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KuiBcpkuil HallioHANBHUI YHIBEPCUTET TEXHOJIOTIH Ta AU3alHy

POT'PAMHI MOYJI TA IIPOIEYPU KOMIT'IOTEPHOI ITPOT'PAMMU J1J15
BU3HAYEHHS HATATY KEBJIAPOBOI HUTKHU ITPU B’SI3AHHI 3
BUKOPUCTAHHSM AJITOPUTMY PEKYPCII

YdockoHasneHHs npoyecy 8’a3aHHS N0A0MEH 3 Kesa1apo8uX KOMN/AEKCHUX HUMOK HA NJ0CKOB S13a/1bHUX MAWUHAX
no/siaae 8 CM8opeHHIi MIHIMA/IbHO HeobXi0H020 HamMsgy 8 30HI (POPMYBAHHS MPUKOMANCHO20 NOANOMHA. BukoHaHHs yiei
cknadHoi 3adaui 0451 NAOCKOB8’A3a/NbHUX MAWUH NOBUHHO 6a3y8amucsi HA BUKOPUCMAHHI cheyianbHO po3pobaeHux
KoMn'rtomepHux npozpam. Bpaxosyrwouu cneyugiky nepepobku Kkeeaaposux KOMN/AEKCHUX HUMOK HA N/0CKO8A3a/NbHUX
MAWUHAX, NpU BU3HAYEHHI 8I0HOCH020 HaMSs2y 8 KOXCHILl okpemill 30HI, He06XIOHO 8UKOpUCMO8Y8aAMU A/120pUMM pPeKypcii,
Ko/1u 8UXiOHUTl HamMsi2 Kee.1apo8ux KOMNJEKCHUX HUMOK 3 honepedHboi 30HU 6yde s18451mucsl 8Xi0HUM 0151 HACMYNHOI 30HU.
IIpu susHaueHHi HAMs2y KeB/1apo8UX KOMNJEKCHUX HUMOK, npu ix 83aemodlii 3 HanpsMHUMU Heob6XiOHO epaxosysamu
3HaYeHHs1 diamempy nepemuHy Kee/1apo8uUX KOMNJAEKCHUX HUMOK, ii ¢pizuko-mexaHiuHi enacmusocmi. 3abe3neueHHs
MIHIMA/IbHO HEeobXiOHOo20 Hams2y 8 30HI POPMYy8aAHHS MPUKOMANCHO20 NOJ0MHA 003801UMb OMpUMy8amu napamempu
nemesibHoi cmpykmypu eupobie pedogo2o MaliHA ma MAKMu4Ho20 cnopsidxiceHHs silicbkosocayxcbosyis, 30amHux
3axuwamu mino AduHu 8id 8nausy 802HendaJ/bHOI, X0/100HOI, pixcy4oi, koawuoi 36poi, ydapHozo ma ydapHo-0po608020
enausy.

Knarwuosi csnoea: komn'iomepHa npoepama, asnz2opumm pekypcii, Hamsz, kKee/napoea KOMNJAEKCHA HUMKQ,
cnpamogysayi HUMKU, npucmpoi KomneHcayii Hamsay, npucmpoi Hamszy.
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SOFTWARE MODULES AND PROCEDURES OF A COMPUTER PROGRAM FOR DETERMINING THE TENSION
OF A KEVLAR THREAD WHEN KNITTING USING A RECURSOR ALGORITHM

Improving the process of knitting fabrics from Kevlar complex threads on flat knitting machines is to create the minimum
necessary tension in the area of formation of the knitted fabric. To ensure this, it is necessary to determine the change in relative tension in
the refueling zones of Kevlar complex threads on flat knitting machines. These zones are formed by arranging the thread guides, tension
compensation devices, tension devices and thread break control devices in the working area of the supply system to form a spatial filling line
for each specific knitting machine. This complex task for flat knitting machines should be based on the use of specially designed computer
programs. Given the specifics of processing Kevlar complex threads on flat knitting machines, when determining the relative tension in each
zone, it is necessary to use a recursion algorithm, when the output tension of Kevlar complex threads from the previous zone will be the input
for the next zone. When determining the tension of Kevlar complex threads, their interaction with the guides of Kevlar complex threads,
tension compensation devices, tension devices and devices for controlling the breakage of Kevlar complex threads, it is necessary to take into
account the value of Kevlar complex thread diameter, its physical and mechanical properties, deformation, deformation the coefficient of
bending stiffness when determining the actual angle of coverage of the guide surface. Ensuring the minimum necessary tension in the area of
formation of the knitted fabric will allow to obtain the parameters of the loop structure of property and tactical equipment of servicemen
capable of protecting the human body from fire, cold, cutting, barbed weapons, shock and shotgun impact.

