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YAOCKOHANEHHA niaxoay Ao ENEKTPOMAIMHITHOIO KOHTPOIKO CTAHY
I3OJIAUIMHOIO NMNOKPUTTA NIASEMHUX HAPTOIA3OMNMPOBOAIB
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Posensinymo ocnosni npobremu, aki 6UHUKQAIOMb N0 YAC KOHMPOMO CMAHY (30AYIUHO20 HOKPUMMS
ni03eMHUX HAPMO2A301PO600I8 3a OONOMO20I0 ICHYIOHUUX MEMOOI8, MEMOOUK Mda MEXHIYHO20 00IAOHAHHA.
32iono ananizy aimepamyprux Oxcepein nposedeno RO YCIX ICHYIOUUX 0e@exmis i30AYiiuH020 NOKPUMMS
Ha 08a 6uou. HACKPI3HI Oehekmu ma siowapyeanus izonsayii. [Iposedenuil Kopomxull 02150 OCHOBHUX
MemoOie ma nioxo0ie, SKi MOACYMb 3ACMOCO8Y8amMuUcs Ojsi Oe3KOHMAKMHO20 GUABIEHHS OeqheKmis
i3onsayiinozo noxpummsi. OOIPYHMOBAHO HEOOXIOHICMb 3ACMOCYB8AHHSA MA YOOCKOHALEHHS Ni0X00y 00
eNeKMPOMASHIMHO20 (Pa306020 Memody KOHMPOTIO 3 MEMOI0 GUABTeHHs giowapysans izoaayii. Ckiadena
eKgigalenma eleKmpudna cxema 3amiwjeHus OLIAHKU NI03eMHO20 HADMO2a30npo6ody 3 HAAGHUM
BIOWAPYBAHHAM [30JAYIUHO20 NOKPUMMSL, SIKA 8PAX0BYE YCi OCHOBHI eeKMPUUHI NAPAMEMPU POIMIUEHO20
6 Ipynmi mpybonposody. Hagedenuii pospaxynox enemenmis 3anponoHOBAHOT cXeMu 3aAMIUeHHS.
Ompumana YOOCKOHANEHA AHANIMUYHA MOOelb 3MIHU 3Cy8y (asu 071 mpyoonposoodié 3 HAAGHUM
BIOWLAPYBAHHAM I30JAYIUHO20 NOKPUMMA 3 MOMICIUGICTNIO VPAXYBAHHL MUNY OMOUYIOU020 IPYHMOBO20
cepedosuya.

Kurouosi cnosa. mpybonposio, oegexm, @iowapysanns izonayii, memoo, eKgiaieHmHd eleKmpUuyHa
cxema, eleKmpudHull napamemp, AHATIMUYHA MOOeLb, MUN TPYHIY .

Paccmompenvt ocnognvle npobremvl, 03HUKAIOWUE NPU KOHMPOTE COCMOAHUSL UB0TAYUOHHO20 NOKPLLMUS
NOO3EMHBIX Hepme2azonpo8oo08 ¢ NOMOWDBIO CYUECMBYIOWUX Memo008, MEeMOOUK U MeXHUYecKoz2o
obopyoosanus. CoenacHo aumaiu3y JAUMEPAMYPHLIX UCMOYHUKOE NPOBEOeHO  pazdelieHue  6cex
cywecmsyroumux 0epexmos u30NAYUOHHO20 NOKPLIMUSL HA 084 6UOA: CKEO3Hble Oe@eKmbl U OMCI0eHUS.
usonsyuu. Ilposeden kpamkutl 0630p 0OCHOBHBIX MEMOO08 U NOOX0008, KOMOPble MO2YN NPUMEHSIMbC OJi5
OeCcKOHMAaKmuHo20 0OHapyJceHUs: Oe@eKmos U30IAYUOHHO20 nokpuimus. Ob6OCHO8aHa He0OX00UMOCMb
NPUMEHEHUs. U COBEPUIEHCBOBAHUSL NOOX00A K IAEKMPOMASHUMHOMY (DA3080MY MEMOOY KOHMPOJsL C
yenvio @viseieHuss omcaoenuti uzonayuu. Cocmagnena dKeUBANIEHMA INeKMPUYECKAsT CXeMa 3aMeueHUs.
yuacmka no03eMHO20 Hepme2a3zonposodd ¢ UMEIOWUMC OMCI0eHUeM U30JIAYUOHHO20 NOKPbIMU,
KOmopas, yuumuléaem 6ce OCHOGHble JIeKmpuyecKue napamempsl pasMeujeHHo2o 6 2cpyHme
mpybonposoda. Ilpuseden pacuem 91eMeHmMO8 NPeONOJNCeHHOU cxembl 3amewenus. [lonyuena
VCOBEPUICHCMBOBAHHASL  AHATUMUYECKAsT MOOeNb USMeHeHus coguea asvl 0nsi mpyoonpoooos ¢
UMEIOWUMCS OMCI0eHUeM U3ONAYUOHHO20 NOKPLIMUSL C B03MOJICHOCIbBIO Yyuema muna OKpylcaioujell
NOYBEHHOU cpeoul.

Knioueswvie cnosa: mpybonposoo, deghexm, omcnoenue uzonayuu, Memoo, IKGUGALEHMHAsL IIeKMPUYECKas
cxema, 9AeKmpudeckuli napamemp, aHaIUMu4eckas Mooetb, Mun cpyHmd.

The main problems that arise during buried oil agak pipelines insulated coatings testing by dint of
existing methods, techniques and technical equipraen analyzed. According to the literary sources
analysis the all existing insulated coating defests separate on two species: holidays and coating
disbondments. A brief overview of the main testirehods and approaches that can be used for non-
contact coating defects detection is realized. Tieeessity of electromagnetic phase testing method
employment and improving for coating disbondmergteation is founded. An improved equivalent
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electrical circuit of the buried oil and gas pipedi section substitution with coating disbondmeat takes
into account all the main electrical parametershofried pipeline is considered. The calculation loé t
proposed equivalent circuit elements is done. Asraved analytical model of the phase displacemant f
the pipelines with coating disbondment with accability of surrounding soil type is received.
Keywords: pipeline, defect, coating disbondmentthoe equivalent electrical circuit, electrical

parameter, analytical model, soil type.

Beryn

TpaHcriopTyBaHHS 36 MHUMHU
TpyOoOIpoBogaMu rasy, HahTH Ta HahTOMPOIYKTIB
3aliMae BaXJIMBE Miclle B €HEpreTHYHOMY OajaHci
Hamoi aepkaBu. Ha tepurtopii Ykpainu croronni B
eKcIvIyaTalii  3Haxomatbcs moHax 40 Tucsau
KiJloMeTpiB HadTo- Ta TraszompoBoiiB [1, 2].
Tepminu ciyx0u Takux TpyOOIPOBIAHUX MEPEK,
OLIBIIICTh 3 AKMX eKCILTyaTyeThes moHan 30 pokis,
3HAYHO TEPEBUINYIOTH HOPMATHBHO JOMYCTHMI a00
HAOJIMKAFOTHCS IO HUX.

