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O6ocHOoBaHue npnMeHeHna eMKOCTHOro metoaa aAnda oueHkKn HepoBHOTbI CMelWnBaHUA
BOJIOKOH B HEOAHOPOOHbIX TEKCTUJIbHbIX MaTepuanax

0. A. ficHes, Butebckmi rocyaapCTBEHHbIV TEXHOIOMMYECKUV YHUBEPCUTET,
0. B. PbIKNuH Pecnybnvika benapycb

AHHoTaums. KayecTBO CMeLLMBAHNS BOMOKOH B HEOHOPOAHbIX TEKCTUMbHBIX MaTepuanax sBisetcs akTyanbHon 3afavel, no-
CKOMbKY NPy X CO3AaHWW 13 CMECH KOMMOHEHTOB, KOTOPbIE 334aCTyH) MMEIOT PasnnyHy0 NpupoAY, a, COOTBETCTBEHHO, U (-
3UKO-MexaHUYeCcKMe NoKasaTeni, 04eHb BaXHO J0OUTHCS PAaBHOMEPHOCTY BbIpabaTbiBaEMON NPOAYKLMM MO COCTaBY 1 Xapak-
TEpPUCTMKAM. Ha CEroHaLWHNI AeHb CyLLECTBYIOLME CNOCO6bI ONPEaeNneHns HEPOBHOTbI MaTePUanoB A0CTATOYHO TPYAOEMKN.
MprbOoPbI, NPUHUMN AENCTBUS KOTOPbIX OCHOBAH Ha UCMOb30BaHMN EMKOCTHOMO METO/AA, NPeHa3HAYEHHbIE 1S ONpeaeneHus
HEPOBHOTbI MO IMHEMHON NAIOTHOCTY, HE NO3BONSIOT OLEHUTH HEPOBHOTY CMELLMBAHUS KOMMIOHEHTOB B HEOAHOPOAHbBIX BOIOKHM-
CTbIX NPOAyKTax. [10 HaCTOSLLEro BPEMEHU EMKOCTHOW METOL, HE MCMOb30BANC ANS OLUEHKW HEPOBHOTHI CMELLINBAHNMS.

Llenb paboTbl 3aKN04aeTCs B 3KCNEPUMEHTANbHOM NOATBEPXAEHUN MPUMEHEHNS EMKOCTHOMO METOAA 1St OLEHKW HEPOBHOTbI
CMeLLMBaHUS BONOKOH B HEOLHOPOLHbIX TEKCTUNbHbIX MaTepuanax.

B npouecce 1cnbiTaHuit 06pasLoB 13 xaonka 1 NonuadupHoOro BoNoKHa Ha npubope uaMeputens ummutaHca MHUMN E7-20 B
[ana3oHe YacToT ot 2 A0 640 Kl ¢ HoMUHanbHOW Maccor B 0,3, 0,5 1 0,7 T 66110 0BHaPYXEHO, YTO 3HAYEHME EMKOCTH KOHEH-
caTopa YMEHbLUIAETCS C YCUNEHWEM YaCTOTbl U MOBbILIAETCS C YBENNYEHUEM MACChl NPO6bI, YTO NOATBEPXAAETCS BbICOKUMM
3HaueHUIMI Ko dULMEHTa KOpPPEeNsUnUW. Ha 0CHOBaHUI 3KCNIEPUMEHTaNbHbIX AAaHHbIX NPEANIOXEHa MaTeMaTUYeCKas MOLEb,
ONUCbHIBAKLLIAS BNUSHUE YaCTOTbI 3NEKTPUYECKOrO NONS KOHAEHCATOpa Ha COOTHOLLIEHME 3HAYEHWNI EMKOCTY 19 Pa3HbIX BU-
[I0B BOMIOKOH 3@ BbIYETOM EMKOCTM KOHEHCATOPa, ONPeAeNeHHoN Npu OTCYTCTBIW B HEM MaTepuana. BbiseieHbl aManasoHb
4aCTOoT, B KOTOPbIX NPK pa3paboTaHHOi KOHCTPYKLMKM Macca npobbl BONOKHA HE OKA3bIBAET CYLLECTBEHHOMO BAUSHUS Ha COOT-
HOLLIEHWE CUTHANO0B, NOMYYEHHDBIX N1 X10MKa W NOAM3(GUPHOr0 BOMOKHA. Pasnuung pesynsratos NOBTOPHOIO SKCMEPUMEHTA U
PacyeToB N0 NPeIOXeHHON MOAENM He npesbiLlatoT 10 %.

CornacHo NpeanoxXeHHOM MOLENM Ha BbICOKOW YacToTe BNWAHME BULA MaTepuana Byner CYLIECTBEHHO CHWXATbCS, COOTHO-
LLIEHWe CUrHamnoB CTPEMUTCS K efMHNLE. IMEHHO pa3ninung COOTHOLLEHWS CUTHANO0B HA Pa3HbIX YacTaTax NpK pasHbIx Maccax
Npob mnaHMpyeTcs MCNONb30BaTb AN Pa3paboTku MaTeMaTMYECKOro annapara no OMpefeneHnio HEPOBHOTbI CMeELLMBaHNS
BO/IOKOH B HEO[IHOPOLHbIX TEKCTUNbHbIX MaTepuanax.

