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KuiBchkuil HalliOHATBHUN YHIBEPCUTET TEXHOJIOTIH Ta TU3aiHy

CTPYKTYPA IPOTPAMHUX MOJY.JIB TA IPOLEJIYP KOMIT'FOTEPHOI
ITPOI'PAMMA 1151 OCHOBHUX EJIEMEHTIB CHCTEMHA
I YAC PEAJIIBALII AJITOPUTMY PEKYPCII

Ha ocHosi peanizayii anzopummy pekypcii po3po6aeni modyai ma npoyedypu Komn'romepHoi npozpamu 0/s
BU3HAYEHHS HAMS2y HUMKU 8 po60Yill 30HI MeKCMUAbHUX MA MPUKOMANXCHUX MAWUH Y 8UNAOKY 8UKOPUCMAHHS PI3HUX
munie npucmpoig 011 3a6e3nevyeHHs: HAMSA2Y MA HANPABASIKYUX eneMeHmie y PopMi YuaiHOpU4HUX NOo8epXoHb ma
nosepxouv y gpopmi mopa. [lpedcmaesaeri npoepamti Modyai ma npoyedypu 0415 8USHAYEHHS HAMSEY, NPU BUKOPUCMAHHI
OCHOBHUX e/ileMeHMi8 014 3a6e3nedeHHs HAMs2y mMa HANpaeAsiovux ejlemeHmis y opmi YuaiHOpuyHUX nosepxoHb ma
nogepxoHv y ¢opmi mopa cucmemu nodai HUMKU HA MEKCMUAbHUX MA MPUKOMAXCHUX MAWUHAX, KOMN'lomepHoi
npozpamu peanizayii anzopummy pekypcii. [I[pedcmassnexi npoepamti modyai ma npoyedypu komn'tomepHoi npozpamu 045
BU3HAYEHHS HAMSA2y 8 po6OoUIll 30HI HA MEeKCMU/BHUX MA MPUKOMANCHUX MAWUHAX 3 YPAXYBAHHAM diamempy nepemuHy
HUmMKu, ii izuko-mexaHiyHuUx eaacmugocmeli 0451 WUPOKO20 CheKMpy KOMNJAEKCHUX HUMOK ma npsici. [IpoepamHumu
MOdysiMU nepedbavyeHa MojCAUBICMb 3a80AHHS 3aKOHY 3MIHU diamMempy nepemuHy HUMKU y 8u2as0i 2apmoHivuHoi pyHkyil
a6o dosinbHill PyHKYIT Kopucmysaya 3 BUKOPUCMAHHIM 3860POMHUX NOAbCLKUX 3ANUCI8 Y 8u2a510i mpaHcasmopa.

Karouosi caoea: komn’romepHa npoegpama, npoyedypu, an20pumm pekypcii, npoepamti modyi, Humka, watibosuii
Hamsizyea4 HUMKU, MpaHCASIMop.
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STRUCTURE OF SOFTWARE MODULES AND PROCEDURES OF A COMPUTER PROGRAM FOR THE BASIC
ELEMENTS OF THE SYSTEM IN THE IMPLEMENTATION OF THE RECURSION ALGORITHM

Based on the implementation of the recursion algorithm, modules and procedures of a computer program for determining the
tension of the thread in the working area of textile and knitting machines in the case of using different types of devices to provide tension and
guide elements in the form of cylindrical surfaces and torus surfaces. Software modules and procedures for determining tension, using basic
elements to provide tension and guide elements in the form of cylindrical surfaces and surfaces in the form of a torus of the thread feed
system on textile and knitting machines, a computer program for the implementation of the recursion algorithm. Software modules and
computer program procedures for determining the tension in the working area on textile and knitting machines, taking into account the
diameter of the thread, its physical and mechanical properties for a wide range of complex threads and yarns. The software modules provide
the possibility of setting the law of changing the diameter of the thread in the form of a harmonic function or an arbitrary function of the
user using inverse Polish records in the form of a translator.

