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BIIJIMB 'PAHUYHUX YMOB HA IVIBOBY @ YHKIIIO ITPU KOMI'IOTEPHOMY
BU3HAYEHHI OITUMAJIBHOT'O IJIAXY IJ1s1 HEOPIEHTOBAHOI'O I'PA®A

MinimaabHo HeobxidHUll Hamsie 6yde su3Hayamucsl Yinboeow (yHKYIE, ska npedcmasasie co60i0 MiHIMAAbHY
CYMy Kymig 0Xon/eHHs: HUMKOK HANpsAMHUX N08ePXOHb. Bukopucmosyemucsl peKypcusHull nioxio 045 eusHa4eHHs Hamsey
HUMKU 8 po6ouill 30HI, 3a K020 guXiOHUll Hamsie nic/as nepewkodu y nonepedHill 30Hi 6yde 8xidHUM neped nepewkodow y
HacmynHili 30Hi. Bukopucmaui asnzopummu ma Komn'tomepHi npoepamu 0458 NOWYKY ONMUMAABHO20 WASAXY
HeopieHmosaHoz20 epaga 3 BUKOPUCMAHHAM anzopummy Jelikempu, wo 003804U/10 8USHAYAMU 8NAUE 2PAHUYHUX Y MO8 HA
yinvogy ¢@yHkyito, 3 ypaxyeauHsm cneyugiku kKoHcmpykyii cucmemu nodaui Humku. Lje npuzeodumv 00 3MeHUIeHHs
06pusHOCMI HUMOK.

Karouosi caosa: epanuvHi ymosu, Yyinbosa QyHKYis, HeopieHmosaHull zpag, onmuMaabHUll Wasx, Komn'omepHa
npozpama.
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INFLUENCE OF BOUNDARY CONDITIONS ON THE OBJECTIVE FUNCTION IN THE COMPUTER
DETERMINATION OF THE OPTIMAL PATH FOR AN UNDIRECTED GRAPH

The minimum necessary tension will be determined by the objective function, which is the minimum sum of the angles of coverage
of the guiding surfaces by the thread. A recursive approach is used to determine the thread tension in the working zone, in which the output
tension after the obstacle in the previous zone will be the input before the obstacle in the next zone. Algorithms and computer programs were
used to find the optimal path of an undirected graph using Dijkstra's algorithm, which made it possible to determine the influence of
boundary conditions on the objective function, taking into account the specifics of the design of the thread feeding system. This leads to a
decrease in thread breakage. Minimizing thread tension on technological machines allows to reduce the probability of breakage in the
working area. The minimum necessary tension will be determined by the objective function, which is the minimum sum of the angles of
coverage of the guiding surfaces by the thread. The use of algorithms and computer programs for finding the optimal path of an undirected
graph using Dijkstra's algorithm allows determining the influence of boundary conditions on the objective function. Determination of tension
and changes in relative tension in the filling zones of knitted and textile machines, taking into account the specifics of the design of the thread
feeding system, allows to reduce the breakage of threads, to optimize thread tension in the working zone of the formation of the output
product. Determining the influence of boundary conditions on the objective function during the computer determination of the optimal path
for an undirected graph in the search for the optimal path is an important component of the optimization of thread tension in the working
zone of the formation of the output product.

Reducing the friction force between the thread and the guide surfaces is achieved by optimizing the geometric parameters of the
thread feeding system on the technological equipment. Practically, this is realized by building such a broken form of the thread, in which the
total angle of coverage of the constructive structural elements of the technological equipment will have a minimal value. Constructive
structural elements are presented in the form of guides of cylindrical shape and in the form of a torus, elements of tensioning devices, devices
for monitoring breakage. Construction of the optimal path of an undirected graph will allow obtaining the minimum tension in the working
area. Taking into account the large number of structural elements of the thread feeding system on technological machines, their location in
the plane and space, there is a need to use modern information technologies.

Keywords: boundary conditions, objective function, undirected graph, optimal path, computer program.
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IMocTaHoBKa Npo0JeMH y 3arajibHOMY BUIJISAL
Ta ii 3B’f130K i3 Ba2KJINBHMH HAYKOBHMH YU NPAKTHYHUMH 3aBAAHHAMHI