KnioueBble cnoBa: HEPOBHOTA CMELLIMBAHMS; EMKOCTHON METOL; AN3NEKTPUYECKas NPOHMLLAEMOCTb; YacTaTa 3MEKTPUYECKOr0
nonsg KoOHAeHcaTopa.
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Rationale for using the capacity method to assess the blending irregularity of heterogeneous
textiles
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Abstract. The quality improvement of blended textiles is an urgent task, because when they are developed from the blends
of fibers that often have different natures, and, accordingly, physical and mechanical properties, it is very important
to achieve uniformity of the manufactured products in composition and characteristics. To date, existing methods for
determining the blending irregularity of materials are quite labor-intensive. Devices whose operating principle is based on
the use of the capacitive method, designed to determine the unevenness of linear density, do not allow for assessing the
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blending irregularity of heterogeneous fibrous products. Until now, the capacitive method has not been used to assess the

unevenness of mixing.

The aim of the work is to experimentally confirm the use of the capacitive method for assessing the irregularity of fibers
blending in heterogeneous textiles. During testing of cotton and polyester fiber samples on the immittance meter MNIPI
E7-20 in the frequency range from 2 to 640 kHz with a nominal mass of 0.3, 0.5 and 0.7 g, it was found that the value of
the capacitance decreases with increasing frequency and rises with increasing sample mass, which is confirmed by high
values of the correlation coefficient. Based on the experimental data a mathematical model is proposed that describes the
influence of capacitor frequency on the ratios of capacitance values at different frequencies for different types of fibers
excluding the capacitance determined in the absence of material in it. Frequency ranges are identified in which, with the
developed capacitor design, the mass of the fiber sample does not have a significant effect on the ratio of signals obtained

for cotton and polyester fiber.

Deviations in the of results of repeated experiment data from calculations results according to the proposed model do not
exceed 10 %. According to the proposed model, at high frequency, the influence of the kind of fibers will be significantly
reduced:; the signal ratio tends to unity. It is the differences in the signal ratio at different frequencies with different sample
masses that are planned to be used to develop a mathematical apparatus for determining the irregularity of fiber blending

in heterogeneous textiles.

Keywords: blending irregularity; capacitive method; dielectric constant; frequency of the electric field of the capacitor.
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BeeneHue

B HacTosLlee BpeMs CMeLlaHHas npsxa v nonotHa 13
Pa3NNYHbIX COYETAHNI NCXOOHOMO CbiPbs 3aHMMAIOT CyLLle-
CTBEHHY) [0/10 MMPOBOO TEKCTUIBbHOMO PbiHKa. CMeLlm-
BaHWe BOMOKOH HECKONbKWX BWAOB MO3BOASET MOAYYMTb
n3genns, obnapatolne KOMOWHALMEN NyylwuX CBOWCTB
KOMNOHEHTOB BOMOKHA, XapakTepHbIX ee OTAENbHbIM CO-
CTaBNSOLLIMM, HO TOMbKO MPU WX KQYECTBEHHOM CMeLLuBa-
HUK.

CneqncTBMeM MOXoro KayecTBa CMELLMBAHUS SBNSETC
HE0AHOPOAHOCTb BbipabaTbisaeMoil npsixu (Tonaitno 1 ap.,
2015; Niles et al., 2017), cHuxeHne CTabunbHOCTU TEXHOMO-
TMYecKnX NpoLEecCoB ee nepepaboTku, YXYALLEeHUE BU3Y-
anbHbIX W TaKTUMbHbIX OLLYLLEHWUA, @ TaKXe MNOBbILLIEHNE
HEepaBHOMEPHOCTU TEKCTUMbHbIX MaTepuanoB No Quan-
KO-MexaHW4YeckuM CBOMCTBAM.

MHOXECTBO MCCNenoBaHNin MPOBEAEHO C LIEMb0 OLEH-
K1 BNVSHIS 10N1EBOr0 COOTHOLLEHNS BONOKOH Pa3HOro BUAA
Ha (BUM3MKO-MexaHWYecKne CBOMCTBA MPSXXM U NoKa3aTenu
€€ HEePOBHOTbI M0 NMHENHON MAOTHOCTU.

HanpuMep, yCTaHOBNEHO, YTO YBEAMYEHME A0NN Mo-
NM3aUPHOrO BOMOKHA B COCTaBE NOAM3(UPHOXIOMNKOBOIA
CMeCcy NPUBOMANT K YNyYLLIEHUIO NoKa3aTeneit npsxu, B ToM
yncne, K NOBbILLEHWID PABHOMEPHOCTY N0 CBOICTBAM, pas-
PbIBHOW Harpysku 1 OTHOCUTENIbHOMO Pa3pbiBHOTO YAMMN-
HEHW]; YMEHbLLEHM0 BOPCUCTOCTM M KOMMYECTBA TOHKMX
W TONCTbIX MecT, Hencos (Manik, Majumder and Hossain,

2019; Koxametos, (Qaitsynnaes w PaxmatynauHos, 2022
Babaarslan, Shahid and Okyay, 2023).

Mpy CMewuBaHni 1 NOAMSGUPHOT0 MUKPOBONOKHA
C XNOMKOM YBENMYEHWE MEPBOro KOMMOHEHTa B COCTaBe
MPsbKM 10 65 % 0Ka3bIBaET NOMOXUTENBHOE BANSHUE Ha KO-
JMYecTBO Ae(EKTOB M NOKA3aTENN MEXaHUYEeCKUX CBOWCTB
CMeCH, TaK Kak NMPWUBOAMT K YMEHbLUEHWK KONMWMYECTBa
HEMNCOB, YBENMYEHWIO PA3PbIBHOM HArpy3ku W YOAJUHEHMS,
MOBBILLIEHMIO PABHOMEPHOCTY NPshXK. [Py 3TOM 40N NoAu-
3(UPHOr0 MUKPOBONIOKHA HE 0Ka3blBAET BNNSHWS Ha BOp-
cucTocTb npsixu. (Rajalakshmi, Kaushik and Prakash, 2012).