Simple textile and knitting machines are associated with the elimination of thread breakage. This negatively affects the
productivity of textile and knitwear machines, reduces the quality of textiles and knitwear. The main parameter of optimization of the thread
feed system on textile and knitting machines is the minimum required tension in the working area. The breakage of threads during
processing on textile and knitting machines is due to the imperfection of the thread feeding system on technological machines and its
components. The largest number of breaks falls on the area of different types of devices to provide tension and guide elements in the form of
cylindrical surfaces and surfaces in the form of a torus. Studies of the influence of the design of different types of devices to provide tension
and guide elements in the form of cylindrical surfaces and surfaces in the form of a torus on the conditions of their interaction with the
thread taking into account its uneven cross-sectional diameter are important in determining tension in the working area. The thread tension
increases when passing through the refueling zones of the thread supply system on textile and knitting machines. This increase is due to the
interaction of the thread with different types of devices to provide tension and guide elements in the form of cylindrical surfaces and surfaces
in the form of a torus. The maximum value of tension will be in front of the working area of technological machines. Minimizing the tension
in front of the work area is important for improving technological processes from the standpoint of improving the productivity of
technological machines and product quality. Thus, the topic of this article is relevant, which is important for improving the system of thread
supply on textile and knitting machines, the design of existing types of devices to provide tension and guide elements in the form of cylindrical
surfaces and surfaces in the form of torus.

Development of special computer programs for determining the tension in the working area of textile fabric and knitwear on
textile and knitwear machines allows you to quickly determine the necessary technological parameters, to adjust both the structure and
components of the thread feed system on technological machines to obtain the minimum required tension in the working area of the
formation of textile fabrics and knitwear.

Objects and methods of research. Various types of devices for providing tension and guide elements in the form of cylindrical
surfaces and surfaces in the form of a torus are an integral part of the thread feeding system of textile and knitting machines. The
imperfection of the design of different types of devices for providing tension and guide elements in the form of cylindrical surfaces and
surfaces in the form of a torus on technological machines leads to fluctuations in the tension of the thread during its processing and violation
of the technological regime. The theoretical basis for solving scientific and technical problems are the works of leading scientists in the fields
of technology of textile and knitwear production, textile materials science, thread mechanics, elasticity theory, mathematical modeling.
Theoretical and experimental research uses methods of theoretical mechanics, resistance of materials, experimental planning and statistical
processing of research results.

Keywords: computer program, procedures, recursion algorithm, software modules, thread, thread washer, translator.

Beryn
[TpocToi TEKCTHIBHHUX Ta TPUKOTAXKHUX MAIIMH IOB'SA3aHI 3 JiKBijamiero oOpuBy HHUTKH. Lle HeratMBHO
BIUIMBA€ HA NMPOAYKTUBHICTh TEKCTWJIBHUX Ta TPHUKOTAKHHUX MAIIHMH, 3MEHIIYE SKICTh TEKCTHJIBHOTO IOJIOTHA Ta
TPUKOT@XXHUX BUPOOIB. ['0JOBHMM mapaMeTpoM ONTHMIi3allii CHCTEMH I0Jadyi HHUTOK Ha TEKCTHWJIBHHX Ta
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TPUKOTAXHAX MAIIMHAX € MiHIMaJbHO HEOOXimHWi HaTsar B poOouii 30HI [3, 6—10]. OOpUBHICTHF HUTOK MpHU
nepepoOIi Ha TEKCTWIBHUX Ta TPUKOTAKHUX MAIIMHAX MOB’s3aHa 3 HEJOCKOHATICTIO CHCTEMHM Iojadi HUTKH Ha
TEXHOJIOTIYHUX MamuHax i ii ckmagoBux enemenTiB|3]. Haiibinbire ynciio oOpuBiB BUMIaJac Ha 30HY pO3TaITyBaHHS
PI3HHX THITIB TIPUCTPOIB U 3a0€3[EUYeHHS HATATY Ta HAIMpPaBIAIOYHX EJIEMEHTIB y (QopMi NIITIHIPHIHUX
MOBEPXOHb Ta MOBEPXOHb y (opmi Topa [4—12]. JocmipkeHHsT BIUIMBY KOHCTPYKLIi Pi3HUX THIIB IPUCTPOIB IS
3a0e3neueHHsI HaTATy Ta HAIpaBIIIOYNX €IEMEHTIB y (hopMi IITIHAPHIHIX TTIOBEPXOHB Ta MTOBEPXOHB y (hopMi TOpa
Ha YMOBH iX B3a€MOJ] 3 HUTKOIO 3 ypaxyBaHHs;IM ii HEpIBHOMIPHOCTI 11O JiaMeTpy IONEPEHYHOr0 MEPETHHY MaloTh
Ba)KJIBE 3HAYCHHS MPU BU3HAYCHHI HATATY B poOouiii 30Hi [3, 10—12]. HaTar HUTKM 301IbIIYETHCS MIPU MEPEXOJIi
10 30HaX 3alpaBKW CHCTEMH NOAa4i HUTKM Ha TEKCTHIBHMUX Ta TPUKOTOXHUX MamuHax. lle 30imbIneHHS
00yMOBJICHO B3a€MOMI€I0 HUTKM 3 PI3HUMHU THUIIAMHU TPUCTPOIB Ul 3a0€3MEYeHHs HATATY Ta HalpaBISIOUMX
eneMeHTIB y GopMi NUITIHAPUYHHUX TOBEPXOHB Ta MOBEPXOHB y (opmi Topa [3]. MakcHMallbHOTO 3HAYEHHS HATATY
Oyne mepen poOOUYOI0 30HOK TEXHOJOTTYHMX MaliMH. MiHiMi3alis HATATY nepeln poOOuOl0 30HOK MaE€ BAKIMBE
3HAYCHHS ISl YAOCKOHAJIICHHS TEXHOJIOTIYHHX IPOIECIB 3 TMO3WIIi MiIBUIICHHS MPOAYKTUBHOCTI TEXHOJOTIYHUX
MAIllMH Ta SKOCTI MPOJIYKII] 10 BUITYyCKA€ThCS. TaKUM YMHOM, TeMa JIaHOI CTATTi € aKTyaJIbHOIO, SIKa Ma€ BAKIINBE
3HAYEHHS IS YIOCKOHAJIEHHS CHCTEMHM I10/1adi HUTOK HA TEKCTHWJIBHHUX Ta TPHKOTOKHHMX MalIMHAX, KOHCTPYKLIl
ICHYIOUHX THITIB TPUCTPOIB JUIsA 3a0C3MCUCHHS HATATY Ta HANPABISIFOUYMX €JICMEHTIB y (GopMi IMITIHAPHIHUX
MOBEPXOHb Ta MOBEPXOHb y (hopmi Topa [4-11].