Ha iHTEeHCHMBHICTP KOpO3IHHHUX  IPOIECIB
TpyOOTIPOBOIB BILTUBAIOTH Pi3Hi (Hi3MKO-XIMIiUHI Ta
IPYHTOBO-KJIIMaTH4YHI (aKTOpH, sIKi B KOMIUIEKCI
(hopMyIOTh  yMOBM  EKCIUTyaTallii  ITiJ3eMHUX
MeTaneBuXx  HadrorazompoBomiB.  CKIaIHICTh
B3aeMoAii ycix mux (akTtopiB B yaci 00yMOBIIOE
HEOOXiIHICTh BHOOPY ONTHMAIBHOTO TiJAXOIY
IOJT0 MOJKJIMBOCTI OITIHKM IXHBOTO BIUIMBY Ha
TeXHIYHUH  CTaH  TPYOONPOBITHUX  CHCTEM
cydacHoro Ha)Tora3zoBoro komiuiekcy [3].

besneuna eKCIUTyaTarlis T I3 MHIX
Ha(TOra3o0mpoOBOIIB 0araro B 4OMYy 3aJICXKHUTh Bij
CBO€YACHOTO Ta JOCTOBIPHOTO KOHTPOJIIO CTaHy
iXHBOTO i30JsUiiHOTO MOKPUTTA. Hacammepen, ue
MOB'S3aHO 3 THUM, IO TMOIIKOKEHHS 130JIsmii
JIOCUTh 4YacTO CTalOTh MNPUYMHAMH aKTUBHOTO

PO3BUTKY KOPO31HHUX MIPOIIECiB MeTary
JIOCITIIDKYBAaHUX TPyOOIIPOBOJIIB.

TakuM dYWHOM, TIMTAaHHA OUIBII TOYHOTO
BUSIBICHHS  Ae(EKTiB  130JAMIMHOTO TOKPHUTTS
MiJ3eMHUX  Ha(TOTra30mMpoBOMIB  3aJIHMIIAETHCS

aKTyaJbHOI 3aJ1a4el0 HAPTOTa30BOI0 KOMILICKCY
HAIIOl JepKaBH, BHPINICHHA $KOi JO3BOJUTH
CTBOpUTH YyMOBHU Oe3mnepeOiiiHoi, HamiiHOI Ta
0e3rmeuHoi poOOTH TaKUX TPYOOIIPOBITHIUX CHCTEM.

AHaJII3 cydacHUX J0CJTiTKeHb i myOJaikaniii

TTocriiinuii PO3BUTOK M3€MHOT'O
TpyOOTIPOBITHOTO TPAHCIIOPTY BCTAHOBIIIOE BCE
JKOPCTKIIII ~ BUMOTH 10  iXHBOI  Oe3medHoi
ekcruryartartii. J{is 3abe3neueHHs HaniHOI poOOTH
MiA3eMHUX Ha(TOTa30IpPOBO/IIB HEOOXiAHO
3aCTOCOBYBATH BUCOKOIPOYKTUBHI METOIH OI[IHKH
CTaHy TXHBOTO 130JISLIHHOTO MOKPHUTTS [4].

Ha panuii 9ac TUTaHHSIM KOHTPOJIIO CTaHy
130T HHOTO TTOKPHUTTS TTi I3 MHHX
HadTOTa30IPOBOIIB 3aiMa€EThCs Oararo
JOCIITHUKIB Ta HAYKOBIB, SKi TPUCBATWIH ITii
npoOJieMi 3Ha4YHy KUTbKICTh myOmikamid [3, 5+15].
Ha croromgni He icHye emmHOi Kiacudikarii ycix
HasBHUX Je(eKTiB 130JAIii, OJHAK HA OCHOBI
MPOBEJICHOTO aHAJI3y JITEPaTypHUX JDKEpeN iX
MOXXHa TIOAUIMTH Ha Taki JBa BUAW. HACKPi3HI
nedexTy Ta BimmapyBaHHS 130JIAIIHHOTO TTOKPHUTTS
[16+18]. Koxken 3 Takux Ie(eKTiB MOXKE MaTu
pI3HHH CTyHiHB HEOE3MEKH IS JOCIiTKYBAaHOTO
TpyOompoBoay. Hackpi3ai gedekTd CHpusioTh
IHTEHCHBHIN  Kopo3ii  TpyOompoBomy, TpOTe
BUKOPHUCTAaHHS CyY4aCHUX METOMIB  KOHTPOIIIO
IIO3BOJISIE  BHSIBISITH ~ TPHONU3HI — Micog  1X
postamyBanHs. [lim BixmapoBaHOIO — 130JALI€I0
KOPO3iifHi MPOILIECH MOXYTh PO3BHBATUCS HE TaK
IHTEHCHBHO, SIK TIPH 11 HACKPI3HOMY IOIIKOKEHHI,
poTe€  BHUSBUTH  BiAMIAPYBaHHSI  ICHYIOUUMU
METOJIaMU KOHTPOJIIO JIOBOJIi CKJIA/THO.

3rifHO 3 ONWCaHWM BHWIIE Ta 3TIJHO 3
MIPOBEJICHAM  aHAN30M  ICHYIOUYHX  METOJIB,
METOJIUK Ta HAsIBHOT'O TEXHIYHOTO OOJIQHAHHS IS
KOHTPOJIFO CTaHYy i30JIALIHHOTO TOKPUTTS MOXHA
CTBEpKYBAaTH, IO HA JaHUI Yac HE iCHY€E €IMHOTO
MiIXOMy, KW OW JaBaB MOXIJIMBICTE B ITOBHOMY
00Cs131 BUSIBIIATH yci HasiBHI nedextu i3omsmii [18,
19].

Ha panuit 4ac mmpokoro
HaOynmu ~ OE3KOHTaKTHI ~ METOoAu
130JIALIHOTO MOKPUTTS
HaTOTa30mPOBOIIB, K1 XapaKTEePU3YIOTHCS
BHCOKOIO  MPOMYKTHBHICTIO, a  TakKOX  HE
noTpedyIoTh MIPOBEICHHS JIOPOTOBAPTICHUX
MoTbOoBHX Po0iIT. OmHAK, TONPH 3HAYHI IepeBard,
OE3KOHTAKTHI METOJM OOCTEKEHHS Ha JaHWi 4ac
HE 3MOIJIM BHUTICHHTH KIIACUYHI  KOHTAKTHI
OOCTEe)KEHHS, SKI TIPOBOASTHCS JIJIsl BHSBIICHHS
MICIIb  TIOIIKO/DKEHb  130JIAMIMHOTO  ITOKPUTTS
mijzemMHux  HadrompoBomiB  [5]. Hacammepen,
OJIHIEI0 3 MPHUYMH TaKoi CUTyamlii € BiJICYTHICTH B
VYkpaini BITYM3HAHOI HOpPMAaTHBHOI 0asu, ska O
permaMeHTyBaia BUKOPUCTaHHS OE3KOHTAKTHUX

BUKOPHCTaHHS
KOHTPOJTIO
MA3EMHUX
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METO/IIB 00CTEXKEHD Mia3eMHOL YJaCTHHU
TpyoonpoBigaux Mepex (y [20] perimamenToBaHO
3aCTOCYBaHHS BUKJIIOYHO KOHTAKTHHX METOJIiB
KOHTPOJIIO).