YBeNMYeHne 401 NOAM3GUPHOr0 BOMOKHA B COYETa-
HUM CO NbHOM B COOTHOLLIeHusX 85/15, 80/20, 50/50 npu
NCMbITAHNAX NPO6 NPSXKM NPUBENO K YMEHbLUEHWI0 KBaf-
paTUYECKO HEPOBHOTbI, HEPABHOMEPHOCTH, KONUYECTBY
KOPOTKMX TOHKMX Y3€/KOB, YTOMLLEHHIA 1 yToHeHuit (Ghosh
and Raihan, 2015).

CoctaB CMECW BIMSIET Ha MHOMME CBOWCTBA MPSXU,
OCHOBHbIMU W3 KOTOPbIX SBMSIOTCS PaspblBHas Harpyska,
PABHOMEPHOCTb NO NIMHEHON NAOTHOCTY, BOPCUCTOCTb 1
npoyve nokasatenu. CTOUT OTMETUTb, YTO BAMSHUE Ha CBOM-
CTBAa MPSXW 0Ka3blBaeT TaKKe ee NINHEelHas NNoTHOCTb.
MpK McnbiTaHMW TPEX 06pasLoB MONN3MUPHOXIOMNKOBOK
MPSKN B COOTHOLLIGHMN KOMMOHEHTOB 65/35 pasHoit nnHel-
HOW nnotHocTw (14,75, 11,8 1 9,83 TeKE) BbIN0 BLISBAGHO, YTO G
YBENMYEHUEM NIMHEHON NNOTHOCTY YMEHbLLIAETCS KonMnye-
CTBO HEMCOB, TOHKUX 1 TONCTbIX MecT (Anowar, 2019).

- BECTHWK Butebckoro rocyaapcTBEHHORO TEXHOMOrMYeckoro yHuBepcuteta, 2024, N2 3 (49)
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Pan nccnenoBatenen 3aHUMancs W3ydeHneMm CBOWCTB
00pa3LoB MPsKK, BbIpabOTaHHOW U3 HETPaANLMOHHbIX
BIOOB TEKCTUIbHOTO Chipbst (XNI0MOK/LWenK, [xyT/xnonok/
BUCKO3a, IKYT/LIepCTb U T. f.).

BbIIBNEHO, YTO yBENNYEHNE MPOLIEHTHOTO CoepXaHus
LLESIKOBOTO BONIOKHA B MPSXe M3 CMECK X0MKa W Lenka
B COOTHOLLEHMsX 33/67, 50/50, 67/33 npusogut K yBenu-
YEHWO Pa3pbIBHOM HArpysky, PaspbiBHOTO YAJMHEHWS
YMEHbLLIEHNO 3HAYEHUS HEPOBHOTbI, KOMMYECTBA TOHKUX
Y4acTKOB W BOPCMCTOCTM. [lpn 3TOM npska B COOTHOLLIE-
Hun 50/50 UMena MakcUManbHOe KOMMYECTBO YTONLLEHM
(Kanodia and Dixit, 2022).

B pesynbrate MCCNEA0BaHMIA MPSHKM U3 CMECK [XyTa C
[PYTMU BUAAMI BONOKOH (M0NMaupHOE, NonnaKkpunoHuT-
PUIbHOE BOMIOKHO 1 LLIEPCTb) B COOTHOLLEHNM CMELLIMBAHNA
80/20 ycTaHOBNEHO, YTO MpsiXa W3 CMEcH XyTa U nosu-
3(UPHOrO BOMOKHA MPOAEMOHCTPUPOBaNa Haunydline
3H3YeHUs! HepOBHOTbI CMELLBAHNS, PA3PbIBHOM Harpysku
1 Pa3pbIBHOMO YAJMHEHMS MO OTHOLLEHMIO K pYruM CMe-
CAM U K [KYTOBOMY BOSIOKHY. 3HAYeHWs KBampaTUyecKoil
HEepOBHOTbI 0Ka3aNnChb OMHAKOBLIMU Y MPSHXKM U3 CMECcK
OXYTa C NOAM3GUPHBIM W MOAMAKPUNOHUTPUbHBIM BOMOK-
HoMm. [1pn 3TOM paccMaTpuBaEMble XapakTepucTUKK Npsxu
13 CMECU [IKyTa W LLIBPCTM HIXe, YeM Y ApYrX CMEecelt, ofl-
HaKo NPeBOCXOMAT NoKasaTenu AxyTosoi npaxu (Shahid et
al., 2016).

AHanM3 [aHHbIX, MONYYEHHBIX B pe3ynbTaTe MCCNeno-
BaHWS CMeCeil U3 X0MKa 1 [XXyTa B COOTHoLLeHnax 80/20,
60/40, 40/60 nokasan, uTo C YBEAMYEHUEM JO0MM XNOMKO-
BOr0 BOIOKHA BO3DPACTAKIT 3HAYeHIs Pa3pbiBHOI HArpy3Ki
1 Pa3pbIBHOMO YAJMHEHWS, YMEHbLLAKOTCS KOMYECTBO No-
POKOB 1 HepaBHOMEpHOCTb npsixu (Redwanul et al,, 2024).

B xome CpaBHEHWS XNon4yaToByMaxHOM MNpsku Cco
CMECbl0 M3 [KYTa, XJ0MKa W BUCKO3bl B COOTHOLLEHWSX
30/40/30 y xnonyatobymaxHoi npobbl Habniogance 6o-
nee HWUsKnin KoadduuneHT Bapuaumn n bonee BbiCOKME
3HaYeHus Pa3PbIBHOM Harpysku 1 paspbiBHOMO YAJMHEHMS.
ABTOpbI NMPEANONAratT, YTo B Clyvae APYroro COOTHOLLe-
HMS CbIpbS MOKA3aTeNn KayecTea Npsku ByayT MeHSTbcs
(Jannatul et al,, 2022).

