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KuiBcpkuil HalliOHANBHUI YHIBEPCUTET TEXHOJIOTIH Ta TU3aiHy

KOMIT’IOTEPHA PEAJIIBALIIS AJITOPUTMY PEKYPCII JIJISI BUTTAJIKY
3MIHHOI'O JIAMETPY CUPOBUHU

B po6omi HasedeHa cmpykmypa komn’romepHoi npozpamu peanaisayii anzopummy pekypcii 045 8u3HaueHHs
MexXHO/I02IYHUX 3YCUMb 8 po6oUill 30HI MeKCMuU/IbHO020 061a0HAHHS 0415 8unadky, Koau diamemp HUMKU MaA€ 3MiHHe
3HaueHHs. [Ipedcmasaeni npoecpamui modysi npozpamu 0451 GU3HAYEHHS MEXHO/I02iYHUX 3YCU/ab 8 pobouill 30HI Ha
MeKCMUAbHUX MAWUHAX 3 YPAXYSAHHAM 3MIHU diaMempy nepemuHy HUMKU 015 WUPOKO20 CNeKmpy KOMN/AEKCHUX HUMOK
ma npsxci. [IpoepamHumu mModyaamu nepedbayeHa MoxcAugicme 3a80aHHA 3AKOHY 3MIiHU diamempy nepemuHy HUMKU y
euzss0i 2apmoHivyHoi yHKYIi abo dosinbHill PyHKYIT Kopucmyeaua 3 GUKOPUCMAHHAM 380POMHUX NOJAbCLKUX 3anucie y
suz/0i mpaHcasimopa. B komn tomepHill npoepami 3akaadeHa Modxcaugicmov 3MIHU weudkocmi pyxy HUMKU, 008iCUHU ATHIT
npyscHoi cucmemu 3anpaeku, nepemuHy HUMKU, ii 8xidHo2o Hamsizy, mamepiany HanNpasAsIlO4YuUx NOBepxoHs, ix opmu. B
AKOoCMi cmpyKmypHUX e/s1eMeHmie MOoXC/AU80 8UKOpUCMO8y8amu HanpasAsa4i eeaukoi ma Manoi KpususHu, npucmpoi 04
Hamsegy HUMKU ma komneHcamopu Hamsiey. Hasedeno onuc ocHosHux npoyedyp ma @yHKyYil.

Karwouosi caoea: komn’tomepHa npozpama, aazopumm pekypcii, npozpamHi Modyai, HUMKA, 2apMOHIYHa BYHKYIs
3MiHU diaMempy nepemuHy HUMKU, MPAHCASIMOP.
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COMPUTER IMPLEMENTATION OF RECURRENCE ALGORITHM FOR CASE
OF VARIABLE RAW MATERIAL DIAMETER

The paper presents the structure of a computer program for the implementation of the recursion algorithm to determine the
technological effort in the working area of textile equipment for the case when the diameter of the thread has a variable value. The program
modules of the program for determination of technological efforts in a working zone on textile machines taking into account change of
diameter of section of a thread for a wide range of complex threads and yarns are presented. The software modules provide the ability to set
the law of changing the diameter of the thread in the form of a harmonic function or an arbitrary function of the user using inverse Polish
records in the form of a translator. The computer program includes the ability to change the speed of the thread, the length of the line of the
elastic refuelling system, the cross section of the thread, its input tension, the material of the guide surfaces, their shape. Large and small
curvature guides, thread tensioners and tension compensators can be used as structural elements. The description of the main procedures
and functions is given.

The main parameter for optimizing the thread feed system is the minimum required tension in the work area. The breakage of the
threads during processing on the process equipment is due to the imperfection of the thread feed system and its components. Downtime of
equipment associated with the elimination of the cliff, is currently 75-80% of the total downtime. This negatively affects the productivity of
equipment, reduces the quality of products. The largest number of breaks falls on the area of the devices of the tension of the thread.
Investigations of the influence of the design of the thread tension device on the conditions of its interaction with the thread, taking into
account its non-uniformity in the diameter of the cross section, are important in determining the thread tension. The thread tension
increases when passing through the refuelling zones of the thread feed system on the process equipment. This increase is due to the
interaction of the thread with the guides and tensioning devices. The maximum value of tension will be in front of the working area.
Minimizing the tension in front of the work area is important for improving the technological processes of the textile and clothing industry
from the standpoint of improving the productivity of technological equipment and product quality. Thus, the topic of this article is relevant,
which is important for improving the system of thread supply on process equipment, the design of existing thread tensioning devices and the
development of new ones.