Ha nymky aBTOpa, HAHOUIBII MEPCICKTUBHIUMHU
0C3KOHTAKTHUMHU METOJIAMH JUISI KOHTPOJIIO CTaHy
130JIATIIHHOTO TTOKPHUTTS € eJIeKTpoMarHiTHi. OauH 3
HHUX €JEKTPOMArHiTHUN aMIUTITyJHUN 0a3yeTbcs Ha
BUMIPIOBAaHHI BEJIMYMHH CTPyMy B  CTIHKax
KOHTPOJIBOBAHOTO MiJ3€MHOTO HA(pTOra30mpoBOAY
Ta 3MiHM wLi€] BeIWYMHH (3aTyXaHHS) TO Mipi
BiAgajgeHHs  BIX  TOYKHA  MIOKIIOYEHHS  J0
TpyOOTIpOBOAY  TeHepaTopa 13  BIATIOBIIHUM
BUXiTHUM CHUTHaJIOM. I|HIIWH eleKTpoMarHiTHUR
(hazoBuii MeTON TOB'SI3aHUM i3 30UIBIICHHIM
3aTPUMKHA  PO3MOBCIOJDKCHHS ~ CHTHally — Ta,
BIJITOBITHO, 3MIHOIO BEIWYWMHU 3CyBYy (asu
BHACHIZOK 3MIHM  €JEKTPUYHHX  MapaMmeTpiB
PO3MIIIEHOTO B TPYHTI ITiI36MHOTO
mHadrorazomnposoay [5, 18, 21, 22].

HeoOxigHicTh MaKCHUMAaJILHO TOYHOTO
BUSIBIICHHS  J€(EeKTiB  130JAMIMHOTO  TMOKPHUTTS
MII3eMHNX  Ha(TOTa30mpOBOAIB  TOSICHIOETHCS
3HAYHOIO BAPTICTIO Ta TPYJAOMICTKICTIO MPOBEICHHS
IPYHTOBHX pPOOIT Ha BU3HAYCHHUX 34 JOTMIOMOTOI)
KOHTpOJItO Micisax s mypdyeanas. OcoOauBO
TPYIOMICTKMUM Tiporiec IypdyBaHHS €  JUis
CKIIQHUX OO0 €KTIB, Ha SKUX HasBHA 3Ha4YHA
KUTBKICTB CYMDKHHUX KOMYHIKarlii -
HagToIepeKauyBabHi, KOMIPECOPHI CTAHIIIT TOLIO.
[19].

ToMmy, 3 METOI0 BHpIIIEHHA MPOOJIEeMH OibII
TOYHOT'O BHUSBJICHHS JC(PEKTIB 130711111, HEOOXiTHO
o0paTH HaWOIIbII ONTHMAJIBHUM MiAXif, SKUH Ou
MaKCHMaJbHO BpaxoOByBaB yci ¢akropu, 10
3MIMCHIOIOTh BIMIYTHUW BIUIMB Ha iH(pOpMaTHUBHI
napamMeTpu  KOHTPOJI Ta HA  TPOBEACHHS
EKCIICPUMEHTAIBHUX JTOCITIKCHD 3arajioM.

BucsiTiieHHs1 HeBHpIilIEeHUX paHillle YaCTHH
3araJjibHOi MpodJieMu

JlaHa cTarTs TpHCBSIYCHA  YIOCKOHAJICHHIO
MiIX0AYy N0 BHUKOPUCTAHHSA EJIEKTPOMArHiTHOTO
(ha30BOro MeTOly KOHTPOIIO 3 METOFO ITi/IBUIICHHS
TOYHOCTI aHATITHYHUX MOJEIEeH MO0 BHUABICHHS
nedexTiB 130 THOTO MOKPUTTS TUITY
BIIIIAPYBaHHs, a TaKOX 3 METOI0 IIiBUIICHHS
JIOCTOBIPHOCTI TaKOro KOHTPOJIO 3arasoMm. Jlo
OCTaHHROTO  4Yacy BHWSBICHHS  BiJIlIapyBaHb
130JISIIITHOTO MIOKPUTTS oOMexyBaoc,
HacaMmIiepesl, depe3 ixHi (i3W9HI O0COOJHMBOCTI,
NOB’ 3aHi 13 BIJCYTHICTIO YiTKOTO TaJbBaHIYHOTO

KOHTaKTy  MeTaJly TpyOM 3  IPYHTOBHUM
CJIEKTPOJIITOM B MICI[i HasBHOCTI TakuX Ie(EKTIB.
Ile mMOSICHIOETBCS THM, IO B TaKOMY BHIIQJIKY
OTBOpM B  i30MMii, dYepe3 sKi EJIEKTPOJIT
MPOCOYYETHCS A0 Tida TPYOH, € ITyKe HE3HAUHHMHU,
a OImip eNEKTPOIITY, SIKHH 3HAXOAHUTHCS B OTBOPAX,
€ JIOBOJII BHCOKHM, IO HE J03BOJISE 3adiKCyBaTH
CYTTEBI 3MiHM CTPYMY UM Pi3HHII MOTCHLIANIB Y
JIOCIIHKYBAaHOMY TPYOOIIPOBOI.

MeTow aociaixkeHb TaHOi poOOTH € aHAI3
PO3MOJUICHUX MapaMeTpiB CICKTPUYHUX JIAHOK
PO3MILIIEHOTO B IPYHTI JOCHIIKYBAaHOTO
HaTOra3onpoBoay, sAKi HECyTh 1H(OPMALIIO MPO
HaSBHICTH e(PEKTIB 130JIAIIHHOTO TOKPHUTTS.

Bucsitienns OCHOBHOI'O Martepiaay
AOCJTi/IKeHb

MO3KJIMBOCTI 3aCTOCYBaHHS €IIEKTPOMArHiTHOTO
¢dazoBoro  Meromy UIsI  KOHTPOJIO  CTaHy
130JIAIIIHHOTO TTOKPHUTTS TTiI3EMHHX
Ha(TOra3onpoBoaiB HaBeaeHi B [5, 21].

BpaxoBytoun mosioxkeHHs, BUKIaaeHi B [5, 21,
22], MOXHa CTBEpIUKYBATH, IO BeIH4YMHA (a3u Ta
i 3MiHa i dYac TPOBEIEHHS BHMIPIOBaHb HE
3aJIe)KUTh BiJ] BEIUYMHU AMIDTITYIH TPHAHSATOTO
CUTHAITY, a 3QJICKUTh BUKIIOYHO BiJl CIICKTPUIHUX
rmapameTpiB JTOCITIIPKYBAHOTO M1 I36MHOTO
Ha(TOTa30mPOBOAY Ta EIEKTPUIHUX ITapaMeTpiB
HOT0 130JIAI[IHHOTO TTOKPUTTS JJIs 33J]JaHOI YaCTOTH
CUTHAITY.