TakuM 06pa3oM, MHOXECTBOM WCCneaoBaTenei nof-
TBEPX[IEHO BAUSIHUE COCTaBa NMPSXW Ha ee ceorcTea. 0a-
HakQ BaHO OTMETWUTb, YTO B [laHHbIX PaboTax yunTbIBaKOTCS
HOMWHaNbHbIE, @ He (HaKTUYecKMe 3HaYeHNs NPOLIEHTHOMO
COOEPXaHMs KOMMOHEHTOB, @ HepaBHOMEPHOCTb pacnpe-
OEeNeHUs BOMOKOH KOMMOHEHTOB MO A/IMHE NPsXn BOO6-
LLie He NMPUHAMAETCH BO BHUMaHME. C Apyroi CTOPOHbI, C
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YYETOM BNIMSHWS COCTaBa NPSXW Ha ee CBOWCTBA MOXHO
YTBEPXAATb, YTO FETEPOreHHOCTb NPSKM NPUBOANT K €€ He-
PaBHOMEPHOCTI NO CBOMCTBAM.

HecMOTps Ha 0YeBMAHOCTb NOMAYYEHHbIX BbIBOAOB, pa-
60T MO OLUEHKe Ka4yeCTBa CMELLMBaHWS BOMOKOH B Npsixe 1
TEKCTUbHbIX MOMOTHAX B NOCNEAHME FoAbl NPaKTUYEeCKN He
NpoBOAMTCA.

CyLLieCTBYIOT PEKOMeHOaLuM no OLEHKe HEepoBHOTbI
CMeLLMBaHMS KOMMOHEHTOB B TEKCTU/bHbBIX MaTepianax on-
TUYECKMM U XUMIYECKMM Criocobamm.

OnThyecknit cnocob npeanonaraet aHanus cneuuans-
HbIM 06Pa30M NONYYEHHbIX 1306PaXEHUI CPE30B NPSAXN C
NOACYETOM KONMYECTBA BONOKOH KaXa0ro 13 KOMMOHEHTOB
W DanbHeMLIMM OnpefeneHneM nokasaTtenelt HepoBHOT
NPSXu NO COCTaBy, OAHAKO CNocod NPUMEHUM TOMbKO NS
OLGHKM pacnpefeneHns KOMMOHEHTOB Ha KOPOTKUX OT-
peskax NpoayKTOB MPSAEHMS, N eMy XapaKTepHa BblCOKast
TPYAOEMKOCTb. Ha HayanbHbIX 3Tanax TexHONoru4eckoro
npoLiecca NpYMeHeHUe ONTUYECKOro MeToAa 3aTPYIHEHO B
CBA31 CO 3HAUUTENbHBIM KONMYECTBOM BONIOKOH B CEYEHNM
nonyhabpurkaToB NPSANABHOMO NPON3BOACTRA.

X1MWYeCKnit cnocob ocyLLeCTBNSETCS N0 COOTBETCTBY-
lOLMM CTaHA@pTaM M npepnonaraeT nocneaoBaTenbHoe
PACTBOPEHWE BONMOKOH PasNnNyHbIX KOMMOHEHTOB, COfep-
Xalluxca B npobe, 3apaHee onpeaeneHHon Macchl ¢ no-
CnedytoLMM B3BELUNBAHMEM HEpacTBOPEHHbIX OCTATKOB
W NpOBEAEHMEeM COOTBETCTBYIOLLMX PacyeToB. [aHHblik
cnocob gBMSETCS He TOMbKO TPYLOEMKUM, HO U MaTepua-
NIOEMKMM, TaK KaK TpebyeT MpPUMEHEHUS 3HAYWUTEbHOrO
KOMMYECTBa PeakTUBOB.

13BECTHO, YTO OIHIM M3 HaNbBONEe YacTo NPUMEHSEMbIX
METOAOB OLEHKM HepaBHOMEPHOCTU MPSXM MO NUHENHO
MNOTHOCTU SIBNSIETCS EMKOCTHOW, peanuayembli Ha npu-
bopax Uster Tester 1 ero aHanorax. B uMTMpyeMbIx BbilLe
CTaTbaX A@HHbIA METOM TakXXe Bbln MCMONb30BaH ANg CpaB-
HWUTENbHOW OLEHKM WcCneayeMblX 06pasLoB CMELLIaHHO
NPSXN.

CTOUT OTMETWTb, YTO MPUMEHIeMble MOAXOAbl K onpe-
[ENeHU0 HePOBHOTHI MaTEPMaNoB No NMHENHOI NNOTHOCTY
EMKOCTHbIM METO[IOM He MO3BONSOT OLEHWUTb HepPOBHOTY
CMeLLMBAHMS KOMMNOHEHTOB B HEOHOPOAHbIX BOMOKHNCTbIX
NpoayKTax, Tak Kak B UCMOMb3yeMOM [1Mana30He BbICOKIMX
YaCTOT 3NEKTPUYECKOro Mofst KOHAEHCATOpPOB COCTaB Ma-
Tepuana He 0KasbIBAeT BAUAHUS Ha U3MEPSEMYIO BENUUMHY,
4TO W SBMSIETCS BaXHEWMLLMM YCNoBMEM, 06ecnednBatoLLnM
OTCYTCTBME BNMSHWS COCTaBa NP1 Ha onpeaensemble no-
Ka3aTeNn HepOBHOTbI NP N0 NIMHEAHON NAOTHOCTM.