Po3poOka crermianbHIX KOMIT FOTEpHIX TporpaM [1, 2] i BH3HAYeHHS HATsTy B poOOdiil 30HI (OpMyBaHHS
TEKCTHJIBHOTO TIOJIOTHA Ta TPUKOTHKHUX BHUPOOIB HA TEKCTHJIBHMX Ta TPUKOT@KHMX MAIIMHAX JO3BOJIIE ONEPATHBHO
BM3HAYaTH HEOOXiHI TEXHOJOTiUHI IapamMeTpd, ITPOBAJUTH KOPETYBAaHHS], SK CaMoi CTPYKTYpH TaK 1 CKJIaIOBHX
KOMITOHEHTIB CUCTEMH I071adi HUTKMA Ha TEXHOJIOTIYHMX MalllMHAX [UIs OTPUMaHHS MiHIMaJIbHO HEOOXIIHOTrO HaTsry B
pobouiii 30Hi popMyBaHHS TEKCTHIBHOTO MOJIOTHA Ta TPUKOTAKHUX BUPOOIB [3, 4—12].

00'exTH i MeTOAN TOCTITKEHHS

CKI1aJJOBOIO YaCTHHOIO CHCTEMH MMO/Iaul HUTKU TEKCTHJIBHHUX Ta TPUKOTAKHUX MAIIWH € Pi3HI THITH MPUCTPOIB
JUTSL 3a0e3TeUCHHAS HATSTY Ta HAIPABIBIIOYMX €JIEMEHTIB y (hopMi IIUTIHAPHIHNX TIOBEPXOHB Ta IMOBEPXOHb Y (popmi Topa.
HenockoHanicts KOHCTPYKLIT Pi3HUX THUITIB IPUCTPOIB Jisl 3a0€3MEUEHHSI HATSTY Ta HANPaBIISIOUMX €IEeMEHTIB y (opmi
LTI HAPUYHUX [TOBEPXOHB Ta MOBEPXOHb Y (OpMi TOpa Ha TEXHOJIOITYHNX MallWHAX MPU3BOAUTH O KOJIUBAHHS HATATY
HHUTKH B Iporeci ii mepepoOKH Ta IOPYLIEHHIO TEXHOJOTIYHOIO peXuMy. TeOpeTHYHOI0 OCHOBOIO HPH BHUpILIEHHI
HAYKOBO-TEXHIYHOI MPOOJIEMH € TIpalli MPOBITHMX BYCHWX B Taly3fX TEXHOJOTI] TEKCTHIBHOTO Ta TPUKOTAKHOTO
BUPOOHHMIITB, TEKCTUIIBHOTO MAaTEpial03HABCTBA, MEXAHIKM HUTKH, TEOPil MPY>KHOCTI, MATEeMAaTHYHOTO MOJICIIOBAHHS. Y
TEOPETHYHHX Ta EKCIEPUMEHTAIBHUX JIOCIIPKEHHSX BUKOPUCTAHO METOIM TEOPETHYHOI MEXaHIKH, ONopy Martepianis,
IUTAHYBaHHS €KCIIEPUMEHTY Ta CTAaTUCTHYHOI OOPOOKH pe3yIbTaTiB JOCTiKCHb.

