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KOMIT'IOTEPHUIA AHAJII3 CHCTEMHU IHOJAYI HUTOK 3 BUKOPUCTAHHA
IMPOI'PAMHOI'O KOMIIVIEKCY JUISA PEAJIIBALIL AJITOPUTMY PEKYPCII ITPH
BU3HAYEHHI TEXHOJIOI'TYHUX HABAHTAKEHb

B pobomi, 3 euxopucmannsa npoepamHozo KOMNIeKCy 01A peanizayii arzopummy pekypcii npu 6UsHAUeHHi MexXHOL02IYHUX
HABAHMANCEHD, NPOBEOCHULl KOMN TOMepHULl AHAi3 cucmemu nooayi HUMOK OCHO8U NPU 8ULOMOBIIEHHI 6a2amouaposux MmKAHUH.
Busnaueni snauenns nomouno2o Hamsey no 30HAM 3aNPAGKU MKAYLKO2O 6ePCMAMA 6 3aNeHCHOCMI 610 opmu NiHil 3anpaeku
OCHOBHUX HUMOK, NONEPEeOHbO2O HAMSAZY, MAMePIaLy HANPasIAIYUX NOBEPXOHb, iX hopmu. B saxocmi cmpyKmypHux eiemenmis
BUKOPUCMOBYBATIUCS HANPABISIOYL 8EIUKOT Ma MAO] KPUBUZHU 3 PAOIAIbHUM OXONJIEHHs HANPSIMHOL ma 6e3 Hbo2o.

Kniouosi crosa: komn romepuuii ananis, cucmema nooawi HUMKU, RPOSPAMHULL KOMNIEKC, npoyedypa pekypcii, namse,
bazamouwiaposi mKAHUHU.
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COMPUTER ANALYSIS OF THE THREAD FEEDING SYSTEM USING THE SOFTWARE COMPLEX FOR
IMPLEMENTING THE RECURSION ALGORITHM FOR DETERMINING TECHNOLOGICAL LOADS

In the work, on the use of a software complex for the implementation of the recursion algorithm when determining technological loads,
a computer analysis of the warp thread supply system in the production of multilayer fabrics was carried out. The values of the current tension in
the filling zones of the loom are determined, depending on the shape of the filling line of the main threads, the pre-tension, the material of the guide
surfaces, and their shape. As structural elements, guides of large and small curvature with and without radial coverage of the guide were used.

The analysis of the thread supply system on the technological equipment allows to determine the change in the relative tension in the
filling zones of polyamide complex threads on weaving machines, taking into account the material of the guide, the nature of the interaction of the
threads with the guides, taking into account the radial coverage. This makes it possible to improve the technology of manufacturing multi-layer
fabrics, which are used for the manufacture of personal property products and tactical equipment of military personnel. In the proposed version of
the structure of multilayer technical fabric, there are no warp threads for binding the outer layers of protective and power layers. The connection
is carried out by the threads of the base of the outer layers of protection. It has been proven that the structure of the multi-layer technical fabric,
the tension of the threads of the base of the outer protective layers, power layers and the threads of the base for binding the outer protective layers
and power layers, the size of the overlap, the different stretchability of the gap affect the strength of the surf. The value of the different tension of
the loom is provided by the displacement of the rock of the loom relative to the middle line of the elastic system of filling the warp threads on the
loom.

In order to solve the complex task of assessing the tension of the thread regeneration process on technological equipment, it is necessary
to use specialized software complexes to implement the recursion algorithm when determining technological loads.

Thus, the topic of this article is relevant, which is important for assessing the intensity of the thread regeneration process in the
manufacture of multilayer fabrics based on computer analysis of the thread feeding system using a software complex for the implementation of the
recursion algorithm when determining technological loads.

Keywords: computer analysis, thread feeding system, software complex, recursion procedure, tension, multilayer fabrics.

