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KuiBcpkuil HaLiOHANBHUI YHIBEPCUTET TEXHOJIOTIH Ta JU3aiiHy

INPOI'PAMHI MOAY.JII KOMIT'FOTEPHOI TIPOI'PAMM PEAJI3ALIL
AJI'OPUTMY PEKYPCII AJIs1 BUITAJIKY 3MIHHOI'O BXITHOI'O HATAI'Y

B po6omi HasedeHa cmpykmypa komn’tomepHoi npozpamu peanizayii aszopummy pekypcii 0451 8u3HaYeHHs
MexXHO/M02IMHUX 3YCuab 05 8unadky, Koau exiOHull Hamsiz Mae 3MiHHe 3HaueHHs. [Ipedcmaesaeni npozpamui modyai
npoepamu 0415 BU3HAYEHHS MEXHO/02IYHUX 3YCUlb HA MEKCMUJbHUX MAWUHAX Yy 8Unadky, KOAU 3MOMYS8AHHS HUMKU
gidbysaemucsi 3 606iHU 3 Ypaxy8aHHSIM 3MIHU ii diamempy 045 wupokozo cnekmpy HUMOK ma npsixci. [lpoepamHumu
Modyasimu nepedbaveHa MOXiCAUBICMb 3A80AHHS 3AKOHY 3MIHU Hamsey y euzasdi eapmoHiuHoi ¢yHKyii abo 0oginbHoi
dyHKyii Kopucmyeaua 3 BUKOPUCMAHHAM 380POMHUX NOALCHLKUX 3anucie y sue2as0i mpancasmopa. B komn'tomepHill
npozpami 3aKn1adeHa MoxcAu8icms 3MIHU WEUOKOCMI pyxy HUMKU, 008X4CUHU AIHIT npyXcHOI cucmemu 3anpasku, nepemuHy
Humku, ii exidHozo Hamsiey, mamepiany HanNpaeAsilOYUX NOBepXoHs, ix ¢dopmu. B saxocmi cmpykmypHux esnemeHmis
MONCAUBO BUKOPUCMOBY8AMU HANPABASOYUI 8€AUKOI Ma MA/0i KpuBu3HU, hpucmpoi 015 Hamsigy HUMKU ma KomMneHcamopu
Hamsizy. HasedeHo onuc ocHogHux npoyedyp ma gyHKyitl.

Kamwwuyosi caosa: komn’tomepHa npozpama, aszopumm pekypcii, npozpamui modyai, HUMKa, 8xioHuli Hamse,
2apMoHiYHa PYHKYIs 3MIHU HAMS2Y, MPAHCASIMOP.
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SOFTWARE MODULE OF COMPUTER PROGRAM IMPLEMENTATION
OF RECURSION ALGORITHM FOR CASE OF VARIABLE INPUT TENSION

The paper describes the structure of a computer program for the implementation of the recursion algorithm to determine the
technological effort in the case where the input tension is variable. The program modules of the program are presented for determination of
technological efforts on textile machines in the case when the winding of the yarn comes from the bobbin taking into account the change of
its diameter for a wide range of yarns and yarns. The software modules provide the possibility to set the law of change of tension in the form
of a harmonic function or an arbitrary function of the user using reverse Polish entries in the form of a translator. The computer program
provides the ability to change the speed of the filament, the length of the line of the elastic filling system, the intersection of the filament, its
input tension, the material of the guide surfaces, their shape. As structural elements, it is possible to use high and low curvature guides,
thread tensioners and tension compensators. The basic procedures and functions are described. The main parameter of optimization of the
filing system on the technological equipment of the textile and knitwear industry is the minimum required tension in the working area.
Increasing the tension in the work area causes the yarn to break and, as a consequence, to stop the process equipment. Downtime-related
downtime equals 75-80% of total downtime. This has a negative impact on the performance of the equipment, reducing the quality of
products. Reducing the tension to the minimum required also adversely affects the normal course of the process. This is due to the violation of
the technological conditions of interaction of the thread with the working bodies in the area of formation of fabric or knitted fabric. The
thread tension increases when passing through the filling zones of the filing system on the process equipment. This increase is due to the
interaction of the thread with the guides and tensioning devices. The maximum tension value will be in front of the work area. A
characteristic feature is the change in the input tension when winding the thread from the reel. Determining the law of change of tension at
the entrance to the filing system of the process equipment will allow to determine the tension in the working area taking into account the
real winding conditions. The development of special computer programs to determine the tension in the work area allows you to quickly
determine the necessary technological parameters, make adjustments, both the structure and components of the filament system to obtain
the minimum required tension in the work area.