MiHimi3alis HaTSATy HUTKY Ha TEXHOJIOTTYHUX MAIlHAX JIO3BOJISIE 3MEHIIUTH HMOBIpHICTH OOpUBY B p0oOOUiit
30HI. MiHIMalbHO HEOOXiqHMI HaTAT Oy/Je BHU3HAUaTUCS IIJILOBOIO (DYHKIIEIO, siKa MPEICTABIISIE COOOI0 MiHIMAaIbHY
CyMY KYTiB OXOIIJICHHSI HUTKOIO HalpsIMHHUX MOBEPXOHb. BUKOPUCTaHHS aJITOPUTMIB Ta KOMIT IOTEPHHX IIPOrpaMu JUIst
TOIIYKY ONTHMAJILHOTO IUISIXY HEOPIEHTOBAHOTO Tpada 3 BUKOPUCTAHHSIM JITOPUTMY JleHKCTpH 103BOJIsIE BU3HAYATH
BIUIMB TPAaHUYHHUX YMOB Ha LUIbOBY (DYHKIII0. BU3HaueHHS HanpyKeHOCTI Ta 3MiHM BiJHOCHOTO HATATY IO 30HaM
3alpaBKN TPUKOTAXKHUX Ta TEKCTHIBHUX MAIIWH, 3 ypaxyBaHHAM CHelU(iKd KOHCTPYKHii CHCTEMH TOJadi HHUTKH,
JTO3BOJISIE 3MEHIIUTH OOPHWBHICTH HHUTOK, ONTHMI3yBaTH HATAT HHUTOK B poOOdill 30HI (OpMyBaHHA BHXiTHOTO
MPONYKTy. BW3HAaueHHA BIUIMBY TPAHWYHHX YMOB Ha IUIBOBY (YHKIIIO TPH KOMIT IOTEPHOMY BH3HAYCHHI
ONTHMAJBHOTO HUBIXY JUIS HEOPI€EHTOBAaHOTO Tpada MpH IOUIYKYy ONTHMAIBHOIO IUIIXY € Ba)KIHMBOIO CKIIAJOBOIO
3a7a9ero ONTHMI3allii HATATY HUTOK B po0Oodiii 30HI (popMyBaHHSI BUXiTHOTO IIPOAYKTY.

3MEHIICHHS BEJIMYMHU CWJIM TEPTS MK HUTKOIO Ta HANPSIMHUMH HOBEPXHSMH AOCSTA€ThCS IIIIXOM
onTHMi3alii TeOMETPUYHHUX MapaMeTpiB CHCTEMH IoJa4yl HUTKU Ha TEXHOJOTiYyHOMY oOnanHauHi. [IpakTudHo 1e
peanizyeTbcsi moOyJOBOIO Takoi jlamMaHoi (opMH HHUTKH, 3a SIKOI CyMapHHH KyT OXOIUIEHHS KOHCTPYKTHBHHX
CTPYKTYPHHX €JIEMCHTIB TEXHOJOTIYHOro OOJNaHaHHsS Oyne Marth MiHIManbHe 3HadYeHHSA. KOHCTPYKTHBHI
CTPYKTYPHI €JIEMEHTH IpPEJCTaBIICH] Y BUIIIAAI HANPABISIIOYUX MIIHAPUYHOI GOpMHU Ta y (OpMi Topa, eleMeHTiB
NPUCTPOIB ISl HATATY, MPHUCTPOIB I KOHTPoJro oOpuBy. [ToOymoBa ONTUMAaiIbHOrO HUIIXY HEOPIEHTOBAHOTO
rpada JTO3BONUTH OTPUMATH B poOOdUiil 30HI MiHIMANBHUI HATAT. BpaxoByHOUH BENHKY KUTBKICTh CTPYKTYpHHUX
€JIEMEHTIB CHCTEMH TT0Jladi HUTKH Ha TEXHOJIOTIYHUX MAIlIMHAX, X PO3TallyBaHHS Y IUIOMIKHI Ta IPOCTOPI BUHUKAE
HEOOXiJHICTh BUKOPUCTAHHS CYYaCHHUX 1H(POPMALIHIX TEXHOJIOTIH.

