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KuiBchKuil HalliOHAIBHUI YHIBEPCUTET TEXHOJIOTIH Ta JU3aiiHy

10. 10. IIEPBAHDb

KuiBcpkuii haxoBuil KOIeK MPUKIATHUX HAYK

KOMIT'FOTEPHA PEAJII3ALIA AJITOPUTMY PEKYPCII
ITPU BUBHAYEHHI HATATI'Y HUTOK
ITPU @OPMYBAHHI BAI'ATOINAPOBUX TKAHUH 3 ITIOJHIETUWJIEHOBUX HUTOK

Bazamowaposi mkaHuHU 3 no/liemu/eHo8uUX HUMOK WUPOKO 8UKOPUCMOBYIOMbCS 015 8Upobie peyosozo MaliHa
ma makmu4yHo20 Cnops0XceHHs 8ilicbKo8ocayn608Yyis, 30amHux 3axuwamu miao A00UHU 8i0 8nau8y 802HeNna/abHoi,
X0/100H0i, pixcyyoi, koarouoi 36poi, ydapHozo ma ydapHo-0po6ogozo enaugy. Onmumiszayis npoyecy ix 8uzo0moe/eHHs
no/sizae 8 onmumizayii Hams2y OCHOBHUX NOJiemMu/IeHO8UX HUMOK neped 30HOW opmysaHHs. [asi ybozo Heob6XidHO
8uU3Ha4amu 3MiHy 8I0HOCHO20 HaMsA2y N0 30HAM 3anNPAsKu NOieMmu/leHO8UX HUMOK HA MKAYbKoMy eepcmami. BUKOHAHHS
yiei ckaadHmoi 3adaui nosuHHO 6a3ysamucs HA BUKOPUCMAHHI cheyianbHO po3po6/eHUX KOMN'HMmepHUX npozpam.
Bpaxosywouu cneyuiky nepepobku HUMOK HA MKAybkoMy eepcmami, npu 6U3HAYeHHI 8I0HOCHO20 Hamsey 8 KOMCHIU
okpemill 30HI, HeO6XIOHO 8uKOpUCMO8Y8AMU A/120pUMM peKypcii, koau 8uxioHuill Hamsiz HUMKU 3 honepedHboi 30HU Gyde
A8451mucsl 8xi0HUM 0151 HaCMYNHOI 30HU.
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COMPUTER IMPLEMENTATION OF RECURSION ALGORITHM DETERMINATION
OF THREAD TENSION DURING FORMATION OF MULTILAYER FABRICS FROM POLYETHYLENE THREADS

Multilayer fabrics made of polyethylene threads are widely used for products of real property and tactical equipment of
servicemen capable of protecting the human body from the influence of firearm, cold, cutting, spiny weapons, shock and shock-fractional
influences. Optimization of the process of their manufacture is to optimize the tension of the main polyethylene threads in front of the
formation zone. To do this, it is necessary to determine the change in relative tension on zones of filling of polyethylene threads on a loop. The
execution of this complex task should be based on the use of specially designed computer programs. Taking into account the specifics of the
processing of threads on a weaving machine, when determining the relative tension in each individual zone, it is necessary to use a recursion
algorithm when the initial tension of the thread from the previous zone will be input for the next zone. Designing new and improvement of
existing technological processes of processing polyethylene complex threads on weaving machines requires a change in relative tension on
zones of refueling of basic threads. The execution of this complex task should be based on the use of specially designed computer programs
using a recursion algorithm. Determination of the change in relative tension on zones of filling of polyethylene complex threads on weaving
machines, taking into account the material of the guide, will improve the technology of manufacturing multilayer fabrics that are used to
manufacture products of real property and tactical equipment of servicemen capable of protecting the human body from the influence of
firearms, cold, cutting, spiny weapons, shock and shock-fractional influences. Improvement of existing technological processes of processing
polyethylene complex threads on weaving machines will reduce the downtime that arise when breaking the threads. This negatively affects
the productivity of weaving machine tools, reduces the quality of multilayer tissues. Minimization of tension in each line of refueling line of
basic polyethylene complex threads will reduce the likelihood of a cliff of the thread, which is important for improving technological
processes from the position of increasing the productivity of weaving machine tools and the quality of multilayer tissues. Mathematical
provision of a computer program requires the development of thread interaction models with surfaces of scala, framing guides, holes of the
remission framework taking into account the real physical and mechanical properties of complex threads and yarns and their real geometric
and constructive parameters. The main factor affects the growth of the tension of polyethylene complex threads is the force of friction. It
characterizes the friction properties of the threads and conditions of their interaction with the surfaces of the scala, framing guides, holes of
the striped frames.

