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PEAJII3AIISI TPOTPAMHUMX MOJIYJIIB TIPOLEAYPH PEKYPCII ITPU
KOMIT'IOTEPHOMY BU3HAYEHHI HATSIT'Y OCHOBHUX HUTOK
BAT'ATOILIAPOBOI TKAHUHMU JIJIsI BIHCBKOBOI'O CHHOPSJIXKEHHS

Jns onmumisayii 6ydosu 6azamowaposoi mexHiuHoi mKaHUHU Ha 0cHo8i nid6opy wiabHOCmMi no ocHosi i ymoky,
MIHIMI3ayil cuau npu6oro ymouHoi HumkKu 6ysa po3pob.sieHa Komnh'iomepHa npozpama, npozpamui modyai skoi
00360/15110Mb, HA OCHOBI BUKOPUCMAHHS1 Npoyedypu peKypcii, 6usHa4amu 3Ha4eHHs: NOMOYHO20 HAMs12y N0 30HAM 3aNpPasKu
mkaybkoz2o sepcmama 8 3a1excHocmi 8id 3anpagHux napamempis.

Karouoei cnosa: npoepamui modyi, npoyedypa pekypcii, Hamsie, 6azamowaposi mKaHuHU.
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IMPLEMENTATION OF SOFTWARE MODULES OF RECURRENCE PROCEDURE IN COMPUTER
DETERMINATION OF TENSION OF MAIN THREADS OF MULTILAYER FABRIC FOR MILITARY SOLDIERS

Multilayer technical fabrics are most widely used in various fields of technology. In modern conditions, the urgent problem of
developing protective equipment and structural components for landing military equipment has been solved. As a result of the work,
multilayer fabric structures were developed, which are used for the production of bulletproof vests, both directly (light series) and with
ceramic and titanium armor plates. The developed multilayer structures of fabrics can be used for production of protective elements (fittings
of soles, sidewalls) of military footwear for protection against antipersonnel mines, for production of parachute slings for landing of military
equipment.

As the main variant, a five-layer fabric was used, which includes two outer protective layers formed by the threads of the root
base, two inner force layers formed by the threads of the filling base and the inner central layer for bonding the outer and inner layers with
threads of the binder base.

To optimize the structure of the multilayer technical fabric based on the selection of density on the warp and weft, to minimize the
surf force of the weft yarn, a computer program was developed, software modules which allow, based on the recursion procedure, to
determine the value of current tension. refueling parameters. Improving the existing technological processes of processing polyamide
complex threads on looms requires determining the change in relative tension in the areas of refueling of the main threads. This complex task
should be based on the use of specially designed computer programs using a recursion algorithm. Determining the change in rel ative tension
in the areas of refueling of polyamide complex threads on looms, taking into account the guide material, will improve the technology of
manufacturing multilayer fabrics used for the manufacture of property and tactical equipment of servicemen.

Development and improvement of special computer programs to determine the tension in each zone of the line of thread of the
loom, allows to improve the technology of manufacturing multilayer fabrics used for the manufacture of items of property and tactical
equipment of servicemen capable of protecting the human body from fire, cold, cutting, prickly weapons, shock and shot-shot impact. The
conducted researches allowed to improve the structure of multilayer technical fabric.

Keywords: software modules, recursion procedure, tension, multilayer fabrics.