Minimizing the tension in each zone of the line of Kevlar complex threads on flat knitting machines will reduce the probabili ty of
breakage, which is important for improving knitting processes from the standpoint of improving the productivity of flat knitting machines
and product quality. Mathematical support of a computer program requires the development of models of thread guides, tension
compensation devices, tension devices and thread break control devices, taking into account the real physical and mechanical properties of
Kevlar complex threads and real geometric and structural parameters of structural elements of the feed system.

Keywords: computer program, recursion algorithm, tension, kevlar complex thread, thread guides, tension compensation devices,
tension devices.

[ocTranoBKka mpodaeMu

VY nockoHaJleHHS IIpOLeCy B’s3aHHs MOJOTEH 3 KEBIAPOBUX KOMIUIEKCHHX HHTOK Ha IIOCKOB’S3aJIBHUX
MAIlIMHAX [OJISITa€ B CTBOPEHHI MIHIMAIBHO HEOOXiMHOrO HATATY B 30HI (DOPMYBAHHS TPUKOTAXKHOTO MOJOTHA.
3abe3mevyeHHsT MiHIMAIBHO HEOOXIJHOTO HATATy B 30HI (OPMYBaHHS TPUKOTAKHOTO TIIOJOTHA JIO3BOJHTH
OTPUMYBATH [ApaMEeTPH METeNbHOI CTPYKTYpH BHPOOIB pEYOBOrO MaifHa Ta TAKTHYHOIO CIIOPSKEHHS
BifICEKOBOCTYKOOBIIIB, 3IaTHUX 3aXWINATH TLJIO JIOAWHH BiJl BIUIMBY BOTHENAIBHOI, XOJOIHOI, PiKydoi, KOMOYOI
30poi, yIapHOTO Ta YaapHO-Ip0oO0OBOTO BILTUBY.

AHaJi3 mxepet

BpaxoByroun cnerudiky mepepoOku KeBIApOBHUX KOMIUIEKCHHX HHTOK Ha IUIOCKOB’S3aJIbHAX MAIIHHAX,
IIpU BU3HAYCHHI BITHOCHOTO HATATY B KOXHIA OKpeMiil 30Hi, HEOOXiTHO BHUKOPHCTOBYBATH AaITOPHTM PEKypCii,
KON BHXIJHUA HATAT KEBIAPOBHX KOMIUIEKCHHX HHUTOK 3 IONEPEIHBOI 30HH Oyne SBIATHUCS BXITHUM VIS
HactynHOi 30HM [l, 5, 11]. Ilpw BuU3HAUeHHI HATATY KEBJIAPOBUX KOMIUICKCHHX HHTOK, MpPH iX B3aeMomii 3
CHPSAMOBYBAaYaMH KEBJIAPOBUX KOMIUICKCHUX HHTOK, NPHUCTPOSIMH KOMIICHCAllii HATATY, MPUCTPOSIMHA HATATY Ta
MIPUCTPOSMH KOHTPOJIO OOpHBY KEBIApOBHUX KOMILJIEKCHHMX HHMTOK HEOOXiJHO BpaxOBYBAaTH 3HAYECHHS AiaMeTpy
TIEPEeTHHY KEBJIAPOBUX KOMIUICKCHUX HHTOK, ii (Di3MKO-MEXaHi4HI BJIACTUBOCTI, AeopMaliio MEepeTHHY B 30HI
KOHTAKTY, KOe(ili€HT KOPCTKOCTI Ha 3T'MH IPH BU3HAYCHH] pEabHOTO KyTa OXOIJICHHS HanpsAMHOi moBepxHi [1, 3—
8]. 3abesneueHHs MIHIMAIBHO HEOOXITHOTO HATATY B 30HI (OpPMyBaHHS TPUKOTAKHOTO MOJOTHA O3BOJHTH
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OTPUMYBATH TapaMETPH II€TeJbHOI CTPYKTYpH BHPOOIB pEdOBOrOo MaifHa Ta TAKTUYHOTO CIOPSPKCHHS
BIICBKOBOCTY>KOOBIIIB, 3JaTHUX 3aXHINATH TiJO JIFOAMHU BiJ BILUIMBY BOTHETANBHOI, XOJOIHOI, PIXKYJOl, KOI0UO01
30poi, yIapHOro Ta yJapHO-APOOOBOrO BILIUBY.

