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MAIINMHO3HABCTBO TA OBPOBKA MATEPIAJIIB B MAIIIMHOBY 1YBAHHI

VIK 685.31
B.IO. IIEPBAHD, H.I. MYP3A, AM. KUPUYEHKO, I'.B. MEJIbHHUK, M.I. IIOJIY ABKO

KuiBcpkuil HalllOHAIBHUN YHIBEPCHTET TEXHOJIOTIH Ta qU3aliHy

BUKOPUCTAHHA PEKYPCUBHOTI'O IIIAXOAY JAJI BUSHAYEHHSA HATAIL'Y
HUTOK B POBOYII 30HI TEXHOJIOITYHOTI'O OBJIAJTHAHHS

B po6omi HasedeHi pesyabmamu 0ocidxiceHb 3 BU3HAYEHHS1 Hamsigy 8 po6oUill 30Hi MexH010214H020 06.1a0HAHHSL.
ITi0 po60o4oto 30HOI0 MAEMbCSL HA Y8A3i 30HA 8’A3aHHS, POPMYBAHHS MKAHUHU, 30HA 3’ €OHAHHA Mamepianie HaA WeeliHill
MawuHi ma iHwi. BukopucmaHHs pekypcusHozo nioxody 00360.15€ nocAid08HO 8U3HAYAMU HAMSA2 HUMOK NIiCAS1 KOXCHO20
e/eMeHmy cucmemu nodayi HUMKU no 2AubuHi ii 3anpasku 3 ypaxyeaHHsAM ymos 83aemolil. BuxioHutll Hamsz HUmKu nicas
83aeMo0ii 3 HANPAMHUM eeMeHMOoM YU HamszysayeM 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 caosa: 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.

Beryn

AKTYaNbHICTb. YIOCKOHAJEHHS TEXHOJOIIYHOr0 OO0JaJHAHHA IOBHHHO 0a3yBaTHCsA Ha IPOBEIEHHI
KOMIUIEKCHHX TEOPETHYHO-EKCIIEPUMEHTAIBHUX JOCIIKEHb YMOB Ipalli OKPEMHX BY3JIiB B IMPOLEC] BUKOHAHHS
TeXHoJoriYHOTO Tporiecy [1-4, 5, 9]. Cucrema momadi HUTOK BiJlirpae B IIbOMY IPOIIEC JAyXKe BaXKJIMBE 3HAYCHHS.
Ie moB’s3aHO 3 THM, IO HEOCKOHAIICTh KOHCTPYKIIT CHCTEMH IMOJ1a4i HUTKU MPHU3BOIUTE 10 3POCTAHHS ii HATATY
1, IK HACJIJIOK, BUHUKHEHHs 00puBiB [1, 3, 6—11]. BupileHHs nutaHHs yJOCKOHAJICHHS CHCTCMH MMOJa4l HUTOK Ha
TEXHOJIOTIYHUX MAIIMHAX TEKCTHIBHOI Ta MIBEHHOI MPOMKCIOBOCTI MOTPIOHO 3MiMCHIOBATH Y JBOX HANPSMKAaX:
YIOCKOHAJICHHS (POPMH JIiHIT 3aNpaBKH HUTKH, aHAI3 YMOB B3a€MO/IIT HUTKH 3 KOHCTPYKTUBHUMU €IEMCHTAMHU, SIKi
BXOJSTh B CHUCTEMY IOAa4i HUTKH (CIPSIMOBYBaYyl HUTKH, TMPUCTPOi JUIs HATATY HUTKU) Ta, HA 0a3i LbOro,
ONTHUMI3allisl TPAHUYHUX YMOB Ha BXOJI Ta BHXOJl 3 IIMX CJICMCHTIB TaKUX MApaMETPiB SK KyTH OXOIUICHHS
HaNpPaBIITIOYNX TIOBEPXOHB, PaliyCH KPUBU3HU ITUX MOBEPXOHb [1, 3, 5, 6, 7-11]. IIpu npoBeaeHHI WX AOCHTIIKEHb
3a TIEPITUM HAIMPSIMOM HEOOXiTHO JIIHIIO 3alpaBKW HUTKU B CHCTEMI IMOJadi po30MBATH Ha XapaKTEepHi TiISTHKH, SKi
BKITIOYAIOTh B ceOe BiMMOBIAHI KOHCTPYKTUBHI eleMeHTH. i OimbIIOCTi TEXHOJIOTIYHUX MAIlWH TEKCTHUJIBHOI Ta
MIBEHHOI MPOMMCIOBOCTI I MUISTHKKA OYAyTh MaTH MOMIOHWN XapakTep 1 BiPi3HATUMYTHCS TUTBKH KUTBKICTIO 1
BHJAMHU KOHCTPYKTHUBHUX eneMeHTiB [1, 3, 9, 11]. Takum unHOM, TeMa CTaTTi € aKTyaJbHOIO, IKa Ma€ 3HAUCHHS IS
HiABUIICHHS IPOIyKTHBHOCTI TEXHOJIOTTYHOIO OOJIAJJHAHHS Ta SKOCTI MPOIYKIIi1, [0 BUITYCKAETHCS.

