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KuiBcbkuii HallioHATBbHUI YHIBEPCUTET TEXHOJIOTIH Ta AU3aiHy

BA3A ®PUKIIMHUX BJJACTUBOCTEN KOMII’FOTEPHOI TIPOTPAMM JJIS1
BU3HAUYEHHSI HATSIT'Y HUTKH [TIPU PEAJIIBALUL AJITOPUTMY PEKYPCII

IIlpoekmyeaHHs HosUuX ma YOOCKOHA/EHHA ICHYIOYUX MexHOA02[YHUX npoyecie nepepobKu HUMOK Ha
MexHO/02IYHUX MAWUHAX /1€2KOI ma mekcmu/abHoi npomuca08ocmi nompe6ye u3Ha4eHHs: 3MiHU 8IOHOCHO20 HamMs2y nNo
30HaM 3anpasku HUMKU. BukonanHs yiei ckaadnoi 3adaui nosuHHO 6a3ysamucs Ha BUKOPUCMAHHI CNeyianbHO po3pobaeHUX
Komn’tomepHux npozpam. Bpaxoeytouu cneyugiky nepepobku HUMOK Ha MexHO/A02IYHUX MAWUHAX /1e2K0i ma meKcmuabHol
npoMmuca080cmi, npu 8uU3HaAYeHHi 8BIOHOCHO20 Hamsizy 8 KOJcHIll okpemill 30Hi, HEO6XIOHO 8UKOpUCMO8y8amMuU A/A20PpUMM
pekypcii, koau uxioHull Hamsiz HUMKU 3 nonepedHvoi 30HU Gyde 51815 IMucs 8XIOHUM 0151 HAcmynHoi 30HU. POpMy8aHHSA
6a3u gpukyiliHux eaacmusocmell cupo8UHU U0 NepepobAsIEMbC HA MEXHO/102[YHUX MAWUHAX /1e2Koi ma mekcmuabHol
npomuca080cmi, 3 ypaxys8aHHAM mamepiany HanpsiMHoi, 003801ums nidsuwWUMuU MoOYHICMb BU3HAYEHHS 3MIHU 8IOHOCHO20
Hamszy no 30HAM npu eukopucmauHi komn'romepHoi npoepamu. baza @pukyiiiHux enacmueocmell komn’romepHoi
npozpamu 0451 8U3HA4YEeHHs HAMs2y HUMKU npu peanaizayii aszopummy pekypcii gopmysanacsi 0451 HAMypaabHUX ma
CUHMeMUYHUX KOMNJEKCHUX HUMOK ma npsxci y euaas0i 6a2amogumMipHo20 Macusy.

Karouosi caoea: 6asa gppukyitiHux eaacmueocmetl, Komn’omepHa npozpama, HaAMs2, HUMKA, a120pumm pekypcii.
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BASE OF FRICTIONAL PROPERTIES OF A COMPUTER PROGRAM FOR DETERMINATION
OF THREAD TENSION WHEN IMPLEMENTING A RECURSION ALGORITHM

The design of new and improvement of existing technological processes of thread processing on technological machines of light
and textile industry requires the determination of the change of relative tension in the areas of thread filling. This difficult task must be based
on the use of specially designed computer programs. Given the specifics of thread processing on technological machines of light and textile
industry, when determining the relative tension in each zone, it is necessary to use a recursion algorithm, when the output thread tension
from the previous zone will be the input for the next zone. The increase in tension in the areas of thread filling is explained by its interaction
with the guides in the form of a cylinder and a torus, tensioning devices, compensators, thread break monitoring devices. Mathematical
support of a computer program requires the development of models of these devices, taking into account the real physical and mechanical
properties of complex threads and yarns and their real geometric and structural parameters. The main factor that affects the increase in
thread tension is the force of friction. It characterizes the frictional properties of the threads and the conditions of their interaction with the
guides in the form of a cylinder and a torus, tensioning devices, compensators, devices for monitoring the breakage of the threads. The
coefficient of friction between the thread and the guide determines the value of the relative increase in tension in each zone depending on the
type of materials of the thread and the guide. Formation of the base of frictional properties of raw materials processed on technological
machines of light and textile industry, taking into account the guide material, will increase the accuracy of determining the change in
relative tension in the zones when using a computer program. The difficulty of determining the coefficient of friction of the thread when it
interacts with the guide surface in the form of a cylinder and torus is explained by the fact that it is not a constant value, but depends on the
tension of the thread to the guide, the radius of curvature of the guide surface. To determine it, a combined method was used, in which the
tension of the thread after the guide was experimentally determined, after which the coefficient of friction was determined according to
known dependences. The base of friction properties of a computer program for determining the tension of the thread in the implementation
of the recursion algorithm was formed for natural and synthetic complex threads and yarns in the form of a multidimensional array. A
characteristic feature of the computer program is the ability to constantly update the database of friction properties for new types of thread.

