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PEAJIIBAILIISI MIPOTPAMHUX MOJYJIB IPOLEJAYPU PEKYPCII TIPU
KOMIT'IOTEPHOMY BU3HAYEHHI HATSIT'Y OCHOBHUX HUTOK
BAT'ATOIIAPOBOI TKAHUHMU JIJIsSI BIHCBKOBOI'O CHHOPSJIXKEHHSI

Jas onmumisayii 6ydosu 6azamowaposoi mexHiuHoi mKaHUHU Ha 0cHo8i nid6opy wiabHOCMi no ocHosi i ymoky,
MIHIMI3ayil cuau npu6oro ymouHoi HUmku 6yna po3pobseHa Komn'romepHa npozpama, npozpamHi modyai sikoi
00360/15110Mb, HA OCHOBI BUKOPUCMAHHS1 Npoyedypu peKypcii, 6usHa4amu 3Ha4eHHs: NOMOYHO20 HAMs12y N0 30HAM 3aNpasKu
MKaybKo20 eepcmama & 3anexcHocmi 8id 3anpasHux napamempis.

Karouosi 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 MPOIECIiB MEepepoOKH MONiaMiTHINX KOMIUIEKCHUX HHUTOK Ha
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TKaI[bKUX BepcTaTax IMoTpedye BHU3HAUCHHS 3MIHM BiHOCHOTO HATSTY IO 30HAM 3alpaBKd OCHOBHHMX HHUTOK.
BukonaHHs mi€i cxiraaHoi 3a1a4di TOBUHHO 0a3yBaTHCsS Ha BUKOPHCTaHHI CIIEHiaIbHO PO3POOIEHUX KOMII FOTEPHUX
MporpaM 3 BHKOPHCTAHHSM aJTOPUTMY peKypcii. Bu3HadeHHs 3MiHM BiJHOCHOTO HATATYy IO 30HaM 3alpaBKH
MOJIiaMiZIHUX KOMIUIEKCHUX HUTOK Ha TKAallbKMX BEpCTaTax, 3 ypaxyBaHHSIM Marepialy HanpsMHOI, J03BOJNTH
MTOKpAIUTH TEXHOJIOTII0 BHIOTOBJICHHS 0araTomIapoBHX TKAaHWH, SKi BHKOPHCTOBYIOTHCS JUISI BHUTOTOBJIICHHS
BHPOOIB pEYOBOTO MaifHa Ta TAKTUYHOTO CIIOPSKEHHSI BIHCHKOBOCITYKOOBIIIB.

AHaJti3 JKepen

BararomiapoBi TeXHIUHI TKaHWHH 3HAXO[Th CaMe IIUPOKE BUKOPUCTAHHS B Pi3HUX 00JIACTAX TEXHIKH. B
Cy4JacHHX yMOBax OyJl0 BHpIIIEHO aKTyajbHY HpOOJIEeMy MO pO3pOOIli 3aXHCHOTO CIIOPSKEHHS Ta CTPYKTYPHHX
CKJIaJIOBUX JUIsl IeCAaHTYBaHH: BiiicbkoBOi TexHiku [1, 3, 4]. B pe3ynbrati pobotu Oymu po3pobieHi Oararomaposi
CTPYKTYpH TKaHHH, SIKi BAKOPUCTOBYIOTBCS JJIsl BUTOTOBJIEHHSI OpOHEXKMIIETIB, K Oe31ocepeiHbo (JIerka cepis) Tak
1 3 KepaMiuHMMH Ta THUTAHOBMMH OpoHerjacTHHamu. Po3pobieHi OararomrapoBi CTPYKTYpH TKaHHH MOXYTh
BHUKOPHCTOBYBATHUCS JIJIsI BUTOTOBJICHHS 3aXMCHUX €JIEMEHTIB (apMaTypa IiJIoNIBH, OOKOBUHH) BiiCEKOBOTO B3YTTS
JUISL 3aXUCTY Bifl HPOTUITIXOTHUX MiH, JIJIsl BATOTOBJICHHS MApaIly THUX CTPOII JUIS IECAHTYBaHHS BIHCHKOBOT TEXHIKH
[5-9].