AHaJi3 1ocaigxeHb Ta Nyoaikamii

MiHiManbHO HEOOXITHUN HATAT BU3HAYAETHCS MIHIMAIBFHOIO CYMOIO KYTiB OXOIUICHHS HUTKOKO HAIPSIMHUX
MMOBEPXOHb Ta 3aJICKUTh BiJl TPAHUYHUX YMOB Ha BXOAl Ta Buxoji 3 cuctemu [1—4]. Hemockonana dopma rpada
JIHIT 3apaBK¥ HUTKU HAa TEXHOJIOTIYHUX MaIlIMHAX JIErKOl MPOMHMCIOBOCTI, HU3bKa SKICTh KOMIUIEKCHHX HUTOK Ta
OpsDKi TpU 3pOCTaHHI HATATY MO TIMOWHI 3ampaBKH NPU3BOAMTH 1O iX OOpHBIB. YIOCKOHAJCHHS Ipoliecy
nepepoOKH HUTOK IMOJISIrac B MiHIMi3allii HaTATY 1 MOBUHHO 0a3yBaTHCS HAa TEOPETHMYHUX Ta €KCHEPHUMEHTAIbHHX
JOCTIKCHHSAX TPOIECY B3aEMOJIl HUTOK 3 CTPYKTYPHHUMH €JIEMEHTaMH CUCTeMH mozadi [2, 5-9]. Jlo HuUX MOXHa
BIZIHECTH TPUCTPOI UISi HATATY, JJIsI KOHTPOJIO OOpUBY Ta CHPSIMOBYBadi BEJIMKOI Ta Majoi KpHBU3HH [2].
BukopucranHs adropuTMIB Ta KOMITIOTEPHHX IHIporpaM sl IIOUIyKY ONTHMAaJbHOTO HUIIXy Tpada 3
BUKOPHCTaHHIM aJTOpUTMY JlefKcTpr 103BOJIsiE BU3HAYATH HANpPY)KEHICTh Ta 3MIiHH BiIHOCHOTO HATATY IO 30HaM
3aMpaBKU TPUKOTAKHHUX Ta TEKCTHIBHUX MAIINH.

BuzHaueHHs BIUIMBY TpaHMYHMX YMOB Ha LUIbOBY (YHKIiI0O MNP KOMI'IOTEPHOMY BH3HA4YCHHI
ONTUMAIIFHOTO TUIAXY IS HEOPIEHTOBAaHOTO Tpada TO3BONSE OTPUMATH cyMapHHH [3—7], MiHIMaTbHHNA KyT
OXOIUICHHSI KOHCTPYKTHBHHUX CTPYKTYPHHMX €JEMEHTIB TEXHOJOTIYHMX MaiuH.  Lle [103Boiisie 3MEHIIMTH
HaNpy)XeHICTh Ta BIJIHOCHUHA HATAT 10 30HaM 3alpaBKH TEXHOJIOTIYHOTO yCTaTKyBaHHs. [lepemikonu
HEOpiEHTOBaHOTO Trpada yTBOPIOIOTBCS CTPYKTYPHHMH €JIEMEHTaMH TEXHOJIOTIYHOTO YCTaTKyBaHHS, sKi
NPEACTAaBISIIOTE 0a3y HaNpaBISIOUUX LUIHIAPUYHOI GopMu Ta y (opmi Topa, eleMEeHTIB MPUCTPOIB Ul HATATY,
MIPUCTPOIB 711 KOHTpOIto 06puBy [1, 5-7].

®opMyJIIOBaHHA Lijiel cTaTTi
Mertoro pobOTH € BH3HA4YCHHS BIUIMBY TPAaHMYHHX yYMOB Ha HUTbOBY (YHKIIIO IIPH KOMII IOTEPHOMY
BU3HAYECHH] ONTUMAJIBHOTO IIUIAXY JUIsl HEOPIEHTOBAHOTO rpada.

BukJsiag ocHOBHOT0 MaTepiany
I'pad minii 3ampaBkn MOXKHa PO3OMTH Ha 30HM, Yy KOXHIH 3 sIKMX OyJe ofgHa mepemikona. Toxi cucrema
PiBHSHB, SIKa OIUCYE 3MiHY HATATY MK IEPEIIKO aMHt, MaTHME BUTIIS

P=Bf(R) P.=Bfo(R). . P =P f (B, o
i=1...n,
i (] Pl - HaTsr HUTKU B 30Hi BXOoay B CHUCTEMY, })2 R ])3 })z - HaTsr HUTKHU l'[iCJ'ISI

HEPELKOAM; fl(Pl), fz(Pz) fl.fl (PH) - (yHKMi{, SKi MOB'SI3YIOTH HATAT HUTKHU 1O 1 MICIS MEpPeIKOAH; I -

MOTOYHUI HOMEp NepemKoan; /1 = KiIbKICTh IEePeKOoI.

BuxopucToByour peKypCcHBHHH MiAXiJ 0 BU3HAYCHHS HATATY HHUTKH Iepei 30HOI (opMyBaHHS, MPHU
AKOMY BHXIITHHM HaTAr TICJIS HamNpaBHUKAa y TONEepenHii 30HI Oynxe BXiTHUM 3HAYCHHAM HATATY MeEpen
HaPaBHUKOM y HACTYIHIN 30Hi, IPEACTaBUMO CHCcTeMy piBHAHB (1) y BUIIIAMI
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MiHiMaapbHO HeoOXimHWH HaTAr Oyae BH3HAYATHUCS MIiHIMAJIBHOIO CYMOIO KYTIB OXOIUICHHS HHTKOIO

n
HaNpsMHHUX MTOBEPXOHb. ToOTO Zai — min.
i=1
Ha puc. 1 mpexncrasieni enemenT: HeopieHToBaHOTO Tpada. Ha puc. la npencrapieni rpaHIYHI YMOBH IUIS
Bxoxy. Ha puc. 16 mpencrasieHi TpaHUYIHI YMOBH IS BUXOMY.