Keywords: friction properties base, computer program, tension, thread, recursion algorithm..

IHocTanoBka npodJemu

[IpoekTyBaHHA HOBUX Ta YJOCKOHAJICHHS ICHYIOUMX TEXHOJIOTIYHUX TMPOIECiB MepepoOKr HHUTOK Ha
TEXHOJIOTIYHAX MAaIIMHAX JIETKOi Ta TEKCTHIBHOI MIPOMHUCIOBOCTI MOTpedye BU3HAYCHHS 3MIHHM BIZHOCHOTO HATATY
10 30HaM 3anpaBKU HUTKH. BUkOHaHHs 1i€l ckiaqHOl 3a/aui MOBUHHO 0a3yBaTHCsl Ha BUKOPHCTaHHI CIELiaIbHO
PpO3po0IEHNX KOMIT IOTEPHHUX IPOrpaM 3 BHKOPHUCTAHHAM alToOpUTMy pekypcii. @opmyBaHHS 0a3u (QpUKIIHHIX
BJIACTHBOCTEI CHPOBUHH 110 NEPEPOOIISIETHCS Ha TEXHOJIIOTIYHUX MAIIHAX JIETKOI Ta TeKCTUJILHOI IPOMUCIIOBOCTI,
3 ypaxyBaHHSIM MaTepialdy HampsMHOI, JO3BOJHUTH IMiJBUIIMTA TOYHICTh BU3HAYCHHs 3MiHU BiJJHOCHOTO HATATY IO
30HaM IIpH BUKOPHUCTAHHI KOMIT IOT€PHOI IPOrpaMHy.