B stkocTi OCHOBHOTO BapiaHTy BHKOPHCTOBYBAJacs M'SATUIIAPOBa TKaHMHA, SKa BKJIIOYAE J[BA 30BHIIIHIX
3aXMCHHX IlIapa, YTBOPEHMX HUTKAMH KOPIHHOI OCHOBH, JIBOX BHYTPIIIHIX CHJIOBHX IIapa, YTBOPEHHX HUTKaMH
HAIOBHIOBAJIbHOI OCHOBHM 1 BHYTPIIIHBOTO IEHTPAJIBHOTO IIapy JUls 3B'I3KY 30BHINIHIX 1 BHYTPINIHIX IIapiB
HUTKaMH B'SDKYy40i OCHOBH [4].

Junst omrtuMizanii OyoBu OaraTomapoBoOi TEXHIYHOT TKAHMHHM Ha OCHOBI MiOOPY LIJIBHOCTI 1O OCHOBI 1
YTOKY, MiHiMi3allii cuim npuOoIo yToYHOi HUTKHM Oyiia po3po0iieHa KOMI'FOTEpHa Mporpama, IIporpaMHi MOIyJI SKO1
JIO3BOJISIIOTh, HA OCHOBI BUKOPHCTaHHS MPOIEIYPU peKypcii, BU3HAYaTH 3HAYECHHS! MMOTOYHOT'O HATATY MO 30HAM
3aMpaBKU TKAIbKOT'O BEpCTaTa B 3aJICKHOCTI Bifl 3alIpaBHUX MapameTpis [3, 6-9].

Po3poOka Ta yJnocKOHaJIeHHs! CHEHiaIbHUX KOMIT FOTEPHHX MPOTpaM, JJisi BU3HAYCHHS HATATY B KOXKHIH
30HI JIiHIT 3alpaBKH HUTKU TKAaIlbKOTO BEpPCTaTa, A03BOJISIE MOKPAIMTH TEXHOJIOTII0 BUTOTOBJICHHS 0araTomiapoBUX
TKaHWH, SKi BHKOPUCTOBYIOThCS IJISi BUTOTOBJIEHHS BHPOOIB PEYOBOr0 MaifHa Ta TaKTUYHOTO CIIOPSIKEHHS
BiIHCHKOBOCITY)KOOBIIIB, 3JaTHUX 3aXHINATH TLIO JIIOJMHHU BiJl BIUIMBY BOTHENAIBHOI, XOIOIHOI, PIXKYYO0l, KOI0UOT
30poi, yrapHoro ta yaapHO-IpoOoBoro BIUmMBY. [IpoBeneHi AOCTiKEHHs JO3BOJMIM YAOCKOHAIUTH CTPYKTYPY
OaratouiapoBoi TeXHIYHOT TKaHWHH [3, 4].

Ha puc. la mpexncraBieHa cxema 3alpaBKH TKAal[bKOI'O BepcTaTa IJIsi BUTOTOBJICHHS OaraTolmapoBHX
TKaHMH, SKi BUKOPHUCTOBYIOTbCSA JUIS BUTOTOBICHHS BHPOOIB PEUOBOrO MaiiHa Ta TaKTHYHOTO CIIOPSKEHHS
BiliICBKOBOCITY>KOOBIIIB.

a)

Puc. 1. 3arajapHuii BUIIISA: a) cXeMa 3alPpaBKH TKAallbKOro BepcTarta: 1 — TKaubKuii HaBiii; 2 — npucTpiii KOHTPO.II0 06PUBY 0CHOBHOT
HHUTKH; 3 — peMi3Hi paMKH MeXaHi3My yTBOpeHHs 3iBy; 4 — 30Ha popMyBaHHA 6araTolIapoOBOi TeXHIYHOT TKAHUHU; 5 — HANPSIMHA; 6 —
BaJI'sH; 7 — BaJI /ISl CTHCHEHHSI TKAHUHH; 8 — BaJI IS HAMOTYBAaHHS TKAHHHH; & — B'SI’Ky4a OCHOBA; M — HANOBHIOBAJILHA OCHOBA; W —
KOpPiHHA OCHOBA; W — 0araTolIAPOBA TeXHIYHA TKAHUHA; 0) 30BHIlIHil BUIIISAA N'ATHIIAPOBOI TKAHUHH

Ha puc. 16 mpencraBineHunit 3araTbHAN BATIIAL IT'STUIIAPOBOT TKAaHWHU. [[71s1 B'SDKY4Y0i, HAIOBHIOBATHHOI Ta
KOPiHHO1 OCHOBHM BHKOPHCTOBYIOTH momiamifHi HUTKH 58T ta 93.5T pizHOro KpydeHHS.