Keywords: computer program, recursion algorithm, program modules, thread, input tension, harmonic tension change function,
translator.

Beryn

AxtyanpHicTh. OCHOBHHMM IapaMeTpOM ONTHMi3alii CHCTEMH I0Jadli HUTOK HA TEXHOJOTIYHOMY
o0aJHaHHI TeKCTHIBHOI Ta TPUKOTAXKHOI MPOMHUCIOBOCTI € MiHIMAIBHO HEOOXiMHMIl HATAT B pobouiit 30Hi [3-8].
30iTbIICHHS HATATY B po0O0dUiil 30HI MPHU3BOAWTH JO OOPMBY HHUTOK i, K HACIiJOK, MO 3yIMUHKH TEXHOJOTTYHOTO
obnagnanns [3, 4, 9-12]. IIpocToi ycraTKyBaHHS, MOB'S3aHi 3 JIKBijaIico o0OpUBY, CKIAJAIOTh B JaHWH yac 75—
80% Bix 3aranpHOTO Yacy npoctoiB [4]. lle HeraTUBHO BITMBAE Ha MPOAYKTUBHICTh OONaTHAHHS, 3MEHIIYE SKiCTh
TPOAYKIIii, 110 BUIycKaeThest [6—8, 10]. 3MeHIIeHHST HATATY 10 BiJHOIMIEHHIO 0 MiHIMaIbHO HEOOXiTHOTO TaKOX
HETaTHBHO BIUIMBa€ Ha HOpPMaJIbHE MPOTIKaHHS TexHojoriuHoro mpomecy [11]. Lle mor’s3aHo 3 mopymieHHAM
TEXHOJIOTIYHUX YMOB B3a€MOJiI HUTKH 3 pOoOOYMMM OpraHaMu B 30HI (popMyBaHHS TKAaHMHH UM TPUKOTAKHOTO
MOJIOTHA.

Harar Hutkm 30imbluyeThes I Yac IepexoJy B 30HaX 3alpaBKH CHCTEMH IMOJadi HHUTKH Ha
TexHoJorivHOMY oOnagHanHi [3, 4]. Lle 30inpmicHHS OOYMOBJIIGHO B3a€MOJIEI0 HHUTKA 3 HANPSMHUMH Ta
NPUCTPOSIMU  JUIsl HATATy. MaKCHMaJbHOIO 3HAa4eHHs HarsAry Oyne mnepen poOodor0 30HOK. XapaKTepHOO
0COOJIMBICTIO € 3MiHA BXiJHOIO HATATY MiJ 9ac 3MOTYBaHHS HUTKM 3 000iHu [4, 5]. BusHaueHHs 3aKOHY 3MiHHU
HATATY HA BXOJi B CUCTEMY IOJ]adi HUTKU Ha TEXHOJOTIYHOMY OOJIaIHaHHI JO3BOJMTH BU3HAYATH HATAT B pOOOUii
30Hi 3 ypaxyBaHHIM peabHUX YMOB 3MOTYBaHHS.