ITocraHoBKA 3aBJaHHA

Ha ocHoBi peaizarii anroputMy pekypcii po3poOUTH MOIYIIi Ta IPOLUEAYPH KOMI FOTEPHOI IPOTpaMu s
BH3HAUEHHS HATATY HUTKU B POOOYiH 30HI TEKCTHIBHUX Ta TPUKOTAKHUX MAIIHMH y BHUIIAJIKy BUKOPUCTAHHS PI3HUX
THUIIIB TPHUCTPOIB UL 3a0€3MEUCHHS HATATY Ta HAMPABISIOUMX €JIEMEHTIB y (OopMi IMUIIHAPHIHUX MOBEPXOHb Ta
MIOBEPXOHB y hopmi TOpa.

OcHOBHA YacTHHA

lonoBHa (opma KOMIT'IOTEPHOI MpOrpamMH MpeAcTaBlieHa MoxayieM unit Unit2, Ha skiii po3ramioBaHe
rojoBHe MeHIO MainMenul: TMainMenu. B rojoBHoMy MeHro po3ramioBani Tpu komrnoHeHta N5: TMenultem, N6:
TMenultem, N7: TMenultem oCHOBHHX eIeMEHTIB IS 3a0€3II€UCHHS HATATY Ta HANIPABISIOYHX €JIEMEHTIB Y (opmi
LWIIHAPUYHUX TIOBEPXOHb Ta TIOBEPXOHb Y (OPMi TOpa CUCTEMH NOAadi HUTKH Ha TEKCTHIBHUX Ta TPHUKOTAKHHUX
MammHax. Ha puc. la mpeacTaBieHHI KOMIIOHEHT sl HaTAryBadiB HUTKH N5: TMenultem, sxuii BKITI09ae YOTHPU
npouenypu: procedure N19Click(Sender: TObject) — mna maitboBoro Hatsrysaua; procedure N20Click(Sender:
TObject) — mst rpedinvaToro HatsaryBaua; procedure N21Click(Sender: TObject) — st manplbOBOrO HATATyBaya;
procedure N45Click(Sender: TObject) — mist HaTsTyBa4a KOoprcTyBada. Ha puc. 16 mpencraBieHn KOMIIOHEHT IS
kommeHcatopiB Harsary N6: TMenultem, sikuii Brtrouae 1’ sith nporenyp: procedure N22Click(Sender: TObject) —
Ut KomneHncaTopa 3 maitbamu; procedure N23Click(Sender: TObject) — mns komneHcaTopa 3 HambIsIMu; procedure
N24Click(Sender: TObject) — mis rpedingaroro kommnencatopa; procedure N25Click(Sender: TObject) — mis
TpyOuactoro kommencaropa; procedure N46Click(Sender: TObject) — s komneHcaTtopa kopuctyBada. Ha puc. 1B
MPEJICTaBICHUI KOMIIOHEHT JUIs HarpsiMHOTO eneMeHTy N7: TMenultem, sikuii BKITtowae ABi mpouenypu: procedure
N26Click(Sender: TObject) — anst HanpssMHOT 3 paxianbHuM oxoruieHHsM; procedure N27Click(Sender: TObject) —
JUIsL HANTPSAIMHOT 0€3 pajiialbHOrO OXOIUICHHSI.