Keywords: multilayer fabrics, computer program, tension, thread, recursion algorithm.

IHocTanoBka mpodJjemu

[IpoekTyBaHHS HOBHX Ta yIOCKOHAJICHHS ICHYIOUHX TEXHOJIOTIYHHUX IPOIECIB MEPEPOOKH MOITieTHICHOBUX
KOMIUIEKCHIX HUTOK Ha TKAaIlbKUX BepPCTaTax IMOTpedye BU3HAUEHHS 3MiHU BiTHOCHOTO HATATY IO 30HAM 3alpaBKH
OCHOBHHMX HUTOK. BrukoHaHHS 1Mi€i ckagHOi 3a7avi MOBUHHO OasyBaTHCS Ha BHKOPHCTAaHHI CIHELIaJbHO PO3POOIICHHX
KOMIT'FOTEPHUX IPOrpaM 3 BUKOPHCTAHHAM aJTOPUTMY pekypcii. Bu3HadeHHs 3MiHH BiJTHOCHOTO HATATY IO 30HAM
3arpaBKy MOJIETUICHOBIX KOMIUIEKCHMX HHTOK Ha TKAaIlbKMX BEPCTaTax, 3 ypaxyBaHHAM MaTepialy HaImpsMHO{,
JIO3BOJIMTH TIOKPAIIUTH TEXHOJIOTII0 BUTOTOBJICHHSI 0araTomapoBUX TKaHWH, SIKi BAKOPHCTOBYIOTHCS IS BUTOTOBJICHHS
BUPOOIB peUOBOro MaliHa Ta TAKTUYHOT'O CIIOPSKEHHSI BINCHKOBOCITY>KOOBIIIB, 3/1aTHUX 3aXUIIATH TUJIO JIIOAWHH Bif
BIUIMBY BOTHENAJIBHOI, XOJIOAHOT, piXKy4o0i, KOI0401 30poi, yJ1apHOTo Ta yJ1apHO-ApoO0BOT0 BILIHBY.

AHauni3 xxepen
Y IOCKOHAICHHS ICHYIOUMX TEXHOJIOTIYHUX IPOIECIB MEPEepOOKU MOTICTUICHOBIX KOMIUICKCHIUX HUTOK Ha
TKAIbKUX BepcTaTax MpH3BEZAe 10 3MEHIIICHHS MPOCTOIB, SKi BUHUKAIOTH MpU oOpuBi HUTKH [1, 2]. Ile HeraTuBHO
BIUTMBAE Ha MPOAYKTUBHICTh TKAIlbKHX BEPCTATIiB, 3MEHINYE SIKICTh 0araromapoBuX TKaHWH. MiHiMi3allis HATATY B
KOXHIH 30H1 JIiHIT 3ampaBKM OCHOBHUX TOJIIETHICHOBUX KOMIUIEKCHHX HUTOK JIO3BOJIUTH 3MECHIIUTH HMOBIPHICTH
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00pUBY HHUTKH, III0 Ma€ BXJIMBE 3HAYCHHS ISl YAOCKOHAJIEHHS TEXHOJOTIYHMX MPOLECIB 3 IMO3MMLIi MiABUIICHHS
MPOAYKTUBHOCTI TKaI[bKUX BEPCTAaTiB Ta SIKOCTI OararomapoBux TkKaHuH [3, 5—11]. Maremarnyne 3a0e3nCUCHHS
KOMIT'FOTEpHOI INIPOTpaMHi BHMara€ po3poOKHM MOAENEH B3a€EMOAIl HUTOK 3 TOBEPXHSIMH CKaja, JaMEIbHHX
HaIpSIMHHUX, OTBOPIB PEMI3HUX PaMOK 3 YpaxyBaHHIM peaJbHHUX (Pi3MKO-MEXaHIYHHX BIACTHBOCTEH KOMIUIEKCHUX
HHUTOK Ta MPSIKi Ta X peaTbHIX T€OMETPHYHIX Ta KOHCTPYKTUBHUX mapaMeTpiB [3—9]. OCHOBHIM YMHHHUKOM, SKHA
BIUIMBA€E Ha 3POCTaHHS HATATY MONIETHICHOBHX KOMIUIEKCHUX HUTOK € CHia TepTs. BoHa xapakrepusye (puKiiiai
BJIACTUBOCTI HUTOK T4 YMOBH X B3a€MOJIii 3 MMOBEPXHAMH CKala, JaMEIbHHUX HAIPSIMHHUX, OTBOPIB PEMI3HIX PaMOK
[2, 8]. KoedirieHT TepTst M’k HUTKOIO Ta HAIPSMHOIO BU3HAYA€ BEIMYHHY BITHOCHOTO 3POCTAHHS HATATY B KOXKHIH
okpeMmiii 30Hi. Takum YMHOM, TeMa JJaHOI CTAaTTI € aKTYaJIbHOIO, sIKa Ma€ BAXIMBE 3HAUYEHHS JUISl YAOCKOHAJICHHS
ICHYIOUMX TEXHOJIOTTYHUX HPOLECIB NepepOOKH MONIETHICHOBUX KOMIUIEKCHUX HUTOK Ha TKAI[bKUX BEpCTaTax.