Po3pobka crienianbHUX KOMII' IOTEpHUX mporpam [1, 2] mis BU3HAUYEHHS HATATY B poOOUiil 30HI J0O3BOJISIE
OTICpAaTUBHO BU3HAYATH HEOOXiTHI TEXHOJIOTIUHI IMapaMeTpH, MPOBATUTH KOPETYBAHHs SK CaMoOi CTPYKTYpPH, Tak i
CKJIQJIOBUX KOMITOHEHTIB CUCTEMH ITO/Ia4yi HUTKH JIJIsl OTPUMAHHSI MiHIMAaJTbHO HEOOXiJHOTO HATATY B poOOUiii 30Hi.
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ITocTanoBKka 3aBIaHHA

Ha ocHoBi peanizauii anroputmy pekypcii po3poOUTH MOJyIi KOMIT FOTEPHOI NPOrpamMH IUisl BU3HAUCHHS
HATSATy HUTKH B POOOdYii 30HI y BHIAAKy, KOMM 3aKOH 3MiHH BXiJHOTO HATATY IPEICTABICHUN Yy BUTILAAIL
rapMoHiYHOT QyHKIIT a0 y BUTIAAI JOBUTHHIM (yHKII KOpHcTyBada 3 BUKOPHUCTAHHSIM 3BOPOTHHX MOJIBCHKHX
3aIlHCiB.

OcHoBHaA YacTHHA

Po3pobKy mporpaMHHX MOIYJIB KOMII IOTEPHOI IpOTpaMy pearizalii alroputMy pekypcii BH3HAYCHHS
HATATy B poOOUiif 30HI U BUIAAKY 3MIHHOTO BXiTHOTO HATATY MOYHEMO 3 (opMalizallii 3akoHiB ix 3MiHN. B xomi
NPOBEJCHHS TEXHOJOTIYHMX BUMIPIOBaHb HATATYy OJMHOYHOI HUTKM BUKOPHCTOBYBABCS  €JIEKTPOHHUI
TEH30METPUYHUIT pritaa. B excriepuMeHTi BUKOpUCTOBYBaJacs 0JJHa BUIIaJKOBO oOpaHa 600iHa OaBOBHSIHOT MPsDKi
32 Tekc (WBHIKICTH 3MOTYBaHHS — 5 MM / c). Bumipu nmpoBomuiucsi nIpy 3MOTYBaHHI HUTKH 3 TPbOX [iaMeTpiB:
MakcuMansHOTO 130 < D <150, cepeanboro 110 < D <130, miniMansroro D <110.

Jis xoxkHOTO AiaMeTpy BuMipu npoBommucs 10 pasis. B pesymbraTi Oynm oTpuMaHi eKCIIEpUMEHTAITbHI
3HAUEHHS HATATY OJMHOYHOI HUTKH, SIKI HaBeJeHi B Tadiui 1.

Tabmuus 1
Bumipu HATSTY 0AMHOYHOI HUTKH
MakcuManbHui Jiamerp CepenHiit qiameTp MiHiMalIbHUH JTiaMeTp
Ne /m
MM cH MM cH MM cH

0 150 9.63 120 14.39 105 17.38
1 145 8.73 120 11.56 100 13.32
2 150 10.20 120 12.05 100 11.31
3 150 9.75 125 13.69 95 14.10
4 150 10.04 125 13.48 100 13.53
5 150 10.82 125 10.00 102 14.26
6 145 16.97 125 13.36 95 14.82
7 145 17.63 128 11.56 100 14.67
8 135 15.94 125 13.98 100 13.25
9 135 11.93 128 9.18 102 14.18

[Tix yac BU3HAYEHHS HATITY OKPEMOi HUTKM JIONMYCKAEMO, IO iCHye (yHKIIOHANbHA 3aJIeXHICTh MiXK
BenuuuHaMu Y (HaTAr mpu pisHEX AiameTpax 606inm) Ta X (miamerp 606inm). Ilpu mpomy, dymkiis y = f(x)