ITocranoBka npodJjaemu
YIOCKOHANICHHS ICHYIOUMX TEXHOJIOTIYHHX MPOIECIB MEepepoOKH MOiaMiTHIX KOMIUIEKCHUX HHUTOK Ha
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TKaI[bKUX BepcTaTax IMoTpeOdye BHU3HAUCHHS 3MIHM BiHOCHOTO HATSTY IO 30HAM 3alpaBKd OCHOBHHMX HHUTOK.
BukonaHHs mi€l ckiaaHoi 3a/1aui MOBUHHO 0a3yBaTHCsS Ha BUKOPHCTaHHI CIIELiaIbHO PO3pPOOIEHIX KOMIT FOTEPHHUX
MporpaM 3 BHKOPHCTAHHSM aJTOPUTMY peKypcii. Bu3HadeHHs 3MiHM BiJHOCHOTO HATATY IO 30HaM 3alpaBKH
MOJIiaMiJIHUX KOMIUIEKCHUX HHUTOK Ha TKAallbKMX BEpCTaTax, 3 ypaxyBaHHSIM Marepially HampsMHOI, JO3BOJUTH
MTOKpAIIUTH TEXHOJIOTII0 BHUTOTOBJICHHS O0araToIIapoOBHX TKAaHWH, SIKi BHKOPHCTOBYIOTHCSI JUIS BHUTOTOBIICHHS
BHPOOIB pEYOBOTO MaifHa Ta TAKTUYHOTO CIIOPSKEHHSI BIHCHKOBOCITYKOOBIIIB.

AHaJti3 JKepen

BararomrapoBi TeXHIUHI TKaHWHH 3HAXOJSITh CaMe IIMPOKE BUKOPUCTAHHS B PI3HUX 00JACTAX TEXHIKH. B
Cy4JacHHX yMOBax OyJI0 BHpIIIEHO aKTyajbHY HpOOJeMy O pO3poOIli 3aXHCHOTO CIIOPS/IKEHHS Ta CTPYKTYPHHX
CKJIaJIOBUX JUIsl IeCAaHTYBaHH: BiiicbkoBOi TexHiku [1, 3, 4]. B pe3ynbrati pobotu Oymu po3pobieHi Oararomaposi
CTPYKTYpH TKaHHH, SIKi BAKOPUCTOBYIOTBCS JJIsl BUTOTOBJIEHHsI OpOHEXMIIETIB, K Oe3rocepeiHbo (JIerka cepis) Tak
1 3 KepaMiYHMMH Ta TUTAaHOBHMH OpoHerjacTHHamu. Po3pobieHi OararomrapoBi CTPYKTYpH TKaHHH MOXYTh
BHUKOPHCTOBYBATHUCS JIJIsI BUTOTOBJICHHS 3aXMCHUX €JIEMEHTIB (apMaTypa IiJIoNIBH, OOKOBUHH) BiiCEKOBOTO B3YTTS
JUTSL 3aXUCTY BiJl IPOTUITIXOTHUX MiH, JJIsl BATOTOBJICHHS MTApallly THUX CTPOII JUISI IECAHTYBaHHS BIHCHKOBOT TEXHIKH
[5-9].

B stkocTi OCHOBHOTO BapiaHTy BHKOPHCTOBYBasacs M'SATUINIAPOBa TKaHMHA, SKa BKJIFOYAE J[BA 30BHIIIHIX
3aXMCHHX IIapa, YTBOPEHHX HUTKaMH KOPIHHOI OCHOBH, JABOX BHYTPILIHIX CHJIOBHX IIapa, YTBOPEHHX HUTKaMH
HAIOBHIOBAJIbHOI OCHOBHM 1 BHYTPIIIHBOTO IEHTPAJIBHOTO IIapy Juls 3B'I3KY 30BHIIIHIX 1 BHYTPINIHIX IIapiB
HUTKaMH B'SDKYy40i OCHOBH [4].

Hunst onrtuMizanii OyoBu OaraTomapoBoi TEXHIYHOT TKAHMHHM Ha OCHOBI MiOOPY IIIBHOCTI 1O OCHOBI 1
YTOKY, MiHiMi3awii cuim nmpuOoro yTouHOi HUTKHK Oyiia po3po0iieHa KOMI'FOTEpHa ITporpamMa, IIporpaMHi MOIyJI SKOT
JI03BOJISIIOTh, Ha OCHOBI BHKOPHMCTaHHS MPOIEIYpU peKypcii, BU3HAUaTH 3HAYEHHS MOTOYHOI'O HATATY MO 30HAM
3alpaBKy TKaI[bKOTO BepcTara B 3aJI€XKHOCTI BiJl 3alpaBHUX mapameTpis [3, 6-9].