TEXHONOrMa MATEPUAJIOB U U3AENUA

TEKCTUNbHOW U NEFKOM NMPOMBILLJIEHHOCTU

B 70 e Bpems, NpUMeHeHNe UCTIbITaTebHoro 06opy-
[I0BaH, 0CHOBAHHOM Ha EMKOCTHOM METOe U3MepeHis,
B Cnyyae pas3paboTKu CrieuuanbHoil MeToauKu no3Bonu-
N0 6bl ONEepaTvBHO (UKCUPOBATb 3HAYEHWE HEPOBHOTI
CMELLIMBAHNA, W, COOTBETCTBEHHO, OCYLLECTBASTb OLIEHKY
3G PEKTMBHOCTM NpOLEecca CMELIMBaHUS KOMMOHEHTOB U
WX COBMECTHOI nepepaboTku npu MpoM3BOACTBE MHOMO-
KOMMOHEHTHON MpPSXW 1, MPU BO3HUKHOBEHWM AEdeKToB
nonypabpukatos WK NPSXK, BHOCUTb U3MEHEHUd B XOf
TEXHONOMMYECKOro NPOLECCa, HanpaBieHHbIE Ha MOBbILLE-
HWe KayecTBsa BbiMycKaeMol NpoayKLuu. EMKoCTHOl MeToq
He TpebyeT MpPUMEHEHMS PeakTMBOB, PyyHble omnepauuv
CBOAATCH K MUHUMYMY.

PaHee (PbiknnH, Ascees, 2011) 6bi10 MPEaNOXEHO 3a
OCHOBY PaspaboTKi HOBOMO METofa OLEHKU HEepOBHOT
CMELLMBAHNS BOMOKOH B3ATb QU3MYECKMil 3D DEKT, 3aKi0-
YaIOLLMICA B HANUYUW PasHULIbI SHAYEHWI EMKOCTI KOH-
[IeHCaTopa NPy UCTbITaHW MaTepUanos PasHoro COCTaBa
Ha HWU3KWUX YacToTax W, B OTCYTCTBUW TaKOW pasHuLbl, Ha
BbICOKIX YacToTax. PeLuiatb 3Ty 3aady npennaraior nytém
BK/IOYEHNS B LieMb CYLLECTBYIOLUMX 3MeKTPOHHO-EMKOCT-
HbIX NPUBOPOB, [OMOMHUTENBHOMO [aTynKa-KOHOeHcaTopa
TOI Xe KOHCTPYKLMK, YTO ¥ OCHOBHOI, HO OTIINYAIOLLErocs
4aCTOTO! 3NEKTPUYECKOrO NONS, Ha YTO UMEIOT COBCTBEH-
Hbllt naTeHT (PhiknuH, ABcees, 2013). [Ing pacyeta HepoBHo-
Thl CMELLMBAHMS BONIOKOH MPEM/IOKEHbl MateMaTiyeckmne
(GOopMyNbl, B KOTOPbIX B KayecTBe OCHOBbI A/d pacyera
MPeANIoKEeHO MCMOMb30BaTh MNoKasatenb, OnpenenseMbii
no dopmyne:

_ G — G 0
C(T) — Gy

rne Z - coorHowerue curtanos; C,(T) v C,(T) -
3HauyeHue EMKOCTW MepBOro M BTOPOrO KOHAEHCATOpOB C
BOXEHHBIM MPOAYKTOM OfHOI NuHeiHoi nnatHocty, @,
C, - 3HayeHWe eMKOCTU KOHLEHCATOPOB, OMpe/ieNeHHoM
Mpw OTCYTCTBUM B HIX BONOKHUCTOrO MaTepuana, @.

MpeanoXeHHbIi METOM OCHOBAH Ha anpuOPHbIX 3HAHNSX
dU3MKKM 1 TpebyeT 3KCNepUMEHTANbHOMO NOATBEPXAEHNS.

TakuM 06pa30M, Liesbto UCCNeaoBaHNs IBNSETCS 3Kene-
PUMEHTaNbHOE MOATBEPXAEHWNE NMPUMEHEHWS eMKOCTHOMO
MeTOda [N9 OLEHKM HEepOBHOTbI CMELUWBAHMS BOMOKOH B
HEO[IHOPOHbIX TEKCTUNbHbIX MaTepUanax.
MeTofbl U CPEACTBaA UCCNEA0BAHUS

B kauecTBe CpeacTB N3MepeHus BbibpaHbl BeChl nabo-
paToOpHble 9NeKTPOoHHbIe PA 214C, nameputenb MMMUTaHCA
MHWMNW E7-20. NabopaTopHble 3neKTpoHHbIE Bechl PA 214C

NPUMEHSANCH AN ONPefeneHss Macc BONOKHUCTbIX Npob
pasnnyHoro coctasa. Mpu Macce npobbl Ao 50 r norpeL-
HOCTb U3MepeHns faHHbIx Becos cocTasnget 0,001 T. 3me-
putens nMmutaHca MHUMK E7-20 nossonget Gpukcuposatb
eMKOCTb KOHAeHcaTopa B AuanasoHe yactor ot 10 M [0
1 M.

[Ing npoBefeHns UCMbITaHWiA CnewlnanbHo paspabotaH
W N3rOTOB/IEH KOHAEHCATOP B BUAE [BYX NOCKONapannenb-
HbIX MAAcTUH C pasmepamu 855 x 50 MM, pacnonoXeHHbIX
Ha paccTosHUM 8 MM [pyr OT ipyra U CMOHTUPOBAHHbIX Ha
TEKCTONUTOBbIE MOMNOXKU. Takum 06pasoM, niolaib pa-
boyeit 30Hbl KOHAEHCATOPa cocTaBuna 4275 MM a 06beM -
34200 MM,

3mMepuTenbHbI - KOMMABKC, BKKYaOLMA  npubop
MHWMW E7-20 1 koHoeHcaTop, NPeACTaBneH Ha PUCYHKe 1.