Po3po0ka Ta yJOCKOHAJICHHS CIELialbHUX KOMII'IOTEPHUX NPOrpaM, Ul BU3HAUCHHS HATATY B KOXXHIH
30HI JIiHIT 3apaBKK HUTKHM TKAaIbKOTO BEpPCTarta, A03BOJISIE MOKPAIIUTH TEXHOJIOTIF0 BUTOTOBJIEHHS 0araTomapoBHX
TKaHHH, SIKI BHKOPHCTOBYIOTHCSI JUIS BUTOTOBJICHHS BHPOOIB pEUOBOr0 MaifHa Ta TaKTUYHOTO CIIOPSIKEHHS
BiiCPKOBOCITY>KOOBIIIB, 3MaTHUX 3aXHWIIATH TiJO JIOJUHU BiJ] BIUIMBY BOTHETAIBHOI, XOJIOIHOI, PiXyd0i, KOTIOUO1
30poi, yaapHoro Ta yaapHo-apobosoro BBy [10, 11].

Meto10 poGoTH € KOMIT'IOTepHA peajli3allisi alropuTMy peKypcii mpu BU3HAYEHHI HATATY HHUTOK IIPH
(hopMyBaHHI OaraTomapoBUX TKAHWH 3 TONIETHICHOBAX HUTOK.

Buxsag ocHOBHOro Mmarepiany

Ha puc. 1, a mpencraBieHuii 3arajibHUl BUIJISL TOJIICTHJICHOBOI KOMIUICKCHOT HHUTKH 44 Tekc, ska
ckiamaeThess 3 140 okpemux ¢imamentiB. Ha puc. 1, 6, ¢ mpenctaBieHi CXeMH B3a€MOJIl IMOJICTHICHOBOL
KOMIUIEKCHOT HHUTKHM 3 OTBOpoM [aneBa pemi3HOi pamku. B naHoMy Bumajaky Mae Micle B3a€MOis HHUTKU 3
HaINpsSMHOIO BEJIMKOT KpUBH3HU.

Ha rosoBuiii ¢opmi KOMIT'IOTEpHOI NpOrpaMH pO3TAllOBaHMH KOMIIOHEHT MaJisi OOpaHHs Matepiaiy
cupoBurn N2: TMenultem (puc. 2a). [Ipouenypa procedure. TForm2.N2Click 3a6e3nedye oOpaHHs BULy CUPOBUHH:
nporenypa procedure. TForm2.N28Click 3abe3medye BBemeHHS MOaHWX U1 OaBOBHSHOI MPsDKi; IpOLeaypa
procedure. TForm2.N29Click mns BoBHsHOI npsiki; mpouenypa procedure. TForm2.N36Click s moBKOBOI HUTKH;
nponenypa procedure. TForm2.N37Click mms Bicko3Hoi HuTkH; mnpouexypa procedure. TForm2.N38Click mus
KarmpoHoBOi KoMIutekcHoI HuTKW; mporenypa procedure. TForm2.N39Click nms maBcaHOBOI HHTKH; IpoIexypa
procedure. TForm2.N40Click nns npEsHOI HuUTKH; mporexypa procedure. TForm2.N30Click mms kampoHOBOI
MOHOHHTKH, Tiporieaypa procedure. TForm2.N17Click myis mosieTHIeHOBOT KOMITICKCHOT HUTKH.
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Puc. 2. KomnoHeHTH rosiopHoro menro MainMenul:
a — TMainMenu moayJist unit Unit2: NS: TMenultem; 6 — pe3ysabtatu po3paxynkiB TForm2 = class(TForm)

