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BUKOPUCTAHHS CYYACHHMX TEXHOJIOT'TH Y JOCJIIIKEHHI MEXAHIYHUX
XAPAKTEPUCTHUK TEKCTHJIbHUX HUTOK

Asmopamu cmammi pospobseHa memoduka 00CAIONHCEHHSA MIYHOCMI MEeKCMU/JAbHUX HUMOK, SKUM 6/1acmued
nonepeyHa HeodHOpIOHICMb NOKA3HUKI8 MEXaHIYHUX 8/1acmugocmell 3 BUKOPUCMAHHAM MAMEMAMUYHO20 MOOEAI08AHHS,
wo 0038045€, 6e3 nposedeHHA MPYOJOMICMKUX eKcnepuMeHmaabHuUx docaidxceHb, npoeHo3ysamu ii empamy. PospobaeHa
Kaacugikayis nokasHukie MexaiyHUX esacmueocmell 3a cmyneHem en/augy ix nonepevHux eapiayili Ha 3HAYeHHs
PO3PUBHO20 HABAHMANCEHHS NYYKA MEKCMU/AbHUX HUMOK 3 po3po6seHuUMU 8i0nosidHo ModeasiMu npozHo3ysaHHs. [Ipu
BUKOHAHHI docaidceHb 6y8 sukopucmauuli Memod cmamucmuyHoi iMimayii eunpoGyeaHHsi HA po3msiz, 3ACMOCOBAHI
Memodu MamemMamu4Ho20 aHaAi3y 014 8unadKy poamsay nyuka mekCmu/abHUX HUMOK.

Po3pobaena mamemamuyHa Modeab 00380.15€ ONUCY8AMU 8N1U8 Pi3HUX 8apiayili Ha po3pusHe HABAHMAXCEHH Ma
Kaacugikysamu pizHi nonepeuHi eapiayii e1acmusocmeti 3a cmyneHeM 8n/augy HA Xapakmepucmuku MiyHOCmi ny4ka HUMoK.

Karuosi cnosa: MiyHicmsb, mekcmuabHI HUMKU, MOdeai NpOo2HO3y8aHHsl, pO3pUBHe HABAHMAJCEHHS, KoedhiyieHmu
eapiayii.
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USE OF MODERN TECHNOLOGIES IN THE RESEARCH
OF MECHANICAL CHARACTERISTICS OF TEXTILE THREADS

This work is devoted to the study of mechanical characteristics of textile fabrics in the process of their manufacture and processing,
which is characterized by a phenomenon of heterogeneity (heterogeneity of properties in longitudinal and transverse directions). This
phenomenon is due to the heterogeneity of physical, temperature, concentration, hydrodynamic, rheological and other factors. This
heterogeneity increases with increasing the number of threads.

Modern methods of studies of the influence of transverse uneven properties on the processes of deformation and destruction of a
bundle of textile threads are generally time consuming, and they do not give quantitative information the influence of its components on the
mechanical characteristics of products. Therefore, the implementation of studies regarding the study of the degree of influence of the transverse
heterogeneity of the mechanical properties of textile threads on the peculiarities of the mechanics of their deformation and destruction, while
with the development of forecasting methods are relevant and useful for the production of products.

The authors of the article have developed a method of studying the strength of textile threads, which is characterized by the
transverse heterogeneity of indicators of mechanical properties using mathematical modeling, which allows, without conducting labor
intensive experimental studies, to predict its loss. The classification of indicators of mechanical properties by the degree of influence of their
cross variations on the value of a break loading of a bundle of textile threads with developed prediction models developed respectively. The
method of statistical imitation of tensile test was used, methods of mathematical analysis were used for the case of tightening of a bundle of
textile threads. The developed mathematical model allows you to describe the influence of different variations on the break load and to classify
different transverse variations of properties by the degree of influence on the characteristics of the strength of the thread bundle. The
relationship between the strength realization coefficient and different transverse variations of mechanical properties is established, which
made it possible to quantify the effect of heterogeneity of mechanical properties on the strength of textile filaments.

Keywords: strength, textile threads, prediction models, breaking load, coefficients of variation.

