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MALLUMHO3HABCTBO TA OBPOEKA MATEPIAJTIB B MALLMHOBY IYBAHHI

YK 685.31
B.10. LLIEPBAHb, H.l. MYP3A, A.M. KUPUUEHKO, I".B. MEJIbHUK, M.1. LLIONTY KO

KWiBCbKUiA HaLioHa/lbHUIA YHIBEPCUTET TEXHONOT I Ta An3aiiHy

BUKOPNCTAHHA PEKYPCNBHOI O MIAXOAY ANA BUSHAHEHHA HATANY
HNTOK B POBOYIN 30HI TEXHO/TOIMYHOI O OB/TAAHAHHA

B po6omi HasedeHi pesyabmamu 0ocidxiceHb 3 BU3HAYEHHS1 Hamsigy 8 po6oUill 30HI MexH0/10214H020 06.1a0HAHHSL.
ITi0 po6o4oto 30HOI0 MAEMbCSL HA Y8A3i 30HA 8’A3aHHS, POPMYBAHHS MKAHUHU, 30HA 3’ €OHAHHA Mamepianie HaA WeeliHill
MawuHi ma iHwi. BukopucmaHHs peKypcusHozo nioxody 00360.15€ nocAi008HO 8U3HAYAMU HAMSA2 HUMOK NIiCAS1 KOXCHO20
eseMeHmy cucmemu nodayi HUMKU no 2AubuHi ii 3anpasku 3 ypaxyeaHHsAM ymos 83aemolil. BuxioHutll Hamsz HUmku nicas
83aeModii 3 HaNPAMHUM eNeMeHMOoM YU HamsazysayeM 015 HACMYNHO20 eJeMeHmy cucmemu noda4vi HUMKU 6yde 8XiOHUM.
BukoHytouu nocaidosHull nepexio, MoxcHa gusHa4amu Hamse 8 poboyill 30Hi 3 ypaxy8aHHAM YM08 83aEmM00ii HUMKU No 8cix
30HAX MEXHO.1021YH020 06.1A0HAHHAL.

Karwuosi crosa: Humka, cucmema noda4i HUMKU, HANPSIMHI eleMeHmu, Hamsa2ysaui HUMKU.
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USE OF RECURSIVE APPROACH FOR DETERMINATION OF PULL OF FILAMENTS IN WORKING ZONE OF
TECHNOLOGICAL EQUIPMENT

The improvement of technological equipment must be based on realization of complex theoretical and experimental researches of
terms of work of separate knots in the process of implementation of technological process. The system of serve of filaments plays a very
important value in this process. It is related to that over imperfection of construction of the system of serve of filament brings to the height of
her pull and origin of precipices. The decision of question of improvement of the system of serve of filaments on the technological machines of
textile and sewing industry needs to be carried out in two directions: improvement of form of line of priming of filament, analysis of terms of
co-operation of filament with structural elements that is included in the system of serve of filament (guiders of filament, devices for the pull
of filament) and, on the base of it, optimization of maximum terms on an entrance and exit from these elements of such parameters as
corners of scope of directing surfaces, radiuses of curvature of these surfaces. During realization of these researches after the first direction it
is necessary line of priming of filament in the system of serve to break up on characteristic areas that plug in itself corresponding structural
elements. For most technological machines of textile and sewing industry these areas will have similar character and will differ only by an
amount and types of structural elements. Thus, a theme of the article is actual, that matters for the increase of the productivity technological
equipment and quality of products that is produced. Objects and methods of research. The systems of serve of filaments on the technological
machines of textile and sewing industry provide a necessary pull in a working zone. They include for itself separate knots for moving and
accumulation of filament, structural elements that provide the construction of line of priming of filament on a technological equipment and
grant of filament of corresponding pull. The technological processes of textile and sewing industry come forward as objects of research,
where processing of filaments comes true. Theoretical and experimental researches, that are based on the use of textile materials, mechanics
of filament, theory of resiliency, mathematical design, methods of theory of algorithms, analytical geometry, planning of experiment and
statistical treatment of results of researches, come forward as basic methods of research. For software development modern languages were
used objective - the oriented programming. Practical significance. Improvement of the system of serve of filaments on technological machines
of textile and sewing industry allows to minimize their pull in a working zone, to decrease precipices, that has an important value for the
improvement of technological processes from position of increase of the productivity of technological equipment and quality of products that
is produced.