ITocTanoBKa MpodaeMu
AHali3 CHCTEeMH MoAadi HUTOK Ha TEXHOJOTIYHOMY OONaJHAaHHI JO3BOJISE€ BU3HAYUTH 3MiHY BiJTHOCHOTO
HATATY [0 30HaM 3alpaBKH MONiaMiTHUX KOMIUIEKCHHX HHTOK Ha TKAalbKHUX BEpPCTaTax, 3 ypaxyBaHHIM Marepiany
HaNpsIMHOI, XapakTepy B3aeMoOJii HUTOK 3 HANpSAMHUMH 3 ypaxyBaHHS pafiaibHOro oxorureHHs. lle mo3Bomse
MTOKPAIUTH TEXHOJIOT1F0 BUTOTOBJICHHS 0araTonapoBUX TKaHUH, SIKi BHKOPHUCTOBYIOTHCSI I BATOTOBJICHHSI BHPOOiB
peyoBOro MaiHa Ta TAaKTHYHOTO CIIOPSKECHHS BiCHKOBOCIY)KOOBLIB. Y 3allpOIIOHOBAHOMY BapiaHTi CTPYKTYpH
GararonrapoBoi TEXHIYHOI TKAHMHHU BiACYTHI HUTKM OCHOBHM JUISl 3B'I3yBaHHs 30BHILIHIX IIapiB 3aXUCHUX 1 CHJIOBUX
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mapiB. 3B'I30K 3MIHCHIOETHCS HUTKAMHA OCHOBH 30BHINTHIX MApiB 3aXUCTy. JloBeneHo, 1110 Ha BETUYUHY CHIIH IIPHUOOI0
BIUIMBA€E CTPYKTypa OaraTronrapoBoi TEXHIYHOT TKAHWHHM, HATST HUTOK OCHOBH 30BHILIHIX 3aXMCHHX IIapiB, CUIOBHX
mapiB Ta HUTOK OCHOBHW ISl 3B'I3yBaHHs 30BHIIIHIX 3aXMCHHUX IIApiB Ta CHJIOBUX INapiB, BEJIMYMHA 3aCTyILy,
PI3HOTSTHYTICTh 3iBa. 3Ha4E€HHs DPI3HOHATATHYTOCTI 3iBa 3a0€3NeuyeThCsl 3MILICHHSIM CKellsl TKalbKOTO Bepcrara
II0/I0 CepetHbO] JIiHIi IPYKHOI CHCTEMH 3alpaBKH HUTOK OCHOBH Ha TKAIlbKOMY BEpCTaTi.

Jns BUpilIEeHHST CKJIaAHOT 3a/1a4i OLIHKM HAaIpy>KEHOCTI MPOLECY MEePepOJKH HUTOK Ha TEXHOJIOTTYHOMY
o0aiHaHHI HEOOX1IHO BUKOPUCTOBYBATH CIELialli30BaH] MPOrpaMHi KOMIUIEKCH [UIs peatti3anii anropurMy pexkypceii
IIPY BU3HAYCHHI TEXHOJIOTIYHUX HABAHTAXKCHB.

TakuMm 9YMHOM, TeMa JJaHOI CTATTi € aKTyaJIbHOIO, SIKA MA€ BAXKIIMBE 3HAYCHHS JUIA OLIIHKN HAMpy>KEHOCTI
TIpoIieCy MepepOaKH HUTOK PH BUTOTOBJICHHI 0araTonrapoBUX TKAaHWH HA OCHOBI KOMIT IOTEpHOTO aHaJIi3y CHCTEMHU
MmoJladi HATOK 3 BHKOPHUCTAHHS TPOTPAMHOTO KOMIUIEKCY JJIS peajli3allil alropuTMy peKypcii Ipu BH3HAYEHHI
TEXHOJIOTIYHUX HaBAaHTAXKCHb.