HEBiZIoMa, alle Ha OCHOBI CKCIePHMEHTAIBHUX IOCIi/PKCHh BCTAHOBJICHI MpakTW4Hi nadi (tabmums 1). 3amada
MOJISITa€ B TOMY, MO0 3HAWTH (PYHKIIO, 32 MOXKIHUBICTIO ORI MPOCTINIY 3 OOYUCIIOBATBHOI TOYKH 30Dy, SKa
npescTapisAna HepioMy Qynkuio y = f(X) TouHo ab0 HaGNMKEHO; BU3HAYUTH MPOMIKHI 3HAYEHHS QyHKIIT

y= f(Xi*)’ﬂe X <Xi* <X
OCKiNIbKH PI3HICTh MK CYMDKHMMH 3HaY€HHSMH apryMEHTy pi3Ha, TO IOCTaBJIeHa 3ajadya IHTepHoJIsLii
Oyzne 3BeleHa 10 3HAXOJUKeHHs OaratouneHy P(x) crymenio <N 3a gomomoroio iHTepromAmiitHEX opMy
Jlarpamxa ta HeroToHa (MeTO pO3NOIiICHIX Pi3HOCTEH).
Iareprnonsnitina popmyna HeroToHa Aiist yeiX BY3IIiB IHTEPITOISAIIIT
P(X) = Yo+ (X=%) F (X5, %) + (X =X )(X = %) f (X5, %, ;) +... + (4)
(X = X)X = X))o (X =X ) T (Xgs Xy X,)-

Komnu nBa um 6inbIre apryMeHTiB CIiBIAIal0Th, TO MOHATTS PO3MOAITICHOI Pi3HOCTI 30epirae cBiif 3MicT

e T = T(x) .

) = lim T02 = 9= £, ©)
1d'

f(Xolxl""Xn):ﬁ&f(Xo)l

o O X X X ) = G X X X))
f(x,xo,xi,...xn)—xlvfrx]ﬂ N = (6)

d
=— (X, X, X, X,)-
o (X, Xgs X0 X,)
B By3max iHTepmoIAIil P(Xi): f(xi)zyi (i=1,2,,__n) TOMY, 1[0 OCTaTOYHHUA UIEH B HHUX

R(x) = (x — xo)(x — X1)(X _ xn) f (x1 Xo» xl,___xn) =(0. Ocrarounuii uneH R(x) mae MOKJIMBICTh OIIHUTH
moxnuOKy Ha Oasi
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R= f(x,xo,...Xn)ﬂ(X_xi)’
e=[R()-fX)< T

()
fi=|(Xx=%)(X=X)...(Xx =X |—
J(X=%)(X = %)...(x = %, )| ey
|£7(&)| : . : . . .
e 2% —mue (n+1) noxinxa ¢$yHKuil f (x) B TouLI é 3 HaliMEHIIOTO MPOMIXKY, SIKUi 30epirae yci

(n+1)!

TOUKH Xy, Xy, Xpor X, -
Ha puc. 1 mpexacraBienuii rpadix momiHOMiadbHOT (DYHKIIOHANBHIN 3aEKHOCTI Ta eKCIepUMEHTAIBHI
JTaHi HATSTY 3aJISKHO Bif TiaMeTpy.

30—

25
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| I
R | I
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D

Puc. 1. I'padix nosinomianbHoi pyHKUiOHANIBLHIN 3a/1€KHOCTI HATATY 32JI€KHO
Bix miamerpy: 1 — ekcniepuMeHTaNBLHI NaHi; 2 — rpadik @ynkmii P(D)

Amnami3z rpadigHOi 3aNeKHOCTI TMOKa3zye, IO JUIA il ampoKCHUMamii MOXKHa BHKOPHCTOBYBATH
TPUTOHOMETPHUYHI 200 anreOpaidHi HOTIHOMH.