MarematnuHe 3a0e3nedeHHs KOMII'IOTEpHOI NIpOrpaMH BHUMarae po3poOKd Mojeiell CIpsIMOBYBadiB
HUTKH, IPUCTPOIB KOMIIEHCALI] HATATY, IPUCTPOIB HATATY Ta MPHCTPOIB KOHTPOIIIO OOPHUBY HUTKH 3 ypaxyBaHHIM
peasbHUX (I3MKO-MEXaHIYHUX BIIACTHBOCTEH KEBJIAPOBUX KOMIUIEKCHHX HUTOK Ta PEAJTbHUX T€OMETPHYHHMX Ta
KOHCTPYKTUBHHX ITapaMETpPiB CTPYKTYPHUX €JIEMEHTIB cucTeMH moaadi [2, 5—11].

Po3poOka Ta ymockoHaJIeHHS crienialbHIX KOMIT I0TepHUX nporpam [ 10] a1t Bu3HaueHHS HATSTY B KOXKHIN
30HI JIHIi 3alpaBKW KEBJIAPOBHX KOMIUIEKCHHMX HUTOK Ha IUIOCKOB’SI3JIBHUX MAIMHAX J03BOJISIE ONEpPaTUBHO
BH3HAYaTH HEOOXiJHI TEXHOJOTIYHI MapaMeTpH, MPOBAIUTH KOPEryBaHHS, SIK CaMOl CTPYKTYpPH TaK 1 CKJIaIOBHX
KOMITOHEHTIB CUCTEMHU MOJadl KeBJIAPOBUX KOMIUIEKCHHX HHTOK Ha IUIOCKOB’S3JIBHUX MAllMHAX JJIsI OTPHMAaHHS
MiHIMAJIEHO HEO0OXiqHOTO HATATY [2, 5-9].

MeTo1o po6oTn € po3poOka MporpaMHUX MOAYJIIB Ta MPOLEyp KOMII FOTEPHOI TPOrpaMu JUTs BU3HAYCHHS
HATSTY KeBJIAPOBOI HUTKH IPH B’sI3aHHI 3 BUKOPHCTaHHSIM aJITOPUTMY PEKypCii.

Bukuiag ocHoBHOro MaTtepiany

Ha puc.la npezacraeneHa JiHis 3ampaBKd  KEBJIApOBHX KOMIUIEKCHHX HHUTOK 58.8 Tekc (puc. 10) Ha
rutockoB's3autbHiM MammHi [IBPK. Jlinist 3anpaBku noainisieThest Ha J€CATh AUISTHOK. B 7eB’sITH By3nax po3TanioBaHi
BiciM CHpsIMOBYBadiB HUTOK y (opmi Topa Ta maiboBuid mpucTpiil HaTsary. Ha meprimomy erami 3a 1OHOMOroro
kommoneHTa N2: TMenultem (puc. 1B) obupaemo matepian cupoBunu. [Ipouenypa procedure. TForm2.N15Click
JI03BOJISIE 00paTH KEBIApOBY KOMILIEKCHY HUTKY Ta pPo3paxyBaTH ii OCHOBHI MapaMeTpH BUXOISYH 3 (HaKTUYHOTO
3HAaYeHHs TOBHWMHHU. Peamizaimis mnpoueaypu procedure. TForm2.N42Click mno3Bossie 3mificHIOBaTH OOpaHHS
MaTepialy CHpsMOBYBada HUTKH y (Gopmi Topa.

