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Pedepar:

1. Incepranjiiina po60Ta IpUCBSIY€HAa BUPIlIEHHIO aKTyaJIbHOI HAyKOBO-TIPUKJIAIHOI 337a4i 1[0/10 3a06e3I1e4eHHs
€JIEKTPOMArHiTHOI 3aBaJlOCTiMKOCTi BUTHX [ap Ha TEXHOJIOTIYHIN CTajlii BUTOTOBJIEHHS KabeJliB IPOMUCIOBUX
MEPEX 3 BifIOBIZHNM KOMIIJIEKCOM €JIEKTPUYHUX [TapaMeTPiB Iepefadi y MUPOKOMY Aianas3oHi yactotyu. MeToro
IMCepTaliifHOi pobOTH € 3a6e3redyeHHs 3aBafIOCTINKOCTI KabesTiB MJiT MPOMUCIIOBUX MEPEXK 3 Bif[ITOBITHUM
KOMIIJIEKCOM €JIEKTPUYHMX I1apaMeTpiB repeadi Ha TeXHOJIOTIYHii cTafii BUTOTOBJIEHHS BUTUX 1ap. O6'eKTOM

OOCJTiIKEHHS € 3a6€3Me4eHH 3aBaJOCTINKOCTI HEeKPAaHOBAHMX Ta €KPAaHOBAHUX BUTHX Iap HA TEXHOJIOTIUHIN



cTafii BUrOTOBJIE€HHS. [IpeMeTOM OOCTiIKEHHS € BUTI [1apy IPOMUCIIOBUX MEPEX 3 €JIEKTPUYHMMU [TapaMeTpaMu
nepenadi y rpaHUISIX HOPMOBAHUX 3Ha4Y€Hb. B nuceprarnii oTpuMani HaCTyIHI HayKOBi pe3ysbTaTu: 1. Bnepie
IIOBEJIEHO BIJIMB KOHCTPYKTUBHUX Ta Ji€JIEKTPUYHUX [TApaMeTPIB IIOJIIMEPHOI IIJIIBKY JBOMIAPOBOrO €KPaHy Ha
€JIEKTPUYHY €EMHICTb BUTOI IIapH, 110 3abe3evye MiBUILIEHUI PiBeHb 3aBaOCTINKOCTI Ta 3MEHIIy€E BTPATU
€JIEKTPOMArHiTHOI eHeprii y po604oMy Jliana3oHi 4aCTOTU €KpPaHOBAHOi BUTOI N1apy MOPiBHSIHO 3 HEEKPAHOBAHOIO. 2.
Briepie BU3Ha4€HO BIIUB €JIiNTUYHOCTI KOHCTPYKTUBHUX €JIEMEHTIB Ha CTPYKTYPY €JIeKTPUYHOrO I10JIs Ta PO6OUy
e(EeKTUBHY €MHICTb BUTOI 1apU B 3aJIE>KHOCTI BiJi KOHCTPYKTMBHOIO BUKOHAHHS KabeJIo Ta €JIeKTPUYHOI i301s1ii,
IIO [1aJI0 MOJKJIMBICTb OOI'PYHTYBATH JOLIIbHICTh 3aCTOCYBAHHS CIIHEHOI IIOJIiIMEPHOI 130111l AJ151 peryJoBaHHS
€MHOCTI Ta 3MEHUIEHHIO ii BIUIMBY HAa BTPaTH €JIeKTPOMarHiTHOI eHeprii y ekpaHoBaHOMY KabeJi. 3. Biepie
€KCIIepUMEHTAJIbHO BCTAHOBJIEHO KOPEJISIIiNHNY 3B'130K MiXK [TapaMeTpaMu eJIeKTPOMarHiTHUX BIUIUBIB Ta
acUMeTpi€elo eJIEKTPUYHOrO ONIOPY BUTHUX Iap KabeiB. Koediuientn napHoi kopessuii cranosaats 0,90 Ta 0,93 pis
HEEKPAaHOBAHMX Ta €KPaHOBAHUX KabeJliB, 1[0 06YMOBIIIOE 6isIbl J)KOPCTKI BUMOTH [10 TEXHOJIOTIYHOTO IIPOLECY
BUTOTOBJIEHHS] €EKDAHOBAHUX BUTHX Map. 4. Briepine BU3Ha4€HO [jjalla30HU HaJAIITyBaHb TEXHOJIOTIYHOTO MPOLIECY
BUTOTOBJIEHHS BUTHX I1ap 3 HOPMOBAaHMMH €JIEKTPUYHMMY NTapaMeTpaMiu Niepefadi, 1o 3adesnedye No3UTHUBHI
IOITyCKY AiaMeTPiB IIPOBITHUKIB Nap 3 Pi3SHUMU KPOKaMU CKPY4yBaHHS IIPU 3HAYEHHSX BiIHOCHUX OIOPIB
IIPOBiIHUKIB Ha IOCTITHOMY CTpyMi y rpaHuLsx + 30 Ta KoediljieHT Bapiallii eMHOCTi i3071b0OBaHOTO MTPOBiAHMUKA HA
piBHi 0,3%. 5. Briepiie 06IpyHTOBaHO METOJ0JIOTiI0 CUHTE3y KOHCTPYKTOPCbKO-TEXHOJIOTIYHUX PillleHb CIIiHEHHS
NOJIIMEPHOI 130711 Ta OTPMMaHO HOMOTpaMU €(PEKTUBHUX [i€JIEKTPUYHUX [TAPAMETPIB B 3aJIEXKHOCTI Bif CTyIIEHIO