Development of special computer programs for determining the tension in the working area, taking into account its unevenness in
the diameter of the cross section allows you to quickly determine the necessary technological parameters, adjust both the structure and
components of the thread feed system to obtain the minimum necessary tension in the working area.

Objects and methods of research. The thread tensioning devices are an integral part of the thread supply system of the
technological equipment of the textile industry. The imperfection of the design of the thread tension devices leads to fluctuations in the
thread tension during its processing on the process equipment and violation of the technological regime. First of all, it is influenced by the
unevenness of the thread in diameter, due to its structure and material, the specifics of the manufacture of the thread, the length of
individual filaments and their relative position relative to each other. The theoretical basis for solving scientific and technical problems are
the works of leading scientists in the fields of technology of textile and knitwear production, textile materials science, thread mechanics,
elasticity theory, mathematical modelling. Theoretical and experimental research uses methods of theoretical mechanics, resistance of
materials, experimental planning and statistical processing of research results.

Keywords: computer program, recursion algorithm, program modules, thread, harmonic function of thread diameter change,
translator.

AKTyaabHicTh. [0JOBHUM mapamMeTpoM ONTHMi3allii CHCTEMH IMOJIa4i HATOK € MiHIMaJIbHO HEOOXiTHHIHA
HaTsr B poOouiii 30Hi. OOpHMBHICTP HHMTOK IIpHM IEpPepoOlli Ha TEXHOJIOTIYHOMY YCTaTKyBaHHI IOB’s3aHa 3
HEIOCKOHAICTIO CHUCTEMHU TMoJadi HUTKU 1 ii ckimamoBux enemeHTiB [3]. Ilpocroi ycTaTkyBaHHs, MOB'sA3aHi 3
JKBiZamiero oOpuBy, CKIagal0Th B JaHWi dac 75—-80% Bix 3arampHOTO Yacy mpoctoiB. Lle HeraTMBHO BIUTMBAaE Ha
MPOIYKTUBHICTh OOJIaHAHHS, 3MEHIIYE SKICTh MPOIYKIN M0 BHUITyCKaeThcs. Haiibinbime yucio oOpuBiB BUTIAJAE
Ha 30HY pO3TallyBaHHS IPUCTPOIB HATATy HUTKH [8—12]. Jlocmi/KeHHs BIUIMBY KOHCTPYKIII NMPHCTPOIO HATATY
HUTKW HA YMOBHU HOTO B3a€MOJIIi 3 HUTKOIO 3 ypaxXyBaHHIM ii HEPIBHOMIPHOCTI IO iaMeTpPy MOMEPEIHOTO ePETHHY
MalOTh BaXJIMBE 3HAYCHHS I[PU BU3HAYCHHI HATITY HUTKU. HaTsAr HUTKH 30UIBIIYETHCS MPU MEPEXOJi MO 30HAX
3amnpaBKU CHCTEMH T0JIadi HUTKU Ha TEXHOJOTIYHOMY oOnamHaHHi. e 301bIeHHst 00yMOBJICHO B3a€EMOIIEI0 HUTKH
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3 HAaNMpsIMHAMU Ta TPUCTPOSIMHU JUIA HATATY [4—9]. MakcuManbpHOro 3HaUCHHS HATATY OyJie mepea poOOoYOor 30HOM.
MiHimizanis HaTiry nepes poOOY0I0 30HOI0 Ma€ BaXKJIMBE 3HAYEHHS JUIS YAOCKOHAJICHHS TEXHOJIOTYHUX MPOLECIB
TEKCTHIIFHOI Ta MBEHHOI MPOMICIOBOCTI 3 TIO3HUIIi1 MiABUIICHHS MPOXYKTHBHOCTI TEXHOJOTIYHOTO YCTaTKYBaHHS Ta
SIKOCTI ITPOYKIi, IO BUITyCKAETHCSA. TakuM YMHOM, TEMa JaHOI CTAaTTi € aKTyalbHOIO, KA MA€ BayKJIMBE 3HAUCHHS
IUTA YAOCKOHAJICHHS CHUCTEMH IOZadi HUTOK Ha TEXHOJOTIYHOMY OONaJHaHHI, KOHCTPYKIi iCHYIOUMX MPHCTPOIB
HATATY HATKH Ta po3pobku HoBuX [10-12].