IHocTanoBka mpodJjemu
JocmimkeHHs MEXaHIYHIX XapaKTePUCTUK TEKCTUIBHNAX TKaHUH B MTPOIIECi iX BUTOTOBIICHHS Ta epepoOKn
BHSIBWIM SBHIIE TE€TEPOT€HHOCTI (HEOAHOPIAHOCTI BIACTUBOCTEH B MOB3/IOBXKHIX Ta MOMEPEYHNX HampsiMkax) [1, 2,
3], sxe o0OyMOBJE€HE HEOTHOPIMHICTIO (I3WYHMX, TEeMIEepaTypHUX, KOHICHTPALIHHUX, TiIPOAWHAMIYHUX,
peororiganx (axropis. [Ipu 30iMbMIeHHA] KITBKOCTI HUTOK CTYIIHb MOMEPEYHO] TeTEPOreHHOCTI TaK0X 3pocTae [4]
1110, B CBOIO Y€Pry, MOXKHA TOSCHUTH Pi3HUMHU JHITHIMHI pO3MipaMH CKJIQJIOBUX IydKa TEKCTHIIFHIUX HUTOK.
AHaJi3 0CTaHHIX KepeJt
Bigomo [1, 2], mo cy4yacHi MeTOAM NOCIHIIKEHb BIUIMBY IONEPEYHOI HEPIBHOMIPHOCTI BJIACTUBOCTEH Ha
nporecH AepOopMyBaHHs Ta pPyHHYBaHHS IIy4Ka TEKCTHIBHUX HUTOK B LIIJIOMY JOCHTB TPYAOMICTKI, IPU LIbOMY BOHHU
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HE Taf0Th KUTbKICHOI iH(OpMaIlii BILIMBY HOTO CKJIAIOBUX HA MEXaHIYHI XapaKTepUCTHKH BUPOOiB.

BukoHaHHSI OCTIDKEHb CTOCOBHO BHMBYEHHS CTYIEHIO BIUIMBY IIOIEPEYHOI I'€TEpOreHHOCTI ITOKa3HMKIB
MEXaHIYHUX BIIACTUBOCTEH TEKCTHJIHHUX HUTOK Ha OCOOJIMBOCTI MEXaHIKH iX Ae(OopMyBaHHS Ta pyHHyBaHHS, IpU
[bOMY 3 PO3POOKOI0O METO/IB IPOrHO3YBAHHS € aKTyaJIbHUMH Ta KOPUCHUMH JUIsI BUPOOHUIITBA BUPOOIB.

BuxJiag ocHOBHOTO MaTepiany

B nanux nocmimpkeHHAX OyB BUKOPUCTAHMH METOJ CTATHCTUYHOI iMiTallii HaliBIUKIOBOTO BUIIPOOYBaHHS
Ha po3Tsr [3, 4], BUKOHYBaBCS aHaJIi3 [UIsl 3arajlbHOTO BUIA/IKy BUIPOOYBaHHS Ha PO3TAT ITyYKa TEKCTUIIBHUX HUTOK.
B nmanomy Bumanky Iuis KOXKHOI i-i HNTKH B IyYKy i3 I €JIEMEHTIB BUIQAKOBUMH BEIWYMHAMU € HE TUIBKH
XapaKTePUCTHKH JiarpaMi po3TATY, a TAKOXK CTYMiHb 1X HEOTHOPIMHOCTI (BiAMIHHICTE JIIHIHHUX pO3MipiB).

B sKkocTi CTpYKTypHOTO eneMeHTy nae(opMyBaHHA HHTKH MydKa B KOOPAMHATaX «HABAHTAXKCHHA —
a0COITFOTHE BUJOBKEHHS» € MOXIIMBUM BHKOPHUCTaHHS MaTeMaTHYHOI Mozei [3]:

. 3
P}.:%.{.Czl[?; Co,‘:Lyp C&Z(L_i).%; CZiZM; 1)
0itCeil'j 0y;-T;"10 oni 0y Ti10 tpiry
ae P; — motouHe 3HaueHHs cunu po3Tary, H; [, — Tekyde 3HaueHHs aDCOIIOTHOTO BUIOBXKEHHS HUTKH, M;

Iy — TeKy4e 3Ha4eHHs a0COIIOTHOTO BUIOBXKEHHS IIPY PO3PHBAHHI i-1 HUTKM Iy4Ka TEKCTHIBHUX HUTOK, M;

Y - I'yCTUHA MaTepiady HATKH, KI/M;

T; — niHiiiHA TyCcTHHA -1 HUTKH ITy4YKa, TEKC;

Oni — YMOBHA Mea IUIaCTUYHOCTI i-1 HUTKH ITyuKa, [1a;

Gyi — YMOBHA MeXa NPYXHOCTI I-1 HUTKH Iy4Ka, [1a;

Gpi — PO3PHBHE HABAHTAXKCHHS I-1 HUTKH NacMa, [1a.