Po3poOka Ta ynockoHasieHHs! CHEHiaIbHUX KOMIT FOTEPHHX MPOTpam, JJisi BU3HAYCHHS HATATY B KOXKHIH
30HI JIiHIT 3alpaBKH HUTKU TKaIlbKOTO BEpPCTaTa, A03BOJISIE MOKPAIMTH TEXHOJIOTII0 BUTOTOBJIEHHS 0araTomiapoBUX
TKaHWH, SKi BHUKOPUCTOBYIOThCS ISl BUTOTOBJIEHHS BHPOOIB PEYOBOro MaiHa Ta TAKTHYHOTO CIOPSKEHHS
BIHCBHKOBOCITY)KOOBIIIB, 3JaTHUX 3aXHINATH TLIO JIIOJMHHU BiJl BIUIMBY BOTHENAIBHOI, XOIOIHOI, PXKYYO0l, KOIOUOT
30poi, yrapHoro ta yaapHO-IpoOoBoro BrumMBY. [IpoBeneHi AOCTiKEHHs JO3BOJMIM YAOCKOHAIUTH CTPYKTYPY
0araToIrrapoBoi TeXHIYHOT TKaHUHH [3, 4].

Ha puc. la mpezacraBieHa cxema 3alpaBKd TKallbKOTO BepcTata Jyisi BUTOTOBJIEHHsI OaraToIlapoBHX
TKaHMH, SKi BUKOPHUCTOBYIOTbCS JUIS BUTOTOBICHHS BHPOOIB PEUOBOrO MaiiHa Ta TaKTHYHOTO CIIOPSKEHHS
BiliCbKOBOCITY>KOOBIIIB.

Puc. 1. 3arajabHuii BUIVISA: a) cXeMa 3alpaBKH TKAllbKOro BepcTata: 1 — TKaubKuii HaBiii; 2 — mpucTpiii KOHTPO.II0 06PUBY OCHOBHOT
HHUTKH; 3 — peMi3Hi paMKH MeXaHi3My YTBOpeHHs 3iBy; 4 — 30Ha (popMyBaHHA 0araToIapoBoi TeXHIYHOT TKAHUHU; 5 — HANPSIMHA; 6 —
BaJI'sH; 7 — BaJI /ISl CTHCHEHHSI TKAHUHH; 8 — BaJI IS HAMOTYBaHHS TKAHMHH; & — B'SI’Ky4a OCHOBA; M — HANOBHIOBAJILHA OCHOBA; MW —
KOpPiHHA OCHOBA; W — 0araToIAPOBA TeXHIYHA TKAHUHA; §) 30BHIMIHIN BUIIAA N'ATHIIAPOBOI TKAHUHH

Ha puc. 16 npencraBneHunit 3araTbHANR BUTIIAL IT'STUIIAPOBO1 TKAaHWHU. J[71s1 B'SDKY4Y0i, HAIOBHIOBATHHOI Ta
KOPiHHO1 OCHOBHM BHKOPHCTOBYIOTH momiamifHi HUTKH 58T ta 93.5T pi3zHoro KpydeHHS.

Meto10 podoTH €: KOMIT'IOTEPHA pealizallis aJropuTMy peKypcii Mpu BH3HAYCHHI HATATY HUTOK IMIPH
(dhopMyBaHHI 6araTomAapoOBUX TKAHWH 3 MOMiAMiHAX HUTOK.