’i | Hataryeau Komnencatrop Hanpamua  Otpumani pesynstatn Hatarysay Komnencatop Hanpamua Otpumani pesynetati Hataryeau Komnecatop Hanpamea  OTpumani pesynetatn
|WaiiBoBmii 3 wanBamu 2 2 3 paaianHNI OXOMNEHHAM

Ipebinuatiii s 3 nansuamm L -
= 2 3 B{IHOCHOTD HATATY N0 SoHAM G , £ aTAMY N0 30HaM il Bes pagiansHoro oxonneHHa
Maneuposwii -] 5 J

TpeBiruarmii
1FIFD e [
Kopucryeaua | : I ne

TpyGuacTuii
B 0 Hp

Kopncryeaua

Puc. 1. Komnonentu rosioBoro meno MainMenul: TMainMenu moay.as unit Unit2: N5: TMenultem, N6: TMenultem,
N7: TMenultem
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Marematnase 3ab6e3neuerss nporeaypu procedure N21Click(Sender: TObject) mae Burisin

I"+I"H

P =P,[]- (]_e,uj’?’l)]6275‘#45i”¢[]_r+_r”(1_€ﬂ372)], (1)
r

ne p3, 4~ KOeQilieHTH TepTs BIANOBIIHO MK HHTKOIO Ta MOBEPXHEKD OTBOPIB Ta HANPABISAIOYOTrO

UMIinApy(Majiels); ¥ J,Y 2 — KyTH OTMHAHHSA HHTKOK HANpPABJIAKOYMX IIOBEPXOHb OTBOPIB Ha BXOJi Ta BUXOZI 3

HATATYBaya HUTKHM; K — KiIbKiCTh MOBHUX OGEPTiB HUTKM HABKOJIO HANPABJISIOYOTO WHIIHAPY; (— KyT HaxXuiy oci

HUTKH JI0 YTBOPIOIOUiil HANPaBIISIOYOr0 MITIHAPY.
Marematnane 3ab6e3nederns nporeaypu procedure N24Click(Sender: TObject) mae Burisizn

2
Psina =mg—m%—c;{—y—P0sina—ﬂ2P0 cosa(e™ —1) , 2

Ie J— BepTHKalbHA OpAWMHATA; C— Koe(illi€eHT, BPaXOBYIOUHI BILUTHB (DOPMH MOIEPEUHOTO IEPETHHY

MOpUIHA HAa CUIIY OIIOpPY, /,12 — KOC(i)iIIi€HT TEPTA MDK IITOBXayeM NOpHIHA Ta BEPTHUKAJIbHUMU CIIPAMOBYBA4YaMU;

Pof BXiHMH HaTAr HUTKH; AL, — KoedillieHT TepTd MiK HMTKOI Ta HUIIHAPUYHONI HAMPAMHOIO; 20— Kyt

OXOIUICHHS HUTKOIO IIMITIHAPUIHOI HAIPSMHOI; [ — Jac.
Marematnane 3ab6e3nederss nporeaypu procedure N27Click(Sender: TObject) mae Burisin

Bi a
R +r LR,
( j ) (esmﬂff;’ —l)]+ B

[R, +r(1-6,)] AR, +r(1-6)T |

3)

E+1: i[

ne Pi+; — HaTsIr HATKY WICJIA j KOHCTPYKTHBHOTO €IIEMEHTY; P; — HaTAr HUTKH IO j KOHCTPYKTHBHOTO
eNIeMEeHTY; R; — pajliyc KpHBHU3HH ITOBEPXHi j KOHCTPYKTHBHOTO €IEMEHTY; dp; — NOYaTKOBa nedopMallis mepeTuHy
HUTKH IpU HaOIraHHI Ha j KOHCTPYKTUBHUI €IEMEHT; J; — KiHIeBa AedopMallis IepeTHHY HUTKU NpH 30iraHHi 3 j
KOHCTPYKTUBHOTO €JIEMEHTY; ff; — KyT palialIbHOrO OXOIUICHHS HUTKU TIOBEPXHEIO j KOHCTPYKTHBHOTO €JIEMEHTY; ;)
— pEaJIbHUI KyT OXOIIJICHHSI HUTKOIO j KOHCTPYKTUBHOI'O €JIEMEHTY.

Ha puc. 2a npeacrasnenuiit Moxyns unit Unitl3 mig mameIib0BOTO HaTATyBada MPH peati3amii npouexaypu
procedure TForm13.ButtonlClick(Sender: TObject). Ha puc. 26 mnpencraBinenuii momynb unit Unitl6 s

rpebiHuaToro KomreHcartopa rnpu peanizauii npouenypu procedure TForm16.Button1Click(Sender: TObject).
Z
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Bsai ek icTi NoksL.) OBiATE HTE HESKEAG Nansa 17
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a 0
Puc. 2. Moay.ti komm’1oTepHoi nporpamu unit Unitl3 Ta unit Unit16