Keywords: filament, system of serve filaments, directing elements, devices for the pull of filament.

Bctyn

AKTYaNbHICTb. YAOCKOHaNEHHS1 TEXHO/MOrYHOro 06nafHaHHA MOBUMHHO 6a3yBaTWCS Ha MNPOBEAEHHI
KOMMNIEKCHUX TEOPETUYHO-EKCMEPUMEHTANIbLHUX [OCNIKEHb YMOB Mpali OKpeMux BY3NiB B MPOLECi BUKOHAHHSA
TexHonoriyHoro npouecy [1-4, 5, 9]. Cuctema nogavi HUTOK Biirpae B LbOMY MPOLECI AY)XXE BaXK/IMBE 3HAYEHHS.
Lle NoB’si3aHO 3 TUM, L0 HEJOCKOHAMICTb KOHCTPYKLIT CUCTEMU MOAadi HUTKW NPU3BOAUTL [0 3POCTaHHA 1 HaTAry
i, IK HacNioK, BUHUKHeHHS 06pmBIB [1, 3, 6-11]. BMpilLUeHHS MUTaHHA YAOCKOHANEHHA CUCTEMU NOdadi HATOK Ha
TEXHOMOTIYHUX MallMHaxX TEKCTUIbHOI Ta LWBENMHOT MPOMMUCNOBOCTI MOTPIOGHO 3AIACHIOBATM Y ABOX HanmpsMKax:
YLOCKOHA/IEHHS (hopMM NiHIT 3anpaBKM HUTKK, aHani3 yMOB B3aEMOZIT HUTKWN 3 KOHCTPYKTUBHUMU €/IEMEHTaMK, SKi
BXOJATb B CUCTEMY Mofadi HUTKM (CNpsMOBYBadi HWUTKW, MPUCTPOI AN HATAry HWUTKM) Ta, Ha 6asi uboro,
ONTMMI3aLis rpaHMYHMX YMOB Ha BXOAI Ta BMXOAI 3 LUX €NEMEHTIB TaKMX MapaMeTpiB SK KYTU OXOM/EHHS
HanpaeNAYMX MOBEPXOHb, Padiycy KPpUBMU3HM LIMX MOBEPXOHS [1, 3, 5, 6, 7-11]. Mpwn npoBeAeHHI LMX AOCAigKEHb
3a NnepLUMM HanpsiMoM HeobXigHO MiHit0 3anpaBKM HATKU B CUCTEMI Nogadi po3bmBaTK Ha XapaKTepHi AiNsHKK, SKi
BK/IOYaOTb B ce6e BifMOBiAHI KOHCTPYKTUBHI enemMeHTW. AN 6inbloCTi TEXHOMOMYHMX MalH TEKCTUALHOT Ta
LUBEAHOT NPOMMWCAOBOCTI Ui AiNSHKM 6yayTb MaTW MOAIOHWIA XapakTep i BiAPI3HATUMYTbCSA TiflbKM KiNbKICTHO i
BUAAMW KOHCTPYKTUBHMX enemeHTiB [1, 3, 9, 11]. Takum YnHOM, TeMa CTaTTi € akTya/lbHOO, KA Ma€ 3HaYeHHs s
NigBULLEHHA NPOAYKTUBHOCTI TEXHO/IONYHOro 061aiHAHHSA Ta AKOCTi NPOAYKLIT, L0 BUMYCKAETHCS.