O6’ekTHn | MeTOAM JOCNif>KeHHA. CucreMu Mojadi HUTOK HAa TEXHOJOTIYHMX MAIUHAX TEKCTHJIBHOI Ta
MIBEHHOT ITPOMHUCIIOBOCTI 3a0€31eUyI0Th HEOOXiTHUH HATSr B poOouiit 30Hi [1-3, 5-10]. Bonu BkmovaoTh B cebe
OKpeMi BY3JIM JJIs TICPEMIICHHS Ta HAKONMUYYBaHHS HHUTKH, CTPYKTYPHI CIIEMCHTH, sIKi 3a0€3MeUyI0Th MOO0YI0BY
JiHIT 3a1paBKM HUTKHM HA TEXHOJIOTYHOMY YCTAaTKyBaHHI Ta HaJaHHsS HUTLI BiAMOBiIHOTO Hatary [2, 3—6]. B sxocri
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00’€KTIB JIOCNI/DKCHHS BHCTYIAIOTh TEXHOJOTIYHI TMPOLECH TEKCTWIBHOI Ta MIBEHHOT MPOMHUCIOBOCTI, e
3MIACHIOETBCS  TepepoOka HUTOK. (OCHOBHMMH METOJAMH  JIOCTI/DKCHHS BHCTYMAIOTh TCOPCTUYHI Ta
EKCIIEPUMEHTAITbHI JOCIIDKEHHS, SIKi 0a3yl0ThCS Ha BUKOPHUCTAHHI TEKCTHIIHLHOTO MaTepialo3HABCTBA, MEXaHIKH
HUTKH, TEOPil MPYKHOCTi, MAaTEMaTHYHOTO MOJEIIOBAHHS, METOJIB TeOpii aNTOPUTMIB, aHATITHYHOI TeoMeTpii,
IJTAaHYBaHHS EKCTIIEPUMEHTY Ta CTATUCTHYHOI OOpOOKHM pe3ynbTaTiB JOCHIKeHb. [IpH po3polii mporpamHOro
3a0e31eueHHs] BUKOPHUCTOBYBAIIUCS CydacHI MOBH 00’ €KTHE — OpiEHTOBAHOTO MporpamyBanHs [1-3, 8—11].

lMpakTnyHe 3HaYeHHA. Y 1oCKOHAIEHHS CUCTEMH NOJadi HUTOK Ha TEXHOJIOTIYHUX MAIIuH TEKCTHIIBHOI Ta
MIBEHHOI MPOMHCIIOBOCTI J03BOJISIE MiHIMI3yBaTH iX HATAT B poOOUiid 30HI, 3MEHIIUTH OOPHBH, IO MAa€ BAKIUBE
3HAYCHHS I YIOCKOHAJICHHS TEXHOJIOTIYHHMX MPOIECIB 3 MO3HMIlT MiABUIICHHS MPOAYKTUBHOCTI TEXHOJIOTIYHOTO
yCTaTKyBaHHS Ta SKOCTI IIPOAYKIIT, 1110 BUITycKaeTbes [1-3, 5-8].

ITocTanoBKa 3aBIaHHA

Ha 06a3i pekypcMBHOro miIXoxy po3poOMTH MoJeni Ajs BM3HAUEHHS HATATY HHUTKM B poOOdYiid 30HI
TEXHOJIOTIYHHAX MAIIMH TEeKCTWIBHOI Ta IBEHHOI MPOMHUCIIOBOCTI 3 ypaxXyBaHHAM 1X pealbHUX (HI3HMKO — MEXaHIYHUX
BIIACTUBOCTEH, CTPYKTYPH Ta YMOB ITEPEPOOKH Ha TEXHOJIOTTIHOMY 00JIaTHAHHI.