3KCNEepuUMEHT NPOBOAMICS NYTEM ONPEAeNeHns 3Haye-
HWIn eMKOCTY C KOHEHCATOPa Ha PasfiMyHbIX YacToTax npu
ncnbITaHMM Npo6 Pa3HOl Macehl 11 COCTaBa.

B KauyecTBe MCMbITYEMOro MaTepuana UCcnoib3oBanuch
npeaBapuTenbHo KOHAWLMOHMPOBAHHbIE NPOo6bl 13 Xnom-
KOBOrO M MOAM3(MUPHOTO BOMOKOH HOMMHAMbHOM MacChbl
or 03 no 07 rpamm. OnpeaenawoLLei NpUYMHONA Bbibopa
[aHHbIX BWOOB BONOKHUCTOrO Chipbs SIBASTIMCH Pasnyms
WX IN3NEKTPUYECKON NPOHULAEMOCTY: NS XJI0NKOBOrO BO-
NOKHa OHa cocTaenget 18,0, ang NonnaGUPHOro BoNOKHa -
2.62-3,68 (CesoctbsHoB A.l, 1980).

B KauecTBe paboumx YacToT Ang sKCNepuMeHTa Bblbpa-
Hbl YyacToTbl 0T 2 70 1000 KT,

06paboTka noyyaemblx 3KCMEPUMEHTANbHBIX AaHHbIX
NpOBOAMNACh C NOMOLLb) METOAOB MaTeMATMYecKol CTa-
TUCTUKM, B YACTHOCTH, KOPPENILUOHHOIO 1 PErpecCUoHHO-
ro aHanu3os.

Pesynbratbl CCNen0BaHMI

HoMKHanbHble 3HaYeHUs Macc NPob Ang aKcnepuMeHTa
coctaBuam 0,3, 05, 0,7 r. B Tabnuue 1 npeacTaBneHbl 3Ha-
YEHMS EMKOCTW KOHIEHCATOPOB Ha Pa3NnyHbIX YacToTax 3a
BbIYETOM EMKOCTW KOH[eHCaTopa, OnpefeneHHon npu oT-
CyTCTBMM B HEM MaTepuana, 10 ecTb pasHocte C(T) - C,,
B hopmyne (1).

Mo paHHbIM Tabauubl 1 BUOHO, YTO 3HAYEHMS EMKOCTM
KOHOEHCATOpa YMEHbLLAKTCS C YBENWYEHWEeM YaCTOTbl
3NEeKTPMYECKOro nonst KoHpeHcatopa. Macca npobbl MaTe-
puana 1 eMKOCTb KOHIEHCaTopa HaxoasdTcs B NpsMoit 3a-
BMCKMMOCTM, YTO NOATBEPXKAAETCS BbICOKMMU 3HAYEHWUSIMN
KO3QdULIMEHTA KOPPENALN, KOTOPbIN COCTaBWUA ANs Npob
XNOMKOBOTO BOMOKHA - He MeHee 0,998, ona npob6 nonu-
3(UPHOro BO/OKHa - He MeHee 0,996.
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PucyHok 1— V13MepUTenibHbIVi KOMITIEKC
Figure 71— Measuring complex

Tabnvya 1 — 3Ha4yeHns eMKoCTu KOHAEHCAaTtopoB Ha [pas/inyHbiX 4aCTtoTax 3a BblHETOM ©MKOCTW KOHAEeHCAartopa,
onpeaeneHHoM rpwn OTCYyTCTBUN B HEM Marepunarsia, no

Table 1 - Values of capacitance of capacitors at various frequencies excluding the capacitance of the capacitor
determined in the absence of material in it, pF

HoMuHanbHag Yacrora, Kl
(akTnyeckas
Macca npobbl,
r Macca npobl, r 2 5 10 20 40 80 160 320 640 | 1000
Xn0nKoBoe BOMOKHO
03 0,3099 1014 | 0657 | 0417 | 0380 | 0300 | 0270 | 0198 | 0170 | 0180 | 0140
05 05170 1828 | 1104 | 0882 | 0630 | 0510 | 0430 | 0335 | 0298 | 0420 | 0,300
0,7 07234 2670 | 1618 | 1185 | 0910 | 0760 | 0630 | 0499 | 0434 | 0430 | 0380
MonnadupHoe BONOKHO
03 0,3064 0190 | 0164 | 0124 | 0140 | 0120 | 0130 | 0104 | 0109 | 0230 | 0,100
05 05109 0278 | 0248 | 0216 | 0210 | 0210 | 0200 | 0183 | 0194 | 0280 | 0150
0,7 0,137 0429 | 0357 | 0,300 | 0300 | 0280 | 0260 | 0240 | 0257 | 0360 | 0,200
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TEXHONOrMa MATEPUAJIOB U U3AENUA