3 METOI0 OIHKA BIUIMBY CICKTPHYHUAX
napamMeTpiB Ha 3MiHy BeIMYMHH (a3d CIepury
HEOOXiTHO TMPEICTaBUTH EKBIBAJICHTHY CXEMY
3aMilleHHs] JUISTHKA 130JbOBAHOTO  IMiJ3€MHOTO
HaTOra30mPOBOAY y BUTILAI OXHOPiAHOL JiHIT 3
HACTYITHUMU PO3MOIIICHUMU rapamMeTpamMmu
(pmc. 1) [15, 21, 23+25]:

— omip Tpybonposony Z ;

— Omip IPYHTY B30BXK TpyOonpoBoay Zg;

— MapaMeTpy 130JLIHHOTO MOKPHUTTS, €MHOCTI
MDK TpyOOIPOBOJOM Ta TPYHTOM Ta 30BHIIIHBOI
IHIYKTUBHOCTI, 10 BWU3HAYAETHCA MAarHITHUM
MOTOKOM MiX TpyOONpPOBOAOM Ta IPYHTOM, SIKi

OMHUCYIOThCS HepexigHuMHU onopaMu Zoy, Zey, ..,

Z.,.
3  METO  BCTAHOBJCHHS  MOXIHUBOCTCH
3aCTOCYBaHHS  EJIEKTPOMArHiTHOro  (ha3oBOro

METOJTy KOHTPOJIFO JUIsl BUSBICHHS BiIlIapyBaHb
I30JISMIMHOTO  MOKPUTTS HEOOXITHO TIPOBECTH
OLTBIIT eTaTBHUHN aHaATI3 KOXKHOTO 13 PO3ITOIUICHUX
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napamMeTpiB €KBiBAJIEHTHOI cXeMH, 300pa)keHoi Ha
puc. 1, skuii TOBMHEH BKJIIOYATH PO3MOIIN TaKUX
rapaMeTpiB Ha aKTUBHI Ta PEAKTHUBHI CKJIAJIOBI.

Zp Zp Zp
1 1 _—— Y 1}
LT LT

|:i| Zor |:| Zer [:| Zey
Zs Zs Zs
| — | — e p— _D——
LT |

Z, —onip mpy6onposoody; L —onip ipynmy

6300601 mpy6onpoeody; Loy, Loy, ooy Loy —

nepexioni onopu

Pucynok 1 —ExBiBajieHTHa cXeMa i30J1b0BaAHOI0
niA3eMHOro TPyOONpoBO1Y, MpPeACTABIEHA
OHOPITHOIO JIHI€I0 3 PO3NMOAITCeHUMH
napaMeTrpamMmu

Ha puc. 2 HaBeneHa crpolieHa eKBiBaJICHTHA
SNICKTPUYHA CXeMa 3aMiLlICHHS JUISTHKH Mi13¢MHOTO
Ha(TOra3o0MpoOBOIY 13 BiAIIAPYBAHHIM 130JISLI11, KA
Bif 3ampomonoBaHoi B [21] cxemm BimpizHSETBCS
THM, IO B JAQHOMY BHIAIKy MH TIPEICTaBIIEMO
KOHTPOJIbOBaHY MAUISIHKY y BHIJISAI TOB3IOBXKHIX
OTIOPIB Ta MONEPEYHOT MPOBIAHOCTI 13 TOAATKOBUM

BpaxyBaHHIM napameTpiB 0TOYYI0YOT0
JOCHIKYBaHUK TPYOOIPOBiA IPYHTY.
Ry
O_:_r\rvv\ P
Ly °
Co
ut Re U2
Ce
< & O

U1 —exiona nanpyea; U 2 — suxiona nanpyaa;
R; ., L; —sionosiono, nosszooesxcui onip ma
IHOYKMUBHICMb PO3MIWYEHO20 8 IPYHMI
mpy6onposody; R., C. —eionosiono, nepexioni
onip ma emuicms (napamempu i301YitiH020
nokpumms); Cy — emnicmo depexmy izonsayitino2o
nokpummst (8i0wapy8anus i301ayii)
Pucynok 2 —CnpoieHa ekBiBajieHTHa
eJIEeKTPUYHA cXeMa 3aMillleHHS TUISHKU

nmia3eMHOro Had)Torazonposony i3
BillIapyBaHHAM i30/10ii{HOT0 MOKPHUTTS

[ToB3MOBXKHI TapaMeTpH CXEMHU, HaBEICHOT Ha
pHC. 2, BpaxOBYIOYH pO3paxyHKH, HaBeleHi B [21,
23, 25],0muCyIOTECS HACTYITHIMH MaTeMaTHIHUMH
3aJICKHOCTSIMH:

R =R + R+ R,

Ly =Lp +Lg * Ly,

(1)
)

ne R, —axrusHauit onip tpy6omnposoay, Om/m; Ry

R, — omip

pPO3TIKaHHIO CTPYMIB B TPYHT 3 JOCIIIKYBaHOTO

— axTuBHHH omip T1pyHTY, OM™M/M™;

tpybompoBoxy, Owm/M; L, — iHgyKTHBHICTH
Tpybomposony, I'u/wm; Ly -  BHyrpimms
IHAYKTHBHICTB IPYHTY SIK IPOBITHUKA, IKUH OTOYYE
mocHimKyBaHuit Tpybomposix, Im/m; Lg, -—

30BHIIIHS IHAYKTHBHICTB TpyOompoBoay, ['H/M.

PosrnsHemMo  OinmbInl  JeTaNbHO  KOXHY 13
MOB3/IOBXKHIX CKJIQ[IOBHX 3aTraJIbHOTO EJICKTPHIHOTO
oTIopy JTOCITIIPKYBAHOTO M1 I36MHOTO
Hadrora3onpoBoy, BUKOpHcTaHuX B popmynax (1)
ta (2). ug 1poro 3acTOCYEMO  METOIHKY
po3paxyHKy, HaBeneHy B [21, 23+25].

AxrtuBHuit omip TpyGompoBomy R, Oyzme
pospaxoByBatucs  3rigHO  dopmynmu  (3) 3
BpaxyBaHHJIM MapaMeTpy HPOHUKHEHHS 3MiHHHX
CTPYMiB y MeTaJl, TOAI SIK BeJIMYMHA 1HAYKTUBHOCTI
TpyOOIPOBOIY Lo oyne
BiJHOIICHHSM BHYTPIIIHBOTO MAarHiTHOI'O MOTOKY
(Bcepemuni MeTanay TPyOONPOBOAY) IO BEITHUHMHH
CTPyMY, SIKH IPOTIKa€E MO IIbOMY TPyOOIPOBOIY Ta

po3paxoByBaTUMeThCs 3rifiHO hopmynu (4) [23, 25,
26].

