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KOMIT'IOTEPHUIA MOIYJIb ITIPOT'PAMU JIJISI BASBHAUYEHHS OIITUMAJIBHOI
®OPMU 3AITPABKU HUTKH HA TEXHOJIOI'TYHOMY OBJIATHAHHI

HagedeHi pesysbmamu 8U3HAYEHHS ONMUMAJAbHOI popMU 3anpasKu HUMKU HA MEXHO/A02IYHOMY 06/41a0HAHHI
J1e2Kkoi ma meKCMu/bHOi Nnpomuc/a080cmi 3 BUKOPUCMAHHAM KOMN'IOMepHOo20 MOOYAs Npozpamu 0As BU3HAYEHHS
HanpyjceHocmi mexHo/02l4HUX npoyecis. Komn'tomepuull Modysab npozpamu 0451 GU3HAYEHHS HanpysceHocmi
MeXHO102{YHUX NPOYECis, 3 BUKOPUCMAHHAM aA20pUMMY peKypcii, 0036015€ 8U3HAYAMU ONMUMAAbHY POPMY 3anpasKu
HUMKU 04151 nepewkod y 8u2A50i eepmukaabHoi npsiMoi, Koaa ma npsiMoKymHuka. /lani eeomempuyuHi o6pasu eidobpaxcaromeo
peasbHi Hanpagsvi ma po6oyi op2aHu MexXHO1021YH020 061A0HAHHSL.

Katouosi caoea: komn'tomepHuil Modyab, onmumanbHa gopma 3anpasku, HUMKA, MEXHO02iuHe 061a0HAHHA.

SHCHERBAN VOLODYMYR, KOLVA NIKITA,
EGOROV DMITRIJ, SHILINGOV SERGEY, LUKASHEV ANDREW

Kyiv National University of Technologies and Design

COMPUTER MODULE OF THE PROGRAM FOR DETERMINING THE OPTIMUM FORM
OF THREAD FILING ON TECHNOLOGICAL EQUIPMENT

The results of determining the optimal form of thread filling on the technological equipment of the light and textile industry using
the computer module of the program for determining the tension of technological processes are given. The computer module of the program
for determining the intensity of technological processes, using the recursion algorithm, allows you to determine the optimal form of filling the
thread for obstacles in the form of a vertical straight line, a circle and a rectangle. These geometric images reflect real guides and working
bodies of technological equipment.

The development of new technological processes in the light and textile industries and the improvement of existing ones is based on
the optimization of thread tension in the working area. An increase in the amount of tension leads to thread breaks, and a decrease in its value
leads to a violation of technological processes, a deterioration in the quality of manufactured products and, as a result, also leads to breaks in
raw materials. Thus, the optimization of the thread tension in the working area allows you to maximally exclude thread breaks, increase the
productivity of the technological equipment and the quality of the manufactured products. When processing raw materials on the technological
equipment of the light and textile industry, the thread tension gradually increases from the exit zone from the packaging to the working zone.
The increase in tension is due to the contact of the thread with the guiding and working bodies of the technological equipment of the light and
textile industry. Due to the frictional forces in the contact zone, the thread tension increases after the guiding and working bodies of the
technological equipment. The magnitude of the friction force is affected by the angle of coverage of the thread of the guide. The form of filling
the thread on the technological equipment is a broken line. The guiding and working bodies of the technological equipment are located at the
breaking points. Optimizing the filling form consists in minimizing the total angle of coverage of the guide thread. Graph theory and specialized
software must be used to solve the complex task of optimizing the thread filling form on technological equipment.

The magnitude of the frictional force in the zone of contact with the guiding and working bodies of the technological equipment of
the light and textile industry depends on the tension of the thread in front of the guide, the radius of curvature of the guide surface, the angle
of coverage by the thread of the guide, guide material and thread, speed of thread movement.

Keywords: computer module, optimal filling form, thread, technological equipment.