AHaJi3 1Kepen

Y 1oCcKOHAJICHHS ICHYIOUMX TEXHOJIOTIYHUX TPOLECIB MEpepOOKH HUTOK IMPU3BE/IE /10 3MEHIICHHS IIPOCTOIB
MalllMH TEKCTHJILHOI Ta JIErKol IIPOMUCIIOBOCTI, SIKI BUHHUKAIOTh NpHU OOpHBI HUTKH. Lle HeraTnBHO BIUIMBa€E Ha
MIPOXYKTUBHICTh MAaIIMH TEKCTHJIBHOI Ta JIETKOI POMHUCIIOBOCTI, 3MEHIIY€E SKICTh MPOIYKIIT 10 BHITyCKaeThCs [1,
8]. Minimizarist HaTATy B KOXKHIM 30HI JiHIT 3alpaBKU HUTKU J03BOJIHMTH 3MEHIIUTH HMOBIpHICTH OOPHBY HUTKH, 110
Ma€ BaXJIMBE 3HAYEHHS U1 YIOCKOHAJICHHS TEXHOJOTIYHHX MPOILECiB 3 MO3WIIi IiIBUIIEHHS HPOTyKTHBHOCTI
TEXHOJOTIYHAX MaIIMH Ta SKOCTI MNpoAyKmii Mo BuIyckaetbes [2, 5-11]. Maremaruune 3a0e3rnedeHHS
KOMIT IOTEpPHOI IIpOrpaMu BUMara€e po3poOKH Mojelneil BKa3zaHHWX NPHCTPOIB 3 ypaxyBaHHSM pPEaIbHHUX (i3HKO-
MEXaHIYHUX BJIACTUBOCTEH KOMIUIEKCHHX HHTOK Ta HpPSXKi Ta iX peaJibHUX I'€OMETPHYHHMX Ta KOHCTPYKTHBHHUX
napameTpiB. OCHOBHMM YMHHHKOM, SIKMi BIUIMBA€E Ha 3pDOCTAHHs HATATY HUTKH € cuia TepTs. BoHa xapakrepusye
(pUKLilHI BIACTUBOCTI HUTOK Ta YMOBH 1X B3a€MOIi1 3 HAIPAMHUMH y (HOPMIi IIITIHAPY Ta TOPa, TPUCTPOSIMHU IS
HaTATY, KOMIIGHCATOpaMH, MPHCTPOSIMH KOHTpoito oOpuBy HuTOK [10, 11]. KoedimieHT Teprs Mix HUTKOIO Ta
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HaIpsSMHOIO BH3HAYa€ BEIMYMHY BIHOCHOTO 3POCTAaHHS HATATY B KOXKHIM OKpeMill 30HI B 3aJI©KHOCTI BiJl BHIY
MarepiaimiB camMoi HUTKH Ta HampsmMHoi. @DopmyBaHHS 0a3u (QPUKIIMHNX BIACTHBOCTEH CHPOBHHH IO
MepepoOIAEThCSI HA TEXHOJOTIYHUX MAaIllMHAX JIETKOT Ta TEKCTUILHOI MPOMHUCIIOBOCTI, 3 ypaxXyBaHHIM MaTepiaiy
HAIPSMHO{, JO3BOJIUTH IiJABUIIUTH TOYHICTh BU3HAYEHHS 3MIHM BiJHOCHOTO HATATY IO 30HAM NP BHKOPHCTAHHI
KoM torepHoi nporpamu. CKiagHICTh BH3HAYEHHS KOEQILIEHTY TepTs HUTKU NpW 1i B3aeMOJil 3 HampsMHOIO
MOBEpXHEI0 y GOpMi OUIIHAPY Ta TOpa MOSCHIOETHCSA THUM, IO BiH HE € CTAJOK0 BEIHMYMHOIO, a 3aJEXHUTh BiJ
BEJIMYMHU HATATY HUTKH JI0 HANpPSIMHOI, pajiilyCy KPUBH3HM HarpsMHOI OBEpXHi. TakuM 4nHOM, TemMa JJaHoi CTaTTi
€ aKTyallbHOIO, SIKa Ma€ BaXKJIMBE 3HAYCHHS JJIsl YJOCKOHAJICHHS ICHYIOUMX TEXHOJOTIYHMX TPOIECIB IepepoOKu
HUTOK HA TEXHOJIOTIYHAX MAIIMHAX JIETKOI Ta TEKCTIIFHOI IPOMHUCIOBOCTI [3, 4, 11].

Po3po0ka Ta yockoHaneHHs CrelialbHUX KOMIT ToTepHUX nporpam [10] asst BU3HAuSHHS HATITY B KOXKHIN
30HI JIiHI{ 3alpaBKd HUTKH MAIlIMH TEKCTWJIBHOI Ta JIETKOT MPOMHMCIIOBOCTI JO3BOJISIE ONEPATHBHO BH3HAYATH
HEOOXIi/IHI TEXHOJIOTI4HI MapaMeTpu, NPOBaJAUTH KOPETYBaHHS, K CaMoi CTPYKTYPHU TakK i CKJIaJIOBUX KOMIIOHEHTIB
CHCTEMH TI0J[a4di HUTKW Ha TEXHOJOTIYHUX MAIIMHAX I OTPUMAaHHS MiHIMaJIbHO HE0OXimHOTO HATATY [2, 5-9].

Metoro podotrn €: QopmyBanHs Oa3su (QpUKLIIHHMX BIACTHMBOCTEH CHPOBHHM IO HEpepoOIseThCS Ha
TEXHOJIOTTYHUX MAIMHAX JIETKOI Ta TeKCTHIBHOI IPOMHCIIOBOCTI, 3 ypaxXyBaHHIM MaTepiary HalpsIMHOI.