OIMUCYBATUCHA

1
= 3
s 2nr,6 A )
1
P o A (4)
2110, A®

ne [, — B30BHINHIA paiiyc JOCHIIKYBaHOTO

HiJ[3¢MHOTO TPyOONmpoBOJy, M; Op — IHMTOMA
€IIEKTPOIPOBIIHICT MeTary TpybompoBoay, Om/M;
A — raubuHA TPOHUKHEHHsI 3MIHHOTO CTPyMy B
MeTal TpPyOONpoBOAY, M; () — KpPyroBa d4acTtoTa
3MIHHOT'O CTPYMY TeHepaTopa, paj/c.

3amexHOCTI IS TIMOWHH  TPOHUKHCHHS
3MIHHOTO CTPyMy B METal JOCHIIKYBaHOTO
TpyOOIIPOBOY 3aJIeXKHO BiJA YaCTOTH 3MIHHOTO

cTpyMy TeHepartopa f  Moxkna 3Halitm 3a
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JIOTIOMOTOF0 ~ allPOKCUMAIlT  eKCIIepUMEHTAIBHIX
pe3yibTaTiB, HaBeAeHNX B [23)].

OTpumaHa HACTyIHA 3aleXHICTh (KoedilieHT
kopensuii cranoButk 0,999):

1325 (5)
G

Sk BuaHO i3 3anmexuocted (3) + (5), ocHOBHUM
napaMeTpoM, SIKMi BH3HAYaTHME 3MiHYy aKTHBHOTO
OTIOpY Ta iHAYKTHBHOCTI TPYOOIPOBOAY Y BHUIAAKY
OJTHOPIAHOCTI HOTO MeTary, Oye JacToTa 3MiHHOTO
CTpYMYy, SIKa TOAETHCS 3 TeHEpaTopa.

Jani po3risiHeMo iHIII TOB3JOBXHI MapaMeTpH
i3 popmyi (2) ta (3).

AKTHBHA CKJIaJ0Ba Omopy BTpar B IpyHTI Rg

A=

3aJIeKUTh BiJl MarHiTHOI MPOHUKHOCTI IPYHTY Ta
YaCcTOTH 3MIHHOTO CTPyMYy i, BpaxoByrouu [21, 23],
PO3PaxOBYETHCS TaK:

= bsnf
Ro="5 (6)

e [lg — MarHiTHa TPOHHKHICTH TIPyHTY, ['H/M.

BpaxoBytoun, 1o 1t O1IbIIOCTI IPYHTIB BiJHOCHA
Mar”iTHa MPOHUKHICTh MPAKTUYHO PiBHA OJWHUIII,
TO B JaHOMY BHIIQJIKy aKTHBHY CKJIaJOBY OHOpPY
BTpaT B IPYHTI MOXHA 3allCaTH Y BUTJISI:

R, =10"xn*f . 7)
Mpu pg =p, =4nl07 Tr/m.

BuyTpimHio iHaykTHBHICTE IpyHTY Lo, sK

NPOBIIHUKA, SIKUH 0TO4YyE TpyOompoBiz,
BH3HAYAEMO 3T1HO HACTYIHOI PiBHOCTI:
4 2_,2
— Hs r's rs | _3rs —Ta 8
S 27(r2 2 2 2 Inj —= 4 (8)
n(rs =Ta) [fs ~Ta \la

me Iy =T, +0c; Iy —paniyc rpyHTy, sIKHii 0TOUye
JOCIIKYBaHUH TPyOOIpoBix, M; O, — TOBIIMHA
130JISATIIHOTO TIOKPHUTTSI, M.

30BHIIIHS IHIYKTUBHICTD L, , SIK enexTpuuHuit
mapamMeTp KOaKCiaJIbHOi JIiHiI, YTBOPEHOI MIiX
TpyOONIIpOBOZOM  Ta  OTOUYIOUHUM  IPYHTOM,
BpaxoBytoun [23, 24, 27],0yne po3paxoByBaTUCS
TaK:

L :bm ﬂ
2 on Axfroh

Pc

: (9)

Ie Pe — NUTOMHH OmIp 130JIALIMHOrO Marepiary

h:ﬂ —

\/OHsOg

CKBIBaJICHTHA TJIMOMHA 3aJISITaHHS 30CEPEIKEHOTO
CTpyMy B IpyHTi, M; GOg —
€IIEKTPOIPOBIIHICTH TPYHTY, OM/M.

3 dopmyau (9) MokHA MPOCHTIAKYBATH, IO i3
301IBLICHHSM YaCTOTH 3MiHHOTO CTPYyMY BEIHYHHA

TpyOonpoBoIy, Owm/wm;

nuToMa

30BHIITHBOT IHITyKTUBHOCTI TpyOOTIPOBOTY
3MEHIITY€ThCS.
3HaueHHS OIOpy pPO3TIKAHHA CTPYMiB 3

TPyOOIIPOBOLY SIK 3 IPOTSHKHOTO 3a3eMioBada R

Oyzae pospaxoByBaThcs 3rigHo 3 Gopmynoro 3yine
[23]:

=Ps|p 2 , (10)
A T MA/ZrPh

e pg — NUTOMHH omip IpyHTY, OM*M; M -
MOJYJIb TIOCTIHOI PO3MOBCIOJKEHHS CTPyMY ¥
Tpy6ompoBoxi, M.

TakuMm YMHOM, MIACTABISIIOYM 3HAYEHHS 13
dopmyn (3) + (10)y mowarkosi popmynu (1) Ta (2),

MO>KHA 3HAUTH BEJIMYMHN MOB3IOBXKHIX
CICKTPUYHAX TMapaMeTPiB PO3MIMIEHOTO B TIPYHTI
Ha(TOra30npoBoaY.

HacTtymHuM KpOKOM € OIliHKa TepexiTHuX
rmapaMeTpiB JTOCITIKYBAaHOTO TPyOOIpOBOAY, SKi
BKJIIOYAIOTh ~ aKTUBHMMA  OMmIp Ta  €MHICTh
130JISIIIHHOTO TTOKPUTTS Rc Ta Cc, BIJIIOBIAHO.
Kpim Toro, ocobmmBoi yBarm moTpeOye OIliHKA
JOJTATKOBOTO ~ TIapaMeTpy, a caMe€ €MHOCTI
Bigmapysanus Cg, sika Gi3HYHO CTBOPIOETHCS MK

METaJIOM  TpyOOmpoOBOMYy Ta  BiAMIAPOBAHUM
130JISIIIITHAM TIOKPUTTSIM.
3Ha4YeHHS  aKTUBHOTO  OMNOpY  130JIMii,

BpaxoByroun [21], po3paxoByeThCs Tax:

R. = 0,6pcln[rAJ- (11)
T Mo
€MHICHA  CKJIQJIoBA  PEAKTHBHOTO  OMOPY
130JIAL1THOT O MOKPUTTS M 3€EMHOIO
HadTOra3ompoBoay, BpaxoByroum [21,  27],
3HaXOAUTHCS 3 PIBHOCTI:
2ne ¢l
C c = s (12)
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ne €, = 8,850, ®/m — enekTpruHa OCTIiHA;

€ — BiIZHOCHa JieNeKTpUYHA TPOHHUKHICTH
cepemosnma  (i3onsmiliHoro mokpurrs); | —
IOrOHHA JIOBKHHA TpyOompoBoxy, M (s

po3paxyHKiB 3pyuHo npuitEaTa | =1 m).

