nedyBaB Ha ik
AIASHIT HAAIMHOTO 3aXUCTy (Pi3HHUIE MOTEHITi-
aniB TpyOOIIpOBiA — NIOBepXHS I'PYHTY BHUIIA
—1B). 3MiHa BeAMUYMHU NOMIKOAKEHbD, TOKa3aHa
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Ha pHUC. 6, 3HaUHO OiABIIA, HIXK Ha pUC. 2. Y TaKii
CHUTYyallil HaBiTb AOCBIAUEHOMY CIIelliaAiCTy-TIIpaK-
THUKY Ba)XKO MiAIOpaTH OiABII-MEeHII HaAIMHUN
pexxum pobotu. Ha puc. 7 BUAHO, IK 3MiHIOETh-
CsI BEAMUMHA CTPYMY B3AOBJK TPYOOIIPOBOAY. SIK
Ha puc.3, Tak i Ha puUc.7 He AAT KOKHOTO Ka-
TOAHOT'O IepeTBOPIOBaYa MOJKHA BUAIAUTU OK-
peMy 30HY 3aXHUCTY (BIAPI3OK TPyOOIIPOBOAY, Ha
SIKOMY BEAWYMHA CTPYMY 3POCTA€ Bip HYASI AO
HAUOIABIIOrO 3HAYEHHS B TOUIl APEHaxXy, A€
3MEHIIYETHCSA Ha BEAUUHHY CTPYMY KaTOAHOTO
nepeTBOpioBada A0 HAWHUKYOTO B IIiMl 30HI
BiA'€MHOTO 3HaUEHHS, Bij SIKOTO 3pOCTA€E AO HYAS).
CrocTepira€eMo TaKOXX, KOAU B OAHY 30HY 3aXU-
CTy IOTPAIAsE AeKiAbKa KaTOAHUX II€pPeTBOPIO-
BaUiB.

I B 1bOMy BHUIIAAKY PO3PAXyHOK IIapaMeTpiB
3aXUCTY 3a 3alPOIIOHOBAHOIO MOAEAAIO MIr Ou
AOIIOMOTTH CIIeIiaAiCTy-IIPAKTUKY 3HAUTU ONTHU-
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X, KM
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MaABHIIINN peskuM poOoTH. Puc. 8 iatocTpye Taky
MOJKAUBICTB. Y IBOMY BUIIAAKY HOTPiIOHO OyAO
Ha THX AINTHKAX TPYOOIIPOBOAY, A€ BeAUYrHA [
3HAQUYHO HM)KYa 3a —1B, 3MeHINUTN BeAW4YUHY
CTPyMy, & Ha TuX, Ae I Bulia 3a —1 B, 30iabmmTH
1. Ha puc.8 IyHKTUPDHUM AiHIAM BIAIOBIAQIOTH
KpUBI, 300pa’keHi Ha PUC.5, & CYI[IABHUM — OII-
THUMAABHIIINUN PeXXUM POOOTH, 3a SKOT'O BEAMYUHA
F B okpeMux MicIgx OAanyk4a A0 piBHA —1B i He
MiAHIMAETHCAI Hap HUM. 3a3HAUMMO, 110 U paHi-
e OyAu cIpoOM PO3PaxyHKY lapaMeTpiB 3aXu-
CTy IJbOTO Bippizka TpyOornpoBoay. OpHaK po3B's-
3aTHU [0 3aAa9y BAAAOCH AMIIIE 3 BBOAOM YaCTKH
MIOIIKOAKEHb IIPOTUKOPO3IMHOr0 MOKPUTTS 3a-
MICTb BEAWYWHHM IIE€PEXIAHOTO OIIOPY MOro Ta
BUKOPHCTAHHAM y MaTeMAaTUYHINA MOAEAL 3aneK-
HOCTI MIXK MOASPU3ALIMHUMU Pi3HULEIO IIOTEH-
IianiB i r'yCTMHOIO CTPYMY (3a AQHUMU IIOASIPU-
3allilHOI KPUBOI).

Koxanosckuti Y. H., Eropos E. B., Ky3bmenko IO. A.,
Karbkymun FO I'. DAeKTpoxuMHudecKad 3aliuTa Tpy-
00onpoBOAOB OT Koppo3uu. — Kues: Hayk. aAyMKa,
1988. — 192c.
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