IHocTanoBka mpodJjemu
Po3poOka HOBMX TEXHOJIOTIYHHMX MPOLECIB JErKoi Ta TEKCTHIBHOI HMPOMHCIOBOCTI Ta YJIOCKOHAJIEHHS
iCHyI0UMX 0a3y€ThCsl Ha ONTHMI3alii HATATy HUTKH B poO0UYiil 30Hi. 301JIbIIEHHS BEJIMUMHH HATATY MPU3BOIUTD JIO
0OpHUBIB HUTKH, & 3MEHIIEHHS HOT0 BEIWYMHH NPU3BOJMTH J0 MOPYIIEHHS TEXHOJOTIYHUX MPOIECiB, NOTiPIICHHIO
SIKOCTI TPOJYKII, 110 BUIYCKAa€ThCs 1, SIK HACTIJIOK, TAKOX NPH3BOAUTH 10 OOPHBIB CHPOBMHH. TakuM 4YMHOM,
ONTHMI3allisl HATATY HUTKK B PoOOUId 30HI JO3BOJISIE MaKCHMaJbHO BUKIIOYUTH OOPUBH HHTOK, ITiBUIIUTH
MIPOIYKTUBHICTH TEXHOJOTIYHOTO 00JIAIHAHHS Ta AKICTh MPOAYKIIii, IO BUITYCKAETHCS.
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[Ipu mepepoO1ii CHPOBHHM HA TEXHOJIOTTIHOMY 00JIaHAHHI JETKOi Ta TEKCTHIIFHOI MIPOMUCIIOBOCT] HATAT HATOK
MOCTYIIOBO 3POCTa€ BijJl 30HM CXO[y 3 MaKyBaHHs (000iHM, HaBOI) 10 poOoUOi 30HM (30HA B’s3aHHS, 30HA (POPMYBaHHS
eJIEeMEHTAa TKaHUHH, 30Ha 3IIMBaHHs Marepiais). ®opMa 3anpaBKy HUTKH Ha TEXHOJIOTTYHOMY OOJIaHAHHI NIPEACTAaBIISE
co00I0 JamaHy JiHil0. B Todkax 31amy po3TalloBaHi HaNpapisl04i Ta poOOYi OpraHd TEXHOJOTTYHOTO OOJIaJHAHHSL
OnTumizanist popMHU 3alpaBKH MOJISITa€ B MiHIMI3aLil BEIMYMHA CyMapHOTO KyTa OXOIUICHHS HUTKOIO HanpsiMHuX. J{iist
PO3B’sI3aHHS CKJIAJHOI 3a7adi ONnTHMi3amii (opMH 3anmpaBKM HHUTKM Ha TEXHOJOTIYHOMY oOOJaJHaHHI HEOOXiJHO
BUKOPHCTOBYBATH TeOpiro rpadiB Ta crierianizoBaHe nporpamMue 3a0e3nedeHHs..

TakuMm YMHOM, T€Ma IAHOI CTAaTTi € aKTYaIbHOIO, KA Ma€ BaXKIMBE 3HAYCHHS AJIs1 BU3HAUCHHS ONTUMAIBHOL
(hopMu 3ampaBKX HUTKH HA TEXHOJOTIYHOMY OOJIaIHAHHI JIETKOI Ta TeKCTHIHHOI IPOMHUCIIOBOCTI 3 BHKOPHUCTAHHSIM
KOMIT FOTEpPHOTO MOMYJISi MPOTpaMM Ul BU3HAYCHHS HAIPY’KEHOCTI TEXHOJIOTIYHUX IPOLECIB A TEPEIIKOA Y
BUIJIA/1 BEPTUKAIBHOI IIPAMOIi, KOJa Ta MPSIMOKYTHHKA.