Jani HeoOXimHO BU3HAYNTH MapameTp, KN
BiJITIOBi/Ia€ 3a €MHICTH BiAMIApyBaHHS 130JSAI[IHOTO
nokputts. Ha puc. 3 HaBeneHe CXeMaTHYHE
300paykeHHS TUTISTHKH ITi 136 MHOTO
Ha(TOra3o0npoBOAY i3 BiAlIApyBaHHIM 130JIsLii, a
Ha puc. 4 HaBexeHo BHUIIAA (¢i3uuHOI Momemi
BiIIITapyBaHHS 130JIAIII].

A

1 —mpybonposio, 2 —izonsayitine nokpumms, 3 —
siowapy8ants izonayii, 4 —Hanpsam mucky Irpyumy
Ha niozemHull mpyoonpogio

Pucynok 3 —CxemaTu4uHe 300paKeHHs TiIAHKH
JOCJIIKYBaHOTO MiI3eMHOT0 TPy0onmpoBoay i3
BillIApyBaHHAM 30/ UilAHOT0 MOKPUTTSI

3rigno puc. 3 Ta puc. 4 MOXHa 3pOOUTH
BHCHOBOK, II[0 BIUIMBOM KPHUBU3HU BiAlIapyBaHHS B
HAallOMy BHIAAKy MOXKHa 3HexTyBatu. Tomi
€MHICTh BiALIApYBaHHS 130JALiT MOXHA HAOIMKEHO
NPEACTABUTH K EMHICTB TUIOCKOT'O KOHJIEHCATOpa 3
BIJICTAHHIO MiX €JIEKTPOJIaMH PiBHOIO BiFICTaHI MiXK
MeTajJoM TPyOOIpoOBOAY 1 IMApoOM i30JAIIHHOTO
MOKPUTTS.

TakuM 4HHOM, TS po3paxyHKy mapamerpa Cg
BUKOPUCTOBYEMO HACTYIHY PiBHICTB:

_€p&S

Cia
°d

— BIJHOCHA JieJIeKTpUYHA MPOHHUKHICTh

(13)

e €p
cepemoBuina (MK MeTajoM TpPyOOIPOBOAY Ta
I30JSILIHHAM ~ TIOKPHUTTSIM); S - mwioma
Bi/mapoBaHoro moKpuTTs, M% O — BimcraHb Mixk

METaJOM  TPyOONpOBOAY Ta  BiANIAPOBAHUM
MOKPUTTAM (TOBIIMHA BifIIapyBaHH), M.

b

l,,1, —eeomempuuni napamempu siowapysanns
moswuna siowapysanns izonayii; R, —paoiyc

Kpusuznu siowapysanus (6nympiwnitl paoiyc
mpybonpoeooy)

(wupuna ma doexncuna, 6ionogiono); d

siout

Pucynok 4 —CxemaTuuHe 300paskeHHsI pizmuHOL
MozeJi BilmapyBaHHs i30J50iHHOT0 NOKPUTTS

Omxe, BpaxoBYIOUM ONHUCAHI  aHAIITHYHI
sajexkHoCcTi 3 [21+23, 25],a TakokX BpPaxoBYIOUH
JIOMATKOBI  €JIEKTPHUYHI TapaMeTpPH TIPYHTOBOTO
cepelioBHINA,  SKE  OTOYyE  AOCIHiIKyBaHUH
TpyOOIIpOBi, MOKHA TMPEACTABUTH HACTYITHY
AQHAJIITUYHY MOJEIb 3alle)KHOCTI 3CyBy (asu
BXiIHOTO CHTHaly BiA EJNEKTPUYHHUX MapaMeTpiB
Ha(TOra3onpoBoAy NpU HASBHOCTI BiAlIapyBaHb
130JIATIIHHOTO TTIOKPUTTS:

RLCC oy
(Z, + R, +R)(C. +Cp)

— BXiJHHUI OMip TeHepaTopa, KUl 3aJa€ThCs

¢ = 2nuf

ne Z

i
HOTO TEXHIYHUMH XapaKTEePUCTHKAaMHU, OM.

Bpaxosytoun, mo R. >> R, 1a R. >> R, o

(14) wmoxHa CHOPOCTUTH, 3HEXTYBAaBIIM JBOMA
AKTUBHUMH  CKJIQJIOBUMH  3arajlbHOTO  OMOPY
PO3MIIIIEHOTO B TPYHTI JIOCITI JDKYBAHOTO
HagTora3onpoBoxy. TakuM 4YHHOM, aHATITHYHY
MOJIETTb  3QJICKHOCTI 3CyBY (hasu y BHUIAAKY
HassBHOCTI BIAIIAPYBAHHS 130JIIHHOTO TIOKPHUTTS
JOCITI[DKYBAHOTO ITI36MHOTO Ha(TOTa30IpOBOIY
MOJKHA 3aITUCaTH y HACTYITHOMY BUTJISIII:

= 2nf ReLCcCo
(Z +Ry+R)(Cc +Cp)

(15)
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3 (15) cninye, mo 3MiHa 3cyBy (ha3u B HAIIOMY
BUIAKY BU3HAYaTUMETHCS PEaKTHBHUMHU
CKJIQJIOBUMH 3arajbHOTO OMHOpPY OCIiIKYBaHOTO
mig3eMHOro HaTOra3ompoBOIy, a TaKOX TaKUMHU
AKTUBHMMH CKJIQJOBHMH. OIIOPOM TeHepaTopa,
OTIOPOM 130JIAIII{ Ta OITOPOM PO3TIKAHHIO CTPYMIiB B
IPYHT 3 MeTaiy TpyOOnpoBOLIy.

OTxe, MiACTAaBISAIOYM 3HAYEHHS EJEKTPUYHUX
nmapaMeTpiB 3 HaBeAeHHX Buime (opMmyn B
YIOCKOHAJICHY aHATITUYHY MOEJb, NPECTaBICHY
¢dopmynoro (15), moxHa moOynyBatu rpadiuni
3aJIeKHOCTI 3MiHM 3CyBY (ha3u 1 TpyOOIpoBOIiB
pi3HOTO JiaMeTpy 13 BpaxyBaHHSIM IIapaMeTpiB
OTOYYIOYOTO IPYHTY Ta HapaMeTpiB i30JIALiHHOTO
MOKPHUTTS (IIPH HAsIBHOCTI BiAIIApYBaHBb).