OcHoOBHa YacTHHA

3arangpHa cXeMa CHCTEMU I0/1aui HUTKU MpeacTaBieHa Ha puc. 1. KUIbKICTh KOHCTPYKTUBHUX €JIEMEHTIB B
CHCTEMI 1014l HUTKHM T€XHOJIOriuHol Mamuuy j=1...n1. KijbKicTh AUISHOK Mi)K KOHCTPYKTHBHUMH €JI€EMEHTAMH i
=nl-1. KoHCTpYKTHBHI €JI€MEHTH CHCTEMH NOJAa4]l HUTKH MOJIIAIOTLCSA Ha €IEMEHTH 31 3MIHHUMH IapaMETPaMH Vi
(TIpuCTpOi AJIT HATATY HUTKH, €IEMEHTH KOMIICHCATOPIB HATATY Ta iH.) Ta Ha €JIEMEHTH, B SKHX IapaMeTpH
3IMIIAIOTHCS TOCTIHHUMHU (KUIBLIEBI CIPSIMOBYBaui, LIMITHAPHYHI CIIPSIMOBYBaui HUTKH Ta iH.).

Buxonsun 3 peKypCHBHOTO MiIXOAY JJIsi BU3HAYCHHS HATATY HUTKH B POOOYil 30HI BUXiJHA CHUCTEMa
PiBHSHB Oy MaTH BUTIIS

Pl = fl(ZO apo)a
P2 = fz(zoazlapoapl);

=f_(z0.2)5..2, P, P Py, @
F’i = fi(zo,zl,.... i-152i, Py, Py P, P,
i+ = fi(zoazla"'-zi—lv |+1:P P...P.. PPy,
e Zy,2,....2;_1,2;,Z;,, — mapamMeTpu, JUIi BilNOBIJHOIO KOHCTPYKTHBHOIO €JIEMEHTY CHCTEMH II0Jadi

HHUTKH.

Puc. 1. CTpyKTypHa cXeMa CHCTeMH M0/Ia4i HHTKH HA TeXHOJIOriYHOMY 00/1aHAHHI

PosrisiHeMo jmekiibka KOHKpETHUX BHIIANKiB. Ha puc. 2 mpeacTaBieHi CTPYKTYpHI CXeMH IIBEHHOI
MamuHu (puc. 2a), TKaIbKoTo Bepcrara (puc. 20) Ta KpyriioB’si3aabHOi MaluHu (pHC. 2B).

Jlns mBeliHOiT MamuHK (pUc. 2a) HUTKA MICHIS MPOXOJKCHHS KUTBLIEBOTO CIPSAMOBYBava | MOTparuise B
maii0oBMi MPHUCTPiil 2 JUIs HATATY HUTKM 31 3MIHHUMHM apaMeTpamu Vvi. ITicist nporo orvHae oTBip NpHUTATryBaya
HHUTKH 3, KUIbLIEB] crIpsAMOBYBadi 4, 5 Ta NOTpaIuisie B OTBIp T'OJIKH 0.

Jlist TKanpkoro Beperara (puc. 20) HUTKA OCHOBU OTMHAIOTH NMOBEPXHIO CKaJla 1, MITIHAPUYHI HApsIMHI 2
NPUCTPOIO AJIsI KOHTPOJIO 32 OOpPMBOM HHTKHM, OTBIp rajgeBa peMi3HOi paMku 3. 3MIHHMM [apamMeTpoM Vi TYT
BUCTYIAE KyT OXOIUICHHS! HUTKOIO OCHOBH MOBEPXHI OTBOPY rajieBa peMi3HOT paMKu.