[Ipy Bu3HAuYEHHI BIJHOCHOTO HATATY B KOXKHIM OKpeMmiil 30Hi, HEOOXiJTHO BHUKOPHUCTOBYBATH aJTrOPHTM
peKypcii, Koau BUXiJHUI HATAT KEBIAPOBUX KOMIUIEKCHUX HUTOK 3 MOIIEPEeIHbOI 30HU Oy/e SBIATUCS BXiTHUM IS
HACTYIHOI 30HMU.

3aranehi gaHi | OBpanHA vuTkn  ToBuwHa nepeTuHy  Bxignuid natar |
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Necn

KanpoHoBa MoHOHWTKE

Beeaite 3kt Kesnaposa [t);

Beaaint sak MonieTneqosa sl r

B) r)
Puc. 1. Cucrema noxayi HUTKU Ha II0CKOB’ si3aibHiN Mamuuni [IBPK: a) ninis 3anpaBku HUTKHK; 0) KeBJIapoBa KOMIUIEKCHA HUTKa 58.8
Tekc; B) popma npoueaypu procedure. TForm2.N15Click

Marematnuse 3a0e3mnedenHs npouenypu procedure N26Click(Sender: TObject) mst cripsMOBYBa4iB HUTKH
Ma€ BUTIIS

B oa
R + R
Py =ple— R anw "y 5|
[R, +r(1-6,,)] 2AR, +r(1-5))]

(1)

ne Pi+; — HaTAT HUTKH IICHSA j KOHCTPYKTHBHOTO €JIEMEHTY ; P; — HaTsIr HUTKU 10 j KOHCTPYKTHBHOTO
eJIEMEHTY; R; — paziiyc KpHBH3HHU IOBEPXHI j KOHCTPYKTHBHOTO €JIEMEHTY; Jg; — OYAaTKOBA Ae(opMaIlisi IEpeTHHY
HUTKM TpH HaOIraHHI Ha j KOHCTPYKTHBHUH €JIEMEHT; J; — KiHIleBa JedopMallisi mepeTuHy HATKH MpU 30iraHHi 3 j

272 Herald of Khmelnytskyi national university, Issue 2, 2021 (295)



TexHiuHI Hayku ISSN 2307-5732

KOHCTPYKTHBHOTO €JIEMEHTY; f3; — KyT PaJlialIbHOTO OXOIUICHHS! HUTKH OBEPXHEIO j KOHCTPYKTHBHOTO €IEMEHTY;
— pealNbHUil KyT OXOIUICHHS HUTKOIO j KOHCTPYKTUBHOTO €IEMEHTY.
Maremaruune 3abe3neuerns procedure N19Click(Sender: TObject) nuist maifboBOTro MpHCTPOIO HATATY

pic(A+dy, )[2—”%””(1—%/‘2“)]
1+sin(a—pf)

ne M ] — KOe(illieHT TepTs MiXk MOBEPXHAMH BEPXHLOI Ta HUKHBOI A0 Ta HHUTKOW; f/) — KoeQilieHT

Py =Py [1-" g 22 )y , sinf=T, @)
r

TEPTAA MiK TMOBCPXHCIO III/IJ'IiH}IpI/IqHOFO HallpsAMHOI'0 CTPUIKHA Ta HI/ITKOIO;R— paniyc KOJIa KOHTAaKTy MIX
BEPXHLBOKO Ta HHUKXHLBOIO Lﬂaﬁ6aMH; O/ — TO0JOBHMHA KyTa OXOIUICHHS HMTKOMO HI/IJ'IiHZ[pI/I‘IHOFO HaIpasJIAI040I 0

CTPMXHS; ¥ — pajiyC LMIIHAPUYHOTO HAMPABISIOYOTO CTPWXKHS; C — KOE(Ili€HT »KOPCTKOCTI mpyxuHu; A —
HeoOxizHa Aedopmalis NPyKUHM UL 3a0€3M€YEeHHs BiANOBINHOI CHIM TEpTd; /3 — BEIMYMHA IIONEPEYHOIO

MEPETHHY KEBJIAPOBOT KOMITJIEKCHOI HUTKH.