Ha puc. 3a,6 npexcrasieni rpagiuni o0pasu npu BukoHaHHi omneparopiB FP1:=InputBox ta R:=InputBox
npu peanizanii npouenypu procedure TForm2.N27Click(Sender: TObject), sika BinmoBigae 3a BU3HAYCHHS HATATY
HUTKHA TIpH B3aeMOAIi 3 IMIIHAPUYHOIO HANPSMHOIO y BUIAAKy Oe3 paaiadbHOro oXoruieHHs. B miil mpouemypi
BKimageHa mporenypa procedure Vl1(var F:Real;X,PO,BSLN,RN,EIN,BGN,FP,AT,BT,R1,d0,kt,V11:Real) mns
BH3HAUCHHS KOPEHIB CUCTEMH TPAHCLCHIECHTHUX PIBHSHb.

ak. | Caticel ak. | Canicel

a 0
Puc. 3. Oneparopu FP1:=InputBox Ta R:=InputBox moay.ist komn’roTepHoi nporpamu unit Unit2
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Ha puc. 4 nmpencrasieHi po3paxyHKH HaTary OaBOBHSIHOI MpspKi 27,6 TeKC Ha TEKCTHIIBHINA MaIlWHI IS
BHMNAJKy TPHOX 30H 3 MalbI[bOBUM HPUCTPOEM MJIsI HATATY, I'peOiHYaTMM KOMIIEHCAaTOpOM Ta HampsMHOI 0e3
panianbeHOTO OXoruieHHs. [louaTkoBuil HaTAT mpuiitMaBcs piBHUM S5 cH. TIpomikHi TaHi IpeaCTaBIeHI y BiAMOBITHUX
BikHax (opM Ha puc. 2a,0 Ta puc. 3a,0. AHaNI3 OTPUMAHHUX PE3YNIbTATIB MOKA3aB, IO HATAT 3POCTA€E BiJ MEpHIOi 110
TpeThOi 30HM 30HU. Ha okpemiil miarpami mpeicraBiieHi pe3ysibTaTd 3MIHM BIJHOCHOTO HATATY IO 30HAX.
Haiibinpime 3pocTaHHS BiIHOCHOTO HATATY CHOCTEPITaeThcs y TPETiH 30HI, /16 Mae Miclle B3aEMOJisS HHUTKH 3
HaIpPsIMHOIO BEJIUKOi KPUBUHH.
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Puc. 4. Pe3yibTaTn po3paxyHKy HATATY 0aBOBHSIHOI IPsiKi B po0ouiii 30mi

BucHoBku

Ha ocHoBI peanizarii aaroputmy pexypcii po3po0OiieHi MoyJli Ta IpoLeAypH KOMIT FOTEPHOI IpOrpaMu JUts
BU3HAUEHHS HATATY HUTKU B poOOYii 30HI TEKCTMIBHUX Ta TPUKOTAKHUX MAIIMH y BHIIQJIKy BUKOPUCTAHHS PI3HUX
TUIIB NPUCTPOIB A1 3a0e3MeUeHHs HATATY Ta HANpPaBISIOYMX €JEMEHTIB y (opMi NMITIHAPHYHHUX ITOBEPXOHB Ta
noBepxoHb y ¢opmi Topa. I[IpeacraBneHi mporpaMHi MOJyJi Ta IPOLEAYpU /IS BU3HAYCHHS HATACY, NPH
BUKOPHCTaHHI OCHOBHHX €IIEMCHTIB I 3a0C3MCUCHHS HATATY Ta HANpaBIAIOYNX eJIeMEHTiB y dopmi
LWIIHAPUYHUX TIOBEPXOHb Ta TIOBEPXOHb Y (OPMi TOpa CUCTEMU HOAadi HUTKU Ha TEKCTHIBHUX Ta TPHUKOTAKHHUX
MallfHAaX, KOMII'IOTepHOi Mporpamu peaiizamii anroput™my pekypcii. I[IpencraBieni mporpamHi Momyni Ta
TIPOLEAYpH KOMIT FOTEPHOI MPOTrpaMy sl BU3HAYEHHS HATATY B PoOOYiH 30HI Ha TEKCTHIBHUX Ta TPUKOTAKHUX
MalllMHaX 3 YpaxyBaHHSM JiaMeTpy IEePEeTHHY HUTKH, ii (Pi3UKO-MEXaHIYHUX BIACTHUBOCTEH JUIS LIMPOKOTO CHEKTPY
KOMIUIEKCHHX HHTOK Ta TNpspKi. [IporpaMHMMH MOIynsMu TmepenbadeHa MOXKIHMBICTh 3aBJAHHS 3aKOHY 3MiHH
JliaMeTpy MepeTHHY HUTKH Y BUIIIAI rapMOHIUHOI (yHKIIT a00 OBiIBHIN (YHKIIT KOPHCTYBaya 3 BUKOPHCTAHHSM
3BOPOTHUX MOJIBCHKHX 3aIMCIB Y BUTIISAI TPAHCIIATOPA.
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XMeJbHULBKUI HalllOHAJIBHUN yHIBEPCUTET