Y Y

Vv m-1)nn-1)

>V nil

> "vmf;’
X v(11_1)1 X
n-l n
Iepemkoan Ilepemkxoan
a) 0)

Puc. 1. EtemeHTH HeopieHTOBaHOTO rpada: a) rpaHM4Hi YMOBH VISl BXO/y; 0) PAHUYHi YMOBH /15l BUXOIY

IeomerpruHa ineHTH(}IKAMIA MK BEepITHHAMH Ta BIAIOBITHAM peOpOM I 30HH MiX MEPIIO0 Ta JPYTOI0
nepermkoaaMu. BepxHill iHAeKke BKazye MK SIKIMH TIepPEIIKoIaMi po3TainoBaHi pedpa. HikHil iHaeke BKasye mist
SKUX BEpIINH Ha TONEepeIHil Ta MOTOYHIH IIepelKoaax BiTHOCUTECS pedpo

[(D-(2)] _ [(D-(2)] _ [(D-(2)] _
€s-21) — (VIS’VZI)’e(ls—ZZ) = (VIS’V22)9"'e(ls—2n2) = (Vls’VZnQ) ,

e V;{ -  MIMHOXMHA BEPUIMH KOHTAKTy HUTKH 3  [EPEIIKOAaMu k piBHs;  F -  KUIBKICTh
nepemkon; Vi, Vznz,,...V(n_l)nw1 »V,,, - BUINIOBIHO TOYKHM BEPIIMH KOHTAKTy 3 mepemkonamu 1, 2, ...n—1, n

piBHS; Ls N Nt - BiOmoBixHO KiMBKICTE TOYOK BepIlnH KOHTakTy 3 1,2 ... 1 — 1, n mepemkonamu.

n—1°
IeomerpruHa ineHTH(IKALISA MK BEpITHHAME Ta BIAIOBIIHUM peOpOM I 30HH MiXK IepeIOCTaHHROO Ta
OCTaHHBOIO MEPEIIKOIAMH
[(n-D)-(m)] _ [(n-D)—-()] _ [(n-D)-(m)]  _
Cn-t)l—nt] — (V(n—l)l7Vnt)’e[(n—1)2—nt] = (V(n—l)Z’Vnt o Cntyn,_—nt] = (V(n—l)nn,lsvnz)
I'paHuuHi yMOBH Ul MEpIIOrO BapiaHTy TOYKH BXoay (puc. la) BHU3HAYAIOTHCS 3HAYEHHSM KYTiB
OXOIUICHHS JUTS 30HU MIX MEPINOI0 Ta APYrOI0 MEPEIIKOIaMU, SKi BU3HAYAIOThCS HACTYITHOK CUCTEMOIO (BEpXHIH
IHIEKC BKa3y€ MK SIKUMH IEpelIKOJaMH pPO3TAIlOBaHI pedpa, HWKHIA 1HAEKC BKasye IUIA SKOI BEpIIMHU Ha
MOTOYHIH MepeIKoi BiTHOCUTHCS pedpo)
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I'pannvnHi yMOBH ISl TIEPIIOTO BapiaHTy TOYKH BUXOAY (puc.10) BU3HAYAIOTHCS 3HAYCHHSIM KYTiB
OXOIUICHHSI MIXK MIePEeI0CTAaHHBOIO Ta OCTAHHBOIO MEPEIIKO[aMH, SIKi BU3HAYAIOTHCS] HACTYITHOK CHCTEMOIO
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BucHOBKHM 3 1aHOT0 AOCJIiIKEHHS i NepCNeKTHUBH NOAAJBIINX PO3BiIOK y JAHOMY Hanpsami
Bukopucrasi anfropuTMHU Ta KOMIT FOTEpHI IPOrpaMy ISl MOLIYKY ONTHMAJIBHOTO IUIAXY HEOPIEHTOBAHOTO
rpada 3 BUKOPHCTAHHAM alroputMy JIeHKCTpu, IO JO3BOJMIO BH3HAYATH BIUIMB IPAaHWYHHX YMOB HA LIIBOBY
(YHKII0, 3 ypaxXyBaHHAM CIICIIU(IKHA KOHCTPYKI1 CHCTEMH TOJjadi HATKH.
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