Po3pobka crnemianbHUX KOMITIOTEpHHX mporpam [l, 2] nans BH3Ha4eHHS HATATY B poOodild 30HI 3
ypaxyBaHH:M ii HEpPiBHOMIPHOCTI 11O iaMeTpy MOTIEPEYHOr0 IEPETHHY TO3BOJISIE OTIEPATHBHO BU3HAYATH HEOOXiIHI
TEXHOJIOTIYHI MapaMeTpH, MPOBAJUTH KOPETYBAHHS 5K CaMol CTPYKTYpH, TaK i CKJIaJ0BHX KOMIIOHEHTIB CHCTEMH
MO/Ia4i HUTKHU [UTsl OTPUMAHHS MiHIMAalbHO HEOOXiTHOTO HATATY B pobouiii 30Hi [3, 4-9].

O0'exktnn i Metromm pmocaimkennsi. CKIaJoBOK YacTHHOIO CHUCTEMH IOJadl HUTKH TEXHOJOTIYHOTO
yCTaTKyBaHHS TEKCTHJIBHOI MPOMMUCIIOBOCTI € NPHUCTPOi HATATY HUTKH. HeqocKoHamicTh KOHCTPYKLII NPHCTPOIB
HATATY HUTKU NPU3BOAMTH JI0 KOJIMBAHHS HATATY HUTKU B Ipoleci 11 mepepoOKu Ha TEXHOJOTIYHOMY YCTaTKyBaHHI
Ta IOPYIICHHIO TEXHOJIOTIYHOTO pexuMy. B mepury gepry, Ha 1ie BIUTHBAa€ HEPiBHOMIPHICTD HUTKH TI0 liaMeTpYy, IO
3YMOBJICHO I CTPYKTYpOIO i MaTepianoMm, crnenn(ikolo BUTOTOBJICHHS HUTKH, JOBXHHOIO OKPEMHX €JICMEHTapHUX
BOJIOKOH Ta iX B3a€MHHMM pO3TAIlyBaHHSIM BIZHOCHO OJWH /10 OJHOTO. TEOPETHYHOIO OCHOBOIO NPH BHUPIIICHHI
HAYKOBO-TEXHIYHOI IPOOJIEMH € TIpami MPOBITHUX BUCHHX B Tally3sfX TEXHOJOTII TEKCTHIHHOTO Ta TPHUKOTAXKHOTO
BUPOOHMIITB, TEKCTHJIBHOTO MAaTEepialo3HABCTBA, MEXaHIKM HUTKH, TeOpii NPYXKHOCTI, MaTeMaTHIHOTO
MOJICTIIOBAHHS. Y TEOPETUYHHX Ta CKCICPUMEHTAIBHUX JOCTI[DKEHHAX BHKOPHUCTAHO METOOW TEOPETHIHOI
MEXaHiKH, OTI0Opy MaTtepialiB, IUIaHyBaHHS €KCIIEPUMEHTY Ta CTATUCTHYHOT 00pOOKHM pe3ybTaTiB A0CHIKEHb.