OINIHIOBAHHS E®OEKTUBHOCTI PIIEHD
B CUCTEMAX 3AXUCTY IHOOPMAIIII

B Odanili cmammi po3szasaHymo eidomi memodu oyiHwoeaHHs edekmusHocmi piweHs, IIpoaHanizosaHo
ModxcAuBicmb ix eukopucmaHHs 0451 OYiHWEAHHA edekmusHocmi piuleHb, Wo NpuliMarmscs cucmemamu 3axucmy
iHgpopmayii cmocosHo Kaacugikayii ma eusHaueHHs1 3az2po3. Ha ocHogi eusHayeHUX nepesaz ma HedoiKie ICHyruUX
Memodis 3anponoHO8aHO 8/4dCHULl Memod OYIiHIO8AHHS egeKmueHocmi piweHb, sKuli 00380/5€ nideuwumu 8idcomok
npuliHAMuXx npasuabHUX piuleHb ma onmumizyeamu edpeKmusHicms cucmemu 3axucmy iHgpopmayii 8 yisomy.

Karuosi caoea: cucmemu 3axucmy ingpopmayii, 6azamokpumepiasbHa onmumizayisi, Memod aHa.izy iepapxit,
Mmemod Ilapemo.

V. TITOVA, O. ANDROSHCHUK, V. ORLENKO, I. SHEVCHUK, V. DATSENKO
Khmelnytskyi National University

EVALUATION OF DECISIONS EFFICIENCY IN INFORMATION SECURITY SYSTEMS

The functioning of most information security systems is reduced to the recognition of many active processes, their classification in
order to identify malicious and dangerous processes and make decisions to respond to them. The decision-making process is based on taking
into account a large number of conflicting requirements and evaluating decision options according to many criteria. The inconsistency of the
characteristics of the processes, the ambiguity of the evaluation of the process, the incompleteness of the information obtained greatly
complicate the final decision and significantly affect its quality.

To increase the efficiency of the final decision, it is necessary to develop a method of multi-objective optimization of decisions,
which is why this work was devoted. To evaluate the efficiency of decisions in information security systems, the method was proposed that
includes the advantages of the analytic hierarchy process and the Pareto efficiency. It is based on three matrices. Two of these matrices
contain normalized values of threat characteristics, one - a set of decisions that need to be optimized, ranked on the analytic hierarchy
process scale of preferences. Criteria for optimization are also calculated using pairwise comparisons of analytic hierarchy process
preference scale values.

The proposed method provides increasing the percentage of identified correct decisions and has the following advantages: the
result is always a single and effective decision; the possibility of compensation of values of partial criteria is eliminated. The method was
implemented and tested in the subsystem for evaluating the decision efficiency of intrusion detection system based on in-depth learning
networks and was used as the tools of multi-objective optimization of decisions for computer systems protection system.

Keywords: information security system, multi-objective optimization, analytic hierarchy process, Pareto efficiency.