BunagkoBuMy 3MiHHEMH BETMIMHAMH AT KOXKHOI i-1 HUTKH My4Ka OyayTh 3HaYCHHS: [y, T}, Gui, Oyi, Opi TA
AL;.

Ha mouaTkoBoMy erami iMIiTamifHOTO MOJETIOBAHHS TeHEPaTOp BHUITAIKOBHX YHCEN Y BIAMOBIAHOCTI 1O
3aKOHY PO3IOAIIEHHS T'€Hepye M (3a KUIbKICTIO HUTOK B ITy4Ka) BUIaKOB1 3HAYCHHS Lyi, Ti, Oui, Oyi, Opi Ta AL;. IToTiM
BusHavyaroThcst MaTeMatnaHi Mozeni (1) Coi, Cii, Cai, Ppi. I3 Bcix HUTOK BHOMpA€ThCs HHUTKA, KA Ma€ MiHIMAIbHY
TOBXKHUHY Lmin, TONI KOXHIA HHTI, IO 3ajummimacs, Oyae BIAMOBiAaTH 3aiWmiok AOBXHHU AL, skuil Mo)kHa
BU3HAYHTH K AL = L; - Lin. OTprMaHi 3HaUeHHS MapaMeTpiB 3amaM’ ITOBYIOTBCS.

ImiTamiliHe MOZIETIOBAHHS EKCIEPHMEHTY MOJATajIo B TOMY, IO KOXHOMY 32XHMY PO3PHUBHOI MaIlMHU
MOCJIIZIOBHO HAJAETHCsl HA KOXKHOMY KPOLI MEepeMillieHH s, 1110 BUKIMKae BUI0BKeHHs Al. Toai BUIOBXKEHHS Ha i-My
KpOIl MOJIETIIOBaHHsI /; BiANOBiaHO Oyzae Bu3HadaTHcs sk [, = j Al. Ha koxxHOMY j-My KpoIli AJisl KOKHOI i-i HUTKH
PO3paxoBYEThCSl aOCONIIOTHE BUOBXKEHHS /;; Ta TIPUKIIaieHe 10 JaHOI HUTKW HaBaHTa)keHHs Pjj:

[, .
by =G =ALi=j- A=Al Py = gt Cally ©)

[Ipu BuKoOHaHHI ofHieT i3 ymoB: £;; < 0 (komu AL; < j - AL) abo ¢;; = £},; abo P;; = Py;, BiNOBiAHA HUTKa
BBQ)KAETHCSI PO3IPBAHOIO 1 HAaJaJll TeKy4e 3HAYCHHS HABaHTAKEHHS, 110 NPUKIAAEHE 10 i-i HUTKH Pjj npuiiMaeTbcs
PIBHUM HYJIIO.

Ha puc. 1 HaBezieHi pe3yabpTaTH IMITAI[IIIHOTO MOJICTIOBaHHSI, SIKI TIPEJICTABJICH] Y BUIIISAL JliarpaM po3Tsry
My4Ka HUTOK B KOOPANHATAX «HABAHTAXKCHHSI-a0COJIIOTHE BUIOBKEHHSD).
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Puc. 1. [liarpamu po3TAry «HaBaHTa:KeHHs-a0COJII0THE BHIOBKEHHD MyYKa TEKCTHJIbHUX HUTOK, OTPUMAHI NPH: a) Pi3HUX 3HAYEHHSAX
KoediuienTiB Bapiauii adcoI0THOr0 BUAOB:KeHHS NPH po3puBanHHi HUTOK nyuka 1 — Cy=0%; 2 - Cp=5%; 3 - Cy=10%; 4 - Cy =15%;
0) pi3Hi 3HaYeHHs cTyneHI0 Bapiauii 10B:kuH HUTOK ny4ka Co=0%; 2 - Cy=5%; 3 - Cy=10%; 4 - Cy =15%.

AHaii3 3ae)XHOCTeH, HaBeIeHUX Ha puc. | 1okasye, o HalOIIpIIMK BIUTMB HA (GOPMY JAiarpaMu po3Tsry,
NPUBEJICHOT 110 OJIHI€T HUTKH, YHHSATH ITOTIEpEYHi Bapiallii po3pruBHOTO BUIOBXKEHHs Cip 1 CTYIIEHb Pi3HOAOBXXUHHOCTI
CL mydka TeKcTWIBHMX HUTOK. [Ipn 30inplieHHi KoediumieHTy Bapiamii IMX NOKa3HHMKIB MK HHTKaMM ITydkKa
3MIHIOETHCS HE TUTBKU (hopMa JiarpaMu pO3TATY, a ¥ 3HAYCHHS Ta IMOJIOKCHHS i1 MaKCMMyMa, a TaKOXX 3HAuYSHHS
HOBHOT'O BHIOBXEHHS IIPH po3puBaHHI. OTKe, IPUYINHOIO BUHUKHEHHS NPaBoi YaCTHUHU JiarpaMH PO3TATY MOYKHA