O6’ekTU | MeTOAN AOCNIg>KEHHA. CUCTEMM MoAadi HUTOK Ha TEXHOMOTIYHMX MalluMHax TeKCTUIbHOI Ta
LUBEHOT NPOMUCNIOBOCTI 3a6e3MnevytoTb HeobXiAHUIA HaTAr B po6oyiii 30Hi [1-3, 5-10]. BoHU BK/IHOYalOTL B cebe
OKpeMi By3nM Ans MepeMilLieHHst Ta HaKOMWYYyBaHHS HUTKW, CTPYKTYPHI eneMeHTu, AKi 3abe3nedytoTb nobyaoBy
NiHIT 3aNpaBKN HATKN HA TEXHOJIOMYHOMY YCTaTKyBaHHI Ta HafaHHA HUTLI BignoBigHOro Hatary [2, 3-6]. B akocTi
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00’€KTiB  AOCMNIMKEHHA BWCTYNalOTb TEXHOMOTIYHI MNPOLECU TEKCTU/IbHOI Ta LUBEMHOT MPOMMCNOBOCTI, fge
30iMiCHIOETbCA  Mepepobka HWTOK. OCHOBHMMM  METO4aMW  AOCNIMKEHHS BUCTYNalOTb TEOPETUYHI  Ta
eKCNepyMeHTasIbHI AO0CNIAKEHHS, SKi 6a3yOTbCA Ha BMKOPWUCTaHHI TEKCTUIBHOMO MaTepiano3HaBCTBa, MEXaHiKu
HWUTKW, Teopil NPYXXHOCTi, MaTeMaTUYHOro MOAE/NOBaHHSA, METOAIB Teopil anropuTMiB, aHaNiTUYHOI reomeTpii,
NNaHyBaHHA EKCMEPVMEHTY Ta CTaTUCTMYHOI 00pOOKM pe3ynbTaTiB AgocnigkeHb. Mpu po3pobui nporpamHOro
3a0e3MneyeHHst BUKOPMUCTOBYBAIMCA Cy4acHi MOBM 06°€KTHe — OPiEHTOBAHOr0 NporpamyBaHHs [1-3, 8-11].

MpaKTu4He 3HaYeHHs. Y JOCKOHANEHHS CMCTEMM MOoAaYi HUTOK Ha TEXHOMOMYHMX MalUWH TEKCTUAbHOT Ta
LUBEHOI NPOMMCNOBOCTI [03BOMSE MiHIMI3yBaTW TX HATAr B POGOYIi 30HI, 3MEHWNTN 06PMBM, L0 MaE BaXKnBe
3HAYEHHs ANS YAOCKOHAIEHHS TEXHOMOMIYHMX NPOLECiB 3 No3uLiT MiABULLEHHA MPOAYKTUBHOCTI TEXHOMOTIYHOIO
yCTaTKyBaHHA Ta AKOCTI NPoAyKLiT, Lo BMUNycKaeTbes [1-3, 5-8].

MocTaHOBKa 3aBfaHHA

Ha 6a3i peKkypcMBHOrO nigxogy po3pobutn MoAeni A/ BU3HAYEHHS HaTArY HWUTKW B POGOYIiA 30HI
TEXHOMOMIYHNX MaLUWH TEKCTW/LHOT Ta LIBEHOT MPOMMCIOBOCTI 3 ypaxyBaHHAM X peasibHUX (i3NKO — MeXaHiYHMX
B1ACTMBOCTEM, CTPYKTYPM Ta YMOB NEPepoOKn Ha TEXHONOTIYHOMY 06naHaHHI.