Metoro podoTH €: KOMIT'IOTepHA pealisallis aaropuTMy peKypcii mpu BHU3HAYEHHI HATATY HHUTOK IIPHU
(hopMyBaHHI 6araTomAapOBUX TKAHWH 3 MOMIAMiTHAX HUTOK.

BukJax 0CHOBHOT0 MaTepiaay

Peanizamist procedure. TForm2.N42Click mo3Bomnsie 3miiicHIOBaTH OOpaHHS Martepiamy  IFIIIHAPAYHOL
Hanpsmuoi. [Ipomemypa procedure N43Click(Sender: TObject) 3milicHioe oOpanHs 3 06a3u  QpuUKIIHHEX
BIIACTUBOCTEH JaHWUX JJIS CTAJICBOI IMIIIHAPHYHOI HanpsMHOi. [TociiqoBHICTh BUKOHAHHS MPOIIeyp HacTymHa. Ha
nepuioMy etari oOuparoTh Martepian cupoBuHHM. Ha romoBHiN (opmi KOMIT'IOTEpHOI MpOrpaMu pO3TamloOBaHUI
KOMITOHEHT i oOpaHHs Matepiamy cupoBuHH N2:  TMenultem (puc. 2a, ©0). Ilpomemypa
procedure. TForm2.N2Click 3abe3neuye oOpanHs Buay cupoBuHH: mporeaypa procedure. TForm2.N38Click mis
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moJliaMiZiHOl KOMIUIEKCHOI HUTKH. Ha apyromy erami, mpu BukoHaHHI mpouenypu procedure N7Click(Sender:
TObject) oOupaeThcss BHJI B3a€MOJi HHTKA 3 IIIUIHAPUYHOK HANPSMHOI CKajla - MPOIeaypa
procedure. TForm2.N27Click BimmoBinae Bunaaky 6e3 pamiansHoro oxorieHHs. Ha TpeTboMy eTarti oOupaeTsest BUL
B3a€EMOJIii HUTKMA 3 MWIHIPUYHOK JaMEIhHOI HampsMHOIO - mporeaypa procedure. TForm2.N27Click. Ha
YEeTBEPTOMY €Talli OOMPAETHCS BUJ B3a€MOJIil HUTKH 3 IMITIHAPUYHO HATIPSMHOIO OTBOPY TajieBa PeMi3HOT paMKH
- BimmoBiznae npouenypa procedure. TForm2.N26Click 3 ypaxyBaHHSM pajiiabHOTO OXOIJIEHHS.

Ha puc. 3a npencrasnena ronosHa ¢opma TForm2 = class(TForm) 3 pesynbraramu BU3HaueHHsSI HATATY
kopinHoi ocHoBH. Ha puc. 36 mpencrasnena romosHa popma TForm?2 = class(TForm) 3 pe3ynpratamu BU3HAUCHHS
HATATY HAMIOBHIOBAIILHOT OCHOBH.

sy snms s pn s e FamIse s s aoerem L-a e Ten

P R———— i ¢ e e |

™
S

a) 0)
Puc. 2. KomnonenTu rojiosHoro menio MainMenul N2: TMenultem: a) nis noaiamianoi kommiexkcHoi HUTKH 58T; 6) nus nosiamigHol
KOMILIeKcHOi HUTKHU 93.5T

[Ipu Bu3HAuYEHHI HATATY MO 30HAM 3alPaBKH TKAIbKOIO BEpCcTaTa MPUAMAaNM BXIJIHUN HATAT MMOCTIHHHUM:
JUTS KOPIHHOT OCHOBH BiH cKianaB 164 cH; mj1s HanmoBHIOBaIbHOT OCHOBH BiH ckiaaas 48 cH.