IocranoBka 3aBmpanHst. Ha ocHOBI peanizauii aaroputMmy pekypcii po3poOWTH MOIyNi KOMIT FOTEPHOT
Nporpamu JUisi BU3HAYECHHS HATATY HUTKK B poOOUiii 30H1 y BUNIaJKy HEPIBHOMIPHOCTI IO JiaMeTpy ii monepeyHoro
NepeTuHy, sKa MOXKe OyTH NpeICTaBieHa y BUINIALI rapMoHiYHOI (yHKUIT a0o y BHIJISNI NOBiIIBbHOT (GYyHKIT
KOpHUCTyBaya 3 BAKOPUCTAHHSM 3BOPOTHHUX TOJILCHKHX 3aITUCIB.

OcnoBHa yactuHa. Ha puc. 1 mpeacraBieHa 3ajie)KHICTh MOMEPEYHOTO MEPETHHY BOBHIHOT mpsiki 29,9
TEKC JOBXMHOIO 1 M. AHami3 Mokasye, IO alpOKCHMYBAaTH HEPIBHOMIPHICTh IONEPEYHOTO MEPETHHY MOXHA 3a
JTOTIOMOTOI0 HACTYITHOTO MOJiHOMY [3]
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Puc. 1. 3anexuicTs monepeyHoro nepeTuHy BOBHAHOI NpsikKi 29,9 Teke BiJ NOBKUHI

Harsr vutkn nepen po0oIo 30HOI0, 3 BUKOPHCTaHHSIM PEKYPCHBHOTO MIXOY, OyAe MaTH BUTIIA
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— TIOTOYHUN HOMEP 30HM; N — KUIBKICTh €IEMEHTIB CUCTEMH 110/1adi HUTOK KOHKPETHOI TEXHOJIOT19HOI MaIIiHH.
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ne Pi+1 — HATAT HUTKM MiCIS | KOHCTPYKTHBHOIO €IEMEHTY; Pi — HATAT HUTKU 10 j KOHCTPYKTHBHOTO
eneMeHTy; Rj — pamiyc KpHBH3HHU MOBEPXHi ] KOHCTPYKTHBHOTO €IEMEHTY; doj — 0YaTkoBa JAehopMallis epeTHHY
HUTKH TIpY HabiraHHi Ha ] KOHCTPYKTHBHHI €JIeMEHT; dj — KiHIeBa medopMallis IIepeTHHy HUTKH TPH 30iraHHi 3 |
KOHCTPYKTHBHOTO €IIEMEHTY; f3j — KyT PaialbHOr0 OXOIUICHHSI HUTKHU [TOBEPXHEIO ] KOHCTPYKTHBHOTO SIEMEHTY; ¢
— peanbHHil KyT OXOIUICHHSI HUTKOIO | KOHCTPYKTHBHOTO CIIEMEHTY.

CywmicHe pimeHHst cucteMu piBHSHB (1)—(3) n03BONsS€ BU3HAYUTH 3HAUCHHS HATATY HUTKH B po0O0Uiil 30Hi.
Ha puc. 2 mpencraBiieHi KOMII'IOTEpHI MPOTPaMHi MOIYJI IS BU3HAYCHHS HaTATy. Moayms unit Unit4 (puc. 2a)
TpU3HAYCHUH U1 OOpaHHS CHPOBHHHM HUTKH 9H TPsDKi. AKTHBi3yroun KHOTKY (Buttonl: TButton) momyms unit
Unit4 (puc. 206) 3ailicHIoeMO po3paxyHok napamerpiB HuUTKH. IIpouenypa (procedure TForm2.N12Click(Sender:
TObject)) momyns unit Unit4 (puc. 2B) npusHayeHa ajid oOpaHHsS MEPIOJUYHOIO 3aKOHY 3MIiHHM JliaMeTpy
nonepeyHoro neperuny. Ilponenypa (procedure TForm2.N14Click(Sender: TObject)) momynst unit Unit4 (puc. 2r)
NpU3HAaYeHa JUIsl 0OpaHHs MepioIMYHOTO 3aKOHY 3MiHH JiaMeTpy MONEPEYHOT0 IEPETHHY.

aransri gani | OBpariHA UK Tosuma neperury  Bxigrnii Hatar M

BoBHSHA KOMNABKCHA HUTKA YU NpSXa
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Puc. 2. Komm’rotepni MoayJti nporpamMu 1isi BH3HA4YeHHsI HATATY