JIst KpyTIoB’ I3aUIbHOT MaIUHK (pric. 2B) HUTKA Bifg 000IHW MPOXOANUTH KPi3b KiJIbIEBUH cIIpsSAMOBYBad 1,
KOHTpOJIep OOpUBY HUTKH 2, KiTbIIEBHI CIIPSAMOBYBad 3 Ta MOTPAILISLE 10 BXiHOTO OTBOPY 4 Ha MOBEPXHI pyXoMoi
peiiKku MeXaHi3My PO3KJIaJaHHs HUTKHU. Jlam ormHaroud MWIHIPUYHUNA TPAHCIIOPTYIOUHA OapabaH 5 moctymae 1o
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BUXIZIHOTO OTBOPY 6 Ha MOBEPXHI PyXOMOi peiiku MeXaHi3My pO3KiIajaHHi HUTKHU. Jlani yepe3 KOHTposep oOpuBy
HUTKH 7 MOTpAIuIsie 0 BXiJHOTO OTBOPY 8 BOJiS HUTKM. 3MIHHHUMH IapaMeTpaMu Vi Ta V, TYT BUCTYNAE KYT
OXOIUICHHSI HUTKOIO BXIZHOTO Ta BUXIZHOTO OTBOPY PYXOMOi pEeHKH MEXaHi3My PO3KIIaJaHHSI HUTKH.

B

Puc. 2. CTpyKTYpHIi cXeMH HIBeiiHOT MAIIMHY, TKAIILKOT0 BEepPCTaTa, KPYIJIoB’13aJ1bHOT MAIIHHI
& 9

BukopucTOBYIOUHM PEKYPCHBHUHN MiAXiJl MOXXHA BH3HAYUTH HATST HUTKH IICIS KOXHOTO CTPYKTYPHOTO
eneMmeHrty [1, 3, 5, 6, 10] B cTpyKTypHHX cXeMax Ha puc. 2

Bi a_p
R.+r —5Ri 4
P = Rll+ D@y,
[R;+r(1=6;)] ,
0 B 00 B 0 (2)
+ r X
%[Rj + r(1—§j)]2 B %[Rj + r(1—50j)]2 O
By a b
R +r 5 Rms(i) 4
X[l ( ) (esmﬂJ [ _ 1)]’
[R;+ r(l ;)]
Je Pi+1 — HATAT HUATKH ITCJISI J KOHCTPYKTHBHOI'O CJIICEMCHTY, Pi — HaTAI' HUTKHU 10 J KOHCTPYKTHBHOI'O

eneMeHTy; Rj — paniyc KpHBU3HH IIOBEPXHi ] KOHCTPYKTHBHOTO €IEMEHTY; Og — MOYaTKOBa nedopMallis IIepeTHHY
HUTKH TIPH Ha61raHH1 Ha j KOHCTPYKTUBHHUH eleMeHT; j — KiHueBa JedopMallis NepeTuHy HUTKH Npu 30iraHHi 3 j
KOHCTPYKTHUBHOTO €JIEMEHTY; [3j — KyT paJialbHOro OXOILICHHS HUTKU MOBEPXHEIO j KOHCTPYKTHBHOTO €JIEMEHTY; §]
— peanbHHUI KyT OXOIUICHHSI HUTKOIO ] KOHCTPYKTUBHOTO enemeHTy. CyMicHe pilieHHs cucteMHu piBHsAHb (1) Ta (2)
JI03BOJISIE BU3HAYUTH 3HAUYEHHS HATATY HUTKU B pOOOUiil 30Hi.

ExcniepumeHTanbHo Oe3nocepeiHb0 BU3HAUUTH HATAT HUTKU B poOodiil 30HI qyxe npobnemarnyno [1-3].
BukopucraHHsi pPEKypcHBHOIO IIJIXOJY JMO3BOJIS€ BHKOHATH I[I€ 3 BUKOPHUCTAHHSIM aKTHBHOTO IUIAHYBaHHS
EKCIIEPUMEHTY Ta perpeciiHoro anaizy. Buznauaroui giana3oH 3MiHH HaTSATy HUTKU 10 Ta Hicist KOHCTPYKTHBHOTO
IEMEHTY, HOro paiyc KpMBHHHM Ta KyT OXOIUIGHHS HOTO HHTKOI PO3POOISEMO ILIAH eKCHepHMEHTY. Moro
peaizariisi J03BOJISE OTPUMATH PiBHSHHS PETpecii A BU3HAUYCHHS HATATY IICISI KOKHOTO CTPYKTYPHOTO €JIEMEHTY
y BUTJIAAL