Beryn

3abe3neueHHs 3axucTy iH(pOpMamii B KOMII'IOTEPHHX CHCTEMax € OJHIECI0 3 KIIOYOBHX MpoliemM
ceorozeHHs. Ilpu npoMy Tpeba BpaxoByBaTH, M0 (yHKIIOHYBaHHS OUIBIIOCTI CHCTEM 3axHcTy iH(opmarii, 1o
(axTy, 3BOAWTHECS OO PO3Mi3HABAaHHS MHOXHHM aKTHBHHX B KOMIT'IOTepl MpomeciB, ix kiacudikamii 3 MeToro
BHU3HAYCHHS IIKiJIMBUX Ta HEOS3MEUHUX MPOIECiB Ta MPUHHATTS PIIeHb MIOAO IX OJOKYBaHHS a00 irHOpYBaHHS.
[Ipudomy mporec NPUUHATTS pillleHb I'PYHTYEThCS Ha BPaxyBaHHI BEJIMKOI KUIBKOCTI CYyINEpewIMBUX BHUMOT i
OIIHIOBaHHI BapiaHTIB pimeHs 3a OararbMa KpuTepismMu. CymnepewinBicCTh XapaKTEPUCTHK IPOIECIB,
HCOJTHO3HAYHICTh OI[IHFOBAaHHS TIPOICCY, HEMOBHOTA OTPUMAHOi iH(OpMAIll 3HAYHOI MIPOI YCKIATHIOIOTh
MPUAHATTS OCTAaTOYHOTO PIMIEHHS 1 CYTTE€BO BIUIMBAIOTHh Ha Horo skicte. [nsd migBumieHHS e(QeKTHBHOCTI
OCTaTOYHOT'O pIllICHHS HEOOXiHO BBECTH B CTPYKTYPY CHCTEM 3aXMCTy iH(opMalii Momylnb, skuil 3a0e3nednTh
MOXJIMBICTh BUOOPY Kpalllol alibTEPHATHBY 32 JIOIIOMOTOI0 METOJIY OLIIHIOBaHHS e)eKTUBHOCTI pillleHb, TOOTO Oy
peai3oByBaTH OaraTOKpHTEpialbHy ONTHMI3alilo pimeHb. Po3pobieHHs MeTomy 3a3HadeHoi OaraTtoKpuTepiaabHOT
onTuMi3auii pillieHb 1 € METO0 1aHOT pOOOTH.

XapakTepucTHKa TpenMeTHol oOmacti. Ha  cporomHimHIA JeHP METOOW BHpIMICHHS  3amad
OaraToKpuTepiaTbHOI ONTHMI3alii PO3AUIIIOTh HA JBa Kiacu [1], [2]: MeTomu, IO MO3BOJSIOTh BUIUTUTH ICIKY
MHOXHHY HPHUITHSITHUX BapiaHTIB, Ta METOIH IOMIYKY €IMHOTO €(EKTUBHOTO PillICHHS.

Jlo MeToiB mepmoro Kiacy, HalpuKia, HAISKUTh MeTox [lapero. Ase moaiOHI MeTou HE MOXKYTh OyTH
BHKOPHCTaHI B CHCTEMax 3aXUCTy iH(opMaIlil, OCKIIbKHA TOJIOBHOI METOK 3aXHCTY IONIYK €IUHOrO €(heKTHBHOrO
pitIeHHs, sKe O TO3BOJIIIO MAKCHMI3yBaTH 3aXUIICHICTH Ta MiHIMI3yBaTH 3arpo3H iH(opMarrii.

Jlo meroniB Apyroro Kiacy, HamnpHKIaa, BIIHOCSATHCS METOMM 3 BUKOPHUCTAHHSM Y3arajbHIOIYOro
KpUTEpilo (agUTUBHUM, MYJIbTHILTIKATUBHUH, MakcuMiHHUH) [1] Ta aHamiTu4Ha iepapxigHa mporenypa (Analytic
Hierarchy Process) CaaTi a0 MeTO1 OMApHUX MOPIBHAHB [2].

[TepeBarolo mepmmx METOAIB € Te, IO 3aBXKAM BIAETHCS BH3HAYWTH €JUHUH ONTHUMANbHHI BapiaHT
pienHs. /o HenoMiKiB BiAHOCATH Cy0’€KTHBI3M Y BU3HA4YCHHI BaroBUX KOE(DIiliEHTIB KPUTEPIiB Ta KOMIIEHCALIIO
3HaueHb yacTkoBHX kputepiiB [1], [3]. OcranHiii Hemoyik MOXe NMPH3BECTH OO TOTO, L0 pillleHHs, oOpaHe 3a
HaWKpalluM CyMapHUM pPe3yJbTaToM, Mae He HaWKpamli pe3ysbTaTH 3a KPUTEpiIMH 3 HaHOUIbIIMMH BaroBUMH
koedilieHTaMu, SKi KOMIICHCYIOThCS HaWKpallUMH pe3yJbTaTaMU 3a KPUTEpisIMA 3 MEHIIMMH BaroBUMH
koedimienTamu. Sk pe3ynbTat, oOpaHe pimeHHs OyIe He caMuM e(EeKTHBHUM, a IIe, B CBOIO Yepry, MOKE TPU3BECTH
JI0 ITHOpYBaHHsI HeOe3le4yHoro abo LIKIUIMBOrO MpOIecy, peanizalii cleHapito Horo 3arposy Ta, SIK HacliJoK,
MOpyIIeHAS KOH(IICHIIIHHOCTI, IMUTICHOCTI a00 TOCTYIMHOCTI iH(popMaIlii.
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