OcHOBHa YacTuHa

3aranbHa cxema CMCcTeMu nogadi HATKW npeacTaBneHa Ha puc. 1. KifbKicTb KOHCTPYKTUBHUX €/IEMEHTIB B
cUcTeMi Mofadi HUTKM TeXHONOrIYHOT MawmHK j=1...n1. KifbKiCTb AINSHOK MiDXX KOHCTPYKTVBHUMUW €N1eMeHTaMX i
=nl-1. KOHCTPYKTUBHi €N1EMEHTN CUCTEMU MOJAYT HUTKU NOAINAIOTLCS Ha eN1EMEHTU 3i SMIHHUMK NapaMeTpamMu V;
(NpUCTpOi 418 HATArYy HWUTKW, €NeMEHTWM KOMIMEHCATOPIB HATAry Ta iH.) Ta Ha eNeMeHTU, B AKMX napameTpu
3aMLWIAKTLCS NOCTIAHMMU (KifbLEBI CNPsAIMOBYBaYi, LMIHAPWYHI CIIPSMOBYBaYi HUTKM Ta iH.).

Buxogsum 3 pekypcMBHOMO MiAXOAY AJ1 BU3HAYEHHSA HATAry HWUTKW B po6OYiil 30HI BMXigHa cucTema
piBHAHb 6yae MaTV BUTNAS,

P = fl(ZO 1Po)’
P, = fz(zo’zl'Po’Pl)’

_ )
F)i—l - fi—l(ZO’Zl""'Zi—l’ PO' Pl""Pi—l)!
P =f(z,2,,..2,4,2,,P,P,..P,P),
I:)i+1 = fi (207 Zl""'zi—l’ Zi ’ Zi+1’ PO’ I:)l""pi—l’ I:>| ! I:>i+l)’
ae Z9:1Z2y4e2i4, 2,2,y — NAPAMETPU, AN BifNOBIAHOrO KOHCTPYKTVBHOIO €/EMEHTY CUCTEMM nojadi

HUTKW.

Puc. 1. CTpyKTypHa CXema CUCTeMM Nofadi HUTKI Ha TeXHOMOTiYHOMY 06aHaHHi

Po3rnsiHeMo [feKifbka KOHKPEeTHMX BuNafkiB. Ha puc. 2 npefcTaBeHi CTPYKTYPHi CXEMM LUBEAHOT
MaLumHK (puc. 2a), TKalpbKoro Bepctarta (puc. 26) Ta KpyrioB’sa3aibHOT MallnHW (puc. 2B).

[ns weeiiHOT MawmWHM (puc. 2a) HWTKa MICs NPOXOKEHHS KifbLEBOro crnpsMoByBava 1 moTpannse B
LUaliBOBWIA NPUCTPINA 2 ANA HaTArY HUTKX 3i 3MIHHUMMW MapaMeTpamu vi. [icna Uboro orMHae OTBip MpUTArysayva
HUTKW 3, KifbLeBi cnpsamoByBadi 4, 5 Ta noTpansise B OTBIp ronku 6.

[ns TKaubkoro Bepctata (puc. 26) HUTKM OCHOBM OrMHAIOTb NOBEPXHIO cKana 1, UMNiHAPUYHI HanpsmHI 2
MPUCTPOIO A/ KOHTPOSKO 3a OOPMBOM HWUTKW, OTBIp rajsieBa pPemisHoi pamku 3. 3MIHHMM MapameTpom Vi TyT
BUCTYMA€e KyT OXOMN/EHHS HATKOIO OCHOBW NMOBEPXHI OTBOPY ranesa peMisHoOl pamku.

[ns Kpyrnos’asanbHOT MawHKn (puc. 2B) HATKA Big 606iHN NPOX0AMTb KPi3b KifbLEBWIA CpsMoByBaY 1,
KOHTpO/ep 06pvBY HUTKM 2, KifbLEeBWIA CNPAMOBYBaY 3 Ta MOTpPan/se 40 BXigHOro 0TBOPY 4 Ha NMOBEPXHI pyXOMOi
peinKkn MexaHiaMy pPo3KnafaHHA HUTKW. Jani ormHaouy umniHAPUYHWIA TpaHCnopTyounii 6apabaH 5 nocTynae o
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BMXiZIHOrO OTBOPY 6 Ha MOBEPXHi PyXOMOI peliku MexaHi3My po3knagaHHs HUTKW. Jani yepe3 KOHTponep o6puBy
HUTKW 7 noTpannse A0 BXifHOro OTBOPY 8 BOAIA HUTKW. 3MiHHMMK MapaMeTpaMu Vi Ta V, TyT BUCTYMae KyT
OXONJIEHHS HATKOI BXiAHOMO Ta BUXiAHOr0 OTBOPY PYXOMOT PEriKM MeXaHi3My PO3KnafgaHHs HUTKW.