AHaJni3 rkepen

BennunHa cuimy TepTs B 30HI KOHTAKTy 3 HaNpaBISIOYMMH Ta POOOYMMH OpraHaMH TEXHOJIOTTYHOTO
o0JiaiHaHHS JIETKOI Ta TEKCTWIBHOI NMPOMHMCIIOBOCTI 3aJIS)KUTh Bl HATATY HUTKH Hepen HampsimHowo [1-3, 6-9],
paniycy KpMBU3HH HaNpsIMHOI MOBEpXHi [2, 5], BeNMYMHM KyTa OXOIUICHHS HHUTKOIO HampsiMHOI [4, 7], MaTepiany
HanpsMHOi Ta HUTKM [1, 8], mBuakocti pyxy HuUTKU [2]. ['eomerpudHa cTpykTypa (OpMH 3ampaBKH HUTKH Ha
TEXHOJIOTIYHOMY O0JIaJJHaHHI BH3HAYA€ CyMapHHUH KyT OXOIUICHHS HUTKOIO HANPABISIOYUX Ta pOOOYMX OpraHis [5,
9]. IlocnimoBHE MNPOXOJUKEHHS HUTKH HANPSIMHUMHU TEXHOJOTIYHOTO OOJaJHaHHS JIETKOl Ta TEKCTHIbHOI
MPOMUCIIOBOCTI, B/l 30HH BXOLy 10 poO0Y0i 30HH, MPU3BOJUTH 0 ITOCTYNOBOTO 3pOCTAHHS HATATY [3], SIKUii Hocsrae
MaKCUMyMYy B KiHIIeBii 30Hi. Buxigauii mapaMeTp HaTATY Micis MOTIepeIHbOI HAIIPSIMHOI Oy/Ie BXiTHUM MmapaMeTpoM
JUISL HACTYTIHOI HAaIPsSMHOI, 110 JI03BOJISiE BUKOPHCTOBYBATH PEKYPCif0 IIPM BU3HAUCHHI HATATY B poOoUiii 30Hi [1, 2].
Taxwuit xapakTep B3a€MO/Iii Ma€ MicIle B OUIBIIOCTI TEXHOJOTIYHUX MPOIIECIB JIETKOT Ta TEKCTIIIHFHOI IPOMHCIOBOCTI
[1, 5]. Po3poOka HOBUX (hOopM 3aIipaBKM HUTKH Ta yIOCKOHAJICHHS iICHYI0UHX ITOTPEOy€ ONepaTHBHOI OIIHKY 3HAYCHHS
CyMapHOTO KyTa OXOIUICHHS HUTKOIO HaNlpsSMHHUX Ha TEXHOJIOTIYHOMY oOnamHaHHI [2—6]. Jus 1poro eeKTHBHO
BUKOPDHCTOBYBaTH CIELIaIbHO pO3pOOJIeHI KOMIT'FOTEPHI TporpaMu Ul BUKOHAHHS  OOYHUCIIOBAaJIbHOTO
excrepumeHry [1, 2].

MeTor0 podoTH € BU3HAYCHHS ONTUMAaJbHOI ()OPMH 3alpaBKM HUTKM Ha TEXHOJIOTIYHOMY OOJaJHaHHI
JIETKOI Ta TEKCTWJILHOT MPOMHUCIOBOCTI 3 BHUKOPHUCTAHHSIM KOMII'IOTEPHOTO MOJYJIsl IPOrpaMy JUIsi BU3HAYECHHS
HAaIpy>X€HOCTi TEXHOJIOTTYHHUX MPOIIECIB.