a) 0)
Puc. 3. 306paskenns: a) rojosHa popma TForm?2 = class(TForm) 3 pe3y/ibTaTaMu BU3HAYEHHS HATATY KOPiHHOT 0CHOBM; 0) roJ10BHA
¢opma TForm2 = class(TForm) 3 pe3y.ibTaTaMy BH3HAYEHHSI HATATY HANIOBHIOBAJILHOI OCHOBH

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

: P AN
—-II. M——__\

Puc. 4. 3o6pa:kenns: a) rojosHa popma TForm?2 = 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 JIJIS1 3B'I3yBaHHs 30BHIIIHIX 3aXUCHUX IIAPIB 1

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

Jns mepeBipkM pe3ynbTaTiB poO3paxyHKIB B poOOTI Oyna peasizoBaHa cepis EKCIIEPUMEHTAIBHUX
nociimpkenb. Ha puc. 46 mpeacTaBieHa ociyiorpama 3anucy TeXHOIOTIYHUX 3ychitb. IIOpiBHSHHS TEOPETHYHUX Ta
eKCIICPUMCHTATBHIX JaHWX TI0Ka3alia, IO MOXHOKAa 3HAXOAWTHCA B Mexax 5-9%. B Tabmumi 1 mpencraBieHi
3HAYEHHS HATATY MOJiaMiTHUX OCHOBHHMX HUTOK ITO 30HAaX 3alpaBKM TKAI[bKOTO BepcTaTa.
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Tabmmrs 1
3HauyeHHs] HATATY MOJiaMiTHMX OCHOBHHX HHTOK 110 30HAX 3aMPaBKH TKALILKOI0 BepcTaTa
Hutka | NU KU DN \Y L T PO P P/PO
3 0.2940 2.0 1500.0 750.0
g 1 HaIpSMHa Oes Yellow | NRO 164.00 | 23736 | 125
E paj.ox.
g 6e3
& 2 HanpsMHa Yellow NRO 237.36 287.36 1.07
paj.ox.
3 HampsIMHa | 3 paj.oX. Red ERO 287.26 366.62 1.28
. 3 2.0 1500.0 750.0
=]
e manpsa | 0% Yellow | NRO 4800 | 7261 1.51
z paj.ox.
£ 6e3
< HanpsMHa Yellow NRO 72.61 91.42 1.26
T paj.ox.
HampsiMHa | 3 paj.oX. Red ERO 91.42 121.11 1.32
4 0.2940 2.0 2000.0 1000.0
- 1 Hanpsmpa | 0% Yellow | NRO 4200 | 4583 1.09
g paj.ox.
2 6e3
& 2 HamnpsMHa Yellow NRO 45.83 66.28 1.44
X paj.ox.
& 3 | wanpmma | %% | Yellow | NRO 6628 | 8277 | 124
paj.ox.
4 HampsiMHa | 3 paji.oX. Red ERO 82.77 116.81 1.41
BucHoBKkH

Po3pobnena koM 1oTepHa mporpama AJisl BA3HAYESHHs BiJHOCHOTO HATSTY 10 30HaM 3aIllpaBKU TKAIlbKOTO
BepcTara npu (QopMmyBaHHI OararomapoBUX TKaHMH. BHU3HaueHHs 3MIHM BITHOCHOTO HATSATY 110 30HaM 3alpaBKU
NOJiaMiIHUX KOMIUIEKCHHMX HHMTOK Ha TKal[bKMX BEpCTaTax, 3 ypaxyBaHHSIM Martepiasly HalpsMHOI, 103BOJIUIIO
MOKpAIMTH TEXHOJOTII0 BHUIOTOBJICHHS 0araToliapoBHX TKaHWH, sIKIi BUKOPHUCTOBYIOTHCS JUISl BHTOTOBJIICHHS
BHUPOOIB pEHYOBOT0 MaifHa Ta TAKTUYHOTO CIIOPSKEHHSI BIHCHKOBOCITY>KOOBIIIB.
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