=b, +b,x;, +b,X, +0,%; + 0, %, Xy + 03X, X5 + 0, %, X5 +

3)
+bllxll + b22X|2 + b33xl3
ae Xji — BEJIMYMHA HATATy JI0 CTPYKTYPHOTO EJIEMEHTY; Xj — pajilyc HampsMHOI MOBEPXHi CTPYKTYPHOT'O

€IIEMEHTY; Xj3 — 3HAYCHHS KyTa OXOIUICHHS HUTKOIO HanpsMmuoi, by , by , by , by , by, by, by, by, b3y —
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koediwienTH B piBHAHHI perpecii (3).
Juis  peamizanii umporo B poOOTI Oylla BHMKOpHCTaHa EKCIICpUMEHTAJIbHA YCTAHOBKA, OCHOBHUI
BHMIiPIOBAJIFHHUH OJIOK SIKOi TIpeACTaBIeHUi Ha puc. 3.

Puc. 3. BumiproBasibHuii 610K eKCIIEpUMEHTAJIbLHOT YCTAHOBKH

Ha mnpuknani Ge3uOBHMKOBOTO TKAalbKOTO BEpcTaTa Julsl TKaHWHM IIOTIAaHAKAa 3 OaBOBHSHOI NPsDKi
KapaHoro crioco0y 18.5x2 Texc Oynu oTpuMaHi HaCTYIHI PiBHSHHSA perpecii (puc. 20)

P =0.02+0.91P, +0.01R, +0.01P,g,, (4)
P, =1.28+0.99P, —0.32R, —0.001¢, +0.003P4, + .
+0.001R, ¢, +0.02R?,
P, =2.86+1.08P, —4.21R, +0.0044, + 0.002P,, - ©
~0.05P,R, +2.02R?

BuxopucTtoByroun perpeciiHi 3anexHocTi (4)—(5) Oynu BU3HA4YCHI 3HAYCHHS HATATY HUTOK OCHOBH B
poOouiii 30HI mepen 30HOIO (opMyBaHHS TKaHUHH JUISI PI3HUX MOMEHTIB TIPOLECY YTBOPIOBAHHS TKAHWHH, SIKi
mpeacTaBieHi Ha puc. 4. 3HaueHHS AedopMarlii HUTOK OCHOBH IIPH YTBOPIOBAaHHI 3iBY, MpHOOi 1 BiABeJCHHI TKAaHIHN
BPaxOBYBAJIOCS BEJIMYMHOIO BX1THOTO HATATY MEepe MexaHi3MoM ckaina (puc. 20).

60

S0

40

10 -

Puc. 4. TicrorpaMun HaTATY HATOK OCHOBH Tepest 30H0I0 GOpMYBaHHS TKAHWHH: - 3anpaBHUIi HATSAT HUTOK OCHOBH;
B - sarar nutok ocHoBH B MOMeHT 3acTymy; B — uarar sutok ocnosu NpH NOBHOMY BiIKPHTTI 3iBY;

— HATAI HUTOK OCHOBH B MOMEHT l'lpl(lﬁOlO

BucHoBkn

Ha ocHOBiI pexypCHMBHOTO MiAxony po3poOieHi MaTeMaTHYHI MOZENi A BU3HAUEHHS HATATY HUTKH B
po0ouiii 30HI 3 ypaxyBaHHIM iX peajbHUX (I3UKO-MEXaHIYHUX BIACTUBOCTEH, CTPYKTYPH T4 YMOB MEpepoOKH Ha
TEXHOJIOTIYHOMY O0JIaAHaHHi.

Ha ocHOBi perpeciiHOro asajily /MJaHUX CKCIIEPUMEHTAIBHUX JOCHiKEHb, 3 BHKOPHCTAHHIM
PEKYPCHBHOTO TiIXOAy, pO3poOJIeHI MOnemi UIi BH3HAYCHHS HATATY HUTKH B poOO0Uill 30HI Ha TEXHOJOTIYHUX
MalpHaX TEKCTHJIBHOI Ta MIBeHHOI mpommcinoBocTi. Ha OCHOBI TeOopeTHYHO-eKCIePUMEHTATBHUX IOCIIIKEHb
OTpHMaHi 3aJIS)KHOCTI JJIsl HATSTy HUTOK OCHOBH Ha TKAllbKOMY BEpCTaTi.
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