B

Puc. 2. CTpyKTYpHi CXeMu LLIBEMHOT MaLLMHW, TKaLbKOro BepcTaTta, KpyrioB’a3a/ibHOl MaLllnHN

B1KOPUCTOBYOUM PEKYPCUBHWIA MiAXid MOXHA BM3HAUUTK HATAT HUTKM MIiCNS KOXKHOMO CTPYKTYPHOrO
enemeHTy [1, 3, 5, 6, 10] B CTPYKTYPHMX CXEMAX Ha puC. 2

(R;+r)
[R; +r(1-5,;)]
+D B oo B a )
%[Rj +r(1-5)r 5_ %[Rj +rl-5,)I g(

B
(Rj + r) lijibR"\S(J)%’J

x g R _
b s © ],

ne Pix1 — HaTAr HWTKW NIiCNA | KOHCTPYKTMBHOIO €NeMeHTY; P; — HaTAr HUTKW [0 j KOHCTPYKTUBHOIO
eneMeHTy; Rj — pagiiyc KpMBU3HN MOBEPXHI j KOHCTPYKTUBHOTO EIEMEHTY; 8 — NOYATKOBa AehopMaLlia NepeTuHy
HUTKN MpU HabiraHHi Ha j KOHCTPYKTUBHUIA eneMeHT; §; — KiHUeBa fedopmaif NepeTuHy HUTKW npu 36iraHHi 3 j
KOHCTPYKTUBHOTO efleMeHTY; Bj — KyT pafia/lsHOro OXOM/EHHS HUTKM NOBEPXHED j KOHCTPYKTUBHOIO e/leMeHTY; @;
— peanibHUiA KyT OXOMIEHHS! HUTKOK j KOHCTPYKTUMBHOMO enemMeHTy. CyMmicHe pilleHHst cuctemu piBHsAHb (1) Ta (2)
[03BONAE BU3HAYMTYM 3HAYEHHS HATATY HATKW B POBOUili 30Hi.

EkcrnepuMeHTanbHO 6e3nocepeaHb0 BU3HAYMTW HATAT HUTKU B pOOOUIN 30HI fy)xe npobnematuyHo [1-3].
BrKOpWCTaHHS pPEKYpPCMBHOIO MigXO4Y [O03BOMSE BMKOHATU LE 3 BUKOPWUCTAHHSM aKTWMBHOMO M/laHyBaHHSA
eKCrepyMeHTY Ta perpeciinHoro aHanisy. BusHauatoui gianasoH 3MiHW HaTArY HUTKU 40 Ta NiCAsS KOHCTPYKTUBHOIO
eNeMeHTy, 1oro padiyc KPWBMHM Ta KyT OXOMMEHHS Or0 HUTKOK PO3PO6ASEMO MaH eKcrepumeHTy. Moro
peanisallis 403BO/SIE OTPUMATM PIBHAHHS Perpecii Ana BU3HAYEHHS HATAMY NiC/si KOXXHOMO CTPYKTYPHOTO eNeMEHTY
y BUrNAgi

B a
@

P'+1 = P|[1+

I:)i+l = bO +b1Xil +b2Xi2 +b3xi3 +b12Xi1Xi2 +b13xilxi3 +b23xi2Xi3 + (3)

2 2 2

+b11Xil + bZZXiZ + b33xi3
ne Xi1 — BE/IMYMHA HATAry A0 CTPYKTYPHOFO €NIEMEHTY; X — pafiyc HampsMHOI MOBEPXHi CTPYKTYPHOro
€/IEMEHTY; Xj3 — 3HAYeHHS KyTa OXOM/IEHHA HUTKOK HanpsMmHol; by , by , by, by, by, bos, by, by, bsg —
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Koe®iLieHTW B piBHAHHI perpecii (3).
[na  peanisauii usoro B poboTi 6Gyna BMKOpWUCTaHa eKCMepUMeHTaslbHa YCTaHOBKa, OCHOBHWIA
BUMiptOBanbHWI 6/10K SIKOT NpeACTaBNEHWNIA Ha puc. 3.