B xoxmi po3poOKM mNporpaMHHX MOZIYJIB BHKOPHCTOBYBAJIHMCS ~ 3aKOH  3MiHM BXiJHOTO HAaTsiry,
MPEJCTAaBICHAN Y BUTIIAAI TapMOHIYHOI (yHKIIT a00 y BUTIAI TOBUIBHIN (HYHKINT KOpHUCTYBada 3 BUKOPHUCTAHHSIM
3BOPOTHHX IOJIbCBKHUX 3amuciB. Ha puc. 2 mpencraBiieHi GopMu MporpaMHUX MOIYJIB: 2a — 3aKOH 3MiHH HATATY Y
BUIJIAl rapMmoHiuyHol ¢(yHKUii; 20 — 3akOH 3MIHM HATATy Yy BHUIUIAL JOBUIBHIM (YHKIIT KopucTyBaua 3
BUKOPHUCTAHHSIM 3BOPOTHHX MOJbCHKUX 3AIMUCIB.

BEeame 3aKoH 3MiHW py=y BrigHOro HaTary y euraaal PO=f(t);
QEplaaiits seson anit starece et BEeame 3aKoH SMiHWU TOBLWWHW NepeTuHy Y Buraaal DN2=f(s);

PO(7) = b0 + blsin®*(b3t) + b4 cos” (b61)

b0 b1 b2 b3

P0=10+0,25"sin(0,5%t)}+0,3%sin(0,2°t);

i 02 [ o5

Puc. 2. ®opmu nporpaMHuX MOAY1iB

Jtst 3aBIaHHs 3aKOHY 3MiHH BXiAHOTO Hatsiry Py =P, (z) 6yB Buxopucranmii Moxyms unit Unit23. Jinsa
3aKOHY 3MiHH BXiHOTO HaTsry Py = P, (¢) y Burnazi nosineHil GyHKiii KopucTyBaya 6yB BUKOPHCTAHHUI MOIYIIh

Synt Ha OCHOBI PO3POOIICHOr0 TPAHCIATOPA 3 BAKOPHCTAHHAM 3BOPOTHHUX MOJBCHKHX 3amuciB (puc. 3).
Harar nutku nepen po0oio 30HOI0, 3 BAKOPUCTaHHSAM PEKYPCHUBHOTO IiAX0aY, Oy/ie MaTH BUIIISL
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P,=RO[]., (R )

P0 (t) — 3aKOH 3MiHH BXIJHOTO HATATY HUTKH B 30HI BXOJy B CUCTEMY MO/Iadyi HA TEXHOJIOTIYHIA MAIlWHi;

Jc

fi(Pi) — (yHKII{, SKi TOB’SI3yIOTh HATAT HUTKW JO Ta IMICISA elIeMEeHTa CHCTeMH Iojadi B KOXHIH 30HI; I —

MTOTOYHHUI HOMEp 30HU; N — KUIBKICTH €IIEMEHTIB CHCTEMH IT0Aa4i HUTOK KOHKPETHOI TeXHOJIOT19HOI MaIIiHH.

T TR 2 Gnig | unita | urits | units | unitz | unitg | Unitg | Unitta ] uniet | oninz | Unina | unios | onis | uniis | uninz | o

& Types unit Synt;

(] Variables/Constants interface

E}Ej Uses uses classes;
type

TData = record

Name: string;

Data:real;
end;
var
NConst: integer = 100;
ErrorList: TStringList;
PZ: array of integer;
DataList: array of TData;
const
MConst = 2;
procedure SyntItem(S:string; First:boolean=false; Pos:Integer=1):;
function CreatePZ (S:string) :boolean;
function Calculate (var R:real) :boolean;
function SetData (Name:string; Data:real) :boolean;
function GetData (Name:string; var Data:real) :boolean;
implementation
uses Sysutils, Math, Dialogs,Unit2;
type
TType = (None, Number, Divider, Ident, Func, Part, All):;
TSynt = record

mode: TType:

Number:real;

Ident:string;

Error:boolean;

Posl,Pos2:integer;

end;
const
SetNum: set of char=['0'..'9', ',']:
SetDiv: set of char=[":;",. "(', ")V, 0=V, Vg, W_@. g g wah
<

J ‘ 341 YModMed |Insert | Code/
Puc. 3. Komn’1oTepHuii MoayJIb TPAHCJASTOPA HA OCHOBI 3BOPOTHHX IOJILCHKHX 3aNUCIB