BuxJiag ocHOBHOr0 MaTepiany

Ha romnoBHi#f ¢gopmi mporpamMu Ui BH3HAYEHHS HANPYKEHOCTI TeXHONOTiYHHX mporeciB TForm2 =
class(TForm) B rotoBHOMY MEHIO pO3TalllOBaHa BKIIagKa « BusHaueHHS TpaekTopii» (puc. 1a), sKa iHilifoe mponexypy
procedure N51Click(Sender: TObject). B cimcky npencrasieHi Tpu BapianTa. KoM’ rorepai moxymi Unit27, Unit28,
Unit29 nporpamu J03BOJISIOTE BH3HAYaTH ONTHMalbHY (OpPMY 3ampaBKd HUTKU. /sl Mepemikomy y BHTIALI
BEPTUKAIBHOT MpsiMOi peaitizyetbest nporeaypa procedure N51Click(Sender: TObject). Jlnst meperikoay y BUIISAL
KoJia peanizyerscst nporeaypa procedure N52Click(Sender: TObject). [l mepenikoay y BUIISAI MIPSIMOKYTHHKA
peanizyerscst mporeaypa procedure N53Click(Sender: TObject). Ha puc.16 npexacrasiena ¢opma TForm27 =
class(TForm) mist mepemkoan y BUTJSAI BEPTHKAIBHOI mpsmoi. JIjisi JaHOro BapiaHTy Tpeba 3amaTH KiTbKIiCTh
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Puc. 1. 'osioBHi (popMH NPpOrpaMu Ta KOMII’IOTEPHOT0 MOAYJIS IPOTrPAMH /I/Isl BUSHAYEHHS ONTHMAJIBLHOI (POPMH 3aNIPaBKH HUTKHU: a)
rojoBHa (popma TForm2 = class(TForm); 6) ¢popma TForm27 = class(TForm) aJist nepenikoau y BUrJsili BepTHKAJIbLHOI HPSIMOI; B)
TForm28 = class(TForm) puist nepemkoau y Burisiii koJia; r) gopma TForm29 = class(TForm) a5 nepemkoan y BULIsiai
NPSMOKYTHHKA
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BEPTHKAIBHUX TPSIMUX TEpemKoxn i=1...n, DOBXHHY i-NEPEMIKOAN, KOOPAMHATH HMKHBOI TOYKH BEPTHKAIBHOI
npsimoi. Ha puc. 18 npencrasnena ¢popma TForm28 = class(TForm) st neperukoan y Burisiai koia. Jljist nanoro Buay
nepemKkoa HeoOXigHo 3axatu paniyc Ri mmsa i-nepemkomu. Ha puc. Ir mpencraBinena ¢opma TForm29 =
class(TForm) asist mepemmkoa1 y BUTIISAI TPSIMOKYTHHKA. [IJIst TaHOTO BUAY MEPEIIKOIU HEOOXI/THO 3a/1aTH 3HAYCHHS
CTOPIH JUIsl i-MIEePEeIIKOIM Ta KOOPIUHATH JIIBOTO HHXKHBOT'O KyTa IPSIMOKYTHHKA.

I'pad ninii 3ampaBKkuM MOXKHa pPO30MTH Ha 30HH, y KOXHIM 3 SIKMX OysAe OJHa MepemKoja y BHUIIIAL
BEPTHUKAJIBHOI MPAMOi, KOJIa Ta MPSIMOKYTHUKA. BUKOPUCTOBYIOUM PEKypCUBHUI MAX1J, IPH IKOMY BUXIHUI HATAT
TICII TEePEeIIKOAN Y TONepeaHid 30HI OyAe BXiIHUM 3HAYCHHSAM HATATY Iepell MEepelrkolo0 Y HACTYIHIM 30Hi,
BU3HAYMMO HATAT HUTKHU Tepe]] poO0u0r0 30HO0
!li“i

Pn :R e;z(al+a2+“.+a,)=EH;1_le part

i=1
e Pl - HaTAI HUTKY B 30Hi BXOAy B cuctemy; P, P,... P, - Harsar HUTKY micist nepewkoan; I - morounuit Homep

MePeIKON; /1 = KUTBKICTh IIEPEIIKO/I.
MiHiMaJIbHO HEOOXiJHWI HaTsAr Oyne BHU3HAYATHUCS MIHIMAIBHOIO CYMOIO KYyTiB OXOIUICHHS HUTKOIO

n
MEPEeIIKO]] y BUMIIAAI BEPTUKAIBHOT MPsAMOT, KoJla Ta mpsMOKyTHHKa. To6To Za,. — min.
i=1
TeopeTH4HO MHOXKMHHA MaTeMaTHYHA MOJIENb BU3HAYCHHS (OPMHU 3alpaBKU HUTKH Ha OCHOBI aTOPUTMY
JleWKkCTpH MOIIYKY ONTHMAJIBHOTO HUIIXY Tpada Mae JOTiYHO-TOCTINOBHUKM BUMIIAN. Po3B'I30K 3amaui MOIIyKy
ONTHMAJIBHOI TPAEeKTOPil MOKHA OTPUMATH, CKOPHCTAaBIIKCH MOJEUII0 Yy BHIVIAI HEOpi€eHTOBaHOTO rpada
G " V. E i ) , AKHMii NpescTaBse COO0K0 CYKyNHICTh 1BOX MHOKHH