Peaunizanis procedure. TForm2.N42Click mo3Bonisie 3xilficHIOBaTH 0OpaHHS MaTepially UHWIIHAPHIHOL
Hanpsimuoi. [Ipouenypa procedure N43Click(Sender: TObject) 3miticHioe 0OpaHHs 3 0a3u (QPUKIIHHAX BIACTHBOCTEH
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JAaHUX Ui CTAJICBOi IMIIIHAPUYHOT HanpsiMHoI. [lociigoBHICTH BHKOHAaHHS Ipoledyp HactymHa. Ha nepiiomy
erami obuparoTs marepian cupoBuru — procedure. TForm2.N17Click mist monmieTuneHoBoi KOMILICKCHOT HUTKH. Ha
Ipyromy etari, npu BukoHaHHI npouenypu procedure N7Click(Sender: TObject) obupaeThcst BUI B3a€MOIi1 HUTKH
3 MWIHAPUYHOI HAmpsAMHOI ckama — mpoueaypa procedure. TForm2.N27Click BiamoBimae Bumaaxy 0e3
pamianbHOTO OXOIUICHHsA. Ha TpeThoMy ertari oOMpaeThCs BHUI B3AaEMOMIl HUTKH 3 IMIIHAPUYHOIO JaMEIHHOIO
HanpsmMHO0 — nporenypa procedure. TForm2.N27Click. Ha gerBepTromy erami oOupaeTscsi BUI B3aEMOMIl HUTKH 3
MITIHAPUYHOIO HanpsIMHOIO 0TBOpY ["aneBa pemizHoi pamku — BiamoBigae mporenypa procedure. TForm2.N26Click
3 ypaxyBaHHSAM PalialIbHOTO OXOIUICHHS.

Ha puc. 2, 6 npeacraBnena roiosaa gopma TForm2 = class(TForm) 3 pe3ynpratamy BU3HAU€HHS HATSTY
10 30HaM 3alpaBKH Ta BIJIHOCHOTO HATATY NpW (OpMyBaHHI OararomapoBoi TKaHHMHM Ha TKallbkOMy BepcraTi. B
Tabnuui 1 mpespcTaBiIeH] 3HAUCHHS HATATY IIOJIIETHJIEHOBUX OCHOBHHMX HHTOK MO 30HaX 3alpaBKU TKALbKOT'O
BepcTara.

Ta6mums 1
3HauyeHHS HATSATY MOJIieTHJIEHOBUX OCHOBHMX HUTOK IO 30HaX 3alPaBKH TKAaIbKOI0 BepcTrara
NU KU DN \ L T PO P P/P0
3 0.2640 5.0 2000.0 400.0

1 0e3 paj. ox. Yellow NRO 50.00 62.67 1.25
Hanpsimaa | Ge3 pan. ox. Yellow NRO 62.67 67.49 1.07

3 3 paj. ox. Red ERO 67.49 79.60 1.17

BucHoBku

Po3pobiena koMmIT'roTepHa Tporpama i BH3HAUCHHS BIZHOCHOIO HATATY [0 30HaM 3alpaBKH
TEXHOJIOTIYHOTO O0ONajHaHHA. BU3HaueHHs 3MiHM BIZHOCHOTO HATATY MO 30HAM 3alPaBKU IOJIETHICHOBHX
KOMIUICKCHHX HHTOK Ha TKallbKHX BepcTaTax, 3 ypaXyBaHHAM Marepialy HamnpsMHOI, JO3BOJIHJIO MOKPAIIUTH
TEXHOJIOTII0 BUTOTOBJICHHS 0araToliapoBUX TKaHUH, SIKi BUKOPHCTOBYIOTBCS JUIsl BUTOTOBJICHHSI BUPOOIB PEYOBOTO
MaifHa Ta TaKTHYHOTO CIIOPS/KEHHS BiHCHKOBOCIY)KOOBIIB, 3/aTHHX 3aXHIIAaTH TLIO JIIOJUHU BiJl BIUIMBY
BOTHEMAJIBHOI, XOJIOHOT, pIXKY401, KOJIF0U0i 30p0oi, yIapHOTO Ta YAapHO-APOOOBOI0 BILIHBY.
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