CIiHEHHS$ Ta TOBIIMHM 3aXMCHOI [10JiIMEPHOI MJIiBKY, 110 A03BOJIsI€ €(PEKTUBHO PETYIIOBATU €JIEKTPUYHY EMHICTD
JIBOLIAPOBOI i3071411ii i30JIbOBAHOTO NMPOBiTHUKA HA TEXHOJIOTIUHIN CTaAii BUTOTOBJIEHHS BUTOI napu. Ilpu cryneHi
criineHHs 40% piesiekTpyuyHa IPOHMKHICTb 3MEHIIYEThCS Ha 25%, TAHT€HC KyTa JieJeKTPUYHUX BTpaT — Ha 33%,
€JIEKTPUYHA €MHICTb 130JIbOBAHOTO NPOBigHUKA — HA 20%. [JOCTOBIPHICTh TEOPETUYHUX OUCEPTALINHUX AOCIIIKEHD
MigTBEPIKEHO €KCIIEPUMEHTAILHUMU JOCIIIPKEHHIMHU CTATUCTUYHO YCEPENHEHUX €JIEKTPUYHUX [1aPaMETPiB
nepepayvi Butux nap a4 10 i 85 Bubipok 6yxT JoBxXuHO0 305 METPiB HEEKPaHOBAHMX Ta €EKPAaHOBAHMX KabeJiB.
[IpakTUyHe 3HaUYEHHS OJlepKAaHUX PEe3yJbTATiB MOJISITA€ Y HACTYITHOMY: — OO PYHTOBaHA METOM0JIOTisl YUCETIbHOTO
BU3HAYEHHSI €JIEKTPUYHOTO 110718, IKa 6a3yeThCsl HA METO/i BTOPMHHUX [KEePeJl 3 BDAaXyBaHHSIM HasIBHOCTI
CTPYKTYPHO-TEXHOJIOT{YHNX HEOHOPiHOCTe! KOHCTPYKTUBHUX €JIeMEeHTIB KabeJsliB Ha OCHOBI BUTOI IIapy, MOXXe
OyTy 3aCTOCOBaHa JiJ1s1 HaJalITyBaHb TEXHOJIOTIYHOTO NPOLECY BUTOTOBJIEHHS 130J1bOBAaHUX NIPOBiHUKIB KabeliB
Pi3HOro NpU3HAYEHHS, B TOMY YUCJIi i CUJIOBUX; — OBELEHO €(PEKTUBHICTb 3aCTOCYBaHHSI JIaMiHOBaHOTO
IBOIIAPOBOTrO €KPaHy 3 HEIMOJISIPHOIO IIJIIBKOIO, 1[0 HA/la€ MOKJIMBOCTI BapiloBaHHS 3HAUYE€HHSIMUA POOOYOI EMHOCTI
L7151 3MEHIIEHHs ii BIVIMBY Ha KoediljieHT 3raca’Hs Ta MifBUILEHHS 3aBaflOCTiIIKOCTi BUTOI Tapy y po60YoMy
Iliana3oHi 4aCTOTH; — OOI'PYHTYBaHHS O[O PO3TallyBaHHS i301bOBAHOTO IIPOBiITHUAKA Y BO], 110 OXOJIOIKYE,
3abesrevye B NOPIBHSIHHI 3 IOBITPSHUM OXOJIOJIKEHHSIM BUCOKY YyTJIMBICTb IO HAJIAIITyBaHb TEXHOJIOTIYHOTO
IIPOLIECY PETYJII0BAHHS €MHOCTI i30JIbOBAHOTO IPOBiIHMKA MIPY BapilOBaHHI TOBINVHM i30JIAL1ii IPOBiIHUKA BUTOI
napy; - N0Ka3aHo, 10 MYJIbTUILIIKaTUBHA 3aBaJla, 00yMOBJIEHA BUNIQAKOBUMH 3MiHAMU y CTOXaCTUYHOMY
TEXHOJIOTIYHOMY IIPOLECi, MOXKE IIPU3BOAUTH [0 BiXUJIEHHS iaMeTPy Y 2 pPa3u BiJl HOMiHaJIBHOIO 3HAaY€HHS Ha
piBHi 50% BiporigHOCTI; — HOBEIEHO BUXiM, 3a BEPXHi rpaHuUIli HOPMOBAaHUX 3HA4€Hb POOOYOi EMHOCTI i BTpaT
€JIEKTPOMArHiTHOI €Heprii A1 BUTKX Map 3 MEHIIMMU KPOKaMU CKPYTKH, 110 JaJI0 MOXKJIUBICTb HA TEXHOJIOTIYHIN
CTafjii BUTOTOBJIEHHS [IPY OJHOCIPSIMOBAaHOMY CKPY4YyBaHHI CEpPAEYHUKA 3 BiIKPYTKOIO OOI'PYHTYBAaTU 3aCTOCYBAHHS
OinbIKX KPOKiB CKPY4yBaHHS 1151 OTPUMAHHS MEHIINX 1J1s1 MiIBULLEHHS 3aBaOCTIMKOCTi BUTUX Map; —
BCTAHOBJIEHO KOPEeJISILiHNI 3B'930K MK XBUJIbOBUM iMII€JaHCOM Ta CTPYKTYPHUMU BTpPaTaMU €J1€KTPOMAarHiTHOi
€Heprii y BUTMX €KpaHOBaHUX I1apax, 10 J03BOJIsI€ 3aCTOCOBYBATH Lii IapaMeTPH [1JI HAJAMTYyBaHb CTA0iIbHOCTI
TEXHOJIOTIYHOrO IIPOLECY; — PEKOMEHallii 010 HAIAITYBaHb TEXHOJIOTIYHOTO MPOL,ECY BUTOTOBJIEHHS