Bukiag ocHOBHOI0O Marepianay

Ha ronoBHiil gopmi KOMIT'FOTEpHOI NporpamMy pO3TallOBaHi JiBa KOMIIOHEHTH [yl OOpaHHs Martepiairy
cupoBuHH N2: TMenultem (puc.1a) Ta Mmarepiany nuniaapuaHoi Hanpssmaoi N42: TMenultem (puc.16). [Ipounenypa
procedure. TForm2.N2Click 3abe3neuye oOpanHs Buay cupoBuHu: mnpouenypa procedure. TForm2.N28Click
3abe3nedye BBEJCHHS NaHUX JUIA 0aBOBHAHOI Ipspki; mpouenypa procedure. TForm2.N29Click ams BOBHSIHOT HpsiKi;
npoueaypa procedure. TForm2.N36Click nmns moBkoBoi HuTku; mpoueaypa procedure. TForm2.N37Click nns
Bicko3Hoi HuTKH; mpomenypa procedure. TForm2.N38Click ams xanmpoHOBOI KOMIUIEKCHOI HHTKH, MpOLEAypa
procedure. TForm2.N39Click nns naBcanoBoi HuTky; npouenypa procedure. TForm2.N40Click nyist nbHSHOT HUTKH;
nporenypa procedure. TForm2.N30Click st KaripoOHOBOT MOHOHHUTKH.

Peamizamis procedure. TForm2.N42Click mo3Bomsie 3miiicHIOBaTH OOpaHHS MaTepially — OWTHIPUIHOI
Hanpsmuoi. [Ipouenypa procedure N43Click(Sender: TObject) 3milicHioe oOpanHs 3 0a3u  (QPUKIIHHIX
BIIACTUBOCTEH JaHUX UL cTaneBoi mwriHApudHOi Hampsamuoi. [Ipomenypa procedure N44Click(Sender: TObject)
31ilicHIOE 00paHHs 3 06a3u PPUKLIHHKUX BIACTHBOCTEH JaHUX JUIs KEPaMiuyHOI HMITIHAPUYHOI HAIPSIMHOI.
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ay %)
Puc.1. KomnonenTu rosioBHoro menro MainMenul: a) TMainMenu mopay.s unit Unit2: NS: TMenultem; 6) N6: TMenultem, N7:
TMenultem

[MocninoBHICT, BUKOHAHHS NpoLeAyp HacTymHa. Ha mepiiomy erami oOuparoTh MaTepiajl CHPOBHHU —
mporenypa procedure. TForm2.N2Click. Ha gpyromy erami, mpu Bukonanti npouenypu procedure N7Click(Sender:
TObject) oOmpaeTbcs BUA B3a€EMOJIiT HUTKH 3 IIJIIHAPUYHOIO HANIpsMHOI0: iporenypa procedure. TForm2.N26Click
BIJIOBi/la€ BUMAIKY 3 YpaxyBaHHSAM palialbHOro oxorureHHs; nporeaypa procedure. TForm2.N27Click Biamosimae
BUNAIKy 0e3 pamianbHOro oxomeHHs. Ha tpetboMy erami BinOyBaeTbes peanizanis procedure. TForm2.N42Click.

CxJilagHicTh BU3HAUYCHHS KOE(IIIEHTY TEpTs HUTKH TpPH 11 B3aEMOIl 3 HAMpsSMHOIO MOBEpXHEIO Yy (hopmi
LT HAPY Ta TOpa MOSCHIOETHCS THM, LIO BiH HE € CTAJIOK BEIMYMHOIO, A 3aJICKUTh BiJl BEJIMYMHU HATATY HUTKH J0
HanpsIMHOI, palaiycy KpWUBW3HHM HampsMHOi moBepxHi. J[is #Horo Bu3HaueHHs B poOOOTI BUKOPHCTOBYBABCS
KOMOIHOBaHHUII METOJ, NIPU SIKOMY EKCIIEPUMEHTAJIbHO BH3HAYaBCS HATAT HUTKHU IICJISA HAIPSMHOI, MICJSA YOro 3a
BIJIOMHMHU 3aJIGKHOCTSIMU BU3HAYABCSA KOeimieHT TepTs. J{Jst peanizariii ekCcrepruMeHTalIbHOT YaCTHHH B POOOTI OYB
peaizoBaHMil OPTOrOHAJIBGHHHN IUIAaH aKTUBHOT'O EKCIIEPUMEHTY I TPhOX (DaKTopiB
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KoedimienT tepts > © YPaxyBaHHAM nedopmaliii B 30HI KOHTAaKTy, MOKHA BHU3HAYUTH 3 HACTYIHOTO
J

RN D T
u;=—7In 1]+1 2)
Ppi (Ri"'r_/) F

nie v paziyc nepeTuHy o0paHOi MPsDKi Y KOMIDIEKCHOT HUTKU.

piBHsHHA [5, 10, 11]

CoinpHO BuUpimyroun piBHSHHS (1) Ta (2) Oyma chopmoBana 06a3a (QPUKIIHHUX BIIACTHBOCTEH
KOMIUIEKCHHX HUTOK Ta mnpspki. B tabmmui 1 npexacraBnenuit ¢parmMeHT 0asu (pUKIIIHUX BIACTHBOCTEH MpU
BHKOPHCTAaHHI CTAJICBOI IMTIHAPHIHOI HATIPSMHOI.