TEKCTUNbHOW U NEFKOM NMPOMBILLJIEHHOCTU

AHanus pesynsraTos

BaxHbIM (haKTOM, YCTAHOBNEHHbBIM B PE3YNbTATE aHaNl-
33 9KCNEPUMEHTANbHBIX [JaHHbIX, SBUNOCH TO, YTO OTHOLLIE-
HWE 3HAYeHMi EMKOCTM, NOMYYEHHON AN NPO6 Xnonka K
nonnadUPHOro BOMOKHA OMPEAENeHHON MaCChl, CHUKAET-
€S C YBEAMYEHUEM YaCTOTbI 31EKTPMYecKoro nond. Tak, ana
Npob Maccoit XNOMNKOBOro M NONN3HUPHOT0 BOMOKHA OKOMO
0,5 T COOTHOLLIEHME CUTHANOB Npu YacToTe 2 KIi| cocTaBngeT
6,57, B T0 BpeMs kak npu yactore 120 K[, 3T0 COOTHOLLEHNE
YMEHbLLAETCd A0 2. AHanu3 AaHHbIX CBUAETENbCTBYET, YTo
[aHHOEe COOTHOLLEHWE NPW OanbHEeNLeM YBEAMYEHUN Ya-
CTOTbI aCMMNTOTUYECKM NpUbAKaeTes K 1. Takum 06pa3om,
MOXHQ YTBEPX/ATb, YTO C YBEIUYEHNEM YaCTOTbI 3NEKTPH-
YecKoro nong, Co3aaBaeMoro Mex/ay nnacTUHaMy KOHOEH-
caTopa, BNMSHWE COCTaBa BOMOKHUCTOrO MaTepuana u, kak
CNefCTBME, HEPaBHOMEPHOCTM €r0 N0 COCTaBY MUHUMMU3N-
pyeTcs. VIMEHHO CYLLIECTBEHHOE BAMSHUE COCTaBa MaTepu-
ana Ha eMKOCTb KOHAEHCATOpa NP HU3KWX Y4aCToTax MOXeT
ABNATLC GU3NYECKON OCHOBOW CO3MaHNs METOAA OLEHKN
HEPOBHOTbI CMELLMBAHNS.

[Ins MaTemMaTyeckoro OnMcaHus 3KCnepyMeHTanbHbIX
[aHHbIX BbIbpaHa MOAenb, IMetoLLas CreaytoLwui B

., =G B
X1 0 e(fk), [2]

e
Cm — G

re Y - COOTHOLLUEHME eMKOCTU KOHAEHCATOpOoB, COAep-
Xallyx Npobbl BONOKHUCTOrO MaTepnana pasHoro Biaa, 3a
BbI4ETOM @MKOCTY MYCTOr0 KoHeHcatopa; € - sHayeHue
EMKOCTM KOHeHcaTopa npu U3MepeHnu XnonkoBbiX Npob,
®; C,,, - 3HaueHMe EMKOCTM KOHOEHCATopa Mpu M3Me-
peHun npo6 nonnaupHoro sonokHa, O; C, - 3HadeHune
EMKOCTM KoHfieHcaTopa 6e3 BonokHWcToro matepuana, @;
b, k - K03GdNLMEHTLI PErPECCHUOHHON Mofeny; f - YacToTa
3NEKTPUYECKOr0 NONg Ha KoHeHcaTope, K.
KoadduumeHTbl perpeccuu 1 aeTepMmuHaLmu Moaeneit
ANsi Pa3NUYHbIX MAcC BOMOKHUCTBIX NPO6 MomyyeHbl ¢ uc-

nonb30BaHWeM nakeTa nporpamm Statistic for Windows 1
npuBeaeHbl B Tabnuue 2.

Ha pucyHke 2 npeacTaeneHbl rpadukm nonyyYeHHbIX 3a-
BMCKMMOCTEIA OTHOLLEHUS 3HAYEHWIA EMKOCTEI KOHAEHCATO-
pa OT YaCTOTbl ANEKTPUYECKOrO NONS.

AHanusupys rpadukm, NpeacTaBNeHHblE Ha PUCYHKE 2,
MOXHO OTMETUTb, YTO, HECMOTPS! Ha OfMHAKOBbIV XapakTep
3aBWCUMOCTEN, KpUBas, N0ONyYeHHas ang npob ¢ HoMUHaMb-
Hoi Maccon 0,3 T, Ha yacTotax, MeHbLumx 80 KL, pacno-
NlaraeTcs CyLLECTBEHHO HWXE KPWBbIX, MOCTPOEHHbIX ANS
npob maccor 0,5 0,7 . MOXHO NpeanonoXuTb, YTo pas-
Mepbl KOHAEHcaTopa obecneynBaroT 60Mee BbICOKYHO BOC-
NPOM3BOAMMOCTb PE3YNLTATOB 1 MEHbLUYKD MOrpeLUHOCTb
npu ucnbiTaHu Npob Maccoit He mMeHee 05 . Hanbonee
Bn13Kue pesynbTaThl NofyyeHbl Npu vactorax b v 10 K.

Ha 0CHOBaHMM COBOKYNHOCTM [iaHHbIX AN NPO6 HOMM-
HanbHoi Maccbl 0,5 v 0,7 F nonyyeHa 0606LLEHHAS MOaenb,
cootseTcTayiowas dopmyne (2). 3HauyeHns KoadduLmeH-
TOB COCTaBMNN, COOTBETCTBEHHO, b = 2,183, k = 0,229, K03d-
buumneHT netepMmHaumu - 0,987,

C Uenblo NpoBepkn afeKBaTHOCTW MOAEN NpoBeaeH
MOBTOPHbIA 3KCMEPUMEHT B [/anNa30He 4acToT 3NeKTpo-
MarHuTHoro nond ot 10 0o 160 kIu. Kak 6b110 ycTaHOBAEHO
paHee 1 NOATBEPX/AEHO B XOe OMUCHIBAEMbIX UCCEa0Ba-
HWIA, B AaHHOM AMana30He 3Ha4yeHus NoNy4aeMoro curHana
XapaKTepu30BanuCh JOCTATOYHO BbICOKOW BOCMPON3BOMN-
MOCTbI) NpKM NPOBEAEHWN MOBTOPHbIX NU3MEPEHUN, @ NONy-
yaeMble 3aBMCUMOCTM EMKOCTM OT MacChl Npobbl UMenn
NnHenHbIA Bua (ScHes, PoikninH, 2024).