Ha puc. 5+7 HaBenmeHi mpuKIIagd 3MiHH 3CYBY

IPYHTIB, pO3paxoBaHi Ha I ITH poOOYUX YACTOTAX:
128711, 512T', 982T'1 (puc. 5, a; puc. 6,a; puc. 7,
a) ta 8 xI'ty, 33kl (puc. 5,6; puc. 6,6; puc. 7,6).

AHaJOTiYHO MOXXHa TPOBECTH PO3PAXYHKH 1
JUTA 1HIIUX TUOiB IpyHTIB. CIIiJ 3BepHYTH yBary Ha
Te, IO HASBHICTH TOJATKOBUX BKIIFOUYCHb B IPYHTI 3
IHIMTUMA ~ TTapaMeTpaMH  TPOBIAHOCTI Ta OIOPY
(momieTuneHoBi TPyOONPOBOIM, SKi TMPOXOISATH
o603y abo MEepeTHHAIOTH TOCHIKYBaHY IISTHKY,
IepeB’siHI  Oamkd  TOmO) He Oylde UHMHHUTH
BIMMyTHOIO  BIUIMBY HA 3MiHY OCHOBHOTO
inpopmatuBHOrO mapaMeTpy. Lle Hacammepen
MOB's3aHO 3 THM, IO O00'€M OTOYYIOUYOro
TpyOOIIPOBiT ~ OAHOPIMHOTO  IPYHTY  3HAYHO
MIEPEBUIIyE 00’ €M TaKWX BKIIOYEHb 1, BiJIMOBIIHO,
iXHIi BIDIMB HA OCHOBHI €JEKTPUYHI TapameTph

(dasy 3ajNeKHO Bi €MHOCTEH BimlIapyBaHHS IPYHTOBOI'O  CEpeloBHINa  Oyae  MPaKTUYHO
130JIAIAHOTO TOKPUTTS Ta M PI3HUX THUMIB  HEBIIYYTHUM.
7E-4 1,4€E-2
9, pag @, pag
6E-4 = 1,2E-2 /
5E-4 1,0E-2 /
4E4 ——12814| | 8,03

y.,l"""—._' —=-5121y
364

/./././" 9821y
2E-4
o~

—o————
1E-4

—

O0E+0 T T T T T T
0,0e+0 2,0E-9 4,0E-9 6,0E-9 8,069 1,0E-8 1,2E-8

1 Cd, @
1,4E-8

——8 Kl'LY

=33 Kly

0,0E+0 : : ‘ ‘ : ‘ Cd, &
0,0E+0 2,0E-9 4,069 6,069 8,0E-9 1,06-8 1,2E-8 1,4E-8

6,0E-3 /

4,0E-3

2,0E-3

a)

0)

Pucynok 5 —3ane:xuocTi 3MiHM 3cyBY (a3u Bil BeJJMUMHH BiglIapyBaHHA i30J1sIMiHHOT0 MOKPUTTSA
NMPH BUKOPUCTAHHI Pi3HUX POOOYHX YACTOT (THII [PYHTY — YOPHO3€EM)

7E-4

@, pag
6E-4 —

5E-4

4E-4 ——128Ty

_’./.__.,_,.——l—-l —==512ry
- /./'/./- .
2E-4 ./r

164 — .

0E+0 T T T T T T
0,0E+0 2,0E-9 4,0E-9 6,0E-9 8,0E-9

1 Cd, @
1,0E-8 1,2E-8 1,4E-8

1,2E-2
P, pap
1,0e-2

8,0E-3

6,0E-3

——8 Ky

—=33Kly

/

0,0E+0 : : : : : ¢d, @
0040 2069 40E9 60E9 B8OE-9 1,068 1,268 1,468

4,0E-3

2,0E-3

a)

0)

Pucynok 6 —3aJieskHocTi 3MinM 3cyBYy (pa3u Bil BeTHUMHH BillIapyBaHHA i30sI0ii{HOr0 MOKPUTTS
MPH BUKOPHCTAHHI Pi3HUX POGOYHX YACTOT (THI IPYHTY — BOJIOTHA MiCOK)
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6E-4

P, pap
5E-4

4E-4

3E-4

——128Ty
5121y
9821y

1E-4 /M—_‘—ﬁ‘

0E+0  Cd, ®
0,0E+40 2,0E-9 4,0E-9 6,0E-9 8,0E-9 1,0E-8 1,2E-8 1,4E-8

2E-4

. N PN

9,0E-3
8,0E-3
7,0E-3

et

/
/
/
Vd
/

¢, pap

6,0E-3

5,0E-3 =8y

——33kly

4,063
3,063
2,063
1,0E-3
0,0E+0 Cd, ®
0,0640 2,09 4,069 6,069 80F-9 1,068 1,2E-8 1,4E-8

a)

0)

Pucynok 7 —3aJieskHocTi 3MiHM 3cyBYy (pa3u Bil BeTHUMHH BillIapyBaHHA i30JsI0ii{HOr0 MOKPUTTS
NPU BUKOPHCTAHHI Pi3HUX POOOYHX YACTOT (THII [PYHTY — CYXHii MiCOK)

BUCHOBKHA

311fiCHEHO BJIOCKOHAJIEHHS aHAIITUYHOI MOJIEI]
3cyBy (a3W BHXIJIHOTO CHTHAJIy TeHeparopa y
BHITAJIKy HAsSBHOCTI BiAIMIAPyBaHb 130JAIIHHOTO
MOKPUTTS IIISAXOM OUTBII MOTJIUOJIICHOTO aHaTi3y
MOXXJINBHX  BIUIMBIB  TIapaMeTpPiB  IPYHTOBOTO
CepelloBUINA,  SKE  OTOYYyE  JOCHIDKYBaHUH
mig3eMHuil HadTOra3zompoBiZ, Ha OTPUMYBaHUUN
iHpopmatuBHuii curHan. [lpuseneni rpadiuni
3QJICKHOCTI 3MIHM 3CyBYy (ha3u Bil BEIUYHHH
BiIIApyBaHHSA A PI3HUX  TUIIB  TIPYHTIB
JO3BOJIAIOTH CyIOUTH npo a/ICKBAaTHICTb
YAOCKOHAJICHOT aHATITHIHOT MOJIEIII.

B  momampmioMy — oTpuMaHi  TEOpETHYHI
3aJeKHOCTI OyIOyTh MIiATBEPIKEHI EKCIIepHMEH-
TAIGHUMH pe3yJlbTaTaMd, TPOBEJCHUMHU SIK Ha
CreMianbHO 00J1amTOBAaHOMY HaBYaJIbHO-
HAyKOBOMY TMOJITOHi, TaK i Ha JIIOYHX 00’ €KTax
HaTOra30BOro KOMILIEKCY.