G Vs By) = (Voo B ) (1)

fie V- HemyCTa MHOXHMHA BEPIIMH KOHTAKTy HUTKH 3 TEPEIIKOO0I0; Etfs - MHOXHUHa pelep, SKa CKIANaeThes 3

HEYNOPSAKOBAHMX I1ap BEPIIUH KOHTAKTY HUTKH 3 NIEPELIKOJO0 MHOXKHHU V;ﬁ .

Jns 3ama4i mouryky onTHMaibHOI TpaekTopii Barosa QyHkuis mns ] pebpa HeopieHToBaHOro rpada
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ne k - Homep pebpa Mixk nepenikonamu I ta I + 1 ; Xi o Yl ; ~ KOOPZMHATH TOYKH KOHTAKTY HUTKH 3 IEPEIIKO/OI0

rpada, sika po3TamoBaHa Ha IOYaTKy pedpa k: X +1Y, KOOpPJIMHATH TOYKH KOHTAKTy HHUTKH 3

i+1, +1.j+1 -

MIepenIKo/I0I0 rpada, siKka po3TalloBaHa Ha KiHII pedpa k.

3HaueHHs BaroBux (YHKIIH pebep Iyl 30HM MDK HEPIIO Ta APYrol0 IEPEeIIKOJaMU IPEJCTaBICHO
HACTYITHOIO CHCTEMOIO (BEPXHIH 1H/IEKC BKa3y€e MIXK SIKUMH IEPEIIKOIaMH PO3TaIlOBaHi pedpa, HIKHIHN iHIEKC BKa3ye
JUTS SIKOT BEPIIIMHYU HA TIOTOYHIH MEPEIIKOIi BiTHOCUTHCS PeOpo)

100 — greggr Y =Yy - _ g Yo ~Yaly 3)
X21 _Xls ‘Xzz _Xls
0 = arergr
2n, Is
Ha puc.2 npencraBneni pesyabtaTé nodynosu popmu B
3arpaBKy A1 0aBOBHAHOI mpsiki 35 Tekc A BUNIAIKy BOCHBMH
MIEPEIIKO] Y BUTJISIII BEPTUKAIBHOI npsMoi. [louaTkoBHUiA HATSAT = |
OyB oOpanwuii 5 cH. 3eneHrM KOJIBOPOM TIO3HAYEHA ONTHMaJIbHA = It
¢dopMa 3ampaBKH, a UYEpBOHHUM KOJHOPOM IIO3HAuYeHa Tripiia ol \ \
¢dopma. e |
BucnoBku | \ r [~
3 BUKOPHUCTaHHSIM KOMII IOTEPHOTO MOAYJS MPOrpaMu g
JUIA BHU3HAYCHHS HANpPYXEHOCTI TEXHOJOTIYHMX IMpOIECiB, 3
BHKOPUCTAHHAM aJTOPUTMY peKypcii, BU3HAYCHI ONTHMAIBHOL
(hopmMu 3ampaBKU HATKU HA TEXHOJIOTTYHOMY O0OJIaIHaHHI JIETKO1 s
a TeKCTHHB.I:IOY HpOM}/ICHOBOCTi JUBL TICPCILKON Yy BHFHﬂHi_ Puc. 2. ®opma TForm30 = class(TForm) moxy.st unit
BEPTHKAIBHOI ~ MPAMOI, KONAa Ta TPSIMOKyTHHKA. /[laHi Unit30 3 pe3yibTaTaMu PO3PaxyHKY /sl BUNAAKY
reOMeTpHYHI 00pa3y BiOOpaXkaroTh peasibHI HAIMPABISAIOYI Ta IepelKo]| Y BULISIi BEPTUKAILHOT MPsiMOi

po0ouYi OpraHu TEXHOJIOTIYHOTO 00T HAHHS.
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