BicHuk XmenbHUYybko20 HayioHa1bHo20 yHisepcumemy, Ne2, 2024 (333) 377



Technical sciences ISSN 2307-5732

BBA)XKaTH ICHYBaHHS MONEPEYHOI I'€TEPOreHHOCTI MEXaHIYHUX BIACTUBOCTEH, IO MiATBEPAXKYETHCS PE3yIbTaTaMH
EKCIIEPUMEHTAIIBHUX IOCIIIKEHb .

Ha oCHOBI KOMIUIEKCHOTO aHalli3y OTPUMaHMUX Pe3yJbTaTiB [4] sl KUIbKICHOT OLIHKY BIIMBY ITOTIEPEYHOT
TeTEepOreHHOCTI CTPYKTYPH 1 TOKa3HUKIB MEXaHIYHUX BIACTHBOCTEH Ha 3HAUCHHS PO3PHUBHOTO HABAHTA)KEHHS HUTOK
Iy4Ka MOXHa BUKOPHCTOBYBATH 3arajibHy MO/JICTIb:

Po(G;) = Byo - exp[—Kpy - G 3)
ze Pp(Cy) — cepenne 3Ha4YeHHs PO3PUBHOTO HaBaHTaxeHHs myuka HuTKH, H; B,(C; — 0) = P,,- cepenne
3HAUEHHS PO3PHBHOTO HAaBAaHTA)XEHHS ITyYKa HUTKH HPH BIJCYTHOCTI MOINEPEYHOi TeTePOr€HHOCTI MEXaHIYHHX
BiactuBocteit, H; Kpp — mapamerp Momeini, 110 XapaKTepu3ye IHTCHCHBHICTb 3MIHM IOKa3HHMKA MIITHOCTI NpH
301IbIIeHH] KOoe(illieHTy Bapiallil BIaCTHBOCTI, SKa JOCIIKY€eThCs, 1%.

Buxkopucranns mozerni (3) 703BoIsie He TUTBKH JOCTOBIPHO OMHCYBAaTH BIUIMB Pi3HUX Bapialliif Ha pO3pUBHE
HaBaHTaXXCHHS, a ¥ KiTacu(iKyBaTH pi3Hi IOTIEpEeyHi Bapialii BIaCTHBOCTEH 3a CTyIIeHeM BIUIMBY Ha XapaKTePUCTHKH
MIITHOCTI ITyYKa HUTOK Ha KiJIbKICHOMY PiBHI.

3a pesymbTaTaMH HABEJICHOTO KOMIDIEKCY AHAIITUYHUX OCITI/KEHb BCTAHOBJICHO, IO 30UTBIIEHHS
MTOKa3HMKa OMEPEYHO1 Bapialii CTyneHto pisHOAOBKXHUHHOCTI CL 1 a0COTIOTHOTO PO3PHBHOTO BUAOBKEHHS Cp HUTOK
MyYKa NPU3BOJAMUTH O 3aKOHOMIPHOTO 3MEHIICHHS PO3PHBHOTO HaBaHTaXeHHSI Pp Ha onHy HUTKY. BunamkoBuit
CYMICHUH BIUIMB JaHHUX Bapialliii He BUKIMKAE 3MiHY XapakTepy 3aJIe)KHOCTI CEpEeAHbOI0 3HAUYEHHS PO3PHBHOTO
HaBaHTaXeHHS Pp Bij mapameTpiB Bapiauii. ACHUMETpist 3aKOHY PO3IOJUICHHSI BHXiTHUX mapamerpiB mozeni (1)
MPaKTUYHO HE YMHUTPH BIUIMB HA 3aKOHOMIPHICTh 3MEHILIEHHS CEPEIHbOr0 3HAYCHHS! PO3PUBHOTO HaBaHTaKeHHs Pp
Iy4Ka HUTOK.