AHaui3 mKxepen

Bu3HaueHHS! BIUIMBY CTPYKTYpH OJHOLIAPOBUX Ta OaraTollapoBHX TKaHMH Ha YMOBU (hOpMyBaHHS Ha
TKaIlbKMX BEpCTaTax € BAXJIMBUM 3aBuaHHAM [1, 7-9]. Ilpu Bu3Ha4eHHI yMOB (OpPMYBaHHS OJHOLIAPOBUX Ta
OaraTomapoBux TKaHWH [3, 4] HEoOXiqHO BW3HAYAaTH BEIMYMHY HATITY OCHOBHHMX HHUTOK IO 30HaX 3alpaBKd
TKalbKOI'0 BepCcTaTa y CTaTWYHUX Ta JUHaMiyHMX ymoBax [8]. Lle mo3Boise€ BIOCKOHAIHUTH TEXHOJOTIIO IX
BUTOTOBJICHHS], MOJICpHI3yBaTH TKAalbKUI BEpPCTaT i MiIBUILUTH SKICTh OJHOIIAPOBUX 1 OaraTonIapoBUX TKaHUH, IO
BUITYCKAIOTHCSI. 3POCTAaHHS HATATY HUTOK OCHOBHM IIO TTIMOMHI NMPY)KHOI CHCTEMH 3alpaBKH HHUTOK OCHOBH MOXE
MPU3BOANTH IO YPBHII. 3MEHIICHHS OOPMBHOCTI, HA OCHOBI ONTHMI3aIlil 3aJIe)KHOCTI 3MIHH HATATY IO TIIHOWHI
MPY’KHOT CHCTEMH 3alpaBKH, HO3BOJHUTh 3HAYHO CKOPOTHTH MPOCTOI 0OJagHAHHS, MOKPAIIUTH YMOBH B3a€MOJIl
HHUTOK 3 HalpPSIMHUMH Ta POOOYMMH OpraHaMH TKAaIlbKOTO BEpCTarta, MiABHMIIHUTH SKICTh TOTOBUX TKaHUWH [1—4]. ¥V
pobotax [2, 8, 9] mokazaHO, IO HATAT HUTOK Ha TEKCTHJIBHOMY Ta TPUKOTAXXHOMY OONagHAHHI CKJIAQNAETHCS 3
MOYAaTKOBOTO HATATY Ta JOJATKOBOTO HATATY [5, 6]. JlogaTkoBe HATAT BHHHKAE 3 JAOIOMOTOIO CHJI TEpPTS HHUTOK
MOBEPXHI HANPABISIOUUX 1 pOOOYMX OpraHiB TKallbKUX BEPCTATiB 1 TPUKOTAXKHUX MAILUH, SKi MAIOTh HWIIHAPHYHY
4yu Onu3bKy 10 Hei hopmy [4]. BenmmuuHa cui TepTs y 30HI KOHTaKTY 3aJIeKUTh BiJl MaTepialy HUTKU Ta HaIPsIMHOL
[1, 5]. TTocninoBHE MPOXOHKEHHS HUTKU HAIIPSIMHUMH TKAlbKUX BEPCTATIB 1 TPUKOTAXKHUX MAIIHH, BiJ] 30HH BXO1y
10 30HM (POPMYBaHHS TKAHUH 1 TPUKOTQKHUX MHOJIOTEH, NMPHU3BOIUTH 1O CTYMIHYACTOrO 3pOCTaHHS Hatsry [3].
BuxigHuit mapameTp HaTAry miciisi NoepeHbol HapsIMHOI Oy/e BXiTHMM MapaMeTpoM Uil HACTYIHOI HaNpsSMHOI,
1110 JI03BOJISIE BAKOPUCTOBYBATH PEKYPCIt0 IPU BU3HAYCHHI HATATY B 30H1 (hopMyBaHHs nojoTHa [2]. Takuii xapakrep
B3aEMOJIii Ma€e MicIe 1 MmiJ 9ac 3AiHCHEHHS aHAJOTiYHHX TEXHOJOTIYHMX mporeciB [3, 5]. Po3pobka HOBHX cxem
CHCTEMH TToJjadui HUTKHY MTOTpedye ONepaTUBHOI OLIHKY 3HAYEHHS HATATY Tepe]] poOoro 30H010. 111t Iboro e)eKTUBHO
BUKOPHCTOBYBATH CIIELiaJIbHO pO3POOJICH] IIPOrpaMu JyIsi BAKOHAHHS 00UNCITIOBAILHOTO €KCIIepUMEHTY [3, 4].

MeTo10 po0OTH € KOMIT IOTEPHHI aHaNi3 CHCTEMH I10/1a4i HUTOK 3 BUKOPUCTAHHS IIPOrPaMHOT0 KOMILIIEKCY
IUTA peaizalii anropuTMy peKypcil pu BU3HAYEHHI TEXHOJIOTIYHIX HABAHTa)KEHb.