€KpaHOBaHUX KabeJliB 3 BUTUMU ITapaMu

2. The dissertation is devoted to the solution of the actual scientific and applied problem of ensuring the
electromagnetic immunity of twisted pairs at the technological stage of manufacturing cables of industrial
networks with the appropriate set of electrical transmission parameters in a wide frequency range. The purpose of
the dissertation is to ensuring the immunity of cables for industrial networks with the appropriate set of electrical



transmission parameters at the technological stage of manufacturing twisted pairs. The object of the study is to
ensure the interference resistance of unshielded and shielded twisted pairs at the technological stage of
manufacturing. The subject of study is twisted pairs of industrial networks with electrical transmission parameters
within the limits of normalized values. Scientific novelty of the results: 1. For the first time, the influence of the
structural and dielectric parameters of the polymer film of the two-layer screen on the electrical capacity of the
twisted pair has been proven, which provides an increased level of interference immunity and reduces the loss of
electromagnetic energy in the operating frequency range of the shielded twisted pair compared to the unshielded
one. 2. For the first time, the influence of the ellipticity of structural elements on the structure of the electric field
and the working effective capacity of the twisted pair depending on the design of the cable and electrical
insulation was determined, which made it possible to substantiate the feasibility of using foamed polymer
insulation to regulate the capacity and reduce its impact on the loss of electromagnetic energy in the shielded
cables. 3. For the first time, a correlation between the parameters of electromagnetic influences and the
asymmetry of the electrical resistance of twisted pairs of cables was established experimentally. Pair correlation
coefficients are 0,90 and 0,93 for unshielded and shielded cables, which causes stricter requirements for the
manufacturing process of shielded twisted pairs. 4. For the first time, the ranges of settings for the technological
process of manufacturing twisted pairs with standardized electrical transmission parameters were defined, which
ensures positive tolerances of the diameters of the conductors of pairs with different twist steps at the values of
the relative resistances of the conductors at direct current within the limits of + 3o and the coefficient of variation
of the capacity of the insulated conductor at the level of 0, 3%. 5. For the first time, the methodology of the
synthesis of design and technological solutions for the foaming of polymer insulation was substantiated and
nomograms of effective dielectric parameters were obtained depending on the degree of foaming and the
thickness of the protective polymer film, which allows to effectively regulate the electrical capacity of the double-
layer insulation of the insulated conductor at the technological stage of twisted pair production. At a degree of
foaming of 40%, the dielectric permeability decreases by 25%, the tangent of the dielectric loss - by 33%, the
electrical capacity of the insulated conductor - by 20%. The validity of the theoretical dissertation studies was
confirmed by experimental studies of statistically averaged electrical transmission parameters of twisted pairs for
10 and 85 samples of bays with a length of 305 meters of unshielded and shielded cables. The practical significance
of the results obtained is as follows: - a reasonable methodology for the numerical determination of the electric
field, which is based on the method of secondary sources, taking into account the presence of structural and
technological inhomogeneities of the structural elements of cables based on twisted pair, can be applied to the
settings of the technological process of manufacturing insulated conductors of cables for various purposes,
including power ones; - the effectiveness of the application of a laminated two-layer screen with a non-polar film,
which provides the possibility of varying the values of the working capacity to reduce its influence on the
attenuation coefficient and increase the immunity of the twisted pair in the working frequency range, has been
proven,; - the justification for the location of the insulated conductor in the cooling water ensures, in comparison
with air cooling, high sensitivity to the settings of the technological process of adjusting the capacity of the
insulated conductor when varying the thickness of the insulation of the twisted pair conductor; - it is shown that
the multiplicative disturbance caused by random changes in the stochastic technological process can lead to a
deviation of the diameter by 2 times from the nominal value at the level of 50% probability;
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