BukJax 0CHOBHOT0 MaTepiaay

Peanizamist procedure. TForm2.N42Click mo3Bomsie 3miiicHIOBaTH OOpaHHS Martepialy  IFIIIHAPAIHOL
Hanpsmuoi. Ilpomemypa procedure N43Click(Sender: TObject) 3miificHroe oOpamHS 3 0a3u  QPUKIIHHAX
BIIACTUBOCTEH JAHUX IJIS CTAJICBOI IMIIIHAPHYHOI HanpsMHOi. [TociigoBHICTh BUKOHAHHS IPOLIeyp HacTymHa. Ha
nepuioMy etari oOuparoTh Martepian cupoBuHHM. Ha romoBHil ¢opmi KOMIT'IOTEpHOI NMpOrpaMu po3TamloOBaHUI
KOMITOHEHT i oOpaHHs Martepiamy cupoBuHH N2: TMenultem (puc. 2a, ©6). Ilpomenypa
procedure. TForm2.N2Click 3abe3neuye oOpanHs Buay cupoBuHH: mporeaypa procedure. TForm2.N38Click mis
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moJliaMiZiHOi KOMILIEKCHOI HUTKH. Ha apyromy erami, mpum BukoHaHHI mpouenypu procedure N7Click(Sender:
TObject) oOupaeThcss BHJI B3a€MOJi HHTKA 3 IIIUIHAPUYHOK HANPSMHOI CKala - MpOIeaypa
procedure. TForm2.N27Click BimmmoBinae Bunaaky 6e3 pamiansHoro oxorieHHs. Ha TpeTboMy eTarti oOupaeTsest BUJ
B3a€EMOJIIi HUTKMA 3 MWIHIPUYHOK JAMEIhHOI HampsMHOIO - mporeaypa procedure. TForm2.N27Click. Ha
YEeTBEPTOMY €Talli OOMPAETHCS BUJ B3a€EMOJIi HUTKH 3 IMITIHAPUYIHOK HATIPSIMHOIO OTBOPY TajieBa PEMi3HOT paMKH
- BimmoBiznae npouenypa procedure. TForm2.N26Click 3 ypaxyBaHHSM pajiiabHOTO OXOIJICHHS.

Ha puc. 3a npencrasnena ronoeHa ¢opma TForm2 = class(TForm) 3 pe3ynbraramu BU3HaueHHS HATATY
kopinHoi ocHoBH. Ha puc. 36 mpencraBnena romosHa popma TForm2 = class(TForm) 3 pe3ynpratamu BU3HaUCHHS
HATATY HAMIOBHIOBAILHOT OCHOBH.

sy s e e s e FamIse s s oo res L-a e Ten

P R———— s ¢ e e |

a) 0)
Puc. 2. Komnonentu rojiosHoro meno MainMenul N2: TMenultem: a) nis noaiamianoi kommiexkcHoi HUTKH 58T; 6) nus nosiamignol
KOMILIeKcHOT HUTKHU 93.5T

[Ipy Bu3HAuYEGHHI HATATY MO 30HAM 3alPaBKH TKAIbKOTO BEpcTaTa MPUAMAaNM BXIJIHUN HATAT MMOCTIHHHUM:
JUTS KOPIHHOT OCHOBH BiH CKJIanaB 164 cH; nis HanmoBHIOBaJIBHOI OCHOBH BiH ckiaznaB 48 cH.

a) 0)
Puc. 3. 306paskenns: a) rojosHa popma TForm2 = class(TForm) 3 pe3y/ibTaTaMu BU3HAYEHHS HATATY KOPiHHOT 0OCHOBM; 0) roJ1I0BHA
¢opma TForm2 = class(TForm) 3 pe3y.ibTaTaMy BU3HAYEHHSI HATATY HANIOBHIOBAJILHOI OCHOBH

Ha puc. 4a npencrasnena ronoBHa ¢opma TForm2 = class(TForm) 3 pesynbratamu BU3HAUCHHSI HATATY
B’SDKYY0i OCHOBH.