Buxsiax ocHOBHOTo MaTepiaiy

[Tpu koMIT'FOTEpHOMY aHaJIi3i Ha TMepuioMy eTari o0MparoTh MaTepian cupoBHHU. Ha ronoBHIH dopmi
KOMIT'FOTEPHOI TpOrpamMH pO3TAIIOBAHUI KOMIIOHEHT jJisi oOpaHHs Marepiany cupoBuHu N2: TMenultem
Iponenypa procedure. TForm2.N2Click 3abe3mneuye 00OpaHHs BUY CUPOBHHU: nporeaypa
procedure. TForm2.N38Click mns mosniamingHoi kommiekcHoi HUTKH. Ha ipyromy erari, mpyu BUKOHaHHI MPOLIEAYpH
procedure N7Click(Sender: TObject) oOupaeTbcss BUI B3a€EMOJIT HUTKH 3 IMIIHAPUYHOIO HAIPSIMHOIO CKajia -
nporenypa procedure. TForm2.N27Click BigmoBimae Bumaaky 0e3 pajialbHOro OXoIuleHHs. Ha Tperbomy etarmi
oOupaeTbcs  BHJ ~ B3a€EMOAII  HWUTKM 3  IUIHJIPUYHOIO  JIAMENBHOIO  HANPSAMHOIO -  IIpoleaypa
procedure. TForm2.N27Click. Ha weTBepToMy erari 0OMpaeThCs BUI B3a€EMO/Iii HUTKH 3 NI HAPUIHOIO HATIPSIMHOKO
OTBOpY rajieBa peMi3HOI paMKH - BiamoBimae mponenypa procedure. TForm2.N26Click 3 ypaxyBaHHSIM pagialbHOTO
oxomnenHs. Peamizamis procedure. TForm2.N42Click mo3Boisie 3milicHIOBaTH OOpaHHS Martepialy IFIIHAPHYHOI
nanpsiMHoi. [Tponemypa procedure N43Click(Sender: TObject) 3aificHioe 0OpanHs 3 6a3u HpUKIIIHNX BIacTUBOCTEH
JIaHUX JUIS CTANEeBOI IMUTIHAPUYHOI HAITPSIMHOI.

Ha puc.la npencrasnena romosaa ¢popma TForm2 = class(TForm) 3 pe3ynpTaramu BU3HAYEHHS HATATY
OCHOBM OCHOBHM 3axHCHHX IapiB. Ha puc.16 mpencrasnena ronosua ¢popma TForm?2 = class(TForm) 3 pesynpratamu
BU3HAYCHHS HATATY OCHOBH CHJIOBUX ILIAPIB.

[Ipu Bu3HAUEHHI HATATY 10 30HAM 3alIPaBKH TKAI[bKOTO BepCTaTa MPUHMaIH BXiTHIH HATAT MOCTIHHIM: IS
HUTOK OCHOBH 3aXUCHHUX IIapiB BiH ckianas 113,4 cH; mis HUTOK OCHOBH CHIIOBHX IIapiB BiH ckianas 40.5 cH. s
PO3paxyHKy T€eOMETPUYHUX IapaMeTpiB OyiM BUKOpucTaHi qaHi 11 Bepctata ATT-120-5M.

B tabauui 1 npeacraBieHi pe3ysbTaTH po3paxyHKy Ul BU3HAYECHHS BIUIMBY IIOYATKOBOTO HATATY HUTOK
OCHOBHU 3aXHCHHX IIapiB Ha BEIMYMHY CHJIM NPHOOI0, OCHOBHOTO TEXHOJIOTIYHOTO TapaMerpy, SIKHH BH3HAUae
Harpy>XeHicTb npouecy GopMyBaHHS 0araTonapoBoi TKaHUHU. B Tabmuii Oyu BUKOPHUCTaH] HACTYITHI TIO3HAYECHHS:
PL — HuTKM OCHOBM 3axucHMX mapiB; FL — HUTKM ocHOBM cuiOBHUX mapiB; Ps — nonepenuiit Hatsr; Psyrr — cuia
npo0oI0 Ha OJIHY HUTKY; Prz — HATAT HUTKK OCHOBH Iepej 30HOK (OpMyBaHHs; Prz — HATAT HUTOK OCHOBH ITiCIIs
IITIHAPUYHOTO HAIIPAaBHUKA; tp — Yac MpuOoro: Ip — JOBKMHA MOJOCKK PHO0I0; Pr — HATAT TKAHUHU B TIEpEPaxyHKy
Ha OJIHY HUTKY.