1. Bacunwox B.M. Iliosuwenns naditinocmi
pobomu  mazicmpanvHux Hagpmonpoeodie BAT
«Yrpmpancrnagpma» [Enrexmpounnuii pecypc] | B.M.
Bacunox Il Bichux «Obwecmso. Hegpmo. [as3.
Amom», oocmyn: http://gasunion.org.ua/roboti-

(axkmuueckozo  NONOJCEHUs U COCMOSIHUSA
noosemuvix mpyoonposooos. BPJ] 39-1.10-026-
2001. - M. BHUUTA3, 2001. 62c¢. 5.
AHeopcokuii  A.B. @azosuii memod KOHMPOIIO
i301aYitiHo2o noKkpumms nio3eMHux
nagmozazonposodie | A.B. Heopcoxuii, C.II.
Bawuwax, A.M. Kapnaw || Memoou ma npunaou
xoumponio sxkocmi. — 2008. -Ne21 —C. 14-18. 6.
Memoouxa ma anapamypa 0804aACMOMHUX BUMIDIG
o5t nepegipku  SIKOCmi  [307AYilH020 NOKPUMMSL
mpyoonposody y  G0N02UX IPYHMAX ma Ha
niosoonux nepexooax | M.A. Trkanenxo, II.C.
IOxumeys, C.M. Myxaunin ma in. Il Texnuueckas
OUazHOCMUKA U Hepaspyuwarowull KOHMpoib. —
2008. — AMel. — C. 19-23. 7. Myxaunin C.M.
Po3spobra memody 08ouacmomunux eumipio8ans 014
KOHMPON0 cmauy i3oaayii. mpybonposoodis, wo
BHAX00AMBCSL Y 80A02UX IPYHMAX ma nid 6000io |
C.M. Myxaunin Il Memoou ma npuradu konmponto
axocmi. — 2012. -Nel. — C. 16-25. 8.Po3pobka i
B8NPOBAVICEH NS 0804ACTNOMHOT MemoouKu
diaeHocmyearnts skocmi 1301ayii mpybonpogoodie
[Enexmponnuii  pecypc],  pescum  docmyny:
http://salp.ub.ua/analitic/2673-rozrobka-i-
vprovadennya-dvochastotnoyi-metodiki-
diagnostuvannya-yakosti-izolyaciyi-

magistralnix-naftoprovodiv-vat-ukrtransnafta. html. fruboprovodiv.html - 9. Jcara  P.M.  Ananis

2. Mana zipnuua enyuxaonedis. B 3x m. | 3a peo.
B.C.bBineyvkoco. —Jloneywvk: Jonbac, 2004. —C. 86.
— ISBN 966-7804-14-3. 3Wemoo obnapysicenus
Hapyulenull u30aAYUOHHbIX NOKPLIMULL NOO3EMHBIX
mpybonpoeooos | AJ]. Tesswes, B.D. Trauenxo,
A.A. Trkauwenxo, JI.B. Cmpuxcax |l Bocmouno-
Eeponeiickuii scypnan nepedosvix mexwHonro2utl. —
2006. - ANe24. — C. 70-76. 4.Memoouxa oyenku

iHhopmamuenocmi Koegiyienma 3aHUKAHHA
Cmpymy y eleKmpoMasHimHoMy Memooi KOHMPOTIO
izonayii mpybonposodie | P.M. Jxcana, JLII
Mikmaposa [l Texmiuna  Odiaenocmuxa  ma
nepytnienutl koumpoas. — 1999, -Ne3. —C. 45-50.
10. Hhesxommaxmuuil memoo i anapamypa Ois
ONepamuHUX obcmedicenn niO3eMHUX
mpybonposoodis | P.M. J{ncana, JLII. JJuxmaposa,
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b.A. Bepbeuneyv, [I.M. Xnunnsu Il Ilpobremu
pecypcy i besneku exkcnayamayii KOHCMPYKYIl,
cnopyo ma mawun. 30. nayxoeux cmamei. — K.:
1E3 im. €.0. llamona HAHY, 2006. —C. 57-61. 11.
Bepoeneyv b.A. hesxonmaxmuuti memoo i npunaou
0N KOHMPOMO  NPOMUKOPO3IUHO20 — 3aXUCTY
niosemuux mpyoonposodie . asmopedh. ouc. Ha
3000ymms HAYK. CMYNeHs. KaHO. MexXH. HAYK . chey.
05.11.13  &lpunaou i memoou KOHmMpOMO Ma
susHauenns ckaady pewosun» | Diz.-mex. in-m im.
I'.B. Kapnenxa. — Jlvgig, 2011. — 2Qc. 12. Kocmisg
b.B. Yoockonanenns 6e3kOHmMaAKmHo20 8UHAYEHHSA
CIpPYMI8 8 CIIHKAX NIO3eMHUX MPYOONnpoeodie 0
KOHMpOIo iX i301ayiliH020 NOKpumms. . agmopeqp.
ouc. Ha 3000ymms HAYK. CMYNeHs KAHO. MeXH. HAYK
. cney. 05.11.13 Wpunaou i memoou KOHmMPOAIO
ma eusnauenns cxkiady pewosun» | IOHTYHI. —
leano-®Dpanxiscok, 2010. — 2. 13. Cmpineyvruii
FO.U. Pospobxa memoouxu ma npucmpoio s
OUCMAHYIUHO20 KOHMPOIIO CMAHY  [304YiliH020
NOKpumms niO3eMHUX 2a30npo8oodie . asmopeq.
ouc. Ha 3000ymmsi HAYK. CMYNeHsi KAHO. MEXH. HAYK
. cney. 05.11.13 Mpunaou i memoou KOHmMPONIO
ma eusHawenus: cknady pewosun» | Cmpineyvkuii
1O. U., IDHTYHT. —Isano-®panxiscox, 1999. — 20
c. 14. AHeopcoxuii A.B. Pospobrxa memody ma
cucmemu 0151 Oe3KOHMAKIMHO20 KOHMPOIO CMAHY
i301ayii  npoMucio8ux — HAPMo2azoNnposooie
aemopedh. ouc. Ha 3000ymms HAyK. CMYNEHsl KAHO.
mexn. nayk . cney. 05.11.13 &puraou i memoou
KOHMPONO ma GU3HAYEHHS CKAady peqosun» |
IOHTYHI'. — Isano-®panxiscok, 2005. — 2. 15.
Myxaunin  C.M. Boockonanenns memooie ma
3ac00i6 KOHMPOJIHO AKOCI [30AAYIUHO20 NOKPUMM S
mpyoonpoeooie, wo 3HAXOO0AMbCA Y  B0JIOSUX
IpyHmMax ma nio 600010 asmopegh. ouc. Ha
3000ymmsi HAYK. CMYNeHs KAHO. MeXH. HAYK . cney.
05.11.13  &lpunaou i memoou KoOHmMpOMO Ma
suznavenns cxkaaody pewosun» | Myxaunin Cepeitl
Muxaiinosuy, Kuiscokuu NnoiMmexHiuHul
incmumym. — Kuis, 2012. — 2Qc. 16. Tpaucu CJ1.
Bruanue omcnoenusn usonayuu mpyoonposooa Ha
kamoonyio sawumy Il Heghmezasosvie mexnonoeuu,
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