7

e = e s ey e
Suramn peymran 3wk naTACY 10 30WaM A peoymran; Juiea marary no sowam
. = — R ~
PO(1.00) 1043387625 {ns] [t P00 97ESEES3
L L . s k=] TP FUCRA L -
P22k 137987625 e
7

220k 123558153
P22 T%EEE

° 1

Bieeairs 33 3w oy EwaHorD HaTaFy y swe g POt oAl e .
6 s

Beairs Sacom sws ey Eearoro warsry y sve g POt
B

1045 [PO100 2'50{050.3 500,27

1038

PESynsTan POTEIKY S HETY 10 Soh

Pesymtani paspaty S HaTACY 0 Sched
1 & 'P ]swn ] A

P T R N 2 I e
1 10,4939 119839 11420 9.7656 n1%6 ARTT .

| o T
) N s 10 2 ° 1 WAsE  r2%Ee | 1196

1

a 0
Puc. 4. OcHoBHa dopma nmporpamu 3 pe3yJIbTaTAMHU: 2 — 3aKOH 3MiHH HATATY Yy BUIJIsIAI rapMoHiuHoi yHKLIT;
0 — 3aK0H 3MiHM HATATY Y BUIJIsAAi A0BLIbHIH GyHKIIT KopHCTYBaYa 3 BUKOPHCTAHHSM 3BOPOTHHX N0/ILCHKHX 3aIHCIB

Ha puc. 4 npencrasnena ocHOBHa ()opMa MpOrpaMu 3 pe3yibTaTaMu (a — 3aKOH 3MiHHM HATATYy y BUIIISAL
rapMoHiYHOI (YHKII{; O — 3aKOH 3MiHM HATATY Yy BHIJISAI JNOBUIBHIM (QYHKLIT KOpHCTyBaya 3 BHKOPHCTaHHSIM
3BOPOTHHX TOJILCHKHX 3amKCiB). [Ipyu po3paxyHkax nmpuiMali: KUIBKICTh BY3JIiB 2; IIBUAKICTb PyXYy HUTKH 5 MM/C;
JIOBXHHA JIiHIT 3armpaBku 3 M. BukopucroByBanacs GaBoBHsHa HUTKa 32 Tekc. [[yis mepioluyHOTO 3aKOHY Oynu

MPUHHATI HACTYIHI KOHCTAHTHU bo =10, b1=0.2, b3=0.5, b4 =0.3, b5=0.1, b6 =0.2. Ilpu 1 =300 ¢ nouarxosuii
HATST P0=10.49 cH. B gxocTi HanpsAMHHUX B By3JlaX BUKOPHUCTOBYBAJINCS HampsAMHa 0e3 paaiadbHOTO OXOIUICHHS
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(@=1.57 pan., R =1 mm) Ta nanpsmua 3 pafianbHUM OXOTMIEHHAM (@ =14 pan., R=12.2 mm, =13 pan.). B
SKOCTi JOBUTRHOI (yHKIIIT KOpHUCTYyBada Oyia mpuitHATa QYHKIIiS
P, =10+ 0.25sin(0.5t) + 0.3sin(0.2t) -

Po3paxyHKH 33 OCTAHHBOKO (hOPMYIOH0 MoKa3amu, mo mpu { =300 ¢ moyaTkoBuit HaTsr P =9.77 cH.

BucHoBknu
Ha ocHoBi peanizamii anroputmy pexypcii po3po0ieHi MOy KOMII IOTEPHOI MpoTrpaMu I BH3HAYCHHS
HATATY HUTKH B POOOYii 30HI y BHIAAKy, KOMHM 3aKOH 3MIiHHM BXiIHOTO HATATY NPEACTABICHUH y BHUIIIAII
rapMoHiuHol QyHkuii abo y BHIJINI JOBUIBHIA (YHKIIT KOpHUCTyBaya 3 BUKOPHCTaHHSIM 3BOPOTHHX IOJIBCHKUX
3aITCIB.
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