V tabnmni 2 npencTaBieHi Pe3ynbraTi BU3HAYEHHS CHIIBHOTO BIUTUBY 3aCTYITy 1 PI3HOHATATHYTOCTI 3iBa
Ha BETMYUHY CHJIM MPUOOIO JIs 6araTomapoBoi TEXHIYHOI TKAHWHHY.
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a)
Puc. 1. 300pa:kenns: a) rojosHa popma TForm2 = class(TForm) 3 pe3y/ibTaTaMu BU3HAYeHHSI HATATY HUTOK OCHOBM 3aXHUCHHUX LIAPiB;
0) rosoBHa opma TForm2 = class(TForm) 3 pe3yibTaTaMu BU3HAYEHHS HATATY HUTOK OCHOBH CHJIOBHX LIapiB

0)

Tabmuus 1

Pe3yabTaTH BU3HAYEHHS BIVIMBY MOYATKOBOI0 HATATY HUTOK OCHOBH 3aXMCHHX IIAPIiB HA BeJIMYUHY CHIIN
NpuooI0 AJisi HAraToLIAPOBOI TEXHIYHOI TKAHUHHU

Psurr [cH] 102
Hutin - o PrzlcH] | Przer) | 710 Ip[um] | Pr[cH]
OCHOBH . [c]
Cratuka | [Iunamika

PL 113.4 177.3 165.1

43.9 83.9 1.80 12.1 52.2
FL 40.5 72.4 60.8
PL 97.3 150.2 139.9

40.6 76.7 2.58 14.6 49.8
FL 22.1 64.1 52.5
PL 110.2 163.8 149.5

41.5 80.3 2.35 13.7 51.0
FL 29.4 69.1 57.6
PL 126.1 194.5 180.0

49.6 86.9 1.65 11.8 58.9
FL 45.2 80.7 71.4
PL 133.0 208.4 191.1

55.0 90.0 1.39 12.7 64.8
FL 52.4 93.3 82.8

Tabmuus 2

Pe3yabTaTi BUBHAYEHHS CHIJILHOTO BIUIMBY 3aCTyNy i pi3HOHATATHYTOCTI 3iBa HA BEJIHYNHY CUJIM NPUOOIO
JJIs1 6araTomapoBoi TEXHIYHOI TKAHUHU

P H
HuTtku surr [cH] Prz[cH] Prz[cH] Pr[cH]
OCHOBH Crartuka Junamika

PL 114.3 105.4

37.3 72.1 35.1
FL 41.6 32.2
PL 107.5 98.9

37.6 70.0 28.4
FL 33.8 25.4
PL 150.4 141.6

43.1 84.2 443
FL 47.1 36.2
PL 140.1 129.5

37.9 77.5 34.6
FL 37.7 29.9
PL 137.3 126.6

36.9 73.8 30.3
FL 32.5 21.3
PL 308 70,7 143.0 133.5 372
FL ’ ' 38.9 30.0 ’
PL 155.2 144.5

40.1 82.5 36.9
FL 49.7 40.6
PL 138.2 127.1

36.9 73.4 29.4
FL 31.7 224
PL 140.2 129.1

36.8 75.3 36.2
FL 33.8 24.8
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BucHoBkn
Komn’roTepHuil aHaii3 CHCTEMH TOAa4yi HUTOK 3 BUKOPUCTAHHS MPOTPAMHOTO KOMIUICKCY JUIS peatizariil
NTOPUTMY PEKypcii MPU BH3HAYCHHI TEXHOJIOTIYHMX HABAHTAXXCHH JIO3BOJUB OIIHUTH HAIPYKEHICTh MPOIECY
MEPEePOIKH HUTOK MPH BUTOTOBJICHHI 0araToOIIapOBUX TKAHUH II0 30HAM 3aIPaBKH TKAI[bKOTO BEpcTaTa Ha OCHOBI
KOMII FOTEPHOTO aHAIi3y CUCTEMH M0J[aul HUTOK 3 BAKOPUCTAHHS MPOrPAaMHOT0 KOMILICKCY IS peaji3allii airopuTMy
PEKypCil P BU3HAYCHH] TEXHOJIOTIYHUX HABAHTAXKCHb.
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