: PR A
..‘M‘__\

Puc. 4. 306pa:kenns: a) rojosHa popma TForm2 = class(TForm) 3 pe3yJibTaTaMu BU3HAYEHHS! HATATY B’SI3KY40i OCHOBH; 0)
0CHUJIOrPaMa 3aMUCy 3yCHIb: 3pa30K OCHIIOTPAMH 3aIUCy TeXHOJIOTIYHHIX 3yCHIIb MPU HOPMyBaHHI 0araTomapoBuX TEXHIYHUX TKAHUH: Psyre
- cuuia pu6oto; Ppp, - HATAT HUTOK OCHOBH 30BHIIIHIX 3aXMCHUX LIAPiB; Py - HATAT HUTOK OCHOBH /IS 3B'I3yBaHHs 30BHIIIHIX 3aXUCHUX IIAPIB 1

CHJIOBHX IIapiB; Prp - HATAT HUTOK OCHOBH CHIIOBHX IIapiB; Py - HATSAT TKaHUHU; t — Yac

Jns mepeBipku pe3yJibTaTiB pO3paxyHKIB B poOOTI Oyma peai3oBaHa cepis €KCIEPUMEHTAIBHUX
nociimkenb. Ha prc. 40 mpencTaBineHa ocIuiiorpama 3anicy TeXHOJOTIYHUX 3yCHib. [IOpiBHSHHS TEOPETHYHHX Ta
EKCIICpUMEHTATBHIX JTaHWX TI0Ka3alia, IO MOXMOKAa 3HAXOAWTHCA B Mexax 5-9%. B Tabmumi 1 mpencraBieHi
3HAYEHHS HATATY IOJiaMiTHUX OCHOBHMX HUTOK ITO 30HaX 3alpaBKH TKAI[bKOTO BepcTaTa.
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Tab6mmns 1
3HaYeHHs] HATATY MOJTiaMiTHMX OCHOBHHX HHTOK 110 30HAX 3aMPaBKH TKAIBLKOI0 BEpCTaTa
Hurtka NU KU DN \Y L T PO P P/P0O
3 0.2940 2.0 1500.0 750.0
g 1 HAIpAMHA Oes Yellow | NRO 164.00 | 237.36 1.25
k= Paj.ox.
& 0e3
™~ 2 HarnpsiMHa Yellow NRO 237.36 287.36 1.07
paja.ox.
3 HampsIMHa | 3 paj.oX. Red ERO 287.26 366.62 1.28
. 3 2.0 1500.0 750.0
/M
e HANpAMHA Oes Yellow | NRO 48.00 72.61 1.51
z paja.ox.
2 0e3
E HaIpsMHa Yellow NRO 72.61 91.42 1.26
s paja.ox.
HanpsiMHa | 3 paj.oX. Red ERO 91.42 121.11 1.32
4 0.2940 2.0 2000.0 1000.0
- 1 HanpsMHa Oes Yellow | NRO 42.00 45.83 1.09
5 paji.ox.
2 6e3
& 2 HamnpsMHa Yellow NRO 45.83 66.28 1.44
X paji.ox.
m
3 HanpsMHa Oes Yellow | NRO 66.28 82.77 1.24
paj.ox.
4 HampsiMHa | 3 paji.oX. Red ERO 82.77 116.81 1.41
BucnoBku

Po3pobneHa koM 10TepHa mporpama AJsl BA3HAYESHHs BiJHOCHOTO HATSTY 1O 30HaM 3aIllpaBKU TKAIIbKOTO
BepcTara npu (opMmyBaHHI OararomapoBUX TKaHMH. BHU3HaueHHs 3MIHM BITHOCHOTO HATATY 10 30HaM 3allpaBKd
NOJiaMiIHUX KOMIUIEKCHMX HHMTOK Ha TKal[bKMX BEpCTaTax, 3 ypaxyBaHHSIM Martepiasly HalpsMHOI, 03BOJIMIIO
MOKPAILMUTH TEXHOJOTII0 BUTOTOBIICHHS 0araToIIapOBUX TKaHWH, SIKIi BUKOPHUCTOBYIOTHCS JUISi BUTOTOBJICHHS
BHUPOOIB pEHYOBOT0 MaifHa Ta TAKTUYHOTO CIIOPSPKEHHS BICHKOBOCITYKOOBIIIB.
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