PesynbTaTbl MOBTOPHOMO 3KCMEPKUMEHTa OTPaxeHbl Ha
PUCYHKE 3 COOTBETCTBYHOLLMMI MapKepaMi.

Mo rpacuky Ha pUCyHKe 3 MOXHO HabntoaaTh, YTo Co-
OTHOLLIEHWS MEXAY CMrHanamm BTOPOI NOBTOPHOCTY U TEO-
PeTUYeckoit Moaenu Ha Yactotax 10 v 20 Kl npakTuyecku
WAEHTWYHbI. Ha yacToTax 40 v Gonee 0TAMYmMS B COOTHOLLIE-
HWW curHanos He npesblilatoT 10 %.

Tabnmya 2 — Pe3ynbTaTbl PErpeCCUOHHOMO aHan3a aKCrnepuMeHTaIbHbIX AaHHbIX

Table 2 — Results of regression analysis of experimental data

HOMMHANbHAS MACCa Maccbl npo6 Koadduument KoadduumenTnl perpeccum
(xnonok/nonuacdupHoe AeTepMUHaLNK
npo6bl, r b k
BOJIOKHO), T Mopenu
03 0,3099/0,3064 0,994 1960 0,219
05 0,5170/0,5109 0,995 22390 0,246
07 07234/0,1137 0,980 241 0,216
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COOTHOLWIEHHE CUTHANOoB

2 5 10 20 40 80 160 320 640
Yacrora, Klu

PucyHok 2 — 3aBucyMOoCTy noka3atens Y OT 4acTOTbl 3eKTPUYECKOro Mo KOHAeHcaTopa
/151 pasHbIX Macc rpob BOIOKHUCTbIX MaTepuasios

Figure 2 — Dependence of the Y index on the frequency of the electric field of the capacitor
for different masses of samples of fibrous materials

PacyeTHble
3HaYeHus

\ | 4 DakTuyeckue
3 4 3Ha4YeHus

CoOTHOLIEeHKE CMIHANI0B

y 4 npu macce

npobbl 0,51

2 1 dakTuyeckue
3HaueHuA
npu macce
npobel 0,7 1

14

0 T T T T T T T

2 B 10 20 40 80 160 320 640
Yacrora, klly

PucyHok 3 — O6006LeHHasi 3aBUCUMOCTb MokasaTesisl Y OT YaCTOTbl S/IEKTPUYECKOro MOJIs KOHAeHcaTopa
/18 P06 BONTOKHUCTBIX MaTtepuanos 0,51 0,7 T
Figure 3 — Generalized dependence of the Y index on the frequency of the electric field of the capacitor
for samples of fibrous materials 0.5 and 0.7 g
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Ha cnenytoLmx aTanax paboTbl NnaHWpyeTcs npoBeae-
HWe 3KCMEPUMEHTANbHBIX MCCNEN0BaHWA, HanpaBneHHbIX
Ha 06nacTy NpUMeHeHUs pa3paboTaHHOro KOHAeHcaTopa, B
YaCTHOCTW 60nee TOYHO OMPEAEUTb AnanasoH Macc npob
1 YyacToT, 06eCNeYNBAIOLLINX PABEHCTBO COOTHOLLBHUS CUT-
HanoB, OMpeaenseMbix Ang npob OAHON MaCcChl U PA3HOMO
cocTasa.

BbiBoab!

B pesynbrate npoBeAEHHbIX MCCNEA0BaHNA A0Ka3aHo,
YTO pas/NyMs 3HaYEeHWUN EMKOCTM KOHEeHcaTopa, onpefe-
NEeHHbIE /191 Pa3HbIX BII0B MCXOAHOIO CbIpbs, CYLLIECTBEHHO
3aBUCKT OT YaCTOTbI 3MEKTPUYECKOrO MO, CO3LABaEMOr0
MeXMy nnacTWHaMu KoHaeHcatopa. [lonyyeHa perpec-
CWMOHHas MO[e/b, XapaKTepuaytoLLas BAUSIHUE YacTOTbl Ha
OTHOLLEHWE 3HaYeHUI EMKOCTW KOHOEHCATOPOB, COAepXa-
LUMX Npobbl BONOKHWCTOrO MaTepuana pasHoro BWAQ, 3a

BbIYETOM EMKOCTV MYCTOr0 KOHAEHCATOpa. YCTAHOBAEHO,
YTO C YBE/IMYEHMEM YaCTOTbl Pas3HULIA CYLLLECTBEHHO CHUA-
XaeTcs. BbigBNeHHbI ahGEeKT MoXeT ObiTb MCMONb30BaH
B kayecTBe GU3NYECKOM OCHOBbI AN pa3paboTki MeToaa
OLEHKW HEepOBHOTbI CMELLMBAHUS BOMOKOH B HEOJHOPOM-
HbIX TEKCTUNbHbIX MaTepuanax.

Ha cnepytolimx atanax paboTbl HEOBXOOMMO OLEHWTb
[ManasoH Macc nNpod, ANg KOTOPbIX KOHCTPYKLIMA 1 pa3me-
Pbl pa3paboTaHHOMO KOHAEHcaTopa bymyT obecneymBatb
Hanbonee CTabunbHO BOCMPOM3BOAMMbIN PE3ynbTaT C Mu-
HUMaNbHOM MOrPEeLLHOCTbI0, @ TAKKe 3HAJYeHus 4YacToTbl
3NEKTPUYECKOro nons, Ang KOTOpbIX, COOTBETCTBEHHO, CO-
OTHOLLEHWe curHanoB byneT 3aBKUCETb TONMbKO OT COCTaBa
Matepuana (Huskas yactora) 1 TOMbKO OT MacChl Mpobbi
(Bblcokag yacTora).
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