Puic. 3. BUMipIoBaTbHMiIA 610K eKCREPUMEHTATbHOT YCTaHOBKM

Ha npuknagi 6e340BHMKOBOrO TKaLbKOrO BepcTata Anf TKAHWHWM LUOTAaHAKa 3 6aBOBHAHOI MpsXi
KapaHoro cnocoby 18.5x2 Tekc 6ynun oTprMaHi HacTyMHI PiBHAHHS perpecii (puc. 26)

P, =0.02+0.91P, +0.01R, +0.01P,¢, 4

P, =1.28+0.99P, —0.32R, —0.001¢, +0.003P¢, + 5)
+0.001R, ¢, +0.02R?,

P, =2.86+1.08P, — 4.21R, +0.004¢, + 0.002P,¢, — ©)
-0.05P,R, +2.02R?

BUKOpMCTOBYHOUM perpeciviHi 3anexHocTi (4)—(5) 6ynM BM3HAYEHI 3HAYEeHHS! HATAry HUTOK OCHOBU B
po6oYiin 30HI Mepep 30HOK (HOPMYBaHHS TKaHWHW ANs Pi3HUX MOMEHTIB MPOLECY YTBOPKOBAHHA TKaHWHW, SKi
npeacTaBneHi Ha puc. 4. 3Ha4eHHs aedopmalii HATOK OCHOBW NpKW YTBOPOBaHHI 3iBY, Npn6OI i BigBeAeHHI TKaHUHU
BPax0BYBaSIOCA BE/IMUMNHOK BXILHOIO HATArY Nepej MexaHi3mMoM ckana (puc. 26).

60

50,05

S0

40 39.54

10 -

0 - 1
Puc. 4. FicTorpamm HaTsiry HATOK OCHOBW Nepef, 30HOK opMyBaHHS TKaHWUHW: m_ 3anpaBHWiA HaTSr HUTOK OCHOBMU;

. — HaTAr HUTOK OCHOBM B MOMEHT 3acCTyny; . — HaTAr HUTOK OCHOBM Npv NOBHOMY Bi,quVITTi 3iBy;

— HaTAr HUTOK OCHOBM B MOMEHT I'Ipl/l60l0

BucHOBKM

Ha OCHOBI peKypcvBHOrO NiAxody PO3po6ieHi mMaTemMaTU4HI MOAeni Ans BU3HAYEHHS HATAry HUTKU B
pOo6OYiin 30HI 3 ypaxyBaHHAM X peanbHUX (Pi3NKO-MeXaHi4YHNX BIaCTUBOCTENR, CTPYKTYPU Ta YMOB MepPepobKn Ha
TEXHONOriYHOMY 061aHAHHI.

Ha OCHOBi perpeciimHOro aHanisy faHuWx eKCcrnepuMeHTaNbHUX [OCNIMKEHb, 3  BUKOPUCTAHHAM
PEKYPCMBHOIO nigxoAy, po3pobnieHi Mogeni ANs BM3HAYEHHS| HATArY HUTKWM B po6OYili 30HI Ha TEXHOMOMiYHUX
MaLlMHaX TEKCTW/bHOT Ta LUBEHOT MPOMMCNOBOCTI. Ha OCHOBI TEOPETUYHO-EKCMEPUMEHTAIbHUX LOCILKEHb
OTPUMaHI 3a/1eXXHOCTI A4N19 HATATY HATOK OCHOBW Ha TKaLlbKOMY BepcCTari.
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