Ha mnpaktumi ajst OLIHKKM BHKOPUCTAHHS MILHOCTI CKJIaJOBUX HHUTOK BUKOPHUCTOBYETHCS IOHSTTS
koediuienTy peanizauii MiHocTi Kp. AHani3 pe3ynbTaTiB iMITalliiHOrO MOJAENIOBAaHHS Mpolecy AedopMyBaHHS Ta
pyWHYBaHHS ITydKa HUTOK BKa3ye Ha Te, IO YHCIIOBE 3HAYCHHS KOEQIIieHTy peaii3amii MIiHOCTI BH3HAYAE€THCS
TETEPOTCHHICTIO MOKA3HUKIB BIACTHBOCTEH CKJIQZIOBHX Iy4YKa KOMIIOHEHTIB 1 HE 3aJIe)KHUTh B XapaKTEpPHCTHK
MIIHOCTI:

Py (C;
Ky = %) = exp[—Kpp - (] 4

Ha puc. 2 HaBeneHi 3anexHoCTI KoedilieHTy peanizanii cepeanboi MinHocTi Kp criabkonoB’si3aHoro my4ka
HUTOK BiJ Koe(illieHTy monepeunux Bapiamiii Cy HaifOIbIT BATOMHX BJIACTHBOCTEH. MOYKHA BIIMITUTH, IO CTYIIiHb
PI3HOOBKUHHOCTI IMy4YKa HUTOK YMHHUTh HaWOIIbLIMH BIUIMB Ha 3HAuCHHS KoeQilieHTy peajizauii MilHOCTI (pu
3HadyeHHi nokasuuka Kpp = 3,2x102, 1%) BinHoCHO Bapialii Mo abcoNOTHOMY PO3PHMBHOMY BHIOBKEHHIO Cip HUTOK
myuka (pu 3HaYEHHsX nokasHauka Kpep = 1,8x1072, 1%).
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Puc. 2. 3anexnictb koedinienty peanizanii cepennnoi minnocti Kp ci1adko nos’sizaHoro my4ka HUTOK BiJ koedinienTtiB Bapiamiii: 1 —
a0co/1I0THOTO PO3puBHOTO BHAOB:KeHHsSI Clp, 2 — cTyneHIo pi3HOA0B:KHHHOCTI Cy, 3 — a6C0JI0THOr0 pO3pHBHOIO BHAOB:KeHHs Clp Ta
CTyNeHI0 pi3HoaoBxkHHHOCTI Cy..

OTxe, pU MPOTHO3YBAaHHI CTYNEHIO PI3HOJOBXHHHOCTI HUTOK Iydka Cp € MOXXJIMBHM IPOTHO3YBaHHS
YHUCIIOBOTO 3HAUEHHS KoedillieHTy peanizaiii MinHOCTi Kp, 1110 € BaYKIIMBUM TSI KOMITJIEKCHOT OITIHKA SIKOCTi HUTKH.

BucHoBknu

1. Po3po0iieHnit anroput™M CTaTHCTHYHOI iMiTaliifHOi Mojeni mpouecy aedopMyBaHHS 1 pyHHYBaHHS
TEKCTWJIBHOI HUTKH, IO Ma€ BJIACTHUBOCTI IONEPEYHO] HEOTHOPIHOCTI MOKa3HUKIB MEXaHIYHHUX BJIACTUBOCTEH NP
HariBIUKJIOBOMY BHIIPOOYBaHI Ha PO3TAT.

2. BukoHana kyacugikalis MOKa3HUKIB MEXaHIYHUX BJIACTUBOCTEH 3a CTYNEHEM BIUIUBY iX ITOIEPEYHHX
Bapialliif Ha 3HAYCHHS PO3PUBHOIO HAaBaHTAXKCHHS ITyYKa TEKCTUIILHUX HUTOK 3 pO3POOJICHUMH BiZIITOB1THO MOAEISIMHU
IPOTHO3YBaHHSI.

3. BcranoBneHuit B3aeMO3B 30K KOEQIIiEHTY peamizamii MIIHOCTI Ta Pi3HUX IONEPEYHUX Bapialii
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MEXaHIYHUX BJIACTUBOCTEH.

4. Po3poOsiena MeTOJMKa JOCIHI/DKEHHS MIIHOCTI TEKCTWJIBHMX HUTOK, SIKMM BJIaCTHBA IONEpeYHa
HEO/IHOPITHICTh TMOKa3HMWKIB MEXaHIYHUX BJIACTMBOCTEH 3 BHKOPHCTAHHSIM MaTEMaTHYHOT'O MOJETIOBAHHSA, IO
JI03BOJIsIE, O€3 MPOBEICHHS TPYAOMICTKUX €KCIIEPUMEHTAIBHUX JIOCHIPKEHb, IIPOrHO3YBATH i1 BTpaTy.
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