Ha puc. Ir mpencraBieHa rojioBHa ¢opma komm'torepHoi mnporpamu TForm2 = class(TForm) 3
pe3ynbTaTamu po3paxyHkiB 3a popmynamu (1)-(2) HATATY KeBIapOBUX KOMIUIEKCHHX HUTOK Ta BiJIHOCHOTO HATSTY
10 30HaM 3aIlpaBKH.

B Tabmuni 1 nmpeacraeieHi pe3yabTaTH PO3paxyHKIB HATATY Ta BiJIHOCHOTO HATATY IO 30HaM 3allpaBKU B
3aJIeKHOCTI BiJl HOMEpY BYy3I1a JUIs TII0CKOB’ si3asibHOT Marman [IBPK.

Tabmuns 1
Pe3yabTaTH po3paxyHKiB HATATY Ta BiTHOCHOI0 HATSATY 110 30HAM 3allPaBKM B 3aJ1€2KHOCTI Bil HOMepy By31a
1A IJ10cKoB’ s3aibHoi Mamau [IBPK

o | T etevenma | TMamMena | e biTop | PO | P | PIRO
1 HanpsiMHAa | 3 paliaJIbHUM OXOILICHHSIM Yellow NROI 4.00 542 1.35
2 HanpsiMHAa | 3 paliaJIbHUM OXOILICHHSIM Yellow NRO2 542 6.52 1.20
3 HaTsTryBau aiooBHi Blue NSH 6.52 11.46 1.75
4 HampsMHA | 3 paliaJIbHUM OXOILJICHHSIM Yellow NRO3 11.46 15.45 1.34
5 HampsMHA | 3 paliaJIbHUM OXOILJICHHSIM Yellow NRO4 1545 | 21.02 1.36
6 HampsMHA | 3 paiaJIbHUM OXOILJICHHSIM Yellow NROS5 21.02 | 30.08 1.43
7 HampsMHA | 3 paliaJIbHUM OXOILJICHHSIM Yellow NRO6 30.08 | 41.21 1.36
8 HampsMHA | 3 paliaJIbHUM OXOILJICHHSIM Yellow NRO7 41.21 49.05 1.19
9 HampsMHA | 3 paliaJIbHUM OXOILJICHHSIM Yellow NRO8 49.05 | 58.01 1.18

BucHoBku

Po3pobieHa KoMmIT’foTepHa Mporpama Ul BU3HAYEHHS HATATY KEBJIAPOBHX KOMIUIEKCHHX HHTOK Ha
TUTOCKOB’ SI3aIbHUX MAIMHAX 3 BUKOPHCTAHHSAM aJITOPUTMY PEKypCii.

BusHadyeHi 3MiHE BITHOCHOTO HATATY II0 30HAX 3alpaBKH KEBJIAPOBHX KOMIUICKCHMX HHTOK Ha
IUIOCKOB’SI3aJIbHUX MAIllMHAX, 10 J03BOJMJIO 3a0€3MeYnTH MIHIMajJbHO HEOOXIJHUI HATIT B 30HI (OpMyBaHHS
TPUKOTAXKHOTO TTOJIOTHA Ta OTPHMATH MapaMeTpH METeIbHOI CTPYKTYpH BHPOOIB PEUOBOrO MaifHa Ta TAKTHYHOTO
CHOPS/DKEHHST BIMCHKOBOCTYXKOOBIIIB, 3[JaTHUX 3aXWINATH TUIO JIIOAWHU Bijl BIUIMBY BOTHEMAJIBHOI, XOJOJHOT,
PiXyuoi, KOJII040i 30poi, yIapHOTO Ta yIapHO-IPOOOBOTO BILIUBY.
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