Tabmuus 1
3HaveHHs KoedillieHTIB TepTsl HUTKHU MO cTAJeBill NMIIHAPUYHIA HanpaAMHiii
Bicko3Ha mtanensHa [MomiaminHa
baBoBHsHa mpsixa 72T BosHsHa npsika 89,7T A
npsbka 93,5T KOMIITIEKCHa HUTKa 84T

Paniyc HanpsiMHOi, MM Paniyc HanpsiMHOi, MM Paniyc HanpsMHOI, MM Paniyc HanpsiMHOi, MM
1.0 2.0 3.0 1.0 2.0 3.0 1.0 2.0 3.0 1.0 2.0 3.0
10 | 0.143 | 0.145 | 0.149 | 0.104 | 0.109 | 0.114 | 0.126 | 0.127 | 0.131 | 0.135 | 0.141 | 0.148
20 | 0.152 | 0.145 | 0.146 | 0.110 | 0.107 | 0.110 | 0.140 | 0.128 | 0.128 | 0.142 | 0.136 | 0.140
30 | 0.164 | 0.146 | 0.145 | 0.118 | 0.107 | 0.108 | 0.154 | 0.131 | 0.128 | 0.152 | 0.136 | 0.136

Harar, cH

BucHoBku

Po3pobniena metonuka Ta copMoBaHa 0aza PPUKLIHHUX BIACTUBOCTEH CHPOBUHH IIO IIEPEpPOOISIETHCS Ha
TEXHOJIOTIYHMX MaIllMHAaX JIETKOI Ta TEKCTHJIHOI MPOMHUCIIOBOCTI, 3 ypaxyBaHHSIM Marepiany HampsmHoi. l[le
JIO3BOJIWUIO TIJABHIMTH TOYHICTh BH3HAUCHHS 3MIHM BIJHOCHOTO HATATY II0 30HaM IIpM BUKOPHCTaHHI
KOMIT IOT€PHOI IPOrpamH.

CKIIaIHICTh BU3HAYCHHS KOS(II€HTY TEePTS HUTKH IpH ii B3a€EMOJii 3 HAIPAMHOIO MOBEPXHEIO y (opmi
LWIHPY Ta TOPA MOSCHIOETHCS THM, 1110 BiH HE € CTAJIOK0 BEIWYMHOIO, a 3AJISKUTD BiJ| BETMYMHU HATITY HUTKH JI0
HaAIpsSMHOI, pafiyCy KpPHBH3HH HampsMHOI moBepxHi. [lma #ioro Bu3HaueHHS B poOOTI BUKOPHCTOBYBABCS
KOMOIHOBaHUI METO[, NPH SIKOMY EKCIIEPUMEHTAJIbHO BH3HAYaBCSl HATAT HUTKH ITICHST HAIIPSAMHOI, MiCis 4Oro 3a
BiJJOMHMHU 3aJISKHOCTSMH BU3HauaBcst KoediieHT TepTs. baza QpukiiiiHUX BiIacTHBOCTEH KOMIT FOTEpHOT IpOrpaMu
JUIl BU3HAUCHHS HATATy HUTKH TIPH peanmizamii ainroputMy pekypcii QopmyBanacs aisi HaTypalbHHX Ta
CHUHTETUYHUX KOMIUIEKCHMX HHUTOK Ta MPsDKI y BUIJSII 0araTOBUMIPHOTO MacuBY. XapaKTEpHOI OCOOJIHMBICTIO
KOMII'FOTEPHOI IIPOTPaMH € MOXKITUBICT ITOCTIHHO JOTTOBHIOBATH 0a3y (DPHUKIIIMHUX BIACTUBOCTEH JJIs1 HOBUX BHIIB
HUTKH.
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