Ha puc. 3a npencrasnenuii Mmoxyns Unit22 i pearizanii 3akoHY 3MiHM AiaMeTpy INEpeTHHY HUTKH y
BUrIAAl TapMoHiuHoi Qynkmii. KoedimientTn anpoxkcnmanii oOMparoTbCs Ha OCHOBI  EKCIIEPUMEHTAIbHUX
nmociimkens. Ha puc.36 npezacrasiena gopma TForm2 = class(TForm) moaysst Unit2 3a 1OITOMOT0(0 SKOTO MOYHA
3aJaBaTH 3aKOH 3MIHM J[laMeTpy MNEepeTHHY HUTKU Yy BHIVISAI AOBUIBHIA (yHKUIT kopucTyBaua. J{ns mporo B

nporpami BUKOPHCTOBYETHCSI TPAHCIATOP Y BHUIVISAL MOAYJS unit Synt 3 BUKOPHUCTAHHSIM 3BOPOTHHX ITOJILCHKHX
3aIKCIB.

W Form

SR Sumn warary no sonau

MepioaUuHUi 3aKOH 3MiHW TOBIWHK NEpeTUHY

D(s) = a0+ alsin®(a3s) + adcos™ (abs)
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Puc. 3. ®opmu moayais Unit22 ta Unit2

PesynbraTy po3paxyHKy 3Ha4EHHS HATATY HUTKH B pOO0Ui 30HI TEXHOJIOTIYHOT MAIIMHHM JJIsl BUIIAJIKY JIBOX
BY3JIiB IIpeJICTaBJICHI Ha pHUC. 4.
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Puc. 4. Pe3ybTaTH po3paxyHKy HATATY /151 1BOX BY3JIiB HA TeXHOJIOTiuHii MammHi

Bunanok peamizamii 3akoHy 3MiHM JiaMeTpy MEpeTHMHY HUTKH Yy BHIJIAI TapMOHIYHOI  (yHKmii
MpeAcTaBIcHAN Ha puc. 4a. Bumamok peamizamii 3akOHY 3MiHH OiaMeTpy MEpPEeTHHY HUTKH y BUTJISAL JOBLIBHIN
¢yHKLIi Ha puc. 40.

BucnoBku. Ha ocHOBI peanizarii anroputMy pekypcii po3poOieHi MOy KOMI IOTEpPHOI IPOrpaMu JUIs
BU3HAUCHHS HATATY HUTKM B poOOYid 30HI y BHIAIKYy, KONM  JiaMeTp HHUTKM Ma€ 3MiHHE 3HA4YeHHS 3
BUKOPUCTaHHSIM 3BOPOTHHX IIOJBCHKHX 3amuciB. HaBeneHa CTpyKTypa KOMIT'FOTEPHOI Nporpamu peanizamii
ITOPUTMY pPEKypcii Ui BH3HAYCHHS TEXHOJIOTIYHUX 3YCHIb B POOOYIHl 30HI TEKCTWJIBHOTO OONAIHAHHA IS
BUIIAJKY, KOJIM JllaMeTp HUTKW Ma€e 3MiHHE 3HaueHHs. [IpencraBieHi nporpaMHi MOy IporpamMu JJisi BU3SHAYCHHS
TEXHOJIOTIYHUX 3yCHJIb B po0OOYiif 30HI Ha TEKCTHIBHUX MalllMHAaX 3 ypaxyBaHHSAM 3MiHH JliaMeTpy NepeTHHy HUTKU
JUIl IIUPOKOTO CIIEKTPY KOMIUIEKCHMX HUTOK Ta mpspki. [IporpamHuMu MonyisMu nepenbaueHa MOXKIHBICTH
3aBIaHHs 3aKOHY 3MIHM JiaMeTpy MEpeTHHY HUTKH Yy BHUIJIAI TapMOHIYHOT (QyHKUii a0o MOBUIBHIA (QYHKIIT
KOpHUCTyBaya 3 BAKOPUCTAHHSM 3BOPOTHUX MOJIBCHKHX 3aMUCIB Yy BUTIISI TPaHCIATOpA.
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